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1. Experimental Section
1.1. Gereral

All solvents and reagents used are commercially available and were used without
further purification. All '"H and '3C NMR spectra used de-DMSO as a solvent to avoid
the interference of peaks from residual non-deuterium solvent. The NMR data were
obtained on a Bruker DPX-400 or 500 Spectrometer, respectively. The MestReNova
Software was used to deal with the NMR spectra. Chemical shifts (J) are reported in
ppm and J values are given in hertz. In '"H NMR, the signal of TMS was set as 0.00
ppm unless noted. In 3C NMR, the middle signal of de-DMSO was set as 39.60 ppm.
All the signals represent 1H or 1C except as noted. HPLC analyses for the qualitative
and quantitative analysis of the products were carried out using an Agilent 1200 pump
equipped with an Agilent 1200 detector. Melting points were determined on an X-5
digital microscopic melting-point apparatus (Beijing Tech Instruments Co., Beijing,
China) and are uncorrected. High resolution mass spectrometry were obtained using a
Waters Q-Tof MicroTM instrument. X-ray Crystallography parameters for data
collection and refinement of the compounds are summarized in Table 3. Intensities
were collected on a Rigaku Saturn 724 CCD diffractometer (Mo-Ka, A = 0.71073 A)
at a temperature of 293 K using the SMART and SAINT programs. The structures
were solved by direct method and refined on F2 by full-matrix least-squares methods
with SHELXTL-97 crystallographic software package. All the non-hydrogen atoms
were refined with anisotropic thermal displacement coefficients. The hydrogen atoms
were assigned with common isotropic displacement factors and included in the final

refinement by using geometrical restrains.

1.2. Preparation of B-(trifluoroacetyl)coumarins 1a-f

B-(trifluoroacetyl)coumarins la-f were prepared according the microwave assisted
solvent-free route via Knoevenagel condensation of substituted salicylaldehydes with
ethyl trifluoroacetoacetate in the presence of silica-immobilized L-proline and
subsequently rearrangement (see ref[31]).

Indole 2a and substituted indoles 2b-h were used commercially.
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1.3 Optimization of reaction conditions

To optimize reaction condition, the effects of the catalyst (containing different Lewis
acids or protic acids), the effects of the solvent, the effects of reaction temperature,
the amount of catalyst, the ratio of the reactants and the moisture were investigated
and shown in Table S1, which contains another 15 entries compared the Table 1 in the
published article.

Table S1.  Optimization of Reaction Conditions®

CerCFa (j@ e
+
conditions

Entry Catalyst X Solvent 7/°C Time/min®  Yield/%°¢

1 None - CH2CL 25 120 N.R.
2 AlCI; 5 CH2ClL2 25 120 15
3 FeCl; 5 CH:Cl 25 120 30
4  Pb(OAc): 5 CH2CL 25 120 20
5  Cu(OTf) 5 CHxCl 25 120 17
6 Fe(OTf); 5 CHxCL, 25 120 25
7 Y(OTf)s 5 CH2CL2 25 120 45
8 p-TSA 5 CHxCL 25 120 N.R.
9 TfOH 5 CHoCL, 25 120 8
10 Sc(OTf)3 5 CHoCL, 25 120 93
11 Sc(OTf)3 5 CH2ClL2 25 300 95
12 Sc(OTf)3 5 CHCL 25 30 91
13 Sc(OTf)3 5 CHCI3 25 120 90
14 Sc(OTf)3 5 CCly 25 120 87
15 Sc(OTf)3 5 DCE 25 120 82
16  Sc(OTf)3 5 Toluene 25 120 75
17 Sc(OTf)3 5 CH3;CN 25 120 38
18  Sc(OTf)3 5 EtOH 25 120 72
19  Sc(OTf)3 5 HOAc 25 120 65
20 Sc(OTHhH)s 5 CH:Cl;  reflux 20 95
21 Sc(OTf)3 5 CHxCl>  reflux 30 92
22 Sc(OTf)3 5 CHxCl,  reflux 90 88
23 Sc(OTf)3 5 CHCl3 45 30 83



24 Sc(OTf)3 5 CHCIs 45 90 88
25  Sc(OTf)3 5 CHCI3 45 120 88
26  Sc(OTf) 5 CHCI; reflux 20 81
27  Sc(OTf)3 5 CHCl;  reflux 40 83
28  Sc(OTf)3 5 CHCIz  reflux 60 80
29  Sc(OTf)3 5 CHCIz  reflux 100 70
30 Sc(OTf)3 7.5 CHxCL,  reflux 30 91
31 Sc(OTf)s 10 CHxCl>  reflux 30 90
324 Sc(OTH)3 5 CHxCl,  reflux 20 92
33¢  Sc(OTf) 5 CH:CL:  reflux 10 20
34¢  Sc(OTH)s 5 CHxCl>  reflux 20 45
35¢  Sc(OTf)3 5 CHxCL,  reflux 60 61

¢ The reactions were performed on a 0.2 mmol scale using 1a (1.0 equiv.)
and 2a (1.0 equiv in entries 1-31 and 33-35; 1.1 equiv in entry 32) in 2.0
mL of solvent under air atmosphere. The reactants, catalysts and solvents
were used without further treatment (except entries 33-35).

b The reactions were monitored by HPLC analysis using a '8C
chromatographic column. Mobile phase was MeOH:H20 = 75%:25% and
flow velocity was 1.0 mL/min.

¢ Isolated yield.

4 The ratio of 1a:2a =1:1.1

¢ The reactants and catalyst (1a, 2a and Sc(OTf)3) were dried under vacuum
at room temperature in a desiccator for 2 hours to remove moisture. The
solvent (CH2Cl2) was distilled over phosphorus pentoxide.

1.4 Preparation of 1-(B-coumarinyl)-1-(B-indolyl)trifluoroethanols 3aa-3fa

In a typical experiment of Friedel-Crafts alkylation of indoles, a solution of
B-(trifluoroacetyl)coumarin 1a (0.2 mmol), indole 2a (0.2 mmol) and Sc(OTf)s (0.01
mmol, 5% eq) in 2 mL CH>Cl, was stirred under atmosphere at 45 °C for 20 minutes.
The reaction was monitored by HPLC. When the reaction completed, the mixture was
washed by water (5 mLx3). Then the water phase was extracted by CH>Cl, (5 mLx3).
The combined solution was evaporated under reduced pressure. The crude product
was recrystallized from ethyl acetate and petroleum ether (1:10), to afford the product

3aa as a light yellow powder (95% yield).
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1.5 Characterization data of new compounds

1-(coumarin-3-yl)-1-(1H-indol-3-yl)-2,2,2-trifluoroethanol (3aa).

(3

HO =

96
CFs
o "0

Yield 95%, light yellow powder, mp 244.6-244.9 °C. '"H-NMR (400 MHz) & 11.30 (s,
NH), 8.69 (s), 7.99 (d, J = 7.4 Hz), 7.64 (t, J = 7.6 Hz), 7.48 (s), 7.44-7.34(m, SH),
7.07 (t, J = 7.5 Hz), 6.89 (t, J = 7.5 Hz). *C NMR (101 MHz) & 157.46(C=0),
153.55(C-0), 143.05, 136.30, 132.73, 129.68, 125.47(q, J = 287.9 Hz, CFs), 125.39,

125.34, 124.80, 124.37, 121.28, 119.65, 119.12, 118.42, 115.87, 111.91, 110.40,
74.49(q, J = 30.0 Hz, C-CFs). '9F NMR (376 MHz) & —74.21(s, 3F, CF3). (The

NH

chemical shift was obtained from the MestReNova software without correction.)

HRMS: m/z calcd for CioH11F3NO3: 358.0691 [M-H]"; found: 358.0689.

1-(coumarin-3-yl)-1-(2-methyl-1H-indol-3-yl)-2,2,2-trifluoroethanol (3ab).

Yield 82%, brown powder, mp 161.2-163.7 °C. 'H NMR (500 MHz) & 11.07 (s, NH),
8.43 (s), 8.03 (dd, J="7.7, 1.2 Hz), 7.66 (td, J= 7.8, 1.2 Hz), 7.42 (td, J= 7.4, 0.6 Hz,
2H), 7.41 (d, J = 8.4 Hz), 7.32 (d, J = 7.6 Hz), 7.25 (d, J = 8.0 Hz), 6.97 — 6.91 (m,
2H), 6.80 (t, J = 7.6 Hz), 2.41 (s, 3H, CH3). '3*C NMR (126 MHz) § 157.14 (C=0),
153.21 (C-0), 140.21, 134.80, 134.49, 132.67, 129.82, 126.99, 126.08, 125.86 (q, J =
284.5 Hz, CF3), 124.84, 119.95, 119.33, 118.71, 118.05, 115.86, 110.61, 105.89, 75.93
(q, J = 29.6 Hz, C-CF3), 13.76(CH3). HRMS: m/z calcd for CoH13F3NOs: 372.0848
[M-H]"; found: 372.0845.

1-(coumarin-3-yl)-1-(4-methoxy-1H-indol-3-yl)-2,2, 2-trifluoroethanol (3ac).
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Yield 80%, light yellow powder, mp 190.7-193.7 °C. '"H NMR (500 MHz) & 11.31 (s,
NH), 8.22 (s), 7.87 (d, J = 7.7 Hz), 7.64 (td, J = 8.0, 1.0 Hz), 7.43 (d, J = 8.3 Hz),
7.39 —7.35 (m, 2H), 7.13 — 7.08 (m), 7.06 — 7.03 (m), 7.01 (t, /= 7.7 Hz), 6.40 (dd, J
= 7.3, 0.7 Hz), 3.46 (s, 3H, OCH3). *C NMR (126 MHz) & 159.15 (C=0), 153.08
(C-0), 152.37 (C-0), 143.04, 138.10, 132.48, 129.18, 126.12, 125.68 (q, J = 287.7
Hz, CF;), 124.86, 123.22, 122.55, 118.70, 115.83, 115.25, 111.35, 105.30, 100.36,
75.17 (q, J = 28.9 Hz, C-CF3;), 54.90 (OCHs). HRMS: m/z caled for C20Hi3F3NOa:
388.0797 [M-H]"; found: 388.0795.

1-(coumarin-3-yl)-1-(4-benzyloxy-1H-indol-3-yl)-2,2,2-trifluoroethanol (3ad).

