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1. General Information

Reactions were carried out using commercial reagents in over-dried apparatus. CH>Cl, was dried
over powdered CaH; and distilled under nitrogen just before use. 'H NMR spectra were recorded on
commercial instruments (400 MHz). Chemical shifts are recorded in ppm relative to
tetramethylsilane and with the solvent resonance as the internal standard (CDCls, 6= 7.26). Spectra
are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m =
multiplet), coupling constants (Hz), integration and assignment. 3C NMR data were collected on
commercial instruments (101 MHz) with complete proton decoupling. Chemical shifts are reported
in ppm from the tetramethylsilane with the solvent resonance as internal standard (CDCls, 6= 77.0).
Melting points (m. p.) were measured on the electrothermal digital melting point apparatus. HRMS
was recorded on a commercial apparatus (ESI Source). All 2-isocyanoethylindoles® and 2,2-diester

aziridines? were prepared according to the literature.



2. Optimization of Reaction Conditions

2.1 Screening of reaction solvents

Ts

(e fcon o,

N Ph CO,Et 4 AMs

H Solvent, rt, 20 h

1a 2a
Entry? Solvent Yield (%)°

1 CH:Cl2 78%
2 CICH.CHCI 73%
3 CHCIs 73%
4 CH3CN 22%
5 1,4-Dioxane 13%
6 THF trace
7 Toluene trace
8 DMF N.R

?Unless otherwise noted, the reactions were performed with Y(OTf); (10 mol%), 4 A MS (50 mg), 1a (0.2 mmol) and 2a
(0.3 mmol) in solvent (1.0 mL) at rt for 20 h. ®Yield of isolated product.

2.2 Screening of reaction temperature

NG LS Y(OTf)s
N\ . CO,Et (10 mol%) _
N Ph” ;COZEt 4 AMS
H CH,Cl,, 20 h
1a 2a T°C
Entry? T yield (%)°
1 0< 54%
2 rt 78%
3 30 T 42%

Unless otherwise noted, the reactions were performed with Y(OTf); (10 mol%), 4 A MS (50 mg), 1a (0.2 mmol) and 2a
(0.3 mmol) in CH,Cl, (1.0 mL) at rt for 20 h. ?Yield of isolated product.



2.3 Screening of concentration of reaction

NC Iy Y(OTi);
N\ N )\ :CozEt (10 mol%)
N Ph CO,Et 4 AMsS
H CH,Cly, rt, 20 h
1a 2a
Entry? Concentration (mol/L) Yield (%)°
1 0.40 76%
2 0.20 78%
3 0.13 64%

?Unless otherwise noted, the reactions were performed with Y(OTf); (10 mol%), 4 A MS (50 mg), 1a (0.2 mmol) and 2a
(0.3 mmol) in CH>Cl, at rt for 20 h. ®Yield of isolated product



3. General Procedure and Spectral Data of Products 3

NC Ts
ridL TN N co,R3 Y(OTf); (10 mol%)
! + / §<
Z N R2 CO,R? 4 AMS (50 mg)

CH,Cl, (0.2 M)
rt

1 2 3

A dry reaction tube was charged with 2-isocyanoethylindoles 1 (0.2 mmol), aziridines 2 (0.3 mmol)
and 4 AMS (50 mg). Under N> atmosphere, CH>Cl» (0.5 mL) was added. The mixture was stirred at
room temperature for 15 min, then Y(OTf)3 (0.02 mmol, 10.8 mg) and dry CH>Cl> (0.5 mL) was
added in the tube. The reaction mixture continued stirring at room temperature for indicated time.
The residue was directly purified by flash chromatography on silica gel using petroleum ether/ethyl

acetate/dichloromethane = 5/1/1 as eluent to afford the desired products 3.

N Ph diethyl 4-phenyl-1,2,6a,7-tetrahydro-6H-pyrrolo[3',2':4,5]|pyrido[3,4-b]

N indole-6,6-dicarboxylate 3aa

_—{—CO,Et

H H co,Et  The reaction was run at rt for 20 h, affording product 3aa in 78% yield (67.4
3aa mg) as a yellow solid. Ry = 0.3 (PE:EA:DCM = 5:1:1), m.p. 123-125 <.

IH NMR (400 MHz, CDCl3) & 7.91 — 7.82 (m, 2H), 7.36 — 7.21 (m, 3H), 6.95 — 6.85 (m, 2H), 6.57

(td, = 7.5, 0.8 Hz, 1H), 6.40 (d, J = 7.8 Hz, 1H), 5.16 (d, J = 5.0 Hz, 1H), 4.38 (qd, J = 7.1, 2.5 Hz,

2H), 4.30 (td, J = 9.2, 4.5 Hz, 1H), 4.22 — 4.15 (m, 2H), 4.13 — 4.02 (m, 2H), 2.67 — 2.49 (m, 2H),

1.33 (t, J = 7.2 Hz, 3H), 1.12 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) § 169.0, 168.5, 167.9, 166.5, 149.1, 134.8, 131.4, 131.0, 129.1, 128.6,

128.2,122.6, 119.6, 110.0, 76.0, 70.8, 62.7, 62.6, 62.4, 60.4, 41.3, 14.2, 13.9.

HRMS (ESI) caled for CasHaeN3;O04 ([M+H']) = 432.1923, Found 432.1920.

N Ph dimethyl 4-phenyl-1,2,6a,7-tetrahydro-6H-pyrrolo[3',2':4,5]pyrido[3,4

N -b] indole-6,6-dicarboxylate 3ab

- COzMe

H H CO,Me The reaction was run at rt for 24 h, affording product 3ab in 49% yield
3ab (39.5 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.

153-155 <T.'"H NMR (400 MHz, CDCl3) & 7.96 — 7.94 (m, 2H), 7.43 — 7.38 (m, 1H), 7.35 — 7.31 (m,

2H), 7.00 — 6.94 (m, 2H), 6.66 (td, J=17.5, 0.8 Hz, 1H), 6.49 (d, J= 7.8 Hz, 1H), 5.27 (d, /= 5.3 Hz,

1H), 4.43 —4.35 (m, 1H), 4.30 — 4.24 (m, 2H), 4.00 (s, 3H), 3.68 (s, 3H), 2.73 — 2.57 (m, 2H).
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13C NMR (101 MHz, CDCls) & 169.8, 168.8, 167.8, 166.9, 149.0, 134.5, 131.6, 131.0, 129.1, 128.6,
128.3,122.6, 119.8, 110.2, 76.1, 71.2, 62.7, 60.5, 53.6, 53.5, 41.3.
HRMS (ESI) calcd for C23H2oN304 ([M+H']) = 404.1610, Found 404.1606.

diethyl 4-(3-chlorophenyl)-1,2,6a,7-tetrahydro-6H-pyrrolo[3',2':4,5]
pyrido[3,4-b] indole-6,6-dicarboxylate 3ac

The reaction was run at rt for 18 h, affording product 3ac in 91% yield
(84.6 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.
155-157 <C.

