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[=hst4] 4] (=54 5]

@A 1 oHET = FEA (38 6)9 Az

75
o
o2
B
éa
i
ot
Lot
i
:J>
—
(&)
il
ud
i)

hl 3 [e]
Y NN-trg £ des =S drhetal. H&% 1 0 C= %ﬂr -"F, et
ol e E(8}eAl 5, 1.2 B, 0.767 m1)E HAHs] Austa, A7) wkSoio] %E% Lo o5ty 124
v sob wweith,  Wkg %:ri 27 kg os otz oA A FEHEFT. A FF FFES o
oA H o Egl LS o]F oz dlo] Ayt A2utEI gy E F3ste] B4 31559 oA EHE A

E
[e)
(3} 6, 1453 mg, 5% 95%)S LAt

1H-NMR (CDC13, 500 MHz) & 7.60 (m, 1H), 7.48 (m, 1H), 7.40 (dd, J = 8.1, 7.5 Hz, 1H), 7.15 (m, 1H),
4.70 (s, 2H), 3.82 (s, 3H), 2.60 (s, 3H).

f\ _No,
o Nz HC NP

Sy
SyTEing .
o Y

97 2: SA o= EdlAl FX4 32 (3}8H4 8-9)9 Ax

| wkg-2) 3ol Z1AE whep o], opA| E = °Eiﬂ(§}fﬂ*‘ 6, 208 mg)¢t FRH ez ) 7}
vl 3EtE (kA 7, 1.2 B, 246 mg)S whEU)d Wi mEde Hobskeioh. A wrs o
A BAIRE EE aRkeRgith. WhE TR S A ngﬁg o vgﬂroh k)
= c"opAH ol ES} ks o] o R dto] Myt AEntEdduE St
gduldl FEA 34eE(3heha] 8-9, 197 mg, FE5E 55%) 2 AUt
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[0130] [Rh-8-2] 4]
N _NQ; ?;;\\5/1"40-.
0 !
N" = H’e‘v‘/\\b/
i , |
q’\\ CH, LiOH gfiﬁxi\CHB
OE 7 THF, H,C, CH;OH OIE’/=
JJ\/D bl | < ! 0 ‘ é 0
HiCO HO™ ™
[2Feh4 8-9] [ZHarAl 8-10)
[0131]
[0133] A 3: SA o =dEddlAl FEA JHEHE (S 8-10)9 A=
[0134] 7] Whg2 4o YERA vk} o] SAjolm el Al FEA 849 (3184 8-9, 20 mg)S WHE7lo] @i
EﬂﬂﬂEi%%ﬂ~%,ﬂ%£%—@ﬂﬂﬁ HEI1E 0 T2 ¥4 5, St E3 3%, 7 mg)S AH
Z A7 weds &

3}stAl 8-10, 19 mg 5 99%)&
19}

[0135] §814 12 BAEE SFEA AR, R, RE 37 [T 119 7149 uleh 2ol AAah= 2 9o, 4] 4]
o 197 s WwHor pdste reRdes Rdshe SAolv e ERAl F12A(8-1~14, 9-1~12)& Fds}
vk, FHY SAolnwemeull GEA seRe] T2 W B Aw= sy [ 1]d] Aelste] Ul

F1
[0136] (354 8]
R4
Nl’o\/@RS
CHs
R3_O
ﬂ'@—% Rg R4 R>) 'E_}'\jlxl'—g- Max (%) ECFJ()
(1H/13C-NMR =+ LC-MS)
8-1 CO,CH; H CFs 1H-NMR (500 MHz, CDC13) & 7.56 | 171.49 27.43

(d, J = 8.0 Hz, 1H), 7.49(t, J =
7.5 Hz, 2H), 7.29 (¢, J = 8.0
Hz, 1H), 7.26 (d, J = 2.5 Hz,
1), 7.33 (d, J = 8.0 Hz, 1H),

7.25(t, J = 1.5 Hz, 1H),
6.91-6.89 (m, 1H), 5.27 (s, 2H),
4.66 (s, 20), 3.80 (s, 3H)

8-2 |CO.H H CF; 1H-NMR (500 MHz, CDCI3) & 7.47 | 130.73 N/A
(s, 1), 7.42 (d, J = 8.0 Hz,
), 7.35 (d, J = 6.5 Hz, 1H),

7.30 (t, J =7.5Hz, 1H), 6.92
(t, J =15.5 Hz, 2H), 6.74 (s,

1H),6.57 (s, 1H), 5.01 (s, 2H),

4.17 (s, 2H) 1.86 (s, 3H).