Ol

HO S
S
CF3
o "0

Yield 85%, light yellow powder, mp 251.0-253.1 °C. '"H NMR (500 MHz) & 11.35 (s,

NH

NH), 8.05 (s), 7.59 (t, J= 7.8 Hz), 7.50 (d, J = 7.7 Hz), 7.39 (s), 7.28 (t, J = 7.5 Hz),
7.24 (tt, J= 7.0, 1.6 Hz), 7.19 — 7.10 (m, SH), 7.03 (d, J = 8.1 Hz), 6.95 (t, J = 7.9 Hz),
6.40 (d, J = 7.8 Hz), 5.04 (d, J = 12.8 Hz, CHH-O), 491 (d, J = 12.8 Hz, CHH-O).
13C NMR (126 MHz) § 158.90 (C=0), 153.08 (C-0), 151.21 (C-0), 143.55, 138.28,
136.93, 132.42, 129.17, 128.25 (2C), 127.62, 127.23 (2C), 125.84, 125.69 (q, J =
288.2 Hz, CFs), 124.62, 123.55, 122.40, 118.45, 115.73, 115.36, 110.95, 105.32,
101.47, 7527 (q, J = 29.5 Hz, C-CF3), 69.16 (OCH:). HRMS m/z caled for
Ca6H17F3sNOg: 464.1110 [M-HT*; found: 464.1106.

1-(coumarin-3-yl)-1-(5-methyl-1H-indol-3-yl)-2,2,2-trifluoroethanol (3ae).

Yield 88%, white powder, mp 181.6-183.2 °C. 'H NMR (500 MHz) & 11.14 (s, NH),
8.63 (s), 7.99 (d, J=7.0 Hz), 7.65 (d, J = 7.0 Hz), 7.42 — 7.38 (m, 3H), 7.32 — 7.24 (m,
2H), 7.20 — 7.15 (m), 6.92 — 6.87 (m), 2.21 (s, 3H, CH:). 3C NMR (126 MHz) &
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157.53 (C=0), 153.47 (C-0), 142.92, 134.63, 132.70, 129.62, 127.36, 125.60, 125.44
(q, J = 287.6 Hz, CF3), 125.24, 124.79, 124.39, 122.85, 119.32, 118.37, 115.83,
111.55, 109.76, 74.65 (q, J = 29.7 Hz, C-CFs), 21.43 (CHs). HRMS m/z caled for
C20H13F3NOs: 372.0848 [M-H]*; found: 372.0846.

1-(coumarin-3-yl)-1-(5-methoxy-1H-indol-3-yl)-2,2,2-trifluoroethanol (3af).

Yield 79%, gray powder, mp 172.4-174.0 °C. 'H NMR (500 MHz) § 11.12 (s, NH),
8.66 (s), 8.00 (dd, J = 8.3, 1.5 Hz), 7.66 (td, J = 7.9, 1.1 Hz), 7.43 — 7.39 (m, 3H),
7.31 (d, J = 8.8 Hz), 7.25 (s, OH), 6.80 (s), 6.74 (dd, J = 8.8, 2.3 Hz), 3.51 (s, 3H,
OCHj3). BC NMR (126 MHz) 8 157.45 (C=0), 153.46 (C-0), 153.04 (C-0), 142.80,
132.72, 131.46, 129.58, 125.75, 125.42 (q, J = 287.6 Hz, CF;), 125.29, 125.02,
124.81, 118.32, 115.81, 112.45, 110.81, 109.93, 102.04, 74.56 (q, J = 30.1 Hz, C-CF3),
55.14 (OCH3). HRMS m/z caled for CxHi3FsNOs4: 388.0797 [M-H]J"; found:
388.0795.

1-(coumarin-3-yl)-1-(5-chloro-1H-indol-3-yl)-2,2,2-trifluoroethanol (3ag).
Cl

&

HO =

L
CF,
0] 0]

Yield 93%, white powder, mp 207.2~207.8 °C. 'H NMR (400 MHz) & 11.49 (d, J =
1.9 Hz, NH), 8.65 (s), 8.01 (dd, J = 7.7, 1.2 Hz), 7.68 (td, J = 8.2, 1.5 Hz), 7.52 (s,
OH), 7.45 — 7.40 (m, 4H), 7.38 (d, J = 1.9 Hz), 7.08 (dd, J = 8.6, 2.1 Hz). >*C NMR
(101 MHz, DMSO) & 157.37 (C=0), 153.49 (C-0), 142.91, 134.72, 132.84, 129.72,
126.48, 126.25, 125.29 (q, J = 288.1 Hz, CFs), 124.88, 124.84, 123.58, 121.26, 118.88,

118.30, 115.88, 113.45, 110.30, 74.40 (q, J = 30.2 Hz, C-CF3). HRMS m/z calcd for
CioH11CIF3NNaOs: 416.0277 [M+Na]"; found:416.0273.

NH
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1-(coumarin-3-yl)-1-(6-bromo-1H-indol-3-yl)-2,2,2-trifluoroethanol (3ah).

Br

&

Ho. s NH
=~

CFs
o i o

Yield 92%, white powder, mp 218.2~219.0 °C. 'H NMR (400 MHz) & 11.40 (d, J =
1.6 Hz, NH), 8.66 (s), 7.99 (dd, J= 7.8, 1.1 Hz), 7.66 (td, J = 7.8, 1.4 Hz), 7.61 (d, J =
1.6 Hz), 7.49 (s, OH), 7.44 — 7.38 (m, 3H), 7.30 (d, J = 8.6 Hz), 7.04 (dd, J = 8.6, 1.7
Hz). *C NMR (101 MHz) § 157.32 (C=0), 153.52 (C-0), 143.11, 137.12, 132.79,
129.71, 125.39, 125.30 (q, J = 288.3 Hz, CF3), 124.97, 124.79, 124.44, 122.01,
121.33, 118.33, 115.86, 114.38, 114.04, 110.80, 74.06 (q, J = 30.3 Hz, C-CF3). HRMS
m/z calcd for C19H11BrF3NNaOs: 459.9772 [M+Na]*; found:459.9770.

1-(6-chlorocoumarin-3-yl)-1-(1H-indol-3-yl)-2,2,2-trifluoroethanol (3ba).

HO =
Cl N
CF;
o "0

Yield 88%, yellow powder, mp 252.8-252.9 °C. 'H NMR (400 MHz) & 11.27 (s, NH),

NH

8.70 (s), 8.18 (d, J = 2.5 Hz), 7.69 (dd, J = 8.8, 2.5 Hz), 7.45 — 7.41 (m, 2H), 7.40 (d,
J=82Hz),7.35 (s), 7.32 (d, J= 8.0 Hz), 7.05 (t, J = 7.5 Hz), 6.87 (t, J = 7.5 Hz). 3C
NMR (101 MHz) § 156.74 (C=0), 152.13 (C-O), 141.90, 136.19, 132.24, 128.72,
128.51, 126.51, 125.28 (q, J = 287.4 Hz, CF3), 125.24, 124.33, 121.21, 119.74, 119.53,
119.08, 117.85, 111.82, 110.05, 74.35 (q, J = 29.8 Hz, C-CF3). HRMS m/z calcd for
C1oH10CIFsNOs: 392.0301 [M-H]*; found: 392.0294.

1-(6-chlorocoumarin-3-yl)-1-(4-methoxy-1H-indol-3-yl)-2,2,2-trifluoroethanol (3bc).

Yield 83%, yellow-green powder, mp 203.7-204.8 °C. 'H NMR (400 MHz) & 11.32 (d,
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J=1.9 Hz), 8.34 (s), 8.10 (d, J = 2.5 Hz), 7.66 (dd, J = 8.8, 2.5 Hz), 7.46 (d, J = 8.9
Hz), 7.38 (s, OH), 7.06 — 6.98 (m, 3H), 6.41 (dd, J = 7.1, 1.1 Hz), 3.47 (s, 3H).1*C
NMR (101 MHz) ¢ 158.21 (C=0), 152.36 (C-0O), 151.81, 141.91, 138.07, 132.00,
128.62, 128.26, 127.59, 125.59 (q, J = 287.7 Hz), 123.32, 122.53, 120.15, 117.84,
115.25, 111.09, 105.32, 100.32, 74.94 (q, J = 29.2 Hz), 54.90 (OCHs). HRMS m/z
calcd for C20H13CIF3NNaOg: 446.0383 [M+Na]"; found: 446.0376.

1-(6-chlorocoumarin-3-yl)-1-(4-benzyloxy-1H-indol-3-yl)-2,2,2-trifluoroethanol
(3bd).

(O
HO S
Cl N
CF;
O 0

Yield 75%, light yellow powder, mp 256.7-256.9 °C. '"H NMR (400 MHz) & 11.34 (d,

NH

J= 1.5 Hz), 8.08 (5), 7.58 (dd, J = 8.8, 2.4 Hz), 7.43 (d, J = 2.3 Hz), 7.36 (s, OH),
7.32 (d, J = 8.8 Hz), 7.30 — 7.26 (m), 7.24 — 7.16 (m, 4H), 7.07 (s), 7.03 (d, J = 8.0
Hz), 6.96 (t, J = 7.9 Hz), 6.43 (d, J = 7.7 Hz), 5.00 (d, J = 12.5 Hz), 4.85 (d, J = 12.5
Hz). 3C NMR (101 MHz) § 157.75(C=0), 151.68(C-0), 151.45(C-0), 142.49,
138.20, 136.83, 131.75, 128.21 (2C), 128.18, 127.58, 127.41 (2C), 127.17, 125.57 (q,
J=288.5 Hz, C-CF3), 123.52, 123.50, 122.34, 119.68, 117.55, 115.39, 110.65, 105.31,
101.40, 74.76 (q, J = 29.7 Hz, C-CF3), 69.28 (OCHs). HRMS m/z caled for
Ca6H16CIF3sNO4: 498.0720 [M-HT*; found: 498.0709.

1-(6-bromocoumarin-3-yl)-1-(1H-indol-3-yl)-2,2,2-trifluoroethanol (3ca).

T
Br \IiO
CF;
O "0

Yield 84%, yellow powder, mp 253.2-255.0 °C. 'H NMR (400 MHz) & 11.27 (d, J =

NH

1.2 Hz), 8.69 (s), 8.31 (d, J=2.3 Hz), 7.81 (dd, J = 8.8, 2.4 Hz), 7.43 (s, OH), 7.39 (d,
J =83 Hz), 7.38 — 7.34 (m, 2H), 7.31 (d, J = 8.1 Hz), 7.05 (t, /= 7.6 Hz), 6.87 (t, J =
7.5 Hz). 3C NMR (101 MHz) § 156.75 (C=0), 152.56 (C-0), 141.84, 136.22, 135.01,
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131.71, 126.48, 125.30 (q, J = 288.2 Hz, CF3), 125.27, 124.36, 121.24, 120.26, 119.58,
119.10, 118.13, 116.35, 111.84, 110.10, 74.41 (q, J = 29.9 Hz, C-CF3). HRMS m/z
calcd for Ci9H10BrF3NOs: 435.9796 [M-H]"; found: 435.9786.

