IBPF11-538 [DESCRIPTION] [Title of Invention] COMPOSITION FOR MAINTAINIBEEIFINCTION OF
PLATELETS [Technical Field] 5The present invention relates to a composition for maintaining
afunction ofplatelets, a method for preparing platelets, a blood product comprising platelets, and a
method for maintaining a function of platelets in a blood product, which utilize an N-hydroxyformamide
derivative. 10[Background Art] For the treatment of blood-related diseases typified by leukemia, it

is extremely i y amplify and supply blood cells in an amount necessary for such
treatment. %@%@%{?ﬁ?%ﬁbﬁt researchers have attempted 15to efficiently amplify hematopoietic stem

cells or hematqpojetic, pragenitar Gells, o Amang blogd gells., megakanygeyies;ais piaielet progenitor

cells, i.e., cells producing platelets and are known to form a proplatelet structure (cytoplasmic 20
formation) tgpreduce platelets and play an important role in therapeutic applications. Platelets are
essential for blood coagulation (hemostasis). Accordingly, the demand for platelets is extremely high
for leukemig,hone mareow transpéantation, anticancer therapy, and so forth. 25Platelet production
hasbeenattempted by administration of thrombopoietin (TPO) and in the way of IBPF11-538
différentiating umbilida¢ conddreadtoribonemarrow cellsaintosmegakargaoytess othepthahcarmethod of
collecting blood from blood donors so far. Recently, a method also has been attempted in which
hematopoietie prdgehitércelts 5 aretdmplifidd ek a/ive 6 prepare plaidets fanP sahagtégehitor cells.
For example, the present inventors have reported: a method for producing platelets in a relatively large

amount effiieAthySfShi & saé-liRe StRTttdte €htiesing ABRatopbidtic BroyeRitst 'clls, afer the

method for maintaining a function of platelets in a blood
product, which utilize an N-hydroxyformamide derivative.
10 [Background Art]

For the treatment of blood-related diseases typified
by leukemia, it is extremely important to stably amplify
and supply blood cells in an amount necessary for such
treatment. Thus, todate, many researchers have attempted

15 to efficiently amplify hematopoietic stem cells or
hematopoietic progenitor cells.

Among blood <cells, megakaryocytes are platelet
progenitor cells, i.e., cells producing platelets and are
known to form a proplatelet structure (cytoplasmic

20 formation) to produce platelets and play an important role
in therapeutic applications. Platelets are essential for
blood coagulation (hemostasis). Accordingly, the demand
for platelets is extremely high for leukemia, bone marrow
transplantation, anticancer therapy, and so forth.

25 Platelet production has been attempted by

administration of thrombopoietin (TPO) and in the way of



10 sac-like structure was prepared from human embryonic stem cells (ES cells) (PBH] lafd&thod for
efficiently preparing mature megakaryocytes and platelets from induced pluripotent stem cells (iPS
cells) in an in-vitro culture system (PIL 2); and so forth. 15As described above, researches on the
method for preparing platelets per se exogenously have been advanced. However, the function of
prepared platelets is poorly stable. For this reason, it is necessary to develop a method that enables
preparation d%]: a gargg agn.oggtl of 20 f%nlcfional lplatele S c?g%tgleoorf l%eci)r}lgestored for an e_ineSnded period

. n 1Ga cCQY . marrow c
of time. md? ng Be ween ﬁaltle ets angl an ex?race}ﬁul ar matr IX IS an |mporf3ant process for

inducing blaogh<oaguaton, homosiass, tuams formation. faihe dke) i 2%l this

process is initiated when a platelet receptor GPIb binds to von Wi factor (VWF) via'an

IBPF11-538,a-sybunit-(GP1Ba). Hawevelo it has been repogied dhat updera gendition of areund 37C, a
metalloproteinase ADAM1 7 ( a disintegrin and metallopeptidase domain 1 7 ) sheds an extracellular

region of GRla Geleasetyclgavage) n vtheraby inhibiting dhe-assogiatiohdeiwesan &Plba and VWF,
and the platelets lose blood coagulating ability (NPLs 1 and 2). Hence, it is anticipated that at least
the activity efcADANMD 7 needsitode suppressed incorderato kegplthe durction 0woh platetets prepared
in vitro. Actually, the present inventors have reported that the function of platelets prepared in vitro can
be kept by &dditpatidncappropriste tinhing &Xmkibiter (SUth BS SMBDD Diresthonkibititta
metalloproteinase activity or a p38 MAP kinase inhibitor 15 indirectly inhibiting activation of the activity
of metalloprotéifdseStichPal DML ¥ PBIIP3)° AU © NeFehthélbss. Siitibitorstién as GRBDD1 inhibit
the activitiez of not onI¥nADAQ/I17 t% alsp otk%elr me?lloproteinases (p?r.tilgularlg MMP 9 and MMP14
essential 20 T6rhematdpoiétic function) Sénc te itiliZeh'tS prepare platelets

e’ when Slchdnhibitors are Gtiliz
in vitro, the 'énrpéblitggsirgleged to | ea%q%g%iaé acertain r|%erieolgli hep platelet rod%c%ig)% Is ogﬁferved most
abundantly. Since sucha complex task as gettineg)rlgh timing is required in cell culturing that 25is poor

in ggnsistency and seproducibility, the methed for preparing platelets: by aifilizing these dnhibjtors has

not
cells (EScells) (PTL1); amethod forefficiently preparing

mature megakaryocytes and platelets from induced
pluripotent stem cells (iPS cells) in an in-vitro culture
system (PTL 2); and so forth.

15 As described above, researches on the method for
preparing platelets per se exogenously have been advanced.
However, the function of prepared platelets is poorly
stable. For this reason, it is necessary to develop a
method that enables preparation of a large amount of

20 functional platelets capable of being stored for an
extended period of time.

Bindingbetweenplateletsandanextracellularmatrix
is an important process for inducing blood coagulation
(hemostasis, thrombus formation, and the like). It is

25 believed that this process is initiated when a platelet

receptor GPIb binds to von Willebrand factor (VWF) via an



IBPF11-538 been satisfactory yet in preparing a large amount of functional platelet8id-psrticularly in
establishing a plant for platelet production system. Furthermore,non-selectivemetalloprotednase
5inhibitorsinhibittheactivityofallof metalloprotednasessuchasmembranetype metalloproteinases,
secretedmetalloproteinases and ADAMSs. Accordingly, the in vivo use is believed to bring about a risk
of various side effects (adverse influences 10caused by the inhibition of essential MMPs or ADAMs

acting on different organs). Actually, sincg non-selective, metalloproteinase inhibjtors cause a severe
side effect calléd Er)nuulgéu os(k%%eﬁia%%%drognoe‘f %%enrwényl&ev?éﬁ)%rg%%%nof ]fﬁé)s%rlr‘llc}ﬁgto?s%{ ﬁ‘gcve been

terminated (NP 3)- Moreoxen (L5Jhis suagestedfhat & dnhibitor yith & hydioxaypic geidiructure,
such as GM6001, should have mutagenicity (NPL 4). Thus, platelets obtained by a method using

foregoing inhibitar are net;satisfactgryieven insately yel Meanwhiles &t present; therers na effective
method 20 for storing platelets prepared from living donors, other than a method in which platelets are

stored with agitating:af 2401 Cito 24C: Ageardingly, itirseems effectivede prepare platelets ppder room
temperature conditions (200 to 24C) even when the method for suppressing the metalloproteinase
25attivity oEADAMAY isnitilizedtto keeptilve durction et plateléts tNeventligidssonaverifivgation has
been made IBPF11-538

and the platelets lose blood coagulating ability (NPLs 1

and 2).

Hence, it is anticipated that at least the activity

of ADAM17 needs tobe suppressedinorder tokeepthe function
10 of platelets prepared in vitro. Actually, the present
inventors have reported that the function of platelets
prepared in vitro can be kept by adding at an appropriate
timing an inhibitor (such as GM6001) directly inhibiting
ametalloproteinase activity or a p38 MAP kinase inhibitor
15 indirectly dinhibiting activation of the activity of
metalloproteinase such as ADAM17 (PTL 3).

Nevertheless, inhibitors such as GM6001 inhibit the
activities of not only ADAM17 but also other
metalloproteinases (particularly MMPY9 and MMP14 essential

20 for hematopoietic function). Hence, when such inhibitors
are utilized to prepare platelets in vitro, the inhibitors
need tobe addedat acertainperiodwhenplatelet production
is observed most abundantly. Since such a complex task
as getting right timing is required in cell culturing that

25 is poor in consistency and reproducibility, the method for

preparing platelets by utilizing these inhibitors has not



under the room temperature condition at all so far whether or not it is possible to gé&Rkitribiigal cord
blood or bone marrow cells differentiated into megakaryocytes, and whether or not it is possible to
produce platelets from 5 hematopoietic progenitor cells derived from ES cells or the like. As
described above, a compound practically usable as an active ingredient of a composition for
maintaining a function of platelets has not been discovered yet . Hence, 10 a method for obtaining
functionally s table platelets in vjtro and pa tlcularly a method suitable for mass productlon f highly
safe platelets Shave not been es#ébﬁlghég % preserﬁ [%ﬁatlonnﬁst]alSEF?aﬁgnﬁ L‘%eratures] IL 1]

hﬂewmﬂm%%PHQ@§@ggN T“FQ?@@élﬁé ”Eﬁgklcularly in establishing a

plant for platelet production system.

Furthermore, non-selective metalloproteinase

5 inhibitors inhibit the activity of all of
metalloproteinases such as membrane type
metalloproteinases, secreted metalloproteinases and
ADAMs. Accordingly, the in vivo use is believed to bring

about a risk of various side effects (adverse influences

10 caused by the inhibition of essential MMPs or ADAMs acting

on different organs). Actually, since non-selective

metalloproteinase inhibitors cause a severe side effect

called musculoskeletal syndrome, the many developments of

these inhibitors have been terminated (NPL 3). Moreover,

15 it is suggested that an inhibitor with a hydroxamic acid

structure, such as GM6001, should have mutagenicity (NPL

4). Thus, platelets obtained by a method using foregoing
inhibitor are not satisfactory even in safety yet.

Meanwhile, at present, there is no effective method

20 for storing platelets prepared from living donors, other

than a method in which platelets are stored with agitating

at20°Cto24°C. Accordingly, it seemseffectivetoprepare

platelets under room temperature conditions (20°C to 24°C)

even when the method for suppressing the metalloproteinase

25 activity of ADAM17 is utilized to keep the function of

platelets. ©Nevertheless, no verification has been made
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under the room temperature condition at all so far whether
or not it is possible to get umbilical cord blood or bone
marrow cells differentiated into megakaryocytes, and
whether or not it is possible to produce platelets from
5 hematopoietic progenitor cells derived from ES cells or
the like.
As described above, a compound practically usable
as an active ingredient of a composition for maintaining
a functionofplateletshasnot beendiscoveredyet. Hence,
10 a method for obtaining functionally stable platelets in
vitro and particularly a method suitable for mass
production of highly safe platelets have not been
established at present.
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4704 to 4708 [Summary of Invention] [Technical Problem] The present invention hB&’bdefs$nade in
view of the 5 above-described problems of the conventional techniques. An object of the present
invention is to identify acompound capable of maintaining a function of platelets by specifically
inhibiting a metalloproteinase activity of ADAM17 to suppress GPIba shedding. Another object of the
10 present invention is to provide a composition for maintaining a function of platelets, to efficiently
produce plaﬁatg, %nd tﬂr@grove the quality ma intenan ce of a blood product, all of which are
achieved by uti izing?he identified compound. 15[Solution to Problem] The present inventors have
earnestly St?g@ﬂ&%?@g%ﬁ? %llg{%/ggq%@lqove objects. As a result, the inventors have revealed that
culturing under room temperature condition of 25 fails to differentiate hematopoietic 20 progenitor
cells derived fropES eslis, R3S ¢ellsyar the like into megakaryocytes, or to produce platelets from the
megakaryocytes, but that a culture condition around 37C is preferable. Hence, the present inventors
next searched for amespstied capaklle okspecticallsishibiting 2bADAM' v -mediatedrGPHecz
shedding in culturing at around 3 7 C Asaresult,thefollowingswerefoundout. IBPF11-538
N-hydroxyfermansdel dertvativesiwith alpheiics lar fstructu rechave randinhbilory action: speeific to
ADAML17. When the N-hydroxyformamide derivatives were added to a culture system for producing
platelets or @ MipiECS périphéral bioverdedvedyiatelets .G Fbalshedding WasRippressed, and the
function of the platelets was also maintained under the temperature condition of around 37C. The

present inv&tBathave f8dnd BattR&Srdit BGch Actidnéttf thediBenfiffed R4+§8fk§formamide

derivatives, the 10 d.eriv%\ves,ar extremely useful for]e1> icient platelet production, improvement in the
ele

quality mairtBiTancs of & blobd| &o&éécjt%%rrﬁ riSing plateleRPAnd So- 8 Thesé distovetiedhave led to

i g e ] Pk e
comprising asan-agtive jngredient, a compound representgd by the follpwing; gensral fergula (1)
maintaininga functionofplatelets, toefficientlyproduce
platelets, and to improve thequalitymaintenance of ablood
product, all of which are achieved by utilizing the
identified compound.
15 [Solution to Problem]
The present inventors have earnestly studied in order
to achieve the above objects. As a result, the inventors
have revealed that culturing under room temperature
condition of 25° fails to differentiate hematopoietic
20 progenitor cells derived from ES cells, iPS cells, or the
like into megakaryocytes, or to produce platelets from the
megakaryocytes, but that a culture condition around 37°C
ispreferable. Hence, the present inventors next searched
for a compound capable of specifically 1inhibiting

25 ADAM17-mediated GPIba sheddinginculturingat around37°C.

As a result, the followings were found out.



200r a salt thereof, or a solvate thereof: X represents a phenylene group; IBPF11-B88'NM-fépresents
any one of a hydrogen atom and -(CH2)mR1; wherein m represents an integer of any one of 0 to 4;
and 5R4 is any one of [Chem. 2] 0"9 R2N2 1 R5R5 and'NNe-R3 wherein R2
representsany one of a 01 to 06 alkyl group, which may be substituted, an aryl group, which may 10be
substituted, and a 01 to 06 alkoxy group; R3 and R4 each independently represent

a hydrogen atom u
may form a%t%o\@eﬁ-c% a?nrlﬁngaﬁlejtereocycfg(;égﬁd] TR (reespresen]ts any one ofa ﬁydlrogena?ft

gng a 01 to 06 aIl%/I group, or. R3 and R4 togV(;:thte}r1 withaan ad?cgntcnliltio

06 alkyl group, and g, 01 1,98 alkylsulfonyl groug,and, o+ s on specific to ADAMIT.

10

15

20

When the N-hydroxyformamide derivatives were added to a
culture system for producing platelets or to human
peripheral blood-derived platelets, GPIba shedding was
suppressed, and the function of the platelets was also
maintained under the temperature condition of around 37°C.
The present inventors have found out that from such actions
of the identified N-hydroxyformamide derivatives, the
derivatives are extremely useful for efficient platelet
production, improvement in the quality maintenance of a
blood product comprising platelets, and so on. These
discoveries have led to the completion of the present
invention.

The present invention more specifically provides the
following inventions.
(1) Acomposition formaintaininga functionof platelets,
the composition comprising, as an active ingredient, a
compound represented by the following general formula (I)
or a salt thereof, or a solvate thereof:

[Chem. 1]

oY (D)

wherein

X represents a phenylene group;

any one of

en atom

om, a 01 to



Z represents any one of a hydrogen atom and a 01 to 06 alkyl group. (2)The comp8g$itiorsagcording to
(1), wherein the 20compound represented by the general formula (1) is anyone of
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth ylamlnomethylphenyl)ethyll-N-hydroxyformamide
and IBPF11-538 N-{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(form ylhydroxyamino ) ethyl]
benzyl }methane suit onamide ( 3 )The composition according to any one of (1) and ( 2 ) in a form of
any one of a reagery for maintaining a function 5cj)c1f plaﬁelgts and an additive éo_a bc! oc; p}E@cjuct
comprising platelets .]ff)%rrﬁestﬁgél onr)lrt\ép%ﬁ%gop atelets; wherein the methdd C(Smp?islés ddding, to a
culture system for differentiating megakaryocytes from cells capable of differentiating into 10
megakaryocytes and producing platelets from the megakaryocytes, a compound represented by the

following general formula (Iyor-a saltthergof , ona splvatedherepf s [Ghem3lor 0 to 4;

and
5 R' is any one of
[Chem. 2]
Q \
SN"R2Z,  ONR?2 , and R
RS RS R

whereinR2representsanyonecﬁfaCltx>C6alkyl
group, which may be substituted, an aryl group, which may
10 be substituted, and a Cl to C6 alkoxy group;
R® and R* each independently represent any one
of a hydrogen atom and a Cl to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
nitrogen-containing heterocycle; and
15 R’ represents any one of a hydrogen atom, a Cl
to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and
Z represents any one of a hydrogen atom and a Cl to

Cé6é alkyl group.

(2) The composition according to (1), wherein the
20 compound represented by the general formula (I) is any one
of

N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth

ylaminomethylphenyl)ethyl] -N-hydroxyformamide and



15wherein X represents a phenylene group; Y represents any one of a hydrogen dtthl lafit$ -
(CH2)mR1; wherein m represents an integer of any one of 0 to 4; 20and Rl is any one of [Chem. 4]
IBPF11-538 0"9 \ N R2N2 IR-IR- and-R3 wherein R2 representsany one of a 01 to 06 alkyl
group, which may be substituted, an aryl group, which may be substituted, and a 01 to 06 alkoxy
group; 5R3 and R4 each independently represent any one of a hydrogen atom and a 01 to 06 alkyl

group, or R3 and Ry together with 2 adjagent nirager atom may form 2 nfrqeen-cppizining
heterocycle; and
ylhydroxyamino)ethyl]benzyl}methanesulfonamide.
(3) The composition according to any one of (1) and (2)
in a form of any one of a reagent for maintaining a function
5 of platelets and an additive to a blood product comprising
platelets.
(4) A method for preparing platelets, wherein the method
comprises adding, to a culture system for differentiating
megakaryocytes from cells capable of differentiating into
10 megakaryocytes and producing platelets from the

megakaryocytes, a compound represented by the following

general formula (I) or a salt thereof, or a solvate thereof:

[Chem. 3]
D!
X
I S Y
Z HO jr
0]
15 wherein

X represents a phenylene group;
Y represents any one of51hydrogen.atonland-—(CHz)le;
wherein
m represents an integer of any one of 0 to 4;
20 and
R' is any one of

[Chem. 4]



R5 represents any one of a hydrogen atom, a 01 10to 06 alkyl group, and a 01 to O8P&Iky#S&Ifonyl
group; and Z represents any one of a hydrogen atom and a 01 to 06 alkyl group. (5) The method
according to (4), wherein the compound represented by the general formula (1) is any one of
15N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth ylaminomethylphenyl)ethyll-N-hydroxyformamide
and N-{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(form
ylhydroxyamino)ethyllbenzylimethanesulfonamjde. (6) The method according to any one of (4) and (5)
, Wherein 20a cultuge temperature in the ct{ure-System is 35 to 38C. (7) A culture w%hich isa culture
system for differentiating megakaryocytes fr@d cells capable of diffgrentiating intg Rrégakaryocytes
and for prodt%hb Rgz p yLN \RLS ’ IBaFﬂéSS platggaﬁﬁom the
megakaryocyteé, nd is added to the systlem with a compound represented by|tt1e following general
formula (1) or aE’a?t thereof, or a solvate tFeteof: [Chem. 5]0 X 00 N H) HO" (R

whereinR2representsanyonecﬁfaCltx>C6alkyl
group, which may be substituted, an aryl group, which may
be substituted, and a Cl to C6 alkoxy group;
5 R® and R* each independently represent any one
of a hydrogen atom and a Cl to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
nitrogen-containing heterocycle; and
R’ represents any one of a hydrogen atom, a Cl
10 to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and
Z represents any one of a hydrogen atom and a Cl to
C6é alkyl group.
(5) The method according to (4), wherein the compound
represented by the general formula (I) is any one of
15 N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth
ylaminomethylphenyl)ethyl] -N-hydroxyformamide and
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form

ylhydroxyamino)ethyl]benzyl}methanesulfonamide.

(6) The method according to any one of (4) and (5), wherein
20 a culture temperature in the culture system is 35 to 38°C.
(7) A culture which is a culture system for

differentiating megakaryocytes from cells capable of

differentiating into megakaryocytes and for producing

10



5 wherein X represents a phenylene group; Y represents any one of a hydrogen atBRFaRgB3
-(C512)mR1; wherein 10m represents an integer of any one of 0 to 4; and R4 is any one of [Chem. 6]
15wherein R2 representsany one of a 01 to 06 alkyl group, which may be substituted, an aryl group,
which may be substituted, and a 01 to 06 alkoxy group; R3 and R4 each independently
represent any one of a hydrogen atom and a 01 to 06 alkyl group, or R3 and 20R4 together with an

adjacent nitiqgen afor may,form g niigerncontaining fleferocyder gy ¢o e

systemwith a compound represented by the following general

formula (I) or a salt thereof, or a solvate thereof:

[Chem. 5]
D!
I S
’ oy
5 (0]
wherein

X represents a phenylene group;
Y represents any one of a hydrogen atonland.—(CHg)le;
wherein

10 m represents an integer of any one of 0 to 4;

and

R' is any one of

[Chem. 6]
Q \ 7/ R
~ - ~
SNTCRZ N"" RZ , and N~ ;
s s L
15 whereinR?representsanyone<ﬁfaC1tx>C6alkyl

group, which may be substituted, an aryl group, which may
be substituted, and a Cl to C6 alkoxy group;
R® and R* each independently represent any one
of a hydrogen atom and a Cl1 to C6 alkyl group, or R® and
20 R* together with an adjacent nitrogen atom may form a

nitrogen—-containing heterocycle; and

11



1BPF11-538 R5 represents any one of a hydrogen atom, a 01 to 06 alkyllgisup;588d a 01 to
06 alkylsulfonyl group; and Z represents any one of a hydrogen atom and a 01 to 06 alkyl group.
5(8)The culture according to (7), wherein the compound represented by the general formula (I) is any
one of N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth
ylaminomethylphenyl)ethyll-N-hydroxyformamide and
N-{4-[2-(4-but-2-ynyloxyberg@nesuIfongé}l-%-éfoa{m

10ylhydroxyamino)ethyl]benzylfn?é)tﬁgnesu Snamide’ fb% A Elo%dh ﬁ/rg&uoc?%gm%ﬁgirﬁlg p?atcellets and a

compound tepresented by (e fallgwing,geneal farnulg (0,qr el fhesgoh of 2 salvate iereof:
[Chem. 7] 15 (0 wherein X Tepresents a phenylene group; Y represents any one of a hydrogen atom
and -(Cl12)mR1; whereilh resents any one of a hydrogen atom and a Cl to
C6 alkyl group.
5 (8) The culture according to (7), wherein the compound
represented by the general formula (I) is any one of
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth
ylaminomethylphenyl)ethyl] -N-hydroxyformamide and
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
10 ylhydroxyamino)ethyl]benzyl}methanesulfonamide.
(9) A blood product comprising platelets and a compound

represented by the following general formula (I) or a salt

thereof, or a solvate thereof:

[Chem. 7]
D!
I S
V4 HO jr
15 o
wherein

X represents a phenylene group;
Y represents any one of a hydrogen atonland.—(CHg)le;
wherein
20 m represents an integer of any one of 0 to 4;
and

R' is any one of

[Chem. 8]

12



20m represents an integer of any one of 0 to 4; and Rl is any one of [Chem. 8] O0BFKIN-REN2 IR-IR-
and-R3 wherein R2 representsany one of a 01 to 06 alkyl group, which may be substituted,
an aryl group, which may be substituted, and a 01 to 06 alkoxy group; 5R3 and R4 each independently
represent any one of a hydrogen atom and a 01 to 06 alkyl group, or R3 and R4 together with an
adjacent nitrogen atom may form a nitrogen-containing heterocycle; and R5 represents
any one of a hydrogen atom, a 01 10to 06 alkyl.group, and a 01 to 06 alkylsulfonyl group; and Z
represents any one-of a hydrogen atom a @,ﬁ to

S R
SN"SRZ,  ONTRZ , and N7 ;

RS RS R
whereinR2representsanyonecﬁfaCltx>C6alkyl
group, which may be substituted, an aryl group, which may
be substituted, and a Cl to C6 alkoxy group;
5 R® and R* each independently represent any one
of a hydrogen atom and a Cl to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
nitrogen-containing heterocycle; and
R’ represents any one of a hydrogen atom, a Cl
10 to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and
Z represents any one of a hydrogen atom and a Cl to
C6é alkyl group.
(10) The blood product according to (9), wherein the
compound represented by the general formula (I) is any one
15 of
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth
ylaminomethylphenyl)ethyl] -N-hydroxyformamide and
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}methanesulfonamide.
20 (11) A method for maintaining a function of platelets in
a blood product, wherein the method comprises adding, to
a blood product comprising platelets, a compound

represented by the following general formula (I) or a salt

13



06 alkyl group.  (10) The blood product according to (9), wherein the compoundIBbiids&idted by the
general formula (I) is anyone 150f N-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(4-dieth
ylaminomethylphenyl)ethyll-N-hydroxyformamide and
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form ylhydroxyamino)ethyl]lbenzylimethanesulfonamide.
20 (11) A method for maintaining a function of platelets in a blood product, wherein the method
comprises adding, to.a blood product comprising platelets, a compound represented by the following
general forrﬁqﬁlgﬁ’gﬁ %‘Fa salt Ié’l—sﬂ%@%ttﬁeg%g I(??E'gfsc'ﬂvate thereof: wherein 5X represents a
phenylene grotjghg#;prﬁents any one of a hydrogen atom and -(CH2)mR1; wherein m represents an
integer of any one of 0 to 4; and 10R4 is any one of [Chem. 10] 000

L
I s>y

O//\\O ——_(I)
N__H
4 HO” jr
O
wherein
5 X represents a phenylene group;

Y represents any one of a hydrogen atom and - (CH,) oR*;

wherein

m represents an integer of any one of 0 to 4;

and
10 R' is any one of
[Chem. 10]
Q \ 7/
N" R , N"" RZ , and N ;
RS RS RA

whereinR?representsanyone<ﬁfaC1tx>C6alkyl
group, which may be substituted, an aryl group, which may
15 be substituted, and a Cl to C6 alkoxy group;
R® and R* each independently represent any one
of a hydrogen atom and a Cl1 to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
nitrogen—-containing heterocycle; and
20 R’ represents any one of a hydrogen atom, a Cl

to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and
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,R3 N R2and wherein R2 represents any one of a 01 to 06 alkyl groufBREhici3$nay be
substituted, an aryl group, which may 15be substituted, and a 01 to 06 alkoxy group; R3 and
R4 each independently represent any one of a hydrogen atom and a 01 to 06 alkyl group, or R3 and
R4 together with an adjacent nitrogen atom may form a nitrogen-containing heterocycle; and 20Rs
represents any one of a hydrogen atom, a 01 to 06 alkyl group, and a 01 to 06 alkylsulfonyl group; and
IBPF11-538 %)resents any one of a hl){drocgfn atg {jand a0l to 06 alkyl | group (]3@2()) The
method accordmg to ( f)pwﬁerem the“com pound represe %%I/etﬁe genera‘ﬁf1 ormul ) ISany one of
SN-[2-(4-but-2- ygxllggs)ibe(%%n%ulfonyl) -1-(4-dieth ylaminomethylphenyl)ethyll-N-hydroxyformamide
and N-{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(form

ylhydroxyaming)ethyllkenzylmethapesulipnamide: [Advantagepus Effects of, Invention) 1Q&he N-hydr

o xyfo rmami de derivatives discovered in the present invention are capable of maintaining a function
of platelets ewven-under ademperatiie cerditanaf areunsh374 byrspecHicallyyinkibiging a
metalloproteinase activity of ADAM17 to suppress GPlba shedding. Thus, the 15derivatives make it
possible to produceNer |a?ge(dmburit of functidnally stableeplateletstin vitrb) and-totkegpahié quality of a
blood product comprising platelets. [Brief Description of Drawings]
ylaminomethylphenyl)ethyl] -N-hydroxyformamide and
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}methanesulfonamide.
[Advantageous Effects of Invention]
10 The N-hydroxyformamide derivatives discovered in the
present invention are capable of maintaining a function
of platelets even under a temperature condition of around
37°C by specifically inhibiting a metalloproteinase
activity of ADAM17 to suppress GPIba shedding. Thus, the
15 derivatives make it possible to produce a large amount of
functionally stable platelets in vitro, and to keep the
quality of a blood product comprising platelets.
[Brief Description of Drawings]
[Fig. 1] Fig. 1 is a schematic drawing for illustrating
20 amethod for inducingmegakaryocytes/platelets, under room
temperature conditions, from hematopoietic progenitor
cells derived from ES cells or the like.
[Fig. 2] Fig. 2 1is a graph showing the number of
megakaryocytes produced from ES cell-derived

25 hematopoietic progenitor cells by culturing under room

temperature conditions. The unit of the vertical axis is
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[Fig. 1] Fig. 1 is a schematic drawing for illustrating 20 a method for inducing megddCBrlyw38
cytes/platelets, under room temperature conditions, from hematopoietic progenitor cells derived from
ES cells or the like. [Fig. 2] Fig. 2 is a graph showing the number of
megakaryocytesproducedfromEScell-derived 25hematopoietic progenitor cells by culturing under room
temperature conditions. The unit of the vertical axis is IBPF11-538 cell count/well. [Fig. 3] Fig. 3is a
graph showineglaltotal number gf platelets produced from the ES cell-derived hematopoietic progenitor
C count/well. . . . ..
cells by culturing under'to m?emperature 5 conditions. The unit of the vertical axis is cell count/well.

[Fig. 4] Fig. 4 igEai aph showing the number gt me gak Aryocyles BrOQH‘Eg;,\dﬂr%’HIHH@ﬁC%'fcord

blood-derived 0D34(+) cells by culturing under room temperature 10 condition. The unit of the vertical

axis is cell gount/well  JFig. ] Fid @ is.agraphshaowinga total purber E platelsts produced from the
umbilical cord blood-derived 0D34(+) cells by culturing under room temperature 15 condition. The unit

of the vertical-axjs isicel cound/wel. 4Fig.40]) xPratacol 1 ilusirates applicatientyning ©f a compound
(S-45282 or S-45457) according to the present invention in an induction process from ES cell- or IPS
20 cell-derivethliematopaietic progenitondetls into megakanmocytes/platekets. s<Protocat 22 illustrates
that washedplatelets were prepared from human peripheral blood, and the compound (S-45282 or
S-45457) ac€cvidifd toethé present invention was added thereto. 25[Fig. 7] Fig. 7 is a graph for

illustrating the results of verification of the function-maintaining effects of
[Fig. 4] Fig. 4 1is a graph showing the number of

megakaryocytes produced fromumbilical cord blood-derived
CD34 (+) cells Dby culturing under room temperature
10 condition. The unit of the vertical axis 1is cell
count/well.
[Fig. 5] Fig. 5 is a graph showing a total number of
platelets produced from the umbilical cord blood-derived
CD34 (+) cells by culturing under room temperature
15 condition. The unit of the wvertical axis 1is cell
count/well.
[Fig. 6] <Protocol 1> illustrates application timing of
a compound (S—-45282 or S-45457) according to the present
invention in an induction process from ES cell- or iPS
20 cell-derived hematopoietic progenitor cells into
megakaryocytes/platelets. <Protocol 2> illustrates that
washedplateletswereprepared fromhumanperipheral blood,
and the compound (S-45282 or S-45457) according to the
present invention was added thereto.
25 [Fig. 7] Fig. 7 is a graph for illustrating the results

of verification of the function-maintaining effects of
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IBPF11-538 GM6001 and S-45282 on ES cell-derived platelets when each compolatff\lr@§éadded to a
culture system for 2 days (2 days). The vertical axis represents percentages (%) of CD42b (GPlba) (+)
and CD42b (GPIba) (-) where a total number of 5platelets (0D41(+)) is taken as 100. [Fig. 8] Fig. 8 is
a graph showing a total number of the ES cell-derived platelets obtained when GM6001 or S-45282
was added to the culture system for 2 days (2 days). The unit of the vertical axis is cell count/well.
10[Fig. 9] Fig, 9 53 araph for Jlusratind the result of yeritying effepts,of GMe004, and 5:45262
maintaining a function o cell-derived pla efets whér éach cm%poundlwas addéd'to’a clture

system for S (8 T rtical axis r t (%0),0f CD42b Iba) (+) and
CD42b (GP%Ik?a@ﬁ()- (l\?vgcgﬁ gé\stol%g} é%%&mf)éle!)r éf Slgt% Z@s? %O%%efr(ﬁ%p%saggger% aé%fb%. ﬂ%{%%% Fig. 10 is a

graph showing.a total purmper of hesES celi-derivied platelets obtaingdwhen)GMEO0d 10f 545282

were added to the culture system for 8days (8 days) 20The unit of the vertical axis is cell count/well.
[Fig. 11] Fig d# isa graph shewingothe wunder st S cell-derved platelets:(the.ouwmber of
0D41(+)CD42b(+) and 0D41(+)CD42b(-)) obtainedwhenGM6001, S-45282, or S-45457 was added to
a culture systeart for 8tdayd.Clheluhit Jof thes2Svekieal axis i$ €éll count/well. [Fig. 12] Fig. 12 is a graph
for illustrating the result IBPF11-538 of verification of function-maintaining effects of GM6001,
S-45282, and 5£454578dn tHeSE STellsdérivedaptatetets Whaw each compount wais addddt® the culture
system for 8 days. The vertical axis represents a percentage (%) of CD42b 5 (GPIb%)5(5-%\évhere a

total number of pratdlekIBDYEF)PistakehcdsS16d t ained when GM6001 or S-

was added to the culture system for 2 days (2 days). The
unit of the vertical axis is cell count/well.

10 [Fig. 9] Fig. 9 is a graph for illustrating the result
of verifying effects of GM6001 and S-45282 maintaining a

function of ES cell-derived platelets when each compound

was added to a culture system for 8 days (8 days). The
vertical axis represents percentages (%) of (CD42b
15 (GPIboa) (+) and CD42b (GPIba) (-) where a total number of

platelets (CD41(+)) 1is taken as 100.

[Fig. 10] Fig. 10 is a graph showing a total number of
the ES cell-derived platelets obtained when GM6001 or
S-45282 were added to the culture system for 8 days (8 days) .

20 The unit of the wvertical axis is cell count/well.
[Fig. 11] Fig. 11 is a graph showing the number of ES

cell-derived platelets (the number of CD41 (+)CD42b(+) and

CD41(+)CD42b(-)) obtained when GM6001, $S-45282, or 5-45457
was added to a culture system for 8 days. The unit of the
25 vertical axis is cell count/well.

[Fig. 12] Fig. 12 is a graph for illustrating the result
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[Fig. 13] Fig. 13 is a graph showing a total number of ES cell-derived platelets obtdiédivwien GM6001
or S-45457 was added to a culture system for 8 days. The unit of the 10vertical axis is cell count/well.
The value is average standard error (n = 4). [Fig. 14] Fig. 14 is a graph for illustrating a
concentration-dependence of function-maintaining effect of S-45457 on the ES cell-derived platelets.
The vertical 15 axis represents a percentage (%) of CD42b (GPlba) (+) where a total number of

platelets is taken as, The value i avera e hy standa d error (n sharp s icates p <
0.1. [Fig. 151 JIlélg f%?fs a grgph sh%%wﬁlg a to ! humber o aﬁﬂlilggceﬁ'den&edpl%té%d(r)&g[émed when

GM6 00 1 of Sidoneg was added 10,8 sulyre system far days, The i of feerteg) utp s el

count/well. The value is average standard error (n = 16] Fig. 16 Is a graph for illustrating a

2500ncentr@tmd%%@gg%owygcg%mlryglmmgee@%clt ©f3-45455 enthedBS celkdgrivedplatelets.
The vertical IBPF11-538 axis represents a percentage (%) of CD42b (GPlba) (+) where a total

number of plateletsis takeaasalW0s* @asterisk)ands™ dwpasterisks)drdicate p sf0.@panedp < 0.01,
respectively. 5[Fig. 17] Fig. 17 is a graph for illustrating a concentration-dependence of
funétion-mairitaining effect ofhs 45457 tontpetiphenab blocdtdervedoplatelets. dhé vertical axis
represents a percentage of 0D41(+)CD42b (GPIba) (+) where a total number of platelets is taken as
101.00. The& vl iseaverdge value + standard error (n = 4).** (two asterisks) indicates p < 0.01.

[Fig. 13] Fig. 13 is a graph showing a total number of

ES cell-derived platelets obtained when GM6001 or S-45457

was added to a culture system for 8 days. The unit of the
10 vertical axis is cell count/well. The value 1s average
+ standard error (n = 4).

[Fig. 14] Fig. 14 is a graph for 1illustrating a
concentration-dependence of function-maintaining effect

of S-45457 on the ES cell-derived platelets. The vertical

15 axis represents a percentage (%) of CD42b (GPIba) (+) where
a total number of platelets is taken as 100. The value
is average + standard error (n = 4). # (sharp sign)

indicates p < 0.1.
[Fig. 15] Fig. 15 is a graph showing a total number of
20 iPS cell-derived platelets obtained when GM6001 or S—45457
was added to a culture system for 8 days. The unit of the
vertical axis 1is cell count/well. The value 1s average
+ standard error (n = 4).
[Fig. 16] Fig. 16 1is a graph for illustrating a
25 concentration-dependence of function-maintaining effect

of S-45457 onthe iPScell-derivedplatelets. Thevertical
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[Fig. 18] Fig. 18 shows dot plot charts for illustrating function-maintainingeffects of[BA34578andp38
inhibitors on peripheral blood-derived platelets. 15[Fig.19]Fig.19 is a graph for illustrating
function-maintaining effects of GM6001, 5-45457, and the p 3 8 inhibitors onperipheral blood-
derivedpl atelets . The vertical axis represents a percentage of CD41 ( +) CD42b (GPIba) (+)to a
total number of platelets which 20is taken as 1.00. The value is average value + standard error (n = 4).

[Fig. 20] Fig. 20 is a graph showing a total number o{/ S cell-deriyed plat Ilgts o(§>t ined when
Mool Sioner e B o L S D G B S PN e

vertical axis s, cefl countipel [Fice 211 Fig. 21 i=.a raph for llusirating the resylt {BRRL1936 of
verification of function-maintaining effects of GM6001, S-45457, and the p38 inhibitors on the ES

cell-derived_platelets whep.eachicompornd was added to tpe culture system f%r &daysoThe vertical
axis represents a percentage (%) 50f CD42b (GPIbo() (+) where a total number of platelets is taken as

100. [Fig.22}bigc22 iscagraph for illustrating the result of verification of function-maintaining effects
of GM6001, S-45457, and S-45282 on peripheral blood-derived 10 platelets . The vertical axis
represents a perdentage (%) of CB42b1(GPIbs() (&) wihesepa totabmumbéi ofsplateletsnis taken as 100.
[Fig. 23] Fig. 23 shows graphs for illustrating the result of verification of function-maintaining effects of
GM6001, 15945257, 15145287, dfdb thieds38drhibfoisiarcperipherad blodd-tedvedl PRPSThe vertical
axis represents percentages (%) of 0D41 (+) CD4210 (+) and 0D41 (+)CD42b (-%Where a total number
of pIateIetsf’(fD _(@)élégtal@ﬁ egef@bpheral blood-derived platelets. The

vertical axis represents a percentage of CD41(+)CD42b
(GPIba) (+) where a total number of platelets is taken as

10 1.00. The value is average value + standard error (n =
4). ** (two asterisks) indicates p < 0.01.

