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1. Data of 5a in Single-crystal X-ray Diffraction

Table S1. Crystal data and structure refinement parameters of compound 5a.

Parameter Value
Empirical formula C20H12CIFsNOS
Formula weight 463.82
Temperature 296 K
Wavelength 1.34139 A
Crystal system Triclinic
Space group P-1

Unit cell dimensions

1=493493)A  a=82.102(3)°
b=87426(6) A  p=89.490(3)°
c=234328(14) A 7 =78.286(3)°

Volume 980.35(11) A
z 2
Density (calculated) 1.571 Mg/m3
Absorption coefficient 2.183 mm!
F(000) 468
Crystal size 0.16 x 0.12 x 0.08 mm?3
Theta range for data collection 3.314 to 55.348°
Index ranges -6<h<6,-8<k<10,-28<[<28
Reflections collected 12877
Independent reflections 3689 [R(int) = 0.0604]
Completeness to theta = 53.594° 99.3%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7508 and 0.3676
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 3689/0/271
Goodness-of-fit on F2 1.081

Final R indices [I > 2sigma(l)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

R1=0.0616, wR2=0.1787
R1=0.0718, wR2 = 0.1900
None
0.549 and -0.369 e.A3

Crystal structure determination of 5a

Crystal Data. C20H12CIFsNOS (M =463.82 g/mol): triclinic, space group P-1, a =
4.9349(3) A, b =8.7426(6) A, c = 23.4328(14) A, p =89.490(3)°, V =980.35(11) A3, Z=2, T=
298 K, Dcalc =1.571 Mg/m3, 12877 reflections measured (3.314° < 26 <55.348°), 3689 unique
(Rint = 0.0604) which were used in all calculations. The final R1 was 0.0616 (I > 20(I)) and
wR2 was 0.1787 (all data).

Table S2. Bond angles of compound 5a.

Atoms Angle (°) Atoms Angle (°)
C(20)-5(1)-C(17) 100.49(14) C(10)-C(11)-H(11) 119.9
C(10)-O(1)-C(13) 118.2(2) C(12)-C(11)-C(10) 120.2(3)

C(1)-N(1)-C(5) 119.5(2) C(12)-C(11)-H(11) 119.9
N(1)-C(1)-H(1) 118.3 C(7)-C(12)-H(12) 119.6
N(1)-C(1)-C(2) 123.4(3) C(11)-C(12)-C(7) 120.8(3)
C(2)-C(1)-H(1) 118.3 C(11)-C(12)-H(12) 119.6
C(1)-C(2)-C(3) 118.3(2) O(1)-C(13)-H(13A) 109.7
C(1)-C(2)-C(6) 121.4(3) O(1)-C(13)-H(13B) 109.7
C(3)-C(2)-C(6) 120.3(3) 0O(1)-C(13)-C(14) 109.8(2)
C(2)-C(3)-H(3) 120.8 H(13A)-C(13)-H(13B) 108.2
C(4)-C(3)-C(2) 118.5(3) C(14)-C(13)-H(13A) 109.7
C(4)-C(3)-H(3) 120.8 C(14)-C(13)-H(13B) 109.7
C(3)-C(4)-CI(1) 116.3(2) C(15)-C(14)-C(13) 122.0(3)
C(3)-C(4)-C(5) 120.8(2) C(19)-C(14)-C(13) 119.3(3)



C(5)-C(4)-C1(1) 122.82(19) C(19)-C(14)-C(15) 118.7(3)

