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Design, synthesis and evaluation of cytisinic derivatives for
hypoglycemic activity
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Abstract: Taking cytosine, an unique natural product alkaloid as the lead, we designed thirty cytisinic
derivatives with different types of 12N-substituents, which were synthesized and evaluated for their activity
in the regulation of glucose metabolism in vitro. The compounds 3d, 3g and 6h exhibited the potential
hypoglycemic activity and compound 3d had a good pharmacokinetics profile. In terms of mechanism of
glucose consumption, the compounds 3d and 6h increased cellular glucose consumption. which might be associated
with up-regulation of glucose transporter Glut4 expression and activation of AMPK. The results reveaed
important roles of these new skeleton compounds as potential new drug candidates for control of blood glucose.
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Figure 1 Structures of cytisinie and strategies of the structural
modifications
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Scheme 1 Synthetic routes to target compounds. Reagents
and conditions: a) —10 °C, NaH, akyl iodides, THF, r.t. or 50 °C;
b) TEA, benzyl bromide, CH.Cl,, r.t.; c) TEA, benzoyl chloride,
CH.Cl,, r.t.; d) TEA, benzenesulfonyl chloride, CH.Cl,, r.t.; €
TEA, isocyanate, CH,Cly, rt.
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Figure 2 Hypoglycemic activity of compounds 3d, 3g and 6h
in HepG2 and 3T3 Cell (3d, 3g and 6h 25 pmol -L %, respectively;
Met 5 mmol-L ™)
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Table 1 Hypoglycemic activity of cytisine derivatives in L6 cells. The concentration of target compound is 25 pmol-L™, and

metforminis5 mmol -L *

o]
|
= N-R
Compd. R Glucc;snf nig?iJTption Compd. R Glucc;srﬁ r:::;T.sllj['r;ption
DMSO 414+ 0.25 4c 2-OCF3CgH4CO 5.33+0.30
1 481+05 4d 2,4-F,C¢H4CO 5.28 + 0.40
2a CHs; 455+ 0.38 5a 4-CH3CgH4SO-2 5.47 + 0.46
2b CH,CH,CH3 5.27+041 5b 3-CH,COCgH4SO, 5.48 + 0.46
3a CgH4CH2 4.61+0.59 5c 4-CH3S0,CH4SO, 531+ 0.72
3b 2-CNCgH4CH; 5.56 + 0.43 5d 4-OCH3CgH4SO, 534+0.71
3c 4-OCH3CgH4CH2 579+0.37 5e 2-thienyl SO, 5.60 + 0.84
3d 4-CF3CgH4CH;2 6.62+ 1.10 6a 3-CH3CsH4sNHCO 511+0.33
3e 2,6-F,C¢H4CH; 5.32+0.42 R
3f 2,6-Cl,CgH4CH2 5.61+0.73 6b ”iswgb 4,92 + 0.65
39 4-1CgH4CH; 6.75+ 0.48 o
3h 4-FCgH4CH 6.02+0.37 6c 3,5-Cl,CeH4sNHCO 5.64 +0.42
3i 4-BrCgH4CH, 5.86+0.71 6d 2,6-(i-Pr),CeH4sNHCO 541+ 0.42
3 4-CICgH4CH; 5.52 + 0.06 6e 4-FC¢H4,NHCO 517+0.72
3k 4-NO,CgH4CH, 4.76 + 0.46 6f 2-CH3,5-CICsH4sNHCO 554+ 0.53
4a 4-OCH3CgH4CO 6.09 + 0.56 69 4-CF3CgHsNHCO 4.80+ 0.56
i 6h 3-CICsHNHCO 7.27+0.70
4b PR 5.21+0.39 Met 8.18+0.25
3T
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Table 2 Pharmacokinetic profiles of representative compounds
after oral administration (25 mg-kg™)

tmax Cinax AUCo AUCy MRT t2
compd. " jumol-Lt fumol-L h umolLbh o/
3d 025 281 2.50 252 148 172
6h 217 013 0.78 081 753 48
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Figure 3 Mean plasma concentration versus time curve of 3d
and 6h after oral administration at 25 mg-kg ™ to mice (n = 3),
respectively
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Figure 4 Compounds 3d and 6h show potency on Glut4 and
AMPK activation. 1: DMSO; 2-5: Drug concentration of 5, 10,
25 and 50 umol -L " respectively; 6: Met 5 mmol -L*
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'H NMR #1 *C NMR H Bruker Avance |11 400, 500.
600 HZHEILHRACIM E, ¥ 57Jy DMSO-ds B CDCls,
TMS N5, HR-MS ] Autospec Ultima-TOF Jiii it il
SEACI 52 5 Flash i 43 25 4646 F Combiflash Rf200 3%
HI A, TOCKM A ZF-20D I 46 2 A4 AL
HEEEE (TLC) SRH E-Merck 2w T4 ik i 25 5 4
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11 2N-BESER (29

W44 165 400 mg (2.1 mmol) & T 100 mL #fi
AU, I DYE PRI 20 mL AR, In AN 4LEN 100
mg (4.2 mmol), ZEHEF: 30 min, A5 b
355 mg (2.5 mmol), =BiFE, RPOGIR, BIEZET
SN, BRI & R e i, e, REREERE,
DL S H e R R BN S, 48 Flash FE B 4lifh, 15
H b= 3 EE 4 2a, W03 37%, 1551 139~141 C.
'H NMR (500 MHz, DMSO-dg) d 7.40~7.27 (m, 1H),
6.20 (d, J = 8.8 Hz, 1H), 6.07 (d, J = 6.4 Hz, 1H), 3.77
(d, J = 15.2 Hz, 1H), 3.68 (dd, J = 15.1, 6.3 Hz, 1H),
3.00 (s, 1H), 2.83 (d, J = 10.1 Hz, 1H), 2.73 (d, J = 9.6
Hz, 1H), 2.37 (s, 1H), 2.16 (d, J = 10.3 Hz, 1H), 2.11 (d,
J = 10.6 Hz, 1H), 2.04 (s, 3H), 1.78 (d, J = 11.8 Hz,
1H), 1.65 (d, J = 12.1 Hz, 1H); *C NMR (126 MHz,
DMSO-dg) ¢ 162.8, 152.8, 139.5, 116.0, 104.5, 62.9,

