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1. General Information

All reactions were performed under oxygen atmosphere using glassware unless otherwise noted,
and all reagents were commercially available and used without further purification unless
specified otherwise. Organic solutions were concentrated under reduced pressure on a rotary
evaporator or an oil pump. Reactions were monitored by thin layer chromatography (TLC), which
carried out on GF254 plates. Visualization was performed by fluorescence quenching with UV
light at 254 nm, phosphormolybdic acid or KMnQ, straining solution followed by heating. Flash
chromatography was performed with 200-300 mesh silica gels. "H NMR spectra were measured on
a Bruker 400 (400 MHz) spectrometer and Bruker 500 (500 MHz) spectrometer. Data were reported
as follows: chemical shifts in ppm from the residual solvent as an internal standard (& 7.26 for
CDCl3 and & 0.00 for TMS), integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
AB g = AB quartet, m = multiplet, br = broad, and app = apparent), and coupling constants (Hz). **C
NMR spectra were measured on a Bruker 400 and 500 (101 and 126 MHz) spectrometer with
complete proton decoupling. Chemical shifts were reported in ppm from the residual solvent as an
internal standard (& 77.16 for CDCl3). HRMS were recorded on a LCMS-IT-TOF.

2. Synthesis and Characterization of 3-substituted Indoles

The N-substituted indoles 1a-1d, 1f-1g, 1i, 1j, 1l, In, 1r-1u® and 3v-3z2 were prepared according
to known procedures. 1e, 1h, Ik, Im, lo-1q were afforded as follow procedures.

2.1 General procedure for the synthesis of 1e and 1h®

(0]

(0] R,
| |
Z >N 1)SnCl, CH,Cly, % ” TDMF, 0C~rt. A N
Bn

2) CH3NO,, H,0

Z

I

Step 1: To a stirring solution of indole (1.17 g, 10 mmol) in CH,CI, (20 mL) under argon at 0 <
was added SnCl, (1.44 mL, 12 mmol) in a single portion via syringe. After the ice bath was
removed, the mixture was stirred at room temperature for 30 min, and then corresponding acyl
chloride (10 mmol) was added in small portions to the suspension, followed by nitro methane (15
mL). The mixture was stirred for 2 h at room temperature. After being quenched with ice and
water (30 mL), the mixture was filtered to remove inorganic precipitates, and the organic material
was extracted with ethyl acetate (50 mL). The organic phase was dried over Na,SO, and
concentrated at reduced pressure, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (PE: EtOAc = 5:1 as the eluent) to give the
corresponding immediate 1.

Step 2: In a dry Shlenk tube, LiAIH4 (15 mmol) in anhydrous THF (40 mL) was cooled at 0 <C, a
solution of the above ketone or aldehyde in THF (20 mL) was added dropwise in 15 min. The
mixture was stirred overnight at room temperature. After the reaction was completed, H,O (2 mL)
was added carefully followed by 12 N NaOH (5 mL). The mixture was stirred for 15 min, then the
water solid was removed by filtration and was washed with diethyl ether (3 x 20 mL). The
combined organic phase was dried over Na,SO,, filtrated, and evaporated under reduced pressure.
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The residue was purified by flash chromatography (PE:EtOAc = 20:1 as the eluent) to afford the
corresponding immediate I1.

Step 3: To a stirring solution of corresponding immediate 11 (1.41 g, 10 mmol) in DMF (20 ml) at
0 <€ was added NaH (0.6 g, 1.5 equiv) in small portions. After 30 min, The PhCH,Br was added
and then the ice bath was removed, the mixture was stirred for 1h at room temperature, and then
H,O (100 mL) was added, the suspension was extracted with ethyl acetate (3 x 20 mL), The
combined organic phase was dried over Na,SQy,, filtrated, and evaporated under reduced pressure.
The residue was purified by flash chromatography (PE:EtOAc = 100:1 as the eluent) to afford
corresponding N-protected-3-substitued-1H-indole.

1-Benzyl-6-chloro-3-methyl-1H-indole (1e)
Compound 1le was prepared according to step 2, step 3 with
/@E\é 6-chloro-1H-indole-3-carbaldehyde as starting material, white solid, 60% yield
N/ intotal; 'H NMR (400 MHz, CDCl;) 6 7.45 (d, J = 8.4 Hz, 1H), 7.33-7.23 (m,
Bn 3H), 7.21 (s, 1H), 7.06 (t, J = 6.9 Hz, 3H), 6.84 (s, 1H), 5.16 (s, 2H), 2.29 (s,
Te 3H); *C NMR (101 MHz, CDCls) & 137.36, 137.04, 128.86, 127.78, 127.74,

127.56, 126.78, 126.55, 120.00, 119.54, 111.19, 109.47, 49.86, 9.60; HRMS (ESI) calcd. for
CisH1sNCI* [M+H]" 256.0888, found 256.0882.

Cl

1-Benzyl-6-methoxy-3-methyl-1H-indole (1h)
Compound 1h was prepared according to step 2, step 3 with
/@E\g 6-methoxy-1H-indole-3-carbaldehyde as starting material, PE:EtOAc = 40:1 as
~o0 N the eluent, white solid, 63% vyield in total; '"H NMR (400 MHz, CDCls) &
4n BN 7.39-7.26 (m, 3H), 7.22-7.13 (m, 3H), 7.09 (d, J = 2.4 Hz, 1H), 6.92 (s, 1H),
6.89 (dd, J = 8.8, 2.4 Hz, 1H), 5.26 (s, 2H), 3.93 (s, 3H), 2.37 (s, 3H); *C NMR
(101 MHz, CDCl3) & 153.82, 138.03, 132.05, 129.25, 128.72, 127.50, 126.79, 126.61, 111.82,

110.31, 101.02, 55.99, 50.01, 9.70; HRMS (ESI) calcd. for Ci7H;gNO* [M+H]* 252.1383, found
252.1372.

2.2 Synthesis of 3-substituted indole 1k and 1m*

O
@ é A\ step 3 N
—_—
N Cl,CCOOH,EtsSiH N N
B
1m

PhMe, 70° n

Into a 100 mL three-neck flask equipped with a magnetic stir bar, glass stopper, dry toluene (8
mL), Et3SiH (4.5 g, 39 mmol) and CIs;CCOOH(3.2 g, 19 mmol) were added under N, atmosphere.
The mixture was heated to 70 and treated with a solution of cyclohexanone (1.38 g, 14 mmol)
and indole (1.5 g, 13 mmol) in toluene (5 mL) dropwise by syringe. The reaction mixture was then
stirred for additional 3 h at this temperature. After cooling to room temperature, the mixture was
quenched with saturated Na,COs, extracted with EtOAc. The combined organic layer was dried
over anhydrous Na,SO,, filtrated, concentrated under vacuum, and the residue was purified by
flash column chromatography (PE/EtOAc = 30:1) to give an immediate. Next obtained immediate

S3



was conducted step 3 to give compound 1m, white solid in 67% yield. '"H NMR (400 MHz, CDCl5)
5 7.66 (d, J = 7.8 Hz, 1H), 7.35 — 7.20 (m, 4H), 7.18 — 7.02 (m, 4H), 6.86 (s, 1H), 5.26 (s, 2H),
2.85 (ddd, J =14.4,8.9,5.7 Hz, 1H), 2.11 (d, J = 6.4 Hz, 2H), 1.84 (dd, J = 5.3, 2.9 Hz, 2H), 1.77
(dd, J = 12.6, 1.5 Hz, 1H); **C NMR (101 MHz, CDCl3) & 137.93, 136.78, 128.69, 127.45, 126.78,
123.72, 122.48, 121.51, 119.52, 118.61, 109.62, 49.89, 35.48, 34.19, 26.95, 26.55. These spectra
data matched with those previously published.
Compound 1k was prepared with propan-2-one as substrate, Colorless oil, 74%
yield. '"H NMR (400 MHz, CDCl3) & 7.66 (d, J = 7.8 Hz, 1H), 7.30 — 7.20 (m, 4H),
7.14 (t, J = 7.5 Hz, 1H), 7.11 — 7.07 (m, 3H), 6.86 (s, 1H), 5.24 (s, 2H), 3.30 — 3.12
(m, 1H), 1.35 (d, J = 6.9 Hz, 6H); *C NMR (101 MHz, CDCl5) & 137.98, 137.02,
1K " 128.75, 128.71, 127.51, 126.81, 123.63, 123.31, 121.62, 119.63, 118.73, 109.70,
49.93, 25.57, 23.53. These spectra data matched with those previously published.

w-EF

2.3 Synthesis of 3-substituted indole 10°

\ step3 B A
_step3 ©\/\§ \
N N MeMgBr,THF N

H Bn Bn

10

To a solution of N-substituted indole (1 equiv) in THF (10 mL) was added the solution of
MeMgBr (3.0 N in diethyl ether, 1.2 equiv) at room temperature, the mixture was cooled to -10 °C
after 1 hour, and a solution of allybromide (1.0 equiv in 4 mL THF) was added over 15 minutes.
The reaction mixture was warmed to room temperature for 24 h. The reaction was quenched with
water (20 mL), extracted with EtOAc (2 x 100 mL), concentrated and purified by column to afford
compound 10. Yellow oil, 63% yield. *H NMR (400 MHz, CDCls) § 7.79 (d, J = 7.7 Hz, 1H), 7.47
—7.35(m, 4H), 7.33 (t, J = 7.5 Hz, 1H), 7.28 (d, J = 7.5 Hz, 1H), 7.24 (d, J = 6.8 Hz, 2H), 7.04 (s,
1H), 6.34 — 6.14 (m, 1H), 5.36 (s, 2H), 5.32 (d, J = 7.1 Hz, 1H), 5.24 (d, J = 10.0 Hz, 1H), 3.69 (d,
J = 6.4 Hz, 2H); BC NMR (101 MHz, CDCl3) 6 137.91, 137.54, 136.99, 128.84, 128.27, 127.64,
126.92, 126.01, 121.90, 119.43, 119.11, 115.27, 113.77, 109.77, 49.98, 29.97. These spectra data
matched with those previously published.

