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1. General methods
NMR data were obtained for 'H at 400 MHz, and for BC at 100 MHz. Chemical shifts were

reported in ppm from tetramethylsilane with the solvent resonance as the internal standard in CDCl;
solution. ESI-HRMS was recorded on a Bruker Apex-2. In each case, enantiomeric excess was
determined by HPLC analysis on Chiralpak AS, IC, AD and Chiralcel OD columns in comparison
with authentic racemic samples. UV detection was monitored at 220 nm. Optical rotation data were
examined at 589 nm in CHClI; solution at 20 °C. Column chromatography was performed on silica
gel (200-300 mesh) eluting with ethyl acetate and petroleum ether. TLC was performed on
glass-backed silica plates. UV light and I, were used to visualize products. All chemicals were used
without purification as commercially available unless otherwise noted. All types of
3-bromo-1-indanone were prepared from substituted benzaldehyde and Meldrum’s acid according
to literature procedures." The secondary amine catalysts were also synthesized according to the
literature procedures.

(1) N. Griebenow, T. Flessner, A. Buchmueller, M. Raabe, H. Bischoff and P. Kolkhof, Bioorg. Med.
Chem. Lett., 2011, 21, 2554.

(2) (a) M. Marigo, T. C. Wabnitz, D. Fielenbach and K. A. Jergensen, Angew. Chem., Int. Ed., 2005,
44,794; (b) Y. Hayashi, H. Gotoh, T. Hayashi and M. Shoji, Angew. Chem., Int. Ed., 2005, 44, 4212;

(c) Y.-K. Liu, C. Ma, K. Jiang, T.-Y. Liu and Y.-C. Chen, Org. Lett., 2009, 11, 2848.

2. General procedure for cascade Diels—Alder and benzoin reaction

The reactions were performed with 3-bromo-1-indanone 3 (0.2 mmol), 2,4-dienal 4 (0.1 mmol),
amine catalyst 1b (0.02 mmol), carbene precursor 2 (0.02 mmol) and PhCOONa (0.3 mmol) in
CHCIs (1 mL) at 55 °C for a specified reaction time. After the reaction completed, the mixture was
concentrated and the residue was purified by flash chromatography on silica gel (petroleum

ether/ethyl acetate) to afford fused indane derivative 5.

(2aR,2a'S,5aR,9bR)-9b-hydroxy-3-phenyl-2,2a,2a’ 5,5a,9b-hexahydro-1H
-cyclopenta[jk]fluoren-1-one (5a): 4 h; 57% yield; [o]p”" = -160.2 (¢ = 0.60

in CHCl3); 89% ee, determined by HPLC analysis [Daicel Chiralpak AD,
nhexane/iPrOH = 70/30, 1.0 mL/min, A = 254 nm, t (major) = 12.02 min, t
(minor) = 9.49 min]; '"H NMR (400 MHz, CDCls): & = 7.39-7.35 (m, 1H), 7.30-7.19 (m, 8H), 6.08
(t, J=4.8 Hz, 1H), 3.87 (dd, J = 13.6, 7.2 Hz, 1H), 3.65 (dd, J =20.4, 10.0 Hz, 1H), 3.28 (t,J=9.2
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Hz, 1H), 2.89-2.81 (m, 1H), 2.60-2.54 (m, 2H), 2.08 (dd, J = 17.6, 11.2 Hz, 1H) ppm; *C NMR
(100 MHz, CDCls): & = 215.0, 148.2, 142.2, 141.1, 140.3, 130.1, 128.3, 127.8, 127.1, 125.9, 123.7,
123.5, 123.3, 89.0, 48.8, 41.5, 39.4, 31.2, 26.9 ppm; ESI-HRMS: calcd. for C5;H;g0,+Na: 325.1204,
found 325.1202.

