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1. General Information

All commercially available reagents were used without purification unless otherwise fdted.
starting materials A were synthesized according to the previous litefzfuFée informationof some
commercially availableeagentss as follows Pd,(dba) (98%, LOT: BD21135)Azetidin-2-one (97%,

LOT: BD71042) Xantaphos (98%, LOT: BD18689)Cul (99.68%, LOT: BD122226)and
TransN1,N2Dimethylcyclohexand,2-diamine (96%, LOT: BD10761)were purchased from
Shanghai Bepharm Scienc&&chnology Co.,LtdCs$CO;(98%, LOT: P1628564) wagsurchased from
Damasbeta.Column chromatography was performed using silica gel (2800 mesh)Visualization

of the compounds was accomplished with UV light (254 nm) or iodi&MR and**C NMR spectra

were recorded in CDgbperating at 400 MHz and 100 MHz, respectively. Proton chemical shifts are
reported relative to the residual proton signals of the deuterated solvent @G¥6Ippm) or TMS.
Carbon chemical shifts were internally referentedhe deuterated solvent signals in CP(7.10
ppm). Chemical shifts are reported Janeraport¢dpnart s per
Hz. Proton coupling patterns were described as singlet (s), doublet (d), triplet (t), quarted(q), an
multiple (m). High - resolution mass spectra were recorded on a Liquid Chromatograph Mass

Spectrometer (LCMSIT - TOF).

2. General Procedurefor Preparation of Substrateand Characterization Data

General ProcedureA

Pd,(dba)s (1.0 mol%) r2fl N—R3
Xantaphos (3.0 mol%)

[ R? N R’
= Cs,CO0; (1.4 equiv) =
N . 0 $2403 q
= R’ = 1,4-dioxane (2.0 mL) o\
o\ y 100 °C, 36 h EN
Br

In a golvebox charge al0 mL oven dried sealedtube with Pd(dba) (9.2 mg,1.0 mol%), Xantphos
(17.4 mg, 30 mol %), A (1.0 mmo), 2-azetidinone 144 mg, 2.0 mmol) and CsCO; (460 mg, 1.4
equiv) in anhydrousl,4-dioxane(2.0 mL). Then reaction tube was taken out aticdced at 100°C for
36 h.The solvent was remodaundervacuum Purified by Slica gel columnchromatography eluting

with ethyl acetate/petroleum ether
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General ProcedureB

Q Rz;\ N_R3

relT TN s H —NH HN— L A~N
Z~N L. (ko (30.0 mmol%) ==\ R
—XR Cul (20.0 mol%) o\ y
o N\ s KoCO3 (2.0 equiv) N
Br 1,4-dioxane (2.0 mL) E§
125°C, 48 h 0
A B

A (1.0 mmol), Cul B8.1 mg, 02 mmol), K.CO; (276.4 mg, 2.0 mmol), N, N -
dimethylcyclohexand,2-diamine @7.4 L, 0.3 mmol), 2-azetidinone 144 mg, 2.0 mmol) and
1,4-dioxane(2.0 mL) were chargedo an oven dried 25 mL sealed tubenderargon atmospherdfter
being heated at 12% for 2 days,the solvent was remoudaindervacuum The residue was purified

throughsilica gelcolumnchromatographgluting with ethyl acetate/petroleum etherfurnishB.

1-(2-(2-M ethyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S1)
m The compound was synthesizadcording tahe procedureA. Purified bysilica
N

//\,\Q gel columnchromatographyEtOAc/petroleum etherl:5) affordedS1 (231 mg,
0]

\ 76%) adight yellow solid *H NMR (400 MHz,CDCl,) &1 7.77 (dd J = 8.2, 1.1
o Hz, 1H), 7.55 (ddd) = 8.4, 7.4, 1.6 Hz, 1H), 7.44 (ddi= 7.7, 1.4 Hz, 1H), 7.40
(dd,J = 7.8, 1.5 Hz, 1H), 7.2 7.13 (m, 3H), 7.05ddd, J = 7.7, 7.2, 1.3 Hz, 1H), 6.40 (s, 1H), 3.52
(dd,J = 5.7, 3.3 Hz, 1H), 3.28 (dd,= 5.9, 3.2 Hz 1H), 3.02i 2.84 (m, 2H), 2.37¢ 3H). °C NMR
(100 MHz, CDCly) Ui 167.7, 1653, 1382, 1369, 1358, 1322, 129.8, 129.5, 126.4, 124.1234, 123.1
1206, 119.8, 114.8, 109.7, 4).367, 165. HRMS m/z (ESI): Calculated for GH1sN,O, (IM+H]*):

305.1285found 305.1287.

1-(5-Methyl-2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S2)

m The compound was synthesizadcording tothe procedureA. Purified by
" silica gel columrchromatographyEtOAc/petroleum etherl:5) affordedS2
O):Q\ (232 mg, 73%) afight yellow solid *H NMR (400 MHz, CDC}) 11 7.61 (s,
E\) 1H), 7.47 (dJ = 7.6 Hz, 1H), 7.31 (d) = 7.9 Hz, 1H), 7.24 7.14 (m, 2H),

7.121 7.00 (m, 2H), 6.42 (s, 1H), B5 3.51(m, 1H), 3.36 3.22 (m, 1H), 2.93dd, J = 12.9, 4.6 Hz,

2H), 2.46 (s, 3H), 24(s, 3H).*C NMR (1 MHz, CDCL,) &1 167.8, 165.3, 143, 138.2, 136.9, 138,
4 /99



129.8,129.7, 125.6, 129, 1232 (X 2), 1211, 1198, 1147, 1094, 40.6, 36.6, 2T, 164. HRMS m/z

(ESI): Calculated for GH1gN,0; ([M+H]*): 319.1441found 319.1442.

1-(5-M ethoxy-2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S3)

m The compound was synthesizadcording tathe procedureA. Purified by
N

)\Q\ y silica gel columnchromatography{EtOAcd/petroleum etherl:5) afforded
) 0
S3 (114 mg, 34%) as orangelid. '"H NMR (400MHz, CDCk) ii 7.47 (d,J

N
E\) = 7.6 Hz, 1H), 7.39 (d) = 2.4 Hz, 1H), 7.35 (d) = 8.7 Hz, 1H), 7.24
7.13 (m, 2H), 7.07 (ddd] = 8.4, 6.9, 1.3 Hz, 1H), 6.75 (dd= 8.7, 2.5 Hz, 1H), 6.42 (s, 1H), 3.91 (s,
3H), 3.52 (tdJ = 5.9, 3.4 Hz, 1H), 3.30 (td,= 6.0, 3.3 Hz, 1H), 2.95 (dddd= 13.3, 9.5, 5.8, 3.2 Hz,
2H), 2.44 6, 3H).**C NMR (100 MHz, CDCly) U1 1674, 1655, 1628, 138.3, 137.9, 136.9, 18].129.7,
123.04, 123.01 1198, 118.8, 114, 110.7, 109, 105.6, 55, 409, 367, 16.2. HRMS m/z (ESI):

Calculated for GoH1gN,O5 ([M+H] *): 335.1390found 335.1395.

1-(5-Chloro-2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S4)

m The compound was synthesizadcording tothe procedureA. Purified by
N)\Q\CI silica gel columnchromatographyEtOAcd/petroleum ether1:5) afforded
© N $4 (122 mg, 36%) agellow oil. '"H NMR (400 MHz, CDC}) t17.89 (d,J =

Ro 2.0 Hz, 1H), 7.53 7.44 (m, 1H), 7.34 (dJ = 8.3 Hz, 1H), 7.30 7.21 (m,

2H), 7.19 (dJ = 1.7 Hz, 1H), 7.11 (ddd} = 8.5, 7.2, 1.3 Hz, 1H), 6.44,(1H), 3.54 (td) = 5.8, 3.6 Hz,
1H), 3.35 (tdJ = 5.9, 3.4 Hz, 1H), 3.11 2.86 (m, 2H), 2.405 3H). **C NMR (1M MHz, CDCL) i
166.7, 1653, 138.1, 137.9, 136, 136.8,130.7, 129, 124.6, 124, 123.5%}, 123.49 120.4, 20.Q
114.7, 110.0, 40.8, 36.9, B5HRMS m/z (ESI): Calculated for GHsCIN,O, ([M+H]"): 339.0895,

found 339.0898.

1-(5-Fluoro-2-(2-methyl-1H-indene-1-carbonyl)phenyl)azetidin-2-one (S5)

m The compound was synthesizadcording tothe procedureA. Purified by
N}\Q\ silica gel columrchromatographyEtOAcd/petroleum etherl:5) affordedS5
° N ] (242 mg, 75%) as hite solid. *H NMR (400 MHz,CDCly) ti 7.67 (dd,J =
=
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10.2, 2.5 Hz, 1H), 7.58 7.45 (m, 1H), 7.39 (dd] = 8.7, 6.0 Hz, 1H), 7.25 7.16 (m, 2H), 7.16 7.04
(m, 1H), 6.98 6.85 (m, 1H), 6.44 (s, 1H), 3.53 (t#l= 5.9, 3.7 Hz, 1H), 3.37 (td,= 5.9, 37 Hz, 1H),
3.00 (dd,J = 59, 5.9Hz, 2H), 2.40 ¢ 3H). *°C NMR (10 MHz, CDCl) U1 1668, 165.4, 18.6 (d,J =
251.5 Hz) 138.0, 1379 (d,J = 11.5 Hz) 136.8, 1317 (d, J = 10.0 Hz), 129.8, 1238, 123.45122.0(d,
J = 3.2 Hz) 1147, 111.7 (d,J = 22.2 Hz), 109.9, 108.(d, J = 26.1 Hz), 41.0, 37.0, 1%.'%F NMR
(376 MHz,CDCly)  -(89.59 112.19 (m). HRMS m/z (ESI): Calculated for GH1sFN,O, (IM+H]*):

323.1190found 323.1193.

1-(4-M ethyl-2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S6)
The compound was synthesizedcording tothe procedureB. Purified by
silica gel columnchromatography{EtOAc/petroleum etherl:5) afforded S6

(172 mg, 54%) a®lumsolid. *H NMR (400 MHz,CDCl,) Ui 7.65 (d,J = 8.3

Hz, 1H), 7.52i 7.43 (m, 1H), 7.38 (dd] = 8.5, 2.1 Hz, 1H), 7.25 (d = 2.1
Hz, 1H), 7.23 7.13 (m, 2H), 7.08ddd, J = 82, 7.2 1.3 Hz, 1H), 6.8 (s, 1H),
3.50 (td,J = 5.8, 3.3 Hz, 1H), 3.22 (df,= 6.1, 3.1 Hz, 1H), 2.90 (ddd,= 16.1,5.6, 3.6 Hz, 2H), 2.40
(s, 3H), 2.37 (s, 3H)*C NMR (10 MHz, CDCly) i 1679, 165.1, 138, 1369, 134.8, 133, 132.8,
129.8, 1297, 1267, 12329, 123.25 120.8, 11®, 114.7, 10%, 406, 366, 208, 16.4. HRMS m/z

(ESI): Calculated for GH1gN,0; (M+H]*): 319.1441found 319.1441.

