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General experimental procedures

All reactions utilizing air- and moisture-sensitive reagents were performed in dried
glassware under an atmosphere of dry nitrogen. Ethereal solvents (THF, Et,0) were
distilled from benzophenone ketyl. Dichloromethane and 1,2-dichloroethane were
distilled over CaH,. Benzene and toluene were distilled over CaH,, and stored over 4A
molecular sieves. N,N-Dimethylformamide (DMF) was distilled over CaH,, and
stored over 4A molecular sieves.

For thin-layer chromatography (TLC) analysis, Merck pre-coated plates (silica gel
60 F,s,, Art 5715,0.25 mm) were used. Column chromatography and preparative TLC
(PTLC) were performed on PSQ 60B, Fuji Silysia Chemical Ltd. and Wakogel B-5F,
Wako Pure Chemical Industries, respectively.

Melting point (mp) determinations were performed by using a AS ONE ATM-01
instrument and are uncorrected. 'H NMR, “C NMR, F NMR, and *'P NMR were
measured on a varian-400 MR (Varian Ltd., 400 MHz) spectrometer. Chemical shifts
are expressed in parts per million (ppm) downfield from internal standard
(tetramethylsilane for 'H, and C(F, for "’F, 0.00 ppm), and coupling constants are
reported as hertz (Hz). Splitting patterns are indicated as follows: br, broad; s, singlet;
d, doublet; t, triplet; q, quartet; sep, septet; m, multiplet. Infrared (IR) spectra were
recorded on a FTIR-8600PC instrument (Shimadzu Co.). Elemental analysis (EA) was

carried out on Flash2000 instrument (Amco Inc.).
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1. Preparation of starting materials.
Scheme S1. General synthetic route to aldehyde 5. Preparation of 5a is shown as a

representative example according to the reported procedure.'
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To a solution of s1*> (2.01 g, 12.6 mmol) in AcOH (112 uL) and H,0 (12.0 mL) was
added acrolein (1.30 mL, 19.5 mmol) at room temperature. After being stirred for 15 h,
the reaction was stopped by addition of H,O. The crude mixture was extracted with
EtOAc (x3) and the combined organic extracts were washed with brine, dried (Na,SO,)

and concentrated in vacuo. The residue was purified by column chromatography

(silica gel, hexane/EtOAc = 3/1) to afford aldehyde Sa (2.64 g, 95%) as a yellow oil.

IR (neat) 3433, 3076, 2969, 2929, 2728, 1742, 1708, 1597, 1453, 1376, 1334, 1268,
1215, 1154,1043,988,911 cm™.

'H NMR (400 MHz, CDCl,) § 1.31 (s, 3H), 2.12 (t, 1H,J = 8.0 Hz),2.42 (t, 1H,J = 8.0
Hz), 7.83-7.93 (m, 2H), 7.95-8.04 (m, 2H), 9.66 (brs, 1H).

C NMR (100 MHz, CDCl,) 6 19.2,26.7,38.9,52.3, 123.6, 136.1, 140.8, 200.3, 203 6.
Anal. Calcd for C;H,,0;: C, 72.21; H, 5.59. Found: C, 72.51; H, 5.36.

0
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0
3-(2-Ethyl-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)propanal (Sb).
Yellow oil.
Yield: 65% (from 2-ethyl-1H-indene-1,3(2H)-dione?).
IR (neat) 3430, 2967, 2933, 1741, 1705, 1595, 1458, 1387, 1340, 1252, 1153, 1056, 972,
893,793 cm™.
'H NMR (400 MHz, CDCL,) § 0.72 (t, 3H, J = 7.6 Hz), 1.88 (q, 2H, J = 7.6 Hz),
2.07-2.15 (m, 2H), 2.32-2.40 (m, 2H), 7.84-7.92 (m, 2H), 7.96-8.03 (m, 2H), 9.64 (t,
1H,J=1.2 Hz).
C NMR (100 MHz, CDCL,) § 9.2, 26.0, 27.8, 38.8, 57.2, 123.1, 136.0, 142.0, 200.3,
2040.
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Anal. Calcd for C,,H,,0;: C,73.03; H, 6.13. Found: C,72.89; H, 6.01.

Scheme S2. Synthesis of aldehydes Sc and 5d.
0
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To a solution of s2* (340 mg, 1.45 mmol) in CH,Cl, (10.0 mL) were successively added
Et;N (0.10 mL, 0.71 mmol) and acrolein (0.16 mL, 2.4 mmol) at room temperature.
After being stirred for 1.5 h, the reaction was stopped by addition of H,O. The crude
mixture was extracted with CH,Cl, (x3) and the combined organic extracts were washed
with brine, dried (Na,SO,) and concentrated in vacuo. The residue was purified by
column chromatography (silica gel, hexane/EtOAc = 2/1) to afford aldehyde Sc (450 mg,

quant) as a pale yellow solid.

Mp. 115-117 °C.

IR (KBr) 3430, 3031, 2923, 2831, 2727, 1740, 1722, 1704, 1596, 1495, 1455, 1442,
1389, 1339, 1250, 1073, 1030, 935,759 cm™.

'H NMR (400 MHz, CDCL,) § 3.16 (s, 2H), 2.19-2.28 (m, 2H), 2.34-2.42 (m, 2H),
6.90-7.05 (m, 5SH), 7.64-7.73 (m, 2H), 7.75-7.86 (m, 2H), 9.65 (brs, 1H).

C NMR (100 MHz, CDCL,) § 26.7,38.8,40.9, 58.7, 122.8, 126.8, 128.1, 129.7, 134.9,
135.7,142.2,200.0,203.3.

Anal. Calcd for C,,H,,0;: C, 78.06; H, 5.52. Found: C, 78.31; H, 5.58.

0
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3-(5,6-Dichloro-2-methyl-1,3-dioxo-2,3-dihydro- 1 H-inden-2-yl)propanal (5d).
White solid.
Mp. 148-150 °C.
Yield: 51% (from commercially available 4,5-dichlorophthalic acid).
IR (KBr) 3062, 2932, 2719, 1747, 1714, 1580, 1451, 1378, 1297, 1264, 1222, 1195,
1100, 1041,997, 898,755 cm™".
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"H NMR (400 MHz, CDCL,) 8 1.30 (s, 3H), 2.10 (t, I1H, J= 7.6 Hz),2.44 (t, 1H,J = 7.6
Hz), 8.06 (s, 2H), 9.66 (brs, 1H).

3C NMR (100 MHz, CDCL,) 8 19.2,26.6,38.7,52.7, 1253, 139.4, 141.6, 199.9, 201 3.
Anal. Caled for C,,H,,CL,O5: C, 54.76; H, 3.54. Found: C, 54.51; H, 3.76.

Scheme S3. General synthetic route to aldehyde s4. Preparation of s4a is shown as a

representative example.'
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To a solution of s1 (800 mg, 5.01 mmol) in CH,Cl, (10.0 mL) were successively added
Et;N (1.10 mL, 7.83 mmol) and allyl bromide (0.65 mL, 7.5 mmol) at 0 °C. After
being stirred for 38 h at room temperature, the reaction was stopped by addition of
saturated aqueous NH,Cl at 0 °C. The crude mixture was extracted with CH,Cl, (x3)
and the combined organic extracts were washed with brine, dried (Na,SO,) and
concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/EtOAc = 2/1) to afford s3 (880 mg, 88%) as a pale yellow oil.

Ozone was bubbled through a solution of s3 (600 mg, 3.00 mmol) in CH,Cl, (42.0 mL)
at =78 °C. Upon consumption of the s3, nitrogen was bubbled through the mixture
followed by the addition of triphenylphosphine (790 mg, 3.00 mmol). The mixture
was gradually warmed to room temperature and allowed to stir for 1 h. The solvent
was removed in vacuo and the residue was purified by column chromatography (silica

gel, hexane/EtOAc = 2/1) to afford aldehyde s4a (530 mg, 86%) as a white solid.

Mp. 162-164 °C.

IR (KBr) 3427, 2974, 2849, 2729, 1740, 1710, 1598, 1451, 1393, 1375, 1336, 1286,
1199, 1158, 1091, 1024, 1006, 961, 908, 761 cm".

'"H NMR (400 MHz, CDCL,) 8 1.27 (s, 3H), 3.22 (s, 2H), 7.82-7.91 (m, 2H), 7.95-8.04
(m, 2H), 9.52 (brs, 1H).

3C NMR (100 MHz, CDCL,) § 20.8, 48.9, 50.3, 123.5, 135.5, 140.5, 198.1, 202 4.

Anal. Calcd for C,,H,,CLO,: C, 54.76; H, 3.54. Found: C, 54.51; H, 3.76.
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2-(2-Ethyl-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)acetaldehyde (s4b).
White solid.
Mp. 155-157 °C.
Yield: 85% (from 2-ethyl-1H-indene-1,3(2H)-dione?).
IR (KBr) 2916, 2835, 2729, 1743, 1713, 1597, 1439, 1394, 1382, 1360, 1330, 1258,
1188, 1159, 984,946, 895,790 cm™.
'H NMR (400 MHz, CDCL,) 6 0.77 (t,3H,J=7.2 Hz), 1.76 (q, 2H, J = 7.2 Hz), 3.23 (s,
2H), 7.82-7.89 (m, 2H), 7.95-8.02 (m, 2H), 9.53 (s, 1H).
“C NMR (100 MHz, CDCl;) 8 8.9,28.8,47.9,54.3,123.1,135.4,141.6,198.2,202.6.
Anal. Calcd for C;H,,0;: C,72.21; H, 5.59. Found: C, 72.03; H, 541.
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2-(2-Benzyl-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)acetaldehyde (s4c).

Pale yellow solid.

Mp. 102-104 °C.

Yield: 94% (from s2).

IR (KBr) 3434, 3031, 2844, 2734, 1744, 1708, 1599, 1494, 1455, 1383, 1358, 1330,
1284, 1250, 1208, 1028, 964, 925, 764 cm™.

'H NMR (400 MHz, CDCl5) & 3.02 (s, 2H), 3.31 (s, 2H), 6.86-6.93 (m, 2H), 6.97-7.08
(m, 2H), 9.52 (s, 1H).

"C NMR (100 MHz, CDCl,) 6 41.7,48.7,55.6,122.7,127.1, 128.1,129.7, 13.8, 135.1,
141.9,197.8,202.2.

Anal. Calcd for C4H,,0;: C,77.68; H, 5.07. Found: C, 77.42; H, 5.21.

2-(5,6-Dichloro-2-methyl-1,3-dioxo-2,3-dihydro- 1 H-inden-2-yl)acetaldehyde (s4d).
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White solid.

Mp. 224-226 °C.

Yield: 92% (from commercially available 4,5-dichlorophthalic acid).

IR (neat) 2877,2361, 1753, 1711, 1581, 1455, 1392, 1379, 1303, 1280, 1195, 1014, 969,
909, 871 cm™.

'HNMR (400 MHz, CDCl,) & 1.25 (s, 3H), 3.27 (s, 2H), 8.06 (s, 2H), 9.49 (s, 1H).

“C NMR (100 MHz, CDCl,) § 20.6, 49.3,50.5, 125.4, 139.3, 140.8, 198.1, 200.2.

Anal. Calcd for C,4H,,C1,0;: C,62.27; H, 3.48. Found: C, 62.44; H, 3.67.

