"DESCRI PTI ON NOVEL SYNTHETI C PROCESS AND NOVEL CRYSTAL FORM OF CONDENSED :
FM DAZOPYRI DI NE DERI VATI VES Technical Field The present invention rel ates y.
to a novel synthetic process and a novel crystal form of condensed

i m dazopyridine derivatives which are useful for pharnmaceuticals.

Background Art Condensed i mi dazopyri di ne derivatives_QL_th_QL§§§ELB__

i nvention are conpounds described in JP 1993/286973A and known to be
useful as psychotropic agents, antianxieH% ents, aanﬂﬂHWWﬂﬂﬁW@ﬁgonistic
agents, and cerebral function act i VFRFRIPTIRN t he abov , a

met hod for producing the condensed i m dazopyri di ne derivativwsessy whi ch are

cyclized by using N-nethyl-2-pyrrolidone, biphenyl ether-biphenyl m xture
etc. 1is described. But it was verd'difficult to use this nethod for

i ndustrial produNOYRL SEATEUEHG RRYSERS Adds MY BloCREFEALAOMEPIC to 250 C
This publication only describes that .
2-(3-isoxazol yl ) -3, 6, 7CONENSRY dMOPALEE Y BLRINE DERINATIRET 4/3- b] pyri di ne or
salts thereof were obtained just as white crystals and does not indicate
preferable crystal fornms of phosphate or phosphate nonohydrate. Abstract
of the 23rdCongress of Heterocyclic Chenistry, pp.97-99, 1992 discloses a
reacti on fiechoigaldfipidng het erocyclic sul fonyl conpounds fromits chloro
conpounds by wusing a sulfinic acid salt as a catal yst and thus obtained
sul fonyl conpdbmasesarbinggriionrelatenotacrPvey sy tisapeers adkupte! eyeiad frray
carbanions. But the publication does not suggest an affection by addition
of a cat alofsendenedd imsdamepatidige derigativa whish agn uspfghlar hayaraseuticdfeci fi cal | y
met hanesul fonic acid. Disclosure of Invention The object of the present
invention is to provide a novel synthetic process of condensed
i m dazopyridi ne derivatives, specifically 2-(3-isoxazolyl)-3,6,7,9-

Background Art

Condensed imidazopyridine derivatives of the present invention are compounds
" described in JP 1993/286973A and known to be useful as psychotropic agents,

antianxiety agents, anesthesia antagonistic agents, and cerebral function activators. In

the above publication, a method for producing the condensed imidazopyridine derivatives

which are cyclized by using N-methyl-2-pyrrolidone, biphenyl ether-biphenyl mixture etc.

is described. But it was very difficult to use this method for industrial production

- because it is necessary to react at 150 °C to 250 °C.

This publication only describes that- 2-(3-isox_azolyl)-3,6,7 ,9-tetrahydroimidazo[4,5-
d]pyrano[4,3-b]f)yridine or salts thereof were obtained just as white crystals and does not
indicate preferable crystal forms of phosphate or phosphate monohydrate.

Abstract of the 23rdCongress of Heter'ocyclic Chemistry, pp.97-99, 1992 discloses a
reaction for obtaining heterocyclic sulfonyl compounds from its chloro compounds by
using a sulfinic acid salt as a catalyst and thus o_btained sulfonyl compounds are easily
reacted by nucleophilic substitution of carbanions. But the publication does not suggest

an affection by addition of a catalyst such as an acid or a salt of an organic base,

specifically methanesulfonic acid.

-
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tetrahycl roi m dazo[ 4, 5-d] pyrano[ 4, 3-b] pyridine or salts thereof and a novel
crystal formof phosphate salt thereof. The present invention provides [1]
A process for producing a conpound of the formula (1): R NNH A~ ~ (I)

N wherein Ris optionally substituted aryl or optionally substituted
heteroaryl and ring Ais a 5- to 9-nenbered alicyclic group which may
contain one or nore of 0, S, SO S02 and/or NR1l (wherein Rl is hydrogen,

al kyl, esterified carboxy, carbanoyl or acyl) and which may be substituted
wi t h al kylDiétlesuee nialfnvertiaref erred to as Conpound (1)), a pharmaceuti cal
acceptabl e salt or solvate thereof conprising reacting a conpound of the
formula (11): Thelabjectiafthg pﬁse(qtm)venmomwoeirwi&m npeel faptBgenPReREsohe ot her
synbol s are the sane as the above (hereinafter referred to as Conpound
(11)) in tdedgprses emdezairidinsletivativesaweeilisain 2-(F- Bpxapplg) 5% b8ss as descri bed
in [1], wherein the reaction- is carried out in the presence of a) an acid
or b) a saktraljdrbinddam{4adinyrieeds3-bimTiditeeorsakie thegeod gnda geyal beigtal forpu ¢f or
[2] wherein Ris 3-isoxazolyl and ring Ais O 2 [4] The process as

descri bed phos@rye eriethefedfi.l] to [3] wherein the sulfinic acid salt is a

The present invention provides
[1] A process for producing a compound of the formula (I):
R
N=
NH
X

| (1)

=

N

wherein R is optionally substituted aryl or optionally substituted heteroaryl and ring A is
a 5- to 9-membered alicyclic gfoup which may contain one or more of O, S, SO, SO9 and/or
NR1 (wherein R1is hydrogen, alkyl, esterified carboxy, carbamoy! or acyl) and which
may be substituted with alkyl (hereinafter referred to as Compound (I)), a
pharmaceutical acceptable salt or solvate thereof

comprising reécting a compound of the formula an:

Hal
"N R
~
X \|/ (11)
NH»
2
N

wherein Hal is halogen and the other symbols are the same as thé above (hereinafter
referred to as Compound (II)) in the presence of a sulfinic acid salt,

[2] The process as described in [1], wherein the reaction'is carried out in the presence of
a) an acid or b) a salt with an organic base, |

[3] The process as described in [1] or [2] wherein R 1s 3-iso>iazolyl énd ring A is

Y
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para-tol uenesul finic acid salt, [5] The process as described in any one of
[2] to [4] wherein the acid is nethanesulfonic acid, [6] The process as
described in any one of [2] to [5] wherein the reaction tenperature is 120
Cor lower, [7] A crystal of

2- (3-isoxazolyl)-3,6,7,9-tetrahydroi m dazo[ 4, 5-d] pyrano[ 4, 3- b] pyri di ne
phosphat e nonohydrate of the forrmula (la): ,0 N NNH (I a) 0 HPO4 H20

N (hereinafter referred to as Conpound (] a)) i ch has a powder, X-ray
di ffracti dfl phbg BioRess ag 4¢5chigedn "?‘Pyp‘é’&k%?]alttg lﬁ] o1 it%%sﬁﬁﬁlgég\lﬁfé a5, 3,
17.8, 26.2, 11.6, 20.9, 25.7 and 27.9 (degree) and [8] The crystal as
descri bed Haﬁa{toﬂ]le%ﬁ}%ﬁl%%éd splbrel t ng point of 162 to 175 C. Brief
" Description of Drawings Figure 1 shows powder X-ray diffraction ch?frt_ of
pri sm crysiPhl Ehe popeggae doscEiRpghin ?anﬁroéﬁz]é%%r“ﬁ‘ﬁ%ﬂ thgyard ‘rs‘lPi‘ﬁtgﬂ’?frsﬂl B Cprism
crystals. Figure 3 shows powder X-ray diffraction chart of needle
crystals. acRb.gure 4 shows infrared absorption spectrumchart of needle
crystals. Best Mbde for Carrying Qut the Invention In the present ,
descri pti dfl Thepreesses dpgribods anyumeioh & te il sierdn ey 5asH yRdeyasaiene,
Chlorine is preferable. 3 - '
120 °C or lower, :

[7] A crystal of 2-(3-isoxazolyl)-3,6,7,9-tetrahydroimidazo[4,5-d]pyrano[4,3-b]pyridine -

phosphate monohydrate of the formula (Ia):

(hereinafter referred to as Compouﬁd (I1a)), which_has a powdgr X-ray diffraction pattern,
havihg main peaks at diffraction angle (26) = 15.3, 17.8, 26.2, 11.6, 20.9, 25.7 and 27.9
(degree) and

(81 .The crystal as described in [7] which has a melting point of 162 to 175 °C.