[Fig. 18] Fig. 18 shows dot plot charts for illustrating
function—-maintainingeffectsof S-45457 andp38 inhibitors
on peripheral blood-derived platelets.

15 [Fig. 19] Fig. 19 1is a graph for illustrating
function-maintaining effects of GM6001, S-45457, and the
p38 inhibitorsonperipheral blood-derivedplatelets. The
vertical axis represents a percentage of
CD41 (+)CD42b(GPIba) (+) toatotal number of plateletswhich

20 is taken as 1.00. The value is average value + standard
error (n = 4).

[Fig. 20] Fig. 20 is a graph showing a total number of
ES cell-derived platelets obtained when GM6001, S-45457,
or the p38 inhibitors was added to a culture system for

25 8 days. The unit of the vertical axis is cell count/well.

[Fig. 21] Fig. 21 is a graph for illustrating the result
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20[Fig. 24] Fig. 24 shows dot plot charts for illustrating function-maintaining effectd®fiGMG801,
S-45457, S-45282, and a p38 inhibitor on peripheral blood-derived platelets .  [Fig. 25] Fig. 25 shows
dot plot charts for illustrating a concentration-dependence of function-maintaining ef fect 250f S-45457
on peripheral blood-derived platelets . [Fig. 26] Fig. 26 is a graph for illustrating the result IBPF11-538
of chronological evaluation of the adhesion ability of platelets prepared in the presence of S-45457.

[Fig. 27] Fig. 27 Is a graph far illustrating the result of evaluatian of the adhesio ility. of the platelets
Sprepared in h\éeprrés%eln%(‘:%1 %fL §P481%5g}1% |gl.02r§3] ]Eiag.lﬁ Shows' %i%%%%&%ﬁr%%k@a%@elﬂme of laser

iradiation (9 sgeondls) and,20 seeongs inerefter, spawinadfrombus farmatien inJuieg i which
platelets prepared in the presence of S-45457 were injected. 10 [Fig. 29] Fig. 29 is a graph for

illustrating the gentribytion pEthe plateletsprenargd; indheipresense ef-S-4pAod 1@ the thrembus
formation. The vertical axis is a percentage (%) of the number of human platelets to a total number of

platelets (mpuse s+laungan) invalved érthe thronbuss 1bJprmation - which was ebtaingd hy:gbserving
obstructive thrombi Induced in mensenteric capillaries of mice transfused with each sample. The value
is thHe averagé df thHepercémtages + standard-error dbtainéd yrobserving 20 bloed wésselss
20[Description of Embodiments] A composition of the present invention is a composition for
maintainingtefupetionsof bltelets, the composition comprising, as anactive ingredient, acompound

represented b){ the following general formula (1) or a salt 25thereof, or a solvate thereof: [Chem. 11]
Fig. 22] Fig. 22 is a graph for illustrating the result

of verificationof function-maintainingeffects of GM6001,
S-45457, and S-45282 on peripheral Dblood-derived

10 platelets. The vertical axis represents a percentage (%)
of CD42b (GPIba) (+) where a total number of platelets is
taken as 100.

[Fig. 23] Fig. 23 shows graphs for illustrating the result
of verificationof function-maintainingeffects of GM6001,

15 S-45457, S-45282, and the p38 inhibitors on peripheral
blood-derived PRP. The wvertical axis —represents
percentages (%) of CD41(+)CD42b(+) and CD41(+)CD42b(-)
where a total number of platelets (CD41(+)) is taken as
100.

20 [Fig. 24] Fig. 24 shows dot plot charts for illustrating
function-maintainingeffects of GM6001, S-45457, S-45282,
and a p38 inhibitor on peripheral blood-derived platelets.

[Fig. 25] Fig. 25 shows dot plot charts for illustrating
aconcentration-dependenceof function-maintainingeffect

25 of S-45457 on peripheral blood-derived platelets.

[Fig. 26] Fig. 26 is a graph for illustrating the result
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IBPF11-538 0 wherein X represents a phenylene group; Y represents alBPbHes6$ a
hydrogen atom and -(CH2)mR1; Swherein m represents an integer of any one of O to 4; and R1 is any
one of [Chem. 12] 10 wherein R2 represents any one of a 01 to 06 alkyl group, which may
be substituted, an aryl group, which may be substituted, and a 01 to 06 alkoxy group;

of chronological evaluation of the adhesion ability of
platelets prepared in the presence of S-45457.

[Fig. 27] Fig. 27 is a graph for illustrating the result
of evaluation of the adhesion ability of the platelets

5 prepared in the presence of S-45457.

[Fig. 28] Fig. 28 shows microphotographs at the time of
laser irradiation (0 seconds) and 20 seconds thereafter,
showing thrombus formation in mice into which platelets
prepared in the presence of S-45457 were injected.

10 [Fig. 29] Fig. 29 1is a graph for illustrating the
contribution of the platelets prepared in the presence of
S—-45457 to the thrombus formation. The vertical axis is
a percentage (%) of the number of human platelets to a total
number of platelets (mouse + human) involved in the thrombus

15 formation, which was obtained by observing obstructive
thrombi induced 1in mensenteric capillaries of mice
transfused with each sample. The value is the average of
the percentages + standard error obtained by observing 20
blood vessels.

20 [Description of Embodiments]

A composition of the present invention 1is a
composition for maintaining a function of platelets, the
compositioncomprising, asanactive ingredient, a compound
represented by the following general formula (I) or a salt

25 thereof, or a solvate thereof:

[Chem. 11]
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R3 and R4 each independently represent any one 15 of a hydrogen atom and a OBRy10638kyl group,
or R3 and R4 together with an adjacent nitrogen atom may form a nitrogen-containing heterocycle;

and R5 represents any one of a hydrogen atom, a 01 to 06 alkyl group, and a 01 to 06
alkylsulfonyl group; and 20Z represents any one of a hydrogen atom and a 01 to 06 alkyl group.
IBPF11-538 In the compound represented by the above-mentioned general formula (I) , "Cl to 06"

and "06 to C Jo4" each mean that the carbon number falls within a range of from 1 to 6, and from 6 to
14, respectiyely. to 06 alkyl group" of "Cl to 06 alkyl group, which may be substituted” in R2, R3,
R4, R5 and| mea B e branched 01 to 06 alkyl group, and its specific examples include a
methyl group, an ethytgroupq anm-propytgrédip, an isopropyl group, an n-butyl group, an isobutyl
group, 10a tert-butyl gro 6’ a Sfc- butyl group, an n-pentyl group, a tert-amyl group, a 3-methylbutyl
group, a neopentyl group, an rhexyl group, etc. The substituent in the above-mentioned "ClI to
06 alkyl grompewhieh may be substituted” includes a hydroxyl group, 15 a halogen atom, a cyano
group, a nitro group, a 01 to 06 alkoxy group, a carboxyl group, a 01 to 06 alkoxycarbonyl group, etc.
At least one or mor& of these may the sabstitaeted Ireary antbenery substitutable position. In case
where the compound has multiple substituents, the substituents 20may be the same or dlfferent and
may be substituted BrF e saARCashaR KtemDIcdh differdhtaabon afomand — (Ffaldgén atom"
means a fluorine atom, a chlorine atom, a bromine atom, an iodine atom. "Cl to 06 alkoxy
grodp" means an ai®8F §rotp in which

m represents an integer of any one of 0 to 4;
and

R' is any one of

10

whereinR?representsanyone<ﬁfaC1tx>C6alkyl
group, which may be substituted, an aryl group, which may
be substituted, and a Cl to C6 alkoxy group;
R’ and R* each independently represent any one
15 of a hydrogen atom and a Cl1 to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
nitrogen—-containing heterocycle; and
R’ represents any one of a hydrogen atom, a Cl
to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and
20 Z represents any one of a hydrogen atom and a Cl to

C6 alkyl group.
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25the alkyl moiety is has the same meaning as that of the above-mentioned "Cl tolBBHIk§Bgroup”, for
which, for IBPF11-538 example, there is mentioned a linear or branched alkoxy group such as a
methoxy group, an ethoxy group, an n-propoxy group, an iSopropoxy group, an n-butoxy group, an
isobutoxy group, a tert-butoxy group, a sec-butoxy group, an 5n-pentyloxy group, a tert-amyloxy
group, a 3-methylbutoxy group, a neopentyloxy group, an n-hexyloxy group, etc. "01 to 06

alkoxycarbonyl group" means one in which the alkyl moiety excluding the oxycarbonyl moiety therein
is a linear or branc#grtlj gf‘ fo 06’ &?ﬁug%iup{er?c?ued%egr}tﬁ)é}/og%xg%ae?%orﬁfe hf)nxey%gr%%ﬂﬁ%roup, an

eth OXycarb%g%Vrll group, an P:RIGROXYEArbanyh groyp. A ISOPKORQXYCAIDQNYLGIOUR 8N 1o 4 1

n-butoxycarbonyl group, an isobutoxycarbonyl group, a tert-butoxycarbonyl group, a

sec-butoxygarhenyl geoup, an fpeniveysarbonylargur, i Intert:amylexysarbepykgroup A
3-methylbutoxycarbonyl group,aneopentyloxycarbonylgroup,an n-hexyloxycarbonyl group, etc.

“Nitrogen-centaining heteracyeler yvhich, R3 aregh R4tagether with an adjacent nitrogen atom form
includes, for 20 example, a 5- to 7-membered nitrogen-containing heterocycle which contains at least
onesnitrogen atom i @dditiol to 2hegarbon atgnt asttHeCdydle-comstiltting atommand wiay dlirther
contain one or two hetero atoms selected from an oxygen atom, a sulfur atom and a nitrogen atom.
25Preferredexaniplesoithe hittogeredniainiRgheRrocydle ificlude @ Fiparding rifgla piperazine ring,

a morpholine IBPF11-538 , o
or branched C1 to C6 alkyl group, and its specific examples

include a methyl group, an ethyl group, an n—-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group,
10 a tert-butyl group, a sec-butyl group, an n-pentyl group,
atert-amyl group, a 3—-methylbutyl group, a neopentyl group,
an n-hexyl group, etc.
The substituent in the above-mentioned "Cl to C6 alkyl
group, whichmay be substituted" includes a hydroxyl group,
15 a halogen atom, a cyano group, a nitro group, a Cl to C6
alkoxy group, a carboxyl group, a Cl to C6 alkoxycarbonyl
group, etc. At least oneormoreof thesemaybe substituted
in any and every substitutable position. In case where
the compound has multiple substituents, the substituents
20 may be the same or different, and may be substituted on
the same carbon atom or on different carbon atoms.
"Halogen atom" means a fluorine atom, achlorine atom,
a bromine atom, an iodine atom.
"Cl to C6 alkoxy group" means an alkoxy group in which
25 the alkyl moiety is has the same meaning as that of the

above-mentioned "Cl to C6 alkyl group", for which, for
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ring, a thiomorpholine ring, a pyrrolidine ring, an imidazolidine ring, etc. "Aryl G¥BEIig-68" aryl
group, which may be substituted " in R2 means an aromatic carbocycle, preferably a 06 to 5014
aromatic carbocycle, and includes, for example, a phenyl group, a naphthyl group, etc. The
substituent on the aromatic ring of the above-mentioned " aryl group, which may be substituted "
includes a hydroxyl group, a halogen atom, a cyano group, 10 a nitro group, a trifluoromethyl group, a
01 to 06 alkyl %rouq which ma ebe supnsetitqct?% a0 'an q_6i%lkox1y %rou%i a cargmgfl %r%ogg,xa 01 to 06

alkoxycarbon>§/ énl%uﬁ,’etg.h,&t &ast oné ‘of rmore of thése ma@%e substitutedin %ny evé’ry

substitutablg posifion, In,case.whets (e .19 compound bas guifiple substiienis, fhe subsiuents may
be the same or different, and may be substituted on the same carbon atom or on different Carbon
atoms. In this, Shalogen @tQ%r'@%é%g%@@d&[OHR, Mhichmay besubstitutedt,s 91 @ 86 alkoxy
group" and "01 to 06 20alkoxycarbonyl group” have the same meanings as above. "01 to 06
alkylsulfonygwup'’, in RS means-analkysulfenybareup ia whiek:thewatkyk tnoiety hias the same
meaning as that of the above-mentioned "Cl to 06 alkyl group", including, for example, a
methanesulfonytgroup cary25ethapesalforyt groupy étexin gaseawhere thenconpolind repregsented by
the general IBPF11-538 formula (I) has an asymmetric carbon, racemates and diastereomers thereof
and also individua opficdl aeteforseithe Eompountrare all ficlubed ¥n thedientiet.dn case
where the compound has a geometric isomer, the (E) 5 form and the (Z) form thereof and also the
mixture thereof are aff inchtiedtin & MTERtRBAR O 1Y NofSsueiicaPdétined he salt'dt #fe’compound
represented by the general formula (1) may be any pharmaceutically-acceptable salt thereof, including,
for 10 exarhiRG, SHSkbih 3T HohGARIED LEbs Bt W o GBS ki kGl acid
salts with an ;L)nogg qi ggig, g@ltso\gig}]%@l @irgplactig, ete. I%)ﬁr%le P‘é@ sa_ILtg éévffﬁ an r;r%[organic base
include aIkaJIi metal salts and alkaline earth metal salts such as'lithim salits, sodium 15 salts,
potgssium salfs, ealeiymsalts magnesiun saltsy, stcy Examples of the salts with an.grganjq base
include triethylamine salts, pyridine salts, ethanolamine salts, cyclohexylandne salts,

dicyclohexylpneling saits, dibprzyieihgnolamine salts,reie. gSxamples ©bthesalts carbony 1

group, an n-butoxycarbonyl group, an isobutoxycarbonyl

group, a tert-butoxycarbonyl group, a sec-butoxycarbonyl

group, an n-pentyloxycarbonyl group, a
15 tert-amyloxycarbonyl group, a 3-methylbutoxycarbonyl
group, a neopentyloxycarbonyl group, an

n-hexyloxycarbonyl group, etc.
"Nitrogen-containing heterocycle" which R® and R’
together with an adjacent nitrogen atom form includes, for
20 example, a 5- to 7-membered nitrogen-containing
heterocycle which contains at least one nitrogen atom in
addition to the carbon atom as the cycle-constituting atom
and may further contain one or two hetero atoms selected
from an oxygen atom, a sulfur atom and a nitrogen atom.
25 Preferred examples of thenitrogen-containing heterocycle

include a piperidine ring, a piperazine ring, a morpholine
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20 with an organic acid include formates, acetates, tartrates, maleates, succinates|BBEI&ES malates,
ascorbates, oxalates, glycolates,phenylacetates,methanesulfonates, etc. Examples of the salts with an
inorganic acid include hydrochlorides, hydrobromides, phosphates, sultanates, 25nitrates, etc.
Examples of the salts with an amino acid include glycine salts, alanine salts, arginine salts,
IBPF11-538 glutamates, aspartates, etc. The compound represented by the general formula (1)
may have a form of prodg{)cr;. Exam Igs ]c_)f. [%rodrug include meth)él es&er, dethyl ester and aminoalkyl
ester derivatives’ 5 af'the calrggfy?%ro%plo the Eo%géuna ofthe 68nelraIJT8remuFal®?ace?a?e, formate

and benzoate derivatives.at the p;iq{gxyl group and the amine functional group of the compound of the
general formula (é, etc., to which, however, the invention is not limited. 10The compound represented

by the above-mentioned gegeral forimdan(l) can beraduced acgording to varigus methods but may
be efficiently produced according to the method mentioned below. Note that,Specific examples of the
"protective group" for use-in she praguetiontmethod r t meditioneghelaw inghide astertsbuty group, a
benzyl group, an o-methylbenzyl group, a p-nitrobenzyl group, a p-methoxybenzyl group, an
o-cliloroberizy¥greumasz, 4-dichlorsbenzyt Yeoupaa p-biomahenezyl grdupy are akiyhglotp, &
tert-butoxycarbonyl group, a benzyloxycarbonyl 20group,ano-methylbenzyloxycarbonylgroup,a

p-nitrobenzPldRytatbahyIgrdup, 28 p-hrsthoxylienylcxgtarbomyigroup,an

o-chlorobenzyloxycarbonylgroup,a 2,4-dichIorobenzyloxycarbonylgroup,a

25p-bromobenzyloxye&rbonyigroub dhaitoxyearbonyfgrody: afttButyldimétAylsiigrotpa

above-mentioned " aryl group, which may be substituted "
includes a hydroxyl group, a halogen atom, a cyano group,
10 a nitro group, a trifluoromethyl group, a Cl to C6 alkyl
group which may be substituted, a Cl to C6 alkoxy group,
a carboxyl group, a Cl to C6 alkoxycarbonyl group, etc.
At least one or more of these may be substituted in any
and every substitutable position. In case where the
15 compound has multiple substituents, the substituents may
be the same or different, and may be substituted on the
same carbon atom or on different carbon atoms. In this,
"halogen atom", "Cl to C6 alkyl group, which may be
substituted", "Cl to C6 alkoxy group" and "Cl to C6
20 alkoxycarbonyl group" have the same meanings as above.
"Cl to C6 alkylsulfonyl group" 1in R’ means an
alkylsulfonyl group in which the alkyl moiety has the same
meaningas that of the above-mentioned"CltoC6 alkyl group",
including, for example, a methanesulfonyl group, an
25 ethanesulfonyl group, etc.

In case where the compound represented by the general
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IBPF11-538 tert-butyldiphenylsilyl group, a triethylsilyl group, a trimethylsilyl groliF1-538
triisopropylsilyl group, a methoxymethyl group, a tetrahydropyranyl group, carbony! protective groups
(for example, protective groups with 5 ethanediol, propanediol, mercaptoethanol, mercaptopropanol,
ethanedithiol, propanedithiol, etc.), etc. The compound represented by the general formula (1)
can be produced, for example through the reaction of the 10following step 1 and step 2. [Chem. 13]
Scheme 1: SY O I—{ % n the formulae X, Y an Z have the sam meanin as
15ment|oned é:bove ([.?) fhthe’s epalS %yalroxylamlne or its sdlt is added™ <> 4"

diastereomers thereof and also individual optical active
forms of the compound are all included in the invention.
In case where the compound has a geometric isomer, the (E)

5 form and the (Z2) form thereof and also the mixture thereof
are all included in the invention.

Not specifically defined, the salt of the compound
represented by the general formula (I) may be any
pharmaceutically—-acceptable salt thereof, including, for

10 example, saltswithan inorganic base, saltswithanorganic
base, salts with an organic acid, salts with an inorganic
acid, salts with an amino acid, etc. Examples of the salts
with an inorganic base include alkali metal salts and
alkaline earth metal salts such as lithium salts, sodium

15 salts, potassium salts, calcium salts, magnesium salts,
etc. Examples of the salts with an organic base include
triethylamine salts, pyridine salts, ethanolamine salts,
cyclohexylamine salts, dicyclohexylamine salts,
dibenzylethanolamine salts, etc. Examples of the salts

20 withanorganicacidinclude formates, acetates, tartrates,
maleates, succinates, lactates, malates, ascorbates,
oxalates, glycolates, phenylacetates, methanesulfonates,
etc. Examples of the salts with an inorganic acid include
hydrochlorides, hydrobromides, phosphates, sulfamates,

25 nitrates, etc. Examples of the salts with an amino acid

include glycine salts, alanine salts, arginine salts,
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IBPF11-538 to the compound (II) to produce the compound represented by the gefgtalfdula (I11). In
case where hydroxylamine is a salt thereof (hydrochloride, acetate, etc.), the addition reaction is
attained in the presence of an 5 inorganic base such as potassium carbonate, sodium carbonate,
sodium hydrogen carbonate, sodium hydroxide, potassium hydroxide, lithium hydroxide, etc. Not
specifically defined, the reaction solvent may be any solvent not significantly interfering with the
reaction, 10 PH%LgyrFreferably waterf Iceatlrah drofuran, cyclopentyl methyl ether, acetonitrile,

1,4-dioxane’ die ae‘fh%?’ or tﬁgf??nlxedts% Vent, te%c'. Not specifically defined, the reaction

temperature may begenerall gm0 10,1006 and dhe pepclion e, 2543 preferablyrqr 2 hours to

week. <Step 2> In the step 2, the compound (II) obtained inthe step 1 is condensed with the
intermediatg, rgpresented by 6%9%@{@%@&9%‘3 (IV)etQ produce t%%c%meawg 20.represented by the
general formula (1). The intermediate (IV) is a reactive intermediate to be obtained from a mixed acid
anhydride withtfagmic-aci@ (mixedragcid @anhydride af fermicacia andeacetie atid; ettt ives
pentafluorophenyl formate, or formic acid and a carbodiimide 25(dicyclohexylcarbodiimide,
diisépropylcarbodimide browatéresotubfe carbodiimidey.dror smdothiy attainingathe dBRE11:538
reaction, an organic base such as triethylamine, diisopropylethylamine, pyridine, lutidine, collidine,
dimethylaminbpyridifeedrathe likefray bé made fo doekikPintthe SystenyAddigs at the
1-hydroxybenzotriazole and/or 5 4-dimethylaminopyridine to some of these cases (especially where
the reactive'ifefriédiate F GBtRinét ffont gﬁfb@dﬁﬂrﬁﬁe) EQANG promicte thereddtior. INot Efecifically

defined, the reaction scg)lv nt maé be an $0 vent nctj{t siig?gicantlg interferiqlg_vgi}tlh tEe reaction, 10 butis
ra

preferably chidtooHA hiethylend chiGAde. tetrahVirdiurah; acstonttrite &ykfopentyiTethyiether,

1,4-ddoxane, ddmethylformamdde, oﬁq)r}getwl sulfaxide, pyridine, etc. Not specifically defined, the
reaction temperature may t)e generally from™0 to 100C, and the 15 reaction time is preferably from 1

to 24 hours. In this step, a.CHOLreup maybe.addeddg alsg tothe hysrxyLaraup ek thee o

hydroxylamino group, depending on the chemical properties of the starting materials; but in such a
case, the ppddetaay be processedwith alower gleshial dxan a20-agidie,lhasicorreuttalgondition to
be converted into the intended product, compound (). The lower alcohol is
preferablymethanotethanael,prepabal, etCfAn aaxilidry solvedtmayl be used eregand wiien used, the
auxiliary solvent is not specifically defined. 25Needless to say, depending on the properties of X,
method mentioned below. Note that,Specific examples of
the "protective group" for use in the production method
15 mentioned below include a tert-butyl group, a benzyl group,
an o-methylbenzyl group, a p-nitrobenzyl group, a
p-methoxybenzyl group, an o-chlorobenzyl group, a

2,4-dichlorobenzyl group, a p—bromobenzyl group, an allyl

group, a tert-butoxycarbonyl group, a benzyloxycarbonyl

20 group, an o-methylbenzyloxycarbonyl group, a
p-nitrobenzyloxycarbonyl group, a
p-methoxybenyloxycarbonyl group, an
o-chlorobenzyloxycarbonyl group, a
2,4-dichlorobenzyloxycarbonyl group, a

25 p—-bromobenzyloxycarbonyl group, anallyloxycarbonyl group,
a tert-butyldimethylsilyl group, a
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Y and Z, it is necessary to previously use the corresponding IBPF11-538 protectiv8Rji0ui3# the
reaction of the above-mentioned step 1 and step 2 and to remove the protective group after the
reaction. In case where the group is not protected, the yield in the next step and further in the next
step 5after that next step may lower and the intermediate may be difficult to handle. The
above-mentioned compound (II) may be produced according to the process of the step 3 to step 5, as
mentioned below. |BPF11-53 Chem. 14] Scheme 2: .In the formulae, X, Y and Z have the
same meaneir(?grsta_sbébto e;dgéjsiqeep[r]éfseﬁtls a releqa%?nlépfﬂncatiotn%?gertoﬂﬁ {sﬁc ijf‘sfaﬁt%u(%’alﬁ‘oxy group,

a halogen [ -dimethylh minQ grqup.ar ike; N ntslj 12, NaBH3,
LiBH3, Liszét%r?ﬁ“%%tﬁs?’%g% c )80z A B%KB%S%%%%%CI%%S slrSeA%E[?lﬁ(c#é)% 5]2 %Ir the like:

Et 10repre§ﬁ8¥§kﬁﬂ<§}m&9ﬁ%ggf§@§§% techndh atﬁeﬁymgpm%@dg?p&eﬁﬂ@ﬁﬂ the

general formula (V) is converted into an anion with a base, and then reacted with the compound
representedbby thegeneral dbdaimula 04} topradycedhe sermpeundi(Vd). Jhebase toibeused
includes lithium diisopropylamide, lithium (bistrimethylsilyl)amide, lithium tetramethylpiperazide,
sodium(bisteimethyésilylyamide,potassiunr opanediol, mercaptoethanol,
mercaptopropanol, ethanedithiol, propanedithiol, etc.),
etc.
The compound represented by the general formula (I)
can be produced, for example, through the reaction of the
10 following step 1 and step 2.

[Chem. 13]

Scheme 1:

(@] 0]
|| :: \S/\\\\\/X\Y NH,OH H [ j\ S X\Y

4\ -_— /N
Step 1 00 _NH
Z z HO
a1y (I11)
i
H @ ©
(aw) X
- = H 5 Y
Step 2 O O N H
z HO \ﬂ/
o)

«y

(In the formulae, X, Y and Z have the same meanings as
15 mentioned above.)
<Step 1>

In the step 1, hydroxylamine or its salt is added
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(bistrimethylsilyl)amide, n-butyllithium, sec-butyllithium, tert-butyllithium, etc. One al3tidlei3%s the case
may be, two or more of these may be used either 5 singly or as combined. Not specifically defined,
the reaction solvent may be any one not significantly interfering with the reaction, but is preferably
tetrahydrofuran, cyclopentyl methyl ether, tetrahydrofuran, diethyl ether, tert-butyl methyl ether, 10or
their mixed solvent, etc. The reaction temperature may be generally from -100 to 40C and the

reaction time is preferably from 1 t hours. In this step, the compound (II) may be produced
dapeting 57 e e TER HOPbrade of 18 EohEUUnG (o1 1 ERAIER HOekeF Ba et problem in

consideration, of e Jlsied Progyion Ohigdy 1SR4 o I e Step duthe comppund (VID

obtained in the step 3 Is reacted with the compound represented by the 20 general formula (VIII) to

produce the; compound represepted Dy F@?}Q%@Jlf%rﬂ% (IX)s £ be reaction-solvent is; when the
compound (V1) is sodium borohydride or lithium borohydride, preferably methanol, ethanol,

isopropanok teirahydrafutasa eyclopentylanethyt ethee 25diehloreraethanes ellerofosn orstheir mixture,
etc.; but when the compound (VIII) is any other than those two, the
readtionsohientispreferablytetrakydrofuran, eyslopentyd methyhethes tetralyy/deopyram, dliethyl ether,
tert-butyl methyl ether or their mixed solvent, etc. The reaction temperature may be generally from
-100 to 30CS5anelchée Feactior dimens pieterablyfrons I ke 12 hourss ©d 1 PuriRg O &fter e reaction of
the step 4, the hydroxyl group may be spontaneously eliminated from the formed compound (IX)
whereby th® 86mpSuntmay BE party S whothy Ehverted Th6 e coifpound B In the"&se of partial
10 conversion, the gteg SlTay e carrie outtvl\éithout seg)glr.ating the_converted compound; and in the
case of conTplets convatsion, the stef B may Be omitied. <<Stép 5 I'the st BY thecompdund (1X)

mﬁamedinggagggt not significantly interfering with the reaction,
10 but 1is preferably water, tetrahydrofuran, cyclopentyl
methyl ether, acetonitrile, 1,4-dioxane, diethyl ether or
their mixed solvent, etc.
Not specifically defined, the reaction temperature
may be generally from 0 to 100°C, and the reaction time
15 is preferably from 2 hours to 1 week.
<Step 2>
In the step 2, the compound (III) obtained in the
step 1 is condensed with the intermediate represented by
the general formula (IV) to produce the compound
20 represented by the general formula (I). The intermediate
(IV) is a reactive intermediate to be obtained from a mixed
acid anhydride with formic acid (mixed acid anhydride of

formic acid and acetic acid, etc.), pentafluorophenyl

formate, or formic acid and a carbodiimide
25 (dicyclohexylcarbodiimide, diisopropylcarbodiimide or
water-soluble carbodiimide). For smoothly attaining the
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15 4 may be dehydrated to produce the compound (Il). The dehydration reaction i$BREAIRES by a
combination of a hydroxyl group activator and an organic base . The hydroxyl group activator includes
methanesulfonyl chloride, p-toluenesulfonyl chloride, benzenesulfonyl chloride, 20 methanesulfonyl
chloride, thionyl chloride, surfuryl chloride,phosphoruspentachloride,etc. The organicbase Includes
triethylamine, diisopropylethylamine, diazabicycloundecene,diazabicyclononene,pyridine,
dimethylaminoggrtidine,Iutidine,collidine,etc. 25Preferred is a combinatigg(of rg%th'i\ne suit onyl chloride
and triethylé:r(renne. AS Gther aé]hyd(rja]ii%ﬁ?elacgen%?ﬁﬁ%re rsn%glkaPl‘—afl-S TethySamine,

bementdongdtdphenylphasphine ddethylazogdearbexylate, 1y ; q s 11id;
trdphenylphosphiéﬁdd s%propg;gzocarboxﬁlla%eg,ﬁ[ri-n-butylbhosghiﬁe-h?eetﬁylaggdicalr 5)?y ate,

tfi'n-bUty|ph9§HQiB%'9ﬂ%QM9%?%QQ@EQ%Y@E&%% pilhe reactign.selyent nay be apy gre not
significantly i nt erfering with the reaction, but is preferably chloroform, methylene chloride,
tetrahydrofuran, eyelopegtykmgthyl ethes, iacgtonitrite; Iy dipxane: dimethylformanide; eic: Not
specifically defined, the reaction temperature may be 10generally from 0 to 100C, and the reaction
time is prefdrablyrfronhy ie24 hoursr i d iNeedlessotosay, dépending or thégsopertieslaf X, Y and Z,
it Is necessary to previously use the corresponding protective group in the reaction of the
above-mentidriigel 5stepe3 tostarEs ané to rerfove fedpratettivel group Aftérithé feactisre™  The

compound (V) may be produced according to the step 6 mentioned below.
carbodiimide) could promote the reaction. Not

specifically defined, the reaction solvent may be any
solvent not significantly interfering with the reaction,
10 but is preferably chloroform, methylene chloride,
tetrahydrofuran, acetonitrile, cyclopentyl methyl ether,
1,4-dioxane, dimethylformamide, dimethyl sulfoxide,
pyridine, etc. Not specifically defined, the reaction
temperature may be generally from 0 to 100°C, and the
15 reaction time is preferably from 1 to 24 hours. In this
step, a CHO group may be added to also to the hydroxyl group
of the hydroxylamino group, depending on the chemical
properties of the starting materials; but in such a case,
the product may be processed with a lower alcohol in an
20 acidic, basic or neutral condition to be converted into
the intended product, compound (I). The lower alcohol is
preferablymethanol, ethanol, propanol, etc. Anauxiliary
solvent may be used here, and when used, the auxiliary
solvent is not specifically defined.
25 Needless to say, depending on the properties of X,

Y and Z, it isnecessary topreviously use the corresponding
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IBPF11-538 [Chem. 15] Scheme 3: (In the formulae, Z had the same meaningl&88beéve; J1 5
represents a halogen atom, a methanesulfonyloxy group, a p-toluenesulfonyloxy group, a
benzenesulfonyloxy group, a trifluoromethanesulfonyloxy group or a hydroxyl group.) <Step 6> In the
step 6, the compound represented by the general 10 formula (X) or its salt is condensed with the
compound represented by the general formula (XI) in the presence of an inorganic base to produce
the compound (V) . Preferred inoar[?anirtl: btaﬁgs includte .sodiunlch)éqlrgxig% Opvoéassieurqr% hydnrggde,

Iithiumhydr@xrlé)et, esgéiﬁr‘ﬁecaggé)nu e,lpotassmrﬁ S[5carbonate, cesiunt carbonate, calcium carbonate,

etc. However, whe 115 a bydionL group, the ydraxygroup gLthe cppipoypd [epresenied by the

general formula’(X) or its salt IS activated with a reagent and then the resulting compound Is

condensed with the gempeund represented by, the 20 19engral fosmula () topraducetbg compound
(V). As the reagent suitable for activating the hydroxyl group, there may be mentioned diethyl

azodicarboxyhate (DEAD)itriphenylphosphise, dissaprepyf urt her in the next step

azodicarboxylate-triphenylphosphine,cyanomethylene tributylphosphorane,cyanomethylene

trimethylphespheraneh Bhutykithiuns-ckliorodiphehylphosphine, ehe: In caserofediate may
be difficult to handle.

The above-mentioned compound (II) may be produced

accordingtotheprocessof thestep3tostep5, asmentioned

below.
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activating the group with butyllithium-chlorodiphenylphosphine, a quinone compouliPEuefdés
2,6-dimethy1-1,4-benzoquinone, tetrafluoro-1,4-benzoquinone or the like is added to the 10system.
Not specifically defined, the reaction solvent may be any one not significantly interferingwith the
reaction, but is preferably water, methanol, ethanol, tert-butanol, tetrahydrofuran, cyclopentyl methyl
ether, acetonitrile, 15 diethyl ether, dimethyl ether, dichloromethane, 1,4-dioxane,

2-methoxyeth2 qP N,N- d n@ehylformamide, or their mixed solvent, etc. Not specifically defined, the
reaction tempera ure may be generally from -80 to 120C, and the reaction time is preferably from 1 to
24 hours. 20 The aboye-mentioned compound (I) may also be produced through the reaction of the
following step 7 to step 11, as mentioned below. [Chem. 16] Scheme 4.  (VI) Step 7 00 (X11)

Y,X o}
(0] \f 0
E
I | \©\S/CH3 (VD \©\ X

7N\ —_— I | //S\\
0

(oo}
2 Step 3 J O o

Y

) (VD)

Step 4

o)
o)
Dehydration \©\
Ty Detten ) N

X.
It O,/\\;Y Y Step5

OH Z
Z

(IX) I

(Inthe formulae, X, Yand Z have the same meanings as above;
5 E represents a releasing functional group such as a Clto

C6 alkoxy group, a halogen atom, an

N, O-dimethylhydroxyamino group or the like; M' represents

Li, CeCl,, NaBH;, LiBH;, LiBEt;, KBEts;, LiB[CH (CHs3)C,Hs];

KB[CH(CH;3)C,Hs] 3, A1[CH(CHs)CyHs5]> or the like; Et
10 represents an ethyl group.)

<Step 3>

In the step 3, the compound represented by the general

formula (V) is converted into an anion with a base, and

then reacted with the compound represented by the general
15 formula (VI) to produce the compound (VII). The base to

be used includes lithium diisopropylamide, lithium

(bistrimethylsilyl)amide, lithium tetramethylpiperazide,
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,0 p IN..E1 Dehydration xsY Ns-y Step 90 0\\ 0 0 OH Step 8 0(V) (x1v) Depmted#8hlji-s38N<,,,,,. n

sodium (bistrimethylsilyl)amide, potassium
(bistrimethylsilyl)amide, n-butyllithium,
sec—-butyllithium, tert-butyllithium, etc. One alone or,
as the case may be, two or more of these may be used either
5 singly or as combined. Not specifically defined, the
reaction solvent may be any one not significantly
interfering with the reaction, but 1is preferably
tetrahydrofuran, cyclopentyl methyl ether,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
10 or their mixed solvent, etc.
The reaction temperature may be generally from -100
to 40°C and the reaction time is preferably from 1 to 12
hours. 1In this step, the compound (II) may be produced
depending on the chemical properties of the compound (VI),
15 which, however, causes no problem in consideration of the
intended production object.
<Step 4>
In the step 4, the compound (VII) obtained in the
step 3 is reacted with the compound represented by the
20 general formula (VIII) to produce the compound represented
by the general formula (IX). Thereaction solvent is, when
the compound (VIII) i1is sodium borohydride or 1lithium
borohydride, preferably methanol, ethanol, isopropanol,
tetrahydrofuran, cyclopentyl methyl ether,
25 dichloromethane, chloroform or their mixture, etc.; but

when the compound (VIII) is any other than those two, the
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- Y(X)Z1 (PoStep 11 (WI) Step 10 SY 00 (In the formulae, X, Y, Z, E, Ml andBIFar€ibie same as
mentioned above; and Pl represents a hydroxyl-protective group.) 5<Step 7> In the step 7, the
compound represented by the general formula (XII) is converted into an anion with a base, and then
reacted with the compound (V1) to produce the compound (XIlII), like in the step 3. 10<Step 8> In
the step 8, the compound represented by the general formula (XII1) is reacted with the compound
represented by the general foriyla (Vi) to produyce the compound 1Y) . like 1 the step 4.
cyclopentyl methyl ether, tetrahydropyran, diethyl ether,
tert-butyl methyl ether or their mixed solvent, etc. The
reaction temperature may be generally from -100 to 30°C

5 and the reaction time is preferably from 1 to 12 hours.

Duringor after thereactionof thestep4, thehydroxyl
group may be spontaneously eliminated from the formed
compound (IX) whereby the compound may be partly or wholly
converted into the compound (II). In the case of partial

10 conversion, the step 5maybe carriedout without separating
the converted compound; and in the case of complete
conversion, the step 5 may be omitted.
<Step 5>

In the step 5, the compound (IX) obtained in the step

15 4 may be dehydrated to produce the compound (II). The
dehydration reaction is attained by a combination of a
hydroxyl group activator and an organic base. The hydroxyl
group activator includes methanesulfonyl chloride,
p-toluenesulfonyl chloride, benzenesulfonyl chloride,

20 methanesulfonyl chloride, thionyl chloride, surfuryl
chloride, phosphoruspentachloride, etc. Theorganicbase
includes triethylamine, diisopropylethylamine,
diazabicycloundecene, diazabicyclononene, pyridine,
dimethylaminopyridine, lutidine, collidine, etc.

25 Preferred is a combination of methanesulfonyl chloride and

triethylamine. As other dehydration reagents, there may
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15Needless to say, depending on the properties of X and Y, it is necessary to previekisli-ie the
corresponding protective group in the reaction of the above-mentioned IBPF11-538 step 7 and step 8
and to remove the protective group after the reaction. <Step 9> In the step 9, the compound (XIV) is
dehydrated to 5produce the compound (XV), like in the step 5. In the step 9, the protective group
pl may be spontaneously removed from the f ormed compound whereby the c ompound may be partly

or wholly c%\v%gedtiriltg I%h((ejctornlpoklfgg1 é)iV(IJ)lolg tqlei%asg ﬁ dg%rtiallcgg\éeésigg, rtg% >s{teE)alQemay 10 be
carried out WﬁhouPseparaetlng the“convertéc con%)pounﬁ; an inl?ﬁ/e case of‘comp Ste*conversion, the

stop 10 may be oFTItes SEICDAPLJU he(ep A sompound r epie 5 ety e general 15

formula (XV) is deprotected according to any known method depending on the type of the protective

group Pl therein, thergby producingithe compeayngd represented by the.genegal formuia, (XV)). <Step
11> 20In the step 11, the compound (XVI) is condensed with the compound represented by the
general formula(X)-enitsysaiito produee theicospeune (1l), likedhe stepblate, etc.

