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(57) Abstract: The present invention relates to a pharmaceutical composition for preventing or treating bone diseases, and more specif-
ically, includes a TCP-(MP)-Caffeic acid analogue, and thus can inhibit osteoclast differentiation and/or generation and exhibit an
excellent prevention or treatment effect on various bone diseases including osteoporosis and the like.
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[30] % 19] a ¥ b= TCP-(MP)-7}3] 14k (Tranylcypromine-Methylpiperidine-Caffeic
acid) A A9 S04 S e o 2 LhEhal Ao,
[31] L 29 a A g & ¥ o] 3182 1 83E ol 3l & st TCP-(MP)-71H| ¢!

AF FAFA(CD-1-448 2 478) X TCP-7})| 14} -7-AFA| 3°€(CD-1-389, CD-1-439,
CD-1-442)9] 924 X & A A & I(in vitro)ol] #3F A olt} a & b= M-
CSF(Macrophage-colony stimulating factor)(30ng/mL) 2 RANKL(50ng/mL)°] &
T 55 =)ol A 24 F2 2] A EBMDM)ol 49 FoF Zh7ke] Al LSDI
o] A| A (CD-1-389, CD-1-439, CD-1-442, CD-1-448 2 CD-1-478)& | 2] 8} nl| &3t
2 TRAP(Tartrate-Resistant Acid Phosphatase) &3 2 7] E(Staining Kit)E ©] -85} ¢]
A A EES 14 U A S A(a), T18] 3L TRAP %A U8 a3 A £ 9]
H &g A2 A 315 Y EFI THb). M+R+D(M-CSF, RANKL 2 DMSO(Dimethyl
sulfoxide) 2 A 2] ® 135)2 th&v" 0|t} ci= Al ¥ & U LSD1(Lysine-specific
histone demethylase ) A 4 A3E YeEd Y. CTRLIDMSO A 2]):= t &7
o]t} d & ei= LSD1 4 x-in vivo 4 A& A}-&-3lo] BMDM(Bone-marrow derived
macrophage)©l| A Tl v & s}ol] T gk 3}ohA] 1 31§l &l W sl CD-1-448
2 CD-1-4782] &35 el MR((M-CSF % RANKLE A 2] " 1&)7 GSK-
LSD1(GSK-LSD1 Dihydrochloride 2 A 2] ¥ 135)= th&v ol th f 2 g&= 1A+ F
70 & M| 3£ (Primary calvarial cells)E BMP2 (100ng/mL)= A €] 3}31, DMSO %=
TR 215 LSD1 A A QuM) <} 57 9 &b vl ket & kel ¥ 2~ vlE}
A (Alkaline phosphatase(ALP $3 21)) ¥-4] 7| E & AL8-3Fo] M E 343 A 1)
2 Image J& S A3 24| E 53125 % 38l= ALP 44 B 5 (%) (g)E e
th BMP2+= i Zatoltf. Hlol B 5= 37 9] 5 A4 ¢ A o] vk WA Gew 9
th: 100 um. thZ= = DMSO thH] * p <0.05 2 ** p <0.05).
[32] %= 39 a W A] hi= TCP-(MP)-7}9l| Q14F F-ARA o] 8-5F o &4 Q1 ah A3 3
A A &3 (in vitro)oll ¥+ A o]t} a Y] di= BMDM S M-CSF(30 ng/mL) 2
RANKL(50 ng/mL)°] &3 ¥ f 5% w] %ol A A &2 CD-1-448& 7}t
At A7bebA] 5 4 St S =, A E A d A2 E A
TRAP 994 7| E & Alg3lo] A ¢ 7ﬂJJr(a) “12] 3L TRAP A 113 ahaAl
ol WA b, & FTHA ML) ¥ LG TAHE(D)E A4S A& el
MR(M-CSF % RANKLZ A 2] ¥ “15)2 thxv 0|t} e WA gi= CD-1-4482] &
HE FrtetE dEAE = F VA 3 vitro)(e), TAE T1F 9 AE o ¥
3 A IS, Image ] A ES O] E ALESE] TAIH 1Ee AlEad 7E A
(%)(g)S A4Le AxE et MR(M-CSF 2 RANKLZ A 2] ® 15)& of
Zolth hi= BTAlE 3o A CD-1-4489] M X A&E Ha AaE yepdlch
dlolH &= A4 3719 5HA A AgS g steh (5 vl 200um. O uM - Tz
7" MR(M-CSF % RANKLE A 2] ¥ 155) tH] * p < 0.05, ** p <0.01 R *#* p <
0.001; G= GSK-LSD1 & ZA|Ht})
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[33] 549 a Z biz CD-1-448-2 F- ¥l Ml E o] 3 Agek= 2435 v
Uh(in vitro). av= RANKLE 5% F- ¥ M E 3] th 3+ CD-1-4489] 5345
H7hE Slel, B8l 14 Al A s GehiTh b BAE 2] polEl 1
2] 2] 517](%)x= Image J= AF&3le] A4Le AxE UrEWiTﬂr. CTRL(M-CSF +
RANKL # a] T1E) 0.2 & ao| )

[34] %59 a Y bi= CD-14782 A X & £5°5 ¢
(in vitro). ai= CD-1-4782] Al ¥ &gF2] 2} o] u}& YXEEFACEYH
7atr] flall & S AR S 73 235 YEAT b Image JE AHESH] &

Al 1] A E S 9 E(pin) A A (%) & ALEe A vERITE MR(M-CSF 2
RANKLE A& ¥ 155)-> txao|th

[35] % 62 a WA| £3= OVX(Ovariectomized rat) % 't & vh5-2=0ll A CDI-448
o] & &4 o 34E Yetith a= B &7 (Sham)(n=10), OVX(n=7), A&
-5mgha(ne) 2 18 3-tomghgn=) 2] P kel B4 9) vl
Z.CT 3D A4 o]u] A & Ve b ¥ ci= 7+ A1+ 2] BMD(Bone Mineral
Density) BS(Bone Surface), Tb-V(Trabecular Volume), TV(Total Volume)E = 4 3}

AT, di= A W 32 (in vivo analysis)S ¥ 8 2} “1F 9] vl A FE
UrEWiE}. e OVXol 9|3 & =240 o)) th3F CDI-448(5 B-1= 10 mg/kg) el &3}l
gk 22 g4 719} TRAP 2 H&E(Hematoxylin and eosin)= &2 ¥ €3] ¥ =
ol NEA A o] u| A & e = & THE IZA Y 1 Wigo g5 5
21(OC. S/BS(OsteoClast Surface per Bone Surface))S YEFHTE (OVX Z1F tH] *
p<0.05, "ns"= T Q84 Fa= YERATHEE 2l = 200um)).
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[36] %= 7% LSD1/ CoREST(Corepressor for RE1-Silencing Transcription factor) & 3} #|
(complex) & A3 A3} & Lhehit),
[37] % 89] a A £ CD-1-448 X CD-1-478<] LSD1/CoREST 34| ¢} o /5 2}

§-& &3}, CD-1-4789] LSD1/CoREST 5314 W] =& vleldl Z 3ol

a 2 bi= CD-1-448 ¥ CD-1-4783} LSD1/CoREST +-3A] 2] SPR(Surface Plasmon
Resonance) ¥4 23 & YEIT} ¢= CD-1-478 3 LSD1/CoREST &34 2]
ITC(Isothermal Titration Calorimetry) %21 2 3} & Ve lIt) 18] 31 d= &3k
LSD1/CoREST®| A4 125 WEFY 52, LSD17} CoRESTS] 7 whil A Al €]

S 2 e o] A 1 Aol mhet 8 sho] YEFI T (LSD1-2 54, CoREST
= AFA). AV dE ) A EE A4 doh-d Y A9 v E-AEdE S e
Atk LSD19] 24 9] U9 FAD B.214h= CD-1478E f =¥ oy, 4%
stk F g ol A Fofj Jlth. 2Fo-Fe AL D ol A th& 2} A g ~F wdl=g
BAEH @O = Fa1ido] 1.5s 28 18 A YERTH ex= LSD19] &
A el 2" AAAE vl aistr] s HEFR T @A W (backbones) 2
AHE AAE A2 2 Ao E AT AYEH /-8 7FE A A5 A
(quinazoline-derived reversible inhibitor)i= SL3EZ, Egt A Z 21 f-2 v 7}<]
%] #] 8l Al (tranylcypromine-derived irreversible inhibitors)= 7VQTZ, GSK2879552
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[38]

[39]

[40]

[41]

[42]

H2l 8179 4 A Sl Al = 6NQUE, CD-1-478 -2l H] 7191 4] o A 4l 1= CDI.&
WEFATE 3= (B)oll A Bl g A A A& gehsto] el o w, ZF o A A ol A
FAD7} #5431 5 71 74 2 A Al o)l 7HH Al 1A 8k A58 VeI

