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I. General methods Unless otherwise noted, all reagents and solvents were
obtained from commercial suppliers and used without further purification. All
glassware was dried overnight at 110 °C prior to use. Chromatography was performed
on 300-400 mesh silica gel. NMR chemical shifts are reported in ppm relative to
CHCl; (7.283 ppm for 'H, and 77.005 ppm for C NMR). The following
abbreviations were used to describe peak splitting patterns when appropriate: br =
broad, s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet. comp =
overlapped. Coupling constants, J, were reported in Hertz unit (Hz). IR spectra were
recorded on a Nicolet Avatar 330 FTIR spectrometer equipped with an attenuated total
reflectance accessory or a Nicolet 6700 FT-IR equipped with an attenuated total
reflectance accessory, and only partial data are listed. Melting points were determined
on a Mel-Temp apparatus and are reported uncorrected. Mass spectra (HRMS) were
obtained on Bruker En Apex ultra 7.0T FT-MS by the Public Instrument Platform of
College of Chemistry and Chemical Engineering at Xiamen University. Single-crystal

X-ray diffraction data were recorded on Oxford single-crystal diffractometer.

II. Experimental for screening of reaction conditions and preparation of

substrates

IIa Experimental for screening of reaction conditions

X
gw @ conditions = /
+ — OH N
1a

av
2a 3aa
A mixture of 1a (1.0 mmol), 2a (1.5 mmol), [M] (2.5 mol %), Cu(OAc), H,O (2.5
mmol) and solvents was added to a Schlenk tube under an air atmosphere. Then the
mixture was stirred at 1300] (bath temperature) under air for 24h, Then the reaction
mixture was filtered through a short plug of silica gel, washed with ethyl acetate and
concentrated, the residue was purified by chromatography (hexane/ethyl acetate = 5/1)

to afford the desired products.
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Structure of the byproduct 1,4-diphenylbuta-1,3-diyne was confirmed by '"H NMR

and >C NMR according to the standard sample of literature report. '

ITIb General procedure of Suzuki cross-coupling reactions for the synthesis of

functionalized 2-arylpyridines.2

Ry
R, B(OH), l\/\
\/\ = Pd(OAC)z, PPh3, N32003 _N
| + | -
N L\ _
R, Tol/EtOH/water(2:2:1), 90 °C,5-24h |
Br g

To a Schlenk tube was added 2-bromopyridine derivatives (8.0 mmol), aryl-boronic
acid (8.5 mmol), Pd(OAc), (5.0 mol%), triphenylphosphine (20 mol%) and sodium
carbonate (20 mmol), toluene (10 mL), EtOH (10 mL), and water (5 mL) was added
to the mixture under N, then the mixture was stirred at 90°C - for desired time until
complete consumption of starting materials judged by TLC (5-24h). Water (30 mL)
was added to the mixture and the resulting residue was extracted with ethyl acetate
(10 mLX3). The combined organic portions were dried with anhydrous sodium
sulfate, filtered and taken to dryness. The residue was filtered, concentrated, and
purified by chromatography (hexane/ethyl acetate) to afford the desired products. And
all the 2-arylpyridines were known compounds and references were cited at the end of

supporting information.
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IIc General procedure for the synthesis of ) -arylated tert-propargyl alcohols

(Sonogashira cross-coupling) and } -alkylated ter-propargyl alcohols.

/A Pd(OAC),, PPhs, Cul, NEt, I\
__ - = ( OH
er + =—{OH Q—<

Ry — toluene, 90 °C,5-18h R3

2
A mixture of aryl-bromide (12.0 mmol), 2- methyl -3-butyn-2-ol (1.2 g, 14.0 mmol),
Pd(OAc),( 21 mg, 0.1 mmol) , Cul ( 19 mg, 0.1mmol) and triphenylphosphine ( 393
mg, 1.5 mmol), NEt; (2 mL, 20 mmol) and toluene (15 mL) was added to a dry
Schlenk tube, then the reaction mixture was degassed with N, and stirred at 807 for
desired time until complete consumption of starting materials judged by TLC (5-18h) .

After cooling, water (50 mL) was added to the mixture and the resulting residue was
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extracted with ethyl acetate (15 mLx3), and the organics were further washed with
brine and dried with anhydrous sodium sulfate. The residue was filtered, concentrated,
and purified by chromatography (hexane/ethyl acetate = 10/1) to afford the desired
products. And all the products were known compounds and references were cited at
the end of supporting information.

o 1) n-BuLi, THF -78°C,2h
akyl——= + )J\ > akyl%%OH

2) acetone,-78°C-rt, 2h,1N HCI quenched

Under N at -78°C, to a solution of alkynes (12.0 mmol) and THF (15 mL) in a dry
Schlenk tube was added 5 mL n-BuLi (2.5M in hexane, 12.5 mmol) in a drop wise
manner for 20 min, then the reaction mixture was at -78°C for 1 h, then acetone (3
mL) was added to mixture in a dropwise manner, and the mixture was stirred for 2h
until the temperature raised up to rt slowly, then the resulting residue was quenched
by 20 mL 1N HCI and extacted with ethyl acetate (15 mLx3), the organic layer were
further washed with brine and dried with anhydrous sodium sulfate. The residue was
filtered, concentrated, and purified by chromatography (hexane/ethyl acetate = 30/1)

to afford the desired products.

OH OH OH OH OH
I I l I I
MeO.
MeO

OMe Me
2315 2b16 2c15 2d17 2917
OH OH OH
It I l

nBu

CF4 F
2f18 2g 2h'"®
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III.General procedure for Rh-catalyzed pyrido[2,1-a]isoindoles syntheses

R4

AN

| /)\l [RhCI(COD)], (2.5 mol%) ,Cu(OAc), ‘H,0 (2.5 eq)

2 (2. . 2 H0 (2.
+ </ N — OH
= | R3/_ toluene /t-AmOH (4:1), 130 °C, air, 24h
N\
Rz
1 2 3

A mixture of 2-arylpyridine derivatives (1.0 mmol), fert-propargyl alcohols (1.5
mmol), [RhCI(COD)], (24 mg, 2.5 mol%) ,Cu(OAc), H,O (500 mg, 2.5 mmol),
toluene (8 mL) and +~AmOH (2 mL) was added to a Schlenk tube under an air
atmosphere. Then the mixture was stirred at 1300 (bath temperature) under air for
desired time (usually 24h) until complete consumption of starting materials judged by
TLC. Then the reaction mixture was filtered through a short plug of silica gel, washed
with ethyl acetate and concentrated, the residue was purified by chromatography

(hexane/ethyl acetate = 5/1) to afford the desired products.
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V. Spectra data for characterized compounds

HO>%©—F

29
2g: 1.75 g, yield: 82%; light yellow oil.

