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Technical Field
[0001]

The present invention relates to a method for
producing a compound that exhibits an inhibitory effect
on activated blood coagulation factor X (FXa), and is
useful as a preventive and/or therapeutic drug for

thrombotic diseases.

Background Art
[0002]

N'- (5-chloropyridin-2-y1)-N?-( (1S, 2R, 4S) -4~
[(dimethylamino)carbonyl]—2—{[(5—methyl—4,5,6,7—
tetrahydrothiazolo[5,4-c]lpyridin-2-
yl)carbonyl]amino}cyclohexyl)ethanediamide p-
toluenesulfonic acid monohydrate represented by the
following formula (A) (hereinafter, also referred to as
compound A):
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[0004] is known as a compound that exhibits an inhibitory effect on
ractivated bl ood coagul ation factor X (FXa), and is useful as a preventive
and/or therapeutic drug for thronbotic,diseases (Patent Literature 1 to 8).
[(0005] For exanple, a nethod conprising m xing thefree form of
conmpound A represented by the followng fornula (B) (hereinafter, also
referred to as conpound B): [0006] [Fornula 2] [ 0007] with
p-tol uenesul fonic acid orlp-toluenesul fonic acid nonohydrate, followed by
crystallization from lJus et hanol, is known as a nethod for obtaining
conpound A (Patent Litenature 1 to 8). {These literature docunents . do not
make any nention a@out adtdi ng p- tolue |fonic -3 acid or
p-toluenesulfong %{ ] nohydratg t.ep@ se manner in the step of

fre

obt ai ni ng conﬁrn Tgﬁ_qyéyp (5§}I0n leh st

[(0004]

is known as a compound that exhibits an inhibitory effect
on activated blood coagulation factor X (FXa), and.is
useful as a preventive and/or therapeutic drug for
thrombotic diseases (Patent Literature 1 to 8).
[0005]

For example, a method comprising mixing thefree form
of compound A_represented by the following formula (B)
(hereinafter, also referred to as compound B):
[0006] |

[Formula 2]

[0007]

with p-toluenesulfonic acid or p-toluenesulfonic acid
-monohyd*a:e, followed by crystallization from agqueous
ethanol, is known as a method for obtalnlng ﬁompound A
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do not make any mention about adding p-toluenesulfonic



Pat®ent Literature [0008] Patent Literature 1: International Publ i cation
No. WO 03/ 000657 Patent Literature 2: International Publication No. WO
03/ 000680 _ 5 -

acid or p-toluenesulfonic acid monohydrate in a stepwise
manner in the step of obtaining compound A from compound

B.
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Summary of Invention
Technical Problem

[0009]
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The present inventor has attempted industrial
production of compound A, and consequently found that the
step of obtaining compound A from compound B results in a
great loss of compound A into the mother liguor during
the crystallization of compouﬁd A from a solvent, and the
vield differs depending on each productibn lbt, and
differences between the yields of lots are approximately
6% at the maximum. Such loss into the mother liguor or
unevenness in yield is not favorable from the viewpoint
of efficieht production of pharmaceutical drugs. It has
thus been demanded to improve these problems and produce

compound A at stable high yields.

Solution to Problem
[0010]

As a result of conducting diligent studies to solve
the problems, the present inventor has found that,
surprisingly, compound A can be obtained at stable high
yields without unevenness, with suppreésed decomposition
of compound B and reduced loss of compound A into the
mother liguor, by an exceedingly convenient approachl
suitable for industrial production, in which the amount
of p—toluenesulfonié acid is reduced when compound B is
dissolved in a solvent, and the amount of p-

toluenesulfonic acid is incr

()

ased when compound A is

crystalilized.

Advantageous Effects of Invention

Pat ent



Pubfl i cati on No. WD 04/ 058715 Patent Literature 5: |International
Publ i cati on No. WD 05/047296

[0011]

According to the present invention, compound A can
be synthesized from compound B at stable high yields
without unevenness by adding p-toluenesulfonic acid or

its hydrate in divided portions.

Brief Description of Drawings

[0012]

[Figure 1] Figure 1 shows the solubility of compound A
obtained by varying the amount of p-toluenesulfonic acid-
monohy&rate under conditions for crystallizing compound A
(ethanol having a water content of 10%,.10°C).' The
ordinate depicts the solubility (mg/ml) of compound 2,
and the abscissa depicts the molar equivalent of p-
toluenesulfonic acid monohydrate (vs. compound B).
[Figure 2] Figure 2 shows the stability of éompound B
obtained by varying the amount of p-toluenesulfonic acid
monohydrate under conditions for dissolving compound B
(ethanol having a water content of 30%, 70°C). Figure 2
depicts time-dependent (hr; abscissa) change in the
amount of compound B (%; ordinate) with the initial (O

hr) amount of compound B defined as 100%.

Description of Embodiments
[0013]
Specifically, the present invention relates to the

following:
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[1] a method for producing a compound represented by the
following formula (A), comprising the steps of:

(a) mixing a compound represented by formula (B):

[0014] |

[Formula 3]

(B}

[0015]

with p-toluenesulfonic acid or p-toluenesulfonic acid
monohydrate at less than 1 molar equivalent with respect
to the compound represented by formula (B) in a solvent
under heating;

(b) adding additional p-toluenesulfonic acid or p-
toluenesulfonic acid monohydrate to the'mixed solution
under cooling, wherein

the additional p—toluenesulfonic acid or p-
toluenesulfonic acid monohydréte is added in suéh an
amount that the total molar equivalent thereof with the
p-toluenesulfonic acid or p-toluenesulfonic acia
monohydrate of step (a) is 1 molar equivalent or more
with respect to the compound represented by formula (B)
of. step (a); and

(c) subsequently allowing the mixed solution to
crystéllize to obtain the cémpound represented by formula

(A) :



Patent Literature 8: |International Publication No. WO 08/156159 Sunmmary
of Invention Technical Problem|[0009] 4 The present inventor has
attenpted industrial production of conmpound A and consequently found that
the step of obtaining conmpound A from compound B results in a great |oss of
conmpound A into the nother liquor during the crystallization of conmpound A
froma solvent, and the yield differs depending on each production lot, and
di fferenceppded ween the yields of lots are approximately 6% at the naxi mum
Such loss into the nother |iquor or unevenness in yield is not favorable
fromthe viewporId 4©F efficient production of pharnmaceutical drugs. It has
t hus been demanded to inprove these problens and produce conpound A at '
stabl e high yields. Solutilon to Probl em[0010] As a result of
conducting diligent s iBs_to solve the problens, the present inventor has
found that, surprisingly], conpound A cqp be obtained at stable high yields
W t hout unevennessg W \;ﬁuppressed deeoywposi ti on of conpound B and reduced
| oss of conpound; Al nt-e t-ne nnthetﬂi ,. YO an exceedingly conveni ent
approach suit IS fqﬁ i rdust r Naly’pr odu % ,_in mhich the amount of

p-t ol uenesuifo Vaci dH '$ﬁ@ 1 when T agound "is dissolved in a

sol vent, and the anount [ ol uenesul fonic acid is increased when conpound
Ais crystallized. - ; '

[0017]

[2] the method according to [1], wherein the p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate.of step (a) is at 0.5 molar equivalent or
more and less than 1.0 molar equivalent with respect to
the éompound represented by férmula (B);

(3] the method according to [1] or [2], wherein the p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate of step (a) is at 0.8 molar equivalent or
more and less than 1.0 molar equivalent with respect to
the compound represented by formula (B);

[4] the method according to any one of [1] to [3],
wherein the tofal molar equivalent of the p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate of the step (a) and the additional p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate added in step (b) is bétween 1.0 molar
equivalent and 3.0 molar equivalents inclusive with
respect to the compound represented by formula (B) of

step (a);



