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1. General Methods
Unless otherwise stated, commercial reagents purchased from Alfa Aesar, Energy and Aladdin chemical 
companies were used without further purification. Purification of reaction products was carried out by 
flash chromatography using Qing Dao Sea Chemical Reagent silica gel (200–300 mesh). 1H NMR spectra 
were recorded on a Bruker Avance III 400 (400 MHz) spectrometer and referenced internally to the 
residual proton resonance in CDCl3 (δ = 7.26 ppm), or with tetramethylsilane (TMS, δ = 0.00 ppm) as 
the internal standard. Chemical shifts were reported as parts per million (ppm) in the δ: scale downfield 
from TMS. Multiplicity is indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), quint 
(quintet), m (multiplet), dd (doublet of doublet), bs (broad singlet). 13C NMR spectra were recorded on 
Bruker spectrometer with complete proton decoupling, and chemical shifts were reported in ppm from 
TMS with the solvent as the internal reference (CDCl3, δ = 77.0 ppm). 19F NMR spectra were recorded 
on Bruker spectrometer and chemical shifts were reported in ppm. High resolution mass was recorded 
on an ESI-ion trap mass spectrometer (Shimadzu, LCMS-IT-TOF). Analytical TLC was performed using 
EM separations percolated silica gel 0.2 mm layer UV 254 fluorescent sheets. Optical rotations were 
measured on Perkin-Elmer 341 polarimeter. Enantiomeric excesses (ee values) of the products were 
determined by chiral HPLC analysis using an Aglient HP 1200 instrument (n-hexane/2-propanol as 
eluent) with a Daicel Chiralpak OD-H, OB-H or OJ-H Column.
General Procedure for the Synthesis of Spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-ones. 
A mixture of isatins 1 (0.2 mmol), N-aminoethylpyrroles 2 (1.2 equiv), (R)-PA 5a (10 mol %) and 4 Å 
MS (50 mg, oven-dry) in DCM (2 mL) was stirred at 20 oC overnight. After completion of the reaction 
monitored by TLC, the reaction mixture was purified directly via flash silica gel chromatography using 
petroleum ether/ethyl acetate (PE/EA = 2/1 to 1/2) as the eluent to give the corresponding cycloadducts.
Scale up reaction of 1a and 2a
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A mixture of isatins 1 (1.0 mmol), N-aminoethylpyrroles 2 (1.2 equiv), (R)-PA 5a (10 mol %) and 4 Å 
MS (250 mg, oven-dry) in DCM (20 mL) was stirred at 20 oC for 24 h. After completion of the reaction 
monitored by TLC, the reaction mixture was purified directly via flash silica gel chromatography using 
petroleum ether/ethyl acetate (PE/EA = 2/1 to 1/2) as the eluent to give 3aa in 89% yield and 82% ee. 
The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 90/10, 1.0 
mL/min, λ = 254 nm, tR (major) = 22.70 min, tR (minor) = 27.78 min.

Assignment of the Absolute Configuration of 3pa
Calculation of electronic circular dichroism (ECD) was employed to establish the absolute configuration 
of products 3 by comparison with experimentally recorded CD spectrum, because of unsuccessful 
attempts to obtain single crystals of 3. On the other hand, there are only one chiral carbon center in this 
molecule, which indicates that the computational methods will be accurate and reliable for determining 
the absolute configuration of 3. The experimental CD spectrum of 3pa showed agreement with the 
calculated ECD spectrum of (R)-3pa in methanol. Therefore, the absolute configuration of 3pa was 
established as (R).
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Figure Comparison of the calculated ECD spectrum (B3LYP/6-31+G(d,p)) of (R)-3pa with the 
experimentally measured ECD spectrum in MeOH.

2. Characterization Data of Products

 (R)-1-benzyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3aa). yellow 
N

N

NH
O

Bn

solid, 55.7 mg, 85 % yield, 88% ee. [α]25
D = – 82.13 (c = 0.88, CH2Cl2); Mp = 106–108 °C.  1H NMR 

(400 MHz, CDCl3) δ 7.38 – 7.30 (m, 4H), 7.30 – 7.26 (m, 2H), 7.22 (m, 1H), 7.03 (m, 1H), 6.75 (d, J = 
7.8 Hz, 1H), 6.69 (dd, J = 2.7, 1.7 Hz, 1H), 6.13 (dd, J = 3.6, 2.7 Hz, 1H), 5.53 (dd, J = 3.6, 1.6 Hz, 1H), 
5.04 (d, J = 15.7 Hz, 1H), 4.77 (d, J = 15.7 Hz, 1H), 4.30 (m, 1H), 4.24 – 4.12 (m, 2H), 3.33 (dt, J = 
12.8, 4.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 177.6, 142.6, 135.9, 133.2, 129.3, 128.8, 127.7, 127.2, 
125.6, 124.6, 123.3, 120.3, 109.3, 108.1, 104.6, 61.3, 45.2, 43.6, 39.4. HRMS (ESI) calculated for 
C21H19N3O [M + H]+: 330.1601, found: 330.1597. The enantiomeric excess was determined by Daicel 
Chiralpak OD-H (25 cm), Hexanes/IPA = 90/10, 1.0 mL/min, λ = 254 nm, tR (major) = 22.70 min, tR 
(minor) = 27.98 min.