(2aR,2a's,5aR,9bR)-8-fluoro-9b-hydroxy-3-phenyl-2,2a,2a’,5,5a,9b-hex
ahydro-1H-cyclopenta[jk]fluoren-1-one (5b): 3 h; 52% vyield; [a]p™ =
-183.0 (c = 0.20 in CHCI3); 90% ee, determined by HPLC analysis [Daicel

Chiralcel OD, nhexane/iPrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major)
=20.53 min, t (minor) = 12.72 min]; '"H NMR (400 MHz, CDCls): § = 7.31-7.20 (m, 6H), 7.05 (td,
J=28.8,2.4 Hz, 1H), 6.91 (dd, J=8.0, 2.0 Hz, 1H), 6.08 (t, J = 4.8 Hz, 1H), 3.86-3.83 (m, 1H), 3.66
(dd, J =20.0, 10.0 Hz, 1H), 3.30 (t, J = 9.2 Hz, 1H), 2.87-2.82 (m, 1H), 2.59 (dd, J = 18.0, 8.8 Hz,
1H), 2.54 (dt, J = 17.2, 5.6 Hz, 1H), 2.11 (dd, J = 18.0, 12.0 Hz, 1H) ppm; *C NMR (100 MHz,
CDCly): 6 = 214.7, 163.8, 161.3, 143.9, 143.7, 141.0, 140.4, 135.6, 130.1, 128.4, 127.2, 125.9,
125.0, 124.9, 123.3, 117.5, 117.2, 110.3, 110.1, 88.1, 49.3, 41.6, 38.9, 31.3, 27.1 ppm; ESI-HRMS:
calcd. for C,;H7FO,+H: 321.1291, found 321.1293.

(2aR,2a'S,5aR,9bR)-9-chloro-9b-hydroxy-3-phenyl-2,2a,2a',5,5a,9b-hexah
ydro-1H-cyclopenta[jk]fluoren-1-one (5¢): 4 h; 36% yield; [a]p*’ = -57.5 (¢
=0.12 in CHCl3); 91% ee, determined by HPLC analysis [Daicel Chiralpak IC,

nhexane/iPrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) = 13.08 min, t
(minor) = 20.92 min]; 'H NMR (400 MHz, CDCl3): & = 7.33-7.20 (m, 8H), 6.06 (t, J = 4.4 Hz, 1H),
3.89 (dd, J = 13.2, 6.8 Hz, 1H), 3.57 (dd, J = 20.4, 10.0 Hz, 1H), 3.20 (dd, J = 10.4, 8.8 Hz, 1H),
2.86-2.81 (m, 1H), 2.64-2.56 (m, 2H), 2.13 (dd, J = 16.8, 12.0 Hz, 1H) ppm; >C NMR (100 MHz,
CDCl3): 6 = 211.8, 150.9, 140.9, 140.3, 139.6, 139.0, 130.9, 128.7, 128.4, 127.2, 126.0, 123.1,
122.2, 89.1, 48.3, 41.3, 39.5, 30.6, 26.5 ppm; ESI-HRMS: calcd. for C,;H;7C1O,+Na: 359.0815,
found 359.0816.

HQ (2aR,2a'S,5aR,9bR)-7-chloro-9b-hydroxy-3-phenyl-2,2a,2a',5,5a,9b-h

...H exahydro-1H-cyclopenta[jk]fluoren-1-one (5d): 3 h; 49% yield; [a]p™ =
Ph
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-282.6 (¢ = 0.14 in CHCl3); 89% ee, determined by HPLC analysis [Daicel Chiralpak IC,
nhexane/iPrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) = 8.08 min, t (minor) = 11.17 min]; 'H
NMR (400 MHz, CDCl3): & = 7.30-7.20 (m, 7H), 7.14 (d, J = 8.4 Hz, 1H), 6.07 (t, J = 4.0 Hz, 1H),
3.87(dd, J=13.2, 7.2 Hz, 1H), 3.65 (dd, J = 20.4, 10.0 Hz, 1H), 3.29 (t, J = 9.6 Hz, 1H), 2.86-2.82
(m, 1H), 2.62-2.54 (m, 2H), 2.05 (dd, J = 17.6, 12.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCls): &
= 214.6, 150.2, 140.7, 136.2, 133.7, 130.1, 128.4, 128.2, 127.2, 125.9, 124.5, 124.1, 123.1, 88.4,
489, 414, 39.3, 31.0, 26.6 ppm; ESI-HRMS: caled. for C,;H;;ClO,+Na: 359.0815, found
359.0816.