5 [0011] According to the 'present invention, conpound A can be

synt hesi zed from conpound B at stable high yields w thout unevenness by
addi ng p-toluenesulfonic acid or its hédrate in divided portions. Brief
Description of Drawings [0012] [Figuré€ I] Figure 1 shows the solubility of
conpound A obtained by varying the anmount of p-toluenesul fonic acid
nonohydr at e under conditions for crystallizing conpound A (ethanol having a
wat er cont Eni afhel 0%t HHRC)acchhel iorglitnat endephst s£t he] sebubkhjty (ng/ m) of
conmpound A, and the abscissa depicts the nolar equival ent of

pt ol uenesutoren achel honohyurhte ¢ysivedrpound Bhe pFigure 2] Figure 2
shows the stability of conpound B obtained by varying the anount of

p- t ol uenestu? ¥ & es &kt e hondhidrat ecuhdéresendiifrons Borddi ssol vi ng conpound
B (et hanol haV|n a water. content of 30% 70C). Figure 2 depicts

time- depeﬂ&ﬁﬁ X Yat%ﬁ%%|%§a§ Ehhangedi AlehadgrbirP2f Peompound B (%
ordinate) w{h %fltla| (0, hr anDu t of cggpound B.defined as 100%
Descri pti on of %%% Hent s* Tﬁ%l §588FF EBPEG, 3CRE present invention

rel ates th5{§%¥$#$§%“%@Hed 1 %%?n?%ASQS &rggugl g alconpound

represent ed oW ng nprising the s?eps of : (a)

m xing a Wﬁ@p&ﬁé%@%@yﬁOéﬁrm@aﬁ@ms[QQHL kFar gukg 3]

respect to the compound represented by formula (B) of
step (a); |
[6] the method according to any one of [1] to [5],
wherein the solvent is an alcohol or an aqueous alcohol;
[7] the method according to any one of [1] to [6],
wherein the solvent is agueous ethanol;
[8] the method according to any one of [1] to [7],
wherein the aqueous ethanol.has a water content of
greater than 0% and less than or equal to 50%;
[2] the method according to any one Qf [1] to [8],
wherein p-toluenesulfonic acid monohydrate is used;
[10] the method according to any one of [1] to [9],
wherein the amount of the solvent is from 5 times to 30
~times (v/w) that of compound B;
[11] the method according to any one of [1] to [10],
wherein the heating temperature of step (a) 1s 60°C to
80°C; and
[12] the method according to any one of [1] to [117,
wherein the cooling temperature of step (b) is -20°C to
40°C.
. [0018]



[0015] with p-toluenesul fonic acid or p-toluenesul fonic acid nonohydrate at

| ess than 1 nolar equivalent with respect to the conpound represented by
formula (B) in a solvent under heating; (b) adding additional

p-tol uenesul fonic acid or ptoluenesulf%nlc acid nonohydrate to the m xed
sol ution under cooling, wherein the additional p-toluenesulfonic acid or

pt ol uenesul foni ¢ aci d nonohydrate is added in such an anobunt that the total
nol ar equi val efereheréobra tthet e tirocbl afenesul fronienacind ettt ion

p-tol uenesul foni ¢ aci d nonohydrate of step (a) is 1 nolar equivalent or
more with widdpéxst des atidoabnipoutrltaiepr esented by formula (B) of step (a);
and (c) subsequently allowing the m xed solution to crystallize to obtain
t he conpod E%presented by formula (A): [0016] [Formula 4] [0017] [2]
t he nethoqﬁgccordlg% to [1], wherein the ptoluenesulfonic acid or

p-t ol uenes id nonohydrate of step (a) is-at 0.5 nolar equival ent
or nore and |es han 1.0 nolar equival ent ‘with respect to the conpound
represented by %Fﬁﬁla (B); [3] the nethod according to [1] or [2],

wherein the ptol uenesul fonic acid or p-toluenesul fonic acid nnnohydrate-of
step (a) is at 0.8 nolar equivalent or nore and |less than 1.0 nol ar

equi valent with reaceég to the conpound represgnt d by formula (B); [4]

the method accordingjto any one of [1] to [3] éTeln the total nolar
equi val ent of the p‘; uenesulfonkc_ach or enesulfon acid
monohydr at e p§~fﬁa‘s_ :@iand t he addltﬁqﬁﬁi st bd:Cacid or
p- t ol ueneSakf grif cHaoh hydr at e ad Eii betw@sn 1.0 nol ar
equi val ent and 3.0 aH equi val ent s |néTu3|ve mn respect to the conpound
represented by fornula (B) of step (a);
® ®
[0020]

—(5—chloropyridin—2—yl)—ﬁ2=((lS,ZR,4S)—4—
[(dimethylamino)carbonyl]—Z—{[(S;methyl—4,5,6,7—
tetrahydrothiazolo[S,4—c]pyridin-2— |
yl)carbonyl]amino}cyclohexyl)ethanediamide represented by
formula (B) is the free form of compound A and has been
registered as International Nonproprietary Name (INN):
edoxaban, (N-(5-chloropyridin-2-yl1)-N'-[(1S,2R,48)-4-
(N,N-dimethylcarbamoyl)-2-(5-methyl-4,5,6,7-
tetrahydrol[l,3]thiazolo[5,4~c]pyridine-2-
carboxamido) cyclohexyl]oxamide) in the World Health
Organization (WHO) .

[0021]

Step (&) 1s the step of cbtaining compound A from
compound B and p-toluenesulfonic acid or p-
toluenesulionic acid monohydrate.

[0022]



8 ‘[5] the method according to any one of [1] to [4], wherein the t ot al

mol ar equi val ent of the ptoluenesul fonic acid or p-toluenesul fonic acid
nonohydrate of Step (a) and the additignal ptol uenesul fonic acid or

p-t ol uenesul foni ¢ aci d nonohydrate adddd T n step (b) is between 1.0 nol ar
equi valent and 1.2 nolar equivalents inclusive with respect to the conpound
represented by fornmula (B) of step (a); . [6] the nethod according to any
one of [1] to Pskorahereitn tderveoltiental sisthadCohaltayudan w@gueous al cohol ;
[7] the method according to any one of [1] to [6], wherein the solvent is
aqueous etHanol ;in [E]e theeprethowb ooy ngempoamy dnéraf ¢dfipdond 73,
wherein the aqueous ethanol has a water content of greater than 0% and |ess
than or edtit 50012 97ehef areatiddl accloreifigi $ ostahyl onegnfafl] to [8],
wherei n p-tol uenesul fonic acid nonohydrate is used; [10] the method
accor di ng 1T 2R GHERAUTAA tin o1 Eh R €9 t heTarbumndfyitkdsol vent s

f 5 ti to,30 ti. / t hat of « nd B, [11]_the nethod
azzg(Trdi ngn‘?azrya%/epoennedlgegs[ﬁ(ri/ "Q\tl%jh[zl%? %gfcg}?ﬁ ?he ‘—ﬁré%t?h L tenpetat urfe F];L] t

[ - thod, accordi O any_one o 0
st ep (a) Ib%t@%%ﬁ %@%’l@f&% CLJ_ ﬂoég‘%ﬁ? %)gg_p&%%rﬁ I P_ 2% T Ellb

[11], wherein the cooll'ng tenperature of ! i t‘__flo T . [0018]
9 Her:8i afid er st he remthed (of cbheiRrasNtyinveMd Qi Wislds be ydescri bed
in detail. .[0019] [Forrmula 5] Schene 1

present inventor has found that, in the presence of p-
tolﬁenesulfonic acid or p-toluenesulfonic acid
mbnohydrate at an excess molar equivalent with respect to
compound B during the mixing of the compound B and the p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate in a solvent under heating, the decomposition
of compound B is promoted by the excess. The present
inventor has further foﬁnd that the solubility of
compound A 1is reduced when the amount of p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate 1s an excess molar equivalent with respect to
compound B_during the crystallization of compound A under
cooling.

[0023]

Based on these findings, the present inventor has
developed a method in which the amount of p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate is allowed o be a smaller molar squivalent
with respect to compound B during the mixing of the
compound B and the p-toluenesulfonic acid or p-

toluenesulfonic acid monohydrate in a solvent under



(B)'(A) [0020] Ni-(5-chloropyridin-2-y1)-N(1S, 2R, 4S) -4-

[ (di met hyl am no) car bonyl]-2-{[(5-nethyl-4,5,6, 7-

t et rahydr ot hi azol o[ 5, 4-c] pyri di n- 2- ' .

yl ) car bonyl ] am nol cycl ohexyl ) et hanedi arfi de represented by fornula (B) is
the free formof conpound A and has been registered as International
Nonproprietary Nanme (I NN): edoxaban,

(N- (5-chl areapyirigli ie2-apd) N tHe o2& rédton of compound B, and

(N, N-di net hyl car banoyl) - 2- (5-net hy1-4,5, 6, 7-

t et rahydr oflg 3]attd lazod 15, srcivayirandi net 2 - tcal bhaxas do) cicl abexyb} oxam de)

in the Wrld Health Organization (WHO). [0021] Step (a) is the step
of obt ai nithg Clorgrmid oo mcdchpoured Bleaie pis ot Lemesdl fonbe aci d or
Pt ol uenesul foni ¢ aci d nonohydrate. [0022 - 10 - According to -

convent i orfaiCETEt HEds! 20 TFsUgh & KEMAKY it dWelsg ehof obt ai ni ng conpound