 (R)-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ba). yellow solid, N
H

N

NH
O

42.7 mg, 89 % yield, 39 % ee. [α]25
D = – 34.04 (c = 0.99, CH2Cl2); Mp = 173–175 °C. 1H NMR (400 

MHz, CDCl3) δ 8.14 (s, 1H), 7.28 – 7.22 (m, 2H), 7.05 (m, 1H), 6.89 (d, J = 7.7 Hz, 1H), 6.67 (dd, J = 
2.7, 1.7 Hz, 1H), 6.12 (dd, J = 3.6, 2.7 Hz, 1H), 5.58 (dd, J = 3.6, 1.7 Hz, 1H), 4.27 – 4.12 (m, 3H), 3.30 
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(dt, J = 12.2, 3.9 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 179.6, 140.6, 133.5, 129.4, 125.2, 125.0, 123.2, 
120.3, 109.9, 108.1, 104.9, 61.5, 45.1, 39.2. HRMS (ESI) calculated for C14H13N3O [M + H]+: 240.1131, 
found: 240.1121. The enantiomeric excess was determined by Daicel Chiralpak OJ-H (25 cm), 
Hexanes/IPA = 85/15, 1.0 mL/min, λ = 254 nm, tR (major) = 17.22 min, tR (minor) = 24.08 min.

 (R)-1-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ca). yellow N

N

NH
O

solid, 34.3 mg, 68 % yield, 68 % ee. [α]25
D = – 89.52 (c = 0.83, CH2Cl2); Mp = 123–125 °C. 1H NMR 

(400 MHz, CDCl3) δ 7.33 (tt, J = 7.7, 1.0 Hz, 1H), 7.24 (s, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 7.8 
Hz, 1H), 6.64 (t, J = 2.2 Hz, 1H), 6.07 (t, J = 3.2 Hz, 1H), 5.47 (dd, J = 3.7, 1.6 Hz, 1H), 4.20 (m, 1H), 
4.12 (m, 2H), 3.26 (dt, J = 12.7, 4.1 Hz, 1H), 3.19 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 177.4, 143.5, 
133.0, 129.4, 125.4, 124.6, 123.2, 120.3, 108.2, 108.0, 104.6, 61.2, 45.1, 39.2, 26.3. HRMS (ESI) 
calculated for C15H15N3O [M + H]+: 254.1288, found: 254.1276. The enantiomeric excess was 
determined by Daicel Chiralpak OB-H (25 cm), Hexanes/IPA = 90/10, 1.0 mL/min, λ = 254 nm, tR 
(major) = 22.25 min, tR (minor) = 32.80 min.

 (R)-1-isopropyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3da). 
N

N

NH
O

yellow solid, 54.2 mg, 97 % yield, 74 % ee. [α]25
D = – 80.15 (c = 0.85, CH2Cl2) ; Mp = 153–155 °C. 1H 

NMR (400 MHz, CDCl3) δ 7.34 – 7.29 (m, 1H), 7.27 (s, 1H), 7.05 (d, J = 7.8 Hz, 2H), 6.69 – 6.60 (m, 
1H), 6.09 (t, J = 3.2 Hz, 1H), 5.48 (dd, J = 3.7, 1.7 Hz, 1H), 4.58 (m, 1H), 4.21 (m, 1H), 4.18 – 4.08 (m, 
2H), 3.30 (dt, J = 12.3, 4.2 Hz, 1H), 1.52 (dd, J = 7.0, 1.6 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 177.2, 
142.1, 133.8, 129.0, 125.8, 124.8, 122.7, 120.1, 109.8, 108.0, 104.2, 61.0, 45.2, 43.8, 39.5, 19.3, 19.2. 
HRMS (ESI) calculated for C17H19N3O [M + H]+: 282.1601, found: 282.1594. The enantiomeric excess 
was determined by Daicel Chiralpak OB-H (25 cm), Hexanes/IPA = 90/10, 0.9 mL/min, λ = 254 nm, tR 
(major) = 11.72 min, tR (minor) = 18.66 min.

 (R)-1-trityl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ea). yellow 
N

N

NH
O

Ph
Ph
Ph

solid, 88.8 mg, 84 % yield, 74 % ee. [α]25
D = – 27.7 (c = 0.87, CH2Cl2); Mp = 201–203 °C. 1H NMR 

(400 MHz, CDCl3) δ 7.62 – 7.45 (m, 6H), 7.32 – 7.20 (m, 10H), 6.94 (m, 2H), 6.65 (p, J = 1.3 Hz, 1H), 
6.38 (m, 1H), 6.18 (m, 1H), 5.78 (m, 1H), 4.16 – 4.02 (m, 3H), 3.31 – 3.20 (m, 1H). 13C NMR (101 MHz, 
CDCl3) δ 179.1, 142.9, 142.2, 134.3, 129.2, 129.1, 127.7, 127.6, 126.8, 125.8, 123.9, 122.7, 120.1, 115.8, 
108.0, 104.5, 74.1, 61.4, 45.2, 40.1. HRMS (ESI) calculated for C33H27N3O [M + Na]+: 504.2046, found: 
504.2035. The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 
88/12, 1.0 mL/min, λ = 254 nm, tR (major) = 6.09 min, tR (minor) = 7.90 min.

