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1. General Information

Unless otherwise mentioned, all commercial reagents and solvents were used directly
as purchased. Flash chromatography was performed on silica gel (200 - 300 mesh) with
petroleum ether/ethyl acetate as the eluent. *H, 13C, and ®FNMR spectra were
performed on a 400 MHz NMR or 600 MHz NMR spectrometer. The *H NMR spectra
of the compounds were measured at 400 MHz or 600 MHz are internally referenced to
residual protic CDCls (5 7.26 ppm) or DMSO-ds (5 3.36, 2.50 ppm). 3C NMR spectra
were measured at 151/101 MHz and data are reported referenced to CDClz (6 77.0 ppm,
the middle peak) or DMSO-ds (8 39.5 ppm). °F NMR spectra were measured at 565

MHz. J values are given in hertz (Hz).



2. Preparation of Substrates
2.1 Preparation of 2-amino-1H-indole-3-carbonitrile!
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Step 1: Corresponding 2-iodoaniline derivative (1.0 mmol) was dissolved in dry THF
(5 mL), EtsN (1.2 mmol) was added and resulting solution cooled down to -7°C.
Trifluroacetic anhydride (1.2 mmol) dissolved in dry THF was added dropwise within
5 min and then the reaction was allowed to warm up to RT and was stirred overnight.
After completion the reaction was diluted with water and the product extracted to
EtOAc. Organic layer was washed with brine, dried over Na;SO4 and evaporated to
obtain 2,2,2-trifluoro-N-(2-iodophenyl)acetamide as solid, Products were used for the
next step without further purification.

Step 2: Corresponding 2,2,2-trifluoro-N-(2-iodophenyl)acetamide derivative (1.0
equiv), malononitrile (1.2 equiv), K2COs (2.0 equiv) and L-proline (0.2 equiv) were
dispersed in DMSO/H20 (1:1, 2 mL/mmol) and stirred for 15 min at RT. Then Cul (0.1
equiv) was added and the reaction mixture stirred at 60°C overnight. After completion
the reaction mixture was filtrated and filter washed extensively with MeOH. The filtrate
was concentrated and resulting liquid diluted with water and extracted with EtO.
Organic layer was washed with brine, dried over NaxSO4 and evaporated to obtain 2-
amino-1H-indole-3-carbonitrile as beige solid. In case of 2-amino-1H-indole-3-
carbonitrile, the crude product was purified by flash chromatography (hex/EtOAc) to
afford product.
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2-Amino-1H-indole-3-carbonitrile (1a).2 (yield: 65%). Brown solid, purified by

flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). *H NMR (400
MHz, DMSO-ds) & 10.71 (s, 1H), 7.14 (d, J = 8.0 Hz, 2H), 6.99 - 6.89 (m, 2H), 6.75
(s, 2H). C NMR (151 MHz, DMSO-dg) & 154.3, 132.6, 128.7, 121.0, 120.1, 118.4,
115.6, 110.7, 62.1.

CN
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2-Amino-7-bromo-1H-indole-3-carbonitrile (1b). (yield: 54%). Brown solid,
purified by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). H
NMR (400 MHz, DMSO-ds) 5 10.97 (s, 1H), 7.20 (d, J = 7.6 Hz, 1H), 7.14 (d, J = 7.6
Hz, 1H), 6.97 (t, J=7.6 Hz, 1H), 6.74 (s, 2H). 13C NMR (151 MHz, DMSO-ds) § 154.7,
130.7, 130.3, 122.7, 122.5, 117.5, 115.0, 102.9, 63.3. HRMS (ESI, m/z) calcd for
CoHsN3BrNa [M + Na]*: 257.9643, found: 257.9646.
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2-Amino-7-chloro-1H-indole-3-carbonitrile (1c). (yield: 60%). Brown solid, purified
by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). *H NMR (400
MHz, DMSO-ds) & 11.15 (s, 1H), 7.15 (dd, J = 6.4, 2.0 Hz, 1H), 7.01 (m, 2H), 6.75 (s,
2H). 3C NMR (151 MHz, DMSO-ds) & 154.8, 130.5, 129.1, 122.3, 119.7, 117.5, 114.8,
114.6, 63.2. HRMS (ESI, m/z) calcd for CoH/N3Cl [M + H]* : 192.0328, found:
192.0327.
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2-Amino-7-methyl-1H-indole-3-carbonitrile (1d). (yield: 66%). Brown solid,
purified by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). H
NMR (400 MHz, DMSO-ds) & 10.75 (s, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.88 (t, J = 7.6
Hz, 1H), 6.73 (d, J = 7.2 Hz, 1H), 6.49 (s, 2H), 2.33 (s, 3H). 3C NMR (151 MHz,
DMSO-de) 6 154.2, 131.4, 128.4, 121.4,121.2,119.7, 118.4, 113.5, 62.6, 16.9. HRMS
(ESI, m/z) calcd for C1oHgNsNa [M + Na]*: 194.0694, found: 194.0695.
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2-Amino-6-fluoro-1H-indole-3-carbonitrile (1e). (yield: 51%). Brown solid, purified

by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). *H NMR (400
MHz, DMSO-ds) § 10.77 (s, 1H), 7.08 (dd, J = 8.4, 5.2 Hz, 1H), 6.97 (dd, J = 9.6, 2.4
Hz, 1H), 6.83 - 6.77 (m, 3H). 23C NMR (151 MHz, DMSO-ds) 5 158.8, 156.1 (d, J =
356.7 Hz), 132.7 (d, J = 12.5 Hz), 125.0, 118.0, 115.9 (d, J = 9.8 Hz), 108.1 (d, J = 23.6
Hz), 98.2, 98.0, 61.6. °F NMR (565 MHz, DMSO-de) & -123.8 (td, J = 10.2, 5.1 Hz).
HRMS (ESI, m/z) calcd for CoHsNsFNa [M + Na]*: 198.0443, found: 198.0440.
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2-Amino-6-methyl-1H-indole-3-carbonitrile (1f). (yield: 47%). Brown solid, purified
by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). *H NMR (400
MHz, DMSO-ds) 5 10.59 (s, 1H), 7.02 (d, J = 7.6 Hz, 1H), 6.95 (s, 1H), 6.79 (d, J = 8.0
Hz, 1H), 6.63 (s, 2H), 2.30 (s, 3H). 3C NMR (151 MHz, DMSO-ds) & 154.1, 132.9,
129.1, 126.2, 122.1, 118.6, 115.4, 111.0, 61.8, 21.6. HRMS (ESI, m/z) calcd for

CioHgNsNa [M + Na]*: 194.0694, found: 194.0698.
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2-Amino-5-chloro-1H-indole-3-carbonitrile (1g). (yield: 42%). Brown solid, purified

by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). *H NMR (400
MHz, DMSO-ds) & 10.85 (s, 1H), 7.11 (d, J = 8.4 Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H),
6.95 (s, 2H), 6.90 (dd, J = 8.4, 2.0 Hz, 1H). 3C NMR (151 MHz, DMSO-dg) & 155.1,
131.3, 130.3, 125.6, 119.7, 117.6, 114.7, 111.9, 62.1. HRMS (ESI, m/z) calcd for
CoH7N3Cl [M + H]": 192.0328, found: 192.0325.
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2-Amino-5-methyl-1H-indole-3-carbonitrile (1h). (yield: 62%). Brown solid,
purified by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). H
NMR (400 MHz, DMSO-ds) & 10.55 (s, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.93 (d, J = 1.6
Hz, 1H), 6.71 (dd, J = 8.0, 1.6 Hz, 1H), 6.65 (s, 2H), 2.30 (s, 3H). 3C NMR (151 MHz,
DMSO-dg) 6 154.3, 130.7, 129.7, 129.0, 121.1, 118.4, 115.8, 110.3, 61.8, 21.6. HRMS

(ESI, m/z) calcd for CioHgNsNa [M + Na]™: 194.0694, found: 194.0689.
CN

MeO
N NH,
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2-Amino-5-methoxy-1H-indole-3-carbonitrile (1i). (yield: 45%). Brown solid,
purified by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). H
NMR (600 MHz, DMSO-dg) & 10.50 (s, 1H), 7.01 (d, J = 8.4 Hz, 1H), 6.67 (s, 1H),
6.67 (s, 2H), 6.50 (dd, J = 8.4, 2.4 Hz, 1H), 3.73 (s, 3H). 13C NMR (151 MHz, DMSO-
ds) 0 155.1, 154.6, 129.6, 127.0,118.4, 111.2, 107.8, 99.8, 62.6, 55.7. HRMS (ESI, m/z)
calcd for C10HgN3ONa [M + Na]*: 210.0643, found: 210.0641.
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2-Amino-4-chloro-1H-indole-3-carbonitrile (1j). (yield: 63%). Brown solid, purified

by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). *H NMR (400
MHz, DMSO-ds) § 11.01 (s, 1H), 7.09 (dd, J = 7.7, 1.1 Hz, 1H), 6.95 (dd, J = 7.9, 1.0
Hz, 1H), 6.93 (s, 2H), 6.88 (t, J = 7.8 Hz, 1H). 13C NMR (151 MHz, DMSO-d¢) § 155.6,
133.9, 125.3, 121.4, 121.2, 120.9, 118.0, 109.6, 61.8. HRMS (ESI, m/z) calcd for
CoH7N3Cl [M + H]": 192.0328, found: 192.0325.

F ¢N

N

H
2-Amino-4-fluoro-1H-indole-3-carbonitrile (1k). (yield: 54%). Brown solid, purified

by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). *H NMR (400
MHz, DMSO-ds) § 10.97 (s, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.92 - 6.83 (m, 3H), 6.78 -
6.73 (m, 1H). 3C NMR (151 MHz, DMSO-ds) 5 154.8, 153.8 (d, J = 239.8 Hz), 135.2
(d, J = 11.0 Hz), 120.6 (d, J = 7.0 Hz), 118.1, 115.9 (d, J = 19.5 Hz), 107.3 (d, J = 2.4
Hz), 106.7 (d, J = 19.0 Hz), 59.0. HRMS (ESI, m/z) calcd for CoHsN3NaF [M + Na]*:
198.0443, found: 198.0439.