IH NMR (400 MHz, CDCl3) § 8.02 (t, J = 1.8 Hz, 1H), 7.82 (td, J = 8.0
Hz, 1.2 Hz, 1H), 7.38 — 7.36 (M, 1H), 7.28 — 7.24 (m, 1H), 6.99 — 6.95
(m, 2H), 6.65 (td, J = 7.5, 0.9 Hz, 1H), 6.50 — 6.48 (m, 1H), 5.23 (d, J = 4.0 Hz, 1H), 4.49 — 4.43 (m,
2H), 4.41 — 4.34 (m, 1H), 4.30 — 4.23 (m, 2H), 4.20 — 4.10 (M, 2H), 2.70 — 2.56 (m, 2H), 1.42 (t, J =
7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) 5 168.8, 167.5, 167.2, 166.2, 149.0, 136.3, 134.5, 131.5, 130.8, 129.5,
129.2,128.2,127.0, 122.6, 119.8, 110.1, 76.2, 70.8, 62.7, 62.7, 62.6, 60.5, 41.2, 14.2, 13.9.

HRMS (ESI) caled for C2sHasCIN3O4 ([M+H']) = 466.1534, Found 466.1512.

diethyl 4-(m-tolyl))-1,2,6a,7-tetrahydro-6H-pyrrolo[3',2':4,5]
pyrido[3,4-b] indole-6,6-dicarboxylate 3ad

The reaction was run at rt for 24 h, affording product 3ad in 92% yield
(82.0 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.
158-160 <C.

IH NMR (400 MHz, CDCl3) & 7.82 (s, 1H), 7.69 (td, J = 4.0, 1.2 Hz, 1H),
7.21 - 7.19 (m, 2H), 6.99 — 6.93 (m, 2H), 6.64 (td, J = 7.2, 0.8 Hz, 1H),
6.47 (d, J = 8.0 Hz, 1H), 5.23 (d, J = 2.0 Hz, 1H), 4.46 (qd, J = 7.2, 2.8 Hz, 2H), 4.40 — 4.34 (m,
1H), 4.29 — 4.22 (m, 2H), 4.17 — 4.10 (m, 2H), 2.71 — 2.56 (m, 2H), 2.32 (s, 3H), 1.41 (t, J = 7.2 Hz,
3H), 1.19 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3)  169.0, 168.7, 167.9, 166.5, 149.1, 137.9, 134.6, 132.4, 131.0, 129.1,
128.5,128.1, 126.2, 122.6, 119.6, 110.1, 76.0, 70.9, 62.8, 62.6, 62.5, 60.4, 41.3, 21.3, 14.2, 13.9.
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HRMS (ESI) caled for C2sH2sN304 ([M+H']) = 446.2080, Found 446.2076.

diethyl 4-((4-fluorophenyl))-1,2,6a,7-tetrahydro-6H-pyrrolo[3',2':4,5]
pyrido[3,4-b] indole-6,6-dicarboxylate 3ae

The reaction was run at rt for 40 h, affording product 3ae in 61% yield
(54.5 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.
149-151 <.

'H NMR (400 MHz, CDCl3) & 8.00 — 7.97 (m, 2H), 7.03 — 6.94 (m, 4H),

6.64 (td, J =7.6, 1.2 Hz, 1H), 6.49 (dd, J = 8.0, 0.8 Hz, 1H), 5.22 (s, 1H),
4.49 —4.42 (m, 2H), 4.40 — 4.34 (m, 1H), 4.30 — 4.22 (m, 2H), 4.20 — 4.10 (m, 2H), 2.71 — 2.56 (m,
2H), 1.41 (t, J =7.2 Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, CDCls) § 168.9, 167.8, 167.2, 166.2, 165.1 (d, J = 253 Hz), 149.0, 131.0 (d, J
=3 Hz), 130.9, 130.8, 129.2, 122.5, 119.7, 115.3 (d, J = 20 Hz), 110.1, 76.0, 70.7, 62.7, 62.7, 62.5,
60.4,41.3,14.2,13.9.
HRMS (ESI) calcd for C2sH2sFN3O4 ([M+H']) = 450.1829, Found 450.1825.

diethyl 4-(4-chlorophenyl)-1,2,6a,7-tetrahydro-6H-pyrrolo[3',2':4,5]
pyrido[3,4-b] indole-6,6-dicarboxylate 3af

The reaction was run at rt for 33 h, affording product 3af in 71% yield
(66.0 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.
107-109 <.

'H NMR (400 MHz, CDCls) & 7.95 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.0

Hz, 2H), 6.99 — 6.96 (M, 2H), 6.66 (t, J = 7.2 Hz, 1H), 6.50 (d, J = 8.0 Hz,
1H), 5.24 (s, 1H), 4.50 — 4.43 (m, 2H), 4.41 — 4.35 (m, 1H), 4.32 — 4.27 (m, 2H), 4.21 — 4.11 (m,
2H), 2.72 - 2.57 (m, 2H), 1.42 (t, = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, CDCls) § 168.8, 167.6, 167.3, 166.3, 149.0, 137.8, 133.1, 130.8, 129.9, 129.2,
128.5,122.5,119.7, 110.1, 76.1, 70.7, 62.7, 62.7, 62.5, 60.5, 41.2, 14.2, 13.9.
HRMS (ESI) caled for CasHasCIN3O4 ([M+H']) = 466.1534, Found 466.1532.



diethyl 4-(4-bromophenyl)-1,2,6a,7-tetrahydro-6H-pyrrolo[3',2':4,5]
pyrido[3,4-b] indole-6,6-dicarboxylate 3ag

The reaction was run at rt for 33 h, affording product 3ag in 77% yield
(78.0 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.
137-139 <.