(2aR,2a'S,5aR,9bR)-6-chloro-9b-hydroxy-3-phenyl-2,2a,2a',5,5a,9b-hexah
ydro-1H-cyclopenta[jk]fluoren-1-one (5e): 2 h; 61% yield; [a]p>’ = -263.0 (¢
= 0.60 in CHCl3); 89% ee, determined by HPLC analysis [Daicel Chiralpak IC,

nhexane/iPrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) = 6.87 min, t
(minor) = 7.60 min]; 'H NMR (400 MHz, CDCls): & = 7.41-7.22 (m, 8H), 6.38 (dd, J = 7.2, 2.8 Hz,
1H), 3.83-3.71 (m, 2H), 3.39-3.34 (m, 2H), 2.82 (dd, J = 18.0, 8.0 Hz, 1H), 2.46 (dd, J =18.4, 12.8
Hz, 1H), 2.08-2.01 (m, 1H) ppm; *C NMR (100 MHz, CDCls): § = 216.0, 145.8, 143.7, 141.3,
140.6, 133.7, 130.2, 129.5, 128.6, 127.3, 125.1, 124.3, 122.3, 89.1, 51.5, 42.6, 41.3, 34.1, 27.3 ppm;
ESI-HRMS: caled. for C,1H;7C10,+Na: 359.0815, found 359.0814.

(2aR,2a's,5aR,9bR)-8-bromo-9b-hydroxy-3-phenyl-2,2a,2a',5,5a,9b-h
exahydro-1H-cyclopenta[jk]fluoren-1-one (5f): 3 h; 55% yield; [a]p™ =
-95.3 (¢ = 0.32 in CHCl3); 89% ee, determined by HPLC analysis [Daicel

Chiralcel OD, nhexane/iPrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major)
= 23.31 min, t (minor) = 15.04 min]; 'H NMR (400 MHz, CDCl3): 6 = 7.48 (dd, J = 8.0, 5.6 Hz,
1H), 7.34 (d, J = 1.6 Hz, 1H), 7.30-7.16 (m, 6H), 6.07 (t, J = 4.4 Hz, 1H), 3.82 (dd, J=13.2, 7.2 Hz,
1H), 3.65 (dd, J = 20.4, 10.4 Hz, 1H), 3.28 (t, J = 9.6 Hz, 1H), 2.88-2.82 (m, 1H), 2.64-2.52 (m,
1H), 2.09 (dd, J = 18.0, 12.0 Hz, 1H) ppm; °C NMR (100 MHz, CDCl3): & = 214.4, 147.1, 144.3,
141.0, 140.4, 133.1, 130.1, 128.4, 127.2, 126.6, 125.9, 125.3, 123.2, 88.6, 48.9, 41.5, 39.1, 31.1,
26.7 ppm; ESI-HRMS: calcd. for C,;H7BrO,+H: 381.0490, found 381.0490.
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(2aR,2a'S,5aR,9bR)-8-methyl-9b-hydroxy-3-phenyl-2,2a,2a*,5,5a,9b-he
xahydro-1H-cyclopenta[jk]fluoren-1-one (5g): 3 h; 65% yield; [a]p™’ =
-140.0 (c = 0.20 in CHCI3); 90% ee, determined by HPLC analysis [Daicel