Me CN

N

H
2-Amino-4-methyl-1H-indole-3-carbonitrile (1I). (yield: 48%). Brown solid, purified

by flash column chromatography (eluent: Petroleum ether/EtOAc = 1/1). *H NMR (400
MHz, DMSO-dg) § 10.68 (s, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.80 (t, J = 7.6 Hz, 1H),
6.70 (d, J = 7.2 Hz, 1H), 6.62 (s, 2H), 2.48 (s, 3H). 1*C NMR (151 MHz, DMSO-ds) &
154.8, 132.3, 126.4, 126.1, 122.1, 120.2, 119.9, 108.6, 61.8, 18.4. HRMS (ESI, m/z)
calcd for C1oHgNsNa [M + Na]*: 194.0694, found: 194.0693.
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2.2 Preparation of a-bromocinnamaldehyde?®

o) o)
R X~ H 1)Br, DCM, 0°C _ NN
L 2) Et;N, DCM A Br

To a solution of cinnamaldehyde (10 mmol) in DCM (20 mL) was added Brz (12 mmol)
at 0 °C. The reaction mixture was stirred for 15 min, followed by the addition of EtsN
(17 mmol). After stirring for an additional 15 min, the reaction mixture was diluted with
DCM and washed sequentially with a 10% NaHSO3 solution, H2O, and brine. The
organic layer was separated and dried over anhydrous NaSOa, filtered, and
concentrated to yield orange oil. Products were used for the next step without further

purification.

3 General Procedure for Synthesis of Compounds 3

CN . NHC (20 mol%) R, CN
2 .
ol N\ " |\\ N o K,CO3 (2.0 equn/:) l\\ N\ \H
" N 2 ~  Br DCE Z N 7 M Re
H Ny, rt, 24 h —
o)
1 2 3

2-Amino-1H-indole-3-carbonitrile (1.0 equiv, 0.2 mmol), a-bromocinnamaldehyde
(2.0 equiv, 0.4 mmol), NHC (0.2 equiv, 0.04 mmol) and K>COs (2.0 equiv, 0.4 mmol)
were added to a reaction tube in DCE (2.0 mL) with N2. The tube was stirred for 24 h
at rt After completion, the crude reaction mixture was concentrated under reduced

pressure and purified by flash chromatography on silica gel to give the product.



3.1 General Procedure for Synthesis of Compounds 3’

R TN Et;N, AcOCl o 1 T N\ \FO
| NH R N
DCM

4-0x0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-carbonitrile (1.0 equiv,

w
[2%)

0.2 mmol), EtsN (1.2 equiv, 0.24 mmol) were added to a reaction tube in DCM (2.0 mL)
at rt, then AcOCI (1.2 equiv, 0.24 mmol) were added after 30 minutes. The tube was
stirred for 15-24 h at rt. After completion, the crude reaction mixture was quenched
with water and extracted with ethyl acetate, then concentrated under reduced pressure

and purified by flash chromatography on silica gel to give the product.

(R)-4-Oxo0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-carbonitrile (3a).
(yield: 72%). White solid, purified by flash column chromatography (eluent: Petroleum
ether/EtOAC = 3/1). *H NMR (400 MHz, DMSO-ds) & 9.20 (s, 1H), 8.05 (d, J = 8.0 Hz,
1H), 7.44 - 7.39 (m, 4H), 7.37 - 7.32 (m, 1H), 7.29 - 7.23 (m, 2H), 7.14 - 7.10 (m, 1H),
5.07 (t, J = 6.8 Hz, 1H), 3.20 - 3.18 (m, 2H). 3C NMR (101 MHz, DMSO-ds) & 166.0,
152.4, 140.6, 130.4, 129.2, 128.8, 128.6, 127.0, 125.6, 122.5, 116.4, 116.0, 115.2, 64.3,
53.8. HRMS (ESI, m/z) calcd for C1gH13N3ONa [M + Na]*: 310.0956, found: 310.0956.
Enantiomeric excess: 92%, determined by HPLC (Daicel Chiralpak AD-H, hexane/i-
PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt): tminor = 8.24 MiN, tmajor =
9.08 min; [o] =+ 29.3 (c = 0.6, CHCI5).



(R)-1-Acetyl-6-bromo-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-

10-carbonitrile (3b’). (yield: 81%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, CDCls)
§ 7.62 (dd, J = 8.0, 1.2 Hz, 1H), 7.54 (dd, J = 7.6, 0.8 Hz, 1H), 7.36 - 7.32 (m, 2H),
7.29 - 7.23 (m, 4H), 6.38 (d, J = 5.6 Hz, 1H), 3.59 - 3.44 (m, 2H), 2.57 (s, 3H). 13C
NMR (151 MHz, CDCls) 6 168.5, 162.8, 143.0, 135.7, 132.6, 131.1, 129.7, 129.4, 128.8,
127.1, 126.1, 118.3, 112.8, 109.2, 87.3, 54.7, 38.4, 22.4. HRMS (ESI, m/z) calcd for
C2o0H14N302NaBr [M + Na]*: 430.0167, found: 430.0171. Enantiomeric excess: 80%,
determined by HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 80:20 (v/v), A =254
nm, flow rate = 1.0 mL/min, rt): tmajor = 30.47 Min, tminor = 37.94 min; [a]’ =+ 73.7 (c

= 0.3, CHCl5).

(R)-1-Acetyl-6-chloro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (3c’). (yield: 60%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, CDCls)
§ 7.42 (dd, J = 8.0, 1.2 Hz, 1H), 7.35 (dd, J = 8.0, 0.8 Hz, 1H), 7.28 - 7.19 (m, 6H),
6.31 (d, J = 6.0Hz, 1H), 3.53 - 3.37 (M, 2H), 2.50 (5, 3H). 3C NMR (151 MHz, CDCl3)
0 167.5, 161.8, 141.9, 134.6, 128.5, 128.4, 128.2, 128.1, 127.7, 125.8, 125.0, 121.1,
116.6, 111.8, 86.3, 53.5, 37.3, 21.4. HRMS (ESI, m/z) calcd for C2oH14NsO2NaCl [M
+ Na]*: 386.0672, found: 386.0673. Enantiomeric excess: 92%, determined by HPLC
(Daicel Chiralpak AD-H, hexane/i-PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0
mL/min, rt): tmajor = 15.97 Min, tminor = 18.22 min; [a]5 =+ 55.7 (¢ = 0.9, CHCl5).
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(R)-1-Acetyl-6-methyl-4-ox0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-aJindole-

10-carbonitrile (3d’). (yield: 67%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (600 MHz, CDCls)
§7.40 (dd, J = 8.4, 1.2 Hz, 1H), 7.33 - 7.24 (m, 6H), 7.20 (dt, J = 7.2, 1.2 Hz, 1H), 6.40
(d, J=5.4Hz, 1H), 3.53 - 3.41 (m, 2H), 2.60 (s, 3H), 2.56 (s, 3H). 3C NMR (151 MHz,
CDCl3) 6 168.8, 164.4, 141.9, 135.9, 131.4, 130.4, 129.3, 128.6, 127.2, 126.1, 126.0,
116.7, 113.3, 88.2, 54.0, 38.2, 23.0, 22.4. HRMS (ESI, m/z) calcd for C2:H17N3O2Na
[M + Na]": 366.1218, found: 366.1223. Enantiomeric excess: 82%, determined by
HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 95:5 (v/v), A =254 nm, flow rate =
1.0 mL/min, rt): tmajor = 30.18 Min, tminor = 35.45 min; [a]5 =+ 29.8 (¢ = 0.4, CHCl3).

(R)-7-Fluoro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-

carbonitrile (3e). (yield: 60%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (600 MHz, DMSO-ds) § 9.25 (d, J =
2.4 Hz, 1H), 7.83 (dd, J = 10.2, 3.0 Hz, 1H), 7.43 - 7.40 (m, 4H), 7.38 -7.34 (m, 1H),
7.26 (dd, J = 8.4, 4.8 Hz, 1H), 7.13 (ddd, J = 9.6, 8.4, 2.4 Hz, 1H), 5.09 - 5.06 (m, 1H),
3.19 (dd, J = 7.8, 6.0 Hz, 2H). 13C NMR (151 MHz, DMSO-ds) & 166.2, 159.5, 158.0,
152.9, 140.4, 130.2 (d, J = 12.5 Hz), 129.2, 128.6, 127.0, 125.1, 116.9 (d, J = 8.5 Hz),
115.8, 112.6 (d, J = 23.4 Hz), 103.1 (d, J = 29.1 Hz), 63.8, 53.8. 1°F NMR (565 MHz,
DMSO-ds) & -120.4 (d, J = 10.2 Hz). HRMS (ESI, m/z) calcd for C1sH12N3ONaF [M
+ Na]*: 328.0862, found: 328.0856. Enantiomeric excess: 90%, determined by HPLC
(Daicel Chiralpak OD-H, hexane/i-PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0

mL/min, rt): tminor = 9.31 Min, tmajor = 13.14 min; [0]% =+ 25.5 (c = 0.5, CHCls).
-10 -
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(R)-7-Methyl-4-oxo0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3f). (yield: 55%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) & 9.09 (d, J =
2.4 Hz, 1H), 7.91 (d, J = 1.2 Hz, 1H), 7.43 - 7.40 (m, 4H), 7.37 - 7.32 (m, 1H), 7.15 (d,
J =8.0 Hz, 1H), 7.08 (dd, J = 7.6, 1.2 Hz, 1H), 5.06 - 5.02 (m, 1H), 3.18 (dd, J = 5.6,
3.2 Hz, 2H), 2.35 (s, 3H). *C NMR (151 MHz, DMSO-ds) & 166.0, 152.2, 140.6, 131.8,
130.7,129.2, 128.5, 126.9, 126.4, 126.2, 116.1, 116.1, 115.7, 64.1, 53.7, 21.7. HRMS
(ESI, m/z) calcd for Cy9HisN3sONa [M + Na]® : 324.1113, found: 324.1108.
Enantiomeric excess: 86%, determined by HPLC (Daicel Chiralpak AD-H, hexane/i-
PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt): tminor = 18.27 min, tmajor =
21.87 min; [0]® =+ 37.1 (c = 0.5, CHCl5).