1-(6-bromocoumarin-3-yl)-1-(4-methoxy-1H-indol-3-yl)-2,2,2-trifluoroethanol (3cc).

woo-L_)
Br ,Eio =
CF3
O "0

Yield 76%, yellow powder, mp 234.1-235.5 °C. '"H NMR (400 MHz) & 11.32 (d, J =

NH

1.5 Hz, NH), 8.32 (s), 8.23 (d, J=2.2 Hz), 7.79 (dd, J = 8.8, 2.2 Hz), 7.39 (d, J = 8.8
Hz), 7.35 (s, OH), 7.05 — 6.99 (m, 3H), 6.39 (dd, J = 6.6, 1.5 Hz), 3.45 (s, 3H, OCH5).
BC NMR (101 MHz, DMSO) § 158.15 (C=0), 152.33 (C-0), 152.21 (C-0), 141.82,
138.05, 134.78, 131.24, 127.53, 125.58 (q, J = 287.5 Hz), 123.32, 122.51, 120.63,
118.12, 116.44, 115.24, 111.07, 105.31, 100.32, 74.93 (q, J =29.4 Hz), 54.91 (OCH3).
HRMS m/z caled for C20Hi12BrF3sNO4: 465.9902 [M-H]"; found: 465.9890.
1-(6-bromocoumarin-3-yl)-1-(4-benzyloxy- 1 H-indol-3-yl)-2,2,2-trifluoroethanol

(3cd).

et
Br iO S
CF3
(@] @]

Yield 79%, yellow powder, mp 213.3-215.3 °C. '"H NMR (400 MHz) & 11.35 (s, NH),

NH

8.06 (s), 7.70 (dd, J = 8.8, 2.3 Hz), 7.53 (d, J = 2.2 Hz), 7.36 (s, OH), 7.32 — 7.16 (m,
6H), 7.07 (d, J = 1.4 Hz), 7.03 (d, J = 7.9 Hz), 6.96 (t, J = 7.9 Hz), 6.43 (d, J = 7.7
Hz), 5.00 (d, J = 12.4 Hz, CHH), 4.84 (d, J = 12.4 Hz, CHH). '*C NMR (101 MHz) §
157.69 (C=0), 152.09 (C-0), 151.46 (C-0), 142.45, 138.20, 136.81, 134.52, 131.14,
128.23(2C), 127.59, 127.48(2C), 127.11, 125.57 (d, J = 287.6 Hz, CFs), 123.52,
123.49, 122.34, 120.15, 117.82, 116.06, 115.39, 110.64, 105.33, 101.40, , 74.75 (q, J
= 29.6 Hz, C-CF3), 69.33 (OCHa). HRMS m/z calcd for CagHisBrFsNOs: 542.0215
[M-HT*; found: 542.0201.
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1-(7-methoxycoumarin-3-yl)-1-(1H-indol-3-yl)-2,2,2-trifluoroethanol (3da).

HO SN
o
CF5
MeO (@] (0]

Yield 82%, white powder, mp 186.7-188.4 °C. '"H NMR (400 MHz) 5 11.27 (d, J=2.1

NH

Hz, NH), 8.56 (s), 7.88 (d, /= 9.4 Hz), 7.45 (s, OH), 7.42 (d, J=8.1 Hz), 7.35 (d, J =
8.0 Hz), 7.24 (s), 7.07 (td, J = 7.8, 1.0 Hz), 7.01 — 6.97 (m, 2H), 6.88 (t, J = 7.5 Hz),
3.85 (s, 3H, OCHs;). 3C NMR (101 MHz) & 163.15(C=0), 157.98(C-0),
155.52(C-0), 143.17, 136.29, 130.69, 125.56 (d, J = 287.8 Hz, CF3), 125.42, 124.25,
121.35, 121.24, 119.70, 119.04, 112.93, 111.97, 111.87, 110.67, 100.14, 74.42 (q, J =
30.1 Hz, C-CF3), 56.10(0OCH3). HRMS: m/z calcd for C20H13F3NO4: 388.0797 [M-H]";
found: 388.0790.
1-(7-methoxycoumarin-3-yl)-1-(4-methoxy-1H-indol-3-yl)-2,2,2-trifluoroethanol
(3dc).

Yield 72%, yellow powder, mp 214.4-215.1 °C. 'H NMR (400 MHz) 3 11.09 (d, J =
1.6 Hz, NH), 8.54 (s), 7.90 (d, /= 9.3 Hz), 7.36 (s, OH), 7.29 (d, J = 8.7 Hz), 7.16 (s),
7.03 — 6.98 (m, 2H), 6.76 (d, J = 2.0 Hz), 6.72 (dd, J = 8.8, 2.3 Hz), 3.86 (s, 3H,
OCH;), 3.50 (s, 3H, OCH3). *C NMR (101 MHz) 8 163.08(C=0), 157.90(C-0),
155.40(C-0), 152.96(C-0), 142.90, 131.44, 130.62, 125.77, 125.49 (q, J = 288.3 Hz,
CFs), 124.88, 121.31, 112.90, 112.38, 111.85, 110.74, 110.18, 102.08, 100.10, 74.46
(g, J = 30.2 Hz, C-CF;3), 56.09(0OCHs), 55.14(OCHs). HRMS: m/z calcd for
C21Hi15F3NOs: 418.0902 [M-H]; found: 418.0895.

1-(7-methoxycoumarin-3-yl)-1-(4-benzyloxy-1H-indol-3-yl)-2,2,2-trifluoroethanol
(3dd).
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Yield 85%, yellow powder, mp 206.9-208.0 °C. '"H NMR (400 MHz) & 11.33 (d, J =
1.9 Hz, NH), 7.93 (s), 7.42 (d, J = 8.7 Hz), 7.36 (s, OH), 7.27 — 7.22 (m), 7.21 — 7.13
(m, 4H), 7.09 (s), 7.02 (d, J = 8.0 Hz), 6.96 — 6.91 (m, 2H), 6.88 (dd, J= 8.7, 2.4 Hz),
6.39 (d, J=7.7 Hz), 5.04 (d, J=12.9 Hz, OCHH), 4.93 (d, J = 12.9 Hz, OCHH), 3.83
(s, 3H, OCHs;). *C NMR (101 MHz) & 162.89 (C=0), 159.48 (C-0), 155.01(C-0),
151.18, 143.61, 138.29, 136.98, 130.22, 128.25(2C), 127.58, 127.19(2C), 125.82 (q, J
= 292.1 Hz, CF3), 123.43, 123.41, 122.38, 121.92, 115.33, 112.81, 112.05, 111.21,
105.27, 101.42, 100.02, 75.30 (q, J = 29.2 Hz, C-CF3), 69.10(0CH>), 56.07(OCHs).
HRMS: m/z calcd for C27H19F3NOs: 494.1215 [M-H]*; found: 494.1206.

1-(7-methoxycoumarin-3-yl)-1-(5-methyl-1H-indol-3-yl)-2,2 2-trifluoroethanol (3de).

Yield 78%, yellow powder, mp 230.1-231.5 °C. 'H NMR (400 MHz) & 11.13 (d, J =
2.1 Hz, NH), 8.51 (s), 7.88 (d, /= 8.9 Hz), 7.38 (s, OH), 7.30 (d, J = 8.3 Hz), 7.18 (s),
7.17 (s), 7.01 (s), 6.99 (t, J= 2.4 Hz), 6.89 (dd, J = 8.3, 1.1 Hz), 3.86 (s, 3H, OCH>),
2.22 (s, 3H, CH3). 3C NMR (101 MHz) 8§ 163.12 (C=0), 158.10 (C-0), 155.45
(C-0), 143.12, 134.65, 130.68, 127.32, 125.66, 125.57 (q, J = 287.8 Hz), 124.30,
122.85, 121.27, 119.40, 112.92, 111.95, 111.54, 110.06, 100.15, 74.62 (q, J = 29.9
Hz), 56.09 (OCHz3), 21.46 (CH3z). HRMS: m/z calcd for C;HisF3sNOs: 402.0953
[M-H]"; found: 402.0946.

1-(7-methoxycoumarin-3-yl)-1-(5-methoxy-1H-indol-3-yl)-2,2,2-trifluoroethanol
(3df).
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Yield 85%, white powder, mp 218.4-220.6 °C. 'H NMR (400 MHz) 6 11.30 (d, J= 1.7

NH

Hz, NH), 8.08 (s), 7.76 (d, J = 8.7 Hz), 7.34 (s, OH), 7.10 (s), 7.06 — 6.98 (m, 3H),
6.95 (dd, J= 8.7, 2.3 Hz), 6.40 (dd, J = 6.7, 1.4 Hz), 3.85 (s, 3H, OCHs), 3.49 (s, 3H,
OCH?3).13C NMR (101 MHz) § 162.90 (C=0), 159.81 (C-0), 154.96 (C-0), 152.40
(C-0), 143.23, 138.11, 130.24, 125.77 (q, J = 288.1 Hz, CF3), 123.11, 122.55, 122.12,
115.25, 113.00, 112.22, 111.58, 105.26, 100.38, 100.13, 75.24 (q, J = 29.2 Hz, C-CF3),
56.07(OCH3), 54.97(OCH3). HRMS: m/z caled for C21HisF3sNOs: 418.0902 [M-H]";
found: 418.0893.

1-(8-methoxycoumarin-3-yl)-1-(1H-indol-3-yl)-2,2,2-trifluoroethanol (3ea).

OMe
Yield 84%, white powder, mp 244.3-247.2 °C. '"H NMR (400 MHz) § 11.28 (d,J=1.8

Hz, NH), 8.64 (s), 7.53 (m), 7.46 (s, OH), 7.42 (d, J = 8.1 Hz), 7.36 — 7.31 (m, 4H),
7.06 (t, J = 7.3 Hz), 6.88 (t, J = 7.3 Hz), 3.89 (s, 3H, OCH3). 3C NMR (101 MHz) §
157.13 (C=0), 146.24 (C-0O), 143.22 (C-0), 142.87, 136.26, 125.49, 125.43 (q, J =
288.2 Hz, C-CF3), 125.34, 124.75, 124.35, 121.26, 120.67, 119.56, 119.10, 118.95,
114.77, 111.88, 110.32, 74.39 (q, J = 30.0 Hz, C-CF3), 56.17 (OCH3). HRMS: m/z
calcd for C2oH13F3NO4: 388.0797 [M-H]"; found: 388.0794.

