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1. General Conditions.

All reagents were purchased from commercial sources and used without further purification. 'H
NMR, BC NMR spectra were recorded on a Bruker Ascend™ 400 or Bruker Ascend™ 500
spectrometer in deuterated solvents containing TMS as an internal reference standard. All high-
resolution mass spectra (HRMS) were measured on a mass spectrometer by using electrospray
ionization orthogonal acceleration time-of-flight (ESI-OA-TOF), and the purity of all samples
used for HRMS (>95%) was confirmed by 'H NMR and '3C NMR spectroscopic analysis. Melting
points were measured on a melting point apparatus equipped with a thermometer and were
uncorrected. All the reactions were monitored by thin-layer chromatography (TLC) using GF254
silica gel-coated TLC plates. Purification by flash column chromatography was performed over

Si0, (silica gel 200—300 mesh).
2. Typical Experimental Procedures.

Preparation of material 1.
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2.1 The general procedure for the synthesis of 1.
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la, 1b, 1l¢, 1d, 1i, 1j, 1k, 11, 1m, 1q, 1r, 1s were prepared from (2-aminophenyl)
(phenyl)methanone S1.
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le, 1f, 1g, 1h, 1n, 1o, 1p, 1t, 1u, 1v were prepared from 2-aminobenzonitrile.

General Procedure for the synthesis of S1.

To a round-bottomed flask charged with 2-aminobenzonitrile (10 mmol, 1.0 equiv.) in dry THF
(20 mL), arylmagnesium bromide (30 mmol, 3.0 equiv., 2.8 M in THF) was added dropwise via
syringe at 0 °C in a nitrogen atmosphere. The reaction mixture was heated in oil bath at 65 °C for
4 h. Upon the reaction completed, the suspension was cooled to 0 °C, the reaction mixture was
quenched by 3 M HCI, extracted with EtOAc (3%x40 mL). The separated organic layer was washed
with brine, dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (eluent: petroleum ether/EtOAc = 100:1) to afford
S1.



General Procedure for the synthesis of S2.

To a round-bottom flask, tetrahydrofuran (20 mL) solution containing Ph;PMeBr (10.0 mmol, 1.5
equiv.) and potassium terz-butanol (7.5 mmol, 1.5 equiv.) were added in batches at 0 °C in a air
atmosphere. Half an hour later, S1 (5.0 mmol, 1.0 equiv.) was added dropwise at 0 °C. The
reaction mixture was warmed to room temperature and stirred for 4 h. Upon the reaction
completed, the desired product S2 was purified on silica gel column by flash column

chromatography (eluent: petroleum ether/EtOAc = 100:1).

General Procedure for the synthesis of S3.

To a round-bottomed flask charged with dichloromethane (15 mL) solution dissolved with TsCl
(2.4 mmol, 1.2 equiv.), S2 (2.0 mmol, 1.0 equiv.) was added, and then pyridine (3.0 mmol, 1.5
equiv.) was dropped at 0 °C. The reaction mixture was warmed to room temperature and stirred
for 12 h. Upon the reaction completed, the reaction mixture was extracted with EtOAc (3%15 mL).
The separated organic layer was washed with brine, dried over anhydrous Na,SO,, filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (eluent:

petroleum ether/EtOAc = 100:1) to afford S3.

General Procedure for the synthesis of 1.

To a round bottom flask containing potassium carbonate (2.4 mmol, 2.0 equiv.), 4-Bromo-1-
butene (2.4 mmol, 2.0 equiv.), S3 (1.2 mmol, 1.0 equiv) and acetonitrile (10 mL) were added. The
reaction mixture was stirred in oil bath at 80 °C for 4 h. Upon the reaction completed, the reaction
mixture was concentrated in vacuo. The residue was purified by silica gel column chromatography

(eluent: petroleum ether/EtOAc = 100:1) to afford 1.

2.2 The general procedure for the synthesis of 3.
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Dienes 1 (0.30 mmol), selenosulfonates 2 (0.39 mmol) and DCE (3 mL) were placed in a 10 mL
glass tube. The resulting mixture was allowed to stir at room temperature under 3 W blue LEDs
irradiation for 12 hours under air and then monitored by TLC. After the completion of the reaction,
the mixture was quenched by NaHCO; (sat. aq. 15 mL) and extracted with DCM (5 mLx3). Then
the organic solvent was concentrated in vacuo. The residue was purified by flash column
chromatography with ethyl acetate and petroleum ether as eluent (6:1)) to give 8-exo cyclization

products 3.



2.3 The gram-scale synthesis of compound 3aa.

Ph
+ PhSO,-SePh Blue LEDs (30 W) SO,Ph
N DCE, rt, air
I N
T h
1a (6.6 mmol) 2e 3aa, 89% (3.19g)

1a (6.6 mmol, 2.66 g), 2e (8.58 mmol, 2.55 g) and DCE (10 mL) were placed in a 15 mL glass
tube. The resulting mixture was allowed to stir at room temperature under 30 W blue LEDs
irradiation for 14 hours under air and then monitored by TLC. After the completion of the reaction,
the mixture was quenched by NaHCO; (sat. aq. 150 mL) and extracted with DCM (50 mLx3).
Then the organic solvent was concentrated in vacuo. The residue was purified by flash column

chromatography with ethyl acetate and petroleum ether as eluent to give 3aa (3.19 g, 89%).

2.4 General procedure for the synthesis of 4.

Ph Ph
Ny, 0°C, 24 h
N N
Ts H
3aa 4

To a 10 mL dry Schlenk tube equipped with a magnetic stir bar, 3aa (0.3 mmol, 162.9 mg),
TMSCI (1.5mmol, 162.9mg), Mg (0.9 mmol, 27.3 mg) and DMF (dry, 3 mL) were added. The
tube was sealed and the reaction mixture was stirred at 0°C for 24 h under N,. Upon the reaction
completed, H,O was added to mixture and extracted with ethyl acetate. The combined organic
layer was dried (anhydrous Na,SQO,), filtered, and evaporated followed by a silica gel column
chromatography (petroleum ether/ethyl acetate = 10: 3) to afford desired product 4 (95.8 mg,
82%).

2.5 General procedure for the synthesis of S.

Ph ph O
SO,Ph m-CPBA, DCM(dry) - SO,Ph
rt, 12 h
N )
Ts Ts
3aa, 0.3 mmol 5

To a 10 mL dry thick walled tube equipped with a magnetic stir bar, 3aa (0.3 mmol, 162.9 mg)
and DCM (dry, 1.5 mL) were added. Then, the m-CPBA (0.45 mmol, 77.6 mg) was dissolved in

1.5 mL of DCM (dry) was added. The tube was sealed and the reaction mixture was stirred at rt
5



for 12 h under N,. Upon the reaction completed, the mixture was concentrated under reduced
pressure. The resulting crude residue was purified via flash column chromatography (petroleum

ether/ethyl acetate = 10:3) on silica gel to afford the desired product 5 (119.2 mg, 71%).

3. Control Experiments.

3.1 Control experiment in the presence of TEMPO.

Ph
Ph Blue LEDs (3 W) — -
TEMPO (2.0 equiv )
X + TsSePh
N N o€ DCE, air, t N
Ts I
Ts
1a 2a 3a, 0%

1a (0.20 mmol, 80.63 mg), TsSePh 2a (0.26 mmol, 81.11 mg), TEMPO (0.40 mmol, 62.50 mg)
and DCE (3mL) were placed in a 10 mL glass tube. The resulting mixture was allowed to stir at
room temperature under 3 W blue LEDs irradiation for 12 hours and then monitored by TLC. No

desired product 3a was detected.

3.2 Control experiment in the presence of BHT.

Blue LEDs (3 W)

Ph i
BHT (2.0 equiv )
+ TsSePh + 3a, 43%
N DCE, air, rt ! °
I ~
Ts Ts
1a 2a

detected bysHRMS analysis

1a (0.20 mmol, 80.63 mg), TsSePh 2a (0.26 mmol, 81.11 mg), BHT (0.40 mmol, 62.50 mg) and
DCE (3mL) were placed in a 10 mL glass tube. The resulting mixture was allowed to stir at room
temperature under 3 W blue LEDs irradiation for 8 hours and then monitored by TLC. We
successfully detected the adduct 6 by HRMS analysis. The residue was purified by column
chromatography to give the corresponding product 3a in 43% yield.

HRMS (ESI) calcd for adduct 6 C,,H30NaO;S [M+Na]*: 397.1808, found: 397.1808.



RC4 #842-1422 RT: 439-7.45 AV:581 NL:1.12E5
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3.3 Control experiment in the presence of 1,1-Diphenylethylene.

Ph

+ TsSePh

N/\/\
|
Ts

1a

108.2 mg) and DCE (3 mL) were placed in a 10 mL glass tube. The resulting mixture was allowed
to stir at room temperature under 3 W blue LEDs irradiation for 12 hours and then monitored by

TLC. We successfully detected the desired 7 and 8 by HRMS analysis. The residue was purified

Blue LEDs (3 W)
1,1-Diphenylethylene (2.0 equiv

DCE, air, rt \

2a

3b,23% 7

detected by HRMS analysis
1a (0.20 mmol, 80.63 mg), TsSePh 2a (0.26 mmol, 81.11 mg), 1,1-diphenylethylene (0.40 mmol,

by column chromatography to give the corresponding product 3a in 23% yield.
HRMS (ESI) calcd for C,;H;gNaO,S [M+Na]*: 357.0920, found: 357.0912.
HRMS (ESI) calcd for CyoHgNaSe [M+Na]*: 359.0309, found: 359.0300.

Ts
) l N
Ph” “Ph

PhSej\
|
Ph Ph

8



RC7 #843 RT: 4.62 AV:1 SB: 84 4.19-4.42, 5.04-525 NL: 1.98E8
T: FTMS + ¢ ESI Full ms [75.0000-1000.0000]

130
120
1103
1003 357.00119

90% Ts

Boé ]\ + Na* \

Ph Ph

o =l
[ =T =1

Relative Abundance
o
(=]

335.10941

(]
L]

B
=1
T Dvnns Poonn oo Boneg Donn Dyl

358.09454

-
[ = =

336.11283 352.13608 359.08704
334.10095 11 342.06622 346.56772 | ]j 366.15076
T T T T LIS S I LB SN N F BN N R R R R S M R R L LI B L
335 340 345 350 355 360 365
miz

(=

"

[
[#]
[=]

RC7 #575 RT:3.16 AV:1 NL:327E4
T: FTMS + ¢ ESI Full ms [75.0000-1000.0000]

1005

359.21677

955
907

El 358.90845
854 359.20441

807
75 PhSe

El +
709 / ]\ + Na
o] Ph” “Ph

60 35923178
551 359.03003
505
3 359.18161
459 358.96756

Relative Abundance

407
] 358.86368

359

303

259

T T T T T T o T T T e T
358.75 358.80 358.85 358.90 358.95 359.00 359.05 359.10 359.15 359.20 359.25 359.30
miz

4. Effect of Visible Light Irradiation Experimental procedure.
In 10 mL glass tube equipped with a magnetic stir bar, 1a (0.20 mmol), 2a (0.26 mmol) and

benzotrifluoride (0.20 mmol, as the internal standard) were added in DCE (2.0 mL). Then the
mixture was stirred and irradiated by two 3 W blue LEDs at room temperature. After 1.0 h, the
blue LEDs were turned off, and the glass tube was taken from the irradiation device and 0.2 ml of
the mixture was taken out for analysis. The remaining mixture was stirred in the absence of light
for an additional 1.0 h. Then, the glass tube was taken from the irradiation device and 0.2 mL of
the mixture was taken out for analysis, and the blue LEDs were turned back on to irradiate the
residual mixture. After an additional 1.0 h of irradiation, the blue LEDs were turned off, and the

8



glass tube was taken from the irradiation device and 0.2 ml of the mixture was taken out for
analysis. The remaining mixture was stirred in the absence of light for an additional 1.0 h. Then,
glass tube was removed for analysis, and the blue LEDs were turned back on to irradiate the
residual mixture. After 1.0 h, the blue LEDs were turned off, and the glass tube was taken from
the irradiation device and 0.2 ml of the mixture was taken out for analysis. The remaining mixture
was stirred in the absence of light for an additional 1.0 h, and then it was analyzed. The yield was

determined by '°F NMR spectroscopy using benzotrifluoride as the internal standard.
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Fig 2. Light on/ off experiment

5. Calculation of apparent quantum efficiency (A. Q. E)

Experimental procedure:

In 25 mL glass tube equipped with a magnetic stir bar, 1a (0.10 mmol), 2d (0.26 mmol) and
benzotrifluoride (0.20 mmol, as the internal standard) were added in DCE (1.0 mL). Then the
mixture was stirred and irradiated by two 3 W blue LEDs at room temperature. After 1.0 h, the
blue LEDs were turned off, and the glass tube was taken from the irradiation device and 0.2 ml of
the mixture was taken out for analysis. The photon flux of the light source was determined by an

optical power meter to be 162.03 mW (average of three experiments).

hc 6.63 x 10734 -5x3x10%m 571 19
Ephoton = = 9 =437x10" "]
Aine (455 nm) 455 x 10" 'm
Epp=P-S-t=162.03x10 W -cm™3 x 2.25 cm* x 1.0 X 3600 s = 1.312 x 10° |
., Etotal
Number of incident photons = = 4.985 mmol
photon
Number of product _0.0322 mmol

AQ.E(%) = = 0.65% <1

Number of incident photons ~ 4.985 mmol
Where h (J-s) is Planck’s constant, ¢ (m-s!) is the speed of light and A, (m) is the wavelength of
the incident light. P (W-cm) is the power density of the incident light, S (cm?) is the irradiation
area, and t (s) is the photoreaction time. The A.Q.E(%) result indicated that the reaction not

involved radical chain pathway.



6. Products Characterization

(Z)-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3a)

Ph

Ts

N
|

Ts

1a (0.30 mmol, 121.06 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 10:3) to afford the compound 3a as a yellow solid (m. p. 93-94°C) in 82% yield

(137.20 mg).

Ry (petroleum ether/ethyl acetate = 10:3): 0.10; 'H NMR (500 MHz, CDCls) J 7.61 (t, J = 8.2 Hz,
4H), 7.29-7.25 (m, 2H), 7.23-7.17 (m, 9H), 7.11 (dd, J= 7.4, 1.6 Hz, 1H), 6.92 (d, /= 7.6 Hz, 1H),
5.85(d, J=8.5 Hz, 1H), 4.18 (dd, J=14.7, 3.2 Hz, 1H), 3.36 (dd, J = 14.2, 8.9 Hz, 1H), 3.13 (dd,
J =143, 4.7 Hz, 1H), 2.96-2.87 (m, 1H), 2.37 (s, 3H), 2.33 (s, 3H), 2.29-2.25 (m, 1H), 1.84-1.77
(m, 1H), 1.59 (d, J = 13.6 Hz, 1H); 3C NMR (126 MHz, CDCls) § 144.76, 143.38, 141.56,
141.47, 140.19, 138.60, 137.55, 136.29, 130.86, 130.53, 129.93, 129.55, 129.25, 128.63, 128.59,
128.37, 128.10, 127.92, 127.66, 127.43, 62.93, 50.19, 34.36, 33.31, 21.61, 21.56; HRMS (ESI)
caled for C3,H31NNaO4S,[M+Na]*: 580.1587, found: 580.1579.

(Z2)-7-fluoro-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3b)

F Ph

Ts

1b (0.30 mmol, 126.3 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3b as a yellow solid (m. p. 102-103°C) in 74% yield
(127.81 mg).

R (petroleum ether/ethyl acetate = 5:2): 0.37; "TH NMR (500 MHz, CDCl3) ¢ 7.67 (d, J = 8.1 Hz,
2H), 7.59 (d, J= 8.1 Hz, 2H), 7.33-7.14 (m, 8H), 7.13-7.05 (m, 3H), 6.84 (d, J = 8.0 Hz, 1H), 5.86
(d, J= 8.7 Hz, 1H), 4.16 (dd, J = 14.9, 3.4 Hz, 1H), 3.39 (dd, /= 14.3, 9.3 Hz, 1H), 3.13 (dd, J =

14.4, 4.3 Hz, 1H), 2.90 (dd, J = 19.9, 7.6 Hz, 1H), 2.37 (s, 3H), 2.36 (s, 3H), 2.29-2.22 (m, 1H),
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1.72 (s, 1H), 1.56 (d, J = 13.7 Hz, 1H); 3C NMR (126 MHz, CDCl;) J 161.48, 159.48, 144.83,
143.67, 142.26 (d, J = 5.9 Hz), 140.05, 137.16, 135.99, 133.90, 132.50, 130.12 (d, J = 9.7 Hz),
130.02, 129.60, 129.16 (d, J = 15.0 Hz), 128.15 (d, J = 38.0 Hz), 127.75, 127.53, 127.04, 124.65
(d, J=3.0 Hz), 116.40, 62.75, 50.35, 34.70, 33.23, 21.63, 21.55; '°F NMR (471 MHz, CDCl;) ¢ -
105.38; HRMS (ESI) calcd for Cs5,H30FNNaO4S,[M+Na]*: 598.1492, found: 598.1483.

(Z2)-8-fluoro-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3c)

Ph

1c (0.30 mmol, 126.3 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3¢ as a yellow solid (m. p. 151-152°C) in 73% yield
(125.8 mg).

Ry (petroleum ether/ethyl acetate = 5:2): 0.17; 'H NMR (500 MHz, CDCl;) ¢ 7.61 (dd, J = 19.2,
8.1 Hz, 4H), 7.28-7.19 (m, 9H), 6.98-6.87 (m, 2H), 6.78 (dd, J=9.0, 2.8 Hz, 1H), 5.89 (d, /= 8.6
Hz, 1H), 4.20 (dd, J = 14.7, 3.3 Hz, 1H), 3.36 (dd, J = 14.2, 8.8 Hz, 1H), 3.15 (dd, J = 14.2, 4.9
Hz, 1H), 2.93-2.85 (m, 1H), 2.39 (s, 3H), 2.37 (s, 3H), 2.25-2.18 (m, 1H), 1.85-1.76 (m, 1H), 1.64
(d, J= 5.1 Hz, 1H); 3C NMR (126 MHz, CDCl;) J 162.61, 160.62, 144.93, 143.78 (d, J = 8.6
Hz), 143.55, 140.70, 137.96, 137.27, 136.23 (d, J = 3.0 Hz), 136.10, 130.96, 130.35 (d, J = 9.0
Hz), 129.91, 129.61, 128.56, 128.08, 127.72, 127.62, 117.33 (d, J = 22.3 Hz), 116.28 (d, J = 22.7
Hz) 62.70, 50.19, 34.34, 33.06, 21.55; YF NMR (471 MHz, CDCl;) ¢ -111.71; HRMS (ESI)
caled for C3,H30FNaO4S,[M+Na]*: 598.1492, found: 598.1485.

(Z2)-8-chloro-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3d)

Ph

1d (0.30 mmol, 126.9 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to

General Procedure. The crude product was purified by column chromatography (petroleum ether:
11



ethyl acetate = 10:3) to afford the compound 3d as a yellow solid (m. p. 126-127°C) in 75% yield
(133.24 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.17; TH NMR (500 MHz, CDCls) 6 7.61 (dd, J = 14.2,
8.2 Hz, 4H), 7.29-7.17 (m, 10H), 7.09 (d, J = 2.4 Hz, 1H), 6.85 (d, J = 8.5 Hz, 1H), 5.94 (d, J =
8.6 Hz, 1H), 4.19 (dd, J = 14.7, 3.3 Hz, 1H), 3.36 (dd, J = 14.2, 9.0 Hz, 1H), 3.15 (dd, J = 14.2,
4.8 Hz, 1H), 2.91-2.81 (m, 1H), 2.39 (s, 3H), 2.38 (s, 3H), 2.14-2.08 (m, 1H), 1.83-1.75 (m, 1H),
1.62 (d, J=15.7 Hz, 1H); ¥CNMR (126 MHz, CDCl;) J 144.96, 143.62, 143.25, 140.73, 138.74,
137.70, 137.20, 135.82, 134.10, 131.22, 130.74, 129.98, 129.92, 129.63, 129.36, 128.61, 128.16,
128.12, 127.77, 127.63, 62.64, 50.11, 34.39, 32.98, 21.61, 21.56; HRMS (ESI) calcd for
C;3,H;30CINaO4S,[M+Na]*: 614.1197, found: 614.1189.

(Z2)-8-bromo-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3e)

Ph

le (0.30 mmol, 144.3 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3e as a yellow solid (m. p. 122-123°C) in 80% yield
(172.8 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.38; TH NMR (500 MHz, CDCls) 6 7.61 (dd, J = 14.5,
8.2 Hz, 4H), 7.37 (dd, J = 8.5, 2.3 Hz, 1H), 7.26 (dd, J = 11.4, 6.4 Hz, 8H), 7.20 (d, J = 8.0 Hz,
2H), 6.79 (d, J= 8.5 Hz, 1H), 5.95 (d, /= 8.6 Hz, 1H), 4.19 (dd, J=14.7, 3.4 Hz, 1H), 3.36 (dd, J
=14.2,9.0 Hz, 1H), 3.14 (dd, /= 14.2, 4.8 Hz, 1H), 2.90-2.81 (m, 1H), 2.40 (s, 6H), 2.14-2.05 (m,
1H), 1.84-1.74 (m, 1H), 1.61 (s, 1H); 13C NMR (126 MHz, CDCl;) § 144.99, 143.63, 143.56,
140.74, 139.26, 137.61, 137.19, 135.76, 133.70, 132.34, 131.30, 130.27, 129.94, 129.62, 128.61,
128.18, 128.13, 127.79, 127.64, 122.23, 62.65, 50.06, 34.40, 32.98, 21.66, 21.56; HRMS (ESI)
calced for C3,H30BrNNaO4S,[M+Na]*: 658.0692, found: 658.0684.

(Z2)-8-methyl-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3f)
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1f (0.30 mmol, 125.1 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3f as a yellow solid (m. p. 84-85°C) in 75% yield
(127.7 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.38; TH NMR (500 MHz, CDCls) 6 7.62 (dd, J = 15.3,
8.1 Hz, 4H), 7.24 (s, 4H), 7.19 (dd, J = 10.8, 8.3 Hz, 5H), 7.05 (dd, J = 8.1, 1.2 Hz, 1H), 6.91 (s,
1H), 6.79 (d, J = 8.1 Hz, 1H), 5.85 (d, /= 8.5 Hz, 1H), 4.17 (dd, J = 14.6, 3.3 Hz, 1H), 3.35 (dd, J
=14.2, 8.9 Hz, 1H), 3.13 (dd, J = 14.2, 4.8 Hz, 1H), 2.92-2.85 (m, 1H), 2.37 (s, 3H), 2.35 (s, 3H),
2.30 (s, 3H), 2.27-2.22 (m, 1H), 1.81-1.76 (m, 1H), 1.58 (d, J = 13.5 Hz, 1H); 3C NMR (126
MHz, CDCl;) ¢ 144.70, 143.29, 141.62, 141.16, 138.66, 138.26, 137.69, 137.64, 136.30, 131.14,
130.46, 130.08, 129.86, 129.51, 128.67, 128.22, 128.17, 127.93, 127.65, 127.37, 62.88, 50.24,
34.30, 33.40, 21.63, 21.55, 21.23; HRMS (ESI) calcd for Cs;3H33NNaO4S,[M+Na]*™: 594.1743,
found: 594.1734.

(Z2)-8-methoxy-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo|b]azocine (3g)

Ph

MeO —
Ts

N
|

Ts

1g (0.30 mmol, 130.0 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3g as a yellow solid (m. p. 84-85°C) in 72% yield
(126.1 mg).

Ry (petroleum ether/ethyl acetate = 5:2): 0.37; 'H NMR (500 MHz, CDCl;) J 7.62 (dd, J = 20.6,
8.0 Hz, 4H), 7.25-7.17 (m, 9H), 6.83-6.76 (m, 2H), 6.58 (d, J = 2.4 Hz, 1H), 5.83 (d, J = 8.6 Hz,
1H), 4.19 (dd, J = 14.5, 3.2 Hz, 1H), 3.73 (s, 3H), 3.35 (dd, J = 14.1, 8.7 Hz, 1H), 3.14 (dd, J =

14.2, 4.8 Hz, 1H), 2.89 (t, J = 12.2 Hz, 1H), 2.38 (s, 3H), 2.35 (s, 3H), 2.30 (dd, J = 9.1, 4.8 Hz,
13



1H), 1.79 (td, J = 13.9, 4.5 Hz, 1H), 1.61 (d, J = 13.5 Hz, 1H); 3C NMR (126 MHz, CDCl;) &
158.91, 144.77, 143.25, 142.66, 141.18, 138.61, 137.61, 136.27, 133.11, 130.43, 129.88, 129.53,
129.49, 128.57, 128.15, 127.91, 127.62, 127.42, 115.60, 114.64, 62.91, 55.51, 50.35, 34.28, 33.42,
21.57, 21.54; HRMS (ESI) calcd for C33H33NNaOsS,[M+Na]*: 610.1692, found: 610.1683.