2.4 General procedure for the synthesis of 1p and 1q°

o .
@ . ES/)—/( F3CCOOH,Et;SiH A\
N H CH,Cl,, 0°~rt 12 h N

Bn Bn

1q

To a solution of N-substituted indole (1.0 equiv) in CH,Cl, (25 mL) was added the corresponding
aldehyde (2.44 mmol, 1.0 equiv) at room temperature. Triethylsilane (1.08 mL, 6.83 mmol, 2.8
equiv) and trifluoroacetic acid (0.38 mL, 4.88 mmol, 2.0 equiv) were added then at 0 <C. The
solution was allowed to warm to room temperature for 12 h prior to concentration under reduced
pressure. The resulting oil was purified by column chromatography (PE:EtOAc = 80:1) to give 1q
as a white solid, 65% vyield.
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Compound 1k was prepared with benzaldehyde as substrate, white solid, 65%
yield, 'H NMR (400 MHz, CDCly) & 7.63 (d, J = 7.9 Hz, 1H), 7.44 — 7.30 (m,
8H), 7.30 — 7.22 (m, 2H), 7.20 — 7.12 (m, 3H), 5.32 (s, 2H), 4.22 (s, 2H); **C
NMR (101 MHz, CDCls) 6 141.36, 137.83, 136.94, 128.83, 128.80, 128.78,
128.75, 128.68, 128.50, 128.44, 128.42, 128.39, 128.25, 127.57, 126.82,
126.78, 126.64, 125.92, 121.86, 119.43, 119.14, 114.99, 109.72, 49.96,

31.66.These spectra data matched with those previously published.

1-Benzyl-3-(thiophen-2-ylmethyl)-1H-indole (1q)

Compound 1q was prepared with furaldehyde as substrate, brown solid, 54%
yield; *"H NMR (400 MHz, CDCl3) & 7.55 (d, J = 7.8 Hz, 1H), 7.30-7.20 (m,
4H), 7.15 (t, J = 7.5 Hz, 1H), 7.11-7.04 (m, 4H), 6.96 (s, 1H), 6.89 (dd, J = 8.1,
3.3 Hz, 1H), 6.85 (d, J = 10.3 Hz, 1H), 5.24 (s, 2H), 4.30 (s, 2H); *C NMR
(101 MHz, CDCls) & 144.86, 137.70, 136.84, 128.77, 127.86, 127.58, 126.76,
126.71, 126.50, 124.69, 123.41, 121.94, 119.28, 119.23, 114.43, 109.77, 49.98,

25.95: HRMS (ESI) calcd. for CxH1gNS™ [M+H]" 304.1154, found 304.1143.

3 Tables of the Optimization of Reaction Conditions®

©\/\€ . ©© Cat.(10 mol %), O, - OENS . ©\/é:o
N _ IJ\rL':l/TS slovent, rt, 24 h d»N\ N

\ Ts \

Bn N, Bn
Bn
1a 3a 4a 5, < 5% yield
entry cat. solvent yield (%)°
1° Cu(CH3CN),BF, CH,Cl, 46
2 Cu(CH5CN),BF, CH,Cl, 70
3 Cu(CHsCN)4BF, toluene 50
4 Cu(CHsCN)4BF, Et,O trace
5 Cu(CH5CN),BF, DCE 69
6 Cu(CH5CN),BF, CHCl,4 67
7 Cu(CH4CN),BF, THF 48
8 Cu(CH4CN),BF, CH;CN 45
9 Cu(CH5CN),BF, CDCl, 67
10° Cu(CH3CN),BF, CH,Cl, trace
10° Cu(CH3CN),BF, CH,Cl, 71
11 Cu(CH3CN),PFs CH,Cl, 73
12 Pd(CH5CN),(OTf), CH,ClI, 60
13 AgSbF CH,ClI, 50
14 AgN(OTT), CH.Cl, 48
15 Cul CH,CI, 64
16 Pd(OAC), CH,ClI, 63
17 Cu(OAc), CH,ClI, 81
18" Cu(CH4CN),BF,+CuClO, CH,Cl, 45
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19 Cu(CH3CN),PF,+CuClO, CH.Cl, 64

20 CuS0,5H,0 CH,Cl, 77
219 Cu,(OH),CO; CH,Cl, 79
22" CU,(OH),COs+Cu(OAC), CH,Cl, 88
23’ Cu,(OH),CO3+Cu(OAC), CH,Cl, 84

#Unless otherwise stated, reactions were conducted on a 0.2 mmol scale with 1a (1.0 equiv), 3a (1.5 equiv), and
catalyst (0.1 equiv) in CH,ClI, (1.0 mL) solvent at room temperature for 24 h. For all of cases, > 99:1 dr values was
detected. “lsolated yield. ‘air was used as the oxiadant. “4A MS was used. 0.5 % H,O was added. |
Cu(CH3CN)4BF,4 (10 mol %) + CuCIlO, (5 mol %) or Cu(CH3CN)4PF,4 (10 mol %) + CuClO4 (5 mol %) was used.
93a (1.1 equiv) was used. "Cu,(OH),CO; (10 mol %) + Cu(OAc), (5 mol %) was used. 'Cu,(OH),CO;4 (5 mol %) +
Cu(OAC), (2.5 mol %) was used.

4. General Procedure for Indole Oxidation/1, 3-dipolar Cyclization reaction

4.1 Oxidation with Cu/O,

An oven-dried 10 mL of Schlenk tube was charged with azomethine imine 3 (0.24 mmol),
N-subsitiuted indoles 1 (0.2 mmol), Cu,(OH),CO3(0.02 mmol) and Cu(OAc), (0.01 mmol), then
removed air by vaccum pump and 1 mL of CH,Cl, was added. Subsequently, the mixture was
stirred with an O, or 1802 balloon at room temperature. After for 24 h, the mixture was crude
purified by short column chromatography (CH,CI,, 50 mL), then the organic solvent was removed
under reduced pressure. The obtained residue was purified by flash column chromatography to
afford the corresponding cyclization product 4.

4.2 Oxidation with DMD

An oven-dried 10 mL of Schlenk tube was charged with azomethine imine 3 (0.2 mmol) and
N-subsitiuted indoles 1 (0.24 mmol), dissolved in 2 mL of DMD at -20 <C. After 2 h, the organic
solvent was removed under reduced pressure. The obtained residue was purified by flash column
chromatography to afford the corresponding cyclization product 4.

4.3 Oxidation with m-CPBA

An oven-dried 10 mL of Schlenk tube was charged with azomethine imine 3 (0.24 mmol),
N-subsitiuted indoles 1 (0.2 mmol), Cu,(OH),CO;3 (0.02 mmol) and Cu(OAc), (0.01 mmol),
dissolved in 1 mL of CH,ClI,. Subsequently, m-CPBA (2 equiv) was added in small portion at 0 <C.
Then the mixture was stirred at room temperature for 2 h. After finished, the mixture was crude
purified by short column chromatography (CH,CI,, 50 mL), then the organic solvent was removed
under reduced pressure. The obtained residue was purified by flash column chromatography to
afford the corresponding cyclization product 4.

4.4 Oxidation with Cu/O, when NH- indoles as the substrate

10 mol% Cuy(OH),CO3
N\ 5 mol% Cu(OAc),, O, L0
R~— + 3a - ~ N + N
Z =N CH,Cly, 24 h, rt | N N O
H RN D
/F H H Ts N\ ’\R

R

6 (R = H), 14% 8 (R = H), 56%
F-substituted 8 (R = 6-F)
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An oven-dried 10 mL of Schlenk tube was charged with azomethine imine 3a (0.24 mmol),
3-methyl-NH-indoles (0.2 mmol), Cu,(OH),CO; (0.02 mmol) and Cu(OAc), (0.01 mmol), then
removed air by vaccum pump and 1 mL of CH,Cl, was added. Subsequently, the mixture was
stirred with an O, balloon at room temperature. After for 24 h, the mixture was crude purified by
short column chromatography (CH,Cl,, 50 mL), then the organic solvent was removed under
reduced pressure. The obtained residue was purified by flash column chromatography to afford the
corresponding cyclization product 4 and N-1 substituted products.

4.5 The general procedure of control experiments

Cu(OAc)y,
0O, o
 + 38 —— 1., NT o
N additive N, N
N

Bn (2 equiv)
1a B

TEMPO: 4a, 14% 5, 48%
BHT: ND ND

An oven-dried 10 mL of Schlenk tube was charged with azomethine imine 3 (0.24 mmol),
N-subsitiuted indoles 1 (0.2 mmol), Cuy(OH),CO3 (0.02 mmol), Cu(OAc), (0.01 mmol) and
additive (2 equiv), then removed air by vaccum pump and 1 mL of CH,Cl, was added.
Subsequently, the mixture was stirred with an oxygen balloon at room temperature. After for 24 h,
the mixture was crude purified by short column chromatography (CH,Cl,, 50 mL), then the
organic solvent was removed under reduced pressure. The obtained residue was purified by flash
column chromatography to afford the corresponding cyclization product 4 when TEMPO as the
additive. The products were no detected by TLC when BHT as additive.