1-(8-methoxycoumarin-3-yl)-1-(2-methyl-1H-indol-3-yl)-2,2,2-trifluoroethanol (3eb).
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Yield 72%, yellow powder, mp 200.8-203.4 °C. 'H NMR (400 MHz) § 11.08 (s, NH),
8.38 (s), 7.60 — 7.54 (m), 7.38 — 7.34 (m, 2H), 7.28 (d, J = 8.1 Hz), 7.24 (d, J = 8.0
Hz), 6.98 — 6.91 (m, 2H), 6.79 (t, J = 7.6 Hz), 3.89 (s, 3H, CH3), 2.39 (s, 3H, CHy).
13C NMR (101 MHz) § 156.86(C=0), 146.18(C-0), 142.54, 140.36, 134.80, 134.50,
126.97, 126.27, 125.86 (q, J = 287.5 Hz, CF3), 124.77, 120.80, 119.94, 119.28, 118.71,
118.59, 114.76, 110.60, 105.85, 75.93 (q, J = 29.5 Hz, C-CF3), 56.14 (OCHs), 14.15
(CHs). HRMS: m/z caled for C21HisFsNOg: 402.0953 [M-H]*; found: 402.0948.

1-(8-methoxycoumarin-3-yl)-1-(4-methoxy-1H-indol-3-yl)-2,2,2-trifluoroethanol

(3ec).

Yield 80%, light-yellow powder, mp 245.6-247.1 °C. '"H NMR (400 MHz) & 11.31 (d,
J=1.8 Hz, NH), 8.19 (s), 7.41 (dd, J= 6.9, 2.1 Hz), 7.35 (s, OH), 7.34 — 7.27 (m, 2H),
7.10 (s), 7.04 — 6.98 (m, 2H), 6.39 (dd, J = 6.8, 1.4 Hz), 3.90 (s, 3H, CH3), 3.45 (s, 3H,
CH3). C NMR (101 MHz) 8 158.85 (C=0), 152.36 (C-0O), 146.19, 143.23, 142.38,
138.07, 126.24, 125.65 (d, J = 288.4 Hz, CF3), 124.81, 123.20, 122.54, 120.21, 119.26,
115.23, 114.57, 111.28, 105.28, 100.37, 75.13 (q, J = 28.8 Hz, C-CF3), 56.16 (OCH3),
5491 (OCHsz). HRMS: m/z caled for CiHisFsNOs: 418.0902 [M-H]J"; found:
418.0897.

1-(8-methoxycoumarin-3-yl)-1-(4-benzyloxy-1H-indol-3-yl)-2,2,2-trifluoroethanol

Yield 80%, cyan gray powder, mp 232.3-233.4 °C. 'H NMR (400 MHz) & 11.35 (s,
NH), 8.03 (s), 7.37 (s, OH), 7.29 — 7.11 (m, 8H), 7.05 (d, J = 7.3 Hz), 7.02 (dd, J =

S14



8.2, 1.9 Hz), 6.93 (t, J = 7.8 Hz), 6.37 (d, J = 7.7 Hz), 5.02 (d, J = 13.0 Hz, CHH),
4.90 (d, J=13.0 Hz, CHH), 3.86 (s, 3H, CH3). 3C NMR (101 MHz) & 158.69 (C=0),
151.19 (C-0), 146.16 (C-0O), 143.70, 142.45, 138.29, 136.95, 128.19 (2C), 127.55,
127.10 (2C), 126.03, 125.68 (q, J/=288.0 Hz, CF3), 124.57, 123.55, 122.41, 120.22,
119.05, 115.35, 114.52, 110.99, 105.31, 101.46, 75.28 (q, J= 29.0 Hz, C-CF3),
69.10(0OCH>), 56.12 (OCH3). HRMS: m/z calcd for C27H19F3NOs: 494.1215 [M-H]*;
found: 494.1206.

1-(8-methoxycoumarin-3-yl)-1-(5-methyl-1H-indol-3-yl)-2,2 2-trifluoroethanol (3ee).
Me

(3

HO. = NH

OMe

Yield 89%, light-yellow powder, mp 254.1-255.3 °C. '"H NMR (400 MHz) & 11.13 (d,
J=1.7 Hz, NH), 8.58 (s), 7.56 — 7.50 (m), 7.36 (s, OH), 7.35 (s), 7.34 (s), 7.28 (d, J =
8.3 Hz), 7.24 (s), 7.12 (s), 6.88 (d, J = 8.3 Hz), 3.89 (s, 3H, OCH»), 2.21 (s, 3H, CHs).
BC NMR (101 MHz) 8 157.20 (C=0), 146.19 (C-0), 143.08, 142.78, 134.59, 127.32,
125.55, 125.39 (q, J= 287.1 Hz, CF3) 125.36, 124.74, 124.34, 122.82, 120.63, 119.25,
118.90, 114.80, 111.51, 109.69, 74.57 (q, J= 30.0 Hz, C-CF3), 56.17 (OCHz3), 21.43
(CH3). HRMS: m/z caled for C21Hi1sF3NO4: 402.0953 [M-H]; found: 402.0950.

1-(8-methoxycoumarin-3-yl)-1-(5-methoxy-1H-indol-3-yl)-2,2,2-trifluoroethanol
(3ef).

MeO

HO NH

o6

C
0o "0

OMe

Yield 87%, light-yellow powder, mp 235.5-237.8 °C. '"H NMR (400 MHz) & 11.11(d,
J=1.7 Hz, NH), 8.61(s), 7.53 (m,), 7.38 (s, OH), 7.35 (s), 7.34 (s), 7.29 (d, J=8.7 Hz),
7.25 (s), 6.75 (d, J = 2.0 Hz), 6.72 (dd, J = 8.7, 2.3 Hz), 3.89 (s, 3H, OCH3), 3.50 (s,
3H, OCH;). *C NMR (101 MHz) & 157.13 (C=0), 152.99 (C-0O), 146.18, 142.94,
142.77, 131.44, 125.71, 125.43, 125.37 (q, J/=288.9 Hz, CF3), 124.99, 124.76, 120.58,

"‘-.\
Fa
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118.86, 114.81, 112.41, 110.73, 109.85, 102.04, 74.51 (q, J=30.2 Hz, C-CF3), 56.18
(OCHa), 55.13 (OCH3). HRMS: m/z calcd for C21HisF3NOs: 418.0902 [M-H]; found:
402.0899.

1-(8-methoxycoumarin-3-yl)-1-(6-bromo-1H-indol-3-yl)-2,2,2-trifluoroethanol (3eh).
Br

0

NH

OMe
Yield 85%, white powder, mp 164.2~165.7 °C. '"H NMR (400 MHz) & 11.39 (s), 8.60

(s), 7.59 (d, J= 1.6 Hz), 7.55 — 7.49 (m), 7.47 (s, OH), 7.37 (s), 7.35 (s), 7.34 (s), 7.27
(d, J=8.6 Hz), 7.03 (dd, J = 8.6, 1.8 Hz), 3.89 (s, 3H). '*C NMR (101 MHz) & 157.02,
146.22, 143.29, 142.86, 137.10, 125.38, 125.27 (q, J = 287.9 Hz), 125.14, 124.75,
124.42, 122.00, 121.27, 120.70, 118.87, 114.88, 114.36, 114.02, 110.76, 74.17 (q, J =
29.9 Hz), 56.19 (OCH3). HRMS: m/z calcd for C20H13BrFsNNaOs: 489.9878 [M+Na]*;
found: 489.9870.

1-(benzo[f]coumarin-3-yl)-1-(1H-indol-3-yl)-2,2,2-trifluoroethanol (3fa).
‘ HO SN
L
CF;
o "0

Yield 84%, light-yellow powder, mp 276.3-276.8 °C. 'H NMR (400 MHz) & 11.29 (s,

NH

NH), 9.34 (s), 8.54 (d, J=8.4 Hz), 8.26 (d,/J=9.1 Hz), 8.12 (d, /= 8.1 Hz), 7.83 (t,J
=17.6 Hz), 7.69 (t, J= 7.5 Hz), 7.58 (d, /= 9.0 Hz), 7.49 (s, OH), 7.47 (s), 7.41 (d, J =
8.1 Hz), 7.35 (d, J = 8.1 Hz), 7.04 (t, J = 7.5 Hz), 6.84 (t, J = 7.5 Hz). 3C NMR (101
MHz) & 157.20 (C=0), 153.55 (C-0O), 138.16, 136.18, 134.12, 130.03, 129.19, 128.93,
128.91, 126.37, 125.45 (q, J= 288.7 Hz, CFs), 125.35, 124.67, 124.34, 121.91, 121.21,
119.60, 119.06, 116.38, 112.08, 111.80, 110.22, 74.42 (q, J= 30.2 Hz, C-CF3). HRMS:
m/z calcd for C23H13F3NOs: 408.0848 [M-H]"; found: 408.0838.
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Figure S3. Comparison of 'H NMR between 3aa and 3aa-d,
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The integral area decreased from 5.00 to 4.12 which
means about 88% of OH was replaced by OD.

The integral area decreased from 1.00 to 0.69 which i
means about 31% of NAH was replaced by ND.
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Figure S5. °F NMR of 3aa
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The chemical shift was obtained from the
MestR eNova software without correction.
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Figure S6. 'H-*C COSY Spectrum of 3aa (Full Spectrum)
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Figure S7. 'H-3C COSY Spectrum of 3aa (Details)
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Figure S53. '°C NMR of 3ee
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3. High Resolution Mass Spectra for compounds 3aa-3fa

Figure S60.
Figure S61.
Figure S62.
Figure S63.
Figure S64.
Figure S65.
Figure S66.
Figure S67.
Figure S68.
Figure S69.
Figure S70.
Figure S71.
Figure S72.
Figure S73.
Figure S74.
Figure S75.
Figure S76.
Figure S77.
Figure S78.
Figure S79.
Figure S80.
Figure S81.
Figure S82.
Figure S83.
Figure S84.
Figure S85.
Figure S86.
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nongdaXCLA1 #1319 RT: 0.16.0
T FTMS (1,2} -p S Fullms [100.0

10

Relative Abundance

1269040

1129845 | 1309432
it

19 AV:3 $8:2007,034 NL:7.13E6

0-1000.00]

1978071

1628382

9992 1570000 || 2007008

2417573

265.