(2)-9-methyl-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3h)

Ph

1h (0.30 mmol, 125.1 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3h as a yellow solid (m. p. 117-118°C) in 94% yield
(161.2 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.34; 'H NMR (500 MHz, CDCl;) ¢ 7.61 (dd, J = 15.5,
8.1 Hz, 4H), 7.23-7.16 (m, 9H), 7.11 (d, J = 7.7 Hz, 1H), 6.99 (d, J = 7.8 Hz, 1H), 6.75 (s, 1H),
5.77 (d, J= 8.5 Hz, 1H), 4.16 (dd, J = 14.6, 3.1 Hz, 1H), 3.35 (dd, /= 14.2, 8.8 Hz, 1H), 3.12 (dd,
J=14.2,4.6 Hz, 1H), 2.97-2.88 (m, 1H), 2.37 (s, 3H), 2.34 (s, 3H), 2.28 (s, 4H), 1.74 (d, /= 12.6
Hz, 1H), 1.58 (d, J = 13.4 Hz, 1H); 3C NMR (126 MHz, CDCl;) ¢ 144.74, 143.35, 141.57,
139.98, 139.34, 138.62, 138.39, 137.57, 136.39, 130.53, 130.21, 129.92, 129.42, 129.28, 129.13,
128.55, 128.12, 127.89, 127.74, 127.36, 63.00, 50.03, 34.35, 33.42, 21.62, 21.55, 21.03; HRMS
(ESI) calcd for C33H33NNaO,4S;[M+Na]*: 594.1743, found:594.1737.

(Z2)-9-chloro-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3i)

Ph

Cl N
I
Ts

1i (0.30 mmol, 131.7 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3i as a yellow solid (m. p. 62-63°C) in 78% yield

(138.6 mg).
14



Ry (petroleum ether/ethyl acetate = 5:2): 0.15; 'TH NMR (500 MHz, CDCl;) ¢ 7.62 (dd, J = 10.0,
8.4 Hz, 4H), 7.28 (dd, J= 8.3, 1.9 Hz, 1H), 7.26-7.18 (m, 9H), 7.06 (d, /= 8.3 Hz, 1H), 6.93 (d, J
=1.8 Hz, 1H), 5.87 (d, J= 8.6 Hz, 1H), 4.16 (dd, J=14.7, 3.2 Hz, 1H), 3.35 (dd, /= 14.1, 8.8 Hz,
1H), 3.14 (dd, J = 14.2, 4.8 Hz, 1H), 2.93-85 (m, 1H), 2.40 (s, 3H), 2.37 (s, 3H), 2.27-2.21 (m,
1H), 1.84-1.74 (m, 1H), 1.61 (d, J= 13.5 Hz, 1H); 3C NMR (126 MHz, CDCls) ¢ 144.87, 143.77,
141.10, 141.00, 140.25, 137.74, 137.04, 136.30, 134.06, 131.88, 130.97, 129.94, 129.67, 128.87,
128.78, 128.56, 128.06, 128.02, 127.66, 62.71, 50.04, 34.35, 33.02, 21.62, 21.58; HRMS (ESI)
caled for C3,H;30CINNaO,4S,[M+Na]*: 614.1197, found: 614.1190.

(Z)-9-bromo-6-phenyl-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3j)

Ph

Br N
I
Ts

1j (0.30 mmol, 145.3 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3j as a yellow solid (m. p. 100-101°C) in 75% yield
(143.2 mg).

Ry petroleum ether/ethyl acetate = 5:2): 0.35; TH NMR (500 MHz, CDCl;) d 7.62 (dd, J = 10.5,
8.3 Hz, 4H), 7.43 (dd, J = 8.3, 1.7 Hz, 1H), 7.26-7.19 (m, 9H), 7.06 (d, /= 1.6 Hz, 1H), 7.00 (d, J
= 8.3 Hz, 1H), 5.87 (d, J=8.6 Hz, 1H), 4.16 (dd, J = 14.7, 3.2 Hz, 1H), 3.35 (dd, /= 14.1, 8.7 Hz,
1H), 3.14 (dd, J = 14.2, 4.8 Hz, 1H), 2.93-2.85 (m, 1H), 2.40 (s, 3H), 2.38 (s, 3H), 2.28-2.21 (m,
1H), 1.83-1.74 (m, 1H), 1.62 (d, J = 13.6 Hz, 1H); 3C NMR (126 MHz, CDCl;) J 144.87, 143.78,
141.26, 140.92, 140.72, 137.80, 137.00, 136.29, 132.12, 131.82, 131.66, 130.95, 129.94, 129.66,
128.56, 128.06, 128.02, 127.67, 121.82, 62.71, 50.04, 34.35, 32.98, 21.63, 21.58; HRMS (ESI)
caled for C3,H30NNaO4S,[M+Na]*: 658.0692, found: 658.0687.
(E)-8-chloro-6-(2-chlorophenyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine

(R1Y)

15



Cl
O Ts

1k (0.30 mmol, 141.3 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to

General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3k as a yellow solid (m. p. 104-105°C) in 77% yield
(144.7 mg).

Ry (petroleum ether/ethyl acetate = 5:2): 0.37; 'TH NMR (500 MHz, CDCl3) ¢ 7.71 (d, J = 8.0 Hz,
2H), 7.64 (d, J = 7.3 Hz, 2H), 7.54 (d, /= 15.6 Hz, 1H), 7.43-7.40 (m, 1H), 7.29 (dd, J=28.2, 7.5
Hz, 5H), 7.18 (dd, J= 6.2, 2.5 Hz, 3H), 6.91 (d, J=2.4 Hz, 1H), 6.78 (d, /= 8.5 Hz, 1H), 5.73 (d,
J=28.1Hz, 1H), 4.22 (s, 1H), 3.33-3.18 (m, 2H), 2.94 (s, 1H), 2.44 (m, 7H), 2.14 (d, /= 13.8 Hz,
1H), 1.89-1.79 (m, 1H); 13C NMR (126 MHz, CDCl;) J 144.94, 143.87, 142.90, 139.81, 137.90,
137.00, 136.35, 136.20, 134.41, 132.88, 132.78, 132.57, 130.23, 129.94, 129.84, 129.73, 129.37,
129.27, 128.80, 127.79, 127.76, 127.03, 60.48, 50.49, 34.32, 31.11, 21.66, 21.61; HRMS (ESI)
caled for C3,H0C1LNNaO,4S,[M+Na]*: 648.0807, found: 648.0809.
(E)-8-bromo-6-(2-chlorophenyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine

3D

Br
O Ts

11 (0.30 mmol, 154.5 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to

General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 31 as a yellow solid (m. p. 113-114°C) in 71% yield
142.1 mg).

Ry (petroleum ether/ethyl acetate = 5:2): 0.23; 'TH NMR (500 MHz, CDCl;) ¢ 7.73-7.54 (m, 5H),

7.43-7.39 (m, 1H), 7.29 (dd, J = 24.9, 8.6 Hz, 5H), 7.20-7.16 (m, 2H), 7.06 (d, J = 2.3 Hz, 1H),
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6.71 (d, J= 8.5 Hz, 1H), 5.73 (d, J = 8.1 Hz, 1H), 4.22 (s, 1H), 3.32-3.18 (m, 2H), 2.93 (s, 1H),
2.45 (m, 7H), 2.14 (d, J= 13.8 Hz, 1H), 1.83 (d, J= 10.2 Hz, 1H); 3C NMR (126 MHz, CDCl;) §
144.96, 143.89, 143.20, 139.78, 138.44, 136.98, 136.35, 136.30, 133.17, 132.88, 132.59, 132.27,
129.96, 129.85, 129.75, 129.66, 128.81, 127.79, 127.76, 127.04, 122.55, 60.52, 50.49, 34.28,
31.18, 21.71, 21.61; HRMS (ESI) caled for Cs;H3oBrCINOsS,[M+H]*: 670.0483, found:
670.0480.
(E)-8-chloro-6-(2-fluorophenyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine

(3m)

Cl
O Ts

1m (0.30 mmol, 136.5 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to

General Procedure. The crude product was purified by column chromatography (petroleum ether:

ethyl acetate = 5:2) to afford the compound 3m as a yellow solid (m. p. 103-104°C) in 67% yield
(122.3 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.35; TH NMR (500 MHz, CDCl;) 0 7.64 (t, J = 6.9 Hz,

4H), 7.26-7.20 (m, 7H), 7.08-6.99 (m, 3H), 6.84 (d, J= 8.5 Hz, 1H), 5.99 (d, /= 8.6 Hz, 1H), 4.21

(d, J=13.5 Hz, 1H), 3.29-3.18 (m, 2H), 2.91 (t, J = 12.6 Hz, 1H), 2.41 (s, 3H), 2.39 (s, 3H), 2.31

(t, J=15.0 Hz, 1H), 1.93 (d, J= 13.4 Hz, 1H), 1.83-1.75 (m, 1H); 13C NMR (126 MHz, CDCls) ¢
161.29, 159.31, 144.91, 143.71, 142.92, 138.61, 137.14, 136.14, 135.37 (d, J = 6.5 Hz), 134.28,

132.59, 130.85, 130.32, 129.89, 129.69, 129.41, 129.12 (d, J = 8.5 Hz), 127.91, 127.66, 124.09 (d,

J=3.4Hz), 115.85, 115.67, 61.81, 50.47, 34.25, 32.26, 21.62, 21.57; '°F NMR (471 MHz, CDCl;)
0-115.22; HRMS (ESI) calcd for C;5,H,9CIFNNaO,S,;[M+Na]*: 632.1103, found: 632.1101.

(Z2)-8-bromo-6-(o-tolyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo|b]azocine (3n)

17



Br:
O Ts

Ts )

In (0.30 mmol, 148.5 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3n as a yellow solid (m. p. 124-125°C) in 62% yield
(121.0 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.35; TH NMR (500 MHz, CDCls) 6 7.73 (d, J = 8.0 Hz,
2H), 7.63 (d, J = 7.8 Hz, 2H), 7.39 (s, 1H), 7.35-7.09 (m, 9H), 7.01 (d, /= 1.9 Hz, 1H), 6.80 (d, J
= 8.5 Hz, 1H), 5.57 (d, J= 7.8 Hz, 1H), 4.16 (s, 1H), 3.24 (s, 1H), 3.15 (dd, J = 14.1, 3.9 Hz, 1H),
2.92 (s, 1H), 2.43 (s, 3H), 2.41 (s, 3H), 2.35 (s, 3H), 1.92 (d, /= 13.3 Hz, 1H), 1.83-1.66 (m, 2H);
13C NMR (126 MHz, CDCl;) ¢ 144.99, 143.94, 143.82, 141.22, 138.09, 136.85, 136.33, 135.58,
135.46, 134.46, 133.23, 132.08, 131.18, 130.56, 129.98, 129.83, 129.69, 127.97, 127.82, 127.48,
126.01, 122.41, 61.27, 50.22, 34.42, 31.29, 21.69, 21.61, 20.95; HRMS (ESI) calcd for
C33H3NNaO4S,[M+Na]*: 672.0848, found: 672.0845.

(Z)-8-chloro-6-(p-tolyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (30)

Cl
O Ts

1o (0.30 mmol, 135.3 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to

General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 30 as a yellow solid (m. p. 124-125°C) in 73% yield
(132.8 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.35; 'H NMR (500 MHz, CDCl;) ¢ 7.59 (dd, J = 11.3,
8.2 Hz, 4H), 7.24-7.14 (m, 7H), 7.08 (dd, J= 5.1, 2.4 Hz, 3H), 6.84 (d, J = 8.5 Hz, 1H), 5.90 (d, J

= 8.6 Hz, 1H), 4.16 (dd, J = 14.7, 3.6 Hz, 1H), 3.34 (dd, J = 14.2, 9.0 Hz, 1H), 3.14 (dd, /= 14.2,
18



4.7 Hz, 1H), 2.88-2.80 (m, 1H), 2.39-2.32 (m, 9H), 2.06 (dd, J=9.4, 4.7 Hz, 1H), 1.76 (d,J= 5.0
Hz, 1H), 1.57 (d, J = 13.5 Hz, 1H); 13C NMR (126 MHz, CDCl;) ¢ 144.93, 143.61, 143.40,
138.73, 137.95, 137.55, 137.44, 137.22, 135.78, 134.01, 130.73, 130.42, 130.00, 129.91, 129.62,
129.28, 128.88, 128.47, 128.11, 127.62, 62.60, 50.12, 34.37, 32.97, 21.62, 21.55, 21.22; HRMS
(ESI) caled for C33H33CINO4S,[M+H]":606.1534, found: 606.1532.

(2)-9-fluoro-6-(p-tolyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3p)

O Ts
F

1p (0.30 mmol, 131.1mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to

General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3p as a yellow solid (m. p. 98-99°C) in 61% yield
(107.9 mg).

Ry (petroleum ether/ethyl acetate = 5:2): 0.25; 'TH NMR (500 MHz, CDCl;) J 7.62 (dd, J = 11.6,
8.2 Hz, 4H), 7.22 (t, J = 8.1 Hz, 4H), 7.11-7.00 (m, 6H), 6.67 (dd, J=9.1, 2.4 Hz, 1H), 5.80 (d, J
= 8.6 Hz, 1H), 4.16 (dd, J = 14.8, 3.2 Hz, 1H), 3.35 (dd, J = 14.2, 8.5 Hz, 1H), 3.14 (dd, J = 14.2,
5.0 Hz, 1H), 2.95-2.85 (m, 1H), 2.40 (s, 3H), 2.38 (s, 3H), 2.32 (s, 3H), 2.28-2.22 (m, 1H), 1.83-
1.73 (m, 1H), 1.66 (s, 1H); 13C NMR (126 MHz, CDCl;) J 163.12, 161.13, 144.79, 143.68,
141.22 (d, J = 9.2 Hz),138.38, 137.96 (d, J = 3.4 Hz), 137.67, 137.26 (d, J = 29.7 Hz), 136.40,
132.12 (d, J = 9.0 Hz), 129.91, 129.78, 129.65, 128.73, 128.37, 128.04, 127.66, 11591 (d, J =
21.0 Hz), 115.50 (d, J = 21.1 Hz), 62.77, 50.06, 34.29, 33.21, 21.61, 21.55, 21.17; 'F NMR (471
MHz, CDCl;) 6 -111.42; HRMS (ESI) calcd for C33H3,FNNaO,S,[M+Na]*: 612.1649, found:
612.1639.

(Z2)-6-(4-fluorophenyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo|[b]azocine (3q)
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O Ts

1q (0.30 mmol, 126.3 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to

General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3q as a yellow solid (m. p. 88-89°C) in 73% yield
(126.1 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.27; TH NMR (500 MHz, CDCls) ¢ 7.61 (dd, J = 8.2,
2.6 Hz, 4H), 7.32-7.19 (m, 8H), 7.11 (dd, J = 7.6, 1.3 Hz, 1H), 6.94-6.86 (m, 3H), 5.85 (d, J = 8.5
Hz, 1H), 4.18 (dd, J = 14.7, 3.4 Hz, 1H), 3.38 (dd, J = 14.2, 9.3 Hz, 1H), 3.12 (dd, /= 14.2, 4.4
Hz, 1H), 2.95-2.86 (m, 1H), 2.39 (s, 3H), 2.34 (s, 3H), 2.28-2.21 (m, 1H), 1.86-1.81 (m, 1H), 1.57
(d, J = 13.6 Hz, 1H); 3C NMR (126 MHz, CDCl;) § 163.38, 161.42, 144.77, 143.48, 141.51,
140.09, 137.76 (d, J = 2.8 Hz), 137.50 (d, J = 3.8 Hz), 136.23, 130.74, 130.59, 130.36 (d, J = 7.8
Hz), 129.92, 129.61, 129.37, 128.51 (d, J = 6.3 Hz), 127.96, 127.57, 124.17 (d, J = 954.9 Hz),
114.72 (d, J = 21.2 Hz), 62.88, 50.17, 34.34, 33.29, 21.59, 21.54; HRMS (ESI) caled for
C3,H30FNNaO,S,[M+Na]*: 598.1492, found: 598.1485.

(Z£)-6-(4-chlorophenyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3r)

-

Cl

()

O Ts

N
|

L Ts

1r (0.30 mmol, 126.9 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3r as a yellow solid (m. p. 88-89°C) in 71% yield
(126.1 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.27; TH NMR (500 MHz, CDCls) ¢ 7.61 (dd, J = 7.9,
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6.2 Hz, 4H), 7.33-7.26 (m, 2H), 7.23-7.16 (m, 8H), 7.10 (dd, J= 7.5, 1.3 Hz, 1H), 6.88 (d, /= 7.6
Hz, 1H), 5.89 (d, J= 8.5 Hz, 1H), 4.18 (dd, J = 14.7, 3.5 Hz, 1H), 3.38 (dd, J = 14.2, 9.2 Hz, 1H),
3.12 (dd, J = 14.2, 4.4 Hz, 1H), 2.95-2.86 (m, 1H), 2.39 (s, 3H), 2.34 (s, 3H), 2.26 (dd, J = 10.5,
5.4 Hz, 1H), 1.90-1.81 (m, 1H), 1.58 (d, J = 13.5 Hz, 1H); 3C NMR (126 MHz, CDCl;) 5 144.79,
143.49, 141.21, 140.17, 140.03, 137.46, 137.45, 136.25, 133.27, 131.14, 130.69, 129.96, 129.92,
129.60, 129.46, 128.61, 128.52, 128.06, 127.57, 62.83, 50.17, 34.37, 33.28, 21.61, 21.55; HRMS
(ESI) caled for C3,H3CINNaO,S,[M+Nal*: 614.1197, found: 614.1191.

(£)-6-(4-bromophenyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3s)

Br

()

O Ts

N
|

L Ts )

1s (0.30 mmol, 144.3 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3s as a yellow solid (m. p. 82-83°C) in 73% yield
(139.4 mg).

Ry (petroleum ether/ethyl acetate = 5:2): 0.35; 'TH NMR (500 MHz, CDCl;) J 7.62 (dd, J = 13.3,
8.1 Hz, 4H), 7.36 (d, J = 8.4 Hz, 2H), 7.34-7.25 (m, 2H), 7.25-7.21 (m, 4H), 7.10 (t, /= 9.0 Hz,
3H), 6.91 (d, J= 7.7 Hz, 1H), 5.88 (d, /= 8.5 Hz, 1H), 4.20 (dd, J = 14.6, 3.6 Hz, 1H), 3.37 (dd, J
=14.1, 9.1 Hz, 1H), 3.13 (dd, J = 14.1, 4.5 Hz, 1H), 2.92 (dd, J = 19.6, 7.5 Hz, 1H), 2.41 (s, 3H),
2.38 (s, 3H), 2.31 (dd, J=9.8, 5.4 Hz, 1H), 1.92-1.82 (m, 1H), 1.60 (s, 1H); 13C NMR (126 MHz,
CDCl;) 6 144.80, 143.46, 141.13, 140.37, 140.19, 137.66, 137.45, 136.36, 131.03, 130.71, 130.23,
129.92, 129.56, 129.47, 128.63, 128.52, 128.09, 127.60, 121.67, 62.88, 50.13, 34.34, 33.29, 21.63,

21.56.; HRMS (ESI) calcd for C3,H30BrNNaO,4S,[M+Na]*: 658.0692, found:658.0684.

(Z£)-6-(o-tolyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3t)
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O Ts

1t (0.30 mmol, 125.1 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to

General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3t as a yellow solid (m. p. 100-101°C) in 63% yield
(108.1 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.35; TH NMR (500 MHz, CDCl3) 6 7.77 (d, J = 8.1 Hz,
2H), 7.66 (d, J = 8.1 Hz, 2H), 7.38 (s, 1H), 7.31 (d, J= 8.1 Hz, 2H), 7.28-7.24 (m, 2H), 7.20 (dd, J
= 6.3, 2.5 Hz, 3H), 7.15 (dd, J = 10.4, 4.2 Hz, 1H), 7.10 (t, J = 7.3 Hz, 1H), 6.95-6.89 (m, 2H),
5.54 (d, J= 7.5 Hz, 1H), 4.16 (s, 1H), 3.28 (s, 1H), 3.15 (dd, J = 14.1, 3.9 Hz, 1H), 2.99 (s, 1H),
2.66 (s, 1H), 2.46-2.36 (m, 9H), 1.93 (d, J = 13.6 Hz, 1H), 1.84-1.76 (m, 1H); 3C NMR (126
MHz, CDCL;) ¢ 144.76, 143.63, 141.74, 137.22, 136.71, 136.46, 135.55, 133.34, 131.20, 130.57,
130.32, 129.96, 129.70, 128.88, 128.43, 128.02, 127.93, 127.78, 127.14, 125.86, 61.19, 50.06,
34.24, 31.03, 21.63, 21.59, 20.88; HRMS (ESI) calcd for C3;3H33NNaO4S,[M+Na]*: 594.1743,
found: 594.1740.

(Z2)-6-(m-tolyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo|b]azocine (3u)

(

O Ts

N
|

Ts

1u (0.30 mmol, 125.1 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 10:3) to afford the compound 3u as a yellow solid (m. p. 83-84°C) in 89% yield
(152.7 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.17; 'TH NMR (500 MHz, CDCl;) ¢ 7.65-7.60 (m, 4H),

22



7.31-7.25 (m, 3H), 7.21 (dd, J = 15.7, 8.0 Hz, 4H), 7.13-7.10 (m, 2H), 7.04 (d, J = 7.3 Hz, 1H),
7.01 (s, 1H), 6.96 (dd, J = 10.9, 4.4 Hz, 2H), 5.80 (d, J = 8.5 Hz, 1H), 4.19 (dd, J = 14.7, 3.0 Hz,
1H), 3.36 (dd, J = 14.2, 8.5 Hz, 1H), 3.14 (dd, J = 14.2, 4.9 Hz, 1H), 2.98-2.90 (m, 1H), 2.43 (dd, J
= 11.1, 4.7 Hz, 1H), 2.39 (s, 3H), 2.36 (s, 3H), 2.30 (s, 3H), 1.84-1.75 (m, 1H), 1.63 (d, J = 13.6 Hz,
1H); 3C NMR (126 MHz, CDCl;) § 144.72, 143.30, 141.58, 141.37, 140.16, 138.77, 137.56,
137.28, 136.38, 130.88, 130.27, 129.89, 129.48, 129.22, 128.98, 128.60, 128.33, 128.24, 128.14,
127.80, 127.72, 125.94, 63.00, 50.18, 34.30, 33.33, 21.62, 21.54, 21.52; HRMS (ESI) calcd for
C33H33NNa0,S,[M+Nal*: 594.1743, found:594.1733.

(Z£)-6-(p-tolyl)-1-tosyl-4-(tosylmethyl)-1,2,3,4-tetrahydrobenzo[b]azocine (3v)

Me

()

O Ts

N
|

Ts

1v (0.30 mmol, 125.2 mg) was reacted with TsSePh 2a (0.39 mmol, 121.67 mg) according to
General Procedure. The crude product was purified by column chromatography (petroleum ether:
ethyl acetate = 5:2) to afford the compound 3v as a yellow solid (m. p. 84-85°C) in 70% yield
(120.1 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.20; TH NMR (500 MHz, CDCls) 6 7.62 (dd, J = 11.4,
8.2 Hz, 4H), 7.30-7.18 (m, 7H), 7.12 (dd, /= 7.3, 1.7 Hz, 1H), 7.06 (q, J = 8.3 Hz, 4H), 6.93 (dd,
J=17.6,1.0 Hz, 1H), 5.78 (d, /= 8.5 Hz, 1H), 4.19 (dd, J = 14.7, 3.2 Hz, 1H), 3.36 (dd, J = 14.2,
8.6 Hz, 1H), 3.13 (dd, J=14.2, 4.9 Hz, 1H), 2.97-2.90 (m, 1H), 2.39 (s, 3H), 2.37 (s, 3H), 2.32 (s,
3H), 2.27 (dd, /= 9.0, 5.3 Hz, 1H), 1.83-1.75 (m, 1H), 1.61 (d, J = 13.6 Hz, 1H); '3C NMR (126
MHz, CDCls) ¢ 144.70, 143.30, 141.68, 140.16, 138.58, 138.50, 137.59, 137.18, 136.37, 130.87,
129.90, 129.56, 129.49, 129.18, 128.64, 128.60, 128.43, 128.32, 128.11, 127.69, 62.98, 50.17,
34.28, 33.35, 21.62, 21.54, 21.19; HRMS (ESI) calcd for Cs;3H33NNaO4S,[M+Na]*: 594.1743,

found: 594.1735.
(Z)-6-phenyl-4-((phenylsulfonyl)methyl)-1-tosyl-1,2,3,4-tetrahydrobenzo[b]azocine (3aa)
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1a (0.30 mmol, 121.06 mg) was reacted with 2e (0.39 mmol, 115.92 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 10:3) to afford the compound 3aa as a white solid (m. p. 81-83°C) in 93% yield
(151.7mg).

