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Abstract: Three tricyclic [6,5,7] and six tetracyclic [6,5,5,5] novel indole alkaloids were synthesized and

evaluated on triglyceride inhibitory activities for the first time. Among them, compound 4¢ showed the most potent

activity with IC,, value of 6.35 pmol-L". Meanwhile, compound 4c also exhibited a good safety profile at the

cellular level. Preliminary mechanism study indicated that 4¢ might increase intracellular lipid metabolism by

activating AMPK. These results provide a novel family of lead compounds for the discovery of anti-NAFLD

candidates.
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Scheme 1  Synthetic route of target compounds 4a—4¢. Reagent and conditions: (a) K,CO,, CH,Cl,, 1-3 h; (b) K,CO,, CH,Cl,, 2-6 h; (c) 1)
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(b) MeOH, NaOH, 70 °C, 2 h; (c) Eaton reagent, 45 °C, 0.5-3 h
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Table 1 Physical properties and spectra data of all synthesized compounds
. 'H NMR C NMR HR-ESI-MS
Compd. Yield/%  mp/°C
(600 MHz, DMSO-d,) & (151 MHz, DMSO-d,) miz

4a 40 148-150  11.34 (s, 1H), 7.64 (d, J= 7.8 Hz, 1H), 7.41 (d,J=8.4 Hz, 194.7,138.7,137.1,132.2, C,HN,O
1H), 7.36-7.23 (m, 6H), 7.06 (t, J= 7.8 Hz, 1H), 3.85 (s, 1283 (2), 128.1 (2), 126.9, [M+H]": 291.149 2
2H), 3.74 (s, 2H), 3.24 (t, /= 5.4 Hz, 2H), 3.16 (t, J = 126.9, 125.9, 122.4,121.2, Found: 291.149 3.
5.4 Hz, 2H). 119.4,112.4, 65.3,57.0, 51.4,

25.3.

4b 55 135-137  11.33 (s, 1H), 7.65 (dd, J= 7.8, 1.2 Hz, 1H), 7.41 (dt, J = 194.75, 158.20, 137.04, 132.17, C,H,N,0O,
8.4, 1.2 Hz, 1H), 7.32-3.27 (m, 1H), 7.27-7.22 (m, 2H), 130.44, 129.53 (2), 126.91, [M+H]": 321.159 8
7.06 (ddd, J = 8.4, 6.6, 1.2 Hz, 1H), 6.92-6.86 (m, 2H), 125.90, 122.41, 121.15, 119.34, Found: 321.160 6.
3.78 (s, 2H), 3.73 (d, J = 13.2 Hz, SH), 3.22 (t, J= 5.4 Hz,  113.51 (2), 112.35, 65.16,
2H), 3.18-3.12 (m, 2H). 56.49, 54.84,51.27,25.31.

4c 38 154-156  11.46 (s, 1H), 7.72-7.64 (m, 3H), 7.39 (d, J= 8.4 Hz, 1H),  189.9, 143.4, 137.3, 136.0, C,,HN,O,S
7.36-7.29 (m, 3H), 7.09-7.05 (m, 1H), 4.28 (s, 2H), 4.03  131.4,129.8 (2), 126.7, 126.6  [M+H]": 355.111 1
(q,J=7.2Hz, 1H), 3.73 (d, J= 6.0 Hz, 2H), 2.33 (s, 3H), (2), 126.4,121.6,121.2, 119.8,  Found: 355.111 3.
1.98 (s, 1H). 112.5,57.0,47.2, 26.6, 20.9.

Ta 38 83-85 7.34-7.20 (m, 3H), 7.11 (t, J=7.2 Hz, 1H), 5.71 (d, J = 177.5, 140.9, 135.9, 127.6, C,H,,N,O
6.6 Hz, 1H), 3.92-3.69 (m, 2H), 3.24 (d,J = 15.9 Hz, 1H),  125.0, 124.5, 113.5, 88.3, 58.6, [M+H]": 201.102 2
3.05 (t,J= 7.8 Hz, 1H), 2.24-2.13 (m, 1H), 2.07 (s, IH),  51.5,43.4,32.8. Found: 201.101 9.
1.74 (dd, J=12.6, 5.4 Hz, 1H).

7b 28 105-107  7.31(t,J=7.2Hz, 1H), 7.27-7.20 (m, 2H), 7.13-7.07 (m, ~ 180.8, 141.3,136.5, 128.1, C,H ,N,O
1H), 5.86 (d, J= 7.2 Hz, 1H), 3.78 (q, J = 14.4, 7.8 Hz, 125.4, 125.0, 114.0, 86.3, 66.4, [M+H]": 215.117 9
1H), 3.41 (t, /= 7.2 Hz, 1H), 3.04 (dd, /= 9.0, 6.6 Hz, 51.9,43.4,33.0, 15.2. Found: 215.118 2.
1H), 2.18-2.05 (m, 2H), 1.76-1.71 (m, 1H), 1.38 (d, /=
7.2 Hz, 3H).