Scheme S4. General synthetic route to secondary amine 1. Preparation of lac is

shown as a representative example

NaBHSCN
" ACOH, MeOH \©/

To a solution of 5a (100 mg, 0.46 mmol) in MeOH (10.0 mL) and AcOH (1 drop) were
successively added 3-aminophenol (54.7 mg, 0.501 mmol) and NaBH,CN (23.4 mg,
0.372 mmol) at 0 °C. After being stirred for 2 h at room temperature, the reaction was
stopped by addition of H,O. The crude mixture was extracted with CH,Cl, (x3) and
the combined organic extracts were washed with brine, dried (Na,SO,) and concentrated
in vacuo. The residue was purified by preparative TLC (hexane/EtOAc = 1/1) to
afford lac (58.7 mg, 42%) as a brown oil.

IR (neat) 3412, 3060, 2931, 2868, 1740, 1696, 1594, 1505, 1454, 1375, 1335, 1288,
1048,983,912,829 cm™.

'H NMR (400 MHz, CDCL,) d 1.28 (s, 3H), 1.31-1.42 (m, 2H), 1.86-1.95 (m, 2H), 2.91
(t,2H,J =6.8 Hz), 601 (dd, IH, J =20, 2.0 Hz), 6.05 (dd, 1H, J = 2.0, 8.0 Hz), 6.18
(dd, 1H,J =2.0, 8.0 Hz), 6.92 (dd, 1H, J = 8.0, 8.0 Hz), 7.82-7.90 (m, 2H), 7.93-8.00
(m, 2H).

C NMR (100 MHz, CDCL,) § 19.9, 249, 32.6, 43.8, 53.7,99.8, 104.6, 105.4, 123 .4,
130.0,136.0, 141.0, 1494, 156.9,204 8.

Anal. Calcd for C,,H,(NO;: C, 73.77; H, 6.19; N, 4.53. Found: C, 73.93; H, 5.96; N,
447.
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2-Ethyl-2-(3-(3-hydroxyphenylamino)propyl)-1H-indene-1,3(2H)-dione (1b).
Brown oil.
Yield: 49%.
IR (neat) 3402, 3020, 2965, 2934, 2876, 1739, 1702, 1594, 1497, 1459, 1341, 1260,
1184,1159,967, 894,827 cm™.
'H NMR (400 MHz, CDCl,) & 0.70 (t, 3H, J = 7.6 Hz), 1.28-1.40 (m, 2H), 1.82-1.97
(m, 4H), 2.96 (t,2H, J = 6.8 Hz), 5.99 (dd, 1H, J =2.0,2.0 Hz), 6.08 (dd, 1H, J = 2.0,
8.0 Hz), 6.14 (dd, 1H, J = 2.0, 8.0 Hz), 6.96 (dd, 1H, J = 8.0, 8.0 Hz), 7.82-7.90 (m,
2H), 7.94-8.02 (m, 2H).
“C NMR (100 MHz, CDCL,) § 9.1, 24.8, 28.5, 31.9, 43.8, 58.6, 99.7, 104.5, 1054,
123.0,130.0, 1359, 1422, 149.5, 157.0, 205.1.
Anal. Calcd for C,,H,,NO;: C, 74.28; H, 6.55; N, 4.33. Found: C, 74.10; H, 6.73; N,
4.19.

0
H
WN OH
SRS

2-Benzyl-2-(3-(3-hydroxyphenylamino)propyl)- 1 H-indene-1,3(2H)-dione (1c).

Yellow amorphous.

Yield: 48%.

IR (neat) 3403, 3030, 2921, 2852, 1739, 1703, 1595, 1496, 1454, 1339, 1249, 1183,
1159,938,829,758 cm™.

'H NMR (400 MHz, CDCl;) § 1.32-1.44 (m, 2H), 1.99-2.10 (m, 2H), 2.98 (t, 2H, J =
6.8 Hz), 3.13 (s, 2H), 6.06 (dd, 1H, J =2.0,2.0 Hz), 6.13 (dd, 1H, J = 2.0, 8.0 Hz), 6.19
(dd, 1H,J =2.0,8.0 Hz), 6.90-7.05 (m, 6H), 7.63-7.91 (m, 2H), 7.75-7.82 (m, 2H).

“C NMR (100 MHz, CDCL,) & 24.9, 32.7, 41.6, 43.9, 60.0, 99.5, 104.4, 105.7, 122.7,
126.7,128.0,129.7,130.2, 135.2, 135.6, 142.5, 149.5, 156 .8, 204 .2.

Anal. Calcd for C,sH,;NO;: C, 77.90; H, 6.01; N, 3.63. Found: C, 77.76; H, 6.25; N,
3.79.
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5,6-Dichloro-2-(3-(3-hydroxyphenylamino)propyl)-2-methyl- 1 H-indene-1,3(2H)-dione
(1d).
Brown oil.
Yield: 33%.
IR (neat) 3393, 2924, 2852, 2355, 2336, 1744, 1712, 1579, 1496, 1456, 1376, 1299,
1159,984,757 cm™.
'H NMR (400 MHz, CDCI;) 6 1.28 (s, 3H), 1.33-1.43 (m, 2H), 1.87-1.97 (m, 2H), 2.96
(t,2H, J = 6.8 Hz), 5.99 (dd, 1H, J = 2.0, 2.0 Hz), 6.08 (dd, 1H, J =20, 8.0 Hz), 6.17
(dd, 1H,J=2.0,8.0 Hz),6.96 (dd, 1H, J = 8.0, 8.0 Hz), 8.04 (s, 2H).
“C NMR (100 MHz, CDCL,) § 20.1, 25.0, 32.8, 43.8, 54.1, 99.6, 104.6, 105.8, 125.2,
130.1,139.7, 141.4,149.3, 156.7,202 2.
Anal. Calcd for C,,H,,Cl,NO;: C, 60.33; H, 4.53; N, 3.70. Found: C, 60.14; H, 4.72; N,
3.86.

Ty

0
2-(2-(3-Hydroxyphenylamino)ethyl)-2-methyl-1H-indene-1,3(2H)-dione (sSa).
Yellow amorphous.
Yield: 54%.
IR (neat) 3393, 3019, 2968, 2929, 2868, 1739, 1701, 1597, 1497, 1335, 1189, 1040, 979,
758 cm™.
'H NMR (400 MHz, CDCl,) & 1.32 (s, 3H), 2.21 (t,2H, J = 6.8 Hz),2.96 (t,2H,J = 6.8
Hz), 5.84 (brs, 1H), 5.94 (d, 1H, J = 8.0 Hz), 6.10 (dd, 1H, J = 2.0, 8.0 Hz), 6.87 (dd,
1H,J=8.0,8.0 Hz), 7.73-7.80 (m, 2H), 7.87-7.95 (m, 2H).
“C NMR (100 MHz, CDCl,) § 200, 34.9,39.9, 53.1, 100.0, 105.0, 105.4, 123.1, 129.7,
1354, 140.7, 148.3, 156.6, 204 2.
Anal. Calcd for C;iH,;NO;: C, 73.20; H, 5.80; N, 4.74. Found: C, 73.12; H, 5.57; N,
4.98.
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2-Ethyl-2-(2-(3-hydroxyphenylamino)ethyl)-1H-indene-1,3(2H)-dione (sSb).
Yellow oil.
Yield: 52%.
IR (neat) 3393, 2965, 2924, 2359, 1739, 1700, 1595, 1397, 1458, 1339, 1252, 1184,
1159,967,830 cm™.
'H NMR (400 MHz, CDCl5) 6 0.71 (t, 3H,J = 7.6 Hz), 1.88 (q, 2H, J = 7.6 Hz), 2.20 (t,
2H,J=6.8 Hz),2.93 (t,2H,J = 6.8 Hz),5.81 (dd, 1H,J=2.0, 2.0 Hz), 592 (dd, 1H, J
=2.0,8.0Hz),6.09 (dd, 1H, J =20, 8.0 Hz), 6.87 (dd, 1H, J = 8.0, 8.0 Hz), 7.72-7.80
(m, 2H), 7.88-7.94 (m, 2H).
“C NMR (100 MHz, CDCl,) 8 9.0, 28.8, 34.7, 39.8, 57.7, 99.5, 104.8, 105.5, 122.8,
1299, 135.6, 1422, 148.6, 156.6,204.5.
Anal. Calcd for C,,H,(NO;: C, 73.77; H, 6.19; N, 4.53. Found: C, 73.66; H, 6.46; N,
431.

2-Benzyl-2-(2-(3-hydroxyphenylamino)ethyl)- 1 H-indene-1,3(2H)-dione (s5c).

Yellow oil.

Yield: 89%.

IR (neat) 3394, 3030, 2921, 1737, 1701, 1595, 1496, 1455, 1438, 1358, 1250, 1202,
1160, 926, 830,756 cm™.

'H NMR (400 MHz, CDCl,) 8 2.30 (t, 2H, J = 6.8 Hz), 2.92 (t,2H, J = 6.8 Hz), 3.14 (s,
2H), 5.85 (brs, 1H), 5.88 (d, 1H, J = 8.0 Hz), 6.15 (dd, 1H, J = 2.0, 8.0 Hz), 6.84 (dd,
1H,J =80, 8.0 Hz), 6.88-7.04 (m, SH), 7.49-7.58 (m, 2H), 7.66-7.72 (m, 2H).

C NMR (100 MHz, CDCl;) & 35.3,37.0,41.8,59.0,99.5, 104.8, 105.5, 122.5, 126.8,
128.0,129.8,130.0, 134.9, 135.3, 142.3, 148.6, 156.6, 203 .8.

Anal. Calcd for C,,H,,NO;: C, 77.61; H, 5.70; N, 3.77. Found: C, 77.46; H, 5.88; N,
3.51.
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5,6-Dichloro-2-(2-(3-hydroxyphenylamino)ethyl)-2-methyl-1H-indene-1,3(2H)-dione
(s5d).
Pale orange amorphous.
Yield: 70%.
IR (neat) 3391, 2930, 2859, 1708, 1582, 1497, 1452, 1375, 1301, 1237, 1041, 991, 909,
833 cm™'.
'H NMR (400 MHz, CDCl5) 8 1.26 (s, 3H), 2.21 (t,2H,J = 6.8 Hz),2.92 (t,2H,J = 6.8
Hz), 5.88 (brs, 1H), 592 (d, 1H, J = 8.0 Hz), 6.16 (dd, 1H, J = 2.0, 8.0 Hz), 6.86 (dd,
1H,J=8.0,8.0 Hz), 7.87 (s, 2H).
C NMR (100 MHz, CDCl) 6 20.1,35.9,40.4,54.5,100.1,10.5.7,105.9, 125.0, 129.9,
139.7,140.2, 147.8, 156.5, 206 2.
Anal. Calcd for CiH,;CLLNO;: C, 59.36; H, 4.15; N, 3.85. Found: C, 59.42; H, 4.30; N,
3.79.

S11



2. Synthesis of tricyclic piperidine and pyrrolidine derivatives.

General procedure of the reductive amination.