8-3  |CO.CH; OCH, H 1H-NMR (500 MHz, CDCI3) & 7.36 | 151.78 6.32
(d, J = 6.5Hz, 2H), 7.34-7.27
(m, 2H), 7.25 (d, J = 2.0 Hz,

1H), 6.91-6.89 (m, 3H), 5.16 (s,

2H), 4.67 (s, 2H), 3.81 (¢, J =

2.0 Hz, 6H), 2.21 (s, 3H).
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8-4

CO.H

OCH

1H-NMR (500 MHz, CDCI3) & 7.36

(d, J = 8.5 Hz, 2H), 7.29 (d, J

= 7.5 Hz, 2H), 6.908-6.891 (m,

3H), 5.16 (s, 2H), 4.70 (s, 2H),

3.81 (s, 3H), 2.21 (d, J = 2.0
Hz, 3)

182.06

9.88

8-5

CO,CHs

Br

1H-NMR(500 MHz, CDC13)
§7.52-7.50 (m, 2H), 7.32-7.27
(m, 3H), 6.94-6.92 (m, 1H), 5.20
(s, 2H), 4.67 (s, 2H), 3.82 (s,
3H), 2.26 (s, 3H); 13C-NMR
(CDC13, 125 MHz) &§169.2, 157.7,
154.7, 138.0, 137.1, 131.5,
129.8, 129.5, 121.7, 119.7,
115.3, 112.4, 75.4, 65.3, 52.3,
12.8; LRMS (ESI+) m/z 391.84
[M]+.

149.13

N/A
(Tox.)

8-6

CO.H

Br

1H-NMR(500 MHz, CDC13)
§7.51-7.50 (t, 2H, J = 2 Hz),
7.34-7.27 (m, 3H), 6.95-6.93 (m,
1H), 5.20 (s, 2H), 4.73 (s, 1H),
2.27 (s, 3H) ; 13C-NMR (CDC13,
125 MHz) §174.2, 157.4, 154.9,
138.0, 137.0, 131.5, 129.8,
129.6, 121.8, 120.0, 115.3,
112.4, 75.4, 64.8, 13.0; LRMS
(ESI+) m/z 378.99 [M]+.

123.78

N/A
(Tox.)

8-7

CO-X,X=(2pyri

dyl)
methylamine

Br

1H-NMR (CDC13, 500 MHz) &
8.60-8.58 (m, 1H), 7.95 (s, 1H),
7.80 (s, 1H), 7.52-7.50 (d, J =
8.5 Hz, 2H), 7.46-7.44 (m, 1H),
7.35-7.27 (m, 5H), 7.01-6.98 (m,
1H), 5.20 (s, 2H), 4.76-4.75 (d,
J =5.5Hz, 2H), 4.60 (s, 2H),
2.26 (s, 3H); 13C-NMR (CDCI3,
500 MHz) & 168.46, 157.31,
155.52, 154.74, 148.40, 147.44,
138.77, 138.16, 137.08, 131.52,
129.85, 123.15, 121.76, 119.99,
115.66, 112.40, 75.45, 67.40,
43.18, 12.92; LRMS (ESI+) m/z
468.49 [M]+.

129.69

N/A

8-8

CO.Y,Y=histam
ine

Br

1H-NMR (CDC13, 500 MHz) & 8.95
(s, 1H), 7.51-7.46 (m, 2H),
7.29-7.22 (m, 4H), 7.03 (s, 1H),
6.89-6.88 (d, J = 6.5 Hz, 1H),
5.16 (s, 2H), 4.53 (s, 2H), 3.67
(s, 2H), 3.00 (s, 2H), 2.22 (s,
3H); 13C-NMR (CDCI3, 500 MHz) &
157.1, 154.8, 137.0, 131.5,
130.9, 129.7, 121.7, 115.8,
115.3, 112.4, 75.3, 67.2, 24.9,
13.0; LRMS (ESI+) m/z 494.26
[M+Nal+.

121.10

N/A
(Tox.)