A fromco ou d Lﬁ.has been relatively favorable, there js still a great

| oss of c:)%o{}r?dl#%%ttbont hoe{ rﬁﬁ”}i}élruqqulh Y YT AU Vary2 Hependi ng on

each product, , d. di fferences between e yields,of lots are

appr oxi matucg lylpegb%%a f(%agf]llec r?ﬁ:xlloreruorﬁ pAgcoaleurvenseuSl’lfi%?n Grefutti ng dili gent

studies, TREANERAN. | uentor has dound bhats . | ot heo frsseice olg

pt ol uenesul foni'C acid or p-toﬂ UenesulToni ¢ acid nonohydrate at-an excess

mol ar  equi M £MHF WddbdasPects 4 Gomoih & durdng: t hendi xhpg of the

~ conpound B and the ptol uenesul fonic acid or p-toluenesulfonic acid

monohydr ateb tiani rai rspl aceourey dteattargl e thieydeconposidiomoef conpound B is

pronoted by the excess. The present inventor has further found that the

sol ubi |'i t yarofvegorpourick vdesn meduted iwhenl dthee. anount of pt ol uenesul foni c

acid or p-toluenesul fonic acid nonohydrate is an excess nol ar equi val ent

with respeldt94% compound B during the crystallization of compound A under

cool i ng. [0023{O Based on these findings, the present inventor has

devel oped a nefRéd Sitn tifsi éRveréagrsupt dhepralasends drfveditd aeild dro

p-tol uenesul fonic acid npnohydrate is allowed to be a smaller nolar

equi val ent®WidH redpedtng & %nﬁdm%]&}r%%gs?%%%% viet®e BYvnpound B

and the p-tol uenesul fonic_ acid.or ptoluenesul fgnic acid nonohydrate in a
i th SRS T B

sol vent under"*heating.” t0 avol'Fth&detv dt” conpound B, and the

total ol aro gaui sl et of p-tolaienesyl fonie acid or p-1l uenesul fonic acid

monohydrate is al € I n excess W th respec 0 conmpound B during

the crystaldizatd.on of; compaund A by, saddi ng,,additd onal pt ol uenesul foni ¢
acid or p-toluenesul fonic acid nonohydrate, to reduce the solubility of

compound A @mb] oss of conpound A into the nother |iquor, thereby obtaining
~conpound A at stable high yields w thout unevenness between production '
| ot s. The present invention relates to a method for

producing a compound representcd by compound A,
comprising mixing compound B with p-toluenesulfonic acid
or p-toluenesulfonic acid monohydrate in a solvent under
heating, subsequently adding additional p-toluenesulfonic
acid or p-toluenesulfonic acidvmonohydrate under cooling,
and then &dllowing the mixed solution to crystallize,
wherein the p-toluenesulfonic acid or p-toluenesulfonic
acid monohydrate is at less than 1 molar equivalent with
respect to compound B during thé mixing under heating,

and the additional p—tolﬁenesulfonic acid or p-



[ 0024] One of the advantages of the present invention is to obtain
conpound A at industrially stable high yields by an exceedi ngly conveni ent
met hod in which p- - toluenesulfonic acid or p-toluenesul fonic acid
monohydrate i s added in divided porfiors.” [ 0025] The present invention
relates to a method for producing a conpound represented by conpound A,
conprising m Xi ng conpound B with. p-tol uenesul fonic acid or

p- t ol uenesu Twsm «s @i ch imnohydmatrech yidaasel ventddadesubrathag, tsabsequent |y
addi ng addi tional p-toluenesulfonic acid or p-toluenesul fonic acid

not ohydr attec U ero ool 4 Git, vadh t highe aebdwivhght heenpxedlsehatidhondc
crystallize, wherein the p-toluenesul fonic acid or p-toluenesulfonic acid
nonohydr at& 13 @f PesslutEsul it 2qidvareabvdr eher edpedt upgeconpound B
during th nigin under h@g:in ,. and the additional p-toluenesulfonic acid
or p- - IFINIR uehes MG EHE P HoRbhyarAPESi ¥150dEaSBEER tRathEhe tot al

mol ar equi val ent thereof with the p-toluenesulfonjc acid ot .. .
p-toIuemaﬁﬁ%%ﬁﬁ%&g%fﬁgﬁ%hdHVH?aﬁggﬁﬁﬁaa gﬂﬁé?ghég?iﬁﬁyﬁgailﬁﬁﬁﬁFon

equi val ent - j respect to the conpound B added under heati ng
during trmyéﬁiég%ﬁﬁygifion under cooling. [0026] In the present
specificatjomefhe "step of m xing a conpound represented by formula (B)
with p- toluenesulfonic acid or p-toluenesul fonic acid nonohydrate at |ess
‘than 1 nol ar equi valeemiredichi sgeRE d4x 1die, comountes epr egented by fornul a
(B) in a solvent under heating” as step (a) nmeans m xi ng the conpound B

W th the pedmgpurendstedd:orsantaci dowrfqetholaenBsukioni p-aci d nonohydrate at

| ess than 1 nolar equivalent with respect to conpound B in a sol vent under
heating. AsobhowisihiFigurasi2l athepdecbuposstil dbondE gohpound B is
suppressed by allowing the p-tol uenesul fonic acid or ptol uenesul fonic acid
nonohydr at® RN Y- &t e | Hs st atfartHamol drobgni varénelant hwiespeespeot conpound
B. The "ptol uenesul fonic acid or p-toluenesul fonic acid nonohydrate at |ess
than 1 nol's Eefui SRIRMM eI Hateq heY pL e BMuenesBi f &Ri & &6l HSBE

p-t ol uenesul oniﬁg cid mnnoh_@ratf added in this steg is at Igss than 1
mol ar equi VAT eht "5 tH'F espect " T tHe LOAPIURE* B AdEBa FA™PAFRIsPep. The

"p-tol uen i o - sul foni ¢ acid, nonoh ate at lLess than
1 nol ar eéﬁﬁygﬁgkfd?g%g%%%ﬁga:ﬁ%ﬂﬁggﬁ%“{ﬁaégt%e£%}Fbpﬁﬁﬁg§8P%6n?tl cid or
p- - 13 - %§g¥g%gf [ [ e Lo this, step. for
exanpl e, 5?5%% nol ar %gG%ﬁ%%J%Fﬂgppgﬁggggnﬁaﬁgggl%ﬁgn %?8 %ﬁggéégquivalent
with respees démpheng&amaund & pdded hRLhi 58t eRg. ands pelgraply neans
that this amount is 0.6 nolar equivalent or nore and |less than 1.0 nol ar
equi val entrifure ] athepiomimidi ©fomose andpbess thas duPprBkacd
equi val ent, 0.8 nolar equivalent or nore and |less than 1.0 nol ar

equi val enthy ozl Do gt teer  prequs Mad resdu bf ombe eaaind bess-than 1.0 nol ar

equi valent, with respect thereto. [0027] The order in which the
conpound B @hdendru bt ot vermasid frovieh wdrateortp-bol aenésakf oheo aci d
nmonohydrate are added to the solvent is not particularly Iimted.

Pr ef er abl YO £dfpRftiney B §15° dtfdddl fosrefet sbpveprpoand Bherl e 'p-

p-tol uenesul fonic acid or p-toluenesulfonic acid nonohydrate is added. The
p-t ol uenestPFORRTSHET N GR1DIUerRsUPtbRTRSAETankBndRYEr ate may be added
in one porti i n divided pq{tio this steEeas | on ngsL%gtis added

at |ess tﬁg%gqh%Pa?e e‘:q%ijveaﬁsentt.a’ﬁrgfra%’gﬁfy?qu”a nt" me

the p-toluenesulfonic acid or p-toluenesulfonic acid
monohydrate added in this step is at less than i molar
equivalent with respect to the compound 3 added in this
step. The "p-toluenesulfonic acid or p—toluenésulfonic
acid monchydrate at less than 1 molar equivalent"

specifically means that the p-toluenesulfonic acid or p-



t he p-tol uenesul fonic acid or p-toluenesul fonic acid nonohydrate is added
in one portion. [0028] - The timng of heating is not particularly
limted and may be before, during, or in the latter half of the m xing.
Preferably, the heating is perforned afXer compound B and the

p-tol uenesul fonic acid or p- toluenesul fonic acid nonohydrate are added to
the solvent.. - 14 - The heating tenperature is not particularly limted