The synthesis of compound 7’

5

N Na, naphthalene N
N, THF,-78 °C NH
Ts
N N
Bn Bn
4a 7,90%

To a stirred solution of naphthalene (71 mg, 0.55 mmol) in freshly distilled THF (2.5 mL), sodium
(13 mg, 0.53 mmol) was added. After 45 min of stirring at ambient temperature (dark-green color),
the mixture was cooled to -78 °C and a solution of compound 4a (135 mg, 0.25 mmol) in THF (2
mL) was added. The reaction mixture was stirred at that temperature for 30 min, quenched with
sat. aqueous NH,CI (15 mL) and extracted with CHCl3 (2 x 20 mL). The combined organic layers
were dried (MgSQ,4) and evaporated to give the target compound 7 as white solid (PE:EtOAc =
6:1, 86 mg, 90 %).
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5. Analytic and Characterization Data for Oxygenation/Cyclizaiton Product 4

9-Benzyl-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]oxadiazin
o[2,3-a]isoquinoline (4a)

Afforded according to the general procedure as a white solid in 88% yield,

purified by flash chromatography (PE:EtOAc = 10:1); '"H NMR (400 MHz,

0\ CDCl3) 8 7.81 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 7.3 Hz, 2H), 7.32 (t, J = 7.4 Hz,

N, 2H), 7.25 (t, J = 8.2 Hz, 4H), 7.20-7.12 (m, 3H), 7.04 (t, J = 7.7 Hz, 1H), 6.99

ﬁ?/ (d, J =3.5Hz, 1H), 6.74 (t, J = 7.4 Hz, 1H), 6.35 (d, J = 7.9 Hz, 1H), 5.34 (s,

4a 1H), 5.14 (s, 1H), 4.82 (d, J = 16.3 Hz, 1H), 4.30 (d, J = 16.3 Hz, 1H),

3.91-3.73 (m, 1H), 2.76-2.63 (m, 1H), 2.53 (dd, J = 10.6, 5.8 Hz, 1H), 2.49-2.43

(m, 1H), 2.42 (s, 3H), 1.81 (s, 3H); *C NMR (101 MHz, CDCls) & 150.11, 144.17, 138.46,

135.31, 134.56, 133.27, 130.91, 130.03, 129.37, 129.07, 128.65, 128.50, 128.48, 128.26, 127.24,

126.88, 126.13, 123.40, 119.46, 109.61, 78.63, 74.60, 73.46, 50.57, 46.81, 30.01, 21.68, 19.26;

HRMS (ESI) calcd. for C3H3N305S™ [M+H]" 538.2159, found 538.2150; HRMS (ESI) calcd.
for C3,H3,N30,™0S" [M+H]* 540.2201, found 540.2199.

9-Benzyl-12-bromo-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2',3":5,6][ 1,3,
4]oxadiazino[2,3-a]isoquinoline (4b)

Afforded according to the general procedure as a white solid in 70% yield,

purified by flash chromatography (PE:EtOAc = 12:1); *H NMR (400 MHz,

CDCl3) 6 7.81 (d, J = 8.3 Hz, 2H), 7.39-7.33 (m, 2H), 7.34-7.29 (m, 2H),

. ,\'l" 7.29-7.23 (m, 4H), 7.23-7.19 (m, 1H), 7.19-7.14 (m, 2H), 7.12 (dd, J = 8.4,

N T8 21Hz 1H), 7.04-6.97 (m, 1H), 6.21 (d, J = 8.4 Hz, 1H), 5.31 (s, 1H), 5.16

4an (s, 1H), 4.79 (d, J = 16.3 Hz, 1H), 4.28 (d, J = 16.3 Hz, 1H), 3.95-3.69 (m,

1H), 2.79-2.65 (m, 1H), 2.56 (dd, J = 10.5, 5.6 Hz, 1H), 2.52-2.45 (m, 1H),

2.42 (s, 3H), 1.78 (s, 3H); **C NMR (101 MHz, CDCl,) 5 148.89, 144.34, 137.76, 135.12, 134.48,

132.93, 132.84, 132.66, 129.43, 128.97, 128.68, 128.62, 128.59, 128.34, 127.21, 127.10, 126.64,

126.26, 111.10, 78.68, 74.41, 73.21, 50.15, 46.79, 29.95, 21.68, 19.26; HRMS (ESI) calcd. for
CaH31N303SBr* [M+H]" 616.1264, found 616.1249.

9-benzyl-12-fluoro-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2',3":5,6][1,3,4
Joxadiazino[2,3-a]isoquinoline (4c)

Afforded according to the general procedure as a white solid in 60% yield,
purified by flash chromatography (PE:EtOAc=15:1); ‘H NMR (400 MHz,
CDCly) 6 7.81 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 7.2 Hz, 2H), 7.26 (t, J = 8.2
,\',l“ Hz, 2H), 7.29-7.20 (m, 3H), 7.22-7.11 (m, 3H), 7.04-6.98 (m, 1H), 6.95 (dd,
F\ﬁ?/ Ts  J=17.9,2.6Hz 1H), 6.72 (td, J = 9.0, 2.6 Hz, 1H), 6.22 (dd, J = 8.6, 4.1 Hz,
Bn 1H), 5.35 (s, 1H), 5.12 (s, 1H), 4.81 (d, J = 16.2 Hz, 1H), 4.22 (d, J = 16.2

Hz, 1H), 3.95-3.74 (m, 1H), 2.77-2.65 (m, 1H), 2.57 (dd, J = 10.6, 5.7 Hz,

1H), 2.49 (d, J = 14.3 Hz, 1H), 2.42 (s, 3H), 1.79 (s, 3H); *°F NMR (376 MHz, CDCls) § -124.57;
13C NMR (101 MHz, CDCly) §157.11 (Je.r = 238.4 Hz), 146.26, 144.25, 138.23, 135.25, 134.52,
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133.04, 132.12 (Jce = 9.4 Hz), 129.39, 129.01, 128.64, 128.55, 128.31, 127.19, 126.98, 126.21,
116.16 (Jc.r = 23.4 Hz), 111.04 (Jcr = 23.9 Hz), 110.27 (Jc.r = 8.0 Hz), 78.72, 74.48, 73.75, 51.07,
48.13, 46.91, 30.00, 21.64, 19.27; HRMS (ESI) calcd. for CsH3N3OsFS™ [M+H]" 556.2065,
found 556.2055.

9-benzyl-11-fluoro-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4
Joxadiazino[2,3-a]isoquinoline (4d)

Afforded according to the general procedure as a white solid in 66% vyield,

purified by flash chromatography (PE:EtOAc = 16:1); 'H NMR (400 MHz,

CDCls) & 7.81 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 7.5 Hz, 2H), 7.33 (t, J = 7.4 Hz,

N“ 2H), 7.30-7.22 (m, 3H), 7.22-7.10 (m, 4H), 7.10-6.91 (m, 1H), 6.40 (t, J = 8.8

X i,i Ts  Hz, 1H), 6.05 (d, J = 10.1 Hz, 1H), 5.32 (s, 1H), 5.19 (s, 1H), 4.78 (d, J = 16.3

F 4,_;3" Hz, 1H), 4.30 (d, J = 16.3 Hz, 1H), 3.94-3.63 (m, 1H), 2.69 (tt, J = 25.2, 12.6

Hz, 1H), 2.54 (dd, J = 10.6, 5.8 Hz, 1H), 2.48 (d, J = 15.1 Hz, 1H), 2.42 (s,

3H), 1.78 (s, 3H); *°F NMR (471 MHz, CDCl;) & -110.96; *C NMR (101 MHz, CDCls) 8164.61

(Jc.r=245.4 Hz), 151.65 (Jc.r= 12.2 Hz), 144.30, 137.66, 135.24, 134.49, 133.14, 129.41, 129.01,

128.65, 128.59, 128.32, 127.27, 127.16, 126.74 (Jc.r= 2.0 Hz), 126.19, 124.51 (Jc¢= 11.0 Hz),

105.56 (Jc.r= 23.0 Hz), 97.51 (Jc.e= 27.0 Hz), 78.67, 74.13, 73.52, 50.10, 46.76, 29.98, 21.66,
19.33; HRMS (ESI) calcd. for C3,H31N3O5FS™ [M+H]" 556.2065, found 556.2069.

9-Benzyl-11-chloro-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2',3':5,6][1,3,4
Joxadiazino[2,3-a]isoquinoline (4e)

Afforded according to the general procedure as a white solid in 67% vyield,
purified by flash chromatography (PE:EtOAc = 15:1); *H NMR (400 MHz,

oA, CDCl3) 5 7.80 (d, J = 8.3 Hz, 2H), 7.41-7.30 (m, 4H), 7.30-7.22 (m, 3H),

4 7.21-7.14 (m, 3H), 7.12 (d, J = 7.9 Hz, 1H), 7.06-6.93 (m, 1H), 6.70 (dd, J =

ﬁ:ﬁ TS 7.9,1.8 Hz, 1H), 6.35 (d, J = 1.8 Hz, 1H), 5.31 (s, 1H), 5.19 (s, 1H), 4.7 (d,
cl A" J=16.4 Hz, 1H), 4.32 (d, J = 16.4 Hz, 1H), 3.89-3.61 (m, 1H), 2.80-2.61 (m,

1H), 2.57-2.45 (m, 2H), 2.42 (s, 3H), 1.78 (s, 3H); *C NMR (101 MHz,
CDCl;) § 151.07, 144.31, 137.59, 135.90, 135.18, 134.47, 133.06, 129.47, 129.40, 129.00, 128.64,
128.61, 128.30, 127.24, 127.17, 126.17, 124.36, 119.21, 109.57, 78.64, 74.16, 73.28, 49.98, 46.70,
29.95, 21.66, 19.24; HRMS (ESI) calcd. for C3H3,N3O;SCI™ [M+H]* 572.1769, found 572.1759.

9-Benzyl-11,13b-dimethyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2',3":5,6][1,3,4]oxa
diazino[2,3-a]isoquinoline (4f)

Afforded according to the general procedure as a white solid in 86% yield,
purified by flash chromatography (PE:EtOAc = 20:1); 'H NMR (400 MHz,
CDCl3) § 7.79 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 7.4 Hz, 2H), 7.32 (t, J = 7.4 Hz,
N’N 2H), 7.26-7.20 (m, 3H), 7.18-7.07 (m, 4H), 7.01-6.93 (m, 1H), 6.57 (d, J = 7.5
ﬁtﬁ ‘Ts  Hz, 1H), 6.21 (s, 1H), 5.32 (s, 1H), 5.13 (s, 1H), 4.79 (d, J = 16.4 Hz, 1H),
Bn 4.31 (d, J = 16.4 Hz, 1H), 3.89-3.66 (m, 1H), 2.72-2.58 (m, 1H), 2.54-2.46 (m,

2H), 2.41 (s, 3H), 2.16 (s, 3H), 1.78 (s, 3H); *C NMR (101 MHz, CDCl3) &

150.30, 144.07, 140.27, 138.62, 135.42, 134.53, 133.39, 129.31, 129.06, 128.64, 128.42, 128.26,
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128.17, 127.25, 126.81, 126.04, 123.13, 120.12, 110.13, 78.62, 74.47, 73.67, 50.52, 46.75, 29.99,
21.84, 21.63, 19.27; HRMS (ESI) calcd. for CagHa4N30,S* [M+H]* 552.2315, found 552.2306.