%= 99] a W A] h& LSD1/CoREST & 3} #| (complex) & A}-& ¢+ TCP-(MP)-7}1| !
2k f-AFA 9] SPR 2 DSF(differential scanning fluorimetry) -4 2 3} & gl i t],
GSK-LSD1  GSK28795529] SPR & 8} #-4](a & b), GSK2879552, CD-1-448
2 CD-1-4782] DSF ¥4 (c WA h) A= vepdlict

% 102] a WA di= CD-1-448-2 TBS(t-butyldimethylsilyl) 5 =35t CD-

1-478% ¥ 3k & el ol Hl(Blank) F & (a), nh-$-2= @74 U] CD-1-448(b), 7}
-2 Gy CD—I—478(C) 2 CD-1-4489] 4w A} & wp-g-2 A (d)S e
S (b) R (o) 5pg/ml 552 A xzskar 7 Dol 4 0.541F & <F i k3
AL, G A E ()= 20 mg/kge] SRR AGH) Fo] T Ao, A4 s
ol ArmtEIYL A HAH S AR st A A3 E vEIH

5119 a WA gi= CDI-4489] &M X 5o] §-1 7t} bl A ube] -9 o) A 5=
A5 YEbdth a WA = CDI-448°] RANKLE S8l fr 52 ¥ 3hE A X 5ol %
nh7] o] vl S oAl sk m oS LhEbTh CD14482uM) A 2] 8711} A 2] 6k
o a1, A 32 E-o] - A} Acp5(Acid Phosphatase 5), NFATc1(Nuclear factor of
activated T-cells, cytoplasmic 1), DC-STAMP(Dendritic cell-specific transmembrane
protein), ATP6v0d2(ATPase H+ Transporting VO Subunit D2), Oscar, CtsK ] /- tl]
Z ¢l mRNA W&$ 0, 1,2, 49 59 qRT-PCRE ¥4 3 A3 2 Yebilich A4
A o] E ol 2 (Con) S, 34 o= CD-1-448 A 2] 13-& VFEFATE HAMA)
S=<=(Transcript levels)< 04 A o 22w 2] wF&of] &l A +f3} = o ‘/}E]-WU} g

(@)
2 1

1= CD-1-4482 RANKLO 9l 5% =8 v A E ehld dlg] o =
NFATcl, c-fos 2 Ctsk2] U -& A A S YELAT g-HEH S 29 EHZ:fLOf*’-—
ALE-E o] YERAT (1] 8] & A 2] H(vehicle-treated) "Con"(0 uM) thB] * p < 0.05,

#% p < 0.01, ¥% p < 0.001)

% 129] a WA di= CD-1-448 1= CD-1-4484+MG132(Z-Leu-leu-leu-al) = 2 uM %
7} = 7A€ 3 BMDM 2 Wl FSFaL, vhA] 2 6A] {F & 9F 10 uM ] MG132
£ A 2] gF ¥ NFATc19] @i Wi & Al sho] Ve TH(a). bz I Al E A
S o] v Aol CsKe| whlA uke g F-A4541, 0, 1,2, 49 5 9F CBL(Casitas
B-lineage Lymphoma), p-LSD1 & & 2}o] 4l o] hdd & #2435t el ¢
= A 2F oA CBL @A o] glol Al WE st E F48)a1, CBLY p-LSD1
2 NFATc19] &5 285 24 eto] et CBL YA S 98 tixar o=
AREETE dE A E 232 CD-1-448 2 GSK-LSD19] NFATc] 2}o] Al 48 174
¥ Uboll 1] x)3= o &8 ¥4 ko] LFEFITE (0 uM - "Con" 2.2 2 2], "M"2 'M-
CSF = 3 Al 3te] vheRdit))

%139 a ¥ b= 1P W€ 2ol A (IP Methyl lysine) & 9| ~¥ 53 CBLS

CBL W E 3} = ZAALe7] 93 CO-IP ¥4 A3Ha) 2 IP p-LSDI E ¢l =¥
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[43]

[44]

[45]

[46]

[47]

[48]
[49]

[50]
[51]

[52]
[53]

[54]
[55]

[56]

CBL< &3l p-LSD13 CBLO] 5285 &2ls7] 918k CO-IP ¥4 A iHb)E
SR=Rti=g

5142 gE AR = B4 A5 A A EE TCP-(MP)-7H| 14F F-AFA ©f ] 7
<5 thol o 1812 L EF AT (BioRender.com &2 A A])

2 A7) B 12 A AYT wE ol doA 0T e
;% ol9] g #at Aok,
o o] shapa (T2 2ol A X #717k BRF Aol vk, of W E X §] % ]
AEA G A, 2 A BV E S Ao, o= B g o] BE B3 (T
Al A FAHA 2 gHet

VANG .
PR b
N
AN OR

31814 | 3 RS 44 wi= e ] v 8l 2 Y (t-butyldimethylsilyl, TBS)©] T}
S Sol, 594 12 TS AL 7] Sota 2w 5ok 0% X
‘I T

[} 3]
N
pr N/\O °
bt
N
AN o
s} S
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991 wALEEAL AN A L IS olel FYE = A ohu) BER, WaE
CENELER SRR D ET R RGeS e RN e,
Yol E, z%]g]_E] 2 I o|E Zg A AoE, vAMAAA] AE2 2 &
dldy e, derz, SyndyEde MEdER s, &, A8AHE v
dadErz= vd 0}01EEA1 Hlzof ol B, Z 2 dslo] EEAl Wz o] E, 24
ZE|oFEAL np1vlr R ] E QAR o] Fol 3 el A AElE 4= 9l

[100] & ¥W A7 EFE AASE Q5= A, TZA, AFA, 554, &

A, AW EAA Sl 344 Bz R A E Aol 24 5 9

[101]
[102] olsl, AA| ol & T3l & g & Bop AAlst] A gt
[103]
[104] Az 4
[105] -3 22 Scheme & &2 ¥- vk o] 513512 | 13} = 9 & &6li= TCP-(MP)-7}
H AAE FAFA(CD-1-448(3H71 313H& 12) 2 478(3H7] 8F3H& 13)) 2 TCP-7H#<]
AF F-AFA(CD-1-389(31 71 313H= 6), CD-1-439(3H7] 3131 & 7), CD-1-442(317] &}
= 9)& A AT
106 5 o O *t\ Uw i SO O i TES g o ﬁ
[ ] %OJAWX{W\E{ " &'ﬁjﬁ i \{ig‘“m §§<:v:{-; ‘“’j}xﬂ‘ﬁ kéﬁ@* VEE;ﬂ:gw;F ) L\W h
Catigic 50 (4 7 4 " -
‘al«&% "”‘Y”% éf&%’ " \1 Ao »ﬁmm
*w,gx,vﬂ, o I ya A @ o %/\\{,’N}H . Rl m{ TG ?’
ACOEEI T Lo e e ,
5 TORHC) 3) N oA ¢ oon
$ir e N }L O ”‘&iﬁmﬁzw | f{m ON *- }1 ™ /\) w OTRE
1; I e 3 &g;; LG il l ‘ et v“mg’“% S {w‘ % g Sty
3457 mmmxauammaca{a} s e i

[107] (A) a) Ac,0, I 2|, 22, 24A] {+; b) EDC-HCI, HOBt-H,0, DIEA, CH,Cl,, 0°C
o] 3 A}, 124 ZF; ¢) LiOH-H,0O, THF/MeOH/H,0(3:1:1 v/v), 0°C, 20%-. (B) a) (i)
TBDMSCL, DIEA, CH,CL, 25°C, 144 Z}; (i) K,COs, THE/H,O(5:1 v/v), <=, 2A]
ZF; b) TMSCI, Et;N, CH,Cl,, 0°C ©] % AF<, 3A] Z}; ¢) EDC-HCI, HOBt-H,O, DIEA,
CH,Cl,, 3=, 12A]Z}; d) (i) Dess-Martin periodinane, CH,Cl,, 0°C ©]-% 732, 3A] {F
(i) TCP-HCI(3), NaBH(OAc);, DCE, 0°C ©]% 4}, 124} e) 6N HCl ZZ 2 ¥ &
ol MeOH, 0°C, 3] 3+

[108]

[109] A Zd 1. ERX-(x)-EF A Z 2715 Q1 3F F-ALA(TCP-CA, 7) 2
TCP-34,5-E&] ¥ S A] A4t f A (CD-1-442, 9) A =

[110] E o (3)-Edbd A Z 272 (trans-(+)-TCP-HCD)(3) & 713 Q1 Ak4) o 2
TH 4GAE AX ER(p)-Eet A Z2R-73) 1A A (TCP-CA, 7) 2
TCP-3,45-E&] W HA] A4 F-2A(9E Al =G

[111]
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[112]

[113]

[114]

[115]

[116]
[117]

[118]

[119]

[120]

(1) DA 1: (E)-3-3,4- Y olA A H D)ol madik(H oM E s & 7194 -2
A)(5) A Z

O

HO p OAc

OAc

9 4.5 mLe] 7+ 4k4) &N (10 g, 55.5 mmol)ol] oM EAL 7 & 45 mLE
A7rshar 2o A aRbP TR 2441 3, E3h =0l et 3= 100 mLE A 7Hst
31 w8 A7 vk W Baskloh A E B A ES o 93t
AL B e AR 4340 mL) Al A 7, 50 °Coll A A zzshe] WA anA) A= (13.1
g, 49.4 mmol) S 94% 5 & A}

"H NMR (DMSO-ds, 400 MHz) & 12.47 (br, 1H), 7.66 (d, J = 1.6 Hz, 1H), 7.65 (d, J
=1.6 Hz, 1H), 7.62 (d, J = 1.6 Hz, 1H), 7.59 (d, J = 16.0 Hz, 1H), 7.32 (d, J = 8.4 Hz,
1H), 6.56 (d, J = 16.0 Hz, 1H), 2.29 (s, 3H), 2.28 (s, 3H).

