Supporting Information

Catalytic Asymmetric Formal Aza-Diels-Alder Reactions of
a,B-Unsaturated Ketones and 3H-Indoles

Haoxiang Hu, Chunna Meng, Yun Dong, Xin Li, and Jinxing Ye,*

"Engineering Research Centre of Pharmaceutical Process Chemistry, Ministry of Education,
School of Pharmacy and *Shanghai Key Laboratory of New Drug Design, School of Pharmacy,
East China University of Science and Technology, 130 Meilong Road, Shanghai 200237, China

E-mail; yejx@ecust.edu.cn

A: General Information and Starting Materials 2
B: Experimental Details 2
C: Characterization Data of Formal ADA Products 2
D: HPLC Charts of Formal ADA Products 13
E: NMR Spectra of Formal ADA Products 35
F: Determination of Absolute Configuration of 4g 56

S1


mailto:yejx@ecust.edu.cn

A: General Information and Starting Materials

General Information. Proton nuclear magnetic resonance (*H NMR) spectra and
carbon nuclear magnetic resonance (**C NMR) spectra were recorded on a Bruker
AV-400 spectrometer (400 MHz and 100 MHz). Chemical shifts for protons are
reported in parts per million downfield from tetramethylsilane and are referenced to
residual protium in the NMR solvent (CDCls: 6 7.26) Chemical shifts for carbon are
reported in parts per million downfield from tetramethylsilane and are referenced to
the carbon resonances of the solvent (CDCls: 6 77.16). Data are represented as
follows: chemical shift, integration, multiplicity (br = broad, s = singlet, d = doublet,
dd = double doublet, t = triplet, g = quartet, m = multiplet), coupling constants in
Hertz (Hz). High resolution mass spectrometry (EI) was carried out using a Waters
Micromass GCT spectrometer. Optical rotations were measured on an Autopol 11
automatic polarimeter (Rudolph Research analytical). Enantiomeric excess was
determined by chiral HPLC using Agilent 1200 Series, Chiralpak AD-H (0.46cm x 25
cm), Chiralpak AS-H (0.46cm x 25 cm).

Starting Materials. All solvents and inorganic reagents were from commercial
sources and used without purification unless otherwise noted. Imines 2 were
synthesized following the literature procedure.*=
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B: Experimental Details

General procedure for the Formal Aza-Diels-Alder Reaction

Unless otherwise noted, Imine 2a (0.6 mmol, 3.0 equiv.) was added to a mixture of
catalyst 1i (0.04 mmol, 0.2 equiv.), benzoic acid (0.04 mmol, 0.2 equiv.) and o,
B-unsaturated ketones 3a (0.2 mmol, 1 equiv.) in xylene (0.4 mL) at 30°C. The
reaction mixture was maintained at this temperature for 3 days and then the solvent
was removed under vacuum. The residue was purified by silica gel chromatography to
yield the desired FADA product. The enantiomeric ratio was determined by HPLC
analysis on chiral column.

C: Characterization Data of Formal ADA Products

(6'S,9a'S)-6"-phenyl-9',9a’-dihydro-6'H-spiro[cyclohexane-1,10"-pyrido[1,2-a]ind
ol]-8'(7'"H)-one (4a)
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Yellow solid; mp: 80-83°C; *H NMR (400MHz, CDCls3): § 0.90-2.43 (10H, m), § 2.81
(1H, dd, J = 5.6, 15.2 Hz), 6 3.06 (1H, dd, J = 6.8, 15.2 Hz), 6 4.06 (1H, dd, J = 5.2,
9.6 Hz), 6 5.03 (1H, t, J = 6 Hz), 6 6.52 (1H, d, J = 7.6 Hz), 5 6.81-6.85 (1H, m), &
7.12-7.17 (2H, m), 6 7.32 (1H, t, J = 7.2 Hz), 6 7.39-7.44 (2H, m),  7.50 (2H, d, J =
7.2 Hz); *C NMR (100MHz, CDCls): § 22.9, 23.7, 23.7, 25.7, 29.7, 37.0, 40.5, 43.9,
47.4,56.5, 64.4, 107.1, 118.8, 123.0, 126.5, 127.4, 128.0, 128.8, 137.0, 141.2, 148.6,
209.3; [a]o® -50.1 (¢ 0.5, CH2Cl2); HRMS(EI) calcd for C2sH2sNO [M]* 331.1936,
found: 331.1935; HPLC (DAICEL Chiralpak AD-H, hexane/i-PrOH = 9/1, flow 0.8
ml/min, detection at 220nm) retention time = 6.981 min (major) and 13.353 min
(minor).

(6'S,9a'S)-6"-(p-tolyl)-9',9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido[1,2-a]in
dol]-8'(7'H)-one (4b)

Yellow solid; mp: 117-120°C; *H NMR (400MHz, CDCls): § 1.17-1.98 (10H, m), &
2.27-2.30 (2H, m), & 2.34 (3H, s), 6 2.37 (1H, t, J = 2 Hz), 6 2.74 (1H, dd, J = 5.6,
14.8 Hz), 6 3.00 (1H, dd, J = 6.4, 14.8 Hz), 6 3.99 (1H, dd, J = 6.0, 8.8 Hz), 6 4.98
(1H,t,J =6.0 Hz), 6 6.49 (1H, d, J = 8.0 Hz), 6 6.78 (1H, t, J = 7.2 Hz), 6 7.08-7.18
(4H, m), § 7.34 (2H, d, J = 8.0 Hz); *C NMR (100MHz, CDCls): § 21.1, 22.9, 23.7,
25.7, 29.70, 36.9, 40.5, 43.8, 47.4, 56.1, 64.4, 107.1, 118.7, 123.0, 126.5, 127.9,
129.5, 137.1, 137.1, 138.0, 148.6, 209.4; [0]p*°-131.34 (c 0.75, CH2Cl2); HRMS(EI)
calcd for C24H27NO [M]" 345.2093, found: 345.2091; HPLC (DAICEL Chiralpak
AS-H, hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention time = 10
min (major) and 15.858 min (minor).

(6'S,9a'S)-6"-((E)-styryl)-9*,9a'-dihydro-6"H-spiro[cyclohexane-1,10-pyrido[1,2-a
]indol]-8'(7'"H)-one (4c)
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PH

Yellow solid; mp: 160-163°C; 'H NMR (400MHz, CDCls): § 1.24-1.98 (10H, m), §
2.30-2.35 (2H, m), § 2.69-2.78 (2H, m), 6 4.05 (1H, t, J = 7.4 Hz), 6 4.83-4.86 (1H,
m), & 6.26 (1H, dd, J = 4.4, 16.0 Hz), § 6.65-6.70 (2H, m), ¢ 6.81-6.85 (1H, m), &
7.16-7.20 (2H, m), 6 7.25-7.29 (1H, m), 6 7.34 (2H, t, J = 7.4 Hz), 6 7.39-7.42 (2H,
m); *C NMR (100MHz, CDCls): § 23.0, 23.4, 25.8, 29.8, 36.2, 41.1, 43.2, 47.5, 54.3,
65.1, 107.1, 118.9, 123.4, 126.5, 127.9, 127.9, 128.5, 128.6, 132.2, 136.4, 137.4,
147.9, 209.1; [0]o*®-103.4 (¢ 0.75, CH2Cl2); HRMS(EI) calcd for C2sH2zNO [M]*
357.2093, found: 357.2086; HPLC (DAICEL Chiralpak AD-H, hexane/i-PrOH = 9/1,
flow 0.8 ml/min, detection at 220nm) retention time = 7.704 min (major) and 10.022
min (minor).

