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7% 1
517] [31812] 1a]2 BAEE 71D v g8 S e kst H o s 3 8bsE o
517] [813HA] 1p] 2 BAE= 72 7hvl 2@eF Sexo] okstd oz &87tse o)
7] [8heh4] 1c]2 FASEE 712 72v) ge 54 mi oo ofatH o F4rlsd O 2 o] 2o
o]Fo]W ToRRE AEHE ok i g FEAROR IFste IHA, AR, me HAA A
Ao o i ABE % ofshd 245!
[3}3H4] 1al

O o

\EfN NH,-HCI

©\\
[3Fsh4] 1b]

O o

C?N NH,-HCI

[s}3H4] 1c]

_ NH;
@//:/(N NH
AT 2
A1Eel Sloj A,
371 (3484 lel= FAEE 712 vt gg feAe] ot or §87ted fe &7 (3484 1d]l= #FAY
= ool AL Efom =, oty 2AE
[3}3h4] 1d]

P O NHy-HCl

NH

273 3
A1kl lel A,
A7) 2SAe AR EZ(atony), 9FZ(muscular atrophy), 0l %=(muscular dystrophy),
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a5EZ5, ddd(cachexia), AAY HF TFT(rigid spinesyndrome), THFA ZFAsS(FAEH
amyotrophic lateral sclerosis), AFE23-v}g]-F2~4H (Charcot-Marie-Tooth disease),

L
.
(sarcopenia), ¥ ©o]59] ZFoz o]Fojzl o 2RE HEYE= of sl o], oFehd A&,

AT 4
A1l ol A,

A7 AANAZRE &3 (depression), FZ(mania), YAl (bipolar disorder), AAEAZ
(schizophrenia), A% (delirium), &3F)(panic disorder), FYg& ZA3H Hof(Attention-Deficit
Hyperactivity Disorder, ADHD), <1=]&elj(cognitive disorder), E<F&ol(anxiety disorder), &4 & ~EH
2= ol (Post-traumatic Stress Disorder, PTSD), ® o529 o= o]Fojx] FoRHE Ay HE o 3
L o], oFshA 2AE.

AT 5
A 18rel lo] A,

A7) Ha A A d=slo]ln|H (alzheimer's disease), 3X1<EH (parkinson's disease),
(huntington's disease), ¥ 3 M (pick's disease), FZo|=HNE-oFFH (Creutzfeldt-Jakob disease),
¥ WA= (spinocerebellar degeneration), FGAY %52 ZZ(spinocerebellar ataxia), ZEol=z]3]
%% (Friedreich's ataxia), "}/}=-ZA1" (Machado-Joseph disease), <571% o] (dystonia), F3PA
wld] (progressive supranuclear palsy), =914 X|vl(senile dementia), F©°]ZA X]vl(dementia with Le
bodies), HF=%% A wl(frontotemporal dementia), ZIA A uf(vascular dementia), LFIASA X uj
(alcohol related dementia), Z&E”] X "](pre-senile dementia), =5 72 (temporal lobe epilepsy), th
73t (multiple sclerosis), ™y ofRZol= WA Z(cerebral amyloid angiopathy), FAIA] o}ldZo|l=
H (systemic amyloidosis), % 3+ (Tourette's disorder), ¥ZZ(stroke), % o]E9 %x3o g o|Fo|x
TOREE dEEE o sl o]l

~ o b ot
& oft 4y
> B ol

oz

=

o) 1
SLEEZES

)

A7 6
3t7] @AS Edete (314 lal2 FAEE 712 720 g8 A ofgHow 83 98 FRAE
o7 ¥3ate 28Ee, AAAE, T HE A AAAS O T N85S Y3 ofdhd 2AE o Az

(4) [332 6al2 TAHE FES FAFUEFNaH), o8 Bz RolA|H ol E(BrCHCO0EL), Z ¢Fx]o}

[3}sh4] 1al
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E-obdol (anxiety
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|1l (alcohol

oL

_]

A

$= A %= (Friedreich's
o]

J'

g

284
2
=
2l

=

q

Z
L

]

T2 A S (spinocerebel lar
5
1

(e}
=

2
=g

577 e] 5 (dystonia),

o (Post-traumatic Stress Disorder, PTSD),

3L

e (huntington's disease),

=

A X v (dementia with Lewy bodies), AFZF

2~ A}
i

il

Fu ol
dementia),

=

B

2~

=i
! (temporal lobe epilepsy), T}

=

o

Hyperactivity Disorder,
°]

disease),

-

=

~E
o]
ataxia),
T
A
ofyt},

e}
T
[e)

.

L

L

al

7

A1 E-A = (schizophrenia),
N

(Attention-Deficit

(FA12999 | amyotrophic lateral sclerosis), AFE23-u}g]-F 21 (Charcot-Marie-Tooth disease),

| vl (vascular

15

k)
o

=
[<)

7+2-%(sarcopenia),
FEH A9y

733}

)

A
2]
WS (cerebral amyloid angiopathy),

disorder), &% (stroke),

disorder),

disorder), <4

e}

(parkinson's disease),
(Creutzfeldt-Jakob
(spinocerebellar
disease),

(senile dementia),
dementia),

olof

[0032]
[0033]
[0034]

N

A
.

WAl Fof s}

el
‘AO

)

1 ol

S

o

I

Ho

el
By

zel

N

)

N

"

o

il

e

B

el

o

A5

A

_14_

el Axzis

[0040]
[0041]



[0042]

[0043]

[0044]

[0045]
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[0047]
[0048]

[0049]
[0050]

[0051]
[0052]

[0053]
[0054]

[0055]
[0056]

[0057]
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(3) [8}3H4] BalZ BAIEE SIEZRY [38Hy] 6alZ FAHE SFES AxRse A, 2
(4) (3312 6alZ TAHE FFES FASFUEF®NaH), og B2 RolAH o E(BrCH,000Et), ¥ <myo}
(NI & AHEste] [384] 1la]2 ZAHE SRHES Alxshs oAl
[3}8h2] 1al

O 0
[:f ‘;y‘NHzHCI
N

\
\
W

)

471 B 2014, R R R A2 SdsAY Adelstn, A4 $4, -G8 &A7], =7, Aokwr], Y

Ery], EdEFezdr], dFAT], (ol obdr], B o]E9 Yo r oo o riy AdEHE= o

= sk o] delar, Ry Co-Ceol obE7lelar, 7] ofdr]e] 1 o] de] i niA&o| Ay C-Go €47, &=
s

A7), Aehwr], UERY], EEFoME], AFA7], L o]5e] 2Fom oFojzl pomby Hest
ofi= sht ooz M@ Zolm, 7] B8 sadl A, R £k EE @27 5 v

®ougel 9 FRA, 47 (S84 2]2 EARE S SFRE S % 10 A F9 BFE 2 oE
o 2o olFold FomE AuHt ol sht o4 & glont, old AFHE AL okt
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[0058]

=SIEL

¥ 1
IR BRI EER
k= k=
2-1 la 1-((1R,2R)-2-(3,5-bis(trifluoromethyl)benzylamin CFs
0)-1,2-diphenylethyl)-3-(3,5-bis(trifluoromethy H S H
1)phenyl)thiourea Ph:I,N—JL—N
Ph"”“NH CFs
CF3
CF3
2-2 1b 1-[ (IR, 2R)-2-(Pentan-3-ylamino)-1,2-diphenylethy H S H
1]-3-(p-tolyl)thiourea Ph:I,N—JL—N——<C::>F—CFh
’ fiTt%
2-3 1c 1-[3,5-Bis(trifluoromethyl)phenyl ]-3-[ (1R, 2R)-2- CFs
(pentan—-3-ylamino)-1,2-diphenylethyl]thiourea H S H
Pth—“—N
Ph H\l% CFs
2-4 1d 1-[ (IR, 2R)-2-(Pentan-3-ylamino)-1,2-diphenylethy H S H
1]-3-[4-(trifluoromethyl) phenyl]thiourea ph:I,N—JL—N——<:::>~—CF3
) Ejit%
2-5 le 1-[ (IR, 2R)-2-(Pentan-3-ylamino)-1,2-diphenylethy F F
1]-3-(per f luoropheny! ) thiourea H S H
Phj’N_“_N F
Ph }jﬁ% FF
2-6 1f 1-(4-Nitrophenyl)-3-[ (1R, 2R)-2-(pentan—-3-ylamin Sy
0)-1,2-diphenylethyl]thiourea Pth—LNONOQ
’ }jrt%
2-7 1g 1-(4-Cyanopheny1)-3-[ (1R, 2R)-2-(pentan—-3-ylamin b Sy
0)-1,2-diphenylethyl]thiourea Ph:I,N—JL—N—A<:::>——CN
) }jrt%
2-8 1h 1-(4-Fluoropheny!l )-3-[ (1R, 2R)-2-(pentan—-3-ylamin g S
N

0)-1,2-diphenylethyl]thiourea
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[0059]

[0060]

[0061]

[0062]

[0063]
[0064]

[0065]

[0066]
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2-9 1i 1-((1R, 2R)-2-(benzhydrylamino)-1,2-diphenylethy CF;
1)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea

2-10 1j 1-((1R,2R)-2-(benzhydrylamino)-1,2-diphenylethy H S :
1)-3-(4-(trifluoromethyl)phenyl)thiourea Ph N_JL_N_A<:::>__CF3
PhINH
2-11 1k 1-((1R,2R)-2-(3,5-dimethylbenzylamino)-1,2-diphe "
nylethyl)-3-(3,5-dimethylphenyl)thiourea H H
Phj,N N
Ph” “NH

* 2
ek 9l [Sae W | Sue EE
kA kA
5a-1 4a (S)-Phenyl 4-nitro-3-phenylbutanoate
QW
NO
o 2
5a-2 4b (S)-Phenyl 3-(4-chlorophenyl)-4-nitrobutanoate cl
QW
NO
o 2

