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1. General Experimental Remarks

All reactions were carried out in oven-dried glassware and under nitrogen atmosphere.
N,N-Dimethylformamide (DMF) was dried over 3 A molecular sieves for 1 day prior to use.
Thin-layer chromatography (TLC) was performed on pre-coated Merck silica gel plates (60
F254). Compounds were visualized with UV light (A = 254 nm). Column chromatography
was performed using silica gel (60-120 mesh) procured from Merck using freshly distilled
solvents. Perkin Elmer 20 analyzer was utilized for elemental analysis of all compounds.
HRMS data were recorded by electron spray ionization with a Q-TOF mass analyzer. 1H
NMR and 13C NMR spectra were run on JEOL 400 MHz spectrometer and Bruker Advance
[I1 400 MHz spectrometer in CDCl3 as solvent. Chemical shifts are expressed in 6 ppm using
residual solvent as the internal standard. Coupling constants (/) are reported in Hz with the
splitting abbreviations s, d, t, q, dd, dt, td and m denoting singlet, doublet, triplet, quartet,
doublet of doublets, doublet of triplets, triplet of doublets and multiplet, respectively.

2. Synthesis of Compounds

We have employed 2,3-epoxy tosylates 20a-d (Figure SI-1) for the synthesis of all of the
cyclized products. These epoxy tosylates were prepared following our previously reported
procedure (H. Borgohain, K. Talukdar, B. Sarma, S. K. Das, Org. Biomol. Chem., 2020, 18,
7401-7413).
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Figure SI-1. Structures of 2,3-epoxy tosylates utilized in the synthesis
General procedure A: Synthesis of 2a-j (Table 2, main manuscript)

A mixture of 4-hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv), appropriate epoxy tosylate 5
(1.0 equiv) and anhydrous K>CO3 (42 mg, 0.3 mmol, 1.5 equiv) in anhydrous DMF (5 mL)
under an atmosphere of nitrogen was heated at 70 °C for 12 h. After removing most of DMF

under reduced pressure, the resulting residue was dissolved in water (5 mL) and ethyl
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acetate (10 mL). The organic layer was separated, dried (MgS04) and concentrated under
reduced pressure. The resulting crude product was quickly purified by silica gel column
chromatography (roughly filtered on a silica gel-plug) to obtain the corresponding 4-(2-
oxiranylmethoxy)indole 1 which was immediately used for the next step. Compound 1
thus obtained was dissolved in trifluoroethanol (3 mL) was refluxed for 1.5 h. The solvent
was removed under reduced pressure and the resulting crude product was purified by a
silica gel column chromatography (ethyl acetate/hexanes) to furnish the corresponding

pyrano|2,3-e]indol-3-ol 2.

(35*,4R*)-4-Phenyl-2,3,4,7-tetrahydropyrano[2,3-e]indol-3-o0l (2a)

Following the general procedure A, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5a (61 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 76% (40 mg). 1H NMR (400 MHz, CDCI3): ¢ 8.21 (s, 1H),
7.31-7.20 (m, 3H), 7.15-7.12 (m, 3H), 6.93 (d, / = 8.2 Hz, 1H), 6.67 (d, ] = 8.2 Hz, 2H), 4.28-
4.13 (m, 4H), 2.32 (br s, 1H). 13C NMR (100 MHz, CDCl3): 6 147.2, 143.7, 136.3, 129.1, 128.5,
126.8,125.4,123.1,117.7,110.3, 105.2, 99.7, 70.2, 66.5, 49.7. HRMS (TOF MS ES*) calcd for
C17H16NO2 [M + H]*: 266.1181, found 266.1190. Anal. Calcd for C17H15NO2: C, 76.96; H, 5.70;
N, 5.28, found: C, 77.08; H, 5.79; N, 5.35.

We also repeated the reaction sequence starting with 4-hydroxyindole 4 (1.33 g, 10 mmol,
1.0 equiv) and epoxy tosylate 5a (3.04 g, 10.0 mmol, 1.0 equiv) to afford compound 2a in
72% (1.91 g) yield.

(35*,4R*)-4-(2-Chlorophenyl)-2,3,4,7-tetrahydropyrano[2,3-e]indol-3-ol (2b)




Following the general procedure A, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5b (68 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 70% (42 mg) over two steps. 1H NMR (400 MHz, CDCl3):
08.22 (s, 1H), 7.42 (dd, ] = 7.8, 1.4 Hz, 1H), 7.19-7.08 (m, 3H), 6.99 (d, / = 8.2 Hz, 1H), 6.82
(dd, J = 7.8, 1.4 Hz, 1H), 6.68 (d, ] = 8.2 Hz, 2H), 4.67 (s, 1H), 4.24-4.11 (m, 3H), 2.33 (d, ] =
6.4 Hz, 1H). 13C NMR (100 MHz, CDClz): & 147.5, 141.1, 136.4, 134.1, 131.4, 129.5, 128.0,
126.9,125.5,123.2,117.7, 109.0, 105.5, 99.8, 67.8, 65.8, 45.9. HRMS (TOF MS ES*) calcd for
C17H15CINO2 [M + H]*: 300.0791, found 300.0783. Anal. Calcd for C17H14CINO2: C, 68.12; H,
4.71; N, 4.67, found: C, 68.25; H, 4.61; N, 4.77.

