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General Methods

All reactions were carried out under atmospheric conditions with dry solvents unless otherwise
stated. Reagents and solvents were purchased commercially and used directly as received. Nuclear
magnetic resonance (NMR) spectra were recorded on a Bruker Advance 400 or 600 instrument. The
chemical shifts (§) were given in part per million and calibrated using residual undeuterated solvent
as an internal reference (CDCl;: 7.26 ppm 'HNMR, 77.2 ppm '3C NMR). Multiplicities were
reported by use of the following abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, p =
pentet, m = multiplet, br = broad. High-resolution mass spectra (HRMS) were recorded on an
Agilent LCMS TOF mass spectrometer by electrospray positive ionization time-of-flight (ESI-TOF)

reflectron experiments.

1. General Methods for the Preparation of substrates

1.1 Synthesis of 2-(3,4-Dihydroisoquinolin-2-yl)acetates!

\ % Na,CO N o
i + . #, R*} f
R _— NH Cl\)kO/R THF = N\)kO/R

A 200 mL round bottom flask was charged with 1,2,3,4-tetrahydroisoquinoline (10.0
mmol),Na,CO; (12.0 mmol) and THF (60 mL). After stirring for 5 minutes, 2-chloroacetate (11.0
mmol) was added slowly. The mixture was stirred at room temperature for 24 h. Then the solvent
was evaporated under reduced pressure and the residue was purified by flash chromatography on
silica gel with EtOACc/PE as the eluent to give corresponding products.

1.2 Synthesis of Pyridinium and Isoquinolinium Salts
NS 0 MTBE Y o
Br

Pyridine or isoquinoline (10 mmol) was dissolved in 20 mL methyl tert-butyl ether (MTBE) in a
100 mL round bottom flask. After stirring for 5 min, bromoacetate (15 mmol) was added dropwise
over 10 min. The resulting mixture was stirred at room temperature for 12 h. The precipitate was

filtered and washed by MTBE (5 mL x 3), dried in vacuum to afford the corresponding products.
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2. General Procedure for the Electrochemical Oxidative

Cascade Reaction
2.1 Synthesis of 4-43

Table S1. Optimization of the conditions for the electrochemical cascade reaction?

Oy ome O ome
O N
©© JkOMe <§ ; 5mA, 25 °C, ° D~°
12h AN AN
0 0
1 2 3 4
Entry Catalyst Electrolyte Anode/cathode  Solvent Yield (%)°
3/4

1 - LiClO4 Pt(+)/Pt(-) MeOH 13/ trace
2 - "BuyNBr Pt(+)/Pt(-) MeOH 25/trace
3 LiBr LiClO4 Pt(+)/Pt(-) MeOH 20/trace
4 TEMPO "BuyNBr Pt(+)/Pt(-) MeOH 52/trace
5 NHPI "BuyNBr Pt(+)/Pt(-) MeOH 11/62
6 NHPI "BuyNI Pt(+)/Pt(-) MeOH 23/45
7 NHPI "BuyNBF, Pt(+)/Pt(-) MeOH 21/26
8 NHPI Et,NBr Pt(+)/Pt(-) MeOH trace/83
9 TEMPO Et,NBr Pt(+)/Pt(-) MeOH 51/trace
10 - "BuyNBr Pt(+)/Pt(-) MeOH 27/trace
11 NHSI Et,NBr Pt(+)/Pt(-) MeOH 20/16
12 NHPI Et,;NBr C(H)/C(-) MeOH 16/61
13 NHPI Et,NBr Pt(+)/C(-) MeOH trace/63
14 NHPI Et,NBr Pt(+)/Fe(-) MeOH trace/71
15 NHPI Et,NBr Pt(+)/Ni(-) MeOH trace/77
16 NHPI Et,NBr Pt(+)/Pt(-) CH;CN 26/43
17 NHPI Et,NBr Pt(+)/Pt(-) THF 21/33
18¢ NHPI Et,NBr Pt(+)/Pt(-) MeOH trace/79
194 NHPI Et,NBr Pt(+)/Pt(-) MeOH trace/trace

aReaction conditions: 1 (0.2 mmol), 2 (0.26 mmol), catalyst (0.06 mmol), electrolyte (0.3 mmol),
solvent (3 mL), undivided cell, 25 °C, 12 h. ® Isolated yield. ¢ Under N,. 4 No electricity.

With LiClO,4 or BuyNBr as the electrolyte in a simple undivided cell under 5 mA constant current
for 12 h, the oxidation/ [3 + 2] cycloaddition occurred and afforded the nonaromatic heterocycle 3
albeit in poor yields (Table S1, entries 1, 2). We speculated that the methine in 3 may have high
redox potentials, thus subsequent oxidative dehydrogenation of the desired C—H bonds might be
problematic under direct electrolysis condition. To circumvent the problem, the redox mediator
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mediated electrochemical oxidation was applied for the accomplishment of the oxidation/ [3 + 2]
cycloaddition/ aromatization cascade reaction. Hopefully, the redox mediator could be oxidized
anodically to generate a reactive species, which could facilitate further oxidative aromatization.! To
our delight, although the mediators such as LiBr and TEMPO showed no reactivity at all, NHPI (V-
hydroxyphthalimide) provided the desired product 4 in promising yields (entries 3-5). However,
structurally similar NHSI (NV-Hydroxysuccinimide) gave a much inferior result (entry 11). An
extensive study found Et,NBr was the optimal and inexpensive electrolyte, which was able to realize
the oxidative aromatization of 3 and afford 4 in 83% yield (entries 5-10). Other electrode materials
were also examined. Graphite, iron and nickel were found to be inferior in efficiency to platinum,
which provide good current efficiency and sufficient corrosion resistance (entries 12-15). The protic
solvent MeOH was the most efficient as compared with CH3CN (entry 16) and THF (entry 17),
which resulted in lower yields. It should be mentioned that NHPI/O, system has been widely used
in the aerobic activation of hydrocarbons. However, good yield was still observed under inert
atmosphere (entry 18), which indicated atmospheric oxygen may not act as the terminal oxidant.
Consequently, the final optimal reaction conditions were established as electrolyzing 1 and 2 in the
presence of 30 mol% NHPI in an undivided cell with a supporting electrolyte solution of Et;NBr
(0.1 M in MeOH) under 5 mA constant currentin the air. In addition, the control experiment carried
out in the absence of electricity showed the catalyst system was totally inactive, demonstrating the

pivotal role of the electricity (entry 19).

Procedure for the Synthesis of 4 - 43

NHP! (30 mol%), EtyNBr (0.1 M), R
+ 1
N\)kR [ ) Pt(+), Pt(-), 5 mA, 25 °C =/ R

4-43
61~91% yield

A 10 mL three necked round bottom flask installed with two platinum electrodes (1.0 x 1.0 cm?) as
the cathode and anode respectively was used as the electrochemical reactor. Without any precaution
to exclude air or moisture, the falsk was charged with 2-(3,4-dihydroisoquinolin-2(1H-yl)acetate
(0.2 mmol, 1 equiv.), dipolarophile (0.26 mmol, 1.3 equiv.), NHPI (0.06 mmol, 0.0098 g), Et;,NBr
(0.3 mmol, 0.0630 g) and MeOH (3 mL). After being stirred for 5 minutes, the reaction mixture was
electrolyzed under a constant current of 5 mA (the cell voltage ranges from 2.2 to 3.5 V without
reference electrode) at 25 °C for 12 h. Then the solvent was removed in vacuum, and the residue
was purified by column chromatography on silica gel with CH,Cl, as the eluent to afford the desired
product.

2.2. Synthesis of 3

Table S2. Optimization Reaction Conditions for the Synthesis of 32
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9 additive, OMe
. - elctrolyte (0.1 M), N 0
QQ\I%OMe QN solvent, 5 mA, 25 °C,
ol 12h AN
o
1 2 3
entry  Additive (equiv.) electrolyte  anode/cathode solvent yield (%)P
1 - LiClO4 Pt(+)/Pt(-) MeOH 13
2 - "BuyNBr Pt(+)/Pt(-) MeOH 25
3 LiBr (0.3) LiClO4 Pt(+)/Pt(-) MeOH 20
4 TEMPO (0.3) "BuyNBr Pt(+)/Pt(-) MeOH 52
5 NHPI (0.3) "BuyNBr Pt(+)/Pt(-) MeOH 11
6 NHPI (0.3) "BuyNI Pt(+)/Pt(-) MeOH 23
7 NHPI (0.3) "BuyNBF, Pt(+)/Pt(-) MeOH 21
8 KOAc (1.0) Et;NBr Pt(+)/Pt(-) MeOH 39
9 2,6-lutidine (1.0) Et;NBr Pt(+)/Pt(-) MeOH 53
10 2,6-lutidine (1.0)  "BusNClO4 Pt(+)/Pt(-) MeOH 57
11 2,6-1utidine (1.0)  "BuyNClO4 Pt(+)/Pt(-) acetone 65
2,6-lutidine (1.0), acetone/MeOH (6
12 "BuyNCIO, Pt(+)/Pt(-) 70
KOAc (1.0) :1)
2,6-lutidine (1.0),
13 "BuyNCIO,4 Pt(+)/Pt(-) acetone/TFE (6 :1) 73
KOAc (1.0)
2,6-lutidine (1.0),
14 Et;NCIO,4 Pt(+)/Pt(-) acetone/TFE (6 :1) 65
KOAc (1.0)
2,6-lutidine (1.0),
15¢ "BuyNClO4 Pt(+)/Pt(-) acetone/TFE (6 :1) 78
KOAc (1.0)
2,6-lutidine (1.0),
16 BuyNCIO,4 C(+)/C(-) acetone/TFE (6 :1) 57
KOAc (1.0)
2,6-lutidine (1.0),
174 1BuyNCl1O4 Pt(+)/Pt(-) acetone/TFE (6 :1) trace
KOAc (1.0)

3 Reaction conditions : undivided cell, 1 (0.2 mmol), 2 (0.26 mmol), additive, electrolyte (0.3 mmol),

solvent (3 mL), constant current, 25 °C, 12h. " Isolated yield. ¢ Constant current was 2 mA. ¢ Without

electricity.

The final optimal reaction conditions were established as electrolyzing 1 and 2 in the presence of

2,6-1utidine (1.0 equiv.) and KOAc (1.0 equiv.) in an undivided cell equipped with Pt plate cathode

and anode with a supporting electrolyte solution of "BuyNCIO,4 (0.1 M in acetone/TFE = 6 :1) under

2 mA constant current under atmospheric conditions (Table S2, entry 15).

Procedure for the Synthesis of 3
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0o 2,6-lutidine (1 equiv), KOAc (1 equiv),
@@ 0 ‘ BuyNCIO,4 (0.1 M) N o)
+ N—
N\)kOMe Pt(+), Pt(-),acetone/TFE (6 :1), N
(0]

2mA, 25°C, 12 h,

1 2 3, 78% yield

A 10 mL three necked round bottom flask which was charged with a stir bar and installed platinum
electrodes (1.0 x 1.0 cm?) as the cathode and anode respectively was used as electrolysis setup. With
no precautions to exclude air or moisture, the device was charged sequentially with methyl 2-(3,4-
dihydroisoquinolin-2(1H-yl)acetate 1 (0.2 mmol, 0.0410 g), N-methylmaleimide (0.26 mmol,
0.0289 g), 2,6-lutidine (0.2 mmol, 0.0215 g), KOAc (0.2 mmol, 0.0196 g), "BuyNCIlO4 (0.3 mmol,
0.1025 g) and mixed solvent of acetone/TFE (6 :1, 3 mL). After being stirred for 5 minutes, the
reaction mixture was electrolyzed under a constant current of 2 mA (the cell voltage ranges from
2.0 to 2.8 V without reference electrode) at 25 °C for 12 h. Then the solvent was removed in vacuum,
and the crude product was purified by column chromatography on silica gel with CH,Cl, as the
eluent to afford the 3 (49.0 mg, 78%).

2.3 Synthesis of 44 from 1

Table S3. Optimization Reaction Conditions for the Synthesis of 44 from 1?