9-Benzyl-10,13b-dimethyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]oxa
diazino[2,3-a]isoquinoline (4g)

Afforded according to the general procedure as a white solid in 83% vyield,

purified by flash chromatography (PE:EtOAc = 20:1); ‘H NMR (400 MHz,

CDCly) & 7.62 (d, J = 8.3 Hz, 2H), 7.37-7.31 (m, 4H), 7.30-7.26 (m, 1H),

ﬁ 7.20-7.08 (m, 6H), 7.02-6.94 (m, 1H), 6.92 (d, J = 7.5 Hz, 1H), 6.71 (t, J = 7.5

N T8 Hz 1H), 5.33 (s, 1H), 5.20 (s, 1H), 4.92 (d, J = 17.8 Hz, 1H), 4.82 (d, J = 17.8

4;Bn Hz, 1H), 3.75 (td, J = 12.2, 3.5 Hz, 1H), 2.74-2.50 (m, 2H), 2.48-2.41 (m, 1H),

2.40 (s, 3H), 2.25 (s, 3H), 1.83 (s, 3H); *C NMR (101 MHz, CDCl5)  148.07,

143.87, 139.80, 135.23, 134.43, 133.68, 133.44, 131.23, 129.12, 129.05, 128.71, 128.39, 128.36,

128.14, 126.83, 126.79, 126.02, 121.55, 119.55, 119.44, 78.50, 74.62, 73.34, 50.29, 46.12, 29.86,
21.61, 19.63, 19.01; HRMS (ESI) calcd. for C53H3sN303S* [M+H]" 552.2315, found 552.2302.

o

9-Benzyl-11-methoxy-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][ 1,
3,4]oxadiazino[2,3-a]isoquinoline (4h)

Afforded according to the general procedure as a white solid in 64% vyield,
purified by flash chromatography (PE:EtOAc = 3:1); *H NMR (400 MHz,

o\ J CDCl) 3781 (d,J=82Hz, 2H),7.40 (d, =74 Hz, 2H), 7.32 (t, I= 74

\  Hz, 2H), 7.29-7.22 (m, 3H), 7.18 (d, J = 3.0 Hz, 3H), 7.01 (d, J = 2.9 Hz,

d:ﬁ TS 1H), 6.85 (d, J = 2.6 Hz, 1H), 6.60 (dd, J = 8.6, 2.6 Hz, 1H), 6.22 (d, J = 8.6
o " Hz, 1H), 5.38 (s, 1H), 5.06 (s, 1H), 4.81 (d, J = 16.1 Hz, 1H), 4.17 (d, J =

16.1 Hz, 1H), 3.89 (dt, J = 18.1, 4.4 Hz, 1H), 3.70 (s, 3H), 2.75-2.63 (m, 1H),
2.57 (dd, J = 10.7, 5.6 Hz, 1H), 2.48 (dd, J = 16.0, 2.0 Hz, 1H), 2.42 (s, 3H), 1.81 (s, 3H); *C
NMR (101 MHz, CDCly) & 153.78, 144.26, 144.15, 138.74, 135.30, 134.62, 133.23, 131.91,
129.37, 129.09, 128.66, 128.53, 128.48, 128.28, 127.22, 126.83, 126.13, 115.37, 110.65, 109.99,
78.73, 74.79, 73.97, 55.93, 51.59, 46.92, 30.04, 21.67, 19.25; HRMS (ESI) calcd. for
Ca3HN50,S" [M+H]" 568.2265, found 568.2265.

9-benzyl-13b-ethyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]oxadiazino[
2,3-alisoquinoline (4i)

Afforded according to the general procedure as a white solid in 83% vyield,
purified by flash chromatography (PE:EtOAc=10:1); 'H NMR (400 MHz,
CDCl3) § 7.79 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 7.4 Hz, 2H), 7.32 (t, J = 7.4 Hz,

' 2H), 7.28-7.20 (m, 4H), 7.19-7.12 (m, 3H), 7.04 (t, J = 7.8 Hz, 1H), 7.01-6.94
N Ts (m, 1H), 6.73 (t, J = 7.4 Hz, 1H), 6.36 (d, J = 7.9 Hz, 1H), 5.36 (s, 1H), 5.25 (s,
Bn 1H), 4.82 (d, J = 16.3 Hz, 1H), 4.33 (d, J = 16.3 Hz, 1H), 3.91-3.71 (m, 1H),
2.76-2.62 (m, 1H), 2.53 (dd, J = 10.6, 5.7 Hz, 1H), 2.46 (dd, J = 16.1, 1.7 Hz,

1H), 2.42 (s, 3H), 2.24 (q, J = 7.4 Hz, 2H), 1.09 (t, J = 7.4 Hz, 3H); **C NMR (101 MHz, CDCls)
5 150.68, 144.14, 138.45, 135.43, 134.57, 133.44, 129.90, 129.35, 128.98, 128.90, 128.54, 128.48,
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128.29, 127.28, 126.88, 126.12, 124.04, 119.31, 109.50, 78.29, 78.20, 70.46, 50.46, 46.68, 30.00,
23.98, 21.68, 9.78; HRMS (ESI) calcd. for Ca3H3sN305S" [M+H]" 552.2315, found 552.2305.

9-Benzyl-13b-propyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2',3":5,6][1,3,4]oxadiazin
o[2,3-a]isoquinoline (4j)

Afforded according to the general procedure as a white solid in 82% vyield,

purified by flash chromatography (PE:EtOAc = 9:1); 'H NMR (400 MHz,

oA, CDCl;) & 7.84 (d, J = 8.2 Hz, 2H), 7.42 (d, J = 7.4 Hz, 2H), 7.35 (t, J = 7.4 Hz,

N 2H), 7.32-7.23 (m, 4H), 7.23-7.16 (m, 3H), 7.12-7.00 (m, 2H), 6.75 (t, J = 7.5

N '° Hz, 1H), 6.40 (d, J = 7.9 Hz, 1H), 5.33 (s, 1H), 5.27 (s, 1H), 4.86 (d, J = 16.3 Hz,

4jB" 1H), 4.37 (d, J = 16.3 Hz, 1H), 3.98-3.76 (m, 1H), 2.89-2.72 (m, 1H), 2.65 (dd, J
=10.5, 5.6 Hz, 1H), 2.52 (d, J = 16.0 Hz, 1H), 2.46 (s, 3H), 2.18-2.09 (m, 2H), 1.63-1.42 (m, 2H),
1.06 (t, J = 7.3 Hz, 3H); **C NMR (101 MHz, CDCl5) & 150.55, 144.13, 138.44, 135.62, 134.62,
133.40, 129.90, 129.39, 129.13, 128.96, 128.48, 128.46, 128.44, 128.29, 127.27, 126.86, 126.08,
123.95, 119.24, 109.49, 78.24, 77.69, 71.13, 50.32, 46.83, 33.61, 30.00, 21.67, 18.89, 14.65;

HRMS (ESI) calcd. for C34H3sN30:S™ [M+H]" 566.2472, found 566.2461.

9-Benzyl-13b-isopropyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2',3":5,6][1,3,4]oxadia
zino[2,3-a]isoquinoline (4k)

Afforded according to the general procedure as a white solid in 81% vyield,

purified by flash chromatography (PE:EtOAc = 9:1); 'H NMR (400 MHz,

CDCl3) 6 7.78 (d, J = 8.0 Hz, 2H), 7.41-7.28 (m, 6H), 7.28-7.14 (m, 5H),

' 7.08-6.98 (m, 2H), 6.67 (t, J = 7.5 Hz, 1H), 6.38 (d, J = 7.9 Hz, 1H), 5.43 (s,

N ™8 1H),5.36 (s, 1H), 4.78 (d, J = 16.5 Hz, 1H), 4.37 (d, J = 16.4 Hz, 1H), 3.86-3.71

4|;B” (m, 1H), 2.65 (dt, J = 14.1, 6.4 Hz, 2H), 2.46 (dd, J = 9.3, 6.5 Hz, 2H), 2.41 (s,

3H), 1.52 (d, J = 7.0 Hz, 3H), 1.02 (d, J = 6.7 Hz, 3H); *C NMR (101 MHz,

CDCly) 6 150.76, 144.03, 138.34, 135.42, 134.53, 133.64, 129.63, 129.23, 128.85, 128.57, 128.48,

128.44, 128.32, 127.61, 127.28, 126.87, 126.09, 125.12, 118.87, 109.26, 80.71, 78.09, 69.94,

50.17, 46.47, 30.00, 28.56, 21.63, 20.01, 16.89; HRMS (ESI) calcd. for C34HzsN305S* [M+H]"
566.2472, found 566.2471.

9-benzyl-13b-hexyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]oxadiazino
[2,3-a]isoquinoline (4l)

Afforded according to the general procedure as a white solid in 80% vyield,

purified by flash chromatography (PE:EtOAc=6:1); ‘H NMR (400 MHz, CDCl5)

87.79 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 7.4 Hz, 2H), 7.32 (t, = 7.4 Hz, 2H), 7.26

97~ (d, J = 6.1 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 7.21-7.13 (m, 2H), 7.08-6.89 (m,
‘rs  2H), 6.72 (t, J = 7.4 Hz, 1H), 6.36 (d, J = 7.9 Hz, 1H), 5.27 (s, 1H), 5.22 (s, 1H),
Bn 4.83 (d, J = 16.3 Hz, 1H), 4.33 (d, J = 16.3 Hz, 1H), 3.90-3.75 (m, 1H),
2.84-2.69 (m, 1H), 2.62 (dd, J = 10.5, 5.5 Hz, 1H), 2.49 (d, J = 14.5 Hz, 1H),

2.42 (s, 3H), 2.10 (d, J = 8.6 Hz, 2H), 1.52-1.20 (m, 8H), 0.93 (t, J = 6.5 Hz, 3H);**C NMR (101
MHz, CDCl3) 6 150.57, 144.08, 138.46, 135.63, 134.63, 133.40, 129.87, 129.39, 129.19, 128.93,
128.47, 128.45, 128.42, 128.29, 127.26, 126.85, 126.08, 123.96, 119.26, 109.50, 78.23, 77.72,
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71.24, 50.37, 46.84, 31.65, 31.38, 29.99, 29.85, 25.33, 22.72, 21.66, 14.11; HRMS (ESI) calcd.
for Ca7HuN;05S* [M+H]* 608.2941, found 608.2937.