1-(2-(2-M ethyl-1H-indole-1-carbonyl)-4-(trifluoromethyl)phenyl)azetidin -2-one (S7)

m The compound was synthesized according topiteeedureA. Purified by

N CF3

)\Q silica gel column chromatography (EtOAc/petroleum ethes) affordedS7
O

N (78 mg, 21%) asight yellow solid. '"H NMR (400 MHz,CDCly) 11 8.06 (d,J
E§o = 8.5 Hz, 1H), 7.77 (dd] = 8.8, 2.1 Hz, 1H), 7.63 (d,= 2.1 Hz, 1H), 7.46
(d,J= 7.6 Hz, 1H), 7.32 (dJ = 8.3 Hz, 1H), 7.21ddd, J = 8.4,7.4,1.4 Hz,1H), 7.16i 7.07 (m, 1H),
6.44 (s, 1H), 3.56td, J = 5.5 Hz,3.3 Hz 1H), 339 (td, J = 5.3, 3.1 Hz1H), 3.0 i 2.96(m, 2H), 2.31
(s, 3H)."*C NMR (10 MHz, CDCl) 11 1663, 1655, 13850, 138.491375, 136.8, 129.9, 128.%(J =

3.6 Hz),127.0 (q,J = 3.1 Hz)1266 (q, J = 4.0Hz), 1262 (g, J = 33.9 Hz), 123.9q, J = 2.9 Hz) 123.4
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q, J = 272.4 Hz)1205, 1201, 114.9, 11@®, 40.9, 372, 16.7. z,CDCly) -62.27.
J = 272.4 Hz)1205, 1201, 114.9, 11@®, 40.9, 372, 16.7.2F NMR (376 MHz,CDCI ap.27

HRMS m/z (ES): Calculated for GgH:sFsN,0, ([M+H]*): 373.1158found 373.1160.

1-(4-Chloro-2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S8)

m The compound was synthesizadcording tothe procedureB. Purified by
N Cl' silica gel columnchromatographyEtOAcd/petroleum etherl:5) afforded S8
O)\Q (91 mg, 27%) agellow oil. '"H NMR (400 MHz,CDCl,) &1 7.81 (d,J = 8.8 Hz,
r_l 1H), 7.50 (ddJ = 8.8, 2.4 Hz, 1H), 7.48 7.43 (m, 1H), 7.37 (d] = 2.4 Hz,

1H),7.25 (d,J = 2.1 Hz, 1H)7.20 @dd, J=8.3,7.5, 1.1 Hz, 1H), 7.10 (ddd,

=8.4, 7.2, 1.3 Hz, 1H), 85 (s, 1H), 3.50 (tdJ = 5.9, 3.6 Hz, 1H), 3.29 (td,= 5.9, 3.4 Hz, 1H), 2.95

(ddd,J = 9.3, 5.5, 3.7 Hz, 2H), 2.36,(3H).**C NMR (10 MHz, CDCl,) ii 1662, 165.2, 138, 136.7,

134.3, 132.0, 129, 129.8129.0, 127.4, 1232, 123.67 122.0, 120.0, 114.8, 110.3, 46, 36.9, 166.

HRMS m/z (ESI): Calculated for GH1sCIN,O, ([M+H]"): 339.0895found 339.0894.

1-(4-Fluoro-2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S9)
m The compound was synthesizactording tahe procedureA. Purified bysilica
N F

)\Q gel columnchromatographyEtOAc/petroleum etherl:5) affordedS9 (196 mg,
© \ 61%) asyellow solid. *H NMR (400 MHz,CDCly) ti 7.74 (dd,J = 9.0, 4.7 Hz,
Ro 1H), 745 (d, J = 7.5 Hz 1H), 7.32i 7.23 (m, 1H), 7.23 7.12 (m,2H), 7.14
(dd, J = 8.1 Hz, 2.9 Hz1H), 7.107 7.05 (m, 1H),6.42 (s, 1H), 3.49 (tdJ = 5.7, 3.1 Hz, 1H), 3.20d,
J=57,3.1Hz, 1H), 3.01i 2.80 (m, 2H), 2.385 3H).*C NMR (1 MHz, CDCL) i 1662, 165.1,
159.0 (d,J = 247.7 Hz), 137.9, 136.7, 132d, J = 3.2 Hz), 129, 128.1 (dJ = 6.5 Hz), 123, 123.5,
122.9 (d,J = 7.9 Hz), 20.Q 119.2 (dJ = 22.5 Hz), 116.1 (d] = 24.2 Hz), 114, 1102, 409, 36.8,
164. *F NMR (376 MHz,CDCl) i -115.60 (ddJ = 7.9, 4.6 Hz)HRMS m/z (ESI): Calculated for

CigH1sFNO, ([M+H] ): 323.1190found 323.1191.

1-(3-M ethoxy-2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S10)

m The compound was synthesizaccording tahe procedureA. Purified bysilica

N o gel columnchromatographyEtOAc/petroleum etherl:5) affordedS10 (267 mg,
e

N
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80%) white solid. 'H NMR (400 MHz,CDCly) 1 7.56 (d,J = 8.9 Hz, 1H), 7.45 (@d, J=8.4,7.6, 1.0
Hz, 1H), 7.21 7.02 (m, 4 H), 6.97 (d] = 2.9 Hz, 1H), 6.404 1H), 3.80 (s, 3H), 3.43d,J=5.2, 3.1
Hz 1H), 3.03 {d, J= 5.2 3.1Hz, 1H), 2.94i 2.71 (m, 2H), 2.40< 3H).*C NMR (10 MHz, CDCl,)
0167.4, 1651, 1569, 138.3, 136, 129.8, 128.9, 128.5, 128.1233, 123.0, 119.8, 118.4, 114.6, 113.7,
109.6, 55.8, 4@, 366, 16.3.HRMS m/z (ESI): Calculated for GH:gN,Os ([M+H]"): 335.1390found

335.1389.

1-(3-Fluoro-2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S11)

m The compound was synthesizaccording tahe procedureA. Purified bysilica
N; Fi gel columnchromatographyEtOAc/petroleum etherl:5) affordedS11 (219 mg,
OEN% 68%) as jnk solid. '"H NMR (400 MHz,CDCl;) i 8.05 (d,J = 1.6 Hz, 1H), 7.50

o)
i 7.33 (m, 3H), 7.20 (dJ = 8.4 Hz, 1H), 7.12ddd, J = 8.3,7.4, 1.0 Hz, 1H),

7.02 (dddJ = 8.4, 7.2, 1.3 Hz, 1H), 664(s, 1H), 3.50 (td,) = 5.8, 3.7 Hz, 1H), 3.32 (td,= 5.8, 3.6 Hz,
1H), 3.107 2.99 (m, 2H), 2.26 (s, 3H)**C NMR (10 MHz, CDCly) U 166.4, 1653, 1377, 1368,
136.1, 133 (d, J = 33.2 Hz), 129.9 (d] = 21.7 Hz), 128.7, 128.(d, J = 5.8 Hz),123.2 (d,J = 273.5
Hz), 121.0,120.8 (d,J = 7.7 Hz), 1201, 117.3 (dJ = 4.0 Hz), 114.9, 110.5, 40.8, 37167. F NMR
(376 MHz, CDCl) U -63.07.HRMS m/z (ESI): Calculated for GH1sFN,O, ([M+H]™): 323.1190,

found 323.1193.

1-(2-(5-M ethoxy-2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S12)

/Om The compound was synthesizaccording tathe procedureA. Purified by
N silica gel columnchromatographyfEtOAd/petroleum etherl:5) afforded
O//\\Q S12 (254 mg, 76%) asajdenrod solid. *H NMR (400 MHz,CDCl;) 11 7.84
r—lo (d, J = 8.3Hz, 1H), 756 (ddd, J = 8.5,7.6, 1.0 Hz 1H), 7.41 (dd,) = 7.7,

1.6 Hz, 1H), 7.24ddd, J=8.47.6, 1.1 Hz, 1H), 7.17 (dl = 9.1 Hz, 1H),
6.95 (d,J = 2.6 Hz, 1H), 6.70 (dd] = 9.0, 2.6 Hz, 1H), 66(s, 1H), 3.84 (s, 3H), 3.55 (td,= 5.8, 35
Hz, 1H), 3.33 (tdJ = 5.8, 3.3 Hz, 1H), 3.05 2.87 (dddJ = 9.7, 5.6, 3.6 Hz, 2H), 2.34 (s, 3HJC

NMR (100 MHz, CDCl,) 1 167.4, 165.3, 156.3, 138.1357, 132.0, 131.5, 13(®, 1294, 126.3, 124.6,
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12086, 115.7, 111.4, 109.9, 182556, 40.6,36.7, 166. HRMS m/z (ESTI): Calculated for GoH1gN,03

([M+H]): 335.1390found 335.1393.

1-(4,5-Difluoro -2-(2-methyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S13)
m The compound was synthesizadcording tothe procedureA. Purified by
oN)\QiF silica gel columnchromatography{EtOAdpetroleum etherl:5) afforded S13
[l (207 mg, 61%) asdht yellow solid. *H NMR (400 MHz,CDCly) 1i7.79 ¢d,J =
11.4, 7.0 Hz, 1H), 7.47 (d,= 7.7 Hz, 1H), 7.25 7.14 (m, 3H), 7.10 (ddd] =
8.3, 7.1, 1.3 Hz, 1H), 84 (s, 1H), 3.47 (tdJ = 5.9, 3.5 Hz, 1H), 3.28 (td, = 5.9, 3.3 Hz, 1H), 2.96
(ddd,J = 10.5, 5.5, 3.6 Hz, 2H), 2.38,(3H).*C NMR (100MHz, CDCk) {1 165.4, 165.3, 152.1 (dd,
= 255.2, 13.3 Hz), 146.7 (dd,= 250.0, 13.1 Hz), 137.8, 136.6, 133.0 (dd; 82, 4.1 Hz), 129.9,
123.8, 123.7,122.2 (1J = 8.8,3.6 Hz), 120.1, 118.3 (dd} = 193, 2.1 Hz), 114.5, 110.@ld, J=19.6
2.5Hz), 110.1, 41.2, 37.1, 16.48°F NMR (376 MHz,CDCl) 1i-129.19 (ddd,) = 22.2, 11.4, 8.1 Hz),
-139.92 (ddd,J = 22.2, 9.7, 6.9 Hz)HRMS m/z (ESI): Calculated for GH14F,N,0, ([M+H]"):

341.1096found 341.1099.