OMe OMe
catalyst, additive,

0
©© o elctrolyte (0.1 M), NN o, 7NN\ o
+ N— = =
N\)kOMe solvent, 5 mA, 25 °C, N N
o)

N
12h g 4
1 2 4 44
Catalyst Additive anode/ yield
entry ; ) electrolyte solvent
(equiv) (equiv) cathode (%)° 4/44
CI,NHPI
1 03) - Et,NBr Pt(+)/Pt(-) MeOH 76/trace
CI,NHPI
03) - "BuyNCIO,  Pt(+)/Pt(-) acetone 59/5
quinuclidine
3 03) - "BuyNCIO,  Pt(+)/Pt(-) acetone 62/13
quinuclidine  pyridine
4 "BuyNCIO,  Pt(+)/Pt(-) acetone 66/15
(0.3) (1.0)
quinuclidine  KOAc
5 "BuyNCIO,  Pt(+)/Pt(-) acetone 71/18
(0.3) (1.0)
quinuclidine  KOAc acetone/TFE
6 "BuyNCIO4  Pt(+)/Pt(-) 53/22
(0.3) (1.0) 2:1)
quinuclidine  KOAc acetone/TFE
7 "BuyNClO4  Pt(+)/Pt(-) 55/28
(1.0) (1.0) (2:1)
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quinuclidine  KOAc acetone/MeOH (2

8 "BuyNCIO,  Pt(+)/Pt(- 75/17
(1.0) (1.0) uNCIOs  PUCHY/PIC) 1
quinuclidine  KOAc DMF/TFE
9 "BuyNCIO,  Pt(+)/Pt(-) 61/25
(1.0) (1.0) (2:1)
KOAc acetone/MeOH (2
10 TBPA (1.0) (1.0) "BuyNCIO,  Pt(+)/Pt(-) 1) 70/25
quinuclidine  KOAc acetone/TFE
11¢ "BuyNCIO,  Pt(+)/Pt(-) trace
(1.0) (1.0) (2:1)

a Reaction conditions : undivided cell, 1 (0.2 mmol), 2 (0.26 mmol), catalyst, additive, electrolyte
(0.3 mmol), solvent (3 mL), constant current, 25 °C, 12h.  Isolated yield. © Without electricity.
CI4NHPI = tetrachloro-N-hydroxyphthalimide; TBPA = tris(4-bromophenyl)amine.

The final optimal reaction conditions were established as electrolyzing 1 and 2 in the presence of
quinuclidine (1.0 equiv.) and KOAc (1.0 equiv.) in an undivided cell equipped with Pt plate cathode
and anode with a supporting electrolyte solution of "BuyNCIO,4 (0.1 M in acetone/TFE =2 :1) under
2 mA constant currentin the air (Table S3, entry 7).

Procedure for the Synthesis of 44 from 1

quinuclidine (1 equiv.),

o)
©© 0 KOAc (1 equiv) 7NN 0
+ N— SS
N\)kOMe ‘ "BuyNCIO4 (0.1 M), N
o}

acetone/TFE (2:1),
5mA, 25°C, 12 h

1 2 44, 28% yield

A 10 mL three necked round bottom flask which was charged with a stir bar and installed platinum
electrodes (1.0 x 1.0 cm?) as cathode and anode respectively was used as electrolysis setup. With
no precautions to exclude air or moisture, the device was added methyl 2-(3,4-dihydroisoquinolin-
2(1H-yl)acetate 1 (0.2 mmol, 0.0410 g), N-methylmaleimide (0.26 mmol, 0.0289 g), quinuclidine
(0.2 mmol, 0.0222 g), KOAc (0.2 mmol, 0.0196 g), then followed by "BusNCIO,4 (0.3 mmol, 0.1025
g) as electrolyte. Next, 3 mL of acetone/TFE (2 :1) were added by syringes. After stirring the
solution for 5 minutes, the reaction mixture was electrolyzed under a constant current of 5 mA (the
cell voltage ranges from 2.7 to 3.5 V without reference electrode) at 25 °C for 12 h. Then the solvent
was removed in vacuum, and the crude mixture was purified by column chromatography on silica
gel with CH,Cl, as the eluent to afford the 44 (17.3 mg, 28%).

2.4 Synthesis of 44 - 56

Table S4. Optimization Reaction Conditions for the Synthesis of 44 from S1?
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N O catalyst, additive, OMe
. (0] . eletrolyte (0.1 M) Z NN o
+ N
Z N*\)kOMe Eﬁ solvent, 5 mA, 25 °C =
Br o N
o}
2 44
entr Catalyst Additive anode/ )
. . electrolyte solvent yield (%)P
y (equiv) (equiv) cathode
1 - - Et,NBr Pt(+)/Pt(-) MeOH trace
2 NHPI (0.3) - Et,NBr Pt(+)/Pt(-) MeOH 22
KOAc
3 NHPI (0.3) (1.0) Et4,NBr Pt(+)/Pt(-) MeOH 35
KOAc
4 NHPI (0.3) (10) Et4,NBr Pt(+)/Pt(-)  CH3CN 39
KOAc
5 NHPI (0.3) (1.0) Et4yNBr Pt(+)/Pt(-)  THF trace
KOAc
6 NHPI (0.3) (1.0) Ety,NBr Pt(+)/Pt(-) DMF 63
KOAc
7 NHPI (0.3) (1.0) "BuyNI Pt(+)/Pt(-) DMF 91
KOAc "BuyNCIO
8 NHPI (0.3) Pt(+)/Pt(-) DMF 20
(1.0) 4
KOAc
9 NHPI (0.3) (1.0) Nal Pt(+)/Pt(-) DMF 65
KOAc
10 NHPI(0.3) (10) "BuyNI C(+)/C(-) DMF 78
KOAc
11¢  NHPI(0.3) (1.0) "BuyNI Pt(+)/Pt(-) DMF trace

a Reaction conditions: undivided cell, S1 (0.2 mmol), 2 (0.26 mmol), catalyst, additive, electrolyte
(0.3 mmol), solvent (3 mL), constant current, 25 °C, 12h. ® Isolated yield. ¢ Without electricity

The final optimal reaction conditions were established as electrolyzing 1 and 2 in the presence of
NHPI (0.3 equiv.) and KOAc (1.0 equiv.) in an undivided cell equipped with Pt plate cathode and
anode with a supporting electrolyte solution of "BuyNI (0.1 M in DMF) under 2 mA constant current

under atmospheric conditions (Table S4, entry 7).

Procedure for the synthesis of 44 - 56

Y, 9

.

O . d
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(0]

NHPI (30 mol%), KOAc (30 mol%)

EWG  "Bu,NI (0.1 M), DMF (3 mL)

EWG

Pt(+), Pt(-), 5 mA, 25 °C
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A 10 mL three necked round bottom flask which was charged with a stir bar and installed platinum
electrodes (1.0 x 1.0 cm?) as cathode and anode respectively was used as electrolysis setup. With
no precautions to exclude air or moisture, the device was added pyridinium salts or isoquinolinium
salt (0.2 mmol, 1 equiv.), dipolarophile (0.26 mmol, 1.3 equiv.), NHPI (0.06 mmol, 0.0098 g),
KOACc (0.2 mmol, 0.0196 g), then followed by *BuyNI (0.3 mmol, 0.1108 g) as electrolyte. Next, 3
mL of DMF was added by syringe. After stirring the solution for 5 minutes, the reaction mixture
was electrolyzed under a constant current of 5 mA (the cell voltage ranges from 2.2 to 3.7 V without
reference electrode) at 25 °C for 12 h. Then the reaction mixture was diluted by CH,Cl, (70 mL),
washed successively with water (2x50 mL and brine (1x50 mL), and dried over anhydrous Na,SO,.
The solvent was removed under reduced pressure, and the residue was purified by column
chromatography on silica gel with CH,Cl, as the eluent to afford the final product.

3. X-ray crystallography

Single crystals of 18 was obtained by slow evaporation of its solution in methylene chloride at 22
°C.

\Cz
; C7/ \ |  1

\-\ \CB CQ/N l/cm

~
C5

Dl 00
/ \ c7 \\
\ c1209r 3] §2 1 cr7
Ac13 N\ C18
/, - / | -
i <1 _Cl14 021\ 1 .
\ =<7/
c20 v \
CL1

Figure S1. Crystal structure of 18
Table S5. Crystal data and structure refinement for 18.
Identification code a
Empirical formula C22 HI8 N O3 Cl
Formula weight 379.82
Temperature 29547K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2/c
Unit cell dimensions a=9.7422(7) A [=90°
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b=8.7533(5) A 1= 96.623(3)°

¢ =21.6004(14) A 0=90°
Volume 1829.7(2) A3
4 4
Density (calculated) 1.379 Mg/m3
Absorption coefficient 0.232 mm’!
F(000) 792.0
Crystal size 0.180 x 0.150 x 0.110 mm3
Theta range for data collection 5.026 to 55.038°
Index ranges -10<=h<=12, -11<=k<=11, -27<=1<=28
Reflections collected 13175
Independent reflections 4168 [R(int) = 0.0284]
Completeness to theta = 25.242? 99.9 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.946 and 0.973
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 4168 /0/244
Goodness-of-fit on F2 1.031
Final R indices [[>2sigma(])] R1=0.0431, wR2 =0.1247
R indices (all data) R1=0.0474, wR2 = 0.1281
Extinction coefficient n/a
Largest diff. peak and hole 0.27 and -0.28 ¢ A3
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Table S6. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (?2x 103)

for cd16058. U(eq) is defined as one third of the trace of the orthogonalized U¥ tensor.

X y z U(eq)
Cll 349.9(7) 2282.4(7) 4547.6(3) 78.1(2)
01 2500.5(14) -1121.3(15) 1623.1(6) 60.9(3)
02 4002.3(14) -5817.2(14) 4148.4(5) 56.1(3)
03 2565.6(14) -3945.8(15) 4349.9(5) 58.2(3)
N1 3364.9(12) -5083.8(13) 2828.9(5) 35.2(3)
Cl 4013.0(16) -6607.2(17) 2839.4(7) 42.8(3)
C2 3376.7(18) -7490.0(17) 2276.2(8) 45.2(4)
C3 3492.9(15) -6603.7(17) 1687.5(7) 39.9(3)
C4 3714.9(18) -7329(2) 1135.9(8) 50.1(4)
C5 3827.4(19) -6495(2) 601.2(8) 56.4(4)
C6 3747.3(19) -4921(2) 615.1(8) 53.9(4)
C7 3535.5(16) -4170.4(19) 1161.4(7) 44.03)
C8 3375.3(13) -4999.0(17) 1701.0(7) 36.4(3)
C9 3066.2(13) -4282.4(15) 2287.6(6) 34.3(3)
C10 2936.0(14) -4279.1(16) 3322.3(6) 35.5(3)
Cl11 2311.5(13) -2940.4(16) 3085.0(7) 35.1(3)
C12 2399.2(14) -2928.4(16) 2434.2(6) 34.9(3)
C13 1835.2(16) -1690.4(17) 2003.9(7) 41.8(3)
Cl4 385(2) -1155(3) 2052.0(9) 65.0(5)
C15 3239.7(15) -4784.7(17) 3970.8(7) 39.1(3)
C16 2812(2) -4290(2) 5005.5(8) 62.9(5)
C17 519.6(16) -1716(2) 3675.0(8) 48.5(4)
C18 65.7(17) -506(2) 4011.4(8) 52.9(4)
C19 907.0(18) 750.7(19) 4126.0(7) 48.6(4)
C20 2193(2) 819.6(19) 3920.9(8) 51.9(4)
C21 2627.9(16) -387.2(18) 3578.6(7) 44.2(3)
Cc22 1802.4(14) -1667.4(16) 3451.0(6) 36.2(3)
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Table S7. Bond lengths (A) and angles (°) for18.