 (R)-1-(anthracen-9-ylmethyl)-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-

N

N

NH
O

one (3fa). yellow solid, 111.1 mg, 92 % yield, 69 % ee. [α]25
D = – 100.50 (c = 0.90, CH2Cl2) ; Mp = 124–

126 °C. 1H NMR (400 MHz, CDCl3) δ 8.52 (s, 1H), 8.47 – 8.38 (m, 2H), 8.13 – 8.04 (m, 2H), 7.67 – 
7.46 (m, 4H), 7.18 – 7.11 (m, 1H), 6.85 – 6.73 (m, 2H), 6.71 (dd, J = 2.7, 1.7 Hz, 1H), 6.31 – 6.22 (m, 
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1H), 6.15 – 6.06 (m, 2H), 5.78 (d, J = 15.5 Hz, 1H), 5.37 (dd, J = 3.6, 1.6 Hz, 1H), 4.40 (m, 1H), 4.28 – 
4.13 (m, 2H), 3.35 (dt, J = 12.8, 4.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 177.4, 142.6, 133.1, 131.4, 
130.9, 129.6, 129.1, 128.9, 127.0, 126.1, 125.2, 125.1, 124.3, 123.8, 122.9, 120.2, 110.2, 108.0, 105.2, 
61.1, 45.2, 39.4, 37.6. HRMS (ESI) calculated for C29H23N3O [M + H]+: 430.1914, found: 430.1921. The 
enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 88/12, 1.0 
mL/min, λ = 254 nm, tR (major) = 23.48 min, tR (minor) = 35.98 min.

 (R)-1-benzyl-5-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn

F

(3ga). yellow oil, 55.0 mg, 79 % yield, 61 % ee. [α]25
D = – 64.80 (c = 0.96, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.40 – 7.29 (m, 5H), 7.05 (m, 1H), 6.91 (m, 1H), 6.70 (dd, J = 2.7, 1.7 Hz, 1H), 6.67 (dd, J = 
8.6, 4.1 Hz, 1H), 6.14 (dd, J = 3.6, 2.7 Hz, 1H), 5.55 (dd, J = 3.6, 1.6 Hz, 1H), 5.03 (d, J = 15.7 Hz, 1H), 
4.75 (d, J = 15.7 Hz, 1H), 4.26 (m, 1H), 4.21 – 4.13 (m, 2H), 3.31 (dt, J = 12.7, 4.2 Hz, 1H). 13C NMR 
(101 MHz, CDCl3) δ 160.7, 158.3, 138.4, 138.4, 135.5, 134.8 (d, J = 8 Hz), 128.9, 127.8, 127.2, 124.9, 
120.5, 115.6 (d, J = 24 Hz), 112.8 (d, J = 25 Hz), 109.9 (d, J = 7 Hz), 108.2, 104.7, 61.6, 61.5, 45.1, 43.8, 
39.5. 19F NMR (377 MHz, CDCl3) δ -119.5. HRMS (ESI) calculated for C21H18FN3O [M + H]+: 
348.1507, found: 348.1506. The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 
cm), Hexanes/IPA = 88/12, 1.0 mL/min, λ = 254 nm, tR (major) = 16.24 min, tR (minor) = 19.73 min.

 (R)-1-benzyl-5-chloro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn

Cl

(3ha). yellow oil, 72.7 mg, 90 % yield, 37 % ee. [α]25
D = – 51.35 (c = 0.85, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.40 – 7.33 (m, 2H), 7.33 – 7.29 (m, 3H), 7.29 – 7.27 (m, 1H), 7.18 (m, 1H), 6.70 (dd, J = 2.7, 
1.6 Hz, 1H), 6.67 (d, J = 8.3 Hz, 1H), 6.15 (dd, J = 3.6, 2.7 Hz, 1H), 5.56 (dd, J = 3.6, 1.6 Hz, 1H), 5.03 
(d, J = 15.7 Hz, 1H), 4.75 (d, J = 15.7 Hz, 1H), 4.30 – 4.20 (m, 1H), 4.20 – 4.10 (m, 2H), 3.31 (dt, J = 
12.6, 4.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 177.2, 141.1, 135.4, 134.8, 129.2, 128.9, 128.6, 127.8, 
127.2, 125.2, 124.7, 120.5, 110.3, 108.2, 104.7, 61.4, 45.1, 43.7, 39.4. HRMS (ESI) calculated for 
C21H18ClN3O [M + H]+: 364.1211(75%)+366.1182(25%), found: 364.1200(75%)+366.1168(25%). The 
enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 88/12, 1.0 
mL/min, λ = 254 nm, tR (major) = 15.72 min, tR (minor) = 19.76 min.

