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1. General information

All glassware was oven dried at 100 °C for hours and cooled down under vacuum.
Imidazopyridines was prepared according to reported procedures.! All the reaction prepared using
the solvent of CH3CN (99.9%, Extra Dry with molecular sieves, Water<<50 ppm) was purchased
from Innochem. The deoxygenation of dideionized water and CH;CN is through Schlenk
technology. Unless otherwise noted, materials were obtained from commercial suppliers and used
without further purification. The instrument for electrolysis is dual display potentiostat (DJS-292B)
(made in China). Thin layer chromatography (TLC) employed glass 0.25 mm silica gel plates.
Flash chromatography columns were packed with 200-300 mesh silica gel in petroleum (bp. 60-90
°C). 'H and '*C NMR data were recorded with Bruker Advance III (500 MHz) spectrometers with
tetramethylsilane as an internal standard. All chemical shifts (8) are reported in ppm and coupling
constants (J) in Hz. All chemical shifts are reported relative to tetramethylsilane and d-solvent

peaks (77.00 ppm, chloroform), respectively.
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2. General procedure for electrochemical-induced regioselective C-3 thiomethylation of

imidazopyridines.

_N C|Pt 1=15mA NN
R1—</\|/N\/27R2 + KSCN I R1—/\|/\/)*R2
H
1

LiCIO, (0.1 M) ‘N

CH3CN/MeOH, r. t. Ny, 3 h ) S-e

In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar, imidazopyridine
1 (0.25 mmol), potassium thiocyanate (0.5 mmol, 48.5 mg) and lithium perchlorate (1 mmol, 106
mg) were combined and added. The bottle was equipped with graphite rod anode and platinum
plate (1 x 1 cm?) cathode and was then charged with nitrogen. Under the protection by nitrogen,
CH;0H (0.5 mL) and CH3CN (9.5 mL) were slowly injected into the reaction tube. The reaction
mixture was stirred and electrolyzed at a constant current of 15 mA c¢cm? under room temperature
for 3 h. When the reaction was finished, the reaction mixture was washed with water and extracted
with CH,Cl, (10 mL x 3). The organic layers were combined, dried over Na,SO,, and
concentrated. The pure product was obtained by flash column chromatography on silica gel
(petroleum: ethyl ether = 3:1 - 5:1).

3. Procedure for gram scale synthesis

|
| | |

=N o < IC|Pt,I=15mA CIs A~ N
N Nf + KSCN LiCIO, (0.1 M) ~ N\/)iph
\ CHsCN/MeOH, . t. 60 h
S-Me

1g (10 mmol) 29,219, 87%

AN IC|PtI=15mA Z>=N
—§ )¢l KSCN : L )¢
g/ * LiCIO, (0.1 M) P c
Y CHsCN/MeOH, r. t. 60 h

S-Me
1k (10 mmol) 2k, 2.057 g, 85%

In an oven-dried undivided three-necked bottle (500 mL) equipped with a stir bar, 6-chloro-2-
phenylimidazo[1,2-a]pyridine 1g or 2-(4-chlorophenyl)imidazo[1,2-a]pyridine 1k (10 mmol),
potassium thiocyanate (2 equiv) and lithium perchlorate (0.1 M) were combined and added. The
bottle was equipped with graphite rod anode and platinum plate (1 x 1 ¢cm?) cathode and was then
charged with nitrogen. Under the protection by nitrogen, CH;0H (20 mL) and CH;CN (400 mL)
were slowly injected into the reaction tube. The reaction mixture was stirred and electrolyzed at a

constant current of 15 mA ¢m? under room temperature for 120 h. When the reaction was finished,
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the reaction mixture was washed with water and extracted with CH,Cl, (100 mL x 3). The organic
layers were combined, dried over Na,SO,, and concentrated. The pure product 2e (2.1 g) and 2h
(2.057 g) were obtained in 87% and 85% yield by flash column chromatography on silica gel,
respectively (petroleum: ethyl ether = 5:1).
4. Preliminary mechanistic studies.
(1) Deuteration experiments
NN iti =N
T o oo T
S-CD,
1b 2b-D, 79% (D > 99%)
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Figure S1. 'HNMR spectrum of 2b-D.
(2) Intermediate verification experiments
>N Standard conditions Z>=N
) Ph ) >~ ,)—Ph
N Without KSCN N
SCN S-Me
6 2b, 65%

In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar, 6 (0.25 mmol),
and lithium perchlorate (1 mmol) were combined and added. The bottle was equipped with
graphite rod anode and platinum plate (I x 1 cm?) cathode and was then charged with nitrogen.
Under the protection by nitrogen, CH;CN (10 mL) was slowly injected into the reaction tube. The
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reaction mixture was stirred and electrolyzed at a constant current of 15 mA c¢m? under room
temperature for 3 h. When the reaction was finished, the reaction mixture was washed with water
and extracted with CH,Cl, (10 mL x 3). The organic layers were combined, dried over Na,SO,,
and concentrated. The desired product 2b was obtained in 65% yield by flash column
chromatography on silica gel (petroleum: ethyl ether = 3:1).
(3) The reaction of 1b with TEMPO or BHT under the standard conditions.
= :’\})*Ph Standard conditions = /'\} Ph
N radical scavenger N
2 equi
(2 equiv) S
1b 2b

TEMPO: n. d.
BHT: trace

In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar, ketene
dithioacetals 1b (0.25 mmol), KSCN (0.5 mmol), LiClO4 (1 mmol), TEMPO or BHT (0.5 mmol)
and CH;CN / CH3;0H (9.5/0.5 = 10 mL) were combined and sealed. The bottle was equipped with
graphite rod as anode and platinum electrodes (1 x 1 cm?) as cathode, and was then charged with
nitrogen. The reaction mixture was stirred and electrolyzed at a constant current of 15 mA under
room temperature for 3 h. When the reaction was finished, the solution was concentrated in
vacuum and the yield of 2b was sharply decreased.

5. References
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6. Crystallographic data of 2n. ORTEP drawing of C;5Hq3FN,S with 30% probability ellipsoids,

showing the atomic numbering scheme.
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Table S1.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density

Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Limiting indices

Reflections collected / unique

Completeness to theta = 25.01

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on FA2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole
Table S2.

Crystal data and structure refinement for 191116e.

191116e
C15H13FN2S
272.33
298(2) K
0.71073 A
Triclinic, P-1
a=8.6772(8) A
b =9.0145(9) A
€=9.9691(9) A
674.97(11) A*3
2, 1.340 Mg/m*"3
0.238 mm~-1
284
0.45x0.37 x0.30 mm
2.49 to 25.01 deg.
-10<=h<=10, -10<=k<=10, -11<=I<=8
3379 /2326 [R(int) = 0.0182]
97.7 %
Semi-empirical from equivalents
0.9320 and 0.9004
Full-matrix least-squares on F/2
2326/0/174
1.060
R1=0.0427, wR2 =0.1159
R1=0.0578, wR2 =0.1272
0.772 and -0.160 e.A"-3

alpha =110.220(4) deg.
beta = 107.146(3) deg.
gamma = 97.596(2) deg.