5 The reaction solvent may be any one not significantly
interferingwiththereaction, but ispreferablychloroform,
methylene chloride, tetrahydrofuran, cyclopentyl methyl
ether, acetonitrile, 1,4-dioxane, dimethyl formamide, etc.
Not specifically defined, the reaction temperature may be

10 generally from 0 to 100°C, and the reaction time is
preferably from 1 to 24 hours.

Needless to say, depending on the properties of X,
Yand Z, it isnecessary topreviously use the corresponding
protective group in the reaction of the above-mentioned

15 step 3 to step 5 and to remove the protective group after
the reaction.

The compound (V) may be produced according to the

step 6 mentioned below.
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The N-hydroxyformamide derivative of the invention, thus produced according to th&P&bb¥88 mentioned
method, may 25be isolated and purified as a free compound thereof, or as its salt, its hydrate or its
various types of solvates IBPF11-538 such as an ethanolate thereof, or as a polymorphic form
thereof. The pharmaceutically-acceptable salt of the compound of the general formula (I) can be
produced according to conventional salt-forming reaction. The 5 isolation and purification may be
attained by chﬁEqiqcal opera jon of extractive fractionation, crystallization, various types of fractionation
chromatography, etC. ‘An optical isomer may be obtained as stereochemically pure isomer by selecting
suitable staéti&géﬁ%tegazls or by 10optical resolution of racemic compounds. The composition of
the present invention is a composition for maintaining a function of platelets, the composition
comprising, as an active ingredignt, the above-described compound or a salt thereof, or a solvate 15
thereof (hereinafter also referred to he compound represented by the general formula (I) or the
like"). In the present invention, the phgase_“raaintaining a function of platelets" mainly means
maintaining a functioq related to blood cgagulation suc emostasis and thrombus 20 formation by
platelets. The gﬁzgﬁion of the pre@‘@nt invention is capabteqf &thieving the function by suppressing
ADAM17-mefliated GPlba sheddin%{é I%ase by cl Evage). d %5 "Maintaining a function of platelets"
can be 25evaluated, for example, by employing a method in which the adhesion ability of platelets to
VWEF is evaluated}ﬂsing IBPF11-538 a flow chamber systenivas described in International Publication
No.WO02009/1 19 105 and Test Example 15 described later, a method in which the in vivo iifespan
of plateletsrif evalugtedfusin t rombocyt%pe ic mouse, a method in 5 which the shape of,platelets is

observed on atiblinogen coated tover Glass th the prezafice SFtrrombih, & biomotecuiar imaging

technique a?é’é?ﬁ%%be‘?r‘?ti% Tesh Ef%’QB'S ]a‘?tcl:gﬁ?r i%WrPéCchh%Wé%rH%so(‘}?Srﬁ%@?g‘ t@%%%'ﬁ”i@a' s

prepared using laser irradiation together with- 10 hematoporphyrin and so fort Ve the kinetics
of platelets gt an, individual,leye in, the.model animal, o, theLaRPEeAChEsy 1 0xy group,

a trifluoromethanesulfonyloxy group or a hydroxyl group.)

<Step 6>
In the step 6, the compound represented by the general
10 formula (X) or its salt is condensed with the compound
represented by the general formula (XI) in the presence
of an inorganicbase toproduce the compound (V). Preferred
inorganic Dbases include sodium hydroxide, potassium
hydroxide, lithium hydroxide, sodium carbonate, potassium
15 carbonate, cesium carbonate, calcium carbonate, etc.
However, when J' is a hydroxyl group, the hydroxyl group
of the compound represented by the general formula (X) or
its salt is activated with a reagent and then the resulting
compound is condensed with the compound represented by the
20 general formula (XI) to produce the compound (V). As the
reagent suitable for activating the hydroxyl group, there

may be mentioned diethyl azodicarboxylate
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ADAM17 (a disintegrin and metallopeptidase domain 17) is aproteinhaving a structB ¥ def&ining
adisinte grin 15 domain and has a metalloproteinase activity. ADAM17 is a protein also called TACE
(INF-alpha converting enzyme) because ADAM17 sheds, other than GPIba, membrane-bound INF-a
(tumor necrosis factor-alpha) to produce free INF-a. Typically, human-derived ADAM17 is a protein
(gene) 20specifiedunderACCESSIONNo0.NP_003174.3(No. NM_003183.4). GPlba (glycoprotein

Ib alpha) is rane pratein o telets, and functions as a receptor for yvonWillebr and factor
(VWEF). In aggr%%ﬁ?singc%%%l%gﬁ Eﬁ?&%%a %%ry 250n platelets in a huma(r%iljbcl)éﬁ%ﬁlgg Is also

called CD42h, (?'&@89@89&%% g2 Qéyﬁf%%ee%?geﬁ?&%é plasjets. 'BPFc:#é%?’c?mTth%CfH)é

human-derived GPlba is a protein (gene) speci nder ACCESSION No. NP_000 64.§?No.

NM_000173.5). h\lthoughhreference-seguences registered in GenBank Sayg exemplifiedas typical
examples of ADAM17 and GPIba, the amino acid sequences of the proteins may be mutated naturally

(i.e., non-artificially}. nhus nib shoutd-beenderstood that ADAM17 and GPlba involved in the action
mechanism of the composition of the present invention 10include such naturally-occurring mutants.

In the presemt invéation, themphrases isuppressimy ADANVEZmediated GPlba Shedding? includes both
complete suppression (inhibition) and partial suppression of shedding by ADAM17. Further, as
described i Exarmiples b later, it is possiblesto evaluate the cempssition of the present fabention as
suppressing ADAM17-mediated GPIba shedding when a percentage of the number of CD42b (GPIba)
(+) plateletdtb BltotaF AUMBEr Tt bRESES TR e YprEEntd b thie conviibsitioh DfREBREERAt invention
is calculated ZOHto be a large value in comparison Wi%‘lgﬁerceqta e ggtgined in the absence of the

compositiort 3fthe present inveéhtion. As the degre2 of GBiba shedding stppreased By the ‘composition

Of the present veatian, e erqeniage, o Jug pupberof DA2b(y platglelsndhe presange of the
] is eferet%?y ?ﬂL g

25composition of the present invention is p 80% or higher, and a higher percentage is more
prefgrable (fQfst em.

Not specifically defined, the reaction solvent may
be any one not significantly interferingwith the reaction,
but is preferably water, methanol, ethanol, tert-butanol,
tetrahydrofuran, cyclopentyl methyl ether, acetonitrile,

15 diethyl ether, dimethyl ether, dichloromethane,
1,4-dioxane, 2-methoxyethanol, N,N-dimethylformamide, or
their mixed solvent, etc. Not specifically defined, the
reaction temperature may be generally from -80 to 120°C,
and the reaction time is preferably from 1 to 24 hours.

20 The above-mentioned compound (II) may also be
produced through the reaction of the following step 7 to
step 11, as mentioned below.

[Chem. 16]

Scheme 4:
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IBPF11-538 example, 85% or higher, 90% or higher, 95% or higher). Note th&R¥theAn3dn ability of
the composition of the present invention to suppress GPlba shedding is evaluated using a method
described in Test Example 3 later, the 50% 5inhibitory concentration (1050) is preferably 0.01 nmol/L
to 100 nmol/L. Examples of the compound represented by the general formula (I) as an active
ingredient of the composition of the present invention include
10N-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(4-diethylamin omethylphenyl)ethyll-N-hydroxyformamide,
N-[2-(4-but-2- ynyloxybenzenesYubk )-1-(4-dimet hylaminomethylphenyl)ethyll-N-hydroxyformamide,
N-{4-[2-(4- but% r1|oxybenzene;3§§hy1)l (fo

15y|hydroxy5m|n yI]benzyII %,methoxyacetay\rr,\

N-{4-[2-(4-but-2-y 61ize )-1-(form hyﬂ{/oWamYno)ethyl]benzyllmethanesuIfonamlde
N-{4-[2-(4-but-2- ynyloﬁy@enzenesulfonyl) -1-(form thQdPoxS’/ -amino)ethyl]benzyllbenzamide,
20N-[2-(4-but-2-ynylosgbenzenesulfony1)-1-(4-morpHD

olin-4- yImethyIphenyI)ethyII -N-hydroxyformamide, N- hydro &/-N=[1-(4-morpholin-4-ylmethylphenyl)-2-
(4-pent-2- ynyloqqymenzemés I)ethyl]formzafggggé—;-anlf}]1 [2- (nyloxyt))(enzenesulfonyl) 1-(4-dimet
25hylaminophefyiijethy]l-N-hydre: A

Y

/\ 7%
Step 8 o 00

&IV) XV)

0
HO
Deprotection J1/\ \©\ <
Xy ® 2l 57Ty
Step 10 iy > O// \\O
00 Step 11 7
XVD) an

(In the formulae, X, Y, 72, E, M! and J' are the same as
mentioned above; and P' represents a hydroxyl-protective
group.)
5 <Step 7>
In the step 7, the compound represented by the general
formula (XII) is converted into an anion with a base, and
then reacted with the compound (VI) to produce the compound
(XITITI), like in the step 3.
10 <Step 8>
In the step 8, the compound represented by the general
formula (XIII) is reacted with the compound represented
by the general formula (VIII) toproduce the compound (XIV),
like in the step 4.
15 Needless to say, depending on the properties of X
and Y, it is necessary to previously use the corresponding

protective group in the reaction of the above-mentioned
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N-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(3-dimet IBPF11-538 IBPF11-538
hylaminophenyi)ethyll-N-hydroxyformamide, N-[2-(4-but-2-ynyioxybenzenesuifonyi)-1-(2-dimet
hylaminophenyi)ethyll-N-hydroxyformamide, N-[2-(4-but-2-ynyioxybenzenesuifonyi)-1-(4-piper
5idin-1-yimethylphenyi)ethy11-N-hydroxyformamide, N-[2-(4-but-2-ynyioxybenzenesuifonyi)-1-(3-piper
idin-I-yimethylphenyi)ethyl]hydroxyformamide, N-[2-(4-but-2-ynyioxybenzenesuifonyi)-1-(3-morph
olin-4-yimethylphepyi)ethyll-N-hydroxyformamide, 10N-[2-(4-but-2-ynyioxybenzenesuifonyi)-1-{4-[(eth
yimethylamlsni\({)g‘ﬁe?hy]%%e%;t/i?e?hgll?\gﬁ@ r%xf/%rprﬁgr%iééé progé’(%mye group afotgg
N'(Z'(4'bUthﬁy@ypﬁ¥ etfr:fggqsuifonyi)-l-{&[(eth
yimethylamino)methyl]phenyilethyl)-N-hydroxyformamide,
N-{4-[2-(4-hut-2yRyigxybenzenesuifonyi)-1-(form
15yihydroxyamino)ethyl]benzyil-N-methylmethanesuifonamid e,
N-{4-[2-(4-but-2-ynyiexybeazenesgifonyix éfosBmpound (XIV) is dehydrated to
yihydroxyamino)ethyl]benzyil-4-methylbenzenesuifonamid e,
20N-{4-[2-(4-buti2-yryioxybenzenesuifahyi)Av(fjormL ike in the step 5.
yihydroxyamino)ethyl]benzyil-4,N-dimethylbenzenesuifon amide,
N-{4-[2-(4-but-2-ynylidxyBerzenesgifonyl)-1-(iérfn protective group P’ may be

spontaneously removed from the formed compound whereby the
compound may be partly or wholly converted into the compound
(XVI). 1In the case of partial conversion, the step 10 may
10 be carried out without separating the converted compound;
and in the case of complete conversion, the step 10 may
be omitted.
<Step 10>
Inthestep 10, the compoundrepresented by the general
15 formula (XV) is deprotected according to any known method
depending on the type of the protective group P! therein,
thereby producing the compound represented by the general
formula (XVI).
<Step 11>
20 In the step 11, the compound (XVI) is condensed with
the compound represented by the general formula (X) or its
salt to produce the compound (II), like in the step 6.
The N-hydroxyformamide derivative of the invention,
thus produced according to the above-mentioned method, may
25 be isolated and purified as a free compound thereof, or

as its salt, its hydrate or its various types of solvates
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yihydroxyamino)ethyl]benzyil-N-methyisuifonyimethanesu 25ifonamide, IBPF11-538
N-{2-(4-but-2-ynyioxybenzenesuifonyi)-1-[4-(2-di IBPF11-538
methylaminoethyl)phenyllethyll-N-hydroxyformamide,
N-{2-(4-but-2-ynyloxybenzenesulfony1)-1-[4-(2-mo rpholin-4-ylethyl)phenyllethyll-N-hydroxyformamide,
N-(2-{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(f

5ormylhydrox ino)eth I]ph Ilet yl)met nesulf namid e
N-{2-(4- -but-2 L-}}//?1]!3/]oxf;berll)éene%slu1I(1)n?/ )5-[4JQE % or s a polymorphic form

methylaminppropyhghenyl I1-IN-hydr
N-{2-(4-bu?ggye?1§%%)%)(%%enz|éer%£}gs’u@lhnyl)@%@q(rmgggqu acceptable salt of the

10ethylaminoprepyhphenyliethyll-N-hydroxyfoimamide,u1a (1) can be produced
N-{2-(4-but-2-ynyloxybenzenesulfony1)-1-[4-(3-mo
rpholin-4-ylprepyliahenyllethyll-Nchyekoxyfosmamidea 1t -forming reaction. The
N-{2-(4-but-2-ynyloxybenzenesulfony1)-1-[4-(4-mo

rphélin-4-ylbuty)ephienyl E-ethylb-Nehydioxyformamidey be attained by chemical
15N-{4-[1-(formylhydroxyamino)-2-(4-pent-2-ynyloxy
benzenesulfarghethyljoereflimethancsuifsramitks aagnation, crystallization,

N-{4-[1-(formylhydroxyamino)-2-(4-oct-2-ynyloxyb enzenesuIfonyl)ethyl]benzylImethanesulfonamlde
As describediR TRECEXaYiiE 4 tater frBMtAe Vidlvpoint G romatography, etc. An

optical isomer may be obtained as stereochemically pure
isomer by selecting suitable starting materials or by
10 optical resolution of racemic compounds.

The composition of the present invention 1is a
composition for maintaining a function of platelets, the
composition comprising, as an active ingredient, the
above-described compound or a salt thereof, or a solvate

15 thereof (hereinafter also referred to as "the compound
represented by the general formula (I) or the 1ike"). 1In
the present invention, the phrase "maintaining a function
of platelets” mainly means maintaining a function related
to blood coagulation such as hemostasis and thrombus

20 formation by platelets. The composition of the present
invention 1s capable of achieving the function by

suppressing ADAMIl7-mediated GPIba shedding (release by

cleavage) .
"Maintaining a function of platelets" can be
25 evaluated, for example, by employing a method in which the

adhesion ability of platelets to VWF is evaluated using
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20 having a high specificity to ADAM17, N-[2-(4-but-2-ynyloxybenzenesulfony1)-11gPdiétiddamin
omethylphenyl)ethyll-N-hydroxyformamide or N-{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(formylhydr
oxyamino)ethyl]benzylimethanesulfonamide is preferable. 25Notethat
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-diethylamin IBPF11-538
omethylphenyl)ethyll-N-hydroxyformamide is "I-1" or "S-45282" in Examples described later, and
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(formylhydr oxyamino)ethyllbenzyllmethanesulfonamide is
ot or 5" HSde P R cescHeR Tter o LR AAIBE Gt i orht GFhE SorkBosion o the

present invenfion nslude. i sAitve and 2 rpagent used for puimeses ofesearshi oo

development (for example, in vitro and in vivo research and development).

10lhecompasitienofthepresentaventignhasan actionof maintaining a.fupctien of platelets by
suppressing ADAM17-mediated GPIba shedding. Accordingly, the composition of the present
invention cansbe-suitablytised as arrgagent for maiRtainthgra funetionsef platelets (fos dLS5iexample, a
reagent used in a culture system for differentiating megakaryocytes from cells capable of
différentiatimgnintcamegalk@ryosytes and then prodeicing ptatelets fromathe megakaryocytesaor a
reagent for maintaining a function of produced platelets by adding the 20 regent) or as a drug additive
added to a blobd produiet coniptisig platedetsftam donatidhand tredlike s\Wheh lused as the
above-described additive or reagents, the composition of the present invention may comprise, for
example, a $taBili?8° & S6NERL" orthé AKe! th dduition 258 the Bompsunarepresented By the general

formula (1) or the Iilie aféhf activejngrekgie t. IBPF11-538 . Ar\ﬂ%)‘roduct Iqor mgle, reagent, drug
sifi fotocol V,

e
additive) of e c8mposition o tHe predent v éntidit SFE B SraSFmay be-labatéfto indicate

that the use,ig to ﬁragt%%i% §§f;2%ti N ¢ % plaltglgtg,rHe&e}r% the gr%rflé%"a 11510%;8‘%‘1’% ora Vpljrkc%tgcol is

no
labelled" means that the the product, a container or a package therefor, or the like is labelled,

or fyat a pretacol ranattachpent,dogument, anadvertisemant, other prints, oF thedike disglosing
information on the product is labelled. The label
platelets at an individual level in the model animal, or
other approaches.
ADAM17 (a disintegrin and metallopeptidase domain
17) isaproteinhavinga structure containingadisintegrin
15 domain and has a metalloproteinase activity. ADAMI17 is
a protein also called TACE (INF-alpha converting enzyme)
because ADAM17 sheds, other than GPIba, membrane-bound
TNF-o (tumor necrosis factor—alpha) to produce free TNF-«.
Typically, human-derived ADAM17 1s a protein (gene)
20 specified under ACCESSION No. NP_003174.3 (No.
NM_003183.4).
GPIba (glycoprotein Ib alpha) is a membrane protein
of platelets, and functions as areceptor for vonWillebrand
factor (VWF). In addition, since GPIba is expressed only

25 on platelets in a human body, GPIbx is also called CD42b

antigen and used as a surface marker for platelets.
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10 indicating that the use is to maintain a function of platelets may include informaktigtr0r5as
mechanism of how the compound represented by the general formula (1) or the like as the active
ingredient of the composition of the present invention demonstrates an effect of maintaining 15 a
function of platelets. An example of the information on the mechanism includes information that a
function of platelets is maintained by suppressing ADAM17-mediated GPlba shedding. Moreover, the
label indicallln thggtpﬁ use i%to main(%gin a flén&tio&g){ Blgtelets may include 20information, that the

use is to pro e of stord pla elets or forother purposes. * Srheacml"r%ﬁcsjunedl rrépre(s%%fle%)by the

general forr’QBIg ) pt the like serves as ap @E.t'é\@f'@g{ediq% for mﬁ@.l_f%cé?rir@lthg com(%)gi:[ion of the

present invention. Thus, the 25present invention also provides: the use of the compound represented
by the genega fargnday @), ernthe like for IBPF11-538 manufacturing the composition of the present
invention; and a method for manufactureing the composition of the present invention comprising the
compound represenied by thengenefalfermuda ¢l guthedike. slrurthet, dhe present kvention provides a
culture which is a culture system for differentiating megakaryocytes from cells capable of differentiating
intoSmegakaryecytes apd. fof pratiucing-platetstd fromeatne hwesgakia®yoéytés , and iss&dded,to the
system with the compound 10 represented by the general formula (1) or the like. Furthermore, the
present invértnaitdvide L& iftfotfo e preparied platctets ol éin Sh& methrl sontprises adding, to
a culture system for differentiating me gak aryocytes from cells capable of differentiating into
megakaryoBés1aid 4% pldditing plaeets ﬁ'c}d% e b gakaryo : the‘-éonﬁﬁtﬂ}hﬂqgeﬁt%sented by
the general forcrinula QI) oro{hekllike. ADAInltge%)regegt inﬁenti.on, "rrie‘:]ga#ar.yoc es" are cells also called
platelet progéliitor 2R Y métakafyoeytic celld and th&y diviié e cytoplasmto pfoduts platelets.

20 In the present invention, icelis,capable,of differeniadng intp megakarypsytes, gre ot particularly
b RS % 7

limited, as longas the cells are capable o rentiating intomegakaryocytes. Examples thereof include

ferfijzed eggs Jalyripotent stem,gells.sueh as smbryopicsiem ¢elis,25(ES cells), induced pluripotent
stem cells (iPS cells), embryonic germ cells (EG cells), hematopoietic stem cells,

In the present invention, the phrase "suppressing
ADAM1l7-mediated GPIba shedding" includes both complete
suppression (inhibition) and partial suppression of
shedding by ADAM17. Further, as described in Examples

15 later, it is possible to evaluate the composition of the
present invention as suppressing ADAM]l7-mediated GPIba
shedding when a percentage of the number of CD42b (GPIba) (+)
platelets to a total number of platelets in the presence
of the composition of the present invention is calculated

20 tobealargevalue in comparison with a percentage obtained
in the absence of the composition of the present invention.
As the degree of GPIba shedding suppressed by the
composition of the present invention, the percentage of
the number of CD42b(+) platelets in the presence of the

25 composition of the present invention is preferably 80% or

higher, and a higher percentage is more preferable (for
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IBPF11-538 hematopoietic progenitor cells, megakaryoblasts, and adipocytes. ThéBkémaidpoietic
stem cells and the hematopoietic progenitor cells may be collected from bone marrow, umbilical cord
blood, or the like. Further, among 5 these, iPS cells are preferable from the viewpoints that there is no
ethical problem because an embryo is not destroyed, and that it is easy to match the human leukocyte
antigen (HLA) type of a patient transfused with platelets prepared according to the present invention.
Moreover, 10iPS (iells eggagblisr}edh%sinkg 4 f3050(§§ (Oct3/§,. S%er]EL K354 and C'MP(‘{) re more

preferable from the viéwpoints Tat megakaryocyte's derived from the 'S c8lfs can Lontinue to

increase until Days,25.tQ 3§ha$t§r‘9Hléq{i%ofatg§ iPlSE gelgsfistsﬁaertecdd%g that the number af platelets

produced 15 from the megakaryocytes is 2 to 10 times larger than the number of platelets from iPS

cells established; using 3,factors; (Qet3l4, S0x3 20d Kltd) . thetesthatihe presentdpyentors bave

confirmed that such increase in the number of megakaryocytes and platelets produced are caused by
20re-activatien efdhe enMye gane.d=urtherad animakspeciesSrom which theabpveidesenled cells
used in the method of the present invention are derived is not particularly limited. Examples thereof
inclade human; iice; cats, dogs; eatsr25catite, hdfses, sheep; ane thedike. Préferatnle areLmice, rats,
and human, more preferable are mice and human, and IBPF11-538 particularly preferable is human.
Examples of ¢thel'¢ditura aystem for differentiating megakaryocytes from cells capable of differentiating
into megakaryocytes and producing platelets from the 5 megakaryocytes" in the present invention
include a culture sy&teATOH F’o‘?rrf?ﬁ% ghﬁ%f§&@%8&i@§1 (EEPFopRRtioR CoRtaining 9eneral

differentiation-induced, uIndifferentiated mesodermal cgll%‘in th% middle ofiﬁlatelettproductifon (Eto et
al., Proc. Natt AE3d 2sér- USK 2007 Vo1 86, pp 1012819 128 \d SGTURAY -a ciiturd system for

4,tand SO

forming a sag:like structure (Sr%% structure) enclosing herm@éqpcoie?gig progenitor cellsn(cs%%:élLs 1to3
and so forth) , a culture system for producing plateletsjfrom umbilical cord bIood-dlerive hematopoietic

mqgm“mr%m§ﬁm@4—but—2—ynyloxybenzenesulfonyl)—1—(4—diethylamin
omethylphenyl)ethyl] -N-hydroxyformamide,
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dimet
hylaminomethylphenyl)ethyl]-N-hydroxyformamide,
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
15 ylhydroxyamino)ethyl]benzyl}-2-methoxyacetamide,
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}methanesulfonamide,
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxy—-amino)ethyl]benzyl }benzamide,
20 N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-morph
olin-4-ylmethylphenyl)ethyl]-N-hydroxyformamide,
N-hydroxy-N-[1l-(4-morpholin-4-ylmethylphenyl)-2-
(4-pent-2-ynyloxybenzenesulfonyl)ethyl] formamide,
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dimet
25 hylaminophenyl)ethyl] -N-hydroxyformamide,

N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(3-dimet
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15 Robert et al., "Glycoprotein Ibalpha receptor instability is associated with loss ofBdlrali§38f platelets
produced in culture.", Stem Cells and Development, published online on May 26, 2010, and so forth) ,
and the like (for others, see Fujimoto et al., Blood, 2003, vol. 102, pp. 4044-4051: 20 Hiroyama et al.,
Exp. Hematol., 2006, vol. 34, pp. 760-769: Gaur et al., J Ihromb Haemost , 2005, vol. 4, pp. 436-442;
and so forth) . Among these, a culture system for forming a sac-like structure is preferable because
densed in the sac-like structure, 25enabling efficient ex vivo

i Ind e e

hematopoiergic Pg%gerrllgorhceerllls qre %%l sed i S tr
production ofymegajkar)%cyteg, p}laete ets, and th e’ TBPFIT538 < Culture conditions of the

culture system accq\fgipg _to( w_e@{%s_eénl W§Qtj)o>pyagg I1;1%;1'1136@(EJLJﬁfrg/nI'rrlit)egia_s( %O—r@i%?etpe conglitions

are suitable for culturing of megakaryocytes and platelet production. The culture 5 temperature is

preferably 3510 38C, Bore. preferably %‘ZC]:_II{] the, cultdre tempgeaturg is below the lower limit, the

numbers of megakaryocytes and platelets produced tend to be small. If the culture temperature
exceeds the upper limit,2cell cultliringandniya batyeoranzeentend torbe difficult.— 1@ Fyrhermore, when
the "cells capable of differentiating into megakaryocytes" according to the present invention are
cultbred (particutarly;- inlthe proceshefmpducingdiffdrentiatipd to mefakaryacytes), the cells are
preferably co-cultured with feeder cells. 15 The "feeder cells" used herein are not particularly limited,
as long as the feed&rdefls ¢4nthbiite 20 thevdiffergmition IrisstidncarThe “celts éapabiest
differentiating into megakaryocytes." For example, it is possible to use mouse embryonic fibroblasts,

preferably 26 47104 1/2-'¢8f fiRd, 0PoCRNS, Jdhb e RKEY AR SxEMpIe G e Eells other than
immortalized cell Iin§§ ';r}cludf§ hup_agl_bone ar r ow- der ive d me s elncbxnj | stem cegls (cultured
cells directly prepared from hurtan béne Marrsw) EvehTiHen thé Rieéénchymar stem dells are used
as the feed%rl eI§,42_5 ggg}é%r Qcyte mat rgtitqp J?\}Qtﬁﬂ 1, pro u%tgopn{r%n ngan ES cells or iPS
cells are possi%lllle. Pla@lets car%/ I%&Fﬁ%% be i%%rlf:ed bf%u?tanr}/g on ar;j1 eitrac’ellular substrate such

as atrigel also, bujjthe-efficiencyds low, When,the Sgeder cells” ase ysad. it is preferablg to suppress
the growth of cells through radiation exposure or the like. 5 An amount (concentration) of the comp

oundrepresented-by thegenerphtormila (b e theilike edded tothe gultuse systemds prefgrably 0.01
to 100 pM. If the amount added is below the lower limit , it tends to be difficult to suppress the GPlba
cleavage on platelets: [f2hg amount-ekegedsl 38 treeuppen Emit, 1ced gydwth tends-té be tsbippressed.
Additionally, the adding period of the compound represented by the general formula (1) or the like to
the culture systent isygreferdlsly theddghblithe erithe préduklion périctirfrony hematpoiétic progenitor
cells to platelets, from the 15 viewpoints of ensuring uniformity during the culture process and
ensuring product unifoffiity. fegetdles<ofrontuntferny Sitdxtish ?c‘?r‘b%ctﬂr@éh bitferenftiatidh. This is

arsaty iferant rom ading period of GM3. 9.4 whiehis imted 0.2 Arodution perod fom

ey

N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}-4-methylbenzenesulfonamid
e,

20 N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}—-4,N-dimethylbenzenesulfon
amide,

N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}-N-methylsulfonylmethanesu

25 lfonamide,

N-{2-(4-but-2-ynyloxybenzenesulfonyl)-1-[4-(2-di
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20platelets. Hereinafter, the method for preparing platelets of the present invéiiori vl be more
specifically described by taking an example of a method for forming a sac-like structure suitably used
for the culture system of the 25present invention. First, description will be given of the method for
IBPF11-538 forming a sac-like structure (sac structure). Culture conditions suitable for preparing a
sac-like structure vary depending on ES cells or iPS cells used. However, for example, Iscove's
Modified D%%&qgo'f I\{Ineldrilurg 1%/III{I\{I gesg§gl?mgﬂte wi _IiBySdg:o a fir}ag concen gtion of 15% is
used as a mediun. ME&anwhile, éventin acdse’ 6t a %rﬁm- ree’mediam, & growth factor, a supplement,

or the like may be gdded th retg as approp §th huse gH@@%ﬂf‘ order to forma azc;lli&(g structure
efficiently, a vascular TO er{edothelial grog\ztk?factogr VE(%F) should boe g{dded atrgpprs(oximately Oto 100

ng/ml, Oto 3Q0ngim3, merepreferably, approximately:20 na/ml. 1209 nginyls The, gulttse environment

varies depending on the type of ES cells or iPS cells used. However, the conditions are preferably 15
5% CO2 at 35 to 38C, more preferably-376€: The guluring pedad untd auseedike structureds formed
varies depending on the type of ES cells or iPS cells, but the presence can be observed on
appfoximately bayHbd 14 oy b6 days) lateh)vaftep seeding! et feedencetls. 2203 hie Idroeansad-like
structure has a follicular structure. In the structure, hematopoietic progenitor cells, particularly
0D34-positi?e cells, are present in a concentrated state. The hematopoietic progenitor cells present
inside the sac-like structure can be separated by 25physical means, for example, b){ gass_ing the cells

through IBPF11-538 a sterifized 8ieve- IREtB0100f 'exarhple S Salilstainet bi the like)! 3~ Next,

description will be given of a methog for. prepalr'?gﬁllat??ts fram %Pe her‘r%atopoieti_c rogenitor 5 cells
|

separated ffony the SAEIiRS RErG&tdre THE Rématopdigtic progaritor Sl SBtaiRed by the separation

are seeded on feedﬁr_ cﬁlg,,( nc %Lgtyge_dﬁ{%n%dfg g%r%jé'tinozng ﬁgig%bﬁgorg %_rp)dycfing me@Kgryocytes and
p io

platelets. Herein, examples of the "cond s suitable for producing 10 megakaryocytes and platelets”

incjyde Cultermgjfpgﬁeme?sig@ﬁﬂ&é%mseie #her pregenceof thrombopgietingdPO, approximately
10 to 200 ng/mL, preferably 100 ng/mL), or in the presence of a stem cell factor (SCF, approximately

10 to 200 ng/mL, preferably 50 ngtmnl) -Repario x5 @appeoximrately d0-to 100 UfmL, @eferably 25
U/ml), and IPO (approximately 10 to 200 ng/mL, preferably 100 ng/mL). As the culture environment,
the conditiong larel prefetabty %02 ap 8% toy38C; hhoré préfetaplyr3yCy formamide,
N-{2-(4-but-2-ynyloxybenzenesulfonyl)-1-[4-(4-mo
rpholin-4-ylbutyl)-phenyl]-ethyl}-N-hydroxyformamide,
15 N-{4-[1l-(formylhydroxyamino)-2-(4-pent-2-ynyloxy
benzenesulfonyl)ethyl]benzyl}methanesulfonamide, and
N-{4-[1l-(formylhydroxyamino)-2-(4-oct-2-ynyloxyb
enzenesulfonyl)ethyl]benzyl}lmethanesulfonamide. As
described in Test Example 4 later, from the viewpoint of
20 having a high specificity to ADAM17,
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-diethylamin
omethylphenyl)ethyl] -N-hydroxyformamide or
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(formylhydr
oxyamino)ethyl]benzyl}methanesulfonamide is preferable.

25 Note that

N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-diethylamin
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Moreover, in such a culture system, the timing of 20 adding the compound represBited H§8he general
formula (1) or the like to this culture system is preferably when the hematopoietic progenitor cells are
reseeded on the feeder cells. It is more preferable to add the compound represented by the general
formula (1) or the like on 25approximately Day 22 after the culturing is started (Days 20 to 23, or Days
6 to 10 after the sac-like structure is IBPF11-538 reseeded) . Furthermore, in the method of the

present invention, platelets can be prepared hy: collecting a culture, solution frapfg (for example, in
the method%nrefgrhrszigg %%% i}l}g stru tulget,ﬁlay ré:c?iéﬁn]g(rjers%ﬁfn olndgppr&ﬁmate y Bays 22t 28 after

human iPS gells,or ES, Gells arlenculturg@aiﬁgvﬁécg plate%%tg Leleased fromlrg%%alggryocygensdare

abundant; and then removing components other than platelets (i.e., megakaryocytes and other blood

cells) usingygleukogyte (3Q Eﬁﬂt&‘ﬁ‘im}rﬁqgﬁi &@é’f‘ﬂ%ﬁi‘% frams for ?25@159@'?&‘3“('@%9% peratien, Asahi
Kasei Medical Co., Ltd., and so forth) or the like. As described above, the compound represented
by the genesalfarmiua (l:erthe like-suppresses ADAM: Timediated 45 GPdbo('sheddingsand has an
action of maintaining a function of platelets. Thus, the present invention also provides a blood product
coniprising plateléts and thencaimpound ¢eprésented by thelgeneral formula (1) or the like; it also
provides a method for maintaining a function of platelets 20 in a blood product, wherein the method
comprises adding, to*BlBde predutt omphsingplatelets T contpotin @ fepresentetisyithe general
formula (1) or the like. _Further, the compound represented by the general formula (1) or the like
serves as ahaeGvE-ihgrediett 1ot prodtcit®y & BfbbE brSuLtE CompFising plateleS U the present
invention also provides th]g_e compoundhr%pggsgnted IBPF11-538

purposes of researc evelopment (for example, invitro
and in vivo research and development).
10 The compositionof thepresent inventionhas anaction
of maintaining a function of platelets by suppressing
ADAM1 7-mediated GPIba shedding. Accordingly, the
composition of the present invention can be suitably used
as a reagent for maintaining a function of platelets (for
15 example, a reagent used 1n a culture system for
differentiating megakaryocytes from cells capable of
differentiating into megakaryocytes and then producing
platelets from the megakaryocytes, or a reagent for
maintaining a function of produced platelets by adding the
20 regent) or as a drug additive added to a blood product
comprisingplatelets fromdonationandthe like. When used
as the above-described additive or —reagents, the
composition of the present invention may comprise, for
example, a stabilizer, a solvent, or the like, in addition
25 to the compound represented by the general formula (I) or

the 1like as the active ingredient.
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by the general formula (1) or the like as a drug additive used to produce the blood 88Ut the
present invention. The platelets comprised in the blood product of the present invention is not
particularly limited, and may be 5 platelets obtained by the above-described method for preparing
platelets of the present invention or may be platelets derived from peripheral blood or the like obtained
by collecting blood. When such a blood product is prepared, the blood product may also comprise
other 10 ingredieng used éo stgbli e %)Iatelets bi; takin%the st%ragg instabil(ij% ofaplate};ets Pnd the like
into consideration. CoRditions Tor stabi izi%fj %Iflalfe &ts can be seldcted ﬁgmaam()lnglr}lfgt ods well known

to those skilggln e, 81 Far exmple. the praduct aar be preparedly 15 susendipg plafelets in a

solution necessary to keep a function of platelets (for example, an ACID-A solution (a solution

prepared frem spdiym citsatefsitric acid/glugese) and theiliket o somecases, frozen plasma or the like
may be added as appropriate) at an appropriate 20 concentration (for example, approximately 1 x 109

to 1 x 101 plateletsimb, preferably appraximatelytlex 409 plateletsémly), Note-that, :assecordainer for
storing the product comprising platelets, it is preferable to avoid using a material that activates
platglets, suchcasugtass: 25Apamount ¢éoncentratien)laedédnof dhrescarmpaunidrepreséntedy the
general formula (1) or the like is preferably 0.01 IBPF11-538 to 1 0 O pmol/L . If the amount added is
below the IdWes lirhie, Pleiélets tend At o REepthe adhdsiomdunesart Even iPtheamobihkéxceeds the
upper limit, the effects are at a plateau. 5[Examples] Hereinafter, the present invention will be
described mMdre'spREifidally hased dhExamples BRE Tést Exarfiples Hidkever ARE pRsBArinvention is
not limited to the fc?llowin Examples. Note that me(%akaryocyétest ggd }0 latelets usled in Test

Examples d&8cribedTater Wersproducet aht ahaly2edhy empldyhiy mé thods de s SHibéFbelow .

<Preparation of glrurg}jatni%% Cef!li, Hgﬁr%angiﬁrso%?llcit and SFeeéld(,jekg gf s> S human ES gells
(hES cells ) , a KhES cell line (KhES-3) 15established by and provided from Institute for Frontier
10 indicating that the use is to maintain a function of
platelets may include information on a mechanism of how
the compound represented by the general formula (I) or the
like as the active ingredient of the composition of the
present invention demonstrates an effect of maintaining
15 a function of platelets. An example of the information
on the mechanism includes information that a function of
platelets is maintained by suppressing ADAMl7-mediated
GPIba shedding. Moreover, the label indicating that the
use is to maintain a function of platelets may include
20 information that the use is to produce or store platelets
or for other purposes.
The compound represented by the general formula (I)
or the like servesasanactive ingredient for manufacturing
the composition of the present invention. Thus, the
25 present invention also provides: the use of the compound

represented by the general formula (I) or the 1like for
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Medical Sciences, Kyoto University was used. As human iPS cells (hiPS cells)BBrliPScell line
(IkDA3-4) established at the University of Tokyo by introducing Oct4, Klf4, Sox2, and c-Myc into
human-derived 20 skin cells was also used with 0.1 mM non-essential amino acid (manufactured by
Invitrogen Corp.). Further, the IkDA3-4 cells were cultured on radiation-exposed mouse fibroblasts in a
medium mixture of Dulbecco's modified Eagle's medium and Ham's F-12 medium (manufactured by
25Sigma-Aldrich (f‘,z%.%}mixing rati% 1:1) su plemgnted wi %EnM L%Iutam'ne_ manuLactured by
Invitrogen @oarB. ) 6 1BP ?il% § krockout slerﬁr%nref) acementadditive (KSR, manufactured by

ivirogen Corm). 01 mM 2 mercaptgelhanol and 5 ngiml basic fiyplastgrouth fagot (PFGF.

manufactured by Upstate). The cells were subcultured for every 3 days, 5and those keeping an

undifferentigted state were used: on - byaddition,mouse embryesderivedfinrablasts.rG3{H1011/2
cell line (hereinafter also referred to as "1011/2 cells"), purchased from AIKEN BioResource Center

were culturediv hasabmediumBaaglel BME, manufactured by <10 Invitrogen Corp.) supplemented with
10% fetal bovine serum (FBS) and 2 mM L-glutamine. Then, the 1011/2 cells were adjusted to a cell
couft of 8 x 106/10kont disk randtéxposect:toc50:Gy nadiationdor ysecasiféederaellsilture
<Production and Analysis of Megakaryocytes and 15 Platelets> The human ES cells or the
human iPS €&lischere d6ededton thétfeedeecellsssieh dat theé ¢ell colht\was' s X104 td 1 X
105/10-cm dish. The cells were cultured in Iscove's Modified Dulbecco's Medium (IMDM,
manufactur®§ B§ “For MGt GEnCoRPBEISED) SuppeMehtePWith' 1596 EBB {probucthamé°

CELLect(IM) GOL D, manufactured tﬂy ICl}I Biomedicals Inc.), 1 f h
2mML-glutaiine; m“’larn%5‘3a%¥utr§dsnyI%vi?}ogeﬁ(lion?.iCi‘?é1 Supplentent [0 pg/I insUfif: 5.5 Hg/ml

human trangfein, 2 ng/ml,soduim_selenite) (manyfactured b 3?@9%‘&’%!"{&9@ 98(-% 20,pg(ml
ascorbic acid (%lgma- [drich Co.), 0.45 mM a—monsﬁuoglyce}%ol (MG, manufacture By IBPF11-538
10 represented by the general formula (I) or the 1like.
Furthermore, the present invention provides a method for
preparing platelets, wherein the method comprises adding,
toaculturesystemfordifferentiatingmegakaryocytes from
cells capable of differentiating into megakaryocytes and
15 producing platelets from the megakaryocytes, the compound
represented by the general formula (I) or the like.