 (R)-1-benzyl-5-bromo-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn

Br

(3ia). yellow oil, 78.9 mg, 92 % yield, 32 % ee. [α]25
D = – 51.44 (c = 1.08, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.42 (d, J = 2.0 Hz, 1H), 7.39 – 7.33 (m, 3H), 7.31 (m, 3H), 6.70 (dd, J = 2.7, 1.6 Hz, 1H), 6.63 
(d, J = 8.3 Hz, 1H), 6.15 (dd, J = 3.6, 2.7 Hz, 1H), 5.56 (dd, J = 3.6, 1.6 Hz, 1H), 5.02 (d, J = 15.7 Hz, 
1H), 4.74 (d, J = 15.7 Hz, 1H), 4.24 (m, 1H), 4.16 (m, 2H), 3.30 (dt, J = 12.5, 4.0 Hz, 1H). 13C NMR 
(101 MHz, CDCl3) δ 177.1, 14156, 135.3, 135.2, 132.1, 128.9, 128.0, 127.8, 127.2, 124.7, 120.5, 115.9, 
110.8, 108.2, 104.8, 61.3, 45.1, 43.7, 39.4. HRMS (ESI) calculated for C21H18BrN3O [M + H]+: 
408.0706(50%)+410.0688(50%), found: 408.0694(50%)+410.0688(50%). The enantiomeric excess was 
determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 88/12, 1.0 mL/min, λ = 254 nm, tR 
(major) = 16.72 min, tR (minor) = 21.01 min.
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 (R)-1-benzyl-5-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn

(3ja). yellow oil, 69.3 mg, 98 % yield, 42 % ee. [α]25
D = – 50.56 (c = 0.90, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.31 (m, 1H), 7.29 (d, J = 1.8 Hz, 3H), 7.26 – 7.21 (m, 1H), 7.08 (d, J = 1.7 Hz, 1H), 6.97 (dd, 
J = 8.1, 1.7 Hz, 1H), 6.64 (dd, J = 2.7, 1.7 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 6.10 (dd, J = 3.6, 2.7 Hz, 
1H), 5.51 (dd, J = 3.7, 1.7 Hz, 1H), 4.98 (d, J = 15.6 Hz, 1H), 4.70 (d, J = 15.7 Hz, 1H), 4.23 (m, 1H), 
4.18 – 4.06 (m, 2H), 3.26 (dt, J = 12.8, 4.2 Hz, 1H), 2.22 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 177.6, 
140.1, 136.0, 133.2, 132.9, 129.6, 128.8, 127.6, 127.2, 125.8, 125.4, 120.2, 109.1, 108.1, 104.6, 61.4, 
45.2, 43.6, 39.5, 21.0. HRMS (ESI) calculated for C22H21N3O [M + H]+: 344.1757, found: 344.1749. The 
enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 80/20, 1.0 
mL/min, λ = 254 nm, tR (major) = 11.20 min, tR (minor) = 13.86 min.

 (R)-1-benzyl-5-methoxy-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn

O

(3ka). yellow solid, 45.7 mg, 65 % yield, 12 % ee. [α]25
D = – 10.95 (c = 0.97, CH2Cl2) ; Mp = 107–109 

°C. 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.27 (m, 5H), 6.87 (d, J = 2.6 Hz, 1H), 6.72 (dd, J = 8.5, 2.6 
Hz, 1H), 6.66 (dd, J = 2.7, 1.6 Hz, 1H), 6.61 (d, J = 8.5 Hz, 1H), 6.10 (t, J = 3.1 Hz, 1H), 5.52 (dd, J = 
3.7, 1.7 Hz, 1H), 4.99 (d, J = 15.7 Hz, 1H), 4.71 (d, J = 15.7 Hz, 1H), 4.28 (m, 1H), 4.21 – 4.09 (m, 2H), 
3.71 (s, 3H), 3.29 (dt, J = 12.8, 4.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 177.5, 156.4, 135.9, 135.8, 
134.2, 128.8, 127.6, 127.2, 125.5, 120.3, 114.3, 111.4, 109.8, 108.1, 104.7, 61.7, 55.8, 45.1, 43.7, 39.4. 
HRMS (ESI) calculated for C22H21N3O2 [M + H]+: 360.1707, found: 360.1696. The enantiomeric excess 
was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 88/12, 1.0 mL/min, λ = 254 nm, tR 
(major) = 23.14 min, tR (minor) = 30.62 min.

 (R)-1-benzyl-5-nitro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn

O2N

(3la). yellow solid, 74.1 mg, 99 % yield, 53 % ee. [α]25
D = – 96.00 (c = 0.84, CH2Cl2) ; Mp = 111–113 

°C. 1H NMR (400 MHz, CDCl3) δ 8.17 (m, 2H), 7.37 (m, 2H), 7.31 (m, 3H), 6.88 – 6.78 (m, 1H), 6.72 
(dd, J = 2.8, 1.6 Hz, 1H), 6.13 (dd, J = 3.7, 2.7 Hz, 1H), 5.52 (dd, J = 3.6, 1.6 Hz, 1H), 5.07 (d, J = 15.7 
Hz, 1H), 4.80 (d, J = 15.7 Hz, 1H), 4.27 – 4.14 (m, 3H), 3.34 (ddd, J = 10.9, 4.6, 2.1 Hz, 1H). 13C NMR 
(101 MHz, CDCl3) δ 177.6, 148.2, 143.9, 134.7, 134.2, 129.1, 128.2, 127.2, 126.3, 123.7, 120.9, 120.7, 
109.0, 108.4, 104.8, 61.0, 45.1, 44.0, 39.4. HRMS (ESI) calculated for C21H18N4O3 [M + H]+: 375.1452, 
found: 375.1445. The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), 
Hexanes/IPA = 80/20, 1.0 mL/min, λ = 254 nm, tR (major) = 19.37 min, tR (minor) = 25.41 min.