Ry (petroleum ether/ethyl acetate = 10:3): 0.11; 'H NMR (500 MHz, CDCls) 6 7.75 (t, J = 8.9 Hz,
2H), 7.62 (d, J = 8.1 Hz, 2H), 7.55 (t, /= 7.4 Hz, 1H), 7.43 (t, J= 7.7 Hz, 2H), 7.37-7.18 (m, 9H),
7.13 (dd, J=7.4, 1.5 Hz, 1H), 6.94 (dd, J=23.0, 7.0 Hz, 1H), 5.89 (d, J = 8.5 Hz, 1H), 4.20 (dd, J
=14.7, 3.1 Hz, 1H), 3.39 (dd, J=14.2, 8.7 Hz, 1H), 3.16 (dd, J=14.2, 5.0 Hz, 1H), 2.98-2.88 (m,
1H), 2.39 (s, 3H), 2.29 (dd, J = 9.6, 5.0 Hz, 1H), 1.88-1.79 (m, 1H), 1.63 (d, /= 13.6 Hz, 1H); 3C
NMR (126 MHz, CDCl;) ¢ 143.36, 141.55, 141.49, 140.16, 139.26, 138.77, 137.55, 133.72,
130.92, 130.33, 129.53, 129.30, 128.67, 128.56, 128.44, 128.05, 127.97, 127.68, 127.49, 62.79,
50.18, 34.26, 33.24, 21.55; HRMS (ESI) calcd for C3;H,0NNaO,4S,[M+Na]*: 566.1430, found:

566.1424.

(2)-4-(((4-fluorophenyl)sulfonyl)methyl)-6-phenyl-1-tosyl-1,2,3,4-tetrahydrobenzo[bh]azocine
(3ab)

1a (0.30 mmol, 121.06 mg) was reacted with 2b (0.33 mmol, 122.93 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 10:3) to afford the compound 3ab as a yellow solid (m. p. 96-97°C) in 66% yield (111.2
mg).

R/ (petroleum ether/ethyl acetate = 10:3): 0.11; TH NMR (500 MHz, CDCls) 6 7.77 (dd, J = 8.6,
5.0 Hz, 2H), 7.62 (d, J = 8.1 Hz, 2H), 7.33-7.20 (m, 9H), 7.14-7.07 (m, 3H), 6.92 (d, J = 7.6 Hz,

1H), 5.90 (d, /= 8.5 Hz, 1H), 4.21 (dd, /= 14.7, 3.2 Hz, 1H), 3.38 (dd, /= 14.2, 8.8 Hz, 1H), 3.15
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(dd, J=14.2, 4.9 Hz, 1H), 2.93 (t, /= 12.1 Hz, 1H), 2.40 (s, 3H), 2.25 (dd, J = 9.5, 4.9 Hz, 1H),
1.91-1.79 (m, 1H), 1.63 (s, 1H); 3C NMR (126 MHz, CDCl;) 6 166.78, 164.74, 143.40, 141.52,
141.33, 140.18, 138.84, 137.51, 135.23 (d, J = 3.1 Hz), 130.97 (d, J = 9.4 Hz), 130.81, 130.12,
129.55, 129.37, 128.62, 128.44, 128.03, 127.66, 127.59, 116.59 (d, J = 22.5 Hz), 62.89, 50.15,
34.35, 33.21, 21.55; YF NMR (471 MHz, CDCl;) § -103.32; HRMS (ESI) calcd for

C31H28FNN304SZ[M+N8]+I 5841336, found: 584.1327.
(Z)-4-(((4-chlorophenyl)sulfonyl)methyl)-6-phenyl-1-tosyl-1,2,3,4-

tetrahydrobenzo[b]azocine(3ac)

1a (0.30 mmol, 121.06 mg) was reacted with 2¢ (0.39 mmol, 129.35 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 10:3) to afford the compound 3ac as a yellow solid (m. p. 103-104°C) in 75% yield
(130.1 mg).

Ry (petroleum ether/ethyl acetate = 10:3): 0.11; 'H NMR (500 MHz, CDCls) 6 7.65 (dd, J = 35.7,
8.3 Hz, 4H), 7.39 (d, J = 8.5 Hz, 2H), 7.32-7.19 (m, 9H), 7.13-7.08 (m, 1H), 6.92 (d, J= 7.5 Hz,
1H), 5.86 (d, /= 8.5 Hz, 1H), 4.21 (dd, J= 14.7, 3.2 Hz, 1H), 3.39 (dd, /= 14.2, 8.9 Hz, 1H), 3.16
(dd, J=14.3, 4.7 Hz, 1H), 2.99-2.88 (m, 1H), 2.40 (s, 3H), 2.25 (dd, J = 9.5, 4.7 Hz, 1H), 1.92-
1.78 (m, 1H), 1.62 (s, 1H).; 3C NMR (126 MHz, CDCl;) ¢ 143.39, 141.48, 141.22, 140.51,
140.17, 138.91, 137.63, 137.51, 130.76, 129.98, 129.62, 129.59, 129.55, 129.38, 128.61, 128.57,
128.46, 128.04, 127.66, 127.60, 62.83, 50.12, 34.36, 33.28, 21.55; HRMS (ESI) calcd for

C31H,3CINNaO4S,;[M+Na]*: 600.1040, found: 600.1031.

(Z)-6-phenyl-1-tosyl-4-(((4-(trifluoromethoxy)phenyl)sulfonyl)methyl)-1,2,3,4-
tetrahydrobenzo[b]azocine(3ad)

Ph




1a (0.30 mmol, 121.06 mg) was reacted with 2d (0.39 mmol, 148.9 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 5:2) to afford the compound 3ad as a yellow solid (m. p. 99-100°C) in 69% yield (129.9
mg).

Ry (petroleum ether/ethyl acetate = 10:3): 0.16; 'H NMR (500 MHz, CDCls) 6 7.79 (d, J = 8.7 Hz,
2H), 7.61 (d, J = 8.1 Hz, 2H), 7.32-7.19 (m, 11H), 7.14-7.09 (m, 1H), 6.90 (d, J = 7.5 Hz, 1H),
5.93 (d, J=8.5 Hz, 1H), 4.19 (dd, J= 14.7, 3.3 Hz, 1H), 3.40 (dd, /= 14.2, 9.1 Hz, 1H), 3.16 (dd,
J=14.3,4.7 Hz, 1H), 2.94-2.85 (m, 1H), 2.38 (s, 3H), 2.26-2.16 (m, 1H), 1.89-1.79 (m, 1H), 1.59
(d, J = 13.5 Hz, 1H); 3C NMR (126 MHz, CDCl;) § 152.89, 143.44, 141.49, 141.34, 140.17,
138.81, 137.49, 137.25, 130.76, 130.44, 130.09, 129.58, 129.36, 128.62, 128.44, 128.05, 127.63,
127.60, 120.89, 120.14 (q, J = 259.9 Hz), 62.68, 50.14, 34.36, 33.17, 21.53; %F NMR (471 MHz,

CDCly) 6 -57.61; HRMS (ESI) calcd for C3,HsNNaOsS,[M+Na]*: 650.1253, found: 650.1243.

(£)-4-(((4-methoxyphenyl)sulfonyl)methyl)-6-phenyl-1-tosyl-1,2,3,4-
tetrahydrobenzo|[b]azocine(3ae)

1a (0.30 mmol, 121.06 mg) was reacted with 2f (0.39 mmol, 127.63 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 5:2) to afford the compound 3af as a yellow solid (m. p. 97-98°C) in 77% yield (132.5
mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.3; TH NMR (500 MHz, CDCls) ¢ 7.64 (dd, J = 29.3,
8.4 Hz, 4H), 7.34-7.11 (m, 10H), 6.94 (d, J= 7.5 Hz, 1H), 6.87 (d, J = 8.8 Hz, 2H), 5.86 (d, J =
8.5 Hz, 1H), 4.20 (dd, J= 14.7, 3.2 Hz, 1H), 3.78 (s, 3H), 3.36 (dd, J= 14.2, 8.8 Hz, 1H), 3.13 (dd,
J=14.2,4.7 Hz, 1H), 2.98-2.88 (m, 1H), 2.39 (s, 3H), 2.31-2.23 (m, 1H), 1.86-1.76 (m, 1H), 1.60
(d, J = 13.6 Hz, 1H); 3C NMR (126 MHz, CDCl;) § 163.70, 143.36, 141.58, 141.41, 140.21,
138.60, 137.54, 130.87, 130.73, 130.52, 130.27, 129.52, 129.26, 128.61, 128.38, 127.92, 127.67,
127.45, 114.47, 63.16, 55.66, 50.17, 34.41, 33.29, 21.55; HRMS (ESI) caled for

C32H31NN30582[M+N3]+1 5961936, found: 596.1929.
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(2)-4-(((4-(tert-butyl)phenyl)sulfonyl)methyl)-6-phenyl-1-tosyl-1,2,3,4-
tetrahydrobenzo[b]azocine (3af)

Ph

prm— //O
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N
Ts

1a (0.30 mmol, 121.06 mg) was reacted with 2g (0.33 mmol, 116.82 mg) according to General

Bu

Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 10:3) to afford the compound 3ag as a yellow solid (m. p. 98.6-99°C) in 70% yield
(125.9 mg).

Ry (petroleum ether/ethyl acetate = 10:3): 0.16; 'H NMR (500 MHz, CDCl;) 6 7.64 (dd, J = 30.8,
8.3 Hz, 4H), 7.43 (d, J = 8.4 Hz, 2H), 7.30-7.18 (m, 9H), 7.13 (dd, /= 7.4, 1.4 Hz, 1H), 6.92 (d, J
=7.6 Hz, 1H), 591 (d, /= 8.5 Hz, 1H), 4.20 (dd, J = 14.7, 3.1 Hz, 1H), 3.37 (dd, J = 14.2, 8.8 Hz,
1H), 3.15 (dd, J = 14.2, 4.9 Hz, 1H), 2.97-2.88 (m, 1H), 2.38 (s, 3H), 2.28-2.20 (m, 1H), 1.86-1.77
(m, 1H), 1.62 (d, J = 13.6 Hz, 1H), 1.26 (s, 9H); '*C NMR (126 MHz, CDCl;) § 157.54, 143.35,
141.56, 141.53, 140.19, 138.63, 137.55, 136.08, 130.97, 130.50, 129.53, 129.19, 128.61, 128.59,
128.37, 128.01, 127.96, 127.69, 127.44, 126.30, 62.88, 50.17, 35.20, 34.30, 33.23, 31.02, 21.55;

HRMS (ESI) caled for C35sH37NNaO,S,[M+Na]*: 622.2056, found: 622.2048.

(Z)-4-((naphthalen-2-ylsulfonyl)methyl)-6-phenyl-1-tosyl-1,2,3,4-tetrahydrobenzo[b]azocine
(3ag)

Ph

o”S//O
" LD

Ts

1a (0.30 mmol, 121.06 mg) was reacted with 2h (0.39 mmol, 135.71 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 10:3) to afford the compound 3ag as a yellow solid (m. p. 106-107°C) in 71% yield
(126.5mg).

Ry (petroleum ether/ethyl acetate = 10:3): 0.10; 'H NMR (500 MHz, CDCl;) ¢ 8.34 (s, 1H), 7.88-

7.83 (m, 3H), 7.74-7.70 (m, 1H), 7.64-7.55 (m, 4H), 7.19-7.11 (m, 9H), 7.01-6.98 (m, 1H), 6.88 (d,
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J=17.7Hz, 1H), 5.85 (d, J = 8.5 Hz, 1H), 4.18 (dd, J = 14.6, 3.3 Hz, 1H), 3.47 (dd, J = 14.3, 8.8
Hz, 1H), 3.24 (dd, J = 14.3, 4.8 Hz, 1H), 2.95-2.87 (m, 1H), 2.37 (s, 3H), 2.31 (dd, J=9.5, 4.7 Hz,
1H), 1.88-1.77 (m, 1H), 1.62 (d, J = 13.5 Hz, 1H); 3C NMR (126 MHz, CDCl;) ¢ 143.35, 141.46,
141.32, 140.08, 138.77, 137.54, 136.14, 135.30, 132.13, 130.77, 130.25, 129.88, 129.65, 129.53,
129.44, 129.35, 129.21, 128.53, 128.49, 128.33, 127.99, 127.87, 127.72, 127.66, 127.38, 122.64,
62.87, 50.17, 34.35, 33.33, 21.55; HRMS (ESI) caled for C;5H3;NNaO4S,[M+Na]*: 616.1587,
found: 616.1579.
(£)-4-(((2,3-dihydrobenzofuran-5-yl)sulfonyl)methyl)-6-phenyl-1-tosyl-1,2,3,4-

tetrahydrobenzo[b]azocine(3ah)

1a (0.30 mmol, 121.06 mg) was reacted with 2i (0.39 mmol, 132.31 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 10:3) to afford the compound 3ah as a yellow solid (m. p. 101-102°C) in 69% yield
(121.2 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.36; 'TH NMR (500 MHz, CDCl;) 6 7.61 (d, J = 8.1 Hz,
2H), 7.54 (d, J = 8.6 Hz, 2H), 7.34-7.16 (m, 9H), 7.12 (dd, J = 7.3, 1.5 Hz, 1H), 6.94 (d, /= 7.5
Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 5.85 (d, J = 8.5 Hz, 1H), 4.62-52 (m, 2H), 4.20 (dd, J = 14.7,
3.2 Hz, 1H), 3.37 (dd, J = 14.2, 9.0 Hz, 1H), 3.12 (dd, J = 14.2, 4.7 Hz, 2H), 3.05-2.90 (m, 2H),
2.38 (s, 3H), 2.33-2.26 (m, 1H), 1.85-1.77 (m, 1H), 1.60 (d, J = 13.6 Hz, 1H); 13C NMR (126
MHz, CDCls) 6 164.69, 143.37, 141.60, 141.30, 140.27, 138.40, 137.54, 130.76, 130.72, 130.67,
129.84, 129.54, 129.28, 128.70, 128.65, 128.50, 128.41, 127.93, 127.65, 127.44, 125.38, 109.73,
72.41, 63.27, 50.18, 34.46, 33.33, 28.89, 21.55; HRMS (ESI) calcd for C;3H3,05S,[M+H]*:

586.1716, found: 586.1706.
(Z2)-6-phenyl-4-((thiophen-2-ylsulfonyl)methyl)-1-tosyl-1,2,3,4-tetrahydrobenzo[b]azocine(3ai)
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1a (0.30 mmol, 121.06 mg) was reacted with 2j (0.39 mmol, 118.3 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 5:2) to afford the compound 3ai as a yellow solid (m. p. 101-102°C) in 85% yield (164.9
mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.38; TH NMR (500 MHz, CDCls) 6 7.62 (d, J = 8.1 Hz,
2H), 7.57 (d, J = 4.8 Hz, 1H), 7.50 (d, J = 3.5 Hz, 1H), 7.34-7.18 (m, 9H), 7.12 (dd, /= 7.0, 1.9
Hz, 1H), 7.01-6.97 (m, 1H), 6.94-6.91 (m, 1H), 5.94 (d, /= 8.5 Hz, 1H), 4.21 (dd, J= 14.7, 3.3 Hz,
1H), 3.47 (dd, J = 14.2, 8.4 Hz, 1H), 3.27 (dd, J = 14.2, 5.1 Hz, 1H), 2.99-2.90 (m, 1H), 2.39 (s,
3H), 2.36-2.30 (m, 1H), 1.90-1.79 (m, 1H), 1.64 (d, J = 13.6 Hz, 1H); '3C NMR (126 MHz,
CDCl;) 6 143.41, 141.53, 140.21, 140.18, 138.95, 137.53, 134.25, 134.20, 131.04, 130.06, 129.56,
129.31, 128.71, 128.54, 128.42, 128.01, 127.67, 127.52, 64.08, 50.23, 34.54, 33.14, 21.56; HRMS

(ESI) calcd for C,9H7NNaO,4S;[M+Na]*: 572.0994, found: 572.0988.

(Z) -4-((cyclopropylsulfonyl)methyl)-6-phenyl-1-tosyl-1,2,3,4-tetrahydrobenzo[b]azocine(3aj)

Ph

O \v
N
Ts

\

1a (0.30 mmol, 121.06 mg) was reacted with 2k (0.39 mmol, 102.16 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 5:2) to afford the compound 3aj as a yellow solid (m. p. 173-174°C) in 62% yield (94.4
mg).

Ry (petroleum ether/ethyl acetate = 5:2): 0.10; '"H NMR (500 MHz, CDCl3) ¢ 7.64 (d, J = 8.0 Hz,
2H), 7.43-7.11 (m, 10H), 7.01-6.91 (m, 1H), 6.02 (d, J = 8.5 Hz, 1H), 4.24 (dd, J = 14.6, 3.1 Hz,
1H), 3.29 (dd, J = 13.9, 8.4 Hz, 1H), 3.12 (dd, J = 14.0, 5.5 Hz, 1H), 3.05-2.96 (m, 1H), 2.54 (dd,
J=15.8, 8.0 Hz, 1H), 2.39 (s, 3H), 2.25-2.20 (m, 1H), 1.91-1.81 (m, 1H), 1.74 (d, J = 12.2 Hz,
1H), 1.14-1.09 (m, 2H), 0.92-0.83 (m, 2H); 3C NMR (126 MHz, CDCl;) ¢ 143.43, 141.64,
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140.24, 138.66, 137.56, 130.87, 130.64, 129.59, 129.37, 128.66, 128.60, 128.08, 127.66, 127.51,
60.29, 5031, 33.77, 33.09, 30.04, 21.57, 4.83, 4.60; HRMS (ESI) caled for

CasHp9NNaO4S,[M+Na]*: 530.1430, found: 530.1421.
(Z)-4-((methylsulfonyl)methyl)-6-phenyl-1-tosyl-1,2,3,4-tetrahydrobenzo|[b]azocine(3ak)

e N

Ph

1a (0.30 mmol, 121.06 mg) was reacted with 21 (0.39 mmol, 92.02 mg) according to General
Procedure. The crude product was purified by column chromatography (petroleum ether: ethyl
acetate = 10:3) to afford the compound 3ak as a yellow solid (m. p. 173-174°C) in 57% yield
(82.4 mg).

R/ (petroleum ether/ethyl acetate = 5:2): 0.10; 'H NMR (500 MHz, CDCl;) 6 7.65 (d, J = 8.1 Hz,
2H), 7.39 (d, J= 7.0 Hz, 2H), 7.31-7.22 (m, 7H), 7.15 (dd, J = 6.3, 2.8 Hz, 1H), 6.94 (dd, J = 5.6,
3.3 Hz, 1H), 5.99 (d, J = 8.6 Hz, 1H), 4.25 (dd, J = 14.7, 3.1 Hz, 1H), 3.28 (dd, J = 13.9, 8.2 Hz,
1H), 3.10 (dd, J = 13.9, 5.6 Hz, 1H), 3.05-2.97 (m, 1H), 2.79 (s, 3H), 2.54-2.47 (m, 1H), 2.41 (s,
3H), 1.94-1.82 (m, 1H), 1.73 (d, J = 13.7 Hz, 1H); 13C NMR (126 MHz, CDCl;) J 143.43, 141.54,
141.42, 140.23, 139.19, 137.54, 130.81, 130.00, 129.59, 129.47, 128.73, 128.63, 128.61, 128.11,
127.66, 61.06, 50.27, 41.72, 3391, 33.09, 21.56; HRMS (ESI) caled for
CysH27NNaO4S;[M+Na]*: 504.1274, found: 504.1266.

(Z2)-6-phenyl-4-((phenylsulfonyl)methyl)-1,2,3,4-tetrahydrobenzo[b]azocine (4)

Ph

SO,Ph
HN

Ry (petroleum ether/ethyl acetate = 5:2): 0.10; 'H NMR (500 MHz, CDCl3) ¢ 7.72 (d, J = 7.4 Hz,
2H), 7.52 (t, J=17.5 Hz, 1H), 7.36 (t, /= 7.8 Hz, 2H), 7.25 (dd, /=9.3, 3.2 Hz, 3H), 7.17 (dd, J =
7.6, 1.7 Hz, 2H), 7.03-6.98 (m, 1H), 6.68 (dd, J = 7.8, 1.3 Hz, 1H), 6.57 (t, J = 7.3 Hz, 1H), 6.44
(d, J=8.2 Hz, 1H), 5.28 (d, /= 9.4 Hz, 1H), 3.92-3.83 (m, 1H), 3.32 (dd, J = 14.3, 10.2 Hz, 1H),
3.20 (dd, J = 14.3, 3.3 Hz, 1H), 3.14-3.04 (m, 2H), 1.78-1.70 (m, 1H), 1.26 (s, 1H), 1.18 (t, J =
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12.4 Hz, 1H); 3C NMR (126 MHz, CDCl;) J 147.14, 143.83, 142.93, 138.49, 133.59, 133.51,
129.10, 128.73, 128.48, 128.19, 128.09, 128.05, 127.12, 121.14, 117.46, 116.64, 61.94, 40.91,
33.13,31.10; HRMS (ESI) calcd for C,4HpsNO,S[M+H]*: 390.1522, found: 390.1515.
9b-phenyl-2-((phenylsulfonyl)methyl)-5-tosyl-1a,2,3,4,5,9b-hexahydrobenzo[b]oxireno[2,3-

d]azocine (5)

Ph O

SO,Ph

N
|

Ts )

R/ (petroleum ether/ethyl acetate = 5:2): 0.10; TH NMR (500 MHz, CDCls) 6 7.75 (dd, J = 18.3,
7.9 Hz, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.47-7.39 (m, 7H), 7.28 (dd, J = 8.9, 3.7 Hz, SH), 7.25-7.22
(m, 1H), 7.16 (d, J = 8.1 Hz, 2H), 4.11-4.03 (m, 1H), 3.40-3.33 (m, 1H), 3.25 (d, /= 8.6 Hz, 1H),
3.14-3.01 (m, 2H), 2.39 (s, 3H), 2.13 (d, J = 13.8 Hz, 1H), 1.71-1.57 (m, 2H).; 3C NMR (126
MHz, CDCL;) ¢ 143.92, 141.24, 139.29, 138.79, 137.62, 136.52, 133.78, 131.85, 130.30, 129.63,
129.49, 129.31, 128.50, 128.26, 128.20, 128.00, 127.71, 127.59, 68.92, 65.56, 58.37, 53.60, 36.29,

30.40,21.55; HRMS (ESI) calcd for C51HgNNaOsS,[M+Na]*: 582.1379, found: 582.1379.

7. DFT Caculations
AAIl density functional theory (DFT) calculations were carried out with the Gaussian 16

programs' by using the hybrid density functional M06-2X?2, in combination with the Def2-SVP?
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basis set for all atoms. All geometries have been fully optimized with no constraints of freedom.

Vibrational analyses at the same theoretical level were performed to confirm each stationary point

to be either a local minimum or a transition state (TS). The transition states were further verified

by intrinsic reaction coordinate (IRC)* calculations. The solvent effect of dichloroethane (¢ =

10.125) was simulated by performing the self-consistent reaction field (SCRF) of the SMD?

method of Truhlar and Cramer at the same computational level. The energy unit of all structures

was kcal/mol. All 3D structures were generated using CYLview.°
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Figure S1. The energy profile (total energy) along the distance of C—H within the INT-3 from a

relaxed scan (41 points with 0.05 angstrom per step) in the deprotonation process using the PhSe~.
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Figure S2. The energy profile (total energy) along the distance of C—H within the INT-3" from a

relaxed scan (17 points with 0.05 angstrom per step) in the deprotonation process using the PhSe™.

From the Figure S1 and S2, we can clearly see that the deprotonation process using the PhSe™ is
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barrierless.

