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1. General experimental details

Unless otherwise noted all commercial materials were used without further purification. "H-NMR
spectra were recorded on a BRUKER AVANCE III HD (400 MHz) spectrometer. Chemical shifts
are reported in ppm from tetramethylsilane with the solvent resonance as internal standard (CDCl;:
4 7.26). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet,
q = quadruplet, br = broad, m = multiplet), coupling constants (Hz) and integration. 3C-NMR
spectra were recorded on a BRUKER AVANCE III HD (100 MHz) spectrometer with complete
proton decoupling. Chemical shifts are reported in ppm from tetramethylsilane with the solvent
resonance as the internal standard (CDCls: § 77.16). '?F-NMR spectra were recorded on a BRUKER
AVANCE III HD (377 MHz) spectrometer. Mass spectra were measured with an Agilent
Technologies 6120 Quadrupole LC/MS. High resolution mass spectrometry (HRMS) were
measured with a GCT Premier™ and BRUKER micrOTF-Q III.

2. General procedure for reactions
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0.2 mmol Sulfonyl chlorides (1) in 2 mL toluene was added into a Schlenk tube charged with 0.42
mmol 2-arylquinoline N-oxides (2). The mixture was stirred at 80 °C for 12 hours, then cooled down
to room temperature. The mixture was concentrated, and purified by flash column chromatography
on silica gel (EA/ PE = 0/50-1/10) to give the product 3 and 4.

3. X-ray crystal structure of 3na
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Table 1 Crystallographic Data collection and Refinement result for CD

Identification code CD
Chemical formula Cy4H,NOsS
Formula weight 403.08
Temperature/ K 293(2)
Wavelength/ A 1.54178
Crystal system Triclinic
Space group P-1

al A 9.9176(12)
b/ A 10.2533(12)
c/ A 11.2559(13)
al ° 67.180(4)
ple 70.253(4)

y/ °© 79.073(4)

VA 2

Density (calculated g/cm?) 1.353
Absorption coefficient /mm-! 1.661
Reflections collected 11590
Independent reflections 3439 [R(int) = 0.0680]
F(000) 424
Goodness-of-fit on F2 1.031

Ry, wR(I>20(D))"
Ri,wR»(all date)?

0.1156, 0.2850
0.1168, 0.2865

aR =X (|Fol|-|Fc|)/Z|Fo|; wR,=[Zw(|Fo|- |Fc|?)/ZwF0?]"




Table 2. Atomic coordinates (x104) and equivalent isotropic displacement parameters

(A2x103) for CD. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y zZ U(eq)
S(1) 5805(1) 2955(1) 2689(1) 18(1)
0(003) 4878(4) 1899(3) 3014(4) 33(1)
0(2) 5739(3) 3073(3) 4098(3) 22(1)
0(004) 7266(3) 2764(3) 1993(3) 27(1)
NQ@3) 9060(3) 3025(3) 4836(3) 18(1)
C(006) 6922(4) 2549(4) 4618(4) 16(1)
C(007) 8039(4) 4941(4) 3303(4) 17(1)
C(008) 9116(4) 1670(4) 5719(4) 17(1)
C(009) 6960(4) 1180(4) 5470(4) 20(1)
C(00A) 5839(4) 5649(4) 791(4) 19(1)
C(00B) 7992(4) 3465(4) 4287(4) 16(1)
C(00C) 5029(4) 4658(4) 1970(4) 15(1)
C(00D) 8102(4) 697(4) 6060(4) 18(1)
C(00E) 3030(5) 6371(4) 2127(4) 24(1)
C(00F) 2647(4) 3971(5) 3846(4) 24(1)
C(00G) 5169(5) 6990(4) 319(4) 23(1)
C(00H) 9361(5) 5401(4) 2400(4) 24(1)
C(001) 10252(4) 1239(4) 6315(4) 23(1)
C(00J) 3607(4) 4998(4) 2642(4) 19(1)
C(00K) 6961(5) 7281(4) 2392(5) 29(1)
C(00L) 9370(5) -1091(4) 7497(4) 26(1)
C(00M) 6827(5) 5898(4) 3298(4) 22(1)
C(00N) 10360(5) -116(5) 7189(4) 26(1)
C(000) 8250(5) -702(4) 6963(4) 24(1)
C(00P) 9472(5) 6771(5) 1488(5) 31(1)
C(00Q) 7345(5) 5396(5) -3(4) 26(1)
C(00R) 3794(5) 7368(4) 962(4) 25(1)
C(00S) 8255(6) 7712(5) 1491(5) 34(1)

C(00T) 3113(6) 8834(5) 409(6) 41(1)




4. Characterization of new products

2-phenylquinolin-3-yl 4-methylbenzenesulfonate 3aa. Yield: 61.7 mg, 82%
N (based on sulfonyl chloride 1). White solid. m.p. 107-108 °C. '"H NMR (400
O o MHz, CDCL) & 8.33 (s, 1H), 8.11 (d, /= 8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz,
o=s=0 IH), 7.74 (ddd, J = 1.2, 6.8, 8.4 Hz, 1H), 7.63-7.56 (m, 1H), 7.54-7.48 (m,
2H), 7.39-7.27 (m, 3H), 7.16 (d, J = 8.4 Hz, 2H), 6.91 (d, J = 8.0 Hz, 2H),
© 2.33 (s, 3H); 3C NMR (101 MHz, CDClL;) § 153.6, 146.6, 145.3, 141.4,
Me 136.5, 131.4, 130.2, 130.1, 129.6, 129.5, 129.5, 128.9, 128.1, 128.0, 127.8,
127.7, 127.5, 21.7; HRMS [ESI] calcd for Cp,H;sNO;S [M+H]* 376.1002, found 376.1008.

O 2-phenylquinolin-3-yl benzenesulfonate 3ba. Yield: 61.4 mg, 85% (based on

sulfonyl chloride 1). White solid. m.p. 104-105 °C. 'TH NMR (400 MHz, CDCl;)

? 5 8.39-8.30 (m, 1H), 8.19-8.08 (m, 1H), 7.96-7.86 (m, 1H), 7.81-7.71 (m, 1H),

@ 7.67-7.58 (m, 1H), 7.58-7.50 (m, 2H), 7.50-7.41 (m, 1H), 7.41-7.27 (m, 5H),

\

7.22-7.11 (m, 2H); 13C NMR (101 MHz, CDCl;) § 153.5, 146.6, 141.3, 136 .4,
134.6, 134.1, 130.2, 130.0, 129.5, 129.5, 128.9, 128.9, 128.2, 128.1, 127.8,
127.7, 127.5; HRMS [ESI] calcd for C,H;sNOsS [M+H]" 362.0845, found 362.0841.

N ‘ 2-phenylquinolin-3-yl 4-methoxybenzenesulfonate 3ca. Yield: 61.8 mg,
O /\ 79% (based on sulfonyl chloride 1). White solid. m.p. 102-103 °C. 'TH NMR
? (400 MHz, CDCl;) 6 8.33 (s, 1H), 8.11 (d, /= 8.4 Hz, 1H), 7.89 (d, /= 8.0

0=S=0
Hz, 1H), 7.74 (ddd, J= 1.2, 6.8, 8.4 Hz, 1H), 7.63-7.58 (m, 1H), 7.58-7.53 (m,
2H), 7.38-7.29 (m, 3H), 7.22-7.16 (m, 2H), 6.58-6.53 (m, 2H), 3.79 (s, 3H);
Lo C NMR (101 MHz, CDCL) 8 164.0, 1535, 146.6, 1414, 136.6, 1303,

130.2, 130.2, 129.6, 129.5, 128.9, 128.1, 127.8, 127.7, 127.4, 125.6, 114.1,
55.7; HRMS [ESI] calcd for C,oH sNO4S [M+H]* 392.0951, found 392.0956.

Ny ‘ 2-phenylquinolin-3-yl 4-fluorobenzenesulfonate 3da. Yield: 66.0 mg, 87%

O = (based on sulfonyl chloride 1). White solid. m.p. 145-146 °C. 'TH NMR (400

o=s=0 MHz, CDCl,) § 8.35 (s, 1H), 8.12 (d, /= 8.4 Hz, 1H), 7.91 (d, J= 8.0 Hz, 1H),

7.76 (dd, J=7.2,7.2 Hz, 1H), 7.61 (dd, J=7.2, 7.6 Hz, 1H), 7.56-7.50 (m, 2H),

7.40-7.31 (m, 3H), 7.30-7.24 (m, 2H), 6.78 (dd, J = 8.4, 8.4 Hz, 2H); 1*C NMR

F (101 MHz, CDCl3)  166.0 (d, Jcr = 256.0 Hz), 153.3, 146.8, 141.2, 136.4,

131.0 (d, Jcr =9.9 Hz), 130.4, 130.4, 130.4, 129.6, 129.6, 129.1, 128.3, 127.8, 127.7, 127.6, 116.3

(d, Joy =22.8 Hz); "FNMR (377MHz, CDCI3) & -102.1 (s); HRMS [ESI] calcd for C5;H;sFNO;S
[M+H]* 380.0751, found 380.0751.



(based on sulfonyl chloride 1). White solid. m.p. 146-147 °C. 'TH NMR (400
MHz, CDCl;) 6 8.34 (s, 1H), 8.12 (d, J=8.8 Hz, 1H), 7.91 (d, /= 8.0 Hz, 1H),
0=8=0  7.75(ddd, J=1.2,7.2,8.4 Hz, 1H), 7.61 (dd, J= 7.2, 7.2 Hz, 1H), 7.53-7.46
(m, 2H), 7.40-7.30 (m, 3H), 7.16 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H);
I3C NMR (101 MHz, CDCl3) § 153.2,146.8, 141.1, 141.1, 136.3, 132.7, 130.5,
Cl 130.4, 129.6, 129.5, 129.4, 129.2, 129.1, 128.2, 127.8, 127.7, 127.6, HRMS

[ESI] calcd for C,H;sCINOsS [M+H]* 396.0456, found 396.0457.