8-9

CO.CHs

NO,

1H-NMR (500 MHz, CDC13) & 7.36
(d, J = 6.5Hz, 2H), 7.34-7.27
(m, 2H), 7.25 (d, J = 2.0 Hz,

M), 6.91-6.89 (m, 3H), 5.16 (s,

2H), 4.67 (s, 2H), 3.81 (t, J =

2.0 Hz, 6H), 2.21 (s, 3H).

193.04

6.44

CO.H

NO;

1H-NMR (500 MHz, CDCI3) & 7.36
(d, J = 8.5 Hz, 2H), 7.29 (d, J
= 7.5 Hz, 2H), 6.91-6.89 (m,
3H), 5.16 (s, 2H), 4.70 (s, 2H),

3.81 (s, 3, 2.21 (s, 3W).

161.26

10.17
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8-11 | CO,CH, S0,CH; H 1H-NMR (500 MHz, CDCI3) & 7.93| 104.72 N/A
(d, J =8.5 Hz, 2H), 7.59 (d, J
=1.5 Hz, 2H), 7.30-7.25 (m 1H),
7.24-7.22 (m 2H), 6.91-6.89 (m
1H), 5.31 (s, 2H), 4.65 (s, 2H),
3.80 (s, 3H), 3.06 (s, 3H), 2.28
(s, 3H).

8-12 |CO.H S0,CHs H 1H-NMR (500 MHz, MeOH) & 7.96 98.71 N/A
(d, J =7.0 Hz, 2H), 7.67 (d, J
=8.5 Hz, 2H), 7.30-7.21 (m 3H),
6.96-6.94 (m 1H), 6.91-6.89 (m
1), 5.32 (s, 2H), 4.67 (s, 2H),
3.11(s, 3H), 2.27 (s, 3H).

8-13 | CO,CH, F H 1H-NMR (500 MHz, CDCI3) & 119.93 N/A
7.39-7.36 (m, 2H), 7.29 (s, 1H), (Tox.)
7.228 (t, J =2.5 1H),
7.059-7.024 (m, 2H), 6.90-6.88
(m, 1H), 5.18 (s, 2H), 4.65 (s,
21, 3.81 (s, 3H).

8-14 |CO.H F H 1H-NMR (500 MHz, CDC13) & N/D N/D
7.38-7.36 (m, 2H), 7.35 (s, 1H),
7.23 (s, 1H), 7.03 (t, J =8.5
20), 6.90 (t, J =3.0 1H), 5.17
(s, 2H), 4.66 (s, 2H), 2.20 (s,

3H).
[3}3H4 9]
R4
N|/O\ /E IRE’
CHs
R0
ﬁl‘;:]]—% RS R4 Rs ;.}i—/iq]X]—E_ Max (%) ECso
(1H/13C-NMR H=+= LC-MS)
9-1 |CO,CH;4 H CF, 1H-NMR (500 MHz, CDC13) & 7.66 | 107.89 N/A
(s, 1H), 7.59-7.55 (m, 4H), 7.48
(d, J =7.5Hz, 1H),
6.89-6.87(m, 2H) 5.25 (s, 2H),
4.65 (s, 2H), 3.80 (s, 3H), 2.25
(s, 3H).
9-2  [COH H CFs 1H-NMR (500 MHz, CDC13) & 7.66| 115.15 N/A

(s, 1H), 7.60-7.55 (m, 4H), 7.48
(d, J = 8.0 Hz, 2H), 6.91-6.89
(m, 2l1), 5.26 (s, 2H), 4.70 (s,
2H), 2.26 (s, 3H).
9-3 | CO,CHs OCHs H 1H-NMR (500 MHz, CDC13) & 103.87 N/A
7.60-7.59 (m, 2H), 7.36-7.35 (m,
2H), 6.90-6.88 (m, 4H), 5.14 (s,
2H), 4.65 (s, 2H), 3.81 (d, J =
2.5 Hz, 6H), 2.21 (s, 3H)
9-4 |CO.H OCH; H 1H-NMR (500 MHz, CDCI3) & 7.61| 102.65 N/A
(d, J =9.0 Hz, 2H), 7.35 (d, J
= 8.5 Hz, 2H), 6.91-6.89 (m,
4H), 5.14 (s, 2H), 4.69 (s, 2H),
3.81 (s, 3H), 2.21 (s, 3H).
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9-5