(6'S,9a'S)-6"-(2-methoxyphenyl)-9*,9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyri
do[1,2-a]indol]-8'(7*H)-one (4d)

Yellow solid; mp: 117-120°C; *H NMR (400MHz, CDCls): § 1.23-2.02 (10H, m),
2.33-2.45 (2H, m), & 2.77 (1H, dd, J = 10.8, 16.4 Hz), 6 2.94 (1H, dd, J = 4.8, 16.0
Hz), 6 3.88 (3H, s), 6 4.31 (1H, dd, J = 2.8, 12.0 Hz), 6 4.98 (1H, dd, J = 4.8, 10.8
Hz), 6 6.22 (1H, d, J = 8.0 Hz), 6 6.74 (1H, t, J = 7.2 Hz), 6 6.92-7.03 (3H, m), & 7.09
(1H, d, J = 7.2 Hz), § 7.26-7.30 (1H, m), § 7.52 (1H, dd, J = 1.6, 7.6 Hz); *C NMR
(100MHz, CDCls): 6 22.9, 23.9, 25.7, 30.1, 37.6, 40.1, 43.7, 46.8, 52.4, 55.2, 64.0,
107.7, 110.4, 118.3, 120.8, 122.4, 126.6, 127.8, 128.4, 130.2, 136.6, 149.2, 156.3,
210.6; [0]o*°-244.1 (¢ 1.00, CH2Cl2); HRMS(EI) calcd for C24H27NO2 [M]* 361.2042,
found: 361.2041; HPLC (DAICEL Chiralpak AD-H, hexane/i-PrOH = 9/1, flow 0.8
ml/min, detection at 220nm) retention time = 6.596 min (major) and 8.435 min
(minor).

(6'S,9a'S)-6"-(naphthalen-2-yl)-9*,9a'-dihydro-6"H-spiro[cyclohexane-1,10"-pyrid
o[1,2-a]indol]-8'(7'H)-one (4e)
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Yellow solid; mp: 152-154°C; 'H NMR (400MHz, CDCls): § 0.92-2.10 (10H, m), §
2.36 (2H, d, J = 7.6 Hz), 6 2.88 (1H, dd, J = 5.6, 14.8 Hz), 6 3.18 (1H, dd, J = 6.0,
14.8 Hz), 6 4.03 (1H,t,J =7.4 Hz), 6 5.20 (1H, t, J = 6.0 Hz), 6 6.59 (1H,d, J = 7.6
Hz), 6 6.84-6.88 (1H, m), 6 7.17 (2H, dd, J = 6.8, 13.2 Hz), 6 7.51-7.54 (2H, m), &
7.63 (1H, d, J = 8.4 Hz), § 7.86-7.92 (4H, m); 3C NMR (100MHz, CDCls): § 22.9,
23.7, 25.8, 29.7, 36.9, 40.6, 43.5, 47.6, 56.4, 64.5, 107.2, 119.0, 123.1, 124.9, 125.4,
126.1, 126.3, 127.6, 128.0, 128.2, 128.8, 132.8, 133.4, 137.2, 138.6, 148.5, 209.2;
[a]o® -191.32 (c 1.00, CH2Cl2); HRMS(EI) calcd for C27H27NO [M]* 381.2093,
found: 381.2094; HPLC (DAICEL Chiralpak AD-H, hexane/i-PrOH = 9/1, flow 0.8
ml/min, detection at 220nm) retention time = 8.593 min (major) and 15.463 min
(minor).

(6'S,9a'S)-6"-(3-fluorophenyl)-9*,9a'-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido[
1,2-a]indol]-8'(7'"H)-one (4f)

Yellow solid; mp: 79-82°C; *H NMR (400MHz, CDCls): & 1.19-1.98 (10H, m), §
2.24-2.38 (2H, m), 6 2.76 (1H, dd, J = 5.6, 15.2 Hz), 6 2.96 (1H, dd, J = 7.2, 15.2 Hz),
64.03 (1H, dd, J =3.6, 104 Hz ), 6 493 (1H,t,J =6.2 Hz), 5 6.43 (1H,d,J=7.6
Hz), 5 6.80 (1H, t, J = 7.2 Hz), § 6.97 (1H, t, J = 8.0 Hz), § 7.07-7.36 (6H, m); 13C
NMR (100MHz, CDCls): 6 22.9, 23.7, 25.7, 29.7, 37.0, 40.3, 43.9, 47.4, 56.3, 56.3,
64.5, 107.3, 113.5, 113.7, 114.4, 114.6, 119.2, 122.0, 122.1, 123.1, 128.0, 130.3,
130.4, 137.0, 144.1, 148.4, 208.8; [a]o*°-57.5 (¢ 0.5, CH2Cl2); HRMS(EI) calcd for
C23H24FNO [M]" 349.1842, found: 349.1843; HPLC (DAICEL Chiralpak AS-H,
hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention time = 10.402
min (major) and 19.882 min (minor).

(6'S,9a'S)-6"-(4-bromophenyl)-9°,9a’-dihydro-6'H-spiro[cyclohexane-1,10"-pyrido
[1,2-a]indol]-8'(7'H)-one (49)
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Br

Yellow solid; mp: 132-135°C; 'H NMR (400MHz, CDCls): § 1.19-1.99 (10H, m), §
2.28-2.37 (2H, m), 6 2.78 (1H, dd, J = 5.6, 14.8 Hz), 6 2.99 (1H, dd, J = 6.8, 15.2 Hz),
54.02 (1H, dd, J = 4.8, 10.0 Hz), 6 4.97 (1H, t,J = 6.2 Hz), 6 6.49 (1H, d, J = 8.0 Hz),
56.84 (1H,t,J=7.4 Hz), 6 7.12-7.17 (2H, m), 8 7.38 (2H, d, J = 8.4 Hz), 6 7.52 (2H,
d, J = 8.4 Hz); 3°C NMR (100MHz, CDCls): § 23.0, 23.8, 25.8, 29.8, 37.0, 40.5, 43.7,
475, 56.2, 64.6, 107.2, 119.2, 121.5, 123.2, 128.0, 128.4, 132.0, 137.1, 140.3, 148.4,
208.8; [0]o*°-160 (c 1.00, CH2Cl2); HRMS(EI) calcd for C2sH24BrNO [M]* 409.1041,
found: 409.1040; HPLC (DAICEL Chiralpak AD-H, hexane/i-PrOH = 9/1, flow 0.8
ml/min, detection at 220nm) retention time = 7.816 min (major) and 11.558 min
(minor).