and is, falolklxatgdefdroemdenpeaiatsiiedtat805aapneigrahly 606t s80C. The
heating time is not particularly limted, and the heating can be perforned
unti |l conpoundeBinisladi ssolded.md D029 quivalhenceompodndnd 1Lsspi xed with
the p-tol uenesul fonic acid or p-toluenesul fonic acid nonohydrate, the
conpound Bt bd invledispolweknr wltunryefoent andths pospenal B in a
form di ssol ved by heating. [0030 In the present specification, the
"step of @RAMY Huditivraieh- trUemestiefonl ¢ @erds ofhptt bhuenesakfibni c acid
nonohydrate to the m xed sol uti on under cooling"” as step_(b) neans addi ng
the additi‘ohal® bt erfedthY ?%td%?d“%Fep@?%Ig%ﬁ%sﬁh?%n?coa@PaaﬁDnohydrate
to the ni§§Qﬁ%%ngén1dM}t&§Haafter.cogligg of the niﬁeg solu%ion. [ 0031]
In the present speci’fication thelphfase™™the BatFtFonarcpst bi'éBnesul foni c

fretoral 1Y deneand oG AGLG TROMOTAL bl s pafled: | . SHERe 2Ryt that

the total nolar equiv uenesultonrc acid or

p-tol uenesu donirgaci & Ay drat 8, 0fe 5t epcfa) 65 doMpLareaylyalent or
nore with respect to the conpound represented by formula %B) of step (a)"

in step (Wr neans drwntlddie addi t onaho ba ¢ cbgenesubhoni ¢iagi Qe@{;ect
pt ol uenesul foni c acid nonohydrate is added in such an anmobunt that the total
nol ar eauittedmwrito.of the p- - 15 - toluenesul fonic acid or

p-tol uenesul foni ¢ acid nonohydrate of step (a) and the "additi onal

pt ol uenesulG&hilc acid or p-toluenesul fonic acid

The order in which the compound B and the p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate are édded to the Solveﬁt is not particularly
limited. Preferably, compound B is added to the solvent,
and then the p-toluenesulfonic acid or p-toluenesulfonic
acid monohydrate is added. The p-toluenesulfonic acid or
p-toluenesulfonic acid monohydrate may be added in one
portion or in divided portions in this step as long as it
is added at less than 1 molar equivalent. Preferably,
the p-toluenesulionic acid or p-toluenesulfonic acid
monohydrate is added in one portion.

[0028]

The timing of heating is not particularly limited
and may be beiore, during, or in the liatter half of the
mixing. Preferably, the Heéting is performed after
ccmpound B and the p-toluenesulfonic acid or o-

toluenesulfonic acid monchydrate are added to the solvent.



nmonohydrate added in step (b) is 1 or nore with respect to the conpound B
added in step (a). As shown in Figure 1, the solubility of conmpound A can
be reduced by allow ng the p-tol uenesul fonic acid or p-toluenesul fonic acid
nonohydrate to be at 1 nolar. equivaleht or more with respect to conpound B
in a crystallization solvent (e.g., 10% aqueous et hanol solvent) . [0032]
The additional p-toluenesulfonic acid or ptol uenesul fonic acid nonohydrate
"added i nT$uc hean iagpurinpetatt drhe itotradt ol 8t 1 @Gl vBy entimibhesegfidwi th t he
pt ol uenesul foni c acid or p-toluenesul fonic acid nonohydrate of step (a) is
1 nol ar edui,vdbentxempier, e ridnh treegeecit e the Toapowtd Aeepiasent ed by
formula (B) of step (a)" specifically refers to additional ptoluenesulfonic
aci d or p-408Cuenesuid oniTh eadieth tionp Hyidraaties addedbd nt suche @hy anount t hat t he
total nol ar, equival ent of the p7tol uenesul fonic acid or ptoluenesul fonic
aci d nonoHydrace addéd the Sisefs NGa)Caahd s B)S 1 S0 R Wxiahpl €ompedn@en 1.0
mol ar equival ent. and 3.0 nolar equival ents inclusive, preferably between
1.0 nol ar Seddi VAPERE VETd 2.0 nol ar equival ents incl usive, nore preferably
bet ween 1T%O@@Iar equi val ent and 1.5 nol ar equival ents inclusive, even nore
preferably betdeen 1.0 nol ar equivalent and 1.2 nol ar equival ents

Inclusive, - dfop &Hl’hb@ﬁﬁdnﬁr?zsp&EEEHaWithecth‘@ée%'lt%'l%erﬁgsq{ldﬁﬁgi'pér/al ent and

1.1 nol ar equivalents Tnclusive, wth respect to'the conpoun esent ed

by formul adiB) oef psten uedlesd183B]c acid HoydMe, MWeNcompound
p-tol uenesul foni ¢ aci d nonohydrate is added at” 0.95 nol ar equivalent in

step (a), Bptelyueresul boriicsadivkdrenohkydiate fsrmddatt ats O OS5 @PARI v

equi val ent or nore (vs. the conpound B of step (a)) in step (b) in order to
al | ow t he inotealf ool &l sequiveal ént hefa ttihey p- t ol uenesul fonic acid or

p-tol uenesul foni c acid nonohydrate added in steps (a) and (b) (vs. the
conpound BC0&B0dtep (a)) to be 1 nolar equival ent or nore. [0034] The
addi ti onal p-toluenesul fonic acid or ptoluenesul fonic acid nonohydrate may
be added i n onéMpbfti BRESR N SBPFiLdéd apdti-oftdicas Stemy ofs adtkindt al nol ar

equi val ent. wi.t h respect to the conmpaund B of step (a) is finally 1 nolar
equivalenf“%bbﬁﬁpéi ﬁF@F@Hﬁ&%ﬁéiégi%ﬁﬂﬁQ¥ rfaf Rﬁ??ﬂ%ﬁﬂﬁﬁ%ﬂ#%&?% acid or
p-tol uenesul.fonic acid nonohydrate .is added in one portion .[0035

The tim nga%olfd énéjgloi%ﬁéjrgft“t %éjygtrhfstmé)ﬁ‘icgaﬁ%dhtjs%r?\)ﬁh 5 sv?é;][l%%rt‘—f‘%ul arly

i ted. EheAddhthendls Rodidl usnesuldan & acl 0ol pafolyepgsylfoni ¢ acid

nonohydrate can be ded g cooling or a r cooling, . preferably
after cooldg oFhe-coakich@ hermeriat We d %&%r}%%fatﬂ&%lcgrwelmmé&d and is,

for exanple, -20C to 50C, preferably -20C to
solution with or after cooling of the mixed solution.
[0031]
In the present specification, the phrase "the
additional p-toluenesulfonic acid or p-toluenesulfonic
acid monohydrate is added in such an amount that the

total molar egquivalent thereof with the p-toluenesulfonic

acid or p-toluenesulfonic acid monohydrate

O
=

step (a) 1is
1 molar equivalent or more with respect to the compound
represented by formula (B) of step (a)" in step (b) means
that the additional p-toluenesulfonic acid or p-
toluenesulfonic acid monohydrate is added in such an

amount that the total molar ecuivalent of the p-



[ 0036] ° In the nethod of the present invention, the nunber of
additions of the p-toluenesulfonic acid or ptoluenesul fonic acid
nmonohydrate in divided portions is not §articu|ar|y limted as long as it
is 2 or nore. Preferably, the nunber additions is 2. [0037]

Exanpl es of the solvent in the nethod of t he present invention include, but
are not particularly limted to: water; alcohol solvents such as nethanol,
et hanol , ansll i sepswbybn bt cahdd ; o etiher osakveBtis raueh asidi et hyl ether,

di propyl ether, diisopropyl ezher, and tetrahydrofuran; ester solvents such
as net hyl nfioroleyerates hyf foepata), atdykhacetidieioprapyl acetate, butyl
acetate, and phenyl acetate; hal ogenated hydrocarbon sol vents such as
di chl or ongthbiriceehl brnioragi¢arban telrachbolfdeicdechbor oet hane, and
tetrachl or oet hane; ketone solvents such as acetone, nethyl ethyl ketone,
and di et hyTORIt e “hyRR GRar bons 5o vERl s1§uéhcasmherané t e yelsahesane,

benzene, and t.ol uene gen-containin ol vents such as acetonitrile,
N,N—dinetﬁ??f%ﬁrmﬁﬁ?ﬁeur%dg %e%%y?aﬁgtzﬁrde'A%nﬁnﬂW%eHnsg+9eﬁ?s
t hereof . The sol {gﬁugpf i n tho ﬁggt Feps |s greferagly an al cohol or

a m xed sol'vent of water d an a SO referreﬁ S an aqueous

al cohol ) , <£PT@WPH§f@H@qp¥tSﬁ équgﬁlFbéggfsBkvgn%ogtewgggﬁf%HQCethan0|

(al so referred to as adqueous et hano €n an aqueous
al cohol (preferabhynyaepeouss esdanol) hsidsedqasvhhensobyepb knythg net hod
of the present invention, its water content is not particularly limted and
is, for exampest at@omremumd Bromdaighestthanz0% ba 80%cprefierably