(2) [8}314] 4p]2 BAIHE SHEZYE [338H] 5b]Z A= 3EES Axste @A,
(3) [8}3H4] Bbl2 BAIEE SHEZEY [38hy] 6b]= FAHE SFES AxRse A, 2
(4) [3}8H2] 6b]2 TAHE FAFES FASFUEF®NaH), olg B2 ol ol E(BrCH,00Et), ¥ <= yo}

(NH3) & Aelate] [338H4] b= FAHE sEs Alxsts Gl

[3}eh4] 1b]
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[0067]
[0068]

[0069]
[0070]

[0071]
[0072]

[0073]
[0074]

[0075]

[0076]

[0077]
[0078]

[0079]

[0080]

Rs00C COORs5
©;|/\/NOZ
R4

247 884 2014, R, 2 R ME FUsAAY Aolstn, zhzt 5

a,
, C=Cs2] o}d7], & o]59 Zgo=r 9

S o] dolar, Ry Co-Ceol obd7]olar, A7) obdrle] 1 o] e Fis MIA| &l A
A7), Aletwr], YERY], EgEFeaddr], 45A7], 9 o]59] xjom o]Fo
ol sfup ol om Agk¥ Zlolal, 7] ehA ShellM, R a Em gEAVelL
=W 5 Adn

£ Ege] o FEeEA, A7) (S 2]2 EAEE S S3Ee 7] R 10l V1A
o] 2FoR ool o RN AYE s of shf ofdd 4 gloy, oo AgE= A
+ Ege vE FadRAM, A7) [EEHA SblR mAlE e e d] & 3l

o2 o]yl ForFH AuHE o syt ofddd 5 floy, ofdl AlFE =
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[0081]

[0082]

[0083]

[0084]

[0085]
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* 3
SpekAl W [SraE W | sraEn EER
k= k=
5b-1 2a (R)-Dimethyl O O
2-(2-nitro-1-phenylethyl)malonate ~o o0
NO,
5b-2 2b (R)-Diethyl O O
2-(2-nitro-1-phenylethyl)malonate 5 0~
NO,
5b-3 2¢ (R)-Diisopropyl O O
2-(2-nitro-1-phenylethyl)malonate /L J\
(0] (0]
NO,
5b-4 2d (R)-Dipropyl O O
2-(2-nitro-1-phenylethyl)malonate ~0 0
NO,
5b-5 2e (R)-Benzyl-2-carbobenzyloxy-4-nitro-3-phenyl O O
butyrate
(0] (@)
NO,
5b-6 2f (R)-dibutyl 0 (0]
2-(2-nitro-1-phenylethyl)malonate 0 N
NO,
5b~7 2g (R)-Diethyl O O
2-[1-(4-bromopheny! )-2-nitroethyl Jmalonate ~ N
NO,
Br
5b-8 2h (R)-diethyl 0 0
2-(1-(4-chlorophenyl)-2-nitroethyl )malonate ~o N
NO,
Cl
we, B owde ) wAE Teet (994 1412 FARNE A2 g6 98 fude) et #evs
g A8 fFradioe® xFste 5AE, ALAS, £ HIYAH 284S o B XEE YIS oty =
Ao AxWHe AT 4 At
(1) [3}g] 2]12 AT S FFES o]&ste [3314] b2 FAIHE FFEZHE [S8H2] 4b]= ¥ A
He IFES Axse 9,
(2) [3}3H24] 4p] 2 FAIH = SFEE5E (382 ob]2 BAHE FFES AxzseE 9A;
(3) [8}e+2] ob]l= BAIEE SRHEEZNE (3382 6b]2 ZAEH = SFES Axse 94, 2
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[0086] (4) [3}8H4] 6bl2 FAHE FFES FAIFUEFNa), olg B ZTolAE o E(BrCH,C00Et), 2 sl=2kd 4=
3% (hydrazine hydrate)E A glste] [E3H2] 1d]E FAHE FAES A xsE GA;

[0087] [3}&4] 1d]
NH,-HCl
}N
[0088] ;
[0089] [3}&+4] 2]
S
H H
Phj,N—“—N—R3
Ph )N\H
[0090] R R ;
[0091] [3}8h2] 3b]
[0092] ;
[0093] [3}&4] 4b]
NC-__CN
@/\'/\/Noz
[0094] :
[0095] [5}3+2] 5b]
Rs00C.__COORs5
©;|/\/NOZ
[0096] R4 ;
[0097] [3}38h2] 6b]
0
NH
[0098] ;
[0099] A7) B8k 2004, Ry B R AR FYIAY Aolshd, A7t A, -Gl 4], FERAV], Aotxr], Y
EZV], EFEF2Udr], 4IAV], G ofd7], B o5y ZFOE o]Fof3 TOoBFE MY HE of
L ot ool an, Ry (sl ok 7lolar, A7) o}&r)el 1 o] FAaE vl X Fho| AL} (-(o] ¢, =
A7), Aletx=7], YER7|, EFEFLIWYr], IFA7], @ o]59 XFoa o]Fofzl ywo2HE HuxeE
o= sfup ojFom AfH Aolx, 47| A 5hll A, R Fa B FRAVIOIA, R GCol 4] E
=AY 5 Qe
[0100] 2 iy A FHARA, Y] (34 2]2 ZAEE SH sEES 3] i 1 7IAE S SRHE o ol&
o zgom oFold ForyE AHHE on s} ol 4 o}, ool A@HE e ot
o101 ® wgel B FACRA, 471 (3844 shle EBAHE SEe 47 & 36 A8 ST 0 o)Ee) x3
0@ ool FoEVE MEHE o sht oYU 4 o}, o] AFHE A ohrh
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Ph-10(3}8H4] 1d),

1b)7} GDF-8/Myostatin
— 21 —

Ph-30(3}8}2]

Ph-30(5}14] 1))
Aol
#%xp<0.001) .

=il

=

g 4
=il
=

™ 9
la),

#xp<0.01.

=

Hk
Ph-20(8}3}4]

Ph-20(3}8+4] 1a),
(%p<0.05.
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= B oy A AAde g 7|E #Ank g A gy oz FErMed 9 Ph-10(8HEH4] 1d),
Ph- 20(@} F4 1a), @ Ph-30(884 1b)7F (a) SMADZ 2 (b) SMAD3 & 3o n]xE 33S el Aot)
(#p<0.05. #*#p<0.01).

[

T 62 ARF AARAEFS SH-SYSY Aol L wre] o dajolel] wE 7E vl SE feAe] ofshH o

5% @< Ph-10(348H4 1d), Ph- 2o(§}t‘i}*4 la), 9 Ph-30(&}3}4 1b)E Held Aelth. & 6ax=
SYP, GAP-43, MAO-B, B iN0Se| ¥ FE& QI Zloju, = b ZH WEN X
(superoxide anion)®] AAHS &1t Holt},

L7 Bl o Axjde wiE 71 vt S fFeAle] oFstH o w §87bsd S AElste] oF 4=
ZHAFopen field test, OFT)E 33t A3E Yeld Zolth. = 7at Ph-30(8&2] 1b)S s=HE=Z A3 H
- olFg AE YEd ZHola, &= 7be Ph-10(3}3H24] 1d), Ph-20(8}84] 1la), ¥ Ph-30(3}&4 1b)E A
& g olsd AgE dEbdl Aotk (%p<0.05. ##p<0.01. ##x%p<0.001).

T 82 E dwgo] o Ardo] wE 7| vl g fFeAe ofFgH oz FHErbEdk 9l Ph-10(3EA 1d),
Ph-20(3}82] 1a), % Ph-30(3}82] 1b)E Agsle] Al 49 HAF(forced swim test, FST)S 33 A=
YERA Ao)th(%p<0.05. ##p<0.01. #*#*p<0.001).

L9 B ude] o AAde wE 71" vt gE fFRAe] ofstHow §87bsd ¢l Ph-10(3HsHA 1d),
Ph-20(3}32] 1a), ¥ Ph-30(332] 1b)E A sty REFEZE AArotarod test)E £33 23S el Ao
ok, = 9at& 7M4¥ ZEFZZ(accelerating rotarod, ARR)OIA "o X]= Algto] dupy) =HA=AE Yeld A
olal, &= 9be HAAEF(tibialis anterior, TA)S] &F FAZ ekl Holx, T 9ce ErEHt
(extensor digitorum longus, EDL)S] o5 FAIE EH Zo]th(#p<0.05. ##p<0.01. *#%p<0.001).

102 2 0ol o AAjdel wE v1" vk gte FeAlo ofstH o 38 rksd 9l Ph-10(3543H4) 1d),
Ph-20(3}8}4] 1a), ¥ Ph-30(3}8H4] 1b)E A3
o] T} (+%p<0.01) .

= |
A9, A8 w2 (convulsive seizure)d] AFE BAE A

1 wHel o ANdel GE A% goh g fEAS ShHeR H87bE W9l Phol0(E 1),
PIe20(3HE 1a), % Ph-30(3HH4 1b)7h wh2s B4 W) GOF-8/Myostatin HE ol WA A& heba
Aol th(#p<0.05. ##p<0.01).

g A7) 4 A g
B owAEe J1Ee A8 S0l B gv 29 fEA) G4 doid, AT Ful gae 2oy, N8 %
W) Behe AHgE BAl 52 lAsta, weAlzte B Bal uF Al TAE sidsten.