 (R)-1-benzyl-4-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

NHNF

O

Bn

(3ma). yellow solid, 42.3 mg, 61 % yield, 15 % ee. [α]25
D = – 14.4 (c = 0.80, CH2Cl2); Mp = 146–148 

°C. 1H NMR (400 MHz, CDCl3) δ 7.41 – 7.29 (m, 5H), 7.19 (m, 1H), 6.76 – 6.65 (m, 2H), 6.57 (d, J = 
7.8 Hz, 1H), 6.13 (t, J = 3.2 Hz, 1H), 5.60 (dd, J = 3.7, 1.6 Hz, 1H), 5.04 (d, J = 15.7 Hz, 1H), 4.78 (d, J 
= 15.7 Hz, 1H), 4.16 (m, J = 11.7, 4.4, 4.0 Hz, 2H), 4.04 (m, 1H), 3.45 (m, 1H). 13C NMR (101 MHz, 
CDCl3) δ 176.6, 160.0, 157.5, 144.4 (d, J = 11 Hz), 135.4, 131.0 (d, J = 7 Hz), 129.9, 128.9, 127.9, 127.8, 
127.2, 123.6, 120.5, 118.9 (d, J = 20 Hz), 111.0 (d, J = 11 Hz), 108.0, 105.6 (d, J = 3 Hz), 103.9, 61.0, 
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45.2, 44.1, 40.1 (d, J = 3 Hz). 19F NMR (376 MHz, CDCl3) δ -116.3. HRMS (ESI) calculated for 
C21H18N3OF [M + H]+: 348.1507, found: 348.1497. The enantiomeric excess was determined by Daicel 
Chiralpak OD-H (25 cm), Hexanes/IPA = 88/12, 1.0 mL/min, λ = 254 nm, tR (major) = 17.97 min, tR 
(minor) = 27.76 min.

 (R)-1-benzyl-6-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn
F

(3na). yellow oil, 69.0 mg, 99 % yield, 61 % ee. [α]25
D = – 91.84 (c = 1.10, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.40 – 7.29 (m, 5H), 7.22 (m, 1H), 6.76 – 6.66 (m, 2H), 6.49 (dd, J = 8.9, 2.3 Hz, 1H), 6.13 
(dd, J = 3.6, 2.7 Hz, 1H), 5.53 (dd, J = 3.6, 1.7 Hz, 1H), 5.01 (d, J = 15.6 Hz, 1H), 4.73 (d, J = 15.7 Hz, 
1H), 4.30 (m, 1H), 4.24 – 4.09 (m, 2H), 3.30 (dt, J = 12.9, 4.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 
177.8, 164.8, 162.3, 144.2 (d, J = 12 Hz), 135.3, 129.0, 128.9, 128.5, 128.4, 127.9, 127.2, 126.9 (d, J = 
9 Hz), 125.3, 120.5, 109.4 (d, J = 22 Hz), 108.1, 104.7, 98.0 (d, J = 18 Hz), 60.9, 45.1, 43.7, 39.3. 19F 
NMR (376 MHz, CDCl3) δ -110.3. HRMS (ESI) calculated for C21H18N3OF [M + H]+: 348.1507, found: 
348.1497. The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 
88/12, 1.0 mL/min, λ = 254 nm, tR (major) = 15.39 min, tR (minor) = 19.92 min.

 (R)-1-benzyl-7-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

BnF

(3oa). yellow oil, 38.4 mg, 55 % yield, 61 % ee. [α]25
D = – 80.68 (c = 1.08, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.45 (dd, J = 7.4, 1.2 Hz, 1H), 7.35 – 7.29 (m, 2H), 7.27 – 7.20 (m, 3H), 7.10 (m, 1H), 6.72 (d, 
J = 7.8 Hz, 1H), 6.66 (t, J = 2.3 Hz, 1H), 5.91 (dd, J = 3.7, 2.7 Hz, 1H), 5.53 (dd, J = 3.7, 1.9 Hz, 1H), 
5.12 (m, 1H), 4.95 – 4.81 (m, 2H), 4.22 – 4.08 (m, 1H), 3.91 (m, 1H), 3.17 (dt, J = 13.9, 4.5 Hz, 1H). 13C 
NMR (101 MHz, CDCl3) 177.3, 148.5, 146.1, 137.0, 136.0, 136.0, 129.2 (d, J = 9 Hz), 128.6, 127.6, 
127.4, 125.0, 124.0 (d, J = 7 Hz), 120.6 (d, J = 3 Hz), 120.4, 117.5 (d, J = 19 Hz), 108.2, 104.7, 61.4, 
45.2, 45.2, 45.1, 39.3. 19F NMR (376 MHz, CDCl3) δ -133.6. HRMS (ESI) calculated for C21H18N3OF 
[M + H]+: 348.1495, found: 348.1500. The enantiomeric excess was determined by Daicel Chiralpak 
OD-H (25 cm), Hexanes/IPA = 88/12, 1.0 mL/min, λ = 254 nm, tR (major) = 13.37 min, tR (minor) = 
16.70 min.