1-(2-(2-M ethyl-1H-indole-1-carbonyl)thiophen-3-yl)azetidin-2-one (S4)

m The compound was synthesizactording taheprocedureA. Purified bysilica
N

{

O gel columnchromatographyEtOAc/petroleum etherl:5) affordedS14 (96 mg,

w\Z

© 31%) asight yellow solid. *H NMR (400 MHz,CDCl,) @i 7.73 (d,J = 5.3 Hz,

1H), 7.56 (d,J = 5.4 Hz, 1H), 7.46 (d) = 7.7 Hz, 1H), 7.21 7.03 (m, 3H), 6.42 (s, 1HB.44 i 3.35
(m, 2H), 3.0L i 2.9 (m, 2H), 2.48 (s, 3H)**C NMR (10 MHz, CDCly) i 1648, 161.4, 13, 1378,
1367, 131.7, 129.4, 120, 122.9,122.4, 0.0 118.3, 113.6, 108.7, 41.7, 37.6, 15HRMS m/z

(ESI): Calculated for gH1,N,0,S ([M+H] *): 311.0849 found 31..0850

1-(2-(2-Phenyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (Sb)

mph The compound was synthesizaccording tahe procedureA. Purified bysilica gel
N
O//\'\Q columnchromatographyEtOAcd/petroleum etherl:5) affordedS15 (274 mg, 75%)

E’L as Ight yellow solid. *H NMR (400 MHz, CDC)) t dd,.J ¢ 4.3, 3.7 Hz, 1H),
o)
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7.63 (dd,J = 5.9, 3.1 Hz, 1H), 7.58 (dd,= 8.3, 1.1 Hz, 1H), 7.4R 7.29 (m, 4H), 7.27 (d] = 2.1 Hz,
2H), 7.22i 7.13 (m, 3H), 6.99 (dd] = 7.6, 1.1 Hz, 1H), 6.72 (s, 1H), 3.50 (s, 2H), 2.98 &,4.7 Hz,
2H). °C NMR (100MHz, CDCk) & 167.8, 165.3, 141.2, 138.0, 136.
128.8, 127.9, 127.7, 125.7, 124.9, 123.9, 123.8, 120.7, 120.7, 115.4, 111.5, 41.3{R@T m/z

(ESI): Calculated for GH1gN,O, ([M+H] ): 367.1441, Found 367.1444.

Ethyl 1-(2-(2-oxoazetidin-1-yl)benzoyl}1H-indole-2-carboxylate (S16)
m The compound was synthesizaccording tathe procedureA. Purified bysilica gel
COOEt
I}/\Q columnchromatographyEtOAcd/petroleumether 1:5) affordedS16 (236 mg, 65%)
o

oy

o 8.4 Hz, 1H), 7.68 (d) = 7.8 Hz, 1H), 7.46 (ddd} = 7.7, 5.2, 2.9 Hz, 2H), 7.34 (dd,

as Whitesolid. *"H NMR (400 MHz, CDC}) & 8J=28B H%, #H), 8.11 (d) =

= 7.5, 2.0 Hz, 1H), 7.28 (s, 1H), 7.0%.99 (m, 2H), 3.98 (q] = 7.1 Hz, 2H), 3.87 (1) = 4.9 Hz, 2H),
3.08 (t,J = 4.7 Hz, 2H), 1.10 (t) = 7.1 Hz, 3H)°C NMR (100 MHz, CDCG)) U 167.0, 166. 5,
139.1, 137.7, 132.5, 131.2, 128.7, 127.8, 12T24,.8, 124.3, 123.1, 122.5, 121.2, 116.6, 115.2, 61.5,

41.7,37.0, 14.0dRMS m/z (ESI): Calculated for GH:gN,O, (M+H]*): 363.1339, Found 363.1343.

1-(2-(2,3-Dimethyl-1H-indole-1-carbonyl)phenyl)azetidin-2-one (S17)

The compound was synthesizaccording tahe procedureA. Purified bysilica gel
[ I \/>
N

columnchromatographyEtOAd/petroleum etherl:5) affordedS17 (255 mg, 85%)

O

N as Light yellow solid *H NMR (400 MHz, CDC)) & 7J=8® HZ, 1H), 7.53

©  (dd,J=7.8, 1.6 Hz, 1H), 7.46 7.40 (m, 1H), 7.36 (dd] = 7.7, 1.5 Hz, 1H), 7.20
(dd,J = 7.2, 5.0 Hz, 3H), 7.12 7.04 (m, 1H), 3.51 (td] = 5.8, 3.4 Hz, 1H), 3.35 (td,= 5.8, 3.2 Hz,
1H), 3.03i 2.83 (m, 2H), 2.9 (s, 3H), 2.20 (s, 3H}*C NMR (100 MHz,CDCG)) U 167.5, 165. 3,
135.8, 133.1, 131.9, 131.3, 129.5, 126.7, 124.5, 123.6, 123.2, 120.6, 118.1, 116.0, 114.7, 40.7, 36.7,

13.6, 8.8 HRMS m/z (ESI): Calculated for gH1gN,0, ((M+H]"): 319.1441, Foun819.1443.

1-(2-(6-Fluoro-2,3,4,9tetrahydro - 1H-carbazole 9-carbonyl)phenyl)azetidin-2-one (S18)

F The compound was synthesizadcording tathe procedureA. Purified bysilica

Z

gel columnchromatographyEtOAcd/petroleum etherl:5) affordedS18 (189 mg,
o

El 52%) as Whitesolid. *H NMR (400 MHz, CDCJ) U 7J=83 Hz 1H), 7.52
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(dd,J = 8.1, 1.9 Hz, 2H), 7.34 (d,= 7.7 Hz, 1H), 7.20 (d] = 7.5 Hz, 1H), 7.05 (dJ = 8.6 Hz, 1H),
6.85 (dd,J = 9.2, 2.3 Hz, 1H), 3.7D 3.50 (m, 1H), 3.38 (q] = 4.9 Hz, 1H), 3.11 2.87 (m, 2H), 2.58
(d,J = 23.8 Hz, 3H), 2.8 (d,J = 17.9 Hz, 1H), 1.95 1.68 (m, 4H)*C NMR (100 MHz, CDG)) U
167.0, 165.3, 159.7 (d,= 239.9 Hz), 137.5 (dl = 1.9 Hz), 135.6, 132.6, 131.8, 131.74¢; 10.1 Hz),
129.2, 126.2, 124.4, 120.5, 118.6, 116.3)(d,9.1 Hz), 111.1 (dJ = 24.3 Hz), 103.7 (d) = 23.7 Hz),
40.7, 36.8, 25.7, 23.5, 21.9, 21" NMR (376 MHz, Chloroforrd)  -119.57.HRMS m/z (EST):

Calculated for GH;gFN,O, ([M+H] ): 363.1503 Found $3.1495

Methyl 2-methyl-1-(2-(2-oxoazetidin-1-yl)benzoyl} 1H-indole-3-carboxylate (S19)

poMe The compound was synthesizadcording tothe procedureA. Purified bysilica gel
A\
N columnchromatographyEtOAd/petroleum etherl:5) affordedS19 (174 mg, 48%) as

)
El White solid*H NMR (400 MHz, CDC}) & 8J =182 H¢, @H), 7.65 7.59 (m,
© 1H), 7.51 (ddJ = 8.2, 1.1 Hz, 1H), 7.39 (dd,= 7.8, 1.5 Hz, 1H), 7.28 7.21 (m, 2H),

7.16i 7.09 (m, 2H), 3.98 (s, 3H), 3.65 (s, 1H), 3.33 (s, 1H), 2.93 &i22.4Hz, 2H), 2.81 (s, 3H}*C

NMR (100 MHz,CDC}) u 167 . 6, 165. 8, 165. 1, 146. 3, 135.

123.9, 123.9, 121.5, 120.2, 114.0, 110.9, 51.4, 40.2, 36.5, HRBIS m/z (ESI): Calculated for

CarH1sN,0, ([M+H] *): 363.1339 Found $3.1321

3. Ring-Opening/Hydroamination of Indole Derivativesand Characterization

Data
O R3
R TN /\)‘Ol
Z~N CF3SO3H (2.0 equiv) SO

= + RPOH R N

{ DCM (1.0 mL), rt, 1h Z N

i 7\
El (o] \\RZ
0 D

Under argon, charge a 10 mL flardded resealable Schlenk tube wibhmpoundC (0.2 mmol) and
R*0H (3.0 eqiv) in anhydrousDCM (1.0 mL). The reaction mixture was cooled@SC and stirred for
5 min. Then CESGH (2.0 equiv)was added dropwise to tldovemixture at 0°C and stirred for

further 5 min. Afterwards, the reaction was warmed tmm temperature@nd stirredfor 1 h. The
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reaction was quencheazhrefully with saturated solution of N@0O;, diluted with water The aqueous
was extracted with DCM (8meg, the combined organic layers were washed with brine, dried over
sodium sulfate, filtered and concentrated under redyressure. The crude product was purified by

silica column chromatographgiutingwith the ethyl acetate/petroleum ether.

2,2,2Trifluoroethyl
3-(5a-methyl-12-oxo0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3aa)
}OFCFg Purified bysilica gel columrchromatographyEtOAcd/petroleum ether
@EPLN 1:5) afforded3aa(75 mg, 93%) asdht yellow oil. '"H NMR (400 MHz,
O@ CDCly) 1i8.31 (d, J = 7.9 Hz, 1H), 8.13 (dd] = 7.7, 1.7 Hz, 1H), 7.47
(ddd,J = 8.6, 7.3, 1.7 Hz, 1H), 7.357.26 (m, 2H),7.10 @ddd, J = 8.4,7.5, 1.1 Hz, 1H), 7.00dd, J =
7.5, 0.9 Hz, 1H)6.72 (d,J = 8.0 Hz, 1H), 4.64 4.38 (m, 2H), 3.75 3.59 (m, 3H), 3.23 (d) = 14.6
Hz, 1H), 2.98 2.75(m, 2H), 1.34 (s, 3H)*C NMR (10 MHz, CDCl) 11 170.0, 160.0, 143, 141.0,
134.0, 1294, 1283, 127.2, 124, 124.1, 128 (q,J = 277.7 Hz), 11%, 1187, 116.8, 113, 826, 606
(g, J = 36.8 Hz), 43.3, 41, 332, 209. % NMR (376 MHz,CDCly) {i -73.70 (t,J = 8.3 Hz).HRMS

m/z (ESI+): Calculated for GH1gFsN,05 ([M+H] *): 405.1420found 405.1419.

2,2,2Trifluoroethyl -3-(3,5a-dimethyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)prop
anoate (3ba)

/\(}L ,—CF; Purified bysilica gel columnchromatographyEtOAc/petroleum
o

m'\‘ ether 1:5) afforded3ba (67 mg, 80%) asdht yellow oil. *H NMR

N

@ (400 MHz,CDCly) Ui 8.21 (d,J = 8.0 Hz, 1H), 7.93 (dJ = 7.8 Hz,
o

1H), 7.22i 7.18(m, 2H), 7.00 (dd, J = 8.5,7.5, 1.1 Hz, 1H), 6.73
(dd, J = 8.0, 1.4 Hz, 1H), 6.43 (s, 1H), 4.624.28 (m, 2H), 3.7G 3.49 (m, 3H), 3.12 (d] = 14.6 Hz,
1H), 2.8 2.71(m, 2H),2.32 (s, 3H), 1.24 (s, 3H)*C NMR (10 MHz, CDCly) 1170.0, 160.1, 145.2,
1448, 141.1, 129.3, 128.2, 127.2, 124123.9, 122.8 (q) = 277.6 Hz), 12, 116.7, 116.2, 118,
82.6, 606 (q, J = 36.7 Hz), 43.3, 41.3, 33.3, 22.3, 20-% NMR (376 MHz,CDCl,) i -73.68 (t,J =

8.4 Hz).HRMS m/z (ESI): Calculated for GH,1FsN,O5 ([M+H]"): 419.1577found 419.1579.
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2,2,2Trifluoroethyl
3-(3-methoxy-5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ca)

/\(}\ ,—CF5 Purified bysilica gel columnchromatographyEtOAc/petroleum
0]

m,\j ether 1:5) afforded3ca (75 mg, 86%) asdht yellow oil. '"H NMR

N

}/\@o/ (400 MHzCDCls) 1 8.20 (d,J = 8.0 Hz, 1H), 8.00 (dJ = 8.6 Hz,
(@)

1H),7.227 7.17(m, 2H), 6.99 (dd, J = 8.4,7.5, 1.1Hz, 1H), 6.46
(dd,J = 8.7, 2.2 Hz, 1H), 6.14 (d = 2.2 Hz, 1H), 4.60 4.24 (m, 2H), 3.79 (s, 3H), 3.623.51 (m,
3H), 3.12 (d,J = 14.6 Hz, 1H), 2.93 2.70 (m, 2H), 1.26 (s, 3H}C NMR (100 MHz, CDCl,) &1170.Q
164.5, $0.0 146.8, 1412, 131.3, 128.2, 127.0, 124.6, 123.8, B@], J = 278.4 Hz), 116.6, 112,
104.3, 987, 82.7, 606 (q, J = 36.7 Hz), 55.4, 43.3, 41.5, 23.21.0. **F NMR (376 MHz,CDCl) Ui
-73.69 (t,J = 8.3 Hz).HRMS m/z (ESI): Calculated forC,H,iFsN,O, (M+H]*): 435.1526 found

435.1530.