CO,CH5

Br

TH-NMR(500 MHz, CDC13) &
7.58-7.56 (d, 2H, J =9 Hz),
7.48-7.47 (d, 2H, J = 8 Hz),

7.28-7.25 (d, 2H, J = 8.5 Hz),

6.89-6.87 (d, 2H, J =9 Hz),
5.15 (s, 2H), 4.65 (s, 2H), 3.80

(s, 3H), 2.22(s, 3H); 13C-NMR

(CDC13, 125 MHz) & 169.1,
158.5, 154.6, 137.3, 131.4,
130.1, 129.8, 127.5, 121.6,
114.4, 75.2, 65.2,52.3, 12.8;
LRMS (EST+) m/z 392.13 [M]+.

111.88

N/A

9-6

COo.H

Br

1H-NMR(500 MHz, CDC13)
§7.56-7.51 (m, 4H), 7.35-7.34
(d, 2H, J = 8.5), 5.12 (s, 2H),
4.39 (s, 2H), 2.16 (s, 3H);
13C-NMR (CDC13, 125 MHz)
6159.4, 154.3, 137.7, 131.2,
130.1, 127.8, 127.0, 120.7,
114.3, 74.2, 66.3, 12.4; LRMS
(ESI+) m/z 400.78 [M+Nal+.

106.70

N/A

9-7

CO.X,

X=(2-
pyridyl)
methylamine

Br

1H-NMR (MeOD, 500 MHz) &7.90
(s, 1H), 7.62-7.60 (d, 2H),
7.52-7.50 (d, 2H), 7.34 (s, 2H),
6.96-6.95 (d, J = 8.5 Hz, 3H),
5.16 (s, 2H), 4.52 (s, 2H), 3.56
(s, 20), 2.86 (s, 2H), 2.24 (s,
3H); 13C-NMR (MeOD, 500 MHz)
§169.56, 158.56, 154.76,
137.70, 134.38, 133.68, 131.07,
129.95, 129.58, 127.26, 121.09,
116.35, 114.25, 74.70, 66.79,
25.80, 11.44; LRMS (ESI+) m/z
493.06 [MNal+.

135.47

N/A

9-8

CO.Y,Y=histam
ine

Br

1H-NMR (CDC13, 500 MHz) & 8.74
(s, 1), 8.62 (s, 1H), 8.31 (s,
1H), 7.96 (s, 1), 7.75 (s, 1H),
7.53-7.48 (m, 4H), 7.26-7.25 (d,
J =1.0Hz, 2H), 6.99-6.97 (d, J
= 8.0 Hz, 2H), 5.14 (s, 1H),

4.97 (s, 1H), 4.52 (s, 1H), 2.21
(s, 1H); 13C-NMR (CDC13, 500

MHz) & 168.43,
154.57, 146.73,
131.48, 130.40,

158.03, 155.18,
139.55, 137.28,
129.81, 127.64,

123.74, 123.42, 121.67, 114.68,
75.26, 67.30, 42.81, 30.93,
12.80; LRMS (ESI+) m/z 490.00
[M+Nal+.

120.89

N/A

9-9

CO,CH5

NO;

1H-NMR (500 MHz, CDCI3) & 8.22
(d, J =9.0 Hz, 2H), 7.57-7.53
(m, 41), 6.89 (d, J =9.0 21D,

5.30 (s, 2H), 4.64 (s, 2H), 3.80

(s, 3H), 3.27 (s, 3H).

113.52

N/A

COo.H

NO,

1H-NMR (500 MHz, CDC13) & 8.22
(d, J =7.0 Hz, 2H), 7.59-7.54
(m, 4H), 6.90 (d, J =7.5 2H),

5.30 (s, 2H), 4.69 (s, 2H), 2.28

(s, 3H).