Reavs

o8y

o)
(R)-1-Acetyl-8-chloro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (3g’). (yield: 71%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, CDCls)
$8.18 (d, J = 8.4 Hz, 1H), 7.48 (d, J = 2.0 Hz, 1H), 7.28 - 7.13 (m, 6H), 6.29 (d, J =
5.6 Hz, 1H), 3.48 - 3.31 (m, 2H), 2.53 (s, 3H). 1*C NMR (151 MHz, CDCls) & 167.5,
163.5, 140.4, 134.5, 130.8, 128.5, 128.2, 127.8, 126.1, 126.0, 124.7,117.8, 116.3, 111.9,
84.4, 53.2, 36.6, 21.6. HRMS (ESI, m/z) calcd for CaoH14N3O,NaCl [M + Na]* :
386.0672, found: 386.0671. Enantiomeric excess: >99%, determined by HPLC (Daicel

Chiralpak AD-H, hexane/i-PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt):
tmajor = 1012 min, tminor = 1283 m|n, [(1]23 =+ 1004 (C = 05, CHCIS)
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(R)-8-Methyl-4-oxo0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3h). (yield: 53%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) & 8.92 (d, J =
2.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.19 - 7.15 (m, 4H), 7.15 - 7.08 (m, 1H), 6.83 (t,
J=1.2 Hz, 1H), 6.68 (ddd, J = 8.4, 1.6, 0.4 Hz, 1H), 4.80 (td, J = 7.2, 2.0 Hz, 1H), 2.92
(d, J=6.8 Hz, 2H), 2.11 (s, 3H). 13C NMR (151 MHz, DMSO-ds) & 165.8, 152.5, 140.6,
134.8, 129.2, 128.9, 128.6, 128.4, 127.0, 123.3, 116.6, 116.0, 114.9, 64.1, 53.8, 21.5.
HRMS (ESI, m/z) calcd for C19H15N3ONa [M + Na]*: 324.1113, found: 324.1112.
Enantiomeric excess: 80%, determined by HPLC (Daicel Chiralpak AD-H, hexane/i-
PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt): tmajor = 21.90 min, tminor =
23.24 min; [0]% =+ 109.8 (c = 0.5, CHCl5).

CN
MeomN>to
N)\)‘Q
o

(R)-1-Acetyl-8-methoxy-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (3i°). (yield: 55%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, CDCls)
$8.20 (d, J = 8.8 Hz, 1H), 7.34 - 7.22 (m, 5H), 7.00 (d, J = 2.8 Hz, 1H), 6.96 (dd, J =
9.2, 2.8 Hz, 1H), 6.37 (d, J = 5.6 Hz, 1H), 3.84 (s, 3H), 3.52 - 3.36 (m, 2H), 2.60 (s,
3H). C NMR (151 MHz, CDCls) & 168.7, 164.5, 158.1, 140.7, 135.8, 129.4, 128.7,
127.0, 125.9, 125.2, 117.2, 115.4, 113.6, 101.6, 86.2, 55.8, 54.2, 37.5, 22.5. HRMS
(ESI, m/z) caled for C2Hi7N3OsNa [M + Na]® : 382.1168, found: 382.1170.
Enantiomeric excess: 93%, determined by HPLC (Daicel Chiralpak AD-H, hexane/i-
PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt): tmajor = 13.83 min, tminor =

20.32 min; [a]% =+ 32.3 (¢ = 0.6, CHClx).
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(R)-1-Acetyl-9-chloro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (3j’). (yield: 61%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, CDCls)
§8.27 (dd, J = 6.4, 3.2 Hz, 1H), 7.36 - 7.24 (m, 7H), 6.44 (d, J = 6.0 Hz, 1H), 3.58 -
3.38 (M, 2H), 2.63 (s, 3H). 3C NMR (151 MHz, CDCls) & 168.7, 164.8, 142.8, 135.5,
132.0, 129.5, 128.8, 127.5, 126.5, 126.0, 125.9, 122.9, 114.7, 113.6, 85.6, 53.9, 37.6,
22.5. HRMS (ESI, m/z) calcd for CzoH14N302NaCl [M + Na]™ : 386.0672, found:
386.0671. Enantiomeric excess: 98%, determined by HPLC (Daicel Chiralpak AD-H,
hexane/i-PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt): tmajor = 17.98
Min, tminor = 24.20 min; [a]y =+ 68.5 (¢ = 0.6, CHCI3).

(R)-9-Fluoro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-

carbonitrile (3k). (yield: 65%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) § 9.34 (d, J =
2.4 Hz, 1H), 7.91 - 7.89 (m, 1H), 7.44 - 7.41 (m, 4H), 7.40 - 7.32 (m, 1H), 7.13 - 7.07
(m, 2H), 5.09 (td, J = 7.2, 2.0 Hz, 1H), 3.22 - 3.20 (m, 2H). 3C NMR (151 MHz,
DMSO-dg) 6 166.1, 154.3, 153.0, 152.7, 140.3, 132.4 (d, J = 8.5 Hz), 128.6, 128.1 (d,
J=341.4 Hz), 123.4 (d, J = 7.7 Hz), 116.3, 116.2, 115.9, 111.7, 111.6, 60.8, 53.7. 1°F
NMR (565 MHz, DMSO-ds) 6 -127.4 (dd, J = 9.6, 6.2 Hz). HRMS (ESI, m/z) calcd for
CisH12N3OFNa [M + Na]* : 328.0862, found: 328.0858. Enantiomeric excess: 98%,
determined by HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH =95:5 (v/v), A =254 nm,
flow rate = 1.0 mL/min, rt): tminor = 24.91 Min, tmajor = 30.94 min; [a]s =+ 120.6 (c =

0.3, CHCl3)
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(R)-1-Acetyl-9-methyl-4-ox0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-aJindole-
10-carbonitrile (3I). (yield: 71%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, CDCls)
§8.19 (d, J = 8.4 Hz, 1H), 7.34 - 7.23 (m, 6H), 7.10 (d, J = 7.6 Hz, 1H), 6.42 (d, J =
5.2 Hz, 1H), 3.55 - 3.26 (M, 2H), 2.67 (s, 3H), 2.61 (s, 3H). 3C NMR (151 MHz, CDCl5)
0 168.9, 164.8, 141.6, 135.7, 131.2, 130.6, 129.4, 128.6, 127.2, 126.8, 125.9, 123.7,
115.1, 113.8, 86.0, 53.8, 37.5, 22.7, 18.3. HRMS (ESI, m/z) calcd for C2:H17N3O2Na
[M + Na]": 366.1218, found: 366.1220. Enantiomeric excess: 88%, determined by
HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 90:10 (v/v), A =254 nm, flow rate =
1.0 mL/min, rt): tmajor = 20.67 Min, tminor = 24.54 min; o] =+ 16.9 (c = 0.7, CHCl5).

(R)-2-(4-Bromophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-

carbonitrile (3m). (yield: 58%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (600 MHz, DMSO-ds) § 9.17 (d, J =
2.4 Hz, 1H), 8.06 (d, J = 7.8 Hz, 1H), 7.63 - 7.61 (m, 2H), 7.41 - 7.39 (m, 2H), 7.28 -
7.24 (m, 2H), 7.14 -7.11 (m, 1H), 5.07 (td, J = 6.6, 1.8 Hz, 1H), 3.18 (d, J = 6.6 Hz,
2H). BC NMR (151 MHz, DMSO-ds) 5 164.7, 151.2, 138.8, 131.0, 129.3, 128.3, 127.6,
1245, 1215, 120.6, 115.3, 114.9, 114.2, 63.4, 52.2. HRMS (ESI, m/z) calcd for
CisH12N3ONaBr [M + Na]*: 388.0061, found: 388.0059. Enantiomeric excess: 88%,
determined by HPLC (Daicel Chiralpak OD-H, hexane/i-PrOH = 80:20 (v/v), A =254
nm, flow rate = 1.0 mL/min, rt): tminor = 9.50 Min, tmajor = 11.71 min; [a]s =+ 22.29 (c

= 0.6, CHCl5).
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(R)-2-(4-Chlorophenyl)-4-oxo0-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3n). (yield: 62%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) & 8.93 (d, J =
2.0 Hz, 1H), 7.81 (dt, J = 8.0, 0.8 Hz, 1H), 7.25 - 7.20 (m, 4H), 7.04 - 6.98 (m, 2H),
6.90 - 6.86 (M, 1H), 4.84 (td, J = 7.2, 2.0, 1H), 2.93 (d, J = 7.2 Hz, 2H). 3C NMR (151
MHz, DMSO-dg) 6 165.8, 152.3, 139.5, 133.2, 130.4, 129.2, 129.0, 128.7, 125.6, 122.6,
116.4,116.0, 115.2, 64.5, 53.3. HRMS (ESI, m/z) calcd for C1sH12N3ONaCl [M + Na]*:
344.0567, found: 344.0562. Enantiomeric excess: 80%, determined by HPLC (Daicel
Chiralpak AD-H, hexane/i-PrOH = 95:5 (v/v), A =254 nm, flow rate = 0.8 mL/min, rt):
tminor = 35.52 MiN, tmajor = 38.64 min; [a]; =+ 55.7 (¢ = 0.3, CHCI3).

(R)-2-(4-Fluorophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-

carbonitrile (30). (yield: 70%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (600 MHz, DMSO-ds) § 9.18 (d, J =
2.4 Hz, 1H), 8.06 (d, J = 7.8 Hz, 1H), 7.50 - 7.47 (m, 2H), 7.28 - 7.24 (m, 4H), 7.12 (td,
J=7.8, 1.8 Hz, 1H), 5.10 -5.07 (m, 1H), 3.23 - 3.13 (M, 2H). 3C NMR (151 MHz,
DMSO-dg) 6 165.9, 163.1, 161.5, 152.3, 136.6, 130.3, 129.2 (d, J = 8.3 Hz), 128.7,
125.6, 122.6, 116.0, 115.9, 115.9, 115.8 (d, J = 176.4 Hz), 64.4, 53.2. 1°F NMR (565
MHz, DMSO-ds) & -114.2 (dt, J = 12.2, 6.4 Hz). HRMS (ESI, m/z) calcd for
CisH12N3ONaF [M + Na]*: 328.0862, found: 328.0862. Enantiomeric excess: 90%,
determined by HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 80:20 (v/v), A =254
nm, flow rate = 1.0 mL/min, rt): tminor= 13.62 Min, tmajor = 15.20 min; [a]s =+ 50.1 (c

= 0.6, CHCls).
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(R)-4-Oxo-2-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydropyrimido [1,2-
alindole -10-carbonitrile (3p). (yield: 68%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-
ds) & 9.29 (s, 1H), 8.12 (d, J = 8.0 Hz, 1H), 7.79 (dd, J = 50.8, 8.0 Hz, 4H), 7.32 (m,
2H), 7.21 -7.16 (m, 1H), 5.25 (t, J = 7.2 Hz, 1H), 3.28 (d, J = 7.2 Hz, 2H). 1*C NMR
(151 MHz, DMSO-dg) 6 165.7, 152.3, 145.2, 130.4, 129.2 (dd, J = 62.8, 32.0 Hz), 128.7,
128.1,126.1 (d, J=4.2 Hz), 125.6, 125.5 (dd, J =545.1, 272.1 Hz),122.7, 116.4, 115.9,
115.2, 64.6, 53.5. ®F NMR (565 MHz, DMSO-ds) & -61.0. HRMS (ESI, m/z) calcd
for C19H12N3ONaF3 [M + Na]*: 378.0830, found: 378.0825. Enantiomeric excess: 90%,
determined by HPLC (Daicel Chiralpak OD-H, hexane/i-PrOH = 90:10 (v/v), A =254
nm, flow rate = 1.0 mL/min, rt): tminor = 12.03 Min, tmajor = 15.74 min; [a]y =+ 6.6 (C

= 0.6, CHCl5).