Atomic coordinates ( x 1074) and equivalent isotropic displacement parameters (A”2
x 1073) for 191116e. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

X y z U(eq)
F(1) 10660(2) 2474(2) 6872(2) 89(1)
N(1) 2286(3) 2937(2) 1672(2) 44(1)
N(2) 3075(2) 1823(2) 3361(2) 44(1)
S(1) 5186(1) 4446(1) 1572(1) 54(1)
C(1) 4021(3) 3405(3) 2276(2) 43(1)
C(2) 4464(3) 2686(2) 3306(2) 40(1)
C(3) 1770(3) 1989(3) 2375(3) 44(1)
C(4) 48(3) 1371(3) 1975(3) 52(1)
C(5) -1090(3) 1649(3) 872(3) 57(1)
C(6) -482(4) 2593(3) 164(3) 62(1)
c(7) 1157(4) 3224(3) 556(3) 56(1)
C(8) -2931(4) 963(4) 406(4) 73(1)
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C(9)

C(10)
C(11)
C(12)
C(13)
C(14)
C(15)

6123(3)
6333(3)
7847(4)
9159(3)
9020(3)
7499(3)
5174(4)

2671(3)
1247(3)
1168(3)
2531(4)
3967(3)
4028(3)
6547(3)

4217(2)
4417(3)
5297(3)
5988(3)
5833(3)
4943(3)
2524(3)

40(1)
51(1
62(1
58(1
55(1
48(1
60(1

—_— — — — — ~—

Table S3. Bond lengths [A] and angles [deg] for 191116e.

F(1)-C(12)
N(1)-C(7)
N(1)-C(3)
N(1)-C(1)
N(2)-C(3)
N(2)-C(2)
S(1)-C(1)
S(1)-C(15)
C(1)-C(2)
C(2)-C(9)
C(3)-C(4)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(5)-C(8)
C(6)-C(7)
C(6)-H(6)
C(7)-H(7)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(9)-C(14)
C(9)-C(10)
C(10)-C(11)
C(10)-H(10)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(13)-C(14)
C(13)-H(13)
C(14)-H(14)
C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)

1.359(3)
1.374(3)
1.386(3)
1.389(3)
1.327(3)
1.373(3)
1.737(2)
1.805(2)
1.384(3)
1.463(3)
1.406(4)
1.364(4)
0.9300
1.421(4)
1.500(4)
1.343(4)
0.9300
0.9300
0.9600
0.9600
0.9600
1.392(3)
1.392(3)
1.374(4)
0.9300
1.364(4)
0.9300
1.373(4)
1.376(4)
0.9300
0.9300
0.9600
0.9600
0.9600
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C(7)-N(1)-C(3)
C(7)-N(1)-C(1)
C(3)-N(1)-C(1)
C(3)-N(2)-C(2)
C(1)-S(1)-C(15)
C(2)-C(1)-N(1)
C(2)-C(1)-5(1)
N(1)-C(1)-S(1)
N(2)-C(2)-C(1)
N(2)-C(2)-C(9)
C(1)-C(2)-C(9)
N(2)-C(3)-N(1)
N(2)-C(3)-C(4)
N(1)-C(3)-C(4)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-C(8)
C(6)-C(5)-C(8)

)_

)_

)_

)_

)_
)_
)_
)_
)_
)_

C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-N(1)
C(6)-C(7)-H(7)
N(1)-C(7)-H(7)
C(5)-C(8)-H(8A)
C(5)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(5)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
C(14)-C(9)-C(10)
C(14)-C(9)-C(2)
C(10)-C(9)-C(2)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
F(1)-C(12)-C(11)
F(1)-C(12)-C(13)
C(11)-C(12)-C(13)

121.4(2)
131.2(2)
107.34(19)
106.03(18)
103.19(11)
104.85(19)
132.3(2)
122.34(17)
111.0(2)
119.37(18)
129.5(2)
110.8(2)
130.5(2)
118.7(2)
120.5(2)
119.7
119.7
118.1(3)
121.1(3)
120.8(3)
122.3(2)
118.9
118.9
118.9(2)
120.5
120.5
109.5
109.5
109.5
109.5
109.5
109.5
117.9(2)
123.4(2)
118.6(2)
121.5(2)
119.2
119.2
118.5(2)
120.8
120.8
119.1(2)
118.5(3)
122.4(3)

S8



C(12)-C(13)-C(14) 118.5(2)

C(12)-C(13)-H(13) 120.7
C(14)-C(13)-H(13) 120.7
C(13)-C(14)-C(9) 121.1(2)
C(13)-C(14)-H(14) 119.4
C(9)-C(14)-H(14) 119.4
S(1)-C(15)-H(15A) 109.5
S(1)-C(15)-H(15B) 109.5
H(15A)-C(15)-H(15B) 109.5
S(1)-C(15)-H(15C) 109.5
H(15A)-C(15)-H(15C) 109.5
H(15B)-C(15)-H(15C) 109.5

Table S4. Anisotropic displacement parameters (A*2 x 1073) for 191116e. The anisotropic
displacement factor exponent takes the form:
-2 pif2[hAr2a*r2Ull+...+2hka*b*Ul2]

ull u22 u33 u23 u13 u12
F(1) 60(1) 111(2) 98(1) 61(1) 12(1) 21(1)
N(1) 59(1) 35(1) 35(1) 13(1) 16(1) 13(1)
N(2) 52(1) 39(1) 44(1) 19(1) 18(1) 8(1)
S(1) 84(1) 43(1) 50(1) 24(1) 38(1) 18(1)
C(1) 60(2) 33(1) 37(1) 14(1) 20(1) 12(1)
C(2) 54(1) 31(1) 37(1) 12(1) 20(1) 9(1)
C(3) 56(2) 34(1) 39(1) 13(1) 17(1) 10(1)
C(4) 58(2) 40(1) 52(1) 11(1) 22(1) 11(1)
C(5) 58(2) 43(1) 50(1) 2(1) 14(1) 17(1)
C(6) 68(2) 56(2) 48(2) 16(1) 6(1) 24(1)
C(7) 75(2) 49(1) 42(1) 20(1) 14(1) 20(1)
C(8) 57(2) 64(2) 74(2) 6(2) 15(2) 20(1)
C(9) 55(1) 35(1) 36(1) 16(1) 22(1) 10(1)
C(10) 56(2) 40(1) 58(2) 25(1) 17(1) 8(1)
C(11) 67(2) 54(2) 74(2) 40(2) 23(2) 18(1)
C(12) 54(2) 74(2) 55(2) 35(1) 18(1) 18(1)
C(13) 56(2) 52(2) 50(1) 18(1) 19(1) 0(1)
C(14) 62(2) 35(1) 45(1) 16(1) 22(1) 8(1)
C(15) 92(2) 41(1) 53(2) 23(1) 31(2) 13(1)

Table S5. Hydrogen coordinates ( x 1074) and isotropic displacement parameters (A2 x 1073)
for 191116e.

X y z U(eq)
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S10

H(4) -318 768 2465 62
H(6) -1245 2779 -598 74
H(7) 1522 3846 80 68
H(8A) -3111 340 981 110
H(8B) -3400 266 671 110
H(8C) -3459 1844 609 110
H(10) 5428 328 3945 61
H(11) 7974 209 5419 74
H(13) 9933 4880 6319 66
H(14) 7389 4992 4824 57
H(15A) 4045 6640 2243 90
H(15B) 5814 7232 2218 90
H(15C) 5657 6887 3616 90
Table S6. Torsion angles [deg] for 191116e.
C(7)-N(1)-C(1)-C(2) -176.9(2)
C(3)-N(1)-C(1)-C(2) 0.9(2)
C(7)-N(1)-C(1)-5(1) -4.2(3)
C(3)-N(1)-C(1)-5(1) 173.61(15)
C(15)-S(1)-C(1)-C(2) -107.3(2)
C(15)-S(1)-C(1)-N(1) 82.2(2)
C(3)-N(2)-C(2)-C(1) 0.2(2)
C(3)-N(2)-C(2)-C(9) -176.84(19)
N(1)-C(1)-C(2)-N(2) -0.7(2)
S(1)-C(1)-C(2)-N(2) -172.37(17)
N(1)-C(1)-C(2)-C(9) 176.0(2)
S(1)-C(1)-C(2)-C(9) 4.3(4)
C(2)-N(2)-C(3)-N(1) 0.4(2)
C(2)-N(2)-C(3)-C(4) -179.7(2)
C(7)-N(1)-C(3)-N(2) 177.27(19)
C(1)-N(1)-C(3)-N(2) -0.8(2)
C(7)-N(1)-C(3)-C(4) -2.7(3)
C(1)-N(1)-C(3)-C(4) 179.24(19)
N(2)-C(3)-C(4)-C(5) -177.5(2)
N(1)-C(3)-C(4)-C(5) 2.5(3)
C(3)-C(4)-C(5)-C(6) -0.8(3)
C(3)-C(4)-C(5)-C(8) 178.5(2)
C(4)-C(5)-C(6)-C(7) -0.7(4)
C(8)-C(5)-C(6)-C(7) 179.9(2)
C(5)-C(6)-C(7)-N(1) 0.6(4)
C(3)-N(1)-C(7)-C(6) 1.2(3)
C(1)-N(1)-C(7)-C(6) 178.8(2)
N(2)-C(2)-C(9)-C(14) -142.9(2)



