~-1 " Description Title of Invention: METHOD FOR PRODUCI NG DI AM NE

DERI VATI VE Technical Field [0001] The present invention relates to a
nmet hod for producing a conpound that exhibits an inhibitory effect. on
activated bl ood coagul ation factor X (¥Xa), and is useful as a preventive
and/ or therapeutic drug for thronbotic di seases. Background Art [0002]
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referred tmitadse cohpounchtA)cn | AOR0 ForRupROMJCING 2DIAMINE .

DERIVATIVE

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 Aft
[0002]

N!'- (5-chloropyridin-2-y1)-N*~( (1S, 2R, 4'5) -4~
[(dimethylamino)carbonyl]—2—{[(5—methyl—4,5,6;7—
tetrahydrothiazolo[5,4-c]lpyridin-2-
yl)carbdnyl]amino}cyclohexyl)ethanediamide p-
toluenesulfonic acid monohydrate represented by the
following formula (A) (hereinafter, also referred to és
compound A):

[0003]

[Formula 1]
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'10004] is known as a conpound that exhibits an inhibitory effect on
activated 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 cdhﬁ%iéing m xi ng thefree form of
conpound A represented by the following formula (B) (hereinafter, also
referred to as conpound B): [0006] [Fornula 2] NON(B) NNOCH [0007]
wi th p-toluenesul fonic acid or p-toluenesul fonic acid nonohydrate, followed

by crystallization fr agueous ethanol, is known as a nethod for obtaining
conpound A (Patent Litedature 1 to 8). ;These literature docunents do not
make any nention aBout di ng p-tolue | fonic 3
SIS ~Cl -H,0
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[0004]

is known as a éompound that exhibits an inhibitory effect
on activated blood coagulatién 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 fhefree form
of compound A represented-by the following formula (B)
(hereinafter, also referred to as compound B):
[0006]

[Formula 2]
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[0007]

with p-toluenesulfonic acid or p-toluenesulfonic acid
monohydrate, followed by crystallization from agueous
ethanol, 1is known as a method for obtaining compound A

(Pate

nt Literature 1 to 8). These literature documents

do not make any mention. about. adding p-toluenesulfonic



‘aci d or p-toluenesul fonic acid nonohydrate in a stepwise manner in the step

of obtai ning conpound A from conpound B. Citation List Patent Literature

[ 0008] Parent Literature 1: |International Publication No. NO 03/000657
. — 3 -

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]



‘'Patent Literature 2: ‘International Publication No. NO 03/ 000680 Pat ent
Literature 3: | nternati onal Publication No. NO 03/016302

- 4 -

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 liqudr during
the crystallization of compound A from a solﬁent, and the
yvield differs depenaing on each production lot, and
differences between the yields of ‘lots are appfoximately
6% at the maximum. Such loss into the mother liquor or
unevenness in yield is not favorable from the viewpoint
of efficient production of pharmaceutical drugs. It has
thus been demanded to improve these problems and produce

compound A at stable high yields.

Solution to Probleﬁ
[0010]

As a result of conducting diligent studies to solve
the prob}ems, the present inventor has found that,
surprisingly, compound A can be obtained at stable high
yields without unevenness, with suppressed decompcsition
of compound B and reduced loss of compound A into the
mother liquor, by an exceedingly convenient approach‘
suitable fér industrial production, in which the amount
of p-toluenesulfonic acid is reduced when compound B is
dissolved in a solvent, and the amount of p-
toluenesulfonic acid is increased when compound A is

crystallized.

Advantageous Effects of Invention



‘Patent Literature 4: I nternational Publication No. NO 04/058715 Pat ent
Literature 5: | nternati onal Publication No.
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[0011]

According to the present inventipn, compound A can
be synthesized from compound B at Stable high yields
without unevenness by adding p—toluenesulfonig acid or

its hydrate in divided portions.

Brief DeScribtion of Drawings

[0012]

[Figure 1] Figure 1 shows the solubility of compound A
obtained by varying tﬁe amount of p-toluenesulfonic acid
‘monohydrate under conditions for crystallizing compound A
(ethanol having a water content of 10%, 10°C). The
ordinate depicts the solubility (mg/ml) of compound A,
and the abscissa depicts the molar equivalent of p-
toluenesulfonic acid monohydrate (vs. compound B).
[Figure 2] Figure 2 shows the stability .of compound 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
[60123]
Specifically, the present invention relates to the

following:



'NO 05/ 047296 Patent Literature 6: | nternati onal Publication No. NO

07/ 032498 Patent Literature

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

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

[0014] -

[Formula 3]

oj,,N\
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Sy N T o N7 i Cl (B)
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[0015]

with p-toluenesulfonic acid or p-toluenesulfonic acid
monohydrate at less than 1 molar equivalent with respect
to the compound represénted 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 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):



7: international Publication No. NO 08/129846 Patent Literature 8:
I nternational Publication No. NO 08/156159 Sunmary of Invention Techni cal
Probl em [ 0009]

—_ 7 .

[0016]

[Formula 4]
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[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 equivaleﬁtfor
mo?e and less than 1.0 molar.equivalent with respect to
the.compound represented by formula (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.d molar equivalent with respect to
the compound represented by formula (B);

[4] the method according to any one of [1] to [3],
wherein the total 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 between 1.0 molar
equivaleﬁt and 3.0 molar equivalents inclusive with
respect to the compound represented by%fofmula (B) of

step (a);



‘The present inventor has attenpted indutrial production of compound A and
consequently found that the step of obtaining conmpound A from conpound B
results in a great |oss of conpound A into the nother |iquor during the
crystallization of conpound A froma s8lvent, and the yield differs _
dependi ng on each production lot, and differences between, the yields of

| ots are approximtely 6% at the nmaxi mum Such |oss into the nother |iquor
or unevenness ithyidithds Rl davury abd exfy adnd hee viewpoi ntapf ef ficient
production of pharnmaceutical drugs. It has thus been denanded to inprove

t hese pr obliease amdt ips odlbice] canpoatindgAi aklshabbe hhghpyi el ds. Solution to
Probl em [ 0010] As a result of conducting diligent studies to solve

t he probl ens]luthespr tseint aav@éntorphasliienadut hatjicsacpdi si ngly, conpound A
can be obtained at stable high yields wthout unevenness, wth suppressed
deconposi thenchfdeanpovhds B2rantk ¥ edud ethtosddot icoaponnd A into the not her
li quor, by an exceedingly conveni ent approach_suitable for industrial
product i ontO+ReRF eht PhEC amptht O bfPptPorarRestf PBAFcagéfd is reduced when

d Bis di | ved i . sol t dth f I | fonic
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conpound B a igh yrelds w unevenness addin

p-tol uenes j (s o] A r | Lyjd j,ons. oBrief
Descriptio%é% @%fasfnggg[%%égﬁg%%ig%ggéﬁfgk¥%u§g §8§ﬁ%§§ éﬁg églubility of
conpound Asebpaiged by varying the anount of p-toluenesul fonic acid
monohydrate under conditions for crystallizing conpound A (ethanol having a
wat er cont edt afh<l@¥%tHC)accbheriarglitwmten fepictse the) sebupsijty (mg/ m) of
conpound A, and the abscissa depicts the nolar equival ent of

pt ol uenesulfienetnached sohodydrat eaivslcobapoundaB) agi&bgar el2phbigure 2
shows the stability of conpound B obtained by varying the anmount of

p-t ol uenesll f orfifte ded hatbrrotsadihitred Uilerny oriel téonkl ¥ ofo di €kol vi ng conpound
B (ethanol having a water content of 30% 70C). Figure 2 depicts

ti me- dependefte{hrthan3seieeny thangecPnust Aehardlnt of conmpound B (%

ordi nat e) ﬁg%h the initial (0 hr) amount of conpound B defined as 100%
Descri pti oh® bf EtfbdHi sﬁﬂQﬂféﬁng to amgpeng ithal iy, thel plesent invention

relates towﬁQ?eEQ'LQ&‘queous ethanol has a water content of

greater than 0% and less than or equal to 50%;