62.4, 50.3, 46.5, 35.1, 27.9, 25.3; HR-MS: Cadlcd. for
C1oH160N, [M+H]*: 205.133 5, Found: 205.132 9.
12 D2N-BEESEEHE (2b)

#4446 400 mg (2.1 mmol) & T 100 mL #fi
U, PSR 20 mL AR, IS ALES 100
mg (4.2 mmol), EiEHFE 30 min, RJE NN fE
425 mg (2.5 mmol), MAZE 50 Cx MR, #%T %
LT, FREEIN S R b R, T uE, REIRRERE,
DL S e f B BN IR BN AR, 48 Flash A itk 4lifh,
2 B A alE R 2b. UK 59%, 44 5 >200 C.
'H NMR (500 MHz, DMSO-ds) d 9.59 (s, 1H), 7.44 (t,
J = 7.7 Hz, 1H), 6.39 (d, J = 8.9 Hz, 1H), 6.29 (d, J =
6.3 Hz, 1H), 3.96 (d, J = 15.7 Hz, 1H), 3.83 (dd, J =
15.7, 6.9 Hz, 1H), 3.54 (d, J = 12.2 Hz, 1H), 3.41 (s,
2H), 3.34 (dd, J = 16.3, 6.4 Hz, 1H), 3.22 (t, J= 10.2 Hz,
1H), 3.01~2.91 (m, 2H), 2.73 (s, 1H), 1.98 (d, J = 12.9
Hz, 1H), 1.87 (d, J = 12.8 Hz, 1H), 1.69~1.52 (m, 2H),
0.83 (t, J = 7.3 Hz, 3H); *C NMR (126 MHz, DM SO-dq)
5 162.9, 148.4, 140.6, 117.1, 108.2, 59.3, 56.9, 56.6,
489, 32.6, 26.3, 23.1, 17.0, 11.5; HR-MS: Calcd. for
C1sH200N, [M+H]*: 233.164 8, Found: 233.164 0 .

1.3 D2N-BUMRFTEESELB (3a~3k)

#4216 08 400 mg (2.1 mmol) & T 100 mL i
RO, N &k 20 mL WA, Bk IR
=W 051 g (6.3 mmol) FIHALIRTE (2.1 mmol),
FEimBEEE 30, TLC W, RFSEHEE, RMBMA
AHLE 20 mL, AJEHKIKLAK (50 mLx3) FIE A
K (50 mLx3) ¥ewk, KRBT 1. iLIE, s
Wi, L& B RN B, 4 Flash At
alifl, 19 H b= 3a~3k.

131 ID2N-FEES#®E (3a) [AMEE, R 51%,
1% 55.: 148~150 °C . 'H NMR (500 MHz, CDCl3) 6 7.28
(dd, J = 7.6, 5.5 Hz, 1H), 7.21~7.14 (m, 3H), 7.03~
6.96 (m, 2H), 6.49 (dd, J = 9.0, 1.1 Hz, 1H), 5.92 (d,
J=6.8Hz, 1H), 4.11 (d, J = 15.3 Hz, 1H), 3.89 (dd, J =
15.3, 6.6 Hz, 1H), 3.47~3.38 (m, 2H), 2.94 (d, J = 10.0
Hz, 2H), 2.85 (dd, J = 10.6, 1.1 Hz, 1H), 2.43 (d, J =
2.4 Hz, 1H), 2.37 (d, J = 11.0 Hz, 1H), 2.31 (d, J= 10.5
Hz, 1H), 1.91 (d, J = 12.7 Hz, 1H), 1.79 (d, J = 12.7 Hz,
1H); 3C NMR (101MHz, CDCl3) 6 163.7, 151.3, 138.6
(2), 128.4, 128.2 (3), 127.1, 116.6, 104.8, 62.0 (2), 59.9,
49,9, 354, 28.1, 25.9; HR-MS: Calcd. for CigH»;ON>»
[M+H]": 281.164 8, Found: 281.164 7 .

132 12N-o-JFEFEESEWLW (3b) HEFEE, it
K 78%, 15 i 114~116 °C ."HNMR (400 MHz, CDCl5)
6 7.55 (d, J = 7.6 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H),
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7.30~7.25 (m, 2H), 7.08 (d, J = 7.8 Hz, 1H), 6.50 (d,

J =89 Hz, 1H), 5.93 (d, J = 6.7 Hz, 1H), 409 (d, J =
15.3 Hz, 1H), 3.89 (dd, J = 15.3, 6.5 Hz, 1H), 3.69~3.61
(m, 2H), 2.98 (s, 1H), 2.93 (d, J = 10.7 Hz, 1H), 2.86 (d,

J=10.4 Hz, 1H), 2.50 (t, J = 10.8 Hz, 3H), 1.94 (d, J =
12.7 Hz, 1H), 1.84 (d, J = 12.8 Hz, 1H); **C NMR (101
MHz, CDCl3) § 163.6, 151.0, 142.1, 138.6, 132.7 (2),

129.1, 127.6, 117.5, 116.8, 112.2, 104.8, 60.3, 59.9,

59.4, 49.9, 355, 28.1, 25.8;, HR-MS:. Calcd. for

C1oH200ON3 [M+H]* 306.160 1, Found: 306.159 9.