C(1)-C(2)-C(9)-C(14) 40.7(3)

N(2)-C(2)-C(9)-C(10) 34.8(3)
C(1)-C(2)-C(9)-C(10) -141.6(2)
C(14)-C(9)-C(10)-C(11) -0.2(4)
C(2)-C(9)-C(10)-C(11) -178.0(2)
C(9)-C(10)-C(11)-C(12) 0.3(4)
C(10)-C(11)-C(12)-F(1) 179.5(2)
C(10)-C(11)-C(12)-C(13) -0.1(4)
F(1)-C(12)-C(13)-C(14) -179.8(2)
C(11)-C(12)-C(13)-C(14) -0.2(4)
C(12)-C(13)-C(14)-C(9) 0.3(4)
C(10)-C(9)-C(14)-C(13) -0.1(3)
C(2)-C(9)-C(14)-C(13) 177.6(2)

Table S7. Hydrogen bonds for 191116e [A and deg.]

D-H...A d(D-H) d(H..A)  d(D..A)  <(DHA)

7. Detail descriptions for products.

=N
Ph
§ N\€7
S-Me

3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (2a): yellow solid was obtained with 87%
isolated yield (52.2 mg). 'H NMR (500 MHz, CDCl;) § 8.40 (d, J= 6.8 Hz, 1H), 8.22 (d, /= 7.2 Hz,
2H), 7.61 (d, J = 9.0 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.31 (t, /= 7.4 Hz, 1H), 7.22 (dd, /= 8.4, 7.3
Hz, 1H), 6.86 (t, J = 6.7 Hz, 1H), 2.18 (s, 3H). 3C NMR (126 MHz, CDCl;) § 148.60, 146.19, 133.61,
128.43, 128.37, 128.29, 126.15, 124.29, 117.56, 112.88, 111.51, 77.34, 77.08, 76.83, 18.18. HRMS

(ESI) calcd for C;4H13N,S [M + H]*: 241.0794; found: 241.0793.

Me NN
Ph
§ N\/>7
S\Me

7-methyl-3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (2b): yellow solid was obtained with
98% isolated yield (62.2 mg). 'H NMR (500 MHz, CDCl;) & 8.26 (d, J = 6.9 Hz, 1H), 8.19 (dd, J =
8.2, 1.1 Hz, 2H), 7.39 (t, J = 7.7 Hz, 2H), 7.35 (s, 1H), 7.32 — 7.26 (m, 1H), 6.68 (dd, J= 7.0, 1.5 Hz,
1H), 2.35 (s, 3H), 2.16 (s, 3H). 13C NMR (126 MHz, CDCl;) 6 148.53, 146.66, 137.21, 133.88, 128.36,
128.21, 128.17, 123.45, 116.08, 115.40, 110.68, 21.37, 18.32. HRMS (ESI) calcd for C,5H;sN,S [M+
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H]J*: 255.0590; found: 255.0948.

Et NN
Ph
x N\€7
S-Me

7-ethyl-3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (2¢): yellow solid was obtained with 99%
isolated yield (66.3 mg). '"H NMR (500 MHz, CDCl;) & 8.37 (d, J = 7.0 Hz, 1H), 8.32 — 8.26 (m, 2H),
7.47 (dd, J = 14.5, 6.7 Hz, 3H), 7.38 (t, J= 7.4 Hz, 1H), 6.80 (dd, J= 7.0, 1.5 Hz, 1H), 2.74 (q, J=7.6
Hz, 2H), 2.25 (s, 3H), 1.31 (t, J = 7.6 Hz, 3H). >*C NMR (126 MHz, CDCl;) § 148.73, 146.85, 143.19,
134.04, 128.34, 128.18, 128.12, 123.60, 114.73, 114.35, 110.62, 28.43, 18.34, 14.45. HRMS (ESI)
caled for CgH7N,S [M+ H]*: 269.1107; found: 269.1103.

MeO

=N
Ph
§ N\€7
S-Me

7-methoxy-3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (2d): yellow solid was obtained
with 81% isolated yield (54.7 mg). '"H NMR (500 MHz, CDCl;) 6 8.28 (t, /= 6.7 Hz, 3H), 7.47 (t, J =
7.2 Hz, 2H), 7.37 (t, J = 7.4 Hz, 1H), 6.95 (s, 1H), 6.64 (dd, J = 7.4, 2.3 Hz, 1H), 3.89 (s, 3H), 2.25 (d,
J = 1.1 Hz, 3H). BC NMR (126 MHz, CDCl3) & 159.03, 148.54, 147.76, 133.98, 128.34, 128.07,
128.00, 110.01, 107.53, 95.08, 55.66, 18.60. HRMS (ESI) caled for C;sH;sN,OS [M+ H]": 271.0900;

found: 271.0901.

=N
Ph
N/
Me\\)i
S-Me

6-methyl-3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (2e): yellow solid was obtained with
82% isolated yield (52.1 mg). '"H NMR (500 MHz, CDCl;) & 8.24 — 8.18 (m, 2H), 8.16 (s, 1H), 7.47
(d, J=9.1 Hz, 1H), 7.38 (t, J = 7.6 Hz, 2H), 7.28 (t, /= 7.4 Hz, 1H), 7.03 (d, J= 9.1 Hz, 1H), 2.30 (s,
3H), 2.16 (s, 3H). 3C NMR (126 MHz, CDCl;) 6 148.62, 145.38, 134.02, 129.02, 128.35, 128.17,
128.12, 122.50, 122.01, 116.96, 110.93, 18.45, 18.23. HRMS (ESI) calcd for C;sH;5N,S [M+ H]™:

255.0950; found: 255.0947.

=N
Ph
N/
F\f
S-Me
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6-fluoro-3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (2f):? yellow oil was obtained with 80%
isolated yield (51.6 mg). 'H NMR (500 MHz, CDCl;) § 8.43 (s, 1H), 8.27 (d, J = 7.5 Hz, 2H), 7.73
(dd, J=9.0, 4.5 Hz, 1H), 7.49 (t, J = 7.5 Hz, 2H), 7.41 (t, J = 7.3 Hz, 1H), 7.26 (d, J = 6.6 Hz, 1H),
2.27 (s, 3H). 3C NMR (126 MHz, CDCl3) 8 154.00 (d, J = 238.7 Hz), 149.17, 143.28, 132.74, 128.76,
128.57, 128.16, 118.50 (d, J = 25.5 Hz), 117.91 (d, J= 8.6 Hz), 113.21, 111.29 (d, J = 41.8 Hz), 18.06.
19F NMR (471 MHz, CDCl;) & -137.99. HRMS (ESI) caled for C,,H,FN,S [M+ HJ*: 259.0700;

found: 259.0698.

=N
Ph
N/
Cl\\)i
S-Me

6-chloro-3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (2g): white solid was obtained with 85%
isolated yield (58.3 mg). '"H NMR (500 MHz, DMSO) 6 8.74 (d, J = 1.3 Hz, 1H), 8.29 — 8.16 (m, 2H),
7.74 (d, J = 9.4 Hz, 1H), 7.54 — 7.46 (m, 3H), 7.42 (t, J = 7.3 Hz, 1H), 2.34 (s, 3H). 3C NMR (126
MHz, DMSO) & 148.84, 144.59, 133.80, 128.96, 128.91, 128.27, 127.97, 123.31, 120.86, 118.46,

112.48, 18.28. HRMS (ESI) calcd for C14H;,CIN,S [M+ H]*: 275.0404; found: 275.0403.