(35*%,4R*)-4-(2-Bromophenyl)-2,3,4,7-tetrahydropyrano[2,3-e]indol-3-ol (2c)

HO,,
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Following the general procedure A, the title compound was synthesized from 4-

N
N

H

hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5c¢ (77 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 68% (47 mg) over two steps. 1H NMR (400 MHz, CDCl3):
8 8.23 (s, 1H), 7.43 (dd, ] = 7.8, 1.4 Hz, 1H), 7.20-7.09 (m, 3H), 7.00 (d, / = 8.2 Hz, 1H), 6.83
(dd, J = 7.8, 1.4 Hz, 1H), 6.70-6.68 (m, 2H), 4.68 (s, 1H), 4.25-4.10 (m, 3H), 2.34 (d, /] = 6.4
Hz, 1H). 13C NMR (100 MHz, CDCl3): 6 147.5, 142.7, 136.4, 132.9, 131.6, 128.3, 127.6, 125.5,
124.9, 123.2, 117.7, 109.2, 105.5, 99.8, 68.0, 65.7, 48.3. HRMS (TOF MS ES*) calcd for
C17H1sBrNO2 [M + H]*: 344.0286, found 344.0282. Anal. Calcd for C17H14BrNO2: C, 59.32; H,
4.10; N, 4.07, found: C, 59.19; H, 4.18; N, 4.15.

(35*,4R*)-4-(3-Methoxyphenyl)-2,3,4,7-tetrahydropyrano|2,3-e]indol-3-o0l (2d)

Following the general procedure A, the title compound was synthesized from 4-

hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5d (67 mg, 0.2 mmol, 1.0
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equiv). Colorless semi-solid. Yield: 74% (44 mg) over two steps. 1H NMR (400 MHz, CDCl3):
5 8.21 (s, 1H), 7.23 (t, / = 8.1 Hz, 1H), 7.15 (t, ] = 2.7 Hz, 1H), 6.95 (d, J = 8.2 Hz, 1H), 6.81-
6.67 (m, 5H), 4.31-4.27 (m, 1H), 4.19-4.15 (m, 3H), 3.76 (s, 3H), 2.33 (br s, 1H). 13C NMR
(100 MHz, CDCl3): 6 159.8, 147.2, 1454, 136.3, 129.5, 125.4, 123.1, 121.5, 117.7, 115.0,
112.0, 110.2, 105.2, 99.7, 70.1, 66.6, 55.2, 49.7. Anal. Calcd for C1gH17NO3: C, 73.20; H, 5.80;
N, 4.74, found: C, 73.38; H, 5.66; N, 4.77.

(35*%,4R*)-4-(3-Bromophenyl)-2,3,4,7-tetrahydropyrano[2,3-e]indol-3-ol (2e)

Following the general procedure A, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5e (77 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 73% (50 mg) over two steps. 1H NMR (400 MHz, CDCl3):
6 8.26 (s, 1H), 7.38 (d, J = 8.2 Hz, 1H), 7.31 (s, 1H), 7.19-7.15 (m, 2H), 7.09 (d, /] = 7.8 Hz,
1H), 6.97 (d, ] = 8.2 Hz, 1H), 6.68-6.65 (m, 2H), 4.25-4.11 (m, 4H), 2.38 (br s, 1H). 13C NMR
(100 MHz, CDCI3): 6 147.2, 146.2, 136.3, 132.0, 130.1, 129.9, 127.8, 125.2, 123.3, 122.7,
117.7, 109.6, 105.5, 99.7, 70.0, 66.3, 49.3. Anal. Calcd for C17H14BrNO2: C, 59.32; H, 4.10; N,
4.07, found: C, 59.49; H, 4.19; N, 4.17.

(35*,4R*)-4-(3-Chlorophenyl)-2,3,4,7-tetrahydropyrano[2,3-e]indol-3-ol (2f)

Following the general procedure A, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5f (68 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 73% (44 mg) over two steps. 1H NMR (400 MHz, CDCl3):
8 8.22 (s, 1H), 7.25-7.21 (m, 2H), 7.17 (t, J = 2.3 Hz, 1H), 7.15 (s, 1H), 7.08-7.06 (m, 1H),
6.99 (d, / = 8.2 Hz, 1H), 6.67-6.66 (m, 2H), 4.26-4.11 (m, 4H), 2.29 (br s, 1H). 13C NMR (100



MHz, CDCI3): 6 147.2, 145.9, 136.4, 134.5, 129.8, 129.2, 127.3, 127.0, 125.2, 123.2, 117.7,
109.6, 105.4, 99.8, 70.0, 66.4, 49.3. HRMS (TOF MS ES*) calcd for C17H1sCINO2 [M + H]J*:
300.0791, found 300.0783. Anal. Calcd for C17H14CINO2: C, 68.12; H, 4.71; N, 4.67, found: C,
68.31; H, 4.78; N, 4.74.

(35*,4R*)-4-(4-Chlorophenyl)-2,3,4,7-tetrahydropyrano|2,3-e]indol-3-ol (2g)

Following the general procedure A, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5g (68 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 74% (45 mg) over two steps. TH NMR (400 MHz, CDCl3):
§8.22 (s, 1H), 7.25 (d, ] = 8.2 Hz, 2H), 7.13 (t, ] = 2.4 Hz, 1H), 7.06 (d, ] = 8.2 Hz, 2H), 6.94 (d,
J = 8.2 Hz, 1H), 6.65 (app. s, 1H), 6.63 (d, / = 8.2 Hz, 1H), 4.22-4.08 (m, 4H), 2.35 (br s, 1H).
13C NMR (100 MHz, CDClz): 6 147.2, 142.3, 136.3, 132.6, 130.4, 128.7, 125.1, 123.2, 117.7,
109.9, 105.4, 99.7, 70.0, 66.3, 49.0. Anal. Calcd for C17H14CINO2: C, 68.12; H, 4.71; N, 4.67.
Found: C, 68.03; H, 4.78; N, 4.74.