(6'S,9a'S)-6"-(4-chlorophenyl)-9*,9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido
[1,2-a]indol]-8'(7'H)-one (4h)

Cl

Yellow solid; mp: 121-123°C; 'H NMR (400MHz, CDCls): § 1.18-1.99 (10H, m),
2.31-2.33 (2H, m), 6 2.78 (1H, dd, J = 6.0, 15.2 Hz), 6 2.99 (1H, dd, J = 6.8, 14.8 Hz),
64.01 (1H, dd, J=4.8,10.0 Hz), 6 4.98 (1H, t,J = 6.2 Hz), 6 6.49 (1H, d, J = 7.6 Hz),
6 6.81-6.85 (1H, m), 6 7.10-7.16 (2H, m), 6 7.35-7.37 (2H, m), 6 7.42 (2H, d, J = 8.4
Hz); 3C NMR (100MHz, CDCls): § 22.9, 23.7, 23.7, 25.7, 29.6, 36.9, 40.4, 43.6,
43.6, 47.4, 56.0, 64.4, 107.1, 119.1, 123.0, 127.9, 128.0, 128.9, 133.2, 137.0, 139.6,
148.3, 208.8; [a]o*-142.3 (c 1.00, CH2Cl2); HRMS(EI) calcd for C23H24CINO [M]*
365.1546, found:365.1545; HPLC (DAICEL Chiralpak AD-H, hexane/i-PrOH = 9/1,
flow 0.8 ml/min, detection at 220nm) retention time = 6.977 min (major) and 9.616
min (minor).

(6'S,9a'S)-6"-(thiophen-2-yl)-9',9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido[1
,2-a]indol]-8'(7"H)-one (4i)
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NS

Yellow solid; mp: 114-117°C; *H NMR (400MHz, CDCls): § 0.82-2.36 (10H, m), §
2.84 (1H, dd, J = 6.4, 14.0 Hz), 5 3.00-3.04 (1H, m), 6 4.02 (1H, dd, J = 5.2, 10.0 Hz),
5548 (1H, d, J =5.2 Hz), 6 6.72 (1H, d, J = 8.0 Hz), 6 6.87 (1H, t, J = 7.4 Hz), §
6.97-7.04 (2H, m), & 7.18 (2H, dd, J = 7.6, 15.2 Hz), § 7.27-7.29 (1H, m); *3C NMR
(L00MHz, CDCls): 6 22.9, 23.5, 25.8, 29.4, 36.0, 40.9, 42.8, 47.9, 53.3, 65.0, 107.1,
119.5, 123.5, 125.4, 126.1, 127.0, 127.9, 137.5, 145.3, 147.2, 208.2; [o]o**-2.2 (c
0.75, CH2Cl2); HRMS(EI) calcd for C21H2sNOS [M]* 337.1500, found: 337.1501;
HPLC (DAICEL Chiralpak AD-H, hexane/EtOH = 9/1, flow 0.8 ml/min, detection at
220nm) retention time = 8.435 min (major).

(6'S,9a'S)-3"-bromo-6'-(4-chlorophenyl)-9*,9a’-dihydro-6"H-spiro[cyclohexane-1,
10'-pyrido[1,2-a]indol]-8'(7"H)-one (4j)

Cl

Yellow solid; mp: 50-53°C; *H NMR (400MHz, CDCls): § 1.19-1.94 (10H, m), §
2.25-2.37 (2H, m), 6 2.78 (1H, dd, J = 6.0, 15.2 Hz), 6 2.98 (1H, dd, J = 6.8, 15.2 Hz),
63.99 (1H, dd, J = 3.6, 11.2 Hz), 6 4.94 (1H, t, J = 6.0 Hz), 6 6.59 (1H, d, J = 1.6 Hz),
5 6.92-6.99 (2H, m), § 7.35-7.40 (4H, m); *C NMR (100MHz, CDCls): § 22.7, 23.6,
25.5, 29.5, 36.8, 40.4, 43.6, 47.1, 55.8, 64.7, 110.2, 121.4, 121.7, 124.3, 127.8, 129.0,
133.4, 136.2, 138.9, 149.7, 208.0; []o*°-187.96 (¢ 1.00, CH2Cl2); HRMS(EI) calcd
for C23H23BrCINO [M]" 443.0652, found: 443.0649; HPLC (DAICEL Chiralpak
AD-H, hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention time =
10.878 min (major) and 14.425 min (minor).

(6'S,9a'S)-6"-phenyl-9',9a’-dihydro-6"H-spiro[cycloheptane-1,10"-pyrido[1,2-a]in
dol]-8'(7"H)-one (4k)
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Yellow oil; *H NMR (400MHz, CDCls): § 1.46-2.09 (12H, m), 2.31-2.39 (2H, m), &
2.82 (1H, dd, J = 5.6, 15.2 Hz), 6 3.03 (1H, dd, J = 6.4, 14.8 Hz), 6 3.89 (1H, dd, J =
5.6, 9.6 Hz), 6 5.03 (1H, t, J = 6.2 Hz), 6 6.51 (1H, d, J = 7.6 Hz), 6 6.81 (1H, t,J =
7.4 Hz), 6 7.10-7.15 (1H, m), 6 7.21-7.33 (2H, m), & 7.38-7.42 (2H, m), & 7.48 (2H, d,
J = 7.6 Hz); °C NMR (100MHz, CDCls): § 23.3, 24.2, 30.2, 30.6, 32.8, 40.5, 41.3,
44.0, 50.3, 56.4, 67.9, 107.2, 118.8, 122.8, 126.6, 127.5, 127.8, 128.8, 138.5, 141.1,
148.3, 209.2; [a]o*°-182.28 (¢ 1.00, CH2Cl2); HRMS(EI) calcd for C2sH27NO [M]*
345.2093, found: 345.2094; HPLC (DAICEL Chiralpak AD-H, hexane/EtOH = 7/3,
flow 0.6 ml/min, detection at 220nm) retention time = 8.332 min (major) and 13.198
min (minor).

(6'S,9a'S)-6"-(3-fluorophenyl)-9*,9a’-dihydro-6"H-spiro[cycloheptane-1,10"-pyrid
o[1,2-a]indol]-8'(7'H)-one (4l)

Yellow oil; *H NMR (400MHz, CDCls): § 0.83-2.05 (12H, m), § 2.27-2.34 (2H, m), §
2.78 (1H, dd, J = 5.6, 15.2 Hz), 6 2.95 (1H, dd, J = 7.2, 15.2 Hz), 6 3.87 (1H, dd, J =
44,104 Hz),54.94 (1H,t,J=6.4 Hz), 6 6.44 (1H, d, J = 8.0 Hz), 6 6.80 (1H, t, J =
7.2 Hz), 6 6.96-7.00 (1H, m), 6 7.09 (1H, t, J = 7.6 Hz), & 7.17-7.22 (3H, m), & 7.33
(1H, dd, J = 7.6, 13.6 Hz); *C NMR (100MHz, CDCls): § 23.3, 24.2, 30.1, 30.5, 32.9,
40.6, 41.2, 44.1, 50.4, 56.3, 68.0, 107.3, 113.6, 113.8, 114.4, 114.6, 119.2, 122.1,
122.2, 122.9, 127.8, 130.3, 130.4, 138.5, 144.1, 144.1, 148.1, 162.1, 164.5, 208.7;
[0]o* -43.16 (c 0.75, CH2Cl2); HRMS(EI) calcd for C2sH26FNO [M]* 363.1998,
found: 363.2000; HPLC (DAICEL Chiralpak AD-H, hexane/EtOH = 9/1, flow 0.8
ml/min, detection at 220nm) retention time = 8.204 min (major) and 13.354 min
(minor).