9-benzyl-13b-hexyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]oxadiazino
[2,3-a]isoquinoline (4m)

Afforded according to the general procedure as a white solid in 70% vyield,
purified by flash chromatography (PE:EtOAc=6:1); 'H NMR (400 MHz,
CDCls) & 7.82 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 7.5 Hz, 2H), 7.38-7.31 (m, 3H),
hﬂ“ 7.31-7.22 (m, 3H), 7.25-7.14 (m, 2H), 7.08-6.99 (m, 2H), 6.69 (t, J = 7.5 Hz,
N TS 1H), 6.40 (d, J = 7.9 Hz, 1H), 5.34 (s, 1H), 5.18 (s, 1H), 4.85 (d, J = 16.5 Hz,
4fn 1H), 4.41 (d, J = 16.4 Hz, 1H), 3.94-3.67 (m, 1H), 2.96-2.78 (m, 1H), 2.73 (dd,
J=10.3, 5.6 Hz, 1H), 2.54 (d, J = 15.5 Hz, 1H), 2.45 (s, 3H), 2.38 (d, J = 12.9
Hz, 1H), 2.10-1.92 (m, 2H), 1.84-1.73 (m, 2H), 1.74-1.65 (m, 1H), 1.61 (d, J = 12.7 Hz, 1H),
1.39-1.16 (m, 2H), 1.16-1.00 (m, 2H); *C NMR (101 MHz, CDCls) & 150.70, 144.04, 138.38,
135.91, 134.73, 133.55, 129.63, 129.40, 128.75, 128.54, 128.45, 128.41, 128.40, 127.86, 127.31,
126.85, 126.04, 125.36, 118.75, 109.23, 80.16, 78.05, 70.53, 49.84, 46.91, 39.23, 30.63, 30.04,
27.06, 26.85, 26.66, 26.58, 21.63; HRMS (ESI) calcd. for C3;H3gN3;05S* [M+H]" 606.2785, found
606.2779.

2-(9-Benzyl-8-tosyl-5,8a,9,14a-tetrahydro-6H-indolo[2',3':5,6][1,3,4]oxadiazino[2,3-a]isoquin
olin-13b(8H)-yl)acetonitrile (4n)

Afforded according to the general procedure as a white solid in 80% vyield,
purified by flash chromatography (PE:EtOAc = 10:1); ‘H NMR (400 MHz,

O\, ] CDCly) 8 7.81(d, I =82 Hz, 2H), 761 (d, J = 7.0 Hz, 1H), 7.46-7.40 (m, 1H),

o 7.36(t,J=7.1Hz, 2H),7.32 (d, J = 7.5 Hz, 2H), 7.30-7.26 (m, 3H), 7.24-7.19
@tﬁ TS (m, 2H), 7.12 (t, J = 7.2 Hz, 1H), 7.00 (d, J = 5.9 Hz, 1H), 6.82 (t, J = 7.3 Hz,
al" 1H), 6.41 (d, J = 8.0 Hz, 1H), 5.44 (s, 1H), 5.15 (s, 1H), 4.78 (d, J = 16.3 Hz,

1H), 4.33 (d, J = 16.3 Hz, 1H), 3.78-3.68 (m, 1H), 3.61 (d, J = 17.1 Hz, 1H),
3.01 (d, J = 17.2 Hz, 1H), 2.66-2.51 (m, 1H), 2.48-2.35 (m, 5H); **C NMR (101 MHz, CDCl5) &
149.90, 144.84, 137.81, 134.29, 134.13, 132.05, 131.07, 129.56, 129.37, 128.94, 128.79, 128.60,
128.14, 127.75, 127.19, 127.15, 126.60, 123.77, 120.17, 115.85, 110.01, 79.00, 73.46, 70.66,
50.59, 46.81, 29.86, 22.37, 21.70; HRMS (ESI) calcd. for Ca3HaiN4O5S* [M+H]* 563.2111, found
563.2116.

13B-allyl-9-benzyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2*,3":5,6][1,3,4]oxadiazino[
2,3-alisoquinoline (40)

Afforded according to the general procedure as a white solid in 73% vyield,
purified by flash chromatography (PE:EtOAc = 10:1); 'H NMR (400 MHz,
CDCls) & 7.85 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 7.5 Hz, 2H), 7.36 (t, J = 6.7 Hz,
3H), 7.32-7.23 (m, 4H), 7.24-7.18 (m, 2H), 7.08 (t, J = 7.7 Hz, 1H), 7.05-6.98
(m, 1H), 6.77 (t, J = 7.4 Hz, 1H), 6.40 (d, J = 7.9 Hz, 1H), 5.96 (dt, J = 16.6, 9.1
Hz, 1H), 5.49 (s, 1H), 5.36 (d, J = 10.4 Hz, 1H), 5.31 (s, 1H), 5.29 (d, J = 10.4
Hz, 1H), 4.83 (d, J = 16.4 Hz, 1H), 4.37 (d, J = 16.3 Hz, 1H), 3.96-3.80 (m, 1H),
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3.14 (dd, J = 14.5, 5.6 Hz, 1H), 3.03 (dd, J = 14.5, 8.3 Hz, 1H), 2.80-2.65 (m, 1H), 2.55 (dd, J =
10.8, 5.9 Hz, 1H), 2.51 (m, 1H), 2.46 (s, 3H); *C NMR (101 MHz, CDCls) & 150.51, 144.15,
138.44, 135.35, 134.50, 133.30, 132.85, 130.01, 129.32, 129.14, 129.00, 128.66, 128.54, 128.46,
128.26, 127.26, 126.88, 126.13, 124.29, 119.59, 119.35, 109.53, 78.47, 76.61, 70.71, 50.50, 46.62,
36.45, 29.98, 21.65; HRMS (ESI) calcd. for CssH3sN303S* [M+H]" 564.2315, found 564.2322.

9,13B-dibenzyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]oxadiazino[2,3-
alisoquinoline (4p)

Afforded according to the general procedure as a white solid in 64% yield,

O purified by flash chromatography (PE:EtOAc = 6:1); 'H NMR (400 MHz,

CDCl3) 8 7.80 (d, J = 8.0 Hz, 2H), 7.32 (t, J = 5.5 Hz, 3H), 7.29-7.17 (m, 11H),

N’N 7.16-7.11 (m, 2H), 7.06-6.93 (m, 2H), 6.72 (t, J = 7.4 Hz, 1H), 6.28 (d, J = 7.9

O N Ts Hz 1H),5.77 (s, 1H), 5.42 (s, 1H), 4.63 (d, J = 16.5 Hz, 1H), 4.27 (d, J = 16.6

4';Bn Hz, 1H), 3.75-3.60 (m, 3H), 2.64-2.52 (m, 1H), 2.46-2.34 (m, 5H); *C NMR

(101 MHz, CDClg) & 150.15, 144.11, 138.01, 135.69, 135.11, 134.41, 133.43,

131.37, 129.97, 129.27, 129.08, 128.82, 128.62, 128.53, 128.39, 128.29, 127.06, 126.76, 126.72,

126.16, 125.02, 118.89, 109.05, 78.71, 78.63, 68.72, 49.64, 46.16, 37.73, 29.95, 21.67; HRMS
(ESI) calcd. for C3sH3sN303S™ [M+H]" 614.2472, found 614.2466.

(o}

9-Benzyl-13b-(thiophen-2-ylmethyl)-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2',3":5,6][
1,3,4]oxadiazino[2,3-a]isoquinoline (4q)

Afforded according to the general procedure as a white solid in 42% vyield,
purified by flash chromatography (PE:EtOAc = 5:1); 'H NMR (400 MHz,
CDCl3) 6 7.80 (d, J = 7.7 Hz, 2H), 7.33-7.16 (m, 11H), 7.15 (m, 1H), 7.05 (t, J
= 7.7 Hz, 1H), 7.01-6.96 (m, 2H), 6.94 (d, J = 4.0 Hz, 1H), 6.73 (t, J = 7.3 Hz,
1H), 6.32 (d, J = 7.9 Hz, 1H), 5.59 (s, 1H), 5.41 (s, 1H), 4.68 (d, J = 16.5 Hz,
1H), 4.30 (d, J = 16.5 Hz, 1H), 3.90 (d, J = 15.1 Hz, 1H), 3.82-3.64 (m, 2H),
2.70-2.57 (m, 1H), 2.54-2.48 (m, 1H), 2.48-2.38 (m, 4H); *C NMR (101 MHz,
CDCl3) 8 150.40, 144.15, 138.09, 137.72, 135.17, 134.45, 133.19, 130.30, 129.32, 129.16, 128.73,
128.59, 128.50, 128.42, 128.40, 128.29, 127.15, 126.78, 126.66, 126.14, 125.48, 124.72, 119.05,
109.11, 78.81, 77.87, 69.20, 49.79, 46.38, 32.57, 29.93, 21.64; HRMS (ESI) calcd. for
C3sH34N305S," [M+H]*620.2036, found 620.2027.