(35*,4R*)-4-(4-Fluorophenyl)-2,3,4,7-tetrahydropyrano|2,3-e]indol-3-ol (2h)

Following the general procedure A, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5h (64 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 75% (42 mg) over two steps. 1H NMR (400 MHz, CDCls):
6 8.22 (s, 1H), 7.17-7.11 (m, 3H), 7.02-6.97 (m, 3H), 6.68-6.66 (m, 2H), 4.27-4.12 (m, 4H),
2.28 (br s, 1H). 13C NMR (100 MHz, CDCl3): 6 161.7 (d, J = 245.4 Hz), 147.2,139.4 (d, ] = 2.9
Hz), 136.3,130.5 (d,/ = 10.5 Hz), 125.2,123.3,117.7,115.4 (d, ] = 23 Hz), 110.2, 105.4, 99.8,
68.2, 66.2, 42.5. HRMS (TOF MS ES*) calcd for Ci7H1sFNO2 [M + HJ*: 284.1087, found



284.1085. Anal. Calcd for C17H14FNO2: C, 72.07; H, 4.98; N, 4.94. Found: C, 72.21; H, 4.90; N,
5.03.

(35*,4R*)-4(5-Bromo-2-fluorophenyl)-2,3,4,7-tetrahydropyrano|[2,3-e]indol-3-ol (2i)

Following the general procedure A, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5i (80 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 67% (48 mg) over two steps. 1H NMR (400 MHz, CDCls):
6 8.31 (s, 1H), 7.36-7.32 (m, 1H), 7.18 (t, /] = 2.7 Hz, 1H), 7.01-6.93 (m, 3H), 6.66-6.65 (m,
2H), 4.51 (s, 1H), 4.22-4.10 (m, 3H), 2.44 (br s, 1H). 13C NMR (100 MHz, CDCI3): 6 159.9 (d, ]
= 247.3 Hz), 147.4, 136.5, 133.8 (d, /] = 3.8 Hz), 133.1 (d, / = 15.3 Hz), 131.4 (d, ] = 7.7 Hz),
125.0,123.3,117.7,117.0 (d, /= 23.9 Hz), 116.8 (d, /] = 2.9 Hz), 107.9, 105.7, 99.7, 68.2, 66.2,
42.5. Anal. Calcd for C17H13BrFNO2: C, 56.37; H, 3.62; N, 3.87. Found: C, 56.55; H, 3.69; N,
3.83.

General procedure B: Synthesis of 7a-d (Table 3, main manuscript)

A mixture of 4-hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv), epoxy tosylate 5a (1.0 equiv)
and anhydrous K2CO3 (42 mg, 0.3 mmol, 1.5 equiv) in anhydrous DMF (5 mL) under an
atmosphere of nitrogen was heated at 70 °C for 12 h. NaH (60 % in mineral oil, 0.3 mmol,
10 mg) and Boc;0/alkyl bromide (1.0 equiv) were sequentially added to the reaction
mixture after cooling it to rt. The reaction mixture was stirred for additional 6 h. The
reaction was quenched by adding cold water (5 mL) and ethyl acetate (10 mL). The organic
layer was separated, dried (MgSO4) and concentrated under reduced pressure. The
resulting crude product was quickly purified by silica gel column chromatography (roughly
filtered on a silica gel-plug) to obtain the corresponding 4-(2-oxiranylmethoxy)indole 6
which was immediately used for the next step. Compound 6 thus obtained was dissolved in
trifluoroethanol (3 mL) was refluxed for 1.5 h. The solvent was removed under reduced

pressure and the resulting crude product was purified by a silica gel column



chromatography (ethyl acetate/hexanes) to furnish the corresponding pyrano[2,3-e]indol-

3-0l 7.

tert-Butyl (35*,4R*)-3-hydroxy-4-phenyl-3,4-dihydropyrano[2,3-e]indole-7(2H)-
carboxylate (7a)

Following the general procedure B, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv), epoxy tosylate 5a and (61 mg, 0.2 mmol, 1.0
equiv) and Bocz0 (43 mg, 0.2 mmol, 1.0 equiv). Colorless semi-solid. Yield: 65% (48 mg)
over two steps. 'H NMR (400 MHz, CDCI3): 6 7.66 (d, J = 8.2, 1H), 7.53 (d, ] = 3.6 Hz, 1H),
7.32-7.22 (m, 3H), 7.13 (d, / = 7.3 Hz, 2H), 6.80 (d, / = 8.7 Hz, 1H), 6.70 (d, J = 3.6 Hz, 1H),
4.27-4.13 (m, 4H), 2.25 (br s, 1H), 1.65 (s, 9H). 13C NMR (100 MHz, CDClz): 5 149.8, 147.0,
143.1, 135.5, 129.1, 128.6, 127.4, 127.0, 124.8, 119.9, 114.2, 109.0, 104.1, 83.7, 70.0, 66.7,
49.6, 28.2. Anal. Calcd for C22H23NO4: C, 72.31; H, 6.34; N, 3.83, found: C, 72.42; H, 6.38; N,
3.89.