(6'S,9a'S)-6"-(naphthalen-2-yl)-9',9a'-dihydro-6"H-spiro[cycloheptane-1,10"-pyrid
o[1,2-a]indol]-8'(7'H)-one (4m)
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aY

Yellow oil; *H NMR (400MHz, CDCls): & 1.43-2.11 (12H, m), § 2.37 (2H, d, J = 7.6
Hz), § 2.89 (1H, dd, J = 5.6, 14.8 Hz), § 3.15 (1H, dd, J = 6.4, 15.2 Hz), § 3.87 (1H, t,
J=7.2Hz),56521 (1H,t, J =6.0 Hz), 56 6.59 (1H, d, J = 7.6 Hz), 5 6.83 (1H, t, J =
7.2 Hz), 8 7.14 (1H,1,J = 7.6 Hz), 8 7.24 (1H, d, J = 7.2 Hz), § 7.51-7.53 (2H, m), &
7.61 (1H, d, J = 8.4 Hz), & 7.85-7.89 (4H, m); *C NMR (100MHz, CDCls): § 23.3,
24.2, 30.1, 30.5, 32.7, 40.5, 41.4, 43.6, 50.5, 56.4, 67.9, 107.2, 119.0, 123.0, 125.0,
125.5, 126.1, 126.3, 127.6, 127.8, 128.2, 128.7, 132.8, 133.4, 138.6, 148.2, 209.1;
[0]o*°-147.2 (c 1.00, CH2Cl2); HRMS(EI) calcd for C2sH2oNO [M]* 395.2249, found:
395.2248; HPLC (DAICEL Chiralpak AD-H, hexane/EtOH = 9/1, flow 0.8 ml/min,
detection at 220nm) retention time = 9.991 min (major) and 16.724 min (minor).

(6S,9aS)-10,10-diethyl-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]indol-8(9H)-on
e (4n)

Yellow oil; *H NMR (400MHz, CDCl3): § 0.84 (3H,t, J=7.6 Hz), § 0.94 (3H, t,J =
7.6 Hz), 6 1.47-1.56 (1H, m), 6 1.64-1.72 (1H, m), 6 1.79-1.88 (1H, m), & 1.96-2.05
(1H, m), & 2.35-2.46 (1H, m), 6 2.83 (1H, dd, J = 6.0, 14.4 Hz), 6 3.02 (1H, dd, J =
6.0, 14.8 Hz), 6 3.81 (1H, d, J = 10.8 Hz), 6 5.04-5.06 (1H, m), 6 6.54 (1H, d, J=8.0
Hz), 6 6.79-6.82 (1H, m), 6 7.08 (1H, d, J = 6.8 Hz), 6 7.13-7.16 (1H, m), & 7.29-7.33
(1H, m), & 7.38-7.48 (4H, m); *C NMR (100MHz, CDCls): § 8.2, 9.2, 22.4, 28.3,
41.1, 44.0, 50.3, 56.3, 67.7, 107.2, 118.2, 124.4, 126.8, 127.4, 127.9, 128.8, 134.7,
141.0, 148.9, 209.3; [a]p*°-133.92 (c 0.75, CH2Cl2); HRMS(EI) calcd for C22H2sNO
[M]" 319.1936, found: 319.1937; HPLC (DAICEL Chiralpak AS-H, hexane/i-PrOH =
9/1, flow 0.8 ml/min, detection at 220nm) retention time = 8.054 min (major) and
13.692 min (minor).

(6S,9aS)-10,10-diethyl-2-methoxy-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]ind
ol-8(9H)-one (40)
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Yellow oil; *H NMR (400MHz, CDCls): 6 0.85 (3H, t, J = 7.6 Hz), § 0.93 (3H, t, J =
7.6 Hz), & 1.50 (1H, dd, J = 7.2, 14.4 Hz), 5 1.68 (1H, dd, J = 7.2, 14.4 Hz), &
1.72-1.98 (2H, m), & 2.32-2.44 (2H, m), 2.80 (1H, dd, J = 5.6, 15.2 Hz), 5 2.98 (1H,
dd, J=6.8, 15.2 Hz), 6 3.78 (3H, s), 6 3.78-3.82 (1H, m), 6 4.94 (1H, t, J = 6.0 Hz), 5
6.41 (1H, d, J = 8.4 Hz), § 6.66-6.71 (2H, m), & 7.28-7.32 (1H, m), & 7.36-7.40 (2H,
m), & 7.46 (2H, d, J = 7.6 Hz); *C NMR (100MHz, CDCls): § 8.3, 9.1, 22.5, 28.3,
40.9, 44.1, 50.5, 56.0, 57.0, 67.9, 107.4, 111.6, 112.5, 126.8, 127.4, 128.8, 136.5,
141.3, 143.3, 153.1, 209.4; [a]o%® -124.26 (c 0.75, CH2Cl2); HRMS(EI) calcd for
C23H27NO2 [M]* 349.2042, found: 349.2043; HPLC (DAICEL Chiralpak AS-H,
hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention time = 9.189 min
(major) and 23.883 min (minor).

(6S,9aS)-6-(4-chlorophenyl)-10,10-diethyl-2-methoxy-6,7,9a,10-tetrahydropyrido
[1,2-a]indol-8(9H)-one (4p)

Cl

Yellow oil; *H NMR (400MHz, CDCls): § 0.84 (3H,t, J =7.6 Hz), § 0.91 (3H, d, J =
7.6 Hz), 6 1.48 (1H, dd, J = 7.2, 14.4 Hz), 6 1.67 (1H, dd, J = 7.2, 14.4 Hz), 5 1.83
(1H, dd, J = 7.6, 13.6 Hz), 6 1.95 (1H, dd, J = 7.6, 14.4 Hz), 6 2.31-2.43 (2H, m), 6
2.78 (1H, dd, J = 5.6, 15.2 Hz), 6 2.93 (1H, dd, J = 6.4, 14.8 Hz), 6 3.71-3.77 (1H, m),
6 3.78 (3H, s), 6 4.90 (1H, t, J = 6.2 Hz), 6 6.39 (1H, d, J = 8.4 Hz), § 6.66-6.71 (2H,
m), & 7.33-7.40 (4H, m); C NMR (100MHz, CDCIs): § 8.3, 9.0, 22.4, 28.2, 35.5,
40.8, 43.8, 50.5, 55.9, 55.9, 56.5, 56.5, 68.0, 107.4, 111.6, 112.5, 128.2, 128.9, 133.2,
136.5, 139.7, 142.9, 153.2, 209.0; [a]o*°-144.56 (¢ 1.00, CH2Cl2); HRMS(EI) calcd
for C23H26CINO2 [M]* 383.1652, found: 383.1649; HPLC (DAICEL Chiralpak AS-H,
hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention time = 8.334 min
(major) and 21.294 min (minor).