In the present invention, "megakaryocytes”" are cells
also called platelet progenitor cells or megakaryocytic
cells, and they divide the cytoplasm to produce platelets.

20 In the present invention, "cells capable of
differentiating intomegakaryocytes" are not particularly
limited, as longas thecells are capableof differentiating
intomegakaryocytes. Examplesthereof include fertilized
eggs, pluripotent stem cells such as embryonic stem cells

25 (ES cells), induced pluripotent stem cells (iPS cells),

embryonic germcells (EGcells), hematopoietic stemcells,
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Sigma-Aldrich Co.), and 20 ng/ml vascular endothelial growth factor (VEGF, manufdkuieddy R&D
Systems, Inc.). Further, this culturing was carried out at 37C in 5% CO2 and 21% 02 (atmospheric
oxygen) using a CO2 incubator 5 (product name: HERA CELL 150i, manufactured by Thermo Fisher
Scientific K. K.). Then, the medium was replaced every 3 days, and the culturing was continued under
the conditions until Day 15 when a large number of sac structures (sac-like structures) containing
hemat opoi%t(iecr%chenitor Ocells therein were obser\;? Next gg%r d aﬁhe from the dish, the

0

. {
sac structures Wwere Hi%rluep ed and ES&%%E& fn a'3e iés-cénnﬁgiénllng p}’fcjfﬁsO iate Buffer sfloﬁiution

(PBS). They,fhe suspension was passerniaugh & 40-m cel slrginer (manufagiyred by, 8D). 15 The

solution thus passed through was centrifuged at 440 x g for 10 minutes to collect hematopoietic

progenitor Q?e%a?{@'d;l@% eellsvas couned. Jhe-hemataopgieticprogenitor cells wereseeded on 1011/2
cells newly prepared in a 6-well plate (6x 105 cells/plate) exposed to 50-Gy radiation such 20 that the

number of the hematopeieticipregenitercelis wasd, 1o 3 x hediwelle The hematepojeticnprogenitor cells
were further cultured for 8 days in IMDM (manufactured by InvitrogenCorp/GIBCO) supplemented with
15% FBS (product nainies CELLEet(IM)eGOLEf manbfactured by tGN Bidmedicdls 25Inch)a t
2mML-glutamine(manufacturedbylnvitrogenCorp.), ITS supplement (10 pg/ml insulin, 5.5 mg/ml
transferrin, 1BPF£1-338 3'Rg/MEsodilin sélernite) fanvfacturéd by Sigamabalaich iCo.)n5¢ pg/m1l as

corbic acid (manufactured by Sigma-Aldrich Co.), 0.45 m1)4_MIG (manufactured by Sigma-Aldrich
Co.), 100 ngffrit htimaR Frrcisbpdiétin thumirt Y, manbfdctited sy B PéproTeek ARY.f, %50 ng/ml

human stem cell factor (SCF manufactl%red béf%egroTech, Inc.%, and 25 U/rﬂl htiparin Thereby,

megakaryoStes/SIateléts were indtced: 2 © SubSdguents iR hutded Meyakaryoiytes/latelets

were colleciedwith an anigoagulent soluion (Acid Cirats, 40.0exgse ACD). followed by,

centrifugation at 900 rpm for 10 minutes without a break. The supernatant obtained by the

cenfyifugatignwasdurthercentrifuged at 1300:rpm ford0 pinutes withoy) a break o remove the
supernatant. Thereafter, the numbers of megakaryocytes and platelets 15 in the precipitate thus

obtained werg@nalyzeg by flowecyteetry using antiosdies-fon staining.1 e wp Notettbat inthe flow
cytometry, FACS Aria manufactured by Becton, Dickinson and Company was used. As the antibodies
used to staindhbe megakarydcytesiand thed20 platelets; used were lasPhycoergthtin(@&)-modified
anti-humanCD42a (GPIX) antibody, aPE-modified anti-human CD42b (GPIba) antibody, and an
allophycocyanint(APE)-labelled art-CD4 a (integtin o{liblsetaZ earplex,HIP8 ftldnes anftfody
(manufactured by BD Bioscienc%?. 25Additionally, in order to accurately measure the absolute
cells is started, and that the number of platelets produced
15 from the megakaryocytes is 2 to 10 times larger than the
number of platelets from iPS cells established using 3
factors (Oct3/4, Sox2 and K1f4). Note that the present
inventors have confirmed that such increase in the number
of megakaryocytes and platelets produced are caused by
20 re—activation of the c-Myc gene.

Further, an animal species from which the
above-described cells used in the method of the present
invention are derived 1s not particularly limited.
Examples thereof include human, mice, rats, dogs, cats,

25 cattle, horses, sheep, and the 1ike. Preferable are mice,

rats, and human, more preferable are mice and human, and

49



numbers of the megakaryocytes and the platelets, the cells IBPF11-538 were staitdf\iflighese
antibodies, and the analysis was conducted by flow cytometry using TruCount beads (manufactured
by BD Bioscience), also. (Test Example 1) Induction to Megakaryocytes/Platelets 5from ES
Cell-Derived Hematopoietic Progenitor Cells under Room Temperature Condition In order to
examine whether or not it is possible to induce me gakary o cyte s/ pi_ate 1 et s by culturing under
room temperatu%e cor}{jitilpf %fcultlyéi?% rag %ﬁ%) the induction 10 of megakaryocytes/platelets from the

ES cell-derivéd héma gp otetic progenitor cells obtained as described above was attempted under

conditions illustrated %ﬁgl -opecifically, in the abave- %ﬁ%r}peido%-d@yffg%rg@{qcaeg% 1f]o(g inducing
e

hematopoietic progenitor cells to 15megakaryocytes/platelets, each culturing was conducted under the

following capditions: Gantrek cultaring.at 371G for 8 days Baomtemperaliie culturing for, 2 days:
culturing at 37C for 6 days, followed by culturing at 25C for 2 days, and 20 Room-temperature

culturing: cultting at 2% {or 8dayss daen, thesdmberscofmegakaryoeytes angplatelets eallected as
described above were counted by flow cytometry. Figs. 2 and 3 show the obtained results. As

apparent from gk esyltscshowm'inlkigsh 2 and:253) mégakanyocytes and. pldtelets weteilardly
obtained by the culturing at 25C for 8 days. Additionally, by the
system for forming embryoid bodies (cell population
containing differentiation-induced, undifferentiated
mesodermal cells) inthemiddle of platelet production (Eto
et al., Proc. Natl. Acad. Sci. USA, 2002, wvol. 99, pp.
10 12819-12824, and so forth), a culture system for forming
a sac-like structure (sac structure) enclosing
hematopoieticprogenitorcells (seePTLs 1to 3 andsoforth),
a culture system for producing platelets from umbilical
cord blood-derived hematopoietic progenitor cells (see
15 Robert et al., "Glycoprotein Ibalpha receptor instability
is associated with loss of quality of platelets produced
in culture.", StemCells and Development, published online
on May 26, 2010, and so forth), and the like (for others,
see Fujimoto et al., Blood, 2003, vol. 102, pp. 4044-4051:
20 Hiroyama et al., Exp. Hematol., 2006, vol. 34, pp. 760-769:
Gaur et al., J Thromb Haemost., 2005, vol. 4, pp. 436-442;
and so forth). Among these, a culture system for forming
a sac—like structure is preferable because hematopoietic
progenitor cells are condensed in the sac-1like structure,
25 enabling efficient ex vivo production of megakaryocytes,

platelets, and the like.
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IBPF11-538 culturing at 25C for 2 days before the flow cytometry analysis, megakBiybyté8 and
platelets were obtained, but the amounts were only approximately half of those of the control. 5(Test
Example 2) Induction to Megakaryocytes/Platelets from Umbilical Cord Blood-Derived CD3 4 ( +)
Cells under Room Temperature Condition Whether or not it is possible to induce platelets from
umbilical cord blood-derived CD34(+) cells by 10culturing under room temperature condition (culturing
at 24 to 25C) was e an‘u'ned. ngt 106 CD%glg CD3411%eIIs were selected and iaolated from

é& % £t ur rail

umbilical cordblood ﬂgi%g %Obnea%itc%)ﬁfflnsn. g%bFalfned umbifidai tcgﬁl:i BI56d-derived CD3 4 (+

) cells, 15 4 x 104 cells werg seeded. gn the feeder ells Q%SPE@%%'%%’fyaﬂdﬁn‘%ﬁt&‘éef, for 4 days in a
medium A (IMDM ?manufactured by I'nvitroge n Co rp /"Gl BCO ) supplemented with' 15% FBS

(product name; GELLECKIM) GQILR; manufactured by CN-Bigmedieals Ing.)12 mM L-glutamine
(manufactured by 20 Invitrogen Corp.), ITS supplement (10 pg/ml insulin, 5.5 mg/mltransferrin, 5
ng/ml sodium:selenite) (manufactusedibySigma-Addrich €64)1,a0pgimlascotbicacid(manutactured by
Sigma-Aldrich Co.), 0.45 mM MTG (manufactured by Sigma-Aldrich Co.), and a cytokine cocktail (2
ng/ml IPO 25mprufactured by Bepro Eechiheg.); 2.5 nghil°SC FnmanufacttrediylReproTech, Inc.), 11
ng/ml FLT-3)). On IBPF11-538 Day 4 after the culturing, to the umbilical cord blood-derived 0D34(+)
cells, a medidmB wasaHEES i thersamesdmisiit B8 thatlo? the Fediuny AT Nbienthat thelrfiedium B is
different from the medium A in that the medium B was 5 supplemented with 30 ng{ml IPO, 1

ng/m1SCF,"5'Rg/mit 16, BRd 35 Bnghmk it &P as BEykoidrie ctkiailP MedmiRife, tid fedium A and

the medium B have Ehle samefcorlr]]gositioln, except that the sugplemented (J?/toléi%e cocktails are
different. 10TheR"the umbilical cord Bidod-derved T34 G £éifs SHD& T thus It Were

adjusted to a.,Gell count oh4g 105(ml, | g%en@‘?%% B 106 cells were f Br%‘grdcukt%rle?&‘irtf days at
37C (contro%, or further cultured for 7 days at 24 to 25C (room-temperature cuﬁurlng . On Day
10 Furthermore, when the "cells capable of
differentiating into megakaryocytes" according to the
present invention are cultured (particularly, in the
process of inducing differentiation to megakaryocytes),
the cells are preferably co-cultured with feeder cells.
15 The "feeder cells" used herein are not particularly limited,
as long as the feeder cells contribute to the
differentiation induction of the "cells capable of
differentiating into megakaryocytes." For example, it is
possible to use mouse embryonic fibroblasts, preferably
20 a 10T1/2 cell line, OP9 cells, and the like. An example
of the cells other than immortalized cell lines includes
human bone marrow—-derived mesenchymal stemcells (cultured
cellsdirectly prepared fromhumanbonemarrow). Even when
the mesenchymal stem cells are used as the feeder cells,

25 megakaryocyte maturation and platelet production from

human ES cells or iPS cells are possible. Platelets can
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15 14 after the culturing, the numbers of megakaryocytes and platelets were count8@Hiy-fleiv
cytometry. Figs. 4 and 5 show the obtained results. As apparent from the results shown in Figs. 4
and 5, megakaryocytes and platelets were hardly obtained by 20 the culturing at approximately 25C
for 7 days as in the case of the ES cell-derived hematopoietic progenitor cells described above. Thus,
the results shown in Test Examples 1 and2 reveal that, in aculture system for differentiating

megakaryocytes from cells capahle of differentiating into 25megakaryocytes, such as ES cells and
miical cor DS O oblIS 1 AR et Hort g TBBEL Fogg 1o

megakaryogytes, 16 Gulture L%T‘@Sra%rﬁﬁs prterably aroupd 37C, while megakarvoacytes and

platelets cannot be produced by culturing under room temperature condition of around 25C.
SHowever, if thesculture temperatire is around 37G in theculturersystem, farpraducing platelets,
ADAM17 sheds GPlba, which is an important factor for blood coagulation located on the surface of
platelets. This brings abfout @ipreblemrtbatgtis hard totobtain platelets mot @dermenstratiag a
hemostatic function.Meanwhile, inhibitors (for example, GM6001) targeting metalloproteinases
inclading ADAM17 may be addeddo acuittresystem) i ordercte suppressiGRIiba sheddirgl In such a
case, however, metalloproteinases essential for 15 hematopoietic function (MMP-9, MMP-14) other
than ADAMRY &relse inhibitedt Pierice, such inhibifobenéédte Belddded enhidt & eertail period when
platelet production is observed most abundantly, and are not preferable in establishing a plant or the
like for a cufttiret<§/8tent 20prodBEiRg platllets! FurthbAor! theré s BlitoneBimtdbout S4fefy when
non-specific m%tgqo rotﬁigafgmgnhi itors, such as GM6001 %&r)g §quiPilsteur?d in vivo. Thus, it is not

preferable t© USE platelets miRdd With SUch inhibitora as abivod produtt; &ithe?, 2BESrthese reasons,

compounds, speciiically infubiting ADAMT/ descpbed ip Examples below werg degigned and
IBPF11-538
10 the upper 1limit, cell growth tends to be suppressed.
Additionally, theaddingperiodof the compoundrepresented
by the general formula (I) or the 1ike to the culture system
is preferably throughout the entire production period from
hematopoietic progenitor cells to platelets, from the
15 viewpoints of ensuring uniformity during the culture
process and ensuring product uniformity, regardless of
non-uniform situation for blood cell differentiation.
This isgreatlydifferent fromaddingperiodof GM6001 which
is limited to a production period from megakaryocytes to
20 platelets.

Hereinafter, the method for preparing platelets of
the present invention will be more specifically described
by taking an example of a method for forming a sac-like
structure suitably used for the culture system of the

25 present invention.

First, description will be given of the method for
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synthesized. Note that 1H-NMR spectra de s cr ibe d be 1 ow we r e measuredwitfiirfE C23400
spectrometer (400MHz, manufactured by JEOL Ltd.) using deuterated chloroform (CDC13) or
deuterated dimethyl sulfoxide (DMSO-d6) as a solvent, and 5 tetramethylsilane (IMS) as the internal
standard. In the measurement result of chemical shifts, 6 values were expressed in ppm, and coupling
constant J values were expressed in Hz. The abbreviation s means singlet; d, doublet; t, triplet; q,

quartet; dd,fdoublet doublet; m, }0 Qwultiglgt; and br, broad. For Iow-re%olutio)n mass s ectrum (fast
atombombarar%rélrlltr:lEA@-I\/@%ea&ur%mentW@éEf?d. Jl\ﬁ%ﬁﬂ)&fif&f modél’was used, and for mass

spectrum (lectrospray jonization. J=SI-MS) B‘?é@%@ﬁ@ta@%ﬂ‘ﬁ%%%‘ﬁ?% by, Thermo Fisher
Scientific K. K. was used. 15(Example 1) N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-dieht

ylaminomethylpheny)sthyl-N-hysroxyiormamide;(b3) IBRRLL-338[¢hem; 47k v ¥ H HQy-fr- o (-0
(1-1):1-But-2-ynyloxy-4-methanesulfonylbenzene (V-1) 52.88 g (15.9 mmol) of 4-methylsulfonylphenol

was added ¢xxancbdissolved incaydimethylsulfoxitde solution3@ o) of 2M2g (5.9 MmlMof
1-bromo-2-butyne, and then 2 .64 g (19 . 1 mmol) of potassiumcarbonate was added thereto. After
stirred for 6shoors! brirewas addech thedstotands 10iextractedwitk ethykacetateoThé bfgainic layerwas
washed with brine, and dried over anhydrous magnesium sulfate. 3.39 g (15.11 mmol) of
1-but-2-ynylox§4-afetharedilfehybéfzere(Vidwasommained asca roughlyapasfiearprédiret (yield
95%). lts medium, a growth factor, a supplement, or the like may be

added thereto as appropriate for use. Further, in order

to form a sac-like structure efficiently, a vascular

10 endothelial growth factor (VEGF) should be added at
approximately 0to100ng/ml, 0to300ng/ml, morepreferably
approximately 20 ng/ml, 200 ng/ml. The culture
environment varies depending on the type of ES cells or
iPS cells used. However, the conditions are preferably

15 % CO, at 35 to 38°C, more preferably 37°C. The culturing
period until a sac-like structure 1is formed varies
depending on the type of ES cells or iPS cells, but the
presence can be observed on approximately Day 15 (14 to
16 days later) after seeding on feeder cells.

20 The formed sac-like structure has a follicular
structure. In the structure, hematopoietic progenitor
cells, particularly CD34-positive cells, are present in
a concentrated state. The hematopoietic progenitor cells

present inside the sac-1like structure can be separated by

25 physical means, for example, by passing the cells through
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15physical properties are shown below. MS (FAB) m/z: 225 (M+51)+. 1 H-NMR(CIBCHEB):>87.88 (2H,
m), 7.10 (2H, m), 4.73 (2H, m), 3.04 (3H, s), 1.87 (3H, t, J = 2.3 Hz). (1-2):tert-Butyl
20{4-[2-(4-but-2-ynyloxybenzenesulfonyl)acetyl]lbenzylica rbamate (VII-1) In an argon atmosphere at
-78C, 3.65 mL (7.29 mmol) 66 IBPF11-538 of a hexane-heptane-ethylbenzene solution of 2.0 M
lithium diisopropylamide was added to a tetrahydrofuran (70 mL) solutionof 1.36 g(6.08mmol) of the
compound(V-1 toebgaiiried inéhe above (,ml stirre 0 minutes, and then 2.1% 5 mLélZ.16 mmol)

: fo
of a tetrahyaro uran solufici of 1.0°M Ti ﬁ?n? he?gglqetgfs?d]i’si%é%paﬁnﬁs rﬁl?(l) ate r]éﬁ)}d]roﬁjran

solution of 1,61 g,(6.08 ﬁrggl). of methyl 4-(tert-butoxycarbonylaminomethyl)benzoate were added
thereto. After stirred at -78C for 5 minutes, this was 10 gradually heated up to room temperature, and

stirred for 1 hour. Afferhrine ywas added theretq, this was extracted with ethyhacetalg, and.the organic
layer was washed with brine. After dried over anhydrous magnesium sulfate, the solvent was

evaporated@iay andearegucedpressurer tonurifiad by sificacgg) 6elumnchipmaegraphy-
(hexane/ethyl acetate = 2/11/1), this gave 2.02 g (4.41 mmol) of tert-butyl
{4-[2-(4-but<2=ynytoxybepzenesulfonyhacetyl|beneyllcaarbamate=(Vlls L)rasce calerless nibiten
caramel-like
hematopoietic progenitor cells obtained by the separation
are seeded on feeder cells, and cultured under conditions
suitable for producing megakaryocytes and platelets.
Herein, examples of the "conditions suitable for producing
10 megakaryocytes and platelets"™ include culturing for
approximately 7to 15days inthe presence of thrombopoietin
(TPO, approximately 10 to 200 ng/mL, preferably 100 ng/mL),
or in the presence of a stemcell factor (SCF, approximately
10 to 200 ng/mL, preferably 50 ng/mL), heparin
15 (approximately 10 to 100 U/mL, preferably 25 U/ml), and
TPO (approximately 10 to 200 ng/mL, preferably 100 ng/mL) .
As the culture environment, the conditions are preferably
5% CO, at 35 to 38°C, more preferably 37°C.
Moreover, in such a culture system, the timing of
20 adding the compound represented by the general formula (I)
or the like to this culture system is preferably when the
hematopoietic progenitor cells are reseeded on the feeder
cells. It is more preferable to add the compound
represented by the general formula (I) or the 1like on

25 approximately Day 22 after the culturing is started (Days

20 to 23, or Days 6 to 10 after the sac-like structure 1is
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20substance (yield 72%). Its physical properties are shown below. MS (FAB) m/z:18801(M#8a)+. 1
H-NMR (CDC13): 8 7.93 (2H, br d, J = 8.2 Hz), 7.81 (2H, m), 7.40 (2H, br d, J = 8.2 Hz), 7.07 (2H, m),
4.72 (2H, 25m), 4.70 (2H, s), 4.39 (2H, m), 1.87 (3H, t, J= 2.3 Hz), 1.57 (9H, s). (1-3):tert-Buty!
{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-hydroxyethyll benzyllcarbamate (IX-1) At 0C, 167 mg (4.41
mmol) of sodium borohydride was 5 added to a methanol (50 mL) solution of 2.02 g (4.41 mmol) of
the compound (Vllg.gg tained in the above (1-2). After stirred for 2 hours and 30 minutes, brine and
ese o - . N
aqueous satjrafed animonium chloride solution were added thereto. Methanol was evaporated away

under reduced pressite, ey 10.the iesiflye.was.sxyacted wih el aceiete,and the grganic layer

was washed with brine, and dried over anhydrous magnesium sulfate. The solvent was evaporated

away underyeduceddaressure to give-2,04 94441 nemeh ot tert-Rutylc 1 ture solution
15{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-hydroxyethyll benzyllcarbamate (1X-1), as a

roughly-purified amosphous sokid sufystance (yieldO%) Hisphysicalqrepertes areshownbdelow. MS
(FAB) m/z: 482 (M+Na)f. 20(1-4):tert-Butyl {4-[2-(4-but-2-ynyloxybenzenesulfonyl)vinyllbenzylicar
bamate (ll-larructure, a fraction present on approximately Days 22 to
28 after human iPS cells or ES cells are cultured) in which
platelets released from megakaryocytes are abundant; and
then removing components other than platelets (i.e.,
megakaryocytes and other blood cells) using a leukocyte
10 reduction filter (available from, for example, Terumo
Corporation, Asahi Kasei Medical Co., Ltd., and so forth)
or the like.
As described above, the compound represented by the
general formula (I) or the like suppresses ADAM17-mediated
15 GPIba shedding and has an action of maintaining a function
of platelets. Thus, the present invention also provides
a blood product comprising platelets and the compound
represented by the general formula (I) or the like; it also
provides a method for maintaining a function of platelets
20 in a blood product, wherein the method comprises adding,
to a blood product comprising platelets, the compound
represented by the general formula (I) or the like.
Further, the compound represented by the general
formula (I) or the like serves as an active ingredient for
25 producing a blood product comprisingplatelets. Thus, the

present invention also provides the compound represented
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At 0C, 0.7 mL (8.8 mmoi) of methanesulfonyl chloride was added to a dichlorometHitia (438mL)
solution of 2.04 25g (4.41 mmol) of the compound (IX-1) obtained in the above (1-3) and 3.1 mL (22.1
mmol) of triethylamine.After IBPF11-538 stirred for3 hours and 30 minutes, brine was added thereto,
and extracted with chloroform. The organic layer was washed with brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated away under reduced 5 pressure, and the residue

was purified by silica gel column chromatography (chloroform/ethyl acetate = 3/1 jve 1.77 g (4.00
D T 15 TED o, AR b e Hony ity lber? e BB T

. S, ad ive
mmol;j of te 4- ynyloxybenzénesulfony enzyllcar a) as a colorless

amorphous solld (il Pk A0S s properies are shown Below, | YR (CHGH3) 8 767

(2H, d, J = 8.7 Hz), 7.61 (1H, d, J = 15 Hz), 7.43 (2H, J = 8.2 Hz), 7.30 (2H, d, J = 8.2 Hz), 7.10 (2H, d,

J =8.7 Hz), 6.82 (Lirly d, J £154H2) 4-88{AHMp 7'k (2H 1) 1433 (2.l 486 BH.tR)e 151.45
(9H, s). (1-5): 4-[(E)-2-(4-But-2-ynyloxybenzenesulfonyl)vinyllbenzyla mine hydrochloride (lI-Ib) At
0C, 2 mL ofAM-hydrochiorie aeididioxane was@mdded 201tera1 methanok (SanLy selutiary ab295 mg
(0.67 mmol) of the compound (ll-la) obtained in the above (1-4), stirred for 10 minutes, heated up to
room temperatutes aad stirrgdtfer n2ihouss. Theesohientwasievapoiidted awaytunder réduced
pressure, then 20 mL of methanol was added thereto, and 25the solvent was again evaporated away
unde“edwﬁgﬁﬂéggm30@¢@telets of the present invention or may be

platelets derived from peripheral blood or the 1like
obtained by collecting blood. When such a blood product
is prepared, the blood product may also comprise other
10 ingredients used to stabilize platelets by taking the
storage instability of platelets and the 1like into
consideration. Conditions for stabilizing platelets can
be selected from among methods well known to those skilled
in the art. For example, the product can be prepared by
15 suspending platelets in a solution necessary to keep a
function of platelets (for example, an ACD-A solution (a
solution prepared from sodium citrate/citric
acid/glucose) and the like; in some cases, frozen plasma
or the 1like may be added as appropriate) at an appropriate
20 concentration (for example, approximately 1 x 10% to 1 x
10*° platelets/mL, preferably approximately 1 x 10°
platelets/mL). Note that, as a container for storing the
product comprising platelets, it is preferable to avoid
using a material that activates platelets, such as glass.
25 An amount (concentration) addedof the compoundrepresented

by the general formula (I) or the like is preferably 0.01
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IBPF11-538 4-[(E)-2-(4-but-2-ynyloxybenzenesulfonyl)vinyllbenzyla mine hydrochl@kéiél (f3H) as a
colorless solid. Its physical properties are shown below. 1 H-NMR (DMSO-d6): 8 7.85 (2H, d, J = 8.7
Hz), 7.78 (2H, 5d, J = 8.2 Hz), 7.52 (2H, d, J = 8.2 Hz), 7.20 (2H, d, J = 8.7 Hz), 4.87 (2H, m), 4.05
(2H, m), 1.83 (3H, m). (1-6): {4-[(E)-2-(4-But-2-ynyloxybenzenesulfonyl)vinyllbenzyl Idiethylamine
(I1-1c) 10At OC, 1 mL of acetaldehyde, 212 mg (1.00 mmol) of sodium triacetoxyhydroborate and 3

drops of acetic acid wer %ded ethanol (6 mL) solutjon of the co und (II-lb) obtained in the
above (1-5)?8n§8t én's ?h?e at r(t:)%%rpe?n%gr%ﬂ%rg f%(rgf%%l&rsakﬁ BVranth]u%eqs.o After %ﬁnel 5 and

saturated aguequs sodium.biggybpnate sglution wers, addegl herelg, and g solyent yap gyaporated

away under reduced pressure. This was extracted with chloroform, the organic layer was washed with

brine and dried over anhydraus-magresiumsuliate, The solyent was gvaparated away-under
20reduced pressure, and the residue was purified by silica gel column chromatography

(chloroformémethanal £20/1 10/1)togivel11.7mg(0.28mmol)of
{4-[(E)-2-(4-but-2-ynyloxybenzenesulfonyl)vinyl]benzyl Idiethylamine (lI-1c)
asapaleyelldwamorpheuagsolid(two 25stepsyield42%). Itsphysicalpropertiesareshownbelow. MS (FAB)
m/z: 398 (M+51)+. IBPF11-538 (1-7): N-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(4-diethylamin
omethylphenyl)ethyflRydréxyadiine (IIF-2p present invention will be described

more specifically based on Examples and Test Examples.
However, the present invention is not limited to the
following Examples. Note that megakaryocytes and
10 platelets used in Test Examples described later were
produced andanalyzedbyemployingmethods describedbelow.
<Preparation of Human ES Cells, Human iPS Cells, and
Feeder Cells>
AshumanEScells (hEScells), aKhEScell line (KhES-3)
15 established by and provided from Institute for Frontier
Medical Sciences, Kyoto University was used.
As human iPS cells (hiPS cells), an iPS cell 1line
(TkDA3-4) established at the University of Tokyo by
introducing Oct4, K1f4, Sox2, and c-Myc into human-derived
20 skin cells was also used with 0.1 mM non-essential amino
acid (manufactured by Invitrogen Corp.). Further, the
TkDA3-4 cells were cultured on radiation-exposed mouse
fibroblasts in a medium mixture of Dulbecco's modified
Fagle's medium and Ham's F-12 medium (manufactured by
25 Sigma—-Aldrich Co.) (mixing ratio 1:1) supplemented with

[

2 mM L-glutamine (manufactured by Invitrogen Corp.), 20%

57



50% hydroxylamine solution (3 mL) was added to a 5 tetrahydrofuran (8 mL) soluti®?Fof-188 mg (0.27
mmol) of the compound (ll-1c) obtained in the above (1-6), and stirred at room temperature for 25
hours. The reaction solution was evaporated under reduced pressure, and then water was added
thereto and extracted wi th chloroform. The 10 organic layer was washed with brine, dried over
anhydrous magnesium sulfate, and con ce ntratedunder reducedpressure. 92.9 mg (0.22 mmol) of

N-[2-(4-but-2- If -1-(4-diethylamin .
e e A CE N T e (08B AR St 28 el
propertiesareshown pelow. 1 H-NMR(GDG13)x87.84(2H.m), 732 81%).(2H. Itg s physigal 7.20(2H,

m), 7.07 (2H, m),
basic fibroblast growth factor (bFGF, manufactured by

Upstate). The cells were subcultured for every 3 days,
5 and those keeping an undifferentiated state were used.
In addition, mouse embryo-derived fibroblasts, a
C3H10T1/2 cell 1line (hereinafter also referred to as
"10T1/2 cells"), purchased from RIKEN BioResource Center
were cultured in basal medium Eagle (BME, manufactured by
10 Invitrogen Corp.) supplemented with 10% fetal bovine serum
(FBS) and 2 mM L-glutamine. Then, the 10T1/2 cells were
adjusted to a cell count of 8 x 10°/10-cm dish, and exposed
to 50-Gy radiation for use as feeder cells.
<Production and Analysis of Megakaryocytes and
15 Platelets>
The human ES cells or the human iPS cells were seeded
on the feeder cells such that the cell count was 5 x 10°
to 1l x 10°/10-cm dish. The cells were cultured in Iscove's
Modified Dulbecco's Medium (IMDM, manufactured by
20 Invitrogen Corp/GIBCO) supplemented with 15% FBS (product
name: CELLect (TM) GOLD, manufactured by ICN Biomedicals
Inc.), 2mML-glutamine (manufacturedby Invitrogen Corp.),
ITS supplement (10 pg/ml insulin, 5.5 mg/ml human
transferrin, 5 ng/ml sodium selenite) (manufactured by
25 Sigma-Aldrich Co.), 50 pg/ml ascorbic acid (Sigma—-Aldrich

Co.), 0.45 mM a-monothioglycerol (MTG, manufactured by
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4.72 (2H, m), 3.75 (1H, m), 3.51 (2H, s), 3.33 (1H, m), 2.49 (4H, m), 1.87 (3H,  IBPF11-538

Sigma-Aldrich Co.), and 20 ng/ml vascular endothelial
growth factor (VEGF, manufactured by R&D Systems, Inc.).
Further, this culturing was carried out at 37°C in 5% CO;
and 21% 0, (atmospheric oxygen) using a CO; incubator
5 (product name: HERA CELL 150i, manufactured by Thermo
Fisher Scientific K. K.). Then, the medium was replaced
every 3 days, and the culturing was continued under the
conditionsuntil Day 15whenalarge number of sac structures
(sac—likestructures) containinghematopoieticprogenitor
10 cells therein were observed.

Next, after detached fromthedish, the sac structures
were disrupted and suspended in a 3% FBS-containing
phosphate buffer solution (PBS). Then, the suspension was
passed through a 40-pm cell strainer (manufactured by BD) .

15 The solution thus passed through was centrifuged at 440
xgforl0minutestocollect hematopoieticprogenitor cells,
and the cells was counted. The hematopoietic progenitor
cells were seeded on 10T1/2 cells newly prepared ina6-well
plate (6 x 10° cells/plate) exposed to 50-Gy radiation such

20 that the number of the hematopoietic progenitor cells was
2to3x10%/well. The hematopoietic progenitor cells were
further cultured for 8 days in IMDM (manufactured by
Invitrogen Corp/GIBCO) supplemented with 15% FBS (product
name: CELLect (TM) GOLD, manufactured by ICN Biomedicals

25 Inc.), 2mML-glutamine (manufacturedby Invitrogen Corp.),

ITS supplement (10 pg/ml insulin, 5.5 mg/ml transferrin,
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s), 1.03 (6H, 20 m). (1-8): IBPF11-538

10

15

20

25

5 ng/ml sodium selenite) (manufactured by Sigma-Aldrich
Co.), 50ug/ml ascorbicacid (manufacturedby Sigma-Aldrich
Co.), 0.45mM MTG (manufactured by Sigma-Aldrich Co.), 100
ng/ml human thrombopoietin (human TPO, manufactured by
PeproTech, Inc.), 50 ng/ml human stem cell factor (SCF,
manufactured by PeproTech, Inc.), and 25 U/ml heparin.
Thereby, megakaryocytes/platelets were induced.

Subsequently, the induced megakaryocytes/platelets
werecollectedwithananticoagulant solution (AcidCitrate
Dextrose, ACD), followed by centrifugation at 900 rpm for
10 minutes without a break. The supernatant obtained by
the centrifugation was further centrifuged at 1500 rpm for
10 minutes without a break to remove the supernatant.
Thereafter, the numbers of megakaryocytes and platelets
in the precipitate thus obtained were analyzed by flow
cytometry using antibodies for staining.

Note that, 1in the flow cytometry, FACS Aria
manufactured by Becton, Dickinson and Company was used.
As the antibodies used to stain the megakaryocytes and the
platelets, used were a Phycoerythrin (PE) -modified
anti-human CD42a (GPIX) antibody, a PE-modifiedanti-human
CD42Db (GPIbo) antibody, and an allophycocyanin
(APC)—-labelled anti-CD41la (integrin oaIIbbeta3 complex,
HIP8 clone) antibody (manufactured by BD Bioscience).
Additionally, in order to accurately measure the absolute

numbers of the megakaryocytes and the platelets, the cells
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N- [ 2- ( 4-But-2-ynyloxybenzenesulfonyl ) -1- ( 4-diethylamin omethylphenyl ) ethylBPF11-538
-N-hydroxyformamide (I-1) 1 mL of formic acid was cooled at OC, then 0.3 mL 250f acetic
anhydride was dropwise added thereto and stirred for 30 minutes to prepare a formic acid/acetic acid
mixed IBPF11-538 acid anhydride solution. At 0C, 0.6 ml of the formic acid/acetic acid mixed acid
anhydride solution prepared previously was added to a tetrahydrofuran (3 mL) solution of 92 mg (0.21

mmol) of the compound (IlI-1) obtained in 5 the above (1-7) , and stirred at room temperature for
ahours. Thel1Gagus MbHE e Lbr e St B Pt e PSSt dhl Teh Aot bBed with

toluene. The ghtained.oly shstanceas dissalyed.n g i, afghiproform @gd 10 miygf ethanol, and

stirred for 12 hours. The solution 10 was concentrated under reduced pressure, and the resulting oily

substance was. dissolved ip chlogrforghand peutralized.yith satdrated aqueous sodium bicarbonate
solution added thereto. After extracted with chloroform, the extract was washed with brine and dried

over anhydroustaagnestum d dsulfater Rurifying by roiddie-pressure sdiga gel/mlumnre chromatography
(chloroform/methanol = 95/575/25) gave 53.8mg(0.11mmol)of
N-[2Z-(4-but-Rxymyl6Xy/ liemz e resufarmd - Bérdiethylanan domeétiyl prreniyh) ethylleN-hypdroxgformamide
(I-1) as a pale 20yellow amorphous solid (yield 52%).lts physical properties are shown below. MS
(FAB) m/z: RS9 +53 > @ H-NWMRe (CDCT3)t88.82 (0.6H, s), 8.10 (0.4H, s), 7.80-7.86 (2H, m),
7.21-7.30 (4H, m), 7I.06-7.14 (2H, m), 5.65 (0.6H,

n order to examlne whether or not it is possible
to induce megakaryocytes/platelets by culturing under room
temperature condition (culturing at 25°C), the induction

10 of megakaryocytes/platelets from the ES cell-derived
hematopoieticprogenitor cells obtained as described above
was attempted under conditions illustrated in Fig. 1.
Specifically, inthe above-described 8-day culture process
for inducing hematopoietic progenitor cells to
15 megakaryocytes/platelets, each culturing was conducted
under the following conditions:
Control: culturing at 37°C for 8 days
Room—-temperature culturing for 2 days: culturing at 37°C
for 6 days, followed by culturing at 25°C for 2 days, and
20 Room—-temperature culturing: culturing at 25°C for 8 days.
Then, the numbers of megakaryocytesandplateletscollected
as described above were counted by flow cytometry. Figs.
2 and 3 show the obtained results.
As apparent from the results shown in Figs. 2 and
25 3, megakaryocytes and platelets were hardly obtained by

the culturing at 25°C for 8 days. Additionally, by the
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25m), 5.36 (0.4H, m), 4.74 (2H, br s), 4.20 (0.4H, m), 4.05 (0.6H, br t, J = 13 Hz), B3#813-538 (3H, m),
2.46 (4H, m), IBPF11-538 1.87 (3H, br s), 0.99 (6H, m). (Example 2)
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-dimet
hylaminomethylphenyl)ethyll-N-hydroxyformamide (1-2) 5[Chem. 18] According to the same
operation as in Example 1, the above-mentioned compound (1 2) was obtained. MS (FAB) m/z : 431
(M+51)+. 101 H-NMR (CDClB 8 (0. 6H s), 8.14 (0 7 79-7. 2H m), 7 32 (6H, m),
5.69 (0.6H, mSTé%BJ(G%H )24§§ Yor 4), ﬂal% (0.4 6??0 t?&l W), 3 rer 3.33 (2H,

m), 2.11 (G'Elh%?ﬂ{ﬁ (3H,3) @?P@%%@\‘ A4 &[Zp(ﬂa%P&@y'wpsngﬁﬁ%%ﬁ%}’%%&form

ylhydroxyamino)e hyIIbenzyl ethoxyacetamide

the amounts were only approximately half of those of the
control.

5 (Test Example 2) Induction to Megakaryocytes/Platelets
fromUmbilical Cord Blood-Derived CD34 (+) Cells under Room
Temperature Condition

Whether or not it is possible to induce platelets
from umbilical cord blood-derived CD34(+) cells by

10 culturing under room temperature condition (culturing at
24 to 25°C) was examined.