Chiralcel OD, nhexane/iPrOH = 70/30, 1.0 mL/min, A = 254 nm, t (major)
= 13.11 min, t (minor) = 9.31 min]; "H NMR (400 MHz, CDCls): § = 7.30-7.17 (m, 7H), 7.02 (s,
1H), 6.08 (t, J =4.8 Hz, 1H), 3.84 (dd, J = 13.6, 7.2 Hz, 1H), 3.64 (dd, J = 20.0, 10.0 Hz, 1H), 3.26
(t, J=9.2 Hz, 1H), 2.86-2.80 (m, 1H), 2.59-2.52 (m, 2H), 2.31 (s, 3H), 2.09 (dd, J = 17.6, 12.0 Hz,
1H) ppm; °C NMR (100 MHz, CDCl3): § = 215.2, 145.3, 142.2, 141.2, 140.2, 137.7, 131.0, 128.3,
127.1, 125.9, 123.6, 123.5, 123.4, 89.0, 49.0, 41.5, 39.0, 31.2, 27.0, 21.2 ppm; ESI-HRMS: calcd.
for Cy,Hz00,+Na: 339.1361, found 339.1352.

(2aR,2a'S,5aR,9bR)-7-methyl-9b-hydroxy-3-phenyl-2,2a,2a*,5,5a,9b-he
xahydro-1H-cyclopenta[jk]fluoren-1-one (5h): 4 h; 55% yield; [o]p™ =

pp -186.9 (¢ =0.16 in CHCL;); 87% ee, determined by HPLC analysis [Daicel
Chiralpak AD, nhexane/iPrOH = 70/30, 1.0 mL/min, A = 254 nm, t (major)
= 14.99 min, t (minor) = 9.58 min]; 'H NMR (400 MHz, CDCls): & = 7.32-7.26 (m, 3H), 7.23-7.21
(m, 2H), 7.11-7.04 (m, 3H), 6.08 (t, J = 4.8 Hz, 1H), 3.84 (dd, J = 14.0, 7.2 Hz, 1H), 3.65 (dd, J =
20.4, 10.0 Hz, 1H), 3.27 (t, J = 9.2 Hz, 1H), 2.85-2.80 (m, 1H), 2.60-2.52 (m, 2H), 2.38 (s, 3H),
2.09 (dd, J =17.6, 12.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCls): & = 214.8, 148.4, 141.0, 140.0,
139.2, 128.6, 128.1, 126.9, 125.7, 124.1, 123.3, 122.8, 88.7, 48.9, 41.3, 39.1, 31.0, 26.6, 21.3 ppm;

ESI-HRMS: calcd. for C,oH,00,+Na: 339.1361, found 339.1352.

(2aR,2a'S,5aR,9bR)-6-methyl-9b-hydroxy-3-phenyl-2,2a,2a*,5,5a,9b-hexa
hydro-1H-cyclopenta[jk]fluoren-1-one (5i): 4 h; 57% vyield; [a]p™ = -208.1
= 0.16 in CHCl3); 88% ee, determined by HPLC analysis [Daicel Chiralcel

OD, nhexane/iPrOH = 90/10, 1.0 mL/min, A = 254 nm, t (major) = 21.70
min, t (minor) = 19.54 min]; '"H NMR (400 MHz, CDCls): § = 7.42-7.15 (m, 8H), 6.37 (dd, J = 7.6,
3.2 Hz, 1H), 3.79-3.70 (m, 2H), 3.33 (t, J = 9.6 Hz, 1H), 3.12 (dt, J = 16.4, 7.2 Hz, 1H), 2.77 (ddd,
J=18.0, 8.0, 1.2 Hz, 1H), 2.47 (dd, J = 18.0, 13.2 Hz, 1H), 2.40 (s, 3H), 2.03 (ddd, J = 16.4, 10.4,
3.2 Hz, 1H) ppm; >C NMR (100 MHz, CDCl3): & = 216.5, 147.0, 141.6, 141.4, 140.7, 134.4, 131.2,

128.6, 128.2, 127.3, 125.1, 124.2, 121.2, 89.0, 51.7, 42.6, 41.0, 34.3, 28.2, 19.1 ppm; ESI-HRMS:
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calcd. for CyyH»0O,+Na: 339.1361, found 339.1353.