O 2-phenylquinolin-3-yl 4-chlorobenzenesulfonate 3ea. Yield: 52.2 mg, 66%
O
|

O NS ‘ 2-phenylquinolin-3-yl 4-bromobenzenesulfonate 3fa. Yield: 59.8 mg, 68%

Z >0 (based on sulfonyl chloride 1). White solid. m.p. 167-168 °C. "TH NMR (400

0=5=0  MHz, CDCl;) 3 8.34 (s, 1H), 8.12 (d, J = 8.8 Hz, 1H), 7.91 (d, J = 8.0 Hz,

1H), 7.76 (dd, J= 7.2, 8.0 Hz, 1H), 7.61 (dd, J= 7.2, 7.6 Hz, 1H), 7.52-7.45

(m, 2H), 7.41-7.31 (m, 3H), 7.22 (d, /= 8.4 Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H);

Br 13C NMR (101 MHz, CDCl;) § 153.3, 146.8, 141.2, 136.3, 133.3, 132.2,

130.5, 130.4, 129.8, 129.6, 129.5, 129.4, 129.1, 128.2, 127.8, 127.7, 127.7; HRMS [ESI] calcd for
C,1H;sBrNO;S [M+H]" 439.9951, found 439.9947.

AN O 2-phenylquinolin-3-yl 4-nitrobenzenesulfonate 3ga. Yield: 64.2 mg, 79%

O s (based on sulfonyl chloride 1). Yellow solid. m.p. 168-169 °C. TH NMR (400

0=s=0 MHz, CDCl;) 5 8.34 (s, 1H), 8.12 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.4 Hz,

1H), 7.76 (ddd, J= 1.2, 7.2, 8.4 Hz, 1H), 7.61 (ddd, /= 0.8, 6.8, 7.6 Hz, 1H),

7.51-7.45 (m, 2H), 7.41-7.31 (m, 3H), 7.22 (d, J = 8.4 Hz, 1H), 7.08 (d, J =

NO, 8.4 Hz, 1H); 3C NMR (101 MHz, CDCl;) 5 153.2, 146.8, 141.1, 136.3, 133.3,

132.1, 130.5, 130.4, 129.8, 129.6, 129.5, 129.4, 129.1, 128.2, 127.8, 127.7, 127.6; HRMS [ESI]
caled for C,1H sFNO;S [M+H]" 407.0696, found 407.0688.

O NS O 2-phenylquinolin-3-yl 4-cyanobenzenesulfonate 3ha. Yield: 67.3 mg, 87%

Z>0 (based on sulfonyl chloride 1). White solid. m.p. 128-129 °C. 'TH NMR (400

0=8=0  MHz, CDCl;) 6 8.35 (s, 1H), 8.12 (d, /= 8.4 Hz, 1H), 7.92 (d, /= 8.0 Hz, 1H),

7.78 (ddd, J=1.2, 6.8, 8.4 Hz, 1H), 7.63 (ddd, /= 0.8, 7.2, 8.0 Hz, 1H), 7.50-

7.44 (m, 2H), 7.42-7.29 (m, 7H); 3C NMR (101 MHz, CDCl;) 5 152.7, 146.9,

CN 140.9, 138.5, 136.2, 132.4, 130.7, 130.6, 129.6, 129.5, 129.3, 128.6, 128.4,

127.8, 127.8, 127.6, 117.7, 116.9; HRMS [ESI] calcd for C,H;sN,05S [M+H]" 387.0798, found
387.0804.



Ny O 2-phenylquinolin-3-yl 4-(trifluoromethyl)benzenesulfonate 3ia. Yield: 49.8

O = mg, 58% (based on sulfonyl chloride 1). White solid. m.p. 92-93 °C. 'H NMR

0=s=0 (400 MHz, CDCl;) § 8.37 (s, 1H), 8.12 (d, /= 8.4 Hz, 1H), 7.93 (d, /= 8.0 Hz,

1H), 7.77 (dd, J= 7.6, 8.0 Hz, 1H), 7.63 (dd, /= 7.2, 7.6 Hz, 1H), 7.44 (d, J =

7.2 Hz, 1H), 7.40-7.32 (m, 5H), 7.28 (dd, J = 6.8, 7.6 Hz, 2H); 3C NMR (101

CF4 MHz, CDCl;) 6 153.0, 146.9, 141.1, 137.9, 136.2, 135.5 (q, Jcr = 33.0 Hz),

130.6, 130.6, 129.6, 129.4, 129.1, 128.6, 128.4, 127.8, 127.7, 127.7, 125.9 (q, Jc.r = 3.6 Hz), 123.0

(9, Je.r=271.6 Hz); "FNMR (377MHz, CDCI3) 5 -63.5 (s); HRMS [ESI] calcd for C,,H;sF3sNOsS
[M+H]* 430.0719, found 430.0718.

N O 2-phenylquinolin-3-yl 4-(trifluoromethoxy)benzenesulfonate 3ja. Yield:

O /\ 51.7 mg, 58% (based on sulfonyl chloride 1). White solid. m.p. 62-63 °C. TH

i NMR (400 MHz, CDCl;) 6 8.36 (s, 1H), 8.12 (d, /J=8.4 Hz, 1H), 7.92 (d, J =

8.0 Hz, 1H), 7.76 (dd, J="7.2, 8.4 Hz, 1H), 7.62 (dd, /= 7.2, 7.6 Hz, 1H), 7.51

© (d, J=6.8 Hz, 1H), 7.40-7.27 (m, 5H), 6.91 (d, /= 8.4 Hz, 2H); 3C NMR (101

MHz, CDCl;) & 153.2, 153.1, 146.8, 141.1, 136.3, 132.6, 130.5 (q, Jcr =2.2

Hz), 130.4, 129.6, 129.5, 129.1, 128.3, 127.8, 127.7, 120.4, 120.2 (q, Jc.r =

258.6 Hz); YFNMR (377MHz, CDCI3) 5 -57.5 (s); HRMS [ESI] calcd for Cp,H,;sF;NO,S [M+H]*
446.0668, found 446.0672.

‘ 2-phenylquinolin-3-yl 2-methylbenzenesulfonate 3la
N

(mixture of 3la and 31’a’, ratio 4:1). Yield: 52.5 mg, 70%

O o O “>o (based on sulfonyl chloride 1). White solid. m.p. 167-168
0=8=0 0=8=0 °C. 'TH NMR (400 MHz, CDCl) & 8.32 (s, 0.2H, one
Me\@ ©/Me isomer), 8.22 (s, 0.8H, one isomer), 8.12 (d, J = 8.4 Hz,

1H, two isomers), 7.89 (d, J = 8.4 Hz, 0.2H, one isomer),

7.84 (d, J = 8.0 Hz, 0.8H, one isomer), 7.77-7.69 (m, 1H, two isomers), 7.63-7.51 (m, 3.2H, two
isomers), 7.47 (d, J = 7.6 Hz, 0.8H, one isomer), 7.42-7.28 (m, 4H, two isomers), 7.18 (d, J = 8.4
Hz, 0.3H, one isomer), 7.11-7.02 (m, 1.6H, one isomer), 6.92 (d, J = 8.0 Hz, 0.4H, one isomer),
2.33 (s, 0.6H, one isomer), 2.30 (s, 2.4H, one isomer); 3C NMR (101 MHz, CDCl;) § 153.8 &
153.5 (two isomers), 146.4 &145.3 (two isomers), 141.5 & 141.4 (two isomers), 139.4 & 139.2 (two
isomers), 136.6 &136.5 (two isomers), 134.3 & 133.7 (two isomers), 132.8 & 131.4 (two isomers),
130.2 (overlap, two isomers), 130.1 &130.1 (two isomers), 129.5 &129.5 (two isomers), 129.3
(overlap, two isomers), 129.0 &128.9 (two isomers), 128.3 (overlap, two isomers), 128.1 & 128.1
(overlap, two isomers), 128.0 (overlap, two isomers), 127.7 &127.7 (two isomers), 127.6 (overlap,
two isomers), 127.4 (overlap, two isomers), 126.1 (overlap, two isomers), 21.7 & 20.7 (two
isomers); HRMS [ESI] calcd for Cp,HgNOsS [M+H]* 376.1002, found 376.1006.

2-phenylquinolin-3-yl 3-methylbenzenesulfonate 3ma. Yield: 53.3 mg, 71%
e

‘/o



(based on sulfonyl chloride 1). White solid. m.p. 60-61 °C. 'TH NMR (400 MHz, CDCl;) 6 8.34 (s,
1H), 8.12 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.74 (ddd, J =1.6, 7.2, 8.4 Hz, 1H), 7.60
(ddd, J=0.8, 7.2, 8.0 Hz, 1H), 7.56-7.51 (m, 2H), 7.39-7.28 (m, 3H), 7.25 (d, /= 7.2 Hz, 1H), 7.10
(d, J= 8.8 Hz, 2H), 7.05 (dd, J = 7.6, 7.6 Hz, 1H), 2.15 (s, 3H); 13C NMR (101 MHz, CDCl;) §
153.6, 146.6, 141.4, 139.4, 136.3, 135.1, 134.4, 130.2, 129.9, 129.5, 128.9, 128.6, 128.5, 128.1,
127.8, 127.7, 127.5, 125.4, 21.3; HRMS [ESI] calcd for Cy,H;sNOsS [M+H]* 376.1002, found
376.1012.

2-phenylquinolin-3-yl 2,4,6-trimethylbenzenesulfonate 3na. Yield: 75.8

mg, 94% (based on sulfonyl chloride 1). White solid. m.p. 73-74 °C. TH NMR

Ve Ve (400 MHz, CDCl;) 6 8.17 (s, 1H), 8.13 (d, J= 8.4 Hz, 1H), 7.82 (d, J= 8.0

Hz, 1H),7.72 (dd,J="7.2,7.6 Hz, 1H), 7.62-7.53 (m, 3H), 7.38-7.28 (m, 3H),

\©/ 6.73 (s, 2H), 2.25 (s, 3H), 2.23 (s, 6H); '*C NMR (101 MHz, CDCl;) § 154.1,

146.3, 144.0, 141.4, 140.3, 136.8, 131.9, 130.4, 130.0, 129.6, 129.5, 129.3,

128.8, 128.1, 127.6, 127.5, 127.4, 23.0, 21.1; HRMS [ESI] calcd for CyH;,NO;S [M+H]*
404.1315, found 404.1309.