=N
Ph
N/
Br\\f
S\Me

6-bromo-3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (2h): white solid was obtained with
85% isolated yield (67.6 mg). '"H NMR (500 MHz, CDCl;) & 8.62 (d, J = 1.2 Hz, 1H), 8.30 — 8.25 (m,
2H), 7.56 (d, J = 9.4 Hz, 1H), 7.49 (t, J= 7.6 Hz, 2H), 7.43 — 7.38 (m, 1H), 7.36 (dd, J= 9.4, 1.9 Hz,
1H), 2.28 (s, 3H). 13C NMR (126 MHz, CDCl;) § 144.76, 133.39, 129.38, 128.57, 128.49, 128.41,
128.20, 124.55, 118.31, 107.71, 18.28. HRMS (ESI) calcd for C4H;BrN,S [M+ H]": 318.9899;

found: 318.9895.

=N
Ph

N/
PN \%
S\Me

3-(methylthio)-2-phenyl-6-(trifluoromethyl)imidazo[1,2-a]pyridine (2i): yellow oil was
obtained with 89% isolated yield (68.5 mg). 'H NMR (500 MHz, DMSO)  8.95 (s, 1H), 8.32 — 8.21
(m, 2H), 7.90 (d, J = 9.3 Hz, 1H), 7.68 (dd, J = 9.4, 1.7 Hz, 1H), 7.54 (t, J = 7.6 Hz, 2H), 7.45 (t, J =
7.4 Hz, 1H), 2.37 (s, 3H). 3C NMR (126 MHz, DMSO) § 149.63, 146.01, 133.47, 129.21, 129.05,
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128.33, 125.54 (q, J = 5.9 Hz), 124.37 (q, J = 271.9 Hz), 122.56 (q, J = 5.7 Hz), 118.66, 116.06 (q, J =
33.6 Hz), 113.75, 18.45. F NMR (471 MHz, CDCly) & -55.60. HRMS (ESI) caled for

CysH2F3NoS [M+ H] *: 309.0668; found: 309.0666.

S-Me
3-(methylthio)-2-(p-tolyl)imidazo[1,2-a]pyridine (2j): yellow solid was obtained with 72%
isolated yield (45.7 mg). '"H NMR (500 MHz, CDCl;) & 8.51 (d, J = 6.8 Hz, 1H), 8.22 (d, /= 8.1 Hz,
2H), 7.74 (d, J = 8.9 Hz, 1H), 7.40 — 7.29 (m, 3H), 6.98 (t, /= 6.8 Hz, 1H), 2.44 (s, 3H), 2.28 (s, 3H).
BC NMR (126 MHz, CDCls) & 148.52, 146.02, 138.37, 130.55, 129.19, 128.17, 126.20, 124.26, 117.41,
112.89, 111.74, 21.39, 18.15. HRMS (ESI) calcd for C;sHisN,S [M+ H] *: 255.0950; found:
255.0951.
=N
QUaWa

S-Me
2-(4-chlorophenyl)-3-(methylthio)imidazo[1,2-a|pyridine (2k): white solid was obtained with
79% isolated yield (54.1 mg). 'H NMR (500 MHz, CDCl;) 6 8.39 (d, J= 6.8 Hz, 1H), 8.19 (d, J=8.5
Hz, 2H), 7.59 (d, J = 9.0 Hz, 1H), 7.37 (d, J = 8.5 Hz, 2H), 7.25 — 7.20 (m, 1H), 6.87 (t, J = 6.6 Hz,
1H), 2.17 (s, 3H). 3C NMR (126 MHz, CDCl;) & 147.50, 146.28, 134.24, 132.24, 129.48, 128.62,
128.43, 126.29, 124.29, 117.61, 112.98, 18.14. HRMS (ESI) calcd for C,4H;,CIN,S [M+H]":
275.0404; found: 275.0403.
Me._~ _N

N N\/)_Qi Me
S-Me

7-methyl-3-(methylthio)-2-(p-tolyl)imidazo[1,2-a]pyridine (2I): white solid was obtained with
78% isolated yield (52.3 mg). 'H NMR (500 MHz, CDCl;) 6 8.27 (d, J= 6.9 Hz, 1H), 8.10 (d, /= 8.1
Hz, 2H), 7.39 (s, 1H), 7.21 (d, J=7.9 Hz, 2H), 6.70 (d, J = 6.9 Hz, 1H), 2.37 (s, 3H), 2.34 (s, 3H), 2.17
(s, 3H). BC NMR (126 MHz, CDCls) & 145.64, 138.62, 130.13, 129.26, 129.25, 129.17, 128.17 123.60,

110.76,21.43, 21.40, 18.26. HRMS (ESI) calcd for C;sH{7N,S [M+H]": 269.1107; found: 269.1106.
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Me NN
Q! \)—@—om
S-Me
2-(4-methoxyphenyl)-7-methyl-3-(methylthio)imidazo[1,2-a]pyridine (2m): yellow solid was
obtained with 95% isolated yield (67.5 mg). '"H NMR (500 MHz, CDCl;)  8.22 (d, J = 6.8 Hz, 1H),
8.16 (d, J= 8.7 Hz, 2H), 7.33 (s, 1H), 6.92 (d, J = 8.7 Hz, 2H), 6.65 (d, J = 6.8 Hz, 1H), 3.77 (s, 3H),
2.33 (s, 3H), 2.13 (s, 3H). 3°C NMR (126 MHz, CDCl;) & 158.71, 147.02, 145.32, 136.32, 128.45,
125.17, 122.34, 114.70, 114.32, 112.77, 108.74, 54.24, 20.31, 17.19. HRMS (ESI) calcd for
Ci16H17N,0S [M+H]*: 285.1056; found: 285.1053.
Me -~ _N
QvaWe
S-Me
2-(4-fluorophenyl)-7-methyl-3-(methylthio)imidazo[1,2-a]pyridine (2n): yellow oil was
obtained with 97% isolated yield (66.2 mg). '"H NMR (500 MHz, CDCl;)  8.28 (d, J = 6.9 Hz, 1H),
8.25 — 8.13 (m, 2H), 7.39 (s, 1H), 7.08 (dd, J = 12.2, 5.3 Hz, 2H), 6.73 (dd, J = 6.9, 1.2 Hz, 1H), 2.38
(s, 3H), 2.17 (s, 3H). 3C NMR (126 MHz, CDCl;) § 160.22 (d, J = 249.4 Hz), 145.27, 130.30 (d, J =
8.3 Hz), 129.48, 124.03 (d, J=3.6 Hz), 123.17, 122.08, 117.06, 115.96 (d, J=22.3 Hz), 113.57, 18.47.
19F NMR (471 MHz, CDCl;) § -113.18. HRMS (ESI) caled for CsH4FN,S [M+H]*": 273.0856;

found: 273.0855.

