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1. Introduction

1.1. General data
NMR spectra were recorded on Bruker-400 MHz spectrometer. Melting points were measured on a
digital melting point apparatus and the temperature was uncorrected. FT-ICRMS spectra were
recorded on P-SIMS-Gly of Bruker Daltonics Inc. Infrared spectra were recorded on a Nicolet MX-
1E FT-IR spectrometer. HPLC analysis was performed on Waters-Breeze (2487 Dual A Absorbance
Detector and 1525 Binary HPLC Pump, UV detection monitored at 254nm). Chiralpak AD-H, OD-
H, IC, OJ-H and AS-H columns were purchased from Daicel Chemical Industries, LTD. The absolute

configuration of 3k was assigned by the X-ray analysis.

1.2. Materials
Analytic grade solvents for the column chromatography and commercially available reagents were
used as received. CH,Cl, and CCl, was dried over CaH, and distilled prior to use. Toluene, TBME
and n-hexane were dried over Na and distilled prior to use. The salicylaldimines! and the catalysts (A-
4a to A-4h)? were synthesized according to the literature. The products 3a, 3b, 3¢ and 3g have been

reported in the literature!.

2. Experimental Procedures and Characterization Data

2.1. General procedure for the preparation of racemic 4-aminofuranobenzopyrans 3

All authentic racemic samples were prepared according to the following procedure: A 15-mL oven-
dried tube was charged with salicylaldimine 1 (0.20 mmol), Sc(OTf); (10 mol%), 3 A MS (20.0 mg)
and MeCN (2.0 mL) at room temperature. 2,3-dihydrofuran 2 (0.40 mmol) was then added and the
resulting solution was stirred vigorously with 12 h. The reaction was quenched with NEt; (140 pL,
1.0 mmol). The mixture was purified by flash column chromatography (silica gel, petrol ether/EtOAc

= 10:1) to give the racemic 4-aminofuranobenzopyran derivatives 3.



2.2. General procedure for the preparation of enantioenriched 4-aminofuranobenzopyrans 3

R1

R? @
\N/G O A~(S,S)-4b (10 mol%) NH,
RZ—{:C * E} solvent, 5AMS. :
OH rt., No R?
1 2 o -0

3 H

Under nitrogen atmosphere, a 10-mL oven-dried Schlenk tube was charged with salicylaldimine 1
(0.30 mmol for 1a, 0.20 mmol for 1b-1n), catalyst A-4b (15.0 mg, 0.02 mmol), activated 5 A
molecular sieves (10.0 mg) and solvent (1.0 mL, n-hexane for 1a, toluene for 1b-1n) at room
temperature. The mixture was stirred for 30 min at room temperature. The 2,3-dihydrofuran 2 (0.20
mmol for 1a, 0.60 mmol for 1b-1n) was added and the resulting solution was stirred vigorously until
the reaction was complete (monitored by TLC). The reaction was then quenched with NEt; (140 pL,
1.0 mmol). The mixture was purified by flash column chromatography (silica gel, petrol ether/EtOAc

=10:1) to give the enantioenriched 4-aminofuranobenzopyran derivatives 3.

2.3. General procedure for the three-component asymmetric interrupted Povarov reaction

.
A-(S,S)-4b (10 mol%) NI'L|
Q toluene, 5AM.S. :
rt, Np R?
-0
3 © H

Under nitrogen atmosphere, a 10-mL oven-dried Schlenk tube was charged with anilines 5 (0.20
mmol), salicylaldehydes 6 (0.20 mmol), catalyst A-4b (15.0 mg, 0.02 mmol), activated 5 A molecular
sieves (10.0 mg) and toluene (1.0 mL) at room temperature. The mixture was stirred for 30 min at
room temperature. The 2,3-dihydrofuran 2 (0.60 mmol) was added and the resulting solution was
stirred vigorously until the reaction was complete (monitored by TLC). The reaction was then
quenched with NEt; (140 puL, 1.0 mmol). The mixture was purified by flash column chromatography
(silica gel, petrol ether/EtOAc = 10:1) to give the enantioenriched 4-aminofuranobenzopyran

derivatives 3.
2.4. Characterization data of products 3
(3aR,4S,9a8)-N-phenyl-2,3,3a,9a-tetrahydro-4 H-furo[2,3-b]chromen-4-amine 3a: yield: 95%;
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@\ d.r. > 20:1; (Flash column chromatography eluent, petroleum ether / ethyl acetate

NHH = 10/1); white foam; 'H-NMR (CDCls, 400 MHz) & (ppm): 7.36 (d, J = 7.3 Hz,

% 1H), 7.30-7.14 (m, 3H), 7.03-6.88 (m, 2H), 6.80-6.72 (m, 3H), 5.88 (d, /= 5.4 Hz,
(] FI O 1H), 4.97 (s, 1H), 3.96-3.89 (m, 1H), 3.88-3.76 (m, 2H), 3.22-2.98 (m, 1H), 2.01-
3a

1.80 (m, 1H), 1.69-1.55 (m, 1H); 3C-NMR (CDCl3, 101 MHz) & (ppm): 153.05,
147.12, 129.68, 128.94, 126.28, 124.68, 121.95, 118.44, 117.32, 113.52, 102.44, 68.12, 48.87, 43.39,
24.05; IR (KBr): v 3369, 3050, 2951, 1602, 1503, 1484, 1153, 982,944,751, 693 cm™'; HRMS (ESI)
calculated for C;7H;30,N [M+H]": 268.13321, found 268.13266; [a]p2® = +89.74 (¢ 0.403, in
CH,Cl,); Enantiomeric ratio: 96:4, determined by HPLC (Daicel Chirapak OD-H, hexane /
isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major diastereoisomer: ty,; = 43.570

min, ty;, = 12.742 min.