'H NMR (500 MHz, CDCl5): & 7.43-7.40 (m, 2 H), 7.01 (t, J = 8.6 Hz, 2 H), 2.10 (br,
1 H), 1.63 (s, 6 H); °C NMR (125MHz, CDCL): & 162.52 (d, Jc.r = 249.3 Hz),
133.52 (d, Je.r = 8.5 Hz), 118.82 (d, Je.r = 3.6 Hz), 115.51 (d, Je.r = 22.1 Hz), 93.45,

81.11, 65.60, 31.48.
~A )

\N/

v

3aa

3aa: 195 mg, yield: 72%; yellow solid; m.p: 123-125 °C.

'H NMR (500 MHz, CDCl5): 8 10.66 (d, J= 6.8 Hz, 1 H), 8.22 (d, /=84 Hz, 1 H),
8.12(d,J=8.0 Hz, 1 H), 7.71 (d, J = 8.0 Hz, 2 H), 7.59-7.53 (comp, 4 H), 7.39 (t, J =
7.2 Hz, 1 H), 7.26 (m, 2 H), 6.87 (d, J = 7.6 Hz, 1 H); °C NMR (125MHz, CDCl;): &
183.28, 142.58, 134.87, 132.55, 130.13, 129.42, 128.54, 128.19, 128.13, 125.13,
121.28, 119.96, 119.68, 119.24, 118.37, 117.21, 114.19; IR (KBr): 1565, 1432, 1320,
943, 756 cm'l; HRMS (ESI): Calcd for C;9H;3NO (M+Na+): 294.0895, found:

294.0889.
A~ )

s N/

Me
av

3ba
3ba: 211 mg, yield: 74%; yellow solid; m.p: 248-250 °C.
'"H NMR (500 MHz, CDCl3): 6 10.53 (s, 1 H), 8.13 (d, J = 8.6 Hz, 1 H), 8.05 (m, 1 H),
7.70 (m, 2 H), 7.58-7.52 (comp, 3 H), 7.42 (dd, J = 8.6 Hz, J = 1.0 Hz, 1 H),
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7.58-7.52 (m, 2 H), 6.82 (m, 1 H), 2.58 (s, 3 H); °C NMR (125MHz, CDCL): &
183.01, 142.71, 133.57, 132.54, 130.02, 128.83, 128.54, 128.08, 128.03, 127.93,
127.83, 121.15, 120.05, 119.48, 119.21, 116.54, 113.92, 19.09; IR (KBr): 1548, 1457,
1341, 1300, 1121, 756, 706 cm™; HRMS (ESI): Caled for CaH;sNO (M+Na"):
308.1046, found: 308.1041.

3ca

3ca: 212 mg, yield: 55%; yellow solid; m.p: 119-121 °C.

'H NMR (500 MHz, CDCl;): § 10.86 (s, 1 H), 8.13 (d, J= 9.1 Hz, 1 H), 8.05 (m, 1
H), 7.71-7.68 (m, 2 H), 7.67 (br, 1 H), 7.57-7.50 (comp, 4 H), 6.80-6.78 (m, 1 H),
7.71-7.68 (m, 2 H), 1.56 (s, 9 H); °C NMR (125MHz, CDCL): & 182.96, 153.08,
142.47, 132.60, 132.49, 131.82, 130.06, 128.50, 128.16, 127.60, 121.37, 120.32,
119.91, 119.58, 119.25, 119.07, 116.75, 114.39, 81.40, 28.33; IR (KBr): 1727, 1544,
1457, 1403, 1333, 1225, 1158, 711 e¢cm’'; HRMS (ESI): Calcd for CyHxnN,O;3
(M+Na"): 409.1523, found: 409.1529.

3da

3da: 223 mg, yield: 65%; yellow solid; m.p: 225-227 °C.

'H NMR (500 MHz, CDCl;): § 10.24 (s, 1 H), 8.28 (d, /= 9.0 Hz, 1 H), 8.15 (d, J =
7.5Hz, 1 H), 8.11 (dd,J=9.0Hz,J=14Hz, 1 H), 7.74 (m, 2 H), 7.62-7.53 (comp,
3 H), 7.34-7.27 (m, 2 H), 6.95 (d, J=8.0 Hz, 1 H), 4.52 (q, /= 7.0 Hz, 2 H), 4.52 (t,
J = 7.0 Hz, 3 H); °C NMR (125MHz, CDCL3): § 184.03, 164.89, 141.97, 135.14,
133.43, 132.19, 130.64, 128.98, 128.60, 128.28, 124.39, 122.00, 121.95, 120.11,
119.52, 119.43, 116.75, 114.85, 61.82, 14.32; IR (KBr): 1718, 1565, 1453, , 1287,
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1105, 756 cm'l; HRMS (ESI): Calcd for Cy;Hj7NO; (M+Na+): 366.1106, found:

366.1106.
A

\N/

v

3ea

3ea: 197 mg, yield: 68%; yellow solid; m.p: 148-150 °C.

'H NMR (500 MHz, CDCl;): § 10.40 (d, J = 7.0 Hz, 1 H), 8.33 (d, J= 5.4 Hz, 1 H),
7.73 (m, 2 H), 7.64-7.53 (m, 3 H), 7.33-7.22 (comp, 4 H), 6.92 (m, 1 H); °C NMR
(125MHz, CDCl3): & 184.22, 156.02 (d, Je.r = 249.8 Hz), 142.04, 131.98, 130.59,
128.61, 128.24, 128.07, 125.25, 125.20 122.14, 122.08, 119.08, 118.25 (d, Jc.r = 4.0
Hz), 117.33 (d, Je.r = 7.3 Hz), 115.73, 109.01 (d, Jer = 17.2 Hz); IR (KBr): 1590,
1573, 1420, 1287, 1154, 935, 789, 702 cm™; HRMS (ESI): Caled for C9H;,FNO
(M+Na"): 312.0801, found: 312.791.

Me

o
= N

N7

av

3fa

3fa: 107 mg, yield: 34%; yellow solid; m.p: 163-165 °C.

'H NMR (500 MHz, CDCl;): § 10.58 (d, J = 6.8 Hz, 1 H), 8.11 (d, /= 8.9 Hz, 1 H),
7.69-7.66 (m, 2 H), 7.57-7.54 (comp, 3 H), 7.30 (t, J= 6.7 Hz, 1 H), 7.22 (t, /= 7.0
Hz, 1 H), 6.85 (dd, /= 8.9 Hz, J=2.3 Hz, 1 H), 6.07 (d, /=23 Hz, 1 H),3.47 (s, 3
H), 2.90 (s, 3 H); °C NMR (125MHz, CDCL): & 182.97, 159.19, 142.95, 134.95,
134.16, 129.79, 129.27, 128.69, 127.82, 127.57, 127.25, 123.62, 116.72, 115.72,
114.00, 113.72, 98.76, 54.63, 20.67; IR (KBr): 1557, 1544, 1428, 1221, 1225, 1117,
835, 781, 715 cm™; HRMS (ESI): Caled for CH;7NO, (M+Na"): 338.1152, found:
338.1152.
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3ga

3ga: 180 mg, yield: 57%; yellow solid; m.p: 192-194 °C.