[91 the method according to any one of [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 timeé to 30
times (v/w) that of compound B; |

[11] the method according to any one of-[l] to [10},
wherein the heating temperature of step (a) is 60°C to
80°C; and

[12] the method according to any one of [1] to [11],
wherein the cooling temperature of step (b) is -20°C to
49°C.

[00:8]



6 [1] a method for producing a conpound represented by the follow ng
formula (A), conprising the steps of: (a) m xing a conpound represented by
formula (B): [0014]. [Formula 3] [ 0015] with p-toluenesul fonic acid or
p-tol uenesul foni c aci d nonohydrate at $ess than 1 nolar equivalent wth
respect to the conpound represented by fornula (B) in a solvent under
heating; (b) adding additional p-toluenesulfonic acid or ptoluenesulfonic
aci d nmonohydr atiert@ntiect, Xed eS akttthioon cndere ¢oRlddtg, whergiird he

addi ti onal p-toluenesulfonic acid or p- toluenesulfonic acid nonohydrate is
added in sucdh are atsuntidduatint ettadtlal nol ar equi val ent thereof with the
p-toluenesul fonic acid or p-toluenesul fonic acid nonohydrate of step (a) is
1 nol ar equiGifllent or more with respect to the conpound represented by
formul a (B@ of step (a); and (c) subsequently allow ng the m xed sol ution

to crystal lf2@4&® obtain the conpound represented by fornula (A: - 7 -
[0016] [Formnul a 4] :
Scheme 1
' !
O N O N._
oo (a) '
;L 5 - Q H.O
S‘ NYT o Na~Cl S v ci 2
N:}N H o A e ﬁAH i QN”\ SOH
3 H LV
[0020]

Nl—(5—chloropyridin—2—yl)—N2—((1S,2R,4S)—4—
[ (dimethylamino)carbonyl]-2—-{[ (5-methyl-4,5,6,7-
tetrahydrothiazolo[S,4—c]pyridin—2—
yl)earbonyl]lamino}cyclohexyl)ethanediamide represented by
formula (B) is the free form of compound A and has been
registered as International Nonproprietary Name (INN):
edoxaban,'(N—(S—Chloropyridin—Z-yl)—N'—[(1S,2R,4S)—4—
(N,N—dimethylcarbamoyl)—2—(5—methyl—4,5,6,7—'
tetrahydro[l,3]thiazolo[5,4-c]lpyridine-2-
carboxamido)cyclohexyl]loxamide) in the World Health
Organization (WHO).
[0021]

Step {(a) is the step of obtaining compound A from
compound B and p-toluenesulfonic acid or p-
toluenesulfonic acid monohydrate.

[0022]



'OH [0017] [2] the method according to [1], wherein the ptol uenesul fonic
acid or p-toluenesul fonic acid nonohydrate of step (a) is at 0.5 nolar
equi val ent or nore and less than 1.0 nolar equivalent with respect to the
conpound represented by fornmula (B); 03]~ the met hod according to [1]. or
[2], wherein the ptolueneSul fonic acid or p-toluenesul fonic acid
nonohydrate of step (a) is at 0.8 nolar equivalent or nore and | ess than

1.0 nol ar equi vl@yiwd Rt d esRREL diotde rampound Lepasantad by formul a
(B); . [4] the nethod according to any one of [1] to [3], wherein the total

mol ar equiwiad entioftidespipl senastd HoMhg ashBo@hdpat otuenesubbeniceaci d
nonohydrate of the step (a) and the additional ptoluenesulfonic acid or
p-t ol ueneswd § dmen ace thinonohy df ateradded thesteps(b)iis begyween 1.0 nol ar
equi val ent and 3.0 nol ar equivalents inclusive with respect to the conpound
represent edPdy dorermeeyB) dfinsteptia)mothes liqpst, t aedmetdbdsaccording to
any one of [1] to [4], wherein the total nolar equival ent of the

pt ol uenesuFoNi CCRATH-F PP t R Tlenesed ¥ oni enakPl: nbRBhYEE heEeBESSt ep (@) and
t he additional %;OI uenesu] fonic acid or p-toluenesul fonic acid nonohydrate

added' i n skfegatpwe( §16° pet weeh 9t ol ot o TRgBPVAPERTRBALY 169 bl BRCequi val ent s
I nclusive %ﬂnn%r{?Sp%%t 49d u%tc%@%%%%urcecprrfgsf j}lej?%ebr{%}cs?cru%ilee?s e’i( E’Qrfeﬁfe step

“(a); [6] hod "according to any one X

sol vent i%%ﬁ%%o{}g\%égg\ﬂ%gnhggug dg,#qg)pol in {gée}éggsgﬁ{%go&?ﬁgor ding to

any one o erein the solvent T's aqu ano [8] the

met hod accesdidikd @) a1 ONec 0f dd]p il ddne¥hersh Nt hes@queous ethanol has
a water content of greater than 0% and |ess than or equal to 50% [9] the

net hod accesmhimgdtorany: one ofcddd #ol §8lequhes ebnt pwiohueagsetfopbc acid
nonohydrate is used; [10] the nethod according to any one of [1] to [9],
wher ei n -t heorgprount Bfdthengotiventitsnd rofm Shei cespbondOBt an@sty/ w) that of
conpound B; [11] the method according to any one of [1] to [10], wherein
t he heati ngoleepetativel ofasi@pof &@)-1sl 6O $0l 80C] c andid

monohydrate in a solvent under heating, the decomposition

of compound B is promoted by the excess. The present

inventor has further found that the solubility of

compound A is reduced when the amount of p-

toluenesulfonic acid or p-toluenesulfonic acid

”monohydrate is 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_bf p-

toluenesulfonic acid or p-toluenesulfonic acid

monohydrate is allowed to be a smaller molar eguivalent

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 underxr



112] the nethod according to any one of [1] to [11], wherein the cooling
tenperature of step (b) is -20Cto 40C. [0018] 9 Hereinafter, the
met hod of the present invention will be described in detail. [0019]

[ Formula 5] Schene 1 0 N, O/1 (a) (B A [0020]

N1- (5-chl oropyridin-2-y1)-N2-((IS, 2R, 4S) - 4-

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

tetrahydr athiazl ol & 456 RY Ml Msomposition of compound B, _
yl ) car bonyl J am nol cycl ohexyl ) et hanedi'ani de represented by fornula (B) is

the free fioren ol £OMpoLnd Apand hase heenpregi séesed1 asnl 8t genat benal
Nonproprietary Nanme (I NN): edoxaban,

(N—(5-Ch|(pfﬂg&déﬂébé&ﬁ@ﬁi@¢adﬁiﬁh&%bwﬁﬂréte is allowed to be in
(N, N-di net hyl car banoyl) - 2- (5- net hy1-4,5, 6, 7-
tetrahydrcﬁﬁpéﬁirWEwmﬂIﬁipabm}mwr¢@mmeuﬂd Ba@@oxag1dm¢cyclohexyl]oxanlde)

in the Wrld Health Organi zation (WHO . [0021]
crystallization of compound A by adding additional p-

toluenesulfonic acid or p-toluenesulfonic acid
monohydrate, to reduce the solubility of compound A and
loss of compound A into the mother liquor, thereby
ocbtaining compound A at stable high yields without
unevenness between production lots.