To a mixture of amine 1 or s5 (0.10 mmol), Hantzsch ester (0.15 mmol), activated
MS3A (120 mg), and chiral phosphoric acid (0.01 mmol, 10 mol%) was added toluene
(2.0 mL) at appropriate temperature. After completion of the reaction, the crude
material was filtered through Celite® pad and the resulting filtrate was concentrated in
vacuo. The residue was purified by preparative TLC to give cyclic amine derivatives

20r7.

g

OH
(4aS,9b5)-1-(3-Hydroxyphenyl)-4a-methyl-2,3 4 4a-tetrahydro-1H-indeno[ 1,2-b]pyridi
n-5(9bH)-one (2ac).
Yellow amorphous.
Yield: 87%, 94% ee.
HPLC [DAICEL CHIRALCEL® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 5/1, 1.0
mL/min, 254 nm, retention time (min) = 28.9 (3.0%), 32.0 (97.0%)].
[a],” +171 (¢ 0.610, CHCL,).
IR (neat) 3364, 2934, 2855, 1698, 1603, 1497, 1463, 1322, 1203, 1011, 989, 909, 764
cm.
'H NMR (400 MHz, CDCl,) 6 1.24-1.38 (m, 1H), 1.39 (s, 3H), 1.47-1.80 (m, 3H),
2.84-294 (m, 1H), 3.48-3.60 (m, 1H), 5.10 (s, 1H), 5.99 (brs, 1H), 6.35 (dd, 1H, J =
20,8.0Hz),6.55(dd, 1H,J=2.0,2.0 Hz), 6.59 (dd, 1H,J =2.0,8.0 Hz), 7.13 (dd, 1H,
J=76,76Hz),731(,1H,J=7.6 Hz),7.39 (dd, 1H,J =7.6,7.6 Hz), 749 (ddd, 1H,
J=08,7.6,7.6 Hz),7.79 (d, 1H,J =7.6 Hz).
“C NMR (100 MHz, CDCL,) § 20.1, 20.6, 31.7, 42.7, 50.1, 63.5, 101.1, 105.0, 106.5,
124.2,1254,128.6,1304, 134.8,135.7,152.3,152.5,157.1, 208 4.
Anal. Calcd for C,,H,(NO,: C, 77.79; H, 6.53; N, 4.77. Found: C, 77.68; H, 6.64; N,
451.
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(4aS,9bS)-4a-Ethyl-1-(3-hydroxyphenyl)-2,3 4 4a-tetrahydro- 1 H-indeno[ 1,2-b]pyridin-
5(9bH)-one (2b).
Yellow amorphous.
Yield: 52%, 83% ee.
HPLC [DAICEL CHIRALPAK® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 20/1, 1.0
mL/min, 254 nm, retention time (min) = 16.3 (91.4%), 30.6 (8.6%)].
[a],” +149 (c 0.340, CHCL,).
IR (neat) 3355, 2959, 2937, 2877, 2855, 1692, 1603, 1498, 1462, 1391, 1322, 1268,
1197, 1150, 998, 970, 906, 820 cm™".
'H NMR (400 MHz, CDCL,) § 0.92 (t, 3H, J = 6.8 Hz), 1.18-1.28 (m, 1H), 1.60-1.95
(m, 6H), 2.90-3.01 (m, 1H), 3.45 (ddd, 1H, J = 6.8, 6.8, 14.0 Hz), 5.29 (brs, 1H), 5.36
(s, 1H),6.32 (dd, 1H,J=2.4,8.0 Hz),6.53 (dd, 1H,J =24,24 Hz), 6.62 (dd, 1H,J =
24,80Hz),7.16 (dd, 1H,J =8.0,8.0 Hz), 7.36 (dd, 1H,J =0.8,7.6 Hz), 7.41 (dd, 1H,
J=176,76Hz),751(ddd, 1H,J=0.8,7.6,7.6 Hz),7.79 (d, 1H,J =7.6 Hz).
“C NMR (100 MHz, CDCL,) 6 9.2, 19.8, 27.7, 30.6, 42.9, 54.6, 59.6, 100.7, 104.8,
106.2,123.8,125.5,128.6,130.4,134.8, 136.6, 152.2,153.7, 157.1,208.9.
Anal. Calcd for C,,H,,NO,: C, 78.15; H, 6.89; N, 4.56. Found: C, 78.39; H, 6.74; N,
4.32.

g

OH
(4aR 9bS)-4a-Benzyl-1-(3-hydroxyphenyl)-2,3 4 4a-tetrahydro-1H-indeno[ 1 ,2-b]pyridin
-5(9bH)-one (2¢).
Yellow amorphous.
Yield: 16%, 79% ee.

S13



HPLC [DAICEL CHIRALPAK® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 5/1, 1.0
mL/min, 290 nm, retention time (min) = 11.2 (89.7%), 15.7 (10.3%)].

[a]p® +112 (¢ 0.220, CHCL,).

IR (neat) 2283, 3028, 2938, 2855, 1697, 1603, 1496, 1455, 1392, 1324, 1262, 1197,
1053, 998,962,909, 821 cm™.

'H NMR (400 MHz, CDCl;) 8 1.36-1.50 (m, 1H), 1.62-1.90 (m, 3H), 2.83-2.95 (m,
1H),2.94 (d, 1H,J = 13.6 Hz), 3.45 (d, 1H, J = 13.6 Hz), 3.53-3.62 (m, 1H), 5.18 (brs,
1H), 5.22 (s, 1H), 6.32 (dd, 1H,J = 2.0, 8.0 Hz), 6.40 (dd, 1H,J=2.0, 2.0 Hz), 6.49 (dd,
1H,J=2.0,8.0Hz),7.07-7.22 (m,7H), 733 (d, 1H,J =7.6 Hz), 7.40 (ddd, 1H,J =12,
7.6,7.6Hz),7.76 (d, 1H,J =7.6 Hz).

C NMR (100 MHz, CDCL,) § 20.4, 31.8, 38.7,42.7, 55.7, 58.4, 101.1, 105.1, 106.6,
124.1,125.2,126.5,128.3, 128 4, 1304, 130.6, 134.6, 135.5, 137.9, 152.2, 153.0, 157.0,
207.3.

Anal. Calcd for C,sH,;NO,: C, 81.27; H, 6.27; N, 3.79. Found: C, 81.53; H, 6.13; N,
3.61.

o)

e
<

OH
(4a$,9bS)-7,8-Dichloro-1-(3-hydroxyphenyl)-4a-methyl-2,3 4 4a-tetrahydro- 1 H-indeno[
1,2-b]pyridin-5(9bH)-one (2e).
Yellow amorphous.
Yield: 87%, 98% ee.
HPLC [DAICEL CHIRALCEL® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 5/1, 0.5
mL/min, 330 nm, retention time (min) = 16.8 (99.0%), 18.1 (1.0%)].
[a]p™ +292 (¢ 0.850, CHCL,).
IR (neat) 3383, 2937, 2855, 1707, 1596, 1497, 1456, 1391, 1284, 1204, 1011, 956, 908,
826,801 cm™.
'H NMR (400 MHz, CDCL,) § 1.29-1.38 (m, 1H), 1.40 (s, 3H), 1.56-1.84 (m, 3H),
2.87-2.97 (m, 1H), 3.52-3.64 (m, 1H), 4.90 (brs, 1H), 5.09 (s, 1H), 6.33 (dd, 1H, J =
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2.0,8.0 Hz), 6.50 (dd, 1H, J =20, 2.0 Hz), 6.59 (dd, 1H, J = 2.0, 8.0 Hz), 7.16 (dd, 1H,
J=8.0,80Hz),7.43 (s, 1H), 7.87 (s, 1H).

3C NMR (100 MHz, CDCL) & 19.9, 20.5, 31.6, 42.8, 50.6, 63.1, 101.2, 105.5, 106.7,
125.7,127.3,130.6, 133.7, 1353, 139.3, 151.3, 151.9, 157.0, 205 6.

Anal. Caled for C,,H,,CLNO,: C, 63.00; H, 4.73; N, 3.87. Found: C, 62.86; H, 4.63; N,
3.64.

0O

H N

OH
(3aS5,8bS)-1-(3-Hydroxyphenyl)-3a-methyl-1,2,3 3a-tetrahydroindenol[ 1,2-b]pyrrol-4(8b
H)-one (7a).
Yellow amorphous.
Yield: 81%, 81% ee.
HPLC [DAICEL CHIRALCEL® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 5/1, 0.5
mL/min, 290 nm, retention time (min) = 14.7 (9.5%), 20.2 (90.5%)].
[a],” +379 (c 0.840, CHCL,).
IR (neat) 382, 2967, 2928, 2868, 1716, 1604, 1500, 1464, 1372, 1334, 1294, 1222, 1166,
1091, 1017,969, 827 cm™.
'H NMR (400 MHz, CDCl,) 6 1.45 (s, 3H), 1.90-2.01 (m, 1H), 2.18-2.21 (m, 1H),
3.36-3.57 (m, 2H), 4.99 (s, 1H), 6.31 (dd, 1H, J = 2.0, 8.0 Hz), 6.39 (dd, 1H, J = 2.0,
2.0 Hz),6.50 (dd, 1H,/=2.0,8.0,8.0 Hz),7.16 (dd, 1H,/J=8.0,8.0 Hz),7.44 (d, 1H,J
=7.6,7.6 Hz),7.55 (ddd, 1H,J=1.2,7.6,7.6 Hz),7.67 (d, 1H,J=7.6 Hz),7.77 (d, 1H,
J=7.6 Hz).
C NMR (100 MHz, CDCl;) 8 19.6, 35.3,49.1, 56 .4, 69.6, 100.2, 104.3, 106.0, 124.2,
126.7,129.1,130.3,134.7,135.5, 149.3, 152.9, 156 .8, 206 .8.
Anal. Calcd for C¢H;NO,: C, 77.40; H, 6.13; N, 5.01. Found: C, 77.16; H, 6.29; N,
5.15.
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H N

OH
(3a5,8bS)-3a-Ethyl-1-(3-hydroxyphenyl)-1,2,3,3a-tetrahydroindeno[ 1,2-b]pyrrol-4(8bH
)-one (7b).

Yellow amorphous.

Yield: 64%,92% ee.

HPLC [DAICEL CHIRALCEL® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 5/1, 1.0
mL/min, 254 nm, retention time (min) = 18.0 (3.9%), 39.0 (96.1%)].

[a]y” +325 (¢ 0.640, CHCL,).

IR (neat) 3360, 2965, 2929, 1697, 1604, 1500, 1462, 1363, 1336, 1296, 1219, 1167,
1011, 909, 822,740 cm™.

'H NMR (400 MHz, CDCl,) 8 0.90 (t, 3H, J = 7.6 Hz), 1.72-1.86 (m, 1H), 1.96-2.21
(m, 3H), 3.21-3.31 (m, 1H), 3.38-3.50 (m, 1H), 5.21 (s, 1H), 6.31 (dd, 1H,J=2.0, 8.0
Hz), 6 .42 (brs, 1H), 6.51 (d, 1H, J = 8.0 Hz), 7.16 (dd, 1H, J = 8.0, 8.0 Hz), 7.43 (dd,
IH,J=7.6,7.6 Hz),7.52 (ddd, 1H,J=1.2,7.6,7.6 Hz), 7.66 (d, 1H,J =7.6 Hz),7.76
(d,1H,J=7.6 Hz).

“C NMR (100 MHz, CDCl;) 8 9.9, 26.9, 34.5, 48.3, 61.1, 65.5, 100.4, 104.4, 106.1,
123.8,126.7,129.0,130.2, 135.5,135.7,148.9, 153.2, 157.0, 207 .9.

Anal. Calcd for C,,H,,NO,: C, 77.79; H, 6.53; N, 4.77. Found: C, 77.63; H, 6.38; N,
4.86.

(3aS5,8bS)-3a-Benzyl-1-(3-hydroxyphenyl)-1,2,3 3a-tetrahydroindeno[ 1,2-b]pyrrol-4(8b
H)-one (7¢).

Yellow amorphous.
Yield: 80%, 89% ee.
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HPLC [DAICEL CHIRALCEL® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 5/1, 1.0
mL/min, 254 nm, retention time (min) = 31.1 (5.4%), 39.5 (94.6%)].

[a]p™ +130 (¢ 0.240, CHCL,).

IR (neat) 3382, 3028, 2930, 1698, 1604, 1499, 1455, 1366, 1294, 1224, 1099, 1015, 909,
822,792 cm™.