(based on sulfonyl chloride 1). White solid. m.p. 98-99 °C. TH NMR (400

MHz, CDCly) 6 8.45 (d, J = 8.4 Hz, 1H), 8.19 (s, 1H), 8.09 (d, J = 8.4 Hz,

0=8=0 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.85 (d, /= 7.2 Hz, 1H), 7.82 (d, J = 8.4 Hz,

OO 2H), 7.72 (dd, J= 7.6, 7.6 Hz, 1H), 7.56 (dd, J = 6.8, 8.0 Hz, 1H), 7.54 (dd, J

=6.0, 7.2 Hz, 1H), 7.46 (dd, J = 7.2, 8.4 Hz, 1H), 7.39 (d, J = 7.2 Hz, 2H),

7.30 (dd, J = 7.6, 8.0 Hz, 1H), 7.09-6.96 (m, 3H); 13C NMR (101 MHz, CDCl;) 6 153.8, 146.4,

141.8, 136.1, 136.1, 134.1, 130.9, 130.9, 130.1, 129.5, 129.4, 129.0, 128.8, 128.6, 128.4, 127.9,

127.6, 127.5, 127.4, 127.1, 124.9, 123.7, HRMS [ESI] calcd for C,sH;sNOsS [M+H]*" 412.1002,
found 412.0998.

‘ 2-phenylquinolin-3-yl naphthalene-1-sulfonate 3o0a. Yield: 68.3 mg, 83%
Q

Yield: 51.0 mg, 56% (based on sulfonyl chloride 1). Yellow oil. '"H NMR
(400 MHz, CDCl;) 6 8.48 (d, /= 8.4 Hz, 1H), 8.16 (s, 1H), 8.14 (d, J=9.6

Hz, 1H), 8.09 (d, /= 8.4 Hz, 1H), 7.85 (d,J= 7.2 Hz, 1H), 7.81 (d, /= 8.4
Hz, 1H), 7.72 (dd, J="7.2, 8.0 Hz, 1H), 7.56 (dd, J = 7.6, 7.6 Hz, 1H), 7.45

(dd, J = 7.2 Hz, 2H), 7.38 (dd, J = 8.0, 8.4 Hz, 1H), 7.30 (dd, J = 8.0, 8.0
Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.11-7.01 (m, 3H), 7.08-6.96 (m, 3H),
2.88 (s, 6H); 3C NMR (101 MHz, CDCl3) 3 153.9, 151.6, 146.4, 141.9, 136.3, 132.2, 131.2, 130.8,

130.1, 129.9, 129.8, 129.5, 129.4, 129.1, 128.9, 128.6, 127.9, 127.7, 127.6, 127.4, 122.8, 119.6,
115.6, 45.6; HRMS [ESI] caled for Cy7H»3N,05S [M+H]*" 455.1424, found 455.1424.

O 2-phenylquinolin-3-yl S-(dimethylamino)naphthalene-1-sulfonate 3pa.
(0]
|



AN O 2-phenylquinolin-3-yl phenylmethanesulfonate 3qa. Yield: 49.5 mg, 66%

O 20 (based on sulfonyl chloride 1). White solid. m.p. 95-96 °C. 'TH NMR (400
0=5=0 MHz, CDCl;) 6 8.18 (d, J = 8.4 Hz, 1H), 8.09 (s, 1H), 7.90 (dd, /= 1.6, 8.4

Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.76 (ddd, J = 1.6, 7.2, 8.4 Hz, 1H), 7.60

(ddd, /= 0.8, 7.2, 8.0 Hz, 1H), 7.57-7.49 (m, 3H), 7.40-7.30 (m, 3H), 7.26-

7.20 (m, 2H), 4.07 (s, 2H); '3C NMR (101 MHz, CDCl;) 6 153.4, 146.6, 141.4, 136.9, 130.9, 130.3,
129.8, 129.6, 129.6, 129.5, 129.1, 129.1, 128.7, 127.8, 127.7, 127.7, 126.6, 57.8; HRMS [ESI]

caled for C,oH sNOsS [M+H]* 376.1002, found 376.1002.

AN O 2-phenylquinolin-3-yl ethanesulfonate 3ra. Yield: 38.9 mg, 62% (based on

O — sulfonyl chloride 1). Colorless oil. 'H NMR (400 MHz, CDCl;) 5 8.30 (s, 1H),

o=8=0 8:17(d,J=8.8 Hz, 1H), 7.88 (d,J=28.0 Hz, 3H), 7.76 (dd, /= 7.2, 8.0 Hz, 1H),

L 7.60 (dd, J=7.2,7.6 Hz, 1H), 7.57-7.46 (m, 3H), 2.88 (q, /= 7.2 Hz, 2H), 1.16

(t,J=7.6 Hz, 3H); 1*C NMR (101 MHz, CDCL;) § 153.4, 146.6, 141.2, 136.9,

130.2, 129.7, 129.6, 129.5, 129.2, 128.7, 127.8, 127.7, 127.7, 46.4, 7.8; HRMS [ESI] calcd for
C7HsNO;S [M+H]* 314.0845, found 314.0848.

2-phenylquinolin-3-yl dimethylsulfamate 3sa. Yield: 26.2 mg, 40%
(based on sulfonyl chloride 1). Pale yellow solid. m.p. 50-51 °C. 'H NMR
e (400 MHz, CDCl;) 6 8.34 (s, 1H), 8.16 (d, J = 8.4 Hz, 1H), 7.92-7.84 (m,

3H), 7.74 (dd,J=7.2, 8.4 Hz, 1H), 7.59 (dd, /= 6.8, 8.0 Hz, 1H), 7.56-7.43
(m, 3H), 2.58 (s, 6H); 3C NMR (101 MHz, CDCl;) 3 153.6, 146.3, 142.3, 137.1, 129.9, 129.6,
129.3, 128.5, 128.2, 127.9, 127.7, 127.5, 38.3; HRMS [ESI] calcd for C;;H;7;N,05;S [M+H]*
329.0954, found 329.0952.

AN ‘ 2-phenylquinolin-3-yl cyclopropanesulfonate 3ta. Yield: 59.2 mg, 91%

O o (based on sulfonyl chloride 1). Colorless solid. m.p. 94-95 °C. 'TH NMR (400

$=0 MHz, CDCl;) 6 8.27 (s, 1H), 8.18 (d, /= 8.4 Hz, 1H), 7.98 (d, J= 6.8 Hz, 2H),

7.87 (d, J = 8.4 Hz, 1H), 7.76 (dd, J = 7.6, 7.6 Hz, 1H), 7.60 (dd, J = 7.2, 7.6

Hz, 1H), 7.56-7.44 (m, 3H), 2.03-1.94 (m, 1H), 0.99-0.91 (m, 2H), 0.74-066 (m, 2H); 3C NMR

(101 MHz, CDCl3) 6 153.4, 146.7, 141.7, 137.1, 130.2, 130.0, 129.6, 129.5, 128.6, 127.8, 127.7,
127.6, 28.6, 6.3; HRMS [ESI] calcd for C;sHsNO3S [M+H]" 326.0845, found 326.0849.

2-phenylquinolin-3-yl prop-2-ene-1-sulfonate 3ua. Yield: 61.8 mg, 95%
O, 0

O’\\S//\/\ (based on sulfonyl chloride 1). Colorless oil. 'TH NMR (400 MHz, CDCl;)



§8.28 (s, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.94-7.84 (m, 3H), 7.76 (dd, J= 7.2, 7.6 Hz, 1H), 7.60 (dd,
J=17.6,7.6 Hz, 1H), 7.57-7.47 (m, 3H), 5.55-5.53 (m, 1H), 5.34 (d, J = 10 Hz, 1H), 5.25 (d, J =
16.8 Hz, 1H), 3.57 (d, J = 7.2 Hz, 2H); 3C NMR (101 MHz, CDCL3) § 153.2, 146.6, 141.2, 136.8,
130.3, 129.8, 129.6, 129.5, 129.0, 128.7, 127.7, 127.7, 125.5, 123.1, 55.9; HRMS [ESI] calcd for
CisHNO;S [M+H]* 326.0845 found 326.0844.

2-phenylquinolin-3-yl 3-chloropropane-1-sulfonate 3va. Yield: 47.7
mg, 66% (based on sulfonyl chloride 1). Pale yellow solid 75-76 °C. 'H
NMR (400 MHz, CDCl;) 6 8.29 (s, 1H), 8.18 (d, /= 8.4 Hz, 1H), 7.92-7.84 (m, 3H), 7.77 (dd, J =
7.2, 8.0 Hz, 1H), 7.61 (dd, J= 7.2, 7.6 Hz, 1H), 7.58-7.47 (m, 3H), 3.38 (t, /= 6.0 Hz, 2H), 3.01 (t,
J=17.6 Hz, 2H), 2.02-1.92 (m, 2H); '*C NMR (101 MHz, CDCl;) § 153.3, 146.7, 141.0, 136.8,
130.4, 129.8, 129.6, 129.6, 129.4, 128.8, 127.8, 127.7, 49.0, 42.2, 26.2; HRMS [ESI] calcd for
CisH7CINO;S [M+H]* 362.0612, found 362.0608.

o o methyl 3-(((2-phenylquinolin-3-yl)oxy)sulfonyl)propanoate 3wa.