Me
=N
s N/
S-Me

3-(methylthio)-2-(m-tolyl)imidazo[1,2-a]pyridine (20): yellow solid was obtained with 90%
isolated yield (57.2 mg). '"H NMR (500 MHz, CDCl;) & 8.44 (d, J = 6.8 Hz, 1H), 8.13 — 7.93 (m, 2H),
7.69 (d, J = 8.9 Hz, 1H), 7.29 (dt, J = 20.5, 7.9 Hz, 2H), 7.15 (d, J = 7.5 Hz, 1H), 6.91 (t, J = 6.7 Hz,
1H), 2.38 (s, 3H), 2.20 (s, 3H). 13C NMR (126 MHz, CDCl;) § 148.05, 145.71, 138.19, 132.83, 129.41,
129.01, 128.36, 126.69, 125.41, 124.35, 117.31, 113.24, 111.73, 21.57, 18.18. HRMS (ESI) calcd for

CisH sN,S [M+H] *: 255.0950; found: 255.0952.
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Cl

=N
N—//
Me\
S\Me

2-(3-chlorophenyl)-6-methyl-3-(methylthio)imidazo[1,2-a]pyridine (2p): yellow solid was
obtained with 83% isolated yield (59.7 mg). 'H NMR (500 MHz, CDCl;) 6 8.23 (d, J = 19.4 Hz, 2H),
8.15(d, J= 7.7 Hz, 1H), 7.58 (d, J = 9.0 Hz, 1H), 7.34 (t, J = 7.8 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H),
7.14 (d, J = 9.0 Hz, 1H), 2.36 (s, 3H), 2.20 (s, 3H). 13C NMR (126 MHz, CDCl;) § 146.44, 144.97,
134.42, 129.87, 129.70, 128.33, 128.10, 126.24, 123.23, 122.09, 116.85, 111.69, 18.48, 18.23. HRMS

(ESI) caled for CsH3CIN,S [M+H]*: 289.0561; found: 289.0558.

F
=N
N/

s\Me

2-(2-fluorophenyl)-3-(methylthio)imidazo[1,2-a]pyridine (2q): white sloid was obtained with
79% isolated yield (50.9 mg). 'H NMR (500 MHz, CDCl;) & 8.39 (d, J = 6.8 Hz, 1H), 7.71 — 7.59 (m,
2H), 7.37 — 7.30 (m, 1H), 7.30 — 7.23 (m, 1H), 7.22 — 7.16 (m, 1H), 7.16 — 7.09 (m, 1H), 6.92 (t, J =
6.6 Hz, 1H), 2.17 (s, 3H). 13C NMR (126 MHz, CDCl;) § 160.23 (d, J = 249.7 Hz), 145.63 (d, J =
157.4 Hz), 132.17, 130.44 (d, J = 8.2 Hz), 126.44, 124.37, 124.10, 117.76, 116.09, 115.91, 113.32,
17.90. F NMR (471 MHz, CDCl;) & -113.42. HRMS (ESI) caled for C4H,FN,S [M+H]":

259.0700; found: 259.0698.

F
=N
N/
Me\
S-Me

2-(2-fluorophenyl)-6-methyl-3-(methylthio)imidazo[1,2-a]pyridine (2r): yellow oil was
obtained with 73% isolated yield (49.6 mg). '"H NMR (500 MHz, CDCl;) & 8.17 (s, 1H), 7.63 (t, J =
7.4 Hz, 1H), 7.58 (d, J=9.1 Hz, 1H), 7.33 (dd, J = 13.6, 6.7 Hz, 1H), 7.21 — 7.18 (m, 1H), 7.12 (t, J =
7.8 Hz, 2H), 2.36 (s, 3H), 2.18 (s, 3H). 3*C NMR (126 MHz, CDCl;) 6 160.22 (d, J = 249.4 Hz), 145.27,
144.79, 132.16 (d, J = 3.0 Hz), 130.30 (d, J = 8.3 Hz), 129.48, 124.03 (d, J = 3.6 Hz), 123.17, 122.08,
117.06, 116.05, 115.87, 113.57, 18.47, 17.92. ’F NMR (471 MHz, CDCl;) é -113.45. HRMS (ESI)
caled for C;sH4FN,S [M + H]*: 273.0856; found: 273.0855.
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7-methyl-3-(methylthio)-2-(naphthalen-2-yl)imidazo[1,2-a]pyridine (2s): yellow solid was
obtained with 95% isolated yield (72.2 mg). 'H NMR (500 MHz, CDCl;) 4 8.29 (d, J = 6.9 Hz, 1H),
7.99 (d, J=8.3 Hz, 1H), 7.82 (dd, J = 12.1, 8.3 Hz, 2H), 7.58 (d, J = 7.0 Hz, 1H), 7.51 — 7.45 (m, 1H),
7.44 — 7.33 (m, 3H), 6.74 (dd, J = 6.9, 1.3 Hz, 1H), 2.38 (s, 3H), 2.03 (s, 3H). 13C NMR (126 MHz,
CDCly) 6 150.14, 146.68, 137.10, 133.80, 132.40, 131.52, 128.85, 128.72, 128.16, 126.45, 126.20,
125.75, 125.00, 123.67, 116.31, 115.53, 113.26, 21.41, 18.72. HRMS (ESI) calcd for C;0H;N,O [M

+ HJ%; 305.1107; found: 305.1104.

@)
=N \I
(0]
N/
S\Me

2-(benzo|[d][1,3]dioxol-5-yl)-3-(methylthio)imidazo[1,2-a]pyridine (2t): yellow oil was
obtained with 70% isolated yield (40.1 mg). '"H NMR (500 MHz, CDCl;) & 8.46 (d, J = 6.8 Hz, 1H),
7.85 (dt, J=4.1, 2.0 Hz, 2H), 7.63 (d, J = 9.0 Hz, 1H), 7.31 — 7.25 (m, 1H), 6.92 (dd, J=9.8, 5.5 Hz,
2H), 6.02 (s, 2H), 2.25 (s, 3H). 3C NMR (126 MHz, CDCls) & 148.53, 147.73, 147.71, 146.19, 128.00,
125.89, 124.20, 122.34, 117.46, 112.63, 110.61, 108.64, 108.34, 101.13, 18.12. HRMS (EI) calcd for
Ci5sHi3N,0,S [M + H] *: 285.0692; found: 285.0688.

= N S

-

N\
S-Me
3-(methylthio)-2-(thiophen-2-yl)imidazo[1,2-a]pyridine (2u): yellow oil was obtained with 74%
isolated yield (45.5mg). 'H NMR (500 MHz, CDCl;) & 8.37 (d, J = 6.7 Hz, 1H), 8.00 (d, J = 3.5 Hz,
1H), 7.57 (d, J= 8.9 Hz, 1H), 7.31 (t, /= 11.2 Hz, 1H), 7.24 — 7.19 (m, 1H), 7.11 — 7.03 (m, 1H), 6.85
(t, J = 6.7 Hz, 1H), 2.22 (s, 3H). C NMR (126 MHz, CDCl3) § 146.35, 144.57, 136.60, 127.67,
126.50, 126.31, 126.28, 124.18, 117.33, 112.87, 110.29, 17.85. HRMS (ESI) calcd for C,H;N,S;

[M + H] *: 247.0358; found: 247.0356.
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N

S~Me
3-(methylthio)imidazo[1,2-a]pyridine (2v): yellow oil was obtained with 84% isolated yield
(34.5 mg). 'H NMR (500 MHz, CDCLy) & 8.37 (d, J = 6.7 Hz, 1H), 7.74 (s, 1H), 7.66 (d, J = 8.9 Hz,
1H), 7.31 — 7.22 (m, 1H), 6.93 (t, J = 6.7 Hz, 1H), 2.24 (s, 3H). 3C NMR (126 MHz, CDCl;) & 146.80,

138.81, 126.15, 124.19, 117.79, 113.35, 19.33. HRMS (EI) caled for CsHoN,S [M+H]*: 165.0481;

found: 165.0482.