'H NMR (400 MHz, CDCL,) 6 2.08-2.15 (m, 2H), 2.86 (d, 1H, J = 13.6 Hz), 3.27-3.39
(m,2H),3.51 (d, 1H,J =13.6 Hz), 5.19 (s, 1H), 5.37 (brs, 1H), 6.28-6.35 (m, 2H), 6.41
(dd, 1H,J =20, 8.4 Hz), 7.06-7.20 (m, 6H), 7.35 (dd, 1H, J = 7.6, 7.6 Hz), 7.44 (ddd,
1H,/=1.2,7.6,7.6 Hz),7.56 (d, 1H,J=7.6 Hz),7.71 (d, 1H,J =7.6 Hz).

“C NMR (100 MHz, CDCL,) & 34.7, 38.8, 48.8, 61.9, 65.2,99.9, 104.3, 105.7, 1240,
126.5, 126.6, 1284, 1289, 130.0, 130.3, 1349, 1354, 1374, 149.1, 1534, 1569,
206.1.

Anal. Calcd for C,,H,,NO,: C, 81.10; H, 5.96; N, 3.94. Found: C, 81.37; H, 6.05; N,
3.88.

(3a$5,8bS5)-6,7-Dichloro-1-(3-hydroxyphenyl)-3a-methyl-1,2,3 ,3a-tetrahydroindeno[ 1 ,2-
b]pyrrol-4(8bH)-one (7d).

Yellow amorphous.

Yield: 71%, 86% ee.

HPLC [DAICEL CHIRALCEL® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 5/1, 1.0
mL/min, 254 nm, retention time (min) = 13.5 (7.2%), 18.0 (92.8%)].

[a]p™ +377 (¢ 0.240, CHCL,).

IR (neat) 3393, 2970, 2930, 2870, 1705, 1616, 1592, 1499, 1449, 1383, 1327, 1304,
1217, 1166, 1022, 956, 894, 823 cm™.

'H NMR (400 MHz, CDCl,) 6 1.45 (s, 3H), 1.91-2.02 (m, 1H), 2.04-2.18 (m, 1H),
3.37-3.55 (m, 2H), 492 (s, 1H), 5.44 (brs, 1H), 6.31-6.37 (m, 2H), 6.46 (dd, 1H, J =
20,84Hz),7.18 (dd, 1H,J=84,8.4 Hz),7.76 (s, 1H), 7.83 (s, 1H).
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3C NMR (100 MHz, CDCL,) & 19.3, 352, 49.2, 57.0, 69.0, 100.1, 104.9, 105.7, 125.6,
128.6,130.5,134.2,134.2, 139.8, 1489, 151.7, 157.0, 204 4.
Anal. Calcd for C,H,,CL.NO,: C, 62.08; H, 4.34; N, 4.02. Found: C, 61.79; H, 4.55; N,

3.92.
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3. Determination of the absolute configuration.

Scheme S5. Transformation to p-bromobenzoate s6.

Br
s6

To a solution of 2ac (13.9 mg, 0.048 mmol) in CH,Cl, (1.0 mL) were successively
added DMAP (119 mg, 0.0480 mmol), Et;N (6.8 uL, 0.048 mmol), and
4-bromobenzoyl chloride (14.0 mg, 0.064 mmol) at 0 °C. After being stirred for 2 h at
room temperature, the reaction was stopped by addition of saturated aqueous NH,Cl at
0 °C. The crude mixture was extracted with CH,Cl, (x3) and the combined organic
extracts were washed with brine, dried (Na,SO,) and concentrated in vacuo. The
residue was purified by preparative TLC (hexane/EtOAc = 3/1) to afford s6 (14.0 mg,

66%) as a white amorphous.

Colorless crystal (recrystallized from EtOH), which was subjected to X-ray crystal
analysis.

Mp. 193-194 °C.

HPLC [DAICEL CHIRALCEL® OJ-H, ¢ 0.46 x 25 cm, hexane/i-PrOH = 5/1, 1.0
mL/min, 254 nm, retention time (min) = 24.6 (6.3%), 39.1 (93.8%)].

[a]y® +216 (¢ 0.710, CHCL,).

IR (neat) 3071, 2935, 2855, 1735, 1717, 1606, 1495, 1463, 1396, 1263, 1169, 1074,
1011, 987,966,936, 887 cm ™.

'H NMR (400 MHz, CDCl,) 6 1.30-1.40 (m, 1H), 1.42 (s, 3H), 1.57-1.83 (m, 3H),
290-3.01 (m, 1H), 3.52-3.64 (m, 1H), 5.18 (s, 1H), 6.67 (dd, 1H, J=2.0, 8.0 Hz), 6.83
(dd, 1H, J = 2.0, 2.0 Hz), 6.94 (dd, 1H, J = 2.0, 8.0 Hz), 7.30-7.40 (m, 2H), 7.43 (dd,
IH,J=7.6,7.6 Hz), 7.54 (ddd, 1H, J = 0.8, 7.6, 7.6 Hz), 7.62-7.69 (m, 2H), 7.81 (d,
1H,J=7.6 Hz), 8.02-8.09 (m, 2H).
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“C NMR (100 MHz, CDCL,) § 20.2, 20.8, 31.6, 42.9, 50.1, 63.5, 107.1, 110.8, 111.4,
124.2,125.3,128.6, 128.7,128.7,130.2, 131.6, 131.9, 134.8, 135.9, 152.0, 152.1, 152 2,

164.5,207.7.
Anal. Calcd for C,(H,,BrNO;: C, 65.55; H, 4.66; N, 2.94. Found: C, 65.71; H, 4.85; N,

3.05.
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'H NMR spectrum of 5a.

T Exp.Tdd-productll

File: /home/vnmrl/vneceys/daca/Organic_Chesd sty Alklyama/Hiyake/ 701000/ Exp. 744 -productli. fid

Pulss Sequence: slpul
Solwvenkt: cdald
amblent tesperatase
Cparacar; vesrl

Fil#: Exp. 74d-productilH
WVNMRS-400 “Variand{o-

Relax, delay 1.500 soo

Fulse 45.0 degrees

Aeg. tims 1.500 sac

Width £410.3 Hz

B repstitions

JBSERVE Wl, 399.T42L704 MEHz
DATA PROCESSTH]

Line broadening 9.1 Mz

FT size &5316

Total time 0 min, 40 sec

S22



C NMR spectrum of 5a.

oo, S06-2C

File: /homefvassl /veseays/data/organic_Chemistry/Akiyans Miyake/ 180 Data/reductive_amination/SH/Exp.S06-productic. £id [o]

Palas Sequence: odpal

Solwent: cdeld
Ambient Lasparaturse
Operater; veesrl

File: Bwp_ S06-productic
VHMES-400 “variand0d*

Eelax. delay 0.70) sec

Pules 45.0 degrecs

ey, time 1.300 sec

wWiach 24509.8 Mz

181 repeticicns

OBSERVE €13, 100.5152508 MHz
DECOUPLE H1. 399.7441734 MMz
Powar 45 4B

continuously on

WALTZ-1§ sodulacaed

DATA PROCESSING

Lime broadening 1.0 Hz

T alze 55538

Total time 17 min, 4 sec

203,624
200.290

77000

_I.'r_.
L?G.Gﬂ

17,330

123.576

136.085

S23

26.651

140.810

52.338
18.892

19.180
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'H NMR spectrum of 5b.

#-Et-aldetryde
File: /home/vnmrl/viargys/daca/Organic_Chenisery/Akiyama Miyake/é-EE-a

Pulsps Sequence: sapul

Solvent: edeld
Axbisnt Cemperature
Oparstor: vnarl

File: 6-Et-aldehyded
VISEE-400  *Variand0d®

Belax. delay 1L.504 sec
Fulse 45.0 degrees

#&cg, Eime 3.500 soc

Widch 6410,3 Rz

B repetitions

JERSERYE Hl, 39%.T421700 MMz
TATA PROCESSING

Lire bBroadening 0.2 Hz

FT size 65536

Total time 0 min, 40 sec

1deinyded. £id

I ' W |
LB L T T L ) T T T LI T T T T T T L
12 10 1] [ 4 2
¥ Lo O L
0.BE 2.1% 2.07 3.2%
2.00 2.072.29
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C NMR spectrum of 5b.

B-Br-aldeinrdec

Filw: /home/vwerl/vinssys/data/Ocganic_Chesiscry/Akivesa/Mivake /6-Ec-aldebydel. . £id _.
Pulse Sequence: spul
Salvent; edell ¥

Azhient vesparature

Operator: vemrl

Flle: f-Ex-aldehydec.
VemS=400  Variandoo

T6.680

I=
o

Relsw. delay §.700 soo
False 45.0 degrees

Acg. time 1,300 sec

Width 24509.8 Mz

189 repatiticns

OBSERVE C13, 100.5152500 WHz
DECOUPLE H1. 399.7441724 MHz
Powar 42 dB

continuously on

WALTZ-16 modulaved

DATA FROCEBEIRNG

Line broadening 1.0 Hz

FT siza 65536

Total tima 17 min, 4 ase

—135.501
—133.144

38.833
et = 1 1

— T804
8.179

200,305

204003
142,046

57.2321
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'H NMR spectrum of Sc.

Bn-6-aldehydeH
File: fhome/vnarl/vanssys/dats/Organic_Chenistry/Aelynma/Hiyake/ 6-Bn-aldakyded, . [id

Pulse Sequence: sZpul

Solvent: odclld
Azbjant besporature
dperator: wnarl

File: &-En-aldelydeH.
VEMRS-400  ~Variand09*

Rolax. delay 1.500 sac
Pulse 45.0 degrees
Acqg. time 3.500 sec [
wWideh 6410.3 Kz

& ropatitlons

DRIERVE H1, 393.T4I1T706 MH:
DATE FROCEESING

Line brosdening 0.2 Hz

FT pize 65536

Total tims 0 min, 40 aec

il 1
: S I I S — _
11 14 9 8 T [ 5 4 3 1 ppm
i et — e —
9.93 2.12 .18 2.19
2.00 5.28 2.15
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»C NMR spectrum of 5c.

G-Bn-aldehydet

File: /home/vnerl vesrays/dats/Organic_Chesd atry/Aklyams /Mivake/ 6 -Bo-aldehydeC . £1d Ph
|
Fulse Sequance: sdpul

Solvent: cdell
Amblent temperature
dperator: vnmrl

o FE-R-1 ] ) =)
g e sotpas REE
o o ) B =

oqafgas g

Relax. dolay 0.700 sec F..._“ L \_\. L

Pulss 45.0 degrees

Acg. time 1.300 mec

Width 24509.8 Hz

141 repeticions

OESERVE C13, 100.5815251% MEz
DECOUPLE M1, 399, Ta41724 Mz
Powar 41 dB

contipuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT alza 65536 .

Total time 17 ofn, 4 sec

=
-
o

40,931
=38, 835

a6.711

—201. 267
142,172

58.701

220 200 180 160 140 120 100 80 &0 40 20 ] ppm
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Exp. B4V -prodisseH
File: /home/snard/vnocsys/data/Organic_Chenlstry/Akiyamas/Miyake/801-5300/Exp . 047 -productii. £id

Paleos Soguence: ®2pul

Solwest: odelld
hmbient Cemperaturs
Operator: wvomsl

File: Exp.8d7-produccli
VIMRS=400  *Variamdon®

Relax. delay 1.500 wec
Pulse 45.0 degrees

Aoy, bime 3,500 sec

Wideh 6410.3 He

8 repatitions

OBSERVE H1, 9%, T4I1692 MHz
DATA FROCESSING

Line broadenisg 0.2 He

FT aize £5536

Total time 0 min, 40 sec

T T
12 1a 2 &

'H NMR spectrum of 5d.
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C NMR spectrum of 5d.