(3aR,4S5,9a8)-N-(4-bromophenyl)-2,3,3a,9a-tetrahydro-4 H-furo[2,3-b]chromen-4-amine ~ 3b:
yield: 68%; d.r. = 12:1; (Flash column chromatography eluent, petroleum ether / ethyl acetate = 10/1);
Br\©\ white foam; 'H-NMR (CDCl;, 400 MHz) 6 (ppm): 7.34-7.27 (m, 3H), 7.22 (4,
NHH J=1.7Hz, 1H), 6.98-6.93 (m, 2H), 6.62 (d, J = 8.8 Hz, 2H), 5.90 (d, /= 5.6
©f'j\/> Hz, 1H), 4.92 (s, 1H), 3.96-3.90 (m, 1H), 3.90-3.82 (m, 2H), 3.15-3.02 (m, 1H),

o |:| O 197-186 (m, 1H), 1.66-1.59 (m, 1H); BC-NMR (CDCl;, 101 MHz) & (ppm):

*® 153.06, 146.21, 132.42, 129.14, 126.16, 124.34, 122.07, 117.51, 115.08,

110.02, 102.45, 68.14, 49.11, 43.45, 24.11; IR (KBr): v 3373, 2919, 2850, 1594, 1487, 1454, 1299,
1094, 982, 815, 754, 733 cm'; HRMS (ESI) calculated for C{;H;;0,NBr [M+H]": 346.04372, found
346.04343; [a]p?® = +36.74 (c 0.460, in CH,Cl,); Enantiomeric ratio: 82:18, determined by HPLC
(Daicel Chirapak IC, hexane / isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major

diastereoisomer: tm,j = 13.364 min, tyi, = 12.066 min.
(3aR,45,9a8)-N-(4-chlorophenyl)-3,3a,4,9a-tetrahydro-2 H-furo[2,3-b]chromen-4-amine 3c:
cl yield: 85%; d.r.>20:1; (Flash column chromatography eluent, petroleum ether
\©\N / ethyl acetate = 10/1); white foam; "TH-NMR (CDCl;, 400 MHz) 6 (ppm): 7.30
©f'j\/> (d,J=7.5Hz, 1H), 7.22 (t,J=7.7 Hz, 1H), 7.17 (d, /= 8.7 Hz, 2H), 7.01-6.90
o FI o (m,2H), 6.66 (d,J=28.7 Hz, 2H), 5.90 (d, /= 5.6 Hz, 1H), 4.92 (s, 1H), 3.97-
3¢ 3.90 (m, 1H), 3.90-3.80 (m, 2H), 3.18-3.02 (m, 1H), 1.98-1.84 (m, 1H), 1.65-

1.59 (m, 1H); BC-NMR (CDCl;, 101 MHz) §
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(ppm): 153.07, 145.77, 129.54, 129.11, 126.16, 124.42, 123.01, 122.06, 117.50, 114.62, 102.46,
68.13, 49.20, 43.46, 24.10; IR (KBr): v 3375, 3050, 2919, 1598, 1497, 1454, 1277, 1091, 982, 817,
753 cm!; HRMS (ESI) calculated for Cy7H;;0,NCI [M+H]*: 302.09423, found 302.09389; [a]p?’ =
+49.40 (c 0.448, in CH,Cl,); Enantiomeric ratio: 81:19, determined by HPLC (Daicel Chirapak IC,
hexane / isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major diastereoisomer: ty,;

=11.089 min, ty;, = 12.623 min.

(3aR,4S5,9a8)-N-(4-fluorophenyl)-3,3a,4,9a-tetrahydro-2H-furo[2,3-b]chromen-4-amine 3d:
F yield: 64%; d.r. > 20:1; (Flash column chromatography eluent, petroleum ether
\©\NHH / ethyl acetate = 10/1); white foam; "TH-NMR (CDCls, 400 MHz) 6 (ppm): 7.34
©f'j\/> (d, J=17.6 Hz, 1H), 7.25-7.18 (m, 1H), 7.00-6.89 (m, 4H), 6.71-6.64 (m, 2H),
o FI O 5.89(d,J=5.6Hz 1H), 4.89 (d, J= 4.7 Hz, 1H), 3.94-3.89 (m, 1H), 3.86-3.83

3d

(m, 1H), 3.73 (brs, 1H), 3.17-3.02 (m, 1H), 1.96-1.82 (m, 1H), 1.62-1.57 (m,
1H); BC-NMR (CDCls, 101 MHz) & (ppm): 157.53, 155.18, 153.09, 143.43 (d, J = 1.9 Hz), 129.04,
126.19, 124.75, 122.04, 117.44, 116.29, 116.07, 114.54 (d, /= 7.4 Hz), 102.53, 68.14, 49.69, 43.48,
24.06; IR (KBr): v 3365, 2925, 1609, 1586, 1511, 1484, 1454, 1218, 1105, 982, 822, 796, 761 cm’!;
HRMS (ESI) calculated for C7H;;0,NF [M+H]": 286.12378, found 286.12347; [a]p*’ = +64.68 (c
0.302, in CH,Cl,); Enantiomeric ratio: 81.5:18.5, determined by HPLC (Daicel Chirapak AS-H,
hexane / isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major diastereoisomer: ty,;

=7.012 min, ty;, = 8.834 min.