Me A~ =N
Ph
§ N\/)f
S~Et

3-(ethylthio)-7-methyl-2-phenylimidazo[1,2-a]pyridine (2w): yellow solid was obtained with
70% isolated yield (46.9 mg). 'H NMR (500 MHz, CDCl;) 6 8.32 (d, /= 6.9 Hz, 1H), 8.24 (d,J=7.3
Hz, 2H), 7.39 (t, /= 7.6 Hz, 3H), 7.29 (t, J = 7.4 Hz, 1H), 6.69 (dd, J = 6.9, 1.0 Hz, 1H), 2.60 (q, J =
7.4 Hz, 2H), 2.36 (s, 3H), 1.03 (t, J = 7.4 Hz, 3H). 3C NMR (126 MHz, CDCl;) 6 148.71, 146.37,
137.75, 133.44, 128.33, 128.31, 128.29, 123.64, 115.81, 115.59, 109.53, 29.99, 21.38, 14.75. HRMS

(ESI) calcd for C;sH17N,S [M + H]*: 269.1107; found: 269.1108.
S
—N
Me v——
N._~—Ph
S\Me

7-methyl-3-(methylthio)-2-phenylbenzo[d]imidazo[2,1-b]thiazole (4a): yellow solid was
obtained with 86% isolated yield (66.6 mg). '"H NMR (500 MHz, CDCl;) & 8.40 (d, J = 8.4 Hz, 1H),
8.09 (d, J = 7.6 Hz, 2H), 7.40 (s, 1H), 7.37 (t, J = 7.7 Hz, 2H), 7.27 (t, J = 7.2 Hz, 1H), 7.20 — 7.15 (m,
1H), 2.37 (s, 3H), 2.29 (s, 3H). *C NMR (126 MHz, CDCl;) § 150.48, 149.23, 134.96, 133.76, 131.67,

130.33, 128.33, 127.85, 127.67, 127.34, 124.17, 115.15, 113.68, 21.36, 20.34. HRMS (ESI) calcd for

Ci7H5N,S; [M + H] *: 311.0671; found: 311.0670.
YN
Ph

7-methoxy-3-(methylthio)-2-phenylbenzo|d]imidazo[2,1-b]thiazole (4b): yellow solid was

obtained with 98% isolated yield (79.9 mg). '"H NMR (500 MHz, CDCl;) & 8.45 (d, J=9.0 Hz, 1H),
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8.09 (d, J = 7.6 Hz, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.28 (t, J = 7.3 Hz, 1H), 7.14 (d, J = 2.3 Hz, 1H),
6.97 (dd, J = 9.0, 2.4 Hz, 1H), 3.81 (s, 3H), 2.31 (s, 3H). 3C NMR (126 MHz, CDCl;) § 157.08,
150.20, 148.70, 133.77, 131.65, 128.34, 127.94, 127.81, 127.61, 114.69, 113.52, 108.47, 55.90, 20.30.
HRMS (EI) calcd for C;7H;5N,0S, [M + H] *: 327.0620; found: 327.0619.

S%‘N
Br N j/)\Ph

S\Me

7-bromo-3-(methylthio)-2-phenylbenzo[d]imidazo[2,1-b]thiazole (4c): yellow solid was
obtained with 79% isolated yield (73.7 mg). '"H NMR (500 MHz, CDCl;) & 8.45 (d, J = 8.7 Hz, 1H),
8.09 (d, J= 7.4 Hz, 2H), 7.77 (d, J = 1.8 Hz, 1H), 7.52 (dd, J = 8.7, 1.9 Hz, 1H), 7.39 (t, J = 7.6 Hz,
2H), 7.29 (t, J = 7.3 Hz, 1H), 2.30 (s, 3H). 3C NMR (126 MHz, CDCl;) 8 151.09, 149.01, 133.39,

132.71, 132.10, 129.54, 128.41, 128.13, 127.68, 126.68, 117.67, 115.53, 115.13, 20.29. HRMS (ESI)

calcd for CléleBersz [M + H]+: 3749620, found 376.9592.

S19



Copies of product NMR Spectra

8.

2a

THNMR

G6LlT—

TEY
[4 _nxh‘_._w
il
GI6E' L)
o L=
£ _ﬂ?...nv
AL
i

DHOTE
_v~w£.l/r
POGER
[T

N

S-Me

Fooe|

Foo't |

Wl
EVL|
ozt

By

I =

Fooz|
Fuo|

s

I3CNMR

SI8I81—

(IR OL
iz i} __L_.W

POECLL

90 11—
pras e
£295 L11—
16Z'PE1
..S_.‘_N_M
LI6ZRTI
uxcﬁa_w
ERIpRLI
gLl

PER TR~
LEOSBR

L=

™

]

160

]

S20



2b

THNMR

9US1'T—
PekET—

THI9'O
T1L9 \
e @W
)
O8pLL
[9LE°L
BlOLL
2904

PPRIS
£ xJ_,
mn:N.an
[AIaTAS

m%m.m“\‘
1R

N

Me

S~Me

e M

E00e
Eloe

660

460
P60
Loz

£6'1
Woo.,.

fl {ppm}

IBCNMR

SLIERI—
8rLL 1T—

vxmxch
mmxc hhw
198 LE

LELOOT [~
BPOPSTs
LTROOTI—

99k ET [~
PELIBE]
1402 xN_W
GREBT
TEss e~
PO0E'LE 1

S99 |~
AR

40

17 160 150 140 50 20 (1] 100

180

180

fl {ppm}

S21



2¢

THNMR

LEBT L
BL0E FW
mem._‘

805e e—

£914T
SIEL D
89rL T

L184T

06849
61649
0e0g 9

i
8515 ¢
28y I
g65v NW
ss.t 1
N

894T 8
zisTs
LEBT B
FOSE'B
PRLIEB

o

— (7

1 (ppm)

S-Me

IBCNMR

BivPPl—
arvesl—

HEFBT—

856490
8670 ._Rv
8E0E°LL

CLLE 0N~
BISEFLIN
0L v

SPO9EZ I~
ashl ezl
eeal mva
arre Bzl
Zrrovel-"

LBLERL—
QESHOPL~
0sziepl—

10

20

30

40

50

70

80

90

S22

1 {ppm)

1o 100

120

180 170 160 150 140 130

190

10



2d

THNMR

I e
— Ls
| ™
=]
| o
- 666581 — -
&
o
J |~
96rE _ :
Blsc e 5 Feoe =
[ i
Lo 9199°05— -
o
=
[
0889 E— =< FO00E| o 9989/
} s 1070
| VT 2L
| =
[ 5
| -
Lo 2640°G6—
| o
1
_ [f=]
|
| Mo BIES J0b—
, 690001 —
, | o
0bES B ©
9950 D o 6566 JZ)
it 950 mqumﬁw
geeo's . 80PE BZ1
sgss9” = - EBE0L < EvRE el
A o [}
N s -
£98E £ ~ z Wl w
L85y L ! S0C TIGL I
Yy ="\ 0 ZorsepL~"
108y L \ -
[ 5
1692 8 Z 862085 —
0e8z @ = Fese
18628 / \ |
o
-
O [ o
2 &
i
= 2z S
. 4
Fe O
= o
-

40 30 20 10

50

80 70

90

S23

1 {ppm)

180 170 160 150 140 130 120 1o 100

190

10



2e

THNMR

GPT0' LA
of0's
0T L

A

S-Me

N

Me

S

=00€ |
00'e

ars

s
s

ITEI
Umwwm_v

OTER 9L
1ol hhv

19 LL

COEE0[ [~
losaall

0600°ET1
hmﬁw.mm_k
9911'8T1
Te MN_W.
POSERTL

2 ,Nc.om_.\
GE10FET-

PSLESEI—
PEI19RE [—

"

40

a0

0 20 (1] 100

140

160

17

180

180

S24



2f

THNMR

STUTT—

vmmﬂ.j
QgaT'L
RTOE'L
£L0F° L
[SRtA A
0944
£ 6k LA
1907 L

51
QSHW
TEEL'L
vavedd
THTS
ity
pleps"

|

_N
N
S-Me

=

Fooe

wrmm.o
=T
H/oo.