Exp. BdT-produssts

File: /hess/vearl/visrsys/data/Organis_Chesiacry/ Mo yama /Miyake/§01 =300,/ Exp . B47-producclc, £id

Pulas Esquence: sdpul

Solveat: odell
Ashienk CLEIQOTaCuEe
Opairacor: wvnmrl

File: Exp.8d7-producelc - =28

VEMES-400  *Variland(o® - e w
™ Ere
1 J

Ealax, delay 0.700 sec F.r.

Pulse 45.0 degrees

Mog. bime 1.300 sec

wWideh Z450%.8 Hz

250 repetitions

OBSERVE C13, 100.51%28500 MHz
DECOUPLE HL, 3199.T7441724 Mz
Power 41 dB

gontinuously on

WALTE=16 modulated

DATA PROCESSING a
Line broadening 1.0 Mz - o o
FT size 65534 o oo
Total time 17 min, 4 Sec * n
"
= =
: 3
a3 -l
o a7
A -
- -
H !
_.l o
(e
2
q_..___..___.___.___.____._.__...___:__:'._._-._.q_._::__..__:___:__._..:__.____..___..____.q_.__.____.___._'____.__.__.:__.._
160 140 120 100 80 &0 40 20 ] ppm

220 200 180
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'H NMR spectrum of s4a.

SHTHR LTS
‘ feflczizy i
e gt |
5 sz : i Ei e
e . _ . POF g BT i
2 = 4
o = E E
i ] IIE_ = %
- %
o] :
.
s ] [ = —
] N
o
]

S30



C NMR spectrum of s4a.

Hip=G-alduhydel - : _
File: /homs/vnarl/svnarays/dacs/Organic_Chemdscey/Aklyama /Hiyaks/S-Ma-aldehydaC. . fid _

Pulsa Sequencer sdpul

Solvenk: cdell i
Anbient temperature |
Operator: vnmrl

File: S-Ho-aldehydel.
VHMRS-400 “Variand0o*®

135.512

Relax. delay 0.700 sec
Pulge 45,0 degrees

123,539

Aoy, tima 1.300 sec

wWidrh 24509.8 HE

188 repstitions

ODSERVE  C13, 100.51523515 sz
DECOUPLE W1, 399.7441724 Mz
Power 42 4B

continuously on

WALTZ-16 modalated =
BATA PROCESSING z M
Line breadening 1.0 He & N
FT size 65536 =2 @ -
Total time 17 min, 4 sec " @ 1
F2w
-
. /)
”
-
@
2
"
b4
o
[t
-
a
" &
s g
-1
8

|

220 200 180 160 140 120 100 80 &0, 40 20 0 ppm
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'H NMR spectrum of s4b.

Exp. 881 -productl
Filae: .__....oi..___;___..Iu:Eaggﬁlﬁ?l—-ndtﬁigﬂim&r-usxs.wmuuu...ﬁ.»_._nn-_..n._b

Pulss Sepuenca: sapul

Solvent: cdcld
Asbient CLEEpRrATUTE
Operator: wvnmrl

Flle: Exp.BBi-productd
VHMRS-400 “variand 00

Relax. delay 10.000 sec
Pulse 45.0 degrees

Aog. time 3.500 sec

wWidth §410.3 Hz

B repaticicns

OBSERVE H1. 399.7421721 MMz
DATA PFROCESSIRNG

Line broadening 0.2 Hz

FT pizo 65536

Total ciss 1 min, 49 sac

_..rLIr i 1 |
T T T T o AR 1 T T T
12 10 B8 & 4 2 -0 ppm
¥ L Ly iy L
1.00 2.11 [ 3ar
298 .09 .84
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C NMR spectrum of s4b.

Exp. B81-produces
File: /hose/wnarl/vnersys/data/Orgasic_Cheniscry/Aklyana /Miyake /801-900/Exp. 81-products, £54

Palse Ssgasnce: sipul

Selvent; cdeld
AEbient Cemperature
Dperator: wnarl

File: Exp.88l-productlC
VHMRS-400  -Variand00®

17330

L

Ralax. delay 0.700 sec
False 4%.0 degrees

Aog. time 1.300 sec

Width 2450%.8 Hz

195 repetitions

OBSERVE C13. 100.5152508 MMz
DECOUFLE ML, 19%.T441724 Mo
Power 42 4B

cont ineeanly en

HALTZ-16 modulated

DATA FROCESSING

Line broadening 1.0 Rz

FT size #5536

Total tise 17 min, 4 Sec

123,083

135,416

198,214

141.62%

203634

L'JE.EII}

34,341

a7.8e

28.802

8.881
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'H NMR spectrum of s4c.

B, BER-preductH

File: /home/wnmrl/vnarsys/data/Organic_Chenmistry/aAkiyans Miynie/801-900/Exp. B8d-producth. £1d

Palss Sequénce: @lpul

Solvent: ocdcold
Amibient temperature
Dperator: wvnmsl

File: Exp.882-productH
VS -400 “Varland0o®

Relax. delay 1.300 sec
Palse 45.0 degceas

Acq. time 3,500 sec

Width &410.3 Hz

B repatitions

OBSERYE HL, 39%.T411T26 Mz
DATA PROCESSING

Line broadening 0.2 He

T size 65536

Tokal cime 0 min, 40 sec

11 10 3 ]
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C NMR spectrum of s4c.

Exp-Bl-produses
Fils: /home/wnarl/vnecsys/data/Oeganic Chemistry/Akiyama Miyake, 801300/ Exp. BAZ-productC. fid

Fulse Soquenca: @2pul

Solvent: odold
hmblent Cemperature
Operator: wnmrl

File: Bxp,B82-productC
VHMRS=400 *Variandog®

135.073
133.823
125.745

s
\—121 111

122,713

Relaw. delay 0.700 sec
Folse 45.0 degreaa

Aog. tise 1.300 sec

Wideh 24%09.8 Hz

241 repetitions
OBEERVE C13, L104.5152533 MHz
CECOUPLE M1, 399.T7441724 MHz
Power 42 4B

conrimuously on

WALTZ-16 modulated

DATA PROCESSING

Line brosdeningsl.0 Mz

FT size 65536 _.:.m
Toral cima 17 miff. 4 sec

141949

202.150

48678
41.675

S35
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Exp. %41l -productH
Fila: Shome/vnss] /visceys /dacs/Organic Chesistey/ Akiyama/Miyake /$01-1000,/Bxp. 41 -produsei. £id

FPulse Sequence: sdpul

Solvent: odoll
Anblent Cesperature
Operator: vnmrl

File: Exp.%dl-productH
WVRE-400  “Varissdode

Relaw. delay 1.500 sec
Pulse 45.0 degross

Aoy, ties 3,500 sec

Wideh 6410.3 Kz

8 repetitions

DBSERVE Hl, 399.7421722 HHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 65536

Total cime 0 min, 40 sec

'H NMR spectrum of s4d.

S36



Exp. S41-produstd
File: /homefvimrl Smacrsys/dats/Ocgenic_Chealsecy/Aklyvess /Mivake,/$01-1000/Bap. 34l -praduses . £14

Pulse Sequence: sipal

Solvent: cdcld
Ambient temperature
Oparater: vemrl

File: Exp.94l-producte -] m &
VEMRS-400  "Variand00® e
™~ b
[
Falax, delay 0.700 aac _.r-r\_

Pulags 45.0 degroas

Aog. bims 1,300 sec

Wideh 24509.% Hz

353 repetitions

CESERVE €13, 100.5152493 HHz
DECOUPLE HL, 355.7441724 HHz
Power 42 dB

cont inesaily on

HALTZI=16 modulated

D&TE FROCESSING

Lime brosdening 1.0 Hz

FT size 63538

Total time 17 min, 4 asc

125,392

—158.087

— 300, 123
F—140.B18
= —139.28%

et 1T T LI

20.571

C NMR spectrum of s4d.

T T T T T T T I L R R RN R R RN

220 200 180 180 140 120 100 80
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'H NMR spectrum of 1ac.

Exp . 929-produstd

File: /Bome/wmrl/wmarsys/data/Organic_Chenistry/Akiyens Miyake/301-1000/Exp. 929-produstli. £id

Pulss Sequencer s2pul

Solvent; cdeld
Asbhisnt tesmperature
Operator: wnarl

File: Exp.929-productli
VHMRS-400  -Variamdin®

Relax. delay 1.500 sec
Pulse 4%5.0 degrees

Aog. time 3.500 sec

width 6410.3 Hz

B repacivicons

CBSERVE  HL, 359.7411601 Wiz
DATA FROCESSING

Line brosdening 0.2 He

FT giza 65336

Total cime 0 min, 40 sec

=

QHNC(

12 10

ZT
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C NMR spectrum of 1ac.

Exp.929-producel

File: ._._En'iuEab-ﬂxono-ﬁnlﬂ!nnqaﬁu&!uﬁuia!.uﬂ-Eu?__ﬂﬂ.uuu.unnﬂpnnwn.ﬂn _.

Pulpe Sequaence; sdpul . ﬂ OoH
Solvent: cdcld

Asbisnt temperature

Operator: womrl
Fila: Exp.9%2%-productllC
VHMRS-400  *Varland00®

Ralax. delay 0.700 sec
Pulse 4%.0 degresd

Aog. time 1.300 sec

Width 24509.8 HE

36 repecitions

OBSERVE C13, 100.5152635 WHz
DECOUPLE Hi. 399.7441724 HHz
Power 42 4B

eontinscasly on

WALTZ-16 modulated

DATA PROCESSING

Line bresdening 1.0 Hz

FT size §5336

Taral vise 17 min, 4 sec

A
g 2%
iz
2
- 2w
oF
2 m £ nm.m.. = = p s 2
: A g7 % g = 5 . B o
E - L ._;...._h L 2 % A=
S ts2
aom a
ﬂ
__.___..__,:_._n___._:__:____.q_u._.___.7__.___:._....____._____.____.._”___..____.____:_._...q.._.____.-__..__.:__.___.__.-__.
220 200 180 160 140 120 100 8o 50 40 20 0 pom



Exp. Bd0-produscll

;

o

S40

SR ARRARNRS A ARARNERE /Miita Orpanic_Chendstry/Akiyams /Miyake/801-300/Exp. B40-producell. £id

'H NMR spectrum of 1b.

i T = T — I I T T T T I mmm
12 10 g 6 2 -0 PPm
w w [ o C L B
1.59 1.00 0.9% 4.52 3.6
2.04 1.9% o7 .1



C NMR spectrum of 1b.

Exp. 1% -products

Fila: Shome/vnesl /vmaceye/data/Organic _Chesdatry/Akiyama/Hiyake/$01-1000/Exp. #15=-preduceC. £i4

Fulse Sequence: sZpul

Solvent: edell
hEBlOnE COEDOTETUDD
Operator: vnmrl

File: Exp.3%3%-producos
VHHRS-400 “variand0o-

Rolax. dolay 0.700 sec
Pulse 45.0 degrees

Aog. tims 1.300 sec

wWideh 24500.8 Mz

T repatitions

OESERVE ©13, 100.5152612 MHr
DECOUFLE H1, 159.7441724 MMz
Power 42 dB

ceatirasunly oa

WALTZ-156 modulacod

DATA FROCESSING

Line broadening 1.0 Hz

FT eize 65526

Toral cims 17 min, 4 aec

205,149

220 200 180

156.9%1

160

149450

135.921

142.23%

140

130.04%

122,973

120

—105.411

e 104474
9. 674

100

77.313
D00
L'?i..iﬂﬂ

.