Cartesian Coordinates and Thermochemical Data (Energies in Hartree)
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-1.71459500

-2.02158000

-2.12608500

-1.58775800

-2.30279600

-0.78427100

1.45676300

2.17150100

0.80710000

-0.28732500

-0.45303300

0.64209800

-1.45779100

-1.94750100

-0.38136700

0.05108500

-0.13613000

-0.19907800

-0.07536700

0.11615300

0.18135600

-0.12815400

0.10066300

0.53416300

0.85122200

-0.21973500

-0.34207800

0.22114900

0.34284100



H

H

9.34028700

9.20114100

9.08854600

SMD-UMO06-2X/Def2-SVP

-0.94828100

-2.21090300

-2.65369000

Electronic Energy (0K) = -2388.4270668

Electronic Energy (0K) + ZPE = -2387.854749

Enthalpy (298K) = -2387.816910

Free Energy (298K) =-2387.930159

TS,

Number of imaginary frequencies: 1

S

w2
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2.93357400

-3.53843800

2.91478600

2.34500000

2.14421100

2.44713100

1.54653300

0.18190300

-0.87334400

-0.20820700

-1.21642100

3.65982900

4.29938400

1.97857700

1.32003800

-0.97320900

-1.05783800

0.10516700

-0.22209100

-1.30979600

-0.10788900

-0.50909900

-2.64329100

-0.44074100

0.95575300

1.95034200

1.68366600

2.70019400

0.51465300

0.44625300

1.31541100

0.52422900

3.28892800

4.07789500

-0.75117500

0.11097200

-1.74372800

-2.36224000
42

-0.39791300

0.85030600

-0.86050000

0.95014600

0.15633400

2.16624800

0.93438000

-0.22260600

-0.32988000

0.12300400

0.63566400

0.36074700

1.22897700

1.64015700

-0.93087600

-1.32617000

0.01968000

0.38501300

-0.62611000

-1.29579200

-0.92782400

-1.78808900
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0.23336900

4.62965600

-1.84287500

-1.77967700

1.46148400

1.34120700

2.11010000

5.58405600

5.29315400

-0.97533700

-0.23684700

4.05259900

-3.46924100

-2.87850200

-3.61893400

3.20886300

3.50105600

-2.27679800

-2.71261300

-2.19791600

4.96961300

4.21278800

6.90150300

7.65711700

-2.96886200

-3.78018400

-7.46954300

-2.01223200

-2.07681000

-5.07225300

-2.44119800

-1.47570200

3.00544000

2.54073400

-1.15603600

-0.42647200

-1.95976000

-0.60385100

0.14840700

3.31680100

3.08852900

2.64655900

0.90847500

3.89473000

4.11966200

3.63638100

4.68683600

-1.34890000

-1.95968900

-1.98389800

-2.45585000

-3.14822000

-0.70939200

-0.02996700

4.49656700

5.19318500

-2.38021500

4.20250400

4.66223100

-0.99242800
43

-0.08713000

0.45476700

1.32698400

2.31234000

-1.31024600

-2.12366400

-1.69361900

0.97353100

1.70802400

-0.89836400

-1.67053600

-1.02909500

-0.89475300

1.04715800

1.81729300

-0.52600000

-0.57173700

-0.20303200

-1.01626800

0.69309700

-0.47957600

-0.85208400

0.53292700

0.93248600

-0.20732300

-0.42660700

-0.32696800

-1.18059600

-2.16875500

-0.03056000
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-5.70213800

-5.26340900

-6.90044200

-7.40730700

7.27248400

6.28900100

6.56699200

-3.44153600

-8.76354500

-9.52791500

-9.14459500

-8.62960300

8.69859900

9.18271800

8.75113200

9.27817500

-6.81217300

-7.25159000

-5.61660400

-5.11276300

5.00599700

0.51397600

SMD-UMO06-2X/Def2-SVP

-1.00175500

-0.46087400

-1.69941700

-1.71131000

-1.67175300

-2.54178800

-3.30403700

0.28989700

-3.13162600

-2.72170400

-3.07564300

-4.19090900

-1.79816900

-2.65757900

-1.96820900

-0.89917200

-2.34450400

-2.86361900

-1.65186500

-1.60944600

2.90471000

-0.22804800

Electronic Energy (0K) =-2388.4102725

Electronic Energy (0K) + ZPE = -2387.837462

Enthalpy (298K) = -2387.801081

Free Energy (298K) =-2387.909096

INT-2

Number of imaginary frequencies: 0

44

-1.27196700

-2.11216500

-1.41086000

-2.37783900

-0.41519600

-0.91133500

-1.64244900

1.56535400

-0.47298400

0.20389400

-1.50053600

-0.20801600

-0.87357200

-0.38384300

-1.95794500

-0.62724300

0.91271000

1.76744600

1.07134900

2.03836500

-1.49218200

1.55849600
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-2.96492100

3.52390800

-3.00394800

-2.58615000

-1.91096800

-1.72462300

-0.84445900

-0.04084200

0.20794000

0.47794700

1.30438100

-2.43466800

-3.10463200

-0.73944600

-0.05802800

0.93476400

091117100

0.03807900

0.54264900

-0.13507000

-4.56216000

-0.79769200

-1.76026300

-1.29643500

-1.15285100

-1.99596200

-5.32605200

-4.96539200

1.42718400

2.23962500

-0.28883300

0.00784300

1.16304400

-0.94320400

-0.83171200

-0.07663200

1.03323900

1.42620700

2.84982700

0.42765100

0.90314300

-0.45074500

-1.31148800

1.74744200

2.59818800

-0.95303700

-0.92275200

-2.10421800

-3.07075400

-1.99382700

-0.90108300

3.80243400

3.45781900

-2.15489600

-2.54174700

-2.83414100

-0.16848500

0.79299200

3.32019700

2.62035200
45

-1.20239400

-0.30904500

-1.10843100

-2.44927000

-0.05244400

1.14264500

1.15389400

0.00387800

-0.22986600

-0.99867700

-1.54429000

2.28661300

2.22416900

2.37101100

2.42017000

-0.45085600

0.65029000

-0.93231300

-0.77810800

-2.01418500

-0.73082700

0.04990200

0.43185100

-0.19727700

0.82173600

-0.70637000

0.18110400

0.55043700

-0.76303900

-0.96475600
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-2.29984400

3.04077000

-0.59365900

-1.39417900

-1.44738300

-1.32485000

2.37674500

2.71231900

2.52018200

-5.00947000

-4.40790800

-6.55097000

-7.15871700

0.62275400

0.78397700

7.46767600

1.62873200

2.58730300

5.06188500

5.32704200

4.60306400

6.53011200

6.75429400

-7.02558200

-6.24177300

-6.60470500

3.74040200

8.76323600

8.57604100

9.38501900

0.26432800

0.53701200

5.15699600

5.86842300

1.37245100

1.94237400

-1.28093600

-2.20645800

-1.37445200

-2.11748300

-2.65866900

-0.68080600

-0.11523000

5.60538900

6.66850500

-2.16167000

4.67909000

5.01796700

-0.83557400

-1.34305100

-1.20826000

-2.00469400

-2.40350900

-1.90891100

-2.61284500

-3.56230400

0.93794700

-2.87836200

-3.90699100

-2.92011400
46

3.47338400

0.97069000

-0.19037300

0.02145000

3.50510400

4.42778800

-0.84020200

-0.35129800

-1.92713000

-1.24123300

-1.97317900

0.59297400

1.30286800

-0.71137300

-0.89818500

0.43747100

-0.99257300

-1.39030400

-0.01832700

1.25396300

2.05937600

1.47108400

2.46295500

0.10495700

-0.81695300

-1.21561000

-1.42662400

0.69757700

1.03989400

-0.20558100



T T O @m O X m T O =

H

9.33399000

-8.35366800

-9.15716800

-8.59719200

-8.34775800

7.17260100

7.89761100

5.97220200

5.74823600

-2.85640500

-0.29543900

SMD-UMO06-2X/Def2-SVP

-2.37127700

-2.44183900

-1.72141200

-3.39057300

-2.60925300

-1.63371900

-1.74104900

-0.96612800

-0.54052700

-0.03525400

0.26888000

Electronic Energy (0K) = -2388.4752678

Electronic Energy (0K) + ZPE = -2387.897872

Enthalpy (298K) = -2387.861831

Free Energy (298K) =-2387.969920

PhSee

Number of imaginary frequencies: 0

C
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-2.15995400

-0.76505800

-0.06667700

-0.76497100

-2.15977000

-2.86135100

-2.70121700

-0.22108200

-0.22075100

-2.70103700

-1.20616600

-1.21346500

-0.00010900

1.21341900

1.20626700

0.00005300

-2.15392600

-2.16041900

2.16023100

2.15402500

47

1.48969300

0.56597500

0.35291900

0.07113300

1.65349100

-0.82545500

-1.63472300

-1.06303100

-2.04252900

4.36239800

-1.77212600

-0.00001100

0.00002800

0.00003800

0.00002000

-0.00001200

-0.00001500

-0.00001700

-0.00000300

0.00001400

-0.00000500



H

Se

-3.95225500

1.83714800

SMD-UMO06-2X/Def2-SVP

0.00018200

-0.00000200

Electronic Energy (0K) = -2632.6408929

Electronic Energy (0K) + ZPE =-2632.549798

Enthalpy (298K) = -2632.543181

Free Energy (298K) =-2632.581380

PhSe~

Number of imaginary frequencies: 0

C

T T @D T =D O o o o O

Se

-2.18004000

-0.78543200

-0.05107100

-0.78541400

-2.17999700

-2.89066600

-2.71683400

-0.24495300

-0.24486600

-2.71680300

-3.98207400

1.85709600

SMD-M06-2X/Def2-SVP

-1.20201100

-1.20229600

-0.00002800

1.20228300

1.20203800

0.00001100

-2.15375500

-2.15161100

2.15155800

2.15377500

0.00004600

0.00000000

Electronic Energy (0K) = -2632.8034562

Electronic Energy (0K) + ZPE =-2632.712891

Enthalpy (298K) = -2632.706249

Free Energy (298K) = -2632.743834

Int-3

48

-0.00002200

-0.00000700

0.00002100

0.00001800

-0.00009200

0.00000300

0.00003600

-0.00003200

0.00003300

0.00003700

0.00002300

0.00004800

-0.00003900

0.00000500



Number of imaginary frequencies: 0

S
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-2.94975800

3.41194400

-2.84578100

-2.66859400

-1.86639900

-1.53726200

-0.67040000

-0.00856200

0.17719300

0.45270600

1.21967300

-2.09812000

-2.78792700

-0.38819400

0.30597200

0.89896100

0.88715700

-0.02239900

0.48546600

-0.24978400

-4.55519900

-0.80925700

-1.70417800

-1.31302200

-1.12205700

-2.07084800

-5.20738400

-4.75319700

1.30376100

-0.17343000

0.02659200

1.24974500

-0.66847900

-0.93793700

-0.34364300

0.77956300

1.29351600

2.71098100

0.39415300

0.92314500

-0.83476900

-1.67853500

1.37281000

2.21232900

-1.03824800

-1.12294700

-2.12008800

-3.09588500

-1.88033000

-0.72753600

3.58461500

3.16430200

-2.24934000

-2.78407700

-2.82142700

-0.07693600

0.79185900

3.25628800
49

-1.13200800

-0.49642700

-0.83224600

-2.47182000

-0.12798000

1.11692600

1.16263000

-0.02109400

-0.14556900

-1.10990200

-1.69298700

2.28854300

2.22948900

2.41051600

2.45859800

-0.72385700

0.37334800

-1.30545000

-1.29430400

-2.35510700

-0.64583800

0.38237300

0.84215100

-0.49944900

0.44154800

-1.05232400

0.40311500

0.88265100

-0.81178300
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2.10377000

-1.78319200

2.78995100

-0.67683000

-1.45254800

-0.92877800

-0.68029300

2.34604300

2.71410100

2.49487400

-5.12150800

-4.60050800

-6.45022100

-6.97268100

0.44967200

0.55799800

7.37352500

1.44007900

2.32404400

4.95555200

5.14334900

4.35606500

6.35486300

6.52080000

-7.04814900

-6.36737300

-6.82423900

3.65174300

8.67744300

8.50916100

2.60650600

-0.24950300

0.51519000

4.95571500

5.62283100

0.84935700

1.30155500

-1.28758600

-2.23643100

-1.28060000

-1.82413800

-2.30221300

-0.55034600

-0.04997200

5.47777900

6.55874500

-1.97482200

4.63071800

5.05044500

-0.74476100

-1.26599600

-1.17977100

-1.87943700

-2.28929100

-1.65344700

-2.27913700

-3.13447500

0.99293300

-2.63650100

-3.66010100
50

-1.17004900

3.51948400

0.74410700

0.23102900

0.60766700

3.58065900

4.54098000

-1.14456300

-0.73093800

-2.23419900

-1.29417100

-2.12506000

0.81069500

1.62856800

-0.41155200

-0.51779700

0.51872600

-0.92125300

-1.40192500

-0.09581700

1.18486400

1.93565300

1.48081800

2.47949600

0.18259200

-0.87089300

-1.37263500

-1.57815100

0.86508800

1.23056000
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9.34596500

9.18824300

-8.40864900

-9.19068300

-8.54639400

-8.56857900

7.15232000

7.94018700

5.94574400

5.77778500

-2.21889300

-0.39745200

SMD-M06-2X/Def2-SVP

-2.68032400

-2.08462400

-2.12979900

-1.57067700

-3.19510800

-1.96959200

-1.43414300

-1.49502300

-0.81383500

-0.37985300

-0.65493700

0.36541300

Electronic Energy (0K) =-2388.3081406

Electronic Energy (0K) + ZPE = -2387.729268

Enthalpy (298K) = -2387.693502

Free Energy (298K) =-2387.799154

PhSeH

Number of imaginary frequencies: 0

C
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-2.20012400

-0.80528700

-0.09588900

-0.78903600

-2.18338100

-2.89463400

-2.74587500

-0.27011600

-0.23964300

-2.71599500

-1.20200300

-1.21827100

-0.01255700

1.20356500

1.20868900

0.00802800

-2.14740300

-2.16977300

2.14762700

2.16149500
51

-0.00380800

1.66837800

0.60721100

0.06951200

0.38046400

1.68180600

-0.75410600

-1.50736300

-1.07190800

-2.05891600

4.43388500

-1.82002800

0.00001200

0.00001800

-0.00001000

-0.00001100

-0.00000900

-0.00000400

0.00002300

0.00003400

-0.00005200

-0.00002900
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-3.98567100

1.81689100

1.99311800

SMD-M06-2X/Def2-SVP

0.01536400

0.04355200

-1.41277300

Electronic Energy (0K) =-2633.2645119

Electronic Energy (0K) + ZPE =-2633.165531

Enthalpy (298K) = -2633.158156

Free Energy (298K) =-2633.197160

3a

Number of imaginary frequencies: 0

S

w2
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-2.98064000

3.60599000

-3.14093300

-2.55809200

-1.89685700

-1.69591500

-0.80566900

-0.03836300

-0.08293300

0.71175800

1.20040900

-2.39536400

-3.07747200

-0.65994600

0.02159800

1.03328900

0.92401200

0.12273600

0.62727300

-0.19856000

0.00823900

1.22531000

-0.68252400

-0.77758500

-0.08078100

1.00828800

1.46097700

2.91031900

0.61314800

1.00845100

-0.49893500

-1.34745500

1.66927700

2.52032300

-0.82157400

-0.96940100

-1.83487300

-2.81202600
52

0.00000200

0.00001500

-0.00045700

-1.14721900

0.17650800

-0.89175300

-2.45448300

-0.04497500

1.18421300

1.25138600

0.05966700

-0.28030700

-0.66711100

-1.56414400

2.32142300

2.23463000

2.47954400

2.54160200

-0.33391600

0.75289300

-1.05639000

-1.11391900



- O O T O =T O T O @m = 0 T OO =T 0 o O @D O @m O @D o@D O o @m 0 O =

@

-0.06697300

-4.52605600

-1.26433200

-2.16866600

-1.19822900

-1.02692300

-1.86168200

-5.34535400

-5.06060300

1.07456000

2.00820400

-2.22207500

3.20009500

-1.29236600

-2.22133300

-1.35238300

-1.21036600

2.49366500

2.77910000

2.70839100

-4.87979800

-4.23775800

-6.52849700

-7.17949900

-0.14081700

-0.16423900

7.67650600

1.04247900

1.95178600

5.19592500

-1.49599900

-0.98596500

3.65380100

3.15034600

-2.03450400

-2.52462500

-2.69122600

-0.42896400

0.50534700

3.56004300

2.99526100

0.15855800

0.04170000

5.00789500

5.57116500

1.24797100

1.77091200

-1.11989300

-2.13017400

-1.00820200

-2.16128400

-2.56228400

-1.07800600

-0.64922100

5.64270700

6.70422200

-2.03886700

4.91503900

5.40817200

-0.78335200
53

-2.08609900

-0.76199600

-0.13440800

0.21098400

-0.32798800

0.64176300

-0.90961300

0.22319600

0.71016100

-0.73809500

-0.80484700

3.53633500

1.58381600

-0.46349000

-0.35606500

3.61180600

4.55899100

-0.68063000

-0.35488300

-1.75417600

-1.41993200

-2.20568700

0.55717600

1.32237900

-0.93317500

-1.18649200

-0.09407200

-1.06643800

-1.41543700

0.07526500
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5.57710400

4.91211500

6.81648400

7.13077200

-6.90750100

-6.07117400

-6.35990800

3.69148800

9.01334900

8.89168300

9.55587800

9.63338000

-8.19045500

-9.04321000

-8.37704000

-8.15703100

7.26615100

7.92944400

6.02758600

5.71222900

-2.76782300

SMD-M06-2X/Def2-SVP

-1.67341400

-1.86213700

-2.29611300

-2.99220200

-2.27076400

-2.79672700

-3.71564700

1.26452800

-2.72211800

-3.81539500

-2.43858800

-2.45829100

-2.95516400

-2.26760500

-3.83470400

-3.28175700

-1.13444500

-0.91922000

-0.49951500

0.21616900

-0.17467700

Electronic Energy (0K) =-2387.9031476

Electronic Energy (0K) + ZPE =-2387.336576

Enthalpy (298K) = -2387.300730

Free Energy (298K) =-2387.407681

TSy

Number of imaginary frequencies: 1

C

1.04110900

-0.20452700
54

1.07990500

1.92455500

0.98577900

1.76666900

-0.07972500

-1.07114300

-1.58536400

-0.57662700

-0.17128600

-0.16370000

-1.08206800

0.69851700

0.30225400

0.20308000

-0.32685700

1.35261200

-1.08125800

-1.92136000

-1.00407500

-1.76500100

4.42036300

3.36155900
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-0.33973600

-1.01031500

-0.30544800

1.09198700

1.74475900

1.90113400

1.80852500

-1.00362200

-1.18646700

-2.10961900

-2.28552400

-3.44830600

2.90721100

2.68958100

3.62282400

4.79879500

5.03501800

4.09994900

-3.42938200

-4.32871500

-5.66120200

-6.10614900

-5.17991700

-3.84252900

-7.55252700

-1.71616300

-1.66311000

-1.09237800

1.57292200

-0.89949400

-0.01367400

-0.24552300

-0.62634700

-0.80060600

-0.60681200

-1.11932200

-0.31705300

-0.92611700

-2.32636200

-3.08999300

-4.51412000

-5.05680900

-2.19499200

-3.31439600

-4.34627800

-4.27225700

-3.15852300

-2.12959600

0.33279900

-0.53976200

-0.52364600

0.35979200

1.23618200

1.23146600

0.39532600

0.27497300

-0.13961800

1.52301400

-0.03812300

0.29315500
55

3.29283700

2.09423500

0.94920600

1.00144100

2.22967300

-0.20268200

-1.30687400

-0.25849200

-0.64292100

0.30877000

-0.12847800

-0.48987400

-0.11794200

0.70530400

0.76439300

0.01591500

-0.79252900

-0.86098900

-0.68548500

-1.29767800

-0.89366700

0.09984500

0.68358100

0.29747000

0.50766700

-1.14823000

-2.54280200

-0.72765100

4.29971900

4.17765000
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-2.09597800

2.82800000

2.32775200

1.04032700

-1.58187600

-0.19272500

-3.08728600

-1.66973000

-1.37562000

-3.51701800

-4.37484600

1.77153900

3.43125700

5.53352400

5.95944700

4.31354800

-3.99128700

-6.37268400

-5.51465300

-3.12359200

-7.65688300

-8.05263100

-8.08430300

2.49277100

1.95643700

1.07034300

0.70894000

1.26602600

2.15270400

-0.28193900

-0.14584500

-0.73531800

-0.57025000

0.45796900

-2.34574600

-2.80399900

-2.58468000

-3.06510600

-5.12606500

-6.09935000

-4.47360400

-3.37921000

-5.21295200

-5.07752000

-3.08558700

-1.25416000

-1.21872400

-1.20604800

1.93683800

1.91945700

0.61177800

-0.55670000

1.18804200

2.77234800

2.86674200

3.90496400

4.82998500

4.69988300

3.67005500

5.92173400
56

2.03764900

2.27034200

-2.23463500

-1.36095500

-1.66740000

-0.68051400

0.35927700

1.32055600

-0.16041000

-0.80963500

-0.47348000

1.29373100

1.39934700

0.06781400

-1.36779600

-1.47778200

-2.08305400

-1.36331100

1.45145300

0.74550900

1.57948500

0.28697400

-0.04192600

-0.26921800

1.01348600

1.28849500

0.29905000

-0.98224400

-1.28014100

0.59141600
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3.52551000
4.14305300
4.37979200
2.23900400
0.65034400
0.99861000
2.58621100

-0.31886500

-0.03643300

-1.29164800

SMD-UMO06-2X/Def2-SVP

Electronic Energy (0K) =-2388.4184476

1.37622300

0.88799000
1.72624500
2.14502400
3.99917400
5.41923300
3.56684100
6.15048700
6.83957100

5.60999500

Electronic Energy (0K) + ZPE = -2387.848304

Enthalpy (298K) = -2387.809825

Free Energy (298K) =-2387.926134

INT-1'

Number of imaginary frequencies: 0

C
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1.65241800
0.28376300
-0.50214600
0.06528500
1.45260800
2.21806800
2.14547800
1.91359500
-0.76614800
-0.89097200
-1.69277300

-1.79174200

0.06573200

0.33994100

0.15041900
-0.27053200
-0.54172600
-0.38257000
-0.92788200
-0.17609600
-0.49375700
-1.83321700
-2.78276200

-4.15046300
57

-0.66643800

0.58011200
-1.81836600
1.78200400
2.29222000
-1.75922600
-2.27623000
1.66455800
0.04012800

0.28001300

3.52568300
3.58188000
2.45037300
1.24361200
1.16387700
2.33958500
-0.07351800
-1.33387700
0.10956400
-0.47111300
0.42088600

-0.18685100
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-2.93395500

3.17517700

3.12780900

4.08217000

5.11888900

5.18724600

4.23103700

-3.35870900

-3.90761500

-5.19196600

-5.93377700

-5.36028300

-4.07697800

-7.32911400

-1.68906200

-1.34941000

-1.54745800

2.27981300

-0.17560300

-1.57752600

3.29077600

2.27611800

0.86969700

-1.36469200

0.11606100

-2.69954800

-1.18587200

-0.84275100

-2.94656700

-3.89845000

-4.74117200

-1.95207300

-3.00222900

-4.01233600

-4.00397900

-2.97203600

-1.96268300

0.13293000

-0.54595600

-1.07109300

-0.91692700

-0.20980800

0.31968700

-1.46598900

0.72811200

0.82903000

1.88541300

0.20377200

0.68117500

0.32200800

-0.57825400

-0.70716300

0.11774000

-1.73694600

-2.24110000

-2.36910800

-2.84592700

-4.67380200

-5.73835600

-4.24627700
58

-0.53848400

-0.04879800

0.89884000

0.89756700

-0.03969400

-0.97888900

-0.98981400

-0.45848000

-1.54490400

-1.42908700

-0.24944300

0.81776100

0.72207000

-0.14638600

-0.54828800

-1.96526400

0.31894100

4.40753900

4.51068200

2.49127200

2.29028000

-2.22417500

-1.50821600

-1.45916900

-0.65454500

0.59251700

1.39935000

-0.35702100

-0.98502100

-0.38452000
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2.31395700

4.01420200

5.86903400

5.99992000

4.32717600

-3.33658000

-5.62914600

-5.93129900

-3.64149700

-7.61032600

-7.42817000

-8.05177000

1.76795600

1.84548900

0.99336700

0.08151900

0.04856800

0.88108200

-0.88427200

2.84101700

4.03751300

2.98710100

2.56873300

1.03845700

-0.65172900

0.85614100

-0.50002600

-1.10839500

-1.83370600

SMD-UMO06-2X/Def2-SVP

-3.03130800

-4.81816200

-4.79638900

-2.94840100

-1.14882900

-0.65728700

-1.61030400

-0.07066900

0.87960900

-1.64452200

-2.40509100

-0.75052700

2.60619500

2.84215900

3.78806100

4.49937300

4.25655800

3.30684500

5.46554500

1.40190500

1.27126600

1.73427800

2.29811800

3.97932000

4.81313200

3.11283800

5.86450000

6.30261300

4.94821100

59

1.62589500

1.63060100

-0.03766500

-1.70702700

-1.70914100

-2.46799300

-2.27207300

1.73796300

1.55169300

0.89969800

-0.70727700

-0.56965500

-0.65336700

0.71797600

1.28061300

0.49008300

-0.88920900

-1.46961700

1.11455400

-1.39666300

-0.55993300

-2.81614100

1.32807100

2.35507100

-1.51582800

-2.54278200

2.06268900

0.43949600

1.32777600



Electronic Energy (0K) = -2388.4408451

Electronic Energy (0K) + ZPE = -2387.868075

Enthalpy (298K) = -2387.830320

Free Energy (298K) =-2387.941376

TS,

Number of imaginary frequencies: 1

C
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2.39899100

3.10351500

3.13103300

245119100

1.77614800

1.76028900

1.01593200

-0.33014200

2.49958700

3.75967300

4.22086200

3.23102800

1.88506700

1.15001900

2.37142200

2.56189000

1.53955300

0.32780900

0.13649300

0.43463300

0.37967200

-0.86120200

-2.03953300

0.19317100

-0.96253400

-1.38186600

-0.67190200

0.53108900

0.92443000

1.40401600

0.85544400

-1.15692400

-0.90266600

0.54050600

1.56269900

1.33150600

2.86872700

3.41175100

4.78732500

5.66915800

5.15100800

3.77409800

-2.93295300

-3.40934300

-3.69498500

-3.53466300
60

3.13658300

2.80447700

1.47939400

0.47958300

0.78901600

2.14144800

-0.18072900

-0.55813900

-0.87436200

-1.62087800

-1.54010900

-1.99076100

-2.15279800

0.00593300

0.45219700

0.55048100

0.19559300

-0.26222200

-0.35622700

-0.37218000

0.93866900

1.49233500

0.74966400
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-1.94929500

-0.71627900

-3.37046900

2.00089000

2.93267800

1.80269600

2.34817600

3.62708200

3.67213400

1.20601600

-0.83847600

-0.26803400

4.56046800

3.56468500

5.14562600

4.53052700

3.59432600

1.26614300

1.51961300

3.18961100

3.52036800

1.68675000

-0.48372400

-0.82758600

1.29687400

-0.91969600

-2.85794000

-0.64083500

-4.18479100

-3.58352100

-3.07231200

-2.77069800

-3.83779700

-2.74505700

-3.69387900

-2.81770800

0.53283100

-1.53653200

-2.28584500

1.82474800

1.44568700

-0.19241700

-1.56132500

-1.17095200

0.62005700

0.77841300

2.59354200

2.14568700

0.32091200

2.74064900

5.17300500

6.74761900

5.82417200

3.41032300

-3.57230700

-4.06268500

-2.96034400

-2.44140200

-3.78914100

-3.11576800
61

-0.56887000

-1.14041700

1.37823700

-1.17014700

-0.56246800

-2.61398500

4.17227300

3.57054800

1.19679100

2.41001500

-1.33242300

-0.88254400

-1.24187600

-2.66803800

-2.13516700

-0.50436800

-2.03100300

-2.53813600

-2.33320500

0.72036400

0.90310800

0.27284300

-0.54487300

-0.70982900

1.50587100

2.51893300

-1.16432400

-2.17790800

0.64320400

2.18257200
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-3.37069400

-3.10178700

-3.86900700

-5.16255200

-5.69084600

-4.89655600

-3.60918000

-7.08070900

-1.46226000

-1.27459600

-1.30404300

-3.45397600

-5.77463200

-5.30410400

-3.01202400

-7.59376700

-7.67905900

-7.05058000

SMD-UMO06-2X/Def2-SVP

-4.83810000

0.81491700

-0.34315700

-0.31247000

0.86219500

2.02157900

2.01029900

0.90021500

0.78441900

-0.50773000

2.01329700

-1.24833600

-1.21670000

2.94964600

2.92437600

-0.06074000

1.68586000

1.13118700

Electronic Energy (0K) = -2388.4073535

Electronic Energy (0K) + ZPE = -2387.833671

Enthalpy (298K) = -2387.797825

Free Energy (298K) =-2387.901203

INT-2'