060

Ez6)
Ei60

fl {ppm}

IBCNMR

OSOBI—

PlIEROL
B0 hhw

BOEE LL

LITEL _%
PRLELTL
69 I
BLOFRL]
CEO9RTL
O IEE]
_Ucm.xm_./
PRSLBTI
Lewl mm_.\‘

GIREEP 1
159 16t [~
LE50°€S T

f Eo.wm_w

40

fl {ppm}

7 n 0o
S25

50

17 160 150 140

180

180




YFNMR

-137.9919

T
400

T
-
fl {ppm}

S26

-120

T

-130

-#0

T
450

T
-I60

47

T
-180

T
-0

T
-200

5

2]



2g

THNMR

GEPET,

GRS T
V.NW
s

ERIP'L

Lo L
L5644
£668 L
PElE L
OES L
olgeef
Berd L4
SO w%./
BIE
Far 04 )

19EL8
HHE hﬁv

S~Me

N

Cc

=

Fe5z |

wa
wa

Epb ) L
ﬁmmm -

EERTRI—

Bk 6L
P 6E
LIS 6L

9Lk 1 0F
SrIE 0
1Z8F OF

TE8F E1 1~
ISSE R
STOR0T |
201£E7 A
Pri6 LT
POLTRT
LPIGREL
985687 |
8864617

PERS P 1 —
LIERBP [—

Eli

a0

100

(1]

180

180

S27



2h

THNMR

GeaTe—

9192 4
Thps s
0ape L
0E9E £
JECE
9.88
968€ /1
5168 /1
200%
V0T L
8407 L
2917 41
0BLY 2
pier s
9ELY I
ey
0p0% 2

98K

b295 2

PZLTE

998z mW
£687 8

9198

eelae

]

=00€E

Ol
SH

ol

=602

=¥E0

1.0

2.0

=)
wd

9.0

1 (ppm)

IBCNMR

L0428 —

654490

GEBZ L

G504 201 —

9ELEBLL—
0gss vl
hwm_..mm_‘./
A=) =)
Li6Y BZL
6995 821
G9LE 62
TLBEEEL

LG vRL—

40 30 20 10

50

80 70

90

1 {ppm)

S28

190 180 170 160 150 140 130 120 1o 100

10



THNMR

I3CNMR

BErrel—

L PP eE
1809 °6E
15.1°6E

ommﬁé_
5&2
e

098LEM
00995111
0126511
FAC N
21979111
05592111
£P05 221
V55 ZZH
PELGZZI
6819221
66 EZ|
Ve
21Z5pZ1f
9895 pZ 1A
RIS
2099 bZ)
ZGPE SZHE
£697 924
gzeg gzl
ZIS0EZL
50LT 62
oo el
£2L0gpL—

FOES BFL—

Al ]ii

.

]

21 (gpn)
S29




YFNMR

—.55.6018

S30



THNMR

BrRLT—
£l T—

QIEEL

POEL L~
sspLL
PlUTE~_
[Tixa: 20
e
%Nm.mv.

Me

S-Me

N

Fooe

Ferel

Feol
Fsoe
Fiol

Froz
Faoy

fl {ppm}

IBCNMR

ErI81—
6L 1T—

GIRL DL
{3

*

K6T LL

£I0TPLI
0S0T9T1 M

CTLIBL I~

QERE]—

Col09p—
TS8P [—

40

100

(1]

20

140

150

160

180

180

fl {ppm}

S31



2k

THNMR

HDIT—

%89
AA_%JW
tHiEd
BOEE'L
cREEL
CELEL
£645'L
£L65°L
ETE
P
PrRE'S
E.Zwu.

_N
N

=

Cl

S-Me

=

I3CNMR

FIPI8I—

WIEOL
Lt __L_.W

STEELL

GRLGTI—

IO LI —
SERTPII
zaszozi
SEEpETI
$5198T1
sPaTl 7/
swezel
aspzpeld

DEE IR |~
SHOb Pl

Le

S32

| 2

T
58

T
160

-
]

3




2]

THNMR

DT~
COEET,
£ETT

FOLED

15024
a _ﬂw.h.v.
056" L~

SOGO'R:
QTIE=

SEOLH
Bl wﬁuu

L w00g|
__ FOHE]
=~ 6VE| un

Me

S~Me
T
3
2
75

N

Me

SISTSI~
ST T
I IT

:x..h.._:_,./

/

TLOCLL

BOT6T _W
WOTEL1)

STENOEL
TPTOBE—

Hse|—

S33

s

]

T
H

T
50

T
ril

T
30




2m

THNMR

I l =
b |
e t
i M =
L e 3
I8RIL—
I #1C0T— Iﬂ =
ko
= *
Lo
!
+
E -
| = SBETPE— 3 |
t re
- !
s } s
ALK = Foief IE08S L |
% w_ * [
I r
_ 3 m
. 1IPLED 1A, 1 |
| BOLLTI
I xﬁ_..i_W
| = SH69F11
= -
I =
I SHETLI— S — &
m 8OISTI— — t
10699 [ 06 ST — | =
Pty e) 960 [
065G i | . 3
& | 0SZEDE = - [
LG Feoz E s
526" t— - Erol 1ZZESH |~ b |
SELOLR - - |
I uz
818 = L= o I |
i F2 SEOLRS | L =
TR~ 26| i
#9ity ZN\ n — i |
SOEEE \ L s
- 3 &
Z
t b
N\ / ® & e
i !
9] [ W I
= @] |
L= = L=

S34



2n

THNMR

O 1'T—
ERBLET—

h‘..ﬂm.._J

1€2L9
SEELY
OLELD:

0RO 8~
wiEs
FLITE-
RITTE
LT
BEEIE

_N
N

=

Me

S~Me

I \WY LG

=

I3CNMR

I59FE1—

9 :...h..__h./

Lot L \
BT LL

LS EN

,Uvo:.:_w

RLOET]
treer 1 wN_J../f
BRIOPEIL

Le

S35

| 2

T
58

T
160

-
]

| =




YFNMR

—113.1139

WWM

-100

-108

-110
1 {ppm)

S36

T T T T T T
-115 -120 -125 -130 -135 -140 145 -1



20

THNMR

0.0

o WL al— e
= 6245\ T— =7

Froe
Foog|

SWEE—
BERET—

N

e

TETEN

SED 22
mham.hh.x

(pp)

|EEE S
PTIES L3
L5760
ZERLV L
1851 2 e
POGL L -
L S5T £
CHIT
S898T L
0967 L
rHE L
9aze t
6890
e
S0 mwrv
leaga
Zoer g
hﬂwﬁ mv

ol =
veEl|
oz o0 S~
g L5h0apL—

Me

Fao
Frel

Fasol w
ol

10

30

B0

| 80
f1 ippz)
S37

110

120

180

160




2p

THNMR

I'e?
°
—_— Fs
e
B0EZ'BH _
L2 el
™
=
I i
9T T—
9198 T—
G
o
I od
| 678,90
= 12£0%,
Fe 6T LL
0
-
B
Les
i
b 9789 i~
62557011
8060 224
Le SIETEZ)
o LIETEL
£660 mS/
= S62€ 824
IVEV L e 010624
1SV DELEEZH
MMMM O - 8617 bEL
MMMM = ra0t | ° £596 pbk~
= 660 B
9IPE L el e BYF ok
£45E L oot [
PEIS &_. o | ~ aek
Pi85 L = g
06E1 8 / L3
£¥S1g 7)) =0k
PEIZ ZTN ® ~TE L
75T 8 \ Lo
= o
(-]
\ 7/ & &
. =
© o 4
= @)
58 ]