IH NMR (400 MHz, CDCls) & 7.90 — 7.86 (m, 2H), 7.50 — 7.47 (m, 2H),

7.00 - 6.96 (m, 2H), 6.66 (td, J = 7.6, 1.2 Hz, 1H), 6.50 (d, J = 7.6 Hz,
1H), 5.24 (d, J = 3.6 Hz, 1H), 4.52 — 4.44 (m, 2H), 4.42 — 4.36 (m, 1H), 4.32 — 4.24 (m, 2H), 4.22 —
4.12 (m, 2H), 2.70 — 2.60 (m, 2H), 1.43 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, CDCls) § 168.8, 167.6, 167.4, 166.2, 149.0, 133.5, 131.5, 130.8, 130.1, 129.2,
126.5, 122.5, 119.7, 110.1, 76.1, 70.7, 62.7, 62.7, 62.5, 60.5, 41.2, 14.2, 13.9.

HRMS (ESI) calcd for C2sHzsBrN3O4 ((M+H']) = 510.1028, Found 510.1027.

Ph diethyl 4-(4-[1,1'-biphenyl]-4-yl)-1,2,6a,7-tetrahydro-6H-pyrrolo
[3',2':4,5]pyrido[3,4-b] indole-6,6-dicarboxylate 3ah

The reaction was run at rt for 40 h, affording product 3ah in 74% yield
(75.4 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.
148-150 <C.

'H NMR (400 MHz, CDCls) § 8.05 — 8.02 (m, 2H), 7.57 — 7.55 (m, 4H),
7.44 —7.40 (m, 2H), 7.36 — 7.32 (m, 1H), 7.01 — 6.94 (m, 2H), 6.66 (td, J
=7.6,0.8 Hz, 1H), 6.49 (d, J = 8.0 Hz, 1H), 5.25 (s, 1H), 4.51 — 4.42 (m, 2H), 4.40 — 4.36 (m, 1H),
4.32 —4.23 (m, 2H), 4.18 — 4.11 (m, 2H), 2.73-2.58 (m, 2H), 1.42 (t, J = 7.2 Hz, 3H), 1.21 (t, J =
7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) § 169.0, 168.0, 167.9, 166.5, 149.1, 144.1, 140.5, 133.6, 131.0, 129.1,
129.1, 128.8, 127.7, 127.2, 127.0, 122.6, 119.7, 110.1, 76.1, 70.8, 62.7, 62.6, 62.5, 60.5, 41.3, 14.3,
13.9.

HRMS (ESI) calcd for C31H30N304 ([M+H']) = 508.2236, Found 508.2233.



diethyl 4-(4-isopropylphenyl)-1,2,6a,7-tetrahydro-6H-pyrrolo
[3',2':4,5]pyrido[3,4-b] indole-6,6-dicarboxylate 3ai

The reaction was run at rt for 40 h, affording product 3ai in 83% yield
(78.5 mg) as a yellow solid. Rf = 0.3 (PE:EA:DCM = 5:1:1), m.p.
156-158 <C.

'H NMR (400 MHz, CDCls) & 7.87 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4

Hz, 2H), 7.02 — 6.96 (m, 2H), 6.69 — 6.65 (m, 1H), 6.50 (d, J = 8.0 Hz,
1H), 5.24 (d, J = 4.8 Hz, 1H), 4.52 — 4.43 (m, 2H), 4.42 — 4.35 (m, 1H), 4.31 — 4.25 (m, 2H), 4.21 -
4.12 (m, 2H), 2.93 — 2.86 (m, 1H), 2.74 — 2.58 (m, 2H), 1.43 (t, J = 7.2 Hz, 3H), 1.23 — 1.20 (m,
9H).
13C NMR (101 MHz, CDCls) § 169,0, 168.3, 167.9, 166.6, 152.7, 149.1, 132.5, 131.1, 129.0, 128.7,
126.4, 122.6, 119.6, 110.0, 75.9, 70.7, 62.6, 62.5, 62.4, 60.3, 41.4, 34.1, 23.8, 23.6, 14.2, 13.9.
HRMS (ESI) calcd for C2sH32N304 ([M+H']) = 474.2393, Found 474.2389.

diethyl 4-(4-(naphthalen-2-y)-1,2,6a,7-tetrahydro-6H-pyrrolo
[3',2':4,5]pyrido|3,4-b] indole-6,6-dicarboxylate 3aj

The reaction was run at rt for 28 h, affording product 3aj in 47% yield
(45.3 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.
155-157 <C.

'H NMR (400 MHz, CDCls) & 8.30 (d, J = 8.4 Hz, 1H), 7.83 (dd, J = 6.8,

2.4 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.41 — 7.31 (m, 4H), 7.07 — 7.04
(m, 2H), 6.73 (td, J = 7.2, 0.8 Hz, 1H), 6.56 — 6.54 (M, 1H), 5.32 (s, 1H), 4.50 — 4.37 (m, 3H), 4.33
—4.11 (m, 4H), 2.65 - 2.62 (m, 2H), 1.39 (t, J = 7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) § 171.1, 169.4, 168.9, 166.5, 149.3, 133.9, 133.0, 131.1, 131.0, 130.8,
129.5, 129.1, 128.1, 126.8, 126.0, 125.9 124.7, 123.1, 119.4, 109.9, 76.2, 70.1, 62.8, 62.5, 62.2,
60.2, 41.0, 14.2, 14.0.

HRMS (ESI) caled for C20HasN3O4 ([M+H']) = 482.2080, Found 482.2076.
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diethyl 10-chloro-4-phenyl-1,2,6a,7-tetrahydro-6H-pyrrolo
[3',2':4,5]pyrido[3,4-b] indole-6,6-dicarboxylate 3ba

The reaction was run at rt for 28 h, affording product 3ba in 65%

yield (60.4 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1),
m.p. 156-158 <C.

'H NMR (400 MHz, CDCls) & 8.00 — 7.98 (dd, J = 8.4, 1.3 Hz, 2H), 7.48 — 7.43 (m, 1H), 7.40 —
7.36 (M, 2H), 6.95 — 6.92 (m, 2H), 6.42 — 6.40 (m, 1H), 5.27 (s, 1H), 4.50 — 4.46 (m, 2H), 4.44 —
4.35 (m, 1H), 4.32 — 4.26 (m, 2H), 4.22 — 4.12 (m, 2H), 2.73 — 2.58 (m, 2H), 1.43 (t, J = 7.2 Hz,
3H), 1.22 (t, J = 7.2 Hz, 3H).

3C NMR (101 MHz, CDCl3) § 168.9, 168.3, 167.2, 166.3, 147.7, 134.5, 132.7, 131.6, 129.1, 128.5,
128.3, 123.8, 122.7, 110.7, 75.8, 71.2, 62.7, 62.6, 62.6, 60.4, 41.2, 14.2, 13.9.