TFAFeR, B UHxES YAdY o] 53 ojA8Ad fU] I Fv| FFEES ol&ste] UER SFER
FH 52 9A AYAdES zZe v dd Au 2 fEA T ol etH o= Eubeet dS AT, E
sk, A7) dE 1 et g A e ole] gy oR 58715 99 MAO-B, MSIN oAl &%, 2 ¥
FAY, HEAAWs AFE B I5EE, AXNAS, e HaAg AFESe] o, A, B XaadsE
Q3T
A7) ARREE, B A3 3§57 & 4o VAR 71E v g F A B ol9 st oR 387t es 4
FradFoz xshstes 2543, AAds, £ HaPd A4S o9 2E ARE A% FgH 24ES A
Ecia=

I 4
sheta | | SEE W | SEEY 3}s}2]
3 3
la 5a(Ph-20) | (S)-2-(2-oxo-4-phenylpyrrolidin-1-y1)acetami 0 o

de hydrochloride X
\EfN)‘NHZ HCI
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(R)-2-(2-oxo—4-phenylpyrrolidin-1-yl)acetohy

drazide
drazide hydrochloride

de hydrochloride

5b(Ph-30) | (R)-2-(2-oxo—4-phenylpyrrolidin-1-yl)acetami
5¢(Ph-10) | (R)-2-(2-oxo~4-phenylpyrrolidin-1-yl)acetohy

1b
1c
1d
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[0140]

[0142]

[0144]

[0145]

[0146]

[0147]
[0148]

[0149]

[0150]

ZIHSd 10-2024-0031149

A wE w4 Fol #AHA Rtk oy T4 a4l dE FHSIC ‘A", AR EE P& Ena )
AE A, P eat 0 0E PHed ARHeR adnAY A5E & A4, 7 T 24 Aol
= T4 847 '9d, AR EE ASE SR gk osslelol & Aol

ool A, ARH =W Fxste] ANAES AAS ARdch. 2y, AAdSds G whel el
Z glolX BHEA AW} ol DA o8 ARHAL FHHE AL ohirh. NS B
RE WA, TEE WA ARl A W] £FsE Ao olssolo} rt.

Wodge tgE WHe JHE ¢ odn od b ANdE b 4 9lE v old 54 ANdES 2vle] o
Aska AAT el FASA AEstug Wk, e, ol ¥ WRe 53T A4 Fulol tal dystels
Aol ohm, # wdel AP W )% Hele] TP BE WA, 2EE A dAZE Tde Aow ol
Hofo @th. B Wy APl ol BAH FA A& o TAH APo] ¥ wnel axg 5 5
gtba BEEE A4S 1 PG A9 Y

gl o AAdel wE 7] 71E S sehe, 5, oldstd(arylated) E]f-l|ob(thiourea) el A
=% H

YL 5] S 1o el

(W82 1]
s i i
HiH
Ph:r”"'z s=c=N-ar (1.0 equiv)  ph__N-LN-ar R-.)LRz (15equiy) Phe N-I-N-Ar
Ph” “NH, toluene,tlnc,SDsec' I CHxCly, rt, 1 h - Ph "N
859, Ph NH2 93% |
R{ R,
S
H | H
NaBH, (2 equiv) Ph:rN N-Ar
MeOH, 0°Ctort, 1h o, Ay

98%

m)\nz

J7}eka, o EFES 30% o wHkslt. AAES AFEEsla, dE(Weg/mEd F2dol= 1:20)S
= APt delAd ZH4 29 AzetEDYE AAST. CHL1,(0.1 W) e Elg-dol xghe

DPEN(1.0 F&H)ol <47 AE(1.1 F3H)S A8, 2 EFES A-20A4 1A47F 5oF wnksldth. NaBH,(2.0

geF) @ eSS 0 CToA Hrletz, 2 EFES Ao 117 Hob wylkedith. AAES AdglolE AE

A b st
= g oMHolER FET. £7}E 7] FE=S F(brine)® AlHEaL, Ax

2 ojmsta, 1 EYE
SNgS0), AT FHAT. AARS A2t A AP ARL/MPA SRefol= 1 1 20)0]4 AzelE1e)

—~

)2 AAske], 2 wE 34

=
71 f71 71E S sgEe] FAA R Al a7 i 59 2.

R )
s}ty M S3HE HE Ry R Ry
2-1 la H 3,5_(CF3)2_Ph 3,5_(CF3)2_Ph
2-2 1b ethyl ethyl 4-CH3-Ph
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[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

ZIHSd 10-2024-0031149

2-3 1lc ethyl ethyl 3,5-(CF3)s=Ph
2-4 1d ethyl ethyl 4-CF3-Ph

2-5 le ethyl ethyl CeFs

2-6 1f ethyl ethyl 4-NO,~Ph

2-7 1g ethyl ethyl 4-CN-Ph

2-8 1h ethyl ethyl 4-F-Ph

2-9 1i pheny! pheny! 3,5-(CF3),-Ph
2-10 1j pheny| pheny| 4-CF5-Ph
2-11 1k H 3,5-(CH;),~Ph 3,5-(CH;)5~Ph

(1)1-((1R, 2R)-2-(3,5-bis(trifluoromethyl )benzylamino)-1,2-diphenylethyl )-3-(3,5-
bis(trifluoromethyl)phenyl)thiourea(la, 3} 2-1)

93% vield; [aly =+0.45 (c=0.11, CH,Cly); H NMR (500 MHz, DMSO-ds) & (br. 3 H), 7.39~7.29 (m, 16 H),

454 (s, 4 H); “C NMR (100 MHz, DMSO-ds) &171.58, 157.99, 142.12.131.46, 134.14, 129.17, 127.98,
125.67, 122.96. 112.29, 89.59, 89.05, 84.78; IR (KBr) 3032.6, 2871.3, 1663.5, 1386.6, 1275.9, 1117.5,
930.2, 700.2 cm ; HRMS (FAB) for CaHyFiuNsS [M+H]™ Caled: 709.1421, Found: 709.1428

(2)1-[(1R,2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl]-3-(p-tolyl)thiourea(1lb, 3}&-2 2-2)

20 1
86% yield; [aly =t0.19 (¢=1.00, CH,Cl,); H NMR (300 MHz, DMSO-ds) & (s, 1 H), 7.89 (d, J=7.0 Hz, 1 H),
7.32~7.18 (m, 14 H), 5.44 (s, 1 H), 4.08 (d, J=5.1 Hz, 1 H), 2.29 (s, 2 H), 2.02 (s, 1 H), 1.39 (s, 1
H), 1.20~1.06 (m, 4 H), 0.68 (t, J=7.5 Hz, 3 H), 0.41 (t, J=7.1 Hz, 3 H); 13C NMR (100 MHz, DMSO-ds) &

141.83, 141.55, 136.71, 134.88, 130.03, 128.67, 128.51, 127.49, 127.40, 124.67, 64.28, 63.77, 55.84,
26.71, 24.02, 21.20, 10.94, 8.30; IR (KBr) 3180.2, 2958.4, 1948.8, 1510.1, 1240.1, 821.6, 700.1, 565.1

cmﬂ§ HRMS (FAB+) for CyH3uN3S [M+H]+ Calcd: 432.2473, Found: 432.6537, pattern 432.5, 345.3, 266.4,
176.3, 106.01
(3)1-[3,5-Bis(trifluoromethyl)phenyl]-3-[ (IR, 2R)-2-(pentan—-3-ylamino)-1,2-diphenylethyl]thiourea(lc,
354 2-3)

90% vield; [ a]Dm=+0.31 (¢=0.11, CHCly); 1H NMR (300 MHz, DMSO-d¢) 6 (br, 1 H), 8.30 (s, 2 H), 7.74 (s,
1H), 7.40~7.19 (m, 10 H), 5.57 (br, 1 H), 4.18 (d, J=4.9 Hz, 1 H), 2.09 (m, 1 H), 1.24~1.20 (m, 4 H),
0.75 (t, J=7.1 Hz, 3 H), 0.50 (t, J=6.0 Hz, 3 H); 13C NMR (100 MHz, DMSO-ds) & 142.49, 140.88, 130.96,
130.64, 128.70, 128.59, 128.56, 127.60, 125.22, 122.52, 122.19, 116.70, 64.34, 63.62, 56.48, 26.64,
23.90, 10.98, 8.54; IR (KBr) 3239.9, 2964.2, 1471.5, 1278.6, 1135.9, 885.2, 700.1 Cmﬂi HRMS (FAB+) for
CogHsoFsN3S [M+H]+ Calcd: 554.2065, Found: 554.2065

(4)1-[ (1R, 2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl ]-3-[4-(trifluoromethyl) phenyl]thiourea(ld, %}3}
2} 2-4)

88% yield; [a]Dm=+45.5 (¢=0.02, CHAHQ);IH NMR (300 MHz, DMSO-ds) 6 (br s, 1H), 8.41 (br s, 1H), 7.79
(d, J=8.0 Hz, 2H), 7.64 (d, J=8.5 Hz, 2H), 7.35~7.15 (m, 10H), 5.53 (br s, 1H), 4.13 (d, J=5.5 Hz,

M), 2.07 (m, 1H), 1.30~1.15 (m, 4H), 0.73 (t, J=7.1 Hz, 3H), 0.49 (t, J=6.9 Hz, 3H); 13C NMR (100 MHz,
DMSO-ds) §80.91, 143.97, 141.18, 128.64, 128.52, 127.69, 127.48, 126.29, 122.41, 64.43, 63.71, 56.32,

26.68, 23.98, 10.98, 8.53; IR(KBr) 3205.3, 2962.3, 1945.9, 1741.5, 1517.8, 1324.9, 1245.9, 1066.5,
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[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

SIHSdl 10-2024-0031149

840.9, 700.1, 597.9 Cmﬂ; HRMS(FAB+) for Cg7H31FgI\135[M'|'H]+ Calcd: 486.2191, Found: 486.2190
(5)1-[(1R,2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl ]-3-(perfluorophenyl)thiourea(le, 3}3+24] 2-5)

. 20 1
89% yield; [aly =+80.4 (¢=0.02, CH,Cl,); H NMR (300 MHz, DMSO-ds) & (s, 1 H), 8.61 (s, 1 H), 7.30~7.15
(m, 10 H), 5.48 (br s, 1 H), 4.13 (d, J=6.1 Hz, 1 H), 2.08 (m, 1 H), 1.54 (br, 1 H), 1.30~1.14 (m, 4
H), 0.74 (t, J=7.4 Hz, 3 H), 0.55 (t, J=6.3 Hz, 3 H); 13C NMR (100 MHz, DMSO-ds) &145.82, 143.43,