133 12N-p-HREFESEEBH (3c) A, Uk
K T7T%, 15 A 101~103 °C .*H NMR (400 MHz, CDCl3)
5727 (t, J=7.8 Hz, 1H), 6.91 (d, J = 8.0 Hz, 2H), 6.73
(d, J = 8.3 Hz, 2H), 6.48 (d, J = 8.9 Hz, 1H), 5.91 (d,

J=6.6 Hz, 1H), 4.08 (d, J = 15.3 Hz, 1H), 3.88 (dd, J =
15.3, 6.5 Hz, 1H), 3.76 (s, 3H), 3.40~3.31 (m, 2H),
2.92 (s, 2H), 2.84 (d, J = 10.2 Hz, 1H), 2.42 (s, 1H),

2.31 (t, J = 12.4 Hz, 2H), 1.90 (d, J = 12.4 Hz, 1H),

1.78 (d, J = 12.5 Hz, 1H); **C NMR (101 MHz, CDCl3)
5 163.6, 158.6, 151.5, 138.6 (2), 129.4, 116.5, 113.6

(3), 104.7, 61.4, 59.9 (2), 55.2, 50.0, 35.5, 28.1, 26.0;

HR-MS: Calcd. for CigHxOoN, [M+H]* 311.175 4,
Found: 311.175 1.

134 DLN-p-=Z=mFEFTESELHIBERLE (3d)
P E AR, R 41%, #55: 103~105 C. 'H NMR
(500 MHz, DMSO-dg) § 10.35 (s, 1H), 7.84 (s, 4H),

7.47 (dd, J = 8.7, 7.2 Hz, 1H), 6.47 (d, J = 8.9 Hz, 1H),

6.33 (d, J = 6.8 Hz, 1H), 4.47 (d, J = 11.7 Hz, 1H), 4.39
(d, J = 11.8 Hz, 1H), 4.01 (d, J = 15.7 Hz, 1H), 3.86
(dd, J = 15.7, 7.0 Hz, 1H), 3.50 (d, J = 11.7 Hz, 1H),
3.43 (s, 1H), 3.33 (s, 1H), 3.24~3.14 (m, 1H), 2.77 (s,

1H), 1.94 (d, J = 12.9 Hz, 1H), 1.87 (d, J = 12.8 Hz,
1H), 1.23 (s, 1H); ®*CNMR (126 MHz, DMSO-dg) ¢
162.7 (2), 148.1, 140.4, 133.3 (2), 126.0 (2), 125.6,

123.4, 117.0, 107.8, 59.5, 56.5, 56.4, 48.6, 32.4, 26.2,

22.8; HR-MS: Calcd. for CigH,0ON,F3-HCl [M—HCI+
H]* 349.152 2, Found: 349.152 0

135 12N-26-Z@&FESERR 3 HOEA,
W% 54%, ¥4 5 158~160 C. 'H NMR (500 MHz,

CDCl3) 6 7.27 (dd, J = 6.5, 2.5 Hz, 1H), 7.25~7.18 (m,

1H), 6.89~6.82 (m, 2H), 6.44 (dd, J = 9.0, 1.3 Hz, 1H),
5.96 (dd, J = 6.8, 1.2 Hz, 1H), 4.00 (d, J = 15.3 Hz, 1H),
3.87 (dd, J = 15.2, 6.9 Hz, 1H), 3.68~3.61 (m, 2H),

2.92 (t, J = 11.7 Hz, 2H), 2.43~2.36 (m, 2H), 1.82 (d,

J = 12.8 Hz, 1H), 1.66 (d, J = 12.7 Hz, 1H), 1.25 (s,

2H): *CNMR (126 MHz, DMSO-dg) J 162.6 (2), 160.8,
152.4, 139.2, 130.5, 115.7 (2), 111.9, 111.7, 104.1, 59.4,

58.8, 50.0, 48.3, 34.8, 27.6, 25.1; HR-MS: Calcd. for
C1sH160N,F, [M+H]" 317.146 0, Found: 317.145 7,
136 12N-2'6-Z“RFEESELR (3f) A AR,

DMSO-dg) & 7.21~7.18 (m, 3H), 7.06 (dd, J = 8.4, 7.6
Hz, 1H), 6.47~6.38 (m, 1H), 5.88 (dd, J = 6.8, 0.8 Hz,
1H), 3.71 (d, J = 12.5 Hz, 1H), 3.59 (d, J = 12.5 Hz, 1H),
2.93 (d, J = 1.7 Hz, 1H), 2.87~2.82 (m, 2H), 2.61 (dd,
J=10.7, 1.6 Hz, 1H), 2.54 (d, J = 10.9 Hz, 1H), 2.38 (s,
1H), 1.91~1.86 (m, 1H), 1.82~1.78 (m, 1H), 1.25 (s,
2H); ®CNMR (126 MHz, DMSO-dg) 6 162.6, 152.3,
138.8, 136.4 (2), 133.7, 130.2, 128.8 (2), 115.6, 103.8,
60.2, 59.4, 55.8, 50.0, 35.0, 27.7, 25.4; HR-MS: Calcd.
for CigH1gON,Cl, [M+H]* 349.086 9, Found: 349.087 2.

137 12N-p-MiFE &R EEEE (39) HOH

DMSO-dg) 6 9.96 (s, 1H), 7.82 (d, J = 7.6 Hz, 2H),
7.46~7.30 (m, 3H), 6.38 (d, J = 8.9 Hz, 1H), 6.24 (d,
J = 6.6 Hz, 1H), 4.42~4.15 (m, 2H), 3.95 (d, J = 15.7
Hz, 1H), 3.82 (dd, J = 15.6, 6.9 Hz, 1H), 3.51~3.38 (m,
2H), 3.33~3.13 (m, 2H), 2.75 (s, 1H), 1.91 (d, J = 12.4
Hz, 1H), 1.85 (d, J = 12.2 Hz, 1H); *CNMR (126 MHz,
DMSO-dg) ¢ 162.7, 148.0, 140.2, 138.0 (3), 134.6,
129.2, 117.2, 107.4, 97.5, 59.7, 56.4, 56.2, 48.5, 32.3,
26.2, 22.9; HR-MS: Calcd. for CigH160ON,I-HCl [M—
HCI+H]" 407.061 5, Found: 407.060 0.