(35*,4R*)-7-Benzyl-4-phenyl-2,3,4,7-tetrahydropyrano|2,3-e]indol-3-ol (7b)

Following the general procedure B, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv), epoxy tosylate 5a and (61 mg, 0.2 mmol, 1.0
equiv) and BnBr (24 pL, 0.2 mmol, 1.0 equiv). Colorless semi-solid. Yield: 66% (47 mg)
over two steps. 1H NMR (400 MHz, CDCI3): 6 7.31-7.20 (m, 6H), 7.16-7.11 (m, 4H), 7.07 (d,
J =3.2 Hz, 1H), 6.84 (d, / = 8.2 Hz, 1H), 6.66-6.64 (m, 2H), 5.27 (s, 2H), 4.29-4.15 (m, 1H),
4.20-4.15 (m, 3H), 2.23 (br s, 1H). 13C NMR (100 MHz, CDCI3): 6 147.3, 143.7, 137.5, 136.9,
129.2,128.7, 128.6, 127.7, 127.2, 127.1, 126.8, 125.1, 118.3, 110.3, 103.9, 98.8, 70.3, 66.5,



50.3, 49.8. Anal. Calcd for C24H21NO2: C, 81.10; H, 5.96; N, 3.94, found: C, 81.01; H, 6.05; N,
3.98.

(35*,4R*)-7-(3-Methylbut-2-en-1-yl)-4-phenyl-2,3,4,7-tetrahydropyrano|2,3-e]indol-
3-0l (7¢)

Following the general procedure B, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv), epoxy tosylate 5a and (61 mg, 0.2 mmol, 1.0
equiv) and prenyl bromide (27 uL, 0.2 mmol, 1.0 equiv). Colorless semi-solid. Yield: 68%
(45 mg) over two steps. 1H NMR (400 MHz, CDClz): 6 7.31-7.20 (m, 4H), 7.16 (d, ] = 7.3 Hz,
2H), 7.04 (d, ] = 3.2 Hz, 1H), 6.89 (d, ] = 8.2 Hz, 1H), 6.68 (d, /] = 8.2 Hz, 1H), 6.59 (d, ] = 3.2
Hz, 1H), 5.38 (t, /] = 6.8 Hz, 1H), 4.64 (d, /] = 6.8 Hz, 2H), 4.28-4.12 (m, 4H), 2.27 (br s, 1H),
1.80 (s, 3H), 1.75 (s, 3H). 13C NMR (100 MHz, CDClz): 6 147.2, 143.8, 136.6, 136.3, 129.1,
128.5,126.7,126.4,124.8, 119.9, 118.3, 109.9, 103.8, 98.0, 70.2, 66.5, 49.7, 44.3, 25.6, 18.0.
HRMS (TOF MS ES+*) calcd for C22H24NO2 [M + H]*: 334.1807, found 334.1804. Anal. Calcd
for C22H23NO2: C, 79.25; H, 6.95; N, 4.20, found: C, 79.42; H, 7.06; N, 4.25.

(35*,4R*)-7-Butyl-4-phenyl-2,3,4,7-tetrahydropyrano[2,3-e]indol-3-ol (7d)

Following the general procedure B, the title compound was synthesized from 4-
hydroxyindole 4 (27 mg, 0.2 mmol, 1.0 equiv), epoxy tosylate 5a and (61 mg, 0.2 mmol, 1.0
equiv) and 1-bromobutane (28 mg, 0.2 mmol, 1.0 equiv). Colorless semi-solid. Yield: 65%
(42 mg) over two steps. H NMR (400 MHz, CDClz): 6 7.33-7.24 (m, 3H), 7.18 (d, J = 7.3 Hz,
2H), 7.04 (d, J = 3.2 Hz, 1H), 6.91 (d, ] = 8.7 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 6.59 (d, ] = 2.7
Hz, 1H), 4.28-4.06 (m, 7H), 2.26 (br s, 1H), 1.85-1.78 (m, 2H), 1.40-1.29 (m, 2H), 0.95 (t,] =
7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3): 6 147.3, 143.8, 136.6, 129.1, 128.5, 126.8, 126.7,
9



124.7, 118.1, 109.8, 103.7, 97.9, 70.3, 66.5, 49.7, 46.3, 32.4, 20.1, 13.7. Anal. Calcd for
C21H23NO02: C, 78.47; H, 7.21; N, 4.36, found: C, 78.66; H, 7.28; N, 4.40.

(3R*,4R*)-9-Allyl-4-phenyl-2,3,4,6-tetrahydrooxepino[4,3,2-cd]indol-3-ol (10a)

OH

Following the general procedure A, the title compound was synthesized from 5-allyl-4-
hydroxyindole 8 (35 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5a (61 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 73% (45 mg) over two steps. 1H NMR (400 MHz, CDCls):
0 8.28 (s, 1H), 7.34-7.23 (m, 3H), 7.19-7.15 (m, 3H), 6.68-6.66 (m, 1H), 6.51 (s, 1H), 6.03-
5.96 (m, 1H), 5.23-5.18 (m, 1H), 5.14-5.11 (m, 1H), 4.27-4.13 (m, 4H), 3.48 (d, ] = 6.4 Hz,
2H), 2.28 (br s, 1H). Anal. Calcd for C20H19NOz: C, 78.66; H, 6.27; N, 4.59, found: C, 78.55; H,
6.32; N, 4.55.