2,2,2Trifluoroethyl
3-(3-chloro-5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3da)

0 /—CF, Purified by silica gel columnchromatographyEtOAcd/petroleum
m /\>\\O ether 1:5) afforded3da (72 mg, 82%) as ight yellow oil. *"H NMR
“}\@\ (400 MHz,CDCl) & 8.20 (d,J = 7.9 Hz, 1H), 7.97 (d] = 8.3 Hz,

° ° 1H), 7.33i 7.19 (m, 2H), 7.03ddd, J = 8.7,7.4, 1.1 Hz, 1H), 6.89
(dd,J = 8.3, 1.8 Hz, 1H), 6.62 (d,= 1.8 Hz, 1H), 4.59 4.30 (m, 2H), 3.75 3.46 (m, 3H), 3.15 (d]
= 14.7 Hz, 1H), 2.99 2.65 (m, 2H), 1.28 (s, 3H}°C NMR (10 MHz, CDCl,) {1169.8, 15%, 146.1,
1408, 1402, 1307, 128.3, 127.0, 124.7, 124.3, 122.7 Jor 277.9 Hz), 119, 117.1, 116.8, 112,
829, 607 (q,J = 36.9 Hz), 42, 41.4, 3.0, 21.2.2% NMR (376 MHz,CDCL) (i-73.68 (t,J = 8.3 Hz).

HRMS m/z (EST): Calculated for GH;gCIF;N,O3 ([M+H]"): 439.1030found 439.1033.
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2,2,2Trifluoroethyl
3-(3-fluoro -5a-methyl-12-o0xo0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ea)

/\(}L ,—CF; Purified bysilica gel columnchromatographyEtOAc/petroleum
o

m'\‘ ether 1:5) afforded3ea(78 mg, 93%) asdht yellow oil. *H NMR

N

}\@F (400 MHz,CDCly) 1i 8.19 (d,J = 8.0 Hz, 1H), 8.04 (ddJ = 8.6,
(e}

6.6 Hz, 1H), 7.26 7.18 (m, 2H), 7.01ddd, J = 8.4,7.5, 1.1 Hz,
1H), 6.59 (lad, J = 8.4,7.3,2.3 Hz, 1H), 6.33 (dd] = 11.2, 2.3 Hz, 1H), 4.62 4.14 (m, 2H), 3.78
3.35 (m, 3H), 3.14 (d] = 14.6 Hz, 1H), 2.96 2.56 (m, 2H), 1.28 (s, 3H}*C NMR (10 MHz, CDCl,)
i 1698, 166.8 (d,J = 251.6 Hz), 159.2, 147.2 (d,= 11.0 Hz), 14®, 1319 (d, J = 11.2 Hz), 128.3,
126.9, 124.7, 124.2, 122.7 @= 277.1 Hz), 11&, 1149 (d, J = 2.2 Hz), 1067 (d, J = 22.4 Hz), 99.6
(d, J = 27.0 Hz), 82.9, 60.(q, J = 36.8 Hz), 42, 416, 32.9, 212. 9F NMR (376 MHz,CDCl,) Ui
-73.68 (t,J = 8.6 Hz),-103.78 (dtJ = 11.6, 7.6 Hz)HRMS m/z (ESI): Calculated for GHgFaN,O;

([M+H]"): 423.1326found 423.1331.

2,2,2Trifluoroethyl
3-(2,5a-dimethyl-12-0x0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (a)
0 ,—CF, Purified by silica gel columnchromatography(EtOAc/petroleum

@OANJ 0 ether 1:5) afforded3fa (70 mg, 84%) asight yellow oil. *H NMR

N (400 MHz,CDCly) Ui 8.22 (d,J = 8.0 Hz, 1H), 7.86 (dJ = 2.2 Hz,

© 1H), 7.307 7.18 (m, 3H), 7.01ddd, J = 8.3,7.5, 1.1 Hz, 1H), 6.55
(d,J = 8.3 Hz, 1H)4.571 4.30 (m, 2H) 3.60 (d,J = 14.6 Hz, 1H), 3.55 (td] = 6.9, 2.3 Hz, 2H), 3.12
(d, J = 14.6 Hz, 1H), 2.89 2.70 (m, 2H), 2.26 (s, 3H), 1.24 (s, 3H5C NMR (10 MHz, CDCL) i
1701, 1602, 1431, 1411, 1347, 1295, 129.0, 1282, 1274, 1247, 124.0, 128 (q, J = 277.8 Hz),
118.6, 116.8, 112, 826, 606 (g, J = 36.7 Hz), 43.3, 45, 33.2, 206, 20.3.F NMR (376 MHz,

CDCly) 1i-73.68 (d,J = 8.3 Hz).HRMS m/z (ESI): Calculated for GH»1F3N,O5 ((M+H] *): 419.1577,

found 419.1582.

2,2,2Trifluoroethyl

3-(2-chloro-5a-methyl-12-0x0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (Ja)
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) /—CF, Purified by silica gel columnchromatography(EtOAd/petroleum

@OANJ ° ether 1:5) afforded3ga (59 mg, 67%) asidht yellow oil. *H NMR

N (400 MHz,CDCly) 1 8.20 (d,J = 8.0 Hz, 1H), 8.01 (dJ = 2.6 Hz,

° 1H), 7.32 (dd,J = 8.8, 2.6 Hz, 1H), 72i 7.20(m, 2H), 7.03 ¢ad,

J=8.4,7.5, 1.0 Hz, 1H), 6.59 (d = 8.8 Hz, 1H), 4.68 4.32 (m,

2H), 3.78i 3.48 (m, 3H), 3.15 (d] = 14.6 Hz, 1H), 2.92 2.64 (m, 2H), 1.26 (s, 3H}°C NMR (10
MHz, CDCl) U 169.8, 158, 1437, 140.7, 133, 128.9, 128.3, 122, 15.0, 124.7, 124.4, 122.7 (q, J

= 278.1 Hz), 119.9, 118, 1138, 828, 607 (q, J = 36.8 Hz), 42, 41.5, 33.0, 21.0"°F NMR (376

MHz, CDCl) 1 -73.70 (t,J = 8.4 Hz).HRMS m/z (ESI): Calculated for GH;gCIF;N,O5 ([M+H]™):

439.1030found 439.1032.

2,2,2Trifluoroethyl

3-(2-fluoro -5a-methyl-12-oxo0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ha)
o/\CF3 Purified by silica gel columnchromatography(EtOAcd/petroleum

m,\(\}\ ether 1:5) afforded3ha (81 mg, 96%) asight yellow oil. '"H NMR

N (400 MHz,CDCl) 11 8.20 (d,J = 8.0 Hz, 1H), 7.74 (dd] = 8.6, 3.1

0
Hz, 1H),7.247 7.20(m, 2H), 7.11 (dddJ = 8.9, 7.8, 3.1 Hz, 1H),

=
7.03 @dd, J=8.3,7.5, 1.1 Hz, 1H), 6.60 (dd,= 9.0, 4.0 Hz, 1H), £2i 4.33(m, 2H), 3.661 3.48 (m,
3H), 3.14 (dJ = 14.7 Hz, 1H), 2.87 2.69 (m, 2H), 1.25 (s, 3H}*C NMR (10 MHz, CDCls) 11 169.9,
158.9 (d,J = 2.4 Hz), 1567 (d, J = 239.4 Hz), 141.6 (d] = 1.8 Hz), 140.7, 128.2, 127.3, 184124 4,
1228 (q, J = 277.4 Hz), 120.8 (d,= 23.2 Hz), 120.0 (d) = 6.9 Hz), 116.8, 115.4 (d,= 24.0 Hz),
1137 (d,J = 7.0 Hz), 82.8, 60.6 (4}, = 36.8 Hz), 43.2, 4%, 331, 207. *F NMR (376 MHz,CDCl) i
-73.69 (t,J = 8.3 Hz),-(117.2971 128.69 (m). HRMS m/z (ESI): Calculated for GH;gFsN,O5

([IM+H]*): 423.1326found 423.1328.
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2,2,2Trifluoroethyl 3 -(5a-methyl-12-oxo-2-(trifluoromethyl) -5a,6-dihydroindolo[2,1-b]
quinazolin-5(12H)-yl)propanoate (3a)

O/‘CF3 Purified by silica gel columnchromatography(EtOAd/petroleum
m,«j\ ether 1:5) afforded3ia (87 mg, 92%) asidht yellow oil. *H NMR
N (400 MHz,CDCly) 0 8.32 (d,J = 2.3 Hz, 1H), 8.20 (d) = 8.0 Hz,

o
1H), 7.60 (dd,J = 8.6, 2.3 Hz, 1H), 7.30 7.19 (m, 2H), 7.04ddd,

CF,

J=8.4,7.5, 1.1 Hz, 1H), 6.72 (dl = 8.6 Hz, 1H), 4.55 4.35 (m,
2H), 3.73i 3.57 (m, 3H), 3.18 (dJ = 14.6 Hz, 1H), 2.93 2.72 (m, 2H), 1.30 (s, 3H}C NMR (10
MHz, CDCl,) U1 169.6, 158.7, 144, 140.6, 130 (q, J = 3.6 Hz), 128.4126.9,1268 (q, J = 4.8 Hz),
1248, 1246, 124.2 (q,J = 271.1Hz), 122.7 (¢) = 277.4 Hz), 124 (q, J = 33.6 Hz), 11, 1169,
1124, 828, 607 (q, J = 36.8 Hz), 43L, 415, 32.9, 216. ‘% NMR (376 MHz,CDCly) Ui -61.82,-73.70

(t, J = 8.4 Hz).HRMS m/z (ESI): Calculated for GH1gFsN,05 ((M+H]*): 473.1294found 473.1296.