'H NMR (500 MHz, CDCl;): § 10.51 (d, J = 7.0 Hz, 1 H), 7.90 (d, /= 8.9 Hz , 1 H),
7.86 (m, 1 H), 7.68-7.62 (m, 2 H), 7.55 (comp, 3 H), 7.15 (dd, J = 7.0 Hz, J = 1.7 Hz,
1 H), 6.82 (dd, J = 8.9 Hz, J=2.2 Hz, 1 H), 6.00 (d, J= 2.2 Hz, 1 H), 3.48 (s, 3 H),
2.60 (s, 3 H); *C NMR (125MHz, CDCl;): & 182.10, 160.14, 142.92, 137.75, 135.82,
134.93, 129.59, 129.47, 128.60, 127.77, 121.00, 119.30, 115.74, 114.39, 113.66,
113.54, 98.88, 54.71, 21.49; IR (KBr): 1540, 1453,1416, 1266, 1117, 814, 706 cm™;
HRMS (ESI): Caled for CoH7NO, (M+Na"): 338.1152, found: 338.1147.

3ha

3ha: 135 mg, yield: 43%; yellow solid; m.p: 231-233 °C.

'H NMR (500 MHz, CDCLs): & 10.47 (s, 1 H), 7.99 (d, J = 8.9 Hz, 1 H), 7.91 (d, J =
8.9 Hz, 1 H), 7.68 (m, 2 H), 7.56-7.54 (comp, 3 H), 7.39 (dd, /= 8.6 Hz, J= 1.0 Hz,
1 H), 6.84 (dd, J=8.9 Hz, J=2.2 Hz, 1 H), 6.01 (d, /J=2.2 Hz, 1 H), 3.48 (s, 3 H),
2.55 (s, 3 H); °C NMR (125MHz, CDCls): § 182.69, 159.81, 142.88, 134.38, 133.94,
129.70, 128.61, 128.48, 128.33, 127.79, 127.48, 120.71, 115.76, 114.91, 113.90,
113.60, 99.06, 54.72, 18.94; IR (KBr): 1540, 1478, 1266, 1217, 846, 806, 702 cm™;
HRMS (ESI): Calcd for C,;H7;NO, (M+Na+): 338.1152, found: 338.1153.
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MeO
~A )
N7
av

3ja

3ja: 96 mg, yield: 32%; yellow solid; m.p: 211-213 °C.

'H NMR (500 MHz, CDCls): & 10.63 (d, J = 6.9 Hz, 1 H), 8.63 (d, J = 8.6 Hz, 1 H),
7.71-7.69 (m, 2 H), 7.58-7.51 (comp, 4 H), 7.36 (td, /= 6.9 Hz, J= 1.4 Hz, 1 H), 7.18
(t, J=8.0 Hz, 1 H), 6.60 (d, /= 7.7 Hz, 1 H), 6.42 (d, J = 8.6 Hz, 1 H), 4.10 (s, 3 H);
PC NMR (125MHz, CDCly): & 183.53, 155.95, 142.62, 134.46, 134.41, 130.06,
129.01, 128.80, 128.51, 128.14, 125.58, 120.75, 117.67, 114.36, 111.52, 110.77,
100.19, 55.40; IR (KBr): 1548, 1428, 1312, 1241,976, 715 cm™; HRMS (ESI): Calcd
for CooH sNO, (M+Na'): 324.0995, found: 324.0993.

OMe
A~ AL)
\N/
av

3ka-1

3ka-1: 154 mg, yield: 51%; yellow solid; m.p: 175-177 °C.

'H NMR (500 MHz, CDCl3): & 10.59 (d, J = 6.9 Hz, 1 H), 8.15 (d, J = 8.6 Hz, 1 H),
7.70-7.69 (m, 2 H), 7.58-7.46 (comp, 4 H), 7.42 (d, J=2.1 Hz, 1 H), 7.18 (td, /= 7.0
Hz, J=1.0Hz, 1 H),6.97 (dd, J=9.1 Hz, J=2.3 Hz, | H), 6.77 (d, J=9.1 Hz, 1 H),
3.92 (s, 3 H); "C NMR (125MHz, CDCl;): & 182.79, 155.14, 142.54, 134.03, 130.13,
129.33, 128.55, 128.18, 127.82, 124.34, 120.78, 120.56, 120.38, 118.05, 117.23,
114.00, 98.93, 55.56; IR (KBr): 1541, 1416, 1304, 1221, 1142, 702 cm™'; HRMS
(ESI): Calced for Co0H;sNO, (M+Na"): 324.0995, found: 324.1001.



~A 7

~ N “oMe

v

3ka-2

3ka-2: 30 mg, yield: 10%; yellow solid; m.p: 149-151 °C.

'"H NMR (500 MHz, CDCl3): & 10.26 (d, J = 6.9 Hz, 1 H), 8.20 (d, J = 8.6 Hz, 1 H),
7.77 (d, J = 8.0 Hz, 1 H), 7.66 (m, 2 H), 7.49-7.36 (comp, 4 H), 7.28-7.21 (m, 2 H),
6.73 (d, J = 7.5 Hz, 1 H), 3.23 (s, 3 H); °C NMR (125MHz, CDCl3): & 185.85,
151.55, 144.36, 133.22, 130.09, 128.65, 127.78, 127.25, 123.39, 123.02, 122.02,
120.98, 117.86, 117.67, 114.34, 111.76, 106.70, 54.39; IR (KBr): 1565, 1424, 1308,
1262, 1026, 752 cm'l; HRMS (ESI): Calcd for CyoH sNO, (M+Na'): 324.0995, found:
324.1000.

O OMe
= N

\N/
)

3la

3la: 157 mg, yield: 52%; yellow solid; m.p: 184-186 °C.

'H NMR (500 MHz, CDCl): 8-10.59 (d, J = 6.8 Hz, 1 H), 8.06 (d, J = 8.5 Hz, 1 H),
7.93 (d,J=8.9Hz 1 H), 7.68 (m, 2 H), 7.56 (comp, 3 H), 7.50 (t, /= 7.5 Hz, 1 H),
7.29 (t, J=6.8 Hz, 1 H), 6.85 (d, J = 8.9 Hz, 1 H), 6.04 (s, 1 H), 3.23 (s, 3 H); °C
NMR (125MHz, CDCl;): & 182.95, 160.07, 142.74, 135.22, 134.43, 129.83, 129.67,
128.63, 127.82, 125.77, 120.96, 117.16, 116.41, 114.85, 114.09, 113.95, 98.84, 54.73;
IR (KBr): 1635, 1544, 1487, 1266, 769, 702 cm™; HRMS (ESI): Calcd for CoH;5sNO,
(M+Na"): 324.0995, found: 324.1001.



e
= N=—

N/
)

3ma

3ma: 295 mg, yield: 85%; yellow solid; m.p: 181-183 °C.