Number of imaginary frequencies: 0

C

C
C
C

2.02655800

3.05654000

3.32666300

2.56979700

0.73356700

-0.18028300

-0.59930700

-0.13169000
62

1.83497800

0.18097100

0.21126200

-0.31038300

-0.85658300

-0.85683700

-0.33409500

-1.42795800

0.88213600

1.54498700

1.66545600

0.65318400

-0.28624000

-1.26369000

-0.31165600

-1.29533000

-0.94374700

-2.50348900

3.11136900

2.89877700

1.60232200

0.51753000
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1.55678700

1.30583800

0.67724500

-0.63273400

2.87998300

4.00972100

3.87453700

2.59429800

1.26818800

0.44840100

1.51170400

1.37919500

0.17574200

-0.88652100

-0.74894600

1.30776000

1.25799800

0.05596600

-1.08551900

-0.99666200

0.19791400

-2.37574100

2.84827100

3.92585200

2.80544600

1.78624900

3.64576200

4.12330900

0.51223100

-1.27004400

0.83133300

1.23111800

1.45550700

0.64955000

-0.62109400

0.02556700

1.54148300

2.05768300

1.39943400

2.95541600

3.75343000

5.13647000

5.75741800

4.97861700

3.59477200

-2.81274400

-3.24461200

-3.72783900

-3.80728100

-3.38923800

-2.89253300

-4.31981600

-2.28055800

-2.94764000

-2.44059100

1.07248100

-0.56367800

-1.31756500

1.95484800

1.05319800
63

0.70699700

2.03126400

-0.40044400

-0.51873600

-0.79679200

-1.49710000

-1.48648200

-2.05451800

-1.86362500

-0.14515500

0.30062000

0.41901300

0.08614200

-0.36955700

-0.48541300

-0.37515100

0.95170400

1.45076700

0.63970100

-0.69386800

-1.21256800

1.21442400

-1.06185200

-0.33387100

-2.51136300

4.12030500

3.73321600

1.40432700

2.21687000

-1.31708100
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-0.40290800

4.96841400

3.99961700

4.72518800

4.01683600

2.60666800

0.52660100

1.29814100

2.46174000

2.22420200

0.06688400

-1.83601800

-1.60500700

2.15195200

-0.00027100

-1.87250300

0.27530400

-3.14657200

-2.74956300

-2.22690400

-3.30032900

-3.71402700

-4.96949200

-5.80964600

-5.36712100

-4.11912500

-7.16750700

-1.69461100

-1.28958100

-1.78161900

-0.39762800

-0.26604900

-0.34425000

1.95030300

1.90383500

3.06660500

1.91445800

0.34923200

3.28592500

5.72975000

6.83919600

5.44723600

3.02153600

-3.21106000

-4.05926200

-3.46451500

-2.58708700

-4.43310600

-3.62372300

-5.29283600

0.19362400

-1.11829400

-1.35224300

-0.28953600

1.02407100

1.27557600

-0.53493300

0.50013500

-0.69671400

1.78149100
64

-0.76265100

-1.03255300

-2.53126200

-2.05295200

-0.44830200

-2.47096800

-2.49159200

-2.18452300

0.56646600

0.77312200

0.18067300

-0.63479200

-0.84260100

1.57549700

2.48968900

-1.34220400

-2.25738400

0.44061400

1.98170200

1.70465600

0.23343100

0.03264100

-0.52707200

-0.88022100

-0.65329600

-0.09447300

-1.47673400

0.94472300

1.68420500

1.65140900
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H

-3.06083200

-5.30603700

-6.01975800

-3.78526000

-7.34402500

-7.95637100

-7.27113200

SMD-UMO06-2X/Def2-SVP

-1.94087600

-2.37900800

1.86082100

2.29616400

-1.60532500

-0.15260700

-0.01069400

Electronic Energy (0K) = -2388.4374161

Electronic Energy (0K) + ZPE =-2387.861188

Enthalpy (298K) = -2387.825528

Free Energy (298K) =-2387.927906

INT-3'

Number of imaginary frequencies: 0

C
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2.01331400

3.06109000

3.34636100

2.58440500

1.55335100

1.28659000

0.66367600

-0.63046900

2.89733900

4.04488000

3.80769800

2.52679400

1.24682100

0.40973800

1.41892900

0.69543700

-0.19520900

-0.58544100

-0.10953400

0.83030200

1.20412600

1.45295100

0.62451300

-0.56939900

0.07252900

1.55793700

2.07804400

1.38738700

2.95533600

3.76088900
65

0.32383400

-0.68580700

-0.91226300

0.10256700

-1.64207300

-0.81159400

-2.43808600

3.12333800

2.89817200

1.59643600

0.52081400

0.72459400

2.05274600

-0.37082900

-0.51493000

-0.80342100

-1.45077100

-1.63297000

-1.97252500

-1.86231800

-0.12306800

0.42059700
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1.25228500

0.06917400

-0.93969400

-0.76881800

1.33739400

1.32577400

0.14068100

-1.02021800

-0.96862400

0.20887100

-2.28919400

2.85278300

3.96110700

2.77007900

1.76249700

3.65113200

4.15464300

0.48131700

-1.26357000

-0.37937100

4.97468100

4.17956200

4.62811500

3.78868100

2.50668400

0.51174700

1.34841000

2.34884300

2.05202300

-0.06692400

5.14077800

5.74243600

4.95160900

3.57267700

-2.78188700

-3.21613300

-3.70951300

-3.79623200

-3.37521800

-2.87110200

-4.32589300

-2.23741800

-2.89684000

-2.33611400

1.00914000

-0.58452500

-1.28822400

1.91102100

1.01681000

-0.41947300

-0.07062000

-0.38163500

2.09219200

2.10361300

3.14083000

1.91959200

0.33693800

3.30817100

5.74404800

6.82070100
66

0.53802300

0.11261700

-0.43488200

-0.55457500

-0.39959600

0.92832500

1.45533500

0.67219300

-0.66265100

-1.21151000

1.27610900

-1.11839700

-0.43828100

-2.57043400

4.13749900

3.72890000

1.38763100

2.25174000

-1.32156900

-0.74668400

-0.87676400

-2.44245400

-2.13437400

-0.62920800

-2.24405600

-2.47907800

-2.15511900

0.77166900

0.97056200

0.20870900
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-1.87261800

-1.58111700

2.23406300

0.11342400

-1.85996100

0.25731500

-3.08021700

-2.64626400

-2.11706000

-3.28840600

-3.72272900

-4.97354800

-5.78541400

-5.32094900

-4.07862400

-7.13500400

-1.69629200

-1.27283100

-1.78364000

-3.09189400

-5.32937500

-5.95313900

-3.72763600

-7.35652700

-7.92387900

-7.18331000

SMD-M06-2X/Def2-SVP

5.40711800

2.98770900

-3.17921600

-4.04525200

-3.45759900

-2.56726700

-4.43706300

-3.64316000

-5.30309700

0.15538900

-1.16013800

-1.40867200

-0.35785300

0.96085700

1.22833200

-0.61908000

0.48506900

-0.69310500

1.78143000

-1.97213600

-2.43715600

1.78861600

2.25408700

-1.69314200

-0.11898600

-0.21936100

Electronic Energy (0K) =-2388.2520438

Electronic Energy (0K) + ZPE = -2387.674759

Enthalpy (298K) = -2387.639445

67

-0.77081000

-0.98786100

1.53083900

2.49385100

-1.28842200

-2.25848800

0.52291300

2.06298700

1.75007800

0.23305700

0.11927200

-0.44470900

-0.88789100

-0.74687400

-0.18475200

-1.49514700

0.95244300

1.70725500

1.62825300

0.48069900

-0.53458900

-1.07565700

-0.05486300

-1.53001100

-0.91400200

-2.51897700



Free Energy (298K) = -2387.739840

3a’

Number of imaginary frequencies: 0

C
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2.07993100

2.82853700

3.02307100

2.45157700

1.70766300

1.54135400

0.94742900

-0.42554200

2.72483700

4.00076800

3.97262000

2.77196800

1.51907900

0.82791400

1.96899900

1.94424700

0.77464700

-0.35983100

-0.33214400

0.87242900

0.69350000

-0.58204600

-1.66910800

-1.45573700

-0.18652300

-3.03591300

0.73303300

-0.43243600

-0.97211300

-0.38386800

0.81216400

1.33850300

1.50932300

0.80473600

-0.96061400

-0.51028800

1.00081500

1.36674200

1.47468800

3.03503100

3.75531000

5.14265600

5.84907600

5.14811600

3.75491600

-2.95461700

-3.47590800

-3.86681300

-3.76281000

-3.23508700

-2.83352400

-4.21154200
68

3.11931900

2.99156100

1.72561100

0.58851800

0.69651000

1.98825500

-0.45698700

-0.59029500

-0.70058500

-1.29363200

-1.51092800

-2.32725100

-1.88071800

-0.22947700

0.15511800

0.26272800

-0.02589800

-0.42490800

-0.52600500

-0.34944300

0.93180500

1.32025200

0.44135500

-0.83923200

-1.24692800

0.87852900
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2.50608600

3.44943200

2.53753000

1.91166500

3.26965800

3.62713300

0.94644600

-1.04277400

-0.27185300

4.84754400

4.11292100

4.89916300

3.97348400

2.91915700

0.74650600

2.89442400

2.84573000

0.75138000

-1.28210400

-1.24263800

1.54574000

-0.73788700

-2.29434700

-0.01029400

-3.78029100

-3.35813300

-3.02597800

-3.10750700

-3.67532300

-4.97271800

-2.61554900

-3.38814700

-2.80973500

1.18078800

-0.91451100

-1.87029200

2.24122100

1.27176400

-0.24945300

-0.78980400

-1.02260100

1.28555500

1.51254500

1.46547300

1.70645700

3.22033000

5.67514200

6.93688800

5.68332500

3.24429300

-3.59035100

-4.27580900

-3.15379000

-2.45285200

-4.06123200

-3.65876200

-5.27913000

0.52834800

-0.73853700

-0.87502300
69

-0.93266100

-0.12597800

-2.37728600

4.09995400

3.86529400

1.59583300

2.11482000

-1.36899200

-0.86123600

-0.64328500

-2.25797800

-2.02721400

-0.53804500

-3.40710700

-2.62186500

0.37806400

0.57109500

0.05774300

-0.65810500

-0.83762600

1.60279600

2.32074900

-1.53427500

-2.25447600

0.08548800

1.77434200

1.14456800

0.24250400

0.18132600

-0.31190300
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-5.70196600

-5.10680200

-3.81675000

-7.09600700

-1.45965500

-1.11886700

-1.43272300

-3.10521700

-5.43059800

-5.67372000

-3.37129400

-7.47043900

-7.78590200

-7.11810300

SMD-M06-2X/Def2-SVP

0.24113500

1.51040700

1.66468000

0.09893300

0.71117500

-0.51822900

1.99090900

-1.59763600

-1.86553000

2.39141200

2.65628200

-0.92514200

0.78884900

0.34617800

Electronic Energy (0K) = -2387.8692893

Electronic Energy (0K) + ZPE = -2387.302550

Enthalpy (298K) = -2387.267285

Free Energy (298K) = -2387.369743

TSy

Number of imaginary frequencies: 1

S

o o o o =z o O

2.83470500

2.94976800

2.27128200

1.88606900

1.94116300

0.98176900

-0.22530700

-1.51176600

-0.73114700

0.37564300

-2.00665600

-0.19647100

1.19465600

2.11833000

1.76084400

243161500
70

-0.73778500

-0.64563700

-0.15170400

-1.28159500

0.89905900

1.61567400

1.61246200

0.53349300

-0.35749300

-0.95458800

-0.05086800

-1.15801900

-0.77470200

-2.35401300

1.19793900

2.13777600

1.61679200

-0.06433900

-0.40501700

0.06916800

0.87658100

0.50937500
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-0.21570100

-1.14312000

2.97068700

3.67190000

1.14613600

0.42066000

-0.87959300

-0.51781400

0.11580800

-0.01020000

-0.07121900

4.45781100

-2.42581800

-2.15107100

1.55598700

1.74516300

2.24072600

5.38119900

5.11200100

-1.86982300

-1.16597600

3.10705100

-3.67403600

-4.36899500

2.19440600

2.28921900

-2.23285700

-2.86669500

-2.56916900

4.78701900

0.88789700

0.65138100

1.61934900

0.87362900

3.46461300

4.19678700

-0.65775500

0.36433300

-1.68664200

-2.60271600

-1.97846400

-1.04622500

2.79928300

2.67277100

-1.20116800

-0.75437100

-2.05499000

0.00176000

0.98810500

2.65061700

2.40409500

2.95657500

3.32474100

3.60194700

3.88712900

4.94376000

-0.90577700

-0.14922400

-1.94315800

-2.32510000
71

1.89831900

2.42586400

-1.25563100

-1.63688900

-0.30464500

0.05440900

-1.40864900

-1.54981600

-0.98263600

-1.58429500

0.06772100

0.55182900

1.50830600

2.55718700

-1.08874800

-2.07630500

-0.98992200

0.50052000

0.88160100

-0.83049900

-1.62863200

-1.61107800

1.18038000

1.97506600

-1.11490000

-1.37008700

-1.53652300

-2.00500200

-1.62716200

0.10711900



H 4.06523100  -3.13875900 0.19352600
C 6.64247300  -0.24150700  -0.03015300
H 7.37292100 0.56951700  -0.07266500
C -4.03269000 3.49965500  -0.15630800
H -5.01158800 3.90717600  -0.41508800
C -7.20424200  -2.83971100  -0.81559600
C -3.12199400 3.16660300  -1.16055400
H -3.38632000 3.31161300  -2.20974500
C -4.85608400  -1.57591400 0.04744000
C -5.88878400  -0.82863800  -0.53901800
H -5.77053800 0.25096700  -0.65367600
C -7.05590300  -1.45981200  -0.96775400
H -7.85429600  -0.86975300  -1.42156500
C 6.99825200  -1.51503500  -0.50302500
C 6.05731300  -2.54828100  -0.42202700
H 6.32550200  -3.54764900  -0.77030500
C 8.37202300  -1.75543900 -1.06365200
H 9.13739500  -1.60341000  -0.28765500
H 8.47201000  -2.77713900  -1.45127000
H 8.58993000 -1.04867300 -1.87766200
C -6.17937500  -3.58874800  -0.23440800
H -6.29082900  -4.66781800  -0.11273800
C -5.00923200  -2.96283700 0.19408300
H -4.20724700  -3.54782400 0.64845700
H 3.92080900 3.26860000  -2.26728900
H 0.69808300 0.41991700 2.25530100
Se -3.25996700  -0.70698500 0.62564300
H -8.11911400  -3.33188900  -1.15019500

SMD-UMO06-2X/Def2-SVP

Electronic Energy (0K) =-4202.170457
72



Electronic Energy (0K) + ZPE = -4201.636422

Enthalpy (298K) = -4201.602171

Free Energy (298K) =-4201.707075

INT-1"

Number of imaginary frequencies: 0

S
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2.81917100

2.94323000

2.26051900

1.85963400

1.92238600

0.96981900

-0.23474600

-1.52534500

-0.21470800

-1.13816100

2.95213500

3.64861600

1.13927300

0.41753600

-0.89838600

-0.52980600

0.07417600

-0.03924300

-0.13947700

4.43827200

-2.45804900

-2.19517800

1.52415000

1.73929100

-0.71409100

0.39919200

-1.98664700

-0.18742300

1.19936000

2.13408100

1.79121900

2.44169500

0.94462700

0.70944700

1.60841700

0.85487400

3.47473600

4.21441300

-0.62699800

0.35335300

-1.65490600

-2.57510500

-1.95545900

-1.03479100

2.80185200

2.68853500

-1.19619600

-0.76479400
73

1.22939100

2.16083900

1.66300500

-0.02748900

-0.38481500

0.07946900

0.89561300

0.50923000

1.93885400

2.47333400

-1.24316700

-1.61757700

-0.31144700

0.03994000

-1.43256300

-1.74003500

-0.96753700

-1.57201000

0.07618100

0.57425400

1.49357800

2.54693800

-1.04660800

-2.03608300
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2.19019600

5.36383500

5.10092000

-1.86969300

-1.15133900

3.09456800

-3.71083600

-4.42034300

2.18760400

2.28712700

-2.34048300

-2.90383800

-2.58416700

4.76065300

4.03564500

6.62379300

7.35543900

-4.05522000

-5.03747800

-7.23571200

-3.12550500

-3.37818900

-4.80458100

-5.94511400

-5.87837800

-7.15803900

-8.04486500

6.97133400

6.02426200

6.28673800

-2.06157000

0.00750100

0.99464000

2.64596900

2.40505100

2.94042000

3.30297100

3.57444400

3.88195900

4.93475700

-0.88081400

-0.16972600

-1.91392600

-2.31609300

-3.12674500

-0.23928400

0.56988300

3.46277000

3.85165400

-2.83822000

3.13947100

3.27330900

-1.59624700

-0.82419000

0.26484600

-1.44643500

-0.83908000

-1.51040700

-2.54192900

-3.54130500
74

-0.92529100

0.51987800

0.90319400

-0.83643900

-1.62255000

-1.61538900

1.14589400

1.92968900

-1.12932300

-1.39827800

-1.42804100

-2.04382400

-1.71728700

0.12320300

0.21144400

-0.01987600

-0.06606000

-0.19674700

-0.47106300

-0.58948400

-1.18639800

-2.23993900

0.01823100

-0.22912200

-0.18681900

-0.52905700

-0.71916100

-0.49639900

-0.41313800

-0.76699800
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8.33876700

8.92625100

8.27151400

8.88902400

-6.09841700

-6.15548400

-4.88582100

-3.99767200

3.90859600

0.70590700

-3.13779800

-8.18447200

SMD-UMO06-2X/Def2-SVP

-1.78072500

-2.39615700

-2.33643600

-0.84788600

-3.61000200

-4.69922800

-2.99286900

-3.59517600

3.23992600

0.49518000

-0.73420800

-3.32322600

Electronic Energy (0K) = -4202.1758349

Electronic Energy (0K) + ZPE = -4201.641637

Enthalpy (298K) = -4201.606857

Free Energy (298K) = -4201.714683

TSZH

Number of imaginary frequencies: 1

S
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2.87597000

2.80267900

2.39237200

2.00875400

2.12442300

1.13923500

-0.15427100

-1.30896300

-0.43627200

-1.42809900

-1.04514300

-0.06896700

-2.40558700

-0.43143900

0.97106400

1.89665500

1.52933700

2.45411600

0.32626800

0.18100400
75

-1.05917500

-0.36041500

-2.00519600

-1.23642000

-0.34505200

-0.38772900

-0.03704200

0.16543400

-2.27709200

2.30267700

0.43205600

-0.82583600

1.09706300

2.17406300

1.29787200

-0.17673300

-0.44021500

-0.01314600

0.60497600

0.40810900

1.19273800

1.62795600
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3.25103600

3.96006400

1.40650300

0.68670700

-1.00936300

-1.02252200

0.12413300

-0.12149000

0.24056700

4.57149400

-2.15614800

-1.90788800

1.46559600

1.36245000

2.19586700

5.44060200

5.08796700

-1.63914100

-0.99342800

3.47546000

-3.30411000

-3.94910400

2.55086900

2.71317500

-2.33924700

-2.71894900

-2.28533300

4.99621500

4.30811800

6.75582700

1.40430300

0.65283900

3.25946900

4.00402700

-1.00673000

-0.19557000

-1.97859400

-2.72611800

-2.54627000

-1.14981500

2.77538300

2.41570700

-1.36143200

-0.78765300

-2.16214200

-0.10230800

0.75145700

2.93519500

2.69426200

2.75482900

3.54152300

3.78116500

3.68697100

4.75421200

-1.56425600

-2.23704100

-2.14224100

-2.26422400

-3.08861900

-0.16947600
76

-1.14894100

-1.50249300

-0.26362000

0.07816300

-0.67856500

-1.41650800

-0.78695500

-1.56794100

0.14950800

0.58588200

1.47883100

2.47980400

-1.17644000

-2.10852600

-1.37252800

0.88346700

1.46397400

-0.87062700

-1.71859100

-1.39742000

1.27854400

2.12602300

-0.92688900

-1.08701700

-0.29993200

-1.08954500

0.63510200

-0.14072300

-0.33456100

0.42813000



H 7.44498500 0.64591800 0.65674200
C -3.62825900 3.99938300 0.00128100
H -4.52936300 4.59438500  -0.15741200
C -7.53693800  -2.90498900  -0.19715900
C -2.78924300 3.69491300  -1.07284400
H -3.03683000 4.04456900  -2.07686800
C -5.24914100  -1.29693500  -0.13888200
C -5.54750500  -2.05304900 -1.27864100
H -4.89304800  -2.00401100  -2.15190000
C -6.68256300  -2.86267900  -1.30093800
H -6.90687600  -3.45401200  -2.19058900
C 7.20876200  -1.26622500  -0.31610400
C 6.31161200  -2.31067800  -0.58966600
H 6.65571400  -3.17806600  -1.15733600
C 8.63122600  -1.34615600  -0.79600900
H 9.17786500  -2.12970400  -0.24904800
H 8.67094300 -1.60659500  -1.86338000
H 9.15754000  -0.39483400  -0.64630700
C -7.24858100  -2.14022500 0.93273900
H -7.91231900  -2.16880400 1.79882500
C -6.10348200  -1.34191200 0.96705000
H -5.86859900  -0.75563500 1.85735000
H 4.36378800 3.07309200  -1.94474600
H 0.33334200  -0.37515200 1.49930300
Se -3.70330200  -0.15371000  -0.09345200
H -8.42878900  -3.53360500  -0.21965500

SMD-UMO06-2X/Def2-SVP
Electronic Energy (0K) =-4202.1611037
Electronic Energy (0K) + ZPE = -4201.626352