9,13B-dimethyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]oxadiazino[2,3
-aJisoquinoline (4r)

Afforded according to the general procedure as a white solid in 90% yield,

purified by flash chromatography (PE:EtOAc = 15:1); '"H NMR (400 MHz,

CDCl3) 6 7.30 (d, J = 8.1 Hz, 2H), 7.20 (d, J = 7.4 Hz, 2H), 7.25-7.16 (m, 1H),

£‘ 7.19-7.10 (m, 4H), 7.05-6.93 (m, 1H), 6.73 (t, J = 7.4 Hz, 1H), 6.55 (d, J = 7.9

{ 5 N7 ‘Ts Hz, 1H), 5.23 (s, 1H), 4.84 (s, 1H), 3.95-3.73 (m, 1H), 2.91 (s, 3H), 2.89-2.72
Me (m, 2H), 2.50 (dd, J = 14.9, 3.4 Hz, 1H), 2.44 (s, 3H), 1.73 (s, 3H); *C NMR
(101 MHz, CDCI3) 8 150.27, 144.11, 135.79, 134.56, 133.33, 130.66, 130.17,

S13



129.45, 129.03, 128.47, 128.29, 126.07, 123.38, 119.04, 108.25, 78.77, 74.66, 74.56, 46.29, 31.95,
29.90, 21.71, 18.82; HRMS (ESI) calcd. for CogHagN305S" [M+H]" 462.1846, found 462.1850.

13B-methyl-9-(pyridin-3-ylmethyl)-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2’,3":5,6][1
,3,4]oxadiazino[2,3-a]isoquinoline (4s)

Afforded according to the general procedure as a white solid in 45% vyield,

purified by flash chromatography (PE:EtOAc = 5:1); 'H NMR (400 MHz,

o\, CDCl;) 5 8.69 (s, 1H), 8.53 (d, J =4.8, 1H), 7.81 (d, J = 8.1 Hz, 2H), 7.74 (d, J =

N 7.7 Hz, 1H), 7.26 (t, J = 6.7 Hz, 4H), 7.22-7.12 (m, 3H), 7.07 (t, J = 7.7 Hz, 1H),

ﬁ%ﬁ 7.03-6.97 (m, 1H), 6.78 (t, J = 7.5 Hz, 1H), 6.35 (d, J = 7.9 Hz, 1H), 5.28 (s, 1H),

5.13 (s, 1H), 4.84 (d, J = 16.5 Hz, 1H), 4.34 (d, J = 16.5 Hz, 1H), 3.92-3.70 (m,

\ 4 1H), 2.82-2.68 (m, 1H), 2.60-2.53 (m, 1H), 2.49 (d, J = 14.8 Hz, 1H), 2.43 (s,

4s 3H), 1.78 (s, 3H); *C NMR (101 MHz, CDCl3) § 149.57, 149.05, 148.55,

144.39, 135.21, 135.08, 134.48, 133.91, 133.08, 130.96, 130.16, 129.46, 129.00,

128.59, 128.54, 128.29, 126.17, 123.65, 123.45, 119.90, 109.25, 78.66, 74.59, 73.49, 48.14, 47.00,
29.98, 21.69, 19.35; HRMS (ESI) calcd. for C5;H3:N4O3S* [M+H]"561.1931, found 561.1919.

2-((13B-methyl-8-Tosyl-5,8a,13b,14a-tetrahydro-6H-indolo[2",3":5,6][1,3,4]oxadiazino[2,3-a]i
soquinolin-9(8H)-yl)methyl)benzonitrile (4t)

purified by flash chromatography (PE:EtOAc=10:1); 'H NMR (400 MHz,

CDCly) & 7.85 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 7.5 Hz, 1H), 7.51-7.41 (m, 2H),

N, 7.39-7.32(m, 1H), 7.28 (d, J = 7.9 Hz, 3H), 7.22-7.16 (m, 3H), 7.07 (td, J = 7.8,

N '° 1.1Hz 1H), 7.01 (d, J = 3.1 Hz, 1H), 6.79 (t, J = 7.5 Hz, 1H), 6.25 (d, J = 7.9
d Hz, 1H), 5.38 (s, 1H), 5.25 (s, 1H), 4.96 (d, J = 17.5 Hz, 1H), 4.61 (d, J = 17.5
at

; Afforded according to the general procedure as a white solid in 83% yield,
07N

CN  Hz, 1H), 3.83-3.70 (m, 1H), 2.81-2.66 (m, 1H), 2.54-2.44 (m, 2H), 2.42 (s, 3H),

1.83 (s, 3H); °C NMR (101 MHz, CDCl3) & 149.14, 144.34, 141.99, 135.15,

134.38, 133.15, 132.92, 130.82, 130.19, 129.67, 129.47, 129.07, 128.68, 128.58, 128.26, 127.73,

127.40, 126.21, 123.72, 119.92, 117.31, 110.97, 108.89, 78.67, 74.59, 72.76, 47.72, 46.83, 29.99,
21.67, 19.28; HRMS (ESI) calcd. for Cs3H3N4O3S* [M+H]* 563.2111, found 563.2104.

9-(4-Chlorobenzyl)-13B-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4
Joxadiazino[2,3-a]isoquinoline (4u)

Afforded according to the general procedure as a white solid in 81% yield,

purified by flash chromatography (PE:EtOAc=15:1); 'H NMR (500 MHz,

o CDCl3) 6 7.80 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 7.30-7.26 (m, 2H),

,\T 7.26-7.23 (m, 3H), 7.20-7.13 (m, 3H), 7.05 (td, J = 7.8, 1.2 Hz, 1H), 7.02-6.97

( X N7 Ts  (m, 1H), 6.79-6.71 (m, 1H), 6.32 (d, J = 7.9 Hz, 1H), 5.30 (s, 1H), 5.12 (s, 1H),
478 (d, J = 16.4 Hz, 1H), 4.26 (d, J = 16.4 Hz, 1H), 3.86-3.71 (m, 1H),
2.85-2.65 (m, 1H), 2.54 (dd, J = 10.4, 5.7 Hz, 1H), 2.48 (dd, J = 16.2, 1.6 Hz,

1H), 2.41 (s, 3H), 1.78 (s, 3H); *C NMR (126 MHz, CDCl5) & 149.83, 144.33,

4u 136.99, 135.30, 134.51, 133.18, 132.63, 130.96, 130.11, 129.46, 129.06,

Cl
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128.67, 128.62, 128.59, 128.31, 126.19, 123.56, 119.73, 109.46, 78.67, 74.60, 73.50, 49.92, 46.97,
30.03, 21.71, 19.32; HRMS (ESI) calcd. for Cs,H3oN305SCI" [M+H]'572.1769, found 572.1764.

9-Benzyl-2-chloro-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]
oxadiazino[2,3-a]isoquinoline (4v)

cl Afforded according to the general procedure as a white solid in 78% yield,
purified by flash chromatography (PE:EtOAc = 15:1); 'H NMR (400 MHz,

CDCl3) 6 7.80 (d, J = 8.3 Hz, 2H), 7.39 (d, J = 7.1 Hz, 2H), 7.34-7.28 (m, 2H),

07Ny~ 7.28-7.21 (m, 4H), 7.14 (dd, J = 6.1, 2.3 Hz, 2H), 7.06 (td, J = 7.8, 1.3 Hz, 1H),

1

N 6.93(d, J=88Hz 1H), 6.76 (td, J = 75,08 Hz, 1H), 6.37 (d, J = 7.9 Hz, 1H),

N\Bn 5.24 (s, 1H), 5.13 (s, 1H), 4.81 (d, J = 16.3 Hz, 1H), 4.30 (d, J = 16.3 Hz, 1H),

4v 3.79 (td, J = 12.4, 3.4 Hz, 1H), 2.77-2.59 (m, 1H), 2.55 (dd, J = 10.5, 5.5 Hz,

1H), 2.50-2.31 (m, 4H), 1.78(s, 3H); *C NMR (101 MHz, CDCl3) & 150.06,

144.27, 138.37, 135.34, 134.90, 133.09, 131.76, 130.63, 130.13, 129.65, 129.41, 128.89, 128.68,
128.54, 128.46, 127.25, 126.89, 123.38, 119.54, 109.61, 78.12, 74.80, 73.62, 50.53, 46.61, 29.51,

21.65, 19.17; HRMS (ESI) calcd. for C5,H3;:N3O3SCI* [M+H]* 572.1769, found 572.1760.

9-Benzyl-2-fluoro-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]
oxadiazino[2,3-a]isoquinoline (4w)

E Afforded according to the general procedure as a white solid in 73% yield,
purified by flash chromatography (PE:EtOAc = 15:1); *H NMR (400 MHz,
CDCl3) 8 7.81 (d, J = 8.2 Hz, 2H), 7.39 (d, J = 7.4 Hz, 2H), 7.32 (t, J = 7.3 Hz,

07N 2H), 7.25-7.18 (m, 4H), 7.09-7.01 (m, 1H), 7.00-6.92 (m, 1H), 6.92-6.80 (m,
N\Ts 2H), 6.76 (t, J = 7.5 Hz, 1H), 6.36 (d, J = 7.9 Hz, 1H), 5.27 (s, 1H), 5.14 (s,
N 1H), 4.81 (d, J = 16.2 Hz, 1H), 4.30 (d, J = 16.3 Hz, 1H), 3.88-3.71 (m, 1H),
4w 2.68-2.60 (m, 1H), 2.53 (dd, J = 10.6, 5.6 Hz, 1H), 2.44 (d, J = 7.4 Hz, 1H),

2.43 (s, 3H), 1.79 (s, 3H); *°F NMR (471 MHz, CDCl3) § -116.94; **C NMR (101 MHz, CDCl,) &
161.18 (Jo.r = 245.4 Hz), 150.08, 144.26, 138.39, 135.32, 134.95 (Jc.r = 8.0 Hz), 130.69, 130.22
(Je.r= 3.0 Hz), 130.13, 129.77 (Jc.r = 8.0 Hz), 129.40, 128.60, 128.48, 127.26, 126.91, 123.37,
119.55, 115.71(Jc.r = 42.0, 21.0 Hz), 109.63, 78.24, 77.34, 74.74, 73.56, 50.55, 46.78, 29.36,
21.65, 19.18; HRMS (ESI) calcd. for C5,H33N305FS™ [M+H]* 556.2065, found 556.2089.