3520781 4040744

304.0455

3400584 4210646

440.0744

3336914 385.0684 4340838 | 4560363

1475 2877462 3167383 | 376.0349 “ A | [ A 485.9809 501.1272 5209072 549.2978
e T

100 120 140

160 180 200

220

240

260

280 300 320 340 360 380 400 420 440 460 480 500 520 540 560
miz

HRMS: m/z calcd for CioH11F3NO3: 358.0691 [M-H]*; found: 358.0689.

nongda-XCL-2 #14-18_RT: 0.16-0.

19 AV:3 SB:2 009,048 NL:120E7

T: FTMS (1,2} -p ESIFull ms [100.00-1000.00]

10

Relative Abundance

1 1269040

1159197 | 1309432

1780502
1649466 |

201.9932

243.9676

2260477 |

265.1475

Figure S60. HRMS of 3aa

3720845

418.0901

377.0639
408.0613

435.0802

4012384 ‘ 4400742 462.1164

388.0796

306.0768 339.0496 3540743 485.1476 515.1424 5311532 548.1433

2044132

579.2407
580

579.2409
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mz

HRMS: m/z caled for C20Hi3F3NOs: 372.0848 [M-H]; found: 372.0845.

Figure S61. HRMS of 3ab
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CaUsers\..\nongda-XCL-5 20181418 15:45:16.

nongda-XCL5 #15 RT: 0.18 AV: 1 SB: 18 0.03.0.10,0.49-082 NL: 825E6
T: FTMS {1,2) - p ESI Full ms [100.00-1000.00]
100m 388.0795

Relative Abundance
8

o]
o]
307
o]
e
b= 1159197 (1309432 3842475 M5773 4781113 517.1375

|, 164.9466 197.8071 2209518 239675 2651474 g0 0871 3180771 3550469 370.0692 4012418 IL 1 1629701 #7813 4, pgg 107 5314377 563.1137 _ 580.1335

e
HRMS m/z calcd for C20H13F3NOs: 388.0797 [M-H]"; found: 388.0795.
i 2 f
Figure S62. HRMS of 3ac

nongda-XCL6 #16 RT: 0.18 AV: 1 SB:2 0.14,024 NL: 2.56E6
T: FTMS (1,2} - p ESI Full ms [100.00-1000.00]
100 464.1106

500.0876

510.1162

109
1269040 s27.1064

2439676
s 1159197 | 1500002 2558217
| | 1420500 171.0461 201902 2290518 265 1476

554.1425

3730867

289.0871 3049607 355 9049 3532124 3850693 4012406 4150786 4437704 487.3062 ﬂ‘ | | 5460852 | 5620776 5792405

T T T T T T T T T T T T T T T T T ™ T T T

120 140 160 o 200 220 20 200 | 280 | a0 320 340 360 380 400 420  4d0 460 480 S0 50 e 560 80 600
e

HRMS m/z calcd for C2sHi7F3NO4: 464.1110 [M-H]; found: 464.1106.

Figure S63. HRMS of 3ad
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nongda-XCL-3#16 RT: 0.18 AV: 1 SB:2 011,029 NL: 292E6
- FTMS (1,2} - p ESI Full s [100.00-1000.00]

1o 3720846

Relative Abundance

418.0001

126.9040
1 408.0613

1 1978072
1938148

1159197 | 1309432 2018012

4350802

2017573 27118 sarz285
1348957 1608411

20 140 160 180 200 220 240 260 28 300 320 340 360 3O 400 420 40 460 480 500 520 50 560 560
m

4700520
3520\‘03 uy | 4851474 5143238 s314531  sopgsay 5792402

HRMS: m/z calcd for C20H13F3NOs: 372.0848 [M-H]; found: 372.0846.

Figure S64. HRMS of 3ae

CUsers\..\nongda-XCL-4 20181418 15:42:32

nongda-XCL-4 #14-16_RT: 0.16-0.18 AV:2 SB:2 007,045 NL:3.06E6
T: FTMS {1,2) - p ESI Full ms [100.00-1000.00]
3880795

1007

434.0849

1269040

4240562

1o 384.2487 4510752
1978071

134.8936 pogot2 2417573 416.1696 6.0467
| L 348936 160.8411 |/ 2138885 LTS 651475 208.8063 3167385 3330779 358.0672 3700691 4012408 L. | (0% )| soo0722 5143240 5311375 soegsys 5792402 6003890
L M e o P P S e S W P Y O P S M M S S )
me

5] 1150196 | 1309431

468.0054 48

186.9286

HRMS m/z calcd for C20Hi3F3NO4: 388.0797 [M-H]*; found: 388.0795.

Figure S65. HRMS of 3af
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Sample Name Yio-3ag Position P1-A3 Instrument Name Instrument 1 User Name
Inj Vol 0.5 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  Yxc-3ag.d ACQ Method test.m Comment Acquired Time 9/20/2019 9:09:58 PM
x10 4 [+*ES| Scan (0.246-0.279 min, 5 Scans) Frag=180.0V Yxx-3ag.d Subtract
1.3+
1.25-
1.24
1.15 416.2150
1.1
1.05+
1
0.951
0.9
0.85
0.8+
0.75

0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3 416.0273
0.25
0.2 417.2209

-
0.15 418.0241

0.1 417.0304

0.05]
5 | ekl 82200 419.0281

L ]
416 41625 4165 41675 417 41725 4175 41775 418 41825 4185 41875 419 41925
Counts vs. Mass-to-Charge (m/z)

HRMS m/z calcd for Ci19H11CIFsNNaOs: 416.0277 [M+Na]*; found:416.0273.

Figure S66. HRMS of 3ag

Sample Name  Yux-3ah Paosition Pl-A2 Instrument Name Instrument 1 User Name

Inj Vol 03 InjPosition SampleType Sample IRM Calibration Status Success

Data Filename  Yax-3ah.d ACQ Method test.m L= Acquired Time 9/20,/2019 9:07:56 PM
x10 3 |*ESI Scan (0.213-0.263 min, 7 Scans) Frag=180.0V Yxx-3ah.d Subtract

1.9

1.

=]
1.7 459.9770
461.9754
(]

1.31 460.2717

0.8
0.8
0.7-
0.6
0.5
0.4 460.9806 462.9768
0.3
. 463.1681

0.1

459.5 460 460.5 461 461.5 462 462.5 463 463.5
Counts vs. Mass-to-Charga (m/z)

HRMS m/z caled for CioH11BrF3sNNaOs: 459.9772 [M+Na]*; found:459.9770.
Figure S67. HRMS of 3ah
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CaUsers\..\nongda-XCL-18

2018418 16:20:20

nongda-XCL-18 #16 RT: 0.18 AV:

T: FTMS (1.2} - p ESI Fullms [100.00-1000.00]

1007

Relative Abundance
g

1
usfugs
|

30,9430

134
;

8935 1649462
—

1 SB:2025,044 NL: 1.19E7

2439672

197.8067 2120310

3920204

306.0322

438.0346

4280059 | 4550249

387.2275

462.9781
M 482.0610 5143230

2769874 2951394 3090143 328,0327 4080242 \(h I L bt L (- 5492935 5832785
B At LA A

3540113 3740184

100 120

1

140 160

180

200 220 240

260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
miz

HRMS m/z caled for Ci9H1oCIF3NO3: 392.0301 [M-H]"; found: 392.0294.

Sample Name
Inj Vel
Data Filename

Yioe-3h
0.2
Yixx-3h.d

Position
InjPosition
ACQ Method

Figure S68. HRMS of 3ba

User Name
IRM Calibration Status
Acquired Time

Instrument 1
Sample

P1-Al Instrument Name
SampleType

Comment

Seme Ions Missed

test.m 9/20/2019 9:31:25 PM

x10 4

3.6

3.4

08
0.6
0.4

0.2

+ESI| Scan (0.193-0.218 min, 4 Scans) Frag=180.0V Yxx-3h.d Subtract

446.0376

3bc

448.0353

447.0431

449.0393

5 .

450.0407
h

445.5 446 446.5

ounts

447 447.5
c

449 449.5 450 450.5

g 48 448.5
vs. Mass-to-Charge (m/z)

HRMS m/z calcd for C20H13CIF3NNaO4: 446.0383 [M+Na]*; found: 446.0376.

Figure S69. HRMS of 3bc
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CaUsers\..\nongda-XCL-19 2018418 16:23:02

nongda-XCL-19 #16 RT: 0.18 AV: 1 NL: 386E6
T: FTMS (1.2} - p ESI Fullms [100.00-1000.00)

1007

5020747

10 115919
1269039

5340477 5610665

134,803 163 4873046
, 4150746 4380354 4649748 [ (1

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
miz

030

060
2019929 419672 0 5651
Il srozea0. |,

2 4070
[ 2280259 2714656 2951393 3100065 3380207 335118 3020296
- -

5143231 ‘ ‘
M, 1

) 1978
[ 1449223 1640464 1008 ||

HRMS m/z caled for C26HisCIF3NO4: 498.0720 [M-H]"; found: 498.0709.

Figure S70. HRMS of 3bd

nongda-XCL-20 #13-21 RT: 0.16-0.21 AV: 4 SB: 2 0.14,0.25 NL: 6.50E6
T: FTMS {1,2} - p ESIFull ms [100.00-1000.00]

435.9786
438.9799

-
D ~ @ © o
\?

Relative Abundance
[

481.9841

w

g?\\\\?H\\$\H\?H\\J?;\H\?\\H?HH?HH?HH?H\

473.9529 498.9742

433.1606 487.3037 ‘

417.9682 | 451.3308 464.9766 “ u L il
T T T ‘ T T ‘ T T T ‘ T T T ‘ T T T ‘ T ‘ ‘
420 440 460 480 500 520 540 560 580

m/z

HRMS m/z calcd for Ci9H10BrF3NOs: 435.9796 [M-H]*; found: 435.9786

N

514.3228 5260101 5492938  567.9297 5790381
T T ‘ T T T T T T T T T ‘ T

Figure S71. HRMS of 3ca
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CaUsers\.. \nongda-XCL-21

20181418 16:28:28

\gda-XCL-21 #16_RT: 0.18

AV: 1 SB:20.14,030 NL: 367E6

nong v: 1
T: FTMS {1,2) - p ESI Full ms [100.00-1000.00]

1007

Relative Abundance
8

o]
1159195

‘M
T ‘ ‘ T

1309429

1570107 171.0458

465.9890

503.9634
511.9944
530.9824

5560206 569.2608
| seronza|| seazre?