HRMS (ESI) caled for CasHasCIN3O4 ([M+H']) = 466.1534, Found 466.1531.

diethyl 10-bromo-4-phenyl-1,2,6a,7-tetrahydro-6H-pyrrolo
[3',2':4,5]pyrido[3,4-b] indole-6,6-dicarboxylate 3ca
The reaction was run at rt for 31 h, affording product 3ca in 85%

yield (86.6 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1),

m.p. 115-117<C.

'H NMR (400 MHz, CDCl3) & 7.98 — 7.95 (m, 2H), 7.45 — 7.41 (m, 1H), 7.38 — 7.34 (m, 2H), 7.04
—7.02 (m, 2H), 6.34 (dd, J = 8.0, 1.2 Hz, 1H), 5.24 (s, 1H), 4.47 — 4.41 (m, 2H), 4.39 — 4.23 (m,
3H), 4.19 — 4.09 (m, 2H), 2.69 — 2.54 (m, 2H), 1.40 (t, J = 7.2 Hz, 3H), 1.19 (t, /= 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) & 168.9, 168.3, 167.2, 166.3, 148.2, 134.5, 133.2, 131.9, 131.7, 128.6,
128.4,125.5, 111.2, 110.6, 75.8, 71.1, 62.7, 62.6, 62.5, 60.4, 41.2, 14.2, 13.9.

HRMS (ESI) caled for CasHasBrN3O4 ((M+H']) = 510.1028, Found 510.1030.

N Ph diethyl 9-chloro-4-phenyl-1,2,6a,7-tetrahydro-6 H-pyrrolo

N [3',2':4,5]pyrido[3,4-b] indole-6,6-dicarboxylate 3da
CO,Et

cl ” H CO,Et  The reaction was run at rt for 18 h, affording product 3da in 82% yield
3da (76 mg) as a yellow solid. R = 0.2 (PE:EA:DCM = 5:1:1), m.p.

186-188 <.
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'H NMR (400 MHz, CDCl3) & 7.96 — 7.93 (m, 2H), 7.44 — 7.39 (m, 1H), 7.36 — 7.32 (m, 2H), 6.85
(d, J=8.0 Hz, 1H), 6.58 (dd, J= 8.0, 2.0 Hz, 1H), 6.42 (d, J=2.0 Hz, 1H), 5.24 (d, J = 4.8 Hz, 1H),
4.48 — 4.39 (m, 3H), 4.37 — 4.22 (m, 2H), 4.19 — 4.09 (m, 2H), 2.67 — 2.51 (m, 2H), 1.39 (t, J= 7.2
Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) & 168.9, 168.4, 167.3, 166.3, 150.2, 134.8, 134.6, 131.6, 129.5, 128.5,
128.3,123.3, 119.3, 109.9, 75.8, 71.1, 62.7, 62.6, 62.0, 60.4, 41.1, 14.2, 13.9.

HRMS (ESI) calcd for CasHasCIN3O4 ([M+H']) = 466.1534, Found 466.1531.

N Ph diethyl 10-methyl-4-phenyl-1,2,6a,7-tetrahydro-6H-pyrrolo

Me

N [3',2':4,5]pyrido|3,4-b] indole-6,6-dicarboxylate 3ea

H /”H CoC:;fEt The reaction was run at rt for 24 h, affording product 3ea in 56% yield
3ea (49.8 mg) as a yellow solid. Rt = 0.2 (PE:EA:DCM = 5:1:1), m.p.

136-138 <C.

'H NMR (400 MHz, CDCl3)  8.00 — 7.97 (m, 2H), 7.44 — 7.40 (m, 1H), 7.38 — 7.33 (m, 2H), 6.80

— 6.77 (m, 2H), 6.41 (d, J = 8.0 Hz, 1H), 5.24 (s, 1H), 4.51 — 4.44 (m, 2H), 4.43 — 4.36 (m, 1H),

433 —4.24 (m, 1H), 4.21 — 4.11 (m, 3H), 2.73 — 2.57 (m, 2H), 2.20 (s, 3H), 1.43 (t, J = 7.2 Hz, 3H),
1.21 (t, J= 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) § 168.9, 168.3, 168.1, 166.5, 146.8, 134.8, 131.4, 129.6, 129.1, 128.6,

128.2,123.1, 110.1, 76.1, 71.1, 62.8, 62.5, 62.4, 60.4, 41.3, 20.8, 14.2, 13.9.

HRMS (ESI) calcd for CaHasN3O4 ([M+H']) = 446.2080, Found 446.2076.

N Ph diethyl 10-methoxyl-4-phenyl-1,2,6a,7-tetrahydro-6H-pyrrolo

MeO

/ NCOZEt [3',2':4,5]pyrido[3,4-b] indole-6,6-dicarboxylate 3fa

” H CO,Et The reaction was run at rt for 37 h, affording product 3fa in 57% yield
3fa (52.3 mg) as a yellow solid. Rf = 0.2 (PE:EA:DCM = 5:1:1), m.p.

121-123 <C.

'H NMR (400 MHz, CDCl3) & 7.98 — 7.96 (m, 2H), 7.43 — 7.38 (m, 1H), 7.35 — 7.31 (m, 2H), 6.57

— 6.54 (m, 2H), 6.44 (d, J = 8.4 Hz, 1H), 5.23 (s, 1H), 4.49 — 4.41 (m, 2H), 4.39 — 4.33 (m, 1H),

430 —4.23 (m, 1H), 4.15 — 4.07 (m, 3H), 3.68 (s, 3H), 2.74 — 2.57 (m, 2H), 1.41 (t, J = 7.2 Hz, 3H),
1.19 (t, J= 7.2 Hz, 3H).
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13C NMR (101 MHz, CDCls) & 168.8, 168.2, 167.9, 166.6, 154.2, 143.1, 134.7, 132.7, 131.5, 128.6,
128.2,114.1, 111.1, 109.3, 76.1, 71.4, 63.2, 62.6, 62.4, 60.4, 56.0, 41.2, 14.3, 13.9.
HRMS (ESI) calcd for CaHagN3Os ([M+H']) = 462.2029, Found 462.2028.

N Ph diethyl 9-methyl-4-phenyl-1,2,6a,7-tetrahydro-6H-pyrrolo

N [3',2':4,5]pyrido[3,4-b] indole-6,6-dicarboxylate 3ga

H /”H CoC:;fEt The reaction was run at rt for 27 h, affording product 3ga in 81% yield
3ga (72.0 mg) as a yellow solid. Rf = 0.3 (PE:EA:DCM = 5:1:1), m.p.