80

58,590

60

43.819

40

31.882

28,504

24. 7T

20

HHUMQ/\H/QE

#.118

ppm
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'H NMR spectrum of 1c.

6=Br-amineH
File: /homa/vnmel/vasrsys/data/Organic Chemdatry/Aklyana/Miyake/6-Bn-anineH. £id

Palse Sequence: sapul

Solvenk: odcld
Amblent Rasgeracira
Operator: vamrl

File: 6-Br-aminsH
VHMRE-400 “Varland00®

Rolax, delay 1.300 sec

Pul#a 45.0 degroes

Acg. cime 3.500 sec

Widch 6410.3 Hz

# repaticican

OBSERVE W1, 395.7431733 MEz
DATA PROCESSING

Lina broadening 0.2 Hz

FT olire 65536

Total time O mim, 40 sec

bad ! L
1.9% 5.91 .93
1.97 OEEy
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»C NMR spectrum of 1c.

S-Bn-aming

File: /homefvemrlfvrnrsys/data/Organdc_Chenlstry fakiyvana Mivake/é-In-amine . £id

Fulss Sequence: 2pul
Solvent: cdcld
Ashient temperaturae
CpRracor: vnsmrl

File: G=Bn-amineC
VEMRS-A00  *Varianddo®

Ralax. delay 0.700 sac
Palse 45.0 deyroes
Rog. time 1,300 sec
width 2450%.8 Hz

142 repetitions

CBZERVE C13. 100.5152508 Mz
OECOOPLE H1. 399.T441724 MHz

Fower 42 dB
contimuously on
WALTZ=16 modulated
DATA FROCESSTHG

Line broadening 1.0 Hx
FT size £5536

!—119.1’21

T7.520
7000

7T,

6. 687

e

§effgan
fotal tise 17 min, 4 wec 227822
o ]
a 2 -
. 2 4
] ne - -
H Fseg TlOE B
2 S £33 Vs E
- - -4
] uu._ LJJ z
-~ & .
- 2
H]
220 200 180 160 140 120 100 80 60 40 20
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'H NMR spectrum of 1d.

Exp. 863

File: Shome/wvnarl/veersys/date/Organic_Chemistry/Aklysms /Miyake/Exp. 862-productH. £id

Pulss Sequence: #lpal

Salwent: ofecld
Ambignt Cemperabture
Operator: voecl

File: Bxp.ifl-produscH
VEMES-400  “Variand0D®

Eelax. delay 1.300 sec
Fulse 43.0 degrees

Acyg. Eime 3,500 asc

wWideh 6410.3 He

8 repatitions

OBSERVE HL, 399.7431712 iz
DATA PROCESSING

Line brosdening 0.2 Hz

FT 8izs 65336

Toral time 0 min, 40 ses

L J .L...Lr.'
T ™ 7T L L T LI ™ TT LI L B E LA L
12 10 8 & 4 2 -0
1 L Y L L ry
1.76 ETY 2.11 3.18
100  1.02 2,01 .29
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C NMR spectrum of 1d.

File: /home/vnmrl/visceys/Gats/Organic_Chemdstry/Akiyess /Miyake/Exp. B62-productC. Eid |

[ Ay OH
Pulse Sequence: alpul ﬂu
Salwest: odcld

Aablent temperature
Operator: wvnmsl

File: Exp,86Z-productC
VIBRS-400 “Variandd0®

Relax. delay 0.700 sos
Pulse 45.0 degoess
Aeg, Eisa 1,300 ses
Wideh 24509.8 Hz

131 repetitions

-
DESERVE C13, 100.5152515 MH:z a -
DECOUPLE N1, 3§9.T441724 MEHz w o =
Pownr 42 4B 3 o
soatinucualy on Ll
WALTZ-16 modulated 2
DATA FROCESSENG .
Line broadening 1.0 Hz
FT aiza 65536
Potal time 17 min, 4 sec
- = w
= & o 0 a7 <t
m E e ~ ﬂ L N
R 874 Pog 3
e T S
na |
z/ 3
& 3 . 3
o T 8
g g o
- g
-
TTTTT T T ._...._.___.'_..__._'_.__.q___._q__.____.___.-:._._._..___..____....____.q_._q_..___._______.__.____.._”_..___._
220 200 180 160 140 120 100 BO 60 40 20 Il pRm



'H NMR spectrum of s5a.

% -Me-amineH

File: /hesefvescl/vasreys dats/Organic_Chemistey/Kelyama Miyale/5-He-anined. £1d o

Fulse Sequence: sdpul

Solvent: cdeld
Ambhignt Tasparatiss
Operator: vnmrl

File: S-Me-amineH
VEMRS-400  variasdon-

Rolax, delay 1.500 soc
Palse 45.0 degrees

Acg. time 3.300 sec

wWideh &410.3 Hz

8 repetiticns

OBSERVE HI, 359.7421726 MHz
DATA FROCESSTEG

Line broadening 0.2 Hz

FT pize E3536

Total cims 0 mim, 40 seo

¥

! |
11 10 8 8 7

71—

[
(=4
=1
»

090,57 2.0%
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" Bxp . 94 9-products

Filer fhoms/vasel/vesrsys/data/Organic_Chemlatsy/Akiyana Hiyake /3 01-1000/xp. $453-products. £1d

Pulse Ssquence: spul

Solvent: cdcll
Anblent Eesparaturs
Cperator: veerl

File: Exp.949-producks
WHRE-400 “Variand00®

Relax. dalay 0.700 sec
Palee 45.0 degrees

Aeg. cime 1.300 sec

Width 24509.8 Hz

140 repetitioas

OBSERVE C13, L00.5152807 MHz
DECOUPLE H1, 399.T7441724 MHz
Powar 42 dB

contimously on

HALTZ-16 medulated

DATA PROCESSING

Line broadening 1.0 Hz

FT aize E5516

Toral tims 17 min, 4 aec

s Vi _——

156,557

148,267

135,386

129.671

__~—105.434

Y106, 010

t—59. 954

—77.301

‘Illf—?'.r.:ﬂﬂ

T7.000
76.680

o

—————53.143

39,934

<904

M

19,954

fesc e

C NMR spectrum of s5a.

LR RN R e R RARE RARREREERE LR

220 200 180

160

40
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'H NMR spectrum of s5b.

Exp, 338-productd

File: /home/vrscl/vesceyn/data/Organic_Chenistry/Ridyama/Miyake/§01-1000/Exp. 030-producth. t1d

Pulips Seguenca: oipul

Solvent: cdcll
Ambient tesporature
Operater; wamel

Fila: E.Wu.lﬂ%
VHMRE-400 “Varland(d=

Relax. daelay 1.500 sec
Pulee 45.0 degress

Reg. time 3,300 sec

width &410.3 Kz

8 ropetitions

OBSERVE  HL. 399.7421704 MHz
DATA PROCESSING

Lime brosdening 0.2 HE

FT size 63336

Total time 0 min, 40 sec

T T T T T T T
12 10 B
iy iy
1.92 1.00
2.0

IE."'{m—
g3*

I=

L,
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C NMR spectrum of s5b.

" Exp, 338-productC

File: Sfhoms/vnmsl/viscsys/data/Organic_Chemiatry/Akiyems/Miyake{901-1000/Exp. 938-products. fia

Pules Soguence: slpul

Eolvent: edeld
Ambient temporatuse
Operator: vemrl

File: Exp.938-produces
WHMRSE-400  “Variand0o®

Relaw. delay 0.700 sec
Pulse 45.0 degroes

Acg. time 1.300 sec

Wideh 24500.0 Hz

512 repatitions

OBSERVE €13, L0O.5152545 Mez
DECOUPLE H1, 395.T441724 Mz
Powar 43 dB

conkinvsuely on

WALTZ-16 modulated

DATA FROCESSING

Line broadening 1.0 He

FT sizo 63536

Totral time 17 ®min, 4 sec

-

156,646

=’ e

140. 634

142.172

138 . 887

128,934

2B.B4E

77320

Y104, w34
o

—105. 501
TE, E8D
34.651

=00 4R

39,763

57.652

B.045
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Exp.3#d%-productit

Flla: /homa/vnesl /vesroys/data/Organie_Chemlatry/Riclyama /Miyake/301-1000/Exp . 94 5-producti. £id |
Pulse Sequencer sdpul | Ph \Q/Ut
Solvent: sdell ﬂ

Asbient tesperaturs

OpoTator: vemrl
Pile: Exp.948-produstd
VEMRS-400  “Variand0o

Ralax, dolsy 1.%00 sec
Pulpe 45.0 degrees

kg time 3.8500 soc

wWidth 6410.3 Wz

B repeciticna

OREERVE H1, 399.7421767 Mz
DATA FROCESETNG

Line brosdening ©.2 Mz

FT size 65516

Total time 0 min, 40 sec

S50

'H NMR spectrum of s5c.
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C NMR spectrum of s5c.

Bxp. ¥3%-productc

File: [heme/visel/fvesrays/dscs/Organie Chesdgtey/Aklyess /Miyake/901-1000/Exp . 339 -products. £1d

False Sequencer sdpul

Solwent: odcl3
Amblent temperature
Operator: vamrl

File: Exp.%)¥-productc
VEHRS-400 “VarlasddD®

Relax. delay 0.700 sec
Pulee 45.0 degress

Ao, tiee 1.300 sec

Width 24509.8 Hz

113 repetitions

OBSERVE <13, 100.5153553 mHa
DRCOUPLE W1, 399.T441724 iz
Powpr 42 dB

continoously on

WALTZ-1¢ modulated

DATA PROCERSING

Ling bropdening 1.0 Hz

PT size S5516

Total time 17 min, 4 sec

03,877

156. 631

128.608
?ll! -284

135.295
134.857
129.953
139.767

TIT-El

136.761

I

122.534

e
—

= 105,508

M—104.831

—99.518

TT.303
]

-

6. 680
—41.76%

.

39.004

— 39,651
15,251

=0.041

RN LR LERES EEEAS LR
220 200 180

LERE R

160

140

T[T

120
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'H NMR spectrum of s5d.

Exp. 94 2-prodiceH
File: fhome/msrl/wmesys/data Organic_Chenistey/Ayana (Hiyake/$01-1000/ B, S42-productii, £1d

Palse Sequence: alpul
Solvent: odeld
Aablant EeSparature
Cperator: wnmel

File: Bup.94Z-productlN
WHMRS-400 “Variando0-

Relax. delay 1.500 sec
Pulse 45.0 degreocs

Aoy, cime 3.500 sex

Widch 6410.3 Mz

B repetitions

OBRSERVE  H1, 399.7421690 MHz
DATA PROCESSING

Ling broadenimg 0.2 HE

FT size 333§

Total tise 0 min, 40 sec
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Exp. 042 ' ' 0

File: /home/wnarl/vimrsye/dats /Organic_Chemistry/Akiyesa/Hiyakes301-1000/Exp. 94d-productC, [1d cl
Pulse Sequence: sipul o

Solwent: odoll | 8]
koblent temperature !
Dparator) wvnarl

File: Exp.#d2-peodisctl
WHRE=400 *Variand0o®

W

=

129,864
134,963
—20.184

Relax. delay 0.700 sec

False 45.0 degroes

Reg. tima 1.300 aoc

Width 24509.8 Hz

198 repecitions

OBSERVE ©13. 190.5152575 M=z
DECOUPLE N1, 399.7441724 MHz
Powpr 42 4B

continsously on

WALTZ-16 modalated

TATA PROCESSING

Ling broadening 1.0 Hz

FT alzae 655316

Total time 17 min, 4 sec

L156.430

T7.320
TE.BEY

s
\f

g
53,403

147._858
105,947
'I"_ 105. 564

35.938

Y 100.061

140,308

13877
40. 343

-0. 006

r!FlllL n
q.._.:q__..__..:-_..v_:uq._..q_.__.__._.r_.-_...-..q_._-q__-___-..____-____._:-___-_____.-_...__.___.._.__-q____-___-__-___.