243.9671 3529468
1978064 2138881 239.1278 | 2491338 2711655 2951392 2970 saps0 ||y 3689402

s87.3001
4819842
4069531 4211854 4350755 L (-

3209370

120

140 160 180 200 220

240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
miz

HRMS m/z calcd for C20H12BrF3;NO4: 465.9902 [M-H]*; found: 465.9890.

Figure S72. HRMS of 3cc

nongda-XCL-22 #14-22 RT: 0.16-0.24 AV: 5 SB: 2 0.14,0.28 NL: 8.77E5

T: FTMS {1,2} -
10

Relative Abundance
o

p ESI Full ms [100.00-1000.00]

523.2139
AR AR AR

527.3462
T T T

542.0201 544 0180

545.0214

546.0244

531.2539 533.2517 541.3580 549.2938 551,0866 5552927 558.0110
T T T T T T T T T T T T T T T T T T T T T T T T

525

530 535 540 545 550 555
m/z

HRMS m/z caled for CasHisBrFsNOs: 542.0215 [M-H]"; found: 542.0201.

Figure S73. HRMS of 3cd
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CaUsers\..\nongda-XCL-13

20181418 16:06:50

nongda-XCL-13#14-19 RT: 0.16-0.19 AV: 3 SB:2 0.14,027 NL: 6.10E6
T: FTMS {1,2) - p ESI Full ms [100.00-1000.00]

1007

Relative Abundance
8

5] 1159195

126.9038

s

197.8069
1649464 L

220.9514 243.9673 2651472

384.2482

2031750 318,076 3550446 370.0686

100 120

140 160 180 200 220 240 260

790

4012401
240

4340844

4240857 | 4510747

“ 464.0950 i
el m

| 4973332

5200301 5331309 5568517
o

5792390 592.3223
A

280 300 320 340 360 380
mz

400

420 440 460 480 500 520 540 560

HRMS: m/z calcd for C20Hi3F3NO4: 388.0797 [M-H]*; found: 388.0790.

CilUsers\..nongda-XCL-15

Figure S74. HRMS of 3da

20181418 16:12:14

580

nongda-XCL-15#16 RT: 0.1
T: FIMS (1.2} - p ESIFullms

1007

Relative Abundance
8

159

103
1159195

8
1o

130.9430

1348935

AV: 1 SB:2 014,035 NL: 3206
0.00-1000.00]

CH(

197.8069

1049468 o || 2183883 2439672 aspanen
0%

289.0865 3028020 3480845
e

387.2268 400.0786
b

895

4810850
454.0662

so41047
aa760s ||

Mot

s08.1200
ss20010 5500410
=

583.1216 600.3888
e

140 160 180 200 220 240 260

280 300 320 340 360 380

miz

400

420 440 460 480 500 520 540 560

HRMS: m/z calcd for C21HisF3sNOs: 418.0902 [M-H]*; found: 418.0895.

Figure S75. HRMS of 3dc
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CaUsers\..\nongda-XCL-17

2018418 16:17:36.

nongda-XCLA7 #16 RT: 0.18 AV: 1 SB:2 0.12,042 NL: 275E6
T: FTMS {1,2) - p ESI Full ms [100.00-1000.00]

1007

Relative Abundance
8

1159195

130.9429

I ||| 14asez2 1719458
L Lot i

2019020

243.9672
239.1260 | 2491330 2711655 |

494.1208

498.3364

540.1259
530.0971

514.3230

557.1162

2951393

B

4030659
3140837 340704 363111 4180865 4340827 4629783 ‘u |M4
T T T T T

100 120 140 160 180 200

220

240
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HRMS: m/z calcd for C27Hi9F3NOs: 494.1215 [M-H]*; found: 494.1206.
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HRMS: m/z calcd for C21HisF3sNO4: 402.0953 [M-H]"; found: 402.0946.

Figure S77. HRMS of 3de
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HRMS: m/z calcd for C21HisF3NOs: 418.0902 [M-H]; found: 418.0893.
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Figure S78. HRMS of 3df
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HRMS: m/z calcd for C20H13F3NO4: 388.0797 [M-H]"; found: 388.0794.

Figure S79. HRMS of 3ea
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HRMS: m/z calcd for C21HisF3NO4: 402.0953 [M-H]; found: 402.0948.

Figure S80. HRMS of 3eb
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HRMS: m/z calcd for C21HisF3sNOs: 418.0902 [M-H]*; found: 418.0897.

Figure S81. HRMS of 3ec

580

600

S60



CaUsers\..\nongda-XCL-12.

2018418 16:04:09

nongda-XCL12 #14_RT: 016 AV: 1
T: FTMS {1,2) - p ESI Full ms [100.00-1000.00]

1007

Relative Abundance
8

1159195

1269036
||, 1a0use
b

SB:20.14,031 NL: 1.78E6

CH30

1708322

201.9929

120 140 160

HRMS: m/z calcd for Co7H19F3NOs5: 494.

CaUsers\..\nongda-XCL-9

180 200 220

2018418 15:56:06.

240 260

23,9673
2299516 " | 3549162 2718339

280

306.0753

300

334.0703 551 0476

403.0660
3850682 | 4180877
et e

4437698 _462.9780

494.1206

530.0971 547 138

5003109 557.1163

487.3041

sz |||

570.1354 584.1518
I\

320

340

mz

360

380

400

420 440

460 480 500 520 540 560

1215 [M-HT*; found: 494.1206.

Figure S82. HRMS of 3ed
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HRMS: m/z caled for C21HisF3sNO4: 402.0953 [M-H]*; found: 402.0950.

Figure S83. HRMS of 3ee
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HRMS: m/z calcd for C21HisF3NOs: 418.0902 [M-H]; found: 418.0899.

Figure S84. HRMS of 3ef

Sample Name Yxx-3eh Position P1-Ad Instrument Name Instrument 1 User Name

Inj Vol 0.5 InjPosition SampleType Sample IRM Calibration Status Success

Data Filename  Yx¢-3eh.d ACQ Method test.m Comment Acquired Time 9/20/2019 9:11:15 PM
x10 3 [TESI Scan (0.203-0.211 min, 2 Scans) Frag=180.0V Yxx-3eh.d Subtract

1.05
1
0.95 | 4839.9870
0.9
0.85
0.8+
0.75
0.7 491.9854
0.654
0.6
0.554
0.5+

0.145+

0.4
0.354
0.3
0.25
0.2 481.1979
0.15
192.9892
0.1
0.05

489.8 490 490.2 490.4 490.6 490.8 491 491.2 491.4 491.6 491.8 492 492.2 492.4 492.6 492.8 493
Counts vs. Mass-to-Charge (m/z)

HRMS: m/z caled for C20H13BrF3NNaOs: 489.9878 [M+Na]*; found: 489.9870.

Figure S85. HRMS of 3¢eh
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CaUsers\..\nongda-XCL-23 2018418 16:33:48

nongda-XCL-23 #16 RT: 0.18 AV: 1 NL: 541E6
T: FTMS (1.2} - p ESI Fullms [100.00-1000.00]

1007

Relative Abundance
g

5] 454.0892

203 4710790
153 444.0605

103 1159195 1309430 4010882

540.0349
PR P luy 5531354 5832783

E 107.8068
1348034 %68 w010 i Py 467303 5143228
AL |, ., 1628379 1749549 ||| 2209512 2439669 2608368 2951392 31g0457 3332275 3532106 369.2031 3900 424.0783 I I |

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
miz

HRMS: m/z calcd for C23Hi3F3NO;: 408.0848 [M-H]"; found: 408.0838.

Figure S86. HRMS of 3fa
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4. Crystal data for 3aa and 3dd
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Table S2. Crystal data and structure refinement for 3aa and 3dd

3aa 3dd
Empirical formula CioH12F3NOs3 C27H20F3NO:s
Formula weight 359.30 495.44
Temperature/K 293(2) 293(2)
Crystal system monoclinic Monoclinic
Space group P2i/c C2/c
a/A 5.8958(2) 22.1710(10)
b/A 15.5043(9) 8.6836(3)
c/A 17.1980(6) 32.4701(14)
a/® 90 90
p/e 99.277(4) 111.054(5)
v/° 90 90
Volume/A3 1551.49(13) 5833.9(5)
V4 4 8
Peale /(g/cm3) 1.538 1.128
w/mm-! 1.107 0.772
F(000) 736.0 2048.0

Crystal size/mm3
Radiation

20 range for data collection/°

Index ranges

0.2x0.18%0.15
CuKa (A = 1.54184)
7.724 to 134.112
-4<h<7,

18 <k <18,

-20<1<20

0.24x0.17x0.14
CuKa (A = 1.54184)
8.442 to 134.128
25 <h <26,

-10 <k <10,

-38<1<29
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Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F2

Final R indexes [[>=2c (I)]

Final R indexes [all data]

Largest diff. peak/hole / e A7

5737

2762 [Rint = 0.0347,
Rsigma: 00533]

2762/0/237
1.002

Ry =0.0522,
wR>=0.1273
R =0.0725,
wR> =0.1504

0.21/-0.20

13558

5220 [Rine = 0.0221,
Rsigma = 00222]

5220/0/327
1.051
R1=0.0731,
wR>=0.2181
R; = 0.0850,
wR>=0.2350

0.18/-0.34
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Table S3. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic

Uyq is defined as 1/3 of of the trace of the orthogonalised Ujtensor.

Atom X
Cl
C2
C3
C4
C5
Co6
C7
C8
C9
C10
Cl1
Cl2
Cl13
Cl4
Cl15
Clé6
C17
C18
C19
F1
F2
F3
N1
o1
02
03

Displacement Parameters (A2x10°) for 3aa.

2663(4)
1822(5)
-675(4)
1431(4)
2290(4)
621(4)
879(5)
2851(5)
4564(5)
4304(4)
4128(4)
2350(4)
498(4)
200(4)
1900(5)
1777(6)
-102(6)
-1848(6)
-1703(5)
1961(3)
-368(3)
3068(3)
-1157(3)
5026(3)
5890(3)
3812(3)

3077.3(17)
3981.0(19)
2962.0(19)
2736.8(18)
2060.0(17)
1916.9(18)
1300(2)
825(2)
952(2)
1563.0(19)
2438.5(19)
2465.3(17)
1957.3(18)
1383.3(18)
1365.1(18)
823(2)
298(2)
303(2)
842(2)
4528.0(12)
3984.0(12)
4322.8(12)
2473.5(17)
3165.6(15)
2851.6(14)
1883.1(13)

4049.8(14)
4219.5(15)
2870.6(14)
3272.8(13)
2834.2(13)
2164.9(14)
1599.4(14)
1711.5(17)
2366.5(16)
2925.8(15)
5432.6(14)
4730.2(13)
4698.9(14)
5330.4(14)
5983.1(14)
6616.5(16)
6593.0(18)

5949(2)
5320.6(17)
3630.9(10)
4340.8(10)
4863.4(10)
2206.7(12)
3971.8(10)
5539.2(11)
6023.1(10)

U(eq)

48.0(6)
57.6(7)
55.1(7)
47.6(6)
47.8(6)
52.6(6)
63.3(8)
69.4(8)
66.5(8)
57.0(7)
52.0(6)
46.1(6)
51.0(6)
52.4(6)
55.4(6)
70.9(8)
78.1(9)
76.9(9)
67.8(8)
80.4(6)
73.7(5)
76.4(5)
58.9(6)
61.7(6)
65.6(6)
58.9(5)
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Table S4. Anisotropic Displacement Parameters (A2x10%) for 3aa.