(6S,9aS)-10,10-diethyl-2-methoxy-6-(naphthalen-2-yl)-6,7,9a,10-tetrahydropyrid
o[1,2-a]indol-8(9H)-one (4q)
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Yellow solid; mp: 45-48°C; *H NMR (400MHz, CDCls): § 0.86 (3H, t, J = 7.6 Hz), §
0.91 (3H,t,J=7.6 Hz), 5 1.50 (1H, dd, J = 7.2, 14.4 Hz), 6 1.66 (1H, dd, J = 7.2,
14.4 Hz), 6 1.86-1.99 (2H, m), 6 2.32-2.46 (2H, m), 6 2.88 (1H, dd, J = 5.6, 15.2 Hz),
6 3.11 (1H, dd, J = 6.0, 15.2 Hz), 6 3.71-3.78 (1H, m), 6 3.79 (3H, s), 6 5.11 (1H, t, J
= 6.0 Hz), 6 6.49 (1H, d, J = 8.4 Hz), 6 6.67-6.73 (2H, m), 6 7.50-7.52 (2H, m), & 7.59
(1H, dd, J = 1.6, 8.8 Hz), 5 7.84-7.88 (4H, m); 3C NMR (100MHz, CDCls): § 8.3,
9.1, 22.3, 28.2, 40.9, 43.6, 50.6, 56.0, 57.0, 68.1, 107.3, 111.6, 112.6, 125.2, 125.5,
126.1, 126.3, 127.6, 128.2, 128.6, 132.7, 133.3, 136.6, 138.8, 143.2, 153.1, 209.3;
[0]0*°-60.52 (c 0.5, CH2Cl2); HRMS(EI) calcd for C27H20NO2 [M]* 399.2198, found:
399.2195; HPLC (DAICEL Chiralpak AS-H, hexane/EtOH = 9/1, flow 0.8 ml/min,
detection at 220nm) retention time = 9.921 min (major) and 32.284 min (minor).

(6S,9aS)-2-methoxy-10,10-dimethyl-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]in
dol-8(9H)-one (4r)

/onf
N

Yellow oil; *H NMR (400MHz, CDCls): § 1.27 (3H, s), & 1.36 (3H, s), § 2.31-2.42
(2H, m), 6 2.82 (1H, dd, J = 5.6, 15.2 Hz), & 2.96 (1H, dd, J = 6.8, 15.2 Hz),
3.71-3.79 (1H, m), 6 3.78 (3H, s), 6 4.94 (1H, t, J = 6.0 Hz), 6 6.40 (1H, d, J = 8.4
Hz), 6 6.65 (1H, dd, J = 2.4, 8.4 Hz), 6 6.74 (1H, d, J = 2.8 Hz), 6 7.28-7.31 (1H, m),
8 7.36-7.39 (2H, m), § 7.45 (2H, d, J = 7.2 Hz); 3C NMR (100MHz, CDCl3): § 21.1,
29.1, 41.3, 43.4, 44.6, 56.0, 57.0, 68.9, 107.6, 110.2, 111.8, 126.8, 127.5, 128.8,
138.9, 141.2, 142.6, 153.6, 209.1; [a]o*°-121.02 (¢ 0.75, CH2Cl2); HRMS(EI) calcd
for C21H2sNO2 [M]* 321.1729, found: 321.1728; HPLC (DAICEL Chiralpak AS-H,
hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention time = 13.150
min (major) and 25.260 min (minor).

O

(6S,9aS)-6-(4-bromophenyl)-2-methoxy-10,10-dimethyl-6,7,9a,10-tetrahydropyri
do[1,2-a]indol-8(9H)-one (4s)
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N

Br

Yellow solid; mp: 99-102°C; *H NMR (400MHz, CDCls): & 1.26 (3H, s), 5 1.34 (3H,
s), 6 2.30-2.39 (2H, m), 6 2.78 (1H, dd, J = 5.6, 15.2 Hz), 6 2.89 (1H, dd, J = 6.8, 15.2
Hz), § 3.71 (1H, dd, J = 4.8, 10.4 Hz), § 3.76 (3H, ), 5 4.87 (1H, t, J = 6.2 Hz), 5 6.36
(1H,d, J=8.4 Hz), 6 6.64 (1H, dd, J =24, 8.4 Hz), 6 6.73 (1H,d, J = 2.4 Hz), 6 7.32
(2H, d, J = 8.4 Hz), §7.48 (2H, d, J = 8.4 Hz); 1*C NMR (100MHz, CDCls): & 21.1,
29.1, 41.2, 43.4, 44.3, 55.9, 56.7, 68.9, 107.7, 110.2, 111.8, 121.4, 128.6, 131.9,
138.9, 140.2, 142.3, 153.8, 208.7; [a]o* -184.52 (c 1.00, CH2Cl2); HRMS(EI) calcd
for C21H22BrNO2 [M]* 399.0834, found: 399.0835; HPLC (DAICEL Chiralpak AS-H,
hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention time = 11.684min
(major) and 19.758 min (minor).

O

(6S,9aS)-2-methoxy-10,10-dimethyl-6-((E)-styryl)-6,7,9a,10-tetrahydropyrido[1,2
-aJindol-8(9H)-one (4t)

_0O
oy
N

O

Yellow solid; mp: 47-50°C; *H NMR (400MHz, CDCls3): § 1.16 (3H, s), & 1.31 (3H,
S), 6 2.34-2.39 (1H, m), 6 2.46-2.52 (1H, m), 2.70-2.75 (1H, m), 6 2.91 (1H, dd, J =
6.4, 14.4 Hz), 6 3.59 (1H, dd, J = 3.2, 12.0 Hz), 6 3.78 (3H, s), 6 4.78 (1H,t,J = 6.0
Hz), 6 6.21 (1H, dd, J = 5.6, 16.4 Hz), § 6.53-6.63 (2H, m), 6 6.69-6.73 (2H, m), &
7.23-7.34 (5H, m); 3C NMR (100MHz, CDCls): § 22.0, 26.0, 41.7, 42.8, 44.0, 54.1,
55.8, 68.4, 76.6, 76.7, 76.9, 77.0, 77.3, 77.3, 107.9, 109.9, 109.9, 111.6, 126.4, 126.4,
127.8, 128.4, 133.2, 136.1, 140.2, 141.4, 153.5, 208.8; [0]o*°-8.88 (¢ 0.15, CH2Cl);
HRMS(EI) calcd for C2sH2sNO2 [M]* 347.1885, found: 347.1882; HPLC (DAICEL
Chiralpak AS, hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention
time = 10.401 min (major) and 16.502 min (minor).