[0024]

One of the advantages of the present invention is to
obtain compound A at industrially stable high yields by
an exceedingly convenient method in which p-
toluenesulfonic acid or p~-toluenesulfonic acid

" monohydrate is added in divided portions.
[0025] |

The present invention relates to a method for
producing a compound represented 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 acid monohydrate under cooling,
and then allowing the mixed solution to crystallize,
wherein the p-toluenesulfonic acid or p—tolueneéulfonic
acid monohydrate is at less than 1 molar equivalent with
respect to compound B during the mixing under heating,

and the additional p-toluenesulfonic acid or p-



'Step. (a) is the step of obtaining conmpound A from conpound B and

p-tol uenesul fonic acid or ptoluenesul fonic acid nonohydrate. [0022] - 10 -
Accordi ng to conventional nethods, although the yield in the step of
obt ai ni ng conmpound A from conpound B hias been rel atively favorable, there
is still a great |oss of conpound A into the nother liquor, and yields vary
dependi ng on each production lot, and differences between the yields of
lots are apprexh&BheFyn b6 atihheoABX,AVAL cASsaakasHl bueh ¢padughing
diligent studies, the present inventor has found that, in the presence of
pt ol uenesut enicmathd Ofupvi Déuenesyltoni ¢iapi dhaopohydihahesat fFaniexcess
nol ar equi valent with respect to conpound B during the mxing of the
conpound Bzaihd bdhepptolueneswl fonic acid aonphiydrueresdbkanuedaei d
nonohydrate in a solvent under heating, the deconposition of conmpound B is
pronot ed byethenexcess.nTher peegentlententonohaswitht hespkotndot hae t he
*solubility of conmpound A is reduced when the anount of ptol uenesulfonic
aci d or p-terberedubPfanied acideroRehydpdt dursngntegcesysisllad zagairval ent
with respect to conPound B during the crystallization of conpound A under
cool i ng. [B0%28] ©°°!11Bdsed on these findings, the present inventor has
devel oped ﬁ pg%?od in which the anmount of ptoluenesulfonic acid or

p-tol uenes P oni c acid nmonohydrate i's allowed to be a smaller nolar

qui val ent wthy i espeqt. 40, commaund A duréng the mLxLOgoelyt heygompound B

and the p-tol uene nic acid or ptoluenesulfonic acid nono ate in a
sol vent ungsﬁpoﬁﬁatt@?reégn@a@lQytb@:ﬂgqgnpg$l&&@n ot conpound B, and the
total nolar equival ent of p-tol uenesul fonic acid or p-toluenesul fonic acid
monohydr at eollGeabbanednti o HeilinoexpgessiwehBsuegpact teigonpound B during
the crystallization of conmpound A by addi ng additional ptoluenesulfaonic
acid or p-mohubnésatéoatclassdthenohydpate, etjoivedece whehsaeksbiekitty of
conmpound A and | oss of conpound A into the nother |iquor, thereby obtaining
conpound Atat tseabbephigh yéeldsentetobly dnevenned®)benweesopredtcti on

| ots. [0024] One of the advantages of the present invention is to
obtai n conpbdfd AcatinfdudtrFafPy (81 abEanki Ghxynel d§cbgoarwoareeddi ngl y
conveni ent method in which ptoluenesul fonic acid or p-toluenesul fonic acid
monohydr at 818 588eB TRl WPV ERULIBBLEI 8RS PoORSFOLluenesyid opissefitd

[ ti I t hod duci dr t b

compound. A"CBBRERTSrAg=im kP18 EORBOBNIOR Ry P p P QRUENSSrY GArEEEi o or

p-t ol uenesubf agj.g . acl,d mopobydr ate, £n, g sl yent sunder , heat ing, ; subsequently
p-to or p-to .

addi ng additi ona uenesulfonrc aci énesul foni ¢ acid

monohydr at g; ynder - CophLNge -84 oEB@@oﬁLB@WEBﬂgFgﬁdnhxgg §%§§gggﬁsﬁ°“

crystallize, "wherein the p-toluenesulfonic a or p-tolu onic acid

nonohydr at gyi g1abwh 8§Sthhap-1ombaeseqyivakentiw bh pespect to conmpound B
during the m xing under heating, and the additional p-toluenesulfonic acid

or p- - l2oiutakueneshltoattdagbdorpaehydr abebks aaddedssyehnt hat the total
nol ar equi val ent thereof with the p-toluenesul fonic acid or

p-t ol uenesubfleni egacivdlanphohythatesadded tondemnpbeati Bg | Sha NMplar

equi valent or nore with respect to the conpound B added under heating
during t hetedysrabbilzanionaghdeprcookipigenp026pnic acid

‘monohydrate at less than 1 molar equivalent" means that
the p-toluenesulfonic acid or p-toluenesulfonic acid
monohydrate added in this step is at less than 1 molar
equivalent with' respect to the compound B added in this
stepﬂ The "p-toluenesulfonic acid or p-toluenesulfonic
acid monohydrate at less than 1 molar equivalent™”

specifically means that the p-toluenesulfonic acid or p-



1n the present specification, the "step of mxing a conpound represented by
formula (B) with ptoluenesul fonic acid or p-toluenesul fonic acid
nonohydrate at less than 1 nolar equivalent with respect to the conpound
represented by fornmula (B) in a sol veri3 under heating"” as step (a) neans

m xi ng the conpound B with the p-toluenesul fonic acid or p-toluenesulfonic
aci d nonohydrate at |less than 1 nolar equivalent with respect to conpound B
in a sol vent, unded, Neating.c A5 SH0M0,iPa FLOMGSLE. 1hhey decoppsiLi on of
conpound B i's suppressed by allow ng the p-toluenesulfonic acid or

- ptol uenesufépniga@ci b, nonohydrateat oo beiab1bgesothaprd grkatcggui val ent
wWith respect to conpound B. The "ptol uenesul fonic acid or p-toluenesul fonic

aci d nonohygiat . @tmd BSs dhanvdl set ari equivabest” tBEARS Ebabothe B _
p-tol uenesul fonic acid or p-toluenesul fonic acid nonohydrate added in this
step is atadéss imarhils notaw, egud vateftrablh mespecthko thescampaund B
added in this step. The "p-toluenesul fonic acid or p-toluenesulfonic acid
monohydr at &s af - ¢ esslahadadivelant equivabrenetidspessf tbahl ¥ . fremnsathat t he
p-toluenesul fonic acid or p- - 13 - toluenesul fonic acid nonohydrate added
in this stepiiglent, dkahprelaatc@ubvabeaE eguivafeandotefdrehand | ess than
1.0 nolar equivalent with respec o the conpound B added in this step, and
preferablyfngdﬂgﬁ??mﬁqq+ﬂ%-%@ uné'ésm%?%rn%ggﬁvéﬁﬁPGaPén?OB? #Bfe and |ess
than 1.0 | ar ui valent .. 0.7 nol ar, equi val ept jor re and.less than 1.0
mol ar equ?géf%nfb 0. '@D %&a%q%%%%}%%fggf Ror 'ggdmgg§§ ?ﬁﬁﬁvii n%‘mlar

caui val ont>T W R respect Thareror [oban T CE LB TR ShrRR the
conpound Bé@@ge@@p ptoluénesulfohic acid or p-toluenesulfonic acid
nonohydrate are added to the solvent is not particularly limted.