Brief Description of Drawings
Figure 1 shows powder X-ray diffraction chart of prism crystals.
| Figure 2 shows infrared absorption spectrum chart of prism crystals.
Figure 3 shows powder X-ray diffraction chart of needle crystals.

Figure 4 shows infrared absorption spectrum chart of needle crystals.

Best Mode for Carrying Out the Invention

In the present description, "halogen" includes fluorine, chlorine, bromine and iodine.

Chlorine is preferable.



In the present specification, the term"aryl" includes phenyl, naphthyl,
anthryl, indenyl, phenanthryl and the like. The term "optionally
substituted aryl"™ includes the above nmentioned "aryl" which my have one
or nore of substituents selected from al kyl, hydroxy, al koxy, aryl oxy,

acyl oxy, carboxy, ester (e.g., alkoxycarbonyl, aral koxycarbonyl etc.),
cyano, am no, nono- or di-substituted am no, hydrazi no, hydroxyam no,

hal ogen, nitro, acyl, carbanmoyl, thiocarbanoyl, carbanDyE XY,

t hi ocar banoy! bxfhe nressing epectiishBer ahelterms arylopshidaep hepgh dap &Y ianghpykt i t ut ed
sul fonam de, sulfonic acid, hal ogenoal kyl, hydroxyal kyl, al koxyal kyl ,

acyl oxyal kydenyhipheweithoyl andsheldkel kyl , acyl am noal kyl , cyanoal kyl,
carboxyal kyl and the |like.. Preferable exanples are substituted or
unsubst i t ut edThhemmyl "oatienallyeubstatifidey v fincludpsdhs phpyvpmmentigpedRarly whighe

met hyl , met hoxy, chloro and the like. The tern1"heteroaryl" means a cyclic
group contmiynhavg ooner morqsebyftupits aploctad Ham albylt bukary ylkogy.eeriew from o, S
and Nin the ring and the cyclic group may condense with a carbocycle or
anot her hetgboc yatbexy, Bhier éxandkewcotboniearatiwayarbongd etcs. cyppe, I FRIIOd

het eroaryl. such as pyrrolyl, imdazolyl, pyrazolyl,.pyridyl, pyri dazi nyl ,
pyri mi di nyk di-sybstiaztedyming hiydraizmg| hydrexyrazeg, yrlosex azepyacyl exhamaylol v |

i sothiazolyl, thiazolyl, thiadiazolyl, furyl, thienyl etc,, and condensed
het er oar ylthmucthameyl crdbhmpylotye thapaic brrzeilgiy, Weidpa Hupyieido, swippmidenipono-

qui nol yl, isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl,

napht hyr i dir dykybsticuted exéiniamydle, spiieni¢ agidyhalogereptkd oabronyikylipdrxssdrbl yi |
oxadi azol yl , benzoxadi azol yl, benzi sot hiazolyl, benzothiazo]yl,

benzot hi adicglprsaykyl, lienaksylapinoabehzasy himdagealkylceyppeatlylysarboxypligrhandhiie et c.
As the substituents for "optionally substituted heteroaryl", exemplifjed
are aIkyIhkehyﬂméxybbakm®n@§aﬁaﬁbéﬁvwﬂb@véﬁubﬁﬂgﬁﬂI&@Rﬂ%?@é#ﬁéﬁ???bsOf

ar al koxycarbonyl etc.), cyano, am no, nono- or di-substituted am no,
hydr azi no,substituenty dovi phenyexk orpshyl, methosy, chlope and theddgnoyl | t hi ocar banoyl ,
car banoyl oxy, thiocarbanoyl oxy, ureido, thioureido, sulfonam de, nono- or
di - subst i t ut e@he tdrfrothatrrekryl" sudae picgcliEreup ¢PALBBIEEGRP RYOTe HAGHER 9IRSy | |

al koxyal kyl , acyl oxyal kyl, nitroal kyl, am noal kyl, acyl am noal kyl,
Y >Z)ptionallyy sele%ted i%/om O,Sand N inythe ring and the Zyclic gro¥1p may condenyse with a

carbocycle or another heterocycle. The examples of "heteroaryl" are 5- to 6-membered
heteroaryl such as pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, triazinyl, isoxazolyl, oxazolyl, oxadiazolyl, isothiazolyl, thiazolyl, thiadiazolyl,
furyl, thiéﬁyl etc., and condensed heteroaryl such as indolyl, benzimidazolyl, indazolyl,
indolizinyl, quinolyl, iso.quinolyl, cinnolinyl, phthalazinyl, quinazolinyl, naphthyridjﬁyl,
quinoxalinyl, pteridinyl, benzisoxazolyl, benzoxazolyl, oxadiazolyl, benzoxadiazolyl,
benzisothiazolyl, benzothiazolyl, benzothiadiazolyl, benzofuryl, benzothienyl, carbazolyl,
phenazinyl etc.