141.90, 140.77, 139.01, 138.84, 136.56, 129.39, 128.61, 128.43, 127.68, 127.60, 115.93, 64.77, 64.53,
56.37, 26.72, 24.16, 10.86, 8.58; IR (KBr) 3299.8, 2964.2, 1525.5, 1344.2, 1145.6, 991.3, 912.2,

700.1, 605.6 Cmil; HRMS (FAB+) for CogHarFsNsS [NH'H]+ Calcd: 508.1846, Found: 508.1848
(6)1-(4-Nitrophenyl)-3-[ (1R, 2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl]thiourea(1f, 3} 2-6)

89% vield; [al, =+37.7 (¢=0.02, CH,Cly); H NVR (300 MHz, DMSO-ds) &(s. 1 H), 8.16 (m, 2 H), 7.90 (d,
J=9.1 Hz, 2 H), 7.37~7.15 (m, 10 H), 5.54 (br s. 1 H), 4.16 (d, J=5.5 Hz, 1 H). 2.07 (m, 1 H),
1.30~1.15 (m, 4 H), 0.75 (t. J=7.4 Hz, 3 H), 0.50 (t, J=7.4 Hz, 3 H); "C NMR (100 MHz, DMSO-ds) &

146.95, 142.46, 141.92, 140.92, 128.68, 128.56, 127.72, 125.16, 120.92, 64.35, 63.80, 56.35, 55.59,
26.70, 23.96, 11.03, 8.61; IR (KBr) 3330.5, 2960.2, 2599.6, 2456.4, 2345.0, 1951.6, 1743.3, 1496.5,

1346.1, 1110.8, 1072.2, 852.4, 700.0, 586.3 Cmﬁ; HRMS (FABJr) for CoHziN,00S [M+H]+ Calced: 463.2168,
Found: 463.2165
(7)1-(4-Cyanophenyl)-3-[ (1R, 2R)-2-(pent an-3-ylamino)-1,2-diphenylethyl]thiourea(lg, 3} 2-7)

20

69% yield; [aly =t55.5 (¢=0.02, CHCl.); MR (300 MHz, DMSO-d¢) &(br s, 1 H), 8.54 (br s, 1 H),
7.84~7.72 (m, 4 H), 7.35~7.17 (m, 10 H), 5.54 (br s, 1 H), 4.14 (d, J=5.2 Hz, 1 H), 2.07 (br s, 1 H),

1.56 (br s, 1 H), 1.21 (m, 4H), 0.74 (t, J=7.4 Hz, 3 H), 0.49 (t, J=6.9 Hz, 3H); e MR (100 MHz,
DMSO-ds) 6144.83, 141.92, 141.05, 133.40, 128.67, 128.33, 127.68, 127.64, 127.51, 121.76, 119.76,

105.41, 64.41, 63.72, 60.43, 56.33, 26.74, 23.98, 21.42, 14.74, 11.02, 8.56; IR (KBr) 3317.0, 2960.2,
2360.4, 2225.5, 1949.7, 1739.5, 1508.1, 1315.2, 1176.4, 1072.2, 837.0, 700.0, 545.8 Cmil; HRMS (FAB+)

for CyHsN4S [M+H]+ Calcd: 443.2269, Found: 443.2271
(8)1-(4-Fluorophenyl)-3-[ (1R, 2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl]thiourea(1lh, 3} 2-8)

. 20 1
84% yield; [aly =+t17.9 (¢=0.02, CH,Cl,); H NMR (300 MHz, DMSO-ds) & (s, 1 H), 8.00 (d, J=6.7 Hz, 1 H),
7.48~7.43 (m, 2 H), 7.31~7.16 (m, 11 H), 5.46 (br s, 1 H), 4.09 (d, J=5.22 Hz, 1 H), 2.03 (br s , 1

H), 1.44 (br s, 1 H), 1.14 (m, 4 H), 0.70 (t, J=10.1, 3 H), 0.44 (t, J=7.0 Hz, 3 H); T NIR (100 MHz,
DMSO-ds) §161.03, 158.62, 141.90, 141.44, 135.97, 128.65, 128.51, 127.57, 127.42, 126.49, 116.13,

115.90, 64.39, 63.76, 56.03, 26.72, 24.02, 10.98, 8.39; IR (KBr) 3193.7, 2962.3, 1889.9, 1511.9,
1218.8, 848.6, 701.9, 555.42 Cmﬂ; HRMS (FAB+) for ngHglFNgs[M‘l'H]Jr Calcd: 436.6172, Found: 436.2223.
patern 436.5, 349.3, 266.4, 176.3, 106.1
(9)1-((1R, 2R)-2-(benzhydrylamino)-1,2-diphenylethyl)-3-(3,5-bis(trifluoromethyl )phenyl)thiourea(1li, 3}
8kAl 2-9)

. 20 1
95% yield; [alpy =+0.39 (c=0.16, CH.Cl,); H NMR (400 MHz, DMSO-ds) & .82~7.09 (m, 23 H), 5.72 (s, 1 H),

3.98 (s, 1 H), 3.35 (s, 1 H), 2.47 (br, 1 H); 13C NMR (100 MHz, DMSO-ds) 6 156.63, 153.35,143.36,

142.03, 141.31, 138.68, 129.48, 129.34, 126.90, 125.59, 123.65, 122.55, 122.14, 70.83, 65.14, 55.50;
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[0169]

[0170]

[0171]

[0172]

[0174]

[0175]

[0176]

[0177]

[0178]
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IR (KBr) 3239.9, 2964.2, 1471.5, 1278.6, 1135.9, 885.2, 700.1 em ' HRMS (ESI+) for CosHsoFeNsS [M+Hf

Calcd: 649.1986, Found: 649.1932

(10)1-((1R, 2R)-2-(benzhydrylamino)-1,2-diphenylethyl)-3-(4-(trif luoromethyl)phenyl)thiourea(1lj, 3}s}t2]
2-10)

. 20 1
89% yield; [aly =+t124 (¢ 0.10, CH.Cly); H NMR (300 MHz, DMSO-dgs) & (br, 1H), 7.77~7.10 (m, 26H), 4.90

(s, 1H), 4.82 (s, 2H), 1.92 (s, 1H);IR(KBr) 3679.5, 3352.2, 2985.3, 1402.4, 1265.9, 1065.7, 726.8 cm
HRMS(FAB) for CosHsFsNoS [MHH]™ Caled: 581.2113, Found: 581.2133

(11)1-((1R,2R)-2-(3,5-dimethylbenzylamino)-1,2-diphenylethyl)-3-(3,5-dimethylphenyl)thiourea(lk, 3}3}
A 2-11)
2]

8% yield; [ a]Dm=+112 (c 0.13, CHClo); MR (500 MHz, DMSO-ds) & (t, 6H), 7.32 (d, 2H), 7.27 (d,

13
4H), 7.00 (s, 4H), 4.54 (s, 4H), 2.21 (s, 12H), 1.25 (br, 1H); C NMR (100 MHz, DMSO-ds) 6 157.71

156.95, 143.07, 138.05, 131.22, 129.00, 128.93, 127.09, 127.03, 123.43, 118.64, 112.63, 70.28, 68.05,
67.38, 21.63;IR(KBr) 3155.0, 2960.2, 2360.4, 1951.6, 1735.6, 1469.5, 1294.0, 1241.9, 1006.7, 837.0,

700.0, 572.8 cmﬁ; HRMS(FAB+) for C%HmFﬂ%S[M+H]+ Caled: 454.2129, Found: 454.2133.

AAld 2. (S)-sEdZAE FAF (S 1a)9 Ax

ool A AAjde] wE (9 71E Ak e FreAl ofstH o §8Tbs Al (S)-HdYHAE ¢
A (31 1a) o] Al E 8] wkeA 20 YERA AT
[84) 2]
s o 13Ca. [0a01 mal%)
[l ) | 9 OQH\)LO/\ - !NBEF;I‘_ . il-Eih -
P o 2y HaCH, EtoH 2
.12 h
2 equiv
R =H, yield: 20%. ee. 98 %
o, H
g |
m-CPBA MICI - BHa0 D 9 o
TFA MaBH : 1)HaH, THF it & h HoeHC
= e ‘ 3 {:fL_J}“NHZ HEZ
CICHAZHACI, 0 MeCH .6 h 2iHHg, 1t WeOH 5 h
70°C, 72 h ~ My ©
Lo
B =H, yield: T5% R =H, yield 31%

Ao 1olA Axg F7] 712 Sl SE F 1ag o83, SulE2A 59 EA stA, UERZ ddEd2H
o} mlo]F 7t WbSS , 23} AL FFgEo WkEAF 2 F8S Folasitt. rAHeR,
(0.4 mLell o, BEFE3 AE(L.0 ), YE 3

Z e ~H (2.0 %) 2 0.1 WA 0.001 mol%s 7] 71
v 33tE 1lagd HUbsta, v EFES A(rt)dA wHkslr. o] % TLCE ¥Hg A3S RUYESSIT.
s dm T, FRSUER(1.0 9E), oAEEs YWau A2ddA 1247 ok it o %
@%‘%%6}0% E@ ARES 5590, AAES A4 2 (dat/dEdolAHOIE, 10 : DoA A2
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[0179]

[0180]

[0181]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0191]
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AAld 2.1. (S)-4-Nitro-1,3-diphenyl-butan-1-one(3a, 3}€4] 4a)

0 ‘
! NO,

[a]DZO -18.5(¢ 1.0, CHCl3); i NMR(500 MHz, CDCl;) 67.91~7.92(m, 2H), 7.59~7.26(m, 8H), 4.85~4.81(dd,