CI15
C9
C9
C10
N1
c3
C4

Cll1
Ol
02
03
03
N1
N1
N1
Cl
C2
C3
C3
C4
C5
C6
C7
C8
C9
C10
C10
Cl1
Cl1
Cl12
Cl13
C17
C17
C18
C19
C20
C21

03
N1
N1
N1
Cl
C2
C3

CI19
Cl13
Cl15
Cl15
Clé6
Cl
c9
C10
C2
C3
C4
C8
Cs
C6
C7
C8
C9
Cl2
Cl1
Cl15
Cl2
C22
Cl13
Cl4
CI18
C22
C19
C20
C21
C22

Cl6
Cl
C10
Cl
C2
Cl
C2

S12

116.88(13)
121.75(12)
110.18(11)
128.04(12)
108.34(12)
110.64(13)
121.58(14)

1.7423(16)
1.212(2)
1.2042(18)
1.3286(19)
1.4408(19)
1.4745(18)
1.3658(18)
1.3817(17)
1.512(2)
1.505(2)
1.389(2)
1.410(2)
1.381(3)
1.381(3)
1.386(2)
1.397(2)
1.4756(19)
1.4052(19)
1.3907(19)
1.466(2)
1.418(2)
1.4842(19)
1.491(2)
1.503(2)
1.385(2)
1.392(2)
1.377(3)
1.377(2)
1.384(2)
1.388(2)



C4
C8
C5
C6
(O]
C6
C3
C7
C7
N1
N1
Cl12
N1
N1
C10
C10
Cl12
C9
C9
Cl1
01
Ol
Cl12
02
02
03
CI18
C19
C18
C18
C20
C19
C20
C17
C21
Cl1
C21

C3
C3

c4

Cs

C6

C7

Cs

cs

Cs

9

9

9

Cl10
Cl10
Cll
Cll
Cll
C12
c12
c12
C13
Cl13
c13
Cl5
Cl5
Cl5
C17
C18
Cl19
Cl19
Cl19
€20
C21
22
22
C10
22

C8
C2
C3
C4
C7
C8
C9
C3
C9
C8
Cl12
C8
Cl1
CI5
Cl12
C22
C22
Cl1
C13
C13
Cl12
Cl4
Cl4
03
C10
C10
C22
C17
Cll1
C20
Cll
C21
C22
Cl1
Cl1
CI15
C17

119.62(15)
118.80(13)
120.72(16)
119.95(15)
120.37(16)
120.41(16)
117.80(13)
118.87(13)
123.32(13)
118.18(12)
107.38(12)
134.23(13)
107.68(12)
122.50(12)
107.32(12)
126.52(13)
125.76(12)
107.42(12)
128.27(13)
124.29(12)
122.32(14)
119.96(15)
117.73(14)
123.30(14)
125.46(14)
111.24(12)
120.86(16)
119.05(15)
119.59(13)
121.44(15)
118.96(14)
118.99(16)
121.07(14)
122.07(13)
119.36(13)
129.64(13)
118.57(14)

Symmetry transformations used to generate equivalent atoms:
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4. Mechanistic studies

4.1 Electrochemical oxidative aromatization of 3

o} o}
OMe OMe
NHPI (30 mol%), EtsNBr (0.1 M),
N o) MeOH (3 mL) N"N\_ o
S
N Pt(+), Pt(-), 5 mA, 25 °C, 12 h N
o} o}
3
0.12 mmol 4, 75%

A 10 mL three necked round bottom flask which was charged with a stir bar and installed platinum
electrodes (1.0 x 1.0 cm?) as cathode and anode respectively was used as electrolysis setup. With
no precautions to exclude air or moisture, compound 3 (0.12 mmol, 0.0377 g), NHPI (0.036 mmol,
0.0059 g), and Et,NBr (0.3 mmol, 0.0630 g) were added. Next, 3 mL of MeOH was added by
syringe. The reaction mixture was stirred and electrolyzed at a constant current of 5 mA at 25 °C
for 12 h. The solvent was removed under reduced pressure, and the residue was purified by column
chromatography on silica gel with CH,Cl, as the eluent to afford 4 (27.9 mg, 75%).

4.2. The determination of H, emission in the reaction

Under the standard procedure for the synthesis of 4, the mixture was flushed with N, for 10 min
before being electrolyzed for 12 h, then 600 uL of the gaseous phase was taken out by micro-syringe
and analyzed by GC with a TCD detector.

SEE EGgod

]

o02

o
=
250004 [\
o
; 2 - —— -
;
70

T T T T T T
10 2o 30 i0 50 1]

T T
0 a0 100 1o 120 min

Figure S2. Gaseous phase analysis
4.3 Procedure for the sampling experiments

A 10 mL three necked round bottom flask which was charged with a stir bar and installed platinum
electrodes (1.0 x 1.0 cm?) as cathode and anode respectively was used as electrolysis setup. With
no precautions to exclude air or moisture, the device was added methyl 2-(3,4-dihydroisoquinolin-
2(1H)-yl)acetate (0.2 mmol, 0.0411 g), N-methylmaleimide (0.26 mmol, 0.0289 g), NHPI (0.06
mmol, 0.0098 g), followed by Et,NBr (0.3 mmol, 0.0630 g) as electrolyte. Next, 3 mL of MeOH
was added by syringe. The reaction mixture was stirred and electrolyzed at a constant current of 5
mA at 25 °C. 10 uL of reaction solution was taken out and mixed with 10 uL the solution of 1,3,5-
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trimethoxy-benzene (0.2 mmol in 3 mL MeOH), then the sample was analyzed by GC-MS. By using
the above procedure, a similar sets of experiments were conducted without NHPI.

Reaction time (min) 0 10 20 40 70
Yield of 3 with NHPI
0 15.2 29.9 35.5 49.6
(%0)
Yield of 3 without
0 9.1 14.2 15.1 20.0
NHPI (%)

Table S8. The yields of 3 determined by GC-MS

80

[ —m—standard conditions
—e— without NHPI

60

204 /—_—‘.._________-o

yield of 3 (%)

Time (min)

Figure S3. Kinetic study of oxidation/cycloaddition cascade

Characterization Data for the Electrolysis Products

0]
OMe
N o)
N ~
(0]
3
methyl 10-methyl-9,11-dioxo0-5,8,8a,9,10,11,11a,11b-octahydro-6H-

pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-8-carboxylate. Yield = 78%; White solid; 'H NMR
(600 MHz, CDCly) & 7.44 (d, J = 7.7 Hz, 1H), 7.24 — 7.19 (m, 1H), 7.17 (tt, J= 7.4, 1.1 Hz, 1H), 7.08
(d,J=7.7Hz, 1H), 4.50 (d,J= 7.5 Hz, 1H), 4.22 (s, 1H), 3.76 (s, 3H), 3.71 (t, /= 7.6 Hz, 1H), 3.61 (dd,
J=17.7,0.9 Hz, 1H), 3.12 (ddd, J=11.1, 5.7, 2.6 Hz, 1H), 3.00 — 2.91 (m, 1H), 2.91 — 2.78 (m, 4H), 2.75
—2.64 (m, 1H). 3C NMR (151 MHz, CDCls) 6 177.7, 175.5, 170.4, 134.2, 131.93, 128.8, 128.3, 126.8,
125.1, 66.5, 62.1,51.9, 47.6, 46.5, 45.2, 30.0, 25.2. HRMS (ESI) calculated for C;7HsN,O, [M+H]+:
315.1345; found: 315.1350.
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methyl 10-methyl-9,11-dioxo0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 83%; White solid; 'H NMR (600 MHz, CDCl;) 4 8.47 (d, J=
7.4 Hz, 1H), 7.39 (t, J=7.4 Hz, 1H), 7.35 (t, /= 7.4 Hz, 1H), 7.25 (d, /= 7.4 Hz, 1H), 4.74 — 4.64 (m,
2H), 3.96 (s, 3H), 3.13 (m, 2H), 3.07 (m, 3H). *C NMR (151 MHz, CDCIl;) § 164.0, 162.8, 160.1, 133.0,
132.3, 130.2, 127.9, 127.8, 127.6, 125.9, 125.6, 117.6, 116.6, 52.3, 43.2, 28.2, 24.2. HRMS (ESI)
calculated for C;H4N,O4 [M+H]+: 311.1032; found: 311.1030.

OMe

methyl 10-ethyl-9,11-diox0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 82%; White solid; '"H NMR (600 MHz, CDCl;) 6 8.49 (dd, J
=5.6, 1.8 Hz, 1H), 7.39 (td, J=7.5, 1.5 Hz, 1H), 7.35 (td, /= 7.4, 1.5 Hz, 1H), 7.28 — 7.22 (m, 1H), 4.79
—4.50 (m, 2H), 4.13 — 3.86 (m, 3H), 3.80 — 3.54 (m, 2H), 3.13 (t, J= 6.5 Hz, 2H), 1.23 (td, J= 7.1, 1.2
Hz, 3H). 3C NMR (151 MHz, CDCl3) § 163.8, 162.7, 160.2, 133.0, 132.3, 130.2, 127.9, 127.8, 127.6,
125.9, 125.5, 117.5, 116.7, 52.3, 43.2, 33.1, 28.3, 14.0. HRMS (ESI) calculated for C,gH;cN,O4
[M+H]+: 325.1188; found: 325.1189.

(0]
OMe

methyl 9,11-dioxo-10-propyl-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 70%; White solid; 'H NMR (600 MHz, CDCl;) 4 8.50 (d, J=
7.4 Hz, 1H), 7.39 (t, J = 7.4 Hz, 1H), 7.37 — 7.32 (m, 1H), 7.25 (m, 1H), 4.76 — 4.61 (m, 2H), 3.97 (m,
3H), 3.57 (t,J=8.7 Hz, 2H), 3.14 (t, J= 6.5 Hz, 2H), 1.67 (dd, J = 14.5, 7.3 Hz, 2H), 0.93 (t, /= 7.4 Hz,
3H). BC NMR (151 MHz, CDCl3) § 164.1, 162.9, 160.2, 133.0, 132.3, 130.2, 127.9, 127.8, 127.6, 125.9,
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125.6, 117.5, 116.7, 52.3, 43.3, 39.9, 28.3, 21.9, 11.4. HRMS (ESI) calculated for C;oH3N,O4
[M+H]+: 339.1345; found: 339.1345.

(0]
OMe

methyl 10-cyclohexyl-9,11-diox0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 80%; White solid; 'H NMR (600 MHz, CDCl;) 4 8.56 (d, J=
7.6 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.38 (t, /= 7.3 Hz, 1H), 7.29 (d, /= 7.2 Hz, 1H), 4.75 (t,J = 6.9
Hz, 2H), 4.08 (tt, J=12.3, 3.8 Hz, 1H), 4.01 (s, 3H), 3.17 (t, J = 6.8 Hz, 2H), 2.25 (qd, /= 12.6, 3.3 Hz,
2H), 1.87 (d, J=13.2 Hz, 2H), 1.74 (d, J = 11.1 Hz, 2H), 1.70 (d, J = 12.9 Hz, 1H), 1.37 (dd, J = 26.3,
13.1 Hz, 2H), 1.27 (ddd, J=12.8, 9.7, 3.2 Hz, 1H). *C NMR (151 MHz, CDCl;) 4 164.2, 163.0, 160.3,
132.9,132.3, 130.2, 127.96, 127.9, 127.6, 125.8, 125.7, 117.4, 116.8, 52.32, 5.10, 43.3, 29.9, 28.3, 26.2,
25.3.  HRMS (ESI) calculated for C;,H,,N204 [M+H]+: 379.1658; found: 379.1658.