(R)-4-Oxo-2-(p-tolyl)-1,2,3,4-tetrahydropyrimido[1,2-aJindole-10-carbonitrile

(39). (yield: 52%). White solid, purified by flash column chromatography (eluent:
Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) & 9.19 (d, J = 2.0 Hz,
1H), 8.05 (d, J = 8.0 Hz, 1H), 7.25 (dd, J = 36.4, 8.0, 4H), 7.25 (dd, J = 6.8, 1.6 Hz,
2H), 7.13 - 7.09 (m, 1H), 5.02 (td, J = 7.6, 2.0 Hz, 1H), 3.15 - 3.15 (m, 2H), 2.29 (s,
3H). C NMR (151 MHz, DMSO-ds) 5 166.1, 152.4, 137.8, 137.5, 130.4, 129.7, 128.8,
126.8, 125.5, 122.5, 116.3, 116.0, 115.2, 64.2, 53.4, 21.1. HRMS (ESI, m/z) calcd for
Ci9H1sN3ONa [M + Na]™ : 324.1113, found: 324.1107. Enantiomeric excess: 82%,
determined by HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 80:20 (v/v), A =254
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nm, flow rate = 1.0 mL/min, rt): tminor = 11.12 Min, tmajor = 12.60 min; [a]s =+ 53.1 (c

= 0.6, CHCl5).

CN
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(R)-2-(4-Methoxyphenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3r). (yield: 47%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) § 9.14 (d, J =
2.0 Hz, 1H), 8.06 (dt, J = 8.0, 0.8 Hz, 1H), 7.36 - 7.32 (m, 2H), 7.28 - 7.22 (m, 2H),
7.14 - 7.10 (m, 1H), 6.99 - 6.95 (m, 2H), 5.03 - 4.99 (m, 1H), 3.75 (s, 3H), 3.18 - 3.15
(m, 2H). C NMR (151 MHz, DMSO-ds) & 166.2, 159.5, 152.4, 132.3, 130.3, 128.8,
128.2, 125.6, 122.5, 116.3, 116.0, 115.2, 114.5, 64.2, 55.6, 53.2. HRMS (ESI, m/z)
calcd for C19H1sN3O2Na [M + Na]*: 340.1062, found: 340.1064. Enantiomeric excess:
88%, determined by HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 80:20 (v/v), A
=254 nm, flow rate = 1.0 mL/min, rt): tminor = 17.85 mMin, tmajor = 19.65 min; [a]y =+

77.1 (c = 0.2, CHCla).

CN
Br

Oy o

o)
(R)-2-(3-Bromophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3s). (yield: 65%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) § 9.17 (s, 1H),
8.07 (d, J = 8.4 Hz, 1H), 7.69 (t, J = 1.6 Hz, 1H), 7.57 (dt, J = 7.6, 1.6 Hz, 1H), 7.44
(dt, J = 8.0, 1.2 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.30 - 7.24 (m, 2H), 7.15 - 7.11 (m,
1H), 5.09 (dd, J = 10.0, 5.2 Hz, 1H), 3.25 (dd, J = 16.8, 9.2 Hz, 1H), 3.15 (dd, J = 16.8,
5.2 Hz, 1H). 3C NMR (151 MHz, DMSO-ds) 5 165.8, 152.3, 143.1, 131.5, 131.4, 130.3,

130.2,128.7, 126.2, 125.6, 122.6, 122.3, 116.4, 115.9, 115.2, 64.6, 53.4. HRMS (ESI,
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m/z) calcd for C1sH12N3ONaBr [M + Na]* : 388.0061, found: 388.0057. Enantiomeric
excess: 80%, determined by HPLC (Daicel Chiralpak OD-H, hexane/i-PrOH = 80:20
(v/v), A =254 nm, flow rate = 1.0 mL/min, 1t): tminor = 10.44 min, tmajor = 15.31 min;

[0]% =+ 9.0 (c =0.9, CHClx).

CN

S

o)
(R)-2-(3-Chlorophenyl)-4-oxo0-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3t). (yield: 75%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) § 9.18 (s, 1H),
8.07 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 2.4 Hz, 1H), 7.48 - 7.38 (m, 3H), 7.30 - 7.24 (m,
2H), 7.15 - 7.11 (m, 1H), 5.12 - 5.08 (m, 1H), 3.25 (dd, J = 16.4, 8.8 Hz, 1H), 3.16 (dd,
J =16.6, 5.2 Hz, 1H). *C NMR (151 MHz, DMSO-dg) & 165.8, 152.3, 142.9, 133.7,
131.1, 130.3, 128.7, 128.6, 127.3, 125.8, 125.6, 122.6, 116.4, 115.9, 115.2, 64.6, 53.4.
HRMS (ESI, m/z) calcd for C1sH12N3sONaCl [M + Na]*: 344.0567, found: 344.0566.
Enantiomeric excess: 84%, determined by HPLC (Daicel Chiralpak 1B-3, hexane/i-
PrOH = 80:20 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt): tminor = 10.73 Min, tmajor =
14.52 min; [a]% =+ 96.6 (c = 0.5, CHCl3).

CN

N)\)-@
0
(R)-2-(3-Fluorophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-

F

carbonitrile (3u). (yield: 58%). White solid, purified by flash column chromatography
(eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-dg) § 9.14 (d, J =
2.0 Hz, 1H), 7.99 (dd, J = 8.0, 0.8 Hz, 1H), 7.39 (td, J = 8.0, 6.4 Hz, 1H), 7.26 - 7.22
(m, 1H), 7.21 - 7.18 (m, 3H), 7.13 (td, J = 8.4, 2.8 Hz, 1H), 7.08 -7.04 (m, 1H), 5.05 -

5.01 (m, 1H), 3.20 - 3.08 (m, 2H). 13C NMR (151 MHz, ) § 165.8, 163.5, 161.9, 152.3,
-18 -



143.3 (d, J = 7.1 Hz), 131.3 (d, J = 8.3 Hz), 130.3, 128.7, 125.6, 123.1 (d, J = 2.1 Hz),
122.6, 116.4, 115.9, 115.2, 114.8 (dd, J = 198.4, 20.8 Hz), 64.5, 53.4. 1°F NMR (565
MHz, DMSO-de) 6 -112.5 (g, J = 8.0 Hz). HRMS (ESI, m/z) calcd for C1gH13N3OF[M
+ Na]*: 306.1043, found: 306.1046. Enantiomeric excess: 84%, determined by HPLC
(Daicel Chiralpak AD-H, hexane/i-PrOH = 95:5 (v/v), A =254 nm, flow rate = 1.0
mL/min, rt): tminor = 23.01 Min, tmajor = 26.16 min; [a] =+ 23.5 (¢ = 0.3, CHCl5).

CN
N)/\)‘@
O

(R)-4-Oxo-2-(3-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydropyrimido[1,2-
alindole-10-carbonitrile (3v). (yield: 65%). White solid, purified by flash column
chromatography (eluent: Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-
de) 8 9.19 (s, 1H), 8.09 (d, J = 7.6 Hz, 1H), 7.87 (s, 1H), 7.78 - 7.74 (m, 2H), 7.67 (t, J
= 7.6 Hz, 1H), 7.31 - 7.24 (m, 2H), 7.16 - 7.12 (m, 1H), 5.21 (ddd, J = 10.0, 5.2, 1.6
Hz, 1H), 3.32 (dd, J = 16.4, 10.0 Hz, 1H), 3.16 (dd, J = 16.4, 4.8 Hz, 1H). *C NMR
(151 MHz, DMSO-ds) 6 165.8, 152.4, 141.7, 131.4, 130.6, 130.3, 129.8 (dd, J = 64.0,
32.0 Hz), 128.7, 125.6, 125.5 (dd, J = 545.0, 273.2 Hz), 124.3 (dt, J = 187.4, 5.4 Hz),
122.7,116.4,115.9, 115.3, 64.7, 53.7. °F NMR (565 MHz, DMSO-ds) & -61.0. HRMS
(ESI, m/z) calcd for CigH12N3ONaFs [M + Na]® : 378.0830, found: 378.0823.
Enantiomeric excess: 86%, determined by HPLC (Daicel Chiralpak OD-3, hexane/i-
PrOH =90:10 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt): tminor = 17.09 min, tmajor =
19.00 min; [o]® =+ 67.8 (c = 0.4, CHCI5).

CN

{ =S

o
(R)-4-Oxo0-2-(m-tolyl)-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-carbonitrile

(Bw). (yield: 75%). White solid, purified by flash column chromatography (eluent:
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Petroleum ether/EtOAc = 3/1). *H NMR (400 MHz, DMSO-ds) & 9.18 (s, 1H), 8.06 (d,
J=8.4 Hz, 1H), 7.31 - 7.25 (m, 4H), 7.23 - 7.10 (m, 3H), 5.02 (t, J = 6.8 Hz, 1H), 3.17
(d, J=6.8 Hz, 2H), 2.32 (s, 3H). 13C NMR (151 MHz, DMSO-ds) & 166.1, 152.4, 140.4,
138.4,130.3, 129.2, 129.1, 128.8, 127.6, 125.6, 123.9, 122.5, 116.3, 116.0, 115.2, 64.2,
53.7, 21.5. HRMS (ESI, m/z) calcd for C19H1sN3ONa [M + Na]* : 324.1113, found:
324.1113. Enantiomeric excess: 82%, determined by HPLC (Daicel Chiralpak OD-H,
hexane/i-PrOH = 90:10 (v/v), A =254 nm, flow rate = 1.0 mL/min, rt): tminor = 14.78
Min, tmajor = 19.33 min; [a]s =+ 16.1 (¢ = 0.6, CHCI3).