1H), 4.71~4.67(dd, 1H), 4.26~4.20(m, 1H), 3.51~3.46(dd, 1H), 3.45~3.40(dd, 1H) ppm; C NMR(125 MHz.
CDCly) & 196.87. 139.15. 136.39, 133.60, 129.09, 128.77. 128.04. 127.90. 127.48. 79.58. 41.54, 39.30

ppm; IR(KBr) 3058, 3029, 2920, 1687, 1544, 1440, 1367, 1268, 1224, 1084, 988, 764, 703, 623, 559 cm{;
LRMS(ESI+) for CigHisNOs [M+Na]+ Calcd: 292.1, Found: 292.1; HPLC [Chiralcel AD-H, hexane/2-propanol =
90/10, flow rate = 1.0 mL/min, A= 254 nm, retention times:(major) 12.8 min, (minor) 17.4 min];RSi0;,
EtOAc/n-hexane = 1/5) = 0.40

AN 2.2, (S)-Hd-4-UEZRE - 0)E F 5| (33} 5a)

(1) (S)-Phenyl 4-nitro-3-phenylbutanoate(4a, 3}3+2] 5a-1)

ST

20 1
[aly +7.7(c 1.0, CHCIl;); H NMR(500 MHz, CDCl;) & 7.38~7.16(m, 8H), 6.87~6.85(m, 2H), 4.75~4.71(dd, J
= 11.6, 6.6 Hz, 1H), 4.68~4.64(dd, J = 11.6, 6.4 Hz, 1H), 4.10~4.04(m, 1H), 3.04~3.0(dd, J = 13.7, 4.6
Hz, 1H), 2.99~2.94(dd, J = 13.7, 5.6 Hz, 1H) ppm; 13(3 NMR(125 MHz, CDClz) & 169.33, 150.33, 137.96,

129.50, 129.22, 128.29, 127.55, 126.12, 121.39, 79.38, 40.38, 37.87 ppm; LRMS(ESF) for CigHisNOy4 [M+Na]+
Calcd: 308.1, Found: 308.1; R:SiO,, EtOAc/n-hexane = 1/5) = 0.40
(2) (S)-Phenyl 3-(4-chlorophenyl)-4-nitrobutanoate(4b, 3sh2] 53-2)

Cl

LS
o NO,

2

[aly” +20.8(c 1.0, CHCl,); 'H NMR(500 MHz, CDCls) & 7.35~7.22(m, 7H), 6.92~6.90(m, 2H), 4.79~4.75(dd,
J=12.7, 7.3 Hz, 1), 4.71~4.67(dd, J = 12.7, 7.9 Hz, 1H), 4.11~4.06(n, 1), 3.08~3.03(dd, J = 14.7,
5.3 Hz, 1), 3.01~2.96(dd, J = 14.7, 6.5 Hz, 1H) ppm; C NMR(125 MHz, CDCl,) & 169.01, 150.17,

136.37,134.23, 129.53, 129.43, 128.88, 126.20, 121.26, 79.08, 39.70, 37.67 ppm; LRMS(ESI)  for

C16H1CINO4 [M+Na]+ Calcd: 342.1, Found: 342.1; R;SiO,, EtOAc/n-hexane = 1/5) = 0.31

A Ald) 2.3, (S)-4-Phenylpyrrolidin-2-one(4c, 3}€H2] 6a)
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[0192]

[0193]

[0195]

[0196]

[0197]

[0198]

[0200]

[0201]
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: [al,” +33.3(c 1.0, MeOH):

W NMR(500 MHz, CDCls) & 7.37~7.33(m, 2H), 7.29~7.27(m, 2H), 7.26~7.25(m, 1H), 5.92(br s, 1H),
3.81~3.77(m, 1), 3.71(q, J = 8.0 Hz, 1), 3.45~3.41(dd, J = 9.4, 2.0 Hz, 1H), 2.77~2.72(dd, J = 16.8,
8.7 Hz, 1), 2.54~2.49(dd, J = 17.0, 8.5 Hz, 1H) ppm; C NMR(125 MHz, CDCl,) & 177.93, 142.14,

128.88, 127.13, 126.79, 49.60, 40.31, 38.02 ppm; LRMS(ESI+) for CmHnNO[M+H]+Calch 162.1, Found:

162.2; HPLC [Chiralcel AD-H, hexane/2-propanol = 90/10, flow rate =1.0 mL/min, A = 254 nm, retention
times:(minor) 15.2 min, (major) 19.4 min]; RSi0,, EtOAc) = 0.30

AAd 2.4. (S)-2-(2-oxo-4-phenylpyrrolidin-1-yl)acetamide hydrochloride(5a, 3}8}4] 1a)

O o
E/’/{ \}‘NHZ-HCI
L N

[aly” = -7.3(c = 1.0, MeOH);

1,4-H52030 ml) 5 4-9d-2-9 &2 =(1.0 33) 9] &
#etoll Hrbegivk. EFES 90 TolA 30% F<F 7thag
E(1.1 eq.)E H7bsbal, wbg EES 120 CTollA 643 &
FFES odopAH o] E-Et & 101

Al Zk2Ed WE-4-dd-2-T & =S

E¥Y=(250 mg, 1.01 mD)e] &94& 714 2

o FFataL, IFRES dPobMEelE-t £9E 111 depyiAR Ad A=vtEavz AAste] zHehatel
EHIAT. FFHES 6N HClol H7bsto] awksto] 5l & thA] S dto] N-7hutRdd wld-4-9)d-2-9]
Yt AsHE (8502 TS5

1,4-t52H30 ml) & FASFUEF(.1 F)
&, Aeoz YA, olg LRl ol
FHRAFTG. Dozl EFES A FHAUC.
=3 A9 AzvtEaY 2 GAE N-o 5
FEST. WE-E(30 ml) 9 N-ol5A 7tE2nd vd-4-¥d-2-5
ol ~Eg o R 5A17F st LA F T vk EFES 7 St

=]

>
>
oo
ofr
ol
2
i1
Ak
N
M=
5 oy
2
_t
N

l‘}01 }-1:1

H MR spectrun(DMSO-dy). &, ppm: 2.41 d.d(1H, 3-H), 2.72 d.d(1H, 3-H), 3.42 m(1H, 5-H), 3.59 m(1H, 4-
H), 3.79 m(1H, 5-H), 4.00 d.d(2H, NCH,CO): 7.24-7.36 m(5H, Ph). C NMR spectrum(DMSO-dB), &C, ppm:

37.01, 38.48, 44.04, 54.55. 127.16, 127.35, 129.08, 143.35, 170.64, 173.84 pp; LRMS(ESI) for
CooluCINO, [M]' Caled: 254, Found: 254

AAle 3. (R)-SEIAE FAH (33 1b)9] A=

woagel O Adde] e RF 1E vk I8 fEA FHoR g5 A R-AdsA 3
AAGEEY b)) 2 @-AEAE HEeE GuAEE 1 AZPEE ] W 3o

LER AT

_30_



[0202]

[0203]
[0204]

[0206]

[0207]

[0208]

[0209]

[0211]

ZIHSd 10-2024-0031149

000 mol %, 48 hour,
8% yield, 99% =8

yield: 87%,
2 z o) { R)-isomer
R0 QR
o o
F=H. 92% yield i ?‘“T'-leoH':‘-l

N

vield: 85%,
(F I-isomer

a) =rf 3= 1a(0.0001 mol %), =, A<, 48A)%7F; b) Magnesium monoperoxyphthalate hexahydrate(MMPP),
Li,C05, MeOH, 0 C, 1A)%F; ¢) NiCl.6H,0/NaBH;, MeOH, A<, 6A]%F; d)(1) NaOH, EtOH, A=, 0.5A]%F, (2)

Toluene, reflux, 0.5A%F.

AN 3.1, ®R)-22HOE $EA (354 5b)

A7) (RF AT A0k A fEAY pAoR Sgbs dol AxE A FAA ®-FRelE FEA

ROy C CouR
a)1m (0.0001 mol %), water, it, 481 ° -
A N0 o HE M il : - L
Fh ~ b ) WP P, LigC Oy, 0°C, 1h - My
1 equiv 2 equiv 2
0 Q Q0 Is} [&] fe} 0 o
™o o 0 o~ J\.:. .:.J\ SN e
H O H Oz HO, M Oy
2a 2b 2c 2
8%, 99 ee 8%, 59 ee 9%, 98 e 9454, 00 ee
[o] o] Q o] Q Q Q Q
o a N o .:.M /\.:. I:l/\\ T o 3 Py
HOg H Qs MOz (ST
Br cl
2e f 29 Zh
4%, 99 e M0, 99 ee 8%, 99 e 98%, 9% e

a,BEXI YolEx IFES RO EH(2.0 T AAd 1AM AxIT F7] 71E Fo sgE
1a(0.001 mol %)) &=A) slellA, (0.4 mL)E &wE A8l ERA-BUEREAHA(L.0 @ &), Y2 UE
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[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

(2.0 G ZFsto] v E3ES A2 wnkellvt. vhg W3S TLCE RYEFElon, vhgekn
%, 6 N HCl& H7bstar 242 B¢k 65 CT= 7Hg8ivh. whg EFES 4202 YZAAI &, fagdstadol
E(1.5 G E #718ka 98 100 CollA 3417 Bt ksl 7tgsiqitt. ol & #de vhg EgES A
202 WZAZ]aL, 10 % NallCO; &<l F-3om, ool He]E(0.2 m)E Wg EFE] H78I8ic). o
9 22 X 1.ombE 2 3] AFsta, bkl oA AxA7AL, FFAA BA8e AdES 75
stk ol AANES A AR (A WMEd F2Eo)E 2 ¢ DAl A2rtE 2 AASH).