(3R*,4R*)-9-Allyl-4-(2-chlorophenyl)-2,3,4,6-tetrahydrooxepino[4,3,2-cd]indol-3-ol
(10b)

Following the general procedure A, the title compound was synthesized from 5-allyl-4-
hydroxyindole 4 (35 mg, 0.2 mmol, 1.0 equiv) and epoxy tosylate 5b (68 mg, 0.2 mmol, 1.0
equiv). Colorless semi-solid. Yield: 66% (45 mg) over two steps. 1H NMR (400 MHz, CDCls):
6 8.32 (brs, 1H), 7.43 (d, J = 7.8 Hz, 1H), 7.20-7.10 (m, 3H), 6.85 (d, J = 7.3 Hz, 1H), 6.69 (t,]
= 2.3 Hz, 1H), 6.50 (s, 1H), 6.05-5.95 (m, 1H), 5.21 (dd, J = 17.4, 1.8 Hz, 1H), 5.14 (dd, ] =
10.0, 1.4 Hz, 1H), 4.66 (s, 1H), 4.23-4.11 (m, 3H), 3.50 (d, J = 6.4 Hz, 2H), 2.37 (d, ] = 6.8 Hz,
1H). 13C NMR (CDCl3, 100 MHz): & 146.3, 141.2, 137.1, 135.7, 134.1, 131.5, 129.5, 128.0,
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126.9,125.2,123.0, 117.7, 116.4, 116.1, 108.8, 100.0, 67.8, 65.6, 45.8, 36.3. Anal. Calcd for
C20H18CINOz: C, 70.69; H, 5.34; N, 4.12. Found: C, 70.90; H, 5.44; N, 4.18.

3. Figures of 1H and 13C NMR Spectra of Compounds

11



(wdd) pys |eanwayy

Mormalized Intensity
= = = = = = = = = =
- r € Bl o m - (=] o (=]

=

0oL

08

02

F.ss
319

[1.09 =

0L

[zo7

09

e
en

05

5F

SE 0¥

0E

5z

5

[102

0z

ER

oL

50

0

—8.206

7.288
7.269
7.237
7.219
7154
I?.I.’i[]
7129
7122
7115
G543
6o
GEFT
G657

3

—2.319

1H NMR (400 MHz, CDCl3) of compound 2a.

12



Momalized Intensty

= = = = = = = = = = =
Cl = = I ha P2 a e = S en &n
& = o = th =3 o = n = o0

I 091 291 9l 2l 61 00z 202

5

- — 14721
— 14372

el
1

8 - —136.31

129.12
= < 12854
- - 126.79

_ Mlesar
RS EENE]

o)
I

0Z1L

- — 11768

Zi

- — 110,33

- — 105,19

{wdd) Yiys |eowayy

w01

- —09.70

29

02

7731
7700
76,68

- —70.19

ZL

- —GG46

]

- —d4QG7

o

oF

ZE

L4

2a H

[: ]

13C NMR (100 MHz, CDCl3) of compound 2a.

13



(wdd) wys [eanway)

Mormalized Intensity

- a & B & & &a a @& =
ra = o o (=] - =2] w =]

o I PRTRTETE RTRTA RTRTE RTRTE [RUTY WUTH [RTRU [RTRA [RTRU [RTRI1NUTHI RRTRIRRTHIATARIRTRR1 RTARI RTRTA ATY

23

=3

© 1

©

o
-;|]:1.00 %- —&.218

e ]

=
1 7431
E 7428
1 7412

] 7408
qC104 = 7.175
E f?.l[iti
[ E = Jr7.oz

~ — SF7.002

e “-5.081
ic1o2 - 6820
1201 G.E25

1 ( 5,800

in] G5.806
b 6680
E 6668

L

wn ]

=3
r10s - — 4670

-3

4,235
E £4.2|?
:|[3.45 = 4.212

&3 - 4,163

=] 4.157
] 4.131
E 4.113

w

in L

e

b

n
1o -

ra 3

=

7

=]

=

0

1H NMR (400 MHz, CDCI3) of compound 2b,

14



Momalized Intensity
=
o
P RS A AT A A RRT A

0
Fso0
F oo

F ozo

051 a9l 9Ll ¥81 61 ooz 80e

I

ki T b L, o T R A L e b i L L B R |

S

]
- - 147 48
E
- - 14108
= _ -136.30
& - - 134,00
B 13143
N - S-12954
5] - — 12805
== -
- 1-12693
- isag
Aoyt
& 12316
o - — 11768
2
3
3 .
[y a—
2R
@ _ — 109,00
E
gz - — 105 54
ERS
— 09,80
&
8
2
77l
77.00
. 7668
]
- —67.80
- - —65.70
2
@
]
—45.94

it

¥Z

gl

oF
TR TP R AR O] WA RTRY ST PRURFICREE FrIom

1I3C NMR (100 MHz, CDCl3) of compound 2b.

15



Mormalized Intensity

= =
. in
I |

E 1o
EZ0
Eco

S
L

=
~
1

56 oot

06

S8

-

s

5L

|RE -

|]:3.21 %F

[C1.08

0L

C1.08 %-—
e

[zo7 -

59

09

55

E

C1.08

(wdd) yiyg jeanwsyg
0

5

|[3.4s T = =

0¥

ot
en —
faed
=

ST

0z

Exs

0L

50

0

T
{_

—8.229

7442
7438
7a22
7.270
7185
7178
7113
{?.I L1
Fol2
G092
G.Ra0
G836
GE20
G.700
G678

—d4.681

4,248
4,245
4.227
4.223

4.174
4.168
4.141
4.123

1H NMR (400 MHz, CDCI3) of compound 2c.