138 12N-p-#@FHGELR (3n) HOREK, Uk
K 64%, ¥ 159~161 ‘C. 'H NMR (500 MHz,
DMSO-dg) 6 7.34 (dd, J = 8.9, 6.9 Hz, 1H), 7.04~6.97
(m, 4H), 6.26 (d, J = 9.0 Hz, 1H), 6.03 (d, J = 6.8 Hz,
1H), 3.83 (d, J = 15.3 Hz, 1H), 3.70 (dd, J = 15.3, 6.5
Hz, 1H), 3.43 (d, J = 13.8 Hz, 1H), 3.37 (d, J = 9.5 Hz,
1H), 3.00 (s, 1H), 2.87 (d, J = 10.6 Hz, 1H), 2.73 (d,
J = 10.4 Hz, 1H), 2.39 (s, 1H), 2.31~2.23 (m, 2H),
1.83 (d, J = 12.6 Hz, 1H), 1.70 (d, J = 12.6 Hz, 1H);
3C NMR (126 MHz, DMSO-dg) 6 162.6, 160.6, 152.5,
139.2, 134.7, 130.2, 130.1, 115.7, 115.3, 115.1, 104.3,

60.7, 60.0, 59.8, 50.1, 35.0, 27.8, 25.6; HR-MS: Calcd.
for C1gH160ONLF [M+H]* 299.155 4, Found: 299.154 4 .

139 12N-p-RFESELWE (3) HOREAE, Ik
K 43%, 4 A 100~102 C. *H NMR (500 MHz,
DMSO-dg) 6 7.40~7.32 (m, 3H), 6.91 (d, J = 8.3 Hz,
2H), 6.26 (dd, J = 9.0, 1.2 Hz, 1H), 6.03 (d, J = 6.8 Hz,
1H), 3.84 (d, J = 15.3 Hz, 1H), 3.69 (dd, J = 15.3, 6.4
Hz, 1H), 3.42 (d, J = 14.1 Hz, 1H), 3.36 (d, J = 2.8 Hz,
1H), 3.00 (s, 1H), 2.87 (d, J = 10.6 Hz, 1H), 2.73~2.69
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(m, 1H), 2.38 (d, J = 2.3 Hz, 1H), 2.33~2.23 (m, 2H),
1.83 (d, J = 12.6 Hz, 1H), 1.70 (d, J = 12.7 Hz, 1H);
BCNMR (126 MHz, DMSO-ds) 6 162.8, 152.6, 139.4,
138.4, 131.6 (2), 130.8 (2), 120.4, 115.9, 104.5, 60.9,
60.1 (2), 50.3, 35.1, 28.0, 25.8; HR-MS: Calcd. for
C1sH160N,Br [M+H]" 359.075 4, Found: 359.074 2.
1310 12N-p-SFEHSELW (3) HAEEE, Uk
K 28%, M 120~122 C. 'H NMR (500 MHz,
DMSO-dg) d 7.34 (dd, J = 8.9, 6.9 Hz, 1H), 7.24 (d, J =
8.3 Hz, 2H), 6.97 (d, J = 8.3 Hz, 2H), 6.26 (dd, J = 9.0,
1.2 Hz, 1H), 6.03 (d, J = 6.8 Hz, 1H), 3.84 (d, J = 15.3
Hz, 1H), 3.70 (dd, J = 15.3, 6.5 Hz, 1H), 3.44 (d, J =
14.1 Hz, 1H), 3.38 (s, 1H), 3.00 (s, 1H), 2.87 (d, J =
10.6 Hz, 1H), 2.73~2.69 (m, 1H), 2.38 (d, J = 2.2 Hz,
1H), 2.33~2.23 (m, 2H), 1.83 (d, J = 12.6 Hz, 1H),
1.70 (d, J = 12.7 Hz, 1H); **CNMR (126 MHz, DMSO-
de) 6 162.6, 152.4, 139.2, 137.8, 131.7, 130.2 (2), 128.4
(2), 115.7, 104.3, 60.6, 59.9 (2), 50.1, 35.0, 27.9, 25.6;
HR-MS: Calcd. for CigHp0ON,Cl [M+H]* 315.125 9,
Found: 315.125 8.
1311 12N-p-FHEFESE LW (k) O A4,
W& 32%, ¥4 129~131C. 'H NMR (500 MHz,
DMSO-dg) d 8.04 (d, J = 8.6 Hz, 2H), 7.37 (dd, J = 9.0,
6.9 Hz, 1H), 7.21 (d, J = 8.6 Hz, 2H), 6.30 (dd, J = 9.0,
1.2 Hz, 1H), 6.04 (dd, J = 6.8, 1.0 Hz, 1H), 3.89 (d, J =
15.3 Hz, 1H), 3.71 (dd, J = 15.2, 7.1 Hz, 1H), 3.61 (d,
J=150Hz, 1H), 3.52 (d, J = 15.0 Hz, 1H), 3.02 (s, 1H),
2.94~2.86 (m, 1H), 2.73~2.67 (m, 1H), 2.43~2.37
(m, 2H), 2.32 (dd, J = 10.7, 1.8 Hz, 1H), 1.85 (d, J =
12.7 Hz, 1H), 1.73 (d, J = 12.7 Hz, 1H); **CNMR (126
MHz, DMSO-ds) 6 162.8, 152.5, 147.6, 147.1, 139.4,
129.5, 123.8, 116.0, 104.5, 60.7, 60.2, 56.6, 50.3, 35.1,
28.1, 27.0, 25.7, 19.2; HR-MS: Calcd. for CigH1605N3
[M+H]* 326.149 9, Found: 326.148 8.
14 D2N-BURFFREBESEER (4a—4d)