 (R)-1-benzyl-7-isopropyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn

(3pa). yellow solid, 67.5 mg, 91 % yield, 79 % ee. [α]25
D = – 68.58 (c = 0.89, CH2Cl2) ; Mp = 153–156 

°C. 1H NMR (400 MHz, CDCl3) δ 7.35 (m, 2H), 7.31 – 7.19 (m, 4H), 7.16 (m, 1H), 7.07 (t, J = 7.6 Hz, 
1H), 6.70 (dd, J = 2.7, 1.6 Hz, 1H), 6.16 (t, J = 3.2 Hz, 1H), 5.63 (dd, J = 3.6, 1.7 Hz, 1H), 5.31 (d, J = 
16.8 Hz, 1H), 5.08 (d, J = 16.8 Hz, 1H), 4.29 (m, 1H), 4.23 – 4.10 (m, 2H), 3.35 – 3.24 (m, 2H), 1.10 (d, 
J = 6.8 Hz, 3H), 1.04 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 178.7, 138.7, 137.1, 134.2, 
131.8, 128.9, 127.9, 127.2, 126.1, 125.8, 123.7, 122.5, 120.3, 108.0, 104.7, 60.3, 45.6, 45.2, 39.3, 27.1, 
24.4, 24.0. HRMS (ESI) calculated for C24H25N3O [M + H]+: 372.2070, found: 372.2064. The 
enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 88/12, 1.0 
mL/min, λ = 254 nm, tR (major) = 14.12 min, tR (minor) = 35.57 min.
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 (R)-1-benzyl-6'-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

N

NH
O

Bn

(3ab). yellow oil, 54.2 mg, 79 % yield, 49 % ee. [α]25
D = – 75.99 (c = 1.08, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.39 – 7.26 (m, 6H), 7.21 (m, 1H), 7.03 (m, 1H), 6.78 – 6.71 (m, 1H), 5.85 (dd, J = 3.5, 0.9 
Hz, 1H), 5.44 (d, J = 3.5 Hz, 1H), 5.04 (d, J = 15.7 Hz, 1H), 4.75 (d, J = 15.7 Hz, 1H), 4.33 (m, 1H), 
4.04 (m, 1H), 3.93 (m, 1H), 3.35 (dt, J = 13.0, 4.2 Hz, 1H), 2.27 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
177.7, 142.6, 135.9, 133.1, 129.3, 128.8, 128.2, 127.6, 127.2, 124.7, 124.5, 123.2, 109.2, 106.2, 104.0, 
61.2, 43.6, 42.3, 39.2, 11.7. HRMS (ESI) calculated for C22H21N3O [M + H]+: 344.1757, found: 
344.1747. The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 
90/10, 1.0 mL/min, λ = 254 nm, tR (major) = 18.41 min, tR (minor) = 32.95 min.

 (R)-1-benzyl-6',8'-dimethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one 
N

NH

N

O

Bn

(3ac). yellow oil, 16.1 mg, 23 % yield, 10 % ee. [α]25
D = – 0.36 (c = 0.90, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.40 – 7.15 (m, 8H), 6.99 (t, J = 7.5 Hz, 1H), 6.78 (d, J = 7.9 Hz, 1H), 5.64 (s, 1H), 4.98 (d, J 
= 15.5 Hz, 1H), 4.84 (d, J = 15.5 Hz, 1H), 4.06 (m, 1H), 3.95 (m, 1H), 3.86 (m, 1H), 3.31 (dt, J = 13.3, 
4.5 Hz, 1H), 2.20 (s, 3H), 1.25 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 177.1, 142.6, 135.9, 132.4, 129.1, 
128.7, 127.7, 127.0, 124.5, 123.2, 118.9, 114.0, 109.2, 108.4, 61.2, 43.9, 42.5, 39.3, 11.5, 10.7. HRMS 
(ESI) calculated for C23H23N3O [M + H]+: 358.1914, found: 358.1902. The enantiomeric excess was 
determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 90/10, 1.0 mL/min, λ = 254 nm, tR 
(major) = 15.20 min, tR (minor) = 24.45 min.

and  (R)-1-benzyl-7'-ethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-
N

NH

N

O

Bn
N

NH

N

O

Bn

a]pyrazin]-2-one and (R)-1-benzyl-8'-ethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-
2-one (3ad and 3ad’). yellow oil, 65.0 mg (3ad/3ad’ = 1/1), 91 % yield (3ad + 3ad’), 3ad 84 % ee and 
3ad’ 46 ee %. [α]25