o223 7] 3SlellAl, MeOH(8.0 mL) Wl 7371 5€ wlo]E HI7Mbs AAAE(L.0 T, >99% ee)?} NiCl, -
6H0(1.0 F) o] derdel NaBH, (10 BF)E 0 CollA 7M. dhg £35S A2 7.54%F &< Rk
S NHClZ %34 (quenching)dlal, CHCL,ZE 3Asldct. F712S 28k, MgSO,E o3}

=
S, AFEEIAT. FRES A2 AGAZA, NeOH/CHCL, = 1 ¢ 20004 AZetET 2 she], T4

[aly = -1.98(c 1.33, CH,CL,); H NMR(300 Mz, CDCls) &7.40~7.15(m, 5H), 5.15-5.03(m, 1H), 4.93(dd, J
= 4.5, 12.8 Hz, 1H), 4.88~4.76(n, 2H), 4.20(td, J = 4.5, 9.5 Hz, 1H), 3.76(d, J = 9.5 Hz, 1H), 1.24(d,
J=6.1Hz, 30), 1.07(d, J = 6.4 Hz, 30), 1.01(d, J = 6.4 Hz, 3H) ppm; C NMR(100 MHz, CDCly) §167.1,
166.4, 136.3, 128.9, 128.3, 128.2, 77.9, 69.9, 69.5, 55.1, 42.9, 21.5, 21.4, 21.19, 21.17 ppm; IR(KBr)
3030, 2985,1727, 1557 cm ; HRMS(ESI) for CiHiNiOs[MHH]™ Calcd: 282.09721, Found: 282.09726; HPLC

[Chiralcel AD-H, hexane/2-propanol = 95/5, 1.0 mL/min, A= 254 nm, retention times:(major) 23.3

min, (minor) 38.0 min].

(2) (R)-Diethyl 2-(2-nitro-1-phenylethyl)malonate(2b, 3}32] 5b-2)

20

[alp = -4.61(c 0.23, CH.Cl.); 1H NMR(300 MHz, CDCl;) &7.30~7.20(m, 5H), 4.93(dd, J = 4.6, 13.1 Hz,

1H), 4.86(dd, J = 9.2, 13.1 Hz, 1H), 4.24~4.17(m, 3H), 3.98~3.97(q, 2H), 3.81~3.79(d, 1H), 1.25(t,
3H), 1.03(t, 3H) ppm; 13C NMR(100 MHz, CDCl;) &167.4, 166.8, 136.2, 128.8, 128.2, 77.4, 77.0, 76.7
62.1, 61.8, 54.9, 42.9, 13.9, 13.7 ppm; IR(KBr) 2989, 2938, 1731, 1557 Cmili HRMS(ESI)  for
C15H20N106[M+H]+ Calcd: 310.12851, Found: 310.12936; HPLC [Chiralcel AD-H, hexane/ethanol = 90/10, 1.0
mL/min, A= 254 nm, retention times:(major) 11.5 min,(minor) 15.3 min].

(3) (R)-Diisopropyl 2-(2-nitro-1-phenylethyl)malonate(2¢c, 3}8H2] 5b-3)

LA
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[0221]

[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

ZIHSd 10-2024-0031149

20

[alp = -1.24(c 1.00, CH,Cl,); I NMR(300 MHz, CDCl;) & 7.32~7.22(m, 5H), 5.10(dd, J = 5.0,13.1 Hz,

1), 4.91~4.979(m, 3H), 4.21~4.19(m, 1H), 1.25(d, J = 2.0 Hz, 6H), 1.07(dd, J = 2.0,2.0 Hz, 6H) ppm;
e NMR(100 MHz, CDCls) &167.27, 166.54, 136.47, 129.07, 128.34, 127.9, 78.15, 70.15, 69.75, 55.35,

43.14, 21.80, 21.67, 21.48 ppm; IR(KBr) 3029, 2956, 1737, 1558 cmfl; HRMS(ESI) for C17H24N106[M+H]+

Calcd: 338.15981 Found: 338.16336; HPLC [Chiralcel AD-H, hexane/2-propanol = 95/5, 1.0 mL/min, A= 254
nm, retention times:(major) 14.8 min, (minor) 34.4 min].

(4) (R)-Dipropyl 2-(2-nitro-1-phenylethyl)malonate(2d, 3}%24] 5b-4)

O O

[aly” = -1.73(c 0.10, CHCl,); 'H NMR(300 MHz, CDCls) & 7.31~7.22(m, 5H), 4.92~4.87(t. J = 5.0.9.5 Hz,

o), 4.24(m, 1H), 4.15-4.09(m, 2H), 3.92~3.83(dd,s, J =6.6 9.7 Hz, 3H), 1.68~1.61(m, 2I), 1.49~1.42(m,
9H), 0.93~0.88(t, J = 7.4,7.4 lz, 3H), 0.82~0.77(t, J = 7.4,7.4 Hz, 3H) ppm; C NMR(100 MHz, CDCl;) &
167.79, 167.17, 136.46, 129.14, 128.52, 128.17, 77.85, 67.86, 67.65, 55.17, 43.16, 21.97, 21.81, 10.48
ppm; IR(KBr) 3029, 2956, 1737, 1558 cm ; HRMS(ESI) for CiflNiOs[MHI] Calced: 338.15981 Found:

338.16336; HPLC [Chiralcel AD-H, hexane/2-propanol = 95/5, 1.0 mL/min, A= 254 nm, retention
times:(major) 18.4 min,(minor) 38.9 min].

(5) (R)-Benzyl-2-carbobenzyloxy-4-nitro-3-phenylbutyrate(2e, 3}3+2 5b-5)

o o
o 0
NO,
[al,” = -3.25(¢ 0.10, CH,Cl,); H NMR(400 MHz, CDCls) & 7.33-7.25(m, 10H), 7.17-7.07(m., 5H). 5.16(d,

H, J =12.2 Hz), 5.18(d, 1H, JAB = 12.2 Hz), 4.93(S, 1H), 4.84-4.82(m, 2H), 4.28~4.22(q, 1H), 3.94(d,
1H, 9.3 Hz); 13C NMR(100 MHz, CDC13) §&167.39, 166.78, 136.14, 134.85, 129.25, 128.90, 128.15, 77.63,
68.04, 67.86, 55.14, 43.16 ppm; IR(KBr) 3068, 3036, 2963, 1736, 1558, 1498, 1456, 1378, 1326, 1286,

1217, 1156, 1003, 975, 908, 562 e HRMS(EI) for C25H23N10¢;[M+H]+ Calcd: 433.1525 Found: 433.1525; HPLC

[Chiralcel AD-H, hexane/2-propanol = 70/30, 1.0 mL/min, A= 254 nm, retention times:(major) 26.0

min, (minor) 24.1 min].

(6) (R)-dibutyl 2-(2-nitro-1-phenylethyl)malonate(2f, 3}32] 5b-6)

20

[aly = -2.55(¢ 0.10, CH,Cl.); I NMR(400 MHz, CDCl3) & 7.31~7.22(m, 5H), 4.92~4.87(t, J = 5.0,9.5 Hz,
2H), 4.24(m, 1H), 4.15~4.09(m, 2H), 3.92~3.83(dd,s, J =6.6 9.7 Hz, 3H), 1.68~1.61(m, 2H), 1.49~1.42(m,
2H), 0.93~0.83(t, J = 7.4,7.4 Hz, 3H), 0.82~0.77(t, J = 7.4,7.4 Hz, 3H) ppm; 13(3 NMR(100 MHz, CDCl3) &
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167.79, 167.17, 136.46, 129.14, 128.52, 128.17, 77.85, 67.86, 67.65, 55.17, 43.16, 21.97, 21.81, 10.48
ppm; HRMS(EI) for C17H24N106[M+H]+ Caled: 338.15981 Found: 338.16336; HPLC [Chiralcel AD-H, hexane/2-

propanol = 95/5, 1.0 mL/min, A= 254 nm, retention times:(major) 18.4 min, (minor) 38.9 min].

(7) (R)-Diethyl 2-[1-(4-bromophenyl)-2-nitroethylImalonate(2g, 3}st2] 5b-7)

Br

20

[aly =-3.56(c 2.33, CH:Cl2); I NMR(300 MHz, CDCls) & 7.44~7.42(d, J = 8.5 Hz, 2H), 7.13~7.11(d, J =
8.2 Hz, 2H), 4.88~4.81(m, 2H), 4.22~4.16 (m, 3H), 4.04~3.97(q, J = 7.1,6.9 Hz, 2H), 3.78~3.75(d, J =

9.4 Hz, 1H), 1.26~1.21(t, J = 7.2,7.1 Hz, 3H), 1.08~1.03(t, J = 7.1,7.1 Hz, 3H) ppm; C NMR(100 Miz,
CDCly) §167.42, 166.83. 135.52, 132.29, 130.00. 122.62. 77.55. 62.50. 62.26. 54.86, 42.60, 14.17.

13.99 ppm; IR(KBr) 2983, 2950, 1732, 1556, 1490, 1445 cmi1 HRMS(ESI) for C15H19N106Br[M+H]+ Calced:

388.03903 Found: 388.04495; HPLC [Chiralcel AD-H, hexane/ethanol = 95/5, 1.0 mL/min, A= 254 nm,

retention times:(major) 35.9 min,(minor) 44.4 min].

(8) (R)-diethyl 2-(1-(4-chlorophenyl)-2-nitroethyl)malonate(2h, 3}3t2] 5b-8)

0 o
NO,

Cl

[al,” = -0.24(c 0.43, CHCL): 'H NMMR(300 MHz, CDCly) & 7.29~7.17(dd, J = 20.6.8.2 Hz, AH),

4.88~4.81(m, 2H), 4.23~4.16(m, 3H), 4.04~3.97(q, J = 7.1,7.1 Hz, 2H), 3.78~3.75(d, J = 9.3 Iz, 1H),
1.26-1.21(t, J = 7.1,7.2 Hz, 31), 1.08-1.03(t, J = 7.2,6.8 Hz, 3H) ppm; C NMR(100 Mz, CDCl;) &
167.44, 166.83, 134.98, 134.46, 129.69, 129.32, 77.63, 62.49, 62.23, 54.92, 42.55, 14.15, 13.97 ppm;
IR(KBr) 2084, 1733, 1557, 1478, 1445, 1371 em HRMS(ESD) for CistlioNiOsCI[M#H] ™ Calcd: 344.08954 Found:

344.09119; HPLC [Chiralcel AD-H, hexane/ethanol = 90/10, 1.0 mL/min, A= 254 nm, retention

times:(major) 17.9 min, (minor) 24.1 min].