(3aR,4S5,9a8)-N-(3-chlorophenyl)-3,3a,4,9a-tetrahydro-2 H-furo[2,3-b] chromen-4-amine 3e:
yield: 74%; d.r. > 20:1; (Flash column chromatography eluent, petroleum ether
CI/©\NHH / ethyl acetate = 10/1); white foam; "TH-NMR (CDCl;, 400 MHz) & (ppm): 7.30
©j‘j\/> (d,J=7.6 Hz, 1H), 7.23 (t, J=7.7 Hz, 1H), 7.13 (t,J= 8.0 Hz, 1H), 7.03-6.88
X o FI O (m,2H), 6.80-6.69 (m, 2H), 6.60 (dd, J= 8.1, 1.9 Hz, 1H), 5.90 (d, J= 5.5 Hz,

e
1H), 4.97-4.93 (m, 1H), 3.94-3.84 (m, 3H), 3.17-3.03 (m, 1H), 1.97-1.87 (m,
1H), 1.65-1.52 (m, 1H); BC-NMR (CDCl;, 101 MHz) & (ppm): 153.01, 148.33, 135.44, 130.69,
129.17, 126.13, 124.08, 122.07, 118.33, 117.49, 113.18, 111.65, 102.33, 68.12, 48.90, 43.35, 24.08;
IR (KBr): v 3370, 2953, 1598, 1484, 1454, 1227, 1090, 986, 947, 850, 758, 736, 683 cm'!; HRMS
(ESI) calculated for C;7H;0,NCI [M+H]": 302.09423, found 302.09387; [a]p?® = +51.03 (c 0.405,

in CH,Cl,); Enantiomeric ratio: 80:20,
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determined by HPLC (Daicel Chirapak OD-H, hexane / isopropanol = 70/30, flow rate 1.0 mL/min,

T =30 °C, 254 nm): major diastereoisomer: ty,j = 15.106 min, t,;, = 11.825 min.

(3aR.,4S,9a8)-7-nitro-N-phenyl-3,3a,4,9a-tetrahydro-2 H-furo[2,3-b]chromen-4-amine 3f: yield:
ethyl acetate = 10/1); yellow foam; "TH-NMR (CDCl;, 400 MHz) & (ppm):

m 8.39-8.38 (m, 1H), 8.12 (dd, J= 8.9, 2.8 Hz, 1H), 7.29-7.22 (m, 2H), 6.99 (d,
O,N 00 J=289Hz 1H), 6.88-6.83 (m, 1H), 6.79-6.75 (m, 2H), 5.97 (d, /= 5.1 Hz,

3 H

: 46%; d.r. = 7:1; (Flash column chromatography eluent, petroleum ether /
N

1H), 5.07 (s, 1H), 4.04 (td, J=9.0, 3.5 Hz, 1H), 3.96-3.92 (m, 1H), 3.80 (brs,
1H), 3.21-3.13 (m, 1H), 2.08-1.94 (m, 1H), 1.68-1.58 (m, 1H); 3C-NMR (CDCl;, 101 MHz) 3 (ppm):
158.57, 146.27, 142.46, 129.91, 125.34, 124.55, 123.13, 119.43, 117.72, 113.91, 103.14, 68.48,
48.82,42.46,23.49; IR (KBr): v 3368, 3053, 2956, 2924, 1602, 1515, 1480, 1337, 1245, 1105, 1090,
981, 750cm-'; HRMS (ESI) calculated for C1;H;70,N, [M+H]*: 313.11828, found 313.11789; [a]p*’
= +46.69 (¢ 0.287, in CH,Cl,); Enantiomeric ratio: 74.5:25.5, determined by HPLC (Daicel
Chirapak AD-H, hexane / isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major

diastereoisomer: tm,j = 23.194 min, tyi, = 18.781 min.

(3aR,4S5,9a8)-6-bromo-N-phenyl-3,3a,4,9a-tetrahydro-2H-furo|[2,3-b]chromen-4-amine 3g:
@\ yield: 57%; d.r. = 16:1; (Flash column chromatography eluent, petroleum

NHH ether / ethyl acetate = 10/1); white foam; 'TH-NMR (CDCl;, 400 MHz) &

B 7 (ppm): 7.51 (d, J= 1.2 Hz, 1H), 7.32 (dd, J = 8.6, 2.4 Hz, 1H), 7.26-7.20 (m,
3g ° F| ° 2H), 6.87-6.78 (m, 2H), 6.73 (d, J=7.9 Hz, 2H), 5.88 (d, /= 5.5 Hz, 1H), 4.95
(s, 1H), 3.97-3.91 (m, 1H), 3.89-3.83 (m, 1H), 3.76 (brs, 1H), 3.15-3.07 (m,