¥ 4460 400 mg (2.1 mmol) & T 100 mL #fi
R, IS HF B 20 mL IS, BERE AR OO
A=/ 051 g (6.3 mmol) FIEACHE FEESE (2.5
mmol), EiHHE 3 h, TLC Wi, RN5%EHEE, kB
WA G 20 mL, ZRJE KKK (50 mLx1), 5%
NaOH /K& (50 mLx1) AEA&LE/K (50 mLx3)
Peik, KBBR8 . oh9E, WEHRYE, L& H
KA R Eh A, 2 Flash FEialith, 15 35
Y) da~d.
141 DN-pBREEXARESERH da AN
4R, W 59%, #5 > 200 C. '*H NMR (500 MHz,

DMSO-dg) d 7.32 (t, J = 7.6 Hz, 1H), 6.85 (s, 4H), 6.30
(d, 3= 9.0 Hz, 1H), 6.03 (s, 1H), 4.25 (m, 2H), 3.75 (s,
3H), 3.64 (s, 2H), 3.09 (s, 2H), 2.46 (s, 1H), 1.95 (m,
2H), 1.23 (s, 1H); *C NMR (126 MHz, DMSO-ds)
170.2, 162.6, 160.4, 150.0, 139.4, 128.7 (3), 128.1,
116.5, 113.9, 105.3, 55.7 (3), 49.0, 34.6, 27.5, 25.7;
HR-MS: Calcd. for CigHpOsN, [M+H]* 325.154 7,
Found: 325.154 8.

142 12N-p-£RIGEFPHESELR db) A
tff Ak, i 54%, ¥ > 200 C. 'H NMR (500
MHz, DMSO-dg) 6 7.32 (t, J = 7.9 Hz, 1H), 6.21 (d, J =
8.0 Hz, 2H), 4.55 (d, J = 12.9 Hz, 1H), 4.42 (d, J = 12.1
Hz, 1H), 3.89 (d, J = 15.5 Hz, 1H), 3.61 (dd, J = 15.5,
6.2 Hz, 1H), 3.15 (d, J = 11.7 Hz, 2H), 2.90 (d, J = 12.9
Hz, 1H), 2.45 (s, 1H), 1.95~1.84 (m, 5H), 1.63 (m,
12H); **C NMR (151 MHz, DMSO-dg) J 175.9, 162.5,
150.0, 139.2, 116.4, 105.4, 51.9, 50.3, 48.8, 41.6, 38.7
(3), 36.4 (3), 34.7, 28.3 (3), 27.6, 26.0; HR-MS: Calcd.
for CaH50,N, [M+H]* 353.222 4, Found: 353.221 0.
143 LN-o-=5FREEXHHMESEER (40 ©
G E AR, Y 40%, 4 >200 C."HNMR (500 MHz,
DMSO-dg) 8 7.61~7.28 (m, 4H), 7.20 (t, J = 7.5 Hz, 1H),
6.34 (m, 1H), 6.27~6.14 (m, 1H), 4.60 (m, 1H), 3.66
(m, 2H), 3.41 (m, 2H), 3.23 (d, J = 11.8 Hz, 1H), 3.09
(m, 1H), 2.55 (s, 1H), 1.99 (m, 2H); *C NMR (126
MHz, DMSO-dg) § 165.3, 162.6, 149.6, 143.9, 139.5,
131.6, 129.5, 128.5, 127.6, 121.1, 116.7, 105.6, 105.3,
53.6, 49.1, 47.7, 34.4, 27.4, 25.3; HR-MS: Calcd. for
C1oH1705N,F5 [M+H]" 379.126 4, Found: 379.125 0

144 12N-24-—_@xHEBESETHE (4d) A

DMSO-dg) 6 7.36~7.01 (m, 3H), 6.41~6.18 (m, 2H),
5.91 (d, J=5.9 Hz, 1H), 4.68 (d, J = 12.4 Hz, 1H), 4.52
(d, J = 12.0 Hz, 1H), 3.75~3.67 (m, 1H), 3.55~3.43
(m, 1H), 3.23 (s, 1H), 3.08~3.02 (m, 1H), 2.55 (s, 1H),
2.35 (s, 1H), 2.02~1.92 (m, 2H); *C NMR (126 MHz,
DMSO-dg) J 164.5, 162.7, 150.1, 149.7, 139.5, 130.2,
116.9, 116.6, 112.5, 105.4, 105.2, 104.9, 54.3, 49.2,
48.0, 34.7, 27.6, 25.6; HR-MS: Calcd. for CigH160,N5F,
[M+H]" 331.125 3, Found: 331.124 1.,
15 12N-BRREEEEE S EEW (5a~5€)

¥4 21608 400 mg (2.1 mmol) & T 100 mL i
R, N SRR 20 mL VAR, B TR AR O
=W 051 g (6.3 mmol) FIHUCHERES, =iEHHE
3 h, TLC W, RPN, RN & F 5k
20 mL, #RJEMIKLAK (50 mL), 5% NaOH 7Ki&k
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(50 mLx2) FIEAIEER/K (50 mLx2) ¥k, Jo/KAE
BN T U8, MR IRAR, LA A F BN IR
A, 4 Flash a4k, 3 HAxr=4) 5a~5e.
151 I2N-p-REXRBBESELR (5a) O
%, WE 67%, 1 > 200 ‘C. *H NMR (500 MHz,
CDCl3) 6 7.48 (d, J = 8.1 Hz, 2H), 7.28~7.23 (m, 3H),
6.46 (d, J = 8.9 Hz, 1H), 5.99 (d, J = 6.7 Hz, 1H), 3.97
(d, J = 15.6 Hz, 1H), 3.88 (dd, J = 15.6, 6.5 Hz, 1H),
3.77 (t, J = 9.9 Hz, 2H), 3.06 (s, 1H), 2.78 ~2.69 (m,
2H), 2.53 (s, 1H), 2.42 (s, 3H), 1.93 (d, J = 13.1 Hz,
1H), 1.73 (d, J = 13.1 Hz, 1H); *C NMR (101 MHz,
CDCl,) 6 163.3, 148.5, 143.9, 138.8, 133.5, 129.8 (2),
127.4 (2), 117.7, 105.4, 52.6, 51.9, 48.9, 34.2, 27.1,
25.2, 21.6; HR-MS: Calcd. for CigHpO03N,S [M+H]*
345.126 7, Found: 345.126 7.