A

O/S\/\H/OMe Yield: 53.5 mg, 72% (based on sulfonyl chloride 1). Pale yellow solid

0 61-62 °C. '"H NMR (400 MHz, CDCl;) & 8.29 (s, 1H), 8.18 (d, J =
8.4 Hz, 1H), 7.88 (d, /= 8.4 Hz, 1H), 7.85 (d, /= 6.8 Hz, 2H), 7.77 (dd, /= 7.2, 8.0 Hz, 1H), 7.61
(dd, J=17.2, 8.0 Hz, 1H), 7.57-7.47 (m, 3H), 3.66 (s, 3H), 3.18 (t, J= 7.6 Hz, 2H), 2.46 (t, J= 7.6
Hz, 2H); 3C NMR (101 MHz, CDCl3) § 169.9, 153.3, 146.7, 141.0, 136.7, 130.4, 129.7, 129.7,
129.6, 129.4, 128.8, 127.8, 127.8, 52.5, 46.8, 27.8; HRMS [ESI] calcd for CoH;sNOsS [M+H]*
372.0900, found 372.0893.

2-phenylquinolin-3-yl ((1R,4S5)-7,7-dimethyl-2-oxobicyclo[2.2.1]hept
an-1-yl)methanesulfonate 3xa. Yield: 54.0 mg, 62% (based on sulf
o onyl chloride 1). White solid, m.p. 175-176 °C. 'H NMR (400 M
Hz, CDCl;) ¢ 8.28 (s, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.90 (dd, J
=6.8, 7.6 Hz, 3H), 7.76 (dd, J = 7.2, 8.0 Hz, 1H), 7.60 (dd, J =
7.6, 7.6 Hz, 1H), 7.54 (dd, J = 7.2, 7.6 Hz, 2H), 7.51-7.45 (m, 1H), 3.30 (d, J = 14.4
Hz, 1H), 2.57 (d, J = 14.8 Hz, 1H), 2.35-2.17 (m, 2H), 2.04 (t, J = 4.4 Hz, 1H), 2.00-1.
90 (m, 1H), 1.87 (d, J = 18.4 Hz, 1H), 1.61-1.51 (m, 1H), 1.40-1.34 (m, 1H), 0.90 (s, 3
H), 0.64 (s, 3H); 3C NMR (101 MHz, CDCl3) 8 213.4, 153.5, 146.7, 141.4, 137.1, 130.3,
129.9, 129.6, 129.5, 129.5, 128.8, 127.9, 127.8, 127.6, 57.9, 49.0, 48.0, 42.8, 42.4, 27.0, 2
5.0, 19.7, 19.5; HRMS [ESI] calcd for CysHsNO4S [M+H]* 436.1577, found 436.1576.

6-methyl-2-phenylquinolin-3-yl 4-methylbenzenesulfonate

o, 0 3ab. Yield: 71.6 mg, 92% (based on sulfonyl chloride 1). Pale

Me o~ \©\ yellow solid 137-138 °C. '"H NMR (400 MHz, CDCl;) 8 8.23 (s,
Me



1H), 7.99 (d, J = 8.4 Hz, 1H), 7.65 (s, 1H), 7.57 (dd, J = 1.6, 8.8 Hz, 1H), 7.52-7.47 (m, 2H), 7.38-
7.27 (m, 3H), 7.15 (d, J= 8.4 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 2.57 (s, 3H), 2.33 (s, 3H); 3C NMR
(101 MHz, CDCLy) § 152.6, 145.3, 145.2, 141.5, 137.6, 136.6, 132.6, 131.5, 129.5, 129.5, 129.5,
129.2, 128.8, 128.1, 128.0, 127.8, 126.5, 21.8, 21.7; HRMS [ESI] calcd for Co3H,0NO;S [M+H]*
390.1158, found 190.1161.

6-methoxy-2-phenylquinolin-3-yl 4-methylbenzenesulfonat
e 3ac. Yield: 53.4 mg, 66% (based on sulfonyl chloride
1). White solid, m.p. 163-164 °C. 'TH NMR (400 MHz,
CDCl3) 6 8.23 (s, 1H), 798 (d, J = 9.2 Hz, 1H), 7.49-7.
46 (m, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.38 (dd, J = 2.8, 9.6 Hz, 1H), 7.35-7.27 (m, 3H),
7.17-7.11 (m, 3H), 6.90 (d, J = 8.0 Hz, 2H), 3.97 (s, 3H), 2.33 (s, 3H); 3C NMR (101
MHz, CDCl;) § 154.1, 146.0, 145.0, 140.1, 139.5, 137.8, 132.5, 130.2, 129.7, 129.6, 129.5,
128.6, 128.2, 128.1, 128.1, 127.1, 124.5, 21.8, 14.0;, HRMS [ESI] calcd for C,3H20NO4S [M+
H]* 406.1108, found 406.1110.

Me

6-fluoro-2-phenylquinolin-3-yl 4-methylbenzenesulfonate 3ad.
Yield: 54.3 mg, 69% (based on sulfonyl chloride 1). Pale yellow
solid 184-185 °C. TH NMR (400 MHz, CDCl;) 4 8.26 (s, 1H), 8.09
(dd, J=8.8 Hz, 1H), 7.87 (d, /= 2.0 Hz, 1H), 7.67 (dd, J=2.4,9.2
Hz, 1H), 7.51 (d, J = 7.2 Hz, 1H), 7.40-7.28 (m, 3H), 7.17 (d, J =
8.0 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 2.34 (s, 3H); 13C NMR (101 MHz, CDCl;) § 161.1 (d, Jor =
248.6 Hz), 152.9 (d, Jor = 3.0 Hz), 145.4, 143.8, 142.1, 136.2, 132.1 (d, Jcr = 9.4 Hz), 1314,
129.6, 129.5, 129.4, 129.0, 128.5 (d, Jc.r = 10.5 Hz), 128.1, 128.1, 120.5 (d, Jc.r = 25.7 Hz), 110.8
(d, Jor = 22.2 Hz), 21.8; YFNMR (377MHz, CDCI3) 3 -111.8 (s); HRMS [ESI] calcd for
CH7FNO;S [M+H]* 394.0908, found 394.0904.

Me

6-chloro-2-phenylquinolin-3-yl 4-methylbenzenesulfonate 3ae.
Yield: 50.8 mg, 62% (based on sulfonyl chloride 1). Pale yellow
solid 163-164 °C. TH NMR (400 MHz, CDCl;) § 8.22 (s, 1H),
8.03 (d, J = 8.8 Hz, 1H), 7.54-7.47 (m, 4H), 7.40-7.28 (m, 3H),
7.17 (d,J= 8.4 Hz, 2H), 6.93 (d, /= 8.4 Hz, 2H), 2.34 (s, 3H); 13C
NMR (101 MHz, CDCl3) & 153.9, 145.5, 145.0, 142.1, 136.2, 133.4, 131.4, 131.2, 131.1, 129.6,
129.6, 129.2, 128.3, 128.2, 128.1, 126.3, 21.8; HRMS [ESI] calcd for C;,H;CINO;S [M+H]*
410.0612, found 410.0623.

Me

6-bromo-2-phenylquinolin-3-yl 4-methylbenzenesulfonate 3af.
Yield: 60.7 mg, 67% (based on sulfonyl chloride 1). Pale yellow
solid 168-169 °C. '"H NMR (400 MHz, CDCl;) 3 8.22 (s, 1H), 8.05
(d, J=2.0 Hz, 1H), 7.96 (d, J=9.2 Hz, 1H), 7.80 (dd, /= 2.0, 8.8




Hz, 1H), 7.54-7.49 (m, 2H), 7.40-7.29 (m, 3H), 7.17 (d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.0 Hz, 2H),
2.34 (s, 3H); 3C NMR (101 MHz, CDCLy) § 154.0, 145.5, 145.2, 142.0, 136.2, 133.7, 131.4, 131.2,
129.7, 129.6, 129.6, 129.2, 129.1, 128.8, 128.2, 128.1, 121.6, 21.8; HRMS [ESI| calcd for
Cy,H,7BINO;S [M+H]* 454.0107, found 454.0110.

6-nitro-2-phenylquinolin-3-yl 4-methylbenzenesulfonate 3ag.
Yield: 59.7 mg, 71% (based on sulfonyl chloride 1). Yellow solid
172-173 °C. '"H NMR (400 MHz, CDCl;) 6 8.85 (d, /= 2.4 Hz,
1H), 8.49 (dd, J = 2.4, 9.2 Hz, 1H), 8.46 (s, 1H), 8.22 (d,J=9.2
Hz, 1H), 7.62-7.57 (m, 2H), 7.45-7.40 (m, 1H), 7.39-7.33 (m, 2H),
7.21 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.0 Hz, 2H), 2.36 (s, 3H); 13C NMR (101 MHz, CDCl3) §
157.2, 148.4, 146.1, 145.8, 142.8, 135.7, 131.6, 131.4, 131.3, 129.9, 129.7, 128.3, 128.2, 126.6,
124.5, 123.6, 21.8; HRMS [ESI] calcd for C,,H;7N,05S [M+H]* 421.0853, found 421.0845.

Me

4-methyl-2-phenylquinolin-3-yl 4-methylbenzenesulfonate 3ah.
Yield: 48.3 mg, 62% (based on sulfonyl chloride 1). Pale yellow solid
o, 0 85-86 °C. "TH NMR (400 MHz, CDCl3) 6 8.11 (d, /= 8.4 Hz, 1H), 8.04
S\©\ (d,/=8.4Hz, 1H), 7.73 (ddd, J=1.2, 7.2, 8.0 Hz, 1H), 7.61 (ddd, J =

Me 0.8,7.2,8.0 Hz, 1H), 7.54-7.49 (m, 2H), 7.29-7.17 (m, 5H), 6.95 (d, J
=8.0 Hz, 2H), 2.85 (s, 3H), 2.36 (s, 3H); 13C NMR (101 MHz, CDCl;) 3 154.0, 146.0, 145.0, 140.1,
139.5,137.8, 132.5,130.2, 129.7, 129.6, 129.5, 128.5, 128.2, 128.1, 128.0, 127.1, 124.5, 21.8, 14.0.
HRMS [ESI] calcd for Cy3Hp0NO;S [M+H]" 390.1158, found 390.1159.

Me

2-phenylbenzo[h]quinolin-3-yl 4-methylbenzenesulfonate 3ai.