167-169 <C.

'H NMR (400 MHz, CDCl3) § 7.96 — 7.94 (m, 2H), 7.41 — 7.31 (m, 3H), 6.86 (d, J = 7.6 Hz, 1H),

6.46 (d, J = 7.6 Hz, 1H), 6.30 (s, 1H), 5.22 (s, 1H), 4.49 — 4.40 (m, 2H), 4.38— 4.32 (m, 1H), 4.28 —

4.09 (m, 4H), 2.69 — 2.53 (m, 2H), 2.14 (s, 3H), 1.41 (t, J= 7.2 Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) § 169.0, 168.4, 168.0, 166.5, 149.3, 139.2, 134.8, 131.4, 128.6, 128.2,

122.3,120.5, 110.9, 76.1, 71.0, 62.6, 62.4, 62.4, 60.3, 41.2, 21.4, 14.2, 13.9.

HRMS (ESI) calcd for C26H23N304 ([M+H']) = 446.2080, Found 446.2079.

diethyl 8-methyl-4-phenyl-1,2,6a,7-tetrahydro-6H-pyrrolo
[3',2':4,5]pyrido|[3,4-b] indole-6,6-dicarboxylate 3ha

The reaction was run at rt for 37 h, affording product 3ha in 63% vyield

(55.8 mg) as a yellow solid. Rf = 0.3 (PE:EA:.DCM = 5:1:1), m.p.
145-147 <C.

'H NMR (400 MHz, CDCl3) & 7.92 — 7.90 (m, 2H), 7.42 — 7.37 (m, 1H), 7.35 — 7.31 (m, 2H), 6.85
(d, J=17.6 Hz, 1H), 6.80 (d, J= 7.6 Hz, 1H), 6.61 (t, J = 7.6 Hz, 1H), 5.24 (d, J = 4.8 Hz, 1H), 4.47
(q, J = 6.8 Hz, 2H), 4.41— 4.33 (m, 1H), 4.18 — 4.11 (m, 3H), 4.00 (d, J = 4.8 Hz, 1H), 2.70 — 2.55
(m, 2H), 2.00 (s, 3H), 1.40 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 169.1, 168.5, 168.0, 166.5, 147.9, 134.9, 131.4, 130.4, 129.9, 128.7,
128.2,120.0, 120.0, 119.6, 119.6, 76.3, 70.7, 62.9, 62.6, 62.4, 60.3, 41.5, 16.7, 14.3, 13.9.

HRMS (ESI) calcd for C26H23N304 ([M+H']) = 446.2080, Found 446.2079
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4. Experimental procedure for the scale-up reaction and transformation of the product

a) Scale-up version of the reaction

Ph
Ts N
Ne N CO,Et N
N\ . AV 2 Y(OTf)3 (10 mol%)= ! CO,Et
N Ph CO,Et 4 A MS (50 mg) N H CO.Et
H CH,Cl, (0.2 M) H 2
1a 2a rt 3aa
(5 mmol) (7.5 mmol) (1.61g, 75% yield)

Procedure: A dry reaction tube was charged with 1a (5 mmol, 0.85 g), 2a (7.5 mmol, 3.13 g) and 4
A MS (1.25 g). Under N, atmosphere, CH>Cl, (12.5 mL) was added. The mixture was stirred at
room temperature for 15 min, then Y(OTf); (0.5 mmol, 267 mg) and dry CH2Cl> (12.5 mL) was
added in the tube. The reaction mixture continued stirring at room temperature for 20 h. The solvent
was removed under reduced pressure and the residue was directly purified by flash chromatography
on silica gel using petroleum ether/ethyl acetate/dichloromethane = 5/1/1 as eluent to afford the
desired product 3aa in 75% yield (1.61g).

b) Transformations of the product 3aa

rt, 3 h
66%

Procedure: A dry round-bottom flask was charged with 3aa (0.5 mmol, 216 mg), AcOH (4 mL)
and AcxO (4 mL). Then Zn power (2.5 mmol, 162.5 mg) was slowly added to the reaction mixture.
The reaction mixture was stirred at room temperature for 3 h. The precipitate was filtered out and
the solvent was removed under reduced pressure. Saturated aqueous Na,COs; was added to the
mixture to adjust the pH of solution to 8.0-9.0. Then the solution was diluted with ethyl acetate,
washed with water, dried with Na>SOs4, and concentrated under reduced pressure. The residue was
directly purified by flash chromatography on silica gel using petroleum ether/ethyl acetate = 1/4 as

eluent to afford the desired product 4aa in 66% yield.

14



diethyl-3,7-diacetyl-4-phenyl-1,2,3,3a,6a,7-hexahydro-6H-pyrrolo[3',2':4,5]p
yrido[3,4-b]indole-6,6-dicarboxylate 4aa

—~CO:Et  The reaction was run at rt for 3 h, affording product 4aa in 66% vyield (171 mg)
N H CO,Et
Ac

4aa as a white solid. Rf = 0.3 (PE:EA = 1:4), m.p. 143-145 <C.

'H NMR (400 MHz, CDCl3) § 7.64 (s, 2H), 7.44 — 7.39 (m, 1H), 7.34 — 7.28 (m, 3H), 7.23 (t, J =
7.6 Hz, 1H), 7.02 — 6.97 (m, 1H), 6.94 — 6.88 (m, 1H), 5.28 (s, 1H), 5.09 (s, 1H), 4.32 — 4.15 (m,

2H), 4.08 — 4.00 (m, 1H), 3.92 — 3.84 (m, 1H), 3.73 — 3.66 (m, 1H), 3.61 — 3.51 (m, 1H), 2.43 (s,
3H), 2.27 - 2.18 (m, 2H), 1.97 (s, 3H), 1.26 (t, J= 7.2 Hz, 3H), 1.11 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, CDCls) § 170.2, 169.9, 169.6, 168.6, 143.0, 130.3, 129.8, 129.1, 128.9, 128.6,

127.9, 127.8, 127.5, 124.8, 121.9, 65.0, 63.0, 62.8, 62.6, 62.2, 46.1, 39.9, 23.9, 21.8, 13.9, 13.8.
HRMS (ESI) caled for C20H32N306 ((M+H']) = 518.2291, Found 518.2299.
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5. X-ray Structures of 3aa and 4aa.