A A4 3.2. (R)-4-Phenylpyrrolidin-2-one(4d, 3}€H4] 6b)
0O

NH

[al,” -32.1(c 1.0, MeOH);

W ONMR(500 MHz, CDCly) 67.37~7.33(m, 2H), 7.29~7.27(m. 2H). 7.26~7.25(m, 1H). 5.92(br s, 1H),
3.81~3.77(n, 1), 3.71(q. J = 8.0 Hz, 1H), 3.45~3.41(dd, J = 9.4, 2.0 Hz, 1H), 2.77~2.72(dd, J = 16.8,
8.7 Hz, 1), 2.54~2.49(dd, J = 17.0, 8.5 Hz, 1H) ppm; C NMR(125 MHz, CDCls) & 177.93, 142.14,

128.88, 127.13, 126.79, 49.60, 40.31, 38.02 ppm; LRMS(ESI+) for C10H11NO[M+H]+Calch 162.1, Found:

162.2; HPLC [Chiralcel AD-H, hexane/2-propanol = 90/10, flow rate =1.0 mL/min, A= 254 nm, retention
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times:(minor) 15.2 min,(major) 19.4 min]; R:Si0,, EtOAc) = 0.30

A4 3.3. (R)-2-(2-oxo-4-phenylpyrrolidin-1-yl)acetamide hydrochloride(5b, 334} 1b)
2e)
NH,-HCI
N

20

[aly =47.4(c = 1.0, MeOH);
A 2.4.9 A W o ddste] N-7MtRd wE-4-v9d-2-1 E 8| t= F3E(85%) S 53T
H NIR spectrum(DMSO-d;), &, ppm: 2.41 d.d(1H, 3-H), 2.72 d.d(1H, 3-H), 3.42 m(1H, 5-H), 3.59 m(1H, 4-
H), 3.79 m(1H, 5-H), 4.00 d.d(2H, NCH.C0); 7.24-7.36 m(5H, Ph). "C MR spectrun(DMSO-d6), &C, ppm:

37.01, 38.48, 44.04, 54.55, 127.16, 127.35, 129.08, 143.35, 170.64, 173.84 pp; LRUS(ESI)  for

CoolCINO, [M]" Caled: 254, Found: 254;

AAld 4. R)-SEZAE s|=2kA = A (3 1) 9 A=

P O NHy-HCl
NH
N

2 g el A AAde] w2 (RF 71 vl gE FEAe FEgH oz s{rbEe A (R)-HAdI A" 3
=g = LA (3EA 1)y AU 3] Rk 33 gow | AAld 33 s WHoeE (R)-4-
Phenylpyrrolidin-2-one(4d, 3}8}2] 6b)E 5313},

(1
T, AHFES @OWEH 1 -gak 59
| 7tlE2RY We-4-vd-2-3) =S
7

[«0
-

oA
b
L 32

S 7F ok ﬂwm WS Eog
S 7t slell HEFEa, JFES JdolAH o] E-SAL &3 2 AY aznEagvz g4A sy

¢ 3 E(1.1 933 A ol &-2(30 ml)ol &HA F, A
1 of wHksle] =91 & thA] s S 8l

H R spectrum(DMSO-ds), &ppm: 2.51 d.d(1H, 3-H), 2.70 d.d(1H, 3-H), 3.43 m(1H, 5-H), 3.62 m(1H, 4-
H), 3.77 m(1H, 5-H), 3.87 d.d(2H, NCH.CO), 4.26 br.s(2H, NH-NH,), 7.24-7.34 m(5H, Ph), 9.19 br.s(1H,

CONH). 'C NMR spectrum(DMSO-ds). 6ppm: 36.47, 37.99, 43.54, 54.07, 126.68, 126.90, 128.61, 142.88,

170.20, 173.30 pp; LRMS(ESI) for CyHyCINO, [M+H] Caled: 270, Found: 270:

Ade 1. £ 239 71F vt B {=A Ex ol FFHoz F8rbed d9 AA 9 (in vitro) EF £

At Y, FAT, AP ATFE olgdtel ¥ wyel /)T vk AF FEA EE olg FRHOE HEls

_35_



[0256]

[0257]

[0258]

[0261]

[0262]

[0263]

[0265]

[0266]

[0267]

SIHS31 10-2024-0031149

3 ol Z84%, AAA, 2 HPA NFAd WA AeS BAsAY. 1B 28 2 fEAFE B
3 2 wiEAel 71 Ayt 93-S elEela, AX 54 245 S8 AA obvwAity glolr) fles &
Attt AIZW 2871 (mode of action)s ZRIg A, X WHe] FrA E= o]f ofgxow §87te
g AL DI-mGlus EMLOZA MAO-BE <Agta, Za AES TS Fdlsqlvt. =g, 2744T vAY
Myostatin ZHJAX(INF-HE}) Aol 2 T e gAE A5k

Agd) 1.1. T2 dolA 2704 EuA(CLML o] &F HE Ul Ca BE =%

£ A3 2443 Hell A

73
b5 mM g3 A A Ak Fluo-

AZE ) Ca” FFES @AF] 98 A AP AL HEK203T AE
A A skEakar 40 ~ 60%7kA] vl Fskadvk. 37 Toll A Al 30+
3-acetoxymethyl (Fluo-3-AM; Invitrogen)S ZWabith. Ca’ HE=E CLSM(Zeiss LSM 700 Meta; Zeiss,
Oberkochen, Germany)g A}g3to] ZAASt. wiAZ AH3 & v ZHoEE &£& 4% dud Aol
Aol FaL 200X @v wiEelA gFeglth. s AES AT o7 € UE g2 27 488 B 515 nmglTt.
ME U 2459 245 BAL Zen 2ZEY O] (Carl Zeiss)E AF&3le] $3)819l ).

oft -1N
i

I A, AXE W ZaY AEE 18xY W P mkow, o] Zgpo] WEHWA A A3 7

izl 2 (rasagiline) @ vlaelQl (R)-#'d ) 2FM e (Ph-piracetam) ¥} vjulste], 2 ol o A
o W& 71 Zvl Y FEAe oFstxow F8rFed A2 Ph-10(3 2] 1d), Ph-20(&sH2 la), @ Ph-
30(&}8h2] 1b) o] Ca2t W& Ad%ol A 3= 2 2 & 3). 53], (R)F<I Ph-309] A5, (S)F<Q! Ph-

207} vlaske] oF 2u) o)) AdEAtolE YERIglon, dAikde] X3kE A9, oF 1.5 ~ 3wl o] TEH WE
Aol zol7t USS FQsITE. o] Ph-10, 20, 30 =L A9 dALdIAHAGRT E54, A=A ZHE
7} Z7FE] whet 22 544 BAdo] s E o] FE-FEA HEAA nAd FeAes SXstE avtd 9%
A3tz o AEct,

AFd 1.2, A7t 3 ZEAXWSK) #3H7= A¥

o1t &7 ZEAN ¥ (Human Skeletal Myoblasts, HSkM) #3-FX AlFE 9sto] 24-well plateo] w+=8]¥ <17k

ZA ZRAEGB x 10 cells/well)oll AFEALS Ha]ata 37 C €0, Q1FHo]ElolA] 48A17F Eob Hjokaalct.

24X 48X 7 vF & AIE v AT NS E-tubeo] xFHSIS deep freezerol B #s}ar, ELISA #4241 Al A+
SN ZoA AFE F3EYETE. ELISA E24& ELISA kitollAd AAEHE AldH  7dkale] A&

71 A3}, GDF-8/Myostatin level S 7} ZHAAIZl AL Ph-30 stgEo|om | IGF-1 A (R)-dd 3] 2hA
g (Ph-pira) A2l ®lusle], Ph-10, 20 stt&E9] A9 55 o9 AeS YeERATH( = 4). =3, Ph-30

sheheol SMAD2, 3 level=& 713 ‘7% = As Fdsiglen, R)-dAdvet e Aefwat vjaste] Ph-10, 20 3}

Add 1.3. 39T R AZAPE #¥ oRNA TE W3 &<

17t AR A EEQ SH-SY5Y A ESo| MPTP(1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) 2.5 mME = &3}
23 % SYP(synaptophysin), GAP-43(Growth-associated protein-43), MAO-B(Monoamine
oxidase-B), @ iNOS(inducible nitric oxide synthase)?] mRNA =&& AA]7F PCRE 321313},

SYP mRNA el Qg Axp, WIP ©= Ao wlsl & dwe] 7] gl S FReA = oo ofghA o
2 387Fs3 9 (Ph-10, 20, 30)& AF 2% nRNA @] FoJhA S71ek3ITh. GAP-43 mRNA L&L g
A3, MPTP @5 A g tol vl8] Ph-10 3FE A gjtol A mRNA 23o] #9384l =718k, iNOSeF MAO-Be] 7

<, MPIP @& g]tol Hla] Ph-10, 30 3 A gatoll A mRNA o] folatA Atk (= 6a). E3,
Ph-30 3}3tE9] A9, MPTP Ay & =713 Ca%% ZIALEHE 8ol & (superoxide anion)< Fo8HAl A7)
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g 2. B 939 713 A 3 454 EE ol9 FRHoE H875E 49 AA (in vivo) &S ¥
}q