Yield: 72.3 mg, 85% (based on sulfonyl chloride 1). Pale yellow

solid 129-130 °C. 'H NMR (400 MHz, CDCls) 3 9.26 (dd, J= 3.6,
Me 6.0 Hz, 1H), 8.34 (s, 1H), 7.92 (dd, J = 3.2, 5.6 Hz, 1H), 7.86 (d, J
=8.8 Hz, 1H), 7.74 (d, /= 8.8 Hz, 1H), 7.73-7.67 (m, 4H), 7.42-7.31 (m, 3H), 7.18 (d, /= 8.4 Hz,
2H), 6.88 (d, J = 8.4 Hz, 2H), 2.31 (s, 3H); 13C NMR (101 MHz, CDCl;) 3 151.0, 145.3, 144.8,
142.2, 136.8, 133.9, 131.3, 131.2, 130.4, 129.9, 129.4, 129.0, 128.8, 128.7, 128.2, 128.0, 127.9,
127.4, 126.1, 124.9, 124.8, 21.7. HRMS [ESI] calcd for C;H»0NO3;S [M+H]* 426.1158, found
426.1150.

2,6-diphenylpyridin-3-yl 4-methylbenzenesulfonate 3aj. Yield:
65.8 mg, 82% (based on sulfonyl chloride 1). Colorless oil. 'TH NMR
(400 MHz, CDCl;) 6 8.06 (d, /= 6.8 Hz, 1H), 7.91 (d, J = 8.4 Hz,
Me 1H), 7.76 (d, = 8.4 Hz, 1H), 7.57-7.52 (m, 2H), 7.50-7.40 (m, 3H),
7.34-7.26 (m, 3H), 7.21 (d, J = 8.0 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 2.32 (s, 3H); 3C NMR (101




MHz, CDCl3) 6 155.5, 151.5, 145.3, 143.0, 138.2, 136.4, 133.2, 131.3, 129.5, 129.4, 128.9, 128.7,
128.2, 127.9, 127.1, 119.6, 21.7, HRMS [ESI] calcd for C,4H;0NOsS [M+H]" 402.1158, found
402.1152.

Me Me
OO T i i
® ® -phenyl-6-(p-tolyl)pyridin-3-yl 4-methylbenzenesulfona
(¢} O
S=

o=4=0 o=4=0 te/6-phenyl-2-(p-tolyl)pyridin-3-yl 4-methylbenzenesulfo
nate 3ak. Yield: 60.6 mg, 73% (based on sulfonyl chl
© oride 1). Colorless solid 102-103 °C. '"H NMR (400 M
Hz, CDCl;) & 8.05 (d, J = 6.8 Hz, 1H), 795 (d, J =
8.0 Hz, 1H), 7.87 (dd, J = 6.8, 8.4 Hz, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.59-7.53 (m, 1H),
7.51-7.40 (m, 2H), 7.35-7.19 (m, 5H), 7.10 (d, J = 8.0 Hz, 1H), 6.93 (dd, J = 6.8, 7.2
Hz, 2H), 2.40 (d, J = 4.2 Hz, 3H), 2.33 (d, J = 4.2 Hz, 3H); 3C NMR (101 MHz, CD
Cl3) 6 155.5&155.4 (two isomers), 151.6&151.4 (two isomers), 145.3&145.2 (two isomers),
143.0&142.8 (two isomers), 139.6&133.7 (two isomers), 138.7&138.4 (two isomers), 136.5
&135.5 (two isomers), 133.0&132.9 (two isomers), 131.7&131.5 (two isomers), 129.6&129.5
(two isomers), 129.4 (overlap, two isomers), 129.4&128.7 (two isomers), 129.4&128.8 (two
isomers), 128.6&128.3 (two isomers), 128.3&127.9 (two isomers), 127.1&127.0 (two isome
rs), 119.3&119.2 (two isomers), 21.7&21.7 (two isomers), 21.4&21.4 (two isomers); HRMS
[ESI] caled for C,sH,pNO3;S [M+H]* 416.1315, found 416.1313.

Me Me

4-chloro-6-methyl-2-phenylquinoline 4ab. Yield: 30.9 mg, 61% (based

N ‘ on sulfonyl chloride 1). Pale yellow solid 68-69 °C. 'TH NMR (400 MHz,

Me O Z CDCl;) 6 8.15-8.10 (m, 2H), 8.07 (d, J = 8.8 Hz, 1H), 7.98 (s, 1H), 7.93 (s,

cl 1H), 7.60 (dd, J = 2.0, 8.8 Hz, 1H), 7.56-7.44 (m, 3H), 2.59 (s, 3H); 3C

NMR (101 MHz, CDCl,) 6 156.4, 147.8, 142.5, 138.8, 137.5, 132.9, 129.9, 129.7, 129.0, 127.5,
125.3,122.9, 119.2, 22.0; HRMS [ESI] calcd for C¢H;CIN [M+H]* 254.0731, found 254.0735.

4-chloro-6-methoxy-2-phenylquinoline 4ac. Yield: 27.5 mg, 51% (based

N ‘ on sulfonyl chloride 1). Colorless oil. '"H NMR (400 MHz, CDCl;) & 8.13-

MeO O % 8.09 (m, 2H), 8.07 (d, J = 8.8 Hz, 1H), 7.93 (s, 1H), 7.52 (dd, J=7.2, 7.6

Cl Hz, 2H), 7.49-7.39 (m, 3H), 3.98 (s, 3H); 3C NMR (101 MHz, CDCl;) §

158.7, 154.9, 145.2, 141.6, 138.8, 131.8, 129.5, 129.0, 127.3, 126.4, 123.5, 119.4, 101.7, 55.8;
HRMS [ESI] caled for C;¢H;;CINO [M+H]* 270.0680, found 270.0685.

O 4-chloro-6-fluoro-2-phenylquinoline 4ad. Yield: 34.0 mg, 66% (based on
AN sulfonyl chloride 1). Pale yellow solid 91-92 °C. 'TH NMR (400 MHz,
F O = CDCl;) 6 8.18 (dd, J = 5.6, 9.2 Hz, 1H), 8.14-8.10 (m, 2H), 7.99 (s, 1H),

Cl 7.84 (dd, J = 2.8, 9.2 Hz, 1H), 7.58-7.46 (m, 4H); 13C NMR (101 MHz,
CDCly) 6 161.2 (d, Jo.p = 247.9 Hz), 156.8 (d, Jo.r = 2.9 Hz), 146.2, 142.4, 138.4, 132.8 (d, Jo.r =



9.1 Hz), 130.0, 129.1, 127.5, 126.3 (d, Jc.r = 10.2 Hz), 121.0 (d, Jcr = 25.6 Hz), 119.8, 107.9 (d,
Jor = 24.2 Hz); YFNMR (377MHz, CDCI3) & -111.2 (s); HRMS [ESI] calcd for C;sH;(CIFN
[M+H]* 258.0480, found 258.0480

4,6-dichloro-2-phenylquinoline 4ae. Yield: 28.4 mg, 52% (based on
AN sulfonyl chloride 1). Pale yellow solid 104-105. °C. "TH NMR (400 MHz,
I
Cl

4

CDCl3) 6 8.18 (d,J=2.0 Hz, 1H), 8.12 (d, /= 6.8 Hz, 2H), 8.09 (d, /= 12.0
Hz, 1H), 7.97 (s, 1H), 7.69 (dd, J = 2.0, 8.8 Hz, 1H), 7.56-7.46 (m, 3H); 13C
NMR (101 MHz, CDClLy) & 157.5, 147.5, 142.2, 138.2, 133.4, 131.8, 131.6, 130.2, 129.1, 127.6,
126.1, 123.1, 119.9; HRMS [ESI] calcd for C,5H;oCILN [M+H]* 274.0185, found 274.0191.

Cl

6-bromo-4-chloro-2-phenylquinoline 4af. Yield: 29.8 mg, 47% (based on
AN sulfonyl chloride 1). Pale yellow solid 113-114 °C. "TH NMR (400 MHz,
O = CDCly) 6 8.36 (d, J=2.0 Hz, 1H), 8.12 (dd, J= 1.6, 8.4 Hz, 2H), 8.02 (d, J
cl =9.2 Hz, 1H), 7.96 (s, 1H), 7.82 (dd, J = 2.0, 8.8 Hz, 1H), 7.56-7.48 (m,
3H); 13C NMR (101 MHz, CDCls) 5 157.7, 147.7, 142.0, 138.2, 134.2, 131.8, 130.2, 129.1, 127.6,
126.5, 126.4, 121.6, 121.5; HRMS [ESI] calcd for C;sH(BrCIN [M+H]* 317.9680, found
317.9678.

Br

4

4-chloro-6-nitro-2-phenylquinoline 4ag. Yield: 21.1 mg, 37% (based on
AN sulfonyl chloride 1). Pale yellow solid 152-153 °C. 'TH NMR (400 MHz,
O = CDCl;) 6 9.15 (d, J = 2.4 Hz, 1H), 8.51 (dd, J=2.4,9.2 Hz, 1H), 8.27 (d,
cl J=9.2 Hz, 1H), 8.21-8.15 (m, 2H), 8.10 (s, 1H), 7.60-7.52 (m, 3H); 3C
NMR (101 MHz, CDCl;) 6 160.6, 151.2, 145.9, 144.0, 137.5, 132.0, 131.1, 129.3, 127.9, 124.7,
124.2,121.3, 120.7; HRMS [ESI] calcd for C;5H;(CIN,O, [M+H]* 285.0425, found 285.0425.

g,

O,N

O O 4-chloro-2-phenylbenzo[h]quinolone 4ai. Yield: 37.6 mg, 65% (based on
N

O sulfonyl chloride 1). White solid 94-95 °C. '"H NMR (400 MHz, CDCl;) &
Z 9.48 (d, J = 8.0 Hz, 1H), 8.32 (d, J= 7.6 Hz, 2H), 8.13 (d, J= 9.2 Hz, 1H),
cl 8.09 (s, 1H), 7.94 (d, /= 8.0 Hz, 1H), 7.89 (d, J=9.2 Hz, 1H), 7.80-7.71 (m,

2H), 7.58 (dd, J = 7.2, 7.6 Hz, 2H), 7.51 (dd, J= 7.2, 7.2 Hz, 1H); '3C NMR (101 MHz, CDCl3) §
155.7, 147.5, 143.1, 138.8, 134.1, 131.7, 129.9, 129.1, 128.9, 128.6, 128.0, 127.6, 127.5, 125.4,
123.3,121.0, 119.3. HRMS [ESI] calcd for C,9H;3CIN [M+H]* 290.0731, found 290.0740.