CCDC 2015560

Single crystal of compound 3aa [CisHasN3Os] was obtained in PE and EtOAc. CCDC
2015560 contains the supplementary crystallographic data which can be obtained free of charge

from the Cambridge Crystallographic Data Center via https://www.ccdc.cam.ac.uk/structures/.

Crystal data
Empirical formula C25H25N304
Formula weight 431.48
Temperature/K 293.15
Crystal system orthorhombic
Space group P21212;
alA 11.3360(4)
b/A 11.9463(3)
c/A 16.0968(7)
o/° 90
/e 90
v/° 90
Volume/A3 2179.89(14)
Z 4
peatcg/cm® 1.315
w/mm? 0.090
F(000) 912.0
Crystal size/mm?3 0.35 x0.3 x0.25
Radiation MoKa (A =0.71073)
20 range for data collection/°6.104 to 52.738
Index ranges -14<h<13,-14<k<9,-11<1<20
Reflections collected 6852

Independent reflections 3988 [Rint= 0.0220, Rsigma= 0.0485]
Data/restraints/parameters ~ 3988/1/295
Goodness-of-fit on F2 1.028
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https://www.ccdc.cam.ac.uk/structures/

Final R indexes [[>=2c (I)] R1=0.0567, wR>=0.1245
Final R indexes [all data] R1=0.0834, wR2>= 0.1399
Largest diff. peak/hole / e A2 0.41/-0.31

Flack parameter 0.4(9)
Ac
N, Ph
N
_{—CO,Et =
N H CO,Et
Ac

4aa
CCDC 2104294

Single crystal of compound 4aa [Cy9H31N3Os] was obtained in PE and EtOAc. CCDC

2104294 contains the supplementary crystallographic data which can be obtained free of charge

from the Cambridge Crystallographic Data Center via https://www.ccdc.cam.ac.uk/structures/.

Crystal data

Empirical formula C29H31N306
Formula weight 517.57
Temperature/K 293.15

Crystal system monoclinic
Space group 12/a

alA 15.8169(18)

b/A 16.0922(13)

c/A 23.146(2)

a/° 90

pB/° 105.329(13)

v/° 90

Volume/A3 5681.8(10)

Z 8

pcalcg/cm3 1.210

wmm-1 0.085

F(000) 2192.0

Crystal size/mm3 0.35 x0.3 x0.25
Radiation MoKa (A =10.71073)
20 range for data collection/°6.032 to 52.742
Index ranges -19<h<11,-16<k<20,-24 <1<28
Reflections collected 13458

Independent reflections 5791 [Rin= 0.0296, Rsigma= 0.0642]

17


https://www.ccdc.cam.ac.uk/structures/

Data/restraints/parameters ~ 5791/4/351
Goodness-of-fit on F2 1.049

Final R indexes [[>=26 (I)] R1=0.0639, WR; = 0.1670
Final R indexes [all data] R1=10.1098, wR2 = 0.1906
Largest diff. peak/hole / e A 0.36/-0.24

18



6. References

1. H. Liu, A. Domling, J. Org. Chem, 2009, 74, 6895-6898.
2. X. W, L. Li, J. L. Zhang, Adv. Synth. Catal. 2012, 354, 3485-34

19



7. Copy of 'H NMR and *C NMR Spectra

f1 (ppm)

10¢C
80¢C
860
80°¢C

=00'}

=00°'L
Feo')

Feoe

Fooe

F00C

€=

v.oo
v.Nm/
99
129
8'0L—
0'9.—

00k —
96l
o.NN»
z8zl
9'8ZL
TR
o.t&w
vLel \
8vEl

L6yl —

m.moe/
WACI A
m.wo_‘.w
069l

I!

=]

T
10

20

T
40

T
50

0

&0

T
170

£1 {ppm)

20



10

20

N

V15T 1 [
omm.m%
v1S2 €652\ Lo
08521 665C~ L2 =
€651 9092 2
6652 / e
909 : Lo
mNO.N._ 1,92~ & ) Fo €
legcy 08927 _H
v L S :

3 S g'€s
089+ 9Lz £ Fooz aes/
692 N e - G0~
€0.7¢C B M 1'29—
92.2

Lo T
¥89°€— — F¢6e 19—
966~ ] Feets
8TV 8ETY ree'Lf B
29y e heopL e
yoct 6Tyt S
L9SY 29—
1821 Lo
€92's i8¢y :
9125” roey/ o e ZoL—
=] =]
6rE Y — 5 B m,m:/
. L9€Y— 2 9zZl
879 - .
8619 06— Mo m.mN_./
6£9'9 OLry— wwmw:
Gm.mk ey — F860L% 016/
659'9 m.vQ\
176'9— FeeLle
oL L~ 56'1 06hL—
ove s/ oot
266'L
LY6L 3
. ~ —_— HI =
wwm.\. VLLS 6991 /
956'L 8/9)~\:
896'L o w.wwrﬂ
1962 o 8691

f1 (ppm)
21

! 1|:ll I

L




SL¥'9
8.V'9
9679

7£9'9
mmmumw

6eC’Ll—
65€L”
S08'L
808'L
43P
ge8'L
8¢8'L
leg’L
1108
9108
0co'8

L

L

w

1

=/87¢
=¢6'C

Feoz

16}
me._.
660
66l

=00}k

=00')
£66°0
~98')
=60')
Ro0'L

=00'}
=¥6°0

45

m.om
o.mo/
129
L'28
8°0L—
[4°) A

boLL—
8'6LL
m.NN;
oz
N.wi
z6el
s621 ]
m.om%
glEl
SvEL
£9el
6Pl

N.oo;
FATR S
m.BQ
8'89l

|

1L

o

il |

T

1

fl (ppm)

22



e
999°CF
¥.9C
889°C
909¢C

kR4
2Ly
%€y
9L
9z
€9y
62y
L9gy

N

VASTA]

€9v'9
€879
1299
mwo.oW
(0] 4°8°)
826'9—

¥6 _.NN
20¢'/L
v.9°L
8.9/
989°L
689°L
969,
669°L
818'L

oLy
114
8Cclv—

verv!
V2T h—
T
cozy/

6ECT—
8sey
19EY \
0seh
cor'y
0cry
Ty
8zry

ysv'v

3ad

=60
=e0'e

=00'€
Feoz

00¢C
Wmo.m

L0¢C

=00}

=00’}
G0’}
F.0C
=90°C
+»00'}
~00'L

6'€l
Ty

el

€

v.om
m.Nm/
929
8'29
6°0L—
0'9.—

LOLL—
961
9zzl
z9zl
:wﬁ/
R AR
SNQ
0'lEl \
vZel
ovEl
6LS)
LevL—

6°L9L
L1891
0’691

m.oov/
X

=)