220 200 180 160 140 120 100 80 60 40 20 0 PRm

C NMR spectrum of s5d.
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'H NMR spectrum of 2ac.

Exp. ¥33-productH
File: (home/vnmrl/fvrsceys /daks/Organic Chenistry/Akiyans Miyake901-1000/Exp. 933-products. f1d

Pulss Sequance: sipul

Salvent: cdcll
Ambient temperatusd
Oparator: veacl

File: Bxp.933-preductH
ViBES-400 *Variand0o

Relax. delay 10.000 asc
Pulse 45.0 degress

Acg, Cime 3.500 sec

Wideh 6410.3 Hz

# repstitions

OBSERVE  H1, 399.7421731 MHz
DATA FROCESSTRG

Ling beeadsning 0.1 Hr

FT alze E5516

Total time 1 min, 48 sec

1.

B U N 0 B S o e e L T T
12 10 8 [

Yoy Wy ¥ ¥
1.001.0003 1,01 0.89

1.0102  1.@00 0.93
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C NMR spectrum of 2ac.

E=Ha=-PreduscC

Flle: /homejvoscl/visrsys/data/Organic_Chesistoy/Akiyans Miyake/WME Data/reductive_amination/peoduct /Exp. 499-produstlc. £id

Pulss Seguance: oZpul

Solvent: cdclld
Aniplent tespecature
Operater; vimcl

File: Exp.d39-productlc
VHMRE-400 “Variand 00"

Relax. delay 0,700 aec
Palse 45,0 degrees

heq. time 1.300 sec

width 24509.8 Mz

291 ropeticicna
OBRSERVE €13, 100.5152523 MHz
DECOUPLE M1, 399.7441724 MMz
Power 45 dB

continwously on

HALTT- 16 ssdulaced
TATA PROCESSING

Ling brosdening 1.0 Hz

FT alze 85538

Total time 30 min, 0 &6

208386

152488
—1%2.322

F~157.107

135698

—13. 781

130,370

138.592
135.362
124.201

%

_—L0E. 513

—105.032

—101.118

77.3113

I
-

T6. 680

~—E3_553

20.138

42,695

31,667

20,594

—20.073
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HPLC chart of 2ac.
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HPLC chart of 2ac (racemic).

0.08
o 460
160 fm
200 .
3 ™ 3
100~ - 100

L0
Peak Retention time T Area Area 9%
. B 000 ~
2 a1, 96 18 43194477 49, 504
o]
H
OH
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Exp.936-producth
Files hﬁl-}__.s!au._:___ulnﬂnunnu-__dnﬂizun-hul...nnq_.%iwinwnu-un.un___ﬂi..uwnLun.u.!nnu:. fid

Pulss Sequence: sipal
Solwvent: odeld
Ambienk Eesparatore
Oparator: wvnmel

File: Bep.9é-productld
VIMEE-400  *Variand(0®

Relax. dalay 1.500 sec
Pulsa 45.0 degrees

Aoy, Cime 3,500 sec

Widch 6410.3 Mz

8 repeticions

ORSERVE W1, 399.T742X1729 iz
DATA PROCESSING

Line broadening 0.2 Hs

FT size 65536

Total time 0 min, 40 sec

NIy

L LI L B T T
rrrrryrrrrrprerrry T j
10 2 = ppm
L WY Lid L _ ¥y
1.00.0609 1.10 1.11 1.12 6.17 3.39
1nmT 10807 1.08 1.09 1.43%

'H NMR spectrum of 2b.
=
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C NMR spectrum of 2b.

Exp. 936-product 1L
Fila: /hoasfvwerl Swmaceys/datas/organic_Chendstry/Akiyams Mivake r901-1000/Exp. 936 -productic. fid

Pulse Sequence: sipal

Solvent: odcld
Asbient CoEPOEACUED
Oparator: vmmrl

Flle: Exp.916-produccls
viems-400  “varianddo-

Ralax. delay 0.700 aec
Palse 45.0 degrees
Acg. time 1.300 sec
Width 24509.8 Mz

71 repetitions o o
CBSERVE ©13, 100.51S2508 Mz = Z =
DECOUPLE H1, 385.7441724 Mz " £ -
Powar 42 dB E "
centimsusly an F.._L
WALTZ-16 modulated
DATA FROCESSING
Lina broadening 1.0 Hz
FT aize 65536
Toral time 1T mim, 4 ses
L
5=, 2. g
g=9%38 CEE 7% 2
$I883 Sz - 5 ° g
20777 LTS = & 2 =
P \.._ _._” ._ Wy s -
28z =1 - -
cat | £
an 3 = -
[ _.. _.\_ T -
=
-
TIT [T TP ITr[ T [ TorTy TTTrr T T T T T L | LB | T L | LIS | LI | L LA | ! I
220 200 180 160 140 120 100 BO 60 40 20 ]
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HPLC chart of 2b.

__:u - 15 20 - n_n
mn
Poak # Retantion
1 18.307
2 30.553
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HPLC chart of 2b (racemic).

m_— ——— —_— . e
|
Lioe
':'l)
g t
: e - -
18 0 2% u 50
Puoak # Retention time Type Arsa
1 18.813 S0.GES
2 33767 40,335
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&-Bn-producti
File: /hopefvnecl/vesceys/dsca/Ooganic Chemistry/Akiyams Miyake/#01-1000/Exp . 931 -productH. £id

Pulss Soquanca: alpul
Solvents odold
Aabient Tesperatuce
Oparacar: vesrl

Filg: Ewp.95%1-productH

VHMRE-400  *Variamdoo® _
Ralax. dalay 1.500 asc _
Paleas 45.0 degroas
Roq. time 3,500 ses [

wWidth £410.3 Hz

§ repetitions

CBSERVE M1, 399.7421747 Mz
DATA PROCESSING

Ling broafdening 0.2 Hr

FT sizo 65516

Total time O min, 40 ssc

—

'H NMR spectrum of 2c.

A ]
Tr T ! | T T T | L I T I L
11 10 a 8 7 6 5 4 3 2 1 ppm
Woou e — (IR - s
0.92 0.38 1.0098 a. 7% 1.07 384
0.%&.74 0.%7 1.05 1.0% 2.00 1.98
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»C NMR spectrum of 2c.

Exp. 953 -productc
Fila: axp

Pulpe Sequence: s2pul

Solvent: olcld
Asbient temporature
Operator: vomrl
VEMES-400  “Varland00-

130.631
130.3%5

Eelax, delay 0.700 sec
Pulsa 45.0 degrees

Aog. Edme 1.300 sec

Wideh 24509.8 Hz

170 repeticions

OBSERVE C13, 100.5152%23 MHz
DECOUPLE HL, 3195, 7441724 MHz
Power 42 4B

cant inssaaly on

HWALTZ-16 modulated

DATA FROCESSING

Line broadening 1.0 Hz

FT gize 65536

Total time 17 min, 4 aec

137.856

/i
/

138.3%1
138,338

V:

220 200 180 160 140

—126.530

135.198
124.134

120

s~ 106, 647

te—10%. 054
—101.148

100

V.30

L
ik

&0

oop
TE. 680

— 58,441

—55. 732

60

42.740

38.7086

40

31848

0.378

20
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HPLC chart of 2c¢.

0.05

Peak

Retention ti T
15. 69 B8

S64

1 20 2 24
Area Area %
7216925 10,254



HPLC chart of 2¢ (racemic).

0.05
40
w.
=2
T 20
10 -
o]
L} B 1
P Retent |
1 .
2 15. 87

- &0
L a0
n 3
10
-0
12 'il - L] 18 - 20 !'I-
min
Tﬁe Area Area %
B8 284747 49,223
o]
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21 -&-producti
Filar /home/vaer) vmersys/data/Organic_Chemistry/Akiyana /Miyake/Cl-6-He-producth. £1d

Palse Soquence: sipul

Solvent: odclld
AeliofE CeSpEraTure
Operator: vnmrl

File: Cl-6-Me-productd
WHHRS-400 “vaclasd(0®

Relax, delay 1.500 sec
Palse 45.0 degrees

Aeg. time 3,300 sec

wWideh §410.3 Kz

# repetitions

ORSERVE  HL. 399.7421726 MMz
DATA FROCESSING

Line brosdening 0.2 Hz

FT sizo 65336

Total time 0 min, 40 soc

LI Y Wy
0.86 1.00 1.03 1.06
9.93 1.0400 096

'H NMR spectrum of 2e.
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»C NMR spectrum of 2e.

Cl-6-Froductc
Fila: /home/verl fvesceys//daca/Organic_Chemiatey/Aklyama /Miyake/Cl-f-Me-produce, £1d c

Pulse Sequence: sdpul al

Solvent; odsl)
hebient EaSpEraturs )
Operator: vnmrl

File: Cl-f-Me-productr
omE=-400 “variandGo-

17330
77.208
77.000
6. 687

r
=

Relaw. delay 0.700 ses
Pulse 45%.0 degrees

Acqg. time 1.300 sec

Widech 24500.8 Mz

18000 repetitions

DESERVE C13, L0OO.51525040 MHE:
DECOUPLE HL, 395.T441724 HHz
Power 41 dB

eeatinusasly on

HWALTZ=-16 Bmadulatad

DATR PROCESITHE

Line breadening 1.0 Hz

FT size §5538

Tocal time 10 ke, L #ec

2.
- * -
$xs g g2
e 382 - g L
- =1 Lol - -
3 L1z 3 g o=
- .L .— = ﬂ -
328 45, g g
Fan Thw i 2
L 117 283 g :
P I I eI e e
220 200 180 160 140 120 100 80 60 40 20 0 ppm

I,
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HPLC chart of 2e.

w0 t"
i w-: -1 i
i
0 to
1 " 1 18 1 8 1 P 1 = 3
L
Paak # Ratantion Type Area Area %
1 16.773 BB 2830333 98974
2 18,080 BB 30384 1.028
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HPLC chart of 2e (racemic).

i i
5= o]
; |
o Lo
' . : - i
1 n 15 18 i’ 18 " 0 n n
mn
Poak # i T Area %
1 15.%7 = ﬂ. 2491695 %_
2 ‘IB.I_ED VB 2147572 46201
o]
H
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'H NMR spectrum of 7a.

Exp. J26-prodectll

File: /homs/vonrl/warsys/dats/Osganic_Chendstry/Akiyema/Miyake/301-1000/Bxp. $26-produceld. £id

False Sequence; s2pul
Solvent: odcld

File: Bap.9l6-prodactld
WEMRS=400  “Varlamd0®

Relaw. delay 1.500 aec
Fulse 45.0 degreas

Acg. time J.500 s

Wideh 6410.3 He

& repatitions

OESERVE  H1, 39%.T421T33 Mz
CATA FROCESFING

Line broadening 0.2 Hr

FT aize 65516

Toral time 0 min, 40 sec

LN B L B B BN B LR —...v__..-“4..._...-__‘.-__

12 10 8 6
Wiy W ¥
1.0008.05 1.06 1.17
1.0008 1.080%

ul
R
2
Wy
1.18
1.20 3.49
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C NMR spectrum of 7a.