108.43

N/A

CO,CH5

S0,CH;

1H-NMR (500 MHz, CDCI3) & 7.94
(d, J =8.5 Hz, 2H), 7.59-7.56
(m, 4H), 6.89 (m 2H), 5.29 (s

2H), 4.65 (s, 2H), 3.80 (s, 3H),

3.05 (s, 30, 2.27 (s, 3H).W

100.39

N/A
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[0137]

[0138]

[0139]

[0140]

[0141]

[0143]

[0144]

[0145]

[0146]
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9-12 |CO.H S0,CH; H 1H-NMR (500 MHz, MeOH) & 7.95 | 111.38 N/A
(d, J =8.5 Hz, 2H), 7.65 (d, J
=8.5 Hz, 2H), 7.60 (d, J =9.0

Hz, 2H), 6.93-6.91(m, 2H), 5.29
(s 2H), 4.67 (s, 2H), 3.11 (s,

30, 2.27 (s, 3H0).

9-13 | CO,CH;, H CF, 1H-NMR (500 MHz, CDCI3) & 7.66 | 107.89 N/A
(s, 1H), 7.59-7.55 (m, 4H), 7.48
(d, J =7.5Hz, 1H),
6.89-6.87(m, 2H) 5.25 (s, 2H),
4.65 (s, 2H), 3.80 (s, 3H), 2.25
(s, 3H).

A¥e] 1. CLOCK:BMALL oA AALZA o] thdt a537}

E-boxll o8] Wl7HEE CLOCK:BUALL o]@tAle] @A} @Al ulAE SAoluwreulsl fEAse] a7s W7}
371 918te] E-box-LUC B|ZEE T@st= NIH-313 AfolAEZF(H 5578 6)F ©o]&3girt. #xE 23 A
FolAEFE 10 % F 3 (fetal bovine serum), 1% HUAH/AEHNEN A (streptomycin, Invitrogen) % 1% L-
FFEHlo] Hrte Ew|mE o] 2w %] (Dulbecco's modified eagles medium, Invitrogen)E o]&3le] o]ik3}ek
& 5%, A 37%=9] 7tE AEZE fAEE wdT] el A, mgskadtt.

YrE B MEFE SIFE AY 2443 Holl 48-well WY ZH ) Ed| 5t wiFElvt. wdE AxE
S e ® HEFHo® 0.1, 0.3, 1.0, 3.0, 10, 30 E=+& 100uMe] %7t F2= 3gES AYsdt. oz
(0 pM e 2= Fako rueadZAlo]=(Dimethyl sulfoxide, DMSO)E A g3 AEE A3, FIES

Akl 36A1zFo] ARE T, AEESS 1X D-PBSE 23] MolFEi, well T 100 ulo] MELS] =gH
(Possive Lysis buffer, Promega)® 2 15%3F &3|AIZTH. &3lE F 20 wo] A8E 29 FA|9 A &4
H7} AleF(Lucifase assay reagent, Promega)®} HFSAIZL H, FEAFHEAY] A4S Fuw=v]E (TD-20/20
Luminometer, Turner systems)Z o]&3slo] FA4stt. SAHE FAF A A4S &E A o=z
HAsg o vl ekl Bio-radAle] B E|=¥=(Bradford) 94 AloFS o] &3te] A&ttt
Zt A e Fe-vkg A¥PAE Four Parameter Logistic Equations $3] %% FHo2 WEsto
At o, Ask BAHL AlZebEE 10.0 (SigmaPlot 8.0, Systat Software Inc.)olA AF3= T4 4 7]
TS ZEIGT. s FAE Vo R 7 fEAY Hd 4 (Max) T ECy #hE AlRbste] 7] [® 1
71998k, SE 5 AEALE 2% AT ECy 71l AlXESA (Tox.)ol BAISS BASTE. Wi
49l oz 3814 89, 9-9, 810 % 9-109) AFHe FE-NE ARIHL © 10] Yepi),
T 1 ¥ F 194 yeld vkep Zo], AAld 19 35tE S 8FhA] 8-99 IEE2 FHu #do] tlxT div]
193.04%°]3L, ECs #t©] 6.44pMiom™, 100 uM7bA] Folsk MaEsdoe] #EHR] e & Ao &4, G 2 Al
kil

X5 SHAA 7B e Ao® Vel shEh] 8-99F fAME 725 VA= 3eHA 8-109] shehE 9
Al folat ] Aol &4 (161.26%) 2 ECs #E(10.17 pl)S e

A 2. 3FE Ao BE RY &4 HF
F7) Al 1e4 Az 34ek=(8-9 B 8-10)°] HAZ CRYE 4-frate] E-box "7l HAF E4& xdste=AE
]