First, 10° CD45'°" CD34" cells were selected and
isolated fromumbilical cordblood (CB) using a bead column.
Of theobtainedumbilical cordblood-derivedCD34(+) cells,

15 4 x 10* cells were seeded on the feeder cells described
above and cultured for 4 days in a medium A (IMDM
(manufactured by Invitrogen Corp/GIBCO) supplemented with
15% FBS (product name: CELLect (TM) GOLD, manufactured by
ICN Biomedicals Inc.), 2 mM L-glutamine (manufactured by

20 Invitrogen Corp.), ITS supplement (10 pg/ml insulin, 5.5
mg/ml transferrin, 5 ng/ml sodium selenite) (manufactured
by Sigma-AldrichCo.), 50 ug/ml ascorbicacid (manufactured
by Sigma-Aldrich Co.), 0.45 mM MTG (manufactured by
Sigma—-Aldrich Co.), and a cytokine cocktail (2 ng/ml TPO

25 (manufactured by PeproTech, Inc.), 7.5 ng/ml SCF

(manufactured by PeproTech, Inc.), 11 ng/ml FLT-3)). On
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IBPF11-538 [Chem. 19] 0 IH 1 02 N HHO'0 ('_3) (3-1): IBPF11-538
N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)vinyl]benzyll- 52-methoxyacetamide (II-3) At room
temperature,0.2 mL(1.85 mmol)of methoxyacetyl chloride was dropwise added to a pyridine solution (5
mL) of 283 mg (0.75 mmol) of the compound (lI-Ib) obtained in the above-mentioned Example 1 (1-5).
After 102 days, brine was added thereto, extracted with ethyl acetate, and washed with brine. This was
dried over anhydropys magnesium sulfate, the solvent was evaparated away under. reduced pressure,
and the resﬁ@%g wajg pﬁr%?éﬁ lby stllﬁ:% ge? L&E;IErlﬁ?\lcrﬁlqo’ma?%)ara;f)?fhoff/e(chI%IF\T?){onrf'LnJ/r%%tjhan((:)fD ig =201

10/1) to give 286 M0, 7L mmohof the,Gompaund (11:3) as & paleyeljaw solid eld 942). Its physical
properties are shown below. MS (FAB) m/z: 414 (M+51)+. (3-2):

same amount as that of the medium A. Note that the medium
B is different from the medium A in that the medium B was
5 supplemented with 30 ng/ml TPO, 1 ng/ml SCF, 7.5ng/ml IL-6,
and 13.5 ng/ml IL-9 as a cytokine cocktail. Meanwhile,
the medium A and the medium B have the same composition,
except that the supplemented cytokine cocktails are
different.
10 Then, the umbilical cord blood-derived CD34 (+) cells
on Day 7 thus cultured were adjusted to a cell count of
4 x 10°/mL in the medium B. The cells were further cultured
for 7 days at 37°C (control), or further cultured for 7
days at 24 to 25°C (room-temperature culturing). On Day
15 14 after the culturing, the numbers of megakaryocytes and
platelets were counted by flow cytometry. Figs. 4 and 5
show the obtained results.
As apparent from the results shown in Figs. 4 and
5, megakaryocytes and platelets were hardly obtained by
20 the culturing at approximately 25°C for 7 days as in the
case of the ES cell-derived hematopoietic progenitor cells
described above. Thus, the results shown in Test Examples
1 and 2 reveal that, inaculture system for differentiating
megakaryocytes from cells capable of differentiating into
25 megakaryocytes, such as ES cells and umbilical cord

blood-derived CD34(+) cells, toproduce platelets from the
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20N-{4-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(formylhydr IBPF11-538
oxyamino)ethyllbenzy11-2-methoxyacetamide (I-3) According to thesame processasin the
IBPF11-538 above-mentioned Example 1 (1-7 and 1-8) but using the compound (11-3) obtained in the
above (3-1), N-{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(formylhydr
oxyamino)ethyllbenzy11-2-methoxyacetamide (I-3) was 5obtained. Its physical properties are shown
below. 1 H-NMR (CDC13): 88.32 (Q.6H, sgﬁ.gg §O.4H,é?i‘,$7.77-7.88 (2H, m), 7.2 -7.31?é4H, m),
7.06-7.16 (315 GA) B'65306H 1), 5.37 (04H. m)- £.75 PP B 8f; #739-4-57 BFC hj 24T {0.4H, m),

L3 D LSS0 U SRS SO PO L b )
ylhydroxyamging)ettydlgenzylimethanesufonamide (A1 3Chem 20 @R-8L iR 1 on of
around 25°C.
5 However, i1f the culture temperature is around 37°C
in the culture system for producingplatelets, ADAM17 sheds
GPIba, which is an important factor for blood coagulation
located on the surface of platelets. This brings about
a problem that it 1is hard to obtain platelets not
10 demonstrating a hemostatic function. Meanwhile,
inhibitors (for example, GM6001) targeting
metalloproteinases including ADAM17 may be added to a
culture system in order to suppress GPIba shedding. In
such a case, however, metalloproteinases essential for
15 hematopoietic function (MMP-9, MMP-14) other than ADAM17
arealsoinhibited. Hence, suchinhibitorsneedtobeadded
only at a certain period when platelet production 1is

observed most abundantly, and are not preferable in

establishing a plant or the like for a culture system

20 producing platelets. Furthermore, there is a concern
about safety when non-specific metalloproteinase
inhibitors such as GM6001 are administered in vivo. Thus,

it is not preferable to use platelets mixed with such
inhibitors as a blood product, either.
25 For these reasons, compounds specifically inhibiting

ADAM17 described in Examples below were designed and
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NHHOyO According to the same operation as in Example 3, the above-meéifidessHmpound
(I-4) was obtained. MS (FAB) m/z : 481 (M+51)+. 20H-NMR (CDC13): 88.42(0.6H, s),7.87
(0.4H,s),7.78-7.88 (2H, m), 7.30-7.35 (4H,m), 7.06-7.17 (2H, m), 5.65 (0.6H,

synthesized. Notethat 'H-NMR spectradescribedbelowwere
measuredwithanECA400 spectrometer (400MHz, manufactured
by JEOL Ltd.) using deuterated chloroform (CDCl;) or
deuterated dimethyl sulfoxide (DMSO-dg) as a solvent, and
5 tetramethylsilane (TMS) as the internal standard. In the
measurement result of chemical shifts, & wvalues were
expressed in ppm, and coupling constant J values were
expressed in Hz. The abbreviation s means singlet; d,
doublet; t, triplet; g, gquartet; dd, doublet doublet; m,
10 multiplet; and br, Dbroad. For low-resolution mass
spectrum (fast atombombardment: FAB-MS) measurement, JEOL
Ltd. JMS-HX-110A model was used, and for mass spectrum
(electrospray ionization: ESI-MS) measurement, Exactive
manufactured by Thermo Fisher Scientific K. K. was used.

15 (Example 1)
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-dieht

ylaminomethylphenyl)ethyl]-N-hydroxyformamide (I-1)
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m), 5.39 (0.4H,m), 4.75(2H,m),4.28 (2H, m), 4.15 (0.4H, m), 4.00 (0.6H,br t,J= 12 BPEBI4BY1H, m),
2.91 (1.2H, s), 2.89(1.8H, s),1.87 (3H, m).

[Chem. 17]

/;ZZ/\O\[::L\ N7
~ LT
ﬁo’NYH

0
(I-1)

(1-1) : 1-But-2-ynyloxy—-4-methanesulfonylbenzene

(v-1)
5 2.88 g (15.9 mmol) of 4-methylsulfonylphenol was
added to and dissolved in a dimethylsulfoxide solution (30
mL) of 2.12 g (15.9 mmol) of l-bromo-2-butyne, and then
2.64g (19.1mmol) of potassiumcarbonate was added thereto.
After stirred for 6 hours, brine was added thereto and
10 extractedwithethyl acetate. Theorganic layer was washed

with brine, and dried over anhydrous magnesium sulfate.

3.39 g (15.11 mmol) of

l-but-2-ynyloxy-4-methanesulfonylbenzene (V-1) was

obtained as a roughly-purified product (yield 95%). 1Its
15 physical properties are shown below.

MS (FAB) m/z: 225 (M+H)".
'H-NMR(CDC1l3): & 7.88 (2H, m), 7.10 (2H, m), 4.73 (2H, m),
3.04 (3H, s), 1.87 (3H, t, J = 2.3 Hz).
(1-2) : tert-Butyl
20 {4-[2-(4-but-2-ynyloxybenzenesulfonyl)acetyl]benzyll}ca
rbamate (VII-1)

In an argon atmosphere at -78°C, 3.65 mL (7.29 mmol)
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(Example 5) N-{4-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(form IBPF11-538
ylhydroxyamino)ethyllbenzyllbenzamide (1-5) 5[Chem. 21] 07 02 N HHO"y 0 ('-5) According to
the same operation as in Example 3, the above-mentioned compound (1-5) was obtained. MS (FAB)
m/z: 507 (M+51)+. 101 H-NMR (CDC13): 88.31(0.6H, s),8.08(0.4H,s), 7.73-7.87 (4H,m), 7.51 (1H, m),
7.42 (2HmM),7.27-7.33

of a hexane-heptane—-ethylbenzene solutionof 2.0M lithium
diisopropylamide was added to a tetrahydrofuran (70 mL)
solutionof 1.36g (6.08mmol) of the compound (V-1) obtained
in the above (1-1), stirred for 30 minutes, and then 12.16

5 mL (12.16 mmol) of a tetrahydrofuran solution of 1.0 M
lithium hexamethyldisilazide and 5mL of a tetrahydrofuran
solution of 1.061 g (6.08 mmol) of methyl
4— (tert-butoxycarbonylaminomethyl)benzoate were added
thereto. After stirred at -78°C for 5 minutes, this was

10 gradually heated up to room temperature, and stirred for
1 hour. After brine was added thereto, this was extracted
with ethyl acetate, and the organic layer was washed with
brine. After dried over anhydrous magnesium sulfate, the
solvent was evaporated away under reduced pressure.

15 Purifiedby silicagel column chromatography (hexane/ethyl
acetate = 2/1 — 1/1), this gave 2.02 g (4.41 mmol) of
tert-butyl

{4-[2-(4-but-2-ynyloxybenzenesulfonyl)acetyl]benzyl}ca

rbamate (VII-1) as a colorless molten caramel-like
20 substance (yield 72%). 1Its physical properties are shown
below.

MS (FAB) m/z: 480 (M+Na) .

'H-NMR (CDCls): & 7.93 (2H, br d, J = 8.2 Hz), 7.81 (2H,

m), 7.40 (2H, br d, J = 8.2 Hz), 7.07 (2H, m), 4.72 (2H,
25 m), 4.70 (2H, s), 4.39 (2H, m), 1.87 (3H, t, J= 2.3 Hz),

1.57 (9H, s).
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(3H, m), 7.07-7.14 (2H, m), 5.65 (0.6H,m),5.37 (0.4H, m), 4.73 (2H,m), 4.54-4.62 (BHFM);38.15(0.4H,
m),4.00(0.6H, m), 3.45 (1H, m), 1.86 (3H, br s).

(1-3) : tert-Butyl
{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-hydroxyethyl]
benzyl}carbamate (IX-1)

At 0°C, 167 mg (4.41 mmol) of sodium borohydride was

5 added to a methanol (50 mL) solution of 2.02 g (4.41 mmol)
of the compound (VII-1) obtained in the above (1-2). After
stirred for 2 hours and 30 minutes, brine and aqueous
saturated ammonium chloride solution were added thereto.
Methanol was evaporated away under reduced pressure, then

10 the residue was extracted with ethyl acetate, and the
organic layer was washed with brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated
away under reduced pressure to give 2.04 g (4.41 mmol) of
tert-butyl

15 {4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-hydroxyethyl]
benzyl}carbamate (IX-1), as a roughly-purified amorphous
solid substance (yield 99%). 1Its physical properties are
shown below.

MS (FAB) m/z: 482 (M+Na) .

20 (1-4) : tert-Butyl
{4-[2-(4-but-2-ynyloxybenzenesulfonyl)vinyl]lbenzyl}car
bamate (II-1la)

At 0°C, 0.7 mL (8.8 mmol) of methanesulfonyl chloride
was added to a dichloromethane (45 mL) solution of 2.04

25 g (4.41 mmol) of the compound (IX-1) obtained in the above

(1-3) and 3.1 mL (22.1 mmol) of triethylamine. After
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15(Example 6) N-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(4-morph IBPF11-538
olin-4-ylmethylphenyl)ethyll-N-hydroxyformamide (1-6) [Chem. 22] 102 N H HO' 0 (I-6) 20(6-1) :
IBPF11-538 tert-Butyl-(4-methanesulfonylphenoxy)dimethylsilane (XII-6) 9.9 g (145.18 mmol) of
imidazole was added to and dissolved in an N,N-dimethylformamide solution (150 mL) 50f 10 g
(58.07 mmol) of 4-methylsulfonylphenol, and then 10.5 g (69.7 mmol) of tert-butyldimethylchlorosilane
was added thae{%to andf%tgrg% éﬁter ther §%ti%nl,r%ige \S/va%added thereto nqjeg(}tlracteg (\D/vith ethyl

S re rs a rine,was e r
acetate. The organic layer was Wasﬁe& ree times with brine, and drie over anﬁy(froué

magnesium_sulfat rifyi y silica gel col ato hy ( e/ethy tate = 5/13/1)
gave15.979??&13#758n>1<rFrg1%I%]}fjgt]grgbL?t%ﬁ?i-ﬁ%é%%gr?e@sﬁ?ér%ﬁphe%r(?)%)dcfrﬁgt%%rlhsﬁanqeé(iﬁ%) t@?eﬁd 96%). Its

physical propesiesare;shaWn,rine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated away under reduced
5 pressure, and the residue was purified by silica gel column
chromatography (chloroform/ethyl acetate = 3/1) to give
1.77 g (4.00 mmol) of tert-butyl
{4-[2-(4-but-2-ynyloxybenzenesulfonyl)vinyl]benzyl}car
bamate (II-1la) as a colorless amorphous solid (yield 91%).
10 Its physical properties are shown below.
'H-NMR (CDCls): & 7.87 (24, d, J = 8.7 Hz), 7.61 (1H, d,
J = 15 Hz), 7.43 (2H, J = 8.2 Hz), 7.30 (2H, d, J = 8.2
Hz), 7.10 (2H, 4, J = 8.7 Hz), 6.82 (l1H, d, J = 15 Hz),
4.88 (1H, m), 4.71 (2H, m), 4.33 (2H, m), 1.86 (3H, m),
15 1.45 (9H, s).

(1-5):
4-[(E)-2-(4-But—-2-ynyloxybenzenesulfonyl)vinyl]lbenzyla
mine hydrochloride (II-1b)

At 0°C, 2mL of 4 M-hydrochloric acid/dioxane was added

20 to a methanol (5 mL) solution of 295 mg (0.67 mmol) of the
compound (II-la) obtained in the above (1-4), stirred for
10 minutes, heated up to room temperature, and stirred for
2 hours. The solvent was evaporated away under reduced
pressure, then 20 mL of methanol was added thereto, and
25 the solvent was again evaporated away under reduced

pressure to give

69



15below. 1 H-NMR (CDC13): 8 7.83 (1H, m), 7.81 (1H, m), 6.97 (1H, m), 6.95 (1HIBPY]B.B4 (1H, s),
1.56 (9H, s), 0.25 (6H, s) . (6-2): 202-[4-(tert-Butyldimethylsilanyloxy)benzenesulfony1]-1-
(4-morpholin-4-yImethylphenyl)ethanone (XII1-6) In an argon atmosphere at -78C, 4.19 mL (8.37
mmol) of a hexane-heptane-ethylbenzene solution of 2.0 M lithium diisopropylamide was added to a
tetrahydrofuran solution 250f2.6g(6.98mmol)of tert-butyl-(4-methanesulfonylphenoxy)dimethylsilane
IBPF11-538 (XII-6) ohtained.in the above 26-1 , and6 .98 mL (6.98m gl of a tetrahydrofuran solution
of 1.0M Iithf&u I{u@ange t )? IdllosLﬁEéziaa(; Anhd 5 MY of antze?rréﬁySdJrOfEPéW ? I\L)th:fonry Oth 1?36e é fé/. g mmoij of

methyl 5 4;morhalipeyimetny benzoate(tiGpuereaddedthggtg, Subseaueriy, this was,graduall

heated up to room temperature with stirring. After the reaction, brine was added thereto, extracted with

ethyl acetatlgh?,@dit@g prganiclayeriwas washedith.brigg 1 After dried over 10anhydrous magnesium
sulfate, the solvent was evaporated away under reduced pressure. 3.74 g of

2-[4-(tert-butyldimethylsilanyloxy)pengenesuliorydi: 1- (;morpholin-4-ylmsthylphenyl)gthanone (XIll-6)
was obtained as a roughly-purified product. 15(6-3):

2-[45(tert-Butyldimethglsitariyioxy) benzeénestifonyil]- 17 (4-ntorghdlini4-ylinetlylgienhyl)ethamol (XI1V-6)
At 0C, 264 mg (6.98 mmol) of sodium borohydride was added to a methanol (50 mL) solution of 3.74 g
(6.98 mmol¥ 29 ofthB&ompauind (X11{-6) obfanedihtHeSabowvE (6-2). After Stirred>Br 1 Rour, brine was
added thereto. Methanol was evaporated away under reduced pressure, and the residue was
extracted with ethyl Gefate. The organic layer was washed with brine, and dried over anhydrous

magnesium .
9 {4-[(E)-2-(4-But-2-ynyloxybenzenesulfonyl)vinyl]benzyl

}diethylamine (II-1c)

10 At 0°C, 1 mL of acetaldehyde, 212 mg (1.00 mmol) of
sodium triacetoxyhydroborate and 3 drops of acetic acid
were added to a methanol (6 mL) solution of the compound
(IT-1b) obtained in the above (1-5), and then stirred at
room temperature for 1 hour and 30 minutes. After brine

15 and saturated agueous sodium bicarbonate solution were
added thereto, and the solvent was evaporated away under
reduced pressure. Thiswas extractedwithchloroform, the
organic layer was washedwithbrine anddriedover anhydrous
magnesium sulfate. The solvent was evaporated away under

20 reduced pressure, and the residue was purified by silica
gel column chromatography (chloroform/methanol = 20/1 —
10/1) to give 111.7 mg (0.28 mmo 1) of
{4-[(E)-2-(4-but-2-ynyloxybenzenesulfonyl)vinyl]lbenzyl
}diethylamine (II-1c) as apaleyellow amorphous solid (two

25 stepsyield 42%). Itsphysical propertiesare shownbelow.

MS (FAB) m/z: 398 (M+H)".
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25sulfate. The solvent was evaporated away under reduced pressure, and the resl8@glwasdpurified by
silica gel column chromatography (ethyl acetateethyl acetate/methanol 10/1) to give 2.19 g (4.48
mmol) of 2-[4-(tert-butyldimethylsilanyloxy)benzenesulfonyl]-1- (4-morpholin-4-ylmethylphenyl)ethanol
(XIV-6). Its 5physical properties are shown below. 1 H-NMR (CDC13): 8 7.83 (2H, m), 7.25-7.30 (4H,
m), 6.98 (2H, m), 5.22 (1H, d, J = 7.7 Hz), 3.68 (4H, m), 3.46 (3H, m), 3.30 (1H, dd, J= 1.5, 14 Hz),
2.40 (4H, m), 0.99 (all_liS?)’ 0.25 (6H, s). 10(6-4):

4-[(E)-2-(4-Morpholi -4-yl)m'ethylphenyl)ethenesulfonyl] phenol (XVI-6) 3.10 mLoftriethylamine

asadded \a fiehipiomatiane SOIIONARTL) 0LA 19,9 4448 el gly 10 oo

2-[4-(tert-butyldimethylsilanyloxy)benzenésulfony1]-1- in-4-ylmet ylphenyl)gﬁui’;lﬂol (XIV-6)
obtained in the-al @Igﬁ-g,)rfpgiesg;@q ah0G. 81, Mh(8.94 mmely of methanesulfonyl chloride was

added thereto, and stirred at room temperature for 8 hours. Further, 3.10 mL of 20 triethylamine and
0.61 mL of methanesuffomy ekletide wereradded thereto nandsstirred far Ashouss: Btine was added and

extracted with chloroform. The organic layer was washed with brine, and dried over anhydrous
magnesiumtsuifateh Yhe sdlverdtwastevepprated away undér fretlaced 25pregSurenand thefresidue
was purified by silica gel column chromatography (hexane/ethyl acetate =1/2 --ethyl acetate
IBPFlLBBgh%ﬂ@ﬁﬂﬁﬁﬂ@@mﬂﬁ%o&€ﬂNQP@%ﬂﬂﬂﬁ?gpgEﬁﬁlmh@ﬂ%f(1“6)1 and
4-[(E)-2-(4-mor_pholin-4-ylmethylphenyl)ethenesulfon¥l] phenol (XVI-6) (yield 47%). Its physical
; ﬁ%lrred at room temperature for 25 hours.  The reaction
properties
solution was evaporated under reduced pressure, and then
water was added thereto andextractedwithchloroform. The
10 organic layer was washed with brine, dried over anhydrous
magnesiumsulfate, and concentrated under reduced pressure.
92.9 mg (0.22 mmol) of
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-diethylamin
omethylphenyl)ethyl]hydroxylamine (III-1) was obtainedas
15 a pale yellow amorphous solid (yield 81%). Its physical
properties are shown below.
'H-NMR (CDCls): & 7.84 (2H, m), 7.27 (2H, m), 7.20 (2H,
m), 7.07 (2H, m), 4.72 (2H, m), 3.75 (1H, m), 3.51 (2H,
s), 3.33 (1H, m), 2.49 (4H, m), 1.87 (3H, s), 1.03 (6H,
20 m) .

(1-8):
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-diethylamin
omethylphenyl)ethyl] -N-hydroxyformamide (I-1)

1 mL of formic acid was cooled at 0°C, then 0.3 mL

25 of acetic anhydride was dropwise added thereto and stirred

for 30 minutes to prepare a formic acid/acetic acid mixed
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5shown below. 1 H-NMR (CDC13): 8 8.01 (1H, d, J = 8.7 Hz), 7.81 (1H, d, J = 8.7IBRY 768 (1H, d, J =
15 Hz), 7.35-7.47 (5H, m), 6.92 (1H, d, J = 6.9 Hz), 6.81 (1H, d, J = 15 Hz), 3.71 (4H, m), 3.51 (2H, m),
2.44 (4H, m). 10(6-5): 4-[4-[(E)-2-(4-But-2-ynyloxybenzenesulfonyl)vinyllbenz yljmorpholine (11-6)

108 mg (0.780 mmol) of potassium carbonate and 0.094 mL (1.04 mmol) of 1-bromo-2-butyne were
added to an 15 N,N-dimethylformamide solution of 187 mg (0.520 mmol) of
4-[(E)-2-(4-morpholin-4-ylmethylphenyl)ethenesulfonyl] ghenol (XVI-6) obtained in the above (6-4), and
stirred for 4Hotfs. BRRd Was AddePthfetd and dxtralted with ethyl Acéthte “ife dighfic fayer was

washed with bie, . 20.and.dijed aver aphydrous agnesiymsylfate, The salvepugs,cyagorated

away under reduced pressure, and the residue was purified by silica gel column chromatography

(ethyl acetaig/ehlorofsm= 1Al 12t acetate)de givg P0238a0-05 78O0 61 ut i on
254-[4-[(E)-2-(4-but-2-ynyloxybenzenesulfonyl)vinyllbenz yl morpholine ( 11-6 ) ( yield 11%) . Its
physical preperges mareshown batew. )1 HNMRECPELRB8H 87 (2HId, J=38.7Hr), 463 €H,dn
5 the above (1-7), andstirredat roomtemperature for 4 hours.
The reaction mixture was concentrated under reduced
pressure, and then azeotroped with toluene. The obtained
oily substance was dissolved in 2 mL of chloroform and 10
mL of methanol, and stirred for 12 hours. The solution
10 was concentrated under reduced pressure, and the resulting
0oily substance was dissolved in chloroform and neutralized
with saturated aqueous sodium bicarbonate solution added
thereto. After extractedwithchloroform, the extract was
washed with brine and dried over anhydrous magnesium
15 sulfate. Purifying by middle-pressure silica gel column
chromatography (chloroform/methanol = 95/5 —» 75/25) gave
53.9 mg (0.11 mmol) of
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-diethylamin
omethylphenyl)ethyl]-N-hydroxyformamide (I-1) as a pale
20 yellow amorphous solid (yield 52%). Its physical
properties are shown below.
MS (FAB) m/z: 459 (M+H) .
'H-NMR (CDCls3): 8 8.32 (0.6H, s), 8.10 (0.4H, s), 7.80-7.86
(2H, m), 7.21-7.30 (4H, m), 7.06-7.14 (2H, m), 5.65 (0.6H,
25 m), 5.36 (0.4H, m), 4.74 (2H, br s), 4.20 (0.4H, m), 4.05

(0.6H, br t, J =13 Hz), 3.48-3.57 (3H, m), 2.46 (4H, m),
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J =15.5Hz),7.35-7.44(4H,m),7.07(2H,d,J = 8.7 Hz), 6.83(1H,d,J =15.5Hz),4.71(2HRAFB-69%4H, m),
3.50 5 (2H,s),2.43(4H,m),1.86(3H,s). (6-6):
N-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(4-morpholin-4 -ylmethylphenyl)ethyll-N-hydroxyformamide
(I-6) According to the same process as in the above (1-7 10and 1-8) but using the compound (11-6)
obtained in the above (6-5), N-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(4-morpholin-4
-yImethylphf%l);th(yélﬂ\ll-h%q:rogfcl)rn?)a.n%ige(I(-g%Y\,/asmcgb-tained. Its physical properties are shown below.

(Example 2)
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-dimet

hylaminomethylphenyl)ethyl] -N-hydroxyformamide (I-2)

/A\rJ:::r/\T/
S
o

2
Ho My

0
(I-2)

5 [Chem. 18]

A

According to the same operation as in Example 1, the

above-mentioned compound (I-2) was obtained.
MS (FAB) m/z : 431 (M+H)".

10 'H-NMR (CDCls): 86 8.28 (0.6H, s), 8.14 (0.4H, s), 7.79-7.91
(2H, m), 7.04-7.32 (6H, m), 5.69 (0.6H, m), 5.35 (0.4H,
m), 4.74 (2H, br s), 4.18 (0.4H, m), 4.07 (0.6H, m), 3.47
(1H, m), 3.33 (2H, m), 2.11 (6H, s), 1.87 (3H, s).

(Example 3)
15 N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(form

ylhydroxyamino)ethyl]benzyl}-2-methoxyacetamide (I-3)
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15MS (FAB) m/z: 473 (M+51)+. 1 H-NMR (CDC13): 88.45 (0.6H, s), 8.11 (0.4H, SBPEB057888 (2H, m),
7.23-7.32 (4H, m), 7.07-7.16 (2H, m), 5.63 (0.6H, m), 5.38 (0.4H, m), 4.75 (2H,m), 4.19 (0.4H, m), 4.03
(0.6H, m), 3.64-3.71 (4H, m), 3.40-3.51 (2H, m), 2.39 (4H, m), 201.87 (3H, m). (Example 7)
N-Hydroxy-N-[1-(4-morpholin-4-yImethylpheny1)-2- (4-pent-2-ynyloxybenzenesulfonyl)ethyl]formamide
(I-7) [Chem. 23] IBPF11-538 According to the same operation as in Example 6, the
above-mentio e&g‘comp (I 7) was obtained. MS (FAB) m/z: 487 (M+51)+. 51 H-NMR (CDC13):
88.44 (0.6H, s[; fi“(o ’s), 7.78-7.88 (2H, m), 7.26-7.32 (4H, m), 7.06-7.16 (2H, m), 5.63 (0.6H,
dd, J = 3.6, 12.3 Hz), 538(04H dd, J=3.0, 10.1 Hz), 4.75 (2H, m), 4.18 (0.4H, dd, J=10.1, 15.7Hz),
4.03 (0.6H, dd, J=12.3, 14.6 Hz), 372(2H0q J=6.9 Hz), 3.64-3.70 10(4H, m), 3.41-3.48 (3H, m),

2.36-2.43 (4H,. 0 (3H t,J= )ﬁ According to the schemes 1 to 4 and according to the
same proces as | mples 1 the llo |ng compounds (1-8 to 1-28) were obtained.
15(Example
o™y
0o
(I-3)

(3-1) :

N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)vinyl]benzyl}-
5 2-methoxyacetamide (II-3)

At room temperature, 0.2 mL (1.85 mmol) of
methoxyacetyl chloride was dropwise added to a pyridine
solution (5mL) of 283 mg (0.75mmol) of the compound (II-1Db)
obtained in the above-mentioned Example 1 (1-5). After

10 2 days, brine was added thereto, extracted with ethyl
acetate, and washed with brine. This was dried over
anhydrous magnesium sulfate, the solvent was evaporated
away under reduced pressure, and the residue was purified
by silica gel column chromatography (chloroform/methanol

15 =20/1 - 10/1) to give 296 mg (0.71 mmol) of the compound
(IT-3) as a pale yellow solid (yield 94%). 1Its physical
properties are shown below.

MS (FAB) m/z: 414 (M+H)"

(3-2):

20 N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(formylhydr
oxyamino)ethyl]lbenzyl}-2-methoxyacetamide (I-3)

According to the same process as in the
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N- [ 2- ( 4-But-2-ynyloxybenzenesulfonyl ) -1- ( 4-dimet hylaminophenyl ) ethyl -N-b®@lfokyfdrmamide
(1-8) [Chem. 24] 0" H 2 N H HO' If 20MS (ESI) m/z: 417(M+51)+. IBPF11-538 1
H-NMR(CDC13):88.40(0.5H,s),8.04(0.5H,s), (2H,m),7.02-7.22(4H,m),6.62(2H,d,J= 7.73-7.89 8.7Hz),
5.49-5.58

above-mentioned Example 1 (1-7 and 1-8) but using the
compound (ITI-3) obtained in the above (3-1),
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(formylhydr
oxyamino)ethyl]benzyl}-2-methoxyacetamide (I-3) was
5 obtained. 1Its physical properties are shown below.
'"H-NMR (CDCls): 88.32 (0.6H, s), 8.09 (0.4H, s), 7.77-7.88
(2H, m), 7.20-7.31 (4H, m), 7.06-7.16 (2H, m), 5.65 (0.6H,
m), 5.37 (0.4H, m), 4.75 (2H, br s), 4.39-4.47 (2H, m),
4.16 (0.4H, m), 4.03 (0.6H, br t), 3.93 (0.8H, br s), 3.90
10 (1.2H, br s), 3.46 (1H, m), 3.40 (3H, br s), 1.87 (3H, br
s) .
(Example 4)
N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(form

yvlhydroxyamino)ethyl]benzyl}methanesulfonamide (I-4)

15 [Chem. 20]
0,0
) NS~
Wi:l‘/\rjij/\H
| s
Ho My "
o

(1-4)
According to the same operation as in Example 3, the
above-mentioned compound (I-4) was obtained.
MS (FAB) m/z : 481 (M+H)".
20 'H-NMR (CDCls): 8 8.42 (0.6H, s), 7.87 (0.4H, s), 7.78-7.88
(26, m), 7.30-7.35 (4H, m), 7.06-7.17 (2H, m), 5.65 (0.6H,
m), 5.39 (0.4H, m), 4.75 (2H, m), 4.28 (2H, m), 4.15 (0.4H,

m), 4.00 (0.6H, br t, J=12 Hz), 3.45 (1H, m), 2.91 (1.2H,
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(0.5H,m),5.22-5.31(0.5H,m),4.73 (2H, d,J =9.2Hz), 3.98-4.23(1H,m),3.37-3.55(1HBRE12-98 (3H, 5

s),2.91 (3H,s),1.87(3H,t,J=2.3Hz). (Example 9)
N-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(3-ddmet hylamlnophenyl)ethyl]-N-hydroxyformamdde (1-9)
[Chem. 25] ttIHI

s), 2.89 (1.8H, s), 1.87 (3H, m).
(Example 5)
N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(form

ylhydroxyamino)ethyl]benzyl}benzamide (I-5)

5 [Chem. 21]
(0]
© N
jePwel.
I 5
Ho My
(o]

(I-5)

According to the same operation as in Example 3, the
above-mentioned compound (I-5) was obtained.
MS (FAB) m/z: 507 (M+H)" .

10 'H-NMR (CDCls): 6 8.31 (0.6H, s), 8.08 (0.4H, s), 7.73-7.87
(4H, m), 7.51 (1H, m), 7.42 (2H m), 7.27-7.33 (3H, m),
7.07-7.14 (2H, m), 5.65 (0.6H, m), 5.37 (0.4H, m), 4.73
(2H, m), 4.54-4.62 (2H, m), 4.15 (0.4H, m), 4.00 (0.6H,
m), 3.45 (1H, m), 1.86 (3H, br s).

15 (Example 6)

N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-morph
olin-4-ylmethylphenyl)ethyl] -N-hydroxyformamide (I-6)

[Chem. 22]

20 (6-1):
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HO" 10(1-9) MS (ESI) m/z: 417(M+51)+. 1 H-NMR (CDC13): 88.45(0.5H, (2H,m), TRPFA-31§4H,m),
s),8.07(0.5H, 6.57-6.68(2H, s), m), 7.77-7.89 5.54-5.62 15 (0.5H,m), 4.00-4.25 1.87(3H,
5.27-5.34(0.5H, (1H,m),3.41-3.54 t,J=2.3Hz).

tert-Butyl-(4-methanesulfonylphenoxy)dimethylsilane
(XII-6)
9.9 g (145.18 mmol) of imidazole was added to and
dissolved in an N,N-dimethylformamide solution (150 mL)
5 of 10 g (58.07 mmol) of 4-methylsulfonylphenol, and then
10.5 g (69.7 mmol) of tert-butyldimethylchlorosilane was
added thereto and stirred. After the reaction, brine was
added thereto and extracted with ethyl acetate. The
organic layer was washed three times with brine, and dried
10 over anhydrous magnesium sulfate. Purifyingbysilicagel
column chromatography (hexane/ethyl acetate =5/1 — 3/1)
gave 15.97 g (55.75 mmol) of
tert-butyl-(4-methanesulfonylphenoxy)dimethylsilane
(XITI-6) (yield 96%). 1Its physical properties are shown
15 below.
'H-NMR (CDCls): & 7.83 (1H, m), 7.81 (1H, m), 6.97 (1H,
m), 6.95 (1H, m), 3.04 (1H, s), 1.56 (9H, s), 0.25 (6H,
s) .

(6-2) :

20 2-[4-(tert-Butyldimethylsilanyloxy)benzenesulfonyl]-1-
(4-morpholin-4-ylmethylphenyl)ethanone (XIII-6)

In an argon atmosphere at -78°C, 4.19 mL (8.37 mmol)
of a hexane-heptane—-ethylbenzene solutionof 2.0M lithium
diisopropylamide was added to a tetrahydrofuran solution

25 of 2.6 g (6.98 mmol) of

tert-butyl-(4-methanesulfonylphenoxy)dimethylsilane
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m),4.69-4.77 (1H,m),2.90-2.95 (2H, (6H, m), m), (Example 10) IBPF11-538
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(2-ddmet hylamInophenyl)ethyl]-N-hydroxyformamdde
(I-10) 20[Chem. 26] IBPF11-538 .kk-7 02 N H HO-y 0 040 MS (ESI) m/z: 417(M+51)+.5 1

(XII-6) obtained in the above (6-1), and 6.98 mL (6.98 mmol)
of a tetrahydrofuran solution of 1.0 M lithium
hexamethyldisilazideand5mL of atetrahydrofuransolution
of 1.6 g (6.98 mmo1l) of methyl
5 4-morpholin-4-ylmethylbenzoate (IX-6) were addedthereto.
Subsequently, this was gradually heated up to room
temperature with stirring. After the reaction, brine was

added thereto, extracted with ethyl acetate, and the

organic layer was washed with brine. After dried over
10 anhydrous magnesium sulfate, the solvent was evaporated
away under reduced pressure. 3.74 g of

2-[4-(tert-butyldimethylsilanyloxy)benzenesulfonyl]-1-
(4—-morpholin-4-ylmethylphenyl)ethanone (XITI-6) was
obtained as a roughly-purified product.

15 (6-3) :
2-[4-(tert-Butyldimethylsilanyloxy)benzenesulfonyl]-1-
(4—-morpholin-4-ylmethylphenyl)ethanol (XIV-6)

At 0°C, 264 mg (6.98 mmol) of sodium borohydride was
added to a methanol (50 mL) solution of 3.74 g (6.98 mmol)

20 of the compound (XIII-6) obtainedinthe above (6-2). After
stirred for 1 hour, brine was added thereto. Methanol was
evaporated away under reduced pressure, and the residue
was extracted with ethyl acetate. The organic layer was
washed with brine, and dried over anhydrous magnesium

25 sulfate. The solvent was evaporated away under reduced

pressure, and the residue was purified by silica gel column
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H-NMR(CDC13):88.31(0.6H,s),8.08(0.4H,s),7.88(0.6H, d,J =9.2Hz),7.83(0.4H,d,JIBPF11-538
=8.7Hz),7.07-7.42(6H, m),6.57-6.68(2H,m),6.04(0.4H,dd,J=2.7,10Hz), 5.88 (0.6H, dd, J=2.7,11H2z),
4.71-4.78 (2H,m),3.99-4.08 (1H, m), 3.39-3.51(1H,m), 2.61 (2.4H,s),2.54(3.6H, s), 1.86
(3H,t,J=2.3Hz).
chromatography (ethyl acetate — ethyl acetate/methanol
= 10/1) to give 2.19 g (4.48 mmol) of
2—-[4-(tert-butyldimethylsilanyloxy)benzenesulfonyl]-1-
(4-morpholin-4-ylmethylphenyl)ethanol (XIV-6) . Its
5 physical properties are shown below.
'"H-NMR (CDCl3): & 7.83 (2H, m), 7.25-7.30 (4H, m), 6.98
(2H, m), 5.22 (1H, d, J = 7.7 Hz), 3.68 (4H, m), 3.46 (3H,
m), 3.30 (1H, dd, J= 1.5, 14 Hz), 2.40 (4H, m), 0.99 (9H,
s), 0.25 (6H, s).
10 (6-4):
4-[(E)-2-(4-Morpholin-4-ylmethylphenyl)ethenesulfonyl]
phenol (XVI-6)
3.10 mL of triethylamine was added to a
dichloromethane solution (45 mL) of 2.19 g (4.48 mmol) of
15 2—-[4-(tert-butyldimethylsilanyloxy)benzenesulfonyl]-1-
(4-morpholin-4-ylmethylphenyl)ethanol (XIV-6) obtained
in the above (6-3), and stirred at 0°C. 0.61 mL (8.91 mmol)
of methanesulfonyl chloride was added thereto, and stirred
at room temperature for 8 hours. Further, 3.10 mL of
20 triethylamine and 0.61 mL of methanesulfonyl chloride were
added thereto, and stirred for 4 hours. Brine was added
and extracted with chloroform. The organic layer was
washed with brine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated away under reduced

25 pressure, and the residue was purified by silica gel column

chromatography (hexane/ethyl acetate=1/2 > ethyl acetate
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(Example 11) 10N-[2-(4-But-2-ynyloxybenzenesulfonyl1)-1-(4-pdper IBPF11-538
ddIn-l-ylmethylphenyl)ethyll-N-hydroxyformamdde (I-11) [Chem. 27] MS (ESI) m/z: 471(M+51)+. 151
H-NMR (CDC13): 88.28 (0.6H, s), 8.10 (0.4H, s), 7.77-7.89 (2H, m), 7.04-7.30 (6H, m), 5.61-5.69
(0.6H, m), 5.31-5.39 (0.4H, m), 4.69-4.78 (2H, m), 3.99-4.26 (1H, m), 3.35-3.53 (3H, m), 2.37 (4H, br
s), 1.87 (3H, br s), 1.35-1.59 (6H, m) . 20(Example 12) IBPF11-538
N-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(3-piper idin-l-ylmethylphenyl)ethyllhydroxyformamide (I-12)
[Chem. 28] 7. 92 N"H BEFiF6-12 %ﬁ/@f&qﬁ)fmfz: 1191(%\%53%.9%51\%& (CDC19) 838 (0.5H, s),
8.10 (0'5H'1§1)no717)7'7'89 (2H, m), 7.04-7.30 (6H, m), 5.70 (0.5H, dd, J = 3.7, 11 Hz), 5.30:%.38 (0.5H,
in), 4.69-4.77 (2H, in), 4.01-4.27 (1H, m), 3.23-3.60 (3H, m), 2.30 (4H, br s), 1.87 (3H, t, J =

4-[(E)-2-(4-morpholin-4-ylmethylphenyl)ethenesulfonyl]
phenol (XVI-6) (yield 47%). 1Its physical properties are

5 shown below.