Preferabl yjoeonpound B is added to the solvent, and then the

p-tol uenesul fonic acid or p-toluenesul fonic acid nonohydrate is added. The
p-t ol uenesul f onite acidd rorimp-whol arendgsul daompeurati Bl amnottyedr@t e may be added
in one portion or in divided portions in this step as long as it is added
‘at | ess thanluemsdalf @gud vatedt or Ppefetabhygsul henpet ebiignesul fonic acid or
p-t ol uenesul foni ¢ aci d nonohydrate is added in one portion. [0028] The
timng of HeBehrdrdlse mie pardeeurartyel saivedtand ray berbéfvterlduring, or
inthe latter, half of the mxing. Preferably, the heating is perforned
after conpothtt & and HHE TR0l udifdRAFHhi e BtidPdrd p=° toltets i oni ¢ aci d
nonohydrate are added to the solvent. .- 14.- The heating tepnperature is
ot _par t | CORr 95T | T ol B s S ¥ FbTORKGNBroS POORT L OhBENSEL) BoPOCBOG,
preferably T at | ti is not,particularly limted, and

t he heatin%ggéﬁkﬁgﬁQ ??%?%Egguééggdbogggﬁﬁ%n%?%é?%ﬁiﬁég?ﬂf. frﬁgigﬁg

Wien comoyngo&ééeéﬁffyn%tchem@ﬁéﬁgaggséullnggnbg 86h84%% 1 one

p-tol uenesul foni ¢ aci d nonohydr at e, compountd B may be in a dissolved or
slurry forpyranshisr piefelabbyai poac{onm dhseph vediby heatbRg- as it

is added at less than 1 molar equivalent. Preferably,

the p-toluenesulfonic acid or p-toluenesulfonic acid

monohydrate is added in one portion.

[0028]

The timing of heating is not particularly limited

and may be before, during, or in the latter half of the

mixing. Preferably, the heating is performed after

compound B and the p-toluenesulfonic acid or p-

toluenesulfonic acid monohydrate are added to the solvent.



10030] In the present specification, the "step of adding additional
p-tol uenesul fonic acid or p-toluenesul fonic acid nonohydrate to the m xed
sol ution under cooling" as step (b) neans addi ng the additi onal '

p-tol uenesul fonic acid or p-toluenesull#onic acid nonohydrate to the m xed
solution with or after cooling of the m xed solution. [0031] In the
present specification, the phrase "the additional p-toluenesulfonic acid or
p- t ol uenesyld opiL jag) ddmnohydnal e d s @dded 4 N such @am appung that the
total nolar equivalent thereof with the p-toluenesulfonic acid or

p-tol uenesy f ani,C AGIH MONoGL ateen - stieps (83 sl mRlat eguiyval ent or
nore wth respect to the conpound represented by forfmula (B) of step (a)"
in step (ocoeasssohat tihe: addidinalinge tod uesesyd fonielaci @ or

pt ol ueneSul foni ¢ acid nonohydrate i s added in such an amobunt that the total
mol ar equiMalidred ofantchec i3 -heat il -carolhrenesuf dom € @t dl orompound

p-tol uenesul fonic acid nonohydrate of step (a) and the additional

pt ol uenesut fighi%E /Gt p-t ol uenesul foni ¢ aci d nonohydrate.added in step
(b) is 1 or nore with respect to the conpound B added in step (a). As shown
in Figure [10,02t9He solubility of conpound A can be reduced by allow ng the
p-tol uenesul fopic acid or p-tol.uenesul foni i d monohydr at 0 .be at 1

nol ar equi val erflb Sor SYOPE Wi tﬁ’ r&speét (‘)’Jlgglnggl?néﬁ%oﬂﬁye&e@r A9 zat i on
sol vent ( 3 % aquepus wanel v ' - T gggi i onal

p-t ol uene;%ucqudonoljrg{gam or epsta%]l%necsaﬁq#%%p{l:(;%%}lgﬁg)%%dn%’hytd}ét%&nad e%l in such
an anmount ¢ haty the totalgmlaryeauval apt-§ hesepf md h 4 he prol uepgsul fonic
acid, or p-toluenesul fonic acid nonohydrate of step (a) is 1 nolar

equi val entirora e Witdsdlespedy tiedthengonpound represented by fornula (B)
of step (a)" specifically refers to additional ptoluenesulfonic acid or
p-tol uenesild3mi ¢ aci d nonohydrate added in such an anount that the total
nol ar equi val ent of the p-toluenesulfonic acid or ptol uenesul fonic acid
nonohydr at e added tihe strepsntappand f(ilkp tiion,f arheeXampice o fhetdstery 1. 0 nol ar
equi val ent and 3.0 nol ar equival ents inclusive, preferably between 1.0

mol ar equidddigntonand 1200 kit s wldiinidat entsd  ovel st felenmrel perefer abl y
between 1.0 nol ar equival ent -and 1.5 nol ar_ equi val ent skncl usi ve, even nore

pr ef er abl Y Dt BB SF Gt ar© oftfi VEIESH SPal o0 i &R VR ENt 3S
inclusive, _ - 16 - furth ] f bly b .0 | i val ent d
13 ol o SR VAT e AT T, THE 1S B L 1t e O ERE T epr asent ed|
by f | : t 0033 . 4 F -t 0l | f oni
2o 0 ronotydracs i G et o EEe s ditn ST & ST regnesut font e
pt ol uenesul fQni 16, AGHd onohyerat ecaosliwea(@lf ?‘Eb@'lﬁ’?xé@l%gl‘g? Oe(.a' ent or nore