1H), 1.99-1.86 (m, 1H), 1.67-1.59 (m, 1H); BC-NMR (CDCl;, 101 MHz) & (ppm): 152.24, 146.69,
131.93, 129.81, 129.16, 127.03, 119.22, 118.92, 114.39, 113.69, 102.61, 68.21, 49.04, 43.16, 23.99;
IR (KBr): v 3368, 3052, 2925, 1602, 1503, 1475, 1249, 1190, 1101, 1022, 982, 944, 950, 693 cm™!;
HRMS (ESI) calculated for C;7;H;7O,NBr [M+H]*: 346.04372, found 346.04312; [a]p** = +43.99 (c
0.346, in CH,Cl,); Enantiomeric ratio: 87.5:12.5, determined by HPLC (Daicel Chirapak IC, hexane
/ isopropanol = 90/10, flow rate 0.7 mL/min, T =30 °C, 254 nm): major diastereoisomer: tp,j = 10.644

min, tyi, = 9.822 min.

(3aR,45,9a8)-6-methyl-N-phenyl-3,3a,4,9a-tetrahydro-2 H-furo[2,3-b|chromen-4-amine 3h:
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yield: 60%; d.r. >20:1; (Flash column chromatography eluent, petroleum ether

©\N / ethyl acetate = 10/1); white foam; "TH-NMR (CDC]l;, 400 MHz) 6 (ppm):
Me\(:('j?j> 7.26-7.20 (m, 2H), 7.18 (s, 1H), 7.04-6.99 (m, 1H), 6.86-6.72 (m, 4H), 5.86
o -0 (d,J=5.6Hz 1H),4.96 (d, /= 4.6 Hz, 1H), 3.94-3.90 (m, 1H), 3.88-3.72 (m,
H
3h

2H), 3.13-3.90 (m, 1H), 2.27 (s, 3H), 1.95-1.84 (m, 1H), 1.69-1.60 (m, 1H);
I3C-NMR (CDCl;, 101 MHz) & (ppm): 150.79, 147.16, 131.40, 129.72, 129.44, 126.55, 124.49,
118.46, 117.19, 113.59, 102.41, 68.10, 49.04, 43.41, 24.17, 20.98; IR (KBr): v 3371, 3051, 2925,
1602, 1495, 1244, 1209, 1099, 1028, 982, 952, 905, 821, 750, 693 cm™'; HRMS (ESI) calculated for
CisHyO,N [M+H]": 282.14886, found 282.14857; [a]p?® = +21.51 (¢ 0.327, in CH,Cl,);
Enantiomeric ratio: 84.5:15.5, determined by HPLC (Daicel Chirapak IC, hexane / isopropanol =
90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major diastereoisomer: ty,j = 11.386 min, ty, =

12.661 min.

(3aR,4S5,9a8)-6-chloro-N-phenyl-3,3a,4,9a-tetrahydro-2 H-furo[2,3-b]chromen-4-amine 3i:
©\ yield: 69%; d.r. > 20:1; (Flash column chromatography eluent, petroleum ether

NI-Il_| / ethyl acetate = 10/1); white foam; TH-NMR (CDCl;, 400 MHz) & (ppm): 7.36
CI\©f'j\/> (dd, J= 2.5, 1.1 Hz, 1H), 7.26-7.20 (m, 2H), 7.17 (ddd, J = 8.6, 2.6, 0.7 Hz,
_ o |:| 0 1H), 6.87 (d, J= 8.6 Hz, 1H), 6.85-6.79 (m, 1H), 6.75-6.72 (m, 2H), 5.89 (d, J

’ =5.6 Hz, 1H), 4.94 (d, J = 4.9 Hz, 1H), 3.93 (td, J = 8.8, 3.9 Hz, 1H), 3.89-

3.83 (m, 1H), 3.77 (brs, 1H), 3.15-3.08 (m, 1H), 1.99-1.88 (m, 1H), 1.65-1.58 (m, 1H); 13C-NMR
(CDCl;, 101 MHz) & (ppm): 151.69, 146.72, 129.80, 128.96, 127.07, 126.70, 126.28, 118.89, 118.77,
113.66, 102.67, 68.21, 49.09, 43.22, 24.03; IR (KBr): v 3369, 3052, 2953, 2896, 1602, 1503, 1477,
1249, 1192, 1102, 1022, 982, 751, 693 cm'; HRMS (ESI) calculated for C;;H;7;O,NCI [M+H]":
302.09423, found 302.09386; [a]p?® = +50.89 (¢ 0.317, in CH,Cl,); Enantiomeric ratio: 90:10,
determined by HPLC (Daicel Chirapak IC, hexane / isopropanol = 90/10, flow rate 0.6 mL/min, T =

30 °C, 254 nm): major diastereoisomer: tpm,j = 16.672 min, tyi, = 15.571 min.
©\ (3aR,4S5,9a8)-6-methoxy-/N-phenyl-3,3a,4,9a-tetrahydro-2 H-furo[2,3-
N
MeO |-I|:| blchromen-4-amine 3j: vyield: 44%; dr. = 12:1; (Flash column
\©f'j\/0> chromatography eluent, petroleum ether / ethyl acetate = 10/1); white foam,;
O -
3j H TH-NMR (CDCls, 400 MHz) & (ppm): 7.25-7.18 (m, 2H), 6.94-6.93 (m, 1H),