9-Benzyl-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-benzo[f]indolo[2',3":5,6][1,3,4]0
xadiazino[2,3-a]isoquinoline (4x)

Afforded according to the general procedure as a white solid in 85% yield,

0 purified by flash chromatography (PE:EtOAc = 8:1); 'H NMR (400 MHz,

O CDCly) & 7.81 (d, J = 7.9 Hz, 3H), 7.80-7.71 (m, 1H), 7.68 (d, J = 8.5 Hz,

1H), 7.52-7.44 (m, 2H), 7.42 (d, J = 7.7 Hz, 2H), 7.33 (t, J = 7.3 Hz, 2H),

h? 7.30-7.19 (m, 5H), 7.04 (t, J = 7.7 Hz, 1H), 6.75 (t, J = 7.4 Hz, 1H), 6.36 (d,

N T8 J=7.9Hz 1H), 5.43 (s, 1H), 5.19 (s, 1H), 4.86 (d, J = 16.2 Hz, 1H), 4.33 (d,

‘;E:(” J =16.2 Hz, 1H), 3.96 (td, J = 11.7, 3.5 Hz, 1H), 3.02 (d, J = 13.8 Hz, 1H),

2.90-2.78 (m, 1H), 2.73 (dd, J = 10.4, 5.9 Hz, 1H), 2.41 (s, 3H), 1.86 (s, 3H);

BC NMR (101 MHz, CDCl3) 6 150.13, 144.19, 138.53, 135.32, 133.31, 131.37, 130.86, 130.27,
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130.08, 129.38, 128.68, 128.50, 127.29, 126.91, 126.77, 126.24, 126.22, 126.17, 123.44, 123.20,
119.48, 109.58, 78.78, 74.83, 73.60, 50.64, 46.40, 26.69, 21.68, 19.32; HRMS (ESI) calcd. for
CagH2sN30" [M-Ts]* 432.2070, found 432.2070.

9-Benzyl-4-fluoro-13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2°,3":5,6][1,3,4]
oxadiazino[2,3-a]isoquinoline (4y)

Afforded according to the general procedure as a white solid in 66% vyield,
purified by flash chromatography (PE:EtOAc = 15:1); '"H NMR (400 MHz,
o CDCls) & 7.85 (d, J = 8.2 Hz, 2H), 7.44 (d, J = 7.4 Hz, 2H), 7.36 (0, J = 7.5

h’,l“ Hz, 2H), 7.33-7.22 (m, 4H), 7.23-7.14 (m, 1H), 7.10 (t, J = 7.7 Hz, 1H), 7.03

( i N7 'Ts  (d,J=7.7 Hz, 1H), 6.95 (t, J = 8.7 Hz, 1H), 6.80 (t, J = 7.5 Hz, 1H), 6.42 (d,
Bn J=7.9Hz, 1H), 5.45 (s, 1H), 5.21 (s, 1H), 4.85 (d, J = 16.3 Hz, 1H), 4.36 (d,

i J = 16.3 Hz, 1H), 3.91-3.68 (m, 1H), 2.67 (d, J = 13.6 Hz, 1H), 2.56 (dd, J =

10.7, 6.0 Hz, 1H), 2.51-2.38 (m, 4H), 1.88 (s, 3H); >F NMR (376 MHz, CDCls) & -119.28; **C
NMR (101 MHz, CDCl3) 6 160.10 (Jcg= 245.4 Hz), 150.09, 144.30, 138.37, 135.62 (Jc.,= 5.0
Hz), 135.18, 130.72, 130.15, 129.40, 128.68, 128.52, 127.37 (Jcr = 8.0 Hz), 127.27, 126.96,
124.56 (Jc.r= 4.0 Hz), 123.39, 122.43 (Jcr= 20.0 Hz), 119.53, 114.65 (Jcr= 22.0 Hz), 109.63,

78.12 (Jc.e= 2.0 Hz), 74.84, 73.39, 50.63, 45.75, 23.27, 23.23, 21.66, 19.25; HRMS (ESI) calcd.
for Ca,Ha1N3O5FS* [M+H]" 556.2065, found 556.2095.

F

9-Benzyl-2,13b-dimethyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2*,3":5,6][1,3,4]oxadi
azino[2,3-alisoquinoline

Afforded according to the general procedure as a white solid in 86% yield,

purified by flash chromatography (PE:EtOAc = 15:1); 'H NMR (400 MHz,

CDCl,) 6 7.84 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 7.3 Hz, 2H), 7.35 (t, J = 7.3 Hz,

NN 2H), 7.33-7.26 (m, 3H), 7.08-6.98 (m, 3H), 6.92 (d, J = 7.8 Hz, 1H), 6.78 (t, J =

( X N7 Ts 7.4 Hz, 1H), 6.38 (d, J = 7.9 Hz, 1H), 5.35 (s, 1H), 5.17 (d, J = 4.2 Hz, 1H),

Bn 4.85 (d, J = 16.3 Hz, 1H), 4.32 (d, J = 16.3 Hz, 1H), 3.84 (dd, J = 16.0, 7.1 Hz,

4 1H), 2.74-2.60 (m, 1H), 2.55 (dd, J = 10.3, 5.3 Hz, 1H), 2.47-2.43 (m, 4H), 2.32

(s, 3H), 1.85 (s, 3H); *C NMR (101 MHz, CDCl5) & 150.19, 144.18, 138.52, 135.70, 135.40,

133.11, 131.52, 131.02, 130.03, 129.52, 129.48, 129.41, 128.69, 128.53, 128.18, 127.29, 126.92,

123.51, 119.47, 109.61, 78.72, 74.61, 73.52, 50.60, 47.04, 29.67, 21.72, 21.01, 19.30. HRMS (ESI)
calcd. for Cq3H3sN3O3FS™ [M+H]" 552.2243, found 552.2245.

1-Benzyl-3-methylindolin-2-one (5)

White solid, < 5% vield; *H NMR (400 MHz, CDCly) § 7.39-7.18 (m, 6H), 7.15 (t,

&o J=7.7Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.71 (d, J = 7.8 Hz, 1H), 4.91 (s, 2H),
N 3.53 (q, J = 7.6 Hz, 1H), 1.53 (d, J = 7.6 Hz, 3H); *C NMR (101 MHz, CDCls) &
Bn 178.75, 143.10, 136.02, 130.67, 128.76, 127.79, 127.56, 127.29, 123.57, 122.41,

108.97, 43.68, 40.57, 15.62; HRMS (ESI) calcd. for CysHisNO™ [M+H]"
238.1226, found 238.1224; HRMS (ESI) calcd. for ClSng,NlSONa+ [M+Na]* 262.1088, found

262.1086.

5
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13b-methyl-8-tosyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2',3":5,6][1,3,4]oxadiazino[2,3-a]is
oquinoline (6)

Afforded according to the general procedure as a white solid in 14% yield,

9) purified by flash chromatography (PE:EtOAc = 3:1). '"H NMR (400 MHz,

o, CDCls) 8 7.91 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 7.5 Hz, 1H), 7.39-7.27 (m, 5H),

N 7.16(d, J=7.5Hz, 1H), 6.83 (t, J = 7.4 Hz, 1H), 6.67 (t, J = 7.7 Hz, 1H), 5.21

ﬁtﬁ T (d, J = 6.9 Hz, 1H), 4.91 (s, 1H), 4.54 (s, 1H), 3.33 (s, 1H), 3.12-2.96 (m, 1H),

6 2.95-2.82 (m, 1H), 2.61- 2.48 (m, 1H), 2.44 (s, 3H), 2.43-2.31 (m, 1H), 1.67 (s,

3H). *C NMR (101 MHz, CDCls) & 148.03, 144.87, 135.66, 135.26, 132.62, 129.74, 129.49,

129.33, 129.13, 128.79, 128.76, 128.44, 126.46, 124.25, 122.33, 114.01, 89.55, 78.26, 76.00,

49.34, 29.38, 29.25, 21.73. HRMS (ESI) calcd for C,sH»sN3;0;SNa” [M+Na]* 470.1509, found

470.1512.

9-benzyl-13b-methyl-5,8,8a,9,13b,14a-hexahydro-6H-indolo[2",3":5,6][1,3,4]oxadiazino[2,3-a]
isoquinoline (7)

White solid, 90% yield; *H NMR (400 MHz, CDCls) § 7.33 (d, J = 7.3 Hz,

2H), 7.31 -7.21 (m, 5H), 7.18-7.12 (m, 2H), 7.09- 6.98 (m, 2H), 6.68 (t, J = 7.4

o~ Hz, 1H), 6.46 (d, J = 7.9 Hz, 1H), 5.43 (s, 1H), 4.75 (d, J = 15.8 Hz, 1H), 4.39

CE&N'H (d, J = 15.8 Hz, 1H), 4.26 (s, 1H), 3.85 (td, J = 11.2, 3.8 Hz, 1H), 3.71 (d, J =

N 2.6 Hz, 1H), 3.09 - 3.00 (m, 1H), 2.92 (ddd, J = 16.9, 11.4, 5.7 Hz, 1H), 2.69 (d,

7 J=16.1 Hz, 1H), 1.82 (s, 3H); *C NMR (101 MHz, CDCl;) 5 150.05, 138.19,

135.11, 134.45, 131.64, 129.71, 128.69, 128.43, 128.31, 128.17, 127.83, 126.84,

125.95, 123.62, 118.27, 108.41, 81.17, 76.11, 73.76, 48.37, 47.18, 30.23, 19.10; HRMS (ESI)
calcd for CosHsN3O" [M+H]384.2070, found 384.2080.