As the substituents for "optionally substituted heteroaryl", exemphfied are alkyl,
hydroxy, alkoxy, carboxy, ester (e.g., alkoxycarbonyl, aralkoxycarbonyl etc.), cyano,
amino, mono- or di-substituted amino, hydrazino, hydroxyamino, halogen, nitro, acyl,
-carbamoyl, thiocarbamoyl, carbamoyloxy, thiocarbamoyloxy, ureido, thioureidd,
sulfonamide, mono- or di-substituted sulfonamide, sulfonic acid, halogenoalkyl,
hydroxyalkyl, alkoxyalkyl, acyloxyalkyl, nitroalkyl, aminoalkyl, acylaminoalkyl,
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4 cyanoal kyl , carboxyal kyl and the |ike. These substituents may substitute
at one or nore of possible positions. The substituents are preferably
unsubstituted 5-nenbered heteroaryl, nore preferably unsubstitutecl
t hi enyl, unsubstituted furyl, unsubstituted isoxazolyl or unsubstituted
pyridyl, and nost preferably unsubstituted isoxazolyl. "A 5- to 9-nenbered
alicyclic group which nmay contain one or nore of 0, S, SO SO and/or NRL
wherein Rl is h%grogen, al kyl , esterified carbox¥, car qnqylior qﬁyl, and
whi ch may dyanealbsdt qarbaxsalkyl 43 e ke EhsseishsbisuaRitt Hay REPSHET §HHBRG prgmore
pyridine ring. The exanples of alicyclic groups are a carbocyclic group
such as a(ép@%ﬁ@@ﬁ@%ﬁ@mriﬁb?S§BU€V%W%ﬁ@ﬂEﬁ%“¥ﬂh@P$@S%9%@%%éﬁ?§ﬁ8“¥ing, a
cycl oocteno ring, a cyclononeno ring etc., a heteroalicycle such as
pyrrol i di rwtenpgavl.ohoradretprabirasmsipefi tieed thianyh sppeishisuted Gl dretstiskeno,
di hydrof urano, thiazolino, dihydropyranno, dihydrothiopyrano, Piperidino,
pi per azi ndsoxapelphw|unsabstithied myrighlo Rithaost rrefeaalify popipsistad isoxargly!.
t et rahydropyrim dino etc. Di hydropyrano, di hydrothi opyrano o {peridino is
preferabl e andAdr HyUPSEPPENGITEClE SHaw wlhirk may é?‘é’?ﬁmné.orﬂ?é%%trq%ﬁgé' 2 be
substituted with alkyl (e.g., one or two nethyl, ethyl or the like). The
t erm " al kydnd/cdrmt Ligtbsrein Bi ischiyglhdgeor albylaestérafiedadaklydxy hawbargoyd ot acyleoelar bon
atoms and a |lower alkyl having 1 to 6 carbon atons is preferable. For
exanpl e, rwtibly maydesybstitutedpricpylkyl” icerdsnegsyrith pheipighboring apiitipe ringec- but yI |
tert-butyl, n-pentyl, isopentyl, neopentyl, tert-pentyl, 2-nethylbutyl,
n- hexyl , ~ iBelrsryiplesioé pligyclic groppeprey carbpsysHc Srowoeh ¢p 2 CHgeRpmtenodig, P and
the like are included. The al kyl parts of "hal ogenoal kyl", "hydroxyal kyl",
"al koxyal koytlohexeac yingxayesclopbpteno ringta eyglorgteno ring g ayslanggppo ring’etc., a
“acyl am noal kyl ", "cyanoal kyl " and "carboxyal kyl" are the sane as the
above " al khelteéroalidyeletseelmas matdidifa, purrelind rifazqlidéinq, geszelidiexy car bonyl |
aryl oxycarbonyl and aral koxycarbonyl and the |ike. The exanples are
net hoxycard@byqzbyhimuqm«ﬁémdb@éwnp, thizgoling skilsdyenyr oy LihyBERBOPHRPRar bony|
and the |ike. _
piperidino, piperazino, morpholino, thiomorpholino, tetrahydropyridino, and

tetrahydropyrimidino etc. Dihydropyrano, dihydrothiopyrano or piperidino is
preferable and dihydropyrano is especially preferable. These rings may be substituted .
with alkyl (e.g., one or two methyl, ethyl or the like).

The term "alkyl" includes a straight or branghed alkyl having 1 to 10 carbon atoms
and a lower alkyl having 1 to 6 carbon atoms is pre.ferable. For example, methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-blityl; n-pentyl, isopentyl, neopentyl,
tert-pentyl, 2-methylbutyl, n-hexyl, isohexyl, heptyl, isoheptyl, octyl, isooctyl, nonyl,'
decyl and the like are included.

The alkyl parts of "halogenoalkyl", "hydroxyaj_kylf', "alkoxyalkyl", "acylo'xyalkyl",
"nitroalkyl", "aminoalkyl", "acylaminoalkyl", "cyanoalkyl" and "carboxyalkyl" are the
same as the above "alkyl".

The term "esterified carboxy" includes alkoxycarbonyl, .a_ryloxycarbonyl.and
aralkoxycarbonyl and the like. The examples are methoxycarbonyl, ethoxyéarbonyl,
tert-butoxycarbonyl, benzyloxycarbonyl and the like.

The term "acyl" includes an aliphatic acyl having 1 to 10 carbon atoms and an
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The term "acyl" includes an aliphatic acyl having 1 to 10 carbon atons and
an 5 aromatic acyl. The exanples are fornyl, acetyl, propionyl, butyryl,

i sobutyryl, valeryl, pivaloyl, hexanoyl, acryloyl, propioloyl,
met hacryl oyl, crotonoyl, cycl ohexanecarbonyl, benzoyl, 4-nitrobenzoyl,
4-tert-butyl benzoyl, benzene sul fonyl, toluenesul fonyl and the 1ike. The

term "al koxy" includes straight or branched al koxy having 1 to 10 carbon
atons and a | ower al koxy having 1 to 6 carbon atons is preferable. The
exanpl es arempit hoxy, Theetxhowies afe fropbryetyh seprepbPytyril Fabsyyl Yaemlt oxy,
sec- but oxy, tert-butoxy, n-pentyloxy, isopentyloxy, neopentyl oxy,
t ert - pent ydioadyyl, kzexrafawiydcmﬂtﬁldxmopwlwgmtb%yyloyls erteeongy b gyelobekagreytbryl,
i soheptyl oxy, octyl oxy, isooctyloxy, nonyloxy, decyloxy and the |like. The
al koxy parteszaf, 4-aittobsyzomk baﬂwbu,tylb@nznﬂxngkwsvlfarnd, tolieapRSRYYAEdhy| " are
the sanme as the above "al koxy". The aryl parts of "aryl oxy",
"aryl oxycdikeonyl " and "aral koxycarbonyl" are the sane as the above "aryl".
The acyl parts of "acyloxy", "acylam noal kyl" and "acyl oxyal kyl" are the
sane as the dhevernt adkdxy’ infhdessibaht ardmarchpdplkoppharing telil earben ftomrsed
am no" and "nono- -or di-substituted sulfonam de" include one or two of
hydr oxy, haldegewer @k havadeketm carbapydtomaisgirefgnable. h d'helexamples gxpothedy.(1) "
i ncl udes any possi bl e pharmaceutically acceptable salt of each conpound.
As t he " phahoraceprimoay,isoracosptrabitexs agobutoxsxaepphioky dartarudoxyan tpen alexy,
m neral acids such as hydrochloric acid, sulfuric acid, nitric acid,
phosphor i dsaehntyloxyhyebper ylooy ter tagingylotyy 8madshohiroxaai-bexyigyt jehexylosy, sal t s
wi th organic acids. such as formc acid, acetic acid, tartaric acid,
| acti c acildptydistyr isoheptyldxy, otyloxy dsectydoxy madneiaxy adecylox s aedihgilke. aci d,
met hanesul foni ¢ aci d, benzenesul fonic acid, p -toluene sulfonic acid and
the |ike; sallhs alliokipasi df "elkamricaobanyi dlkaxyalksl aod ninaliopecarbanylrarg éheaci d,
glutamc acid and the Ilike. '

same as the above "alkoxy".

The aryl parts of "aryloxy", "aryloxycarbonyl" and "aralkoxycarbonyl" are the éame
as the above "aryl".

The acyl parts of "acyloxy”, "acylaminoalkyl" and "acyloxyalkyl" are the same as the
above "acyl". |

The substituents for "mono- or di-substituted amino" and "mono- or di-substituted
sulfonamide" include one or two of hydroxy, halogen,. alkyl, alkenyl, acyl, aryl and the
like.