(2aR,2a'S,5aR,9bR)-9b-hydroxy-3-phenyl-8-(trifluoromethoxy)-2,2
a,2a’,5,5a,9b-hexahydro-1H-cyclopenta[jk]fluoren-1-one (5j): 4 h;
57% yield; [a]p™ =-161.2 (¢ = 0.30 in CHCl;); 85% ee, determined by

HPLC analysis [Daicel Chiralpak AD, nhexane/iPrOH = 70/30, 1.0
mL/min, A = 254 nm, t (major) = 9.39 min, t (minor) = 7.50 min]; 'H NMR (400 MHz, CDCl3): & =
7.48 (t,J= 8.0 Hz, 1H), 7.36 (dd, J = 8.4, 2.4 Hz, 1H), 7.29-7.21 (m, 6H), 6.10 (t, J = 4.4 Hz, 1H),
3.87 (dd, J = 14.0, 6.4 Hz, 1H), 3.67 (dd, J = 20.0, 10.0 Hz, 1H), 3.35-3.31 (m, 1H), 2.90-2.84 (m,
1H), 2.63 (dd, J = 18.0, 8.4 Hz, 1H), 2.56 (dt, J = 17.2, 5.6 Hz, 1H), 2.17-2.05 (m, 1H) ppm; "°C
NMR (100 MHz, CDCls): 6 = 214.7, 151.9, 147.0, 143.5, 140.9, 140.5, 133.7, 130.2, 128.5, 128.4,
127.3, 125.8, 124.5, 123.2, 117.8, 88.6, 49.4, 41.6, 39.2, 31.5, 27.0 ppm; ESI-HRMS: calcd. for
CxH,7F505+K: 425.0767, found 425.0769.

(2aR,2a'S,5aR,9bR)-9b-hydroxy-3-methyl-2,2a,2a’,5,5a,9b-hexahydro-1H-c
yclopenta[jk]fluoren-1-one (5k): 5 h; 66% yield; [a]p®® = -226.3 (¢ = 0.16 in
CHCls); 88% ee, determined by HPLC analysis [Daicel Chiralpak IC,

nhexane/iPrOH = 95/5, 1.0 mL/min, A = 220 nm, t (major) = 27.31 min, t (minor)
= 36.38 min]; "H NMR (400 MHz, CDCls): & = 7.35 (td, J = 8.0, 1.2 Hz, 1H), 7.26-7.16 (m, 3H),
5.46 (d, J=1.2 Hz, 1H), 3.86 (dd, J = 10.4, 6.8 Hz, 1H), 3.07 (dd, J = 11.2, 8.0 Hz, 1H), 2.89 (dd, J
=20.4, 10.4 Hz, 1H), 2.59-2.56 (m, 2H), 2.52 (dd, J = 16.8, 8.8 Hz, 1H), 2.10 (dd, J = 16.8, 11.2 Hz,
1H), 1.58 (s, 3H) ppm; >C NMR (100 MHz, CDCLs): § = 214.9, 148.2, 142.7, 134.7, 130.0, 127.7,
123.5, 122.9, 119.3, 89.0, 47.3, 40.1, 39.0, 32.4, 25.1, 22.2 ppm; ESI-HRMS: calcd. for
C16H160,+K: 279.0787, found 279.0787.