152 12N-m-ZEtEFXBEHRESERLR (5b) M

MHz, CDCl3) 6 8.21~8.09 (m, 2H), 7.73 (d, J = 7.6 Hz,
1H), 7.58 (t, J = 7.7 Hz, 1H), 7.29~7.20 (m, 1H), 6.38
(d, J = 9.0 Hz, 1H), 5.98 (d, J = 6.7 Hz, 1H), 3.87 (m,
4H), 3.07 (s, 1H), 2.86 (t, J = 11.8 Hz, 2H), 2.64 (s, 3H),
2.55 (s, 1H), 1.95 (d, J = 12.9 Hz, 1H), 1.77 (d, J = 13.1
Hz, 1H); °C NMR (101 MHz, CDCl3) ¢ 196.3, 163.1,
148.2, 138.7, 137.9 (2), 132.4, 131.0, 129.8, 126.8,

117.8, 105.2, 52.7, 51.9, 48.8, 34.1, 27.0, 26.7, 25.0;

HR-MS: Calcd. for CygH2004N,S [M+H]" 373.121 7,
Found: 373.121 7.

153 12N-p-FEEt AR E S LR 50 HAE
4R, WE 42%, ¥ >200 C. '"H NMR (400 MHz,
CDCl3) 6 7.99 (d, J = 7.8 Hz, 2H), 7.71 (d, J = 7.7 Hz,
2H), 7.27 (s, 1H), 6.40 (d, J = 8.8 Hz, 1H), 6.02 (d, J =
6.3 Hz, 1H), 3.92~3.68 (m, 4H), 3.19 (s, 3H), 3.11~
2.97 (m, 3H), 2.52 (s, 1H), 1.96 (d, J = 12.5 Hz, 1H),
1.82 (d, J = 12.8 Hz, 1H); *C NMR (101 MHz, CDCl5)
5 163.0, 148.2, 144.4, 143.0, 138.9, 128.6 (2), 127.6 (2),
117.9, 105.4, 52.8, 51.8, 48.8, 44.4, 34.1, 26.9, 25.0;

HR-MS: Calcd. for CygH,00sN,S, [M+H]" 409.088 7,
Found: 409.088 9.

154 DN-pREEXHEMESERE (5d) A
4R, W 46%, #5H:>200 C. '"H NMR (400 MHz,
CDCl;) 6 7.52 (d, J = 8.8 Hz, 2H), 7.30~7.25 (m, 1H),
6.92 (d, J = 8.8 Hz, 2H), 6.46 (d, J = 9.0 Hz, 1H), 5.98
(d, J = 6.7 Hz, 1H), 4.00~3.84 (m, 5H), 3.76 (t, J = 13.2
Hz, 2H), 3.06 (s, 1H), 2.76 (m, 2H), 2.53 (s, 1H), 1.93
(d, J=13.1 Hz, 1H), 1.74 (d, J = 13.1 Hz, 1H); ®C NMR
(101 MHz, CDCl5) 6 163.2 (2), 148.5, 138.8, 129.5 (2),