T
170

£1 (ppm)

23



1607
Sl
gelLy
€5 F.}
AR AN
88l v—
m&.@
veT Y
1STY
9TV
00€ ¥
vSey
LIEY
00v'
Vrady
SEV'Y

0sv'y

"

L

£00'€
F00°¢

Fes't

Foo'l
FSO'L

Fse¢

Fo8'L

88°CL~,
a1

SClv—

SLOL—
LS —
0L6LL—

L1'6Cl—
c80el
880l
060l

co'eyl—

mn.mﬁ/
L1291t
R.BQ
88'891

Wiy

20

f1 (ppm)

T T T T T T T
160 150 140 130 120 110 100 90

T
7

1

24



Fiee
Foie

=

In

-8

F&

161 509
w m.mm/
. o 129
A%% o :
Ly . M.Mw|
A i P .
Fm—. ﬁw IQN L © —. ®N|
851t o
oyl ) .
LY Lo ozz[ *&
§ €0C %
/8 F.J [ “3 g0zt ©
R4 -

A _ w L,
socy AN rd Brd i
v1Z ] *
T .
25T [CFEs 3 _—
VLT Lo L'obL
%NJ E . r6bi
Lov'y MMM/
P z6cl
¢ 66217
808/
L'eel
FoiL
oozl = 06yL—
: 50T
; - €99l
m.BL
, osew
ozt 8'89l

25

Il (ppm)

T
12¢

T
130




L6Y7'9
919’9
€99
mvw.mw
2999

L5697
o/
8787
Fmv.n\
8L 7
698,
v.8L
988,
168°L
168

\AR%
8¢ F.L
GG~
ey
161
802
mnw.%
SST
95E v —
BLEY
Lyy—
ovy'v;
9SH'Yy \
19V
S8yy
L0S ¥
605

Fg0e
Eeie

Feoz

10C
16'L

00¢

660

Foo'L
Feot

Fooe

FesL

Fre

8¢l
N.v_‘v

4374

m.om
m.ww/
L29
L29
L0L—
L8L—

LoLL—

L6~
§ccl—
§oCl—
[AT45
L'och
80¢cl
Siel

oevl—

¢'99)
V.9l
991
8891

S

A

Il

%
£l Gon)
26

T T T T T T T
160 150 140 130 120 110 100

17




619
6679
L£99
6€9'9
9599

69—

18T L—
Rmsw

96¢°L
mmmm\
eef

Ly
0¢ :%
Pyl Y~
29 :Q
SLLY \
68LY
102

x&ex
€9 y—
S8E Y~
o::%
8Tr'y \
orry

vor'y

41474
005¥

FZLE
)

1 (ppm

—F00'¢

=0z

e
€6’}
10}
S0¢C

—=0071

=00}
=501

F80C

w10’}
580'C

01

=y0'C

f1 (ppm)

Sy

m.om
m.No/
929
L'29
8'0L—
) A

4

|

L]

n L L] Jl” 1]

=

&

£1 (ppm)

27



8611 6l
oLzl .
€2TL g€y ==
veT L £1€6 8'€z
Ay £0g'€
vyl i ]
vip— —
85T
009
7197 L .
2697 9072
1592/ : rzs) =
€0.2 Feo't 579
$6LT : 929
. 9Ly ol =
it sei v 48
9485 9Lt 6'6L— =
Pl Y V8L v~
8Ly 20zr— =
4594 ovTr— 661 "
18T 7 98TV~ = lee1| ©
oLey-; =t
9LEY : =L g5
LYY oy Bl &
oLEY” v6°0."
: oLyy—
SLvy ey 00k~ — 4
6525, g ;
152G . Foot 96l
i o.mﬂw -
= =
989 6051 a4 .
9059 065k =
£59'9 =
7599
129'9 860
Fro
. LeL— —
cinsdl Fovers  szeL- ]
v6lLLy Floe
S1zL
9991
SQW -
2984~ Lys, £'891 7 =
€88, 0691

3

28

Il (ppm)



omm._.
wwN._‘W
S0’}
€LE}
el
6071

§19¢C
€29¢
€€9°¢
A4°K4
¥59¢C

oLy
%Ly
181
oLz
BETh
STt/
%08y
cle

Sev'y
8L€9—

§€g'9
6¥5'9
SLL9
veL9
[4VAC]

9€0°L—
L
1922~
zze L’

T4
sLe8”

SrLY
oLy

817,
oLz
BET -
S9T Y~
90E T~

eLEY—
16E v E
007 ¥
80r
vy
9%ry
sery
A
ety

—= [eoz

ey
Fese

— F00'}

=160
00’}

1102
Feov

660
L5680

J 160

£1 (ppm)

ol
N.S‘v

0'ly—

209
[
529
8'C9
L'0L—

¢oL—

66011
6Ll
L'zl
Lvel f
6'52L1
0'9zH
g9zl
1’8211
1’621
6T
80€EL
o'lel
bLgl
o'€el
6cl
£BYL—

S99l
m.wva
7’69l
F._:\.F\

L

N ”HHJ L

J

1Ll

Fo

£1 {ppm)
29




6Ehy,
o o
ozl e
eez L =
mmww| L Feogl -
!
s T
€15
615C
165C a1 o
L85 00T 09
e 5
s 929
€292 . 129
743 8Ly : ;=
A% % ovr.v\ 16" wu “ 8'GL—
8Ly A L=
902V S8l'y [ | =2
YTy . L Ty e
/ 85T h— 3 LIl
L0SY :
ose 8@\ s mm.ﬁw
.S 182y 3 86'L[
18T L4
8Ly :
L0EY i
90e'Y F3 Ls
sy : [~
‘ v2sY i LOLL—
V175 0eey -, —— Fe60 ot
£5ey [s m.mﬁ%
VEY -
SIEY L2 g
58I
. Fi 16z
L0v'9 By oleL]f
L0¥'9 ; LTE)
LLt'9 FO60l.  gyey
€2r'9
Liv—
61697 —— 88l
88e L\ 88
SEV'LT —== beso €991
i35 zioh
. €891
s ——— F68'L} S ss0l