6.89 (d,J=8.7 Hz, 1H), 6.82 -6.70 (m, 4H), 5.87
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(d, /=59 Hgz, 1H), 4.92 (d, /= 4.0 Hz, 1H), 3.88 (td, J = 8.6, 4.1 Hz, 1H), 3.85-3.77 (m, 2H), 3.72
(s, 3H), 3.16-3.08 (m, 1H), 1.95-1.84 (m, 1H), 1.69-1.58 (m, 1H); ¥C-NMR (CDCl;, 101 MHz)
(ppm): 154.89, 147.03, 146.71, 129.69, 126.60, 118.58, 118.18, 113.73, 113.67, 111.79, 102.66,
68.08, 55.78, 49.37, 43.56, 24.32; IR (KBr): v 3368, 3051, 2951, 1602, 1491, 1271, 1201, 1096,
1034, 984, 819, 751, 694 cm'; HRMS (ESI) calculated for C;sH,00sN [M+H]*: 298.14377, found
298.14330; [a]p?® = +38.80 (¢ 0.238, in CH,Cl,); Enantiomeric ratio: 76.5:23.5, determined by
HPLC (Daicel Chirapak IC, hexane / isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm):

major diastereoisomer: ty,j = 8.173 min, tyi, = 9.190 min.

(3aR,4S5,9a8)-6-bromo-N-(4-bromophenyl)-3,3a,4,9a-tetrahydro-2 H-furo(2,3-b]chromen-4-

Br amine 3k: yield: 59%; d.r. = 10:1; (Flash column chromatography eluent,
\©\N petroleum ether / ethyl acetate = 10/1); white foam; "TH-NMR (CDCls, 400

Br B MHz) 6 (ppm): 7.43 (s, 1H), 7.31 (d, J= 8.7 Hz, 3H), 6.82 (d, /= 8.6 Hz, 1H),
\(;(;I(} 6.61 (d, J = 8.7 Hz, 2H), 5.88 (d, J = 5.6 Hz, 1H), 4.88 (s, 1H), 3.93 (td, J =

3k 8.8, 4.0 Hz, 1H), 3.89-3.83 (m, 1H), 3.81 (brs, 1H), 3.11-3.05 (m, 1H), 1.97-

X

1.85 (m, 1H), 1.69-1.59 (m, 1H); BC-NMR (CDCl;, 101 MHz) & (ppm): 152.22, 145.75, 132.53,
132.10, 129.02, 126.62, 119.37, 115.20, 114.45, 110.51, 102.57, 68.20, 49.17, 43.16, 24.00; IR
(KBr): v 3367, 2954, 2925, 1595, 1493, 1474, 1247, 1228, 1190, 1098, 1024, 982, 815, 737 cm™;
HRMS (ESI) calculated for C7H;c0,NBr, [M+H]*: 423.95423, found 423.95361; [a]p2® = +21.90
(c 0.239, in CH,Cl,); Enantiomeric ratio: 86:14, determined by HPLC (Daicel Chirapak IC, hexane /
isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major diastereoisomer: ty,;j = 12.310

min, ty, = 9.781 min.

(3aR,4S5,9a8)-N-(4-bromophenyl)-6-methyl-3,3a,4,9a-tetrahydro-2 H-furo[2,3-b]chromen-4-
amine 31: yield: 64%; d.r. > 20:1; (Flash column chromatography eluent, petroleum ether / ethyl
Br acetate = 10/1); white foam; "TH-NMR (CDCls, 400 MHz) & (ppm): 7.31 (dd,
\©\NHH J=94,2.6 Hz, 2H), 7.28 (d, /= 1.9 Hz, 1H), 7.17 (dd, J = 8.6, 2.5 Hz, 1H),
Mem 6.87 (d, J = 8.6 Hz, 1H), 6.61 (d, J = 8.8 Hz, 2H), 5.88 (d, J = 5.6 Hz, 1H),
o FI O 488-485 (m, 1H), 3.97-3.74 (m, 3H), 3.13-3.02 (m, 1H), 2.26 (s, 3H), 1.98-
’ 1.86 (m, 1H), 1.60-1.56 (m, 1H); BC-NMR (CDCl;, 101 MHz) & (ppm):
150.78, 146.23, 132.42, 131.51, 129.59, 126.41, 124.14, 117.34, 115.11, 109.98, 102.40, 68.09,

49.21, 43.44, 24.19, 20.99; IR (KBr): v 3367,
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2951, 1594, 1494, 1310, 1278, 1243, 1095, 1074, 1028, 983, 816, 739 cm'!; HRMS (ESI) calculated
for Ci3H;9O,NBr [M+H]": 360.05937, found 360.05923; [a]p?® = +27.95 (¢ 0.464, in CH,Cl,);
Enantiomeric ratio: 81.5:18.5, determined by HPLC (Daicel Chirapak IC, hexane / isopropanol =
70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major diastereoisomer: ty,j = 6.808 min, tyi, =

6.433 min.