(vs. the conmpound B of step (a)) in step (b) in order w the total

nol ar equi [‘/@331;5'[ of the p-toluenesulfonic acid or p-toluenesul fonic acid
nonohydrate added in steps (a) and (b) (vs. the conpound B of step (a)) to
be 1 nol ar equitvakent pofes@te spe@@F4lat ion, ThhaddiddsenaltHet ol uenesul foni c
acid or ptoluenesul fonic acid nonohydrate may be added in one portion or in
di vi ded parddionisoresl g aserndmultodralc ndad equb viad Bidnaedt hf s:eSpect to the
conpound B of step (a) is finally 1 nolar equivalent or nore. Preferahly,

t he additiamna penoglweresul fomadetiih osuph t oh vemesut fomt Bleéd nonohydrate
is added in one portion. [0035] The timng of cooling of the

crystal | i Z&ttidh “otderRIVSVHet harts P arvyth | vie ol t THeearien + f onds

pt ol uenesul f -t o] uenesul foni ¢ aci d nmonohydrate can be added

onic acid or (
duri ng cocﬁ‘"’rlr% Yr RFT YIS PP o At AT A Y RF et E iyt Shed tobfi ng

tenperature is not particularly limted and is, for exanple, -20C to 50C
preferablyl- Tk &£ %kjalenL or more with respect to the compound
represented by formula (3) 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 equivalent of the p-



- 17 - [0036] In the nethod of the present invention, the nunber of
additions of the.p-toluenesul fonic acid or ptoluenesulfonic acid :
nonohydrate in divided portions is not particularly limted as long as it
is 2 or nore. Preferably, the nunber of5 additions is 2. [0037]

Exanpl es of the solvent in the nmethod of the present invention include, but
are not particularly limted to: water; alcohol solvents such as nethanol,

et hanol , andh i sQPEQPYLn AL COBDL oLt her -sQLNERL SFSHER gsidiethyl ether

di propyl ether, diisopropyl ether, and tetrahydrofuran; ester solvents such
as methyl fofsmyeratthyt fespate) sthytnhacesateiopropyl acetate, butyl
acetate, and phenyl acetate; hal ogenat ed hydrocarbon sol vents such as.

di chl or onet hiamen e shl dooforacicasbon-t et nanbsol fdejicdachbor oet hane, and
tetrachl or oet hane; ketone solvents such as acetone, nethyl ethyl ketone,
and di et hyhokel pieat hyaddedr bonssep vélnt sisuthos hexanejitbyckehexane,
benzene, and tol uene; nitrogen-containing solvents such as acetonitrile,
N, N- di et hy® f o frefP 8RO URA dP N2 i@ Fret iy £ BeBt 4fn de:Aandh ik edh slol ¥iers s

t hereof. The solven;busfd in ghg§ﬁresent stegs IS greferably an al cohol or
a mixed sotveht®ofCwdter Bhd® ancAeonsf {af’d Pef ErfBactoPds an aqueous

Car o0 1ot efF i a0 L e o r S T B Saf oY e SRSy B8 W oous
al cohol (pz ef erapl yy, éﬂyﬁgyfoeﬁgaQP'i h?lg?eg 3§V%T8n§oh¥eﬁgr'“wﬁQE.”EthOd
of the present |nven¥|on, i £S Watef content [ no partrcu arFy rmted and

is, for exaaphbestar§0BbRPEURE &rom highecchhan,0% b 50% cprefierably
bet ween 5% and 35% i ncl usi ve. Wen an aqueous al cohol (preferably, aqeuous

et hanol ) iBoYsgguasuthecsohyeniolifehhp. nethod of the present invention, it
is preferred to change the water content between the heating and cooling
procedures[0G®2]) exanple, it is preferred to use an aqueous al cohol of

bet ween 25% and 35% i ncl usive (e.g., aqueous ethanol of between 25% and 35%
i nclusive) in tHe hedditigprbgedurlaicanss wskoranc agpedusr abeohol of bet ween
5% and 25% i nclusive (e.g., aqueous ethanol of between 5% and 25%

i ncl usi ve)tPhuEhesSebbPNhg PFEoectonrehyfpaBe] "addedThe anshninofmphetsol vent

in the nethod of the Eresent invention is not particularly limted and is,
for exanpl €125 tRAeEotal 5Ot RRERIVEVE WLV oFDREEREI Yht)) thrBferably 5 times

to 30 tinmes (V/Iw at . of _conpound B. [0040 . _The, conpound A thus

obt ai ned e?ﬂ#%??%éﬁiﬁ?ﬁhciﬁﬁ? i?5r9“5?%%8?e8%1SEPFgaﬁgagbrgod coagul ati on
factor X Qﬁ§§g agg ﬁg 8909 eis g;efglla% ;Qranthgogguﬁgntra ent or a
prevent i ve anar o - ther &petf TR AGEnt St or P ARBNBUE OF T enbolFsAY T Conpound A s

useful as @ipﬁa£g§§@e£i@@| cHE Ugoh 05 HBNIBL S LG Udi pgh%mia %B>acgi vat ed

bl ood coagul atio actor Xa inhiblitor, an anticoagu t agent, - 1 .
preventivesangdtep therapgutieiageny forothrogbugqorignhel bsm a preventive

and/or therapeutic agent for thronbotic disease, for exanple, a preventive
and/ or thefapeshésudgenticforigesebpatointaestionnieesebsnal
| | monohydrate added in such an amount that the total molar
equivalent of the p-toluenesulfonic acid or p-
. toluenesulfonic acid monohydrate added in steps (a) and
(b) is, for example, between 1.0 molar équivalent and 3.0
molar equivalents inclusive, preferably between 1.0 molar
equivalent and 2.0 molar equivalents inclusive, more
preferably 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,



‘enbol i sm nyocardial infarction, angina pectoris, unstable angina, acute
coronary syndrone (ACS), pulnonary infarction, pulnonary enbolism ,
t hronboenbol i sm or sei zure acconpanyi ng nonval vular atrial fibrillation
(NVAF), deep vein thronmbosis, dissem A& ed intravascul ar coagul ati on
syndrone, thronbosis after prosthetic valve/joint replacenent,

t hr omboenbol i sm after total hip replacenment (THR), thronbosis and

reoccl usi opuafi@f menaserl Baiadl |y ootk 8EQNDOSI SoBbrt Bgut tARRE and
extracorporeal circulation, blood coagulation at the tine of blood

col | ecti onl . Buesger 'syudisease; s t hionboevrdpl & 5th aceoppanyt agtisyst em ¢

i nfl ammatory response syndrone (SIRS), or thronboenbolism acconpanying
mul ti pl e orgarowdysframete s isyahdrpneo{rMODS) (Boroa budk pharmaceutical for
t hese preventive and/or therapeutic agents. [0041] A pharmaceuti cal
drug cont al % compound A as an active ingredient is preferably provided
in the formof a pharnmaceutical conpasition containing conpound A and one
or two or nore §HarFEEedS: c AP SRddi TiAee N emiE fsldg et T 10t Moty ate

phar maceutj cal , dr of . t resent invention,is not particularly limted.
P an be. SISt o o aTyiat b BYCaTAr | 4 aRHoP sCBl or &7 abl y

adm ni st ergd,, . 042] .. - a f _phar gac jcally or
pharnaceut?é%.%@g%%%%%?gbﬁgxg% ! ?%%%dE%%%XT%p%ﬁée%r%gugf?%nﬂégg%he__

phar maceut i @] v £omposi iy can, & ncd jde. o[yt 25 ez ok ét@y ed) oy excipients,
di sintegrants or disintegration aids, binders, lubricants, coating agents,
pi gments, gidpieds,ibasessr s U0l zens 0680l Wb Lt zakhoPadbds, otonicity
agents, pH adjusters, stabilizers, propellants, and adhesives. [0043]
Exanpl es ofhrepasnidonsasiotabl ecforoorpltatmenéstI abhos gandi ncl ude