16



Mormalized Intensity

= = = = = = = = = = =
- ra 1= e o [ - -] w =
Il i ! 1 ! 1 1 1 1 1 1 1 1l 1 1l 1 1 1 1 Il 1 Il
a_
e
§_
E 4
K
k|
[
i = —147.45
E - — 14260
& 3
11
e —136.41
:’:_ K
1 3 _ _— 13280
R - —131.64
24 3 o
= —128.35
EEE S 12757
ek - - 12540
oh 1_ - =
- 124,86
i1 123.18
[
EERE
E o —— — 11768
=3
=] = — 109,16
ERE
-
2] ————- —105.59
7
= B
3
8.
R : —o08l
w 1 F
2
E 1
= &4
3
g) =
4
[
=4
s ———— 5773l
PE 77.00
76.68
=4
| S —67.98
o]l ¥/ —B5.67
@3
o 7
3
3 3:
ER —d8.32
i
E
=4
L
3
e 3
g L
=4 -
[

I3C NMR (100 MHz, CDCl3) of compound 2c.

17



(wdd) Yys [eawayl

Mormalized Intensity

6 5 6 5 5 5 8 5 5 & 5 5 & o
e e Y . Y - "R R |
5 =3 5 BB 8B &85 8588 3

2]

=1

@

@ 1

=

@ ]
3 —8.212
E 7.220

~ 7,200

] 7,147
E 7.141
3 6965

] fums

=7 6771
3 6.751
e £ 730

o] G711

] G590
3 G679
B G673

@]

on g

V.HE

=]

o] 4.305

o] ﬁuss
3 4.273
JLC1.01 =
E %3 o7 - - 4,190
ELN 4.178

b 4,156
] 4.146
Jrass —2.757

w

=

w7
0 N —2.333

=]

K MeO

]

D_:

=]

1H NMR (400 MHz, CDCl3) of compound 2d.

18



Mormalized Intensity

= = = = = = = =1 =1 = =}
e =] — = ha ra [ [ g g L on
o = o = th = n = en = &

291 f:7A 2l 61 00z 802

091

- — 15078

51

- -—147.18
- — 14557

rl

I

- —136.32

9t

- — 12055

jrd

- -—125.37
- -—123.10
- ~—121.52
- — 11766
— 11501

- — 11188
- ~—110.24

0zL

{wdd) Wus reawwsys
Zlk

0l

- — 10518

- —oa7z

96

22

77.az
7700
S=766E9

0z

L

- —7013
- —GGE60

9

El

9

¥

0¥

ZE

¥z

18

I3C NMR (100 MHz, CDCl3) of compound 2d.

19



Mormalized Intensity
= = = = = =
n = ~ o w =

1 [1.00 %— —8.257

~

EE IETRY
oo
C214
Jcia —
r10s

213 s
e = .
o]

6.646

02

{wdd) WS [eanuzydy

4,248
4.225
4,181
4.178

4,164
4,135
4.125
4,108

SN

1H NMR (400 MHz, CDCI3) of compound 2e.

20



Momalized Intensity

=] e o o e bt e e e e
—- ra [ e o [=2] - (=] w
1 ! 1 1 1 1 1 1 1 1 ! 1 1 1 1
ra ]
3
o
I'E
5k
=
%]
29 4
3
>
4
14
]

13 147,10
] - 146,20
-

Rl
E - — 136,35
132,04
{ 130,00
129.95
~— 127,80

{(wdd) Yys |eanuay)

@
i
- —
]
P
= 4
1
w
L]
=
R -
-
3

—125.16
S-123.26
L 12274
— LI7GF
— 109,55
— 10545

—o6.71

773l

57700
1“—?[].[].‘)

—G0.00

—G6,34

—48.20

13C NMR (100 MHz, CDCl3) of compound 2e.

21



Mormalized Intensity

e = = e
- ha w o (L]
1l

=

@

ook

06

0g

u:z.m\}L

C210

[ R =
r1os

[208 ===

g}

o
en

(wdd) Yiys jeanwayy

0%

e

[0

0z

ol

Ef
[T FE T T R TR TS TU R ST TR TR AENEE ENETE ST RTE STHNE TN TETE PN FERl FETEE RE T IR FETE ST ST ST TR NN PR P FEET NS FRE T EETE FEETI FERTE ST P TR TR FEEE RETT TR RETTY TS T R e

N

—8.221

7270
7.246
7.230
7181
7074
7167
7150
7074
6995
5975

1[ G678
G656

2

4
4,
4,
<,
.
4,
.
.
.

il

(SRR
EewmSwre

—2.204

1H NMR (400 MHz, CDCl3) of compound 2f.

22



Mormalize

= = = =} =

= g g g g
= P %} S wn

d Intensity

= e 4
m =~ =5}

=
w

=

(wdd) yys [eawsyy

-

Cl

SN

2f

472z
— 14552

12978
£ 120,19
s—l27.a2

127 04

125.21

123,24

— L1770

— 10960

— 105 44

—00.78

7732
57700
1‘—?[].[].l)

—70.01

—G6G.38

—49.33

13C NMR (100 MHz, CDCl3) of compound 2f.



Mormalized Intensity

06

—B.218

7.258
7238
7.131
7125
7118
Toiz

7051
5947

09

g
a
3
8
R
Ela
g ]
é‘ ]
1 4215
i 4.193
] 4.188
E 4,168
] 2-4.156
& 4,137
4.107
4086
4077

e

4
Lol

0L

E

0

=

1H NMR (400 MHz, CDCI3) of compound 2g.

24



Mormalized Intensity

e 2 ~ o = e B 2 &
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5k
] 3
3
ni
2
8 3
2] ]
1%
- E
K
3%
29 1
ol 4
1% - — 14718
=] A
* - — 14227
1 - — 13632
El: - — 13259
D e — 13040
Bl ——— - " 12865
E ;——— —125.14
1 F— ~—123.24
B9 4
o — - — 11768
2 ]
2=
FNE
v ] - — 10989
ES E
g =] - — 10536
i®
ER | _ —00.70
£
E
11
ool
g 7731
3 77.00
1% 76.68
ra] B
= —70.05
— —66.34
®
o]
J¥
»] - —43.99
P
X
4 4
= 3
HO,,/ o
E £
N
®q ]
4 Cl N\
ER: 3 2g H
=
] i

I3C NMR (100 MHz, CDCl3) of compound 2g.