"Compound (D" includes any poséible pharmaceutically acceptable salt of each
compound. As the "pharmaceuticaliy acceptable salt”, exemplified are salts with
mineral acids such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid,
hydrofluoric acid, hydrobromic acid and the like; salts with organic acids.such as formic
acid, acetic acid, tartaric acid, lactic acid, citric acid, fumaric acid, maleic acid, succinic
acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid and the like;

salts with acidic amino acids such as ornithine, aspartic acid, glutamic acid and the like.

Phosphate is preferable. '



Phosphate is preferable. 6 Conmpound (I) includes solvate thereof, wherein
arbitrary nunbers of suitable organic solvent or water nolecul es may
coordinate to Conpound (1). Hydrate is preferable and nonohydrate is nore
preferable. Conpound (1) includes three kinds of tautoners and the above
mentioned formula (I) is just an exanple. Conpound (I) includes other
tautoners, i.e., Conpound (l') having double bonds at the 2-3, 3a-3b and
4-5 position and Conpound (I") having double bonds at %Q%N%-Bb’ 2-3 and
3a- 4 positi onComppwed fbinchdeneplyase Fareed, wherpmarRitragnumbsrggl sugablen s (1)
Al 41 14 NH s CbnpoungMﬁl) can be obtained from Conpound (11) by the
f ol | owi ng orgamet sadyrnt or BtAydvMesulesimay qogrdine fedoppoupdsdy t W8S vent such
as dime thylform am de, dinethylsulfoxide, N, N dine thylimdazolidinone,
N- et hy| pyorefetabdroned morghydrdiy imetegapietidlaand Daut herm A in the presence of
a sulfinic acid salt for several tens mnutes to several hours. The
exanmpl es of aCeuwipbiumd @) melvdes diree kinds sbi@ntpmasanad the oy meatirgedfagraula

pot assi um par a-tol uenesul finate, |ithium para-toluenesulfinate, sodium

net hanesul®iinatsean potaplei upemeaurdribintlndasatherdpuopietshi - aniABPeiaredl fi nat e.
The wupper limt of the reaction tenperature is around 150 C preferably
around 14%a@irgripubledneds 4t the -3, 32-3b 6uAd-5owpstionmndie@mitoupd 4 bideg dobte  The
above reaction is preferably subjected to further in the presence of "an
aci d" or boadsat thei3bh28@rmodrigehpasitivase'th follavistPorled t he presence of a

sulfinic acid salt. The ex |es of "an acid" are netﬁanesulfonic acid and
para-tol uenesul finic acidl. A salt 1 0
HN—(2 N
' \\ N 3 ) [ N
| . | |4 (")
N N
5 H>

Comf)ound ) can be .obtain_ed from Compound (1) by the following reactions.

Compound (II) is reacted in a suitable solvent such as dimethylformamide,
dimethylsulfoxide, N, N-dimethylimidazolidinone, N-methylpyrrolidone,
dimethylacetoamide and Dautherm A in the presence of a sulfinic acid salt for several
tens minutes to several hours. The examples of a sulfinic acid salt are sodium para-
toluenesulfinate, potassium para-toluenesulfinate, lithium para-toluenesulfinate, sodium
methanesul_finate, potassium methanesuifingte and lithium methanesulfinate. The
upper limit of the reaction temperature is around 150 °C, preferably around 145 °C and
lower limit is .around 90 °C, preferably around 100 °C.

The above reaction is preferably subjected to further in the presence of "an acid" or
"a salt with an organic base" in addition to the presence of a sulfinic acid salt. | The
examples of "an acid" are methanesulfonic acid and para-toluenesulfinic acid. "A salt
with an organic base" is preferably a salt which has pKb 5 or lower, for example,
hydrochloride or hydrobromide with pyridine, N-methylmorpholine, N, N-
dimethylpyridine or the like, hydrochloride, hydrobromide or methanésulfonate of
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with an organic base" is preferably a salt which has pKb 5 or |ower, for
exanpl e, hydrochloride or hydrobrom de with pyridine, N nethyl norpholine,
N, N- dinmethyl pyridine or the |like, hydrochloride, hydrobronm de or

met hanesul fonate of 7 Conpound (1). When the desired conpounds are

synt hesi zed in the presence of "a) an acid or b) a salt with an organic
base" and a sulfinic acid salt, the reaction may be conducted at about 130
C or lower, preferably about 120 C or |ower, and nost preferably about 100
C or Lomékﬂnﬂ%@dKBmer limt for suitably conducting this reaction is about
90 C, preferably about 100 C. The present reaction mhicF"is conducted in
the presence Ofhearthadpsiregrcompauids agp sYPthpsizedrigdhg prepersa of '@ ¢Bpgid X & gl f or

i nexpensi ve and sinple industrial production of Conpound (I) because of
escapi ng tshé witlyhn ergapisrbaseirad pealinioneid sdlb the edchiop mpy o eenydigied 23 about
Conpound (1) obtained by the present method can be turned into a free
conpound,JBHQGmméhW@rDW'Iamﬁﬂgaﬁégﬂf@@h&ﬂ@?ﬂﬁﬂﬂéﬁﬁQF“%%@bﬁH@Pé1%}%%Wé li ke
by the conventional nethod. For exanple, methanesulfonate can be turned
into a frédeveonPbetaveyyintit askiteply epnducdrgithisdargdebiiabheut R G arefediyound
can be crystallized as phosphate by treating wth an agueous sol ution

cont ai ni ngibphioEHferi c acid (for exanple, 20 % aqueous isopropanol). Two

ki nds of crystal fornms, i.e., prismcrystals and needle crystals were found
as crystals OheGomrpouredctidnayhiclh ifecopfudteshipoiia @r{seycahing Reidn agaltopthphed by
the above nmethod. These crystals are. distinguished by characteristic
peaks of pogater bacerimyery aiéfil fae tneaspensiveaind simprlp erlustrind Sresfuction plfrqappound
absorption spectrum For exanple, prismcrystals can be_obtai ned px t he

f ol | owi ng (Fekehoge of fFicaming yhe kigh temeparatyye trrgtion desgribedin Hol3P2869f3 A.

2- (3-isoxazolyl)-3,6,7,9- tetrahydroinidazo[4,5-d]pyrano£4,3-b]pyridine IS
obt ai ned by t Rempetixbd) elssieed bethd pregemt medha) pdegrmgddptoppfgee compound,

above- nenti oned net hod. Thus obtai ned conpound (for_exanpl e, _
hydrochloride, methanesulfonate, maleate, phosphate or the like by the conventional

method. For example, methanesulfonate can be turned into a freé compound by treating
with sodiun-l hydroxide. A free compound can be crystallized as phosphate by treating
with an aqueous solution containing phosphoric acid (for example, 20 % aqueous
isopropanol).

Two kiﬁds of crystal forms, i.e., prism crystals and needle crystals were found as
crystals of Compound (Ia), one of Compound (Ij which can be obtained by the above
method. These crystals are distinguished by characteristic peaks of powder X-ra'y.
diffraction or absorptioﬁ bands of infrared absorption spectrum.

For example, prism crystals can be obtained by the following method.