'H-NMR (CDCls): & 8.01 (1H, d, J = 8.7 Hz), 7.81 (1H, d,
J=8.7 Hz), 7.61 (1H, d, J = 15 Hz), 7.35-7.47 (5H, m),
6.92 (1H, 4, J = 6.9 Hz), 6.81 (1H, 4, J = 15 Hz), 3.71
(4H, m), 3.51 (2H, m), 2.44 (4H, m).

10 (6-5):
4-[4-[(E)-2-(4-But-2-ynyloxybenzenesulfonyl)vinyl]benz
yl]lmorpholine (II-6)

108 mg (0.780 mmol) of potassium carbonate and 0.094
mL (1.04 mmol) of 1-bromo-2-butyne were added to an

15 N, N-dimethylformamide solution of 187 mg (0.520 mmol) of
4-[(E)-2-(4-morpholin-4-ylmethylphenyl)ethenesulfonyl]
phenol (XVI-6) obtained in the above (6-4), and stirred
for 4 hours. Brine was added thereto, and extracted with
ethyl acetate. The organic layer was washed with brine,

20 and dried over anhydrous magnesium sulfate. The solvent
was evaporated away under reduced pressure, and the residue
was purified by silica gel column chromatography (ethyl

acetate/chloroform = 1/1 —» 1/2 — ethyl acetate) to give

0.0238 g (0.0578 mmol) of
25 4-[4-[(E)-2-(4-but-2-ynyloxybenzenesulfonyl)vinyl]benz
yvl]lmorpholine (II-6) (yield1l1%). Itsphysicalproperties
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102.3 Hz), 1.31-1.55 (6H, m). (Example 13) N-[2-(4-But-2-ynyloxybenzenesuliBi¥1)-33§3-morph
oldn-4-ylmethylphenyl)ethyll-N-hydroxyformamdde (I-13) [Chem. 29] N HO'yH 0 (1-13) 15 MS
(ESI) m/z : 473 (M+51)+. H-NMR (CDC13) : 8 8.46 (0.5H, s), 8.10 (0.5H, s), 7.78-7.90

are shown below.

'H-NMR (CDCl3): & 7.87 (2H, d, J = 8.7 Hz), 7.63 (1lH, d,

J=15.5 Hz), 7.35-7.44 (4H, m), 7.07 (2H, 4, J = 8.7 Hz),

6.83 (1H, d, J =15.5Hz), 4.71 (2H, m), 3.69 (4H, m), 3.50
5 (2H, s), 2.43 (4H, m), 1.86 (3H, s).

(6-6):
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-morpholin-4
-ylmethylphenyl)ethyl] -N-hydroxyformamide (I-6)

According to the same process as in the above (1-7

10 and 1-8) but using the compound (II-6) obtained in the above
(6-5),
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-morpholin-4
-ylmethylphenyl)ethyl] -N-hydroxyformamide (I-6) was
obtained. 1Its physical properties are shown below.

15 MS (FAB) m/z: 473 (M+H)" .

'"H-NMR (CDCls): 8 8.45 (0.6H, s), 8.11 (0.4H, s), 7.80-7.88

(2H, m), 7.23-7.32 (4H, m), 7.07-7.16 (2H, m), 5.63 (0.6H,

m), 5.38 (0.4H, m), 4.75 (2H, m), 4.19 (0.4H, m), 4.03 (0.6H,

m), 3.64-3.71 (4H, m), 3.40-3.51 (2H, m), 2.39 (4H, m),
20 1.87 (3H, m).
(Example 7)

N-Hydroxy-N-[1l-(4-morpholin-4-ylmethylphenyl)-2-
(4-pent-2-ynyloxybenzenesulfonyl)ethyl]formamide (I-7)

[Chem. 23]
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(2H, m), 7.06-7.31 (6H, m), 5.65 (0.5H, dd, J = 3.7, 12 Hz), 5.35-5.42 (0.5H, ifBPHLIFO34.78 (2H,
in), 3.98-4.26 (1H, 20m), 3.68 (4H, dd, J = 4.6, 4.6 Hz), 3.39-3.54 (3H, m), IBPF11-538 2.36-2.44 (4H,
m), 1.87 (3H, t, J = 2.3 Hz). (Example 14) N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-{4-[(eth
ylmethylamino)methyl]phenyl]ethyll-N-hydroxyformamide 5(I-14) [Chem. 30] (32 NH Ha"y 0 (HA) MS
(ESI) m/z: 445(M+51)1. H-NMR (CDC13) : 8 8.35 (0.5H, s), 8.11 (0.5H, s), 7.78-7.89 10 (2H, m),
7.06-7.28 (6H, m), 5.65 (0.5H, dd, J = 3.7, 12 Hz), 5.32-5.40 (0.5H, m), 4.71-4.77 (2H, in), 3.99-4.24

(1H, m), 3.38-3.53 (3, m), 2.38 (3H, 9. 1 = 7.3 Hz), 1.87 (3H, t, = 2.3 Hz), 1.05 (3H, 1, J 7.3 H2).
J o™
0]

Ho NNt
e}
(I-7)
According to the same operation as in Example 6, the
above-mentioned compound (I-7) was obtained.
MS (FAB) m/z: 487 (M+H)" .
5 'H-NMR (CDCls): 86 8.44 (0.6H, s), 8.11 (0.4H, s), 7.78-7.88
(2H, m), 7.26-7.32 (4H, m), 7.06-7.16 (2H, m), 5.63 (0.6H,
dd, J=3.6, 12.3 Hz), 5.38 (0.4H, dd, J= 3.0, 10.1 Hz),
4.75 (2H, m), 4.18 (0.4H, dd, J=10.1, 15.7Hz), 4.03 (0.6H,
dd, J=12.3, 14.6 Hz), 3.72 (2H, q, J=6.9 Hz), 3.64-3.70
10 (4H, m), 3.41-3.48 (3H, m), 2.36-2.43 (4H, m), 1.24 (3H,
t, J = 6.9 Hz).
According to the schemes 1 to 4 and according to the
same process as in Examples 1 to 7, the following compounds
(I-8 to I-28) were obtained.
15 (Example 8)
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-dimet
hylaminophenyl)ethyl]-N-hydroxyformamide (I-8)

[Chem. 24]

0 N._
Oz N_ H
HO Y
0

(1-8)

20 MS (ESI) m/z: 417 (M+H)" .
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(Example 15) 15N-(2-(4-But-2-ynyloxybenzenesulfony1)-1-{3-[(eth IBPF11-538
ylmethylamlno)methyl]phenyllethyl)-N-hydroxyformamdde (I-15) [Chem. 31] 20MS (ESI) in/z:
445(M+51)1. IBPF11-538 1 H-NMR (CDC13): 88.37 (0.5H, s), 8.11 (0.5H, s), 7.78-7.90
(2H,m),7.06-7.34(6H,m),5.70(0.5H,dd,J=3.7,12 Hz),5.32-5.40(0.5H,m),4.70-4.78(2H,m), 4.00-4.22
(1H, m),3.29-3.59(3H,m),2.38(3H,q,J =6.9 Hz),1.87

'H-NMR (CDCls3): 8 8.40 (0.5H, s), 8.04 (0.5H, s), 7.73-7.89
(2H, m), 7.02-7.22 (4H, m), 6.62 (2H, d, J = 8.7 Hz),
5.49-5.58 (0.5H, m), 5.22-5.31 (0.5H, m), 4.73 (2H, d, J
=9.2Hz), 3.98-4.23 (1H, m), 3.37-3.55 (1H, m), 2.93 (3H,
5 s), 2.91 (3H, s), 1.87 (3H, t, J = 2.3 Hz).
(Example 9)
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(3-dimet

hylaminophenyl)ethyl]-N-hydroxyformamide (I-9)

[Chem. 25]
o}
| Sy
HO” jf
O
10 (1-9)
MS (ESI) m/z: 417 (M+H)".
'H-NMR (CDCls3): 8 8.45 (0.5H, s), 8.07 (0.5H, s), 7.77-7.89
(2H, m), 7.04-7.21 (4H, m), 6.57-6.68 (2H, m), 5.54-5.62
(0.5H, m), 5.27-5.34 (0.5H, m), 4.69-4.77 (2H, m),
15 4.00-4.25 (1H, m), 3.41-3.54 (1H, m), 2.90-2.95 (6H, m),
1.87 (3H, t, J = 2.3 Hz).
(Example 10)
N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(2-dimet
hylaminophenyl)ethyl]-N-hydroxyformamide (I-10)
20 [Chem. 26]
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(3H, 51,J=2.3Hz),1.03(3H,t,J=6.9Hz). (Example 16) IBPF11-538
N-{4-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(form
ylhydroxyamdno)ethyl]benzyll-N-methylmethanesulfonamdd e (I-16) 10[Chem. 32] ¢l 02 N H HO' 0
(I-16) MS (ESI) m/z: 495(M+H)f. 1 H-NMR (DMSO-d6): 8 7.75-7.86 (2H, m), 15 Hz), 5.70 (0.5H, br s),
5.40 (0.5H, br s), 4.83-4.89 (2H, m), 4.18 (2H, s), 3.86-4.16 (2H, m), 2.94 (3H, s), 2.63 (3H, s), 1.84
(3H, t, J =2.3 H2).

o\©\ _N
[ S
HO” \n/
o]
(1-10)
MS (ESI) m/z: 417 (M+H)" .
'H-NMR (CDCl3):88.31 (0.6H, s), 8.08 (0.4H, s), 7.88 (0.6H,
d, J=9.2Hz), 7.83 (0.4H, d, J =8.7 Hz), 7.07-7.42 (6H,
5 m), 6.57-6.68 (2H, m), 6.04 (0.4H, dd, J = 2.7, 10 Hz),
5.88 (0.6H,dd, J=2.7, 11Hz), 4.71-4.78 (2H, m), 3.99-4.08
(IH, m), 3.39-3.51 (1H, m), 2.61 (2.4H, s), 2.54 (3.6H,
s), 1.86 (3H, t, J = 2.3 Hz).
(Example 11)

10 N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(4-piper

idin-l-ylmethylphenyl)ethyl]-N-hydroxyformamide (I-11)

[Chem. 27]
QL )
( ~T
Ho My "
0

(I-11)
MS (ESI) m/z: 471 (M+H)".
15 'H-NMR (CDCls): 8 8.28 (0.6H, s), 8.10 (0.4H, s), 7.77-7.89
(2H, m), 7.04-7.30 (6H, m), 5.61-5.69 (0.6H, m), 5.31-5.39
(0.4H, m), 4.69-4.78 (2H, m), 3.99-4.26 (1H, m), 3.35-3.53
(3#, m), 2.37 (4H, br s), 1.87 (3H, br s), 1.35-1.59 (6H,
m) .

20 (Example 12)
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(Example 17) N-{4-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(form IBPF11-538
20ylhydroxyamdno)ethyl]benzyll-N-methylbenzenesulfonamdd e (I-17) [Chem. 33] H N HO'yH
(T-17) MS (ESI) m/z: 557(M+51)1. 1 H-NMR (CDC13): 8 8.37 (0.6H, br s), 8.03 (0.4H, br s), 7.69-7.88
(4H, m), 7.04-7.33 (8H, m), 5.61 (0.6H, dd, J 5= 3.6, 12 Hz), 5.31-5.39 (0.4H, m), 4.70-4.83 (2H, m),
3.92-4.17 (3H, m), 3.36-3.51 (1H, m), 2.43 (3H, s), 1.87 (3H, t, J = 2.3 Hz). (Example 18)

N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(3-piper

idin-l-ylmethylphenyl)ethyl]hydroxyformamide (I-12)

[Chem. 28]
O
1G4 9
HO’N\H/H
(o]
(1-12)
5 MS (ESI) m/z: 471 (M+H)".

'H-NMR (CDCls): 8 8.38 (0.5H, s), 8.10 (0.5H, s), 7.77-7.89
(2H, m), 7.04-7.30 (6H, m), 5.70 (0.5H, dd, J = 3.7, 11
Hz), 5.30-5.38 (0.5H, m), 4.69-4.77 (2H, m), 4.01-4.27 (1H,
m), 3.23-3.60 (3H, m), 2.30 (4H, br s), 1.87 (3H, t, J =
10 2.3 Hz), 1.31-1.55 (6H, m).
(Example 13)

N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(3-morph

olin-4-ylmethylphenyl)ethyl]-N-hydroxyformamide (I-13)

[Chem. 29]

15 (1-13)
MS (ESI) m/z: 473 (M+H)".
'H-NMR (CDCls): 8 8.46 (0.5H, s), 8.10 (0.5H, s), 7.78-7.90
(2H, m), 7.06-7.31 (6H, m), 5.65 (0.5H, dd, J = 3.7, 12
Hz), 5.35-5.42 (0.5H, m), 4.70-4.78 (2H, m), 3.98-4.26 (1H,

20 m), 3.68 (4H, dd, J = 4.6, 4.6 Hz), 3.39-3.54 (3H, m),
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N-{4-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(form IBPF11-538
10ylhydroxyamdno)ethyl]benzyll-4,N-ddmethylbenzenesulfon amide (I-18) [Chem. 34] NS , H HO"
(I-is) MS (ESI) m/z: 571(M+H)+. 151 H-NMR (CDC13): 8 8.47 (0.6H, br s), 8.11 (0.4H, br s), 7.78-7.89
(2H, m), 7.70(2H, d, J = 8.2 Hz), 7.35 (2H, d, J = 8.2 Hz), 7.23-7.32 (4H, m), 7.06-7.17 (2H, m), 5.64
(0.6H, dd, J= 3.6, 12 Hz), 5.36-5.43 (0.4H, m), 4.71-4.78 (2H, m), 3.96-4.22 (3H, m), 3.38-3.52 (1H,

m), 2.58 (1.2H, 20 4 (18H, ), 2.45 (3H 87 (3H, 1, J= 2.3 BPF11-538 (Example 19)
N-{4-[2-(4-Bu %yr%)/lo%)l(gb %z%hesn& fbny )%l-(f { i E FEZA, >

thydroxyamlnpgggQ}%bezinIM methylsulfonylmethanesu Ifonamide (I-19) 5[Chem. 35]

N-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-{4-[(eth
ylmethylamino)methyl]phenyl]lethyl}-N-hydroxyformamide
5 (I-14)

[Chem. 30]

o N
|(‘T::ngﬁ/£:j/\
Ho My

(I-14)
MS (ESI) m/z: 445(M+H)"
'H-NMR (CDCls): 86 8.35 (0.5H, s), 8.11 (0.5H, s), 7.78-7.89
10 (2H, m), 7.06-7.28 (6H, m), 5.65 (0.5H, dd, J = 3.7, 12
Hz), 5.32-5.40 (0.5H, m), 4.71-4.77 (2H, m), 3.99-4.24 (1H,
m), 3.38-3.53 (3H, m), 2.38 (3H, g, J =7.3 Hz), 1.87 (3H,
t, J = 2.3 Hz), 1.05 (3H, t, J = 7.3 Hz).
(Example 15)
15 N-(2-(4-But-2-ynyloxybenzenesulfonyl)-1-{3-[(eth
ylmethylamino)methyl]phenyl}lethyl)-N-hydroxyformamide
(I-15)

[Chem. 31]

O
ﬁ T L
2 N__H
HO jf

(1I-15)

20 MS (ESI) m/z: 445 (M+H)"
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MS (ESI) m/z: 559(M+51)1. 1 H-NMR(DMSO-d6): 8 8.12 (0.5H, br s), 8.21 (0.5H,IBPE)}-380 (2H, br
S), 7.35-7.44 (1H, m), 7.32 (2H, d, J =9.2 10 Hz), 7.31 (1H, s), 7.14 (2H, d, J = 9.2 Hz), 5.41 (0.5H, br
s), 5.71 (0.5H, br s), 4.87 (2H, q, J = 2.3 Hz), 4.83 (2H, s), 4.00-4.16 (1H, m), 3.84-3.98 (1H, m), 3.25
(6H, s), 1.84 (3H, t, J = 2.3 Hz). (Example 20) 15N-{2-(4-But-2-ynyloxybenzenesulfonyl1)-1-[4-(2-011
methylamInoethyl)phenyllethyll-N-hydroxyformamdde (I-20) [Chem. 36] IBPF11-538 0N 2N Hy a

(1-20) MS (ESI) miz: 445(1\4+51)2. H:NMR (GDC13): 8 8.30 (05H, ), 8.14 (0,5H, 5).7.76:7.89

(2H, m), 7.06-7.34 (6H, m), 5.70 (0.5H, dd, J = 3.7, 12
Hz), 5.32-5.40 (0.5H, m), 4.70-4.78(2H, m), 4.00-4.22 (1H,
m), 3.29-3.59 (3H, m), 2.38 (3H, g, J =6.9 Hz), 1.87 (3H,
5 t, J = 2.3 Hz), 1.03 (3H, t, J = 6.9 Hz).
(Example 16)
N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(form

ylhydroxyamino)ethyl]benzyl}-N-methylmethanesulfonamid

e (I-16)
10 [Chem. 32]
Q ,0
o
(I-16)

MS (ESI) m/z: 495(M+H)"
'H-NMR (DMSO-dg¢): & 8.22 (0.5H, br s), 8.11 (0.5H, br s),
7.75-7.86 (2H, m), 7.09-7.42 (4H, m), 7.13 (2H, d, J = 9.2
15 Hz), 5.70 (0.5H, br s), 5.40 (0.5H, br s), 4.83-4.89 (2H,
m), 4.18 (2H, s), 3.86-4.16 (2H, m), 2.94 (3H, s), 2.63
(3H, s), 1.84 (3H, t, J = 2.3 Hz).
(Example 17)

N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(form

20 ylhydroxyamino)ethyl]benzyl}-N-methylbenzenesulfonamid
e (I-17)
[Chem. 33]
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5 (2H, Hz), in), in), in),7.00-7.24(6H,in),5.71(0.5H,dd,J=3.7,11 5.29-5.36(0.5H, in)|B6I14376(2H,
in),4.02-4.21(1H, 3.42-3.59(1H,in),2.43-2.54(2H,m),2.10-2.28(2H, 2.19(6H,s),1.87(3H,t,J=2.3H2z).
(Example 21) N-{2- (4-But-2-ynyloxybenzenesulfonyl)-1- [4- (2-mo 10rpholdn-4-ylethyl)
phenyl] ethyll-N-hydroxyformamdde (I-21) [Chem. 37] CT N H HO-y (F21) MS (ESI) in/z:
487(1\4+51)2. 15 H-NMR (CDC13) : 8 8.44 (0.5H, s), 8.10 (0.5H, s), 7.77-7.89 (2H, in), 7.05-7.27
(6H, in), 562(05H dd, J = 3.7, 12H 32539(05H in), 4.69-4.78 (2H, in), 3.96-4.23 (1H, in),

3.71 (4H, dTb % 46:?@9/g in),

HO \n/
(I-17)
MS (ESI) m/z: 557 (M+H)"
'"H-NMR (CDCl3): & 8.37 (0.6H, br s), 8.03 (0.4H, br s),
7.69-7.88 (4H, m), 7.04-7.33 (8H, m), 5.61 (0.6H, dd, J
5 = 3.6, 12 Hz), 5.31-5.39 (0.4H, m), 4.70-4.83 (2H, m),
3.92-4.17 (3H, m), 3.36-3.51 (1H, m), 2.43 (3H, s), 1.87
(3H, t, J = 2.3 Hz).
(Example 18)
N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(form
10 ylhydroxyamino)ethyl]lbenzyl}—-4,N-dimethylbenzenesulfon

amide (I-18)

[Chem. 34]
0 Qé’p
S S AR OR
lﬁ 82 N.__H
HO~
0
(1-18)

MS (ESI) m/z: 571 (M+H)"

15 'H-NMR (CDCls): & 8.47 (0.6H, br s), 8.11 (0.4H, br s),
7.78-7.89 (2H, m), 7.70(2H, 4, J = 8.2 Hz), 7.35 (2H, d,
J = 8.2 Hz), 7.23-7.32 (4H, m), 7.06-7.17 (2H, m), 5.64
(0.6H, dd, J =3.6, 12 Hz), 5.36-5.43 (0.4H, m), 4.71-4.78
(2H, m), 3.96-4.22 (3H, m), 3.38-3.52 (1H, m), 2.58 (1.2H,

20 s), 2.54 (1.8H, s), 2.45 (3H, s), 1.87 (3H, t, J=2.3 Hz).
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IBPF11-538 2.69-2.77 (2H, m), 2.43-2.56 (6H, m), 1.87 (3H, t, J = 2.3 Hz). (ExampRPRH)538
N-(2-{4-[2-(4-But-2-ynyloxybenzenesulfony1)-1-(f

5ormylhydroxyamino)ethyl]phenyllethyl)methanesulfonamid e (1-22) [Chem. 38] (1-22) MS (ES |)
rn/z: 495 (M+51)+. 10H-NMR (CDC13): 8 8.39 (0.5H, s), 8.07 (0.5H, s), 7.78-7.89 (2H, in), 7.05-7.30

(6H, in), 5.65 (0.5H, dd, J = 3.7, 12 Hz), in), 5.33-5.41 3.31-3.52 (0.5H,in),4.70-4.78(2H,in),
(Example 19)

N-{4-[2-(4-But-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}-N-methylsulfonylmethanesu
lfonamide (I-19)

5 [Chem. 35]

(I-19)

MS (ESI) m/z: 559 (M+H)".
'"H-NMR (DMSO-dg¢) : 8 8.12 (0.5H, br s), 8.21 (0.5H, br s),
7.80 (2H, br s), 7.35-7.44 (1H, m), 7.32 (2H, d, J = 9.2
10 Hz), 7.31 (1H, s), 7.14 (2H, 4, J = 9.2 Hz), 5.41 (0.5H,
br s), 5.71 (0.5H, br s), 4.87 (2H, gq, J = 2.3 Hz), 4.83
(2H, s), 4.00-4.16 (1H, m), 3.84-3.98 (1H, m), 3.25 (6H,
s), 1.84 (3H, t, J = 2.3 Hz).
(Example 20)
15 N-{2-(4-But-2-ynyloxybenzenesulfonyl)-1-[4-(2-di
methylaminoethyl)phenyl]ethyl}-N-hydroxyformamide
(I-20)

[Chem. 36]
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(3H,in),2.80-2.91(5H,in), 3.95-4.21 1.87(3H, (1H, t,J = 2.3 Hz) . 15(Example 23) IBPF11-538
N-{2-(4-But-2-ynyloxybenzenesulfony1)-1- [4- (3-dd
methylarninopropyl)phenyllethyll-N-hydroxyformarnide (1-23) [Chem. 39] IBPF11-538 N HHO"y
(2-23) MS (ESI) m/z: 459(M+51)1. 1 H-NMR (CDC13): 8 8.06-8.13 (1H, m), 7.74-7.88 (2H, m),
7.02-7.24 (6H, m), 5.64-5.75 (0.5H, m), 5.22-5.32 (0.5H, 5 m), 4.68-4.76 (2H, m), 4.02-4.22 (1H, m),
3.40-3.58 (1H, m), 2.51 (2H, dd, J =7.3, 7. 8 Hz), 2.17 (2H, dd, J =7.3, 7.8 Hz), 2.08 (3H, s), 2.06 (3H,
s)lB?BHt.J 23%&)152166@

el

O
(1-20)

MS (ESI) m/z: 445(M+H)"

'H-NMR (CDCls3): 8 8.30 (0.5H, s), 8.14 (0.5H, s), 7.76-7.89

(2, m), 7.00-7.24 (6H, m), 5.71 (0.5H, dd, J = 3.7, 11
5 Hz), 5.29-5.36 (0.5H, m), 4.69-4.76 (2H, m), 4.02-4.21 (1H,

m), 3.42-3.59 (1H, m), 2.43-2.54 (2H, m), 2.10-2.28 (2H,

m), 2.19 (6H, s), 1.87 (3H, t, J = 2.3 Hz).

(Example 21)
N-{2-(4-But-2-ynyloxybenzenesulfonyl)-1-[4-(2-mo

10 rpholin-4-ylethyl)phenyl]lethyl}-N-hydroxyformamide

(I-21)

[Chem. 37]

ReWSny

(I-21)

MS (ESI) m/z: 487 (M+H)"

15 'H-NMR (CDCls): 8 8.44 (0.5H, s), 8.10 (0.5H, s), 7.77-7.89
(2, m), 7.05-7.27 (6H, m), 5.62 (0.5H, dd, J = 3.7, 12
Hz), 5.32-5.39 (0.5H, m), 4.69-4.78 (2H, m), 3.96-4.23 (1H,

m), 3.71 (4H, dd, J = 4.1, 4.6 Hz), 3.39-3.53 (l1H, m),
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(Example 24) 10N-{2-(4-But-2-ynyloxybenzenesulfony1)-1-[4-(3-011 IBPF11-538
ethylarndnopropyl)phenyllethyll-N-hydroxyformamdde (1-24) [Chem. 40] | 02;.,4H HO' 1! (1-24) 15MS
(ESI) rn/ z : 487 (M+51) (H. H-NMR (CDC13): 8 8.29 (0.5H, s) , 8.07 (0.5H, m) , 7.75-7.89 (2H, in),
7.04-7.24 (6H, in), 5.64 (0.5H, dd, J = 3.7, 11 Hz), 5.28-5.37 (0.5H, in), 4.69-4.77 (2H, in), 4.00-4.23
(1H, in), 3.41-3.55 (1H, in), 2.33-2.60 (6H, in), 1.87 (3H, t, J 20= 2.3 Hz), 1.61-1.72 (2H, in), 0.91-1.01

i, eErig e oale 29, 4 iz B pamosereslnyp e
Hz) .
(Example 22)
N-(2-{4-[2- (4-But-2-ynyloxybenzenesulfonyl)-1-(f
5 ormylhydroxyamino)ethyl]phenyl}ethyl)methanesulfonamid
e (I-22)

[Chem. 38]

o N
QI
00
Iﬁ s
Ho "y
e}

(1-22)

MS (ESI) m/z: 495 (M+H)".

10 'H-NMR (CDCls): 86 8.39 (0.5H, s), 8.07 (0.5H, s), 7.78-7.89
(2H, m), 7.05-7.30 (6H, m), 5.65 (0.5H, dd, J = 3.7, 12
Hz), 5.33-5.41 (0.5H, m), 4.70-4.78 (2H, m), 3.95-4.21 (1H,
m), 3.31-3.52 (3H, m), 2.80-2.91 (5H, m), 1.87 (3H, t, J
= 2.3 Hz).

15 (Example 23)

N-{2-(4-But-2-ynyloxybenzenesulfonyl)-1-[4-(3-di

methylaminopropyl)phenyl]ethyl}-N-hydroxyformamide
(I-23)

[Chem. 39]
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y (1-25) MS (ESI) m/z: 501(M+51)+. 1 H-NMR (CDC13): 88.37 (0.5H, s), 8.08 (0.5BHH) -53§6-7.89
(2H, m), 7.04-7.24 (6H, m), 5.64 (0.5H, dd, J = 3.7, 12 10 Hz), 5.29-5.38 (0.5H, m), 4.68-4.77 (2H, m),
3.98-4.23 (1H, m), 3.67 (4H, br s), 3.40-3.53 (1H, m), 2.52-2.63 (2H, m), 2.24-2.46 (6H, m), 1.87 (3H,
t, J= 2.3 Hz), 1.65-1.76 (2H, m). (Example 26) 15N- { 2- ( 4-But-2-ynyloxybenzenesulfonyl ) -1- [ 4- (
4-mo rpholdn-4-ylbutyl ) phenyl] ethyl -N-hydroxyformamide (1-26) [Chem. 42] IBPF11-538 NH
HO"y (1-26) MS (ESI) m/z: 515(M+51)+. 1 H-NMR (CDC13): 88.41 (0.5H, s), 8.10 (0.5H, s), 7.77-7.89
(2H, m), 7.05-P24A46H, m), 5.5%56

(1H, m), 3.67|(4Hxdd, J = 4.1, 46 Hz), 3140-3.53 (1H, m), 2.52-2.63 (2H, m), 2.24-2.46 (6H, m), 1.87
(3H.t,J = 2.8 Hz), 1.39,1.63 (4H, m).
HO” \ﬂ/
O
(1-23)

MS (ESI) m/z: 459 (M+H)".
'H-NMR (CDCls): & 8.06-8.13 (1H, m), 7.74-7.88 (2H, m),
7.02-7.24 (6H, m), 5.64-5.75 (0.5H, m), 5.22-5.32 (0.5H,
5 m), 4.68-4.76 (2H, m), 4.02-4.22 (1H, m), 3.40-3.58 (1H,
m), 2.51 (2H, dd, J = 7.3, 7.8 Hz), 2.17 (2H, dd, J = 7.3,
7.8 Hz), 2.08 (3H, s), 2.06 (3H, s), 1.87 (3H, t, J =2.3
Hz), 1.52-1.66 (2H, m).
(Example 24)
10 N-{2-(4-But-2-ynyloxybenzenesulfonyl)-1-[4-(3-di

ethylaminopropyl)phenyl]ethyl}-N-hydroxyformamide

(I-24)
[Chem. 40]
HZO’N\[(H
(0]
(I-24)
15 MS (ESI) m/z: 487 (M+H)".

'H-NMR (CDCls3): 8 8.29 (0.5H, s), 8.07 (0.5H, m), 7.75-7.89
(2H, m), 7.04-7.24 (6H, m), 5.64 (0.5H, dd, J = 3.7, 11
Hz), 5.28-5.37 (0.5H, m), 4.69-4.77 (2H, m), 4.00-4.23 (1H,
m), 3.41-3.55 (1H, m), 2.33-2.60 (6H, m), 1.87 (3H, t, J

20 = 2.3 Hz), 1.61-1.72 (2H, m), 0.91-1.01 (6H, m).
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(Example 27) 10N- { 4- [ 1- (Formylhydroxyamino ) -2- ( 4-pent-2-ynyloxy benzene@ifdyl)eethyl]
benzyl Ime th anesulfonamd de (I-27) [Chem. 43] (:)\,g,D N H HO- (0 (1-27) MS (ESI) m/z:
495(1)4+51)1. 151 H-NMR (CDC13): 88.29 (0.6H, s), 8.00 (0.4H, s), 7.75-7.88 (2H, m), 7.23-7.35
(4H, m), 7.05-7.16 (2H, m), 5.66 (0.6H, dd, J = 3.7, 12 Hz), 5.31-5.41 (0.4H, m), 4.71-4.80 (2H, m),
4.26 (2H, br s), 3.95-4.18 (1H, m), 3.39-3.50 (1H, m), 2.89 (3H, br s), 2.24 (2H, tq, J = 1.8, 7.3 Hz),
1.14 (3H, IBPF11-5381, J = 7.3 Hz). (Example 28) N-{4-[1-(Formylhydroxyamino)-2-(4-oct-2-ynyloxyb
enzenesulfony(l e ai/ri[]Bénezyﬁm%thanesuIfonamide (1-28) 5[Chem. 44] 0\10

N-{2-(4-But-2-ynyloxybenzenesulfonyl)-1-[4-(3-mo
rpholin-4-ylpropyl)phenyl]lethyl}-N-hydroxyformamide
(I-25)

5 [Chem. 41]

(09
HO™ Y

(1-25)

MS (ESI) m/z: 501 (M+H)".
'H-NMR (CDCls): 8 8.37 (0.5H, s), 8.08 (0.5H, s), 7.76-7.89
(2H, m), 7.04-7.24 (6H, m), 5.64 (0.5H, dd, J = 3.7, 12
10 Hz), 5.29-5.38 (0.5H, m), 4.68-4.77 (2H, m), 3.98-4.23 (1H,
m), 3.67 (4H, br s), 3.40-3.53 (1H, m), 2.52-2.63 (2H, m),
2.24-2.46 (6H, m), 1.87 (3H, t, J=2.3Hz), 1.65-1.76 (2H,
m) .
(Example 26)
15 N-{2-(4-But-2-ynyloxybenzenesulfonyl)-1-[4-(4-mo
rpholin-4-ylbutyl)phenyl]lethyl}-N-hydroxyformamide
(I-26)

[Chem. 42]
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N MS (ESI) m/z: 537(1)4+51)1. 1 H-NMR (CDC13): 88.35 (0.6H, s), 8.03 (0.4H, sIBFET65388 (2H, m),
7.27-7.36 (4H, m), 7.06-7.17 (2H, m), 5.66 (0.6H, 10 dd, J = 3.7, 12 Hz), 5.34-5.42 (0.4H, m),
4.72-4.82 (2H, m), 4.23-4.33 (2H, m), 3.94-4.18 (1H, m), 3.38-3.51 (1H, m), 2.90 (1.2H, s), 2.89 (1.8H,
S), 2.22 (2H, tt, J = 2.3, 7.3 Hz), 1.45-1.55 (2H, m), 1.23-1.38 (4H, m), 0.87 (3H, t, J = 7.3 Hz). 15(Test
Example 3) ADAM17 Inhibition Experiment The N-hydroxyformamide derivatives obtained in
Examples 1 to 7 were examined to detemine whether they had an ADAM17 inhibitory action or not.
Specifically, first, since the nucleotide seque 0 coding for ADAM17 had been reported by Moss et
al. (see Moss et gl., Nature, 1997, vol. 385, gp. 7133-736), the cDNA of ADAM-17 was obtained from a
human monocjﬁc Q ne, TH cells, by a standard method.The cDNA was incorporated into an

expression vedfor. Then, r was transfected into mammalian cells or insect cells, and
ADAM17 was xpressedogg thined. SNext, the activity of ADAM17 was measured, as follows in the
presence or absence of the teg} substances, in which obtained ADAM17 was used as an enzyme, and
a fluorescent synthetic substyatg Nma (N-methyl
anthranilate)-Leu-Ala-Gin-Ala-Val-Arg-Ser-Ser-Lys-Dnp 10(dinitropheny1)-D-Arg-NH8 containing an
ADAM17-cleavage sequence of membrane-bound INF was used as a substrate. Specifically, 90
pL of 14 units of @rSenzymézsolutibh (Muit is-defined as an amount of enzyme degrading 1 pmol of
the substratle in 1 minute at 25C) prepared with Assay 15 Buffer A (50 mmol/L Tris-HC1 buffer (pH
7.5) containifig P& mMmBIAL sodittntchidride 5omat/L calcid éRloride, O pmobL ziné stiffate, and 2
mg/mL boving serum all;?um%?_) A/Na% %Ilégrgovl\;%q ?05pL507f _tl\g)e. g%or(egg%rg{t’sw)thetéc. iulb_sgrgtg 8adjusted to

be 20 pmol/Lkith Assay Blffer'B
5 (0.5H, m), 4.69-4.77 (2H, m), 3.97-4.23 (1H, m), 3.67 (4H,

e

dd, § = 4.1, 4.6 Hz), 3.40-3.53 (l1H, m), 2.52-2.63 (2H,
m), 2.24-2.46 (6H, m), 1.87 (3H, t, J =2.3 Hz), 1.39-1.63
(4H, m) .
(Example 27)
10 N-{4-[1l-(Formylhydroxyamino)-2-(4-pent-2-ynyloxy

benzenesulfonyl)ethyl]benzyl}lmethanesulfonamide (I-27)

[Chem. 43]
o) NS
\©\ /\/'@/\ H
I 5
HO’N‘N’H

(1-27)
MS (ESI) m/z: 495 (M+H)".
15 '"H-NMR (CDCls3): 8 8.29 (0.6H, s), 8.00 (0.4H, s), 7.75-7.88
(2H, m), 7.23-7.35 (4H, m), 7.05-7.16 (2H, m), 5.66 (0.6H,
dd, J = 3.7, 12 Hz), 5.31-5.41 (0.4H, m), 4.71-4.80 (2H,
m), 4.26 (2H, br s), 3.95-4.18 (1H, m), 3.39-3.50 (1H, m),

2.89 (3H, br s), 2.24 (2H, tq, J=1.8, 7.3 Hz), 1.14 (3H,
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20 Tris-HC1 buffer (pH 7.5) containing 200 mmol/L sodium chloride, 5 mmol/L caldRkhl¢Higtide, 10
pmol/L zinc sulfate, and 0 . 05% PLURONIC F-68) , and allowed for reaction at 37C for 1.5 hours.
Thereafter, the enzyme activity was determined by measurement using a fluorometer 25(Fluoroskan
Ascent) under conditions of an excitation wavelength of 355 nm and a measurement wavelength of
460 IBPF11-538 nm. Then, an inhibition rate was obtained based on the enzyme activities in the
presence and agsezncg ogthg Zt st compounds, and the 50% inhibitory concentration (1050) was
calculated. ji’élble 1 show'the obtained result. 5[Table 1] Compound 1050(nmol/L) I-15.21-27.2 8.2

1-45.8 (Example 28)
N-{4-[1-(Formylhydroxyamino)-2-(4-oct-2-ynyloxyb

enzenesulfonyl)ethyl]benzyl}lmethanesulfonamide (I-28)

5 [Chem. 44]
QL0
o) BN
H
f s
Ho My
o)
(1-28)

MS (ESI) m/z: 537 (M+H)".
'"H-NMR (CDCls): 88.35 (0.6H, s), 8.03 (0.4H, s), 7.76-7.88
(2H, m), 7.27-7.36 (4H, m), 7.06-7.17 (2H, m), 5.66 (0.6H,
10 dd, J = 3.7, 12 Hz), 5.34-5.42 (0.4H, m), 4.72-4.82 (2H,
m), 4.23-4.33 (2H, m), 3.94-4.18 (1H, m), 3.38-3.51 (1H,
m), 2.90 (1.2H, s), 2.89 (1.8H, s), 2.22 (2H, tt, J = 2.3,
7.3 Hz), 1.45-1.55 (2H, m), 1.23-1.38 (4H, m), 0.87 (34,
t, J = 7.3 Hz).
15 (Test Example 3) ADAMI17 Inhibition Experiment
The N-hydroxyformamide derivatives obtained in
Examples 1 to 7 were examined to detemine whether they had
an ADAM17 inhibitory action or not.
Specifically, first, since the nucleotide sequence
20 coding for ADAM17 had been reported by Moss et al. (see
Moss et al., Nature, 1997, vol. 385, pp. 733-736), the cDNA

of ADAM-17 was obtained from a human monocytic cell line,
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-57.21-6 1-755 As apparent from the result shown in Table 1, any of the cOpRpoufess I-1 to 1-7
(N-hydroxyformamide derivatives) according to the present invention was 10confirmed to inhibit the
ADAM17-enzyme activity at low concentrations. (Test Example 4) Various Evaluation experiments
Next, compounds I-1 (hereinafter also referred to as "S-45282") and 1-4 (hereinafter also referred to
as 15 "S-45457") having a strong inhibitory effect on ADAM17 among the N-hydroxyformamide

derivatives ined in mples 1 to 7 were examined for the specificity as an inphibitor and the
TACE-inhibﬁg%_aitiw f%%(%éﬂs lfk)%(he ?olIo%v%inagnr%ae‘fﬁ%dsfrﬁ)tr%%%parisoﬁl?3 no%Bg(legecti’\V/%S

IBPF11-538 metalagroleinase inpibilor GMB00L EMD/Caltjoghem. praductypinber 364205) was

also evaluated. <Enzyme Inhibition Experiment> Enzymes used in this test are as follow:

was transfected into mammalian cells or insect cells, and
ADAM17 was expressed and obtained.