2,2,2Trifluoroethyl 3 -(1-methoxy-5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]

quin-azolin-5(12H)-yl)propanoate (Ja)

o) —CF, Purified by silica gel columnchromatographyEtOAcdpetroleum
mNJO ether 1:5) afforded3ja (66 mg, 76%) asidht yellow oil. *"H NMR
N}\Q (400 MHz,CDCly) i8.29(d, J = 7.341H), 7.30 (d, J = 8.4 3.1Hz,
© 5 1H), 7.221 7.17 (m, 2H), 6.99 fdd, J = 8.5,7.4, 1.1 Hz, 1H), GO

\

(d, J = 8.4 Hz,1H), 6.27 (dJ = 8.3 Hz, 1H) 4547 4.33(m, 2H),
3.91 (s, 3H), 3.7G 3.43 (m, 3H), 3.11 (dJ = 14.7 Hz, 1H), 3.00 2.63 (m, 2H), 1.26 (s, 3H)’C
NMR (100 MHz, CDCly) 11 170.Q, 162.0, 158.6, 147.6, 141.3, 134.1, 1281271, 124.3, 123.71228
(9,J = 278.2 Hz),117.2, 1077, 1052, 1036, 82.0, 606 (q, J = 36.8 Hz), 56.2, 43.7, 44,.334, 2086.
%F NMR (376 MHz,CDCl,) 1i-73.68 (t,J = 8.3 Hz).HRMS m/z (ESI'): Calculated for GHy;FaN,0,

([M+H]"): 435.1526found 435.1557.
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2,2,2Trifluoroethyl
3-(1-fluoro-5a-methyl-12-o0xo0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (Xa)

/\(}\ ,/—CF5 Purified by silica gel columnchromatography(EtOAcd/petroleum
O

m,\j ether 1:5) afforded3ka (78 mg, 93%) as ight yellow oil. '"H NMR
N

)/.\Q (400 MHz,CDCly) 11 8.20 (d,J = 8.0 Hz, 1H), 8.15 (dJ = 8.0 Hz,
o

F 1H), 7.51 7.21(m, 2H), 7.15 (dd,) = 8.0, 1.5 Hz, 1H), 7.04d¢d,
J=8.4,7.5,1.1 Hz, 1H), 6.85( 1H), 4.58i 4.25 (m, 2H), 3.81 3.54 (m, 3H), 3.17 (d] = 14.6 Hz,
1H), 2.93i 2.67 (m, 2H), 1.29 (s, 3H}°C NMR (100 MHz, CDCly) i1 169.7, 158.7, 145.3, 140.6,
1354 (d, J = 32.1 Hz), 130, 1284, 127.1, 124.7 (d] = 14.5 Hz), 123 (g, J = 274.6Hz), 122.7 (d,J
= 280.3 Hz)121.3(d, J = 1.1 Hz) 116.9, 16.0(d, J = 3.8 Hz),109.0 I, J = 4.1 Hz) 829, 60.7 (9. =
36.8 Hz), 422, 41.4, 32.9, 21.3%F NMR (376 MHz,CDCly) i1 -63.22,-73.73 (t,J = 8.3 Hz).HRMS

m/z (ESH): Calculated for GH:gFsN,O5 ([M+H] *):423.1326found 423.1323.

2,2,2Trifluoroethyl
3-(2,3-difluoro -5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3a)

Q ,—CF3 Purified by silica gel columnchromatography(EtOAcd/petroleum
(0]

m,\(\)\ ether 1:5) afforded3la (77 mg, 88%) asight yellow solid. 'H
N

NMR (400 MHz,CDCl) i 8.16 (d,J = 8.0 Hz, 1H), 7.85 (dd] =
o
10.3, 8.9 Hz, 1H)7.237 7.19(m, 2H), 7.03 @ad, J = 8.3,7.5, 1.1

=
Hz, 1H), 6.45 (ddJ = 12.2, 6.1 Hz, 1H), 4.584.19 (m, 2H), 3.72 344 (m, 3H), 3.14 (d,J = 14.7 Hz,
1H), 2.931 2.64 (m, 2H), 1.27 (s, 3H}3C NMR (10 MHz, CDCly) Ui 1697, 158.2 (d,J = 2.0 Hz),
154.1 (dd, J = 253.8,14.0 Hz), 14.3 (dd, J = 242.1,13.2 Hz), 145 (dd,J = 8.9, 1.6 Hz), 140.6, 128.
126.9, 124.8, 124.8,22.7 (qJ = 277.5 Hz), 18.0(dd,J = 19.3, 2.8 Hz), 118, 1148 (dd,J = 4.9, 2.8
Hz), 101.7 (dJ = 22.5 Hz), 83.0, 6@.(q, J = 36.9 Hz), 42, 41.8, 329, 20.9.%F NMR (376 MHz,
CDCly) 1i-73.69 (t,J = 8.3 Hz),-127.92 (ddd,) = 21.6, 12.0, 8.8 Hz)148.69 (ddd,) = 22.2, 10.4, 6.2

Hz). HRMS m/z (ESI): Calculated for gH;7FsN,O3 ((M+H] ): 441.1232found 441.1235.
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2,2,2Trifluoroethyl
3-(4a-methyl-11-oxo-4a,5-dihydrothieno[3',2":4,5]pyrimido[1,2 -a]indol-4(11H)-yl)propanoate
(3ma)

/\C}L ,—CF3 Purified bysilica gel columnchromatography(EtOAcd/petroleum
(0]

m,\l ether 1:5) afforded3ma (66 mg, 81%) asight yellow solid. 'H
N

}/.\@ NMR (400 MHz,CDCly) i8.12(d, J = 8.0 Hz,1H), 7.44 (dJ=5.3

° s Hz, 1H), 7201 7.15(m, 2H), 6.96 ddd J = 8.6,7.5, 1.1Hz, 1H),
6.57 (d,J = 5.2 Hz, 1H), 4.63 4.13 (m, 2H), 3.68 3.40 (m, 3H), 3.10 (dJ = 14.7 Hz, 1H), BO
2.77 (m, 2H), 1.30 (s, 3H)**C NMR (10 MHz, CDCly) Ui 1698, 157.3, 15@, 141.0, 1334, 128.2,
1269, 1248, 123.4, 128 (q,J = 277.4 Hz) 116.1, 115, 111.2,849, 606 (g, J = 36.8 Hz), 43.0, 43,
342, 19.7.*% NMR (376 MHz,CDCly) Ui -73.67 (t,J = 8.5 Hz).HRMS m/z (ESI): Calculated for

CigH17FaN,05S ([M+H]*): 411.0985found 411.0993.

2,2,2Trifluoroethyl

3-(8-methoxy-5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3a)

O, —cF, Purified by silica gel columnchromatography(EtOAc/petroleum
0 jo
g m,\j ether 1:5) afforded3na (66 mg, 76%) asight yellow oil. ‘*H NMR
N
o)/\@ (400 MHz,CDCl) 018.14 (d,J = 8.6 Hz, 1H), 8.04 (dd] = 7.7, 1.7

Hz, 1H), 7.38 (ddd) = 8.7, 7.3, 1.7 Hz, 1H), 6.91dd J= 8.3 7.7,
1.2 Hz, 1H), 6.80i 6.72 (m, 2H), 6.63 (dJ = 8.3 Hz, 1H)4.531 4.33(m, 2H), 3.73 (s, 3H), 3.64
3.54 (m, 3H), 3.10 (d] = 14.7 Hz, 1H), 2.93 2.70 (m, 2H), 1.25 (s, 3HJ*C NMR (10 MHz, CDCl)
11170.0, 159.3, 156.7, 145.0, 134.7, 133.7, 22928.8, 128 (q, J = 278.0 Hz),11%, 1188, 117.5,
112.6, 112.2, 111.1, 82.606 (q, J = 36.8 Hz), 557, 435, 41.3, 3%, 20.8.%F NMR (376 MHz,
CDCly) 11-73.68 (t,J = 8.4 Hz).HRMS m/z (ESI): Calculated for GH,,F;N,O, ([M+H] *): 435.1526,

found 435.1537.
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M ethyl 3-(5a-methyl-12-ox0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ab)
/\(}\\o/ Purified bysilica gel columnchromatographyEtOAc/petroleum etherl:5)
©\/N>LN afforded3ab (52 mg, 77%) asdht yellow oil. *"H NMR (400 MHz, CDCL) U
o)/\© 8.32 (d,J = 8.0 Hz, 1H), 8.14 (dd] = 7.7, 1.7 Hz, 1H), 7.48 (ddd= 8.6, 7.3,
1.8 Hz, 1H), 7.27 7.29(m, 2H), 7.11 ddd,J=8.4,7.5, 1.1 Hz, 1H), 7.06 6.95 ddd, J=8.5,7.4 1.2
Hz, 1H), 6.76 (dJ = 8.2 Hz, 1H), 3.73 (s, 3H), 3.723.58 (m, 3H), 3.24 (d] = 14.6 Hz, 1H), 2.83 (d
J=16.5, 7.6Hz, 1H), 2.74(dt, J = 16.4, 7.9 Hz, 1H), 1.36 (s, 3HYC NMR (10 MHz, CDCL) U
172.0, 160.1, 145.4, 141.133.9, 129.2, 128, 1274, 124.7, 124.0, 119, 118.4, 116, 1124, 826,

52.0, 434, 41.8, 33.5, 2@. HRMS m/z (ESI): Calculated for GH,oN,O3 ([M+H]"): 337.1547 found

337.1547.

Isopropyl 3-(5a-methyl-12-0x0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ac)
o) Purified bysilica gel columrchromatographyEtOAd/petroleum ether

o
m /\>\ 1:5) afforded3ac (61 mg, 84%) asidht yellow oil. *H NMR (400
N}/\Q MHz, CDCl;) 118.30 (d,J = 7.9 Hz, 1H), 8.12 (dd] = 7.7, 1.7 Hz, 1H),
(0)

7.46 (dddJ = 8.6, 7.3, 1.8 Hz, 1H), 311 7.26(m, 2H), 7.09 (dd, J
=8.3,7.5, 1.1 Hz, 1H)6.97(ddd, J = 8.5,7.5, 1.1 Hz,1H), 6.75 (d,J = 8.3 Hz, 1H), 5.8 5.01(m,
1H), 3.72 (d,J = 14.8 Hz, 1H), 3.67 3.58 (m, 2H), 3.22 (dJ = 14.7 Hz, 1H), 2.88 2.53 (m, 2H),
1.34 (s, 3H), 1.23 (dd} = 10.1, 6.3 Hz, 6H)"*C NMR (10 MHz, CDCL) t11712, 1602, 1455, 1411,
133.9, 12®@, 1282, 1274, 1247, 124.0, 119, 1184, 1168, 112.4, 82.5, 68, 434, 418, 341, 2109,

21.8 209. HRMS m/z (ESI): Calculated for H,,N,O; ([M+H] ): 365.1860found 365.1864.

Butyl 3-(5a-methyl-12-ox0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ad)
e} /\/\ Purified by silica gel column chromatography

mN/\}\O (EtOAdpetroleum etherl:5) afforded3ad (42 mg, 56%) as
'}\@ light yellow oil. *H NMR (400 MHz,CDCly) i8.23(d, J= 7.9
0 Hz, 1H), 8.04 (ddJ = 7.8, 1.7 Hz, 1H), 7.38 (ddd,= 8.7, 7.3,
1.7 Hz, 1H),7.237 7.19(m, 2H), 7.01 ddd, J = 8.6,7.5, 1.1 Hz, 1H), 6.89d¢d, J =8.47.5, 0.9 Hz,

1H), 667 (d, J= 8.4 Hz,1H), 4.6 1 4.02(m, 2H), 3.63 (dJ = 14.7 Hz, 1H), 3.59 3.49 (m, 2H), 3.14
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(d,J = 14.7 Hz, 1H), 2.83 2.46 (m, 2H), 1.60 1.45 (m, 2H), 1.33 1.26 (m, 2H), 1.26 (s, 3H), 0.83
(t, J = 7.4 Hz, 3H).”C NMR (10 MHz, CDCly) 1 171.7, 160.1, 145, 1411, 133.9, 129.2, 128,
1274, 1247, 124.0, 119.1, 118.4, 18.112.4, 82.5, 64.9434, 41.8, 338, 306, 209, 19.1, 137.