Te 25 119-121  7.31(dq,J=7.3,0.9 Hz, 1H), 7.28-7.19 (m, 2H), 7.10 (td,  181.8, 141.4,135.9, 127.7, C, H N0
J=173,14Hz 1H),582(d,J="7.1Hz, 1H),3.78 (t, J=  125.1, 124.6, 113.8, 84.0, 67.8, [M+H]":229.133 5
7.9 Hz, 1H), 2.87 (dd, J=9.3, 6.2 Hz, 1H), 2.19-2.09 (m, 47.2,42.9,32.8,23.1,20.1. Found: 229.132 7.
1H), 2.08-1.97 (m, 1H), 1.75 (dd, J= 12.4, 5.1 Hz, 1H),
1.43 (s, 3H), 1.18 (s, 3H).

7d 47 110-112  7.58 (d,J=7.2 Hz, 2H), 7.42 (t,J = 7.7 Hz, 2H), 7.36~ 177.9, 140.9, 136.2, 135.1, CH N,O
7.32 (m, 2H), 7.30 (d, /= 7.2 Hz, 1H), 7.27-7.23 (m, 1H),  128.5(2), 127.9, 127.5, 126.1  [M+H]": 277.133 5
7.16-7.10 (m, 1H), 5.78 (d, J = 7.2 Hz, 1H), 4.67 (s, 1H), (2),125.2,125.0, 114.0, 86.6, Found: 277.133 1.
3.83 (t,J= 7.8 Hz, 1H), 3.27 (dd, J = 9.6, 6.6 Hz, 1H), 72.7,52.0, 43.5, 32.6.
2.40-2.32 (m, 1H), 2.30-2.21 (m, 1H), 1.83 (dd, J = 12.6,
5.4 Hz, 1H).

7e 32 123-125  7.17(d,J =84 Hz, 1H), 6.92 (d,J=3.0 Hz, 1H), 6.78 (dd, 177.3, 156.6, 137.4, 134.3, C,,H,N,0,
J=8.4,3.0Hz, 1H), 5.68 (d,J=6.6 Hz, 1H), 3.81 (d, J = 113.9,112.3,110.9, 88.7, 58.4, [M+H]:231.1128
16.2 Hz, 1H), 3.75-3.73 (m, 1H), 3.72 (s, 3H), 3.18 (d, J=  55.0, 51.5, 43.5, 32.5. Found: 231.113 1.
16.0 Hz, 1H), 3.02 (dd, J = 9.6, 6.6 Hz, 1H), 2.20-2.10 (m,
1H), 2.07-1.96 (m, 1H), 1.76 (dd, J = 12.6, 5.4 Hz, 1H).

7t 25 174-176  7.47-7.37 (m, 1H), 7.34-7.18 (m, 2H), 5.71 (d, J=6.6 Hz,  178.5, 140.7, 139.2, 129.0, C,H, N,0ClI

1H), 3.85 (d, J = 16.2 Hz, 1H), 3.80 (t, J = 8.4 Hz, 1H),
3.24 (d,J = 16.2 Hz, 1H), 3.04 (dd, J = 9.6, 6.6 Hz, 1H),
2.20-2.11 (m, 1H), 2.06-1.99 (m, 1H), 1.78 (dd, J = 12.6,
5.2 Hz, 1H).

128.3, 126.0, 115.4,89.4, 59.2,
52.2,44.2,33.5.

[M+H]": 235.063 3
Found: 235.063 1.
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Table 2 Crystal data and structure refinement statistics of compound 7d

Parameter Value Parameter Value
Temperature/K 293 (2) wmm 0.653
Crystal system Monoclinic F (000) 584.0
Space group P2,/n Radiation CuKa (A =1.541 84)
alA 10.4109 (4) 20 range for data collection/® 9.96 to 133.48
b/A 8.588 1 (3) Index ranges -12<h<11,-10<sk<9,-18<1< 18
c/A 15.642 0 (6) Reflections collected 7709
al® 90.00 Independent reflections 2467 [R,,=0.028 6, R e = 0.023 3]
pr° 93.023 (3) Data/restraints/parameters 2 467/0/191
y/° 90.00 Goodness-of-fit on F* 1.088
Pou/g om” 1.314
H H H
Eaton reagent R=benzyl
N N N L N2
%o &o KFO (" OH
1 HO I| HO n Ho ™ I -
v R=H l =H:2
)
NT N bt2=N =N (P NH 1Y
A% ol T
9 O35 on HO 0
Ta \% 8 v v 4a