4-Methyl-N-(1-(3-methyl-1H-indol-1-yl)-3,4-dihydroisoquinolin-2(1H)-yl)benzenesulfonamid
e(8)

White solid, 56% yield; 'H NMR (400 MHz, CDCl3) § 7.70 (d, J = 8.0 Hz, 2H),

mwgs 7.47 (d, J = 7.7 Hz, 1H), 7.39 (d, J = 7.9 Hz, 1H), 7.31- 7.15 (m, 5H), 7.15- 7.03
N H  (m, 2H),6.77 (d, J = 7.8 Hz, 1H), 6.37 (s, 1H), 6.30 (s, 1H), 5.62 (s, 1H), 3.50-
S_O 3.24 (m, 1H), 3.04 (ddd, J = 16.3, 10.0, 6.0 Hz, 1H), 2.91 (d, J = 16.7 Hz, 1H),

2.80- 2.68 (m, 1H), 2.41 (s, 3H), 2.15 (s, 3H).*C NMR (101 MHz, CDCly) 5
143.94, 137.91, 135.30, 134.01, 132.81, 129.38, 128.93, 128.61, 128.49, 128.43,
128.11, 126.84, 124.79, 122.23, 119.56, 118.81, 111.73, 110.71, 72.70, 48.28, 28.61, 21.73, 9.67.
HRMS (ESI) calcd for CpsHysN30,SNa” [M+Na]* 454.1560, found 454.1564.
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6. 1) X-Ray Crystallographic Data of 4u (CCDC number: 1567024)

Bond precision: C-C = 0.0090 A

Cell: a=28.6912 (5) b =27.8849 (16)
alpha =90 beta = 94.876 (5)

Temperature: 100 K
Calculated

Volume 2759.6 (3)

Space group P21

Hall group P 2yb

Moiety formula C32 H30 CIN3 03 S

Sum formula C32H30CIN3 O3S

Mr 572.10

Dx,g cm-3 1.377

Z 4

Mu (mm-1) 2.252

F000 1200.0
F000' 1205.91
h,k,Imax 10, 33, 13
Nref 9854 [5038]
Tmin, Tmax 0.612,0.798
Tmin' 0.485

Wavelength = 1.54184
c =11.4280 (8)
gamma = 90

Reported

2759.6(3)

P1211

P 2yb
C32H30CIN303S
C32H30CIN303S
572.10

1.377

4

2.252

1200.0

10, 33,13
7260
0.516, 1.000

Correction method= # Reported T Limits: Tmin = 0.006 Tmax = 1.000

AbsCorr = MULTI-SCAN

Data completeness = 1.44/0.74 Theta(max) = 67.080
R(reflections) = 0.0427( 6616) wR2(reflections) = 0.1370 ( 7260)
S=1.105 Npar = 725
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2) X-Ray Crystallographic Data of 4y (CCDC number: 1567023)

Bond precision:
Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
FO00

Fooo'
h,k,Imax
Nref

Tmin, Tmax
Tmin'

C-C=0.0067 A
a=9.27904 (5)
alpha =90

100 K

Calculated

2772.80 (2)

P21

P 2yb
C32H30FN303S
C32H30FN303S
555.65

1.331

4

1.413

1168.0

1172.73

11, 22,20

10924 [5643]

0.748, 0.868

0.623

b =18.37857 (9)
beta = 104.2756 (5)

Wavelength = 1.54184
c=16.77742 (8)
gamma =90

Reported

2772.80 (3)
P1211

P 2yb
C32H30FN303S
C32H30FN303S
555.65

1.331

4

1.413

1168.0

11, 22, 20
10869
0.006, 1.000

Correction method= # Reported T Limits: Tmin = 0.006 Tmax = 1.000
AbsCorr = MULTI-SCAN

Data completeness = 1.93/0.99
R(reflections) = 0.0328( 10130)

S=1.049

Theta(max) = 72.115
wR2(reflections) = 0.0882 ( 10869)

Npar = 725
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3) X-Ray Crystallographic Data of F-substituted 8 (CCDC number: 1817477)

Bond precision:
Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
FO00

Fooo'
h,k,Imax
Nref

Tmin, Tmax
Tmin'

C-C=0.0020 A
a=28.9433 (1)

alpha =90

100 K

Calculated

2225.63 (5)

P 21/c

-P 2yb

C25H24 FN302S
C25H24 FN302S
449.53

1.342

4

1.592

944.0

948.05

11, 23,16

4412

0.717,0.853

0.591

b =19.2152 (3)
beta = 96.049 (5)

Wavelength = 1.54184
¢ =13.0237 (2)
gamma =90

Reported

2225.63 (5)
P121/cl

-P 2yb

C25H24 FN302S
C25H24FN302S
449.53

1.342

4

1.592

944.0

11, 23,16
4360
0.277, 1.000

Correction method= # Reported T Limits: Tmin = 0.277 Tmax = 1.000
AbsCorr = MULTI-SCAN

Data completeness = 0.988
R(reflections) = 0.0353( 4077)

S=1.075

Theta(max) = 72.599
wR2(reflections) = 0.0953 ( 4360)

Npar = 292
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8. 'H NMR, **C NMR and **F NMR Spectra of All Products
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'H NMR of 1h
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'H NMR of 1q
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'H NMR of 4a
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'H NMR of 4b
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'H NMR of 4¢
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F NMR of 4c
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3C NMR of 4d
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'H NMR of 4e
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'H NMR of 4f
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'H NMR of 4g
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'H NMR of 4i
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'H NMR of 4j
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'H NMR of 4l

716°0-
1£6°0

1760

v92'L

6EE°L

BIE°L

Sz L
2zt L
Gl LA
206°14
060°2-
LEZ
0227
L9vzy
£05°2

166 N/m
019

€292

2£9°2"
rLLC
9rL e

1602

108 m\%ﬂ
0L8°e]
%m,ﬁﬁ
658°¢-

80€'t

6vet
908t

Lv8°t
122'64

zizg!

8vE'9
89€'9~+
1049

omh,mv
ges9
66 mm
20072

£L0°2
£€0'L ¥
250°2
951"/
TCIVE
081L°L]
Z61°L
£0Z' L
£zz L]
v L
557 L]
0L2L]
66221
8LE L]
9e8"/
91"/
S6E°L1
¥8L 41
082"

I
I

]
Jil

.

S

s

—

-

Jror

f

e

Al

J

J

-

=

)

8¢

~ Froe

88°L
1892
200°L
w%d

0.0

80L' v —
r $99°LZ 4
9LL'ee
(435814
25862 -
266'62 -,
8.E°LE
Lro'ie’

1.0

20

£re oy
99€°0S

3.0

EVTLL—
6LLLLA
822'8L -

f1 (ppr)’

£05°601
YOZ'61 1 1
¥96'€21 1
£10°9Z1 "
6Y8°9Z1 -
59z' 221 -
262821 f
12v'8zL -
1Sv'8Z1
£LV'821
r vE6'821
681621
06€°6Z1
898'6Z1
86€°€EL
829 vEL
Z£9°S€EL
9Sv'8el
¥80' vl
695°0G1

9.0

10.0

1.0

3¢ NMR of 4l

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

190

f1 (ppm)
S37



'H NMR of 4m
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'H NMR of 4n
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'H NMR of 40

187°27
€192 o
0£5°Z1 7 | o
GhSZ |
96521 H
ALEA
§99°Z1
6.9°71 , =
v k 8v9'Le
8021 —2 F
000°¢ 61662
120°€ o
Mmmm |K» ,ﬂ.v_u.ﬁ\ o~ 6¥t'9€ —
€Ll mjm —— = ,NO._\\
Leref = m,mm 0 vZo'9Y —
— — ‘96°0} w 66%'0G —
= = hzol
L_ ‘26°0F
ff, = T_..T o
__ rhO7 L <
/,.JJ . S MT_.NO_\ 90202
- ) ol 609°92 ~
. - _ T GoP'8L -
- ‘J oL 2
. - - 8600 ¢
= ——— 700U &
. _ 0L oF
M H.W_ Wﬂmm.o. ©
L_ ) 166°0
, | T96°0[
w ) . 525601
o 790 o BYEBLL 4
_ _ =207 ™ £65611 |
—— — . CAAR
= u rvm.v- pEL'9ZL
- _ 1 20’¢gl 618921 -\
~ el S LAV XA
A 90zl © 59z'8z4
_ £9r'8Z1
F vr58z)
o 099'8Z1
=] L00'6Z1
@ 9€1'621 _
SZE'6Z1
I 800°0€1
o o 8v8'zel
LS < 662 €EL
A Y LBY'PEL
I o 2SE'SEL
o ShP'8EL
o S LSLPPL
L = = v15°051 -
(@)
o™ N
) .

60 50 40 30 20 10

70

80

90

f1 (ppm)
S40

170 160 150 140 130 120 110 100

180




'H NMR of 4p
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'H NMR of 4q
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'H NMR of 4r
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'H NMR of 4s
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'H NMR of 4t

553
TCLLAl

98tz
9692,
6042F
8€LZ
5oLz

LGL'E
SLL mv
L08'€

185 b
vZo v
PE6'P~
8/67~
575~
z8es”

£YZ'9

mmm.mv
2LL9

06. mw
608°9
010°2
0S0°2
690°L
880"
9812
62 L
692"
682"
9ee L
¥5e° L
zle L]
TA R
£vp L]
25t L]
2Lt L
061"
FAYR
S€L L9

[REWE
198"

0.0

1.0

20

3.0

4.0

8.0

10.0 9.0

1.0

f1 (ppm)

3¢ NMR of 4t

18T61 ~
cL9'e —

v66'62

eS8 9y -
9ZL Ly

voLeL —
865 VL~

oB8%01

856011
vee6Ll
eeLeet
8LZ'9Z1
ELV LTl
8zl'L2l
£92'821
06582}
LL9°8C1 1
SL0'621
9.L¥'621 1
v6L°0EL
GZe'0elL
9E6'2EL o
0SL'EEL o

L8EVEL A

SPL'SEL ~

€66° LY -
9se vyl
8rL6vl

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

S45



'H NMR of 4u
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'H NMR of 4v
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'H NMR of 4w
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¥E NMR of 4w
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3¢ NMR of 4x
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B3C NMR of 4y
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'H NMR of 4z
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'H NMR of 5

SEG L~
e

00G°€,
BLE S
ges e
155¢-

06—

00497
0249
€669
FAN S
0L
BEL LA
2
19174
9T L ——
e L]
Bre'L
€528 'L
06z 'L
oe'L
Gze'L”

.'l ,n"l [

— 267

10 05 0.0

85 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

10.5

f (ppm)

3C NMR of 5

SL9GL—

218 0%—
089Er—

26 80L—

ELP Ty
ELGETIL
£62°/21
595°L2}]
IVEAR
B5L'8Z1r
LL9DEL
€200k
ol eyl

1548l —

v

30 20 10

70 60 40

80

1 (ppm)

110

130

170

[t90

S53



'H NMR of 6
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'H NMR of 7
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'H NMR of 8
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