5 Next, the activity of ADAM17 was measured, as follows
in the presence or absence of the test substances, in which
obtained ADAM17 was used as an enzyme, and a fluorescent
synthetic substrate Nma (N-methyl
anthranilate)-Leu-Ala-Gln-Ala-Val-Arg-Ser—-Ser—-Lys—-Dnp

10 (dinitrophenyl)-D-Arg-NH, containing an ADAMl7-cleavage
sequence of membrane-bound TNF was used as a substrate.

Specifically, 90 pL of 14 units of an enzyme solution
(1 unit is defined as an amount of enzyme degrading 1 pmol
of the substrate in 1 minute at 25°C) prepared with Assay

15 Buffer A (50 mmol/L Tris-HCl buffer (pH 7.5) containing
200 mmol/L sodium chloride, 5 mmol/L calcium chloride, 10
pmol/L zinc sulfate, and 2 mg/mL bovine serum albumin) was
mixed with 90 pL of the fluorescent synthetic substrate
adjusted to be 20 pmol/L with Assay Buffer B (50 mmol/L

20 Tris-HC1l buffer (pH 7.5) containing 200 mmol/L sodium
chloride, 5 mmol/L calcium chloride, 10 pmol/L zinc
sulfate, and 0.05% PLURONICF-68), andallowed for reaction
at 37°C for 1.5 hours. Thereafter, the enzyme activity
was determined by measurement using a fluorometer

25 (Fluoroskan Ascent) under conditions of an excitation

wavelength of 355 nm and a measurement wavelength of 460
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5Matrix metalloproteinase 1 (MMP-1) (manufactured by Calbiochem, product numbsitu4$308)

Matrix metalloproteinase 2 (MMP-2) (manufactured by Calbiochem, product number: 444213)

Matrix metalloproteinase 3 (MMP-3) (manufactured by 10Calbiochem, product number: 444217)
Matrix metalloproteinase 8 (MMP-8) (manufactured by Calbiochem, product number: 444229)

Matrix metalloproteinase 9 (MMP-9) (manufactured by Calbiochem, product number: 444231) 15Matrix
metalloproteinase MMP-13).(manufactured by Chemicon, product number: 00068) Matrix
metalloprotdiiase 13 (MMP 14y (Hahiacied By CAISICReRe broer s o4 Foab

Matrix metglipprofeina; 317\7({\4'%@'517&(”{5}98%%@9 <08y Galpioghem, product pumber; 475940)
A disintegrin and metalloproteinase 10 (ADAM10) (manufactured by Funakoshi Co., Ltd., product

code: 936-ARAR0) AN , 2 ndAdiS integrinand metalloproteinase. 17 (ARAMLTE, JAGE) 25(used
was one prepared at Kaken Pharmaceutical Co., Ltd. by employing the genetic recombination in the
same way as IBRA1t%38. Table 1 show the obtained result.

5 [Table 1]
Compound IC50 (nmol/L)
I-1 5.2
I-2 7.2
I-3 8.2
I-4 5.8
I-5 7.2
I-6 18
I-7 55

As apparent from the result shown in Table 1, any
of the compounds I-1 to I-7 (N-hydroxyformamide
derivatives) according to the present invention was

10 confirmed to inhibit the ADAMl7-enzyme activity at low
concentrations.
(Test Example 4) Various Evaluation experiments
Next, compounds I-1 (hereinafter also referred to
as "S-45282") and I-4 (hereinafter also referred to as
15 "S-45457") having a strong inhibitory effect on ADAMI17
among the N-hydroxyformamide derivatives obtained in
Examples 1 to 7 were examined for the specificity as an
inhibitor and the TACE-inhibitory activity in cells by the

following methods. For comparison, a non-selective
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in Test Example 3. Note that, the same as in Test Example 3, 1 unit is defined as &P&h&dnt of
enzyme degrading 1 pmol of substrate in 1 minute at 25C) In addition, substrates used in this
test are as 5follows: 444221substrate (DNP-Pro-Cha-G3y-Cys(Me)-His-A3a-Lys(Nma)-N512,custom
synthesis): excitation wavelength at 355 nm, emission wavelength at 460 nm 10TACE substrate (the
same as one used in Test Example 3): excitation wavelength at 355 nm, emission wavelength at 460

nm 3168substrate (MOCACc-Arg-Pro-Lys-Pro-Val-Glu-Nva-Trp-Arg-L @'P §-N 152, manufactured by
Peptide Insirllt(lefa,1 ngc%)5)?ctit3t]iglnav?/§velelnng£€hl§tl nm,@rﬁ?ggfgn Wﬁ/je e]gr?g ﬁgﬂ@f rg]n%,mand

31633ubstrg@é%{l@ccibx%la%le%@%)ﬁ-%%- ZQQQn@Ié%a'é%NHQt@ r]ufactured by Peptide

Institute, InC.): excitation 20wavelength at 320 nm, emission wavelength at 405 nm. The enzyme

reaction was carried pHtUsing the eneymes,and=sybstratgs ngpecifically, if necessary, the enzyme was
activated in advance with APMA (final concentration 1 mmol/L, p-aminophenylmercuric acetate,

manufactured by 25SigRa<Mdrich<eD. iA9S63) acaoxding to-isfosmatiai fiem the manufacturer. Then,
In a 96-well plate for
5 Matrix metalloproteinase 1 (MMP-1) (manufactured by
Calbiochem, product number: 444208)
Matrix metalloproteinase 2 (MMP-2) (manufactured by

Calbiochem, product number: 444213)

Matrix metalloproteinase 3 (MMP-3) (manufactured by
10 Calbiochem, product number: 444217)
Matrix metalloproteinase 8 (MMP-8) (manufactured by

Calbiochem, product number: 444229)

Matrix metalloproteinase 9 (MMP-9) (manufactured by
Calbiochem, product number: 444231)

15 Matrix metalloproteinase 13 (MMP-13) (manufactured
by Chemicon, product number: CC068)

Matrix metalloproteinase 14 (MMP-14) (manufactured
by Calbiochem, product number: 475935)

Matrix metalloproteinase 17 (MMP-17) (manufactured

20 by Calbiochem, product number: 475940)

A disintegrin and metalloproteinase 10 (ADAMI1O0)
(manufactured by Funakoshi Co., Ltd., product code:
936-AD-020) and

Adisintegrinandmetalloproteinasel1l7 (ADAM17, TACE)

25 (used was one prepared at Kaken Pharmaceutical Co., Ltd.

by employing the genetic recombination in the same way as
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IBPF11-538 fluorescence measurement, 90 pL of an enzyme solution prepared witBPAssa§8Buffer A
(50 mmol/L Tris-HC1 buffer (pH 7.5) containing 200 mmol/L sodium chloride, 5 mmol/L
calciumchloride, 10 pmol/L zinc sulfate, and2mg/mLbovine 5 serum albumin) was mixed with 90 pL of
the substrate adjusted to be 20 pmol/L with Assay Buffer B (50 mmol/L Tris-HC1 buffer (pH 7.5)
containing 200 mmol/L sodium chloride, 5 mmol/L calcium chloride, 10 pmol/L zinc sulfate, and 0.05%
PLURONIC,F-68), and.incubated for reactjon at 25C or 37C 10 for severalhours.
Moreover,thlerfluﬁ%@&%ﬁ&ﬁ%ﬁ%itéé be[?grjé%n% a‘?ftte’r tég reaction v‘(j}esrelrrﬁellggt?rt(—édE Li{sél‘rﬁngp al fluorometer
to determing the enzyme activity. An iphibitign a(%temqugaig%d%%gggg tgeesr}za}/&%%tiyities in the

presence and absence of the test substances, and 15the 50% inhibitory concentration (f050) was

calculated. Table 2showshe reaction conditions, for eagh enzyme, 1BPF11-538 [Table 2] Reaction
37'C, 5 hours 37cC, 5 hours 37C, 4 hours 37'C, 5 hours 37'C, 4 hours 37'C, 4 hours

In addition, substrates used in this test are as

5 follows:
444221 substrate
(DNP-Pro-Cha-Gly-Cys (Me)-His-Ala-Lys (Nma) -NH,, custom
synthesis): excitation wavelength at 355 nm, emission

wavelength at 460 nm

10 TACE substrate (the same as one used in Test Example
3): excitation wavelength at 355 nm, emission wavelength
at 460 nm

3168 substrate

(MOCAc-Arg-Pro-Lys-Pro-Val-Glu-Nva-Trp-Arg-Lys (Dnp) -NH
15 2, manufactured by Peptide Institute, Inc.): excitation
wavelength at 320 nm, emission wavelength at 405 nm, and
3163 substrate
(MOCAc—-Pro-Leu-Gly-Leu-A,;pr (Dnp)-Ala-Arg-NH,,
manufactured by Peptide Institute, 1Inc.): excitation
20 wavelength at 320 nm, emission wavelength at 405 nm.
The enzyme reaction was carried out using the enzymes
and substrates. Specifically, if necessary, the enzyme
was activated in advance with APMA (final concentration
1 mmol/L, p-aminophenylmercuric acetate, manufactured by
25 Sigma-Aldrich Co., A9563) according to information from

the manufacturer. Then, in a 96-well plate for
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37C, 5 hours 25'C, 5 hours 25"C, 5 hours 37"C, 1.5 hours substrate (final concentig&#bht-pitiol/L)
444221 substrate 3163 substrate 3168 substrate 3163 substrate alPilsqns 172117.17 444221
substrate 444221 substrate 3163 substrate TACE substrate TACT substrate ucTgopea Jed eauczue
gunouv 1 rig

fluorescence measurement, 90 plL of an enzyme solution
prepared with Assay Buffer A (50 mmol/L Tris-HCl buffer
(pH 7.5) containing 200 mmol/L sodium chloride, 5 mmol/L
calciumchloride, 10 pmol/L zinc sulfate, and 2 mg/mL bovine
5 serumalbumin) wasmixedwith 90 uL of the substrate adjusted
to be 20 pmol/L with Assay Buffer B (50 mmol/L Tris-HC1
buffer (pH 7.5) containing 200 mmol/L sodium chloride, 5
mmol/L calcium chloride, 10 pmol/L zinc sulfate, and 0.05%
PLURONIC F-68), and incubated for reaction at 25°C or 37°C
10 for several hours. Moreover, the fluorescenceintensities
before and after the reaction were measured using a
fluorometer to determine the enzyme activity. An
inhibitionrate was obtained based on the enzyme activities
in the presence and absence of the test substances, and
15 the 50% inhibitory concentration (ICsg) was calculated.

Table 2 shows the reaction conditions for each enzyme.
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EdEN 9- dM4 PI -511i 0 Urfa f IBPF11-538 <Cellular TACE Inhibition ExperimentBPF11-538HP-1 cells
(human acute monocytic leukemia-derived cells, ATCC catalog number: 11B202) were suspended in
10 v/iv% FBS-containing RPMI 1640, dispensed in a volume of 5 200 pL/well (1 x 105 cells) into a
96-well culture plate, treated with PMA (final concentration 50 nmol/L) and cultured at 37C in 5% CO2
for 40 to 48 hours, so that the THP-1 cells differentiated into macrophage-like cells. After the

differentiation, the medi as di d, and .10 the cells were washed with THP-1 washing buffer
(RPMI 1640, 20 mmﬁgggg%a]bli;é{i%e7.£5}%ﬁ€elrttﬁg rvl\/as,r}ﬁﬁ)ﬁ of fﬁ%nc%eﬁs, a THP-1 assay buffer
(RPMI 1640, 20 mmglll. HEEE 51Nk, (p,7.4), 0-QL iy % RF-68, 10 yivag FBS)was added thereto

at 100 pL/well. Then, a THP-1 assay buffer containing the 15 test substance (I-1 or 1-4) was further
added at 5Q-ply/ well apdnixed by tappingAfter incrbaliavin 3,02 incuhatorder30Q to 45 minutes, a

THP-11 assay buffer containing LPS was added at 50 pL/well (the final concentration of LPS was 1
pg/mL). Furhersthe piate was a2thtapped fan mixiag,ofolleweddyniseubationdn the1G@?2 incabator for 6
hours. After the incubation was finished, human INF-a concentration in the culture supernatant was
measured withoa cbmmeldiallyl available kit {HsmaniNB-& CytoSet (ranufactured lpyi BKGSOURCE) or
Human INF-a 25Ready-Set-Go! (manufactured by eBioscience, Inc.)). Table 3 show the result
obtained bytthese-expefirhéhtalPMA  (final concentration 50 nmol/L) and

cultured at 37°C in 5% CO, for 40 to 48 hours, so that the
THP-1 cells differentiated into macrophage-like cells.
After the differentiation, the medium was discarded, and
10 the cells were washed with THP-1 washing buffer (RPMI 1640,
20 mM HEPES-NaOH (pH 7.4)). After thewashingof thecells,
a THP-1 assay buffer (RPMI 1640, 20 mmol/L HEPES-NaOH (pH
7.4), 0.01 w/v% PF-68, 10 v/v% FBS) was added thereto at
100 pL/well. Then, a THP-1 assay buffer containing the
15 test substance (I-1 or I-4) was further added at 50 uL/
well and mixed by tapping. After incubation in a CO;
incubator for 30 to 45 minutes, a THP-11 assay buffer

containing LPS was added at 50 pL/well (the final

concentration of LPS was 1 pg/mL). Further, the plate was
20 tapped for mixing, followed by incubation in the CO,
incubator for 6 hours. After the incubation was finished,

human TNF-oa concentration in the culture supernatant was

measured with a commercially available kit (Human TNF-«

CytoSet (manufactured by BIOSOURCE) or Human TNF-«
25 Ready-Set-Go! (manufactured by eBioscience, Inc.)).

Table 3 showtheresult obtainedby these experimental
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IBPF11-538 As apparent from the result shown in Table 3, both of the compouBiis! I-33&nd 1-4
according to the present invention were confirmed to have a high specificity to 5 ADAM17 in
comparison with metalloproteinases other than ADAM17. Their inhibitory activity was confirmed on
TACE expressed on the macrophage-like cells, also. Moreover, the two compounds suppressed
ADAM10, as well, although the degree of suppression was somewhat low in comparison with 10
ADAM17. ADAM10 is an enzyme that can cleave the same substrate as ADAM17 (see Caescu et al.,
Biochemicarpi?’\g&%? Vol. 424, pp. 79 to 88). It is suggested that the inhibition isuseful for storingthe
platelet functio[nrggc-l\ gegﬁier et al., "Differentially regulated GPVI ectodomain 15 shedding by multiple
platelet-expressed proteinases.,"” Blood, July19, 2010, onlinepublication). Fromthe above, the

orging to the present invention are ADAM17-specific inhibitors, suggesting
)

that the other compptinds haying the same basic structure (for example, 201-2, 1-3, 1-5, 1-6)

according to the pre ention be also ADAM17-specific inhibitors. Meanwhile, GM6001 having a
hydroxamic acid str
known conventiona

compounds I-1 andfi= a\lccil

aRtEn

ngin

fures n-specifically and strongly inhibited metalloproteinases as has been

byt the inhibitory activity on ADAM17 was 25weak. (Test Example 5)

Verification of Functigh-Maintaining IBPF11-538 Effects of GM6001 and S-45282 on ES Cell-Derived

Platelets Undetepnpitens (Protocol 1) illustrated in Fig. 6, platelets were induced from ES

cell-derived hemato%«:ig i¢ [rpgenitor cells obtained as described 5 above. Specifically, inthe ab ove -
I

= =
b€y

@ BF

descr ibed8 - day| ciiflira Pro¢ess for inducing hematopoietic progenitor cells to
megakaryocytes/platelets lculturing was conducted under the following conditions: 2 days: culturing
while GM6001, S-45282 O IPMSO was added 102 days before the flow cytometry analysis (on "d22"
shown gle|Q
é o
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in Fig. 6), or 8 days: culturing for 8 days while GM6001 (50 pM), S-45282 (5 pM odBRFpMBr DNS()
was added after ES cell-derived hematopoietic progenitor cells were reseeded (after "d15" 15shown in
Fig. 6). After collection as described above, the number of CD41(+)CD42b(+),thenumber
ofCD41(+)CD42b(-), and atotal number of platelets were counted by flow cytometry. Figs. 7 to 10
show the obtained results. Note that since CD41 20(integrinallb) is a surface marker for platelets,
CDA41(+) indicates platelets. Moreover, CD42b (GPIba) (+) indicates that platelets have GPIba on the
surface, while CD42b (GPIba) (-) indicates that platelets of which GPIba was shed by ADAM17 . In

addition, in the graphs, "G\I” shows 25the result of adding 50,pl GME00I. (salyent: DYISQ), and

IBPF11-538 "45282" shows the result of adding S-45282 (solvent: DMSO) at each concentration.

As apparent fromhe resulfs-shown in Eigs.ofandr9, 4t was-confirmed t{?%t eagch opGM60Q1 and
5-45282 inhibit 5 ADAM17-mediated GPlba shedding. Further, it was also revealed that 5-45282 even
at a concentratiem efi>pMvhas andahiitory effect equivalentdo b0 pM GMEBOE.1 c i £k adglition, as
apparent from the results shown in Figs. 8 and 10, the number of platelets obtained was 10
appfoximatély alvel Same wihen 59p GM 6001 randds- pM 1S $5282anere added for2rdayisameanwhile,
in the 8-day addition, GM6001 produced fewer platelets than 5 pM 5-45282, revealing that 50 pM
GM6001 haPAAbtoxicity! [TFest Examplel&)overificatioréftRurietien MdidtainitR L SEfES 6f S-45457
and S-452 82 on ES Cell-DerivedPlatelets Under the conditions (Protocol’) illustrated in Fig. 6,
platelets weté MRS flofPE S e INderve® hematopoictic progenitor ¢alR obtXiREd a¥ 8&scribed

above. Spemhlcal% after ES cellig%erlved hemato ietic 22 ro enltor IIs ere reseed (after "d15"
shown in Fig-6), oh@ &F&iRer BMB0T1B0 pﬁ/ﬁ rko’p gﬁ’éﬁg ? or DNS()

e i e g o e
by flow cytomsetly: 7. ADAM10 is an enzyme that can cleave the same
substrate as ADAM17 (see Caescu et al., Biochemical J.,
2009, vol. 424, pp. 79 to 88). It is suggested that the
inhibition isuseful for storingtheplatelet function (see
Bender et al., "Differentially regulated GPVI ectodomain
15 shedding by multiple platelet—-expressed proteinases.,"
Blood, July 19, 2010, online publication). Fromthe above,
the compounds I-1 and I-4 accordingtothepresent invention
are ADAM17-specific inhibitors, suggesting that the other
compounds having the same basic structure (for example,
20 I-2, I-3, I-5, I-6) according to the present invention be
also ADAMl17-specific inhibitors. Meanwhile, GM6001
having a hydroxamic acid structure non-specifically and
strongly inhibited metalloproteinases as has been known
conventionally, but the inhibitory activity on ADAM17 was

25 weak.

(Test Example 5) Verification of Function-Maintaining
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Figs. 11 and 12 show the obtained results. Note that, in IBPF11-538 the graphs, "#&F5F53hows the
result of adding 5-45457 (solvent: DMSO) at each concentration. As apparent from the results
shown in Figs. 11 and 12,it was confirmed that 5-45457 also inhibits 5ADAM17-mediated GPlba
shedding, similarly to GM6001 and S-45282. (Test Example7)Verification of Concentration
Dependency of Function-Maintaining Effect of 5-45457 on Platelets 10Under the conditions illustrated

in Fig. 6, platelets were induced fipm £5 gels; 94 1PS call deriveg hgmatopoiets progentof cells

N C? S Olg . .
obtained as described above. Speci y, after cell-ori ematopoiéetic progenitor

cells were reseede fqacﬁ'@Ed%én dlgtsihgwg iQ ﬂgo @j 4%\469[0)1 ({)9 Pm&i%ﬁé?g gtljfvEeoit 0 pM), or

DMSO was added, followed by culturing for 8 days. After collection as e number of

CDA41(+)CDa#2b(+)thepumber-ofCRAL(E)CDAZR(), @Rd atetal,jumbes of plateletsjuere counted by
flow cytometry. Fig. 20 13 to 16 show the result obtained by conducting the above procedure 4 times.

Note that theestatistical apalysis @fratgs 0f €ED4A2b{+)1to hedotabnumber afplatelets wasqerformedby
ANOVA on angular - tr ansformedva lues, followed by multiple comparisons of Dunnett's test on a
group 25différence betWwpert theilNS() group ahcthe test sdlestancelgroupsdiBRF11538e As
apparent from the results shown in Figs. 14 and 16, it was confirmed that in the culture system using
the ES cellFRF 43¥ akdalsa rAthe toRurk systemusirtthe iks ealis{Figo16)Cthe lagldition of the

compound S-45 45 7 _
megakaryocytes/platelets, culturing was conducted under

the following conditions:
2 days: culturing while GM6001, S-45282, or DMSO was added
10 2 days before the flow cytometry analysis (on "d22" shown
in Fig. 6), or
8 days: culturing for 8 days while GM6001 (50 pM), S-45282
(5 pyM or 50 pM), or DMSO was added after ES cell-derived
hematopoietic progenitor cells were reseeded (after "d15"
15 shown in Fig. 6).
After <collection as described above, the number of
CD41(+)CD42b(+), thenumber of CD41 (+)CD42b(-), andatotal
number of platelets were counted by flow cytometry. Figs.
7 to 10 show the obtained results. Note that since CD4l
20 (integrin aIIb) is a surface marker for platelets, CD41 (+)
indicates platelets. Moreover, CDh42b (GPIbo) (+)
indicates that platelets have GPIba on the surface, while
CD42b (GPIba) (-) indicates that platelets of which GPIb«x
was shed by ADAM1 7. In addition, in the graphs, "GM" shows

25 the result of adding 50 pM GM6001 (solvent: DMSO), and
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5according to the present invention inhibit ADAM' 7-mediated GPlba shedding in dBRBNR&8dependent
on the added concentration. Further, as apparent from the results shown in Figs. 13 and 15, it was
also confirmed that the compound S-45457 according to the present invention has 10a low toxicity to
ES cells, iPS cells, and differentiated cells from these. (Test Example8)Verification of Concentration
Dependency of Function-Maintaining Effect of S-45457 on Human Peripheral Blood-Derived Platelets

151t was vetjfj gther the compounds according to.the pre invention demonstr c%
function-main %.?%\I%{]% ef?eéqc?"éfs o%hpgerfp%%Pa?%lgo%-%%(r%endgp%tggt% %%t ing ‘63? %Slreéﬁg 1ood in the
same way as platelets %tgjtﬂigg%y%igg the culture system as described above. 20 Specifically,
according to <Protocol 2> illustrated in Fig . 6, first, ACD was added to human peripheral blood

obtained by collecting blogd at a xatiosof Jr; 10, and centrifuged at9Q0 rpm. fargl) mimuteswithout a
break. The supernatant obtained by the centrifugation was further centrifuged at 251500 rpm for 10

minutes witbout & hreak candrthen the supernatat was cervoved.akhe precipitate thus obtained
IBPF11-538 was suspended in a Tyrode-HEPES buffer (not containing calcium). The number of
platglets in #ierguspensiahiwas douatetpandsthe sdspension{Wiashed Platetet)weas adjusted to
contain 5 x 107 to 1 x 109 of platelets/200 pL of the 5 Tyrode-HEPES buffer (not containing calcium).
Next, one of &ittfet 50 M IGM60014 1556 507pM S-35457 0o DNSH) aasHeided togetheravith 100 pM
COORP (carbonyl cyanide m-chloro henilhydraz_one}ato the washed platelets . After incubation at 37C
for 24 hours’%rfhe‘-ﬁ%‘rﬁl?é'rg OF LoTCDAF) CT82bA and e DAL (AE Db EREfIcounted by flow

cytometry. Incidentalllal, ités kntown that addition of C('%O]I? enhan%es GPIbalsthedd'n on the surface of
platelets (see Bergmaiet et B33d, 2003 V812162 pp- 4250 to 4235 5Hi§. 77 SHows the dbtained

result. The sta i%t_ipal 8158598‘35?619_""@?? C%hensds}%e as that ir%/lIgsCt Example 7., . As Oap;gje_(a.jrgnt from the
result shown in Fig. 17, it was confirmed that similarly to GM6001, the compound according to the
prggent invention haye adncliopmaintaining effect in particulas the fungtienymaigtaining effect at
were added for 2 days; meanwhile, in the 8-day addition,
GM6001 produced fewer platelets than 5 uM S-45282,
revealing that 50 pM GM6001 had cytotoxicity.
(Test Example 6) Verification of Function-Maintaining
15 Effects of S-45457 and S-45282 on ES Cell-DerivedPlatelets
Under the conditions (Protocol 1) illustratedinFiqg.
6, platelets were induced from ES cell-derived
hematopoietic progenitor cells obtained as described
above. Specifically, after EScell-derived hematopoietic
20 progenitor cells were reseeded (after "d1l5" shown in Fig.
6), one of either GM6001 (50 uM), S-45457 (5 uM or 50 uM),
S-45282 (5 uM), or DMSO was added, followed by culturing
for 8days. Aftercollectionasdescribedabove, the number
of CD41(+)CD42b(+), the number of CD41(+)CD42b(-), and a
25 total number of platelets were counted by flow cytometry.

Figs. 11 and 12 show the obtained results. Note that, in
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2037C, on human peripheral blood-derived platelets. (Test Example 9) Verificatig#Pbf1-538
Function-Maintaining Effects of S-45457 and p38 Inhibitors on Human Peripheral Blood-Derived
Platelets It is known that inhibition of p38 suppresses GPlba 25shedding (see Matthias C. et
al., TRANSFUSION MEDICINE, BLOOD, March 4, 2010, vol. 115, No. 9, pp. 1835 to 1842).
IBPF11-538 For this reason, the function-maintaining effect on human peripheral blood-derived
platelets was compared betw inhibjtors and the compaqund according to the pr invention.
Specificall)?csl&r?e e ﬂdgrséac?m%‘(% %v%%fo Bﬁog%sgkiln%iﬁt%?gl ((1;@8 AP iélagsnegin ibi ogr%%m}

manufacturgg by g@p&o:chgms groduct numbkers; O%@%gg%%%§qq)§5203580), 50 pM S-45457, or DNS()

was added together with 100 pMCCCP to washed platelets prepared in the same way as in Test
Example 8. After ingubatign a- 37¢ ferZ2dhaurs, a-dat,1Q plot analysis an©b4d (+) and, €p42b(+)
was conducted by flow cytometry. Fig. 18 shows the obtained result . Note that, in Fig. 18, the X axis
represents D41, and ther ¥ axisdepresemts £D42haMoregvers nthe geaphs, 2021305 and "203580"
show the result of adding each of the p3 8 inhibitors 15at 40 pM (solvent: DMSO). In addition, one
of efther eaév 8Mhé& twe 40 pVepB&inhibitorsh 5Ol pMNGM6601 1015 tol50 pM $M45457, ardNS() was
added together with 100 pM COOP to washed platelets prepared in the same way as in Test Example
8. After 20ircubaticitat 37C for 24 hours and flow cytometry analysis, a percentage of
0D41(+)CD42b(+) in the platelets was calculated. Fig. 19 shows the obtained result. As apparent

from the results'$hdlvn iFEigEPESand 19, sincethé hGmbérkbf GPba (EPRSH)EF Edis With
25addition of the R%{S inhibitorfs were larger than that with DMSO ittwas cogfirénedSthggtheIPBS
Functron-Maintaining Effect o -454 ¢}

inhibitors aI[s)g]ﬁSve ency o
Platelets
10 Under the conditions illustrated inFig. 6, platelets
were induced from ES cells-— or iPS cell-derived

hematopoietic progenitor cells obtained as described
above. Specifically, after ES cell-or iPS cell-derived
hematopoietic progenitor cells were reseeded (after "d15"
15 shown in Fig. 6), GM6001 (50 uM), S-45457 (1.5 to 50 uM),
or DMSO was added, followed by culturing for 8 days. After
collection as described above, the number of
CD41(+)CD42b(+), thenumber of CD41 (+)CD42b(-), anda total
number of platelets were counted by flow cytometry. Fig.
20 13 to 16 show the result obtained by conducting the above
procedure 4 times. Note that the statistical analysis of
rates of CD42b(+) to the total number of platelets was
performed by ANOVA on angular-transformed values, followed
by multiple comparisons of Dunnett's test on a group
25 difference between the DMSO group and the test substance

groups.
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IBPF11-538 a function-maintaining effect on human peripheral blood-derived platelé§] N&dgertheless,
the effect produced by adding the compound according to the present invention was superior to the
effect produced by adding 5the p38 inhibitors. (Test Example 10) Verification of Function-Maintaining
Effects of S-45457 and p38 Inhibitors on ES Cell-Derived Platelets Under the conditions (Protocol’)
illustrated in Fig. 10 6, platelets were induced from ES cell-derived hematopoietic progenitor cells

obtained as described above. Specifically, after ES cell-derived hematopoietic progenitor cells were

reseeded (after "dléssﬁ&v?naiﬁ |gt. 6§r é}rllné (J)étf%eelth]éregf)1 pﬁlﬁhﬁ%ﬁbﬂ?oﬁ% tgjs%gpl\/l 2245%}5 , each 15
of the two 4DpM p3E, jnibiigre 50 pEMEQ0L or PNS(.was added, followed ysclturing for Sdays.
After collection as described above, a total number of platelets and a percentage of CD41(+)CD42b(+)

in the platelgts were determingd hy;flow, gyiomety, and calgulated Figs2Q grd 2021,shayythe
obtained results. As apparent from the result shown in Fig. 20, the number of platelets obtained by

adding the p3&inlmbitoesi was gigrificamtly, saadl, add acsignificant ieytetoxicity wassconfirmnsed.
Moreover, as apparent from the result shown 25in Fig. 21, the function-maintaining effect on the ES
cellderivedsptatetetsiproducethwasrabserved by adding the nBPE11-338\tonpound aeterding to the
present invention, whereas none of the effect was observed by adding the p38 inhibitors. (Test
Example 115 R/Enfication &f FonctibR-Maiftaimiy Ry EfEtEeaf S 45457aniolS-4528226n Human
Peripheral 5Blood-Derived Platelets In order to examine function-maintaining effects of S-45457

and S-45282VrRmrdriperpheral biodietived flafhats, ‘o lof Bivét 56TPM:IEMBAG1S 5 pMor 50

pM: S-45457 S%EMi%AFSZS%,or P&\IS(%\g{aigdded tcggether with 100 pNV COOPt}lO to W%shed

platelets in theshie Way a8 Tri Test EXAmpIa 8. Aftel hdubation at 37C16F 24 hSira fa tatdl number of

B MRt L e EYeC bl e O peFeTge  £04200)
10 a low toxicity to ES cells, iPS cells, and differentiated
cells from these.
(Test Example 8) Verification of Concentration
Dependency of Function-Maintaining Effect of $S-45457 on
Human Peripheral Blood-Derived Platelets
15 It was verified whether the compounds according to
the present invention demonstrated function-maintaining
effect of on peripheral blood-derived platelets obtained
by collecting blood in the same way as platelets obtained
using the culture system as described above.
20 Specifically, accordingto<Protocol2>illustratedinFig.
6, first, ACD was added to human peripheral blood obtained
by collecting blood at a ratio of 1: 10, and centrifuged
at 900 rpm for 10 minutes without a break. The supernatant
obtained by the centrifugation was further centrifuged at

25 1500 rpm for 10 minutes without a break, and then the

supernatant was removed. The precipitate thus obtained
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15As apparent from the result shown in Fig. 22, it was confirmedth at similarly to GR#600333he
compounds according to the present invention have a function-maintaining effect, particularly the
function-maintaining effect at 37C, on human peripheral blood-derived platelets. 20(Test Example 12)
Verification of Function-Maintaining Effects of on Human Peripheral Blood PRP The sustainability
of the function-maintaining effect of each compound on platelets was examined using human
peripheral blood PRPéplat let-rich plasma). 2{589 ifically, first, ACD was added to human peripheral
Blood obraifi by TR AT Blood at 1htS OFE 10 ATkt PR 558 U blob e EantifLged ot

room temperthce 81,800 o for L9 minutes piihout  preak. Nexi.jone.qf siifer 50.aM (3MB00L, SO
pM S-45457, 5 pM S-45282, the 40pM of two p38 inhibitors, or DMSO was added to the supernatant

(PRP) 5 thus gbtaingd. Afferincubatiopat 376 for ¥4 bawrs en 22 haws, thesnumperafc e g
CD41(+)CD42b(+) and the number of CD41(+)CD42b(-)were countedby flow cytometry, percentage of
CD41(+)CDdzbeparGR41(F)ED42B(+) dn thexplatefets wasicatculateds Fign @3,shows the ebtained
result. In Fig. 1023, "fresh” shows the result of flow cytometry analysis on human peripheral blood
PRP not subbjectedde ifichBatidn £ £ e rTHe resultcshownin Rig. 23 revieated.thatithetconapornd
S-45457 according to the present invention is capable of continuously suppressing ADAM17-mediated
GPlba (CD42b) 15 BRedding ev¥nGicubated fbr 72tours. M¥réovep, 4owas feveaisd tias the
compound S-45282 according to the present invention also has a strong effect of maintaining a
function of RGA& pefiptErd bidod PREYN cofsiderdtion of Sich 4y ad ohceRfaibhst 5 pM.

Meanwhile, the Ielgects 0 20thelp%§8oilnhibitors \§vetre 0 servedﬁj‘(l) bc? low or ardl%obser E’:\ble. (Test
Example 13} VelifiCatioR 'of Finction: Mdintaning Effetts 87 HiRTak PefipheraBlood-Derived

Platelets incubation at 37°C for 24 hours, the numbers of
10 CD41 (+)CD42b(+) and CD41(+)CD42b(-) were counted by flow
cytometry. Incidentally, it is known that additionof CCCP
enhances GPIba shedding on the surface of platelets (see
Bergmeier et al, Blood, 2003, vol. 102, pp. 4229 to 4235).
Fig. 17 shows the obtained result. The statistical

15 processing was the same as that in Test Example 7.

As apparent from the result shown in Fig. 17, it was
confirmed that similarly to GM6001, the compound according
to the present invention have a function-maintaining
effect, in particular the function-maintaining effect at

20 37°C, on human peripheral blood-derived platelets.
(Test Example 9) Verification of Function-Maintaining
Effects of S-45457 and p38 Inhibitors on Human Peripheral
Blood-Derived Platelets
It is known that inhibition of p38 suppresses GPIbx
25 shedding (see Matthias C. et al., TRANSFUSION MEDICINE,

BLOOD, March 4, 2010, vol. 115, No. 9, pp. 1835 to 1842).
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One of either 50 pMGM®6001, 50 pMS-45457, 5 pMS-45282, 25the two 40-pM p38B#kibitats, or DNS()
was added together with 100 pM COOP to washed platelets obtained in the same IBPF11-538 way as
in Test Example 8. After incubation at 37C for 24 hours, by flow cytometry, a dot plot analysis on
CD41(+) and CD42b(+) was conducted. Fig. 24 shows the obtained result. Note that, in Fig. 24, the X
axis represents CD41, 5 and the Y axis represents CD42b. Moreover, in Fig. 24, "fresh” shows the
result of flow cytometry analysis on washed platelets not supjected to incupation. As apparent
from the oS TEsov v EB 24, 1t WS CoRP et RaTiAd LoMBO PSS Ieae? aceBrifg i the 10

present invetion spopresses ABAMLZsmerile GRIRG (CR4Z0) sheddipd Marqoyer, Layes

confirmed that the compound S-45282 according to the present invention also has a strong

function-mainfaining.effect en-buman pexipherablogd-derived, B'étﬁ'?és byt petasstrang.as
15S-45457. Furthermore, it was confirmed that the effects of the p38 inhibitors are low. (Test Example
14)Verificatiomof Coneentratiopd2ependency of Funetior-Maintaining Efactaf $4545¢ anviHuman
Peripheral Blood-Derived Platelets 200ne of either 50 pM GM6001, 0.5 to 50 pM S-45457, or DNS()
was added together with 100 CCTP itAwashedapateletshaintiest Exaraple B2 Afterriadubation at
37C for 24 hours, a dot plot analysis on CD41(+) and CD42b(+) was conducted by flow cytometry to
examine th® furictior 1 2Gpiamainitigstieetof SB43 B0 ABmAR peipleetal BiGodideri/ed

pIateIets.Fi%. 25 shows the obtained _
0 uM S-45457, or DMSO was added together with 100 uM CCCP

to washed platelets prepared in the same way as in Test

Example 8. After incubation at 37°C for 24 hours, a dot
10 plot analysis on CD41(+) and CD42b (+) was conducted by flow

cytometry. Fig. 18 shows the obtained result. Note that,

in Fig. 18, the X axis represents CD41, and the Y axis

represents CD42b. Moreover, in the graphs, "202190" and

"203580" showtheresult of addingeachof thep38 inhibitors
15 at 40 pM (solvent: DMSO).

In addition, one of either each of the two 40 uM p38
inhibitors, 50 uM GM6001, 0.5 to 50 pM S-45457, or DMSO
was added together with 100 uM CCCP to washed platelets
prepared in the same way as in Test Example 8. After

20 incubationat 37°C for 24 hours and flowcytometry analysis,
a percentage of CD41(+)CD42b(+) in the platelets was
calculated. Fig. 19 shows the obtained result.

As apparent from the results shown in Figs. 18 and
19, since the numbers of GPIba (CD42b) (+) cells with

25 addition of the p38 inhibitors were larger than that with

DMSO, it was confirmed that the p38 inhibitors also have
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IBPF11-538 result. Note that, in Fig. 25, the X axis represents CD41, and the Y axiBREjrés®ents
CD42b. As apparent from the result shown in Fig. 25, it was confirmed that the compound
according to the present 5invention suppres s ADAM' 7-mediated GPlloa (CD42b) shedding in a
concentration-dependent manner. (Test Example 15) Verification of Maintaining Effect of S-45457 on
Adhesion Ability of Platelets, Using Flow Chamber 10It is elucidated that Normally, when the blood
vessel wall is dalgna ed, the_collagnetn tissues bene tp th% vascular endothelial cells gre exqosed, von
Willebrand factor T:} i the %bsmaalbrfﬁd%qto the coﬁl%gen '[lensue;l%ﬁler?laﬁatefé?sral%e?é: {6 the blood

vessel by an jnteracti en GPIb 4 interactjon VWF and
a2b153 inte%%?r%%ﬁl ﬁ%ﬁ%ﬁ\é{? is C%Yr\#i:ggl f?heggg:ﬁe mﬁé%?ﬁé?e}}%%d% rtgh'e blggldéoveggeé\?ggég#ns platelet

to platelet adherence Ry 34 interactign between ¥ Wikand,GRhaandan @t%rﬁetim%e;ws%n VWF and
a2b153 integrin, and a thrombus 20is developed (see Ruggeri ZM., Nature Medicine, November 2002,

vol. 8, No. Lil; Ppnt22di0Wl234)% up e rHence; whether thereffeet pfitbe cempoundsa(@uchas S-45457)
according to the present invention suppressing GPlba shedding demonstrated in Test Examples 1 to
14 35maintains ap ¥fieracticrocbetween VWF and GPIba (CD42b) and contributes to the maintenance
of the adhesion ability of IBPF11-538 platelets or not was evaluated using a flow chamber capable of
quantitatively éVagdtifigitiercbarse of thembuds-forrhation cSpeeificaily ofirst!hdman perpheral blood

was
Effects of S-45457 and p38 Inhibitors on ES Cell-Derived

Platelets
Under the conditions (Protocol 1) illustratedinFig.
10 6, platelets were induced from ES cell-derived
hematopoietic progenitor cells obtained as described
above. Specifically, after EScell-derived hematopoietic
progenitor cells were reseeded (after "d15" shown in Fig.
6), one of either 50 uM GM6001, 0.15 to 50 uM S-45457, each
15 of the two 40 uM p38 inhibitors, 50 uM GM6001, or DMSO was
added, followed by culturing for 8 days. After collection
as described above, a total number of platelets and a
percentage of CD41(+)CD42b(+) in the platelets were
determined by flow cytometry and calculated. Figs. 20 and
20 21 show the obtained results.