Enthalpy (298K) = -4201.592832
77



Free Energy (298K) =-4201.695748

INT-2"

Number of imaginary frequencies: 0

S
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2.79496400

2.57816100

2.36046500

2.03729100

2.20163100

1.17805600

-0.11704300

-1.21407700

-0.55465200

-1.40357100

3.39486000

4.12407500

1.49892100

0.77265700

-1.03036800

-1.12482400

-0.03605100

-0.45229300

0.09301200

4.53597000

-1.97914700

-1.71385800

1.33264100

1.23328300

1.96445000

5.33359300

-1.26440400

-0.43514200

-2.65587400

-0.53641700

0.87330500

1.80320700

1.44476300

2.44201000

0.05399400

0.14932300

1.31553700

0.56607100

3.18011000

3.93021000

-0.75967100

-0.06610400

-1.85695700

-2.44040400

-2.54895100

-1.23826900

2.66939700

2.15523800

-1.35491700

-0.71738500

-2.21036900

-0.25298800
78

0.91137300

2.08987400

0.89926800

-0.36984400

-0.53863300

-0.17246600

0.34349400

0.33832100

0.71471600

1.40705600

-1.11434600

-1.42740900

-0.35386500

-0.04212800

-0.53192500

-1.38699100

-0.92151700

-1.75831300

-0.07508800

0.56999500

1.49515900

2.42187000

-1.36760300

-2.25793600

-1.65040000

1.14441700
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4.89385900

-1.58077900

-1.00633500

3.66321100

-3.06396400

-3.63829500

2.70451800

2.89782100

-2.40054600

-2.67507200

-2.40818000

5.06664800

4.42871000

6.68987100

7.32467400

-3.42156700

-4.27933300

-7.52593600

-2.67678400

-2.95423900

-5.31229000

-5.55187800

-4.88201800

-6.64958300

-6.82689200

7.25098700

6.42047800

6.84864500

8.71498200

9.21901000

0.47331600

3.11119100

2.93734100

2.67078200

3.54299700

3.71234400

3.60374200

4.67270200

-1.39414300

-2.02846300

-2.00402100

-2.18914500

-2.96834000

-0.21399900

0.55476700

4.19234600

4.86689900

-2.95014800

3.97157700

4.46767900

-1.24002000

-2.11175700

-2.11459300

-2.97092900

-3.65236800

-1.14484700

-2.13187800

-2.87092300

-1.11158100

-2.01388800
79

1.82927100

-0.84336400

-1.75630900

-1.29379000

1.47549200

2.38811200

-0.88822100

-0.99371100

-0.30400600

-1.15698500

0.61123100

-0.30412600

-0.72512400

0.82420400

1.26919500

0.29265200

0.27415100

-0.04996300

-0.86695900

-1.79884300

-0.10102700

-1.16988100

-2.03259900

-1.13686500

-1.97094300

-0.05805900

-0.61391100

-1.29477600

-0.39781200

-0.01950000
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8.86317800

9.20668700

-7.29693400

-7.97772300

-6.18873600

-5.99961200

4.60574100

0.22530900

-3.81694800

-8.38829400

SMD-UMO06-2X/Def2-SVP

-1.08944300

-0.23394600

-2.07062800

-2.04928300

-1.22146500

-0.54602800

2.99114000

-0.49264400

-0.03139300

-3.61869900

Electronic Energy (0K) =-4202.2177675

Electronic Energy (0K) + ZPE = -4201.678484

Enthalpy (298K) = -4201.645382

Free Energy (298K) =-4201.747789

TSZ'”

Number of imaginary frequencies: 1

C

O o o zZ2 o o o o o o 0O

0.56008700

-0.06574900

0.40476500

1.65070000

2.25437600

1.69380300

3.40407300

3.31978700

2.08432000

1.34011000

-0.16707200

-0.77571900

-2.99534200

-1.76157200

-0.77718700

-1.00049100

-2.25927000

-3.25831900

-2.58157700

-3.65386400

-0.03634200

-0.06584800

0.10052800

-0.92525700
80

-1.48729400

0.04061900

1.00778800

1.86076500

0.98848000

1.82488000

-1.73920300

1.25502400

-0.13186700

-0.02963800

-2.29037400

-2.23444500

-1.32264200

-0.66802200

-0.69159600

-1.50936300

0.20677300

1.01052700

0.28737900

1.55248800

1.35286600

0.43618100
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-2.15938200

4.62170500

5.09778300

6.27602700

6.98961100

6.51368300

5.33778000

1.52558300

1.22603300

0.17502000

-0.57162200

-0.22743800

0.81996500

-1.71369600

2.80027500

3.70841000

3.27270700

0.17770400

-0.94046300

0.05621500

2.17359800

4.15287500

2.41641600

1.73982700

1.55422300

-0.64679300

-0.39914200

-0.55867100

-2.49637300

-2.28545200

-0.68414300

-1.72473900

-1.18849700

-0.44324300

-0.21304500

-0.72730900

-1.47305000

2.62714700

3.37568600

4.28581300

4.46758400

3.72339500

2.80504000

5.44475500

1.38559400

1.78261200

1.16402500

-3.76993700

-1.55075500

0.25326800

-4.23746100

-3.94587700

-4.26817700

0.71743500

-1.03448300

0.03031500

1.11113600

-1.97149300

-1.47085700

0.30703900
81

-0.06200600

0.18772800

-1.01525700

-1.04241800

0.13316500

1.34100500

1.36785400

-0.26510700

0.87409100

0.82312400

-0.35091800

-1.48696000

-1.45331500

-0.37722100

-0.19629800

0.86854900

-1.55510400

-2.95799100

-2.85193100

-1.43150300

-1.54995700

1.65458600

1.03935300

2.21155000

2.03344800

2.34683800

0.97638200

0.68276800

-0.75279700

-0.52669700
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4.54031500

6.63520300

7.90831100

7.05523700

4.95732800

1.81260200

-0.07095900

-0.78214100

1.09453700

-2.13229300

-2.51767200

-1.38668000

-4.94882200

-5.54305200

-6.79708200

-7.46194000

-6.83883500

-5.58285800

-8.81551700

-3.34016300

-3.14632000

-3.20949800

-5.03036800

-7.27910900

-7.35022800

-5.10301500

-9.51750300

-9.23396000

-8.75065900

SMD-UMO06-2X/Def2-SVP

-1.35559300

-0.03614700

0.37603600

-0.53582400

-1.85496000

3.24744500

4.87413300

3.87169800

2.23536100

5.54454500

5.11663600

6.43743400

-0.73602100

-1.96227200

-1.96749500

-0.76772500

0.44553300

0.47165700

-0.79934300

-0.71180400

-1.97683700

0.54980900

-2.89330300

-2.91942500

1.38495300

1.41566500

-1.40970800

0.20987300

-1.25126000

82

-1.93871400

-1.98952400

0.11174900

2.26930300

2.31771300

1.78536900

1.71017600

-2.41581500

-2.34284500

-1.38684800

0.29908300

-0.03512200

0.55890500

0.25895700

-0.34106300

-0.64118300

-0.32335800

0.27946700

-1.29464500

1.31764500

2.03031100

2.05359200

0.50739200

-0.57534200

-0.54279800

0.54358800

-0.70795900

-1.39884700

-2.29604800



Electronic Energy (0K) = -2388.4071295

Electronic Energy (0K) + ZPE = -2387.833857

Enthalpy (298K) = -2387.797889

Free Energy (298K) =-2387.902825

INT-2""

Number of imaginary frequencies: 0

C
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-0.63773500

0.12804300

-0.24908400

-1.65138200

-2.37211700

-1.86203300

-3.62731800

-3.68094800

-2.07980600

-1.24747700

0.23754600

0.71084600

2.13402600

-4.78990500

-5.07363900

-6.19723600

-7.05121800

-6.77229500

-5.65011400

-1.39378900

-1.17464500

-0.06602200

0.81887900

-3.29282300

-2.16926100

-1.02062900

-1.12751100

-2.30173500

-3.40369600

-2.47516700

-3.47100900

-0.03830300

0.12913200

0.23208700

-0.88011300

-0.64975500

-1.57826800

-1.11101800

-0.32052300

0.01972800

-0.43199200

-1.22136800

2.53988700

3.38708000

4.22863600

4.24044800
83

1.82993500

1.75497200

0.87409900

0.35141600

0.38144300

1.11660100

-0.41658000

-1.31465100

-0.45883200

-1.66022500

-1.31537100

-0.36816300

0.13729600

-0.17966700

1.10961200

1.34770300

0.29945100

-0.99262400

-1.23028000

0.34417600

-0.74124500

-0.72559100

0.36231100
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0.54043000

-0.56124500

2.05012000

-2.70555400

-3.70583100

-3.04298300

-0.31560000

1.05406700

-0.14271200

-2.44128800

-4.58684000

-2.81864400

-1.59308400

-1.43474800

0.81302500

0.46159400

0.68414400

2.52439100

2.20528100

-4.40241100

-6.40166300

-7.92716600

-7.42631800

-5.42296800

-1.86298300

0.11999600

1.19851200

-0.77950400

2.38686700

2.86974400

3.41690400

2.56571900

5.10165700

1.34048200

1.87690700

0.96569600

-4.12767000

-2.09823300

-0.07126900

-4.32621300

-3.66675500

-4.11937200

1.01133500

-0.74838300

0.18139700

1.20958400

-1.84347900

-1.53459400

0.22588200

-1.36142200

0.03591200

0.64390600

-0.15673600

-1.55080000

3.38162000

4.88850800

3.44427400

1.92898500

5.34699800

4.56681100
84

1.46297600

1.46248700

0.33782200

0.26687900

-0.64201000

1.63320600

2.45567400

2.32917500

1.43389600

1.15770700

-1.89322800

-1.48841700

-2.21753300

-2.29783300

-2.25084100

-0.86107600

-0.90323600

0.65840800

0.80131500

1.93247600

2.35892200

0.48521700

-1.82208400

-2.24612000

-1.58803800

-1.57550700

2.33415300

2.32161900

1.35361200

-0.16830800
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1.87365300

4.89063900

5.43574600

6.68303500

7.38989600

6.81725700

5.56803100

8.73921200

3.29134200

3.06531600

3.21629400

4.89019100

7.12442600

7.36090600

5.12735400

9.44820400

9.14996300

8.67428500

SMD-UMO06-2X/Def2-SVP

6.03411300

-0.62194600

-1.90558300

-2.12227200

-1.07554200

0.20225700

0.43975200

-1.33420700

-0.33477000

-1.35551600

1.08204300

-2.71432700

-3.12092300

1.02607600

1.43813000

-1.68562400

-0.42789800

-2.11934500

Electronic Energy (0K) = -2388.4322566

Electronic Energy (0K) + ZPE = -2387.857614

Enthalpy (298K) = -2387.821210

Free Energy (298K) = -2387.929980

8. NMR Spectra of Products

85

-0.21482700

-0.47990200

-0.52514200

0.04903700

0.66271700

0.68407500

0.11289000

1.27287000

-1.20302300

-2.23079500

-1.57123700

-1.01440500

0.01814900

1.15079000

0.11608000

0.50839700

1.73537500

2.04062000



Compound 3a

r9.0E+08

r8.0E+08
r7.0E+08
r6.0E+08
r5.0E+08
~4.0E+08
r3.0E+08
r2.0E+08
r1.0E+08

r0.0E+00
--1.0E+08

LS'Ty
09° 14
€€
LET
6T
1€
AR
¥1°€d
SRS
reed
9¢° ¢
LE €
65 €1
LT
L1
¥8°61
sgsqF
1691
7691
01°L
01°L
rANR
FANA
81°L
61°L
61°L1
07 L1
1249
ZeES
ST
ST'LA
LT LA
LTLE
LT L
mm.i
6T L1

st
0921
19°L]
co')

=

A

| 501
»96°0
L rE0T
hu wﬁ?o.m

re

L

|
= 601
=601
== 901

b

= =701

— =660

ot
" ] 001
2 2606

¥1'T
" oy

-0.5

0.5

1.5

25

3.5

4.5

55

6.5

7.5

8.5

f1 (ppm)

N N N (=23 (= N (=23 =) N =] =] =] (== o] (=] o0 [ee] ] (=) %
2 (=] (=] (=] (=] (=] [ =T = (=] (=] (=] (=] [ =T = (=] (=) (=] (=] (=] F
FFFTFTFTFITFFFFFTFFTEITFET TG
EEEEEEEEEEEEEEEEEEEO
> (=] (=] (=] (—) (=] [=J =] (=] (=) (=] (=] [=1 =] (=] (=] (=] (=] (=] =3
R T s T T =T = T = = T = G = = B = B = =
Bt e el e e QY 98 S MO0 ef e o el @
N (=23 o0 (=]
> (=] (=] (=]
F F F F
4} [Sa} [Sa} [£4]
] < = <
- — w (=1
2718 €V LTI F —
1912 .
' 99°LT1 -
LEEES, i o
e e 6L BEEA —
01’821 =3 )
. gt = Lo B
6105~ mm.mmé m I ]
. €9'8Z1F ~— |
E6'T9— $$°6T1 =L w=1
£6'9L €6°6T1 [ &
E.RW
YELL
£5LTT
99°LT1
T6'LTTH
01°8C 1
LE'STIA
65°8C1
£9°8T1| ]
STETIf e ]
SS6TT =
£6'6T1F =
€501
98°0E T
67°9¢T]
5 LET]
09°8€1 @
61°0F1
LY THT
95" T#1 =
8E €T &
9L b1 T

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

Compound 3b

86



WOV OO N IO~ —— AN O vV on [~ — O3\ 0~ ol — NI~ O & [~ =
8B RAEALUUaES oS8 88858 SR8 ilia8natnd
o o e e e e S e e e e o ol e e L R R A A R R R s R I e
R A S S N R S S S N
F Ph
N
Ts
|||
i 1 ‘
Wl h
| TR B ¥ O N
LA e LY LN T H b ¥ T ]
O = N o — — = = N
OO N~ O o o OO0 OO OOy
=g ie o = = gl e s e o
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
11 (ppm)
o0 o0 NN oOoONOO — O mn
g sowNoa@gnLLIo® & & E88a
O v b o T oI SOl & B N B o I o B o e St el o T o | (=] =+ - -
— — e = e e e e e e =~ [~ [~ O w oon oo
NN ninEnininta s U R B /ARG
S888 @81 A3 [40E+09
O OO Y G0 GO~ [~ [~
& RECANENSE Horo
Eijfiij/\ﬁ == S L 0B 409
N . o 1.0E+09
Ts ST ENTEN B U 1
130 129 128 127
f1 (ppm)
‘\
‘\
1 ] | [
M N
i
200 180 160 140 120 100 80 60 40 20 0

1 (ppm)

. FL6OE+09

r1.50E+09
r1.40E+09
r1.30E+09
r1.20E+09
rLL1I0E+09
r1.00E+09
r9.00E+08
r8.00E+08
r7.00E+08
r6.00E+08
r5.00E+08
r4.00E+08
r3.00E+08
r2.00E+08
r1.00E+08
r0.00E+00
r-1.00E+08

[2.30E+09
r2.20E+09
r2.10E+09
2.00E+09
F1.90E+09
r1.80E+09
r1.70E+09
r1.60E+09
F1.50E+09
r1.40E+09
r1.30E+09
r1.20E+09
r1.10E+09
r1.OOE+09
9.00E+08
F8.00E+08
F7.00E+08
r6.00E+08
5.00E+08
4.00E+08
r3.00E+08
r2.00E+08
r1.00E+08
F0.00E+00
r-1.00E+08
F-2.00E+08




4. 0E+08
-3 5E+08
-3.0E+08
-2 5E+08
2 0E+08
-1.5E+08
-1.0E+08
-5 0E+07
-0.0E+00
+6.5E+08
-6.0E+08
L5 5E+08
-5 0E+08
L4 SE+08
-4 0E+08
+3.5E+08
'3.0E+08
12 SE+08
-2 0E+08
F1.5E+08
1.0E+08
-5 0E+07
L0.0E+00
--5.0E+07

-200
(=)
o
i

-170
=
o

i wm.L Tl
i LE"€] ~10'T
o | Wmoo;
£6'C

667
I t22 1 ===€0'T
i 8351t =L
: ~=%860

-140
%
sl
.

-110

8€°SOT-—
=160

fl (ppm)
&
tas

-90

-70
S
<

—— 160

-30

&

S
Ts

Ts
el
1y
~
Ph

-10

F Ph

0
Compound 3¢

25 15 0.5 -05

35
88

6.5 55 45
f1 (ppm)

7.5

8.5




162.61
~160.62
—144.93
~140.70
136.10
130.96
129.91
129.61
128.56
128.08
127.72

158
77.09

76.83
—62.70

—50.19

130.96
130.39
130.32

/

F8.5E+08
r8.0E+08
r71.5E+08
r7.0E+08
r6.5E+08
-6.0E+08
r5.5E+08
r5.0E+08
4 .5E+08
~4.0E+08
r3.5E+08

34.34
33.06
—21.55

&

129.61
128.08
127.72
127.62

-3.0E+08
-2 5E+08
-2 0E+08
F1.5E+08
-1.0E+08
‘ -5.0E+07

r0.0E+00
r-5.0E+07

200 180 160 140 120 100

f1 (ppm)

-111.71

80

r5.0E+08

r4.5E+08

r4.0E+08

r3.5E+08

r3.0E+08

r2.5E+08

r2.0E+08

r1.5E+08

r1.0E+08

r5.0E+07

r0.0E+00

-30 -50 -70 90
{1 (ppm)

&9

-110

-140

-170 -200



Compound 3d

wwwww%%%%%w%%%mm

O S T S S O S S < < S S

g 848 2 8 8 8 252 83 8 2 8 8 28 8 g

I a8 =~ 3 5 3 5 & & & & & & 5 =

- — — — — =) =] [ =] wy = o o~ — (=] '

19°1;

$9°14

8LTH

60°Z

012

1172

A4

8€°TH )

6T /

mmum; = 1T1

ol i dd
=~ 860

B.L_ ..uwmw.m

LT'Ed 1§

veel =pr €01

seeql = 101

mm.m,\r = 00'T

8¢'€E

LT¥

8LV == 001

om.&

0T

£€6°S

$6'S

¥8°9

989

0L — 60

60°L

61°L

jrara & - 60

£CL ¥6'0

€L o - o0 0t

¥o'L = S6'€

9T'L

LTl 1 e

8¢ T

09°'L

19, 3

€9°L

75 6.5 5.5 4.5 3.5 2.5 15 0.5 0.5
fl (ppm)

8.5

r9.0E+08

r8.0E+08

r7.0E+08

r6.0E+08
-5.0E+08
~4.0E+08

r3.0E+08
r2.0E+08
r1.0E+08
r0.0E+00

9¢°1¢
1912

86T~
6EvES

11os—
v To—

€89,

wc.ﬁw
€ELL

€9°L21

LLLTTY
FARAS
918711
198211
9€°6Z 1+
£9°6T 14
T66TIF
86°6T1-f
yL0sT
ey
0T +ET
za'seT
0T LETH
0L LETH
yL8ET
€L0F 1]
STER1
TOEFT
96 FF1

Ph

Cl

4E+08
2E+08
0E+00

€9°LT1 | f
S.wﬂw‘-

E18: 74 E
198214 i
£9°6TT~ _=
T66TIT ™ T
86'6TT7, -
E.%K

128

130

% T

-
32

Ts

fl (ppm)

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

90



Compound 3e

20

40

60

% % =] ] =] (=] o0 =~ (=] =] =] =] o0 =] =] =] o] =] =] =] o] =] =] 2] o0 =~ (=] =
i ¥ f ¥ %R o§o:@o% P EEIEIEEEEIEEEIE RS
T @ i o o e r © < I I L (L L P P A DA B B B L~
197,

8L T4 L w W W W O

08°14 FETEE T

ebd -2 BEYRg

mwm YOLTI~ =

1z, ]

0v'Z LS 99'1Z G.wmk = =
mm NJ wm.wm/. 79621 N — m
. -\Wz 1l ovve” N I Rt
frey »S.ﬁ o LTOET - "
R ]

E.L J»mm.m I oz 0L €T~

veel s 0L 1 o

ceel Frdta s 18°9L

9g e+ ey 10T wo.iw -

aee! i el

LT¥ S~ mN.NN:

LT¥ ggo | T H  YLEY

om.% & ezl

0Tt = el'stiy

16'S = 81°'8TI

S6's 0 19°8Z 14

2.0 L 96Tl

6L°9 #O.mﬂﬁ\m

0T'L —e 00T 2 LTOETH

7L oeTeT

VoL L FETEL

STL . /00T 0L EET

5T'L 00T | 2 9L°SET

ot - — V08 m:mg @

9¢" L] i ;ﬂ: F 19°LET

| . o 9T°6€T

ot N F e PLOVT] =y

e 95" €1

ww..t of [ £ eVl /

09° L. ® i 66" b1 “

19°L1 | o

£9°L] L

80
91

160 140 120 100
11 (ppm)

180

200




Compound 3f

-8.0E+08

r7.0E+08

r6.0E+08
r5.0E+08
r4.0E+08
r3.0E+08
r2.0E+08
r1.0E+08

-0.0E+00

=101

1.0 05 0.0

1:5

2.0

f1 (ppm)

80 75 7.0 65 60 55 50 45 40 35 30 25

90 85

F1.10E+UY
r1.O0E+09

F9.00E+08
r8.00E+08
F7.00E+08

r6.00E+08
F5.00E+08
r4.00E+08
F3.00E+08
F2.00E+08

r1.00E+08
F0.00E+00

+-1.00E+08

£T'1C
mm.ﬁmw
£9°'1¢
Or'ee—r
om.#m.\

¥T0S—
88°C9—

¥69L
cm..:.v
SHLL

L€ LTLy

§9°LT

£6'LT11
LT°8TTH
7T'8T14
£9°8TTH
1$°621
98'6T1-f
go-0c1f
9 0eT
Rt

0£ 9€T
$9'LE1]
69'LE T
9z'8€11
99°8€1
oL T 1
7911
62°€¥1
0L #¥1-

2.0E+09
1.0E+09
0.0E+00

1

mo.._..NH/ L
€6°LT1Y =
LiBtlr =
T8l i
hm.wwﬁx \

E.oﬂ% SR

I

98'6C1
80°0¢tT L

Ts

Ph

Me.

fl (ppm)

32

180 160 140 120 100 80 60 40 20
11 (ppm)

200

92



r1.30E+09
r1.20E+09
rl.L10E+09
r1.00E+09
r9.00E+08
r8.00E+08
r7.00E+08
F6.00E+08
F5.00E+08
r4.00E+08
r3.00E+08

r2.00E+08

!  F140E+09

L

MeO.

Compound 3g

w o B O 0 00 00 @ 00 O 00 O 00 W 0 W W -~ o 9
T T o £ £ £ = &£ £ £ F = F £ L X F L T O
[£a} [£a} = 53] [Sa) [&a] [Sa] 53] [Sa] |54 [5a] 4] |84} 58} [Sa] [Sa} [Sa] [Sa] [Sa ] =
S = 3 n S I © N S " S I S N S S S S 2
2 2 = L I (T L A R RO PO A AP LS~ 3
3 8 8
Lo F T T
T €3] £ £
=) =) =)
[ i w (=]
LTl
F M .vw.ﬁmv 16°LT1~ - | iea
PCT S 14 O =
r TV EE~ LS°8TT— /) wm _
b/ = -
. Lo BTWE ez, __J) | ~8
=401 €5°6T1/. M &
o | §E0s— 83671/ J s —
€01 15765 groer | .
Mmo.w L N 16'T9— I Fen
‘kzho”m L8°9L
~r 801 | m:.ﬁw
IR
oot [ & o
W2 L
F 4B T16LTT
S1°8e1 =
I L§°8T1
@ 6V 621
Mo £€6°6Z1 —
~—00'T | 88°6Z1 P
€1 0€1 ]
L
001 | 16851~ }
S0T |
~Z0'6 o
=5 ol e
- SRV
F - z-
wy
L )
i =

80 60 40 20

93

160 140 120 100
f1 (ppm)

180

200




Compound 3h

2]
Z 8 2 B E B EBE B =@ B B B 8 9 €83 2823388838283 8%
T R £ £ & & £ = & £ R F OE iR & B L 2 2 E E R L 2 T OE G
s 58 B 8 8 8B 2 B B 8B 8B B B g @@0000000000000%
R = &8 8§ 8 &8 & & 8 8 & & & = T a7 a =~ 3 & 2 & 3 & 3 3 & & & =
2o .o @ B B B .. 0 gl 4. 5.5 bl - e P PL P L P PL U PP P
ol 33388
6514 T £ = E I
= S B =
€L TH : =2 N e e 9
e Lts EEEE
AA b 9E" LTI~ L_
1€ 012 LTS =
ve'Ty = sz} gL 2 S e
LET) g/ Ay 5
06°T] i L tree-  SSRI lag I
; mc e WO [ wel  EU6TIZ -
o el T wetf )@
$6°T; S
oreg W | £00S—  TF6TI 8 —
113 = mmg.m i 76621 0
£1°¢] Y looe [ 00°€9— ) _—
vﬁmF —=x€I'l | o €691
geen BOT |7 S.E.W D ———
e LT | e YL
MMN “ 9¢ LT
VY Q& iy
et =rE0T | T & 68LT]
LT'F & T18TH
pried <+ 68Tl
9L'S o E€U6TIY
8L c v 8TETIA ) i}
i v T
9 v T6'6TT =
%M S  eoerd
L - mm.mﬁ
LT'L ‘ 00T [ @ E._,.mv
A e —se0 | o GESE
- : * 79'8ET
0z'L _ 00T [ : 5
Mt . sov | #m.mmw
WL £ 2= - A P0S [ 86'6¢
65°L 80°F LSTVTY i z
: n = eepl £
19°L _ “ o vt
'L -
vo°L o

180 160 140 120 100 80 60 40 20
fl (ppm)

200

94



Compound 3i

i = = = = o s o0 «© «© b= 0 W 0 00 60 O O 0 0 00 W 0 0 0 >~ o =
=3 o o =1 =1 o =1 =1 o o S <
= £ £ F £ & F £ & EF E F T T 222 IFTETERRTR R IR 2L
H o8 &2 &8 &2 5 9 2 5 9 4 L T e =
= S = S S S S S S =) S no& o S o g a5 oM = M e g e & oS o
I L . T T D .~ B fpe NP NP 0D M T 6D e O e W e )

£9°11 | m m m

T T X = a e

ST i - v o

LET] . |

. 99°LZ1~ __J

o'z . L

) Lo 8c1Z STl !IJM -

. _ 908zl = | =

rAgs c9'1C %

€1 €1 [ T0EE~ 9S8l —— .mm B

: e/ 8L'8T1 g -

i m; s sEvE . p

5 .‘Mw:: 2 L3821 .