10

20

40

50

80

90

1 (opm)
S38

110 100

120

17 160 150 140

180

190




2q

THNMR

I'e?
=
— L2
e
0206 21— -
L=
w
lu Io
" oi
8021°Z— = Fooe
_ | =
o
o
o5
| 16820,
0660
PEOE &
oL L= VE6T 2L
IETE D
BLIV L
SBZL L e
8P 1L |
001 L &
ShiVE og
0581 L [ o
EEIWs
061 L | .
8661 L b VBLE Sl
£M0T L ZELESHA-
POSZ L 0060 8Ll
1992 £ Le sy 21
18T L = 8360 #2h,
EPIE L 03 ¥l
SIEL w VLEV DT
8E2E 11 Mo ELLYOEL
S06E £ per el
1ove i - SEOL 601 ZE}
w@umbw TTon L2
6ESE L = 6L .
tsisnt = £601 e
28I L zo |
S0£9 L — ]
- FrOZ
PEEY [ !
£5v9 L le BPETEGH~-
hoE Ly o 082194
£2US L
00SE B, L m I
G689 - : -1a
(/2]
N/ N <
-]
N m
|
\ 7/ = 5
O
o o
L - -

10

20

40

50

80

90

£1 (ppm)
S39

17 160 150 140 130 120 110 100

180




YFNMR

-113.4229

T
-80

T
-90

T T
-100 -110
£1 (ppm)

S40

T

=120

T
-130

-140

T
-130

T
-160

T
-170

T
-180

T
-190

-2



2r

THNMR

SSLVT—
PO9ET—

N

Me

S~-Me

N

882
e 14

a0z
60
g0}
IOl
=00k

960

0.0

e

(pp)

WG L~
Vsar e

TETETEN

2510
SEET __R.x

08I0°ZZ14
rEa L EDL
8810 ww—w
pIbO¥EL
220V 621~
9792 0EI
ZIEEOEL
0851 251
99L1 ZE)
PERLFhIN,
£1ITSh

BALT 661~
G60Z 191

: f1 ippz)
S41

T
110

T
120




YFNMR

-
b
5
-
L
i
T T T T T T T v T T T T T T T T 4 T T T T T T
) -0 -0 -3 -0 -0 -80 <70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -180 -200 210 -
f1 ippz)

542



2s

THNMR

1920T—

BrRET—

S~Me

N

=
A

Me

_JL_JUL._

Hi0E

=p0E

=960

Mn_n
501
M{mo
Fa0z
=T0L

Eiol

0.0

e

e

I s

(pp)

ELLLBl—
20—

ﬂgmh
GLe0 hhw
LISELL

YESTENI,
SIEGGH~

.\
m&mm#
1665021\
PGS GEL=3
986192
0Py Sl
T651EL)
SR
it

Hragarl—
SEEVOSI—

80
f1 ippz)
543

T
110




2t

THNMR

62522

Fal0e—

8069
PIZE3
LoEE'D
E¥6E7
HITTAN
16292
ey
0182
2058
pase /-

mmmw.m
LLOF mv

L

\IO

N

S-Me

!
cA — mgl = s s -

B

=00€E

=80¢e

=p0T
=al’l
EE0L

Fest

660

05 00

10

20

25

9.0 85 8.0 75 70 6.5 6.0 55 50 45 40 35
1 (ppm)

95

IBCNMR

9818l —

V06294
EFF0 ._Rv
a6 Ll

L8210 —

%nmew
8vras0L
mﬂm.o:k\\
1825 ZLL

66 1L~
OFPE2Zh
GBL bl —
1068 521

pose iz

098l mq_‘./
8504 biv.
ElEL Pl
aregerl

|

‘
|
10

I

\

I

|

40 30 20 10

50

90 80 70

1 (ppm)
S44

100

190 180 170 160 150 140 130 120

10



2u

THNMR

BPIZT—

a0re g
LrsEa
Q089
890 L
680 L
LG L
4
LS1E hW
mnnw,__.

muﬁm.__.
ams nv

BlEG L
LB66 .__.V.

Nm.mnm
1TIE mv

N

S-Me

.

FO0E

Mo
FLOL

yasn

Foot

0.0

Lo

30

e

4.0

I3CNMR

ShvE L —

Ov6L9L,

a2
£Z0E hh.‘__.

LEBTOM=
LELRTI
GEZE LH~~
A5LVFTL
VLT AL
LI0E mm_w
286 91
9899 1Z1

al0g el —

ZEIS Pl
B0SESrL—

30

80
f1 (ppz)
S45

T
110




2v

THNMR

KT T—

LI
|EEE S
GaPE 9

1789 L
a0lg FW
ElnL L

m_anm
08¢ mvr

Foog

Feot
001
FGIL

560

Foot

0.0

Lo

e

4.0

CRZE6L—

15890

T680 &
86T __R.x

SHPEEL—
asal

VP~
SrSI ezl

arigstl—

PO okl —

30

T
B0

80
f1 ippz)
546

T
110




2w

THNMR

0410l
81E0 _W
S9rd |

QE9ED
L85 T
0565°Z
LB0S T
A4 A

0169 9
0669 &
BRI L
PE6T L

£80€'L
££IE n&

LEB89 G
2589 mw

Ieag s
Q80t L
LIELH
LVsTa
0iEea
30441

=
A

Me

N

S-Et

LL N

Fere

-00€
Fast

=a60

el
-SeZ

FrEL
=760

f1 (pp=)

I3CNMR

arslrl—
LTS\~

PL8E6L—

88.@&
wng mhv
LELL

GUES 601 —
1nmw.m_._.V
on__w.m:.

TEPIET I
PEaz 821
G908 82}
0S8£ 824
zeer el
LY

0L989p L~
le0lar—

T
0

T
110

T
180

T
200

T
210

f1 (ppz)

S47



4a

THNMR

I'?
=]
s
| =
[=]
L2
STVE 0T~
1856177
|
=
I cd
06922~ J w008
vZIET — e0g| .
5
e
-
[+ 2219°0.
RSRW
L= VIZE L
|
- g
B
Le&
=
. z189 €l
[ bavigds
SEPE LTI
= 249 LT
LS 68V8 L21-)
HEE 2L
S2EE O
| @ 2899 1£L
mmﬁ < © PEsE vEl
o
mmm ) | o 12T 6p1~
1997 1 = Jsv[ S08¥ 051
zZ / = (it
Waz i AN 0 £ ¥
e 1 520z| ,
6695 L SE0 [ 1
[ Z
010¥ L 1) 2
97808 NI
8:608” el
015E 8 w =
Love” #6680 o
(-]
) = &
= .z
o
QO
L= ]

100 0 80
f1 (ppm)
S48

110

120

130

150

160

70

200 180 180 1

210




4b

THNMR

THET—

a8 E—

SE56 w._
El96 9
ShiE o
CELE G
EZP 1L
0Lp 1 2y

89T 1
LT hWt
£262 [
SS0E L
608€ [
66¢ 41
£YR0 S
se60e”

o_wvm
o@mvmv

L

P
J

" e

N
.~ Ph
S\Me

MeO

EQOE

FEIE

Lk
w80}
wEL )
¥4

a0z

IOl

=3
=1

"
=
wd

)

8.0

)
&

1 (ppz)

3

IBCNMR

9862°00—

ZEOB'G5—

958494
S6E0 ._Rv
LEBT'LL

E0L7 B0L—
SEISELL
mmwm.i._‘l./‘

Bom:ﬁ
Emhﬁ
SZTVE L2h
B9EE BZL Yy
E159 LEL \

TEOLEEL

E66Y 8P~
€00 051"

LBLON LG —

10

100
£1 (ppm)
S49

T
160

17

T
180




4c

THNMR

e s—

Lz L
IPBE L
E60E L
LHEL
LHBE L
Laov L
95 L
Pals L
VOES £
BEES L
G004 L
it
bL60 mv.

GBrbta
£28Y mv

Ph

N
V

v:
N

Br

S\Me

_J

Fooe

Eire
“eot
=660
Faz

Fro

0.0

.56

80

66T 00—

208,90,

Wor0
£P6T __R.x

96Z5
rhLE L
0LI59T}
6.9 T}
PITVRZL
L 20Y B2
PSES 62}
P10 ZEL
2604781
LPEE EEL

L0 G~
OpGd 15—

30

80
f1 (ppz)

T
110

S50