0]
OMe

N“N\_ o

=

NH
O

methyl  9,11-diox0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-8-
carboxylate. Yield = 62%; White solid; "H NMR (600 MHz, CDCl) § 8.47 (d, /= 7.4 Hz, 1H), 7.43
(t,J=7.4Hz, 1H), 7.38 (dd, /= 7.3, 6.3 Hz, 2H), 7.28 (d, /= 7.4 Hz, 1H), 4.75 (t, /= 6.9 Hz, 2H), 3.99
(s,3H), 3.17 (t, J= 6.9 Hz, 2H). 3*C NMR (151 MHz, CDCl;) 8 163.5, 162.2, 160.1, 133.4, 132.3, 130.4,
128.1, 127.9, 127.7, 126.2, 125.5, 117.8, 117.1, 52.5, 43.5, 28.3. HRMS (ESI) calculated for
C16H12N204 [M+H]+: 297.0875; found: 297.0877.

methyl 10-benzyl-9,11-diox0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 88%; White solid; 'H NMR (600 MHz, CDCls) & 8.54 (d, J=
7.5 Hz, 1H), 7.46 (d, J= 7.3 Hz, 2H), 7.42 (t, J= 7.4 Hz, 1H), 7.40 — 7.36 (m, 1H), 7.33 (t, J = 7.5 Hz,
2H), 7.30 — 7.26 (m, 2H), 4.81 (s, 2H), 4.74 (t, J = 6.9 Hz, 2H), 4.00 (s, 3H), 3.16 (t, /= 6.8 Hz, 2H). 3C
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NMR (151 MHz, CDCl;) 8 163.8, 162.5, 160.1, 137.1, 133.3, 132.3, 130.3, 128.6, 128.6, 128.0, 127.9,
127.7,127.6,125.7,125.5,117.8,116.6, 52.4,43.3,41.9, 28.3. HRMS (ESI) calculated for C,3H;sN,O4
[M+H]+: 387.1345; found: 387.1343.

OMe

methyl 9,11-dioxo0-10-phenyl-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 71%; White solid; 'H NMR (400 MHz, CDCl;) & 8.59 (d, J=
7.0 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.41 (m, 5H), 7.31 (d, J= 6.6 Hz, 1H), 4.79 (t, J = 6.8 Hz, 2H), 4.00
(s, 3H), 3.20 (t, J= 6.8 Hz, 2H). 3C NMR (151 MHz, CDCl;) 8 163.0, 161.7, 160.1, 133.7, 132.6, 132.5,
130.4, 128.9, 128.0, 128.0, 127.8, 127.7, 127.0, 125.5, 125.3, 118.2, 116.3, 52.3, 43.4, 28.3. HRMS
(ESI) calculated for Cy,H;¢N,O4 [M+H]+: 373.1188; found: 373.1188.

0]
OMe

methyl 10-(4-nitrophenyl)-9,11-dioxo0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 69%; White solid; 'H NMR (400 MHz, CDCls) & 8.56 (d, J=
6.5 Hz, 1H), 8.36 (d, J= 8.7 Hz, 2H), 7.73 (d, J = 8.7 Hz, 2H), 7.45 (m, 2H), 7.34 (d, J = 6.3 Hz, 1H),
4.82 (t, J= 6.7 Hz, 2H), 4.03 (s, 3H), 3.22 (t, J = 6.6 Hz, 2H). 3C NMR (151 MHz, CDCl;) § 162.1,
160.6, 159.8, 146.0, 138.5, 134.3, 132.6, 130.8, 128.2, 127.9, 127.8, 126.8, 125.2, 124.6, 124.2, 118.8,
115.7, 52.6, 43.6, 28.3. HRMS (ESI) calculated for C,,H;5N3O¢ [M+H]+: 418.1039; found:
418.1037.

methyl 10-(4-bromophenyl)-9,11-dioxo0-5,9,10,11-tetrahydro-6H-
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pyrrolo[3',4':3,4|pyrrolo[2,1-a]isoquinoline-8-carboxylate. Yield = 72%; White solid; 'H NMR
(600 MHz, CDCl5) 8 8.58 — 8.51 (m, 1H), 7.65 — 7.58 (m, 2H), 7.40 (dtd, J= 14.5, 7.4, 1.2 Hz, 2H), 7.33
—7.29 (m, 3H), 4.77 (t, J = 6.9 Hz, 2H), 3.99 (s, 3H), 3.19 (t, J = 6.9 Hz, 2H). 3C NMR (151 MHz,
CDCl;) 4 162.6,161.3, 160.0, 133.9, 132.5, 132.0, 131.6, 130.6, 128.4, 128.1, 127.9, 127.8, 125.4, 125.1,
121.4,118.3,116.0, 52.4, 43.5, 28.3. HRMS (ESI) calculated for C,,HsBrN,O, [M+H]+: 451.0293;
found: 451.0291.

methyl 1-acetyl-2-phenyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate. Yield = 80%;
White solid; 'H NMR (600 MHz, CDCl;) 4 7.71 (d, J = 6.8 Hz, 1H), 7.42 — 7.35 (m, 3H), 7.31 (d, J =
7.1 Hz, 2H), 7.30 — 7.26 (m, 3H), 4.69 — 4.52 (m, 2H), 3.58 (s, 3H), 3.14 — 3.05 (m, 2H), 2.02 (s, 3H).
3C NMR (151 MHz, CDCl;) 8 200.7, 161.9, 135.2, 133.9, 133.3, 132.8, 129.9, 128.6, 127.8, 127.7,
127.3,127.2,127.0, 126.6, 123.9, 118.9, 51.1, 42.7, 32.2, 29.4. HRMS (ES]I) calculated for C,,H;oNO;
[M+H]+: 346.1443; found: 346.1445.

methyl 1-acetyl-2-(2-fluorophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 65%; White solid; 'H NMR (400 MHz, CDCl;) & 7.69 — 7.63 (m, 1H), 7.37 (ddd, J=7.2, 6.3,
1.8 Hz, 1H), 7.33 — 7.22 (m, 4H), 7.21 — 7.10 (m, 2H), 4.67 — 4.52 (m, 2H), 3.60 (s, 3H), 3.39 —3.06 (m,
2H), 2.13 (s, 3H). 3C NMR (151 MHz, CDCl;) 8 199.6, 161.6, 160.0 (d, J = 246.1 Hz), 134.0, 133.9,
132.0 (d, J=3.0 Hz), 129.5 (d, /= 7.6 Hz), 128.7, 127.8, 127.2, 126.9, 126.8, 125.4, 123.7, 123.6 (d, J
=3.0 Hz), 123.1 (d, J = 15.1Hz), 119.7, 115.1 (d, J = 21.1 Hz), 51.3, 42.8, 31.6, 29.3. I°F NMR (565
MHz, CDCl;) & -114.25. HRMS (ESI) calculated for Cy,H;gFNO; [M+H]+: 364.1349; found:
364.1350.

15
methyl 1-acetyl-2-(m-tolyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate. Yield =
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73%; White solid; 'H NMR (400 MHz, CDCL;) & 7.82 — 7.63 (m, 1H), 7.34 — 7.24 (m, 4H), 7.18 (d, J =
7.5 Hz, 1H), 7.11 (m, 2H), 4.71 — 4.51 (m, 2H), 3.59 (s, 3H), 3.30 — 2.93 (m, 2H), 2.40 (s, 3H), 2.02 (s,
3H). 3C NMR (151 MHz, CDCl3) §200.8, 161.9, 137.3, 135.0, 133.9, 133.3, 132.9, 130.6, 128.5, 128.15,
127.7,127.6, 127.2,127.1, 126.6, 123.9, 118.9, 51.1, 42.8, 32.2, 29.4, 21.5. HRMS (ESI) calculated for
Cy3Hp NO; [M+H]+: 360.1600; found: 360.1602.

methyl 1-acetyl-2-(3-chlorophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 71%; White solid; '"H NMR (600 MHz, CDCl;) 8 7.70 — 7.63 (m, 1H), 7.37 — 7.33 (m, 3H),
7.32 — 7.26 (m, 3H), 7.20 (dd, J = 5.0, 3.4 Hz, 1H), 4.68 — 4.48 (m, 2H), 3.61 (s, 3H), 3.16 — 3.06 (m,
2H), 2.08 (s, 3H). ®*C NMR (151 MHz, CDCl;) § 200.0, 161.6, 137.0, 133.9, 133.6 133.5, 131.0, 130.1,
128.9,128.7,128.3, 127.7,127.5,127.2, 126.8, 126.6, 123.7, 119.1, 51.2, 42.8, 32.3, 29.3. HRMS (ESI)
calculated for C,,H3CINO; [M+H]+: 380.1053; found: 380.1053.

methyl 1-acetyl-2-(4-fluorophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 71%; White solid; 'H NMR (600 MHz, CDCl;) 8 7.70 — 7.64 (m, 1H), 7.35 — 7.24 (m, 5H),
7.14 —7.03 (m, 2H), 4.77 — 4.44 (m, 2H), 3.60 (s, 3H), 3.16 — 3.03 (m, 2H), 2.06 (s, 3H). 3C NMR (151
MHz, CDCl;) 6 200.2, 162.3 (d, J=255.2 Hz), 161.7, 133.9, 133.4, 131.6 (d, J= 7.6 Hz), 131.5, 131.0,
128.6, 127.8, 127.2, 126.9, 126.6, 123.9, 119.1, 114.7 (d, J = 21.4 Hz), 51.2, 42.7, 32.2, 29.3. HRMS
(ESI) calculated for Cp,H;sFNOs; [M+H]+: 364.1349; found: 364.1351.

18

methyl 1-acetyl-2-(4-chlorophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 76%; White solid; 'H NMR (400 MHz, CDCl;) 8 7.70 — 7.61 (m, 1H), 7.41 — 7.35 (m, 2H),
7.32 —7.23 (m, 5H), 4.78 — 4.48 (m, 2H), 3.61 (s,3H), 3.24 — 3.00 (m, 2H), 2.07 (s, 3H). 1*C NMR (151
MHz, CDCl;) 6 200.3, 161.7, 133.9, 133.6, 133.5, 133.4, 131.3, 131.3, 128.7, 127.9, 127.8, 127.2, 126.9,
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126.6, 123.9, 119.0, 51.2, 42.8, 32.3, 29.3. HRMS (ESI) calculated for CoH;sCINO; [M+H]+:
380.1053; found: 380.1052.

methyl 1-acetyl-2-(4-bromophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 72%; White solid; '"H NMR (600 MHz, CDCl;) 8 7.67 — 7.61 (m, 1H), 7.57 — 7.50 (m, 2H),
7.31-7.25 (m, 3H), 7.24 — 7.16 (m, 2H), 4.64 — 4.48 (m, 2H), 3.61 (s, 3H), 3.15 — 2.99 (m, 2H), 2.07 (s,
3H). BCNMR (151 MHz, CDCls) 8 200.3, 161.7, 134.1, 133.9, 133.5, 131.7, 131.3, 130.9, 128.7, 127.8,
127.2, 126.9, 126.6, 123.8, 121.6, 118.9, 51.3, 42.8, 32.3, 29.3. HRMS (ESI) calculated for
CxH sBrNO; [M+H]+: 424.0548; found: 424.0551.

methyl 1-acetyl-2-(4-iodophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate. Yield
= 77%; White solid; '"H NMR (400 MHz, CDCly) § 7.72 (d, J = 8.3 Hz, 2H), 7.65 (dd, J= 5.7, 2.4 Hz,
1H), 7.33 — 7.24 (m, 3H), 7.06 (d, J= 8.3 Hz, 2H), 4.71 — 4.53 (m, 2H), 3.61 (s, 3H), 3.10 (t, /= 6.5 Hz,
2H), 2.07 (s, 3H). 3C NMR (151 MHz, CDCl;) 4 200.3, 161.7, 136.9, 134.7, 133.8, 133.5, 131.3, 131.3,
128.7,127.8,127.2,126.8, 126.6, 123.8, 118.9, 93.3, 51.3, 42.8, 32.3, 29.3. HRMS (ESI) calculated for
CyoH sINO; [M+H]+: 472.0410; found: 472.0413.

methyl 1-acetyl-2-(p-tolyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate. Yield = 81%;
White solid; 'H NMR (600 MHz, CDCl;) & 7.70 (dd, J= 6.1, 2.1 Hz, 1H), 7.34 — 7.25 (m, 3H), 7.20 (m,
4H), 4.65 — 4.53 (m, 2H), 3.61 (s, 3H), 3.15 — 3.04 (m, 2H), 2.42 (s, 3H), 2.03 (s, 3H). 3C NMR (151
MHz, CDCl3) § 161.9, 137.0, 133.9, 133.2, 132.9, 131.9, 129.8, 128.5, 128.5, 127.6, 127.1, 127.1, 126.6,
124.0,118.9,51.1,42.7,32.2,29.4,21.3. HRMS (ESI) calculated for C»3H,NO; [M+H]+: 360.1600;
found: 360.1602.
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methyl 1-acetyl-2-(4-methoxyphenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 76%; White solid; 'H NMR (600 MHz, CDCl;) 8 7.73 — 7.68 (m, 1H), 7.31 — 7.26 (m, 3H),
7.26 —7.21 (m, 2H), 6.97 — 6.89 (m, 2H), 4.71 — 4.45 (m, 2H), 3.88 (s, 3H), 3.62 (s, 3H), 3.23 —2.96 (m,
2H), 2.04 (s, 3H). 3C NMR (151 MHz, CDCl;) § 200.8, 161.9, 158.9, 133.9, 133.2, 132.5, 131.1, 128.5,
127.7, 127.2, 127.2, 127.1, 126.6, 124.1, 118.9, 113.2, 55.2, 51.2, 42.7, 32.2, 29.4. HRMS (ESI)
calculated for C,3Hy NO4 [M+H]+: 376.1549; found: 376.1550.