Firstly, a frée coﬁpound, a salt or solvate of 2-(3-isoxazoly1)‘-3,6,7,9-
tetrahydroimidazo[4,5-d]pyrano[4,3-b]pyridine is c;btained by the method described in JP

. 1993/228697 3A or the above-mention-ed method. Thus obtained coﬁpound (for example,

- phosphate) is suspended in a diluted aqueous solution of phosphoric acid (about 0.01
equivalent, preferably 0.05 equivalent). The suspension is stirred or allowed to stand
under cooling or at room temperature for séveral hours to recrystallize, and needle |

crystals of Compound (Ia) are obtained.



phosphate) is suspended in a diluted aqueous sol ution of phosphoric acid
(about 0.01 -equivalent, preferably 0.05 equivalent). The suspension is
stirred or allowed to stand wunder cooling or at roomtenperature for
several hours to recrystallize, and needle crystals of Conpound (la) are
obtai ned. 8 Free conpound or hydrate of
2-(3-isoxazolyl)-3,6,7,9-tetrahydroi m dazo[ 4,5- d]pyrano[ 4, 3-b] pyridi ne
may be crystallized as phosphate from an aquequs sol yent (for _exanple,
aqueous met hafiete compaender BYHARA! 2-Griigsw qb%éﬁéﬁ@@? &%@8@@§”ﬂ§8propanol
and the like, preferabéy 20% aqueous_.i sopr opanol ) containiﬂ% pgps€&oric
acid at t HBpyrene4 3ripyridige mayibg coystallizadets pHpspbrtoroRRaRAveHS SBIYERT g
crystals may be recrystallized froma diluted agqueous sol utjon of

phosphor i examplt. haneohe methanoh papeens rhagsl, pageosp siAPandhEegHt SPR¥eRMled] e
crystals are suspended in a diluted aqueous solution of phosphoric acid
agai n and aemd@hkég@ oepferably 20% panposs iseproaaRtitioRiIRGE PRRRROTIE 261 a8 theapelet o
obtain prismcrystals. Prismcrystals of Conpound (Ia% can be _obt ai ned when
needl e crysit af bt ereferableb2w Theohthetabijned crypiglima0be rweastliizeddram ar apl y
60 to 100 -C for several tens mnutes to several hours. \Wen

recryst al |dilnged mrvepes ohrtidnend Pbeaphpyic agid i ghesemyar mapRgraisdhepbavady prepared,
the desired crystals are obtained effectively. Prismcrystals of Conpound
(1a) are pref @habpltained agede efyswilgtresuansinded i 2 dilpfed paugoys solpger ohs
conpared with needle crystals. Prismcrystals have another advantage of
good. opehasiloniciapidagainnd are sppiceish sErEREQr PRt naYs foF abudditpy daxp it at ed
froma solvent by filtration. Furthernore, prismcrystals are stable and
hi gh qual iobjaimpriemdicysirly. Femervataly of Gamponpslap par becohsriaed when perdtise

wat er nol ecul es are contained in prism crystal structure as crystal water
by maki ng chystale gemstisrerivit heating atrabopbitie 190 “brprstrelly £ 5. L0t féb??ﬁﬁ{ﬂ%d
(la) is 162 to 175 C, nore closely 167 to 170 C. The determ nation can be
conduct ed temcoimitergtotsevarpbhanss.t | Whenprsernstalligatiop it sraripdAvihRyt Hddps seed |
phar macopoei a of Japan. The present invention is further explained by the
f ol | owi ng cExcpllrsa epared, the desired crystals are obtained effectively.

Prism crystals of Compound (Ia) are preferable because of high stability to heat and
light as compared with needle crystals. Prism crystals have .another advantage of gobd .
~ operation in synthetic processes because they are .easily separated from a solvent by
filtration. Furthermore, prism crystalé are stable and high quality at ordinary .
temperature and atmospheric pressure because water molecules are contained in prism
crystal structure as crystal water by making hydrogen binding.
Melting point of prism crystals of Compound (Ia) is 162 to 175 °C, more closely 167
' t0 170 °C. The determination can be conducted according to the melting point
determination method in. pharmacopoeia of J apan.I
The present invention is further explained by the following Examples and

Experiments, which are not intended to limit the scope of the present invention,

Examples

In the following Examples, X-ray diffraction of Compound (Ia) was detected under

the following conditions.



Experiments, which are not intended to limt the scope of the present
irnvention. Exanples In the follow ng Exanples, X-ray diffraction of
Conpound (la) was detected under the follow ng conditions. 9 X-ray
diffraction conditions: Ri gaku Corporation RAD-C, powder X-ray diffraction
nmeter Target: Cu, G aphite Monochroneter, Tube voltage: 40 kV, Tube
current: 40 mA, Slit: DS=0.5, RS=0/3, SS=0.1, Scan Speed: 3 /mn, Detector
Scintilation counter, Sapple cell: small dianeter, for small anmount of

sanpl es (458 GHFaGBeRAPRBYUIRSSynt hesi s of

2- (3-isoxazolyl)-3,6,7,9-tetrahydraqi m dazo[ 4, 5-d] pyrano[ 4, 3- Db] pyridi ne
1.25 g of lhgﬁbbém%qt}qn R4p-G, gowgler M—‘ﬁ@%&%ﬁf}‘g ri ng A=di hydr opyr ano)
was dissolved in 12 m of DVF and 3. 20 g of sodi urp Eeara-tol uenz‘rs]élgfi nat e
was added.Targe: Caobtaphin Menschrameted teberoiage: 4Rk Vo I8k (ot intt Ranedtil f oni ¢
aci d was added. Solution of 3.75 g.cgf Conpound ((i’:nl-?} in 12.5 mM of DVF was
added dr opWEE5. REE0/31 SRghA. Srantiweed Sreming PafssrosSGralatkr et ehe i xt ure was
stirred for 1.5 hours at the sane tenperature and cooled, 40 nl of acetone
was added Sammeed} soallciaraeeriforsyradl aneunt ohsAPRIARYUP MM ¢ acid salt and
hydrochl ori de) of the titled conpound. Wthout drying, the obtained m xture
salt was dissolved in 55.5 m of water. 0.367 g of 96 % sulfuric acid and
0.25 g of activated carbon were added and the m xture was_stirred_at 60 C
After coolByagpladt Syatheaisehr¥bioware v 38 éPdgtranydrapeidaze45-glnyranplgso,

sodi um hydr oxi de was added to neutralize. Crystallized crystals were
filtered thdpywidiné n 3.99 g of free conpound di hydrate of the title conpound
(80%vyield). Exanple 2 Usin sim|lar nmethod of Exanple except that the

kind of sul fi Ri% sfiC@mpgnad gﬁrgﬁalé%flbtf’e‘w?fciéowolé'béieﬁc‘\édéllfyda‘é’iy&DO? Hés desi r ed
compounds dvivseslel%ecsl%/r? t12h x?lsl iofZ S&Fagn% %9(? g gE s],co(calfutnll 8Qrac-)tfoluenesulfinate was added. The
solution was heated to 110 °C and 0.86 g of methanesulfonic acid was added. Solution of
3.75 g of Compound (II) in 12.5 ml of DMF was added drepwise over 1 hour at the same
temperature. Aftef the mixture was stirred for 1.5 hours at the same temperature and
cooled, 40 m] of acetone was added to obtain a crude mixture salt (methanesulfo_nic acid .
salt and hyrirochloride) of the titled compound.
Without drying, the obtained mixture salt was dissolved in 55.5 ml of water. 0.367
g of 96 % sulfuric acid and 0.25 g of activated carbon were added Iand the mixture was
stirred at 60 °C. After cooling, activated carbon was filtered o_ff and 18.5g0f4.8%

sodium hydroxide was added to neutralize. Crystallized crystals were filtered to obtain

3.99 g of free compound dihydrate of the title compound (80% yield).