(2) B4 2: 4-((E )-3-Z2-3-((A1S,2R)-2-FH| Ao SR T 2 Yol ) T Z I 1.
d-1-¢)-1,2-3 4 @l t] o} Al g o] E(t] 0} 3} TCP-CA FE=A])(6) A Z

AL ]
Ph\\\‘ N )J\/\@OAC
H
OAc

<*(anhydrous) CH,Cl, 25 mLell =<1 3}31& 5(0.2 g, 0.75 mmol) 2] 8-
of EDC 934F%1(0.118 g, 0.75 mmol), 1-3]| =F A Ml Z E ] o} & =3} =(1-
hydroxybenzotriazole hydrate)(0.1 g, 0.75 mmol), DIEA(0.195 g, 1.52 mmol) ¥ E&}
YA 3Z 271 A4 (tranylcypromine hydrochloride) (0.086 g, 0.50 mmol)& o} =%
th7] stol A 0 °col A A 7HATh AR B ol Lol A 12417E S ke o
& 9 &-EtOAc4:1 viv)oll -t} f715& Helstar, 89 -& EtOAc(25 mL x
3)E FZBAT #7155 Fob NaSO,2 2 F- 2t shell s F3klt). 55
d-g Ael7hA A A2 npE 233 (FAHEOAc = 5:1 ol A 3:1 viv)E A A5
3}3HE 6(0.25 g, 0.66 mmol) S 89% 58 & AUt

'H NMR (CDCl, 400 MHz) 6 7.59 (d, J = 15.6 Hz, 1H), 7.34-7.22 (m, 5H), 7.18 (d,
J=8.4 MHz, 3H), 6.30 (d, /= 15.6 Hz, 1H), 6.14 (br, 1H), 3.03-2.98 (m, 1H), 2.29
(s, 6H), 2.14-2.09 (m, 1H), 1.32-1.20 (m, 2H); "C NMR (CDCl;, 100 MHz) 6 168.13,

168.11, 166.47, 142.97, 142.34, 140.30, 139.42, 133.76, 128.39, 126.58, 126.20,
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[121]
[122]

[123]

[124]

[125]

[126]
[127]

[128]

[129]
[130]

126.18, 123.82, 122.35, 121.40, 32.31, 24.98, 20.66, 20.64, 16.22; HRMS-ESI": Co,H»,
NO; (M+H"oll o g m/z Al 2F#] 380.1498, 2 4] 380.1496.

3) @A 3: (E)-3-3,4-U 3| =ZA1Hd)-N-((1S,2R ) 2-H LA S 2 Z 2 )0}
A o} v =(TCP-7HH 1 4h)(7) Al =

O
Ph\\" ‘NJJ\/\@OH
H
OH

3135 6 (0.037 g, 0.10 mmol) 2] &< el 1.6 mL2] THF/MeOH/H,O (3:1:1 v/v)?l]
A3} 2]/ o 473} & (lithium hydroxide monohydrate)(0.012 g, 0.3 mmol)S- o} =

5
A SEG mL)ol F2 ¥ pH 20l =3 wj7hA] 5% HCL 8- o2 A ).

M-S EtOAc (10 mL x 3) & FZF T} 7-7]5& FobA] Na,SO.= 712 % 7+s)
el A 3}3F27(0.02 g, 0.07 mmo) E 71% -5 & 2 4 ATk

'H NMR (CD;0D, 400 MHz) 6 7.42 (d, J = 15.6 Hz, 1H), 7.26-7.21 (m, 2H),
7.15-7.09 (m, 3H), 7.00 (d, J = 2.0 Hz, 1H), 6.91 (dd, J = 2.0 Hz, 1H), 6.76 (d, J = 8.0
Hz, 1H), 6.34 (d, J = 15.6 Hz, 1H), 2.99-2.95 (m, 1H), 2.09-2.04 (m, 1H), 1.28-1.20
(m, 2H); "C NMR (CD;0D, 100 MHz) 6 169.03, 147.44, 145.33, 140.99, 140.86,
127.93, 126.81, 125.80, 125.57, 120.78, 116.52, 115.04, 113.64, 32.16, 24.06, 14.82;
HRMS-ESI*: CsH;;NO; (M+H"°ll th &t m/z A 4] 296.1287, 4 5 %] 296.1287.

@) B 4: (E)- N -((1S2R)-2-3 Ao F 2 = 2 9).3.34,5-E & W EA| 5 d)
o} 2 Y ol u(TCP-3,4,5-E] W F A A4t FZA4))9) A=

O
Ph\“‘AN = OMe
H
OMe
OMe

= 902 33 E 69 TAE FA AA ol et 84% 5E = A8

'H NMR (acetone-dg, 400 MHz) 6 7.62 (br, 1H), 7.48 (d, J = 15.6 Hz, 1H), 7.28-7.25
(m, 2H), 7.19-7.14 (m, 3H), 6.87 (s, 2H), 6.59 (d, J = 15.6 Hz, 1H), 3.85 (s, 6H), 3.74
(s, 3H), 3.08-3.03 (m, 1H), 2.11-2.07 (m, 1H), 1.28-1.21 (m, 2H); “C NMR (acetone-
ds, 100 MHz) 6 166.00, 165.91, 153.67, 141.49, 139.61, 139.43, 130.81, 128.19,
126.16, 125.69, 120.87, 120.83, 105.04, 59.70, 55.50, 32.69, 32.56, 24.54, 24.52,
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[131]
[132]

[133]

[134]
[135]

[136]

[137]

[138]

[139]
[140]
[141]

[142]
[143]

15.11, 15.08; HRMS-ESI': C,;H,sNO, M+H" el th 3+ m/z Al AFX] 354.1705, A 5%
354.1704.

A zd 2. & 48 5384 19 3 F3t= oA E3sE TCP-MP-CA = A (CD-
1-448, 12) € TCP-MP-CA = A|(CD-1-478, 13) A &

E ] 22 (+)-TCP-HCI(TCP-HCDH(3) 2. 2 F-E] 54| & 7 %] GSK-2879552 (TCP-
MP-BzOH T-%)¢] A4 24 TCP-MP-CA(13)& A 23t}

1) 24 1: (E)-3-3,4-0 (Bl 2-Fduvad ) A ot adrm 24 d
3} 79| AF S = A))(10) A=

0O
TBSO A OH
TBSO

*(anhydrous) CH,Cl, 14 mLol] 5% 7}l 2k4)(2 g, 11.10 mmol) § <4 o]
DIEA(7.89 g, 61.05 mmol) & TBSCI(8.37 g, 55.50 mmol)< 0°Cell A o} 2= 3}l
A7 e A S NG AL o A 144 7F BoF wHkek TS A 8o B Z(1:1 v/
vyoll Atk f7lEs Helstar *%O—“' S o HZ2(15mL x 3)% F=33 Tk 771
& FolA Na,SO, & 112 3 75t stell A 556t vt 559 & THF/H20(5‘1
v/v) 18 mLol] ﬁsﬂ 5haL oocoﬂﬁ K,CO; 1.6 g0 2 A ] gt} AAl ¢
A 241 % &9 nlRkek 2 A J--of B = (1:1 v/v)°ﬂ AT F75E
N o Bl 220 mL x 3)& %—%3}0“4 715 S FolA Na,SO, & 712 & ﬂcg
sto] FFeth w5 9& A7 A5 A2 vtE 19 () AREOAC = 5:1 ©
A 1:1 viv)E A A Ee] 3}13HE 10(4.31 g, 10.54 mmol) 95% 582 AUt

'H NMR (400 MHz, CDCL;) 6 7.70 (d, J = 16.0 Hz, 1H), 7.06-7.03 (m, 2H), 6.85 (d,
J=8.8 Hz, 1H), 6.27 (d, J = 16.0 Hz, 1H), 1.00 (d, J = 4.4 Hz, 18H), 0.22 (d, J = 3.2
Hz, 12H).