HRMS m/z (ES): Calculated for GH,eN,05 ([M+H] ): 379.2016found 379.2028.

I sobutyl 3-(5a-methyl-12-0x0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ae)

0 Purified by silica gel columnchromatography(EtOAcd/petroleum

m /\)LO ether 1:5) afforded3ae (41 mg, 54%) as red browsil. ‘H NMR
N}/\b (400 MHz,CDCl) 118.23 (d,J = 7.9 Hz, 1H), 8.05 (dd] = 7.7, 1.7

0 Hz, 1H), 7.39 (dddJ = 8.6, 7.2, 1.7 Hz, 1H){.237 7.19(m, 2H),

7.04(ddd, J=8.7,7.6, 1.1 Hz1H), 6.90 (dd, J = 8.6,7.5, 1.3Hz, 1H), 6.68 (d,) = 8.3 Hz, 1H), 3.82
(dd,J = 6.7, 1.7 Hz, 2H), 3.72 3.48 (m, 3H), 3.14 (d] = 14.7 Hz, 1H), 2.82 2.56 (m, 2H), 1.84r,
1H), 1.26 (s, 3H), 0.83 (dd,= 6.7, 1.6 Hz, 6H)°C NMR (100 MHz, CDCl,) &1 171.7, 160.1, 145,
1411, 133.9, 129.2, 128, 1274, 1247, 124.0, 119.1, 118.4, 185.1124, 82.5, 711, 434, 41.8, 338,

2717, 20.9, 191. HRMS m/z (ESI): Calculatedor CysH,gN,O5 ([M+H] *): 379.2016found 379.2025.

tert-Butyl 3-(5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3af)

o Purified bysilica gel columrchromatographyEtOAd/petroleum ether

m /\)Lo 1:5) afforded3af (15 mg, 20%) asdht yellow oil. *H NMR (400 MHz,
N}/\b CDCl) 118.31 (d,J = 7.9 Hz, 1H), 8.12 (dd] = 7.7, 1.7 Hz, 1H), 7.46

o (ddd,J = 8.6, 7.2, 1.7 Hz, 1H), 317 7.26(m, 2H), 712 (ddd, J = 8.7

7.6, 1.1 Hz1H), 6.97 ldd, J = 8.4,7.5 Hz,1.21H), 6.75 (d,J = 8.3 Hz, 1H), 3.70 (d] = 14.7 Hz, 1H),
3.627 3.58(m, 2H), 3.23 (d,J = 14.7 Hz, 1H), 2.73 (dt] = 16.4, 6.8 Hz, 1H)2.61 (dt,J = 16.1, 7.8
Hz, 1H), 1.45 (s, 9H), 1.34 (s, 3H'C NMR (10 MHz, CDCly) Ui 171.0, 160.2, 14%, 1411, 133.9,

1292, 1282, 1274, 1247, 124.0, 119.0, 118, 1168, 112.4, 82.5, 81.4, 43.4, 81.34.9, 28.1, 20.9.

HRMS m/z (ESI): Calculatedor CygH»eN,05 ([M+H]"): 379.2016found 379.2025.
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2,2,3,3,3Pentafluoropropyl
3-(5a-methyl-12-0x0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ag)

) /—CF,CF, Purified by silica gel column chromatography
m /\)LO (EtOAdpetroleum etherl:5) afforded 3ag (84 mg, 92%) as
N}/\@ light yellow oil. *H NMR (400 MHz,CDCl) i 8.23 (d,J = 8.0
° Hz, 1H), 8.05 (d, J = 7.7, 1.7Hz, 1H), 7.39 (dd, J = 8.6, 75,
1.7 Hz, 1H),7.24- 7.19(m, 2H), 7.02 (idd, J = 8.4,7.4, 1.4Hz, 1H), 6.91 ddd, J = 8.6,7.5, 1.3Hz,
1H), 6.64 (dJ = 8.3 Hz, 1H), 617 4.40(m, 2H), 3.84i 3.49 (m, 3H), 3.14 (d] = 14.6 Hz, 1H), 3.01
i 2.62 (m, 2H), 1.26 (s, 3H}*C NMR (100 MHz, CDCly) (i 170.0, 160.0, 14%, 141.0, 13.0, 1294,
1283, 1272, 1247, 124.1, 119.8, 115, 118.6, 116.8, 112.2, 111.7, 82594 (t, J = 27.7 Hz), 43.3,
414, 33.2, 209. **F NMR (376 MHz,CDCL) i -83.79,-123.40 (t,J = 12.9 Hz).HRMS m/z (ESI):

Calculated for GHigFsN,O; (IM+H] *): 455.1389found 455.1419.

2,2,3,3,4,4,Heptafluorobutyl
3-(5a-methyl-12-o0x0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate (3ah)

o Purified by silica gel column chromatography

/‘CFzCFzCF:;
(0]
m /\} (EtOAd/petroleum etherl:5) afforded3ah (84 mg, 83%)

N

N}\@ as Ight yellow oil. *"H NMR (400 MHz,CDCl,) i 8.22 (d,
@)

J=7.9 Hz, 1H), 8.04 (dd] = 7.7, 1.7 Hz, 1H), 7.37 (ddd,
J=8.7,7.4, 1.7 Hz, 1H).227 7.17(m, 2H), 7.00 @dd, J = 8.6,7.4,1.11H), 6.90 (idd, J = 8.4,7.5,
1.2Hz, 1H), 6.63 (dJ) = 8.3 Hz, 1H), 441 4.43(m, 2H), 3.66i 3.52 (m, 3H), 3.12 (dJ = 14.6 Hz,
1H), 2.88i 2.63 (m, 2H), 1.24 (s, 3H}*C NMR (100 MHz, CDCly) i 170.0, 160.0, 14®, 141.0,
134.0,129.3, 128.2, 127.2, 174.124.1, 11%, 118.6, 116.8, 116 1154 (m), 113.8 (tJ = 31.1 Hz),
112.2, 111.4 () = 31.1 Hz), 8%, 595 (t, J = 26.9 Hz), 43.3, 44, 332, 209. *%F NMR (376 MH,
CDCly) Ui -80.82 (t,J = 9.2 Hz),-120.43 (td,J = 9.3, 4.6 Hz),-127.60 (d,J = 3.8 Hz).HRMS m/z

(ESI): Calculated for ggH19F/N,O5 ([M+H]"): 505.1357found 505.1382.
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Methyl-d3 3-(5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate(3ai)

H: 1.21 @) CD3 Purified by silica gel column chromatography
"\ H,/D, o
C >A (EtOAc/petroleum etherl:5) afforded3ai (56 mg, 82%) as
N N light yellow oil. '"H NMR (400 MHz, CDC}) 118.33 (d,J =

7.9 Hz, 1H), 8.14 (ddJ = 7.7, 1.7 Hz, 1H), 7.49 (ddd,=
© 8.6, 7.2, 1.7 Hz, 1H), 7.367.29 (m, 2H), 7.12ddd, J = 8.6,
7.4, 1.1 Hz, 1H), 7.0006d, J = 8.7,7.5, 0.9 Hz, 1H), 6.76 (d = 8.1 Hz, 1H), 3.77 3.70 (m, 0.56H),
3.691 3.59 (m, 2H), 3.30 3.18 (m, 0.65H), 2.84 (dJ = 16.6, 7.6, Hz, 1H), 2.74 (dl,= 16.4, 7.9 Hz,
1H), 1.36 & 3H).*3C NMR (100 MHz, CDCE) &1172.0, 160.1, 145.4, 141.1, 133129.2, 128.2, 127.3,
124.7, 124.0, 119.2, 1185, 116.8, 112.4, 825, 43.4, 41.8, 288, 20.8. HRMS m/z (ESI):
Calculated forD3: CogH:gD3N,05 (IM+H] *): 340.1735, found340.1730D4: CygH1/DaN,05 ((M+H] ):

341.1798 found341.1795D5: CogH16DsN,0; (M+H] *): 342.1861, found342.1837.

Prop-2-yn-1-yl 3-(5a-methyl-12-0x0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate
(34)

/} ,—== Purified bysilica gel columnchromatographyEtOAc/petroleum
(0]

m'\' ether 1:5) afforded 35 (62 mg, 86%) asight yellow solid. *H

N

@ NMR (400 MHz,CDCl) i 8.22 (d, J = 8.2 Hz,1H), 8.04 (ddJ =
0

7.7, 1.7 Hz, 1H), 7.38d¢d,J = 8.3, 7.3, 1.7 Hz, 1H)7.23i 7.19
(m, 2H), 7.01 ¢dd, J = 8.6,7.5, 1.1 Hz, 1H), 6.90d¢d, J = 8.5,7.5, 0.9 Hz, 1H), 65(d, J = 8.4, 1H),
4.677 4.58(m, 2H), 3.8 (d, J = 14.7 Hz,1H), 3.60i 3.54 (m, 2H), 3.14 (d] = 14.7 Hz, 1H), 2.85
2.62 (M, 2H), 2.34 (t) = 2.5 Hz, 1H).1.25 (s, 3H):*C NMR (10 MHz, CDCl;) ti170.8, 1601, 145.3,
141.0, 133.9, 128, 1282, 1274, 124.7, 1241, 119.3, 118, 1168, 1124, 826, 77.2, 75.3, 52, 434,

417, 33.5, 209. HRMS m/z (ESI): Calculated for gH,oN,0; ((M+H]"): 361.1547found 361.1567.
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But-3-yn-1-yl 3-(5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate
(32k)
/\/// Purified bysilica gel columnchromatographyEtOAd/petroleum

(0]
/\}LO ether 1:5) afforded3ak (70 mg, 93%) asight yellow solid. *H

@E’}LN NMR (400 MHz,CDCly) 11 8.23 (d,J = 8.0 Hz, 1H), 8.05 (dd] =
o@ 7.7, 1.7 Hz, 1H), 7.39 (ddd = 8.8, 7.3, 1.7 Hz, 1H), 742 7.20

(m, 2H), 7.02 ¢dd, J = 8.6,7.5, 1.1 Hz, 1H), 6.90d¢d, J = 8.7,
7.51.1Hz, 1H), 6.67 (dJ = 8.3 Hz, 1H), 4.15 (t) = 6.7 Hz, 2H), 3.63 (d] = 14.7 Hz, 1H), 3.60
3.54 (m, 2H), 3.15 (d] = 14.7 Hz, 1H), 2.83 2.62 (m, 2H), 2.46 (td] = 6.7, 2.6 Hz, 2H), 1.91 (8 =
2.7 Hz, 1H), 1.27 (s, 3H)*C NMR (100 MHz, CDCl) &1 171.3, 160.1, 148, 1411, 133.9, 12,
128.2, 127.3, 123, 1241, 119.2, 116, 1168, 1124, 826, 79.8, 70.1, 6B, 434, 41.7, 337, 20.9,

19.0. HRMS m/z (ESI): Calculated for GH,,N,05 ((M+H] *): 375.1703found 375.1712.

But-3-en-1-yl 3-(5a-methyl-12-oxo0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate
(3al)

e} /\/: Purified bysilica gel columnchromatographyEtOAdpetroleum

(0]
m /} ether 1:5) afforded 3al (48 mg, 63%) asight yellow oil. *H

N
N}/\Q NMR (400 MHz,CDCly) 118.23 (d,J = 7.9, 1H), 8.05 (dd] = 7.7,
© 1.7 Hz, 1H), 7.38 (ddd] = 8.5, 7.3, 1.7 Hz, 1H), 742 7.19(m,
2H), 7.01 (ldd, J=8.7,7.5, 1.1 Hz, 1H), 6.90d¢d, J = 8.6,7.5, 0.9 Hz, 1H), 6.67 (d| = 8.3 Hz, 1H),
5737 5.63m, 1H), 5.10i 4.96 (m, 2H), 4.10 () = 6.7 Hz, 2H), 3.62 (d] = 14.7 Hz, 1H), 3.60 3.53
(m, 2H), 3.14 (d,) = 14.7 Hz, 1H), 2.80 2.58 (m, 2H), 2.87 2.28(m, 2H), 1.26 (s, 3H)*°C NMR
(100 MHz, CDCly) Ui 1716, 160.1, 145.4, 141, 133.9, 133.7, 129.2, 128.127.3, 124.7, 124.0, 119.