N(1)-C(5)-C(4) 119.5(2) C(14)-C(15)-H(15) 119.7
N(1)-C(5)-C(7) 114.7(2) C(16)-C(15)-C(14) 120.5(3)
C(4)-C(5)-C(7) 125.8(2) C(16)-C(15)-H(15) 119.7
F(1)-C(6)-F(2) 107.5(3) C(15)-C(16)-H(16) 120.3
F(1)-C(6)-F(3) 107.8(3) C(17)-C(16)-C(15) 119.3(3)
F(1)-C(6)-C(2) 113.03) C(17)-C(16)-H(16) 1203
F(2)-C(6)-C(2) 111.93) C(16)-C(17)-S(1) 119.0(2)
F(3)-C(6)-F(2) 103.9(3) C(18)-C(17)-S(1) 120.9(2)
F(3)-C(6)-C(2) 112.2(3) C(18)-C(17)-C(16) 120.1(3)
C(8)-C(7)-C(5) 120.0(2) C(17)-C(18)-H(18) 120
C(8)-C(7)-C(12) 117.9(2) C(19)-C(18)-C(17) 120.1(3)
C(12)-C(7)-C(5) 122.2(2) C(19)-C(18)-H(18) 120
C(7)-C(8)-H(8) 119 C(14)-C(19)-H(19) 119.4
C(7)-C(8)-C(9) 122.03) C(18)-C(19)-C(14) 121.3(3)
C(9)-C(8)-H(8) 119 C(18)-C(19)-H(19) 119.4
C(8)-C(9)-H(9) 120.6 F(4)-C(20)-S(1) 115.1(3)
C(10)-C(9)-C(8) 118.8(3) F(4)-C(20)-F(5) 106.8(3)
C(10)-C(9)-H(9) 120.6 F(4)-C(20)-F(6) 103.1(3)
O(1)-C(10)-C(9) 124.6(3) F(5)-C(20)-S(1) 108.8(3)
O(1)-C(10)-C(11) 115.0(2) F(5)-C(20)-F(6) 107.8(3)
C(11)-C(10)-C(9) 120.4(2) F(6)-C(20)-S(1) 114.8(2)

Table S3. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A2 x 10%)
of the nonhydrogen atoms.

Atom x y z Ueq
Cl(1) 4881(2) 3250(1) 2604(2) 101(1)
CI(1) -1097(2) 3964(1) 9436(1) 65(1)
S(1) 17002(2) -2331(1) 6020(1) 80(1)
F(1) -8858(6) 8902(3) 9528(1) 138(1)
F(2) -6219(5) 10543(3) 9363(1) 106(1)
F(3) -9021(5) 10381(3) 8726(1) 110(1)
F(4) 13799(5) -4278(3) 5864(1) 104(1)
F(5) 17528(6) -4524(3) 5407(2) 129(1)
F(6) 14065(7) -2681(3) 5144(1) 118(1)
o) 6881(4) 2066(2) 7347(1) 67(1)
N(1) -2314(5) 7505(3) 8130(1) 63(1)
c(1) -4263(7) 8538(3) 8350(1) 64(1)
C(2) -5204(5) 8292(3) 8902(1) 54(1)
C@3) -4115(5) 6879(3) 9243(1) 55(1)
C@4) -2139(5) 5791(3) 9012(1) 49(1)
C(5) -1198(5) 6125(3) 8455(1) 48(1)
C(6) -7342(7) 9509(3) 9134(2) 69(1)
C(?) 909(5) 5055(3) 8160(1) 48(1)
C(8) 682(6) 5047(3) 7575(1) 57(1)
C©9) 2609(6) 4070(3) 7280(1) 58(1)
C(10) 4852(5) 3100(3) 7584(1) 54(1)
C(11) 5154(6) 3106(3) 8168(1) 58(1)
C(12) 3207(5) 4063(3) 8456(1) 54(1)
C(13) 6923(6) 2141(4) 6750(1) 66(1)
C(14) 9411(5) 999(3) 6577(1) 56(1)
C(15) 10724(6) -304(4) 6954(1) 65(1)
C(16) 12987(6) -1345(4) 6779(1) 65(1)
C(17) 13958(5) -1060(3) 6226(1) 56(1)
C(18) 12648(7) 226(4) 5852(1) 67(1)
C(19) 10402(7) 1238(4) 6028(1) 65(1)

C(20) 15528(7) -3485(4) 5595(2) 70(1)




Table S4. Hydrogen coordinates (x 10%) and isotropic displacement parameters (A2x 109).