tabl ets, powders, granules, capsules, solutions, syrups, elixirs, and oily
or aqueoushsuspemsi vhsadddt eovestepxalhpl ezndf (Ipr epasat tbascsmpoahiie for
parenteral adm nistration can include injections, drops, suppositories,

i nhal ant s,Bandl petrhex).) [0D42g 1 molaheedoseabént her phardaceuti cal drug of
the present invention is not particularly limted, and can be sel ected
.appropriaté@93%bcording.to various conditions such as the age, body weight,
and conditions of a patient. It i referred to adm nister the

phar maceut i cal ﬁ}%gadgﬁttlﬁé‘a&r é)s—etrﬂsl‘F%Fe?H]i%q{“acf aaCJg%s%r g1 ng to 1000 ny,
preferably, 5 0 0 ,_ ore_ preferab 5.ng. to 0 even nore
preferablyt%lﬁgn%%uggﬁnﬂg ) l?r@é@é%Y%Ea%%g?%ﬁi%%tagg?dgg9 Ph%an adul t,

whi ch is gﬁ&%@iéﬂ eg£d; | Ny ORES DRI LL O OF 51 D Sfé!xgléalasp%&i 0P8, PhEIgLably in

one porti rin two portions, per day, according to the conditions. - 21
- [0045]  cquivallereinaft efesFXamptesciel Lo OQ§§CB'Q§dstE§“@¥Fristhe
anmpl es

present invention is not intended to be limted to them [ 0046]
finally 1 molar equivalent Oor more. Preferably, the
additional p-toluenesulfonic acid or p-toluenesulfonic
acid ﬂonohydrate is added in one portion.

[0035]

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

preferably -20°C to 40°C.



In the Exanpl es bel ow, p-toluenesul fonic acid nonohydrate is also referred
to as TsOH H20. [0047] (Exanple 1) Synthesis of

1\ 11- (57chl oropyri di n-2-y1) - N2- o

((I'S, 2R, 4S) - 4-[ (di met hyl ami no) car bony1]/- 2- {[ (5- met hyl 4, 5, 6, 7-t et r ahydr ot hi a
zol o[ 5, 4-c] pyridin-2- yl)carbonyl ] am nol cycl ohexyl ) et hanedi am de (conpound
B) Conmpound B was synt hesi zed according to a nethod described in
Patent Litegs@iare 1 to 8. [0048] (Exanple 2) Synthesis o

N1- (5-chl cropyridirH2-y1)-N2- '

((1'S, 2R 49) - 4- [1fditret hgtamone)fc amkompdser( [ibrarativH 4,thé nlmtetd ahydr ot hi a
zol o[ 5, 4-c] pyri din-2- yl)carbonyl]am nol cycl ohexyl ) et hanedi am de

pt ol uenesubf onidci taicires Mo oty rat teo {wcompouhto)c acid TsOHH20 (49.5 g) was
added to a m xed solution of Nl-(5-chloropyridin-2-y1)-N2-((IS, 2R, 4S) - 4-

[ (di met hyl aed ur)esrbionyilq -2c{q (seradtgdatde 516, Fivided portions is '

t et rahydr ot hi azol o[ 5, 4-c] Pyri di n- 2- o

yl ) car bonytqtari 3ot el yHet et akfee {150t ¢3S @thanm®Pre735 nl)., and
wat er (315|ﬁ%, d th%hnixt re was - 22 - heated to 70C. The dissol ved
sol ution wast¥5iered THr JUGHP A 91 tF I ahd T heSfit ter was washed with 15%
aqueous ethﬂ?ﬁ’ (300 mM) and ethanol (150 m ). Subsequently, a m xed
solution o é filtered nother |iquor and the washes was sl owy cool ed,

and TsOHH20 (758 g),jand @t molso(l%lje%q ) t\ggﬁr %egagfeb?b&yéﬁgﬁ gjarté%fetr%

stirring at 10C for 1 hour, crystals were | e ion, to

obtai n 188; 9 &hiofort hiewdidde, aamposnd.n {00491+ {Jesir Exampherdd to: The

solubility of conpound A was determ ned using varying anmounts of TsOHH20
under condidi®ns f10foeslysd@l Vdizd 10 PNt #h 4 ©d hanet nhwyi Ngawd wat er
content of 10% 10C). Specifically, conpound A, conpound B, and TsOH H20
wer e addedi soprtdrey lcontiatat 1 onst isdoveo bedovs t oudl) at ofeethhnethémyi ng a

wat er content of 10% The resulting slurry waS stirred at 10C, and crystals
wer e col | edtecbdyl feétihgat i dhi sdherpyt hetlvont emnd of et heh cdnpbenan A cont ai ned
inthe filtered nother |iquor was neasured by HPLC (col um: Shiseido
CAPCELL PAKTEN UBIPCTY 65%Cc2508 mgtheb| 1ot edmpet Bt vt efoqutef | ow rat e:

1.0 mM/mn., quiIe hase: acetonitrile:0.02 M phosphate buffer (fH 7.0) =
30: 70) . _e%ﬁy_ acetdte, propyl acetate, butyl acetate, and pheny

acetate; halogenated hydrocarbon solvents such as
dichloromethane, chloroform, carbon teprachloride,
dichloroethane, and tetfachloroethane; ketone solvents
such as acetone, methyl ethyl ketone, and diethyl ketbne;
hydrocarbon .solvents such as- hexane, cyclohexane, benzene,
and toluene; nitrogen-containing solvents such as
acetonitrile, N,N-dimethylformamide, and N,N-
dimethylacetamide; and mixed solvents thereof. The
Sélvent used in the present steps is preferably an
alcohol or a mixed solvent of water and an alcohol (also
referred to as an agueous alcohol), more preferably
ethanol or a mixed solvent of water and ethanol (also
referred to as aéueous ethanol) .

[0038]



10050] [Table 1] Mol ar eqw val ent of TsOH H20 with respect to corrpound B*l
Conmpound A (ng) Conpound B (ng) TsOHH20 (rg) 1.2 561 0 29. 1.1 561

_18_

When an aqueoﬁs alcohol (preferably, agueous
ethanol) is 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.,
aqueous ethanol of between 5% and 25% inclusive) in the
cooling procedure.

[0039]

The amount of the solvent in the method of the
present invention is not particularly limited and is, for
exampie, 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, 1s useful as an anticoagulant agent or
a preventive and/or therapeutic agent for thrombus or
embolism. Compound A is useful as a pharmaceuﬁical drug
for mammals including humans, an activated -blood

coagulation factor Xa inhibitor, an anticoagulant agent,



0 14 1.05 561 0 7 1.02 561 0 3 1.0 561 0 0 0.98 550 8

_19_

a preventive and/or therapeutic agent for thrombus or
embolism, a preventive and/or therapeutic agent for
thrombotic disease, for example, a preventive and/or
therapeutic agent for cerebral infarction, cerebral
embqlism, myocardial infarction, angina pectoris,
unstable angina, acute coronary syndrome (ACS), pulmonary
infarction, pulmonary embolism, thromboembolism or
seizure -accompanying nonvalvular atrial fibrillation
(NVAF), deep vein thrombosis, disseminated intravasculér
coégulation syndrome, tﬁrombosis 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
accom@anying systemic inflammatéry 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 compbund 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 oraily.