118.4, 117, 1168, 1124, 82.5, @.0, 434, 41.8,338, 33.0, 20.9HRMS m/z (ESI): Calculated for

Cy3H24N,05 ([M+H] *): 377.1860found 377.1869.
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2-Cyanoethyl 3(5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate
(3am)

/N Purified bysilica gel columnchromatographyEtOAcd/petroleum

/
) /\/
/\}\\O ether 1:5) afforded3am (62 mg, 83%) asight yellow oil. *H

@El}éN NMR (400 MHz, CDCl;) i 8.22 (dd,J = 8.5, 1.1 Hz, 1H), 8.05
O)\@ (dd,J=7.7, 1.7 Hz, 1H), 7.40 (ddd = 8.6, 7.3, 1.7 Hz, 1H), 742

i 7.20(m, 2H), 7.02 ¢ldd, J = 8.6,7.4, 1.1 Hz, 1H), 6.91d€d, J =
8.7,7.5, 0.9 Hz, 1H), 6.66 (dl = 8.1 Hz, 1H), 4.31 4.17 (m, 2H), 3.63 (d] = 14.7 Hz, 1H), 3.60
3.55 (m, 2H), 3.1%d, J = 14.7 Hz, 1H), 2.84 2.66 (m, 2H), 2.63 () = 6.3 Hz, 2H), 1.26 (s, 3H}C
NMR (100 MHz, CDCly) ti171.0, 1601, 1453, 141.0, 134.0, 129, 128.2, 127.3, 124.7, 124.1, 119.4,
1186, 116.7, 116.6, 112, 826, 591, 43.3, 41.5, 33.4, 29, 18.0. HRMS m/z (ESI): Calculated for

CoH21N30; ([M+H] ): 376.1656found 376.1660.

3-Chloropropyl 3-(5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoate
(3an)
o /\/‘C| Purified by silica gel column chromatography

m /\)LO (EtOAdpetroleum etherl:5) afforded 3an (45 mg, 56%) as

'}\@ light yellow oil. *H NMR (400 MHz,CDCl) ii 8.23 (d,J = 7.8

0 Hz, 1H), 8.05 (dd) = 7.7, 1.7 Hz, 1H), 7.39 (ddd,= 8.6, 7.3,
1.7 Hz, 1H), 7.27 7.20(m, 2H), 7.02 ¢ldd, J = 8.6,7.5, 1.1 Hz, 1H), 6.90d¢d, J = 8.4,7.6, 0.9 Hz,
1H), 6.66 (dJ = 8.2 Hz, 1H), £1-4.18(m, 2H), 3657 3.55(m, 3H), 3.49 (tJ = 6.3 Hz, 2H), 3.15 (d,
J=14.7 Hz, 1H), 2.88 2.44(m, 2H), 2.00i 1.97(m, 2H), 1.26 (s, 3H)**C NMR (1 MHz, CDCl)
0171.5, 160.1, 148, 141.0, 133.9, 129, 128.2, 127.3, 124.7, 124.1193, 118.5, 116.8, 112, 826,

617, 434, 417, 411, 33.6, 314, 209. HRMS m/z (ESI): Calculated for GH,:CIN,O5 (IM+H]*):

399.1470found 399.1666.
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S-isopropyl 3-(5a-methyl-12-oxo-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanethioate
(3a0)

) >\ Purified bysilica gel columrchromatographyEtOAcd/petroleum ether
S

mN/j 1:5) afforded3a0 (59 mg, 78%) asight yellow oil. '"H NMR (400
"}\@ MHz, CDCl,) 11 8.22 (dd,J = 7.8, 1.3 Hz, 1H), 8.04 (dd,= 7.7, 1.7
© Hz, 1H), 7.39 (dddJ = 8.6, 7.3, 1.7 Hz, 1H), 227 7.18(m, 2H),

7.00 ddd, J=8.6,7.5, 1.1 Hz, 1H), 6.8%d¢d, J = 8.5,7.5, 0.9 Hz, 1H), 6.67 (d} = 8.3 Hz, 1H)3.64

i 3.59 (m, 1H)3.58 3.48 (M,3H), 3.13 (d,J = 14.7 Hz, 1H), 2.93 2.76 (m, 2H), 125 (s, 3H), 1.21

(dd,J = 12.6, 6.9 Hz, 6H)*C NMR (10 MHz, CDCl) Ui 197.6, 160.1, 145.3, 141.134.0, 129.2,

1282, 1273, 1247, 124.0, 112, 118.3, 11, 1123, 825, 43.3, 43.0, 42.0, 35.1, 2R.22.8,21.0.

HRMS m/z (ESI): Calculated for GH»N,0,S ([M+H]"): 381.1631found 381.1639.

4 Ring-Opening of Indole Derivativesand Characterization Data

R’ R?

N p2 N\_r2 9
R R —~
CEN& CF3SO,H (2.0 equiv) =07 §F
N HN
+  CF4CH,OH
DCM (1.0 mL), rt, h
o o]
g

o

Under argon, charge a 10 mL flardged resealable Schlenk tube with{0.2 mmol) and BOH (3.0
equiv) in anhydrous DCM(1.0 mL). The reaction mixture was cooled @PC and stirred for 5 min.
Then CRSO;H (2.0 equiv)was added dropwise to tldsovemixture at 0°C and stirred forfurther 5

min. Afterwards, the reaction was warmed tmm temperatureand stirredfor 1 h. The reaction was
guencheccarefully with saturated solution of N&QO;, diluted with waterThe aqueous was extracted
with DCM (3 timeg, the combined organic layers were washed with brine, dried over sodium sulfate,
filtered and concentrated under reduced pressure. The crude product was purii¢éidabgolumn

chromatographylutingwith the ethyl acetate/petroleum ether.
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Noph S —cF mco et G —
e} 3 CF3

N HN/\)~ N HN}\/gO

A e

S-40a: 74% S-4pa: 75%

COOCH;,4

@  Seoor, @E\¥  Seoon,
N HN N HN

A )

S-4qa: 88% S-4ra: 94.2%

\ o
o~ —CFs
N HN/\/g

‘A

S-4sa: 89%

2,2,2Trifluoroethyl 3 -((2-(2-phenyl-1H-indole-1-carbonyl)phenyl)amino)propanoate §-40a)

Purified by silica gel column chromatography

o]
©j\>—‘Ph/\/\\\O/\CF3 (EtOAdpetroleum etherl:5) afforded4oa (69 mg, A%) as

N HN
light yellow oil. *H NMR (400MHz, CDCE) i 7.61 (dd,J =

° 5.9, 2.1 Hz, 1H), 7.54 (ddl = 7.4, 1.5 Hz, 1H), 7.37 7.20
(m, 5H), 7.19 7.03 (m, 5H), 6.71 (s, 1H), 6.64 @@= 8.5 Hz, 1H), 6.40 (dd] = 7.5, 2.3 Hz, 1H), 4.39
(q,J = 8.4 Hz, 2H), 3.53 (q] = 6.5 Hz, 2H), 2.69 (tJ = 6.8 Hz, 2H)*C NMR (100 MHz, CDC)) {i
171.7, 170.0, 150.8, 141.6, 138.3, 135.7, 134.1, 133.0, 129.3, 128.4, 127.8, 127.6, 123.6, 122.9 (q,
277.1 Hz), 122.5, 120.8, 115.6, 115.4, 113.3, 111.2, 108.3, 6Q05:(86.7 Hz), 38.2, 33.5%F NMR
(376 MHz, CDC}) i-73.68 (t,J = 8.1 Hz).HRMS m/z (ESI): Calculated for ggH»1F3sN,O5 ((M+H] ™):

467.1577, Found 467.1600.

Ethyl 1-(2-((3-ox0-3-(2,2,2trifluoroethoxy)propyl)amino)benzoyl) -1H-indole-2-carboxylate
(S-4pa)

o Purified bysilica gel columrchromatographyEtOAc/petroleum

N HN ether 1:5) afforded4pa (69.5 mg, 75%) asidht yellow oil. 'H

) NMR (400 MHz, CDC}) 4 7 J9R8, 1.1dHd, 1H), 7.7

7.56 (m, 1H), 7.40 7.28 (m, 3H), 7.28 7.20 (m, 1H), 7.16 (t) = 7.1 Hz, 1H), 7.04 (dd] = 8.0, 1.6
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Hz, 1H), 6.74 (dJ = 8.6 Hz, 1H), 6.58 6.36 (m, 1H), 4.45 (g = 8.4 Hz, 2H), 4.08 (q) = 7.1 Hz,
2H), 3.62 (q.J = 656 Hz, 2H), 2.79 (tJ = 6.8 Hz, 2H), 1.12 () = 7.1 Hz, 3H)."*C NMR (100 MHz,
CDCl;) t171.2,170.1, 161.0, 151.1, 138.8, 136.0, 133.0, 130.8, 127.0, 126.5, 12P-93¢7.7 H3,
122.6, 120.1, 115.6, 115.3, 114.0, 113.1, 111.3, 61.2, 60B<(@6.7 Hz), 38.2, 33.5, 14.6FF NMR
(376 MHz, CDC}) 1i-73.70 (d,J = 8.3 Hz).HRMS m/z (ESI): Calculated for GgH,;FsN,Os ([M+H]"):

463.1475, Found 4634563

2,2,2Trifluoroethyl 3 -((2-(2,3-dimethyl-1H-indole-1-carbonyl)phenyl)amino)propanoate G4ga)
Me Purified bysilica gel columnchromatographyEtOAcd/petroleum

,: H'\’/'\le/\g\\o/\CFS ether 1:5) afforded4ga (74 mg, 88%) asidht yellow oil. *H

g NMR (400 MHz, CDC}) 0 7 .J3 85.0(7cbHz, 3H), 7.21
(dd,J=7.9, 1.6 Hz, 1H), 7.07 (dlJ = 7.7, 6.0, 1.6 Hz, 1H), 7.026.90 (m, 2H), 6.76 (d] = 8.5 Hz,
1H), 6.51 (tJ = 7.5 Hz, 1H), 4.42 (o) = 8.4 Hz, 2H), 3.57 (d) = 7.3 Hz, 2H), 2.74 (td) = 6.8, 1.5
Hz, 2H), 2.25 (s, 3H), 2.16 (s, 3HFC NMR (100 MHz, CDGJ) ti171.1, 170.2, 150.1, 136.5, 135.1,
134.0, 133.1, 130.5, 122.9 (§,= 278.5 Hz), 122.6, 121.8, 118.0, 116.1, 115.6, 114.1, 113.5, 111.4,
60.5 (q,J = 36.8 Hz), 38.3, 33.5, 12.5,8.°F NMR (376 MHz, CDCJ) i -73.68 (d,J = 8.4 Hz).