methyl 1-acetyl-2-(4-cyanophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 71%; White solid; '"H NMR (600 MHz, CDCl;) 8 7.67 (d, J= 8.2 Hz, 2H), 7.57 (d, J = 7.4 Hz,
1H), 7.41 (d, J = 8.2 Hz, 2H), 7.33 — 7.27 (m, 3H), 4.68 — 4.43 (m, 2H), 3.57 (s, 3H), 3.26 — 3.03 (m,
2H), 2.08 (s, 3H). 3C NMR (151 MHz, CDCl;) 4 199.6, 161.3, 140.4, 133.9, 133.9, 131.4, 130.9, 130.5,
128.9, 127.9, 127.3, 126.8, 126.6, 123.6, 119.1, 118.9, 111.1, 51.3, 42.9, 32.3, 29.3. HRMS (ESI)
calculated for Co3HgN,O3 [M+H]+: 371.1396; found: 371.1395.

methyl 1-benzoyl-2-phenyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate. Yield =
70%; White solid; '"H NMR (600 MHz, CDCls) § 7.74 (d, J= 8.2 Hz, 2H), 7.36 (t, /= 7.4 Hz, 1H), 7.30
(d, J=17.9 Hz, 1H), 7.23 (m, 3H), 7.15 (m, 5H), 7.12 — 7.08 (m, 1H), 7.04 (dd, J = 11.1, 4.1 Hz, 1H),
472 —4.61 (m, 2H), 3.60 (s, 3H), 3.15 (t, J= 6.6 Hz, 2H). 3C NMR (151 MHz, CDCl;) 8 195.3, 162.1,
138.2, 134.3, 133.5, 133.3, 132.9, 130.1, 129.8, 128.2, 128.1, 127.8, 127.2, 127.15, 126.9, 126.9, 126.2,
121.2, 118.9, 99.9, 51.2, 42.8, 29.3. HRMS (ESI) calculated for Cy;H,NO3; [M+H]+: 408.1600;
found: 408.1602.
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methyl 1-benzoyl-2-(p-tolyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate. Yield =
66%; White solid; 'H NMR (600 MHz, CDCl3) § 7.85 — 7.77 (m, 2H), 7.41 (t,J = 7.4 Hz, 1H), 7.29 (m,
4H), 7.19 (t,J=17.1 Hz, 1H), 7.11 (d, J = 8.0 Hz, 2H), 7.05 (t, J= 7.6 Hz, 1H), 6.99 (d, /= 7.9 Hz, 2H),
4.85-4.61 (m, 2H), 3.66 (s, 3H), 3.18 (t, J= 6.5 Hz, 2H), 2.27 (s, 3H). 3C NMR (151 MHz, CDCl;) §
195.4,162.2, 138.2, 136.3, 133.4, 133.3, 132.9, 131.2, 129.9, 129.9, 128.1, 128.1, 128.0, 127.8, 127.1,
126.9, 126.3,121.2, 118.9, 51.2,42.9,29.3,21.2. HRMS (ESI) calculated for C,gH,3NO3; [M+H]+:
422.1756; found: 422.1756.

methyl 1-benzoyl-2-(4-fluorophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 63%; White solid; 'H NMR (400 MHz, CDCl3) 6 7.51 (d, J= 7.6 Hz, 1H), 7.43 (d,J=9.2 Hz,
1H), 7.32 (d, J= 7.8 Hz, 1H), 7.28 (d, /= 6.8 Hz, 1H), 7.25 — 7.12 (m, 7H), 7.08 (dd, J = 16.2, 8.1 Hz,
2H), 4.70 (t, J= 6.5 Hz, 2H), 3.62 (s, 3H), 3.18 (t, /= 6.4 Hz, 2H). B3C NMR (151 MHz, CDCl;) § 193.9,
162.3 (d, J=247.6 Hz), 162.0, 140.4, 134.2, 133.8, 133.3 (d, /= 13.6 Hz), 130.1, 129.7 (d, /= 7.6 Hz),
128.3, 127.8, 127.3, 127.1 (d, J = 30.2 Hz), 126.7, 126.2, 125.6, 120.7, 119.8 (d, J = 22.6 Hz), 118.9,
116.2(d,J=22.6 Hz), 51.2,42.9,29.3. °F NMR (565 MHz, CDCl;)  -112.81. HRMS (ES]I) calculated
for Cp7H20FNO; [M+H]+: 426.1505; found: 426.1502.

methyl 1-benzoyl-2-(m-tolyl)-5,6-dihydropyrrolo[2,1-alisoquinoline-3-carboxylate. Yield =
62%; White solid; 'H NMR (600 MHz, CDCl3) § 7.75 (d, J= 7.4 Hz, 2H), 7.39 (t, J = 7.3 Hz, 1H), 7.33
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(d, J=17.8 Hz, 1H), 7.25 m, 3H), 7.19 (t, J = 7.4 Hz, 1H), 7.10 — 7.02 (m, 2H), 6.98 (m, 2H), 6.92 (d, J
= 7.5 Hz, 1H), 4.76 — 4.57 (m, 2H), 3.63 (s, 3H), 3.17 (t, J = 6.6 Hz, 2H), 2.22 (s, 3H). 3C NMR (151
MHz, CDCl3) § 195.4, 162.2, 138.3, 136.6, 134.1, 133.5, 133.3, 132.8, 130.8, 129.7, 128.1, 128.0, 127.7,
127.6, 127.2, 127.1, 127.1, 126.9, 126.2, 121.2, 118.8, 51.1, 42.9, 29.3, 21.3. HRMS (ESI) calculated
for CosHp3NO5 [M+H]+: 422.1756; found: 422.1755.

methyl 1-benzoyl-2-(3-bromophenyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 70%; White solid; 'H NMR (600 MHz, CDCl;) 4 7.74 (dd, J=8.2, 1.1 Hz, 2H), 7.42 (t, J= 7.4
Hz, 1H), 7.36 (t,J=1.7 Hz, 1H), 7.32 (d, J="7.5 Hz, 1H), 7.30 — 7.27 (m, 2H), 7.27 — 7.23 (m, 2H), 7.20
(td, J=17.5,0.9 Hz, 1H), 7.12 — 7.09 (m, 1H), 7.06 (t, J = 7.6 Hz, 1H), 7.02 (t, J= 7.8 Hz, 1H), 4.77 —
4.59 (m, 2H), 3.64 (s, 3H), 3.17 (t, J= 6.6 Hz, 2H). 3C NMR (151 MHz, CDCl;) § 194.9, 161.8, 138.2,
136.4, 133.8, 133.3, 133.2, 133.1, 131.6, 129.9, 129.7, 128.8, 128.7, 128.5, 128.3, 128.2, 127.8, 127.2,
126.7, 126.3, 121.1, 118.9, 51.3, 42.9, 29.3. HRMS (ESI) calculated for Cy;H,BrNO; [M+H]+:
486.0705; found: 486.0707.

29

methyl 1-(4-methoxybenzoyl)-2-phenyl-5,6-dihydropyrrolo[2,1-alisoquinoline-3-carboxylate.
Yield = 61%; White solid; '"H NMR (600 MHz, CDCl3) & 7.75 (d, J= 8.8 Hz, 2H), 7.27 (d, /= 7.8 Hz,
1H), 7.22 (d, J="7.4 Hz, 1H), 7.20 — 7.18 (m, 2H), 7.16 (m, 3H), 7.12 (dd, J = 8.4, 5.8 Hz, 1H), 7.03 (t,
J=7.4 Hz, 1H), 4.69 — 4.61 (m, 2H), 3.76 (s, 3H), 3.60 (s, 3H), 3.14 (t, J = 6.6 Hz, 2H). 3C NMR (151
MHz, CDCly) § 194.0, 163.5, 162.2, 134.3, 133.2, 132.9, 132.8, 132.3, 131.3, 130.0, 128.0, 127.8, 127.3,
127.2, 127.0, 126.8, 126.0, 121.5, 118.7, 113.4, 55.4, 51.1, 42.8, 29.3. HRMS (ESI) calculated for
CsHy3NO4 [M+H]+: 438.1705; found: 438.1703.
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methyl 1-(4-methylbenzoyl)-2-(m-tolyl)-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate.
Yield = 75%; White solid; '"H NMR (600 MHz, CDCl;) 8 7.68 (d, J= 8.2 Hz, 2H), 7.29 (d, J = 8.7 Hz,
1H), 7.25 (d, J=7.4 Hz, 1H), 7.18 (t, J= 7.1 Hz, 1H), 7.09 — 7.03 (m, 4H), 7.00 (d, J = 8.9 Hz, 2H), 6.94
(d, J=17.5Hz, 1H), 4.76 — 4.60 (m, 2H), 3.63 (s, 3H), 3.16 (t, J= 6.6 Hz, 2H), 2.31 (s, 3H), 2.24 (s, 3H).
3C NMR (151 MHz, CDCl3) § 195.2, 162.2, 143.7, 136.6, 135.8, 134.1, 133.3, 133.2, 133.0, 130.8,
129.9, 128.9, 127.9, 127.7, 127.6, 127.2, 127.1, 127.1, 127.0, 126.2, 121.4, 118.8, 51.1, 42.8, 29.3, 21.7,
21.3. HRMS (ESI) calculated for C,oHsNO; [M+H]+: 436.1913; found: 436.1912.

OEt
31

1-ethyl 3-methyl 5,6-dihydropyrrolo[2,1-a]isoquinoline-1,3-dicarboxylate. Yield = 82%; White
solid; '"H NMR (400 MHz, CDCl;) & 8.45 (d, J= 7.5 Hz, 1H), 7.52 (s, 1H), 7.33 (ddt, J = 8.6, 7.3, 3.7
Hz, 2H), 7.27 (t,J= 7.0 Hz, 1H), 4.80 — 4.54 (m, 2H), 4.34 (q, J=7.1 Hz, 2H), 3.87 (s, 3H), 3.19 - 2.92
(m, 2H), 1.40 (t,/=7.1 Hz, 3H). 3*C NMR (151 MHz, CDCl;) § 164.5, 161.4, 137.9, 134.1, 128.9, 128.6,
127.3, 127.1, 126.9, 121.5, 120.7, 112.4, 60.3, 51.5, 42.3, 29.5, 14.4. HRMS (ESI) calculated for
C7H17NO4 [M+H]+: 300.1236; found: 300.1237.