'H NMR (500 MHz, CDCl3): & 10.67 (d, J = 6.8 Hz, 1 H), 8.25 (d, J = 8.5 Hz, 1 H),
8.18 (d, J=8.5Hz, 1 H), 7.75 (m, 2 H), 7.61-7.59 (comp, 4 H), 7.53 (d, J= 8.5 Hz, 1
H), 7.41-7.38 (m, 5 H), 7.33 m, 1 H), 7.03 (s, 1 H); "C NMR (125MHz, CDCl;): &
183.25, 142.66, 141.29, 140.79, 134.80, 133.08, 130.14, 129.53, 128.71, 128.63,
128.16, 127.38, 127.27, 125.41, 121.14, 120.12, 119.15, 118.36, 117.48, 117.26,
114.42; TR (KBr): 1545, 1460, 1436, 1320, 764, 698 ¢cm™; HRMS (ESI): Calcd for
C,sH17NO (M+Na"): 370.1202, found: 370.1208.

R
Z—

N/

b

3na

3na: 214 mg, yield: 75%; yellow solid; m.p: 183-185 °C.

'H NMR (500 MHz, CDCls): & 10.62 (d, J = 6.9 Hz, 1 H), 8.13 (d, J = 8.5 Hz, 1 H),
797 (d, J=8.9 Hz, 1 H), 7.71 (m, 2 H), 7.59-7.47 (comp, 4 H), 7.30 (td, /= 6.9 Hz, J
= 1.3 Hz, 1 H), 7.07 (d, J = 8.5 Hz, 1 H), 6.60 (s, 1 H), 2.29 (s, 3 H); °C NMR
(125MHz, CDCl;): 6 183.08, 142.63, 138.32, 135.03, 133.11, 130.08, 129.49, 128.51,
128.14, 125.30, 123.55, 119.44, 118.57, 118.28, 117.95, 116.91, 113.86, 22.54; IR
(KBr): 1545, 1436, 1312, 1121, 765, 702 cm™; HRMS (ESI): Calcd for CyH;sNO
(M+Na"): 308.1046, found: 308.1041.
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_ / NO,

s UN_/

av

3oa

3oa: 88 mg, yield: 28%; yellow solid; m.p: decomp.>250 °C.

'H NMR (500 MHz, CDCls): & 10.64 (d, J = 6.9 Hz, 1 H), 8.36 (d, J = 8.5 Hz, 1 H),
8.25(d,J=8.9Hz, 1 H),8.03(dd, /=89 Hz,J=19Hz 1 H), 7.82 (d, /=19 Hz, 1
H), 7.74-7.66 (comp, 4 H), 7.63-7.59 (m, 2 H), 7.54 (td, /= 6.9 Hz, J= 1.0 Hz, 1 H),
6.60 (s, 1 H), 2.29 (s, 3 H); °C NMR (125MHz, CDCL): 8 184.05, 147.58, 141.35,
133.55, 131.26, 130.74, 129.43, 128.90, 128.13, 125.90, 121.51, 120.89, 119.92,
118.32, 116.25, 115.22, 115.04; IR (KBr): 1573, 1436, 1295, 1250, 773, 706 cm;
HRMS (ESI): Calcd for C19H2N,0;3 (M+Na"): 339.0740, found: 339.0740.

3pa

3pa: 107 mg, yield: 36%; yellow solid; m.p: decomp.>250 °C.

'H NMR (500 MHz, CDCl;): 10.61 (d, J = 6.9 Hz, 1 H), 8.32 (d, J = 8.5 Hz, 1 H),
8.22 (d, J= 8.9 Hz, 1 H), 7.70-7.64 (comp, 4 H), 7.60-7.57 (m, 2 H), 7.52 (t, J = 6.9
Hz, 1 H), 7.40 (d, J = 8.5 Hz, 1 H), 7.32 (s, 1 H); >C NMR (125MHz, CDCL;): &
183.91, 141.52, 133.78, 131.19, 130.71, 129.34, 128.90, 128.06, 125.76, 125.14,
122.21, 120.92, 120.57, 119.77, 119.54, 118.05, 114.11, 111.19; IR (KBr): 2224, 1565,
1461, 1312, 1129, 773, 702 cm™; HRMS (ESI): Caled for CyH;;N,O (M+Na):
319.0842, found: 319.0847.



3qa

3qa: 156 mg, yield: 54%; yellow solid; m.p: 161-163 °C.

'H NMR (500 MHz, CDCl3): & 10.61 (d, J= 7.0 Hz, 1 H), 8.18 (d, J=8.5H z, 1 H),
8.07 (m, 1 H), 7.69-7.67 (m, 2 H), 7.61-7.55 (comp, 4 H), 7.39 (t, J = 6.9 Hz, 1 H),
6.99 (dt,J=8.8Hz J=2.0Hz | H), 6.42 (dd, J=11.2 Hz, J = 1.8 Hz, 1 H); °C
NMR (125MHz, CDCly): 6 183.44, 162.93 (d, Jcr = 244.9 Hz), 142.04, 134.73,
133.61 (d, Jc.r = 11.7 Hz), 130.45, 129.59, 128.73, 127.93, 125.87, 121.79 (d, Je.r =
10.8 Hz), 118.15, 116.90, 116.65, 114.24 (d, Jo.r = 5.3 Hz), 111.31 (d, Je.r = 26.5 Hz),
103.77 (d, Jer = 26.5 Hz); IR (KBr): 1548, 1436, 1308, 1175, 764, 706 cm™; HRMS
(ESI): Calcd for C19H;,FNO (M+Na+): 312.0795, found: 312.0799.

O
Za—

N/

A

3ra

3ra: 213 mg, yield: 68%; yellow solid; m.p: 239-241 °C.

'H NMR (500 MHz, CDCl3): -10.63 (d, J = 6.9 Hz, 1 H), 8.27 (d, J = 8.5 Hz, 1 H),
8.13 (d, J = 8.5 Hz, 1 H), 7.82 (dd, J = 85 Hz, J = 1.3 Hz, 1 H), 7.72 (m, 2 H),
7.64-7.58 (comp, 4 H), 7.45 (td, J= 7.0 Hz, J= 1.1 Hz, 1 H), 7.37 (s, 1 H), 2.29 (s, 3
H); "C NMR (125MHz, CDCls): & 198.23, 183.47, 142.30, 136.40, 134.11, 131.60,
130.45, 129.37, 128.67, 128.12, 125.52, 122.00, 121.56, 119.98, 119.52, 119.27,
118.01, 114.71, 26.16; IR (KBr): 1561, 1420, 1308, 1262, 1026, 748 cm™'; HRMS
(ESI): Calcd for C,H;5NO; (M+Na+): 336.0995, found: 336.1001.
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3sa: 160 mg, yield: 56%; yellow solid; m.p: 184-186 °C.