€E°€] =T | $0°05— L9'6T1 q i }

SE°E] Lu:i 16621

9¢'€ ] = Nmm Lin 1L29— =t

mmw e 10T 88'9L

et 701 | S_Ew

] - : 6ELL

; =570'1

LT L .

81 «_ 9Ll

ww.m g szl

886 ==101 = wmmmﬁ_

€691 | & 1

o < 8L'8TTH

- L8°8T1

wa i G.QNQ

g w  PE6CI =

Q.J | LGOS —

0% 21 —00'T | 88 1€ T P

1Tdy 90 714

Ly v DE9ETY

€2°L . ¥0°LET]

e i YLoLET]

LT L p mms: § ] o

o) & g o STOFT o

82'L 2w 00 T#11

6T'L s 0T T o ]

; : Vo 0T 1¥1 )

62'L = z- i LLEPT £ =

08 L8YYT

19°L -

79°L 5 e .

£9°L i

80 60 40 20

95

160 140 120 100
f1 (ppm)

180

200




Compound 3j

2 2 8 82 2 2 28 8 2 2 8 ST 2R LLy TR EEERE S
F¥ ¥ ¥ Ff F F I F I F Z TITFITFITITIFITTITITITITTITTTITETTAL
o L & o o o e o = - I e o T o I o O e I o e = % B~
[=] = (=] > [=] [=] = (=] > [=] (=3 (=] [ (=] (=] (=] (=) (=] (=] (=] =] (=] = (=] (=] (=] (=] (=] (=] I
s 5 5 & & 5 & & & 3 3 mEe R T =33 333333333 2
-9 s g 8 b F g g = 3 e e e e ey 08 B0 g e ) il e Y T
09Ty g8 8 8 8 8
€91 w + o T
. [ & e = e
YT < S 0 S S 9
[ — — vy (=]
T
i
92 <y e - —
e " wses |
0¥’ T =2 8S°1T ) x .
68T £9°1¢ L |-
. : 99'6Z1~ .
N3 8676 poApstgn ) .
N | “ SETE . ) )
1€ =701 [ — 60T | [ 2
< i i = L en
oTe 5071 e 99° €1 .q o
o RTS L s = ]
3 | =/ 101 e 3t
see e8Tla e & =
wmm,_ { ro'e i 1 Eoen
8EEy =101 98'9L
Vb r =101 :.E.W
ST'¥ =001 o LELL
i1 ~ W
R ¢ g Lol
98'¢ =001 S w8l
881 S 90'8TIH
00°L1 ¥ 9sseny
10°L1 ww.omfﬁ ]
50" L1 6621 o
0L v SEOETT =
ptel e @@.EJM —
0T'L1 00l clel —
171 A3
i w6095
! © 00LET]
YT Ly 760 i |
A | e 08LET
WLy . ) ZLorT 0
Ly a = M06 . a2
il.w gy 7 & | 2O
- oy sLert
09'L . £
19°L . L8P
9L % P a
¥9°L

180 160 140 120 100 80 60 40 20
fl (ppm)

200

96



F1.40E+09

r3.0E+08

r1.30E+09
r1.20E+09
F1.10E+09
r1.00E+09
9.00E+08
F8.00E+08
F7.00E+08
r6.00E+08
F5.00E+08
4.00E+08
F3.00E+08
r2.00E+08
r1.00E+08
r-1.00E+08

Compound 3k

[
€81
68’1

€1'T
E.N%
(44
m#.mw
¥6'C

0C'€
e
£T°E
80t
(44 o

s
B3
16’9
169
8T°L
8T°L
61°L
61°L
9T'L
1€°L
ge'L
IL°L
L'l

0.0

1.0

2.0

3.0

4.0

11 (ppm)

5.0

6.0

7.0

8.0

9.0

1912
99'1Z
ig—
zere’”
6+°05—
8+°09—

mw.wn/

r2.5E+08
r2.0E+08
r1.5E+08
-1.0E+08
r5.0E+07

r0.0E+00

1.0E+08
- 10.0E+00

128
fl (ppm)
40 20

130

60

SO'LE

¢m.R\
€0°LT1
9L LTI
6L LTI
08'87 11
LT 6TT
LE6TT
€L°6TT4
V8 6TIF
6 6TTE
£20€T
LS TET
8LTET
88°Z€1
bEl]
0T 9€T-
SE9ET
00" LETH
06'LET]
18°6€1
06 THT
L8 EFTH
[ R%a

100 80
97

f1 (ppm)

120

140

Ts
160

180

200




Compound 31

E 2 &2 &8 2 8 2 8 B 8 5 £ ® R EEEEEEEE -
++++++++++++r.m +++++++++++++++++mm
I o L o e e o = e I I T o o e A N e N =
¢ 3 8 = & 5 & S W = = S 2 49 ® e % a3 ®9 T A g 3 35S S F
LA R S R BB B, B~ B B (B B I A A A I I I B B B O I A I
W
s
. Wy
el o 19712
MWM .12
| 81'1e~ -3
. -—
W <5 .
T B H,foo 1 6v'05— S
8r'c w0l ] Z5'09— =—
£6'7 ™ B69 [
61°¢ T el $8°9L
0z'€ e SO E 0T 'Lt
we o 9FLL
Gt | | ss72ety
8z'c g oLzl
T - <F960 | & 9Lz
pAE={IRTNFAR
18'81-
99'671 i
- | sLeTiy
LS . v §8°6C1-f
Wmm 001 wm.amﬁgm
. et
wmm CORBIENE pion
© “Z€11
) — | ||
LTL oo 0£°9€1 |
8I°L LOS : 2
e o sl |2 | |SE9ET a
8TL = 8L°6¢1] O_ -F
] & e 9 oTErT @
£L ] 68'€F1 £
mww @ 96 P 1

180 160 140 120 100 30 60 40 20
f1 (ppm)

200

98



Compound 3m

o0 [} o] o2} <] oo} [+ o0 <2} <2} o0 <2} ] <2} - (=} -.0/ =] [}
(=] [=} (=} (=} [=} (=} [=} (=] [=} (=} (=] (=} (=] (=} (=] (=} + (=] (=}
T F £ £ F £ F F F £ F £ F O£ F OF 5 F T
L I o T o N - B = B - o . o] o8]
I = R = T T e T e B T = T w5
L PRI RO O o 0
8L I
08'T4 v,
8°1 Fo
1€ <
PET S
6€°T] “
1T F s LS'TT
88'71 & 91T
16°Z1 = 9T TE~
76T | - sTre’
wﬁﬁ 00T [ —
cw.md 2pLl60 | o LY0S—
4 m% R:: o
€7'€] =k667 | 1819
o J Lt N ¥89L
9T, .
= [=} .
s u wmmw [ = 8.?@
6T €~ v ob5It
ey 3@ AN
X4 | o & 99LTT
865 oot | T 6L
09 = L TP6TT
£8'91 = 69°6Z1
891 | o 686l
20 o ZEOEL
£0°Ly i STHET~
€0°L s ILEVT
S0°L] ol
| e TETHI-
90°L —F00T | 2
0Z'L1 e IE6ST~
1219 e 6TTTS
TT L il
~LG0
Lt == Lfo.m =
mww i -LH:E o
- oy | =
ﬁ..@ o i g
97’ L Z= L “
ot s
¥9'L 2 F el
S9'L

-4.5E+08
4.0E+08
r3.5E+08
r3.0E+08
r2.0E+08
r1.5E+08
r1.0E+08
r5.0E+07
r0.0E+00
F-5.0E+07

2E+08

128
20

fl (ppm)

40

132
60

Ts
160 140 120 100 80
f1 (ppm)
99

180

200




r7.0E+08
-6.5E+08

r6.0E+08

r5.5E+08

r5.0E+08

4. 5E+08

-4.0E+08

r3.5E+08

r3.0E+08

-2.5E+08

r2.0E+08

r1.5E+08

r1.0E+08

r5.0E+07

r0.0E+00

r-5.0E+07

CTSIT—

-200

-170

-140

-30 -50 -70 -90 -110

-10

f1 (ppm)

Compound 3n

r9.00E+08

r8.00E+08
r7.00E+08
r6.00E+08
r5.00E+08
r4.00E+08
r3.00E+08
r2.00E+08
r1.00E+08
r0.00E+00

; r1.00E+09

=961
~T0'T

_ 90°€
————u
001

‘mNaﬁ

“SEOT

-wwmo

=001

Lﬁmoﬁ

7]
EESTG
=101

. >10c
ch.m

Ts

7.5 6.5 5.5 4.5 33 2.5 1.5 0.5 0.5
fl (ppm)

8.5

100



r6.5E+08
r6.0E+08

-5.5E+08

-5.0E+08

4.0E+08
r3.5E+08

r3.0E+08

2.5E+08

r2.0E+08

r1.5E+08
r1.0E+08

r5.0E+07
r0.0E+00

~-5.0E+07

$6°0T
G.a/
6912

6T 1€
Nim\

05—

LTT9—

68°9L
E.RW
6E°LL

'zl
10921
8YLTT
T8LTIA
L6°LTT
696211
€8°67T+|
86'6T1¢
95 0ETF
s e g
80°TE T
€T EETH
9 pET]
9pse1]
85'SE1

£€°9€
$8°9¢ T
60°8€T

T T
78 P 1
Y6 EFT

66 11

SE+08 r4.5E+08

0E+00

wozgi~ 1 |

132 128

f1 (ppm)

136

AL

Ts

180 160 140 120 100 80 60 40 20
11 (ppm)

200

Compound 30

88888888888888877770m
00000000000000000000+
T ITFTFITITFTFTEIFITEIITIEIETEEEE TG
FEfafdodondododnadEEgEs
A IR A TN B TR B TR T =i S = D
ST

8611

SLT

9L

S0°Z1

€67

9¢°Z]

LET

¥8°71

AR _

€1 u,ooq
sTed m,oo.ﬁ
ore| L»mo.ﬁ
7€ w6
| ——y
ceed JOOT
Leed - v 1071
FLF

ST+

e ~—T01
8T+

68'¢

06°S

£8°91

801

wo.i

80°L1 ——— 001
60°L1

60°L

sty T
91 TW e oo
81°L 5 S
SLiL] | - ~€0'F
ﬁm.h% O Z-F

7T L O

€7 p

st g

65 L1

65 L1

192

0.5 -0.5

1.5

25

6.5 5.5 4.5 3.5
f1 (ppm)
101

75

8.5



r3.8E+08
r3.6E+08
r3.4E+08
r3.2E+08
r3.0E+08
r2.8E+08
r2.6E+08
r2.4E+08
r2.2E+08
r2.0E+08
-1.8E+08
r1.6E+08
r1.4E+08
r1.2E+08
r1.0E+08
r8.0E+07
r6.0E+07
r4.0E+07
r2.0E+07
r0.0E+00

--2.0E+07

NNAN
mm.ﬁmw.
¢9'1C

L6TET
_wm..vm\

cros—

09°C9—

16'9L
_:_EW.
TVLL
w'LZly
118Z14
L¥'8TTH
88'8T11
8T 6711
79'6Z 14
a.mﬂ%
00°0€T-}
THOST
gL 0s1
10°€14
8L SETH
TTLET
¥ LeT]
N
S6'LET
€L°8€T
0t £F1
19°¢kT
€6 FF1]

SETUS
6E+08
4E+08
2E+08
0E+00

127

79°LTl
11821
Lt8T1
88°8T1
8T 614" - i
mo.mﬂw- =

16°6T1~_

00'0£1/

£L°0ET~ uu

—

128

129
f1 (ppm)

130

31

@

180 160 140 120 100 80 60 40 20
fl (ppm)

200

Compound 3p

r8.0E+08

-7.0E+08

r6.0E+08
r5.0E+08
r4.0E+08
-3.0E+08

r2.0E+08
r1.0E+08
r0.0E+00

~
D
b

—

oL
£€9°L
oL

ROL
=E90'T
LOT
00'€

00°€

looe

=St
—

uh_wag
20T

==ET0T

——=00'T

Ts

|
JL
L
N O
D
=+ O —~

85 80 75 70 65

-0.5

0.0

1.0 05

30 25 20 15

f1 (ppm)

50 45 40 35

60 55

102



ol o N GQ 00 < — GO W) N [~ < \O
— -0 — A~ O~n O o Oy < I~ o N — =
M N B R=T T =B S R I
o O g#mmNNNNNNC\I‘“l‘“\DN (=] = N o— — -
— — o e e e e e e e o~ o~ [~ [~ D wy Lae B s ol o B o B o |
N [ e = e
RIFFREE QS8 4.0E+08
~ I~ 0 O O O 00 CO I~
Lo o BSOS AN SR8
e )
Q . [2.0E+08
1 ,
= [l F1.0E+08
oL g Wi
N — A 0.0E+00
s e ;
138 134 130
11 (ppm)
1
i
1} ‘\
e
1l |
200 180 160 140 120 100 80 60 40 20 0
f1 (ppm)
ol
<
|.
10 0 -10 -30 -50 70 90 -110 -140 -170 200
f1 (ppm)

103

r4.5E+08

r4.0E+08

r3.5E+08

r3.0E+08

r2.5E+08

r2.0E+08

r1.5E+08

r1.0E+08

r5.0E+07

r0.0E+00

-4.5E+08

-4.0E+08

r3.5E+08

r3.0E+08

r2.5E+08

-2.0E+08

r1.5E+08

r1.0E+08

-5.0E+07

-0.0E+00




Compound 3q

(=) =] (=] =] =] (=] =] =] 2] ] (=] N (=) (=) (=) N N N (= (=] =] =] (=] =] =] =] =] [+ (=] %
[=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=) > o o (=) (=] (=] (=] (=] (=] (=] (=) (=] (=) (=] (=] (=] [=] [=} +
+¥ ¥ £ ¥ ¥ F F F ¥ T = E T F £ £ £ & £ L & £ F L T £ L T F &
L o = e e = - I e a o I o O o o
[=) (=] ] [=] (=] (=] (=] (=] (=) (=] (=1 =1 (= (=] (=] (=) (=) (=] (=] (=] (=) (=] (=] (=) (=] (=] (=] [=} [=} P=)
s 2 5 = 5 =5 5 = =5 = 3 Tewm T ma - 333 3888 8 & 8 3 & 2
P L B B R P P Led T T T T T e SR Yl T e
86T
YET w
6€ 71 =
06°T1
£1°¢1
PIE “
SEET o ﬁ.:v
LE €] 6512
8€° €1 6T €€~

s 3 -
(8] | &= v VEFVE
Sae = 10T [ S
mw.w Méf p—

1 ¥ =

LO'T

mm.w; moo.m -
069} Jfo.m bt o
7691 phon ]

. = €6°9L
v b T )
OT'L = 61°LL

! RTOT Lo i
01" L] o et
1L \m 0811
1T°L ==r10'1 & L0°8C1
61" L7 - 8YSTI
1T L1 = €5°871
1L LE6TT
T 19'621
€T LY 5y T6'6T1 |
¥ Ly — 001 €E0ET
¥T'L7 6£ 0€1
ST & YL OET
ST LY v
e = 10°€ A CIN
ey — =50 REEIT”
Loig h00'6 |
6T L] = 0¥ | T
Om.L. @ P
1€
09" i "
ﬁ@h\; O NIE oo
Nw..@ w O
9L

160 140 120 100 80 60 40 20
fl (ppm)
104

180

200




Compound 3r

(=)} o0 =] =] o] o] =] ] o0 ] (=] (=3} (=)} (=) (=3} (=% (=) (=3} o0 =] o] o0 =] o0 =] o0 2] (=] %
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] o (=] (=] . (=] o (=] (=] (=] (=] (=] (=] (=] (=] (=] +
r £ ¥ ¥ x ¥ F T T £ T * ¥ ¥ L L T ¥ T ¥ ¥ ¥ I T ¥ I T T L
o e I e
(=] (=] (=2 (=2 (=] (=] (=1 (=] (=] (=] (=] (=] (=] (=] (=] (=] = (=] (=] (=] (=] (=] (=1 (=] (=1 (=2 (=2 (=] >
s & &£ £ & & 9= S =S 9= < e n F Mm-S S S S S S S S S S o
il B L O - SR S BN L., S S e R A P B B B O I I L IO T P
LS'T;
6511 "
vET) % $2EE
6E'T [Ad] o S N Sa)
wy o (=] (=]
16T i R v -
01 €1 - — .
183 = e oo _ . .
£1°¢] 191¢ N
fas3 8TEE, i) QS )
seef S Level 19'821 | = .
Lec] —yT0T - 1 o6zl &
] s . wwezrr- O o=
mwm 60T LT0S— wertf T [=F A==
mw;# _ A@m.m 96'6T1 =1 |
om_M U e - & €879~ TS - ]
]
8891l =50 LG9
csolt =511 EHRW
60°L1" =001 | o
60°L « | LSLTI
e ) wo.mi
1L =007 | & T8I
91'L] & T9°8TT
_ = 9621
81°L1
61°L1 09'6T 1
61 L1 T6'6T1A| L
_ " 96621+ ——
MMM i 6905 Tf —]
$T'LA ~—=00'T vrierf =
: LT EETH
STLq - ]
o7 L] v ST9ET]
eyl 1660 syLET]
8T L+ ST01 wﬁ.hm:
8TLf = 2008 EUOFL “
\eop L | TobT
mm..& ;S e T Ir1y
L - R 6 €vT _ o
65'L € 1
5L . . 6L KT uO S
9L O = o
'L 5 e

180 160 140 120 100 80 60 40 20
fl (ppm)

200

Compound 3s

105



(=) N (=) =] [ee] =] =] =] =] [ee] =] [ee] (=] %
(—] (=] (=] (=) (=] (—] (=] (=] (=) (=] (=] (=] [—] F
f¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ F I I F I >
[Sa] R4} [Sa] R4} [Sa] [£a] R4} [Sa] R4} [Sa] [£a] [Sa] [Sa] =
(=] (=] (=] (=) (=] (=] (=) (=] (=) (=] (=] (=] (=] S
q = & & & 5 & & & & & 3 & S
e, e, B W i B ML P e S g
09Ty

19°1

£

87

A

£€6°T]

1€

e :

1€ L

ST e :
3 —_— wmﬁ
LE €] ol

. 0’1
8¢ € e
0¥ €1 |L%No.m
8T ¥ w
61 ¥ = P01
e —==p0'1
L8'§1 =101
68§

06'9

76'91 =101
0L

60°L]

L]

T L

€T°L]

YT L] .
o771 “—= 001
8TL

oCiiy POl
€L i i

. o T0°€
e .

; _ LOF
veLy — .

. i3
s€ .& | L :
yiy O 80
ot e Y £0Y
WL
£9°L
5oL

-0.5

0.5

1.5

25

i
e

1 (ppm)

e 6.5 55 45

85

r4.uLTud
r3.8E+08
r3.6E+08
r3.4E+08
r3.2E+08
r3.0E+08
r2.8E+08
r2.6E+08
2.4E+08
r2.2E+08
r2.0E+08
r1.8E+08
r1.6E+08
r1.4E+08
r1.2E+08
r1.0E+08
r8.0E+07
r6.0E+07
r4.0E+07
r2.0E+07
r0.0E+00

r-2.0E+07

@ﬂm
mfmv
6T €€
veve,

eT0s—
88°C9—

08°9L
mo.t‘w
0€LL

L9'1ZL

09'LTT{
60821
T$'8TT
£9°8Z1+
LyeTTy
wm.omﬁ
T6'6T1F
€T0ET
1L 0T
mo.al
9¢ 9T+
St LET
99°LET]
610V
LEOFT

€T TH1
9t £ 1+
08 1

“4.ULTUO
. r3.0E+08
2.0E+08
1.0E+08
0.0E+00

[=))
(=]
o0
=
T
I
y -

o
o
]
o
—
128

130

oo
=]
— O
= 5
(NS
1
I\\
32

fl (ppm)

Ts

“

UL

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

Compound 3t

106



8 ox ® B R ® X ® R R ® xS g5 2 2 8 8 8 2 8 8 8 8 5 8 9
B om oM M o@m @ oW oMo W oM@ oW oM omomom e e s e N S s R
S n o =n o ©n o n o n o in o o o < s = I =) I =) s = w = =) =) =
R I L L L S . RPN R R Brs B SR (HOE - R AR . SR, R PR N M~ B e L L . Y
1T
6Ly 2 8 8 8
051 :EEE
18714 =) S o o o
78 11 S LI I e B
€8°11 98'§7T— - i
Y2711 8807y 3.2; -
61 = 65°1C wSS/ - r o - —
$6'T1 €912 £6'LTT - . o
LETy S.aw S.wmﬂ - g i
Wz vTve £v'8Z1 - L A5
St S 88°8CI- _ =
wo.maﬁ o 9005~ E.mm%- . —
€1 € ) 96'6¢C1 | &=
¥I€ 660 = 61'19— 7€ 0€1 — e
E.m lmmmo.ﬁ e ﬁw.mn/ "
LUE RE0'T 90t
8C’e TELL
o | 98sTl
o h— -@om.o T g v
,‘ & 8Lzl
o £6LTI
= T0'STT
€481
£€6°6 — 001 88871 s
mm_mg 0L°6Z1-F Z =
. < 4 HE =
:..E e Mmmm_ e
el csostd T
M.% 0z L
el | 2 #m.mﬁ
oz f SSSET
1ot 5 9'9€T i
e . 1L°9€T #
= 2 o TTLET] 2
9T'L] O - MN”MH. O [ e
it & o | |swd A
ze'L! <

100 80 60 40 20

f1 (ppm)

160 140 120

180

200

Compound 3u

107



2 E 2=z EREERDE EBEESEEE EEE zEEEEEEEERE EEBE S
e s s s s e s e s o e e e R R GOm D Mo W MM oEmmomommomomom &
w8 n & n § v S v S w S w S S S 3 S w g n S m g g g S NS S g 2
L I B B S A LA I B S LI RO B P D P e P a0 WS PP P P
91

0£'T S

9¢'T 1_ B

6£'T 5 O&n 5

€T - 2 o wiLeh |

e %.EW 08'LT1- .m L8 B}

cT'e 7912 ¥1°8CI1 & —

9I'€ ceee— #N.wﬂ\ ) i m .
YEE i i %.wm%H [ =&

g€ < - seact] [ =&

6L'S Mmmﬂ ST06— szl | -
18§ mﬂ.m & 68621 |

i Hepe [ 00°€9— —
5691 .