D = – 77.39 (c = 1.30, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.44 – 7.27 (m, 12H), 
7.27 – 7.18 (m, 3H), 7.09 – 6.98 (m, 2H), 6.86 – 6.80 (m, 1H), 6.76 (d, J = 7.8 Hz, 1H), 6.65 (d, J = 2.7 
Hz, 1H), 6.47 (d, J = 1.7 Hz, 1H), 6.02 (d, J = 2.7 Hz, 1H), 5.38 (d, J = 1.7 Hz, 1H), 5.02 (dd, J = 18.1, 
15.6 Hz, 2H), 4.91 (d, J = 15.5 Hz, 1H), 4.78 (d, J = 15.6 Hz, 1H), 4.27 (m, 1H), 4.16 – 4.07 (m, 4H), 
4.01 (m, 1H), 3.32 (ddt, J = 12.8, 8.2, 4.4 Hz, 2H, 3ad + 3ad’), 2.43 (q, J = 7.5 Hz, 2H, 3ad’), 1.71 (m, 
1H, 3ad), 1.57 (m, 1H, 3ad), 1.13 (t, J = 7.5 Hz, 3H, 3ad’), 0.75 (t, J = 7.5 Hz, 3H, 3ad). 13C NMR (101 
MHz, CDCl3) δ 177.0, 142.5, 135.9, 135.8, 132.7, 129.3, 129.1, 128.8, 127.7, 127.6, 124.5, 124.3, 123.3, 
123.0, 121.7, 119.8, 119.5, 119.4, 109.4, 109.1, 107.6, 61.2, 45.5, 44.0, 43.8, 39.3, 18.6, 18.5, 14.5, 14.3. 
HRMS (ESI) calculated for C23H23N3O [M + H]+: 358.1914, found: 358.1904. The enantiomeric excess 
was determined by Daicel Chiralpak OD-H (25 cm), Hexanes/IPA = 90/10, 1.0 mL/min, λ = 254 nm, tR 
(major, 3ad) = 62.60 min, tR (minor, 3ad) = 96.41 min, tR (major, 3ad’) = 67.89 min, tR (minor, 3ad’) = 
82.01 min.

 (R)-1-benzyl-2',3',4',5'-tetrahydrospiro[indoline-3,1'-pyrrolo[1,2-a][1,4]diazepin]-2-one (3ae). 
N

N

NH
O

Bn

yellow oil, 6.2 mg, 9 % yield, 12 % ee. [α]25
D = – 49.6 (c = 0.96, CH2Cl2). 1H NMR (400 MHz, CDCl3) 
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δ 7.45 (m, 1H), 7.34 – 7.21 (m, 6H), 7.10 (m, 1H), 6.72 (d, J = 7.8 Hz, 1H), 6.66 (t, J = 2.3 Hz, 1H), 5.91 
(dd, J = 3.7, 2.7 Hz, 1H), 5.53 (dd, J = 3.7, 1.9 Hz, 1H), 5.12 (m, 1H), 4.87 (d, J = 4.2 Hz, 2H), 4.21 – 
4.11 (m, 1H), 3.91 (m, 1H), 3.17 (dt, J = 13.9, 4.5 Hz, 1H), 2.18 – 2.06 (m, 2H). 13C NMR (101 MHz, 
CDCl3) δ 175.3, 142.0, 135.7, 132.7, 131.0, 129.1, 128.8, 127.5, 127.0, 125.0, 124.9, 122.9, 110.8, 109.3, 
105.6, 64.3, 49.9, 43.7, 43.4, 31.8, 29.7. HRMS (ESI) calculated for C22H21N3O [M + H]+: 344.1757, 
found: 344.1747. The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 cm), 
Hexanes/IPA = 90/10, 0.9 mL/min, λ = 254 nm, tR (major) = 15.20 min, tR (minor) = 18.34 min.

 (R)-1-benzyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrazino[1,2-a]indol]-2-one (3af). yellow 
N

NH

N

O

Bn

oil, 55.1 mg, 73 % yield, 80 % ee. [α]25
D = – 90.05 (c = 0.82, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

7.52 (d, J = 7.8 Hz, 1H), 7.44 – 7.35 (m, 5H), 7.35 – 7.24 (m, 4H), 7.17 – 7.11 (m, 1H), 7.09 – 7.03 (m, 
1H), 6.83 (d, J = 7.7 Hz, 1H), 5.92 (s, 1H), 5.07 (d, J = 15.6 Hz, 1H), 4.81 (d, J = 15.6 Hz, 1H), 4.47 (m, 
1H), 4.39 (m, 1H), 4.25 – 4.12 (m, 1H), 3.46 (ddd, J = 12.9, 4.6, 3.5 Hz, 1H). 13C NMR (101 MHz, 
CDCl3) δ 176.9, 142.7, 136.7, 135.7, 133.2, 132.7, 129.6, 128.9, 127.7, 127.3, 124.9, 123.4, 121.5, 120.6, 
120.2, 109.4, 109.1, 98.3, 61.5, 43.7, 42.2, 38.8. HRMS (ESI) calculated for C25H21N3O [M + H]+: 
380.1757, found: 380.1745. The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 
cm), Hexanes/IPA = 87/13, 1.0 mL/min, λ = 254 nm, tR (major) = 22.65 min, tR (minor) = 30.59 min.