(6S,9aS)-2-methoxy-10,10-dimethyl-6-(thiophen-2-yl)-6,7,9a,10-tetrahydropyrido
[1,2-a]indol-8(9H)-one (4u)
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Yellow oil; *H NMR (400MHz, CDCls): § 1.19 (3H, s), & 1.29 (3H, s), § 2.27-2.43
(2H, m), & 2.91-3.01 (2H, m), & 3.54 (1H, dd, J = 3.6, 11.2 Hz), § 3.79 (3H, s), 5 5.41
(1H, dd, J = 3.6, 5.6 Hz), 6 6.63 (1H, dd, J = 2.4, 6.8 Hz), 6 6.72 (1H, dd, J = 2.4, 6.8
Hz), & 6.92-6.94 (2H, m), & 7.20-7.22 (1H, m); C NMR (100MHz, CDCl5): & 21.5,
27.1, 41.7, 43.3, 44.1, 52.9, 55.9, 68.5, 107.9, 110.2, 111.6, 125.6, 125.8, 126.7,
139.7, 141.1, 143.6, 153.9, 208.2; [a]o*°-68.38 (¢ 1.00, CH2Cl2); HRMS(EI) calcd for
C19H21NO2S [M]* 327.1293, found: 327.1292; HPLC (DAICEL Chiralpak AS-H,
hexane/EtOH = 9/1, flow 0.8 ml/min, detection at 220nm) retention time = 14.95 min
(major) and 30.199 min (minor).
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D: HPLC Charts of Formal ADA Products

(6'S,9a'S)-6"-phenyl-9',9a'-dihydro-6'H-spiro[cyclohexane-1,10"-pyrido[1,2-a]ind
ol]-8'(7'H)-one (4a)

IADLA JEE20m(D\G-EVEANDATAH-RANISBIBHIEDT7AD)

mU
40
o
W g
Pk
] .
®| E
10
0
0
0 2 4 D Y
# Time Area Height Width Symmetry Area %
1 6.997 3429.2 285 0.2005 0.633 50.372
2 13.417 3378.6 142.4 0.3554 0.632 49.628
WADLA S RE=2Z20rmD\GHEVRANDATAH RIS BIBHITE 725XD)
mU ]
20,
ZIO? i
] N
] @)
- )\% ;
] Ph
100
50
1 8
] 9
O,
0 2 4 D Wi
# Time Area Height Width Symmetry Area %
1 6.981 18025.3 1390.5 0.1935 0.56 95.927
2 13.353 765.4 39 0.3269 0.789 4.073
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(6'S,9a'S)-6"-(p-tolyl)-9',9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido[1,2-a]in

dol]-8'(7'H)-one (4b)

WADLA jBE220rm(D\GHEVRANDATAHHR D111 HIGI2IR D)

mU
m,
g
100+ S|
8),
NS
o] i
4),
m,
O,
0 2 6 8 0 u B
Time Area Height Width Symmetry Area %
10.021 2694.2 96.3 0.4661 0.769 49.133
15.874 2789.3 53.6 0.785 0.716 50.867
VIADLA i5e20rm(D\G-EVEA I DNTAHHRIZIISHIBIZIECHRALD)
mU
m,
M’
o)
o S
g
a‘),
4),
Z),
8
9
0,
o RS R
# Time Area Height Width Symmetry Area %
1 10 1905.1 69.5 0.4219 0.781 94.776
2 15.858 105 2.4 0.7332 0.728 5.224
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(6'S,9a'S)-6"-((E)-styryl)-9',9a’-dihydro-6'H-spiro[cyclohexane-1,10"-pyrido[1,2-a
]indol]-8'(7'"H)-one (4c)
WADLA 552220 rm(D\CHEVEANDATAH-R2D120613HI0BID2 D)

e

1018

\
10

i

Time

Area

Height

Width

Symmetry

Area %

7.782

5028.6

328.6

0.255

0.509

50.114

10.198

5005.7

254

0.3285

0.564

49.886

Ph

WADLA {220 rm(D\HEVRANDATAHHXRDI0613HI0B0BMD)

704

g
g

\
10

|

Time

Area

Height

Width

Symmetry

Area %

7.704

49446

307.2

0.2285

0.432

97.195

10.022

142.7

8.4

0.2842

0.563

2.805
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(6'S,9a'S)-6"-(2-methoxyphenyl)-9',9a'-dihydro-6"H-spiro[cyclohexane-1,10"-pyri
do[1,2-a]indol]-8'(7'H)-one (4d)

WADLA ;Re220rm(D\CHEVEANDATAH-R0120613H0BRIFD)

mU
2]
0]
150 B
5 g
10,
]
0]
o 1 3 5 6 8 o  mw
# Time Area Height Width Symmetry Area %
1 6.597 1963.7 140.4 0.233 0.42 50.735
2 8.432 1906.8 109.8 0.2894 0.51 49.265
VADLA JR220rm(D\GHEVEALDATAH-RNIZCEI3HIEBFD)
e
1001
| ;
81),
] 0
GD’
] /
a0 o]
0
] g
0
0 8 0 i
# Time Area Height Width Symmetry Area %
1 6.596 10706.5 801.8 0.2225 0.459 94.542
2 8.435 618.1 404 0.2552 0.563 5.458
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(6'S,9a'S)-6"-(naphthalen-2-yl)-9*,9a’'-dihydro-6"H-spiro[cyclohexane-1,10"-pyrid
0[1,2-a]indol]-8'(7'H)-one (4e)

WADLA ;53220 rm(D\CHEVRANDATAHHRD1I20613HIBRIG2D)

mU

100

&0
: B

60 "

0]

0]

o]
0 2 i 6 8 w B o
# Time Area Height Width Symmetry Area %
1 8.627 19470.5 1138.6 0.2476 0.499 50.220
2 15.759 19300.2 603.7 0.4734 0.578 49.780
VIADLA 3220 rm(D\CHEVEANDATAHHRDI06I3HIOEBAGD)

e

200
E | @

= (O

2.
| g

0 :
0 2 4 8 0 u B i
# Time Area Height Width Symmetry Area %
1 8.593 27717.6 1555.6 0.2574 0.465 96.413
2 15.463 1031.3 36.7 0.4687 0.682 3.587
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(6'S,9a'S)-6"-(3-fluorophenyl)-9*,9a'-dihydro-6"H-spiro[cyclohexane-1,10'-pyrido[
1,2-a]indol]-8'(7'"H)-one (4f)

WADLA JE=220m(D\GHEVRANDATAHHR01312BHIGI2IFD)

mU
aD,
m,

S

g
4D,
31),

i
ZI),
™ g
:
07 T L T

o 2 FEE N Y ™
# Time Area Height Width Symmetry Area %
1 10.325 12679.8 420.9 0.4519 0.469 47.349
2 14.009 555.4 15.4 0.5555 0.764 2.074
3 16.296 512.3 10.4 0.7379 0.71 1.913
4 19.487 13032 248.5 0.7952 0.493 48.664

VADLA e220rm(D\CGHEVBANDNTAHHX IS HIBIZIFCHRALD)

o
ZD,
5 N o) g
].(D’
F
a),
&

Y Uy G o
0, 1 )

0 25 5 75 0 15 5 5 D
# Time Area Height Width Symmetry Area %
1 10.402 4133.7 140 0.445 0.562 95.157
2 19.882 210.4 4.4 0.7897 0.789 4.843
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(6'S,9a'S)-6"-(4-bromophenyl)-9',9a’-dihydro-6'H-spiro[cyclohexane-1,10"-pyrido
[1,2-a]indol]-8'(7"H)-one (4Q)