(3aR,4S5,9a8)-N-(4-bromophenyl)-6-chloro-3,3a,4,9a-tetrahydro-2 H-furo[2,3-b]chromen-4-
Br amine 3m: yield: 58%; d.r. = 14:1; (Flash column chromatography eluent,
\©\ petroleum ether / ethyl acetate = 10/1); white foam; 'H NMR (400 MHz,
cl NH';' CDCl;) 8(ppm): 7.36-7.27 (m, 3H), 7.17 (dd, J= 8.6, 2.5 Hz, 1H), 6.87 (d, J =
\©f(')ji\/0> 8.6 Hz, 1H), 6.64-6.57 (m, 2H), 5.88 (d, /= 5.6 Hz, 1H), 4.86 (dd, J=7.9, 5.3
3m H Hz, 1H), 3.97-3.89 (m, 1H), 3.89-3.83 (m, 1H), 3.84-3.75 (m, 1H), 3.14-3.03
(m, 1H), 1.96 -1.86 (m, 1H), 1.60-1.55 (m, 1H); 3C-NMR (CDCl;, 101 MHz) & (ppm): 151.67,
145.77,132.52,129.11, 127.14,126.27, 126.13, 118.92, 115.17, 110.47, 102.63, 68.19, 49.22, 43 .21,
24.03; IR (KBr): v 3359, 2953, 2868, 1603, 1466, 1417, 1101, 1026, 976, 934, 818, 502 cm™'; HRMS
(ESI) calculated for C17H;60,NBrC1 [M+H]": 380.00475, found 380.00391; [a]p**=+31.13 (¢ 0.288,
in CH,Cl,); Enantiomeric ratio: 87:13, determined by HPLC (Daicel Chirapak IC, hexane /
isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): major diastereoisomer: tp, = 12.553

min, ty;, = 10.058 min.

(3aR,4S5,9a8)-6-chloro-N-(p-tolyl)-3,3a,4,9a-tetrahydro-2H-furo[2,3-b|chromen- 4-amine 3n:
Me yield: 59%; d.r. = 17:1; (Flash column chromatography eluent, petroleum ether
\©\NHH / ethyl acetate = 10/1); white foam; "TH NMR (400 MHz, CDCls) 8(ppm): 7.34-
Cl 5 7.27 (m, 1H), 7.09 (dd, J= 8.5, 2.1 Hz, 1H), 6.97 (d, /= 8.1 Hz, 2H), 6.79 (d,
\(;(;j:\/(} J=28.6 Hz, 1H), 6.58 (d, J = 8.4 Hz, 2H), 5.80 (d, /= 5.6 Hz, 1H), 4.82 (d, J

H
3n =4.6 Hz, 1H), 3.88-3.72 (m, 2H), 3.57 (s, 1H), 3.09-2.96 (m, 1H), 2.20 (s, 3H),

1.90-1.77 (m, 1H), 1.56-1.49 (m, 1H); 3C-NMR (CDCl;, 101 MHz) 6 (ppm): 151.68, 144.35, 130.26,
128.88, 128.22, 127.03, 126.89, 126.30, 118.71, 113.90, 102.70, 68.19, 49.37, 43.14, 23.98, 20.56;
IR (KBr): v 3413, 2959, 2882, 1615, 1540, 1463, 1313, 1180, 1123, 972, 839, 802 cm''; HRMS
(ESI) calculated for C;gH;90,NCI [M+H]": 316.10988, found 316.10917; [a]p?® = +49.09 (c 0.165,
in CH,Cl,); Enantiomeric ratio: 86:14, determined by HPLC (Daicel Chirapak OJ-H, hexane /

isopropanol = 80/20, flow rate 0.7 mL/min, T =
S-9



30 °C, 254 nm): major diastereoisomer: tp,; = 30.432 min, ty, = 36.569 min.
3. References

1. L. Bernardi, M. Comes-Franchini, M. Fochi, V. Leo, A. Mazzanti, A. Ricci, Adv. Synth. Catal.
2010, 352, 3399.

2. (a)J. Yu, H.-J. Jiang, Y. Zhou, S.-W. Luo, L.-Z. Gong, Angew. Chem. Int. Ed. 2015, 54, 112009.
(b) H.-J. Jiang, K. Liu, J. Yu, L. Zhou, L.-Z. Gong, Angew. Chem., Int. Ed. 2017, 56, 11931.
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4. X-ray single crystal data for 3k

Table S1. Crystal data and structure refinement for 3k

Empirical formula

Ci7H;5Br,NO,
Formula weight 425.12
Temperature/K 290(2)
Crystal system orthorhombic
Space group P2,2,2,
a/lA 6.19070(10)
b/A 15.2739(3)
c/A 17.2701(3)
o/° 90
pre 90
v/° 90
Volume/A3 1632.99(5)
Z 4
Peateg/cm’ 1.729
wmm-! 6.349
F(000) 840.0

Crystal size/mm? 0.290 x 0.250 x 0.250

Radiation CuKa (A =1.54184)

20 range for data collection/° 7.728 to 139.534

Index ranges -7<h<7,-7<k<18,-21 <1<20

Reflections collected 5808

Independent reflections 2978 [Rin; = 0.0301, Rgigma = 0.0383]
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Data/restraints/parameters 2978/0/199

Goodness-of-fit on F? 1.059
Final R indexes [[>=2 (I)] R, = 0.0466, wR, = 0.1233
Final R indexes [all data] R;=0.0472, wR, =0.1244
Largest diff. peak/hole / ¢ A3 0.85/-1.02
Flack parameter -0.006(12)

Table S2. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement

Parameters (A2x10%) for 3k. U, is defined as 1/3 of of the trace of the orthogonalised Uy; tensor.