25



=

=

Mormalized Intensity
= = =
IS in @

o o -
= ) =

0L

(wdd) yiys [eaway)

314
7| 308

[ 200

ﬂ:D.S?

—R.22

427
d.24
d4.24
4.21
4,20
4,19
4,18
4.13
4,12

—2a8

1H NMR (400 MHz, CDCl3) of compound 2h.

26



Momalized Intensity

o =) =) o o o
= 2 = = b b 1)
o = o =] h =1

9Ll 81 61 00z 80T

291

— 16254
— 16050

051

51

—147.17

Fl

— 13947
— 136,32

JCIZS[J.[]I
130,50

8Tk

B8
= —117.69
&= [
3 11550
8= T—l 15.27
e
2 — 11018
ES
g 2 - — 105,36
é o
- —09.75
&
=]
==}
3
7732
77.00
76.69
It
—70.26
- —66.35
@
2
- —a8 8l

aF

oF

Zt

(4

F

9l

I3C NMR (100 MHz, CDCl3) of compound 2h.

27



Mormalized Intensity
= = = = = = = = = =
— [} (%} S o -] el o w o

=

0ol

06

|[IJ a7 -

og

[C1.00 -

Cog9 z

[2o

03

o
n

(wdd) Yiys eawsyg

[1.00 -

|]:3 B1 — ==

0%

oe

|[D.99 -

0z

P

—8.31

—4.51
4.22
4,18

4.16
4.14
4.12
4.10

—2.44

1H NMR (400 MHz, CDCl3) of compound 2i.

28



Mormalized Intensity

= =) = = = =
= =1 o . X} P e
._n =) n 15} th =

1 1 1

—lgll2
— 15866

— 147 44

(wdd) Biyg [Eowayg

77.32
7700
E -76.69

- -—G8.15
- —GG6.19

- —42.40

13C NMR (100 MHz, CDCl3) of compound 2i.

29



Mormalized Intensity

e & o 8 8 & 2 8 8 8 8 5 & o
S s = = b b ke G B 4 tn tn @ B
R 3 s B R E B B & ZH BRI
=
2
w ]
s
w ]
&
LR
S
g 7650
7 648
7.530
7.521
- 7.320
n] 7.307
;E?.'
3 Tr' E
- 7.20
=7 7141
7.123
E 5809
5.788
s 6,703
) 5.694
=4
2
ol
< 4
g
E
L
@
g 4
g
S 4,275
- 4.251
4,187
E 4.170
- 4,150
=7 4,146
4,124
E 4112
7
w ]
&
N_
E [[0-34 7a Boc —2.240
N_
&
[o68 — 1548
=]
=]
=]
=

1H NMR (400 MHz, CDCI3) of compound 7a.

30



Mormalized |ntensity
= = o = = e =
e ha s IS tn w ~ o
ool bbb bl bbb bbb bbb,

L 09l 89l sl 2L 6l 00z 80z
&0
)

Z5

E — 14977
- —147.01
& - —143.13
51 3 — 13549
120,06

& —

R am——

.

[EE R S— — 119481
o1 F— —114.19
EN
g _ — 10807
ER
Fel —- —104.06
3
EX

5

8

e —8373

%

E 77.31

S-7F00
=
669

o

"

— —7001
——— —66.68

2

£

- —4063

5

2

i3

—z815

¥z

9l

13C NMR (100 MHz, CDCI3) of compound 7a.

31



KT-SD-584-1H-COSY.3.1.2rr
KT-SD-584-1H-COSY

N

e
#t

%4
40
]

-0

-2

3

-4

6

-7

-8

T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
f2 (ppm)

1H-1H COSY NMR spectrum (400 MHz, CDCl3) of 7a

32

1.0

0.5

0.0

f1 (ppm)



I\ I.J. L " .HJ«.‘J I\

Wl “H |

KT-SD-584-HSQC.8.1.2rr
KT-SD-584-HSQC

100

110

120

130

140

150

: . : .
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f2 (ppm)

1H-13C HSQC NMR spectrum (400 MHz, CDCl3) of 7a

33

1 (ppm)



3

F

-] @
@
B
B
(=]
@ [*
(=]

111 L 5 o

KT-5D-584-HMBC.6.1.2rr
KT-SD-584-HMBC

-100

110

120

F130

T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
f2 (ppm)

1H-13C HMBC NMR spectrum (400 MHz, CDCl3) of 7a

34

0.0

f1 (ppm)



e T

KT-SD-584-HMBC.6.1.2r1
:'; KT-SD-584-HMBC

=

t

{7.13 (d, J = 7.3 Hz, 2H), 49.6)

=

!

{6.80 (d, J = 8.7 Hz, 1H), 49.6}

)

81 80 79 78 77 76 75 74 73 72 71

1H-13C HMBC NMR spectrum (expanded) (400 MHz, CDCI3) of 7a

T
7.0
f2 (ppm)

35

68 6.7 66 65 6.4

50

60

70

80

90

100

110

120

130

140

150

f1 (ppm)



Mormalized Intensity
2 2 =2 = 2
i S in @ =
[TV PP TOVIT VU TOTEN VW PO

58 06 56 ook

g

7.3l
7284
727n
7266
7253
7162
7145
7131
7066
7058
GR33
G660
G650
G640

L

oL

58

1g:]

55

Czo7 L

[_rv —here

05

4,284
4,270
4,263
4252

147 = f .
ESSD _ Ed 203

{wdd) yiys [eawayg

5F

4,194
4,166
4.162
4,148

0%

5¢

e

5T

[[0'9? &' —2.296

0z

51

ol

50

0

1H NMR (400 MHz, CDCI3) of compound 7b.