'H NMR (500 MHz, CDCl3): & 10.63 (d, J = 6.9 Hz, 1 H), 8.62 (d, /=84 H z, 1 H),
7.70 (m, 2 H), 7.58-7.51 (comp, 4 H), 7.36 (d, /=6.9 Hz, J=1.4 Hz, 1 H), 717 (t, J
=8.0 Hz, 1 H), 6.60 (d, J= 7.6 Hz, 1 H), 6.42 (d, J = 8.5 Hz, 1 H), 4.09 (s, 3 H); °C
NMR (125MHz, CDCl;): 6 183.52, 155.95, 142.64, 134.44, 134.40, 130.05, 129.00,
128.79, 128.50, 128.14, 125.54, 120.74, 117.65, 114.37, 111.52, 110.77, 100.19, 55.39;
IR (KBr): 1548, 1424, 1308, 1241, 976, 785, 752, 711 cm™; HRMS (ESI): Calcd for
C20H sNO (M+Na"): 308.1046, found: 308.1042.

N
or

oY

3ta
3ta: 238 mg, yield: 74%; yellow solid; m.p: 209-211 °C.

'H NMR (500 MHz, CDCl;): 8 10.55 (d, J = 6.9 Hz, 1 H), 8.67 (d, /= 8.9 Hz , 1 H),
8.64(d,J=85Hz,1H),787(d,J=7.9Hz 1H),7.76 (m, 2 H), 7.71 (t, /= 7.9 Hz,
1 H), 7.63-7.50 (comp, 6 H), 7.31 (t,J = 6.9 Hz, 1 H), 6.92 (d, J = 9.1 Hz, 1 H); °C
NMR (125MHz, CDCl;): 6 184.74, 142.30, 134.43, 131.75, 130.77, 130.16, 129.35,
129.30, 129.16, 128.67, 128.61, 128.48, 127.57, 125.46, 124.29, 122.48, 119.42,
119.03, 116.12, 115.49, 112.71; IR (KBr): 1585, 1392, 1217, 1138, 818, 744 cm™;
HRMS (ESI): Caled for Co3H ;sNO (M+Na'): 344.1046, found: 344.1047.



3ua

3ua: 249 mg, yield: 71%; yellow solid; m.p: 192-194 °C.

'"H NMR (500 MHz, CDCl3): & 8.17 (d, J = 8.6 Hz, 1 H), 8.01 (m, 2 H), 7.94-7.91 (m,
2 H), 7.85 (d, J= 7.8 Hz, 1 H), 7.70 (d, J = 8.9 Hz, 1 H), 7.62-7.54 (comp, 4 H), 7.49
(t, J=7.2 Hz, 1 H), 6.87 (d, J= 8.9 Hz, 1 H), 6.42 (s, 1 H), 3.56 (s, 3 H); *C NMR
(125MHz, CDCls): & 184.17, 159.92, 141.24, 135.46, 133.65, 133.07, 131.84, 129.61,
128.70, 128.65, 128.36, 126.16, 126.06, 125.37, 122.04, 121.01, 118.35, 115.58,
115.43, 115.01, 97.65, 54.78; IR (KBr): 1590, 1349, 1221, 802 cm™'; HRMS (ESI):
Caled for Co4H7NO, (M+Na"): 37411151, found: 374.1155.

3ac

3ac: 190 mg, yield: 63%; yellow solid; m.p: 105-106 °C.

'H NMR (500 MHz, CDCLs): & 10.66 (d, J = 7.0 Hz, 1 H), 8.25 (d, J = 8.4 Hz , 1 H),
8.13 (d, J=8.0 Hz, 1 H), 7.57 (t,J=7.4 Hz, 1 H), 7.45 (t,J= 7.8 Hz, 1 H), 7.41 (td, J
=7.0 Hz, J = 1.4 Hz, 1 H), 7.30-7.25 (comp, 4 H), 7.13 (dd, J= 8.0 Hz, J = 2.5 Hz, |
H), 6.93 (d, J = 8.5 Hz, 1 H) 3.87 (s, 3 H); >C NMR (125MHz, CDCl;): & 182.87,
159.82, 143.86, 134.98, 132.56, 129.67, 129.47, 128.29, 12531, 121.36, 120.55,
119.99; 119.69, 119.36, 118.45, 117.24, 116.55, 114.05, 112.70, 55.43; IR (KBr):
1565, 1548, 1436, 1324, 1246, 1204, 760, 715 cm™; HRMS (ESI): Calcd for
CaoH1sNO, (M+Na™"): 324.0995, found: 324.0997.



3ad

3ad: 154 mg, yield: 51%; yellow solid; m.p: 120-122 °C.

'H NMR (500 MHz, CDCls): 5 10.54 (d, J = 7.0 Hz, 1 H), 8.24 (d, J=8.4 Hz , 1 H),
8.13(d,J=7.9 Hz, 1 H), 7.73 (d, J=8.5 Hz, 1 H), 7.52 (t, J = 7.6 Hz, 1 H), 7.38-7.25
(comp, 4 H), 7.11 (d, J = 8.5 Hz, 1 H), 7.05 (m, 2 H), 3.95 (s, 3 H); °C NMR
(125MHz, CDCls): 8 182.97, 161.58, 134.87, 134.41, 132.28,130.50, 130.05, 129.08,
127.96, 124.55, 121.08, 119.67, 119.36, 118.14, 117.25, 114.32, 113.75, 55.41 ; IR
(KBr): 1606, 1436, 1329, 1266, 1100, 1022, 806 cm™; HRMS (ESI): Calcd for
CaoHsNO, (M+Na™): 324.0995, found: 324.1001.

3ae

3ae: 194 mg, yield: 68%; yellow solid; m.p: 127-129 °C.

'H NMR (500 MHz, CDCl:): 5 10.61 (d, J = 7.0 Hz, 1 H), 8.25 (d, /= 8.5 Hz , 1 H),
8.13 (d, J=7.7Hz, 1 H), 7.63 (m, 2 H), 7.55 (t, J= 7.6 Hz, 1 H), 7.39 (t, /= 6.7 Hz, 1
H), 7.35-7.25 (comp, 4 H), 7.00 (d, J = 8.5 Hz, 1 H), 2.51 (s, 3 H); “C NMR
(125MHz, CDCls): 5 183.51, 140.47, 139.67, 134.61, 132.43, 129.28, 129.16, 128.38,
128.03, 124.85, 121.16, 119.80, 119.65, 119.39, 118.27, 117.22, 114.30, 21.60; IR
(KBr): 1544, 1436, 1324, 1300, 943, 756 cm™; HRMS (ESI): Calcd for CyH;sNO
(M+Na"): 308.1046, found: 308.1043.
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3af

3af: 159 mg, yield: 47%; yellow solid; m.p: 140-142 °C.