bet ween 5% and 35% i ncl usi ve. Wen an aqueous al cohol (preferably, ageuous
et hanol ) i¥0useghas:¢ hetisohokndolivertte. met hod of the present invention, it
is preferred to change the water content between the heating and coollng
procedur eslOFp¢] exanple, it is preferred to use an aqueous al cohol of

bet ween 25% and 35% i ncl usi ve ( - aqueous et hanol of between 25% and 35%
i nclusive) in tHe ﬁﬁﬁ%%ﬁ?ﬁ%bdedur SAIRP WS BHC arEEdURT abtohol of between
5% and 2596| cIusrve 4 @ueous et hapol of betmeen 5% and 25%

i ncl usi ve) eSS Lo ?%é %ﬁb JRPYYIIppp39fdded 1pngughpaht 2BP U Re

I t it th d t t larly | ted
and’ o for Bt o B et TR e haEE L arebd GREPRERGhET) * pref erabl y
5 imes {030, JidEs LY o4 hato of @faregﬂg?ﬁi L9040l ;4 ' The compound A

t hus obt ai ned |ts a hig ory e on ac |vated bl ood
CO&gUla“‘%bﬁéﬂ@&%aQ%(&%GQtéwd a5 sych, phgabseby §eﬂ@ QQLEBEQQU|ant agent
or a preventive -and/ or therapeutlc agent for t us or.e I'sm Conpound

A is usefubi@s laeWﬂa@@urmneaéor@b&mﬂOfepamheeangyugbﬂﬂuhlemm an .
activated bl ood coagul ation factor Xa inhibitor, an anticoagul ant agent, -

19 - a prevertise end/ aspddief apell y cragens foraahﬁembu31op enbolism a
preventive and/ or therapeutic agent for thronbotic disease, for exanple, a
prevent i vet@hi#orst herapeurdod agent-fotueeesbht &bninf acetli on, cerebral
enbolism mnyocardial infarction, angina pectoris, unstable angina, acute
coronary Sytitiarer $ES)ddpdil honsegh i af apoeioh, thaknbhar yoeabobdar

t hr onboenbol i sm or sei zure acco anyi ng_nonval vul ar atrial fibrillation

( NVAF) , dé%%Ph%ﬁ#ﬁ@%r%%ﬁ%&?sP S pat éani At pavdsedl ar coagulation
syndr one, a{onb05| affer prosthetic valve/joint replacenent

t hr onboento? %?ﬁ*asl“f FORYT ot ??d“%%%%%m 2EFRR) 10t ﬁFéﬁﬁoé?é and

reocclusro&)afier evascula{ tion hﬁ os s at the
e a

ext r acor po ¢ et att Ot B odTt EoEgu @ﬁ ﬁf ?ﬂblYF anfaﬁgoédo
col I ect i O%Oﬁl@raﬁléaﬂééeg?@fmrghgoeg@rsora REPADYLNG YAl

i nfl ammat ory response syndrone | hro |sn1accon6aﬁ§|ng

Mil tiple argan gysiunctdon syngr omes {MODS) o0 £ apF%KlPQ?ffﬁB%U“ cal for
t hese preventive and/ or therapeutic agents. f
pre;erabe between 1.0 molar equivalent and 1.5 molar

equivalents inclusive, even more preferably between 1.0

molar equivalent and 1.2 molar equivalents inclusive,



A pharmaceutical drug containing conpound A as an active ingredient is
preferably provided in the formof a pharmaceutical conposition containing
conmpound A and one or two or nore pharnaceutical additives. The dosage form
of the pharnaceutical drug of the pre t invention is not particularly
limted. It can be admnistered orally or parenterally and is preferably
adm ni stered orally. [0042] - 20 - Exanpl es of pharmacol ogically or
phar maceutiiwalHer acceptrats fee raddl ¢ i vetswasedl i 0 tbeapreducthdenof athe

phar maceuti cal conposition can include, but are not limted to, excipients,
di si nt egr antls erladi sintisgrlatritoh Aidsisbradevsih| ubspeant sp tbhati ng agents,
pi gnents, diluents, bases, solubilizers or solubilization aids, tonicity
agents, pHAFUSterELPTBII9F s, fprppes | 48t sof anblendhesi ves. [ 0043]
Exanpl es o@,@r e]par ations suitable for oral adm nistration can include
tablets, p ears, granul es, capsules, solutions, syrups, elixirs, and oily

or aqueous suspensions. .Noreover, ex | es of preparations suitable for
par ent er al adm!%ﬁ)irsteﬁgfnp&ﬁ’céﬁ‘inncﬂ 3(5)?[}) “esclf'focﬁgﬁcpoar%]p ,m%rtf%b% 10T es,
i nhal ants,; andy pat chesy 4:0044].., . uiJQ}gigpsgnog%gggﬁgpgr aceutical drug of

the present invention i's not particul ar limte can be .selected

appropr i atiel i, ANt d & v iQusoleeidi 1L oS s8gbyastt Begagg, ) bedy

weight:, and conditions of a patient. It is preferred to admnister the
phar maceutdqailvadrdigr ofr tie-pr esentchaveshpoundtsacdose«pf (1) nyiso 1000 ny,
preferably 5 ng to 500 ng, nore preferably 5 ng to 300 ng, even nore

pr ef er abl ytepmmg(k)o 0@ mpoftd el hot i viee togsa edhehd r pegutlayl ént anf adul t,
which is adm nistered in one portion or in several portions, preferably in
one porti dimeoritrrtuwengortions; gperd day, paccbudiagut dbovhe gonditions. - 21
- [0045] Herei nafter, Exanples will be described. However, the
present i MAERISHIE motdgchtighdeeERrd b) | #mdt ) t 6V$ hebie Exampdesd [ 0046]

I n the Exanpl es bel ow, p-toluenesul fonic acid nonohydrate is also referred
to as . TsOHYRCE G007 {Blfhpt d1A)aBypEpbsd sepf of more.

N1- ( 5- chl cé)rocbg)yﬂ{]i d! n- 2-y1)-!\|2- _
((I'S, 2R, 45)-4-1(di net hyl am no) carbonyl ] -2-{[(5-nmethyl 4,5, 6, 7-tetrahydrothia
| zB;)I o[ 5, 4-c] pyr |T§ll|ené%aixli}j%%rlb%melglqlrgn%oéuclyfcolnoihcexaycl l) Qetohranpe_dl am de (conpound
toluenesulfonic acid monohydrate may be added in one
portion or in divided portions as long as the total molar
equivalent with resbect to the compound B of step (a) is
finally 1 molar equivalent ér more. Preferably, the
additional p-toluenesulfonic acid or p-toluenesulfonic
acid monohydrate is added in one portion.
[0035]

The timing of cooling of the crystallization solvent
is not particularly limited. The additional p-
toluenssulfonic acid or p-toluenesulfonic acid
monohydrate can be added during cocoling or after cooling,l
preferably after coocling. The cooling temperature is not
particularly limited and is, for example, -20°C to'50°C,

preferably -20°C to 40°C.



Compound B was synt hesi zed according to a nethod described in Patent
Literature 1 to 8. [0048] (Exanple 2) Synthesis of

N1- (5-chl oropyridi n-2-y1)-N2-

((I'S, 2R, 4S) - 4-[ (di met hyl ani no) car bony M- 2- {[ (5- et hyl 4, 5, 6, 7-t et r ahydr ot hi a
zol o[ 5, 4-c] pyri di n-2- y1l)carbonyl ] am nol cycl ohexyl ) et hanedi am de

pt ol uenesul foni ¢ aci d nonohydrate (conpound A) TsOHH20 (49.5 g) was
added to a0d3@d sol uti on of N1-(3-chloropyridin-2-y1)-N2-((IS, 2R, 4S) - 4-

[ (di t het hyl am no) car bonyl]-2-1[(5-nethyl-4,5,6, 7-

t et rahydr ot hi aZol 6p8, &ethpyr iodi th2- present invention, the number

.yl)car bonyIJ am nol cycl ohexyl ) et hanedi am de (150 g), ethanol (735 nml), and
wat er (315>4ﬂ59d<1‘1¥nd>r‘t9ne€ﬁnmmr@-wenﬂﬂlﬁomt@@ltﬂmﬂm The di ssol ved
solution was filtered through a filter, and the filter was washed with 15%
aqueous ettﬁ&d)cﬂ 0 Y M%t%ycéri%@e MY . dsubdeuenttiona w8 xed

sol ution of re t her or and t he, washes was sl owy cool ed,
and TsOH. I—% %ch)%rfn% rer?]'rd?foq C% DL MY et ajd%l Pheretd. After
stirring )C Jour ryst re. collect d by filtration, to