Ll |
1 (pom)
30

LIH\ |-

1

1L

0

1




le€9
€ee9
05€9
€5¢9
omoN/

04’
Wi/
676°L
€G6°L
8G6°L
196,
0,61
€l6°L
€l6°L
8.6°L

SOl
'y
LlELY
€Sy
0. _..vM

62T v—
ST
EN.Q
S671/
szey
ey
A4
80v'Y
L2ry
PEpY
ZSrY

T.
=y SV0%

J

Feo'e

lzoz

0T
Moo.m
00¢

=00'L

=00}

Feoc

€0¢C
90}

Fe0'¢

f1 (ppm

6'cl
N.vrv

<y

v.ow
m.mm/
929
129
N Y
8'GL—

m.mm_./
[AA° TR
m.wwrﬂ
6891

|

Fo

31




7 ety
1911 _ o
8Ll A =
20T Luwovm.
vIEL £80°€¢| .,
z6€°1 _ B
oL¥'L
105 1 [ ¥¥
218
v2sT L=
0657 =l .
8€S°T . v.om/
s o 029\
955°C | 929
60’7 | N.Nm|
@&mw o J'L
651 . 8'6.—
olzy lis
6SCY rso0e|
0E P 602 &
L9€7f 20°eL 22
moviﬁ B
sevy
reT sy, A7

: — =00}
A lw  6'60L—
g6LL
129 » m“mﬁ”
9zZv'9 M €8¢l
1959 . g8ch
2LS'9 F00'| » S6CI
1859 reol[¢ SO
€789 EYO'L| ,  8PEL
£98'9 £
8LEL— = 90| ;
ey TT—=Kg)|. zOSI-
808'L I
186°L ;
: J L U .

ra WA Fe0cL s m.omv/
156°L €491y
¥56°L - 7897
1G6°, [l 6 wmv

32

f1 (ppm)




00Z2'2—
695
mmm.m/
1092
619
559
/89T
QLLE
oLy
9LP
9617
8yZy
ommew
€8¢V
qu.%
65V

oves—

8Ly
2Ly
ShLy
85 F.L
9Lt~
B
6ETY
ST
sezy’

S9EY—
88cy~
vy
STy
LYY
I a4
99rY
v8YY

fl (pp.m)

i

J

FolL'e
Foce
F96'C

Feoz

06¢C
14N
00'}
L0¢

Foo'l

260

Fes't

00¢
Mwm.o

Fsoz

6°¢l
N..EV

8'0c—

eyr—

¥'09
v.mm/
E .N@W
8¢9
VL~
b'ol—

Lo —

S99}
1’891
€89l
6891

e

L

T T T T T T T
160 150 140 130 120 110 100
£l (ppm)
33

T
7

1




999°¢

165¢C
SL9T%
699¢C
L0LC
yelLe

Lev9
8vv'9
9€9'9
[44R°)
€999
Nom.ow
CL99
el
mmm.nM
/8¢
4484
Cc96'.L
196,
9.6,
086'L
€86,

6807~
8607~
Sy

0¢ 3\
8yLv

05TV —
YSZTY—
QN@
96T Y
Leey
sreY,
88EY
oLvy \
8zr'y

vy
vor'y

A

|

J |

l

|l

Fele
Fele

[zoz

=e0'¢
cLe
80l
601
€0¢

FlLO'L
v10'L
k602

¥0'C
mNZ

F90'¢

6'El
ey’

<=

0'9s
w.om/
¥'29
o.mmW
€9
VL
b'eL—

€601~
VL
R41d

N.mmv/
98zl
SIEL—
Zm%
LYEL

LVEpL—

[ 4°1 5

m.mm_‘/
6°L9LA\:
N.wm_‘\
8891

&

|

L L

y

e JJUJL L]

T
0

I

1 (pzm)

34



S0E'9,
Yo~
sov'9/
058'97
6989’
10€'2—
vee s/
6864
ev6'L
L¥6'L
0962

=00'¢
=60
=00'¢

Fioe

=10}
=10}
=80°}

Feoe

=l07¢C

6'El
A
viz—

(434

m.om
v.Nm/
&4
929
0LL—
b'9L—

6°0LL—

Y TARN
A
82y
9821

gL’
gvel’
Z6EL”

€6vl—

m.mwv/
0891\
v.worw
069l

Fo

f1 (ppm)

35



181l
661}
112}
€or'L
FNv.FN

€00¢C—

285
Em.NW
¥85°C

2092
0292’
Nmm.ﬂ
266
8111
SPL b
oLL T
611
g€y
09z \
ey

114 %
€eCs
mvm.mv

1899
§09'9
299
889
089
cr8'9
1889
90€'L—~
N#MN\.
868'L
c06'L
L06°.L
9l6’L
0c6'L
€C6'L

£90°¢
)

Fo0°€

166°S~
6007~
6017

€LY

19 :,M
8817~
LTy
e TA o
LESh—
67T
es¢
e

—

160

Z6EY
96t
A

vmv.L

=570'¢

—= o0

/60
Sl'e
0
c0¢C

m—%00")

M Fe0')
o'l

10}

=07

o'l

) s¥0°L
Avm.o

6\
ey
Lo’

Sy

m.ow
v.Nm/
929
629
L'0L—
€9~

96l
002k
0ozl
Z82h
L8217
662k
0l
s
BYEL
6LhL—

m.mww/
0'89h\
m.worﬂ
L'69l

Fo

£f1 (ppm)

36



wwo.r
mor._‘%
€l
SYelF
€9C'}L
1821

196} —
VA A
6cyc—

SlSe
0.5°€
G99'¢
869°C
(442>
tw.m%
$06'€—
600'vF
30.%
6.0

08cy

060'G—
LlCS—

9/89
¥68'9
8169
9€6'9
8969
1869

L0T°L—
iee'L”

Wwo'L—

—, FClE

A

ELLT
Feez

ey
LhSE
065€~

599'c—
169°€/
03’

wmm.mw

voee!
866'€—
mNo..Q
¥S0't
2.0
0607
syl
CIR%

08cy

e
—

€60
8L}
Fez1
VIl
o
Fv0'L
Foot

T.
Jmmw

8Ll
201
80'
FEES
lzoz

£l (ppm)

8¢l
m.mvv.

8'lc—
6'€c”

6'6e—
Lov—

[A4°)
9'C9
879

o/

6'lch
8'vcl
S'/lcl
8/¢)
6.2l
98¢l
6'8¢l
L'6clt
w.mm_%
coel
oerl—

9891
9691
6691
coLL—

wr

h

Ad

90

Ji
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

£l (ppm)

37