Example 2 '

Using a ’similar method of Example 1 except that the kind of sulfinic acid salt and
existence or absence of acid, the desired compounds were synthesized and the affection of
a sulfinic acid salt and acid was examined. Synthesized compound was 2-(3-isoxazolyl)-
3,6,7,9-tetrahydroimidazo{4,5-d]pyrano{4,3-b]pyridine hydroehloride,_ which is described
in JP 1993/286973 A. Number of mole equivalent in tables means the volume per 1 mole
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a sulfinic acid salt and acid was exam ned. Synthesized conpound was

2- (3-isoxazolyl)- 3,6,7,9-tetrahydroi m dazo[ 4, 5-d] pyranol[ 4, 3- b] pyri di ne
hydrochl ori de, which is described in JP 1993/286973 A. Nunber of nole

equi val ent in tables nmeans the volume per 1 nole 10 equival ent of Conpound
(Ir) and "1V* neans 1 m per 1 g of Compound (I1). Table 1 Reaction
Reaction Yield sulfinic acid salt acid solvent tenperature tinme (hr) (%
(C© Lithiuml1 npole - - DMSO 145 1 92.0 para-toluene- equivalent (2V)

sul fi nat e equiviehingnf GoBperiddID) and HEarepas 1onlgmrd ¢ @aromroypddie- equi val ent
(2V) sulfinate SodiumO0.5 nole - - DWVMBO 145 2 90.5 para-tol uene-

equi valent (2V) sulfinate Sodium 1l nole Methane- 0.5 nole NWP 94-97 1 90.4
par a-t ol uene- equival ent sul fonic equivalent (4V) sulfinate acid Sodium 1
nol e Met hdfeble D.5 nole NWP 94-97 2 94.0 para-toluene- equival ent sulfonic

equi vafent—(AvY)y—sutfrmateraci d NP N-Tet Ny - 2-pyTr ol i done | DVSO :
di met hyl sul fo"xi de Reference Exanple 1 Synthesis ofReact'ion Reaction | Vield
2- (13- i poxazdlfipic)acd] €1t7, 9- 1 et r ahydeidi m dazq[s¢lveat temrzfér)lture time (br) | (%)
Lithium 1 mole - - DMSO 145 1 92.0
para-toluene- | equivalent 2V)
sulfinate
Lithium 0.5 mole - - DMSO 145 2 93.0
para-toluene- | equivalent 2V)
sulfinate
Sodium - | 0.5 mole - - DMSO 145 2 ] 905
para-toluene- | equivalent 2v)
sulfinate
Sodium - 1 mole Methane- | 0.5 mole NMP 94-97 1 90.4
para-toluene- | equivalent | sulfonic equivalent | (4V)
sulfinate acid
Sodium 1 mole Methane- | 0.5 mole NMP 94-97 2 94.0
para-toluene- | equivalent | sulfonic | equivalent | (4V)
sulfinate acid

NMP- : N-methyl-2-pyrrolidone
DMSO : dimethylsulfoxide

Reference E'xample 1 Synthesis of 2-(3-isoxazo'1yl)-3,6,7,9-tetrahydroimidazq[4,5-
d]pyrano[4,3-b]pyridine (ﬁ‘ge compound, dihydfate)

After 984 g of Compound (II: Hal =Cl, R=3-isoxazblyl, ring A=dihydropyrano) (3.53
mol) was added in a 5 L 4 necked flask equipped wifh a stirrer, a thermometer and a
nitrogen gas tube, 1.97 L of N-methyl-2-pyrrolidone was poured therein to obtain a
suspension. The suspension was reacted with stirring under mild nitfogen atmosphere
for 50 minutes at 190 to 210 °C (internal temperature) in oil bath of 200 °C. After the
‘reacted mixture was cooled to 40 °C, 2 L of acetone was added to obtain the suspension.
The obtained suspension was poured into a 20 L.4 necked flask, 7.84 L of acetone was
added and the mixture was cooled to 3°C. The precipitated crystals were filtered,
washed twice with 1.3 L of acetone and air-dried for 18 hours to obtain 879 g of crude

crystals of 2-(3-isoxazolyl)-3,6,7,9-tetrahydroimisazo[4,5-d]pyrano[4,3-blpyridine

11



d] pyrano[ 4, 3-b] pyridi ne (free conpound, dehydrate) After 984 g of Conpound
¢Il:.'Hal =Cl1, R=3-isoxazolyl, ring A=di hydropyrano) (3.53 nol) was added
inab. L 4 necked flask equipped with a stirrer, a thernoneter and a
nitrogen gas tube, 1.97 L of N-nethyl-2-pyrrolidone was poured therein to
obtain a suspension. The suspension was reacted with stirring under mld
nitrogen atnosphere for 50 mnutes at 190 to 210 C (internal tenperature)
inoil bath of 200 T. After the reacted mxture was cooled to 40 C, 2 L of
acet one wabydaederide &bt #9n the suspension. The obtai ned suspension was

poured into a 20 L 4 necked flask, 7.84 L of ﬁcgéope was .added agdhghe
m xture was c8? sdf erydgoystaihuensdissplypd iy 31 ¢ H 95 FAPAUEPE FIATPRATREV D g s hed

twice with 1.3 L of acetone and air-dried for 18 hours .to obtain 879 % of
crude cr y@papg apgd 505 ml of concentrated aqueous ammonia and 295 g of activated carbon wer

2- (3-isoxazolyl)-3,6,7,9-tetrahydroi m sazo[ 4, 5-d] pyrano[ 4, 3- b] pyrj dine 11
(hydr ochl owdidﬂfi) Afpg the splutigrgagieduxed iogd0 arputespad el ted %B?L{/%F {ﬂﬁefg 116 L
of 20 % aqueous isopropanol with heating and 505 ml of concentrated
aqueous arnibpicafilmde waswashstl with 6.9l @vagmed gh “ntueounigorRrgrany #BY 5ereof
solution was refluxed for 20 m nutes and actjivated carbon was filtered
of f, the fisdproranel wdde i iedogivash dianid were mpggehiyl Pocenterjadsnderiredisedpanol
and 3.3 L of isopropanol. The filtrate and wash Ii%ujd were m xed and
concent r atredssuraierobtad 3dE s o pesrgpErated sehttigpn Bhoeptrigedpolytiopagrolst ed
sol ution. The obtained solution was cooled at 4 C for 18 hours, .
preci pi t atwd °€rigpstSharggrecipityted paatalapersddtered. cashpd tvige with 1§ L plige- cool ed
20 % aqueous i sopropanol. and air-dried for 18 hours to obtain_ 764 g of the
titled conpedRd% enmegu@/&oprﬁpanskwtauadéwérﬁqralr%/h%ﬁ%ﬂ%/@fﬂagn(féigﬂim%é&dz H20)
Calcd.: C 51.80;H5.07;N, 20.13; H20O 12. 95% Found: C, 51.85;H, 5.10;N,
20. 30; H2O,co2p7und (TRE%ex ence Exanpl e 2 Preparation of needle crystals

mp >300°C

Elementary Analysis (CsH (N4O,* 2H;0)