. obtain 18 ‘Qéfo“‘afb yHe tltlneungbo%r%o%}n (X\% 514%? (JTSes Exanpl e 1) The

sol ubi l'ity; @‘37corrpound A was determ ned usi ng varyi ng amounts of TsOHH20
under condltlons for crystallizing conmpound A (ethanol having a water

content of 10%ExkQE)esSpeCichieCaldYenGONROUNE AetqRPUNG B AN FSOHH20
were added in the conmbinations shown below to 10 ml of ethanol having a

wat er contienterafict0%ndheld esuld ik Sloi rya mwascisia ¥ 1 ed ahi dQC, -@nd crystal s
were collected by filtration. Then, the content of the conpound A contained
in the filvuered mitdwroll is:pﬂor Mers S1Bas I dudyh MR G (edbamn, Shisei do
CAPCELL PAK CN UGL120 (4.6 x 250 mm), columm tenperature: 40C, flow rate:
1.0 m/ m rsontstivle aptraseo ] faceilonn t&qll‘eemt&’e)zswfphmahm@}bhfétérel(,pH 7.0) =
30: 70). o 23 - [0050] [Table 1] Mol ar equi val ent

ipropyl ether, diisopropyl ether, and tetrahydrofuran;
ester solvents such as methyl formate, ethyl formate,
ethyl acetate, propyl acetate, butyl acetate, and phenyl
acetate; halogenated hydrocarbon solvents such as
dichloromethane, chloroform, carbon tetrachloride,
dichloroethane, and tetrachloroethane; ketone solvents
such as acetone, methyl ethyl ketone, and diethyl ketone;
hydrocarbon solvents such as hexane, cyclohexane, benzene,
and toluene; nitrogen-containing solvents such as
acetonitrile, N,N-dimethylformamide, and N,N-
dimethylacetamide; and mixed soclvents thereof. The
solvent used in the present steps is preferably an
alcohol or a mixed solvent of water and an alcohol (aléq
referrad to as an aqueous alcohol), more preferzbly
ethanol or & mixed solvent of water and ethanol (also
referred to as agqueous ethanol).

[0038]



of TsOHH20 with respect to conpound B*1 Conpound A (ng) Conpound B ()
TsOl-1.1-120 (my) 1.2 561 0 29 1.1 561 0 1

- 18 -~

When an aqueous alcohol (preferably, agqueous
ethanol) 1s used as the solvent in the method of the
present invention, its water content is not particularly
limited and is, for example, a content of from higher
than 0% to 50%, preferably between 5% and 35% inclusive.

. When an aqueous alcohol (preferably, ageuous ethanol) is
used as the solvent in the method of the present
invention, it is preferred to change the water content
between the heating and cooling procedures. For example,
it is preferred to use an aqueous alcohol of between 25%
and 35% inclusive (e.g., aqueous ethanol of between 25%
and 35% inclusive) in the heating procedure and use an
aqueous alcohol of between 5% and 25% inclusive (e.qg.,
agqueous ethanol of between 5% and 25% inclusive) in the
cooling procedure.

[0039]

The amount of the solvent in the method of the
present invéntion is not particularly limited and is, for
example, 5 times to 50 times (v/w (volume/weight)),
preferably 5 times to 30 times (v/w), that of compound B.
[0040]

The compound A thus obtained exhibits a high
inhibitory'effect on activated blood coagulation factor X
(FXa) and as such, is useful as an anticoagulant agent or

/

a preventive and/cr therapeutic agent for thrombus or

S}

3

embolism. Compound A is useful as a pharmaceutical drug
for mammals including humans, an activated blood

coagulation factor Xa inhibitor, an anticoagulant agent,



1.05 561 0. 7 1.02 561 0 3 1.0 561 0 0 0.98 550 8 0 0.95-

- 19 -

a preventive and/or therapeutic agent for.thrombus or
embolism, a preventive and/or therapeutic agent for
thrombotic disease, for exdmple, a preventive and/or
therapeutic agent for cerebral infarction, cerebral
embolism, myocardial infarction, angina pectoris,
unstable angina, acute cordnary syndrome (ACS), pulmonary
infarction, pulmonary embolism, thromboembolism or
seizure accompanying nonvalvular atrial fibrillation
(NVAF), deep vein thrombosis, disseminated intravascular
coagulation syndrome, thrombosis after prosthetic
valve/joint replacement, thromboembolism after total hip
replacement (THR), thrombosis and reocclusion after
revascularization, thrombosis at the time of
extracorporeal circulation, blood coagulation at the time
of blood collection, Buerger’s disease, thromboembolism
accompanying systemic inflammatory response syndrome
(SIRS), or thromboembolism accompanying multiple organ
dysfunction syndrome (MODS), or a bulk pharmaceutical for
these preventive and/or therapeutic agents.

[0041]

A pharmaceutical drug containing compound A as an
active ingredient is preferably provided in the form of a
pharmaceutical composition containing compound A and one
or two or more pharmaceutical additives. The dosage form
of the pharmaceutical drug of the present invention is
not particularly limited. It can be administered orally

or parenterally and is preferably administered orally.



533 21 0 0.90 505 42 0 [0051] Mol ar equi val ent of TsOH-1-120 with
respect to conpound B" described here refers to the ratio of the sumof the
nmol ar number of TaOHH20 and t he nol ar nunber of TsOH. F120 present as a part
of the conmpound A to the sum of the ot %r” nunber of the conmpound B and the
mol ar. nunber of the conpound B present as a part of the conpound A [0052]
The results are shown in Figure 1. [0053] It was found that the

sol ubility of Compaurd Af Prreaduced vdierathe anopnarescdsOHEROLI s | ar ger
than 1.00 nol ar equival ent of TsOHH20 with respect to conpound B, and the
sol ubi | i t y2¢¢RPledr?le sadakteaseduskeni thehanpuntiuot i$80b£1thel20 is small er
than this nolar equivalent. [0054] (Test Exanple 2)

pharmaceutical composition can include, but are not
limited to, excipients, disintegrants or disintegration
aids, binders, lubriéants, coating agents, pigments,'
diluents, bases, solubiliéers or solubilization aids,
tonicity agents, pH adjusters, stabilizers, propellants,
and édhesives. |

[0043]

Examples of preparations suitable for oral
administration can include tablets, powders, granules,
capsules, solutions, syrups, elixirs, and oily ér agueous
suspénsions. Mdreover, examples of preparations suitable
for parenteral administration can include injections,
drops, suppositories, inhalants, and patches.

[0044)]

The dose of the pharmaceutical drug of the present
invention is not particularly limited, and can be
selected appropriately according to various conditions
such as the age, body weight;, and conditions of a patient.
It is preferred to administer the pharmaceutical drug of
the present invention at a dose of 1 mg to 1000 mg,
preferably 5 mg to 500 mg, more preferably 5 mg to 300 mg,
even more preferably 5 mg'to 100 mg of the.active_
ingredient per day in an adult, which is administered in
one portion or in several portions, preferably in one
portion or in two portions, per day, according to the

conditions.



- 24 -

The stability of conpound B was .determ ned using varying

anounts of TsOHH20 under conditions for dissolving conpound B in a solvent
havi ng wat er content of 30% {0C3 Specifically, 7 nl of ethanol

(et hanol

havi ng a water content of 30% and TsCH
below to 1.0 g of conpound B

F20 were added in conbi nati ons shown
fol |l owed. by dissolution at 70C. The content

of the conpound B was neasured at constant tinme intervals by HPLC (col um:

Shi sei do CARGELL PAK CN UGL20 (4.6 x 250 mm), columm tenperature: 40C,

fl ow

rate: 1.0 m/mn., nobile phase: acetonitrile:0.02 M phosphate buffer (pH

7.0) = 30:70).

conpound . B TSOH- H20 () 1.2 416 1.1 382 1.05 364

present invention i1s not intended to be limited to

them.

Examples

[0046]

| In the Examples below, p-toluenesulfonic acid
monohydrate is also referred to as.TsOH-H,O.

[0047]

(Example 1) Synthesis of Nl—(5—chloropyridin—2—yl)—
((lS,ZR,4S)—4—[(dimethylamino)carbonyi}—2—{[(5—methyl—
4,5,6,7-tetrahydrothiazolo[5,4-c]lpyridin-2-
yl)carbonyl]amino}cyclohexyl)ethanediamide (compound B)

Compound B was synthesized according to a method

described in Patent Literature 1 to 8.