(2aR,2a'S,5aR,9bR)-9b-hydroxy-3-ethyl-2,2a,2a*,5,5a,9b-hexahydro-1H-cy
clopenta[jk]fluoren-1-one (51): 4 h; 72% yield; [a]p™’ = -178.3 (¢ = 0.24 in
CHCl3); 86% ee, determined by HPLC analysis [Daicel Chiralpak IC,

nhexane/iPrOH = 95/5, 1.0 mL/min, A = 220 nm, t (major) = 23.63 min, t
(minor) = 32.62 min]; "H NMR (400 MHz, CDCls): 6 =7.34 (td, J =7.2, 1.6 Hz, 1H), 7.26-7.20 (m,

3H), 5.51 (s, 1H), 3.81 (dd, J = 12.4, 7.2 Hz, 1H), 3.09 (dd, J = 10.4, 8.4 Hz, 1H), 3.00 (dd, J = 20.0,
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10.0 Hz, 1H), 2.68-2.62 (m, 1H), 2.53 (dd, J = 17.2, 8.8 Hz, 1H), 2.46 (dt, J = 17.2, 4.4 Hz, 1H),
2.14 (dd, J=17.2, 11.6 Hz, 1H), 1..92 (qd, J = 15.6, 8.0 Hz, 1H),0.97 (t, J = 15.6 Hz, 1H) ppm; "°C
NMR (100 MHz, CDCly): & = 215.4, 148.5, 142.4, 140.8, 130.0, 127.7, 123.7, 123.1, 117.7, 89.0,
48.0, 40.4, 39.6, 31.8, 28.7, 25.8, 12.1 ppm; ESI-HRMS: calcd. for C7H;50,+K: 293.0944, found
293.0946.

(2aR,2a'S,5aR,9bR)-9b-hydroxy-4-methyl-2,2a,2a",5,5a,9b-hexahydro-1H-cy
clopenta[jk]fluoren-1-one (5m): 4 h; 42% yield; [o]p™ = -176.7 (¢ = 0.06 in
CHCl); 86% ee, determined by HPLC analysis [Daicel Chiralpak AD,

nhexane/iPrOH = 95/5, 1.0 mL/min, A = 220 nm, t (major) = 27.16 min, t (minor)
=23.59 min]; "H NMR (400 MHz, CDCls): & = 7.34 (td, J = 8.0, 1.6 Hz, 1H), 7.21 (dd, J = 14.4,
3.6 Hz, 1H, 3H), 5.20 (s, 1H), 3.94-3.93 (m, 1H), 3.06-3.00 (m, 2H), 2.62 (dd, J = 18.0, 9.2 Hz, 1H),
2.50 (d, J = 3.2 Hz, 2H), 2.08 (dd, J = 18.0, 8.0 Hz, 1H), 1.66 (s, 3H) ppm; *C NMR (100 MHz,
CDCl): 6 = 215.8, 148.0, 142.6, 133.6, 130.1, 127.6, 123.7, 123.1, 123.0, 88.7, 47.1, 42.3, 40.1,
29.6, 28.3, 24.5 ppm; ESI-HRMS: calcd. for C;sH60,+K: 279.0787, found 279.0789.

(2aR,2a'S,5R,5aR,9bR)-9b-hydroxy-5-methyl-3-phenyl-2,2a,2a*,5,5a,9b-he
xahydro-1H-cyclopenta[jk]fluoren-1-one (5n): 4 h; 29% yield; [a]p™ =
-75.5 (c = 0.20 in CHCIl3); 91% ee, determined by HPLC analysis [Daicel