Figure 2 Possible synthetic mechanism of compounds 4a and 7a mediated by Eaton reagent

Table 3  Structures and anti-triglyceride activities of all the target compounds. “Concentration of all compounds is 20 pmol-L™ (n = 3).

bICSO: 50% inhibitory concentration (means + SD of three experiments). “‘Used as a positive control

e O

(0] & R3
4a—4c Ta-T7f
Compd. R R, R, TG inhibition rate’ (%) IC./ umol-L"!
4a Benzyl H 32.6+14.1 -
4b p-Methoxybenzyl - H 32+2095 -
4c’ p-Tosyl - H 64.1 £4.6 6.35 £ 4.00
7a - H H 20.8 £6.1 -
7b - H CH, 16.0+5.5 -
Te - H (CH,), 85+1.6 -
7d - H C.H, 31.7+£2.6 -
7e’ - OCH, H 537479 17.67 +2.51
7t - Cl H 17.3+8.3 -
Fenofibrate* 50.3+6.2 7.94 +3.79

WO 2L RGP AR T A ) de F1 Te it 5 RIS TN

TIC, ME I sE, HAMEH TG M IC, 4 M N 635+ 51 WAHdcFn7e RZEMETM 1 56 ADMET
4.00 pmol-L' A1 17.67 +2.51 pmol-L", J 84T F —2E % Predictor 9.5 F X5 3if VE AL & 4 4e FT 7e 1YW YSC A 4
NIV R R AT LD B2 T IR T 4 (R 4). Hh,
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2 B K K R B (Absn Risk) A8 3P 5 XU RS 2 %
(CYP Risk) F1E A 1 WU 740 (Mut Risk) WAL E
VIR ST AU 1 DT % B R AR, T 23 ADMET Risk
XA A PIHEAT 42 05 T IR ZG VR T  45 5 BoR, 4e F
Te R FI0I 43 8 35 78 B A B 08 116 30 B Y, 47 I
e B RIS .

Table 4 ADMET prediction results of 4¢ and 7e. “Absn risk
(evaluation of absorption properties of compounds), suggested
values: < 3.5. °CYP risk (evaluation of metabolic properties of
compounds), suggested values: < 2.5. ‘Mut risk (evaluation of
mutagenicity of compounds), suggested values: < 1. "ADMET risk
(evaluation of medicinal properties of compounds), suggested

values: < 7.5

Compd.  Absnrisk®  CYP risk® Mut risk®  ADMET risk’
4c 1 0.006 0.6 2.006
Te 0 0.261 0.9 0.261

52 EYI4cTTe MESIEMEME TR WA
TETEACE AT T AN EE TS PR VRA o 20 ) e BN S
HepG2 40 i N IEH B b B 41 H 293 T J AR N 44 & 24
il Vero, Ml %€ T 4¢ Fl 7e MO B 1 . &5 SR AnZE S BT
7~ G 4e I CCL fH 3% KT 400 pmol L™, 7e ] CC,,
E KT 300 pmol L, $& 75 1 4 35 B A 15 U 1) 4 ik 22
AVE, e IR FEVEFE 2L (selection index, SI = CC,/IC,,)
KT 63, Te 1) SIH A 21, Hor de s 54 1) 22 A 1,
1 AR S W AT VR FIILRI IR

Table 5 Cytotoxicities of the target compounds

CC,,/umol-L"!
Compd.
HepG2 293T cell Vero cell
4c > 400 > 400 > 400
Te 373.3+2.55 334.8 +£46.33 > 400

6 METGHHEIVIZRER
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Figure 3 AMPK activation activity of 4c. A: Compound 4¢ concentrations of 0, 0.625, 1.25, 2.5, 5 and 10 umol-L" respectively. The histo-

grams are representatives of independent Western blots experiments, and the quantitative results are expressed as their mean = SD (n = 3).

Statistical significant differences compared with vehicle control are indicated by ~""P < 0.001. B: Compound 4¢ concentration of 10 pmol-L™

and time of 1, 3, 6, 12 and 24 h respectively. The histograms are representatives of independent Western blots experiments, and the quantita-

tive results are expressed as their mean = SD (n = 3). Statistical significant differences compared with vehicle control are indicated by ~"P <

0.001. C: i: HepG2 cells were left untreated or treated with OA or OA+4c. ii: HepG2 cells were pretreated with dorsomorphin; then the cells

were again left untreated or treated with OA or OA+4ec as indicated. (4¢ 10 pmol-L™; dorsomorphin 5 pmol-L™")
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