The Anisotropic displacement factor exponent takes the form:
-2n’[h?a*?U; 1 +2hka*b*U »+...].

Atom Un Uxn Uss Uz Uz Un

Cl 35.8(11)  63.4(15)  43.3(12) 0.3(11) 2.2(9) -3.3(10)
C2 62.5(16)  603(17)  48.6(13) 3.0(12) 47(11) -6.0(13)
C3 452(13)  71.4(18)  46.8(13) 4.4(12) 1.4(10) -0.2(12)
C4 413(11)  623(15)  38.0(11) 7.4(11) 2.49) 4.7(11)
Cs 45.0(12)  60.4(15)  36.6(11) 5.9(11) 2.49) 29.9(11)
C6 50.0(13)  64.6(16)  40.6(12)  10.0(11)  -0.4(10) 29.1(12)
C7 733(18)  70.5(19)  42.2(13) 0.7(13)  -2.6(12)  -19.0(15)
C8 88(2)  64.5(18)  54.9(15)  -37(14)  10.1(14) -7.8(16)
C9 692(18)  647(18)  653(17) 2.5(15) 9.9(13) 5.2(15)
C10 53.5(14)  65.5(17)  483(13) 5.1(13)  -2.4(10) 20.7(13)
Cl1 492(13)  613(16)  41.6(12)  -5.6(12)  -3.9(10) 7.6(12)
C12 388(11)  582(15)  39.1(11)  -3.0(11) 0.2(9) 3.2(11)
C13 43.6(12)  645(16)  42.2(12) 3.7(11) -1.2(9) 0.0(11)
Cl4 533(14)  572(15)  47.9(13) 1.8(12)  11.8(10) 3.2(12)
C15 63.715)  602(16)  42.9(12) 13(12)  10.5(11) 13.5(13)
C16 88(2) 762)  48.9(15)  10.5(15)  10.5(13) 19.1(18)
Cl17 104(2) 7220 63.7(18)  193(16)  30.2(17) 12(2)
C18 87(2) 68(2) 82(2)  104(17)  32.6(18) 22.5(17)
C19 62.7(17) 762)  65.2(17) 7.016)  11.7(13) -1.5(15)
Fl 105.714)  66.1(11)  68.5(10) 13.609)  11.1(10) -6.7(10)
F2 64.9(10)  72.0(11)  855(12)  -0.3(10) 16.2(8) 10.6(9)
F3 89.1(12)  709(11)  63.7(10)  -11.6(9) 23.8(8) -6.7(10)
N1 457(11)  80.4(16)  44.8(11) 7111 -10.4(8) 4.0(11)
0l 39.4(9)  94.6(15) 501)  -7.6(10) 4.0(7) -12.7(9)
02 502(10)  81.7(14)  574(11)  -37(10)  -14.7(8) -6.1(10)
03 58.9(10)  71.4(12) 41.409) 3.009) -6.7(7) 8.6(9)
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Table SS. Bond Lengths for 3aa.
AtomAtom Length/A AtomAtom Length/A

Cl C2 1.530(4) C8 €9 1.400(4)
Cl C4 1.5103) C9 C10 1.376(4)
Cl CI2 1.541(3) C11 CI12 1.467(3)
Cl Ol 1.428(3) C11 02 1.209(3)
C2 Fl1 1.333(3) C11 O3 1.367(3)
C2 F2 1.340(3) C12 C13 1.341(3)
C2 F3 1.336(3) C13 Cl4 1.4373)
C3 C4 1.366(3) C14 C15 1.3793)
C3 NI 1.361(3) C14 C19 1.399(4)
C4 C5 1.432(4) C15 C16 1.387(4)
C5 C6 1.406(3) C15 O3 1.377(3)
C5 Cl10 1.403(4) C16 C17 1.370(5)
Cc6 C7 1.390(4) C17 C18 1.385(5)
C6 NI 1.369(4) C18 C19 1.380(4)
C7 C8 1.363(4)
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Table S6. Bond Angles for 3aa.

Atom Atom Atom Angle/°

C2
C4
C4
Ol
Ol
Ol
F1
F1
F1
F2
F3
F3
N1
C3
C3
C5
C6
C10
C10
C7
NI
N1
C8

D H A
N1HI 02!
N1H1 03!
O1HIAO2

L1+X,1/2-Y,-1/2+Z

Atom Atom Atom Angle/’

Cl CI12 109.7(2) C7 C8 (9 121.8(3)
Cl C2 111.4(2) C10 C9 C8 120.8(3)
Cl Ci12 111.0(2) c9 Cl10 Cs 119.2(2)
Cl C2 106.3(2) 02 Cl11 Cl12 126.3(3)
Cl (4 106.73(19) 02 Cl11 03 115.9(2)
Cl Cl12 111.62(19) 03 Cl11 Ci12 117.7(2)
c2 Cl 112.1(2) Cl1 Cl12 Ci1 119.1(2)
C2 F2 107.1(2) C13 CI12 ClI 121.9(2)
C2 F3 106.5(2) C13 Cl12 C11 119.1(2)
c2 Cl 112.5(2) Cl12 Cl13 Cl4 122.1(2)
2 Cl 111.7(2) Cl5 Cl4 CI3 117.8(2)
C2 F2 106.5(2) Cl15 Cl14 C19 118.3(3)
C3 4 109.4(2) C19 Cl14 Ci13 123.9(2)
C4 Cl1 128.8(2) Cl4 C15 Cle6 121.9(3)
C4 C5 106.9(2) 03 CI5 Cl4 120.7(2)
Cc4 Ci 124.2(2) 03 CI5 Cl6 117.4(3)
C5 C4 106.7(2) C17 Cle Ci15 118.7(3)
C5 C4 135.1(2) Cl6 Cl7 CI18 120.9(3)
C5 C6 118.2(2) Cl19 Cl18 Cl17 119.8(3)
c6 C5 122.7(3) Cl18 C19 Cl14 120.3(3)
c6 C5 107.4(2) C3 N1 Cé6 109.7(2)
Cco6 C7 129.9(2) Cll1 03 C15 122.59(19)
C7 C6 117.4(2)
Table S7. Hydrogen Bonds for 3aa.

d(D-H)YA  dH-A)Y/A  dD-A)/A D-H-A/°

0.86 2.41 3.146(3) 144.3

0.86 2.64 3.462(3) 161.5

0.82 2.02 2.705(3) 141.3
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Table S8. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement

Atom X
H3
H7
HS
H9
H10
H13
H16
H17
H18
H19
Hl1
H1A

Parameters (A2x103) for 3aa.

-1632
-249
3064
5893
5449
-631
2949
-207
-3115
-2876
-2392
5805

y

3383
1214
406
619
1645
1977
816

3

3026
1162
1343
2424
3359
4254
7049
7015
5941
4888
1865
4410

U(eq)

66
76
&3
80
68
61
85
94
92
81
71
93
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Table S9. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic

Uegq is defined as 1/3 of of the trace of the orthogonalised Uy tensor.

Atom
Cl1
C2
C3
C4
C5
Co6
C7
C8
C9
C10
Cl1
Cl12
C13
Cl4
Cl15
Cl6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
F1
F2
F3
N1
o1
02
03
04
05

Displacement Parameters (A2x10°) for 3dd.

X

3002.7(13)
3979.7(14)
3662.2(12)
3944.5(12)
4543.2(13)
4840.8(13)
5417.3(13)
5711.9(14)
5428.3(17)
4853.7(16)
2471.5(15)
2497.1(12)
2943.1(11)
3340.6(11)
3099.2(12)
3358.3(16)
3878.7(16)
4147.4(15)
3882.9(12)
4735.5(14)
4712.4(13)
4144.6(16)
4132(2)
4696(3)
5273(2)
5280.0(16)
6613.8(18)
1885.7(8)
2495.1(9)
2536.2(10)
2586.5(11)
2883.9(10)
3793.6(12)
4554.5(9)
6280.0(11)
4117.8(9)

1578(3)
911(4)
1993(3)
3357(3)
3780(3)
2736(3)
3029(4)
4423(4)
5505(4)
5186(4)
2255(4)
3131(3)
2152(3)
1646(3)
2369(3)
2168(4)
1213(4)
470(4)
695(3)
-694(4)
-2288(3)
-3084(4)
-4556(5)
-5252(5)
-4462(5)
-2976(4)
3787(5)
1875(3)
3802(2)
1770(3)
3266(3)
-33(2)
-368(3)
1330(2)
4870(3)
56(2)

3

3492.8(8)
4194.0(8)
3844.9(7)
3838.4(8)
4167.6(8)
4501.2(8)
4841.1(9)
4843.8(10)
4513.4(11)
4180.6(10)
3638.6(9)
2768.6(8)
3039.2(7)
2797.6(8)
2384.7(8)
2057.5(10)
2155.9(10)
2570.1(11)
2888.3(8)
3437.7(10)
3252.4(9)
3071.4(11)
2918.6(13)
2947.8(15)
3122.7(15)
3275.2(12)
5483.4(12)
3373.6(7)
3659.5(6)
4041.8(6)
2378.8(7)
3461.3(6)
4235.5(7)
4506.8(6)
5151.7(8)
3299.4(6)

U(eq)

75.5(6)
81.7(7)
71.4(6)
74.2(6)
78.0(6)
77.5(6)
84.3(7)
91.1(8)
102.7(10)
95.4(9)
90.5(8)
76.1(6)
68.2(6)
67.5(5)
73.9(6)
89.7(8)
94.9(9)
91.5(8)
75.1(6)
88.9(8)
80.8(7)
95.4(9)
113.4(11)
130.1(14)
124.5(13)
98.2(9)
120.0(13)
112.1(7)
103.7(6)
116.9(7)
79.3(6)
83.3(5)
107.3(7)
87.0(5)
109.9(7)
86.2(5)
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Table S10. Anisotropic Displacement Parameters (A2x10°%) for 3dd.