‘ 4-chloro-2,6-diphenylpyridine 4aj. Yield: 31.3 mg, 59% (based on

| NS sulfonyl chloride 1). Pale yellow solid 109-110 °C."H NMR (400 MHz,
= CDCl3) 5 8.16-8.10 (m, 4H), 7.69 (s, 2H), 7.54-7.43 (m, 6H); 3C NMR
cl (101 MHz, CDCl3) o 158.4, 145.5, 138.4, 129.8, 128.9, 127.2, 118.9;

HRMS [ESI] calced for C7H;3CIN [M+H]* 266.0731, found 266.0735.



Me
‘ N O 4-chloro-2-phenyl-6-(p-tolyl)pyridine 4ak. Yield: 34.1 mg, 61% (based
| = on sulfonyl chloride 1). White solid 54-55 °C. 'TH NMR (400 MHz,
Cl CDCl3) 6 8.12 (d, J= 6.8 Hz, 2H), 8.03 (d, /= 8.4 Hz, 2H), 7.66 (s, 2H),
7.54-7.42 (m, 3H), 7.31 (d, J = 8.0 Hz, 2H), 2.43 (s, 3H); '*C NMR (101 MHz, CDCl;) § 158.4,
158.3, 145.4, 139.9, 138.6, 135.7, 129.7, 128.9, 127.2, 127.1, 118.6, 118.5, 21.5; HRMS [ESI]
caled for C;gH;sCIN [M+H]* 280.0888, found 280.0885.

N 4-chloro-2-phenylpyridine 4al. Yield: 18.2 mg, 48% (based on sulfonyl chloride
| = 1). Colorless oil. "H NMR (400 MHz, CDCl;)  8.00 (dd, J= 1.6, 8.4 Hz, 2H), 7.70
Cl (dd, J=17.6, 7.6 Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.51-7.41 (m, 3H), 7.26 (d, J =

7.6 Hz, 1H); 3C NMR (101 MHz, CDCl;) 5 158.2, 151.5, 139.4, 137.8, 129.7, 128.9, 127.1, 122.7,
118.8; HRMS [ESI] caled for C;;HoCIN [M+H]* 190.0418, found 190.0427.

5. Spectroscopic data for products
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Parameter Value
1 0rigin Bruker BioSpin Gmbk
2 Solvent CDC13
3 Temperature 295.0
4 Number of Scans 16
5 Spectrometer Frequency400. 13
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Parameter Value
q 1 0rigin Bruker BioSpin GmbH
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3 Temperature 295.1
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Parameter Value
10rigin Bruker BioSpin Gubl
2 Solvent cnels
3 Temperature 295. 1
// //// 4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1
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1 0rigin Bruker BioSpin Gmbl
2 Solvent CpCl3
3 Temperature 295.0
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10rigin
2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency100. 61

6 Nucleus
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CpC13

295.1

20

13C

f HMH‘H“ m
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1 Origin Bruker BioSpin Gnbt
2 Solvent cnei3
3 Temperature 296. 3
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus H
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Parameter Value

1 0rigin Bruker BioSpin GmbH
2 Solvent cnel3

3 Temperature 296.7

4 Number of Scans 40

5 Spectrometer Frequencyl00. 61

6 Nucleus 13C
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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10rigin Bruker BioSpin Gmbl
2 Solvent CDCl13
3 Temperature 292.0
4 Number of Scans 4

5 Spectrometer Frequency376. 50

-102.149
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Parameter Value

10rigin Bruker BioSpin Gmbk

2 Solvent CDC13,

3 Temperature 295.3

4 Number of Scans 30

5 Spectrometer Frequencyl00.61

6 Nucleus 13C
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Parameter Value

1 0rigin Bruker BioSpin GmbH

2 Solvent Del3

3 Temperature 295.2
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5 Spectrometer Frequency400. 13

6 Nucleus 1
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1 0rigin Bruker BioSpin GmbH
Solvent CbC13
3 Temperature 295.7
4 Number of Scans 192
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
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3 Temperature 294.6
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1 Origin Bruker BioSpin Gmbt
2 Solvent CDC13, '
3 Temperature 296.5 ,
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5 Spectrometer Frequencyl00. 61
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1 Origin Bruker BioSpin Gmbl
2 Solvent cnel3
3 Temperature 296. 0
4 Number of Scans 4

6 Nucleus
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1 0rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 296. 2
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10rigin Bruker BioSpin GmbH
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3 Temperature 305.2
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent cnel3
3 Temperature 296.2
4 Number of Scans 51
5 Spectrometer Frequency100. 61
6 Nucleus 13C
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1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 4
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5 Spectrometer Frequency400. 13
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1 Origin Bruker BioSpin Gumbl
2 Solvent cnels
3 Temperature 204.9
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1 0rigin Bruker BioSpin Gmbi
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent cnel3
3 Temperature 294.7
4 Number of Scans 18
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
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1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294.7
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
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1 Origin Bruker BioSpin GmbH
2 Solvent cnCl3
3 Temperature 295.0
4 Number of Scans 40
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
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10rigin Bruker BioSpin Gnb

2 Solvent cnel3

3 Temperature 296. 1

4 Number of Scans 1

5 Spectrometer Frequency400. 13
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10rigin Bruker BioSpin Gmbk
2 Solvent CDC13
3 Temperature 296. 4
4 Number of Scans 46
5 Spectrometer Frequencyl00.61
6 Nucleus 13C
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Parameter Value
10rigin Bruker BioSpin Gmbk
2 Solvent CDC13,
3 Temperature 294.5
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
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10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)




MIVOWNONC—OONOOOW©©Q®
OCONDANNODOND DO« v~ — © O ~NO o wn
Parancter Value BBIBHNROCBI-ONDN G B 58% 3
aranet g DO-COOBDDD B DD IS I © N N~
1 Origin Bruker BioSpin Gmbl] =~ S 22NN KRR 5
2 Solvent cnel3 | S SSseSem————— ~-
3 Temperature 294.6
4 Number of Scans 100
5 Spectrometer Frequencyl00. 61
6 Nucleus 13¢
|
I
I
|
| o !
Ll |
i 2
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)
v
NOSYT T OMOTOONT O <t OO W0 oM
DOODNDVOWTNOD T M~ 0 © O 0O N~ s
NEmQONNNOOWVWWL TN ) © © © A
BBBNNNNNNNNNNNNN NN e
e\ e N
Parameter Value
1 0rigin Bruker BioSpin Gbl
2 Solvent cnel3
3 Temperature 296. 1
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1
e
e
0
0=8=0
3ra Me
Il i
Il
I | 1
J A L
& I
oS o
~N el
T T T T T T T T T T T T T T T T T T
0.0 95 90 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 2.0 50 L0 5 0.0 -0



NOSTOITOOT O~ O«
VDODONTTOMUN OO~ N ~NOoO o ©
OBCIARCU-=ONNG 5o 3 0
GO CO DSBS DI N IS N © @
OFTFTONONNNNNNNN NI~ © ©
R R R N~~~ < ~
Value

1 0rigin Bruker BioSpin Gmbt

2 Solvent CDC13,

3 Temperature 296. 4

4 Number of Scans 55

5 Spectrometer Frequencyl00. 61

6 Nucleus 13C

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
TOTOUODLOONT DNDN (2]
INDOANOOIND D BN © =
M QRONNN OBV A ©
WOWOMNNMNNMNNMNNMNNMNNMNNMNNMNNNS o
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
j / / / 3 Temperature 2
4 Number of Scans 1
5 Spectrometer Frequency400. 13
6 Nucleus 1H

e
e
)

T
O:§:O

3sa Me’N ‘Me

984
0.98%
7-
:
O
6.004

T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

=
=Y
o
o
o
=Y
o
=Y
w
o
bl
=Y
S
o
o
=y
o
=Y
=3
o
=3
=Y



wn
Parameter Value g
o . ©
1 Origin Bruker BioSpin Gmbl|
2 Solvent cnels |
3 Temperature 295. 4
4 Number of Scans 130
5 Spectrometer Frequencyl00. 61
6 Nucleus 13¢

™ 146.311
~142.342
_~137.090

129.940

ONINNOTO
QY ODO®— ~oo
LHT— O ~NOY
[ R R INENEN N
JNIINNN NN ©
R b NN

38.282

8.272
8.193
8.172
7.990
7.973
7.885
7.864
7.779
7.760
7.741
7.615
7.596

|
|

T T T T
210 200 190 180 170 160 150

T T T
120 110 100 90 80 70
f1 (ppm)

7.578
7.528
7.509
7.495
7.261

Parameter
1 Origin
2 Solvent
3 Temperature

4 Number of Scans

Value
Bruker BioSpin GmbH
CDC13

301.1

4

5 Spectrometer Frequency400. 13

FEEEEE

O -+~ +vm

2.00%

6 Nucleus IH
e
=
I
3ta
T T T T
6.0 5.5 4.5 4.0

E10tE e

=Y

o] 1.99% %

-



CONRND - DONO @
TOMOANDNDDO— O woN (3]
TONONOOIBRNQ Soy 2 o
DBOCENODDD BN NN N 0 N
; OTTOONNNNNNN NI~ © =] ]
Parameter Value Bt N~~~ N ©
1 0rigin Bruker BioSpin Gmbl < NSNS ~
2 Solvent cDe13
3 Temperature 301.4
4 Number of Scans 10
5 Spectrometer Frequency100. 61
6 Nucleus 13C
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 00 90 80 70 60 10 30 20 10 0 -10
f1 (ppm)
ONOANMT—ODNDTNODNDO ™ O LoNLODTNO [ E=3
VOOOVONULT—ONTND © NODVOSTANNO ~ ©
R RN QOO OONAN v
WOWOMNNMNNMNNMNNMNNMNNMNNMNNMNNMNNNNS LLWLWLWLWOLWWLW @ m
T f— e\ N
Parameter Value
10rigin Bruker BioSpin Gmbl
2 Solvent cDe13
3 Temperature 296.6
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus il
i
W
3
o
T T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 85 80 7.5 7.0 .5 6.0 55 50 4 1.0 3.5 3.0 2.5 2.0 1.5 L0 0.5 0.0