WADLA 55220 rm(D\CHEVEANDATAHHR012060AHXCB077R D)

mU
120,
10,
an- 25
] = |
-
2,
o
0 2 4 6 8 D D
# Time Area Height Width Symmetry Area %
1 7.775 12281.1 740.8 0.2763 0.479 50.848
2 11.536 11871.5 473.6 0.4178 0.489 49.152
VDL A 220 rm(D\HEVEANDATAHHRDIZDBAHIB77AD)
e
a0- g
1 N
4 oy
] 0
]
0.
] Br
10
J i
] |
O,
0 2 4 6 8 0 2
# Time Area Height Width Symmetry Area %
1 7.816 5486.9 374.9 0.213 0.528 97.162
2 11.558 160.2 9.2 0.2902 0.728 2.838
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(6'S,9a'S)-6"-(4-chlorophenyl)-9*,9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido
[1,2-a]indol]-8'(7'H)-one (4h)

WADLA JE220m(D\G-EVEANDATAH-RAIZ0629H00RICPA D)

AU
120
] E
100
ool g
&0
0]
0
0]
0 2 a4 & & ___®
# Time Area Height Width Symmetry Area %
1 6.992 14751.2 1059.7 0.1988 0.463 50.433
2 9.62 14498 772.3 0.27 0.501 49.567
VIADLA 220 rm(D\HEVEANDATAHHNIZ0R9HIRIOAD)
e
120
] 5
m; iy
] 0]
&0
&0
] Cl
a0
0.
| :
o]
0 2 4 6 8 0 2
# Time Area Height Width Symmetry Area %
1 6.977 15110.5 1082.3 0.1993 0.457 95.689
2 9.616 680.7 35.7 0.2761 0.527 4.311
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(6'S,9a'S)-6"-(thiophen-2-yl)-9*,9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido[1
,2-a]indol]-8'(7"H)-one (4i)

WADLA JE=220m(D\GHEVRANDATAHR 0131128 HI61211.D)

mU
‘(D’
3
- g
S|
m,
M’
: :
0 L } T L T
0 2 4 6 8 0 D o
# Time Area Height Width Symmetry Area %
1 8.152 289.1 22.7 0.1905 0.671 2.811
2 8.89 4874.7 306.5 0.2394 0.634 47.391
3 10.435 281.7 17.9 0.2388 0.77 2.739
4 11.021 4840.7 262 0.2767 0.637 47.060
ADLA SRe220rm(D\GHEVBANDNTAHHX IS HIBIZUCHRALD)
e
] g
4 gy
&0 0
] N
20
N
0 2 2 6 8 e L
# Time Area Height Width Symmetry Area %
1 8.435 10688.4 742.1 0.2146 0.626 100.000
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(6'S,9a'S)-3'-bromo-6'-(4-chlorophenyl)-9',9a’-dihydro-6'H-spiro[cyclohexane-1,
10'-pyrido[1,2-a]indol]-8'(7'H)-one (4j)

WADLA ;5220 rm(D\CHEVRANDATAHHRDIEBMIIOL7AD)

rrAJ 4
-
2
z:o— g
15 8
] S
1m-
D
0]
0 2 8 D D 1 .
# Time Area Height Width Symmetry Area %
1 10.806 3079.9 177.9 0.2886 0.746 50.276
2 14.353 3046 121.1 0.4193 0.781 49.724
VIADLA 353220 rm(D\HEVEALDATAHHXR0IT BB HIBA4DD)
U
™
o]
E oy §
500 Br N
o
-
1 Cl
a0
1]
| g
4 -
Oi L r
0 2 e D u oW
# Time Area Height Width Symmetry Area %
1 10.878 9043 507.7 0.2675 0.656 97.335
2 14.425 247.6 10.4 0.3975 0.76 2.665
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(6'S,9a'S)-6"-phenyl-9',9a’-dihydro-6'H-spiro[cycloheptane-1,10'-pyrido[1,2-a]in

dol]-8'(7"H)-one (4k)

WADLA 55220 rm(D\CHEVEANDATAHHR 3P AHICBO7IR D)

mU |

836

1339

i

Time

Area

Height

Width

Symmetry

Area %

8.396

5809.6

419.6

0.2052

0.609

49.639

13.349

5894

264.1

0.3361

0.613

50.361

Q]

WADLA ;3220 m(D\CHEVRANDATAHHR DI AHICEO71R2 D)

83

1318

|

Time

Area

Height

Width

Symmetry

Area %

8.332

10777.3

767.5

0.209

0.571

95.214

13.198

541.7

31

0.2912

0.747

4.786
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(6'S,9a'S)-6"-(3-fluorophenyl)-9',9a'-dihydro-6"H-spiro[cycloheptane-1,10"-pyrid
o[1,2-a]indol]-8'(7'H)-one (4l)

VDL A 535220 nm(D\CHEVBANDATAHHX20131125H006121L D)

mAU
0]
z g
6m-|
-
; 3
400E 3
aw-
100
0- | —

0 2 4 : 1 D A
# Time Area Height Width Symmetry Area %
1 6.635 1788.9 149.5 0.176 0.584 6.324
2 7.425 1840.6 1334 0.2032 0.567 6.507
3 8.4 12811.2 632.7 0.2959 0.502 45.288
4 13.944 11847.3 348.1 0.5164 0.559 41.881

VDL A 335220 rn(D\CHEVEANDATAHH20131125HI06121L CHRALD)

T
0
am-
50 o] 8
a0
] F
|
-
104

] B

] ]

0 |

0 2 2 6 8 o 1ani
# Time Area Height Width Symmetry Area %
1 8.204 8926.8 473.9 0.2693 0.51 96.782
2 13.354 296.8 10.8 0.4186 0.757 3.218
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(6'S,9a'S)-6"-(naphthalen-2-yl)-9*,9a'-dihydro-6'H-spiro[cycloheptane-1,10"-pyrid

0[1,2-a]indol]-8'(7'H)-one (4m)

WADLA ;5220 m(D\CHEVRANDATAH-R010RBMININIAL D)