128.0, 117.7, 114.3 (2), 105.3, 55.7, 52.6, 51.8, 48.9,

34.2, 27.0, 25.1; HR-MS: Calcd. for CigH2004N,S [M+
H]" 360.161 7, Found: 360.161 7 .
155 D2N-p-EZEMEBEHESERR (5e) A
A, WK 34%, ¥ > 200 ‘C. 'H NMR (500 MHz,
DMSO-dg) § 8.05 (d, J = 4.8 Hz, 1H), 7.61~7.55
(m, 1H), 7.38 (t, J = 7.8 Hz, 1H), 7.28 (d, J = 3.7 Hz,
1H), 6.27 (d, J = 9.0 Hz, 1H), 6.19 (d, J = 6.7 Hz, 1H),
3.83 (d, J = 155 Hz, 1H), 3.75 (dd, J = 15.5, 6.2 Hz,
1H), 3.68 (d, J = 10.9 Hz, 1H), 3.56 (d, J = 10.7 Hz,
1H), 3.21 (s, 1H), 2.65 (d, J = 10.9 Hz, 1H), 2.62~2.53
(m, 2H), 1.84 (d, J = 12.7 Hz, 1H), 1.73 (d, J = 12.7
Hz, 1H); *C NMR (126 MHz, DMSO-ds) § 162.8,
150.3, 139.7, 135.6, 134.7, 133.7, 129.0, 116.9, 105.2,
53.5, 52.6, 49.4, 33.7, 26.9, 24.4, HR-MS: Cadlcd. for
CisH1603N,S, [M+H]" 337.067 5, Found: 337.067 3.
1.6 12N-BRRFREEREEE S EHR (6a~6h)
#4446 400 mg (2.1 mmol) & T 100 mL #fi
RO, N & H K 20 mL #, AR5 2218 n &
R (25 mmol), ZEHFE 1 h 5, MA=L%
0.17 g (2.1mmol), TLC ¥, M 5EEEfS, KOS
ANZEHLE 20 mL, ARJEKRIREIZK (50 mLx2) At
A K (50 mLx2) P, TKBEREN T, I,
RS, LR R e M BN B A, 4 Flash ¥
g aifh, 3 HAxr=4) 6a~6h.
161 DN-m-BEEXRFEBESLLE 6a HE
44, WA 45%, H: 177~179 C.*HNMR (500 MHz,
DMSO-dg) 6 8.28 (s, 1H), 7.34~7.29 (m, 1H), 7.09~
7.01 (m, 3H), 6.71 (d, J = 5.7 Hz, 1H), 6.19 (d, J = 9.0
Hz, 1H), 6.15 (d, J = 6.7 Hz, 1H), 4.26 (d, J = 12.8 Hz,
1H), 4.11 (d, J = 11.6 Hz, 1H), 4.05 (d, J = 15.5 Hz,
1H), 3.69 (dd, J = 15.4, 6.4 Hz, 1H), 3.18~3.12 (m,
1H), 3.06 (t, J = 12.9 Hz, 2H), 2.46 (s, 1H), 2.20 (s, 3H),
1.91 (s, 2H); *CNMR (151 MHz, DMSO-dg) 6 162.7,
155.7, 150.7, 140.6, 139.3, 137.7, 128.5, 123.0, 121.00,
117.5, 116.2, 105.1, 51.2, 50.3, 49.0, 34.4, 27.4, 25.6,
21.6; HR-MS: Calcd. for C19H»0,N5 [M+H]* 324.170 6,
Found: 324.169 6.
162 12N-ZRZHMESERR (6b) 1 OHAAE,
DMSO-dg) 6 8.49 (s, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.68
(d, J = 8.1 Hz, 1H), 7.50~7.27 (m, 5H), 7.13 (d, J =
7.2 Hz, 1H), 6.38 (d, J = 8.9 Hz, 1H), 6.25 (d, J = 6.7
Hz, 1H), 4.41 (d, J = 12.9 Hz, 1H), 4.26 (d, J = 12.6 Hz,
1H), 4.12 (d, J = 15.5 Hz, 1H), 3.77 (dd, J = 15.5, 6.3
Hz, 1H), 3.18 (m, 2H), 2.89 (s, 1H), 2.73 (s, 1H), 1.98
(s, 2H); *C NMR (126 MHz, DMSO-ds) 6 162.8, 156.2,
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150.8, 139.6, 136.0, 134.1, 130.2, 128.1, 126.1, 125.8

(2), 125.5, 124.1, 123.4, 116.2, 105.7, 51.3, 49.9, 49.2,

34.7, 27.5, 25.8; HR-MS:. Calcd. for Cy,H»O,N3 [M+
H]" 360.170 7, Found: 360.169 4 .

163 12N-3 5-Z“SFEABMESELR 6c) H
A, R 57%, #H:> 200 C. '"HNMR (500 MHz,
DMSO-dg) 6 8.70 (s, 1H), 7.37 (d, J = 1.8 Hz, 2H), 7.31
(dd, J = 8.9, 6.9 Hz, 1H), 7.08 (s, 1H), 6.16 (t, J = 8.4
Hz, 2H), 4.24 (d, J = 13.0 Hz, 1H), 4.10 (d, J = 12.3 Hz,
1H), 4.05 (d, J = 15.5 Hz, 1H), 3.68 (dd, J = 15.4, 6.3
Hz, 1H), 3.16 (d, J = 11.7 Hz, 2H), 3.10 (d, J = 15.6 Hz,
1H), 2.47 (s, 1H), 1.93 (s, 2H); *CNMR (126 MHz,
DMSO-dg) § 162.8, 155.2, 150.5, 143.5, 139.5, 134.2

(2), 121.3, 117.9 (2), 116.5, 105.4, 515, 50.4, 49.1,

345, 275, 25.7; HR-MS: Calcd. for CigH170,N5Cl»
[M+H]" 378.077 1, Found: 378.075 7.

164 12N-26-—_SAEEXRABMESERLR (6d)

MHz, DMSO-ds) & 7.58 (s, 1H), 7.34 (dd, J = 8.8, 7.0
Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 7.01 (d, J = 7.7 Hz,
2H), 6.25 (d, J = 8.9 Hz, 1H), 6.13 (d, J = 6.7 Hz, 1H),
433 (d, J = 12.9 Hz, 1H), 4.22 (d, J = 11.9 Hz, 1H),
3.92 (d, J = 15.6 Hz, 1H), 3.76 (dd, J = 15.5, 6.5 Hz,
1H), 3.09 (t, J = 14.6 Hz, 3H), 2.78~2.64 (m, 2H), 2.44
(s, 1H), 1.92 (s, 2H), 1.06 (d, J = 6.8 Hz, 3H), 1.00 (d, J =
6.7 Hz, 3H), 0.91 (dd, J = 15.1, 6.7 Hz, 6H); *CNMR
(126 MHz, DMSO-dg) J 162.9, 156.1, 150.9, 147.6,

147.4, 139.2, 134.4, 127.4, 123.1 (2), 116.5, 105.2, 50.7,
49.9, 49.3, 34.7, 28.3 (2), 27.5, 25.9, 24.3, 24.2, 24.1,

23.8; HR-MS: Calcd. for CyyH3,0,N; [M+H]* 394.2489,
Found: 394.2475.

165 12N-p-BmAKERFMBESELBH (6e) 1
A, YR 87%, 4 £ 184~186 C.*HNMR (500 MHz,
DMSO-dg) 6 8.39 (s, 1H), 7.31 (dd, J = 9.0, 6.9 Hz, 1H),
7.27~7.21 (m, 2H), 7.01 (t, J = 8.9 Hz, 2H), 6.21~
6.13 (m, 2H), 4.26 (d, J = 12.9 Hz, 1H), 411 (d, J =
12.7 Hz, 1H), 4.05 (d, J = 15.5 Hz, 1H), 3.69 (dd, J =
15.4, 6.4 Hz, 1H), 3.15~3.03 (m, 3H), 2.46 (s, 1H),

1.91 (s, 2H); ®*CNMR (151 MHz, DMSO-dg) J 162.6,
158.7, 157.1, 155.7, 150.6, 139.3, 137.0, 122.2, 116.2,

115.2, 115.0, 105.1, 51.2, 50.3, 48.9, 34.4, 27.4, 25.6;

HR-MS: Calcd. for CygH1g0,NsF [M+H]" 328.145 6,
Found: 328.146 7.