3.2 The transformation of Compounds 3ato 4a

(0]
CN NH;
A\
©\/g\NH H,SO,4/AcOH D—NH
N — > N
M reflux M
O (@]
3a 4a

To a stirred solution of 3a (0.2 mmol) in AcOH (2.0 mL), cooled in an ice bath, was
added 50% H>SO4 (1.0 mL), the reaction was allowed to warm up to 120 °C. After 1 h ,
distilled ag. Na,COs (10 mL) was added, cooling applied and the product was collected

by chromatography on silica gel.

(R)-4-Oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-aJindole-10-carboxamide

(4a). (yield: 51%). White solid, purified by flash column chromatography (eluent:
Petroleum DCM/MeOH = 20/1). *H NMR (400 MHz, DMSO-ds) & 8.48 (s, 1H), 8.11
(d, J=8.0 Hz, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.44 - 7.32 (m, 5H), 7.21 (td, J = 7.6, 1.2

Hz, 1H), 7.07 (t, J = 8.0 Hz, 1H), 6.99 (s, 2H), 5.12 (t, J = 6.8 Hz, 1H), 3.28 - 3.16 (m,
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2H). 3C NMR (151 MHz, DMSO-ds) 6 168.0, 166.2, 151.2, 141.2, 131.0, 129.3, 128.6,
127.4, 126.7, 125.0, 121.5, 117.8, 114.8, 88.4, 53.4. HRMS (ESI, m/z) calcd for
Ci8H16N302 [M + H]" : 306.1206, found: 306.1208. Enantiomeric excess: 84%,
determined by HPLC (Daicel Chiralpak IC-3, hexane/i-PrOH =50:50 (v/v), A =254 nm,
flow rate = 1.0 mL/min, rt): tminor = 20.23 Min, tmajor = 14.65 min; [a] =+ 76.6 (c =
0.4, CHCl3).

4. X-ray crystal structure of (-)3a
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Table 1. Crystal data and structure refinement for d8v23073.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

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

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

d8v23073

C18 HI3N3 O

287.31

293(2) K

1.54178 A

Monoclinic

P21

a=5.4603(2) A o=90%
b =20.5881(9) A B=93.864(2)<
¢ =12.9406(6) A y=90<
1451.44(11) A3

4

1.315 Mg/m?3

0.675 mm-?

600

0.140 x 0.120 x 0.060 mm3

4.041t0 67.985<

-6<=h<=6, -24<=k<=24, -15<=I<=15
19539

5271 [R(int) = 0.0789]

99.6 %

Semi-empirical from equivalents
0.7533 and 0.5264

Full-matrix least-squares on F2
5271/25/386

1.053

R1=0.0644, wR2 =0.1718
R1=0.0812, wR2 = 0.1932

0.0(3)

0.037(6)

0.234 and -0.206 e.A3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x
109)
for d8v23073. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
O(1) 2818(7) 2922(2) 4510(4) 92(1)
N(1) 8661(9) 4093(2) 4194(4) 73(1)
N(2) 5974(7) 3527(2) 5233(4) 71(1)
N(3) 12314(10) 4939(3) 6561(5) 90(2)
C() 4572(9) 3275(2) 4383(5) 75(2)
C(2) 5352(10) 3486(3) 3354(5) 82(2)
C(3) 8079(10) 3626(2) 3366(4) 72(1)
C(4) 8905(11) 3851(3) 2343(5) 78(2)
C(5) 9498(16) 3407(4) 1625(6) 107(2)
C(6) 10380(20) 3588(6) 686(6) 133(3)
C@) 10670(20) 4214(6) 448(7) 141(4)
C(8) 10120(30) 4666(5) 1188(8) 159(5)
C(9) 9212(19) 4487(3) 2113(6) 117(3)
C(10) 7926(8) 3956(2) 5136(5) 67(1)
C(11) 8764(9) 4157(2) 6113(4) 70(1)
C(12) 7281(9) 3841(3) 6854(5) 73(1)
C(13) 5541(9) 3460(2) 6290(5) 74(1)
C(14) 3809(11) 3094(3) 6767(7) 88(2)
C(15) 3855(13) 3121(4) 7845(7) 98(2)
C(16) 5595(13) 3492(4) 8408(6) 97(2)
C(17) 7323(12) 3855(3) 7908(6) 86(2)
C(18) 10732(10) 4582(3) 6345(5) 72(1)
0(2) 12357(8) 7077(2) 5991(4) 96(1)
N(4) 6585(8) 5903(2) 6393(4) 71(1)
N(5) 9317(7) 6430(2) 5318(4) 70(1)
N(6) 2913(10) 4998(3) 4108(5) 92(2)
C(19) 10548(10) 6761(3) 6117(5) 77(2)
C(20) 9330(12) 6725(3) 7101(5) 89(2)
C(21) 8095(11) 6087(3) 7313(5) 77(2)
C(22) 6597(9) 6117(2) 8260(3) 80(1)
C(23) 5542(13) 6690(2) 8585(5) 144(3)
C(24) 4196(14) 6691(3) 9459(5) 151(3)
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C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)

3905(14)
4961(17)
6307(14)
7299(9)
6346(9)
7758(10)
9616(10)

11329(11)

11081(13)
9219(13)
7553(12)
4426(10)

6119(4)
5546(3)
5545(2)
6023(2)
5827(2)
6137(2)
6498(2)
6852(3)
6843(3)
6498(3)
6140(3)
5383(3)

10008(5)
9684(6)
8809(5)
5450(4)
4485(4)
3706(5)
4239(5)
3724(6)
2662(6)
2119(6)
2633(5)
4279(5)

151(3)
167(3)
160(3)
67(1)
66(1)
70(1)
71(1)
85(2)
95(2)
96(2)
85(2)
72(1)
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Table 3.  Bond lengths [A] and angles [] for d8v23073.
O(1)-C(1) 1.222(7)
N(1)-C(10) 1.339(8)
N(1)-C(3) 1.458(7)
N(1)-H(1) 0.8600
N(2)-C(1) 1.397(7)
N(2)-C(10) 1.396(6)
N(2)-C(13) 1.410(8)
N(3)-C(18) 1.154(7)
C(1)-C(2) 1.490(9)
C(2)-C(3) 1.516(8)
C(2)-H(2A) 0.9700
C(2)-H(2B) 0.9700
C(3)-C(4) 1.501(9)
C(3)-H®) 0.9800
C(4)-C(9) 1.356(9)
C(4)-C(5) 1.358(9)
C(5)-C(6) 1.388(13)
C(5)-H(5) 0.9300
C(6)-C(7) 1.336(14)
C(6)-H(6) 0.9300
C(7)-C(8) 1.383(15)
C(7)-H(7) 0.9300
C(8)-C(9) 1.376(13)
C(8)-H(8) 0.9300
C(9)-H(9) 0.9300
C(10)-C(11) 1.379(8)
C(11)-C(18) 1.401(8)
C(11)-C(12) 1.450(8)
C(12)-c(17) 1.363(9)
C(12)-C(13) 1.399(8)
C(13)-C(14) 1.386(8)
C(14)-C(15) 1.395(11)
C(14)-H(14) 0.9300
C(15)-C(16) 1.387(11)
C(15)-H(15) 0.9300
C(16)-C(17) 1.397(10)
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C(16)-H(16)
C(17)-H(17)
0(2)-C(19)
N(4)-C(28)
N(4)-C(21)
N(4)-H(4)
N(5)-C(19)
N(5)-C(28)
N(5)-C(31)
N(6)-C(36)
C(19)-C(20)
C(20)-C(21)
C(20)-H(20A)
C(20)-H(20B)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(22)-C(27)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)
C(24)-H(24)
C(25)-C(26)
C(25)-H(25)
C(26)-C(27)
C(26)-H(26)
C(27)-H(27)
C(28)-C(29)
C(29)-C(36)
C(29)-C(30)
C(30)-C(35)
C(30)-C(31)
C(31)-C(32)
C(32)-C(33)
C(32)-H(32)
C(33)-C(34)
C(33)-H(33)
C(34)-C(35)

0.9300
0.9300
1.203(7)
1.329(7)
1.452(7)
0.8600
1.375(7)
1.405(6)
1.424(7)
1.155(7)
1.478(9)
1.511(8)
0.9700
0.9700
1.520(7)
0.9800
1.3900
1.3900
1.3900
0.9300
1.3900
0.9300
1.3900
0.9300
1.3900
0.9300
0.9300
1.381(8)
1.403(7)
1.457(8)
1.385(9)
1.401(8)
1.390(8)
1.372(10)
0.9300
1.392(10)
0.9300
1.376(9)
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C(34)-H(34)
C(35)-H(35)

C(10)-N(1)-C(3)
C(10)-N(1)-H(1)
C(3)-N@)-HQ)
C(1)-N(2)-C(10)
C(1)-N(2)-C(13)
C(10)-N(2)-C(13)
0(1)-C(1)-N(@)
0(1)-C(1)-C(2)
N(2)-C(1)-C(2)
C(1)-C(2)-CE)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2B)
C(3)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
N(1)-C(3)-C(4)
N(1)-C(3)-C(2)
C(4)-C(3)-C(2)
N(1)-C(3)-H(3)
C(4)-C(3)-H(3)
C(2)-C(3)-H(3)
C(9)-C(4)-C(5)
C(9)-C(4)-CQ3)
C(3)-C(4)-CQ)
C(4)-C(5)-C(6)
C(4)-C(5)-H()
C(6)-C(5)-H(5)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)

0.9300
0.9300

117.8(4)
1211
1211
123.0(5)
127.5(5)
109.1(4)
120.5(6)
124.5(5)
115.0(5)
112.7(5)
109.1
109.1
109.1
109.1
107.8
112.4(4)
107.4(5)
113.7(5)
107.7
107.7
107.7
117.5(7)
122.7(6)
119.7(6)
122.0(8)
119.0
119.0
121.0(9)
1195
1195
117.0(9)
1215
1215
122.0(9)
119.0