Atom x Y z Ueq
H (1) 467 3247 -1520 110
H(1) -5044 9495 8114 77
H(3) -4715 6665 9626 66
H(8) -839 5730 7366 68
H(9) 2393 4067 6878 69
H(11) 6711 2448 8373 70
H(12) 3421 4051 8859 65
H(13A) 7000 3226 6572 79
H(13B) 5210 1877 6611 79
H(15) 10067 -484 7335 79
H(16) 13861 -2244 7035 79
H(18) 13300 411 5471 81
H(19) 9512 2122 5767 78

Table S5. Bond lengths of compound 5a.

Atoms Length (&) Atoms Length (A)
Cl(1)-C(4) 1.744(2) C(7)-C(12) 1.402(4)
S(1)-C(17) 1.783(3) C(8)-H(8) 0.95
S(1)-C(20) 1.768(4) C(8)-C(9) 1.389(4)
F(1)-C(6) 1.305(4) C(9)-H(9) 0.95
F(2)-C(6) 1.324(4) C(9)-C(10) 1.385(4)
F(3)-C(6) 1.319(4) C(10)-C(11) 1.379(4)
F(4)-C(20) 1.310(4) C(11)-H(11) 0.95
F(5)-C(20) 1.316(4) C(11)-C(12) 1.376(4)
F(6)-C(20) 1.317(4) C(12)-H(12) 0.95
0(1)-C(10) 1.374(3) C(13)-H(13A) 0.99
O(1)-C(13) 1.392(4) C(13)-H(13B) 0.99
N(1)-C(1) 1.331(4) C(13)-C(14) 1.508(4)
N(1)-C(5) 1.350(3) C(14)-C(15) 1.389(4)
C(1)-H(1) 0.95 C(14)-C(19) 1.376(4)
C(1)-C(2) 1.373(4) C(15)-H(15) 0.95
C(2)-C(3) 1.385(4) C(15)-C(16) 1.388(4)
C(2)-C(6) 1.495(4) C(16)-H(16) 0.95
C(3)-H(3) 0.95 C(16)-C(17) 1.385(4)
C(3)-C(4) 1.380(3) C(17)-C(18) 1.375(4)
C(4)-C(5) 1.395(4) C(18)-H(18) 0.95
C(5)-C(7) 1.484(3) C(18)-C(19) 1.370(4)

C(7)-C(8) 1.379(4) C(19)-H(19) 0.95




2.1H NMR and BC NMR spectra of target compounds 5a-5f, 6a-6f, and 7a-7f
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Figure S1. The 'H NMR spectrum of 5a.
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Figure S2. The '*C NMR spectrum of 5a.
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Figure S3. The '"H NMR spectrum of 5b.
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Figure S4. The 3C NMR spectrum of 5b.
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Figure S5. The '"H NMR spectrum of 5c.
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Figure S6. The *C NMR spectrum of 5c.
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Figure S7. The "H NMR spectrum of 5d.
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Figure S22. The *C NMR spectrum of 6e.
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Figure 523. The '"H NMR spectrum of 6f.
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Figure S24. The *C NMR spectrum of 6f.
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Figure S25. The 'H NMR spectrum of 7a.
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Figure S27. The '"H NMR spectrum of 7b.

t-OE+

8E:

HTE+0
HeE:
H8E+0
L e+
%3
o+
HiE:

0

66'89—

9L'vLL
€TLLL
eviLL
6LLLL
€0'LZh
Sv'iZh
LTl
|Z8<4%
90'SZL
£€e'9ZL
9e'9ZL
6.8C1L
96'8Z1L
Ly 6Tl
900¢t
N__,oer
LLeL
L8GEL
rm,man
pe'SEL
3447
SEPPL
6E Pl
e vl

98'9pL
96'9pL
[AWA4%

T
165

Figure S28. The *C NMR spectrum of 7b.
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Figure S29. The 'H NMR spectrum of 7c.
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Figure S30. The *C NMR spectrum of 7c.
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Figure S31. The '"H NMR spectrum of 7d.
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Figure S32. The *C NMR spectrum of 7d.
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Figure S33. The 'H NMR spectrum of 7e.
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Figure S34. The *C NMR spectrum of 7e.
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Figure S35. The '"H NMR spectrum of 7f.
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Figure S36. The *C NMR spectrum of 7f.