[0042]



‘0 0.95 533 21 0 0.90 505 42 0 [0051] *1 "Ml ar equival ent of Ts01-11-120
with respect to conpound B" described here refers to the ratio of the sum
of the nolar nunber of TsOHH20 and the nol ar nunber of TsO01-1-1-120 present
"as a part of the conpound A to the surdlof- the nolar nunmber of the conpound
B and the nol ar nunber of the conmpound B present as a Dart of the conpound

A. [0052] The results are shown in Figure 1. [0053] It was found that
the sol ubi ity mfargarRowsd pAd Sndadl ép dhec Bt e ©f i ISOHH20 is
| arger than 1.00 nol ar equival ent of 20 mnth respect to conpound B,

and the scﬁmﬁﬁﬁﬁaQAéruﬁ&iﬁi¢@sim@&@asﬁdtmﬁeprbhecambunbr0Eh§sOH -120 is
smal l er than this nolar equival ent.

pharmaceutical composition can include, but are not

limited to, excipients, disintegrants or disintegration

aids, binders, lubricaﬁts, coating agents, pigments,

diluents, bases, solubiiizers or solubilization aids,

tonicity agents, pH adjusters, stabilizers, propellants,

and adhesives. | |

[0043]

Examples of preparations suitable for oral
administration'gan inélude tablets, powders, granules,
capsules, solutions, syrups, elixirs, and oily or aqueous
suspensions. Moreover, examples of preparations suitable
for parenteral administration can include injections,
drops, suppositories, inhalants, and patches.

[0044j |

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 prcferaofy 5 mg to 100 mg of the active
ingredient per day in an adult, which is admlnlstered in
one portion or in several portions, preferably in one
portion or in two -portions, per day, according to the

conditions.



'[0054] (Test Exanple 2) - 24 - The stability of conpou
using varying amunts -of TSOH H20 under conditions for
B in a solvent (ethanol having a water content of 30%
7 m of ethanol having a water contenflof 30% and TsOH.

nd B was determ ned
di ssol vi ng conpound
70C). Specifically,
H20 were added in

conbi nati ons shown below to 1.0 g of conpound B, followed by dissolution at
70C. The content of the conpound B was neasured at constant tinme intervals

by HPLC (caodm: Shiseido CAPCELL PAK CN UGL20 (4.6 x 2
tenperature: 40C, flow rate: 1.0 m/mn., nobile phase:

50 nm, col umm
acetonitrile:0.02 M

phosphat e buf f eFetpbhdf0pr7 B@aﬁples[aaﬁﬁ]be[ﬁabbelﬁbdwblH@w@q@ryalent of

TsOHH20 with respect to conpound B TsOH H20 (ng) 1.2

the present invention is not intended to be limited to

them.

Examples
[0046]
In the Examples below, p-toluenesulfonic

monohydrate is also referred to as TsOH-H,O.

[0047]

acid

(Example 1) Synthesis of Nl—(Sfchloropyridin—2—yl)— -

((1S,2R, 48) -4-[ (dimethylamino) carbonyl]-2-{[ (5-methyl-

4,5,6,7—tetrahydrothiazolo[5,4—c]pyridin—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 N'- (5-chlcropyridin-=2-yl)-

((1S,2R,45)-4-[ (dimethylamino) carbonyl]-2-{ [ (5-methyl-

4,5,6,7-tetrahydrothiazolo[5,4-c]lpyridin-2-
yl)carbonyl]amino}cyclohexyl )ethanediamide p-

foluenesulfonic acid monohydrate (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)carbpnyl}—2—{[(5—methyl—4,5,6,7

tetrahydrothiazolo[5,4-c]lpyridin-2-
yl)carbonyl]amino}cycliohexyl)ethanediamide (1

ethanol (735 ml), and water (315 ml), and the

50 g),

mixture was



416 1.1 382 1.05 364 1.02 354 1.0 347 0.9 312 0.8 278
are shown in Figure 2. [0057]

- 22 -

[0056] The results

heated to 70°C. The dissolved solution was filtered

through a filter, and the filter was washed with 15%

agqueous ethanol (300 ml) and ethanol (150 ml).

Subsequently, a mixed solution of the filtered mother

liquor and the washes was slowly cooled, rand 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 188.89 g of the title compound.

[0049]

(Test Example 1)

The solubility of compoﬁnd A was determined using

varving amounts of TsOH-H,O under conditions for

crystallizing compound A (ethanol having a water content

of 10%, 10°C). Specifically, compound A, compound B, and

TsOH-H,O were added in the combinations shown below to 10

ml of ethanol having a water content of 10%.

The

resulting slurfy 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 PAK CN UG120

(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).
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[ 0060]

molar number of TsOH-H,O and the mclar number of TsOH-H,O

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 compouhd B present as a part of the compound A.

[0052]

The results are shown in Figure 1.

[0053]

It was found that the solubility of compound A is

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

molar equivalent of TsOH-H,O with respect to compound B,

and the solubility thereof is increased when the amount

of TsOH-HyO is smaller than this mclar eguivalent.

[0054]

(Test Example 2)



‘A loss into-the nother |iquor neans the conpound A renmining in the nother

| i quor without being deposited as crystals. Loss into mother |iquor (%
descri.bed in Table 1 was cal cul ated by converting the weight of the
conpound A renmaining in the nother fiééor into the weight of the conpound B
and indicating this weight as a ratio (% to the weight of the conpound B
before the start of the reaction. [0061] The results are shown in Table 3.

- 27 - [0062] [habkeaBl1ithbbar ceagbviakent wals FeRHM2OEL Yisehd of conpound

A(%9*2 Loss into nother liquor (% 42 '
varying amounts of TsOH-H,O under conditions for
dissolving.compound B in a solvent (ethanol having a
water content of 30%, 70°C). Specifically, 7 ml of
ethanol having a water content of 30% and TsOH-H,O were
‘added in combinations shown below to 1.0 g of compound B,
followed by dissolution at 70°C. The cqntent of the
compound B was measured at constant time intervals by
HPLC (column: 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 reépect TSOH-H,0
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

(00561

The results are shown in Figure 2.

[0057]

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

of compound B (decrease in compound B content) is



‘Mol ar equi val ent of TsOH. H20 added in dissolution step(70C) Mol ar
equi val ent of TsOHFI, 0 added after slow cooling (10C) Total nolar

equi val ent of TsOH H20 -

promoted with the excess, whereas the decompositign is
suppressed in the presence thereof at less than 1.0 molar
equivalent.

[0058]

(Test Example 3)

Based on tﬁe results of Test Examples 1 and 2, the
present inventor. had an idea that the excess of p-
toluenesulfonic acid that promotes the decomposition of
compound B be avoided for dissolving compound B under
high temperatures, and the excess of p—toluenedulfonic
acid under low temperatures bé created for
crystallization to reduce the solubiiity 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-H,O (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 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 the washes was slowly cooled, and 521 md of
TsOH-H,0 (0.15 mdlar eguivalent with respect to compound
B) and 150 ml of ethanol were added thereto. After
stirring at 10°C, crystals of dompound A were collected

by filtration, and its yield was determined. Moreover,



1 0.95 0.15 1.1 93.8 4.2 2 0.95 0.15 1.1 94.2 3.1 3 1.0 0 1.0 90.5

- 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 molar
equivalent with respect to compound B) were added to 10.0
g of compound B, followed by dissolution at 70°C. The
dissolvéd 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 liquor and the washes was slowly
cooled, anad 150 ml of ethanol was added thereto. After
stirring at 10°C, crystals of compound A were collected
by filtraﬁion, and its yield was determined.