-27-



C(7)-C(8)-H(8)
C(4)-C(9)-C(8)
C(4)-C(9)-H(9)
C(8)-C(9)-H(9)
N(1)-C(10)-C(11)
N(1)-C(10)-N(2)
C(11)-C(10)-N(2)
C(10)-C(11)-C(18)
C(10)-C(11)-C(12)
C(18)-C(11)-C(12)
C(17)-C(12)-C(13)
C(17)-C(12)-C(11)
C(13)-C(12)-C(11)
C(14)-C(13)-C(12)
C(14)-C(13)-N(2)
C(12)-C(13)-N(2)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
C(12)-C(17)-C(16)
C(12)-C(17)-H(17)
C(16)-C(17)-H(17)
N(3)-C(18)-C(11)
C(28)-N(4)-C(21)
C(28)-N(4)-H(4)
C(21)-N(4)-H(4)
C(19)-N(5)-C(28)
C(19)-N(5)-C(31)
C(28)-N(5)-C(31)
0(2)-C(19)-N(5)
0(2)-C(19)-C(20)
N(5)-C(19)-C(20)

119.0
120.4(8)
119.8
119.8
132.1(5)
119.5(5)
108.5(5)
125.9(5)
107.8(5)
126.3(5)
119.9(5)
132.8(5)
107.3(5)
122.2(6)
130.4(6)
107.4(5)
117.2(6)
121.4
121.4
120.9(7)
1196
1196
120.7(7)
1196
1196
119.1(6)
1205
1205
177.9(7)
121.3(5)
119.4
119.4
123.5(5)
127.3(5)
108.7(4)
122.0(6)
124.4(6)
113.5(5)
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C(19)-C(20)-C(21)
C(19)-C(20)-H(20A)
C(21)-C(20)-H(20A)
C(19)-C(20)-H(20B)
C(21)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
N(4)-C(21)-C(20)
N(4)-C(21)-C(22)
C(20)-C(21)-C(22)
N(4)-C(21)-H(21)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(23)-C(22)-C(27)
C(23)-C(22)-C(21)
C(27)-C(22)-C(21)
C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
C(23)-C(24)-C(25)
C(23)-C(24)-H(24)
C(25)-C(24)-H(24)
C(26)-C(25)-C(24)
C(26)-C(25)-H(25)
C(24)-C(25)-H(25)
C(25)-C(26)-C(27)
C(25)-C(26)-H(26)
C(27)-C(26)-H(26)
C(26)-C(27)-C(22)
C(26)-C(27)-H(27)
C(22)-C(27)-H(27)
N(4)-C(28)-C(29)
N(4)-C(28)-N(5)
C(29)-C(28)-N(5)
C(28)-C(29)-C(36)
C(28)-C(29)-C(30)
C(36)-C(29)-C(30)
C(35)-C(30)-C(31)
C(35)-C(30)-C(29)

115.5(5)
108.4
108.4
108.4
108.4
1075
108.3(5)
111.4(5)
112.4(5)
108.2
108.2
108.2
120.0
122.4(4)
117.6(4)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
131.4(5)
120.2(5)
108.4(5)
126.4(5)
108.3(5)
125.3(5)
119.9(5)
133.2(5)
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C(31)-C(30)-C(29) 106.9(5)

C(32)-C(31)-C(30) 122.0(6)
C(32)-C(31)-N(5) 130.3(5)
C(30)-C(31)-N(5) 107.7(4)
C(33)-C(32)-C(31) 116.7(6)
C(33)-C(32)-H(32) 121.7
C(31)-C(32)-H(32) 121.7
C(32)-C(33)-C(34) 122.2(6)
C(32)-C(33)-H(33) 118.9
C(34)-C(33)-H(33) 118.9
C(35)-C(34)-C(33) 120.9(7)
C(35)-C(34)-H(34) 119.6
C(33)-C(34)-H(34) 119.6
C(34)-C(35)-C(30) 118.4(7)
C(34)-C(35)-H(35) 120.8
C(30)-C(35)-H(35) 120.8
N(6)-C(36)-C(29) 177.3(6)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters  (A2x 103) for d8v23073. The anisotropic

displacement factor exponent takes the form: -2x2[ hZ a*2Ull + ... +2hka*b*U12]

Ull U22 U33 U23 U13 U12
0(1) 61(2) 82(3) 129(4) -12(2) -12(2) 11(2)
N(L) 76(3) 57(2) 84(3) -6(2) -8(2) -8(2)
N(2) 58(2) 59(2) 95(3) -8(2) 7(2) 5(2)
N(3) 82(3) 78(3) 109(4) -18(3) -1(3) -17(3)
c() 53(2) 56(3) 114(5) -13(3) -12(3) 2(2)
c(2) 74(3) 67(3) 100(4) -9(3) -26(3) -2(3)
C(3) 69(3) 53(2) 91(4) -8(2) -13(2) 2(2)
C(4) 82(3) 66(3) 84(4) -5(3) -14(3) -5(3)
C(5) 141(6) 89(4) 89(5) -10(4) -15(4) 21(4)
C(6) 186(9) 133(7) 78(5) -13(5) -5(5) 28(7)
c(7) 193(10) 144(8) 84(5) -5(5) -2(6) -30(7)
C(8) 268(14) 107(6) 100(6) 12(5) 1(7) -41(8)
C(9) 187(9) 64(4) 96(5) 1(3) -8(5) -10(4)
C(10) 55(2) 48(2) 96(4) 7(2) 7(2) 3(2)
c(11) 61(3) 58(3) 91(4) -12(2) -4(2) 2(2)
C(12) 64(3) 57(3) 99(4) -10(3) 3(3) 4(2)
C(13) 62(3) 57(3) 104(4) 7(3) 5(3) 1(2)
C(14) 64(3) 63(3) 139(6) -4(3) 13(3) -3(3)
C(15) 89(4) 90(4) 118(6) 2(4) 21(4) 0(3)
C(16) 95(4) 92(4) 106(5) -11(4) 18(4) -3(4)
c(17) 88(4) 74(3) 96(5) -13(3) 703) -2(3)
C(18) 70(3) 61(3) 86(4) -11(2) -3(2) 1(2)
0(2) 78(2) 74(2) 135(4) -14(2) 3(2) -19(2)
N(4) 73(3) 61(2) 79(3) -6(2) 0(2) -15(2)
N(5) 67(2) 47(2) 96(3) -4(2) 4(2) 7(2)
N(6) 88(3) 85(3) 103(4) -10(3) -1(3) -20(3)
C(19) 71(3) 51(3) 108(4) -11(3) -2(3) 5(2)
C(20) 95(4) 75(4) 96(4) -19(3) 3(3) -16(3)
C(21) 76(3) 64(3) 89(4) -10(3) -5(3) -1(2)
C(22) 83(3) 80(3) 75(3) -8(3) -3(3) -3(3)
C(23)  187(7) 125(6) 124(6) 13(5) 46(5) 55(5)
C(24)  187(6) 142(5) 130(5) 2(4) 47(5) 44(5)
C(25)  184(6) 145(5) 130(5) 8(5) 55(5) 20(5)
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C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)

213(7)
216(8)
68(3)
62(3)
68(3)
71(3)
77(3)
100(5)
104(5)
87(4)
69(3)

133(5)
102(5)
43(2)
52(2)
54(2)
46(2)
61(3)
80(4)
84(4)
72(3)
61(3)

163(6)
171(7)
88(4)
86(4)
88(4)
96(4)
119(5)
108(5)
103(5)
97(4)
88(4)

28(5)
26(5)
-5(2)
-4(2)
-2(3)
-4(2)
0(3)
0(4)
5(4)
-3(3)
-1(2)

76(5)
92(6)
5(2)
4(2)
11(2)
11(3)
20(3)
33(4)
30(4)
12(3)
3(3)

10(5)
6(6)
-6(2)
-8(2)
2(2)
3(2)
-5(3)
-5(4)
7(4)
2(3)
-6(2)
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Table 5.  Hydrogen coordinates ( x 10%) and isotropic  displacement parameters (A2x 10 3)

for d8v23073.

X y z U(eq)
H(L) 9451 4444 4081 88
H(2A) 4448 3874 3138 98
H(2B) 4940 3148 2849 98
H(3) 8954 3222 3549 86
H(5) 9310 2968 1768 129
H(6) 10764 3270 215 160
H(7) 11223 4339 -186 169
H(8) 10372 5104 1056 191
H(9) 8806 4805 2583 140
H(14) 2666 2841 6384 106
H(15) 2702 2888 8191 118
H(16) 5611 3499 9127 116
H(17) 8487 4103 8289 103
H(4) 5201 5713 6459 85
H(20A) 8108 7067 7102 107
H(20B) 10545 6813 7666 107
H(21) 9373 5756 7437 92
H(23) 5736 7073 8217 172
H(24) 3489 7074 9677 181
H(25) 3005 6119 10593 181
H(26) 4767 5163 10051 200
H(27) 7013 5162 8592 191
H(32) 12582 7082 4081 102
H(33) 12193 7075 2293 114
H(34) 9099 6509 1399 115
H(35) 6320 5906 2269 102
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Table 6. Torsion angles [] for d8v23073.