OO0 NTOWY
ANNOOVDOTNODN QD
NIONOANNDNOON QWO
DOC-OCODDD D OISO
VIITOOANNNNNNAN

Parameter
1 0rigin
2 Solvent
3 Temperature
4 Number of Scans

5 Spectrometer Frequencyl00.61

6 Nucleus

Value
Bruker BioSpin Gmbt
cDCl3
296.8
41

13C

77.477
77.160
76.842

L
\

55.888

T
100 90 80 70

T
210 200 190 180 170 160 150 120 110 6 50 40 30 20 10 0 -10
f1 (ppm)

LANTTTDO- T~ MOONNONSO© O~ O DO N ©
DONDINWLONDONT DO T NOD© ORONO D 0 © M
N-CQORRNNOODBHL GO TN DHnoSo 29099
WOWONNNNNNNNNNNNNNN BHBBON e
L N e
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent cDC13
3 Temperature 295.9
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
3va
|
i
|
|
I
' Wl
3% T4 s & I
oo Moo o Q Q
OO0 Nv™~—«N o~ o~ o~
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0



QOO TLNOOWVWONW
VOO —WONON 0oN o © o
NOSRBRIOBNNN 5oy P 3
LETTOOANNNNNNN ~N~© © o ©
SII22IIEEEET NENEN ¥ < N
e B e ~- [
Paramcter Value
1 0rigin Bruker BioSpin Gmbl{
2 Solvent cpels
3 Temperature 296.5
4 Number of Scans a1
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
(I
O M LT T A i A 0t o e MR
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
NOOWTANDLNNT OO~ O o ™ < —oN™
COOANOILTONDL O = PO T NO O ® oxo 00T
NCCODRINNNOOHH LB © N<<  I¥Y
OWOOMNMNMNMNMNNNMNNNMNNNNNSNNNNSNS el ®mmm NN N
Te———— I N ~N-
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent D13
3 Temperature 296. 1
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1
3wa
|
Lo | |
| |
| il
[
Lk
SETEH LS s & &
momQac o < <
OO~ v~ v v M @ o~ N
T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0.0



169.878
153.272
146.703

77.478
77.160
76.842

VA
\

—52.472
—46.808

27.773

Parameter
1 0Origin
2 Solvent
3 Temperature
4 Number of Scans

Value

Bruker BioSpin Gmbk

CDC13,
296.3

5 Spectrometer Frequencyl00.61

6 Nucleus 130
!
|
oA A A T AL N A A 000l M
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
1 (ppm)
NOULNONNOLULNDTONDO D T o< O - ANNNDODNWW®O = WO+ <
VONTONDVDOITNO R MND D © N © OO~ NODLONTDITOD
V= QRANNNEOUnBOIYN QN BOONNTOOORINRE ©
WWOMNNNNNNNNNNNNNNN X} aadaNaNaNdNaNaNN+---+—-8 o
T \———— N TSS =
Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent cnels
3 Temperature 296. 8
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
3xa o
| |
| |
“ ” H‘
I L
Sh e EEY & P EIgR g &S
S2aaoo9® ] S ==e@w9o S
TrrNOT-NO o ~ N~ O v« ® N
T T T T T T T T T T T T T T T T T T
0.0 95 90 85 80 7.5 T 5 60 55 50 45 40 35 30 25 20 L5 L0 05 0.0

f1

(ppm)
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- wn FTTOONNNNNNNN NI~ © N~ 0 0 NN O WO o
~ - IRARARCRCEL IR L [N N L IISTS NN~ —
I 2NN S ~ N N Y
Parameter Value
1 0rigin Bruker BioSpin Gmbk
2 Solvent CDC13
3 Temperature 295.7
4 Number of Scans 30
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
[
] |
I “ !
| L .
" Lol " "
nahs o U z 1 o W "
. . . . . . . . . . . . . . . . . . . . .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
DO ULNNONONDIMT T~ OW—O © ©
NOOILTMAENLDLVLOVOMND— DO — D © o
NSOOBBHBHHITNONN T« &S O o
WONMNNMNMNNMNNMNNMNNMNNMNMNNMNMNMNNMNMNMNNNOO N N
VN SN\ rrr————— [
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 294.9
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
|
1}
J H LJ
s Lo |
L3 I'fwaad & b
o 5 55855995 S o
o o AN - N ™ N
. . . . T . . . . . . . . . . . . . . . .
0.0 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 L5 L0 0.5 0.0
1 (ppm)



MO T OWWOWMONDVODNWON v~ O
NOMNMODDDWONDLOWMDDM woN © ©
Paramcter Value BENEEEEIOIIIN NG 523 3N
e NLUOWENOAN—DD DD DB DN © NS NN
1 0rigin Bruker BioSpin GmbH{ L = =S 222 2JJIIIJINYN KR N
2 Solvent cne1s [N/ | e ——— ~- v
3 Temperature 295.3
4 Number of Scans 73
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
TADLDNODNOO = V=MD = — o =
DOORDLWLOIONONOROWL T ® =D ~ )
NSSIITRNANNAANT =<5 Q > ©
ONNNNNNNNNNNNNNNN©OO ] o
LN
Parameter Value

1 0rigin Bruker BioSpin GmbH

2 Solvent CDCI13

3 Temperature 295.3

4 Number of Scans 4
5 Spectrometer Frequency400. 13

6 Nucleus 1H

MeQ

1.002 —-
1099z =
33
1
1
e

243005 p——m—mm——

T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4
1 (ppm)



PNOO D OVBEND DD
8o8INSEIRBIBRI=EC 89
Parameter Value TOBOINANS PP D DD DD N T N
1 0rigin Bruker BioSpin Gmblf - = = = C P eI EEE KR
2 Solvent ope13 [ N N N ~
3 Temperature 294.7
4 Number of Scans 42
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C

—21.771
— 13.962

T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

1 (ppm)
VNOVOVC-CITNNDN=ONDD
LrOANNDDINO DO DO MD—
NeCmooYITNMAANNT R
BBBBONNNNNNNNNNG G
Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent CDCl13

3 Temperature 95.

4 Number of Scans 4

5 Spectrometer Frequency400. 13

6 Nucleus 1H

>

2.339

T
10.0 9.5 9.0 8.
1 (ppm)



DM VL DOITWNTNIO TN
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NGO N VNP OIDWS SO NN ~
OB VL YTONINNNNA «« NN © <
TF © ¢ SfrrTrre—v <« NN~ ~

Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent CDC13

3 Temperature 295.5

4 Number of Scans 81

5 Spectrometer Frequencyl00.61

6 Nucleus 13C

©
S
%
S
~
=]
=
3
o
=]
=4
w
3
o -
S
=+
-
|
>

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
©
3
Parameter Value x
1 0rigin Bruker BioSpin Gubl -
2 Solvent cnels
3 Temperature 292.0
4 Number of Scans 16
5 Spectrometer Frequency376. 50
6 Nucleus 19F
. . . . . . . . . . . . . . . . . . . . . . .
10 0 -0 20 -30 40 50 -60 70 -80 -90 -100 -110 -120 -130 140 -150 ~-160 ~-170 -180 190 200 -210

f1 (ppm)



OO TTTDTNOMMNMUWOWOONTN ™= O N
NTANNOONDIDNOVODM—DO©OOITN <
NOORROOOOWMOMOMNNT = OO0 «©
WWONMNNMNMNNMNMNMNMNMNNMNMNNMNNMNNMNNNNNO O o~
RN
S N
Parameter Value
1 0rigin Bruker BioSpin GubH
2 Solvent cDC13
3 Temperature 296.0
4 Number of Scans 1
5 Spectrometer Frequency400. 13
6 Nucleus 1
|
J ‘ ol
| | ﬁ
| |
il X Al
PR LSS s
33889588 S
OO~ ONMNN el
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
LTV OVOTANNDND OO D~ T ©
NONT O NOTDONT O~ — ~oo N~
A Rl A R el Bl ~oy ©
BOLTNOCD === DD D DO D D O NN ~
LWETLTTOOOONONNNNNNN ~ I~ © bl
IR RRLIARRENCRCARCINIEA IR SR R NN~ N~ ~
[N S ~-
Parameter Value
1 0rigin Bruker BioSpin Gubk
2 Solvent cDe13
3 Temperature 296. 1
4 Number of Scans 105
5 Spectrometer Frequency100. 61
6 Nucleus 13C
I
|
el
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)



NTONDOWLOMMNMOMOVOTNT—ONDD o
TOSINTCTOVONOOON—DONI®M— <
NOCORROQANNVOMOANNT - OO0 0
OWOWMNNMNNMNNMNNNMNNNMNNMNNNNNNNDNO O o~
e L e —
= Fr—r—
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 295.0
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
| |
1 i J
1N ) e 1l
"hdadlds” &
QHROACO D Q
OO ONMT™ e}
T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
NODITDOOMNOODWLNDNNNIN
ORPOAVNTANDDO DO =I5~ © © o ® -
QYOI NOUNQ®« ) =o3 ~
TOLNCATC—D DD DD B DB NN ~
LITTOOOONNNNNNNNN NN O =
BRI RN R L R [N~ ~
N S et -
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295.3
4 Number of Scans 101
5 Spectrometer Frequencyl00. 61
13C