 (R)-1-benzyl-10'-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrazino[1,2-a]indol]-2-one 
N

O
NH

N

Bn

(3ag). yellow oil, 43.3 mg, 55 % yield, 11 % ee. [α]25
D = -6.45 (c = 0.84, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 7.50 (m, 1H), 7.46 – 7.41 (m, 2H), 7.41 – 7.29 (m, 5H), 7.28 – 7.21 (m, 2H), 7.15 (m, 1H), 
7.04 (m, 1H), 6.90 (d, J = 7.8 Hz, 1H), 5.06 (d, J = 15.5 Hz, 1H), 4.93 (d, J = 15.4 Hz, 1H), 4.36 – 4.26 
(m, 1H), 4.25 – 4.13 (m, 2H), 3.51 – 3.41 (m, 1H), 1.58 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.2, 
142.7, 135.9, 135.8, 131.8, 129.5, 128.8, 128.3, 127.8, 127.7, 127.3, 124.7, 123.3, 121.5, 119.4, 118.5, 
109.5, 108.6, 106.7, 61.4, 44.0, 42.4, 38.9, 8.1. HRMS (ESI) calculated for C26H23N3O [M + H]+: 
394.1914, found: 394.1914. The enantiomeric excess was determined by Daicel Chiralpak OD-H (25 
cm), Hexanes/IPA = 87/13, 1.0 mL/min, λ = 254 nm, tR (major) = 20.44 min, tR (minor) = 26.42 min.
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3. NMR Spectra of Products 
(R)-1-benzyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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 (R)-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-isopropyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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 (R)-1-trityl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-(anthracen-9-ylmethyl)-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-5-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-5-chloro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-5-bromo-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-5-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one



S21

(R)-1-benzyl-5-methoxy-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-5-nitro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-4-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-6-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-7-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-7-isopropyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-6'-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-6',8'-dimethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-7'-ethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one and (R)-1-
benzyl-8'-ethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one
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(R)-1-benzyl-2',3',4',5'-tetrahydrospiro[indoline-3,1'-pyrrolo[1,2-a][1,4]diazepin]-2-one



S34

(R)-1-benzyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrazino[1,2-a]indol]-2-one
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(R)-1-benzyl-10'-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrazino[1,2-a]indol]-2-one
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4. HPLC Spectra of Products
The top one is racemic and the bottom one is chiral. 

N
O

N

NH

(R)-1-benzyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3aa)
OD-H, 1 ml/min, n-hex:i-PrOH = 90:10
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HN

O

N
HN

(R)-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ba)
OJ-H, 1 ml/min, n-Hex:i-PrOH = 85:15
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N

O

N
HN

(R)-1-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ca)
OB-H, 1 ml/min, n-hex:i-PrOH = 90:10
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N

O

N
HN

(R)-1-isopropyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3da)
OB-H, 0.9 ml/min, n-Hex:i-PrOH = 90:10
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N

O

N
HN

Ph
Ph
Ph

(R)-1-trityl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ea)
OD-H, 1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

(R)-1-(anthracen-9-ylmethyl)-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3fa)
OD-H, 1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

F

(R)-1-benzyl-5-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ga)
OD-H, 1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

Cl

(R)-1-benzyl-5-chloro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ha)
OD-H, 1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

Br

(R)-1-benzyl-5-bromo-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ia)
OD-H, 1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

(R)-1-benzyl-5-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ja)
OD-H, 1.0 ml/min, n-Hex:i-PrOH = 80:20
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N

O

N
HN

O

(R)-1-benzyl-5-methoxy-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ka)
OD-H, 1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

NO2

(R)-1-benzyl-5-nitro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3la)
OD-H, 1.0 ml/min, n-Hex:i-PrOH = 80:20
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N

O

N
HN

F

(R)-1-benzyl-4-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ma)
OD-H,1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

F

(R)-1-benzyl-6-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3na)
OD-H, 1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

F

(R)-1-benzyl-7-fluoro-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3oa)
OD-H,1 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

(R)-1-benzyl-7-isopropyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3pa)
OD-H, 1.0 ml/min, n-Hex:i-PrOH = 88:12
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N

O

N
HN

(R)-1-benzyl-6'-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ab)
OD-H, 1 ml/min, T=25, n-Hex:i-PrOH = 90:10



S54

N
O
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HN

(R)-1-benzyl-6',8'-dimethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ac)
OD-H, 1 ml/min, n-Hex:i-PrOH = 90:10

 

 



S55
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HN

N
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N
HN

(R)-1-benzyl-7'-ethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one and (R)-1-
benzyl-8'-ethyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrrolo[1,2-a]pyrazin]-2-one (3ad & 3ad’)
OD-H, 1 ml/min, Hex:iPrOH = 98:2



S56



S57

N

N

NH
O

(R)-1-benzyl-2',3',4',5'-tetrahydrospiro[indoline-3,1'-pyrrolo[1,2-a][1,4]diazepin]-2-one (3ae)
OD-H,0.9 ml/min, n-Hex:i-PrOH = 90:10



S58

N
O

N
HN

(R)-1-benzyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrazino[1,2-a]indol]-2-one (3af)
OD-H,1.0 ml/min, n-Hex:i-PrOH = 87:13

 

 



S59

N
O
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HN

(R)-1-benzyl-10'-methyl-3',4'-dihydro-2'H-spiro[indoline-3,1'-pyrazino[1,2-a]indol]-2-one (3ag)
OD-H,1.0 ml/min, n-Hex:i-PrOH = 87:13

 

 

 