0

0

.
1 g
] S

A

2]
] &
] 9

150,

-

o] &
0 ‘/\k\ T T
0 2 4 6 8 D # B B
# Time Area Height Width Symmetry Area %
1 7.84 4635.2 380.6 0.1858 0.784 4597
2 8.148 5505.9 379.1 0.2102 0.635 5.460
3 10.12 44674.9 2515 0.2669 0.594 44.303
4 16.901 46023.6 1549.7 0.4455 0.67 45.640
VIADLA 353220 rm(D\GHEVEALDATAHHRITBEBMIIZA D)

e

40|

] N o) 5

- O

100
| 8
] 9

0 WIS
0 2 i 6 & © © 0w B B o
# Time Area Height Width Symmetry Area %
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(6S,9aS)-10,10-diethyl-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]indol-8(9H)-on

e (4n)
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(6S,9aS)-10,10-diethyl-2-methoxy-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]ind
ol-8(9H)-one (40)
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(6S,9aS)-6-(4-chlorophenyl)-10,10-diethyl-2-methoxy-6,7,9a,10-tetrahydropyrido
[1,2-a]indol-8(9H)-one (4p)
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(6S,9aS)-10,10-diethyl-2-methoxy-6-(naphthalen-2-yl)-6,7,9a,10-tetrahydropyrid
0[1,2-a]indol-8(9H)-one (4q)
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(6S,9aS)-2-methoxy-10,10-dimethyl-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]in
dol-8(9H)-one (4r)
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(6S,9aS)-6-(4-bromophenyl)-2-methoxy-10,10-dimethyl-6,7,9a,10-tetrahydropyri
do[1,2-a]indol-8(9H)-one (4s)
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(6S,9aS)-2-methoxy-10,10-dimethyl-6-((E)-styryl)-6,7,9a,10-tetrahydropyrido[1,2
-a]indol-8(9H)-one (4t)
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(6S,9aS)-2-methoxy-10,10-dimethyl-6-(thiophen-2-yl)-6,7,9a,10-tetrahydropyrido
[1,2-a]indol-8(9H)-one (4u)
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E: NMR Spectra of Formal ADA Products

(6'S,9a'S)-6"-phenyl-9',9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido[1,2-a]ind

ol]-8'(7'"H)-one (4a)
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(6'S,9a'S)-6"-(p-tolyl)-9',9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido[1,2-a]in

dol]-8'(7'H)-one (4b)
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(6'S,9a'S)-6"-((E)-styryl)-9',9a’-dihydro-6'H-spiro[cyclohexane-1,10"-pyrido[1,2-a

]indol]-8'(7"H)-one (4c)

=2 2 =]
['s) [=] - uy [=]
1 1 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1 1 1 1
_ ]
[=]
BE0'ET
orr ez /
£28'67 ——
96262
B 122 98—
————— €511y
 ——— H_v 566 .
I oer 29
- |IIIMMI 844
||||L_ —_— 115 |k 192 ¥S
— = = 3222
@ 66059
- 3216
T
290°L04
e — o 100 ([ .
) e N
o~ i ] [T —\ .../
( | - ———— 1108 048'22)
| \\/ Zz )J_ 2 8z6L2) ”M/
~ N\ | | gBrez —— -
A...x A - £1982F ——
— o wzzes —
80F'9EL ——
r LZVLEL )

Il||u|r 103 BOELFL —— o
Il
=) N

LEL'60Z

ppm (t1)

S37

ppm (t1)




(6'S,9a'S)-6"-(2-methoxyphenyl)-9*,9a'-dihydro-6"H-spiro[cyclohexane-1,10"-pyri
do[1,2-a]indol]-8'(7'H)-one (4d)
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(6'S,9a'S)-6"-(naphthalen-2-yl)-9*,9a’'-dihydro-6"H-spiro[cyclohexane-1,10"-pyrid
0[1,2-a]indol]-8'(7"H)-one (4e)
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(6'S,9a'S)-6"-(3-fluorophenyl)-9*,9a'-dihydro-6"H-spiro[cyclohexane-1,10'-pyrido[
1,2-a]indol]-8'(7'"H)-one (4f)
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(6'S,9a'S)-6"-(4-bromophenyl)-9',9a’-dihydro-6'H-spiro[cyclohexane-1,10"-pyrido
[1,2-a]indol]-8'(7"H)-one (4Q)
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(6'S,9a'S)-6"-(4-chlorophenyl)-9*,9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido

[1,2-a]indol]-8'(7'"H)-one (4h)
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(6'S,9a'S)-6"-(thiophen-2-yl)-9*,9a’-dihydro-6"H-spiro[cyclohexane-1,10"-pyrido[1
,2-a]indol]-8'(7'H)-one (4i)
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(6'S,9a'S)-3'-bromo-6'-(4-chlorophenyl)-9',9a’-dihydro-6'H-spiro[cyclohexane-1,
10'-pyrido[1,2-a]indol]-8'(7'H)-one (4j)
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(6'S,9a'S)-6"-phenyl-9',9a’-dihydro-6'H-spiro[cycloheptane-1,10'-pyrido[1,2-a]in
dol]-8'(7"H)-one (4k)
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(6'S,9a'S)-6"-(3-fluorophenyl)-9',9a'-dihydro-6"H-spiro[cycloheptane-1,10"-pyrid

0[1,2-a]indol]-8'(7"H)-one (4l)
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(6'S,9a'S)-6"-(naphthalen-2-yl)-9*,9a'-dihydro-6'H-spiro[cycloheptane-1,10"-pyrid

0[1,2-a]indol]-8'(7'H)-one (4m)
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(6S,9aS)-10,10-diethyl-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]indol-8(9H)-on
e (4n)
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(6S,9aS)-10,10-diethyl-2-methoxy-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]ind

ol-8(9H)-one (40)
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(6S,9aS)-6-(4-chlorophenyl)-10,10-diethyl-2-methoxy-6,7,9a,10-tetrahydropyrido
[1,2-a]indol-8(9H)-one (4p)
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(6S,9aS)-10,10-diethyl-2-methoxy-6-(naphthalen-2-yl)-6,7,9a,10-tetrahydropyrid

o[1,2-a]indol-8(9H)-one (4q)
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(6S,9aS)-2-methoxy-10,10-dimethyl-6-phenyl-6,7,9a,10-tetrahydropyrido[1,2-a]in

dol-8(9H)-one (4r)
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(6S,9aS)-6-(4-bromophenyl)-2-methoxy-10,10-dimethyl-6,7,9a,10-tetrahydropyri

do[1,2-a]indol-8(9H)-one (4s)
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(6S,9aS)-2-methoxy-10,10-dimethyl-6-((E)-styryl)-6,7,9a,10-tetrahydropyrido[1,2

-a]indol-8(9H)-one (4t)
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(6S,9aS)-2-methoxy-10,10-dimethyl-6-(thiophen-2-yl)-6,7,9a,10-tetrahydropyrido
[1,2-a]indol-8(9H)-one (4u)
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F: Determination of Absolute Configuration of 4g
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Table S1  Crystal data and structure refinement for 4g.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

\Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

0 range for data collection
Limiting indices

Reflections collected / unique
Completeness to 6 = 25.99°
Absorption correction ()
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>20(1)]

R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

cd212313

C23H24BI‘NO

410.34

293(2) K

0.71073 A

Orthorhombic

P2(1)2(1)2(1)

a=724258)A a=90°.

b=154541(17)A B=90°

c=17.0100(18) A y=90°.

1903.9(4) A3

4

1.432 Mg/m?

2.171 mm!

848

0.313 X 0.212 x 0.145 mm3

2.39 0 25.99°.

-8<h<8, -19<k<18, -16<I<20

11521 / 3726 [Rin = 0.0725]

100.0 %

Empirical

1.00000 and 0.32387

Full-matrix least-squares on F?

3726/0/236

0.973

R = 0.0378, wR; = 0.0836

R = 0.0515, wR; = 0.0885
0.003(9)

0.0238(12)

0.209 and -0.330 &". A®
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