OEt
32

1-ethyl 3-methyl 2-phenyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-1,3-dicarboxylate. Yield =
56%; White solid; 'H NMR (400 MHz, CDCl;)  7.87 (dd, J = 4.8, 3.7 Hz, 1H), 7.33 (m, 3H), 7.30 —
7.24 (m, 5H), 4.73 — 4.34 (m, 2H), 4.03 (q, J = 7.1 Hz, 2H), 3.55 (s, 3H), 3.16 — 2.99 (m, 2H), 0.89 (t, J
= 7.1 Hz, 3H). 3C NMR (151 MHz, CDCl;) 8 166.1, 161.9, 135.5, 134.6, 134.1, 133.8, 129.7, 128.5,
127.6, 127.2, 127.0, 126.9, 126.8, 126.8, 119.2, 113.9, 60.5, 51.1, 42.8, 29.4, 13.5. HRMS (ESI)
calculated for C,3Hy NO4 [M+H]+: 376.1549; found: 376.1550.
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1,2-diethyl 3-methyl 5,6-dihydropyrrolo[2,1-a]isoquinoline-1,2,3-tricarboxylate. Yield = 87%;
White solid; 'H NMR (600 MHz, CDCl3) 3 8.20 (dd, J= 6.1, 3.0 Hz, 1H), 7.36 — 7.31 (m, 2H), 7.28 —
7.22 (m, 1H), 4.55 (t, J = 6.5 Hz, 2H), 4.41 (q, J = 7.1 Hz, 2H), 4.33 (q, J = 7.1 Hz, 2H), 3.86 (s, 3H),
3.10 — 2.98 (m, 2H), 1.42 (t, J = 7.2 Hz, 3H), 1.34 (t, /= 7.1 Hz, 3H). *C NMR (151 MHz, CDCl;) §
166.1,163.4,160.3, 136.8, 134.3, 129.3, 128.5, 127.3, 127.1, 126.9, 126.3, 118.8, 110.7, 61.5, 60.8, 51.9,
42.6,29.3, 14.3, 14.0. HRMS (ESI) calculated for C,0H,NOg [M+H]+: 372.1447; found: 372.1445.

0]
OMe
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=
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34
methyl 12-0x0-5,6,9,10,11,12-hexahydroisoindolo[1,2-a]isoquinoline-8-carboxylate. Yield =
62%; White solid; '"H NMR (600 MHz, CDCl;) 6 8.71 (d, J= 7.6 Hz, 1H), 7.35 (dd, J = 11.1, 4.2 Hz,
1H), 7.31 (td, J="7.4, 1.1 Hz, 1H), 7.22 (d, J= 7.4 Hz, 1H), 4.90 — 4.46 (m, 2H), 3.89 (s, 3H), 3.05 (t, J
= 6.2 Hz, 2H), 3.03 — 2.98 (m, 2H), 2.64 — 2.54 (m, 2H), 2.13 — 2.05 (m, 2H). 3C NMR (151 MHz,
CDCl;) 8 194.5, 162.2, 138.2, 137.1, 134.0, 129.3, 128.9, 127.1, 127.0, 127.0, 118.2, 117.4, 51.3, 42.6,
40.3, 29.3, 24.1, 23.8. HRMS (ESI) calculated for C;gH{7;NO; [M+H]+: 296.1287; found: 296.1283.

methyl 9,14-dioxo0-5,6,9,14-tetrahydrobenzo|5,6]isoindolo[1,2-a]isoquinoline-8-carboxylate.
Yield = 71%; White solid; '"H NMR (600 MHz, CDCl;) 6 8.97 (d, J= 7.8 Hz, 1H), 8.32 — 8.25 (m, 1H),
8.19 (d, /=7.2 Hz, 1H), 7.75 — 7.63 (m, 2H), 7.44 (t, J = 7.6 Hz, 1H), 7.37 (t, /= 7.4 Hz, 1H), 7.26 (d,
J =173 Hz, 1H), 4.28 (t, J = 6.6 Hz, 2H), 4.07 (s, 3H), 3.09 (t, J = 6.5 Hz, 2H). 3C NMR (151 MHz,
CDCl3) 6 179.7,179.6,161.9, 135.9, 135.6, 134.7, 133.7, 133.4, 133.1, 130.2, 128.9, 127.5, 127.5, 127.3,
126.6, 126.3, 125.5, 123.5, 117.5, 53.2, 43.2, 29.1. HRMS (ESI) calculated for C,,H;sNO, [M+H]+:
358.1079; found: 358.1079.
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methyl 4,10-dimethyl-9,11-diox0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 81%; White solid; 'H NMR (600 MHz, CDCl;) 4 8.41 (d, J=
7.7 Hz, 1H), 7.36 — 7.27 (m, 1H), 7.24 (d, J= 7.5 Hz, 1H), 4.72 (t, J= 7.0 Hz, 2H), 3.99 (s, 3H), 3.11 (s,
3H), 3.09 (t, J = 7.0 Hz, 2H), 2.36 (s, 3H). 3C NMR (151 MHz, CDCl;) 8 164.1, 162.9, 160.2, 135.2,
133.6, 132.0, 130.9, 127.6, 126.1, 125.9, 125.5, 117.3, 116.6, 52.3, 42.9, 24.8, 24.3, 19.5. HRMS (ESI)
calculated for CigH;¢N,O4 [M+H]+: 325.1188; found: 325.1189.

@)
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37
methyl 3-methoxy-10-methyl-9,11-dioxo0-5,9,10,11-tetrahydro-6H-

pyrrolo[3',4':3,4|pyrrolo[2,1-a]isoquinoline-8-carboxylate. Yield = 79%; White solid; '"H NMR
(400 MHz, CDCl5) & 8.46 (d, J = 8.6 Hz, 1H), 6.94 (dd, J = 8.6, 2.4 Hz, 1H), 6.79 (d, J = 2.1 Hz, 1H),
4.69 (t,J= 6.9 Hz, 2H), 3.98 (s, 3H), 3.87 (s, 3H), 3.18 — 3.04 (m, 5H). 3*C NMR (151 MHz, CDCl;) &
164.2,162.9,161.1,160.2, 134.4,133.5,129.7,125.9,118.5, 117.1, 115.3, 113.3, 113.2, 55.5, 52.2, 43.0,
28.6, 24.2. HRMS (ESI) calculated for C;gHsN,Os [M+H]+: 341.1137; found: 341.1136.

MeO

OMe
38

methyl 2,3-dimethoxy-10-methyl-9,11-diox0-5,9,10,11-tetrahydro-6H-
pyrrolo[3',4':3,4|pyrrolo[2,1-a]isoquinoline-8-carboxylate. Yield = 77%; White solid; 'H NMR
(600 MHz, CDCl5) 6 8.14 (d, J=2.0 Hz, 1H), 6.70 (s, 1H), 4.64 (dd, J=9.8, 4.2 Hz, 2H), 3.99 (s, 3H),
3.94 (s, 3H), 3.91 (s, 3H), 3.05 (m, 5H). 3C NMR (151 MHz, CDCl;) § 164.5, 162.8, 160.1, 150.6, 148.5,
133.6, 125.7, 125.5, 118.1, 117.3, 115.2, 110.3, 110.2, 56.1, 56.0, 52.2, 43.3, 27.8, 24.1. HRMS (ESI)
calculated for CoH gN,Og [M+H]+: 371.1243; found: 371.1245.
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methyl 2-bromo-10-methyl-9,11-diox0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 91%; White solid; 'H NMR (600 MHz, CDCl;) 4 8.67 (d, J=
2.0 Hz, 1H), 7.47 (dd, J = 8.1, 2.0 Hz, 1H), 7.14 (d, J = 8.1 Hz, 1H), 4.78 — 4.68 (m, 2H), 3.98 (s, 3H),
3.17 = 3.07 (m, 5H). 3C NMR (151 MHz, CDCl3) 8 163.8, 162.6, 160.0, 133.0, 131.3, 130.9, 130.3,
129.2, 127.3, 125.8, 121.6, 118.1, 117.3, 52.4, 43.1, 27.9, 24.3. HRMS (ESI) calculated for
Cy7H3BrN,O4 [M+H]+: 389.0137; found: 389.0137.

methyl 1-chloro-10-methyl-9,11-diox0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 73%; White solid; 'H NMR (400 MHz, CDCls)  7.45 (d, J=
8.0 Hz, 1H), 7.29 (t,J = 7.8 Hz, 1H), 7.19 (d, /= 7.1 Hz, 1H), 4.61 (m, 2H), 3.99 (s, 3H), 3.10 (s, 3H),
3.00 (t, J=6.2 Hz, 2H). BC NMR (151 MHz, CDCl3) 8 162.9, 162.7, 160.1, 137.8, 133.1, 130.3, 130.0,
128.1, 125.9, 125.7, 125.3, 119.1, 117.9, 52.5, 42.5, 30.5, 24.3. HRMS (ESI) calculated for
C17H3CIN,O4 [M+H]+: 345.0642; found: 345.0642.

ethyl 10-methyl-9,11-dioxo0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 76%; White solid; 'H NMR (400 MHz, CDCl;) 4 8.49 (d, J=
7.4 Hz, 1H), 7.38 (m, 2H), 7.25 (m, 1H), 4.70 (t, J = 6.9 Hz, 2H), 4.41 (q, /= 7.1 Hz, 2H), 3.14 (t, J =
6.8 Hz, 2H), 3.10 (s, 3H), 1.47 (t, J= 7.1 Hz, 3H). *C NMR (151 MHz, CDCls) 4 164.1, 162.8, 159.7,
132.9,132.3, 130.2, 127.9, 127.8, 127.6, 125.8, 125.6, 118.1, 116.7, 61.6, 43.2, 28.3, 24.2, 14.2. HRMS
(ESI) calculated for C1gH;sN,O4 [M+H]+: 325.1188; found: 325.1189.
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benzyl 10-methyl-9,11-dioxo0-5,9,10,11-tetrahydro-6H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 81%; White solid; 'H NMR (400 MHz, CDCl;) 4 8.47 (d, J=
7.3 Hz, 1H), 7.60 (d, J=7.3 Hz, 2H), 7.46 — 7.30 (m, 5H), 7.23 (d, J= 7.1 Hz, 1H), 5.41 (s, 2H), 4.66 (t,
J=6.8 Hz, 2H), 3.15 - 2.97 (m, 5H). 3*C NMR (151 MHz, CDCl3) 3 164.0, 162.6, 159.4, 135.5, 132.9,
132.3,130.2, 128.6, 128.9, 128.3, 127.9, 127.8, 127.6, 126.0, 125.5, 117.6, 116.7, 66.9, 43.2, 28.2, 24.3.
HRMS (ESI) calculated for Cp3HsN,O4 [M+H]+: 387.1345; found: 387.1346.

O
Ph

8-benzoyl-10-methyl-5,6-dihydro-9H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-9,11(10H)-
dione. Yield = 80%; White solid; '"H NMR (600 MHz, CDCl5) & 8.59 (dd, J = 7.6, 0.8 Hz, 1H), 7.96
(dd, J=8.3, 1.2 Hz, 2H), 7.74 — 7.66 (m, 1H), 7.54 (t, /= 7.8 Hz, 2H), 7.47 (t,J= 7.1 Hz, 1H), 7.42 (td,
J=1.5,1.3Hz, 1H), 7.32 (d,J=17.3 Hz, 1H), 4.72 — 4.39 (m, 2H), 3.22 (t, /= 6.9 Hz, 2H), 3.05 (s, 3H).
BC NMR (151 MHz, CDCls)  185.6, 164.2, 162.8, 137.8, 133.7, 133.5, 132.7, 130.3, 129.9, 128.3,
128.1, 127.8, 125.8, 125.5, 125.2, 116.3, 43.9, 28.5, 24.2. HRMS (ESI) calculated for Cy,HcN,O;
[M+H]+: 357.1239; found: 357.1239.

methyl 10-methyl-9,11-dioxo-10,11-dihydro-9H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-
8-carboxylate. Yield = 91%; White solid; 'H NMR (600 MHz, CDCl;) & 9.17 (d, J = 7.6 Hz, 1H),
9.07 (d, J= 7.5 Hz, 1H), 7.76 — 7.54 (m, 3H), 7.14 (d, J = 7.6 Hz, 1H), 4.04 (s, 3H), 3.16 (s, 3H). 3C
NMR (151 MHz, CDCl3) 6 163.8, 162.9, 160.3, 131.1, 130.2, 129.1, 128.9, 128.5, 127.3, 126.6, 124.7,
123.7, 115.9, 113.1, 111.5, 52.3, 24.4. HRMS (ESI) calculated for C;7H,N,O4 [M+H]+: 309.0875;
found: 309.0873.