Exp. #50-productls

File: fhome/vesrl/vemrsys/data/Organie_Chemintry/Aklyama /Miyake /801=-900/Bxp. 850-producele., i

Pulse Sequence; slpal

Salvenrt: cdell
Anbient temperakturs
OpErator: vmmrl

Pile: Exp.dS0-predustls
VISES-400 “Variand00®

Relaw. delay 0.700 sec
Puloe 45.0 degrees

Acg. Etime 1.300 sec

Wideh 24509.8 Hx

480 repeticions

CBEERVE C13, 100.5153508 Nz
CECOUPLE H1. J99.7441724 MHz
Power 42 dB

coatimously on

WALTZ-16 modulated

DATA FROCESSIRG

Line broadening 1.0 Hz

FT pize 63516

Fotal ciss 17 min, 4 oec

135,475

34.T46

[

156.83%
152,881

149, 264

— D 0, BYL

__—130.288

e 129 053

16687
134.157

\

—106.004
e 10347

e 100 . 195

FTI' 2320

000

6. 680

=

g9, 508

56.372

49072

35.313

19,589

i

T TT T T oI roT
UAARRERES RAREN RERAE RS RRLASLALEN LR LS| AR RARESRERRE REREE RARRE RN IULRIE LIS LA LA RN LARAN LN RN R | T

220 200 180 160 140

120

100

80

20

PRm
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HPLC chart of 7a.

0,05
a0 80
40 - &0
i‘ ] 40 i
|
H |
20 20
o 1o
2 W T 2w om
fien
Peak # Retention time l'? Ar Area 9
14,67 12:1?& 8. 783
2 20. 24 BB 13057447 91. 217
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HPLC chart of 7a (racemic).

- 100

0.05
100 -
50
u -
b e - P
min
# Retent ion T
I ; 3 1
2 24. 45 BB 17372793 48

S73



Exp. M4 -productli
File: __.EI-E_IHH}_-l.-u.u___n.n.-Bun-upnlnw!hnﬂqmrrpiwﬁih:npuzn?_.ﬂﬂ.-truaou.—ﬂnu:.:n

Pulsa Sequance: alpal

Salvent: odeld
Anbient Cemperaturs
Operator: vomcl

File: Exp.fdd-productld
VEMES-400  “Variand00*

Ralax. delay 1.500 sec
Pulse 45.0 degrees

Aog. time 3.500 sec

Width 6410.3 Hz

# repaticionn

CBSERVE  Hl. I59.7421745 wiz
DATA FROCESSING

Line broadening 0.2 Hz

FT aiza 63536

Total time 0 min, 40 sec

:5;_l\:.|_ [TH ¥ .

'H NMR spectrum of 7b.

......d............____.____.__d.._____.r___...._._.___.____._._.q____..____...._..___.

12 10 8 6 4 2 =0 ppm
Wy O T | Wiy i W
0.350@.98  1.00 0.36 1.08 3.23 3.10
0.8, 02 1.0103 0.9% 1.11 1.14
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C NMR spectrum of 7b.

Exp, 344 -products
Fila: /homs/vrmrl Smarsys/data/Crganic Chend mtry/Akdyams /Miyvake /8901 - 1000/ EBxp . 8dd-productlc. £1d4

Pulse Sepsesce:; alpul
Bolvent: cdcll
Asbient tesperature
Oparator: vnmrl

File; Exp.9dd-produccll
VIBES-430 *Variand0o®

Relax, delay 0.700 sec
Palae 45.0 degrees

Aog. cles 1.300 sac

Width 2450%.8 Hz

10 repestitions

CBSERVE €13, 100.5153538 Miz
DECOUPLE  H1. 3997441724 Wiz
Fowar 42 4B

cantimuously on

WALTZ-16 modulated

DATA PROCESSING

Ling broadening 1.0 Hz

FT pize E5536

Total time 17 min, 4 sec

17,320
T6.687

oloey
A

- =
-
- i~
-1 m - e
TEe " = 4 -
sS eg =38 = 2
maAnN e = ] - :
: - L= (=] - i~ M -
._._P = - g - - i )
4 L) Yk 3 g
i | .
] 3 -1
@
- - w
* - ]
-] n :
nom ™ il =
a8 - =
Ta2 L
;oW
- -
-

207.851

i%ﬁliiit

R L e L R L B B e I R I I I B N S R RS RN AR RARE RARRE RS B TTTT
220 200 180 160 140 120 100 80 60 40 20 0  ppm
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HPLC chart of 7b.

0,05
a0 - 80
60 - -850
i‘ ] 40 i
|
H |
20 20
o 1o
o —— ——— P
fien
Peak # Retention time l'? Ar Area 9
14,67 12:1?& 8. 783
2 20. 24 BB 13057447 91. 217
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HPLC chart of 7b (racemic).

- 0
i

;" ™ 3

gl S /___\ ko

It n P »n e # a8 ®

min

Poak# on T Area Area %
1 16,660 BB 1 50,580
2 37.300 BB 64162553 49414
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'H NMR spectrum of 7c.
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*C NMR spectrum of 7c.

Exp. 945-productd

Fila: /home/wnasl/vneseys/data/Organic_Chenistoy/Akiyama/Miyake/$01-1000/Bxp . M5 -produselC, £id

Pulse Sequence: s2pul
Salvent: cdcld

Flle: Exp.945-productlc
ViemS-400  variand 09

Rolax. dalay 0.700 ses
Polse 45.0 degrees
Acg. time 1.300 sec
Wideh 24509.8 Mz

38 repetitions o
OBSERVE ©13, 100.5152530 HHz =l
DECOUPLE M1, 3897441734 HHz S=u
Power 42 4B b g
continsously on ] Ao
WALTZ-16 modulated T Taw
DATA PROCESSIHG ﬂH\L
Line broadening 1.0 Hz g
FT size 65536
Toral cims 17 min, 4 aec
fem
mnm LR
A= . wn T =
T2 w w0 BEnN w
| 555 258 : .
u[/ %\__ 6832 2 . - P
. PP 18 = 3z
=23 e 5 - . =
R & -
211 /
2 _/_fff
w
A
T T T T T T T | T | T T T T T T T IRAREN RARES)
220 200 180 160 140 120 100 80 60 40 20 1] pPpm
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HPLC chart of 7c.

i =
.
w » ) . w0 o )
in
Poak # Ratenticn tima Type Area |
1 A BB 2457887 5.360
2 30.480 BB 43569015 94.840
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HPLC chart of 7¢ (racemic).

84
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T ExpHd-prosdisetH

File: /[homefvemrlfwmarsys/dats/Ocganic Chemistry/ Nkl yama Miyake/301-1000/ EBp. S46-productl. [14

Pulps Sequence) #2pul

Salvent: cdeclld
Axbient temperaturs
operator: vnmri

Flle: Exgp.M4E-prodactH
Via@E=400 “Varianddo®

Relaw. delay 1.500 asc
Fulse 43.0 degrees

Aog. time 3,500 sec

Wideh 6410.3 Hz

8 repstitions

OBSERVE  H1, 1%9.7421733 Wiz
DATA PROCESSING

Lina broadsning 0.2 Hz

T size 63516

Total time 0 min, 40 sec

'H NMR spectrum of 7d.

T T T T Trr o rrr T L L Tr o]
12 10 8 2 PRm
Wy W Wy w W
0.85  1.00 Z.04 1.00 <30 0
1.00 1.04 96 16 1.0
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C NMR spectrum of 7d.

Expr, 937 -products
File: /home/vesel/vesssys/dsts/Organic Chemdgtry/Akiyama /Miyake/501-1000/Exp. 93 7-productlc. £id

Pulse Sequencer sdpul

Salvenr: odell
Ambient Cemparaturs
Oparator: wvnarl

Filer Exp.9)7-producell
VEMRS-400  “Varlasnd0D®

Relax. delay 0.700 sec

Fulse 45.0 degrees

Acq. tlme 1,300 sec

Width 24503.8 H:x

209 repecitions Br

CBSERVE C13, 100.5152515 MHz - i I |
DECOUPLE M1, 399.7441734 Mz = meh
Powar 42 dB - = 2
contimously on - a=ma m -
WALTZ-16 modulated HF.: -
DATA FROCESEING _...Mv\_
Line brosdening 1.0 Mz Fr“..
FT aiza 65536
Total time 17 min, 4 sec
on
o0
3 o A
[ g W
LzhRia28 F e
3 TeRASISE 88
m mu R _.—m
:3 |1 L : g oz |
2| =] 2 8 b
22| =
-3
g 8 7
L
B Hlf_,., g
B H -1
g 3 k
a
B L L i L L L B L L L I L I L B I L L B B R LR L L R
220 200 180 160 140 120 100 B0 &0 40 20 0 PRm



HPLC chart of 7d.

0.05

4

jen time
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HPLC chart of 7d (racemic).

0.085

L] 12 14 18 -1; 20 e 24
min
jom_tima T Araa Area
1 ; 5 —T— ¥
2 18.21 BB 4580338 48,324
i
el
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'H NMR spectrum of s6.

Exp.937-productH

File: fhose/vnesl/viarsys/data/Organic_Chesiatry/Akiyama/Miyake/901-1000/Exp . 937-producti. £id

Pulse Sequence: sipul

Solwent: cdcld
Apbiont Césperatirs
Opairator: vRarl

File: Bxp.337-productH
VIMES-400 *Varianddo®

Relax, delay 1.500 soo
Pulas 45.0 degrees

Aeg, time 3.500 sec

Width 6410.3 Hz

8 repetitions

CBSERVE M1, 399.7421710 MHz
DATA PROCESSING

Ling beoadening 0.2 Hz

FT size #5336

Total time 0 @in, 40 sec

- )

-
L

-
a_
@ |

¥ oYY WYY
1,861, 8903 0.97.55
0, 50,0396 0.58

LI e R

qqqqq
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C NMR spectrum of a6.

Expr, 937 -products
File: /home/vesel/vesssys/dsts/Organic Chemdgtry/Akiyama /Miyake/501-1000/Exp. 93 7-productlc. £id

Pulse Sequencer sdpul

Salvenr: odell
Ambient Cemparaturs
Oparator: wvnarl

Filer Exp.9)7-producell
VEMRS-400  “Varlasnd0D®

Relax. delay 0.700 sec

Fulse 45.0 degrees

Acq. tlme 1,300 sec

Width 24503.8 H:x

209 repecitions Br

CBSERVE C13, 100.5152515 MHz - i I |
DECOUPLE M1, 399.7441734 Mz = meh
Powar 42 dB - = 2
contimously on - a=ma m -
WALTZ-16 modulated HF.: -
DATA FROCESEING _...Mv\_
Line brosdening 1.0 Mz Fr“..
FT aiza 65536
Total time 17 min, 4 sec
~
o0
g s e
[ g W
s ERATaES S a
E TERRSCds = 8
2 |F50ETS . N
= L
23 _LL e 3 g g |
2= = = 9 -
22| =
-3
g 8 7
L
B Hlf_,., g
B H -1
g 3 k
a
B L L i L L L B L L L I L I L B I L L B B R LR L L R
220 200 180 160 140 120 100 B0 &0 40 20 0 PRm



HPLC chart of s6.

0.05
’
180 -~ = g R e ————— e — B R |- |
|
100 - =100
e 1
0 -0
=50 fq=arsimmssmmsssiizmazenn - -BO
0 L] L 35 40 45 50
min
ajir-
Paak Rat time T 8a Area %
] Tt 5250
2 38.07 B8 B6GB2208 83. 750
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HPLC chart of s6 (racemic).

005
100 UWh - ceimriicca e, - 100
0 50
n M.n
20 25 30 L] 40 45 50
min
Peak # ﬁg@ﬁtm time Tgu Area Area %
i . TBOTESTS 52 943
2 40. 79 Bl 15035559 47.057
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