Chiralpak IC, nhexane/iPrOH = 95/5, 1.0 mL/min, A = 254 nm, t (major) =
28.31 min, t (minor) = 45.71 min]; '"H NMR (400 MHz, CDCls): & = 7.53 (d, J = 7.6 Hz, 1H), 7.30
(td, J=7.6, 1.2 Hz, 1H), 7.21-7.10 (m, 5H), 7.00 (d, J = 6.8 Hz, 2H), 5.72 (t, J = 2.4 Hz, 1H), 4.01
(t, J=5.6 Hz, 1H), 3.60-3.52 (m, 1H), 3.27 (dd, J = 11.6, 6.8 Hz, 1H), 2.95-2.93 (m, 1H), 2.58 (dd,
J=18.0, 10.0 Hz, 1H), 1.97 (dd, J = 18.0, 10.0 Hz, 1H), 1.63 (d, J = 7.6 Hz, 3H) ppm; °C NMR
(100 MHz, CDCl3): 6 = 214.9, 146.3, 143.9, 141.0, 140.4, 130.5, 129.9, 128.1, 127.6, 126.9, 126.7,
125.8, 123.1, 88.0, 50.0, 46.0, 41.3, 31.5, 29.7, 20.0 ppm; ESI-HRMS: calcd. for CyH00,+K:
355.1100, found 355.1102.

3. More screenings with two 2-bromoindanones
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O 0
Br
A B
Except 3-bromoindanones 3, two 2-bromoindanones A and B were tested under the optimized
conditions, but there was no reaction between both substrates and 2,4-dienal 4a. In this process, we

found these two substrates couldn’t even be eliminated with PhCOONa. So we tested other bases,

including AcONa, triethylamine and pyridine, but no desired product was detected.

4. Sequential transformations with the Diels—Alder intermediate

0 1b (20 mol%)
PhCO,Na (2 equi i
©:‘§ N OHO 2Na (2 equiv)  pCC, silica
Ph CHCl3, 55°C,5h  55°C

Br
3a 4a 6 45% for 2 steps

dr=4.6:1, 89% ee

The reaction was performed with 3-bromo-1-indanone 3a (0.2 mmol), 2,4-dienal 4a (0.1 mmol),
amine catalyst 1b (0.02 mmol) and PhnCOONa (0.2 mmol) in CHCl; (1 mL) at 55 °C for 4 h. Then,
to the mixture was added PCC (0.3 mmol) and silica at 55 °C. After the reaction completed, the
reaction was concentrated and the residue was purified by flash chromatography on silica gel
(petroleum ether/ethyl acetate) to afford lactone 6.
(3aS,6aS)-4-phenyl-3,3a,6,6a-tetrahydro-2H-indeno[1,2,3-ijlisochromen-2-one  (6): [o]p? =
-28.9 (¢ = 0.18 in CHCls); 89% ee, determined by HPLC analysis [Daicel Chiralcel OD,
nhexane/iPrOH = 70/30, 1.0 mL/min, A = 254 nm, t (major) = 10.63 min, t (minor) = 13.32 min]; dr
=4.6:1, determined by 'H NMR analysis; 'H NMR (400 MHz, CDCl3): 6 =7.69 (t, J = 8.0 Hz, 2H),
7.56 (d,J=17.6, 1H), 7.50-7.26 (m, 4H), 7.09 (dd, J = 8.0, 2.0 Hz, 2H), 5.68-5.64 (m, 1H), 3.86 (t, J
= 8.4 Hz, 1H), 3.73-3.66 (m, 1H), 3.61-3.59 (m, 1H), 3.01-2.95 (m, 1H), 2.83 (dd, J = 16.0, 7.2 Hz,
1H), 2.61 (dd, J = 16.0, 7.2 Hz, 1H) ppm; °C NMR (100 MHz, CDCls): & = 175.9, 156.4, 140.9,
137.7, 136.7, 135.0, 134.7, 133.7, 128.6, 128.5, 127.8, 126.8, 125.8, 124.2, 124.0, 44.8, 41.0, 32.7,
31.6 ppm; ESI-HRMS: calcd. for C,1H;60,+K: 339.0787, found 339.0789.
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0]