S29



methyl 10-ethyl-9,11-dioxo-10,11-dihydro-9H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-8-
carboxylate. Yield = 87%; White solid; "H NMR (600 MHz, CDCl;) § 9.23 (d, J= 7.6 Hz, 1H), 9.14
(d,J=7.8 Hz, 1H), 7.78 — 7.46 (m, 3H), 7.18 (d, J= 7.6 Hz, 1H), 4.05 (s, 3H), 3.75 (q, J = 7.2 Hz, 2H),
1.30 (t,J= 7.2 Hz, 3H). ®*C NMR (151 MHz, CDCls3) 4 163.7, 162.8, 160.4, 131.2, 130.2, 129.2, 128.9,
128.6, 127.3, 126.5, 124.7, 123.8, 115.9, 113.2, 111.5, 52.3, 33.3, 14.1. HRMS (ESI) calculated for
C1gH14N,O4 [M+H]+: 323.1032; found: 323.1032.

methyl 9,11-dioxo-10-propyl-10,11-dihydro-9H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-
8-carboxylate. Yield = 88%; White solid; 'H NMR (600 MHz, CDCl;) & 9.09 (d, J = 7.6 Hz, 1H),
8.99 (dd, J=6.0, 3.6 Hz, 1H), 7.67 — 7.55 (m, 3H), 7.05 (d, J = 7.6 Hz, 1H), 4.04 (s, 3H), 3.75 — 3.54
(m, 2H), 1.74 (dd, J = 14.7, 7.4 Hz, 2H), 0.99 (t, J= 7.4 Hz, 3H). '*C NMR (151 MHz, CDCl;) § 163.7,
162.7, 160.2, 130.8, 130.1, 128.9, 128.8, 128.3, 127.2, 126.4, 124.5, 123.5, 115.8, 112.9, 111.3, 52.2,
40.1, 22.0, 11.4. HRMS (ESI) calculated for C;oHsN,O4 [M+H]+: 337.1188; found: 337.1187.

methyl 10-benzyl-9,11-dioxo-10,11-dihydro-9H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-
8-carboxylate. Yield = 79%; White solid; 'H NMR (600 MHz, CDCl;) & 9.18 (d, J = 7.6 Hz, 1H),
9.08 (d, J=7.8 Hz, 1H), 7.69 — 7.59 (m, 3H), 7.50 (d, /= 7.7 Hz, 2H), 7.34 (t,J = 7.6 Hz, 2H), 7.27 (d,
J =13 Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 4.85 (s, 2H), 4.04 (s, 3H). *C NMR (151 MHz, CDCl;) §
163.6, 162.5, 160.3, 137.0, 131.3, 130.2, 129.1, 128.9, 128.7, 128.6, 128.2, 127.6, 127.3, 126.5, 124.7,
123.6, 116.1, 112.8, 111.6, 52.3, 42.1. HRMS (ESI) calculated for C,3HcN,O4 [M+H]+: 385.1188;
found: 385.1189.
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ethyl 10-methyl-9,11-dioxo-10,11-dihydro-9H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-8-
carboxylate. Yield = 86%; White solid; "H NMR (600 MHz, CDCl;) § 9.06 (d, /= 6.5 Hz, 1H), 8.95
(m, 1H), 7.60 (m, 3H), 7.03 (d, J = 6.6 Hz, 1H), 4.45 (d, J = 6.9 Hz, 2H), 3.12 (s, 3H), 1.52 (t, /= 6.8
Hz, 3H). *C NMR (151 MHz, CDCl;) § 164.0, 162.9, 159.8, 130.05, 129.0, 128.8, 128.2, 127.2, 126.5,
124.6, 123.6, 115.7, 112.9, 111.9, 61.5, 29.71, 24.3, 14.2. HRMS (ESI) calculated for C;3H;4N,O4
[M+H]+: 323.1032; found: 323.1033.

methyl 3,10-dimethyl-9,11-diox0-10,11-dihydro-9H-pyrrolo[3',4':3,4]pyrrolo[2,1-
alisoquinoline-8-carboxylate. Yield = 82%; White solid; 'H NMR (600 MHz, CDCl3) 4 9.09 (d, J=
7.6 Hz, 1H), 8.88 (d, /= 8.2 Hz, 1H), 7.45 (d, J = 8.3 Hz, 1H), 7.42 (s, 1H), 7.02 (d, J = 7.6 Hz, 1H),
4.03 (s, 3H), 3.15 (s, 3H), 2.52 (s, 3H). *C NMR (151 MHz, CDCl;) § 163.8, 162.9, 160.3, 140.7, 131.2,
130.5, 129.2, 128.4, 127.1, 126.2, 124.6, 121.4, 115.7, 112.3, 111.2, 52.2, 24.3, 21.8. HRMS (ESI)
calculated for C{gH4N,O4 [M+H]+: 323.1032; found: 323.1031.

0]
N/
= N=
x> _N / @]
OEt
@)
50

ethyl 2-methyl-1,3-dioxo-2,3-dihydro-1H-pyrrolo[3,4-a]indolizine-4-carboxylate. Yield =
73%; White solid; 'H NMR (600 MHz, CDCl3) § 9.50 (dt, J = 7.2, 1.0 Hz, 1H), 7.81 (dt, /= 8.9, 1.2
Hz, 1H), 7.34 (ddd, /=8.9, 6.8, 1.0 Hz, 1H), 7.00 (td, /= 7.1, 1.3 Hz, 1H), 4.45 (q, J="7.1 Hz, 2H), 3.11
(s, 3H), 1.48 (t,J=7.1 Hz, 3H). 3*C NMR (151 MHz, CDCl;) § 163.8, 163.2, 160.0, 131.3, 130.2, 129.1,
127.0, 118.6, 115.5, 110.6, 110.0, 61.3, 24.1, 14.3. HRMS (ES]I) calculated for C,4H;,N,04 [M+H]+:
273.0875; found: 273.0873.

S31



methyl 2,6-dimethyl-1,3-dioxo-2,3-dihydro-1H-pyrrolo[3,4-a]indolizine-4-carboxylate. Yield
= 65%; White solid; '"H NMR (600 MHz, CDCl;)  7.78 (d, J = 8.8 Hz, 1H), 7.32 (dd, J= 8.8, 7.0 Hz,
1H), 6.83 (d, /= 6.9 Hz, 1H), 4.06 (s, 3H), 3.13 (s, 3H), 2.67 (s, 3H). *C NMR (151 MHz, CDCl;) 3
163.8, 163.7, 160.2, 139.7, 133.2, 130.7, 127.2, 117.1, 116.5, 112.6, 109.8, 52.8, 24.1, 22.3. HRMS
(ESI) calculated for C14H,N,O4 [M+H]+: 273.0875; found: 273.0876.

methyl 2,7-dimethyl-1,3-dioxo-2,3-dihydro-1H-pyrrolo[3,4-a]indolizine-4-carboxylate. Yield
= 71%; White solid; '"H NMR (600 MHz, CDCl;) § 9.42 (d, /= 7.1 Hz, 1H), 7.19 — 7.10 (m, 1H), 6.96
(t,J=7.1 Hz, 1H), 4.04 (s, 3H), 3.15 (s, 3H), 2.80 (s, 3H). *C NMR (151 MHz, CDCl;) 8 163.6, 163.2,
160.5, 133.3, 130.4, 129.9, 126.7, 126.3, 115.9, 111.1, 109.6, 52.1, 24.3, 19.5. HRMS (ESI) calculated
for Cy4H,,N,04 [M+H]+: 273.0875; found: 273.0876.

methyl 2,8-dimethyl-1,3-dioxo0-2,3-dihydro-1H-pyrrolo[3,4-a]indolizine-4-carboxylate. Yield
= 63%; White solid; 'H NMR (600 MHz, CDCl;) § 9.42 (d, J= 7.3 Hz, 1H), 7.64 (s, 1H), 6.88 (dd, J =
7.3, 1.7 Hz, 1H), 4.03 (s, 3H), 3.13 (s, 3H), 2.46 (s, 3H). 3C NMR (151 MHz, CDCl;) § 163.9, 163.4,
160.5, 138.9, 132.0, 130.5, 128.4, 118.5, 117.2, 109.3, 109.2, 52.1, 24.1, 21.3. HRMS (ESI) calculated
for C14H12N204 [M+H]+: 273.0875; found: 273.0875.

S32



1,2-diethyl 3-methyl pyrrolo[2,1-a]isoquinoline-1,2,3-tricarboxylate. Yield = 93%; White solid;
'"H NMR (600 MHz, CDCl3) § 9.39 (dd, J = 6.3, 2.9 Hz, 1H), 9.26 (d, J= 7.5 Hz, 1H), 7.72 — 7.60 (m,
1H), 7.60 — 7.53 (m, 2H), 7.14 (d, J = 7.5 Hz, 1H), 4.43 (dd, J = 14.3, 7.1 Hz, 2H), 4.40 (dd, J = 14.3,
7.1 Hz, 2H), 3.90 (s, 3H), 1.42 (t, J=7.4 Hz, 3H), 1.39 (t, /= 7.5 Hz, 3H). *C NMR (151 MHz, CDCl;)
8 165.2,163.9, 160.4, 134.5, 130.4, 129.7, 129.1, 127.9, 127.2, 126.9, 124.3, 123.8, 115.9, 113.2, 107.9,
61.6, 61.1, 51.9, 14.3, 14.1. HRMS (ESI) calculated for C,yH;9NOg [M+H]+: 370.1291; found:
370.1289.

triethyl indolizine-1,2,3-tricarboxylate. Yield = 78%; White solid; 'H NMR (600 MHz, CDCl;) &
9.53 (d, J=7.1 Hz, 1H), 8.35 (d, J= 9.0 Hz, 1H), 7.44 — 7.33 (m, 1H), 7.03 (t, J = 6.6 Hz, 1H), 4.45 (q,
J=7.2Hz, 2H), 4.41 —4.34 (m, 4H), 1.43 (t,J=7.2 Hz, 3H), 1.38 (m, 6H). 3*C NMR (151 MHz, CDCl;)
5165.8,162.9,160.2,137.9, 130.6, 127.9, 126.6, 119.9, 115.3, 111.8, 103.1, 61.8, 60.8, 60.3, 14.3, 14.1,
14.1. HRMS (ESI) calculated for C;7H;oNOg [M+H]+: 334.1291; found: 334.1292.

methyl 7-cyanoindolizine-1,2,3-tricarboxylate. Yield = 71%; White solid; 'H NMR (600 MHz,
CDCl;) 8 9.56 (dd, J= 7.4, 0.6 Hz, 1H), 8.72 (s, IH), 7.11 (dd, J=7.4, 1.8 Hz, 1H), 4.46 (q,J= 7.1 Hz,
2H), 4.39 (q, J= 7.1 Hz, 2H), 3.92 (s, 3H), 1.41 (t, J= 7.2 Hz, 3H), 1.39 (t, /= 7.2 Hz, 3H). 3C NMR
(151 MHz, CDCl;) 8 164.59, 161.99, 160.03, 135.09, 131.44, 128.30, 126.09, 117.04, 115.01, 114.00,
109.23, 106.48, 62.14, 61.10, 52.31, 14.25, 14.18. HRMS (ESI) calculated for C;gH gN,Og [M+H]+:
359.1243; found: 359.1243.
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Copies of Product NMR Spectra

e
e
e
4:54
i8¢
78°C
mw”NQ
8T
8°C
6°C

|

.

Le
be
zLe
ZLe
2L
SLE S

0L
(VR4

B0

cq -

it
ol

oG-

7€

0L

7t
L9'¢ /
L19°¢
79°¢
e
e
e

20'L

0L
0'€
0°L
0'L

cs

‘99 — -

T
90

1

\P.C
wel
2z
had
-5

0°L
Q'L

1 (ppm)

0

1

110

L

a1

Rt

120

Wo.r
01

10

12

L2

‘8¢ 7

gt =

T
30

TET

02

et

T
60

T
170

ug
LY

GLT N

OLT

L

LLT T —

T
180

T
190

T
20

210

S34



L0
80 "
a1’
er
A%

96 ©

G2 Ve
LG "8G

1€°26 —

96

o

=0T

69 "
69 "
0L”
0L

<t‘¢<t‘ﬁ"“

Ve
92

ce
9€
8€
6¢
ov

Ly
8% °

——po—

S S S

'

OMe

J13°
0"

£1| (ppm)

6991t
GG LT

GG 'ga1

1] (ppm)
S35

-

86 L1

9.0

TT 09T
28291 -
€0 ¥9T1

10. 0

11.0

B T

T T T T T
190 ||180 [170 160 | 130 1

210| 200




L L w
/ | w2
o
Iw - S0l —
— =10°¢
e
u - ze'8z—
] Lo ziee—
| o
“ L2 1zer—
|
_ Lo 5825 —
—t ]
==—w —— =G60T
—
; L n
= &8 iI”lIHw =g0z|
B0 2
| )
-
— e =07
o
[
—
| W=
| nE
i [=8
| T
_ S
“ | o=
|
1 [Ts] .
_ @ 81911~
_ zS LS
e 89°GZL~
— SN 66'52)
— —— 0] g 59221
P00k~ ¥8°L2)
“ & 16'12)
| Fe zzosl
| 9e'zel
e ~——— =860} % coeel
Lo S1°09L <
2 99291 ~
© v8e9l
[ o
w
ro
!