Caled.: C,51.80;H,5.07;N,20.13;H,0,12.95%

Found: C,51.85:H,5.10:N,20.30;H,0,12.71%

Reference Example 2 Preparation of needle crystals

To 764 g of the compound obtained in Reference Example 1 (free c.ompound, '
dihydrate) in a 30 L reaction chamber, 26.75 L of 20 % aqueous isopropanol was added
“and dissolved with stirring-under heating at 80 to 84 °C. 76.4 g of activated carbon was
added and the mixture wés stirred for 30 minutes at the same temperature. After the
activated carbon was filtered off, the activated carbon was washed with 3.4 L of warmed
20 % aqueous isopropanol. The filtrate and wash liquid were mixed and transported to a
60 L crystallizer. The solution was warmed to 78 °C to dissolve precipitated crystals, a
solution of 389 g of 85 % phosphoric acid (1.23 mol equivalent) in 389 ml of isopropanol
was added and the dropping vessel was washed with 400 ml of isopropanol. Though
needle crystals were precipitated after one minute and the Whole mixture was solidified,
it turned to be a suspension by stirring at ﬁigh speed. Thus obtained suspension was

12



To 764 g of the conmpound obtained in Reference Exanple 1 (free conpound,

di hydrate) in a 30 L reaction chanber, 26.75 L of 20 % aqueous i sopr opanol

was added and dissolved with stirring-under. heating at 80 to 84 C. 76.4 g
of activated carbon was added and the m xture was stirred for 30 m nutes

at the same tenperature. After the activated carbon was filtered off, the
activated carbon was washed with 3.4 L of warnmed 20 % aqueous i sopropanol .

The filtrate and wash |iqui dandtran orted.to a

Crystal || Zeed Tie Copdt i Ma SRl 10578 S Soar Loa v PR ven
crystals, a solution of 389 of 85 % phosphoric. acid . ‘

equi val entthe prys@diezendit yps flipiss o%%sr]i’égtwkﬁé@g’dﬁgé‘ % r‘rq(ffp’forlfég?ll1 a&%p‘i“hiﬁ“?fla%%a was
~washed with 400 m of isopropanol ThO\l;:ﬁ rfj edle crystals

preci p|tatfé‘éinéfflﬁléﬁrraﬁﬁéf%moéf%‘ﬁd’bf%’ég oB&! hPRPETR (i “SSU(’J?F%P@FWS&:}S it
turned to be a suspension by stirring at high speed. Thus obtai ned

suspensi of9%A&)12 cooled to 4 C and allowed to stand for 18 hours. After

t he suspension was took out from the crystallizer, it was filtered, washed
twi ce Wt R2E-E3SE | sopropanol and al r-dried at roomterrper ature for 18

hours to obtain 946.5 g of Conpound I"QI} as needl e crystals (96.2 %. np
234-236C ﬂlmﬁﬁﬂﬂiﬁﬁﬁ Y 0N o1 Sl o 2@2 H3PO4 H20) Calcd.: C, 40.23;
H, 4. 22N; 15. 63; P, 8. 65; H2O, 5. 03%_ _Foun 40. 39; H, 4.17N, 15. 92P 8. 53;

H2O, 4. 10% perdebr CA0 231, @??erééﬁf’o%%ilzoé 0% 7, 17.4, 19.6, 21.4, 25.0,
27.0 (degr ed%p | R 3426, 3109, 1642, 1123, 998, 957 and 808 (cm 1) Exanpl e
3 Preparati dfpuatl BrP SRS ) NP S28. §1¥906 1% needl e crystals (8.705 nol)
obtained in Reference Exanple 2 in a enanel bat equspped with a
stirrer, pewhar X-raf diffragtjony é%%i!ét‘el”éo%ﬁ%l%%65§021§((5’°6%9 85 % phosphoric

acid (0.05 nol equival ent%‘\% added to_obtain a suspension. Crystalline
nucl eus allRe3dRp prBaptd 1hed 988 ded 28A4U8 €5 Ped at room tenperature (23 to

24 C) for 43

E)_(ample 3 Preparation of pyism crystals
To 3119 g of needle crystals (8.705 mol) obtained in Reference Example 2 ina30L
enamel bat equipped with a stirrer, 18.71 L of distilled water containing 50.18 g of 85 %
phosphoric acid (0.05 mol equivalent) was added to obtaip a suspension. Crystalline
nucleus already prepared was added and stirfed at room temperature (23 to 24 °C) for 43
bours. The precipitated. crystals were filtered, washed twice with 1.5 L of ice-cooled
distilled water and dried under reduced pressure at room temperature for 4 days to
obtain 2902 g of Compound (Ia) as prism crystals (93.1 %).
mp 167 to 170 °C  (formed fusion) -
dp 242 to 252 °C  (colored fusion)
Elementary Analysis (C;osH oN4OgH;PO, *H,0)
Caled.:C,40.23:H,4.22N,15.63;P,8.65,H,0,5.03%
Found: C,40.25;H,4.26N,15.71;P,8.64;H,0,5.16%
' powder X-ray diffraction: 1_1.6, 15.3, 17.8, 20.9, 25.7, 26.2 and 27.9 (degree)
IR: 3264, 3104, 2533, 2085, 1648, 1119, 1089, 954 and 513 (cm™)
In the following Experiments, contents of Coinpound () were determined ny HPLC
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hours. The precipitated crystals were filtered, washed twce with 1.5 L of
i-ce-cooled distilled water ‘and dried under reduced pressure at room
tenperature for 4 days to obtain 2902 g of Conpound (la) as prismcrystals
(93.1 %9. np 167 to 170 C (fornmed fusion) dp 242 to 252 C (col ored fusion)
El ementary Analysis (Cl12HIONAO2 H3PO4 H20 Calcd.: C, 40.23; H, 4. 22N, 15. 63;
P, 8. 65; H2O, 5. 03% Found: C, 40.25;H, 4.26N,15.71; P, 8.64; H2O, 5. 16% powder
X-ray diffraction: 11.6, 15.3, 17.8, 20.9, 25.7, 26.2 and 27.9 (degree)

| R 3264, wdlonthedoldgvingogulitiops4g, 1119, 1089, 954 and 513 (cm') In the
foll ow ng Experinents, contents of Conpound (1) were determ ned by HPLC 13
under t he DeyideoWitdgFeond £3loris2 WheEi T FIARRERS 510, 481, 712 WSP, 741,
FD20A or WATERS 510, 486, 712 WSP, 741, FD20A Col um :YMC- packed col um
AM 302 S-5 120WABBRY #L0648m743 WESEE 0 IntjP20¢50] urm t enper at ure: room

t enperature Mbile phase :ne thanol/w ate r/ TFA=200/800/1 (v/v) Flow

rate: 1.0 rolwin VEME-Baskest ¢plupBAMIAY2 BONCZEMPTA? (‘Dh 2o 85 1) D) | nj ect i on
Vol une: 15 | Purity of Conpound (1) was observed by HPLC peaks detected by
WATERS 99 X olkhotedpardburarnoes Pepadtde. Experinment 1 Stability to heat Prism
crystals and needl e crystals of Conpound éla) were used for sanples. About

25 ngy of &ddhleqmbyst aimetbanayunatarf FA-2REBPO/GIdYs cont ai ner with pol yet hyl ene
wap Flow rate:1.0 ml/min '
Wave length :230 nm
Concentration :5-85 ug/ml
Injectioﬁ Volume:15 pl
Purity of Compound (I) was observed by HPLC peaks detected by WATERS 991

Photodiode Array Detector.