(2) BA 2: A4 E 39 43 =EZA W E)d # 2] d(4-HOMP, 9) A =
E o dolrl(EsN) 9] &4 sholl Eguldd™d &2 elo] =(TMSCHE & 7Hst
o] A %3 Th(in situ).

3) @A 3: (E)-3-G4-H 2((H E2-FE U E A ) AD)H E)-1-4-B| = EA|
He)g Ha d-1-9)Z 2 Z.2-9-1-2(one)(F] A E 3} 8 4-HOMP-CA = A)(11)
A Z
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HO/\O OTBS
NS OTBS

0

[144]

[145] 4.4 mL2] §9*(anhydrous) CH,CL°l =91 4-3] 5 2] & #] ¥+-2- (piperidinemethanol)
(9)(0.3 g, 2.60 mmol)2] & <ol Et;N(0.29 g, 2.86 mmol) = TMSCI(0.31 g, 2.86
mmol)< 0°Coll A o} =< slol] H7bg & A H &N 34K & <F wyksle
s}3HE 10(1.27 g, 3.12 mmol)9] 8 -& 14 m19] F*(anhydrous) CH,Cl,ll & 31
EDC 9419 (hydrochloride)(0.52 g, 3.38 mmol), 1-8Fo] EE A Ml 2 E ¢] o} 423
& (hydroxybenzotriazole hydrate)(0.45 g, 3.38 mmol), DIEA(0.87 g, 1.52 mmol) & #
7kste] 0°oColl A 14 &<t vh-g Z3FEoll X313 HIHoh A" &8 Aol
A 12413 E_F nEk & A g0 H Z(4:1 viv)oll FAT /U5 el skl g
HNZ o H 220 mL x 3)E F=3 vt 715 S ol NaSO,= A%+ 78
sto] w5ttt w5908 Ae7ta A8 A2 apE 18 1)(FAHEOAc = 1:1 9
A 1:10 viv)E A A SFe] 313HE 11(0.91 g, 1.78 mmol)S 68% 5 &2 AU T).

[146]  'H NMR (CDCl;, 400 MHz) & 7.54 (d, J = 15.6 Hz, 1H), 7.04 (dd, J = 2.4 Hz, 8.4
Hz, 1H), 6.96 (d, J = 2.4 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 6.71 (d, J = 15.6 Hz, 1H),
4.73 (br, 1H), 4.12 (br, 1H), 3.53 (d, J = 6.0 Hz, 2H), 3.07 (br, 1H), 2.70 (br, 1H),
1.85-1.74 (m, 2H), 1.50 (br, 2H), 1.27 (qd, J = 4.0 Hz, 12.0 Hz, 2H), 0.98 (d, J = 3.2
Hz, 18H), 0.20 (d, J = 2.8 Hz, 12H); "C NMR (CDCl;, 100 MHz) 6 206.98, 165.73,
148.55, 147.00, 142.37, 129.05, 121.16, 120.93, 120.90, 115.29, 67.39, 38.94, 30.94,
25.92,25.88, 18.48, 18.45, -0.01, -4.08, -4.10; HRMS-ESI*: C,;H;;NO,Si, (M+H")l]
o) 3 m/z Al AR 506.3122, 21 2 %] 506.3116

I~ olo

[147]

[148] (4 ©A 4: (E)-3-34-¥ =((H 2-F 2 2 A )S AN H E)-1-4-(((
1R,2S)-2-H dAlo| E2 Z 2 H)o}u| ) H| &) ¥ H 2} o] Ep-1-yD T E Z.2-41-1-&
(5124 E 3189 TCP-MP-CA F=A)(12) A =

[149] A

Ph H/\O oTBS
N ~ OTBS

0

[150] 3}3HE 11(0.91 g, 1.78 mmol) 2] &l 12 mL2] F<*(anhydrous) CH,CLE %
Il o} 2 &) 0°CE ©l] 2~-vFel 31 2 vl (Dess-Martin periodinane)(0.43 g,
1.02 mmol)& H7Hc} A 8BE Ag2ol A 3AI I &t kel & A &

225 mL)ol Ut A} 8 ME o B Z(15 mL x 3)E F=8taL, 3}

_{

H



16
WO 2025/033596 PCT/KR2023/014722

/d NaHCO;(10 mL) & ¥ 3} 4 Na,S$,05(10 mL) = A & gt t}-8- Na,S0,2 71
AT 5 S] Na,SO,E o] et o] ol & st stell A w535kl 55
i < DCE 6.5 mLol| &38| 47|12 Eehd A 221l 419 (tranyleypromine
hydrochloride)(0.6 g, 3.56 mmol) ¥ WY EF Eg oA EA| HZ3o] Eglo]=
(sodium triacetoxyborohydride)(1.5 g, 7.12 mmol) & 0°Coll A A €] 5} ). wh-§- &<
& ol A 1241 2F 59k ek 3 A S0l B = (1:1 viv)oll AT ‘!T7] T Wy
BFal 3} NaHCO,(10mL)E A H 8ttt 77128 Na,SO2 A% T 723t 5=
St 55 & Fopa A 7hA Ae A =EnkE 18 3)(CH,Cl:CH;0H = 70:1
N A 10:1 viv)E B A 8] 335 12 (0.57 g, 0.92 mmol) S 52% 58 = A AT
[151] 'H NMR (400 MHz, CDCl;) 8 7.54 (d, J = 15.2 Hz, 1H), 7.26 (t, J = 7.2 Hz, 2H),
7.16 (t,J=7.2 Hz, 1H), 7.04 (dd, J = 1.6, 8.4 Hz, 2H), 6.96 (d, J = 2.0 Hz, 1H),
6.81 (d, J= 8.4 Hz, 1H), 6.71 (d, J = 15.2 Hz, 1H), 4.71 (br, 1H), 4.09 (br, 1H), 3.08
(br, 1H), 2.65 (d, J = 6.8 Hz, 3H), 2.35-2.31 (m, 1H), 1.92-1.97 (m, 1H), 1.81-1.72
(m, 3H), 1.25 (s, 1H), 1.23 (qd, ] = 4.0, 12.4 Hz, 2H), 1.09-1.05 (m, 1H), 0.99 (d,
J=3.6Hz, 18H), 0.20 (d, J = 2.0 Hz, 12H); *C NMR (acetone-d,, 100 MHz) 6
164.57, 163.59, 163.53, 148.14, 146.87, 141.27, 141.15, 140.44, 129,73, 128.40,
128.15, 126.57, 126.11, 125.89, 121.32, 121.30, 121.23, 121.21, 120.89, 120.84,
116.51, 116.40, 52.69, 48.91, 45.19, 41.66, 38.96, 35.26, 35.07, 34.39, 25.45, 25.42,
23.99, 18.21, 18.17, 15.04; HRMS-ESI*: C3cH5,N,0,Si, (M+H" ol th &+ m/z Al 4EA]
621.3908, 4 =% 621.3893.
[152]
[153] (5) @A 5: (E)-3-3,4-1 30| =E A F d)-1-4-(1IR,2S)-2-H Ao E2 X 2
yotr W ey H 2 d-1-9) = 2 9]-2-41-1-2(TCP-MP-CA F+E=A)(13) A &

[154] A
H

Ph"

[155]  3}3F= 125 5 mLe| MeOHell &3l A 7] 3L 0°Coll 4] 6N HCI Z &2 2+
2 A3k vbg E3E-8 0°Col| A Al 7F EZoF bk & 7kl Et o] &

FEAS A7 A A 20 18 9] (CH,CL:CH,0H = 10:1 v/v) &

3} 13(0.03 g, 0.07 mmo)Z 47% FEH = At}

[156] 'H NMR (400 MHz, CD;0D) 6 7.47 (d, J = 15.2 Hz), 7.32 (t, J = 7.2 Hz, 2H), 7.24
(t,J=7.2Hz, 1H), 7.19 (d, J = 6.8 Hz, 2H), 7.05 (d, J = 2.0 Hz, 1H), 6.98 (dd, J = 2.0,
8.0 Hz, 1H), 6.90 (d, J = 15.2 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 4.67 (br, 1H), 4.33 (br,
1H), 3.20-3.17 (m, 1H), 31.15 (d, J = 6.8 Hz, 2H), 3.02-2.98 (m, 1H), 2.77 (br, 1H),
2.57-2.52 (m, 1H), 2.11 (m, 1H), 1.91 (m, 2H), 1.59-1.53 (m, 1H), 1.42-1.36 (m, 1H),
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[157
[158
[159
[160
[161

—t e e d

[162]
[163]
[164]

[165]
[166]
[167]

1.29 (br, 2H); °C NMR (CD,0D, 100 MHz) § 166.81, 147.53, 145.30, 143.67, 137.91,
128.35, 127.06, 126.63, 126.02, 120.87, 115.05, 113.94, 113.08, 53.40, 52.88, 45.09,
41.61, 38.30, 33.35, 30.01, 29.02, 21.06, 12.05; HRMS-ESI*: C5,H,N,O; (M+H*)0]]

o 3 m/z Al XA 393.2178, A =% 393.2180.