HRMS m/z (ESI): Calculated for GH»1FsN,O5 ((M+H] *): 419.1577, Found 419.1602.

Methyl 2-methyl-1-(2-((3-ox0-3-(2,2,2trifluoroethoxy)propyl)amino)benzoyl) -1H-indole-3-carbo

xylate (S-4ra)

CO,Me Purified by silica gel column chromatography
0]
N ____*~07CF; (EtOAdpetroleum etherl:5) afforded4ra (87 mg, 9%) as
N HN
light yellow oil. '"H NMR (400 MHz, CDC}) & 8 .J25 (dd,
o]

5.9, 1.8 Hz, 1H), 8.15 (dl = 8.0 Hz, 1H), 7.50 (ddd] = 8.6,

7.0, 1.6 Hz, 1H), 7.28 7.24 (m, 1H), 7.18 7.10 (m, 2H), 7.08 (dJ = 8.3 Hz, 1H), 6.89 (d] = 8.6 Hz,

1H), 6.56 (tJ = 7.6 Hz, 1H), 4.56 (q) = 8.4 Hz, 2H), 4.00 (s, 3H), 3.75 @= 6.5 Hz, 2H), 2.90 (&)

= 68 Hz, 2H), 2.73 (s, 3H’C NMR (100 MHz,CDG)) & 171.2, 170.0, 166. 1,
136.2, 134.3, 126.6, 123.3, 122.9, 122.9)(g,273.2 Hz) 121.5, 115.8, 113.6, 112.3, 111.7, 108.1, 60.6

(g, J = 36.7 Hz), 51.1, 38.2, 33.4, 134 NMR (376 Mz, Chloroformd) -7B.70 (t,J = 8.5 Hz).

HRMS m/z (ESI): Calculated for GH,1FsN,Os ([M+H] *): 463.1475, Found 46363
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2,2,2Trifluoroethyl 3 -((2-(6-fluoro-2,3,4,9tetrahydro-1H-carbazole9-carbonyl)phenyl)amino)pr
opanoate (S-4sa)
- Purified bysilica gel columnchromatographyEtOAc/petroleum
\@Q/\&O/\CFS ether 1:5) afforded4sa (82 mg, 89%) asdht yellow oil. *H NMR
o)\© (400 MHz, CDC}) 0 7 . &58.7(7dld1d6,Hz, 1H), 7.38
7.28 (m, 1H), 7.18 (dd] = 9.0, 4.4 Hz, 1H), 7.08 (td,= 8.3, 3.9 Hz, 2H), 6.87 6.79 (m, 2H), 6.67
6.62 (m, 1H), 4.52 (qd] = 8.4, 1.6 Hz, 2H), 3.64 (§,= 6.4 Hz, 2H), 2.83 (t) = 6.7 Hz, 2H), 2.73 (s,
1H), 2.67(dq, J = 6.4, 3.2, 2.3 Hz, 2H), 2.52 (s, 1H), 1.03.86 (m, 2H), 1.82 (ddp] = 9.1, 5.9, 3.1,
2.5Hz, 2H)®*C NMR (100 MHz, CDG)) @ 169 . 2, J=638.6Hz), 148%,8.36D, 1838,
132.3, 131.9, 129.7 (d,= 9.6 Hz), 121.8 (o = 277.3 H}, 115.7 (dJ = 3.9 Hz), 115.2, 114.6, 113.9
(d,J=9.1 Hz), 110.4, 109.3 (d,= 25.1 Hz), 102.4 (d] = 23.5 Hz), 59.4 (4] = 36.8 Hz), 37.3, 32.4,

24.2, 22.3, 21.3, 20.6°F NMR (376 MHz, Chlorofornd) -78.73,-121.39 (dt,J = 9.0, 4.5 Hz).

HRMS m/z (ES): Calculated for @H,,FsN,Os ([M+H] *): 463.1639, Found 4631631

5 Derivatization experimentsand Characterization Data

Q. —cCF,
/\}—o JOH
mN NaOH (3.0 equiv) m'\l
N N
)-\@ MeOH (3.0 mL), reflux, 2h
o o)

5: 85%

To a solution of3aa (80.9 mg, 0.2 mmol) in MeOKB.0 mL) was added NaOH (8 equiv, 0.6mmol,
24 mg) then heatedo reflux for 2 h. The reaction was cooled to room temperafline residue was
added waterthen he water layer was adjust to pH =3with 1M HCI and extracted witBtOAc (3
timeg. The combind EtOAc layer was washed with ben dried with NgSO, and concentrated.

Purified by column chromatography (PE/EA = 2:1) to afford desired acifl ;:¢585% yield)
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o]

/—CF3
/\}X‘O /\/‘OH
NaBH, (8.0 equiv) N
N N
N MeOH (1.0 mL)
rt, 20 min fe}

6: 90%

3aa
To a solution o3aa (80.9 mg, 0.2 mmol) in MeOK{l.0 mL) was addedNaBH, (8.0 equiv, 1.6 mmol,
60.5 mg) at room temperature and reacted at room temperature foni2Othe reaction reached
completion according to the TLC analysi$ie residue was added water and extracted EifhAc (3
timeg. The combind EtOAc layer was washed with brine, dried with 488, and concentrated.

Purified bysilica gelcolumn chromatography (PE/EA5:1) to afford6 (55 mg, 90% yield).

O,

0
CF
S S
mN NH3H,O (4.0 mL) mN
N N
t, 16h
o) O

3aa 7:91%

The 3aa (80.9 mg, 0.2 mmolwas addedto NHs.H,O (4.0 mL) and stir for 16 hours at room
temperature After the reaction reached completion according to the TLC analybkés residue was
extracted withHEtOACc (3 timeg. The combineEtOAc layer was washed with brine, dried with JS&),

and concentrated. Purified Isjlica gelcolumn chromatograph{PE/EA = 2:1) to afford? (58 mg, 91%

yield).

3-(5a-M ethyl-12-o0x0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propanoic acid (5)
0 Purified bysilica gel columnchromatography{EtOAc/petroleum ether

m J on 1:5) afforded5 (55 mg, 85%) asidht yellow oil. '"H NMR (400 MHz,

“}\@ CDCly) 1i9.96 (s, 1H)8.30 (d,J = 8.0 Hz, 1H), 8.12 (ddj = 7.8, 1.6 Hz,

© 1H), 7.45 (dd, J = 8.9,7.8, 1.7 Hz, 1H), 7.34 7.26 (m, 2H), 7.09ddd,
J=8.6,7.4 1.3Hz, 1H), 6.97 ¢dd, J = 8.5,7.5, 1.3Hz, 1H), 6.74 (dJ = 8.3 Hz, 1H), 3.73 3.58 (m,
3H), 3.21 (dJ = 14.6 Hz, 1H), 2.86 (dt] = 16.8, 6.8 Hz1H), 2.75 (dtJ = 16.4, 7.8 Hz, 1H), 1.33 (s,
3H). °C NMR (10 MHz, CDCl) @i 176.1, 1604, 1454, 1409, 1342, 129.3, 12&, 127.4, 124.7,
1243, 119.3, 118, 117.0, 1124, 826, 43.3, 41.6, 33.5, 20.84RMS m/z (ESI): Calculated for

CigH1aN203 ([M+H] +): 323.1391found 323.1394.
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5-(3-Hydroxypropyl) -5a-methyl-5a,6-dihydroindolo[2,1-b]quinazolin-12(5H)-one (6)
/\/‘OH Purified bysilica gel columnchromatographyEtOAcd/petroleum ether

mN 1:5) afforded6 (55 mg, 90%) asight yellow oil. *"H NMR (400 MHz,
O}/\Q CDCly) 11 8.24 (d,J = 8.0 Hz, 1H), 8.04 (dd] = 7.7, 1.7 Hz, 1H), 7.37
(ddd,J=8.7, 7.3, 1.7 Hz, 1H), 7.277.19 (m, 2H), 7.02ddd, J = 8.6,7.5, 1.1 Hz, 1H), &7 (ddd, J =
8.7,7.5, 1.1 Hz1H), 6.75 (dJ = 8.3 Hz, 1H), 3.87 3.70(m, 2H), 3.62 (dJ = 14.7 Hz, 1H), 3.48
3.27 (m, 2H), 3.13 (d] = 14.8 Hz, 1H), 1.99 1.81 (m, 2H), 1.27 (s, 3H}’C NMR (10 MHz, CDCly)
01606, 1462, 141.0, 134.0, 1289, 128.1, 127.6, 128, 124.1, 118.6, 117.9, 116.7, 112.9, 82.6, 59.7,
434, 43.0, 31.3, 20. HRMS m/z (ESI): Calculated for GHyoN,O, ([M+H]"): 309.1598,found

309.1606.

3-(5a-M ethyl-12-ox0-5a,6-dihydroindolo[2,1-b]quinazolin-5(12H)-yl)propenamide (7)
0 Purified bysilica gel columnchromatographyEtOAcd/petroleum ether

mN/\}\NHz 1:5) afforded7 (58 mg, 91%) awhite solid *H NMR (400 MHz,CDCly)

N}/\Q 118.28 (d,J = 8.0 Hz, 1H), 8.10 (dd] = 7.7, 1.7 Hz, 1H), 7.42 (ddd,=

© 8.8, 7.4, 1.7 Hz, 1H), 73 7.25(m, 2H), 7.09 @dd, J=8.7,7.5, 1.1 Hz,
1H), 6.96 (idd, J = 8.6,7.5, 0.9 Hz, 1H), 6.73 (dl = 8.2 Hz, 1H), 5.75 (s, 1H), 5.47 (s, 1H), 3187
3.46 (m, 3H), 3.19 (d] = 14.8 Hz, 1H), 2.77 2.42 (m, 2H), 1.31 (s,H). **C NMR (10 MHz, CDCly)
0172.8, 16, 145.5, 140.9, 180,1292, 128.1, 127.6, 124.8, 124.1, 129118.5, 116.7, 112.4, 8.
43.4, 42.0, 34.7, 28. HRMS m/z (ESI): Calculated for GH1gNsO, ([M+H]™): 322.1550,found

322.1551.

Reference:

1. Shen, C.; Liu, R. R.; Fan, R. J.; Li, Y. L.; Xu, T. F.; Gao, J. R.; Jia, Y. X., Enantioselective Arylative
Dearomatization of Indoles via Rehtalyzed Intramolecular Reductive Heck Reactidn#m. Chem.
S0c.2015,137, 49364939.

2. Wang, J.; Liu, Y.;Xiong, Z.; Zhong, L.; Ding, S.; Li, L.; Zhao, H.; Chen, C.; Shang, V.,
Palladiumcatalysed dearomative aryl/cycloimidoylation of indol&shem. Commun2020, 56,
32493252.
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6 'H NMR, *C NMR and *°F NMR spectra
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