'H NMR (500 MHz, CDCl;): § 10.69 (d, J = 6.8 Hz, 1 H), 8.28 (d, /= 8.4 Hz , 1 H),
8.15 (m, 1 H), 7.82 (br, 4 H), 7.63 (t, J = 8.0 Hz, 1 H), 7.45 (t, J = 7.1 Hz, 1 H),
7.34-7.27 (m, 2 H), 6.79 (d, J = 8.4 Hz, 1 H); *C NMR (125MHz, CDCl;): & 181.08,
145.89, 135.51, 133.74, 132.47, 131.87 (q, Jc.r = 32.5 Hz), 129.70, 128.72, 128.46,
126.10, 125.68 (q, Jc.r = 3.8 Hz), 124.17 (q, Jc.r = 274.1 Hz), 121.68, 120.29, 119.95,
118.79, 117.30, 113.86; IR (KBr): 1548, 1432, 1320, 1241, 1163, 1121, 843, 769, 752
cm™; HRMS (ESI): Caled for CoH2F3NO (M+Na"): 362.0763, found: 362.0758.

3ag

3ag: 75 mg, yield: 26%; yellow solid; m.p: 154-156 °C.

'H NMR (500 MHz, CDCl;): 5 10.60 (d, J = 7.0 Hz, 1 H), 8.23 (d, /= 8.4 Hz , 1 H),
8.13 (d, J= 8.0 Hz, 1 H), 7.75-7.72 (m, 2 H), 7.57-7.54 (m, 1 H), 7.39 (td, J = 7.1 Hz,
J = 1.2 Hz, 1 H), 7.33-7.21 (comp, 4 H), 6.94 (d, J = 8.4 Hz, 1 H); “C NMR
(125MHz, CDCL): & 181.64, 164.13 (d, Je.r = 250.2 Hz), 138.62 (d, Jo.r = 3.4 Hz),
134.97, 13243, 130.54 (d, Jc.r = 8.2 Hz), 129.36, 128.33, 125.33, 121.38, 119.98,
119.82,119.02, 118.46, 117.26, 115.57 (d, Jc.r = 21.4 Hz), 114.04; IR (KBr): 1598,
1565, 1432, 1324, 1291, 1212, 1121, 769, 719, 603 cm™; HRMS (ESI): Calcd for
C19H,FNO (M+Na"): 312.0795, found: 312.0794.
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3ah: 98 mg, yield: 39%; yellow solid; m.p: 124-126 °C.

'H NMR (500 MHz, CDCLs): § 10.74 (d, J = 7.0 Hz, 1 H), 8.22-8.18 (m, 2 H), 8.03 (d,
J=85Hz, 1 H),7.64 (t,J=28.0Hz 1 H), 748 (t, J = 8.0 Hz, 1 H), 7.36-7.31 (m, 2
H), 3.17 (t, /= 7.6 Hz, 2 H), 1.92 (m, 2 H), 1.58 (m, 2 H), 1.05 (t, J= 7.3 Hz, 3 H);
PC NMR (125MHz, CDCly): & 187.69, 133.82, 130.90, 129.29, 128.79, 124.22,
120.73, 120.21, 119.82, 118.99, 118.28, 116.96, 114.37, 41.63, 27.22, 22.89, 14.10; IR
(KBr): 2958, 1582, 1432, 1250, 1167, 1084, 968, 756, 715 cm™; HRMS (ESI):
Calcd for C17H;7NO (M+Na"): 274.1202, found: 274.1201.

S-21



VI. Copies of 'H and *C NMR spectra:

o D e e @ =
Mo DS e S o m OH
A TN O m o w0
et ol s ol Y o ™

T
8.0 75 70 65 6.0 5.5 5.0 4.5 4.0 3.5 30 25 20 15 1.0 0.5 0.0 ppm

]
@ =) )_nk =
2 |=_ ] S
o Gl =l "
o = w
N & 1 - =] 0
i S e @ OH
o7 e fag Wil . . e e . .
W [os B asl ”m [l = uy 1
- i o WEF-- w0 )
F

T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 7 60 50 40 30 20 10 0 ppm

S-22



o

B S AN O SN 00O

[Xejte) M A O A~ s OV~ [~ UM O
. e I e e T = BT BT T e RN R o)

= = OO0 00 00 [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ O @0

<

=SS & =

N7
av
3aa
/ o 1
T T T T T T T i T T T 1
1 10 9 8 7 6 5 4 3 2 1 ppm
3 BEEERe
(=] [=10=28 b d Lol fa'] 18 o
o L= o B Y o 0 B - L e O g I Y- -
o4 uy o 1Ted =0 U e DAY [l e B
- o i o o
3 il s igin .
~A )
N Y
‘av
3aa

T T T T T T T T T T T T T T

1} I I I
200 1920 180 170 180 150 140 130 120 110 100 9 B0 70 60 50 40 30 20 10 0 ppm

S-23



Me
B f
T T T T T T T T T T T T T
13 12 11 10 9 B ] 5 4 3 2 1 0 ppm
S JL LRI J
&) R g
Il ] ol bl I R o
- - = TI\]I\’\!:"I(I"I"]J"\L’IL"‘(I.I“I‘N
L=} = uy =] (=] LA R e W Lo N o
" mmnhh..:mmdm oS %
© = ool o e ey e o
~A )
s Nt/
Me
‘av
3ba
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 O ppm

S-24



8200—

¢ —

ppm

12 11

13

N\

|

=1
=3

—=leils e e

L |
e e
¥

’f

L
SR

&l

o
{=}
=

OEg8e—

6191
800°24
29241
S68 18—

BBETLI
252911
LLOB)
V2B
FES 61
01661}
8LE'0T)
89E' 12—
LB5 LB~

vm_.ww_\\
mcmmw_..\
IS008}

28 _m_\

<6 2E|
S09°2E|

6arTrl
nmcnm_\

a6 TEI —

ppm

180 160 140 120 100 80 60 40 20

200

S-25



ol BB R
el

ol e -
oo

= /
Vs
E0,c° >N
av
3da
T T T T T | | T T T T T T T T
13 12 1 10 7 6 5 4 3 2 1 0 ppm
A @ P
SeBRERE 2
= =1 3] i
m i)
[=] =] o D ls o o
. . m o o o m
& ) e - =
=l .|I I‘q/l;— 0o .|I
~A )
Vi
E1O.C i
av
3da
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 ppm