166 12N-2-BE-S-SERPEBESELR (6)

MHz, DMSO-dg) J 8.97 (s, 1H), 7.32 (dd, J = 8.8, 7.0
Hz, 1H), 7.14 (s, 2H), 6.81 (s, 1H), 6.20 (dd, J = 39.8,
7.8 Hz, 2H), 5.18 (s, 1H), 4.84 (d, J = 8.2 Hz, 1H), 4.15

(d, J = 15.4 Hz, 1H), 3.67 (dd, J = 15.4, 6.3 Hz, 1H),
3.38 (d, J = 12.8 Hz, 1H), 3.29~3.20 (m, 2H), 2.56 (s,
1H), 2.04 (d, J = 12.7 Hz, 1H), 1.93 (d, J = 12.6 Hz,
1H), 1.80 (s, 3H); ®*CNMR (151 MHz, DMSO-d) ¢
182.1, 162.7, 149.7, 141.5, 139.2, 135.5, 131.8, 129.9,
128.6, 126.5, 116.6, 105.4, 54.5, 53.7, 48.5, 35.1, 28.3,
25.9, 17.4; HR-MS: Calcd. for CigH00N5CIS [M+H]*
374.1088, Found: 374.109 1.
167 LN-p=@BEXEFEHESELBR (60)
FIE A, Y 79%, #5: > 200 ‘C. *HNMR (500
MHz, DMSO-dg) J 8.75 (s, 1H), 7.53 (d, J = 8.6 Hz,
2H), 7.48 (d, J = 8.6 Hz, 2H), 7.33~7.28 (m, 1H), 6.17
(t, J= 7.9 Hz, 2H), 4.29 (d, J = 12.9 Hz, 1H), 4.14 (d,
J = 12.2 Hz, 1H), 4.07 (d, J = 15.5 Hz, 1H), 3.69 (dd,
J=154, 6.4 Hz, 1H), 3.17~3.08 (m, 3H), 2.48 (s, 1H),
1.93 (s, 2H); *CNMR (126 MHz, DMSO-dg) 6 162.8,
155.4, 150.6, 144.8, 139.5 (2), 126.1 (2), 119.7 (3),
116.4, 105.3, 51.5, 50.5, 49.1, 34.5, 27.5, 25.7; HR-MS:
Calcd. for CigH150,NsF; [M+H]* 378.142 4, Found:
378.1422.
1.6.8 12N-m-Z KRR ESEEB (6h) [
DMSO-dg) 6 8.54 (s, 1H), 7.41 (s, 1H), 7.34~7.28 (m,
1H), 7.23~7.17 (m, 2H), 6.97 ~6.90 (m, 1H), 6.17 (dd,
J=11.9, 8.0 Hz, 2H), 4.26 (d, J = 12.9 Hz, 1H), 4.14~
4.03 (m, 2H), 3.69 (dd, J = 15.4, 6.4 Hz, 1H), 3.18~
3.06 (m, 3H), 2.47 (s, 1H), 1.92 (s, 2H); *CNMR (126
MHz, DMSO-dg) § 162.8, 155.5, 150.7, 142.5, 139.5,
133.2, 130.5, 122.0, 119.6, 118.5, 116.4, 105.3, 51.4,
50.4, 49.2, 345, 27.52, 25.74; HR-MS: Calcd. for
C1sH150,N3Cl [M+H]* 344.116 0, Found: 344.1157.
2 EYFEIE
2.1 PRINEFETEMENE

R e AR LA L6, AFESN L HepG2 8§,
REWi4H i 3T3 (MEMa +10% FBS+ 1% PIS), %4
Z Tt 2.0x10° /N4 kil 96 FLAR, SRS 5 ML,
BT T, 19E 24 h, B Iis 5 7R 3L YLk
8 h, SRJG, FEA — w4k B I 0 L7 K 7 2R 4
AREEALTE 24 h (BRI 25440 FE 24 h), P78 2 0 SR AL Bl
(1 A AR &, bRt LB AE R A PR A )
RN 75 55 35 v ) 4 0 T A . 4 ARV R R R R
B AR E R L R A R R A R
22 WL HKEDZEIEN

WA RErErE SD K, &H 3 R (HEME, A=
200~250 @), 4% kg5 25 25 mg-kg ™, AR
10 mL-kg'e ATEBNGART Lh NILE. A2
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P E S A 25 (0. 0.25. 05. 1. 1.5. 2. 4. 678
h £ FKHERESML 03 mL, HBIH
EDTA-K3 JNHTEERIA B0 b, 4 IRE SR G 5
A B LK o I HEAE i 876 WLV 7 AL B IS SR FH WA €
W B AN E, IR 2B S R T
], il 2 RE S AR J5 T 20 CUKAR TRAT -
23 BERENSINSRR

KR AR L6 4l i, 1% R AE =27t 1.0x10° /M4
L%l 6 FLAR, 357% 48 h 5 BILA A E 90% LA I,
2% FBS SR, #eLif o 4 kX, W
R — IR RGeS B R YR, 5 =R
INZALEE, 24 h J5USKE. Western blot 43 #7 Glutd
p-AMPK K i& /K172 4k

BB PR T o [ 2 2 B 2 T
FE 4 B e QoW 5, 8 20 T e e G 2 2 i G 24 2
WA FE T 2057 R o 5
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