AT sk shrle 22 A4¥8S St

2 Ao o] g% HEK293 MEFTE 10 % %, 1% YA/~ ERNERA F 1% L-SFETo] Hr7te Evlaw
Ho|Fu A5 o] &3l o]ikatEta 5%, A 37=9] 7iG AHIZE FAEE mldr] WelA f-A, el
HAEQY 24417 A HEK293 MEE 48-well HIF ZolEd] ®BF3 F E-box-LUC FAH A 2 EE (50

ng/well), pRL-mTK 2] 3EE (100 ng/well)e} BiEo] A3 CLOCK =& =E (600 ng/well)z} A3 BMALL & 9 g
(200 ng/well) &&= F& FF pcDNA3.1 Eeh=n|=9F Flag-CRY1 23 #E](20 ng/well) =& &9
pcDNA3.1 ZEf2n|=Es M¥o] Z=U3H% ). HA = (Transfection)2 | EZHAEM (Lipofectamine 3000,
Invitrogen) S AHE3IlaL, AAe LA wlwdS et g,

YAEYORTE 43A3Ve] A Fol, AFHOE 1, 3 F& 0] H57F HES 344 9-9 Ei= 8-109)
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[0148]

[0150]

[0151]

[0152]

[0153]

[0154]

[0156]

[0157]

[0158]
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it dE2T (0 pezs w3 HugdIialel =g A2d As o&
Fol Ast & AIXES IX D-PBSE 23] HoJFar, well & 100 ple] A EZLS
e T 20 wo] MNEES T FAHA f‘“é”éﬂ Al fat wEGA
= ol&ste] SAsAT. SA¥ E-box-LUC FAlFlEkAle] 24d& 3
4= ol&ste] nAsY.

ZF F=EA A digh 2 A3 o W] E-box-LUC 2XE &4 Wste] A& tfxat (E-box-LUC FAI¥ 2HAl 2
28 ¢ pRL-nIK #xy 4 pcDNAS.l‘?} E=Ysta, guEAdFalel=E HEd 1F, CILE x7])e] Ftgtel o
5 [= 2]9} o] mAISIATE., = Ay, I8 Y2 CRY1e] #&-2 CLOCK:BMAL1S] E-box vl
A AANEAES o3 Eor oA st on, o]e]d (RYS &2 3}eha] 8-9 2 8-109] 3= Ao sl

20l YERA kel Zo], AAle] 19 SjHE F 5] 8-9, 8-109] FFEo] (RY &4

= o2 CLOCK:BMAL19]
AANBAES FANZIE, meb] B owge] Salolm gl fEAS] (RY wude]

Ad Az 2-gs

A 3. PER2-LUC &3 9@ dF713 Lo o3 =4 a7}

A7 AA ] 104 A %3 3HE(8-9 L 8-10)°] (RYS A& L CLOCK: BMALM XW A4 SRE B8 AETL
s A AAAA AFTA EEe A= ¢S

AL AXFE FAHGA FHAA7E AZAE ] PER2-LUC §F ¢ dste= =AWl AlfrobAl 25 (PER2-
LUC knock-in fibroblast)E ©]€3}t). dld AEFE dojd A 15U Z74H, PER2-LUC knock-in =1
Hol AA(HESEY 31)9 # 2FozRy &Yttt PER2-LUC knock-in (KI) AlfrolA=ZE 10 % 3,
1% AYAR/AEFEN A D 19 L-FFENe] e W mdgo|Zu XS o] &3te] o|ikatekA 5%, AH 37
Lo] 7hE 7 fAEE ] del A A, skl

PER2-LUC KI MEE 335 A 2] 24A)7F Aol 35 mm ¥l Ao BF38to] wjokstgdet. wjdd AEXES At
o7 2A7F =<k 200nM AW EF= (Dexamethasone, ©]8F DEX)E A #sle] =713 & 3 20uMe 33h4 8

N

) -9
= 8-109] eI HEo] FAFEHA Y 7] FAA-R(HE $= 0.1 D& E¥ehs A2 wAslt,
Heroezs ggE Wil a2 o WAHMPO]C% Aedt AEZ(EDE AHEstlon, = thE Hado R
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2 ZAET. 54 A34E = 59 HEY

%= 59 UrEM ne} ol A4 AolE FFWAL &ulE Fog it AFHINC H VEDS g ax]d 2ol
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