S-26



-

-
= om
(=N =]
- -

V

oD T T W

"o e

R el = e Ry

4 O

oo
= 1N

L Ty e B e V= e
"D S D
0 B T T o I

=]

| o

T T T T T T T T s T T T T T
13 12 11 10 9 8 7 [ 5 4 3 2 1 0 ppm
L | Wit
J ) el
= - oiledfl=r] [~
o o e e AR - - g B T e ]
H o Aol O Y. °. o b F
- s ] @ dfume D o oo i O
w0 w3 =y Ll B o B o R o T I R B S R = WO
i - ol b ol el e el e e i o e
NT=\\Ve=— s N-7
‘av
3ea
-L Lu-dnulr-.,.‘ ey s -
4 T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm

S-27



e 3 Me
Mo 7 / OMe
[ I Y
‘a
3fa
J J _._Jn._.;__a e i N A
T T T T T T T T T S TS adh] T v M T T
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
I\ ¥ L L ) I n
g BEkEEY @ g @
': A0 & al ~
b ™o = =1
@ e < X
Me
Oy
T s
s N
av
3fa

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 S50 40 30 20 10 O

S-28

T T T
ppm



v

3ga

E
P a
e 2
BEQT 0— = O
- O
d 67 1T— =
= N/
BRCTT— — =E0E m
- ™
< =I0E
L pE—
-
- w0 SLYGL
o0 Fv
9z LL
— Fwe<nt
=01
R —
=X}
/B0'E
S
e
o 20
T
-,
- =2
=
~H01 P 09T—
[ -
=
OI"78T —
© [ o o
g ~
(3]
L™
i
@O
=

0

110 1
S-29

T

120

I I T T
180 170 160 150 140 130

200 190

~ ]



ppm

1]

10

&
= o
>
768
- o™
LG — =Z0E
= o
GLFTE— < =10°E
L pE—
—
- =
EFRE- T
F o S.CW.
LE LL
— f[e=hnl
~ o
Im I8°65T
et =00'L
-
r
69 Z81—
[ ™
.
L
2]
@
=

S-30

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

5 / OlMe
= N
3ha

Me



~ =

il

tecgs

Linat o

=

gl

Pt

==

= - r-r-r-r-r-r-r-r-\D'-O

T T T T T T T g T | T
13 12 11 10 9 8 7 6 5 4 | 1 0 ppm
) N, I v N
[n:l =) ) e T ] =
S =f EEEE c!lc_ 12l
- il NI | ==l = L
” (T e B e R e R R I R R e R e )
iun v W OOl il - 0o e o =] (=]
I 0 oo O oo oo SR~ = A i b MeO
E u.-—:.nw‘qwmwwwm....an‘ @ N
- PR g | R S - 75
NS AL a4 A )
S
‘av
3ja
T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S-31



l26E
09L'9

#56'9
B.6'9

3ka-1

ppm

=

=.B.06

|

1
e
E]

)L )
cldE
la|slE

)!/

8

)
)
r2

\S0'2

=601

W

L5565 —

¥el 9l
W0 LL
BSELL

HE6 86~
LE6ELL

R AN
ES0°8 L
B6LE0TL
655°0€1 V

08L0Z1
EPEVEL —

528421
181824
Sv592l
£EE'62L \v
£EL0EL
SEDFEL \.
LE5TPL

EFLSSL—

L8Le8l—

OMe
A )
Vs

¢

=

N

=

O

3ka-1

~ Dl

ppm

20

40

T T T T T T
180 160 140 120 100 80

T
200

S-32



EE
o
Q
— o
2
ol
e =)
, T 9 4
= S X —
h o @ 3
> )
W o
o
=E0E
- YEE G —
<
92.°91
Yo'ZL
oo 19E° L2
Pe 102901
L
T LEPLL
e =l [ A
A ) maa__yf
e £8602+
mmw L wENN_UV
—_— T SI0ETH
Eih e PBEEEL
—_ =00’k LVELEL
S8LL2H
25982k
Bt 060'08+
£2ZEEL
mﬁev_\\
£55'1GH—"
A |
b o —
—_— ={D00'L
-
-
£58'58 —
o
]
E o
i

ppm

OMe
9

o~

o]
3ka-2
20

Qo

(

40

80

100 80

S-33

120

180 160 140

200




L

o @ ST D D e O D e WD D AD 8D e Y
i [ o B T B e o e S M T
< . Lo e R R T BT T B L O o B -
oo

| LB ool ol ol ol ol sl ol ol R R Vo

Y, s

N

3.481

L_..L._.._ I

T T T T T T T B
13 12 11 10 ) 6 5

g SekkEEE  q

n el M R Sl B Wl = = YRR R s |
m =] [t B = == R = R e B =]
.............. " "o |
“ =] I R B T e b SR “ ng
4] e T R e = 0
| | eI I I T

v
!
-

1 0 ppm

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

S-34

20 10 0 ppm



0 ppm

ZEQT O— r
=
o
L, 0
BO% T— =
\
v =
N/
=M
e

L s 0ESL
mo.p_rv
TELL
e 25 P17
87 (1T
BF T bLT
LU 3ETBIT
1?|L_.__._.m_..._— ST 6TE
M s Z1°0LT
%% P32 T
E 15621
- Lz R._/
nﬁ BE R._y.
it 97 BEd
£9 " BET
Jebes: 1L BE0
EST6ET
BTTDET
BOCEET
2 DETFET
GLTDFT
299701 e G627 TBT
7RI 0T = 99" ZH 1
[
=

b
3ma

3ma

— |

v

20 110
S-35

120

130

T
140

150

T T
180 170 160

180

200




e Oy Ty
I moe

TR T BT - B A

=

—2 202

3na

1
T T T T T
5 4 3 0 ppm
I,
(=]
=]
==
o0 =D
= e = 1
s o
= o
T T T T T T

T T
200 190 180 170 160 150



ppm

28992
000 RW
JICom

cr0'SLE
SLESLE
£S5k

2ceall

mfm.m_._../
mwm.om_./.
PISIEL—=

BEESE |~
(A

c06'8S
BeP6S L
GEL0E L
S5¢°LEL
ES5EEL
ZEEIFL \-
BISIFL

2508 —

ppm

180 160 140 120 100 80 60 40 20

200

S-37



2

ALY
1673] ]
D oo feo | ca
lols

(o

-

i

A

2=

SICA 1 =1
= e

)

b
e
=

LGL'9L
S00°LL
852" LL

981111
0L FL
Sr0'8L
EPS6L
89,611
515021
Z26'02)
508 ge1 —=
b1 52—
£91621 7
£90'821
168'82)
o 62l