T T
210 200

T
190

T T T
180 170 160

T
40



8.850
8.844
8.483

Parameter

1 Origin
2 Solvent cnei3
3 Temperature 295.0

4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus H

Value

Bruker BioSpin GmbH

2.360

! !
| 1l I
Lt Ll 1 |
J . Al 1
& dad b dye L 4
o @eoo amooo e
o (=Rl =] oA~ el
T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 .5 0.0
1 (ppm)
o DOONOLDT—O©OM — ™
< DOANWDNONT -0 NN ~oo ©
N NOONOBMOINN- OO 5oy =
N OOUNW—= DB ®DC T D NN @
L IITTOOOOANANNINN NN O =
B R R R R R N~~~ N
ISV N Nt -
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295.2
4 Number of Scans 200
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
! 1 |
|
‘ ‘ ‘ I | “
|
errmblabsommurbtl
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)



8.119
8.098
8.049
8.028
7.747
7.744
7.726
7.709
7.706
7.630
7.628
7.610
7.592
7.590
7.529
7.512
7.509
7.260
7.243
7.207
7.190
6.960
6.940
2.849
2.359

|
|

Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296. 0

ns 4

4 Number of Sce
5 Spectrometer Frequency400. 13

)1

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
DNOOVE=NOCORNITTTITON
ITONMCORNTCORXVINDT O D ~oo N
SSO-rhBINRBLIONSS =T S3% © B
TOWODINNO DD P OO DD IS T NN ~o@
LITIOOOONNNANNANNNN NN o = o
EUBUIR SRR DR R R A NS~ N -
[N e ~ [
Parameter Value

1 0rigin Bruker BioSpin Gmbl

2 Solvent CDC13

3 Temperature 294.7

4 Number of Scans 42

5 Spectrometer Frequencyl00. 61

6 Nucleus 13C

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameter Value
10rigin Bruker BioSpin Gmbk
2 Solvent CDCl13
3 Temperature 296.0
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H

2.313

| I
| ]
i j “‘ﬁ M
A 1 e
P I 38 "ok
S S 98235 Sao
< - ~ooY ®w«
T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2.5 1.5 1.0 0.5 0.0
1 (ppm)
CTNOOVLNVVNLRDNOD =N =T O
ONNTOXDIQONOIWOT TONT N ~oo ~
SANVNDTBNNNVIRDONOHN = H® ~ey S
CUTNOCD == OGP ®D®D DD NI G T T NN ~
2IIYEBLHNANRIIISNANY N S
PV -
Parameter Value
1 0rigin Bruker BioSpin Gmbt
2 Solvent cDC13
3 Temperature 296.5
4 Number of Scans 41
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
I
(.
I
|
! |
| |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10



LNDVOLVNONCTTON=—DON = N
OIT-NOITWOONTIANNODO = DN N
CORAMNMNULIIITOAONNNT QO «@
GONNNNNNNNNNNNNNNNGG o
e NS S
Parameter Value
10rigin Bruker BioSpin Gmb
2 Solvent CDC13,
3 Temperature 294.6
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
T
J b
T |
55541 TR S L
5883558183 >
B R R ] [N
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 .5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
QUNTNNNNN =W = NN ®
OC-—ONONOONOONT ONQ ®o® ©
TRARTOCATTONN® T Q ROy Ny
B0 NDBO B DB DD NN D NN ~
LOITTOOIONNNNNNN — NN o =
FURURLIRRCRERCNCR N R A NS~ ~
B e ~
Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 295.1
4 Number of Scans 124
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
[ 1
Il
|
| |l
‘ | \ ' H |
. ol Lol ‘ .
» 4 W
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Value
Bruker BioSpin GmbH

Parameter

&
o
S

CDCl13
305. 4

2]
«

R
s £
5 £
22

Scans

S
g

3
Z
©

o

o

-

<

w

<

86l | o

S00L [
10'G

ME.N -

60
w\woe
7660

£96°0 |

=00} | *

o

=

[ o

-

=]

1 (ppm)
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YL L2Zh
168221 1
£52'821 4
S0e°'82} 4
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19671 |
zeriel ]
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£00°€€)
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Value

Parameter

Bruker BioSpin GmbH|

Cbe13
305.8
200

5 Spectrometer Frequencyl00.61

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

13C

6 Nucleus

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

(ppm)



COOYTNDDPNNOOO - NDON— T = ~
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CTETO00QOQULITIYIIN ©
WBOBBBONNNNNNNNNNNNNNN ~
e | el ——
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDC13,
3 Temperature 291.8
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
e
e
Me #
=]}
4ab
I
| !
I Wl
|
1 ok Ay
588343 3
~o0oo ~® o
T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 4.0 2.5 1. £ 0.5 0.0
1 (ppm)
O N—CDDNDOTN =0 ©
T ONONNRO-RQXO ©o® I
I RNYTOURAONO T MO ey 5
S NANOINNDBBNIOND NN @
B3IIBEIIINNAT NS s
| s SN e N
Parameter Value
1 Origin Bruker BioSpin Gmbk
2 Solvent cnels
3 Temperature 295.2
4 Number of Scans 21
5 Spectrometer Frequencyl00.61
6 Nucleus 13C
e
=
Me’
cl
4ab
i
|
|
|
| o |
A - L . —
! " f v
T T T T T T T T T T T T T T T
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent CDCI3
3 Temperature 294.9
4 Number of Scans 8
5 Spectrometer Frequency400. 13
6 Nucleus H
we
o2
MeO 7
Cl
4ac
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1
1 oA |
PR &
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- O N ™ e}
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10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 2.0 .5 1.0 0.5 0.0
‘1 (ppm)
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 2
4 Number of Scans 30
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
S
>
Meo" #
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4ac
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| 1o ' l '
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)



NOYTONDNOTNT FTOOODM—
DONOONNTCTOIOLLTONONRNDN ©
CEnLELTRQQoQoonnn g
WO WOBBOBNNNNNNNNNNN

Parameter
1 Origin
2 Solvent
3 Temperature
4 Number of Scans

6 Nucleus

_

S

5 Spectrometer Frequency400. 13

Value
Bruker BioSpin Gmb
CDC13,

295.1
4

1H

CC
F A
cl

q

dad
| |
‘Kl |
i ] (- K
A L e N
dipe &
cace <
e
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
OCON TONTNOOMDNO© =0
TOHON YTOCKROONTKNONAN O ~oo
STRON NYYOROTIMOEE® 523
NDOGOG ONONNOS DN G — S O N NN
©B835 FIBSOSININEBS N
SOV NSNS e Y -
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 1
4 Number of Scans 41
5 Spectrometer Frequencyl00.61 O
6 Nucleus 13C
AN
=
F
Cl

T T T
190 180 170

T
40
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Paraneter Value o
10rigin Bruker BioSpin Gmbi{ <
2 Solvent ope13
3 Temperature 292.0
4 Number of Scans 16
5 Spectrometer Frequency376. 50
6 Nucleus 19F
N\ I
=
F
Cl
4ad
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -0 20 -30 40 50 -60 70 -80 -90 -100 110 -120 -130 -140 -150 160 ~-170 ~-180 190 200 -210
1 (ppm)
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Paraneter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent onels
3 Temperature 296.0
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1
e, sl
ol -
cl
4dae
I
| I
I
I
i
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o 1l
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Parameter Value

1 Origin Bruker BioSpin Gmbt

2 Solvent cDpC13

3 Temperature 296. 2

4 Number of Scans 30

5 Spectrometer Frequencyl00. 61

6 Nucleus 13C

g

O
cl #
cl

4ae

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameter Value
1 0rigin
2 Solvent
3 Temperature
4 Number of Scans 4
5 Spectrometer Frequencyd00. 13
6 Nucleus 1H

i A )
e
Br 7
cl

daf

1.00=
&

1.0
1.0

T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
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Parameter Value
10rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 295.2
4 Number of Scans 33
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
S
=
Br
cl
4daf
[
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent CDCl13
3 Temperature 294. 4
4 Number of Scans 16
5 Spectrometer Frequency400. 13
6 Nucleus 1H
e )
0N 7
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dag
|
1
!
. _LWML L
£ dso'dh &
< SSo9 o
- ~+<ao o
T T T T T T T T T T T T T T T T T T T T
10. 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)
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Parameter Value
1 0Origin Bruker BioSpin GmbH
2 Solvent cne13
3 Temperature 295.0
4 Number of Scans 10

5 Spectrometer Frequencyl00. 61

6 Nucleus 13C

o
0N "l
cl

4ag

—151.193

145.926
£ 145.019

137.503
132.000
131.095
129.291

/
J

124.686

—127.893
124.193

121.344
120.686

\
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1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent D13
3 Temperature 296.5
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus i
l% Ny A<
=
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I il b g
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o B SRR B
S 0985359595
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Parameter
1 0rigin
2 Solvent
3 Temperature
4 Number of Scans

5 Spectrometer Frequencyl00. 61

Value
Bruker BioSpin GmbH
cDC13
296.9
360
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6 Nucleus 13C
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1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin Gmbi{
2 Solvent €De13
3 Temperature 295.2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
QD
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T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 .0 0.5 0.0



158.409
— 145.455
— 138.447

Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent cnel3

3 Temperature 295.3

4 Number of Scans 52

5 Spectrometer Frequency100. 61

6 Nucleus 13C

129750
£ 128.942
77.477
77.160
76.843

\127.216
—118.896

£

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm)
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=N\ SNNeE— Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent cnel3
3 Temperature 301.0
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
Me
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10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 0.5 0.
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Parameter Value

1 Origin Bruker BioSpin Gmbl

2 Solvent CDC13

3 Temperature 301.3

4 Number of Scans 60

5 Spectrometer Frequencyl00. 61

6 Nucleus 13C

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent €De13
3 Temperature 294.5
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
N,
| )
P
Cl 4al
T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)



—158.242
—151.495
_~139.428
- 137.845
_~129.735

Parameter Value

1 0rigin Bruker BioSpin Gmbl
2 Solvent cnel3
3 Temperature 294.9
4 Number of Scans 32
5 Spectrometer Frequency100. 61
6 Nucleus 13C

N

Y
P
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77.477
77.160
76.842
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1 (ppm)