1b (20 mol%)
@i} . /\/\/CHO PhCO,Na (2 equw)‘ MeNH, -
2 Ph CHCI3, 55°C,5h  NaBH(AcO)s;, THF
]
3a 4a 7 57% for 2 steps

dr>19:1, 88% ee
The reaction was performed with 2,4-dienal 4a (0.1 mmol), 3a (0.2 mmol), catalyst 1b (0.02

mmol), and PhCOONa (0.2 mmol) in CHCI; (1 mL) at 55 °C for 4 h. Then, the mixture was
concentrated and re-dissolved in 1 mL THF. To the solution of DA intermediate was added MeNH,»
(1 mmol) and NaBH(AcO); (0.2 mmol) at 0 °C. After the reaction completed, the reaction was
concentrated and the residue was purified by flash chromatography on silica gel (petroleum
ether/ethyl acetate) to afford enamine 7 in 57% yield.
(3aS,6aS)-1-methyl-4-phenyl-1,2,3,3a,6,6a-hexahydroindeno[1,2,3-ijJisoquinoline (7): [a]p™’ =
-50.0 (¢ = 0.06 in CHCl;); 88% ee, determined by HPLC analysis [Daicel Chiralpak AD,
nhexane/iPrOH = 95/5, 1.0 mL/min, A = 254 nm, t (major) = 6.61 min, t (minor) = 6.04 min]; 'H
NMR (400 MHz, CDCls): 6 = 7.49 (d, J = 7.6 Hz, 1H), 7.44 (d, J = 7.6, 1H), 7.38-7.27 (m, 6H),
7.18 (t, J = 7.2 Hz, 1H), 5.96 (d, J = 5.6 Hz, 1H), 3.83-3.82 (m, 1H), 3.39 (t, J = 8.8 Hz, 1H),
3.22-3.14 (m, 2H), 3.05-2.97 (m, 1H), 2.95 (s, 3H), 1.95 (dt, J = 13.2, 2.4 Hz, 1H), 1.75-1.68 (m,
1H), 1.33-1.24 (m, 1H) ppm; *C NMR (100 MHz, CDCls): & = 150.2, 148.6, 143.4, 141.3, 140.8,
140.7, 128.3, 126.8, 126.3, 126.2, 124.1, 123.8, 123.1, 119.5, 53.7, 41.4, 40.8, 34.7, 31.1, 27.2 ppm;
ESI-HRMS: calced. for CooHyN+H: 300.1752, found 300.1753.

5. Crystal data and structure refinement for 2,4-dinitrobenzenehydrazone of 5a

Identification code 5a
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Empirical formula Cy7H2,05N,
Formula weight 482.49
Temperature 150(2)

Crystal system Orthorhombic
Space group P2,2,2,

a/A, b/A, c/A 6.08870(10), 18.70010(10), 19.54790(10)
a/®, B/°, v/°, 90.00, 90.00, 90.00
Volume/A’ 2225.71(4)

z 4

PealcMg/ mm’ 1.440

m/mm’’ 0.836

F(000) 1008

Crystal size 0.36 x 0.30 x 0.24

Theta range for data collection  3.27 to 69.54°

Index ranges -7<h<6,-22<k<22,-23<1<23
Reflections collected 16749

Independent reflections 4134[R(int) = 0.0164]
Data/restraints/parameters 4134/0/326

Goodness-of-fit on F> 1.069

Final R indexes [[>20 (I)] R; =0.0256, wR, = 0.0669

Final R indexes [all data] R; =0.0258, wR, = 0.0672
Largest diff. peak/hole 0.129/-0.175
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0.40]
0.20]
0.00]
200 " aod 7" sed " and 10.00 12.00 14.00
Minutes
RT Area o Height %
(min) | @visec) | 2A2 | (V) | Height
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0.90]
0.80
0.70-
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0_40-:
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0.20
. =
] &
0.107 &
0 VANR
200 " apd 7 sod '8.00 10.00 12.00 1400
Minutes
RT Area o Height | %
(min) | @visec) | °A™® | wv) | Height
1] 9.494 | 1162407 543 | 66765| 6.60
2(12.018 | 20248317 | 94.57 |944784 | 93.40
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1113.098 | 7661198 50.54 | 285051 | 61.30
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] 3
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