[0048]

(Example 2) Synthesis of Nl;(5—chloropyridin—2—yl)—
((18,2R,45) -4-[ (dimethylamino) carbonyl]-2-{[ (5-methyl-
4,5,6,7-tetranydrothiazolo[5, 4-c]pyridin-2-
yl)carbonyl]amino}cyclohexyl )ethanediamide p-
toluenesulfonic acid monchydrate (compound A)

TsOH-H,O (49.5 g) was added to a mixed solution of
N'-(5-chloropyridin-2-y1)-N?~((1S,2R,4S)-4-
[(dimethylamino)carbonyl]—2—{[(5—methyl—4,5,6,7—
tetrahydrothiazolo[5,4~-clpyridin-2-
yl)carbonyl}amino}cycloheXYl)ethanediamide (130 g),

ethanol (735 m;)} and water (315 ml), and the mixture was

@@O%%Tafﬁﬁb}eEZPmN@EarWQéélb&l@ﬁ506ﬂb¢§0HH@Owaﬂeh,respect to



1.02 354 .1.0 347 0.9 312 0.8 278 [0056] The results are shown in
Figure 2. [0057] It was denonstrated that in the presence of TsCHH20
at nore than 1.0 nol ar equival ent (vs. conpound B) under conditions for

di ssol vi ng conpound B, the deconpositi8n-of con-mound B (decrease in
conpound B content) is - 25 - pronoted with the excess, whereas the
deconposition is suppressed in the presence thereof at less than 1.0 nol ar

eqUiV3|en%ea&QQﬁ%k>@Tﬁ§t BXRIPhEsB1ved solution was filtered
through a filter, and the filter was washed with 15%
aqueous ethanol (300 ml) and ethanol (150 ml).
Subsequently, a mixed solution of the filtered hother
ligquor and the washes was slowly cooled, and TsOH-H,O (7.8
g) and ethanol (2100 ml) were added thereto. After
stirring at 10°C for 1 hour, crystals were collected by
filtration, to obtain 188.9 g of the title compound.
[0049]
(Test Example 15

The solubility of compound A was determined using

varying amounts of TSOH+bO under conditions for
cryétaliizing compound A (ethanol having a water content
of 10%, 10°C). Specifically, compound A} compound B, and
TsOH-H,O were added in the combiﬁations shown below to 10
ml of ethanol having a water contént'of 10%. The
resulting slurry was stirred at 10°C, and crystals were
collected by filtration. Then, the content of the
compound A contained in the filtered mother liquor was
measured by HPLC (column: Shiseido CAPCELL ?AK CN UG120
(4.6 x 250 mm), column temperature: 40°C, flow raté: 1.0
ml/min., mobile phase: acetonitrile:0.02 M phosphate

- buifer (pH 7.0) = 30:70)..
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3.30 g.

[

0059]

Speci fically,

21 nml of water,

49 mM of ethanol,

and

of (TREOE L-]1- 120 (0-.95 nol ar eqU|vaIent mnth respect to conpound B)

wer e added t 1 by—di-ssotut+on—at—706€— The

di ssol ved sal utl % ere hrough a f |ter, and the filter was washed
with a nixed SBFUFFBHE%Q H1 OWBPgPda E?“ﬁpu89 &t hanbfOHSaBsequent | y,
a mixed sol ution BISRARE 49t er d motR&r i quor dA@)t he Wwashedidas sljow y
cool ed, and 521 ﬁﬁmB@UW§O?FEO (I0.15 nolar eguivalent with respect to
conpound 3)| and 15021 of ethanol wefé added ther@to. After B%irring at
10C, crystal|s of cdanpound A werle col3etted by filtoation, andi4dts yijeld was
det erm ned. |Moreover.,05- 26 -. thwo [odsi1of cbnpoundgB wefe used;to eVal uate
reproduci bilfity. To prepare a controdg121 nf of wager,” A9 m 0of et hanol

and 3.47 g of SOHE- 120 (1.0 moj ar Qggivaie t mntnorespeCI to Qonpound B)
Wer e added tjo 1070 Q)quconpuunu B, f§5Qumed by—di-ssotutyon at(fuu "he

di ssol ved s Hutuuudﬁﬁ% f+tered—t hrq9§§ a—f+Hter—and—the fi!gf. was washed
wi th a m xed-selutier—of—3-m Qﬁfwutb and17—m et-hanol—Subsegyent | y,
a m xed sol tigq,n#)T filter ot her i gquor anﬁzthp washes %BQ sliow y

cool ed, and 150 m of'ethanol
crystals of conpound A were collected by filtration,
A loss into the nother

det er m ned.0060]

remai ning in the not her

t he wei ght o
wei ght of Rh

wei ght of the conpound B-before the start of the reaction.

f

t he cogg

ound .

was added thereto.

quuor

A remaining in the nother
Brdsifticdtd nghe hrat i ght the auraefotii®) to the
[0061] The

After stirring at 10C,
and its yield was

nmeans t he conpound A
| i quor without being deposited as crystals.
into nothér TMogler ¢&)idesent befl TaOHahbe wi thas eedlectl aceddmpotemverting

liquor into t

results ar®® SHo W niae a8y sPH-H20 and the molar number of TsOH-H,0

present as a part of the compound A to the sum of the

molar number of the compound B and the molar number of

the compound B present as a pért of the compound A.

[0052]

[005

The results are shown in Figure 1.

2

-~

]

It was found that the solubility of compound A is

reduced when the amount of TsOH-H,O is larger than 1.00

molar eqguival

and the solubility thereof is increased when the

ent of TsOH-H,O w1th resp

ct to c

compound B,

amount

of TsOH-H,O is smaller than this molar equivalent.

[0054]

(Test Example 2)

Loss

he
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062] [ Tabl e 3]' Mol ar equi val ent of TsOE-H20*1 Yield of conpound
-20 Loss into nother |iquor Molar equival ent of TS50HH20 _

- 24 -

The stability of compound B was determined using
varying amounts of TsOH-H,0 under conditions for

dissolving compound B in a solvent (ethancl having a

Fh

water content of 30%, 70°C). Specifically, 7 ml o
ethgnol having a water content of 30% anleéOH%bO were
added in combinations shown below to 1.0 g of compound B,
followed by dissolution at 70°C. The content of the
compound B was measured at constant time intervals by
HPLC (éolumn: Shiseido CAPCELL PAK CN UGl20 (4.6 x 250
mm), column temperature: 40°C, flow rate: 1.0 ml/min.,
mobile phase: acetonitrile:0;02 M phosphate buffer (pH

7.0) = 30:70).

[0055]
[Table 2]
Molar equivalent of . '
TsOH-H,O0 with respect TsOH-H20
to compound .B (mg)
1.2 416
1.1 ' _ 382
1.05 364
1.02 354
+1.0 347
0.9 - 312
0.8 278

[0056]

The results are shown in Figure 2.
[0057]

It was demonstrated that in the presence cf TsOH-Hy0
at more than 1.0 molar equivalent (vs. compound B) under
conditions for dissolving compound B, the decomposition

cf compound B (decrease in compound B content) is



added in dissolution step(70C) Ml ar equival ent of TsOH. H20 added after
sl ow cool i ng(10C) Total nol ar equival ent of TsOHF . 1 0.95 0.15

- 25 -

promoted with the éxcess, whereas the decomposition is
suppressed iﬁ the presénce thereof at less than 1.0 molar
equivalent.
[0058]
(Test Example 3}

Based on the results of Test Examples 1 and 2, the
present inventor had an idea that the excess of p- |
toluenesulfonic acid that promotes fhe decomposition of
combound B be avoided for dissolving compound B under
high temperatures, and the excess of p—toiuenesulfonic

-acid'undér low temperatures be cresated for

crystallization té reduce the sclubility of compound A,
resulting in improvement in the yield of step (a). .An
attempt was made to perform a p-toluenesulfonic acid
division method reflecting this idea.
(0C59]

Specifically, 21 ml of water, 49 ml of ethanol, and
3.30 g of TsOH-HO (0.95 molar equivalent with respect to
compound B) were added to 10.0 g of compound B, followed
by dissolution at 70°C. The dissclved soiution was
filtered through a filter, and the filter was washed with
a mixed solution of 3 ml of water and 17 ml of efhanol.
Suhsequently, a mixed solution of the filtered mother
liguor and the washes was slowly cooled, and 521 mg of
TsOH-H,O (0.15 molar eguivalent with respect to compound
B) and 150 ml of ethanol were added théreto. After
stirring at 10°C, crystals of compound A were collected

by filtration, and its yield was determined. Moreover,



1.1 93.8 4.2 0.950.15 1.1 94.2 3.1 3 1.0 0 1.0 90.5 6.7 [0063]

- 26. -

two lots of compound B were used to evaluate
reproducibility. To prepare a control, 21 ml of water,
49 ml of ethanol, and 3.47 g of TsOH-H,O (1.0 molaf
equivalent with respect to compound B) were added to 10.0
g of compound B, followed by dissolution at 70°C. The
dissolved.solution was filtered through a filter, and the
filter was washed with a mixed solution of 3 ml of water
and 17 ml of ethanol. Subsequently, a mixed solution of
the filtered mother liguor and thé washes was slowly
cooled, and 150 ml of ethanol was added thereto. After
stirring at 10°C, crystéls of compéund'A were collected
by filtration, and its yield was determined.