/é]

1.

o.E, ol
it &

1.1 A= 2 Ao

GSK-LSD1 ©] 34+ (GSK-LSD1 Dihydrochloride)(PubChem CID: 91663353, +-
A2 ClyHpCLN,, A F: 289.24) &= v =70 ) A 37 2] 2~ (MedChemExpress) ©l 4]
Tl ske] vl e A ZAlo] = (dimethyl sulfoxide(DMSO; Sigma-Aldrich))ol &

g et Ao} & (FBS)# Eagle & A& 5= ¥ A (a-MEM) 9] &3} ¥ &2 4
2 )M Alo] A E]l ¥ (Thermo Fisher Scientific)oll A % 3 t}. v}9-22 M-CSF 2
RANKL-Z 7)) 32 22 &l (PeproTech)oll A -1 g}, Al 1w}-& = ] X](Sigma-Aldrich)
off A -1 gk a-B-MEI(A5441); AHEF A F 2 A & 8(Santa Cruz Biotechnology)

o A -%) g+ -7} 81 A1 K(sc-48353), &-cbl(sc-1651); &-K48-14 E-0] & &7
18] ) ©1(8081s), ¥-c-fos(4384s), &-NFATc1(8032s) 2 T+ HA| 3-A(7074s 2
7076s)= Al 3 21 & 7] (Cell Signaling Technology)oll A1 ¢ gl t}. QFE]-w €l-2}
o] 4l (Anti-Methyl-Lysine(nb500-824))2 =2~ (Novus)ol| 4] 43} 31, Anti-p-
LSDI1(ABE1462)2 ™ = & 2] 3£ o] (Merck Millipore)oll A -] git}. 3} w33 21
% HEE % ECL A1 2= BI(RPN2106)> 1 EE(NRON)OI A -4 glt}. et 2 &}
22493 A4 4F 32 23T} EFA| (Tartrate-resistant acid phosphatase) 44 7| E& 2
2 F H}o] Q@ (CosmoBio)oll Al 1< St}

12. 7 T4 HAAE 2 2 WS

8 ¥ C57/BL6 &7 vp-§-22] & A 3 (BMCs)+= a-MEME AF-8-381o] T
=0 A& A7 A sk ek 19 v BMCE 10% FBS, 100 U/
mL # YA # 2 100pug/mL 2 E ] Enlo] 28 ¥ 3sh= a-MEMe] 37°C, 5% CO,
Hj @F 71 el A 24~36A1 ZF & v FF L. A5 N of Al E 425 3HaL 30 ng/mL M-
CSFE s oot 3 et vl gdivt. 1 & P23 A EE 8 gaA =

$F BMDM S & AFG-3Ith 582 o] &3 B 23S Al IACUC

o] £olS Wt} (5 <1 : CNU IACUC-YB-2022-123).

1.3. A X F A (in vitro), TRAP 84 2 A X A& 4
Jﬁ**ﬂﬁé 3ol thek Al FA] 2 dlg ghstr] 9 El, 3 Al E(BMDM)S
8}sha1, 10% FBS, 100 U/mL #1219, 100 pg/mL 2= E F Enfo] Al 30 ng/mL
M-CSF % 50 ng/mL RANKL-S- §}§-3 a-MEMPOl| A oF 4 -5 9F TCP-(MP)-Caffeic
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acid FrAHA & E et A s EgekA] eFar miFath A 1ol A< 9t

ZAEE FAsHE, & 5 s
AA3th 18] 31 PBSE 13] Al X g 5 TRAP 94 7| EE o] &sto] Al ZE 43
th A7 EAE JAL du S ALg3le] &
231 TF. BMDM(1 x 107} Al| 3£/ 9] A8 & o]
E5 B I EE AFEEE] 96-9 Z o] Eol| A H 7T

[168]

[169] 1.4. = ¥4 2 ALP(Alkaline Phosphatase) & 2} ¥4

[170] A F o)Al 3 (Primary osteoblasts) ™ 3-4 7}-5-229] 57} & (calvarias) | A -
9 T}t Al EZ BMP2(100 ng/mL) 2] &4 ko] TCP-(MP)-Caffeic acid A} 7}
AAY 313 10% FBS F 1% WA H-~EF Ento] 4l M-S 3fi-5H= o-MEM
o 4 9 FQF 37°Col A 5 % CO, 17wl ol Bl el A 90 &k M= AL & WA
k. A EE PBSE Al A &AL 1 G- 70% E oA H 7L ol g2 2 1A 7F
&t A Sl o] F T H H0E F ¥ 353tk 71 %, BCIP®/NBT A 7|2
Al 2~ ®l(Liquid Substrate System)-S- A}-8-3Fo] A2 A o] A Zl ol ufe} A 2o A
5-15% ¢ A2 E AT o X = dw g o2 A AL 23] 2270
ALP A 9] 7%=+ Image J& AF-&51o] A4t

[171]

[172] 15 AFT LF-98 4E A &4

[173] = S5 B oA A gk &2 it} 2 x 10°7)] 4| 3E/9 BMDM < 7|
ER AeTd 24 A ¥ 48-9 =7 o] E(CSR-BRA-48X2KIT)o A ] % T}, o]

hya

7t

A Hi= glo] miF Tt ZF el 100 uLe] FEo] A E 2 E 7 96
4 njo] A 2 & 9| o] E (black polypropylene 96-well microplate) = || 5| ¥ 131, 2~ 3|
E g}l 2~ (SpectraMax) i3x & 33 S @0l E gl & AL-&38Fo] S5 9} A (excitation
wavelength) 485 nm¥} "< 3} (emission wavelength) 535 nmol| 4] & & =&
SAA AFTE 1 o] & 9 (resorbed pit areas)=> ¥V 4 & AL-g5lo] EH
A AL Imageloll &3l AT - el & F-241 2] -9, o] Aol A3t ufe} 2+
o] 2ol A3} 2ol Al 7] E (thodamine-conjugated phalloidin staining kit
(abcam)) & A&t METZF A 744 0 72 gkelgt),

[174]

[175]  1.6.RNA &3] 3 A %4 4AZFPCR

[176]  TRIzol Al & AF8-31e] Al £ A F RNAE 3} RNA 5 =5 A #3}e
T 2~ E RT #| Al E 7] E(PrimeScript RT Reagent Kit(Takara))E A}-&
5}o] cDNAZE 9 A AL T2 2 2 cDNAT 919] SYBR “1# PCR "}~ ]2~
(Power SYBR Green PCR Master Mix)E ©]-83}¢] Real-time PCR 33 HF--of] A}
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8-t} n}9-2 9] GAPDH(glyceraldehyde-3-phosphate dehydrogenase) A A} & %
Z FRAAE AR
[177]  A&¥ Zekol = &b7] & 13 o)

[178]
[179] 1]
A EA | Zekolm A (5 -3)
Acp5 Forward |CAGCTGTCCTGGCTCAAAA (A EHZ 1)

Reverse  |ACATAGCCCACACCGTTCTC (M€ 3 2)
Nfatcl Forward |ACCACCTTTCCGCAACCA (¥ 3 3)

Reverse GGTACTGGCTTCTCTTCCGTTTC (M EH I 4)

Dc-stamp Forward |CGCACGATGCTTCATTCTTC (A ¥ = 5)
Reverse |CAGTGCCAGCCGCAATC (L3 6)

Atp6v0d2 Forward |ACTATGGCCACCCGGGAAT (A3 7)

Reverse GGCCCAAGGGAGTCATGTG (A EH % 8)
Oscar Forward |TGGCGGTTTGCACTCTTCA (A€ 35 9)

Reverse GGAAGAACTCAGCCAGCTCA (9= 10)

Cathepsin k Forward |GGACGCAGCGATGCTAACTAA (M3 11)

Reverse  |CAGAGAGAAGGGAA (A€ 3 12)
Gapdh Forward |TGTGTCCGTCGTGGATCTGA (A €H 3T 13)

Reverse  |GATGCCTGCTTCACCACCTT (€M 3 14)

[180] 1.7.912¥ E2¥ &4

[181] A& Yol A 30% &<t 2 7FE RIPA ¢ & AF-8-310], CD-1-4487F A 2] = 2}
A A9 ¥ A G EAERZFE F A s .2 BCAD}‘ﬂVéCﬂ
Al o] 7] E(gold BCA protein assay kit)Z T2 s 5 &3 = 12%
SDS-PAGEE AH-&3to] @A g 225 ebar #-] i}, 19 E}
S5 gl (polyvmyhdene fluoride (PVDF)) “ﬂj

E]O ‘{Ol
o
&Qx

3]