[0060]

A loss into -the mother liquor meaﬁs the compound A
remaining in the mother liquor without being deposited as
crystals. Loss into mother liquor (%) described in Table
1 was calculated by converting the weight of the compound
A remaining in the mother liquqr into the weight of the
compound B and indicating this weight as a ratio (%) to
the weight of the compound B beforé the start of the

reaction.

The results are shown in Table 3.



6.7 [0063] . Vvs. conpound B *2 : vs. conpound B It was
denonstrated that conpound A can be obtained at high yields wth favorable
reproduci bility by adding TsOHH20 in divided portions even if different .

| ots of conpound B are used. - 28 = @7ains [Caim 1] - A nethod for
produci ng a conpound represented by the following fornmula (A), conprising
the steps of: (a) mxing a conpound represented by formula (B): [Fornula 1]
with p-tol ygmgsyl fonic acid or p-toluenesul fonic acid nonohydrate at |ess
than 1 nol ar equivalent with respect to the conpound represented by formula
-(B) in a sphweatzunder heating; (b) adding additional p-toluenesulfonic

acid or ptoluenesulfonic—acid nonohydrate tg the m xed solytion under
cool i ng, ir ej n  Molar equivalent of TSOH-H,0*!

Molar Molar Loss
equivalent ccuivalent of Total Yield of into
of TsOH-H,0 ;ﬂulva vn;do;- molar compound mother

added in S%ifho i_ © equivalent A (%) liquor
dissolution a ?r S ?Y of TsOH-H,0 (%)"?
step (70°C) cooling (10°C)
1 0.95 0.15 1.1 93.8 4.2
2 0.95 0.15 1.1 94.2 3.1
3 1.0 _ 0 1.0 90.5 6.7
[0063]

"': vs. compound B

“2: vs. compound B
It was demonstrated that compound A can be obtained
at high yields with favorable reproducibility by adding

TsOH-H,O in divided portions even if different lots of

compound B are used.



‘the additional p-toluenesul fonid acid or ptoluenesul fonic acid nonohydrate
is added in such an amount that the total nolar equivalent thereof with the
p-tol uenesul fonic acid or n-toluenesul fonic acid nonohydrate of step (a) is
1 nol ar equivalent or nore with respeeB to the conpound represented by.
formula (B). of step-(a); and (c) subsequently allow ng the m xed sol ution
to crystallize to obtain the conpound represented by formula (A): - 29 -

[ Formul a 2] , [ Caim 2] TheC t %d according to claim1, wherein

t he ptol uenesul fonic acid or p-toluenesulfonic acid nonohydrate of step (a)
is at 0.5 ymlan, gquivalent or nore and less than 1.0 nmolar equivalent with -
respect to the conpound represented by formula (B). [ aim 3] _ The

net hod accor di AgnrkenehairMrl (9 ddc iWiereidbra Rt atdsnesyl fonig, acid or

p-tol uenesul fonic acid nonohydrate of step (a) is at 0.8 nolar equival ent
or nore antblless richat il arolmr, etnipmad entgwihdé sespecsfio the conmpound
represented by formula (B). [d aim 4] The nmet hod according to any one
of clainms (at miXingher eiangdend otgprevdare@quy vabentlof (Bhe

pt ol uenesul fonic acid or p-toluenesul fonic acid nonohydrate of step (a) and
t he addi tidrrimiygtaolluenesul foni ¢ acid or p-tol uenesul fonic acid nonohydrate
added in step (b) is between 1.0 nol ar equivalent and 3.0 nol ar equival ents
inclusive with respect tolthe conpound represented by forrmula (B) of step
(a). - 30 - [daim5Ps-No

- O | J
CrNT T o Ny ®
—N N HNWJLNJ%
0 H

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 cob;ing, wherein

the additional p-teoluenesulfonic acid or p-
toluenesulfonic acid monohydraté 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) :



The met hod according to any one of clainms 1 to 3, wherein the total nolar
equi val ent of the ptoluenesulfonic acid or p-tol uenesul fonic acid
nonohydrate of - step.(a) and the additional ptoluenesulfonic acid or

p-tol uenesul foni ¢ acid. nonohydrate -adtied-in step (b) is between 1.0 nol ar
equi val ent and 1.2 nol ar equivalents inclusive wth respect to the conpound

represented by fornula (B) of step (a). [C aim 6] The met hod accordi ng
to any one;gf . fl 2? 1 to 5 wherein the solvent is an al cohol or an
aqueous alco 0 % aim7] : The net hod according to any one of clains
1 to 6, wherein the solvent is aqueous ethanol. [C aim 8] The net hod

according to any one ab cb@LnB 1 to 7, wherein the aqueous ethanol has a
wat er cont ent of greater t han 0% and Ie s than or equal to 50% [C aim 9]
The met hod accordin 1 to 8, wherein p-toluenesulfonic
aci d nonohydrate |§ us[CI aim 10] The met hod according to any one
of claims 1t FEiNn lof t¥e sotvent is from5 tines to 30
times (v/w-—gjhad-ef Hoquwpd « JO ai m3@H - 310 The met hod

accordi ng to‘aﬁ& one of c wherein the heating tenperature of'step(a)is
1 to 60C 10, to 80C.

[Claim 2]

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

[Claim 3]

The method according to claim 1 or 2, wherein the p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate of step (a) is at 0.8 molar equivalent of
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 the p-
toluenesulfonic acid or p-toluenesulfonic acid
monchydrate of step (a) and thé additional p;
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate added in step (b) is between 1.0 molar
equivalent and_B.O molar equivalents inclusive with
respect to the compound represénted by formula (B) of

step (a).



Td aim 12] " The nethod accor di ng to any one of clains 1 to 11, wherein
the cooling tenperature of step (b) is -20C to 40C.

- 30 -

[Claim 5] | -

The method accordihg to any one of claims 1 to 3,
wherein the total molar equivalent of the p-
toluenesulfonic acid or. p—teluenesulfonic acid
monohydrate of step (a) and the additional p-
toluenesulfonic acid or p-toluenesulfonic acid
monohydrate added in step (b) is between 1.C 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 claims 1 to 5,
wherein the solvent is an alcohol or an agueous alcohol.
[Claim 7]

The method according to any one of claims 1 to 6,
wherein the solvent is aquedus ethanol.

[Claim 8]

The method according to any one of claims 1 to 7,
wherein the agqueous ethanol has a water content of
greater than 0% and less than or equal to 50%.

[Claim 9]

The method according to any one of claims 1 to 8,
wherein p-toluenesulfonic acid monohydrate is used.
[Claim 10] |

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

[Claim 11]



The method according to any one of claims 1 to 10,
wherein the heating temperature of 'step (a) 1is 60°C to
g0°C. |
[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.