‘Experiment 1 Stability to heat

Prism crystals and needle crystals of Compound (Ia) were used for samples. Abo.ut
25 mg of each crystal was put in a small glass container with polyethylene cap.
Containers wére capped, sealed with PARAFILM and kept at 40 °C, relative humidity of
75 % for 6 months. Prism crystals were not observed appearance transition and needle
crystals changed its color to pale yellow.

These results show prism crystals are more stable to heat compared with needle

crystals.

Experiment 2 Stability to light

After samples were prepared in the same manner of Experiment 1 and sealed, they
were kept under 1800 Lux exposure (16 hours exposure per day of a fluorescent lamp,
28800 Lux*hr/day) or under 10000 Lux exposure (continuous exposure of a fluorescent
lamp, 240000Lux*hr/day, average temperature 30£ 3 °C). As a standard reference
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Cont ai ners were capped, sealed wth PARAFILM and kept at 40 C, relative
humdity of 75 %for 6 nonths. Prismcrystals were not observed appearance
transition and needle <crystals changed its .color to pale yellow These
results show prismcrystals are nore stable to heat conpared with needle

crystals. Experinent 2 Stability to |light After sanples were prepared in

t he same manner of Experinent 1 and seal ed, they were kept under 1800 Lux
exposure (16 hours exposure er & a quoresgg_ | a @goo ent

Lux* hr / dayspoete. arfdett © W@WEuRu%’%ﬁofd d CoRIgHEr 3T §pte‘3?p0‘ ure of°gnten

fluorescent |anp, 240000Lux* hr/da aver age tenperature 30 ~ As. a
standard roéfestvewerplesarming byeté’éﬁ‘ “tércﬁlg}frépgng}gré’ tﬁ?%u%n%ggbgdunder
cont ai ner and kept at - 20 C.. The content of crystals wer e deternm ned by
the absol ubeabeykichrditipen RGPYE Hhobirarr g of grpe e rirsitiqndasg\ALng
conditions. Results of observation of appearance transition and remaining
rate are ghtwirelsbowmbeldebl e 2 Prismcrystals Needl e crystals appearance
remai ni ng appearance remaining rate (% rate (% 1800Lux 1 nonth - 100.0
or + 98.6 2 nonths - 99.9 + 98.3 3 nonths - or 100.1 ++ 96.9 4 nonths
100.1 ++ 97.0 10000Lux 1 week 99.5 or + 99.3 2 weeks or + 99.7 + 98.0

3 weeks +Bdlo2+ or ++ 97.4 As shown the above, needle crystals changed the

color to yetrtowand ThelT Telal Nl Bism crystals Needle crystals
appearance | remaining | appearance remaining
rate (%) rate (%)
1800Lux 1 month 100.0 + or+ 98.6
2 months 99.9 + 98.3
3 months -or 100.1 ++ 96.9
4 months- + 100.1 ++ 97.0
10000Lux 1 week =+ 99.5 + or+ 99.3
2 weeks + or+ 99.7 + 98.0
3 weeks + 99.2 + or ++ 97.4

rate decreased after 3 months.

As shown the above, needle crystals changed the color to yellow and their remaining

remaining rate are more stable to light.

Industrial Applicability

(D is useful for mass-production.

As shown in the above examples and experiments, the present process of Compound

stability and very useful for pharmaceutical raw materials.

Prism crystals scarcely changed appearance and their

Prism crystals of Compound (Ia) is exhibiting high




rate decreased after 3 nonths. Prismcrystals scarcely changed appearance
and their renmaining rate are nore stable to light. Industrial
Applicability As shown in the above exanples and experinents, the present
process of Conpound (1) is useful for mass-production. Prismcrystals of
Compound (la) is exhibiting high stability and very useful for

phar maceutical raw materials. 15 CLAIMS 1. A process for producing a
conmpound of the formula (1): R N NH ﬁﬂgrein R is optionally substituted
aryl or optionally substituted heterdagy nd ring Ais a 5 to 9-nenbered
alicyclic group which may contain one or nore of 0, S, SO S02 and/or NRL
(wherein Rl is hydrogen, alkyl, esterified carboxy, carbanmoyl or acyl) and
which may be substituted with al kyl, a phar c?utical acceptabl e salt or
sol vat e tHerédﬂmmé%ﬁﬁPF§Wﬁ@g@é€E@PW@1ﬁfé%ﬁﬁﬁgﬁﬂ(Bf the formula (11): Hal N~
R(Il) ANH2 N wherein Hal is halogen and the other synbols are the sane
as the above, in the presence of a sulfflnic acid salt. 2. The process as

clained in claiml1, wherein the reaqq' is carried out in the presence of
a) an acid or b) a salt of an organift b :
\ .
| (1)
~Z
N

wherein R is optionally substituted aryl or optionally substituted heteroaryl and ring A is

a 5- to 9-membered alicyclic group which may contain one or more of O, S, SO, SO9 and/or

NR1 (wherein R1 is hydrogen, alkyl, esterified carboxy, carbamoyl or acyl) and which

| may be substituted with alkyl, a pharmaceutical acceptable salt or solvate thereof

comprising reacting a compound of the formula (II):

Hal
N R :
N (11)
NH»
o
N

wherein Hal is halogen and the other symbbls are the same as the above, in the presence
of a sulfinic acid salt. |

2. The process as claimed in claim 1, wherein the reactidn 1s carried out in the presence
of .a) an acid or b) a salt of an organic base.

3. The process as claimed in claim 1 or 2 wherein R is 3-isoxazolyl and ring A is

88

4. The process as claimed in any one of claims 1 to 3 wherein the sulfinic acid salt is a
para-toluenesulfinic acid salt.

5. Th.e process as claimed in any one of claims 2 to 4 wherein the acid is
methanesulfonic acid.

6. The process as claimed in any one of claims 2 to 5 wherein the reaction temperature

16



3. The process as clained in claim1l or 2 wherein Ris 3-isoxazolyl and
ring'Ais O4. The process as clainmed in any one of clains 1 to 3 wherein
the sulfinic acid salt is a para-toluenesulfinic acid salt. 5. The process
as clainmed in any one of clains 2 to 4 wherein the acid is nethanesul fonic
acid. 6. The process as clainmed in any one of clains 2 to 5 wherein the
reaction tenperature 16 is 120 C or lower. 7. A crystal of '

2- (3-isoxazo 3,6,7,9-tetrahydroi m dazo[ 4, 5- d]pyrano[4 3-b] pyridine
phosphatelﬁéﬁgﬁiﬂféWérof the formula (la): ,O NN_(la) NH O HIPO4 H0O

b, N which has. a powder X-ray diffra pattern havin aks at
diffracti on én"@}’%dl(cé(?)e 1s0xazpled)-3.67, 98“’“‘2‘%‘3’ g“’l‘?{laéo [46: (pr rﬁgg[?qgﬂﬁy’%
(degree). 8. The crystal as clainmed in claim7, which has a nelting point
of 162 to phpsphate mepohydrate of the formula (Ia):

which has a powder X-ray diffraction pattern having main peaks at diffraction angle (20)
=15.3, 17.8, 26.2, 11.6,20.9, 25.7 and 27.9 (degree).

8. The crystal as claimed in claim 7, which has a melting point of 162 to 175 °C.