OFA] AT}, 1 x TBSTE Al Z.Jﬁ}ﬂ %(RT)Oﬂ *1 2/“1{ 9
zb g A of 9 A ZTh npA HF o 2 g A X Ehal
F& 2 3 8EECL) ¢35 NS ALE-5he] dggith

[182]

[183]  1.8.LSD1 &% &4
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[184]

[185]
[186]
[187]

[188]

[189]
[190]
[191]

LSD1 &4 ol tf g TCP-(MP)-7}& Q1AF frALA| o] &= Al 2 A o] A%
(Caymanchem, Michigan, USA)°ll w2} LSD1 A A 27 2] 7| EE Al8-3l
E@l%q u1x1 E?SLH AN —L, H/H %].Zoﬂ LSD1 ?_]ﬂ. ;(HZ?B‘L H/H /\] ok ,LSD1
WA g =4 712 LSD1 A St Al #Ae} 8 A (LSDI assay horseradish
peroxidase) @ LSD1 ¥4 HE| =5 96-9 Ed| o] E(A-2 Aol A7) v 4 4
L 1LSD1 ¥4 HE =8 HAybsbA] &gkar, 7] 84 02 A}8-5 LSD] 54 Jng
E aF 2 AAAE Hbsh A vk A A 24 152 U Fu s
o] TCP-(MP)-7}3| 91 +H(Caffeic acid) A & #7Fe A &S ou| g}, ~HE
2} 2~ i3x (SpectraMax i3x) U B njo]l A2 Z ol E A& & P F(Molecular
Devices, Silicon Valley, CA, USA)S AF-8-3Fo] S5 3174 530-540 nm 2 W& 34
585-595 nmE @3-S 54 F A &S AT (H Al E(inhibition)(%) = [(Z
7] &F - JAA &F)/ 7] EF] x 100)

1.9. OVX-fr & FFAE F44 vjg-2 1d

C57BL/6 1H5-222] A4S 8] 54 o] 9l Al } gt 1e) oL
A Well A GSK-LSD1 2 CD-1-4482] &35 k13l 7] ¢ &l &b g st uf
o} o] OVX-f-= #th3-5 np9-2 B dlS- gl i) 75 ¥ C57BL/6 &7 v}
F-22= T Y Jeo® FHgo) g e 235 (Sham), OVX, CD-1-448 (5
mg/kg), (10 mg/kg) Wl 1F o & TAE A, o ke o 2 (Sham), OVX 2
GSK-LSD1 (10 mg/kg) & 74 g o},

71 % OVX, CD-1-448 2 GSK-LSD1 19 v}$-223= OVX & wekt) o=
T2 B ANE okt 15 Fete] 3] 717 3 CD-1-448 2 GSK-LSD1 L&
& 10% Tween 807} 10% DMSOE o] Fo] 2l Z3}&- 5 = 10 mg/kgS 0] B
& W FAE AT Sham R OVX 1#F 9] b5 54 ] FALE v &<
31 22k 2] 10% Tween 803} 10% DMSO E3 &% T04 D} FAL &S g2
200 uLol ™, 45 Ft X P Fh o}, bt} npg-2 0] Aol SA T A5 9
A e ol = mhg- 2 E o] QFEFALE A1, B K| o] ] ¥ o] 4.09% et EE a‘
tigto]l =& A E RN oM, o] F nlo]| AR HAFH ©FHY (MFo] AE-CT) #4
< 98l AE

gg' MIO

ﬂi
J

1.10. SD 7}-9-2¢] 74 A CD-1-4489] A &<l

nh9-22 F W] CD-1-4489] QE4/d 3} thAML =& Z=AF81H7] 9131
(05X ZF, 24 ZE, 64 ZE, 244 Zh)ol] mp-$-2~ & HFo] &4 3F= AL Ef o]
(MASS)E AM-&38te] o] of&o] ARntE 1y A& F3s9laL, 1
MPE TS np9-2o) A CD-1-448& A ol $t & dFom Ry Q& d=ntE
23} v g}, e CD-1-448 % CD-1-448 2] ThAMIE & 7H525] = CD-1-478 9]
A BA S ZALE] A8 AR E WS CD-1-478% Hl wEke] 1 BA S A}
gt
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[192]
[193]
[194]

[195]
[196]
[197]

[198]
[199]
[200]

L1 HEA H2EE A3 QA U 2 F

-3 ) 71- 5 -5 2] (Sprague-Dawley) "H9-22(57 A 6-77, A % 200-230g) = ¥
Al Evto] @ (Orient Bio)(HH -l = Aholl A 1 gttt Z& & 23 Aoy

3 H T =2 ¢ #2791 ¢ 3] (Kmedihub Animal Care and Use Committee) 2] %<1
£ ol A o] W] 3] H(Kmedihub) 2§ =9 4] F &l thgk =] 3ol whef
T Th CD-1-44800 thdh 4 A5 4o A mrE 23] #2412 Aol
& H(Kmedi-Hub) A1/ A5 A E o] A LC-MS/MSE F 3 - gt A& &
NA&o M | ARFE L of 2 ¢ E(Agilent) 6400 A5 A =F AH(triple
quadrupole) 7| 7] (Agilent Technologies, Waldbronn, Germany)& AF8-3}¢] LC-MS/
MS 271 B o2 FA R, o] 42 oAl EY E ¥ (Acetonitrile): & (80:20)
o &% F ¥ E4Hammonium formate)©] E§HH Flo)3l o, §4-2 0.2 ml/min
2 A48 A4 590 ool B ESIVF A2 Aw 272 vy
ZRCkies

1.12. 5 474 dFAJATC) &4

ITC 4 32 NanoITC(TA Instruments, New Castle, DE, USA)el| ] &l =3 =
LSD1/CoREST+= 20mM HEPES, 100mM NaCl, 0.5mM TCEPE ¥ §}&} = b=
oA S0uME 55 ¥ 3L CD-1-478-2 3|4 A& HA3)et7] A8l &L gk ¢h5 ol
o] g2}, 1% DMSO W 500 uM CD-I1-478-2 250 rpm 2. & 3] A 3= F=A
74 200°C2] 1% DMSO W 50 uM LSD1/CoREST7} £ 3+5 Ao 2 uL 7F4 0.5
AT HA 2005 7-A]). TA &1 o] 4] A& 3F= NanoAnalyze 4~ = E ¢
& Abgete] A%t 528 FA T 7E T EES g oA d9la CD-
1-478 &N A s GF Aol A SAH T v E & dd Aol E 53 uield w4

T

-

<
S

113. 243 4 +x 2A

AA A d e ARS8 20mM Tris-HCI(pH 7.5), 200mM NaCl 2 10mM
™ 7+ & of| €F-2- (mercaptoethanol) & 74 H ehE Mol A 8mg/mL' 2 F & H T 4
A ¥ LSD1/CoREST ©ul-a 53LA o] 5 %= 280 nmol| A 9] F3% =74 2 280
nmol| A o] o] 24 F 3 A& AMEste] A4 Tt G Al LSD1/CoRESTH VDX
% ¥ °] E(Hampton Research)ell A 3 % =55 57| 4F WY (hanging-drop vapor-
diffusion method)& AF-&-3to] A4 3t} 8 mg/mL' 5o Wizl &-o(] uL)
£ 295 Kol A o] A g Z3dlvh. H ko] AA S 32~38 %(viv) B
(Tacsimate)(pH 7.0)8] &A1 3t gt tlol B =3 & Al AL 15%(v/
v) ol & &l = 2] Z(ethylene glycol)0] HEH A 44 SN0 T4 HE3dlal v
AE FEE ARG 100K A4 2EF oA 25 34 FA T 18071 2] =
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[201]
[202]
[203]

[204]
[205]
[206]

[207]
[208]
[209]

[210]

o7 FAH X-A 34 dolH ME= X8 7147 A A(PAL, £, o)
=1)2] 338} 339l MI(Pohang Light Source IN(PLS 1) ) 2191 11Col 4] & 25
Z~(Pilatus) 6M 7571 & AF&-8FaL 314 0.9793A0) A 1°0 %S AL-&-3Fo] =4 5l
t}. t]o] Bl = HKL-2000 2 Egflo] gl 7] A 2 a4 ¥ a1 ~A A i), A1
LSD1/CoREST *3+4| (PDB ID 6K3E)E A4 2.4l & AL-8-3Fo], PHENIX 3| 7] A
o] ¥2} thal W & 21838k 3.5A2 SR 25 A B oA F3
] LSD1 ¥ CoREST %A o] & A& 2'H3}a1 PHENIX 3 7] %] & A}-&-3}o]
AA & ope FEo R A TFEe) HE 2 de 22} Cootl7 E PHENIX 2 7] A
= H]-HXJ o] /\5 =3 E—ﬂ :FL _ 7H/\1 o3 3OA/] ¢H/\]—E c/\;\q —rX} ] E—ﬂ 1131
2 PyMol Molecular 22| 3 22 71 3 (Schrpdinger, LLC)& AF-8-3Fo] 214 i},