969 teoe ¥8'9L

169 B 7.:@ = oﬁhhv.

1024 RIAER SELL

0L H/ho.ﬁ i .vm.wmj

<O'L LT'T m, TLLTT

s =&  08LTIH

1T =sp0o1 | TE  PI8C

L vT'8TI

L £€'STT

€1°L :n” ow.wmjn B —
£1°L 86'8TIf - —
3T°L TTeTl =
6T°L —00'T 86Tl f =
0T'L N 68'6T11

L LT 0T

i 90C 88°0€1

- | %:: - scocr]

JEA " = 80T [ 8TLET o

o = 10T 95 LET

s . o PO LL'SET .

g 2 | b BOE [ o OUOVI = | A

g 2] O O SOV [ o= LETFT O O

191 8¢ THI

o] 0E €T

e 2 LT

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

Compound 3v

108



FL.OOE+09

r9.00E+08

r8.00E+08
r7.00E+08
r6.00E+08

-5.00E+08

r4.00E+08

r3.00E+08
r2.00E+08
r1.LOOE+08
r0.00E+00

€91,
87T
€T
LET
6T
£€€
see
9¢"¢ |
€€
LLS
Q..m;
76'91

€691
¥6'91
¥6'91
€0°L
S0°L ﬁ
90" L1

80°L
L
1L
rANA
1L
61" L1
07" L1
2L
€LY
YT'LA
$T'L
9" L
9z
9T L%

8TLT
62 L]
67'L]
09°L
'L
'L
$9°L

Ts

=660

—— 001

LO°T
} Loy
— 101

. 102
ooy

6.5 5.5 45 3.5 2:5 L5 0.5 0.5
fl (ppm)

1.5

85

r8.0E+08
r7.5E+08

~7.0E+08

r6.5E+08
-5.5E+08

r5.0E+08

-4.5E+08
~4.0E+08

r3.5E+08

r3.0E+08

r2.5E+08
r2.0E+08
r1.5E+08
r1.0E+08
r5.0E+07
r0.0E+00

~-5.0E+07

6T°1C
vw.ﬁww
91T
SEEET
8TVE

LTOS—
86'C9—

¥8'9L
oﬁ.?w
SELL
69'L21
18Tl
TE'8TT
£F'8TTH
09°8Z11
#9871
81°6Z11
6V 6TTf
95" 6T 1 e
06'6T 1
L8"0ET1
LEOETH
8T LET]
65" LET]
0S°8€T
85°8€T
91" 0v1
89" 11
0€ vl
0L HhT

4E+08
2E+08
0E+00

(=)
=+
(=2}
o
e
1 ]
o
131 130

127

128

129

fl (ppm)

Ts

J

140

100 80 60 40 20

f1 (ppm)

120

180 160

200

Compound 3aa

109



r4.0E+08
r3.5E+08
r3.0E+08
r2.5E+08
r2.0E+08
r1.5E+08
r1.0E+08
r5.0E+07
r0.0E+00
r-5.0E+07

==}

2223232323828 888 38882 w0 0 o e o
T L L T T L T X ¥ L T I T T L E T & 2 2 2 2 2
o o e e L o = I E AR R e o
o ©oO O ©O O © O O © © O o o o o o o & [£a} 54} [Sa] S [£a]
e n T aa =3 S5 3 33 S S S S S S = S 0 S n g
19°1T, W m %
Lealld k Jd 2 £
1811 F o oo
4 vy
W Fo 6 LTy
el 89'LT1~+
82T, 3 I LELTI
6221 - SSTT— S0'8Z1
0¢'7] = YTEEY 8Tl
1054 | | o7 pE-+ 95°8Z1
GES L9°8T1
- l | - 0€°6Z1
£6'C ..lem.o — 8105— €671
e AN TLEET
st m; memo 6L79—
L€ 2 o .

1 — oy R L 8oL
8T ¢ ] GOLL
og¢} =901 | 2l

1 . SELL
8¢ ¢ =960 Piiaps
65°€ ==589670 | v m 20

. «g 8oLl
M.w &  LeLzly

. ) - =  soszi
61 =+760 . e
i < 95'871
wy I L9'8TTH
g 0£°621F
06’ |~ es6z1y
0T'L i ecoe T
L —160 | T6'0€ 1
st NI
97'L L ss g1

: €01
£ o] @ LOT © LLSET] o \@
8TL “u 1 9T 661 h2

: 8 666 . “o
8T'L o = : 91°0¥1
601 - ST [ 6V 1P
0’L o SSTIVT .
: z-~ 102 < =
0€'L S 00z | Iaal &
L
€L L
SrL

1.0E+08
0.0E+00

129
20

fl (ppm)
40

132

60

80

160 140 120 100
11 (ppm)
110

180

200

Compound 3ab



f ¥ ¥ I F F F F F I T F 3 ¥ ¥ F F F F F OF F OF OF T F F A
< - < < < B < e e e
(=) o =1 o (=] (=] (=] (=] (=1 (=] (=] (=2 I<) (=) (=) (=] (=] (=] (=] (=] (=] (=) (=] (=] [=} (=1 (=1 I=)
- 3 & 35 & 3 35 & 35 & & 3 =2 ma o= 3 3 3 3 3 3 & 3 2 5 5 =
L PR . I S BV ¢ L L S o SRR S A R o B o O N LA Lo B < O ¢ L . B s S IO
oy BxEre®s
€91 L2 FTEIFTFTTIET
0¥ T4 . HAE e AaAEAEA
o999 o9
£6'T1 | O v st on o~ O
£re 65°LTT
4 . 99 LTI+ o
ey Ss1z—  £08TI< T e —
LT I wes, s = _
wm.mi_ 611 = LE6TI~ __ - &
68 & =<k QU1 ss6TT/ o5
123 ey ST0S—  1g0El = | = —
mﬁ..?— 4 . #m.oj%
. =~ 00°¢] " ¢ - -
MN.W | ol 68T9— 1011~ = @ —
6] —=r 'l z89L |
et sy
£6'91 “  obbf
L0 L = | = 899II
6oLl @x = €0l W 65'LT1
1L % oS 99l
L o = £0°821
AR I 8Tl —
€111 R 79821
€1°L1 = =t L7 LE6TT —
0T L1 = T |ssezt 1
zT L] T W 13°0€1 =
9T L1 #6°0€T
- w
LT L Y 1071€1
62 L1 s eot . i
6T L} ‘mhs 60°€[ ke 20 —
gL} hgoor| ., 8991 o,
gend, ol B %
19°L] 107 °
£€9'L1
SLLd |« - _@
oL L] ® £
.E..i I
8LL
b}

180 160 140 120 100 80 60 40 20
£l (ppm)

200

111



(=) (=)} (=) (=) (=3} o0 (==} =] o0 oo =] oo =] o0 (=] %
g g g g g g g g S = T TTITITITITITITITTITITTITZTTEIELR
M 0w om o&m W m om @ m oM H o2 2 3 2 8 2 85 8 3 8 8838 8 5
L L U - R A AU RO~ R s B - B S B A S A R A T AR B S~
- 65T
9T
I 01T
L2 €671
' 483
, - ST°E] =
g I 91" ¢
M - LT €
W il LE'g .
m, : €€
| r mm.i
| L b€ ——— e
m ; 61+ ot
3= 61+ ..m_wmo;
L C8¢1 wamm.ﬂ
L8761 20T
i 169 e
TEE0T-— = | 69 MMMQS
‘w_ml 0T
& :.:
7L .
-%ﬂ s} =F10T
' 7T L
- £z L
[ g ¥T L
: ST'L]
L .E.L
7 /1 =860
e 8T'L
i, | 6T L7
D\ - 0Ly 5 /860
o L g g I . Q ‘ —/660
4 . & Mﬂgwm_m
L 2 s oL _ R ?.o.w
i - _ S 19 N2 _
i - S (2 |
[=
T m 69°L
o

0.5 -0.5

1:5

6.5 345 4.5 35 2.5
fl (ppm)
112

75

8.5




o0 0 [ee] o0 =] =] [ee] =] =] =] 0 [ee] (=] [ee] ] o (=] m
(=) (=] (=] (=] (=] * (=] (=] (-] (=] (=] (=] (=) (=] (=] (=) (=] F
¥ X Y ¥ X ¥ oF X £ £ X F X X ¥ F ¥ &
L o o == o O o O O o O e =
S n 8 g n g in g inh g in g RS g 3 o
LR S < LA L AP A L O I IS e LY
(=) (=) (2] (=]
(=] (=] (=] o
F F F T
[ & A A
n S = 2
—_ - O
L N
SS1Z— .Vommﬁ.( - B u S
BTEEY AL I B P ]
9e et L$°8T1 L &H J—
U3 =
ssettf T | em
ZIos— 65621 = —
79621 A _
€879 s S
Z89L
wo.EW
€€LL
09'LZT4
99'LT1
+0'8T1+
9¥'8T1
LS8TT
19'8T 14
8€°6714 .
SS6TIT e
656214 =
o6zl —
86'6C11
9L 0ET
16°L€T 5
£9'2€1
16'3¢1 o
LTOFT s
1S°0FT
TP ]
8¥ I¥1 £
65 €T

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

Compound 3ad

4.0E+08
r3.5E+08

r3.0E+08
r2.5E+08
r2.0E+08
r1.5E+08
r1.0E+08

-5.0E+07
r0.0E+00

LS°TH
09° 11
07T
12
8¢ T
06°Z
vIed
ST€d
LT €
/1€ P
IS

65 €1
oF €1
T ey
81'%
EL‘
0T+t
121
€651
¥6°S
68°91
169
1L
Tl LA
AWR
0T L
e |
YT LA
97 L1
LTL
LTt
8T L
8T L
67 L
0€" L]
162
09
2014
8L°L
08°L

e

——

N €60
N ge0

—=F 00’1

J» 00°€
660

Ph

-0.5

0.5

15

3.5

4.5

55

4
)

f1 (ppm)

113



+3.8E+08
-3.6E+08
13 4E+08
13.2E+08
+3.0E+08
-2.8E+08
-2 6E+08
00E+00  [2.4E+08
Na* oo 131 130 129 128 i
f1 (ppm) L2 0E+08
-1.8E+08
H1.6E+08
-1.4E+08
1 2F+08
. H1.0E+08

l -8 .0E+07

]

130.76
1130.44
4:130.09

129.58

I
1l

152.89
143 44
141,49
141 34
140.17
138.81
137,49
137.25
129 36
1128.62
1128 .44
1128.05
1127.63
1127.60
1120.89
77.40
77.15
76.89
—62.68
—50.14
34.36
33.17
~21.53

\

J

1.0E+09

129.58
128.62
128.44
127.63
127.60

)
- ~128.05

5.0E+08

~130.76
- ~130.44
- 129.36

X

1
=
[

r6.0E+07
r4.0E+07
r2.0E+07

r0.0E+00
-2.0E+07

200 180 160 140 120 100 80 60 40 20 0
f1 (ppm)

FLOOE+0Y

—-57.61

F9.00E+08

r8.00E+08

r7.00E+08

r6.00E+08

F5.00E+08

r4.00E+08

r3.00E+08

r2.00E+08

r1.00E+08

r0.00E+00

0 -10 -30 50 -70 90  -110 -140 -170 -200
fl (ppm)

114



Compound 3ae

F1.10E+09
r1.00E+09
9.00E+08

r8.00E+08
F7.00E+08
r6.00E+08
F5.00E+08
r4.00E+08
3.00E+08
r2.00E+08
r1.00E+08

r0.00E+00

= €01

=R 90T

ly 10
-\Jv 20°€

101

SO'IT
MM“M 01

i

|

Q = PO'T
T ﬂ 7601

01
66T
;0T

= 96°0

= L6

= 90t

--1.00E+08

7.5 6.5 5.5 45 3.5 25 15 0.5 -0.5
f1 (ppm)

85

] o0 (=] [ee] =] =] =] =] [ele] (=)
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
T T T T £ ¥ o o T T
[£a) 5] [Sa] [£a] R4} [Ra] R4} R4} [S4] [Sa]
S S S S S S S =S S S
@ ind £ v n < g il bl 2
2] (=)
(=) (=]
I T
[Sa} [£a}
wy (=}
SHLTI i
.G..a% -
Ny~ T6'LT1~ P —
6T €¢y 8¢ wﬂm > m
1V FE~ 19°8C1 - I = E—
7§61 L 2@
LTogl- —J |
L10§— L8701 T f et
99°66- —
91°€9~ —
+8°9L
mo.EW J
YELL
L9LTT
c6'Lel \MM
8£'8TI -
19821 =
Ts'6T1
LT OET
0L €91~ o ]
=
]
3
2N
(o]
z 2
£

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

115



Compound 3af

2] [ el =] o] o =) =) - < =] [e2] o] 2] =] [e2] o] 2] o] (=1
[=] [=] < [=] (=] [=] (=1 [= (=] (=] [=] [=] (=] [=] [=] [=] (=] [=] [=] (=]
T T T T T T T T T T ¥ T T T ¥ T T ¥ T ¥
[Sa] 4] o] o] 5] = [Sa] o) o] o] 5] 5] [Sa) 5] o] o8] &3] o8] 4] 58]
a3 « S a2 - S S 2 S S S s = S S S s g
b B o o o o i i AR o e & e o0 T ) gl e
19'1
$9°11 "
¥T T = 0 o
87 T F
£6'C] g 8
ETE : u
ye, b ss1Ty  0€92hy ||
91"£1 Z0'1€ isﬁ/‘i .
1] mm.mm/ 69°LTIN _ | B
scel —<006 [ . 0EveEs  96LZIy g pes———
ee) == 00T [ — 0T'SE 10821 LS
i 2rE0] . 658l -— 1 — &
cv.m% S10T LTos— G.wmi AT —
ST'#; ‘ “10°E | gsect! At
e g & 88'79— ! —
1T i AL L89L
1z Hmmc ! S.RW
16°5 €01 | v mmwﬁ\
mmw m“ vrLz
e =160 | g O69LiCl
. o 96LTL
Nﬁ.h., =+ 10°8Z1
L LE]TL
v 65871
FLLy @ 19821 eSS
| . 61°6Z1 ]
om._\k -—=00'1 £€5°6Z1 MHHIH
g o L6'0ET
£7'L e
ST'Ly Y60 PSLST— ]
9T L 901
LTL§ - Y06 s
: i
8L - WS.N il ..
6C'L w 0¥ P .
TvL] o, MlJ 2
i % " (L.
09'L] P £+
79'L] Py o/
99°L1 £
89°L "

180 160 140 120 100 30 60 40 20
f1 (ppm)

200

116



Compound 3ag

® o o o 0 0 W W W W W W W ~ O o
S S o © o © o o o o o o o o o 7
TITITITITITIITIZTIITITIT T ZER
HoH |1l L N =~ =~ I =~ O = B £ B -
R = T I = S =
L A O e R o A A M LR A Ml U T B el i L O |
9Ty

914

LE'TY

16°29

TTEY

€T €9

ST'EY

9T’ €

P e

L¥ £ =01
8 €Y ==RIT'T
¥8°¢4 060
98¢ e
L8°9 JJ“
83'9 =601
66'91 -€0'1
00°L{ =S0'1
00°Ly

[AWA L
ANA €01
€17

ST'Lq

91" Ly

LT

81°Lq

LS LY 2 00"
el —=00'1
09°L7

mm.j .
€9°L+ 660
9" LA MW@DA
[L° LA 116
Nh.n)w O & - X184
€L°LY o,,o - 1201
¥8'L o €0'¢
¥8'L N ~T0'T
98'L ”

0% £ z-i2

L8°L

¥E'8

1.0 0.0

2.0

3.0

8.0 7.0 6.0 5.0 4.0
f1 (ppm)

9.0

r5.5E+08
r5.0E+08

r4.5E+08
4.0E+08
r3.5E+08

r3.0E+08

r2.5E+08

r2.0E+08

r1.5E+08
r1.0E+08
r5.0E+07
r0.0E+00

-5.0E+07

[
3
mm..wm./v

LTOS—
L8T9—

ww.w_w/

Tohk

1.5E+09
1.0E+09
5.0E+08
0.0E+00

99°LTTy

- st

66°'LC1
6¥'8¢CT
£C°8CI
P 6eel
£s'6cl
$9'6Cl

-~ o
oo~
™~
(o Mo}
——
!
[
IIHHIMHI

S
|

130 128

132

fl (ppm)

5L
8€°LT1
99'LZ1
TL LTI
[8LTT
66°LTTY
€€'8z14
67871
£6°8T1/
1z6214
SE6TT
671
6671
$9°6T1

88°67T
ST OET
LLOET

0€°SET
¥§LET
LL8ET

80°0F T
b THT

Ph
N
Ts

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

117



Compound 3ah

r8.5E+08
r8.0E+08

r7.5E+08
r7.0E+08

r6.5E+08

r6.0E+08
r5.5E+08

r5.0E+08
r4.5E+08
r4.0E+08
r3.5E+08
r3.0E+08
r2.5E+08
r2.0E+08
r1.5E+08
r1.0E+08
r5.0E+07
-5.0E+07

r9.0E+08

-8.0E+08
r7.0E+08

r6.0E+08

-5.0E+08

4.0E+08

r3.0E+08

-2.0E+08
r1.0E+08

r0.0E+00

—_—10.0E+00

-

=00'T
=hoT'1

+0'1
Jms.m

h A

yorZ
RZ0T
“T0'T

i

=101
FIT'C

Iy

1.0 0.0

2.0

3.0

8.0 7.0 6.0 5.0 4.0
f1 (ppm)

9.0

SSTIT
68'8T
EEEE,
ot Fe

81°05—
LT€9
:w.m._u,/
88°9L
mﬁ.hhv
6€°LL

be-€21
§9°LT1
€6'LTT
1+'8C1
06°8¢1
8T°6¢CT

¥5'6cl
8'6C1

69 ¥91—

LyuLTUY
1.0E+09

0.0E+00

T

8¢°ST1~
C9°LTT
€6°LT1
'8¢
om.mNLf
0L°8TT~
wm.mﬂ.ﬂ\
rs'ecl
#m.mg\

Ph

6

1

1 1 ISP |
2

128

f1 (ppm)

130

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

118



Compound 3ai

r6.0E+08

r5.5E+08

-5.0E+08

r4.5E+08

~4.0E+08
r3.5E+08
r3.0E+08
r2.5E+08
r2.0E+08
r1.5E+08
-1.0E+08
-5.0E+07
r0.0E+00

r-5.0E+07

. r6.5E+08

vy wyoon
R
o — —

6€°T
S6°T1
ST
97" £
87" €1
6T €1
St i
9" €1

L¥ €
6 €1
£6'61
$6°51
7691
7691
£6°91
8691
6691
00"L1
112
AR
€11
€1 L
0T L1
17 L1
€T°LY
¥T L
9T L+
LT L
8T L
a.tﬁ
zeL

05" L]
15
L1611
86" L1
19°L
€9

i

L

i

|

801
or'T
10°T
e

M R

901
0’1
0’1

o7

= 901

= 001

660
00T
60°'T
SO0T
¥6°0
960
ore

— T

85 75 6.5 5.5 45 3.5 2.5 15 0.5 -0.5
f1 (ppm)

9.5

-9.0E+08

r8.0E+08

r7.0E+08

r6.0E+08

r5.0E+08

r4.0E+08

r3.0E+08

r2.0E+08

r1.0E+08
r0.0E+00

~-1.0E+08

98'1T—
rI'ee
vmém;/,

€C05—

8019

88°9L
:..:LW
6ELL
AKA|
L9°LTT
10°8Z1
8Tl
e TA|
14821
1£°621
95" 6T 1]
90°0€ 1]
roreTf
0T +ET
STHET]
€57 LT
¢6'8e
8T°0v 1]
1T°0v1
€5 IV1
I erl

SE+08

oLl
....w.....mﬁ/

10°8TI~ _

'8zl
vz
14821
ﬁm.mmﬁx
9¢'6C1
O IET

0E+00

—

o [ i .

.

128
f1 (ppm)

130

180 160 140 120 100 80 60 40 20
f1 (opm)

200

119



F9.00E+08
r8.00E+08
r7.00E+08
r6.00E+08
r5.00E+08
r4.00E+08
F3.00E+08
r2.00E+08
r1.00E+08
r0.00E+00

r1.OOE+09

r9.00E+08
r8.00E+08
r7.00E+08

r6.00E+08
F5.00E+08

: F1.OOE+09

-0.5

7o
1.5 0.5

ik

iR e
35

o
1 (ppm)

45

555

85

Compound 3aj

091
£8'F

LSTT
¥0°0€

%.mmM
LLeg’

1£08—
6C°09—

C6'9L
LT .._.L.W
EVLL

1¢°L2T
99°LTT
80°8Z1
09°8Z1
99°8Z1
LE6TI
65°6¢C1
¥9°0¢El
L8OET
9¢"LET
99°8¢€1
vTovl
o' Iv1
erevl

1.0E+09

15221y,
99°LZ1-"
80°871 —
%.ma% =
99°871

LE6T1
65°671

Ph

5.0E+08
0.0E+00

M

_.M__L

r4.00E+08
r3.00E+08
r2.00E+08
r1.00E+08
r0.00E+00
r-1.00E+08

20

f1 (ppm)

132
40

160 140 120 100 80 60
1 (ppm)
120

180

200




Compound 3ak

s g ¢ 2 g g2 g 2 2 3 T 2 & 2 g8 &8 8 2 2 B8
g g g S g g g g g g g g g g g g g g g g
> % & e v = o ol - < o % & v o vl o & - °
&Ly

SLTH I o o
'z . T 3
1§71 -3 2o
6L — =)
10°¢9 ] i 99421 |
80°€9 - IU'8TT~ _
60"t o oc 1z 19821~
116 60°€E~ €9'871 |
e i 16'eed €821
STE | L .:%N% &
LTEY 60T | T LT0S— om.ﬁ%
8T7¢ RpoT | 9019 00 0£1
€T 1967

ey =rTrT - o —_—

T _00°€ %.EW

86'51 WWU o1 | o

Q) w3 6670

Lk L6O | mm 99471

wm.w;ﬁ | & 1rse

$6'91 =160 5ﬂ Mwmw

YL = £0'8T1

£ I [6T1

el 65621

oL L o00€l

el i 18°0€1

e -—— 60 | P LEL

il 61°6€1

L] N £T°0P1

Loy /€60 TV bl

LiLy 7960 | PSP .
sy o, 2 == RTOL £FEpT o =

8z L S héois i a

67 Ly ° Lhod

m.h.L 00'C |

Mm.h; < z+* < z2
6€°L1 L5

921

99'L) 3

20

40

60

80

121

160 140 120 100
11 (ppm)

180

200




Compound 4

DD DD DD DYDY DY 00 W DWW O % (=)} o0 ] (=] =] =] o0 o0 =] [=2] (=)
FTTFIFIFPEITIETEITERERRERRES T £ 2 £ £ 2 7 72 7 %72 £%
gggggggggegggagggdggdggdE8g g g2 g2 g2 g2 g g2 g2 g2 g8 g
SES88SE2IR 8288888888888 °¢2 s & £ = 35 35 & 5 = & 3
ol ol A T T T BT S e B T P I R - NP GRS, P R N - B
81T,
] 28883
60°€] s B omom om
0T €1 = L =+ o o
8T'€ "
611 _ TrLTi— 4 .
Mwmf e 1T = €0°8z1 | [84
€€ T Vego Ol lE~ 60°8T1Y m“ .
TE €4 ET'EE mﬁmmﬁ =
: =TT 0 ) —
ZE€ ] . Le'or 58T 1 o =
PEE] m e £L°8T1~ - —~
LT m 01621+
6T'S +6 19— = B
o] 21 o
ok | y9RG = 3 78°9L
otk —=r£01 .
B =594 LO'LL
LS9 90'1 .
o | €CLL
T .
1991 ‘ii;: o ¥99ITy
red w < m OFLTTH
aat & ¥TITI
290 & TULTlY
66°91 S |sosly o
: I | 60°8T 14 I
00°L1 ~—00'1 .
IR 61 wNTW —
o1°L] 8P°8TT{ P
. S At B
L1°L 00T [ & m...n.wwﬁ_ﬁ -
2 : 01621 EE
81| 0] E.mﬂ% T
€T LA = 001 g
ey | 10T 65 €ET
=} .
om.L. ==t o @.wmg
9T LY = 200c £6°Th1
serf &, —— mm.mi £
oL 3 %“3 o UL S
mm.ﬁ 90z | o
152
zs°L] e N
e 2
€L

180 160 140 120 100 80 60 40 20
fl (ppm)

200

122



Compound 5

DN NN NN NN N 00 0 G0 00 00 00 00O ] (=N} co oo o0 =]
cSEcEBE5E5E8888828882¢Cs s 2 £ 2 & & & & & B B
SR I IR IO I - 2. 4. 8 8 4 F.F 8 F 3
o, 5 & = T
€91y S I 3 F

a4 . 3 g8 g

4 T .9 9

65T |

$0°¢4 S

80°€ = Tl
01°€] o LM “E
01'€4 0 08~ — g
] o 6T°9¢~ _ ww
VT - -
] | 09°€S =

see fgpz LEBSY _ =
BE € 00T P T 95 &3

8E € -|Mumo.m To'89~

o' ¥89L

80'F: e mo.RW

st g SELL

oy . ﬂumw 65421,

L L& 601

o) . 00°8Z11

vz i 00T 0T8T

bt 97'8T11

el 05°3T T+

sl o 1£6Cly

ot 6761

] £9'621

obi] ocosTf

Th in g $8°TETH

L] 8L EETH

L] s 9T

€' L] 0T ool

o | : %Sg = 6LSEI

il g c10% 67651

e 00°L VT Iv

Lol wwi s W

e 2oz [

wL

£L'L

2.0

20

40

60

80
123

160 140 120 100
fl (ppm)

180

200