6719 A4 nhg2g 1798 AN PFHAES A8 FHAN F, TR 2FS T 32
&Y k-2 WPTP RdS A S %611, 3 T vhe-zell E wH el v1E vl g f A Es o]9] o)
Ao 587 A& A2(0.9% Aol &8, 54 FAHIp))staL, o]F A% 5AE<t WPTP(0.9% A =l
&3, ip);}"*u} MPTP 2] A] icl EFE Aol o5 0F E

=4
Azt @ 5 A o7t @A, gz
FAF 29 ¥, & = ZAl(open field test,

A5, 43 Fuo A Ade(ipE ATk, w9
ZAAH(rotarod test), Pilocarpine—fr%= 22} #H7}&

OFT), 7~ °5‘ AA(forced swim test, FST), REZE=

TR, W BAS B SHAF v oA @9 ) Myostatin Fol AAFE HASoN, 5, A
e, AT el B0l ged BASIL. FAT 24 BN, 24%, 254, ANPAE B 487108
Felshgl e,

= oF A= PAE FAHAT. () WA 0F A= 7
o gvt S fEAl Eb oole] ofboz H8sksw @ ¥ W

=
X‘j = = =

(saline, AIY °F=)S& J7 FASIAL 10% st vl = 75830, (2) AlH e #4e=2 XA (sedation)o]
2 A

A Hstn £49 ALE S,
Ph-30 SHHES 5, 10, 15 ng/ke FEME AL A}, RE FrM gaTud $49 A Fsdn.
F 4 Aol 52 Aol AQAW YT v FRAE wvt §le sel gonw oF Agd]

& 10 mg/kge AP%é}ﬁir/H+ 7a).

%xgqqz;mi WPTIP &5 A, Az de)d-(Selegiline) AT AHEH oM, WPTP &5 2]
, Sele A2 =&, (R)-¥d¥ A" (Ph-pira) im%ﬂr Hlaste] L g o] v 1wt

2y vEZﬂ =
om pad o HE7Fs T APRo10, 20, 300 AP A5 F 4 Ak AL, Hal, Phd0 Ao
T AT WIP T ATl ve) o 3u] ol e £AE UERITH(E 7b). ot B Wl fEA] Ei o
o fapom S gbsw Wl LEHE FYIA R HAE ML AR

Add 2.2. ZA +9 HAAHEST)

np-2o &y 5S FEsty] HE AA g AAHESDE ST, (1) WA, 2L H[AH E8&(25+1 C)

10 em A% Ao w0t FAEE, 68§ ARG AAR EHFUY. (2) 75 2EHA

(restraint stress)7} & H 9 AAE 3387 60+ A7hA] 4 FE.(restraint tube)ol] 90+

& THFAL, o)%F (1) o] mpg-2E FFsHA FAEIE AL AlolAR EEFAT. (3) o] W, & W9

718 #Ark g8 fFeA e o9 ofgH o g B AL Al 79 HALE T35 30% del HA F
5

T ==
Abelsdth(saline, A& eF B A ZF(immobility time)S F7A3le] w3 ¥t}

=
2 A3k, WPTP @5 A oAk AyahA] b2 Wl (saline)dt Hlaldto] P a o= of 2ul o] el
THEATS e, dd o] Af, WPTP ©5 Agurv FEdsAite] Hasiglont,
B owo] 7| 7l gE 54 EE oo okstyow 347l5s A(Ph-10, 20, 30)S A AS, 1mT)
ot o gy L3

o2

w2 FedeAzbe Btk ol EA4 ol=A, & wwel 71 vk HE FEA Ee
ole] efetHor FErbed HS FvE& AW e & & Ak 53], Ph-30 5} Fee] B, obfslE A
2 o A
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A3 2.3. 2EIRZ= FHAL

shxle] ®We 9 5TEs #Hrlshy] Y8, 57 2R E=(rotarod) HAME FSITE. A= T 9ol
npe- A2 Lga "ol wWi7A Y Alzk(latency to fall)S =AH3FoZH &% &L (motor coordination)®
% (balance)s 7183tk MPTPE A< 54 &< 30 mg/kge] FE= wh9-229] H74o] FALSIGITE. WPTP 91 1
T F, FHo] 7 cmol™ 15 cm AL 6719 ZHEtolE X &= o] 60 cm 4 37 Jhse 988 B F
AE ZERZOA F23] FES(15 mg/kg) EXW Fo] & 180% B¢ £5E2 5 rpm ~ 50 rpn(HHE L) £ %
2 IH3e 2= 9o nh-2E SEEi dYels|7A A9 Ak %Xéﬂ%ﬂr of wf, mfgAE FEI]

ot
ok

AA AN ES A5 AR sl

a1 %’ii]', EHiiﬂ MPTP %% ﬂﬂ%ﬂ H]ﬂ?—f}—oq B T:‘El' 9] 7]3 77—1}]_ a—EI- ‘[Ql’txﬂ r= o]g] (z}:-é_—}_&l]gi T_ﬂ%—
7beg A(Ph-10, 20, 30)& AH#F A9 EF 5ol T THE 9a). B3, 557 F WA =(tibialis
anterior, TA)¥} 717} EZ(extensor digitorum longus, EDL)®| <& —r7ﬂ nE EAHow 593
A S7FHATHCE 0b B K 9c). 53], Pho30 Sh3HEe] 49, Ph-20 BE} vimete] of gule] FEHE B
o, o] 71E49 Aol2 97 ayE o,

A 2.4, Y2JL=9 (pilocarpine)—F%= 23 Hr}

HEgHE A7) 93 DEIEA (pilocarpine)-F% W nfx mulS Ay, dRIlEHe A
A Eo Q= FA7AA ZF9 84 (nuscarinic cholinergic receptor)ol ZAdsle] AESAPLE F7MA71= &

A 2A], 24 =59 78 (Mesial Temporal lobe epilepsy) E@-& A zto] o] &H ),

d 7 w92 (57BL/6JE o= A IAS fX3 FE(24 ~ 25T, 50 ~ 60% Hx=, 12A13F

1ght/dark cycle)oll A 28-S 889 t). AXX2ZA D2t=9e 218 AAE 93] methylscopolamine-
bromide(1 mg/kg)S LEIIZA FAF 30 ol 574 Ul FAlskglon, B dyeol 71 7w} 28 f2A4 T

. 92729 (Sigma,

ole] fetHom H4/bed W15 mg)e ARZEW FA} 258 Aol B ) ?A}é}ii
3 ]}\ga]b‘]—/\]— upz} o];/\].

Deisenhofen, Germany)< 13]9] 330 mg/kgS &7 W FASHH 24A417F B¢t %
S AT 2 e AW T 7HE X%5F(status epilepticus, SE, HAS TH)o| "] 25 Ao,

i
-“_\111}1_9,

Wbzl oS v 2ol 57HAR FEsgler, (4), (5)Y ASE A¥Ad T2 (convulsive seizure) @& 14
sla 34 E 77Ee BA3siTh. (0) H#|A 3% (convulsive behavior)o] $1E 495 (1) ¢bH 7HA (facial
clonus); (2) 37| 119 (head nodding); (3) &ubg] FZF2(forelimb clonus); (4) &547](rearing;
animal in a standing posture aided by tail and the laterally spread hindlimbs showing increased tone);
(5) &3FA7](rearing) % S ¥ (falling back).

a A3, = 100 YERHE wle} o], Ph-30 3FgEo] A9 AW 2 (convulsive seizure)] F U dlx
ol Hlske] dAF] HAar, Ph-10 3HgE GA ¥ FaAS Jehddth. Ph-20 EEEe A, aHTE
2 355 BYoy, gxToly (R)-FAdIZAY M sty 357 fFasil 3FAads &kt

.

H

AR 2.5. 273LF B vh7 LF ¥ &

WIPE 9% 59 59t 30 mg/kg®] FEZ wh9e] B FASGT WP £ 1% F, ol9ao] 557 B
wel 7% ok g il i ol ok 08 85T GPI-I0, 20, )% Long/kes 231 24
L

FoskaL, vk ol Mol 3t e w9l GDF-8/Myostatine W& 2 WtE g3t

ul9-2 g3 ] GDF-8/Myostatin #d 2 IGF-1 A, R)-#lddgMeE A+t ¥]xste] Ph-10, 20,
30 B BT BAMCR fold FEeld JuHon vl BREAY. vhes AelAE A AW (A
1.3)% VR R 712ge] e Aold AT & glom, Ph30 HEEe WA £Eol Y Hes Hs
A= 1D, ol B 3ol /12 Pvh 47 R TE ol RHHon Hebed Pol TATH e
28R ARAR B 5 AeT AN

ol
a

il

d

(3

5 e =Rl ofs) Aoy, g vlERokelA S A4
A a4 8 wYgE A8 Ank. dE 5o, AdE Vlesol A
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£ AR FYNAY, B/EE A9E ALY, P2, PN, A2 5o THaxEe AYd WEd gde 3y
2 A% wE 2P, dE THLL Tt F5EA st BAHAY A@HdeE 449 A9t 94
F el

AN .

aeuE, e FAE, e AAGE 2 SHRTEAG TR ATE Faks ZTEA W9 Swe,

1
g

k1
N
[y

Fluo-3, AM

@
L
[=:]
5
@
"
o

1
(g
[\

[Ca24]
(fold increase vs, control)
)

Time[sec]
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k1

GDF-8 (pg/ml)

[Ca2+]
(fold increase vs. control)

)
@

- - -

———i 10 =t piratetam ——rh —e— lpurgiles ——r 20

Time[sec]

GDF-8/Myostatin levels in cell culture supernates

*
*
g
e
*% x
I *kE

Control TGE-B1 (S0ng/ml) TGE-B1 TGF-B1 TGF-B1 TGF-p1 TGE-P1
+ 1GF-1 (100nM) + Ph-pira + R-Ph-10 +5-Ph-20 + R-Ph-30
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