36



Mormalized Intensity

e e e
. 2 2
] 2 &
4 M N BT B R RS B
E
e
§
a
NEE
b
= 1
E
PEE
EE
E
=3
R —
=
=
=
=
ERE
3
£
-
o1
T
>
2

Z51

¥l

(A
”n T']'lr” lT" |"'I"I'I|" ™yn ]" T '["l] [
I
I

- —-
- — - T
_F -
ol
=3
E
- -
I -
w
ey
=
bad _
h=}
L}
= _
H

2g

-
£
=
3
e
=
=
-
3

og

— 11026

— 10395

—O883

77.31

57700
1\—7[].[]!)

— 7028

—GE.535

o027
48981

I3C NMR (100 MHz, CDCl3) of compound 7b.

37



Mormalized Intensity

e 2 8 & 8 & & 2 & & =
1 Il 1 1 1 ! Il 1 ! Il 1 ! Il 1l 1 1l 1 Il 1 1
P
s
©
o
e
7.313
7.2096
3 7277
7.247
7.224
7168
- 7.149
= 7041
7033
G.a0]
6880
& 5,689
7668
6.580
6.581
o
4
& 5391
[0 ‘= L3550
2
3
3
e
2 4651
) -
o 4634
5 4.267
£ 4.252
4245
4.235
4.215
& 4.205
4.146
4.131
4118
w
&
"
[~
&
—2.274
~a
— 1801
Te 1753
-

1H NMR (400 MHz, CDCI3) of compound 7c.

38



Mormalized Intensity

= = = = =}
= = . = ha b
@ = e = eh

= = =
1= % Y
= n =

3 051 291 8Lk ¥81 61 oz 20T

5

Fl

(wdd) yiys |eanwayy

88 96

0g

9 ¥ ZE or ¥ 95 9 L

2

J,-— 120,12
2~ 128,54
— 12674

12G.35

124,75
— 11582
= 118.27

— 10580
— 10383

—a8.03

7r.az
7700
=76.69

— 7024
—GG46

—40.72

—44.31

— 2564

— 1800

I3C NMR (100 MHz, CDCl3) of compound 7c.

39



Mormalized Intensity

@ o =
| FETRI TR RTERI ATARI ATATA ITY
2
w
n
w©
@
@
7.320
FalLl
P 7.293
7262
7.230
=—7.185
- Lrer
= 7.0l
70E6
G.a22
G.200
@ G.70:
0 ¢
G501
G504
@
=
a
3
g,
[
=
g o
4282
- 4.261
in 4,228
4.210
4.162
~£4. 147
- 4,101
b=
4083
4066
4,062
w
in
w
o
I
o
[
=

- —

1H NMR (400 MHz, CDCl3) of compound 7d.

40



(wdd) Jysg [eawsyg

Mormalized Intensity

= = = = e =

] M P b= £ £

s i g b & &
1 1 1

I 091 891 7R 2l Z61 00z

5

— 147.27
— 14380

¥rl

I

— 136,58

9E

129,13
£I2t'}.!':2
—l26.77
~—124.73

ol

0zL

— 11811

kL

— 10879

— 10373

—07.54

22

0g

77.32
7700
S-76.60

L

—70.28
—G6.46

9

]

:

—409.72
N —46.31

¥

0¥

7d

ZE

¥z

—20.14

18

— 1368

1I3C NMR (100 MHz, CDCl3) of compound 7d.

41



Mormalized Intensity

= = = = = = =) =} = -
= R [ - in m =~ =5} w =

=

1[os7 - —g284

w ]
2
~NA
3| 377 = = = = =
311 —
=1
P
rioo
o (.
o100 b=

29 ﬂ:mm %—

Jross] -
Co% —

(wdd) Yiys [eanwsyd

1 ﬂ:‘t.ao = -

ind[20s =

E ﬂium ;::- —2000

1H NMR (400 MHz, CDCI3) of compound 10a.

42



Mormalized Intensity

= =
2] kS

wn

=
w

=

0oL

56

08

58

|[1 04

0g

5L

C114

[z

[C1.07
[1o7

[1.03

0L

9

E

g:]

55

g

(wdd) Yiys [eansyg
5F

0¥

£

C2.04

E

0E

SE

[C1.00

0z

ER

oL

50

0

5
Il RS FETHE FETEE FRTHE FETEE FETHE FETHE FRTEE FSETEE SR ST SR ST SRS SR R R SRR SRR SR SRR SRR R EE SRR SRR SRR PR EE SRR S RN SRR T IS PR TS IR PR PN PR IR TR TR FTR NS FTN T RN RN

—8.a17

G.496
G036
GO0l
5.004
5.085
5.069

1H NMR (100 MHz, CDCl3) of compound 10b.

43



Mormalized Intensity
= =)
= i
o 151

500
oLo
4]

E - 12516
N Sei2207
11767

= - L1541
116,14

- — 108,76

(wdd) yys |eanwayy
zi

3 - — 100,00

@ 77.32
7700
E =669

7 - —G67.82

- - —05.63

—36.32

13C NMR (100 MHz, CDCl3) of compound 10b.

44