The Anisotropic displacement factor exponent takes the form:

2n?[h2a*2U, 1 +2hka*b*U o+ ..

Atom Un Uz Uss Uz Uss U

Cl 725014 82.9(16)  652(13)  -32(11)  17.6(11)  -12.8(12)
C2 82.8(16)  90.0(18)  62.6(13) 3.0(12)  143(11)  -14.0(13)
C3 67.8(13)  847(15)  56.9(12) 1.7(10)  16.8(10)  -7.8(11)
C4 72.4(14)  828(15)  58.4(12) 50(11)  127(10)  -4.8(12)
Cs 74.1(14)  87.6(16)  65.8(13)  -05(12)  173(11)  -12.3(12)
C6 75.5(14)  87.0(16)  63.5(13) 0.112)  17.1(01)  -9.5(12)
C7 74.6(15) 992)  67.7(14) 03(13)  11.9(12)  -4.5(14)
C8 74.9(16) 1072)  77.5(16)  -9.6(15)  10.5(13)  -16.9(15)
C9 94(2) 105(2) 93(2) 1.017)  152(16)  -303(17)
C10 972) 942)  82.0(17) 92(14)  157(15)  -20.2(16)
Cl1 79.3(17) 117(2)  743(16)  -9.1(15)  26.8(13)  -13.5(16)
C12 65.6(13)  882(16)  68.0(13)  -49(12)  16.0(11)  -2.2(11)
Cl13 612(12)  746(14)  60.0(12)  -2.8(10) 11209)  -6.8(10)
Cl4 65.8(12)  67.6(13)  62.5(12) 21y 149(10)  -7.3(10)
Cl15 75.6(14)  74.0(14)  65.2(13) 42(11)  169(11)  -2.9(11)
Cl16 1012)  952(19)  72.1(15)  169(14)  30.7(14) 5.5(16)
Cl17 106(2) 106(2)  84.8(18)  15.8(16)  49.7(17)  13.1(17)
CI8 89.4(18)  89.2(18) 106Q2)  15.0(15)  47.5(16)  15.4(14)
C19 73.4(14)  T34(14)  742(14) 93(11)  213(11)  -L1(11)
C20 72415 913(18)  88.6(17) 7.6(14)  11.6(13) 1.3(13)
C21 68.8(14)  855(16)  79.7(15)  184(13)  16.5(11) 0.2(12)
22 81.0(17) 972)  95.6(19)  19.0(16)  165(15)  -6.8(15)
C23 124(3) 99(2) 1072) 1.0(19) 29(2) 27(2)
24 175(5) 90(2) 127(3) -8(2) 56(3) -8(3)
C25 126(3) 116(3) 137(3) -5(2) 55(3) 27(3)
C26 78.2(17) 108(2) 105(2) 3.9(17)  28.8(16) 3.2(16)
27 87(2) 129(3) 105(2) J13Q2)  -12.4(18) -10(2)
F1 69.6(10)  159.7(19)  104.8(13)  -13.8(12) 28.8(9)  -18.8(10)
F2 93.4(11)  1185(14)  982(11)  -19.9(10) 33.3(9) 2.6(10)
F3 108.1(13) 1682)  84.2(11) 19(11)  46.1(10)  -10.7(13)
N1 73.9(12)  857(14)  672(11)  10.1(10) 11.909) 8.2(10)
01 86.2(12)  85.4(12) 68(1) 1.6(8) 1528)  -22.0(9)
02 1129(16)  97.8(15)  823(12)  21.5(11) 02(11)  -30.8(13)
03 84.4(11)  89.1(12) 69(1) 11.09) 518) -11.109)
04 84.6(13)  1172(17)  101.0(15)  -5.6(13) 0.7(11)  -25.9(12)
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05

81.5(11)

94.4(13)

77.2(11)

18.9(9)

21.99)

Table S11. Bond Lengths for 3dd.

AtomAtom Length/A AtomAtom Length/A

Cl1
Cl
Cl
Cl1
C2
C2
C2
C3
C4
Cs
Cs
Co
Co6
C7
C8
C8
C9
Cl11
Cll1
Cl1

C3
Cll1
C13
01
C3
02
o3
C4
(O]
Cé6
C10
C7
o3
C8
C9
04
C10
F1
F2
F3

1.541(3)
1.536(4)
1.515(3)
1.420(3)
1.445(4)
1.209(3)
1.363(3)
1.344(4)
1.421(3)
1.385(4)
1.394(4)
1.379(4)
1.379(3)
1.373(4)
1.395(5)
1.354(3)
1.370(4)
1.317(3)
1.344(4)
1.333(4)

C12
Cl12
C13
Cl14
Cl14
CI5
CI5
Clé
C17
C18
C19
C20
C20
C21
C21
C22
C23
C24
C25
C27

CI13
N1

Cl4
CI5
C19
Cl16
NI

C17
CI18
C19
05

C21
05

C22
C26
C23
C24
C25
C26
04

1.360(4)
1.355(3)
1.443(3)
1.401(3)
1.400(4)
1.389(4)
1.372(3)
1.362(4)
1.416(4)
1.373(4)
1.364(3)
1.502(4)
1.435(3)
1.370(4)
1.371(4)
1.368(5)
1.362(7)
1.380(6)
1.380(5)
1.421(4)

16.2(9)
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Table S12. Bond Angles for 3dd.

Atom Atom Atom Angle/* Atom Atom Atom
Cll1 C1 (3 108.12) F3  CI11 F2
C13 CI (3 111.92) N1 Cl12 CI13
C13 CI Cl11 111.42) C12 Cl13 Cl1
ol C1 (3 112.72) C12 C13 Cl4
o1 Cl1 Cl11 104.9(2) C14 C13 C1
o1 ClI Ci13 107.8(2) C15 Cl14 CI13
02 C2 (3 126.53) C19 C14 Cl13
02 C2 O3 115.3(2) C19 C14 C15
03 C2 (3 118.2(2) Cl16 C15 Cl4
c2 C3 Cl 119.7(2) N1  C15 Cl4
C4 C3 (i 121.2(2) N1 C15 Cl6
C4 C3 (C2 119.12) C17 Cl6 C15
C3 C4 G5 122.02) C16 C17 C18
Co C5 (4 118.23) C19 Cl18 C17
co C5 Cl10 117.3(3) C18 C19 Cl4
Cl0 C5 (4 124.53) O5 C19 Cl4
C7 C6 C5 123.333) O5 C19 (18
03 C6 G5 119.82) O5 C20 C21
03 Co6 (7 116.8(2) C22 C21 C20
cg8 C7 Co6 118.03) C22 C21 C26
c7 C8 (9 120.43) C26 C21 C20
04 C8 (7 124.9(3) C23 (C22 C21
04 C8 (9 114.733) C24 (C23 C(C22
Cl10 C9 C8 120.33) C23 C24 C(C25
c9 CI0 G5 120.73) C26 C25 C24
F1 CI1 Ci 112.8(2) C21 C26 C25
F1 CI11 F2 107.23) C12 N1 CI15
F1 CI11 F3 107.2(2) C2 03 Cé6
F2 Cli1 Ci1 11222) C8 04 C27
F3 CI1 Cl 111.03) C19 05 C20

D H A
NI1HI OI1!
OIHIAO2

1/2-X,1/2+Y,1/2-Z

Table S13. Hydrogen Bonds for 3dd.
d(D-A)/A

d(D-H)/A
0.86
0.82

d(H-A)/A

2.14
1.87

2.944(3)
2.613(3)

Angle/*
106.1(2)
109.9(2)
128.6(2)
106.5(2)
124.92)
106.6(2)
135.3(2)
118.0(2)
123.7(3)
107.3(2)
129.02)
116.5(3)
122.1(3)
120.2(3)
119.5(2)
116.3(2)
124.2(2)
113.72)
122.0(3)
119.2(3)
118.8(3)
121.5(4)
119.4(4)
120.0(4)
120.1(4)
119.8(3)
109.7(2)
122.6(2)
117.6(3)
118.5(2)

D-H-A/°
156.0
150.6
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Table S14. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement
Parameters (A2x10°) for 3dd.

Atom X y V4 U(eq)

H4 3742 4045 3611 89
H7 5601 2305 5062 101
H9 5630 6448 4519 123
H10 4669 5914 3961 115
HI12 2178 3634 2841 91
H16 3186 2659 1786 108
H17 4063 1043 1944 114
H18 4504 -171 2627 110
H20A 4907 -754 3757 107
H20B 5030 =72 3348 107
H22 3759 -2612 3052 114
H23 3742 -5077 2796 136
H24 4693 -6260 2850 156
H25 5657 -4932 3138 149
H26 5668 -2444 3393 118
H27A 7011 4233 5676 180
H27B 6706 2880 5348 180
H27C 6350 3517 5651 180
H1 2357 3828 2161 95
HIA 3126 -457 3686 125

Table S15. Solvent masks information for 3dd.

Number X Y Z Volume Electron Content
count
1 0.250 0.006 0.000 359 97
2 0.750 -0.051 0.000 359 97
3 0.750 0.006 0.500 359 97
4 0.250 -0.101 0.500 359 97
5 0.191 0.156 0.151 9 0
6 0.809 0.156 0.349 10 0
7 0.691 0.343 0.651 9 0
8 0.309 0.343 0.849 10 0
9 0.691 0.656 0.151 9 0
10 0.309 0.656 0.349 10 0
11 0.191 0.843 0.651 9 0
12 0.809 0.843 0.849 10 0
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5. Method of DFT

Our first-principles calculations were performed by using the Vienna ab initio simulation
package known as the VASP code.[1-3] The electronic-ion interaction is described by
projector augmented wave method (PAW).[4, 5] The energy cut off of the plane waves was
set to 450 eV. The electron exchange—correlation function was treated using a generalized
gradient approximation (GGA) in the form proposed by Perdew, Burke, and Ernzerhof
(PBE).[6] Both atomic positions and lattice vectors were fully optimized using the conjugate
gradient (CG) algorithm until the maximum atomic forces were less than 0.01 eV/A with an
energy precision of 10 eV. A Vacuum about 20 A at each direction is adapted to eliminate
the interaction of two molecular. Sigle Gamma (0, 0, 0) point is used for k sample at Brillouin

zone (BZ). The van der Waals interaction is including by DFT-D3 method of Grimme.[7]
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Figure S87. Charge computation of 1a by DFT
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