ELL0EL
261 LEL
EBLECL
GISI¥L

EI6'E8I —

ppm

180 160 140 120 100 80 60 40 20

200

S-38



089" I

0w

W

Lol el ool e A ol o ol o ol R V= T

P - el

‘M

|

|

0 ppm

PE"

A

10 0 ppm

60 50 40 30 20

70

80

190 180 170 160 150 140 130 120 110 100 90

200

S-39



S] R COM AU @ =-mm O 00memmm e O ar ey oo [ +]
WO HWLT TN NONAONS TN SO W00 S e W o
* CIC el =l =l e PO M- MWD WWWOW W T T T Mo ™~
T e e e A ™
I I I II
T T T T T T T T b T T T ! T
13 12 11 10 ) 8 T 6 5 4 3 1 0 ppm
I, A N —_ il
e =il g
- P e e I i 3
™ ™ e =l s B e e R B
o~ T M= e WD ST MM e Y U o S [l ] w
: ; S o Sl ey Mo -t
m m O WO e 3O B0 D U e O OO T . .
o @ R I o R R R R = e ] =~ w0 w
4 - e B B B R R I B R e I I A ] 4 - ™
(O
e
s N7
av
3ra
T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S-40



SR M O e @m0 e O S e e U S 0D e Me
DO Med QN H-OW S e -0 s oM u O me e O
B T« e Ve Ve P R T Y N I I T T T N o B A B R [Ea T N e
e T Tt T et D e P B ool el = T e S e B
oo ML S R sl ol o e s sl e ol e o el el 8 el sl e B T 5 28 -
e e = "
s N
av
3sa
T T T : T T ' T T T i ) T T T T ]
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
.y i YyL Y A
o[RS ER g
) - L L e B B L led

™ W} T TONOOOT SN oS

i O WS TOOR WA NS o o
PO e A . N . . O i

™ N NTToO@Eeonor-T oo - .

o I R R s R R A R A e = -~ w iy

pl e e R R R R e R I R e e =0 iy

y
/
%
\
-

1 1 1 I I I I I I I

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

S-41



pem

M
S
= ey

1= =15

I lesi

1
6]
- c’

o

E
]

i

o ey
S| [

OFL94
B50°LL
SIELL

ELLTHE
BEF'SHL
cch' 9kl
LED 61
BIFGLE
BiF 221
BET ¥EL
96 521
L9521
SiF 821
FLI 821
199°821
L5162k
L6262k
58621
£9L°0EL
0LL0EL
ESLLEL
geF FEL
L0E'ert

===

LRl —

ppm

20

40

T T T T T T
180 160 140 120 100 80

T
200

S-42



oo

o = O -

i R
L R o]
Uy U

L T B T B e Y= S s
o~ o .

Q OMe
o T

3ua

T T T T | T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
= '\ = i, Ik N
[=] e ) 2] ﬁ'{—l — fem
alslalalalslsls |2 =]
rlelleil= =l l=1=1 1= s
I~ Eo B =T O o = D0 W0 W0 DTS e - 1 0 )
= O =7 W0 O W0 A0 a e O D s Oy =3O 0
2 5 u 5 o oo - = OMe
Ohopel W3 000 et 00 0080 00 WD W U =l N i w .
m T T L B I o T B T N R B T o ] ol L e
et e e - e et i Q¥ g S =i - i

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

S-43



\\I

| L L.. I al Al 1!
T T T T T T T T T T T T T T
13 12 1 10 9 8 7 6 5 4 3 2 1 ppm
; shmgdsi :
< 22222 (2(=2=] =
- Lt b Rl bt Lo B L e
- o W - P el WO U D ) s U U D
w0 LT TR R I e e - i Ty R ol m
o O M T OO @ O @ e e m oA e 2
@ I B B B R e R [ ~ @ y
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S-44



- -
= o
It

oD o ] O

. 946

—3

T T T T T T T T T T T T T T
13 12 1 10 9 8 7 6 5 4 3 = 1 0 ppm
= ,mI:n nmméull?i' ‘In‘
[c_ EEEEEER |~=:
b= = | =i = | =i =
2l oo - QW QD - D= U O
o uy @ oy QSO WO RS = —~
; ! ¢ = ohin o S = o ,r
L] - s OO OO D =) . P .
i Sisgeasiicsacdd Gy T A )
- =i IBERNY° N BhBhpaROGEREEE - i
L ==l = N SN
o O OMe
3ad
NSO RO ; E—— ) pr— , : : RTSTS ; ; ; ;
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

S-45



S

g

1

12

13

g ie—

289'8.
666'9L
9le’LL

LOE'F L

EeS L
998 EL
98EGLL
BFOBLL

c0B6L1
oaLiel —
BPEPEL —

FEDBEL
9LE'82) w
L5162
BLEBEL
LEFZEL
BOOFEL

GI9BEL
2L OFL

ZISERL —

ppm

40 20

60

100 80

S-46

120

180 160 140

200




Moo oo
oo o
L R

304

R
Qoo s

P - - - e e e - [l [l = T

5
i
=

| I e

T T T T T T T

9 8 7
ALy }
desideie
= l=|ml=lle ol

) MM MAONY DT oeo@E oo o
5] &N o T S = R - - = A R
¥ P P ARSheEeraat  bEeely ™ o
l 0 ey | o N 1 A O O g o
-] e R e R B o N s e R N ] - ol
| R R o R I R R T nlly

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

©
@
N
B4
@ ]
&
8
3
=
o
b
3

S-47



I

3ag

9

|

Slolalalalals

—l=lei

L

s

pLr9L
SERW.
ZeeLL

9507k L
BBF'SL)
BS9'GLL
29T UL
658}
BLOB
02864 4
EBB'BL L
g —"_
ZEESEL—_

HEEHEL
95E62 ) Vi
S0508 L
LIS OEL
Ser el
596°7E |
109°9€1L
FEITE L
090691 —
9r05aL—

FaE gL —

ppm

40 20

60

80

100

S-48

120

180 160 140

200




i ]
P m
o

T T T T T T T T T T T T T T
13 12 k! 10 9 8 T 6 5 4 3 2 1 0 ppm
o 4|k}dlann ) =] @
=1 |c=]|cqc |=| |c|c oy
-=| P = L il il en
o ™NDO DN M - N O -
w LR o I o B - - - O o B o - o a4 ™ o (=1
. s s w e & s R . s Lol =¥ =} w o m -,
- MO o m s OO0 o O e . . . .
4] LAt o B B B I e ] = =0 - - ™ =
=l P B P U R R S R B e = o™ ™ -
= =
s N-7
[e]
3ah
T T T T T T T T T T T T T T T T

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

S-49



VII Crystallographic ORTEP drawing for compound 3ma

Figure 1. X-ray crystallographic ORTEP drawing of compound 3ma.
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