C(10)-N(2)-C(1)-0(1)
C(13)-N(2)-C(1)-0(1)
C(10)-N(2)-C(1)-C(2)
C(13)-N(2)-C(1)-C(2)
0(1)-C(1)-C(2)-C(3)
N(2)-C(1)-C(2)-C(3)
C(10)-N(1)-C(3)-C(4)
C(10)-N(1)-C(3)-C(2)
C(1)-C(2)-C(3)-N(2)
C(1)-C(2)-C(3)-C(4)
N(1)-C(3)-C(4)-C(9)
C(2)-C(3)-C(4)-C(9)
N(1)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(5)
C(9)-C(4)-C(5)-C(6)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(5)-C(4)-C(9)-C(8)
C(3)-C(4)-C(9)-C(8)
C(7)-C(8)-C(9)-C(4)
C(3)-N(1)-C(10)-C(11)
C(3)-N(1)-C(10)-N(2)
C(1)-N(2)-C(10)-N(1)
C(13)-N(2)-C(10)-N(1)
C(1)-N(2)-C(10)-C(11)
C(13)-N(2)-C(10)-C(11)
N(1)-C(10)-C(11)-C(18)
N(2)-C(10)-C(11)-C(18)
N(1)-C(10)-C(11)-C(12)
N(2)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(17)
C(18)-C(11)-C(12)-C(17)
C(10)-C(11)-C(12)-C(13)
C(18)-C(11)-C(12)-C(13)

-34 -

-177.0(5)

-4.5(8)
1.5(7)
173.9(5)

-152.0(5)

29.6(6)
177.4(5)
51.6(6)
-53.9(6)

-178.9(5)

-24.9(9)
97.4(8)
151.7(6)
-86.0(7)
-0.3(11)

-177.1(7)

-0.1(15)
1.5(18)
-2.6(19)
-0.8(13)
175.9(9)
2.3(18)
156.4(5)
-22.7(7)
-6.3(7)
180.0(4)
174.4(4)
0.7(5)
-0.2(9)
178.9(5)

-179.1(5)

0.1(6)
178.9(6)
0.0(10)
-0.9(6)

-179.7(5)



C(17)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(14)
C(17)-C(12)-C(13)-N(2)
C(11)-C(12)-C(13)-N(2)
C(1)-N(2)-C(13)-C(14)
C(10)-N(2)-C(13)-C(14)
C(1)-N(2)-C(13)-C(12)
C(10)-N(2)-C(13)-C(12)
C(12)-C(13)-C(14)-C(15)
N(2)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(17)
C(13)-C(12)-C(17)-C(16)
C(11)-C(12)-C(17)-C(16)
C(15)-C(16)-C(17)-C(12)
C(28)-N(5)-C(19)-0(2)
C(31)-N(5)-C(19)-0(2)
C(28)-N(5)-C(19)-C(20)
C(31)-N(5)-C(19)-C(20)
0(2)-C(19)-C(20)-C(21)
N(5)-C(19)-C(20)-C(21)
C(28)-N(4)-C(21)-C(20)
C(28)-N(4)-C(21)-C(22)
C(19)-C(20)-C(21)-N(4)
C(19)-C(20)-C(21)-C(22)
N(4)-C(21)-C(22)-C(23)
C(20)-C(21)-C(22)-C(23)
N(4)-C(21)-C(22)-C(27)
C(20)-C(21)-C(22)-C(27)
C(27)-C(22)-C(23)-C(24)
C(21)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(26)
C(24)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(22)
C(23)-C(22)-C(27)-C(26)
C(21)-C(22)-C(27)-C(26)
C(21)-N(4)-C(28)-C(29)
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0.7(8)

-179.5(5)
-178.5(5)

1.3(5)
6.3(9)
179.7(5)

-174.6(5)

-1.3(5)
0.3(8)
179.2(5)
-1.1(9)
1.0(11)
-0.8(8)
179.5(6)
0.0(10)
175.6(5)
-13.0(9)
-8.6(7)
162.8(5)

-148.1(6)

36.2(8)
36.5(7)
160.6(5)
-48.7(7)

-172.2(5)

-93.6(6)
28.2(7)
86.6(6)

-151.6(5)

0.0

-179.8(5)

0.0
0.0
0.0
0.0
0.0

179.8(5)

170.9(5)



C(21)-N(4)-C(28)-N(5)
C(19)-N(5)-C(28)-N(4)
C(31)-N(5)-C(28)-N(4)
C(19)-N(5)-C(28)-C(29)
C(31)-N(5)-C(28)-C(29)
N(4)-C(28)-C(29)-C(36)
N(5)-C(28)-C(29)-C(36)
N(4)-C(28)-C(29)-C(30)
N(5)-C(28)-C(29)-C(30)
C(28)-C(29)-C(30)-C(35)
C(36)-C(29)-C(30)-C(35)
C(28)-C(29)-C(30)-C(31)
C(36)-C(29)-C(30)-C(31)
C(35)-C(30)-C(31)-C(32)
C(29)-C(30)-C(31)-C(32)
C(35)-C(30)-C(31)-N(5)
C(29)-C(30)-C(31)-N(5)
C(19)-N(5)-C(31)-C(32)
C(28)-N(5)-C(31)-C(32)
C(19)-N(5)-C(31)-C(30)
C(28)-N(5)-C(31)-C(30)
C(30)-C(31)-C(32)-C(33)
N(5)-C(31)-C(32)-C(33)
C(31)-C(32)-C(33)-C(34)
C(32)-C(33)-C(34)-C(35)
C(33)-C(34)-C(35)-C(30)
C(31)-C(30)-C(35)-C(34)
C(29)-C(30)-C(35)-C(34)

-11.3(7)
-4.7(7)

-177.4(4)

173.5(5)
0.8(5)
-6.6(9)

175.4(5)

176.1(5)
-1.8(6)

-176.7(6)

6.0(9)
2.2(6)

-175.1(5)

-1.8(8)
179.2(5)
177.3(5)
-1.7(5)
7.2(9)
179.6(5)

-171.8(5)

0.7(5)
1.5(8)

-177.3(6)

-0.2(10)
-0.9(11)
0.7(10)
0.6(8)
179.4(6)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for d8v23073 [Aand 9.

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
C(32)-H(32)...0(2) 0.93 2.48 2.986(9) 114.1
C(21)-H(21)..N(3) 0.98 2.63 3.484(8) 145.2
N(4)-H(4)...N(3)#1 0.86 2.25 3.081(7) 161.9
C(14)-H(14)...0(1) 0.93 2.44 2.956(10) 115.1
C(3)-H(3)...0(2)#2 0.98 2.55 3.309(7) 134.6
C(3)-H(3)...0(1)#3 0.98 2.45 3.236(7) 136.4
N(L)-H(L)...N(6)#3 0.86 2.21 2.986(7) 150.6
N(1)-H(L)...N(6)#3 0.86 2.21 2.986(7) 150.6
C(3)-H(3)..0(1)#3 0.98 2.45 3.236(7) 136.4
C(3)-H(3)...0(2)#2 0.98 2.55 3.309(7) 134.6
C(14)-H(14)...0(1) 0.93 2.44 2.956(10) 115.1
N(4)-H(4)...N(3)#1 0.86 2.25 3.081(7) 161.9
C(21)-H(21)..N(3) 0.98 2.63 3.484(8) 145.2
C(32)-H(32)...0(2) 0.93 2.48 2.986(9) 114.1

Symmetry transformations used to generate equivalent atoms:
#1x-1y,2 #2 -x+2,y-1/2,-z+1 #3 x+1y,z
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6.1H, 13C and *F NMR spectra and HPL.C Spectra

2-Amino-1H-indole-3-carbonitrile (1a). [*H_NMR_400 MHz_(DMSO-ds: 3.45, 2.50
ppm)]
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2-Amino-7-bromo-1H-indole-3-carbonitrile (1b). [*H_NMR_400 MHz_(DMSO-ds:
3.5, 2.50 ppm)]
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2-Amino-7-chloro-1H-indole-3-carbonitrile (1c). ['H_NMR_400 MHz_(DMSO-ds:
3.36, 2.50 ppm)]
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2-Amino-7-methyl-1H-indole-3-carbonitrile (1d). ['"H_NMR_400 MHz_(DMSO-ds:
3.36, 2.50 ppm)]
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2-Amino-6-fluoro-1H-indole-3-carbonitrile (1e). ['"H_NMR_400 MHz_(DMSO-dé:
3.36, 2.50 ppm)]
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2-Amino-6-methyl-1H-indole-3-carbonitrile (1f). [*H_NMR_400 MHz_(DMSO-dé:
3.36, 2.50 ppm)]
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2-Amino-5-chloro-1H-indole-3-carbonitrile (1g). [!H_NMR_400 MHz_(DMSO-de:
3.36, 2.50 ppm)]
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2-Amino-5-methyl-1H-indole-3-carbonitrile (1h). ['"H_NMR_400 MHz_(DMSO-ds:
3.36, 2.50 ppm)]
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2-Amino-5-methoxy-1H-indole-3-carbonitrile (1i). [*H_NMR_600 MHz_(DMSO-
ds: 3.36, 2.50 ppm)]
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2-Amino-4-chloro-1H-indole-3-carbonitrile (1j). ['"H_NMR_400 MHz_(DMSO-de:
3.36, 2.50 ppm)]
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2-Amino-4-fluoro-1H-indole-3-carbonitrile (1k). [*H_NMR_400 MHz_(DMSO-de:
3.36, 2.50 ppm)]
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2-Amino-4-methyl-1H-indole-3-carbonitrile (11). [*H_NMR_400 MHz_(DMSO-de:
3.36, 2.50 ppm)]
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(R)-4-Oxo0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-carbonitrile

(3a). ['*H_NMR_400 MHz_( DMSO-ds: 3.35, 2.50 ppm)]
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(R)-1-Acetyl-6-bromo-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
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10-carbonitrile (3b"). ['H_NMR_400 MHz_(CDCls: 7.26 ppm)]

¥30201266-1024-WM-B33. 1. 1. 1

PGNPV RRR

CN o
e ,&' -
// f “ "J:-rxl\';L N

™y T T T

T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

[C_NMR_151 MHz_(CDCls: 77.00 ppm)]

¥30201266-12172WM-B33-6-Br-COCH3. 1. B 1 z e
g o g g g
o
o
SN
T,/ SR
3 rd Y
Br =
o
|
|
|
| |
| ‘ ‘ . l ‘
Iy l |
l | I | | ! il
T
180 170 160 150 140 130 120 110 100 50 80 70 60 0 0 30 20 10 0

(R)-1-Acetyl-6-chloro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (3¢). [*H_NMR_400 MHz_(CDCls: 7.26 ppm)]
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(R)-1-Acetyl-6-methyl-4-oxo0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-ajindole-
10-carbonitrile (3d"). [*H_NMR_600 MHz_(CDCls: 7.26 ppm)]
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(R)-7-Fluoro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3e). ['H_NMR_600 MHz_(DMSO-ds: 3.36, 2.50 ppm)]
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(R)-7-Methyl-4-oxo0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-aJindole-10-
carbonitrile (3f). [!H_NMR_400 MHz_(DMSO-ds: 3.36, 2.50 ppm)]
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(R)-1-Acetyl-8-chloro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (3g). [*H_NMR
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(R)-8-Methyl-4-0xo0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-aJindole-10-

-59 -



carbonitrile (3h). ['H_NMR_400 MHz_( DMSO-ds: 3.36, 2.50 ppm)]

T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

g LA

[C_NMR_151 MHz_(DMSO-ds: 39.5 ppm)]

pdat
CN
Me._ "’Qv"\\\f
y
LI
i
4 r \ p
o~ e
o
|
|
|
I
| | | ! I ! | | “ ‘
; ; ; T T T T ; T T ; T T ; T ; ; ;
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 )