Atom x y 4 U(eq)
Br2 11500.6(14) 5556.4(4) 4541.6(4) 59.0(3)
Brl 7854(2) 7979.3(6) 513.8(5) 83.1(4)
C12 9811(8) 8386(3) 3704(3) 26.4(9)
01 3338(6) 10193(3) 2903(3) 55.3(12)
N1 9363(6) 9229(3) 3461(3) 34(1)
02 4714(8) 11578(3) 2876(5) 75.6(19)
Cl4 12298(9) 7370(4) 4302(3) 36.5(11)
C9 8288(9) 11107(3) 2903(4) 40.6(12)
C2 7357(9) 8805(3) 1968(3) 35.0(11)
C15 10817(10) 6714(4) 4205(3) 37.6(12)
C4 4330(9) 9681(3) 2345(4) 41.6(13)
Cl 6375(13) 8654(4) 1258(4) 49.6(15)
Cl1 4648(10) 10814(4) 3302(5) 48.8(16)
C6 4326(13) 8987(5) 1100(5) 61(2)
C3 6341(8) 9320(3) 2518(3) 28.8(9)
Cl6 8817(9) 6868(3) 3881(3) 34.3(11)
C17 8317(8) 7707(3) 3627(3) 32.9(10)
C7 7210(7) 9528(3) 3313(3) 28.4(9)
C10 6849(13) 11876(5) 2812(5) 61.6(19)
C8 6971(8) 10515(4) 3441(3) 34.2(10)

S-12



Cs 3330(10) 9510(5) 1641(5) 60(2)

C13 11812(8) 8209(4) 4052(3) 34.8(11)

Table S3. Anisotropic Displacement Parameters (A2x10%) for 3k. The Anisotropic displacement

factor exponent takes the form: -2n?[h?a*?U;;+2hka*b*U/,+...].

Atom
Br2
Brl
C12

Ol
N1
02
Cl4
C9
C2
C15
C4
Cl
Cl1
Cé6
C3
Cl16
C17
Cc7
C10
C8
C5
C13

Ul]
91.1(6)

138.5(10)

24(2)
25.0(16)
20.8(18)

46(2)

33(2)

39(3)

40(3)

51(3)

29(2)

65(4)

36(3)

71(4)
25.0(19)

41(3)

28(2)
19.1(18)

69(4)

35(2)

39(3)

27(2)

U22

35.4(3)
64.0(5)

28(2)
40(2)
30(2)
32(2)
46(3)
24(2)
27(2)
39(3)
28(2)
39(3)
33(3)
49(4)
23(2)
27(2)
28(2)
32(2)
38(3)
31(2)
47(3)
42(3)

Uss
50.4(4)
46.7(4)

27(2)
101(4)
52(3)
148(6)
30(2)
58(3)
38(2)
23(2)
63(4)
45(3)
77(4)
64(4)
38(2)
35(2)
42(2)
34(2)
79(5)
38(2)
94(5)
36(2)

Uy
-1.9(2)
-15.8(3)
1.2(17)
7(2)
8.9(19)
28(3)
3(2)
7(2)
3.1(19)
-2.9(19)
11(2)
8(2)
2(3)
16(3)
6.5(19)

-1.7(19)

47(19)
6.7(19)
17(3)
3(2)
28(4)
-4(2)

Uz

-22.4(4)

10.1(5)
0.1(17)
13(2)

-0.8(18)

-8(3)
-6(2)
12(3)
-1(2)
-3(2)
-6(3)
-11(3)
21(3)
-35(4)
1.3(19)
-5(2)
-10(2)
5.9(17)
19(4)
9(2)
-28(4)
-4(2)

U12
26.0(3)

-17.8(6)

1.6(18)
2.6(17)

-2.3(16)

7(2)

10(2)

1(2)

-3(2)
17(3)
-2(2)
-20(3)
12(2)
-25(4)

-0.6(17)

1(2)
1(2)
1.5(18)
11(3)
3(2)
-11(3)
1Q2)

Table S4. Bond Lengths for 3k.
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Atom  Atom Length/A Atom  Atom Length/A
Br2 C15 1.908(5) C9 C8 1.532(7)
Brl Cl 1.885(8) C2 C3 1.384(7)
Cl12 N1 1.382(6) C2 Cl 1.388(8)
Cl12 Cl17 1.396(7) C15 Cl6 1.379(8)
C12 Cl13 1.403(7) C4 Cs 1.389(10)
01 C4 1.385(8) C4 C3 1.394(7)
01 Cl1 1.427(9) Cl C6 1.394(12)
N1 C7 1.433(6) Cl11 C8 1.528(8)
02 Cl1 1.380(8) C6 C5 1.375(13)
02 C10 1.403(10) C3 C7 1.508(7)
Cl4 Cl15 1.368(9) Cl16 C17 1.389(7)
Cl4 Cl13 1.386(8) C7 C8 1.531(7)
C9 C10 1.483(8)

Table S5. Bond Angles for 3k.