1.14. ¥lo]| A2 CT 2713
Micro-CT 2:71'd & b 7] 223 SHA] A A - (33, =)ol A W§ GX mhol =
Z_-CT(Quantum GX Mlcro—CT) oln| A Al 2~ ®l& ALG-slo] vt

1.15. A &4

T 155 3Fe] 2ol & Bl 1Lshr] 9 8l Unpaired Student's t-testS A2 T, 1)
X3 = 3 2] 5 (GraphPad Prism) 8.3.0-5 ©]-8-3}o] o] 2] 1F (e Z}o] & v uls}

7] A3 4L EAHEA (ANOVA)H B Y (Dunnett) 2] th5 vl 3l A4 & A&l

= =
(*p<0.05; *#p<0.01; ***p<0.001; NS, 723} &) & QA ¥A & Hd + ¥
ZH a2 A
2. 43}
2.1.[31 814 1] S FE ] | D8tE CD-1-448 L 4789 I A X FA A4 a3
(in vitro)

CD-1-389 (6), CD-1-439 (7), CD-1-442 (9), CD-1-448(12), CD-1-478 (13)). o= A 3
& A (osteoclatogenesis) ol W gt 3}t = 52| A &= 1 uMS AF-E-5ho] H7FE
E} A= 313 =5 5 CD-1-389, 448 2 4780 IlH M| X 2] 35 A A oA

S A= 29 a W b). 22, SFFEES AFESLSDL 84 &4 9 ¢
A E H2 3 Al CD-1-448 2 CD-1-478°] A& & ol A Fo] gk o]& 4] wha] o
2 LSD1 2w 3} &) gt st JA S YEPE S A% 29 o).
b4 o & e 7 LSD1 g el 3} ) A 4| €1 GSK-LSD1-g th &0 & A&t}
(% 29] ¢). LSD1 &l &l &of) o) 3t & ] 3] & Al(in vitro)S S g a1, o} T A 2 &
3} &<t LSD1 #& wl e 3}e) o gt 313&=59 2945 LSD1 24 7| EE AF§5t
o] glgith k29 d H eoll A & 7 Q2 o] T A E W3 T(48A1 A ) &
WA WEls) SEe 5 o EH 0= FUgl o, o]i= CD-1-448 2 CD-1-478 A
2] 7} oA B3 A8 A LSD1 54 FA S AN A sfEHAE g4 =
HE st s FTA A &S G odrh o g & A A% *%Em#
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™, A 7}= CD-1-448°] in vitrool A 2uM A 2] ol A & & Ao o gt
BRI A 949k7] mlstell ¢ = gk gte R A EE = vk 29 £ H g).
AEFQuM ol’her Aeldle v = Aol At ol & F3ll (3154 1]

==
g} otEo] uptA 3 AL oA ke 30159 o)

u

[211]
[212] 2.2.[38H4] 1] 3 Eof 3] 2 3lE CD-1-4489] RANKLS 2] 3] f =% o}F A
¥ B F-AE HE A4 2 F F5 9A &3K(in vitro)
[213] A 2 YA ol gk CD-1-4489] A a3 & F712 2A}sH7] 9138 TRAP ¢
AatE A el 54 54) A4S A Eete] TAE 55 H ol A4 RANKL 9]
& =9 A E FA o) o3t CD-1-4482] A &= glFlch(E 32 a A
d). %= 39] a WA holl YeRY v} o], BMDME| #-3}i= CD-1-4480] 2] &) 23
3] A ), T, 2oinl 14| &= o] ¥ (rthodamine-labeled phalloidin)-2 A < ¢
szl HAE F-AE MEES FASHE ] AFH =], 5249 a R boll A &
G =o] thET(CTRL) L are] 7} 2 A ¥ ¥ CD-1-4482 1uM 2] CD-
14489 A F-4 ¥l a12] FAE AA T & AS57E 5 AP FA-AA o=
A E ] Z Q37| 5ottt ubgbA CD-1-4489] FETAE HE5 A S ZFQ
Al Al Qletrl FX] A4tz & ¥ o] E(fluoresceinamine-labeled calcium phosphate
plate)E o] -&38to] & FAHE 7 A thin vitro). &= 39] e W #] goll VHERA
npe} 7-o], M-CSF 2 RANKLE A #] ¥ “1E(MR 1&)ol| A Wme & 55 7y
o] 7} Yetyth; E45 9 E W A& CD-1-448 A ¥)(1, 2, 4 uM)E 3 A &4 A] 7+ 3]
Uh gk 5 39 £ 2 o= CD-14480] §F &4 w07 3 7F s E I E ¢
A HAE 2N SS F P THGSK-LSDI(G)= &t A A 2 A& 5 o).
ESH CD-1-478-2 Al ol A SZAE & F55 A A AR E 59 a L
b). PFAI 9} O & CD-I1-448-2 2o & 10 uM 1| 7Fe] BMDM 2] Al 3 A &80l -2
g G WA A &2 v 4 uMoll A A g S o) o3 s s A o] FA S
HTHE 39] a E b). ©] = CD-1-4480] 8- 2|4 © & RANKL vj 7}
A& AAZHE YERAL o] Y ¢ AES vl O E CD-1-448¢] 31}
= A& A 24 RANKL v 7)) b A5 w8 2 oA X 2
HE5T 24 oA AT 7 A& G = (3 1] e
RANKL®l 93] =% opAE 3} F-oel HE g4 1 F S55 o482
glsti .
[214]
[215]  23.[834] 1] 3FE sl 33E CD-1-448 A& 3 OVX-F % FZ A F o ¢
3 & &4 JA &3 (In vivo).
[216]  FEAE F F5 Asho] )3 CD-1-4482] A 7 E &<laty] el OVX
= 30T b2 RS 69 a A oS T I tkin vivo). 2 1E-9] vk~
S T 7SS 69 d). tE =] T ool dighnlol A2 HFH &
J

% (micro-CT) ¥4 A3}, OVX "}--2+= A 75 & % (trabecular bone mass)<

il
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ARt A g 9, CD-1-448 A 2] ol A = &= 62] a W A] coll A &} o] &
o 3HA| Zha ek 21 o = R TE B8 5 mg/kg HE1= 10 mgrkg A ol A A5

2y & 3 As 2 3 2y= ovX ol ¥l CD-1-448 A €] 3 ¢ 73 3
& A A 69 a 4] ¢). TRAP H2= H&E A& AF&-§F 22 812 4]
(269 ¢ 2 )2 Aol o] & &4 o] OVX & A A F-71Hek WA Smg/kg B
+ 10mg/kg A& F A28 Bofrh o]l ¢ A 7+= GSK-LSD1# € 2] CD-
[-4480] A A Wlol| A OVXol o] &t & =45 WA &S gl gt =, (8314 1]
3H3E o] OVX-fr i I Al ze) o ¢ & =4 & A A s gelstginh

[217]

[218] 2.4. TCP-(MP)-Caffeic acid A3 2] LSD1 €W €3} a4 4744 a9

[219] & 7 d) o] E] & TCP-(MP)-Caffeic acid F-AFA] 21 CD-1-448 2 CD-1-478-2 LSD1
ol gy el E S5 o EH 02 A A|ghE g2l dlTh(in vitro, ex in vivo). &t
CoREST(RCORI1) LSD1¢] €WE 3} 258 S~ 3t= ] 523t} TCP-(MP)-
Caffeic acid A} 7} FAD #% LSD1/CoREST 5314 & E-3l LSD1 21 & &}
B A4S A 6E=A Eelstr] s, LSDI/CoREST 5314 vhuld & 5=
H]3}a1(5% 7 2 3% 2) LSD1/CoREST 314 & 3 €6}= TCP-(MP)-Caffeic acid
analogs(CD-1-448 2 CD-1-478)2] SPR & DSF +-41 & 3 dlth(% 82l a ¥ b, 529

ol a WA f).
[220]
[221]  [¥2]
ol o] & %k LSD1/CoREST/CD-1-478
& ZF 1% (Space group) 1222
9] Al %] 4>(Unit cell dimensions) 120.3, 181.3,235.9
a, b, c(A), 90, 90, 90
a, B, v (%)
34 (Wavelength) (A) 0.97930
-3 5 (Resolution) (A) 50-3.0 (3.05-3.0)
Ryim (%) 8.4 (131.9)
1/o(I) 3.9 (0.44)
24 %= (Completeness) (%) 98.6 (99.2)
%5/ (Redundancy) 6.1 (5.0)
A A (Refinement)
-3 5 (Resolution) (A) 50-3.0 (3.07-3.0)
HEAL 31 4%(No. of reflections) 50543
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Ryvork / Reee (%) 20.3(41.7)/22.4(41.3)
A A} H Z(No. atoms) 6287 / 62
R ETL R
RMSD 0.003/0.593
Adtdol (A)/ 4% ()
3 4 B-"¥l - (Average B-value) (A%) 100.4
g}z = 2 &35 (Ramachandran plot) (%) 96.6/3.3/0.1