(R)-1-Acetyl-8-methoxy-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (3i"). [!H_NMR_400 MHz_(CDCls: 7.26 ppm)]
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(R)-1-Acetyl-9-chloro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (3j"). [*H_NMR_400 MHz_(CDCls: 7.26 ppm)]
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(R)-9-Fluoro-4-oxo-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-aJindole-10-
carbonitrile (3k). [*H_NMR_400 MHz_( DMSO-dg: 3.36, 2.50 ppm)]
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(R)-1-Acetyl-9-methyl-4-ox0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-
10-carbonitrile (31). [*H_NMR_400 MHz_(CDCls: 7.26 ppm)]
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(R)-2-(4-Bromophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
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carbonitrile (3m). [*H_NMR_600 MHz_( DMSO-ds: 3.36, 2.50 ppm)]
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[C_NMR_151 MHz_(DMSO-ds: 39.5 ppm)]
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(R)-2-(4-Chlorophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3n). ['H_NMR_400 MHz_(DMSO-dg: 3.36, 2.50 ppm)]
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(R)-2-(4-Fluorophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (30). [*H_NMR_600 MHz_(DMSO-ds: 3.36, 2.50 ppm)]
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[*C_NMR_151 MHz_(DMSO-ds: 39.5 ppm)]
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[°F_NMR_565 MHz]
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(R)-4-Oxo-2-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydropyrimido[1,2-
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[*C_NMR_151 MHz_(DMSO-ds: 39.5 ppm)]
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[1°F_NMR_565 MHz]
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(R)-4-Oxo0-2-(p-tolyl)-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-carbonitrile
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(R)-2-(4-Methoxyphenyl)-4-ox0-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
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carbonitrile (3r). [*H_NMR_400 MHz_(DMSO-ds: 3.36, 2.50 ppm)]
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(R)-2-(3-Bromophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3s). ['"H_NMR_400 MHz_(DMSO-ds: 3.36, 2.50 ppm)]
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[*C_NMR_151 MHz_( DMSO-ds: 39.5 ppm)]
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(R)-2-(3-Chlorophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-aJindole-10-
carbonitrile (3t). ['H_NMR_400 MHz_(DMSO-dg: 3.36, 2.50 ppm)]
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(R)-2-(3-Fluorophenyl)-4-oxo-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-
carbonitrile (3u). [*H_NMR_400 MHz_(DMSO-ds: 3.36, 2.50 ppm)]
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(R)-4-Oxo0-2-(3-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydropyrimido[1,2-

FoIn / I

pdata/

";N
i {/\T)—N\H —
Nj}’* '/_-{;:/‘;
o oF;
|
| |
| ‘\‘ | o |
A .
T T TT T T
9‘.‘3 9‘.0 8[5 8‘.0 7‘.5 7[0 E)‘.S 5‘.0 5‘.5 5‘.0 4[5 1‘.() li‘..r) 3“0 2.0 1 l‘.U 0. 0.0
1 (ppm)
[13C_N MR_151 MHz_(DMSO-ds: 39.5 ppm)]
0 3 = @@ Y30201266-0808-WM-A97R. 1. 1. 1
[Ny
CN

N
g

Pha Iy

i~ =
o CF5
I | i
! |
| ’ | lw M |
1‘70 1‘60 1‘50 ILIO I‘&O I‘ZO 1‘]0 1‘00 S‘)O ?L() 7‘0 f‘iO 40 0 QO 10 [

[1°F_NMR_565 MHz]
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(R)-4-Oxo0-2-(m-tolyl)-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-carbonitrile
(3w). [*H_NMR_400 MHz_(DMSO-dg: 3.36, 2.50 ppm)]
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(R)-4-Oxo0-2-phenyl-1,2,3,4-tetrahydropyrimido[1,2-a]indole-10-carboxamide
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0
1000 Br
] 3m (racemic)
500
0
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 9.698 54280600 1570765 49.530 56.955
2 11.870 55311736 1187133 50.470 43.045
mAU
1250 CN =
O
1000 N~ NH
o)
750+
] 3m Br
500-]
250 g
0
0.0 25 5.0 7.5 10.0 12.5 5.0 17.5
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 9.498 3713397 112918 6.151 8.029
2 11.708 56656395 1293467 93.849 91.971
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mAU

CN
O

N” "NH

500+ o

3n (racemic)

Cl

35.530
38.581

250+
0,
0 10 20 30 40
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 35.530 44827959 654273 49.679 49.830
2 38.581 45407905 658732 50.321 50.170
mAU
1000- CN g
] ) &
1 N~ "NH
750 o
] 3n
500
250- 2
o
0 10 20 30 40 .
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 35.519 7698932 107113 9.826 9.527
2 38.642 70651089 1017166 90.174 90.473
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mAU

CN
QA

N NH
(6]

30 (racemic)

13.618

15.156

min
PDA Ch1 254nm
Peak#f Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 13.618 25452729 929497 50.116 51.103
2 15.156 25335164 889388 49.884 48.897
mAU
4000~ -
g CN (=
Q. :
3000 N™ "NH
(0]
2000 30 F
1000
0
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 |
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 13.615 5025183 185894 5.236 4.636
2 15.197 90940005 3823504 94.764 95.364
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mAU
CN
O
N NH
(e}

3p (racemic)

=3
i<}
~
l—

16.191

200+
100
0]
0 5 10 15 20
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 11.786 19644789 434764 48.697 59.418
2 16.191 20695901 296943 51.303 40.582
mAU
1250 CN o
] \
1000 N "NH
] o)
750+ CFy
] 3p
500
250 8
o
o 5 10 15 20 25
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s]  Height [mAU] mH % Height %
1 12.029 4806375 100748 5.013 7.151
2 15.735 91064396 1308186 94.987 92.849
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mAU

1 CN
1000 Q\L

12.598

N~ "NH
750 ©
i CHs
| 3 i
500j q (racemic)
250
0
0.0 2.5 50 7.5 10.0 2.5 15.0 '
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 11.146 23221039 1094659 49.784 51.668
2 12.598 23422741 1023968 50.216 48.332
mAU
J CN )
2000- Q\\L 2
] N~ "NH
1500 o
E 3q CHs
1000i
500 =
0]
6 7 8 9 10 1 12 13 14 15
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 11.117 4658563 213992 9.257 9.500
2 12.596 45666905 2038486 90.743 90.500
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mAU

1250 CN
L OQF
1000 N "NH
] o]
7507 OCHj
3r (racemic)
500-]
250
0
- - - 1 - - - - I - - T 1 T T 1 T
0 5 10 15 20
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 18.168 43004787 1215731 49.540 49.267
2 19.872 43802876 1251902 50.460 50.733
mAU
] N 2
1500+ Q\S\
1 N~ "NH
1 o)
1000+
1 3r OCH;
500
o
12.5 15.0 17.5 20.0 2.5 25.0
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 17.853 3989371 108659 6.444 6.041
2 19.653 57915891 1689946 93.556 93.959
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mAU

] CN g
500-] Q\j\ "
] \ =
1 N~ “NH -
400 =
] 0 2
300+
] Br
] 3s (racemic)
200
100
0
0 5 10 15 20 25
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 10.225 17551233 527407 49.836 60.721
2 15.319 17666879 341164 50.164 39.279
mAU
CN =
1000 Q\E\
] N~ "NH
] o]
750
] 3s
] Br
500
| ;
250-] =
07 A
0 5 10 15 20
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 10.439 7342590 214645 10.496 15.637
2 15.314 62614241 1158042 89.504 84.363
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mAU

1500 CN ©
] \ g -
N~ "NH - =
| (0]
1000
] 3t (racemic) cl
500
0,
0 5 10 15 20 25
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 10.656 20011635 1458850 49.790 56.234
2 14.581 20180534 1135380 50.210 43.766
mAU
4000i cN 5
1 =
| QO
3000 N NH
] (0]
2000-]
: 3t &
1000 3
] =]
N I\
0 5 0 15 20
min
PDA Ch1 254nm
Peak# Ret. Time Area [mAU*s] Hight [mAU] Area % Hight %
1 10.734 6246011 454968 8.125 10.229
2 14.517 70629071 3992982 91.875 89.771
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mAU

: CN -
1000-] <:::Z_tﬁ; - .
1 N~ "NH ~ ~
i o)
750
3u (racemic) E
500
250-
0]
0 510 15 20 25 30
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 23.058 52030130 1099952 50.213 50.190
2 25.961 51588910 1091645 49,787 49.810
mAU
CN
O :
l N~ "NH <
1500
1 (@)
1000- WoF
500-] .
o]
0 5 10 15 20 25 30
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 23.008 7754280 159834 7.758 8.111
2 26.163 92198764 1810650 92.242 91.889
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mAU

i CN
1250 <:::ZT‘X£\
] N NH
1000 o
750*; 3v (racemic) CF,
500~
250~
0]
o 5 1 15 2 25
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 16.916 40968881 1337657 50.450 53.840
2 18.888 40237342 1146847 49.550 46.160
mAU
CN
O
N NH
500
(0]
v CF,
250+
0,
0 5 10 15 20 25
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 17.088 1694542 48410 7.484 7.572
2 18.996 20948723 590951 92.516 92.428

104



mAU

7,446

19.325

300 N" > NH
o
200 .
)l 3w (racemic) CHs
100
o
0 5 10 15 20 25
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Height [mAU] Area % Height %
1 14.446 17702961 369782 49.744 56.705
2 19.325 17884963 282333 50.256 43.295
mAU
CN 9
O .
N NH
1000- o
W Ch,
500+
| .
O—WA—_h/\/L
0““5||“‘1‘0‘||I1|5|‘ 2b 2‘5
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAU*s] Hight [mAU] Area % Hight %
1 14.779 9829394 191966 9.324 11.951
2 19.326 95587043 1414268 90.676 88.049
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mAU

O
14.663

750 NH,
1 N NH
1 N
1 (e}

1 4a (racemic)
250

20.052

25
min
PDA Ch1 254nm
Peak# Ret. Time [min] Area [mAUxs] Height [mAU] Area % Hight %
1 14 663 32768039 830254 53.474 60.879
2 20.052 28509975 533513 46.526 39.121
mAU
15004 o 5
] NH; it
1 N NH
(0)
500 4a
0
T T T T T T T T
0 5 10 15 20 25 30
min
PDA Chl 254nm
Peak# Ret. Time [min] Area [mAU=s] Height [mAU] Area % Hight %
1 14.647 56533798 1479151 92.166 94.236
2 20.225 4805098 90479 7.834 5.764
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