Atom Atom Atom Angle/® Atom Atom Atom Angle/®
N1 Cl12 C17 122.0(4) 02 Cl1 01 108.7(7)
N1 Cl12 Ci3 119.1(5) 02 Cl1 C8 108.0(5)
C17 Cl12 C13 118.9(5) 01 Cl1 C8 114.3(5)
C4 O1 Cl1 117.4(4) C5 C6 Cl 119.2(7)
Cl2 NI C7 122.6(4) C2 C3 C4 118.9(5)
Cl1 02 C10 110.2(5) C2 C3 C7 125.6(4)
Cl1s Cl14 (i3 119.6(5) C4 C3 C7 115.5(5)
C10 C9 C8 102.2(5) Cl5s Cl6 C17 119.0(5)
C3 C2 Cl 120.1(6) Cl6 Cl17 Cl12 120.5(5)
Cl4 CI5 Cle6 121.7(5) N1 C7 C3 115.3(4)
Cl4 CI15 Br2 119.5(4) N1 C7 C8 112.2(4)
Cl6 CI15 Br2 118.7(5) C3 C7 C8 107.8(4)
O1 C4 C5 121.2(5) 02 Cl0 C9 107.5(5)
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01 C4 C3 118.0(5) Cl1 C8 C7 111.2(5)

Cs C4 C3 120.8(6) Cl11 C8 C9 103.3(5)

C2 Cl C6 120.7(7) C7 C8 C9 116.2(4)

C2 Cl Brl 118.7(6) Cé6 Cs C4 120.2(6)

C6 Cl Brl 120.5(6) Cl4 C13 Cl12 120.2(5)
Table S6. Hydrogen Bonds for 3k.

D H A d(D-H)/A d(H-A)/A d(D-A)/A D-H-A/°
N1 H1 Ol 0.86 2.20 3.026(6) 160.2

Table S7. Torsion Angles for 3k.

A B C D Angle/ A B C D Angle/
Cl17 Cl12 NI C7 17.3(8) Cl2 N1 C7 (3 -84.0(6)
Cl13 Cl12 NI (C7 -161.5(5) Cl2 N1 C7 C8 152.0(5)
Cl13 Cl14 CI5 Clé6 -1.7(8) C2 C3 C7 NI 6.5(7)
Cl13 Cl14 CI5 Br2 179.5(4) C4 C3 C7 NI -174.2(4)
Cl1 01 ¢C4 G5 -137.9(6) c2 C3 C7 C8 132.7(5)
Cl1 01 ¢C4 (3 43.9(7) c4 C3 C7 C8 -47.9(5)
C3 C2 Cl1 Ceo -2.6(8) Cl1 02 C10 €9 25.0(10)
C3 C2 Cl1 Brl 178.0(4) c8 C9 Ci10 02 -30.3(8)
Clo0 02 Cl11 Ol -132.8(7) 02 Cl1 C8 (7 -136.2(6)
Ccl1o 02 CI11 C8 -8.2(9) o1 cC11 Cc8 (7 -15.1(7)
Cc4 O1 Cl1 02 86.2(6) 02 Cl1 C8 (9 -10.9(7)
C4 Ol Cl11 C8 -34.5(8) O01 C11 C8 (9 110.3(6)
cC2 C1 Cé6 C5 3.6(9) NI C7 C8 Cl1 -178.3(5)
Brl C1 C6 C5 -177.0(5) Cc3 C7 C8 Cl1 53.7(5)
Cl C2 C3 c4 -0.1(7) NI C7 C8 (9 63.9(6)
cl C2 C3 (7 179.3(5) c3 C7 C8 (9 -64.1(6)
01 C4 C3 (2 179.9(5) Clo C9 C8 Cll1 24.2(7)
Cs C4 C3 2 1.7(8) Cclo C9 C8 (7 146.3(6)
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Ol C4 C3 C7 0.4(7) Cl C6 C5 C4 -2.0(10)

C5 C4 C3 C7 -177.8(5) Ol C4 C5 C6 ~178.8(6)
Cl4 Cl15 Cl6 Cl7 1.8(8) C3 C4 C5 C6 -0.6(9)
Br2 Cl5 Cl6 Cl17 ~179.4(4) Cl5 Cl4 CI3 CI2 0.3(8)
Cl5 Cl6 Cl17 CI2 -0.4(8) N1 Cl2 CI3 Cl4 179.9(5)
N1 Cl2 Cl17 Cl6 -179.7(5) Cl7 Cl2 CI3 Cl4 1.0(7)
C13 Cl2 Cl17 Cl6 -0.9(8)

Table S8. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters

(A2x10°) for 3k.
Atom x y z U(eq)
H1 10418 9587 3397 41
H14 13622 7253 4534 44
H9A 9654 11271 3137 49
H9B 8560 10825 2409 49
H2 8700 8560 2075 42
H11 3978 10941 3804 59
H6 3641 8857 635 73
H16 7818 6416 3833 41
H17 6977 7817 3405 39
H7 6263 9237 3688 34
H10A 7150 12306 3211 74
H10B 7076 12148 2311 74
HS8 7363 10650 3978 41
H5 1982 9751 1535 72
H13 12816 8657 4115 42
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5. Selected NMR and HPLC
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