[222]

[223]
[224]

[225]

X & (favored)/3]-8-(allowed)/5- ©] (outliers)
(E3Z qhe] g2 7HE =2 s =] A(shel)ol] thk gholvh. Fa = AElH
&) =9 X 2] 4% 7} Rfree 2k Al4kel] AF&ET})

% 89 a @ boll YER vle} gFo], A 3= CD-1-448 E CD-1-478 X7} LSD1/
CoREST 34 o] 25 2 o2 A7Mehg g2l gt} g CD-1-448°] < CD-1-478
2 W3] 7|53 Aolgtz AR & A ] wlFell(5 102] a WA d), CD-
1-478 € A ¥13}o] LSDI/CoRESTE AH&-3F e €% 44 SA4dCT) 2 24 +
Z ¥4 = 82 ¢ WA f). 20°CoN A 50uM LSD1-CoREST$} 500uM CD-
1-4789] ICT =12 & 89] ¢} 2T} 915 s dolli= Y A] ITC Hl o] B 7} A f T}
sl 39S LSD1/CoREST®] th&F CD-1-47829] <)ol 8] 59 W=
of thall EA8E U7 T (A ) vEtdvh A2 BetEE 1L, & <
gh3] ¥ SHAH) -20.44 kJmol-1, A3 73} 5 (Kd) 2.331x107 M AH&3F vk 29
=g A3 2dof ti g AL olth(E 89 ¢). A TX ¥A4E& Y, CD-1-4785
-3 LSD1/CoREST 2] 531 A -3+ o} 3 -2 A (apo-crystals)-S CD-1-478°]
BHZ3E AG g @A A} w2l e el oluld Uy Ed L
Elo] = o] Z&dl a1e](flavin ring of flavin adenine dinucleotide)ol] 9142 o] 2] 7k
CD-1-478¢] A A 3}eE4 & 5] 8314 &&= HI7HeES HoFth(E 89 d). tiAl,
HIFE-L CD-1-4789] 4491 Hd are] B} oz o] & RHo] @ 5= gl A A
oA DA gstE A gisl o o] e vt WA ETF #EE A ¢
7] wjioll A Ao A Alo|F R 2 |7t ] FADS Skl el ¢
ZFel 3HA| of 72 @ AR} a1 (five-membered ring) E A gF A1 =2 B RIT] o]
gk &9 Febl are] o N5 dAkelo] & A A2 ol ¢ LSD1 ¢ Al A<l A
H A= 89 o).

2.5.[31 814 1] 31 E o |23 CD-1-4489) FZA X £33 A A4 <L
Gl g vty o A 5.7

o] dlo]E = CD-1-4480] &AM ¥ F3} 2 & &5 gl -2 R a2,
CD-1-448-& LSDI1/CoREST &3} 4| 9} A& 2831 A& 7 ol A LSD1 &
g3 g8 a7 S-S el wheb A CD-1-448°0] S} 9] & Al 3} 7]
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T2 AAE=E 71 FS olalEl ] Al s Al E o] & AT} B3l E Q3w A
¥ Eo] AR} vl A o] whal S AT} & 112 a A fol] Ve Hlo} 7
o], M-CSF 2 RANKL(Con)2 A& 2} =& XAl H 3t Z A4 X o] 4 §-d2HA

[230]

24 gy AALES A A SHA R HEE, CD-1-448 31 2] 3= Acp5, Nfatcl, De-
stamp, Atp6v0d2, Mmp9 2 Cisk(Z] A )& E3Fsto] RANKLY 93 7 5%
ZAE A BE 129 G40 mRNA @E 538 3] THAA F
RANKL-F-% 3t A 32 gl o] g ~d 528 742 NFATcl, c-fos 2 T8
A& TR okA] CrsKe] @A =5 0] M-CSF % RANKL(Con) “155 2} H] 3
St uf CD-1-448%) 7] M F 3t F A PSS S 5 A= 119 g). TF
Ao &, o2 g AF}= CD-1-448°] RANKL i/ oA X 23} 24 34 ¢
A e g 2hwket o B4 vhE A X 8l E o A $HS eI

CD-1-4480] s} 4| £ A A2 & A (in vitro) 3} 2L Jﬁxﬂ = &4 S A
vivo)§H& A JITtH(5 32l a A h, &= 42] a © b) ). =3 CD-1-448-2 I} A 3
A st guEst 2443 7HAA717] 98l LSD1/CoREST 34 & A4 14
o & Akt 89 a WA f, 1 22] ¢ & d). CD-1-448¢) &3+ LSD1 & &l 3} 24
o AA7F st A X G2 ApdsteE V1A & A HEl s Al E 8 A
A2 gl o] wkg JTh NFATc12] mRNA 23 o] CD-1-448 A 2] F 4%
AZTHE 119 b). L8|y & o2 7+ 4% NFATcl &
¢ UﬂéME}(E 119] g). o] W AS Esﬂ CD-1-448°] NFATcl
Alek = AT A 3= CD-1-448 ] 2] $- NFATc19]
G132(10uM) # 2] 6|3t ? wAs FAHE = s
FJ Firoll e stE A J4d 34 5 CBL @M

= CtsK 3-8 58 CD-1-448 A ] & 9} A 3%
9 = 24 b). RANKL A 2] 7} CBL ¥h1 4 u-&] -8 = 7
SpEAE F3 @A o] hAshE AuE gty 1y
2] 2, fﬂr%‘ﬂ 3 —“%—E} + CBL Aol A8 3] A
D-
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CD-1-448 A 2] & u}& A £ 8 4] F<F CBL vl A o] x| 15 7147} CBL g}9]
A e lo] Frtell ofsf w7 =R Z=AFsH] A e, ahE Al @A sk A
ﬂ 75w E gho]AlS A3 = 122] boll YER vle} o] W El glo] Al 4=
& CD-1-448 A 2] Fol]l ¥4 3] S-7Fglv}. g+, p-LSD1 A2 ¥ 3hw] <] gk
P—UJ], ARof ekzte] F7HE H A TH(H9l 84 = & 4. TCP-(MP)-Caffeic acid
FARA A 2ol o ¢k LSD1 g e 3} 24 o] oA 7} CBL @l & b A 34 A 71 7]
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[231]
[232]

[233]

[234]

&l CBL @A efo] Al W el 3} & vl 7l af =] F7FE g<lstr] 9 &l CO-IP

A& T AT = 129 col] A E vpef o], s A YA g ol A CD-1-448
2] ¥ CBLE| g}olAl W gl 3}+= o Z7(Con “L3&)°l ¥] 8] TCP-(MP)-Caffeic acid
FARA A2 & FrFlew, a0 & GSK-LSD1& AR& SIvh(t = 4 & &2 A}
4% = LSDI & A A]). T3k, p-LSD13} CBL 72| 43 280 7+ 3 th(convert
CO-IP ¥4 2 5 139] a @ boll A ). =3 CBL¥ NFATcl @il o] 245 218
£ TCP-(MP)-Caffeic acid %A}XH A g)of) whet Z=7Fglch < ¥ CBL vl A 1}
o] A o)l A, TCP-(MP)-Caffeic acid $-AF#| 2] % p-LSD13} CBL Alol 2] A&
Ahg Rk ke kit A8 gl S ? AN 3=H)], o]3= CD-1-448 A €] 7} p-LSD13%
CBL Wl Alo] o] A5 2h-8-8 whaf afo] CBL Wi A o glol 2l w3t & S7}
AlA CBL @A & b 3kA 7] 51, o] F F715 CBL @2 2 NFATcl 9 4 9
WA E T7HAA SEAE A JAl VA= o H P

—_

(o

2.7. 1382 1] 3FE 9 3] 23l CD-1-4489] NFATcl &2 o] o] Al 48 F
HAES FE L o] E T IASHAE FA dA a9

CBL & 22 2ol il 48 12 | A€ 35 Faf & el & v 7} 8h+= E3
gl 7FobAl o v}, whekA CD-1-448 7] €] -l wbe} NFATc12] 2ol 48 A2 +
Bl A e 3} gl 2328 HA RS 129] d). GSK-LSD1<> LSD1 &} Al & 913
o 2o o A A =2 ALE-F T

71 A 1} TCP-(MP)-Caffeic acid A A 2] £ NFATc19] 2ol Al 48 F-H] ¥l 3}
7} Wl 2237 (Con “L35) 0l Bl 3l F-olw| 3t Al F7Fgl e, o] & E-3ll CD-1-448¢] €}o]
2148 | AR SIS v 7 2 NFATcl @92 o] 73] & F7FA1 7] & Z 4 RANKL
off o &k s A A o] A E & skt
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