[0060]

A loss into the mother liquor.means the compound A
remaining in the mother liquor without being depcsited as
crystals. Loss into mother liquor (%) described in Table
1 was calculated by converting the weight of the compound

. A remaining in the mother liquor into the weight of the

~compound B and indicating this weight as a ratio (%) to

the weight of the compound B before the start of the
reaction.
[0061]

The results are shown in Table 3.



vs. conpound B *2. . vs. conpound B It was denonstrated that
conpound A can be obtained at high yields with favorable reproducibility by
addi ng TsOHH20 in divided portions even if different |ots of conpound B are.

used. - 28 - Cains [Claim1] “A“ethod for produci ng a conpound
represented by the following formula (A), conprising the steps of: (a)
m xi ng a conpound represented by fornula (B): [Formula 1] wth

p-tol uenesibd@nj c acid or p-toluenesul fonic acid nonohydrate at |less than 1
mol ar equivalent with respect to the conpound represented by fornmula (B) in
a sol vent Ubaeke hehting; (b) addi ng addi tional p-toluenesul fonic acid or

pt ol ueneguifronmi—Tt ﬁb ' f%? gp mixed—sofutton—undger—coot-ng,

?Id
n
aeRaslf yei-d—or toluenesulfonlc agi d

wherei n tlhe add'ﬂ"‘é —p—tola
monohydragte|is ggﬁ;}e i.n Eu h L\aﬂaarmunt that the tptal nolar %al ent
t hereof With teﬁe ' ol Uenesqh forientacked or [S’ LEh| uené(%ﬁllido?ﬁc a ifghO
monohydr at e | oP st 8P {d) | ssdu ) aaequl valmé? £ or hﬁro@pw.? r dS3EE tlo the
conpound |r epr §8ﬂf d”bx foramkba §B)w of| SHep” 1%““ tiquor
: 1ssolutio N o of TsOH-H;0 (%)
step (70°C) cooling (10°C)

1 0.95 0.15 1.1 93.8 1.2

2 0.95 _ 0.15 1.1 94.2 3.1

3 1.0 0 1.0 50.5 6.7

[0063]

*
' vs. compound B

"2: vs. compound B

It was demonstrated that compound A can be obtained
at high yields with favorabie'reproducibility by adding
TsOH-H,0 in.divided portions even if different lots of

compound B are used.



(c)' subsequently allowi ng the nmixed solution to crystallize to obtain the
conpound represented by formula (A): - 29 - [Fornula 2] [ aim 2]

The met hod according to claim1, wherein the ptol uenesul fonic acid or

" p-tol uenesul fonic acid nonohydrate of §tép (a) is at 0.5 nolar equival ent
or nore and less than 1.0 nolar equivalent with respect to the conpound
represented by formula (B). [d aim 3] The method according to claim1l
or 2, wherein the ptoluenesul fonic atkedmer p-toluenesul fonic acid
nonohydrate of step (a) is at 0.8 nolar equivalent or nore and | ess than
1.0 nol ar [€daiiwallént with respect to the conpound represented by fornula
(B). [COaimd4] The net hod according to any one of clains 1 to 3,
wher ei n the tobarehbbdr fegqubvatantngf a lvempainge renddemitedadiy tdre

p-tol uenesul foni c acid monohydrate of step (a) and the additi onal
ptoluenesﬁpﬂéﬁWéngcﬁ@rﬁwlﬁttéﬁueﬁ%@ﬁﬂqkﬁﬁ%gaﬁ@ﬁn%%%%@d?%te added in step
(b) is betmgen.lno mol ar _equi val ent and 3.0 nol ar_equi val ents inclusive
with resped f'0RE CormpBtd Y erasdm B By Tor faits) Bf: step (a). - 30
- [Clain1§h,rmula The nethod according to any one of claims 1 to 3, wherein
the total molar equi'val ent of the ptoluenesul fonic acid or

p-tol uenesul foni ¢ acid nonohydrate of step (a) and the additi onal

pt ol uenesul foni c aciq?orI@-toluenesulfonic aci d nonohydrate added in step
(b) is between 1.0 nold eyuival ent and 1.2 nolar equival ents inclusive

Wi th respect to the cophound represented by formula (B) of step (a).

=~ Cl (B}

with p-toluenesulfonic acid or p-toluenesulfonic acid
monohydrate at less than 1 molar equivalent with respect
to the compound represented by formula (B) in a solvent
under heating;

(b) adding additional p-toluenesulfonic acid or p-
toluenesulfonic acid monohydrate to the mixed solution
under cooling, wherein

the additional p-toluenesulfonic acid or p-
toluenesulfonic acid monoh?drate is added in such an
amount that the total molar equivalent thereof with the
p-toluenesulfonic acid or p-toluenesulfonic acid
monohydrate of step (a) is 1 molar equivalent Or more
with respect to the compound represented by formula (B)
of step (a); and

{(c) subsequently allowing the mixed solution to
crystallize to obtain the.compound represented by formula

(A) 2



[ d-ai m6] The nethod according to any one of clains 1 to 5, wherein

the solvent is an al cohol or an aqueous al cohol. [Caim7] The met hod
according to any one of clainms 1 to 6, wherein the solvent is aqueous
ethanol . [ ai m 8] The net hodaccbrding to any one of clains 1 to 7,
wherein the aqueous ethanol has a water content of greater than 0% and | ess
than or equal to 50% [dC aim 9] The nmethod according to any one of
claims 1 trdkmwiher®i n p-tol uenesul fonic acid nonohydrate is used. [Caim
10] The net hod according to any one of clains 1 to 9, wherein the

anount of the solvent is from5 times to 30 times (v/w) that of conpound B.
[Claim11] The nmethodPacblrding to any one of clains wherein the heating
tenperature of step(a) ijs 1 to 60C 10,tp 80C.
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[C;aim 2]

The method according to claim 1, wherein the p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate of step (a) is at 0.5 molar equivalent or
.more and less than 1.0 molar equivalent with respect to
the compound represented by formula (B).

[Claim 3]

The method accordiné to claim.l or 2, wherein the p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate of step (a) 1s at 0.8 molar equivalent or
more and less than 1.0 molar equivalent with respect to
the compound represented by formula (B).

[Claim 4]

The method according to any one of claims 1 to 3,
wherein’the total molar equivalent of fhe p-
toluenesulfonic acid or p-toluenesulfornic acid
monohydrate of step (a) and the additional p-
toluenesulfonic acid or p-toluéenesulionic acid
monchydrate added in step (b) is between 1.0 molar
equivalent and 3.0 molaf equivalents inclusive with
respect to the compound represented by formula (B) of

step (a).



[ Cai m2] The met hod according to any one of clains 1 to 11, wherein
the cooling tenperature of step (b) is -20C to 40C. .

_30_

[Claim 5]

The method according to any one of claims 1 to 3,
wherein the total molar equivalent of the p-

" toluenesulfonic acid or p—toluenesulfonic acid
monohydrate of step (a) and the additional pF
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate added in step (b) is between 1.0 molar
equivalent and 1.2 molar equivalents inclusive with
respect to the compound represented by formula (B) of
step (a).

[Claim 6]

The method according to any one of glaims 1 to 5,
wherein the solvent is an alcohol or an aqueous alcohol.
[Claim 7] |
‘ The method according to any one of claims 1 £o 6,
wherein the solvent is agueous ethanol.

[Claim 8]

The method according. to any one of claims 1 to 7,
_Wherein the aqueous efhanol has a water content of
greater than 0% and less than or edual to 50%.

[Claim 9]

The method according to any one of claims 1 to 8,
wherein p-toluenesulfonic acid monohydrate is used.
[Claim 16]

‘The method according to any one of claims 1 to 9,
wherein the amount of the solvent is from 5 times to 30
times (v/w) that of compound B.

[Claim 11]



The method aécording to any one of claims 1 to 10,
wherein the heating temperature of-step (a)'is 60°C to
80fC.

[Claim 12]
The method according to any one of claims 1 to 11,

wherein the cooling temperature of step (b) is -20°C to

40°C.