As apparent from the result shown in Fig. 20, the
number of platelets obtained by adding the p38 inhibitors
was significantly small, and a significant cytotoxicity
was confirmed. Moreover, as apparent fromtheresult shown

25 in Fig. 21, the function-maintaining effect on the ES

cell-derived platelets produced was observed by adding the
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5 obtained by collecting blood, added with ACD and centrifuged at 900 rpm for 10 iBhuite®3$vithout a
break to collect a supernatant. The supernatant was added with 1 pM prostaglandin El (PGE1), and
centrifuged at 1500 rpm for 10 minutes without a break. Then, the supernatant was 10 removed. The
precipitate thus obtained was suspended in a Tyrode HEPES Ca(-) buffer, added with 100 pM COOP
and simultaneously added with one of either DNS or 15 pM S-4545 7 and followed by incubation at 3 7
C for 2 4 hours . Notgéhgtc,cigygsl ex %r(ijm&qté one obtained b\\; adgifg COOP and DNS() 15 and the

COmRoO n resent,l1nv.en W reas ne ..
subsequent mc%aﬁon was prepared asa negaﬁve conrfrol, Wthe one orb&alneﬁ wn%ou? e addition or

the incubalign [epUMER(s NS prEBated A5 ARIFNE RO, + FUrthes after thegybation (n the

case of the positivecontrol,withoutincubation),thesuspension was 20 added with IMRE

(tetramethylrhodargine gthylester pgrehiprate)rhaving been dilated e 1/2000.and incubated at room

temperature for 15 minutes to label the platelets with fluorescence. Thereafter, the suspension was
added with afTyeetdeHERPES €ag)y huffer andcentrifuged at 1500 25tpm for & minytesswithout a break
in order to wash the platelets. IBPF11-538 Next, each of fluorescence-labelledplatelet samples
was added Bl arndimixed withda wWhalé bloed sample of collected human peripheral blood
anticoagulated with argatroban (thrombin inhibitor) so that the number of platelets of 5the
fluorescence-labelldd prateletrsarmpieiaast TG0 s whsdle hiobd (platele isd Theh Sthé Hledd sample
thus prepared was injected into a chamber at a constant wall shear rate (1500S71) with a syringe

pump (mantfattuted by&rvard Apparatis). TheRaFadesdt e Eiaiber hA® Besrt 16 E8dted with

VWEF, and platelets.in the blood sample adhered to the surface via the VWF. The flyar nce-labelled
LR EﬂlozéldvI uglbﬁ%%agnalinvérfle% gfé;]éé éﬂ)%ll%(frg%cgegrwccgeé video

platelets wHict formé&d 5 thPdHibas Wwére Visua
m'crOSCOpeﬁSt%“gD%E%%’,%%”%‘}ﬂ%%r%da@’ &g'&% The r@'%"é%%‘%t”ﬂa% o9 yasdigitized using
a photosensmvé1 color CCD camera (L-600, manutfactured by Leica). Further, a percentage of surface

argg covered by, platelets wag:calculated ysingdmage) seftyare (NiHfmage): Note.that this

experiment was co ndu ctedtwi ce for each sample, raw data on each sample 20 was converted to a
percentageawith @ maximumtvaklie efithe percentagesof sursfage area eavered by.thiegosiive control
(fresh platelets) taken as 100% for each time, and an average value of the two tests was calculated.
Figs. 26 ang 27 ishaw the abtaindderesuttsh<Note fthat) #vEgs. )26v25and 27 thes dettical axis represents
the average value, "S-45457" shows the result of the platelets prepared by
cytometry, and percentage of CD42b(+) in the platelets was
calculated. Fig. 22 shows the obtained result.
15 As apparent from the result shown in Fig. 22, it was
confirmedthat similarly toGM6001, the compounds according
to the present invention have a function-maintaining
effect, particularly the function-maintaining effect at
37°C, on human peripheral blood-derived platelets.
20 (Test Example 12) Verification of Function-Maintaining
Effects of on Human Peripheral Blood PRP
The sustainability of the function-maintaining
effect of each compound on platelets was examined using
human peripheral Dblood PRP (platelet-rich plasma).

25 Specifically, first, ACD was added to human peripheral

blood obtained by collecting blood at a ratio of 1:10, and
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IBPF11-538 adding 15 pM S-45 45 7 , "DMSQO" shows the result of the negative cdBtiol]-asel "fresh”
shows the result of the positive control (fresh platelets). Moreover, in Fig. 26, the horizontal axis
representsmeasurement time (unit: minute) 5from the injection into the chamber. As apparent
from the results shown in Figs. 26 and 27, the compound (S-45457) according to the present invention
had a high percentage of surface area covered by the platelets in comparison with the result of the 10
negative control added and incubated with DNS() together with COOP, Accordi gg/ it was revealed
that the corr%loeur?adléjc%g} |r?gstoct%g%pﬁels%elﬁgi%%rafttlconré)uopnf)ré—‘sesmﬁi&ﬁltﬂﬁeed:i‘ége %i’lﬁg(“ shedding
2 o eneble axsqpiaign bevieen iba A aduk Lo wieing cappbie ManAIng poine
adhesion ability of platelets. (Test Example 16) Verification of Maintaining Effect of S-45457 on

Adhesion Abjlity-ef Slatelets; Y)sing Biomolecylar knaging Technique The-maintaining effeet of the
compound (such as 20 S-45457) accordingto the present invention on the adhesion ability of platelets,
particularly adisesion abilityof platelets i a hlead yassehin vivoh wasgvaluatedaustng asromolecular
imaging technique and a thrombus formation model developed by the present inventors. 25Note that
the shrombussformaticremodel used fit this Test Exampleninducesthfombus fotmiationras fotlows.
IBPF11-538 Specifically, reactive oxygen species (ROS) are generated locally in a blood vessel by
using laser itradiatiohsalohd with\Hepsatopdrphydn, ahtSe e This ives anmagete vaséular
endothelial cells, and the reby platelets adhere 5 to the blood vessel, so that a thrombus is formed.

Moreover, th€ %?pfn*o)lgc%ﬁa% %a‘dir‘{bet.%@hﬁiﬁﬂ%%%@doiﬁ tch}éj’l"e%V ERAHpIE %'mBI%§§ 8%@?‘19§peed
Contoc st R0 8148 P S0 p s Tty 2 il noggcr e

obtained by focusing on‘ane e y%Fna apara gcordingly,

observation nfagusing.on placlels ofihe ke fowing tpudh 3 blea.uessel whilechapging he
I [ i telet

shape allows for in vivo imaging at an individual platelet level (see Takizawa et al., The Journal of

Clipjcal Investigation, 1o, Janugny, 2018,&v0l. 1201 88 15 PP1 179 10,190) Herginbgloyw, thesthrombus
formation model and the biomolecular imaging technique used in this Test Example will be described.
First, platelets werejeparedfarinection ¥8@ PRP not subjected to incubation.
The result shown in Fig. 23 revealed that the compound
S—-45457 according to the present invention is capable of
continuously suppressing ADAMl7-mediated GPIba (CD42b)

15 shedding even incubated for 72 hours. Moreover, it was
revealed that the compound S-45282 according to the present
inventionalsohasastrongeffect ofmaintaininga function
of human peripheral blood PRP in consideration of such an
added concentration of 5 uM. Meanwhile, the effects of

20 the p38 inhibitors were observed to be low or hardly
observable.

(Test Example 13) Verification of Function- Maintaining
Effects on Human Peripheral Blood-Derived Platelets
One of either 50 uMGM6001, 50 uM S-45457, 5uMS-45282,

25 the two 40-uM p38 inhibitors, or DMSO was added together

with 100 pM CCCP to washed platelets obtained in the same
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20 mice used as a model of thrombus formation. Specifically, human peripheral bldFwas®btained by
collecting blood, added with ACD at 10 v/v%, and centrifuged at 900 rpm for 10 minutes without a
break to collect the supernatant. The supernatant was added with 1 pM PGE1, and centrifuged at
251500 rpm for 10 minutes without a break.Then, the supernatant was removed. The precipitate thus
obtained IBPF11-538 was suspended in a Tyrode HEPES Ca(-) buffer, to which 100 pM COOP and
DNS() or 15 gM S-45457 were added, fo owegd by jncubation at BgC for 24 h%ur§.7l§!(z_tte%hat, in this
experimenthorYe Sbtained ?%ﬁdmﬁ% 5 and D 6%ﬁd the™'s s%%%éjqnue% incubation Was

prepared as/& negalive conth shie s ehtained yiihoutihe edifion et e eubafon fpatments

was prepared as a positive control. After the incubation (in the case of the positive control, without

incubation) thg numbepqfplatglets indhe precipitate A0 wasxounied,, The precipifate;wasssuspended
in a 2-m3 Tyrode HEPES Ca(-) buffer (containing 1 pM PGE1) and added with 5 pM IMRE. The

suspensionwasithen inqubated atyroom temperatore, fardsd miautes odabel thenplatelets with
fluorescence. Thereatfter, the suspension was added with 15a Tyrode HEPES Ca(-) buffer and
cenfrifuged ah d500 Y for 8iminutesmwetheota bdak ZribordeY to-wastethe plateletsy . 2 Next, the
thrombus formation model mouse was prepared. Specifically, an NOG mouse (severe combined
immunodefitiene mblised thaving been salsjgctéd f2-GYo20 ridiriva trertndent iivadvaneé'to have
fewer platelets was anesthetized and a small incision was made in the abdominal wall to allow for

visual analysfsSdt Fhicrdifdufatioh aind Wrombis formatiort i the fekenteR: Further, in order to
visualize the kinetics of NOGmouse-derived plood cellsi, 25FITC-dextran (20 kg body weight) was

injected into the NOG nidUR Froft the" CAlidal VeinS Then, piataléts rbeildd 18PF11:538 Gith
fluorescencg gs described ahoye were injecte Jﬁ'&?aﬁhesN—Qg;Af@qUSS@f&@%yf‘%n“t ber gfthe
: . . e

platelets was 15% of the number of circulating platelets. Further, in order to induce thrombus
forpgation, hemateparphyrinL-8:mg/kg Shody.weightlwas administered inte the NQE meuse. Note

that by treating the mouse in this manner, the blood cell kinetics and thr ombus formation are
visualizedduringalasser irsadiationrand RS psedustion.it was confirmed that the
compound S-45282 according to the present invention also
has a strong function-maintaining effect on human
peripheral blood-derived platelets but not as strong as
15 S—-45457. Furthermore, it was confirmed that the effects
of the p38 inhibitors are low.
(Test Example 14) Verification of Concentration
Dependency of Function-Maintaining Effect of S-45457 on
Human Peripheral Blood-Derived Platelets
20 One of either 50 uM GM6001, 0.5 to 50 uM S-45457,
or DMSO was added together with 100 uM CCCP to washed
platelets as in Test Example 8. After incubation at 37°C
for 24 hours, a dot plot analysis on CD41 (+) and CD42b(+)
was conducted by flow cytometry to examine the function-

25 maintaining effect of S-45457 on human peripheral

blood-derived platelets. Fig. 25 shows the obtained
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Then, the visualized images (sequential images) 10 during the laser irradiation wdBPbbtaised by
observation and photographing through the previously-made small incision site (approximately 3 mm)
using a spinning disk confocal microscope (manufactured by Yokogawa Electric Corporation, CSU-X1)
and an EM (ElectronMuitip 15camera (iXon, manufactured by Andor Technology plc.) at 30
frames/second for 20 seconds. Note that such observation was made on 20 independent blood

vessels where an obstructive tl%r mpus was formed, in each of the mice injected witf?é platelets
prepared byr g&:ﬁr%gt S-4§$4%f7fe (ﬁ %e’nédlagvlegc'o%??dl, gpﬁ%(p%él i\sierc%%tJrSI.S Elrglg%.s 2 tIg;\%]d’zg show the

obtained regylts. Npte that jg ﬂgsré%gg% 29.."'$-4594p4 1 shows the thrombus formation in the mouse
into which the platelets prepared by adding 15 pM S-45457 were injected, "DMSQO" shows the result of

the thrombus 25formatign iithe Negative.centrol,-and, freshn shows the fesult:of the thrombus
formation in the positive control. IBPF11-538 Moreover, in Fig. 28 that shows typical examples, the

white arrowdndicatesadiredtion ofthieoddlomp anch the site: hdicategl by shennhite triangtenis a site
where the human-derived platelets adhere to the blood vessel. The 5 scale bar represents 10 pm.
Further, in Rigv29) theovericalaxissis & paicerfitage %oy bEthiesmurbber 6DHUNTaN phateletsrtg a total
number of platelets involved in thrombus formation, and the value is the average of 20 blood vessels +
standard erigr. BOAXCAppARETE fbthe Aeseitd SRGWN MAFIFS 28 and 29, in the mice into which the

platelets prepared by adding the compound (S-45457) according to the present invention were
injected, the péfcehtage’dithe Ruhmah-d&ived pradieRtontribiating 18 e thfombh s fornfation was

higher 15 tharhghz’flégf thennezgggve Control%ﬁ]ci ordingly, it was revealed that the, compoggd according
ti SS -

to the present invention SUppressADAM17-Metiated GPiba shiedding ant is thereBy éapable of

maintaining the adhesion ability of platelets to a blood vessel. 20[Industrial Applicability] As
described above, the present invention makes it possible to maintain a function of platelets by

spegifically inhibiting & metalopratginase agtvity @ ARAMLY to,suppress-GRIba shedding, Thus, the
present 25invention is useful as a reagent for efficiently producing a large amount of functionally stable
and highly safe 1 is damaged, the collagen tissues beneath the vascular
endothelial cells are exposed, vonWillebrand factor (VWF)
in the plasma binds to the collagen tissue ; then platelets
adhere to the blood vessel by an interaction between VWF
15 and GPIba (CD42b) and an interaction between VWF and o2bf33
integrin. In addition, it is clarified that, the platelet
adhering to the blood vessel begins platelet to platelet
adherence by an interaction between VWF and GPIba and an
interaction between VWF and o2bf3 integrin, and a thrombus
20 is developed (see Ruggeri ZM., Nature Medicine, November
2002, wvol. 8, No. 11, pp. 1227 to 1234).
Hence, whether the effect of the compounds (such as
S—-45457) according to the present invention suppressing
GPIba shedding demonstrated in Test Examples 1 to 14

25 maintains an interaction between VWF and GPIboa (CD42b) and

contributes to the maintenance of the adhesion ability of
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IBPF11-538 platelets without requiring complex actions, a drug additive for maintalBkg la5fénction of
platelets in a blood product to stabilize a quality thereof, and other purposes. IBPF11-538 [CLAIMS]
[Claim 1] A composition for maintaining a function of platelets, the composition comprising, as an
active ingredient, a 5compound represented by the following general formula (I) or a salt thereof, or a
solvate thereof: 00 N HHO" ( 0 wherein 10X represents a phenylene group;

platelets or not was evaluatedusing a flow chamber capable

of quantitatively evaluating the course of thrombus
formation.

Specifically, first, human peripheral blood was

5 obtained by <collecting blood, added with ACD and

centrifuged at 900 rpm for 10 minutes without a break to

collect a supernatant. The supernatant was added with 1

UM prostaglandin E1 (PGEl), and centrifuged at 1500 rpm

for 10 minutes without a break. Then, the supernatant was

10 removed. The precipitate thus obtained was suspended in

a Tyrode HEPES Ca(-) buffer, added with 100 pM CCCP and

simultaneously addedwithoneofeither DMSOor 15 uMS-45457

and followed by incubationat 37°C for 24 hours. Note that,

in this experiment, one obtained by adding CCCP and DMSO

15 and the subsequent incubation was prepared as a negative

control, while one obtained without the addition or the

incubation treatments was prepared as a positive control.

Further, after the incubation (in the case of the

positivecontrol, without incubation), the suspension was

20 added with TMRE (tetramethylrhodamine ethyl ester

perchlorate) having been diluted to 1/2000 and incubated

at room temperature for 15 minutes to label the platelets

with fluorescence. Thereafter, the suspension was added

with a Tyrode HEPES Ca(-) buffer and centrifuged at 1500

25 rpm for 8 minutes without a break in order to wash the

platelets.
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Y represents any one of a hydrogen atom and -(CH2)mR1; wherein m represents BPhitegr of any
one of 0 to 4; and 15R4 represents any one of [Chem. 2] O wherein R2 representsany
one of a Cl to C6 alkyl group, which may be substituted, an aryl group, which may 20be substituted,
and a Cl to C6 alkoxy group; R3 and R4 each independently represent any one IBPF11-538 of a
hydrogen atom and a 01 to 06 alkyl group, or R3 and R4 together with an adjacent nitrogen atom may

form a nitrogen-containing heterocycle; and _, R5 represents any.one of a hydrogen atom,
01 510 06 alky! gro\ T and 2 0% &108 MRYRGRG A GRoubE LT 2 FopFesB i oy S BL Rydrogen

atom and avpg'stoagl%glgyégrgﬂ% mixedwith awhole blood sample of collected

human peripheral blood anticoagulated with argatroban

(thrombin inhibitor) so that the number of platelets of

5 the fluorescence-labelled platelet sample was 10% of the
whole blood platelets. Then, the Dblood sample thus

prepared was injected into a chamber at a constant wall
shear rate (15008 ') with a syringe pump (manufactured by
Harvard Apparatus). The surface of the chamber had been
10 coated with VWF, and platelets in the blood sample adhered
to the surface via the VWF. The fluorescence-labelled
platelets which formed a thrombus were visualized using

an inverted stage epifluorescence video microscope system

(DM IRB, manufactured by Leica). The microscopic image
15 was digitized using a photosensitive color CCD camera
(L-600, manufactured by Leica). Further, a percentage of

surface area covered by platelets was calculated using
Image—-J software (NIH Image). Note that this experiment
was conducted twice for each sample, rawdata on each sample
20 was converted to a percentage, with a maximum value of the
percentage of surface area covered by the positive control
(fresh platelets) taken as 100% for each time, and an
average value of the two tests was calculated. Figs. 26
and 27 show the obtained results. Note that, in Figs. 26
25 and 27, the vertical axis represents the average value,

"S-45457" shows the result of the platelets prepared by
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[Claim 2] The composition according to claim 1, wherein the 10compound iBpFésepsed by the
general formula (I) is anyone of N- [2- ( 4-but-2-ynyloxybenzenesulfonyl) -1- ( 4-dieth
ylaminomethylphenyl) ethyl] -N-hydroxyf ormamide and N-{ 4- [2- ( 4-but-2-ynyloxybenzenesulfonyl)
-1- (form 15ylhydroxyamino) ethyl] benzyl Imethanesulf onamide [Claim 3] The composition
according to any one of claims 1 and 2 in a form of any one of a reagent for maintaining a function of

platelets and n add| etoak b 4o§)gl ?ogodug&csog]pn%m% atelets [f:lal 4 A mgthod for

preparing pia ets Swhetein the method comprises addln oa culltlure system yfor éﬁﬁ‘erentlatlng

megakaryoeytes from cells capable of 9'ﬁer§1@8@at§‘gﬂ'?¥8 2?@Sﬁﬁkcaryoofyt%aé“dé’é%quﬂﬂge

plateletsfrom the megakaryocytes, a compound represented by the following IBPF11-538 general f
Oﬂnma(D0&6§@EH¥HW¥IQ%%S@W%%Q¥%%¥>. Moreover, in Fig. 26, the

horizontal axis representsmeasurement time (unit: minute)
5 from the injection into the chamber.
As apparent from the results shown in Figs. 26 and
27, the compound (S-45457) according to the present
invention had a high percentage of surface area covered
by the platelets in comparison with the result of the
10 negative control added and incubated with DMSO together
with CCCP. Accordingly, it was revealed that the compound
according to the present invention suppress
ADAM17-mediated GPIba shedding and thus enable association
between GPIbx and VWF, i.e., being capable of maintaining
15 the adhesion ability of platelets.
(Test Example 16) Verification of Maintaining Effect of
S—-45457 on Adhesion Ability of Platelets, Using
Biomolecular Imaging Technique
The maintaining effect of the compound (such as
20 S-45457) according to the present invention on the adhesion
ability of platelets, particularly adhesion ability of
platelets to a blood vessel in vivo, was evaluated using
a biomolecular imaging technique and a thrombus formation
model developed by the present inventors.
25 Note that the thrombus formation model used in this

Test Example induces thrombus formation as follows.
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wherein 5X represents a phenylene group; Y represents any one of a hydrogen atGiihd{OH2)6R’;
wherein m represents an integer of any one of 0 to 4; and 10R4 is any one of [Chem. 4] 000 ,R3 N
R2and wherein R2 represents any one of a 01 to 06 alkyl group, which may be
substituted, an aryl group, which may 15be substituted, and a 01 to 06 alkoxy group; R3 and
R4 each independently represent any one of a hydrogen atom and a 01 to 06 alkyl group, or R3 and
R4 together, withcﬁr} fild'gcﬁnt nitrogdentatom mag form a nitro,gen-?%% 1in(g)qrheteroc%/cle' and 20Rs

represents ahy one of & hydfégah afom, 20T 10 06 AIRF §iotipa ; I §6 Ay Fstftdisy T group; and

IBPFll"53%ocally in a blood vessel by using laser irradiation along
with hematoporphyrin, and so forth. This gives damage
tovascular endothelial cells, andtherebyplatelets adhere
5 to the Dblood vessel, so that a thrombus is formed.
Moreover, the biomolecular imaging technique used in this
Test Example employs ahigh-speedconfocal lasermicroscope
and a multi-beam confocal unit, and thereby a high-speed
image can be obtained by focusing on an extremely small
10 area parallel to a direction of blood flow. Accordingly,
observation by focusing on platelets or the like flowing
through a blood vessel while changing the shape allows for
in vivo imaging at an individual platelet level (see
Takizawa et al., The Journal of Clinical Investigation,
15 January, <2010, wvol. 120, 4diss. 1, pp. 179 to 190).
Hereinbelow, the thrombus formation model and the
biomolecular imaging technique used in this Test Example

will be described.
First, platelets were prepared for injection into
20 mice used as a model of thrombus formation. Specifically,
human peripheral blood was obtained by collecting blood,
added with ACD at 10 v/v%, and centrifuged at 900 rpm for
10 minutes without a break tocollect the supernatant. The
supernatant was added with 1 uM PGE1l, and centrifuged at
25 1500 rpm for 10 minutes without a break. Then, the

supernatant was removed. The precipitate thus obtained
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Z represents any one of a hydrogen atom and a Cl to 06 alkyl group. [Claim 5] ThéBREthod3according
to claim 4, wherein the compound 5represented by the general formula (1) is any one of
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth ylaminomethylphenyl)ethyll-N-hydroxyformamide
and N-{4-[2-(4-but-2-ynyloxybenzenesulfony1)-1-(form
ylhydroxyamino)ethyl]benzylimethanesulfonamide. 10[Claim 6] The method according to any one

of claims 4 and 5é whereir(lja <gulltlrjlre tﬁyé}@%rgt?urﬁér%@§ Etélli%g\;%sﬁt?@els 35tt8 %V%Céglillébl} 97] 15A

- WaSs U en - . r ..
culture whichiSa cuﬁé)resys?em for differentiating megakar es fromcells capaﬁle 0 erentiating

into megakanyocytes and for,produging platelets frgm be megakanyogylgs, and g agdded fg the system

with a compound represented by the following general 20formula (1) or a salt thereof, or a Solvate
thereof: [Chem. 519 €t N/H) yiwherei for 24 hours. Note that, in this

experiment, one obtained by adding CCCP and DMSO and the

5 subsequent incubation was prepared as a negative control,
while one obtained without the addition or the incubation
treatments was prepared as a positive control. After the
incubation (in the case of the positive control, without
incubation), the number of platelets in the precipitate

10 was counted. The precipitate was suspended in a 2-ml Tyrode
HEPES Ca(-) buffer (containing 1 pM PGE1l) and added with

5 pM TMRE. The suspension was then incubated at room
temperature for 15 minutes to label the platelets with
fluorescence. Thereafter, the suspension was added with

15 a Tyrode HEPES Ca(-) buffer and centrifuged at 1500 rpm
for 8 minutes without a break inorder towash theplatelets.

Next, the thrombus formation model mouse was

prepared. Specifically, an NOG mouse (severe combined
immunodeficient mouse) having been subjected to 2-Gy

20 radiation treatment in advance to have fewer platelets was
anesthetized and a small incision was made in the abdominal

wall to allow for visual analysis of microcirculation and
thrombus formation in the mesentery. Further, in order
tovisualize the kinetics of NOGmouse-derived bloodcells,

25 FITC-dextran (20 mg/kg body weight) was injected into the

NOG mouse from the caudal vein. Then, platelets labelled
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X represents a phenylene group; IBPF11-538 Y represents any one of a hydrogemB&idiaad
-(CH2)mR1; wherein m represents an integer of any one of 0 to 4; and 5R4 is any one of [Chem. 6] O
wherein R2 represents any one of a 01 to 06 alkyl group, which may be substituted, an aryl group,
which may 10be substituted, and a 01 to 06 alkoxy group; R3 and R4 each independently
represent any one of a hydrogen atom and a 01 to 06 alkyl group, or R3 and R4 together with an

adjacent nitrogce}q %tgm may form a nitroge -contair%n% he;l]erocgcle('é and 15R5 r%prgsent% any one of a
hydrogen atom; a 01 to06 a‘ﬁﬁﬁ Iglg(r:oeup"f1 and 2016 06 all?y S%onnﬁ gFoeupl; and Z r%pre%gntg any one of

a hydrogen afomand 4,01, to.06 alkyl groupy [C1aim, BL20The culturs ageardingto ¢laim 7qwherein the

compound

of the number of circulating platelets. Further, in order

to induce thrombus formation, hematoporphyrin (1.8 mg/kg

5 body weight) was administered into the NOG mouse. Note

that by treating the mouse in this manner, the blood cell

kinetics andthrombus formationarevisualizedduring laser
irradiation and ROS production.

Then, the visualized images (sequential images)

10 during the laser irradiation were obtained by observation

and photographing through the previously-made small

incision site (approximately 3 mm) using a spinning disk

confocal microscope (manufactured by Yokogawa Electric

Corporation, CSU-X1) and an EM (Electron Multiplying)-CCD

15 camera (iXon, manufactured by Andor Technology plc.) at

30 frames/second for 20 seconds. Note that such

observation was made on 20 independent blood vessels where

an obstructive thrombus was formed, in each of the mice

injected with the platelets prepared by adding S-45457,

20 the negative control, or the positive control. Figs. 28

and 29 show the obtained results. Note that in Figs. 28

and 29, "S-45457" shows the thrombus formation in the mouse

into which the platelets prepared by adding 15 uM S-45457

were injected, "DMSO" shows the result of the thrombus

25 formation in the negative control, and "fresh" shows the

result of the thrombus formation in the positive control.
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represented by the general formula () is any one of N-[2-(4-but-2-ynyloxybenzeneBilfdmypB$1-(4-dieth
ylaminomethylphenyl)ethyll-N-hydroxyformamide and IBPF11-538 N-{4-[2-(
4-but-2-ynyloxybenzenesulfonyl ) -1- ( form ylhydroxy amino) ethyl] benzyl Ime th anesulfon amide .
[Claim 9] A blood product comprising platelets and a compound 5represented by the following
general formula (I) or a salt thereof, or a solvate thereof: wherein 10X represents a phenylene group;

Y represenﬁ any one ofafygr to nplartld %H@ERI v(\:/h rein mre [eesserlg%%nwiﬂtfggr of any
one of 0 to 4°and 16R4 is” any o %[ §'] Ran §|3§'a P !
arrow indicates a direction of blood flow, and the site
indicated by the white triangle 1is a site where the
human-derived platelets adhere to the blood vessel. The

5 scale bar represents 10 pm. Further, in Fig. 29, the
vertical axis is a percentage (%) of the number of human
platelets to a total number of platelets involved in
thrombus formation, and the value is the average of 20 blood
vessels + standard error.

10 As apparent from the results shown in Figs. 28 and
29, in themice into which the platelets prepared by adding
the compound (S-45457) according to the present invention
were 1njected, the percentage of the human-derived
plateletscontributingtothe thrombus formationwas higher

15 than that of the negative control. Accordingly, it was
revealed that the compound according to the present
invention suppress ADAMl7-mediated GPIba shedding and is
thereby capable of maintaining the adhesion ability of
platelets to a blood vessel.

20 [Industrial Applicability]

As described above, the present invention makes it
possible to maintain a function of ©platelets by
specifically inhibiting a metalloproteinase activity of
ADAM17 to suppress GPIba shedding. Thus, the present

25 invention is useful as a reagent for efficiently producing

a large amount of functionally stable and highly safe
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R3 wherein R2 representsany one of a 01 to 06 alkyl group, which maBRid istisstituted, an
aryl group, which may 20be substituted, and a 01 to 06 alkoxy group; R3 and R4 each independently
represent any one IBPF11-538 of a hydrogen atom and a 01 to 06 alkyl group, or R3 and R4 together
with an adjacent nitrogen atom may form a nitrogen-containing heterocycle; and R5
represents any one of a hydrogen atom, a 01 5to 06 alkyl group, and a 01 to 06 alkylsulfonyl group;
and Z repres?nts at% one of al g{lotgen atom,and a 01 to OGf\Ik%/I gro i[}%lgim 10] The blood

product acc%rtﬁr?ge 0 ctiasim g wheréin threel%%(l)r%ﬁ(r)lgnd ?8&853% ed%(f/ he geﬁera?formrulllég(l) is

anyone of ’:ﬁlﬁi(ﬁﬁ%@'%’8¥J%X?%ngﬁ?ﬁ%f8r%’3f)$ﬁ§4i‘1'8@ of platelets in a blood

ylaminomethylphenyl)ethyll-N-hydroxyformamide an

N-{4-[2-(4-Qyt-2ynyloxybenzepesulforyd)skifarm v t hereof, and other purposes.
15ylhydroxyamino)ethyl]benzylimethanesulfonamide.
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[Claim 11] A method for maintaining a function of platelets in a blood product, WPerefi¥¢he method
comprises adding, to a blood product comprising platelets, a compound 20represented by the
following general formula (1) or a salt thereof, or a solvate thereof: [Chem. 9] 0 X Y NH) HOfl( O
wherein IBPF11-538 X represents a phenylene group; Y represents any one of a hydrogen atom and
-(CH2)mR1; wherein m represents an integer of any one of O to 4; 5and

[CLATIMS]
[Claim 1]

A composition formaintaininga functionof platelets,

the composition comprising, as an active ingredient, a

5 compound represented by the following general formula (I)

or a salt thereof, or a solvate thereof:

[Chem. 1]
RS}
X.
I S5 Y
OI\O N H ___(I)
Z HO”
O
wherein
10 X represents a phenylene group;

Y represents any one of51hydrogen.atonland-—(CHz)le;

wherein

m represents an integer of any one of 0 to 4;

and
15 R! represents any one of
[Chem. 2]
Q \// 3
SN"R2Z,  ONR?2 , and R
s s Iy

whereinR2representsanyonecﬁfaCltx>C6alkyl
group, which may be substituted, an aryl group, which may
20 be substituted, and a Cl to C6 alkoxy group;

R® and R* each independently represent any one
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wherein R2 representsany one of a 01 to 06 alkyl 10group, which may be substitut8#Fansapyl group,
which may be substituted, and a 01 to 06 alkoxy group; R3 and R4 each independently
represent any one of a hydrogen atom and a 01 to 06 alkyl group, or R3 and R4 together with an
adjacent nitrogen atom may form a 15nitrogen-containing heterocycle; and R5 represents any
one of a hydrogen atom, a 01 to 06 alkyl group, and a 01 to 06 alkylsulfonyl group; and Z
represents any on of a hédrogen atom and a 0& totog aégytljgi%uplzo Claim 12% he method

according to claim ytfjrﬁ reih t%%%%m%%ﬁna‘ replresente eyger%réﬂlfgrfnu é:(l IS %ﬁl}gone of

I\!-[Z-.(4-but-1g4yné/!)o§(¥kg§_{‘gg ngdsyg Rnyz}}f 1’5&%’9?& A%P':n]ilE§308g en atom may form a
yiaminomethylphenyi)ethy11-N-hydroxyformamide and
N-{4-[2-(4-Qg§-gyg¥@ﬁyqe@g%%e§q 'ﬁ@@/l@;@ﬂ@fr@d/yygg);(ygm@o)ethyl]benzyilmethanesuifonamide.
R’ represents any one of a hydrogen atom, a Cl
5 to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and
Z represents any one of a hydrogen atom and a Cl to
C6é alkyl group.
[Claim 2]
The composition according to claim 1, wherein the
10 compound represented by the general formula (I) is any one
of

N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth
ylaminomethylphenyl)ethyl] -N-hydroxyformamide and

N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form

15 ylhydroxyamino)ethyl]benzyl}methanesulfonamide.
[Claim 3]

The composition according to any one of claims 1 and
21inaformof any one of areagent formaintaininga function
of platelets and an additive to a blood product comprising

20 platelets.
[Claim 4]

A method for preparing platelets, wherein the method
comprises adding, to a culture system for differentiating
megakaryocytes from cells capable of differentiating into

25 megakaryocytes and producing platelets from the

megakaryocytes, a compound represented by the following
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general formula (I) or a salt thereof, or asolvate thereof:

[Chem. 3]
D!
|| /S\ X\Y
O’\O N H ———(I)
V4 HO~
(0]
wherein

X represents a phenylene group;
Y represents any one of a hydrogen atom and - (CH;) oR*;

wherein

m represents an integer of any one of 0 to 4;

and
R' is any one of
[Chem. 4]
0 \//
\rlq R2 \I\ll/S\Rz . and \ITI/R3 ;
R® R® R?

whereinR?representsanyone<ﬁfaC1tx>C6alkyl
group, which may be substituted, an aryl group, which may
be substituted, and a Cl to C6 alkoxy group;

R® and R* each independently represent any one
of a hydrogen atom and a Cl1 to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
nitrogen—-containing heterocycle; and

R’ represents any one of a hydrogen atom, a Cl

to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and
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Z represents any one of a hydrogen atom and a Cl to
C6 alkyl group.

[Claim 5]

The method according to claim 4, wherein the compound
represented by the general formula (I) is any one of

N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth
ylaminomethylphenyl)ethyl] -N-hydroxyformamide and

N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}methanesulfonamide.

[Claim 6]

The method according to any one of claims 4 and 5,
wherein a culture temperature in the culture system is 35
to 38¢°C.

[Claim 7]

A culture which is a culture system for
differentiating megakaryocytes from cells capable of
differentiating into megakaryocytes and for producing
platelets from the megakaryocytes, and is added to the
systemwith a compound represented by the following general
formula (I) or a salt thereof, or a solvate thereof:

[Chem. 5]

wherein

X represents a phenylene group;
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IBPF11-538

Y represents any one of51hydrogen.atonland-—(CHz)le;

wherein

m represents an integer of any one of 0 to 4;

and
5 R' is any one of
[Chem. 6]
0 QP
\‘NJ\RZ , SN-OR? , and \N/Rs ;
RS RS ¢

whereinRZrepresentsanyonecﬁfaCltx>C6alkyl
group, which may be substituted, an aryl group, which may
10 be substituted, and a Cl to C6 alkoxy group;
R® and R* each independently represent any one
of a hydrogen atom and a Cl to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
nitrogen-containing heterocycle; and
15 R’ represents any one of a hydrogen atom, a Cl
to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and
Z represents any one of a hydrogen atom and a Cl to
Cé6é alkyl group.
[Claim 8]
20 The culture accordingtoclaim 7, wherein the compound
represented by the general formula (I) is any one of
N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth

ylaminomethylphenyl)ethyl]-N-hydroxyformamide and
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N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}methanesulfonamide.
[Claim 9]
A blood product comprising platelets and a compound
5 represented by the following general formula (I) or a salt

thereof, or a solvate thereof:

[Chem. 7]
RO
I SOy Y
3 ———(I)
Z HO’N H

wherein
10 X represents a phenylene group;
1

Y represents any one of a hydrogen atom and - (CHz),R";

wherein

m represents an integer of any one of 0 to 4;

and
15 R' is any one of
[Chem. 8]
0 Q.0
\‘NJ\RZ , SN-OR? , and \N/Rs ;
RS RS R

whereinRZrepresentsanyonecﬁfaCltx>C6alkyl
group, which may be substituted, an aryl group, which may
20 be substituted, and a Cl to C6 alkoxy group;

R® and R* each independently represent any one
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of a hydrogen atom and a Cl to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
nitrogen-containing heterocycle; and

R’ represents any one of a hydrogen atom, a Cl
to C6 alkyl group, and a Cl to C6 alkylsulfonyl group; and

Z represents any one of a hydrogen atom and a Cl to
C6é alkyl group.

[Claim 10]

The blood product according to claim 9, wherein the
compound represented by the general formula (I) is any one
of

N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth
ylaminomethylphenyl)ethyl] -N-hydroxyformamide and

N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form
ylhydroxyamino)ethyl]benzyl}methanesulfonamide.

[Claim 11]

A method for maintaining a function of platelets in
a blood product, wherein the method comprises adding, to
a blood product comprising platelets, a compound
represented by the following general formula (I) or a salt

thereof, or a solvate thereof:

[Chem. 9]
D!
I S
’ oy
(0]
wherein

130



IBPF11-538

X represents a phenylene group;
Y represents any one of a hydrogen atom and - (CH;) oR*;

wherein

m represents an integer of any one of 0 to 4;

5 and
R' is any one of
[Chem. 10]
O
s, R
~ ~N N .
r|~1 RZ N RZ , and N ;
| |
R® R® R?
whereinR?representsanyone<ﬁfaC1tx>C6alkyl
10 group, which may be substituted, an aryl group, which may

be substituted, and a Cl to C6 alkoxy group;
R® and R* each independently represent any one
of a hydrogen atom and a Cl1 to C6 alkyl group, or R® and
R* together with an adjacent nitrogen atom may form a
15 nitrogen—-containing heterocycle; and
R’ represents any one of a hydrogen atom, a Cl
to C6 alkyl group, and a Cl1 to C6 alkylsulfonyl group; and
Z represents any one of a hydrogen atom and a Cl to
C6 alkyl group.
20 [Claim 12]
The method accordingtoclaimll, wherein the compound
represented by the general formula (I) is any one of

N-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(4-dieth
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ylaminomethylphenyl)ethyl] -N-hydroxyformamide and
N-{4-[2-(4-but-2-ynyloxybenzenesulfonyl)-1-(form

ylhydroxyamino)ethyl]benzyl}methanesulfonamide.
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