0

0

L H“u Wil ‘uu.m._l.m‘.uhManL.L‘
2

30

40

10 A
70 60 50

190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)
S36

200

210



Z6'0
€60
P60

G9'L
99'L
L9l
e
pL'e
mr.m#
95'¢

LE'E
LE'E

}

oLy
0Lk
Wb
ziy
bl
oL
£eL
£e L
PEL
9tL
LEL
6% L
or L

678
om.mv

= JL - .mu_“_l T J“L_J_J-«__;l

_
i
g8<

Jl__,_,..__J

=l0¢

=0T

Yoz
~107
oog

=00¢

T
~
o
[w]

0.0 -1.0 -2.0

1.0

1.0 10.0 9.0 8.0 7.0 6.0 50 40 30 20
1 (ppm)

12.0

Wil —

66°'1C—
e8¢ —

18'6€ —
8C'ey —

e —

ou.w:
mm.n_‘_‘
6G°G¢Cl
68'5cl
v9'/cl

91091~
68291 ~
LvaL

LN b n} T

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S37



/80°L
902
oL

H/mo.m

0'C
H/OO.N

0g’L
YA
8€'L
ov'L
VL
€v'L
vy'L

-e}
N
~
—_— =

GS'8
958”7

eaov¥
- -

Foo'L

1 (ppm)

62'GC

0292 V
6€'82 7
Fm.mN /

8C'ey —
0L'LS
Nm.NmV

LLOLL~
Wil
69'6¢cl
€8'G¢cl >
s9'/cl
06°Lcl
96°'L¢l
6L°0¢€l
6eecel
Lecel

12091 —
eyl —

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S38



-10

60 50 40 30 20 10

70

— L O
1£'82 —
4 LN
Shey—
'S —
alL’e Lo
\._‘.mv. — - =20¢
8L°€E
66'€ — =zoer ¥
YLy
mn.vw _— -—————————— =00¢
9Ly Lo
] €
8
Lo 1207211

) 08211
Le°L 9t'szl
6c’L zz9zL
MMM N oLlzL

AT G6°/ZL
8e'L — {A0L S.wﬁv
6L T ——— 3002 £¥0€L \
LWL o't .

} 8€7ZEL
ev’L | o or'eel
L
178~ - I
8’8’ =00’}

o 90°091 ~
r €2°29L ~
o Q T gseal 7
= zZ
@)
o
z O "
o /
Z -]
| o

180 170 160 150 140 130 120 110 100 90 80
1 (ppm)
S39

190

210 200




m_\.m/

w_\.mN. -

AR

00'v

€Ly
vh.vw
SL'v S —

Floe

»0'2C

18y
17717
82,1
62°L 1
ze° L
ee° /1
ve LA
1€°27
8"/ 1
8€° L

6€ LA\ _

€0z

e

Copa
L2
v L
ev's ]
ov'L
\.v.l\ —

€98
5’8

JNO._‘

(104

1€8C—

€61V~
zeey

0v'eS —

95911
o
25°52)
v2'52)
85°/21
19221
06'22)
00821
65821
19'821
LE0EL
8€°ZEl
1T°€EL
80°L€L
€109k~
8v'291L ~
81c9L 7

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

540



OMe

10

+00°C

Jo'L
£20'S

JOO.N

1 (ppm)

€€'8C—

SY'ey —

8€CS —

62911
91°8L LA
ve5ZL |
15521
S0'LZ1 A
LL2Z) o
61°1Z1
10'8Z1
50'8Z1
68821
vroel
@w.mm@

s

ggeel
89°¢el

21091~
89191 —
v0'e9L 7

A

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S41



—_— L O
— ) 92’87 —
LN
L9°eh —
ize re 6526 —
NN”mW — - — reoz
vZ'e
i IR
€0'v — fooe
Lo
€8
£
Lo&
12811
m;ﬁ/
gL A |~ 244
ve'L . - SL9zL
SvL— — —— ww:. MMMMW
iz’ @/_ Ty fsoe oL'gzL
o8 Z8°0¢€l
eg — pzd \J Hoz 95°zel
5557 — - Teot 0evEL
558 s 05'8€EL
Y8651 ~
W 3,” 6029} —
O P4 =]
A
-
z o v
(@) \ L=
Z
A U\ A\
7\ | o
Lo

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S42

190

210 200




N_‘.m/

6L'¢

=l0'¢c

0ce
66°'€ —

9Ly
mu.vW
6%

62,1
0gL 1
LE LA
e L7
28 L
zeL
8€° L
8€°L
6E L~
6cL7
ov'L
ov'. ]
ZvL
v L
v L]
etL]
85/ 1
652 1
662
09°2
09°2
581
s8]
ssg !

OMe

Br

12

J00°€
0z
Moz

1 (ppm)

e8¢ —

05'ey —

vv'es—

66'L¢cl
oL'scl
sv'scl
1g°0¢€l
€9'Lel
€0cel
8veel
88'¢el

20091
62191 —~
s9z9L 7

S0'9LL
sesll
Lvieh
10'6el
4141
QN.NNFW

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S43



co0¢C

Lo

[Scel

LV'6C~
9lLee—

SLCTy—

LS —

-10

WL

!

10

20

30

60 50 40

70

v6'8LLY
V6621 |
89921 |
v0'22)
TR |
8121
04221
G1°1ZL ]
55821 7
16621
9,z¢1
veeel ]
E.mm;
81'GEL

—

6191 —

100 90 80
1 (ppm)

110
S44

A ‘..L}H‘.‘

120

1
130

|
A HI\ M
140

150

o
160

[y
L WV AT
180 170

(il
UL L
190

210 200




€l’e—

oL'e

S.mw
€L'e

oo.m\
09'¥

No.vw
SL21
V2]
8L/
0221
€22
vz L
YR
sz .
121
121
TN
621
0g21
Ge'.
Ge' .
9g' .
€2
8e .
S92
99/
192

80

=<

10.

11.

12.

1 (ppm)

26T~
19°1€

28 —

0€'1G—

v0'GLL

81511
vL6LLA
LO°ETL
LLEZL
99°€Z1 1
89°€Z1 1
£LETL
Yb'STL A
8'9Z1
06921
SLLTL
SLLTLA

!

89'8¢C) ~

8v'6¢cl
€g'6cl
v0cel
90¢cel
L6'eecl
00'vel

81651
18091
zo19L/

9'661 —

150 140 130 120 110 100 90 80 70 60
1 (ppm)

160

180

190

200

S45



SCvll-—

-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

-80

-40 -50 ~60

-30

20°¢

ov'e —
80°¢
mo.mW
Le
65°€ —

LSV
mm.vW
09'v

L

NN

Fzo'e

¥zoe

¥20'e

1 (ppm)
S46

A
8L’
9C'L
L2°L
i AVl

N~ N

xc0C

»Jmoe
zy

0g’L
0L,
VL.
cLL

———e o

00T

10

11

12



AaTAd
Nv.mw \
JARARN
SLCh—

€Lg—

€68l
68'¢€cl
L9921
80°L¢l
Sl'lel
29'/2l
69'/¢l
Si'8cl -~
cs'8ct \
1g°0¢€l
€6¢el
8ceel
L6'€EL
oo'sel
VXAVAA)

16191 —

92'00C —

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

80°C

60
o_\.mv
Le

19°¢ —

65V
ow.vW
3°h4
61727

0ZL

-~

B4R

021
L1z
1217
1217
82/
8ZL
62°L 7
0€L A
e
ze L
o |
ve'L ]
veL ]
GeL
ce'L
9e/ |
o€ |
99°2 1
992
892

L~

S47



M

ARGl

GE€'6C~
Leee— -

Ml

6L — - =

S¢S — -

8061
91°€2) | =
9992} 1
¥8'921 | =
2z il =
9521 .
111ZhA
0£'821
2,821
86821
L0°0€L
00°LEL
1geel
B.mm; 3
e6EE |
20 L€k

£9'19) — -

¥0°00C — =

-10

0

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
1 (ppm)

210 200

Ax

90°C

mo.mV

L'e

cL'e
09'¢c —

*20'c

™oz

1 (ppm)

=00}

S48



9€'6C ~
€CCe—

6LCh—

LG —

6666 —
69Vl
€8 vl
80611
Le'ecl

_\w.wmr/
_‘m.muNFW
o0c'Lcl
mmNN_‘\
§9'8¢l
8g'LEl
09'Lel
so'Lel
sveel
L6°€EL
8L'191 —

-10

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
1 (ppm)

210 200

80°¢
o_..mW
cl'e
19°¢ —

wm.v/

¥zoe

Feoz

¥20'e

LN

09V v

L9

ve'L
Gc'L
AV
8¢'L
8¢'L

62°L
9€’L
8€'L
6E°L
Y9 L
G9'L
192

+00°¢

79€'S
“eo0'z
2001

1 (ppm)

549



GE€'6C ~
0gece—

18y —

e LS —

L0'6LL
98'ecl
c9'9cl
98'9¢l
Le Lzl
Yk AY
86'.¢l
69'8¢1 —=
8cLel
og'Lel
creel
Lgeel
€9'eel
os'eel

0L'191 —

82°00C —

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 0
ppm

210 200

10T —

60°€
or.mv.
e
l9'e —

85

mm.vw
09

812
61721
611
0Z'L
0221
1227
9z'2
1271
1217
822
822
8z'L
62'L ]
622
62,
0€°2]
og'. 1
16721
252 ]
2sL
€572
€5/
vS L
Y92
592
992

, =20'€

e A4

007

_ /10°c
~0L'¢

20'¢C

Yoo

1 (ppm)

S50



9€'6C ~
ge'ce—

€8¢ —

9GS —

.68L1
so'lel
€8'ecl
v9'9cl
98'9¢l
€clel
6.2l
12821 —
6°0€l
seciel
cLLel
e€geel
L6'eel
vi'vel

8919} —

92°00C —

-10

0

1

20

60 50 40 30

70

10C

80'¢
or.mW
LL'e
19°¢ —

| F00'¢C

lo'e

80

20

100
1 (ppm)

110

120

1SV
mm.vW
19°¥

502
1072
sz'L
9z'L
12724

=00

130

190 180 170 160 150 140

210 200

8¢'L
62'L %.
V9L
V9L
G9'L
99'L
L.
€L'L

=—=00"¢

r62'€
JO0'L
=00z

S51




GE€'6C ~
9€'¢e —

28 —

LTS —

62°€6 —

16'8LL
8L'ect
€9'9¢l
G8'9¢l
€clel
8.'/¢l
0L'8¢l ~
ceLEL T
€6°LEl r
cgeel
68'€cl
LLYEL
18'9¢1

69191 —

62°00C —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

210 200

€0'¢c —
cvr'e—

80°¢
or.mw
e

1oe”

8G'Y
mm.vv.

09'v

0c'L

121
8¢'L
8¢'L
62°L
0L'L
0L'L
[ YAVA
[ YAVA

Floe
=l0'¢e

00V
4
00}

S52



%€z
142N
AAAEN

8LCh —

SIS —

c6'8lLlL
co'vel
9g'o9cl
60°Lcl
sl'lcl
69°Lcl
6v'8cl
16’821 W
¢g6cl
86'LEl
Gg8'cel
ceeel
68°¢eEl
€0'.€l

66191 —

-10

10

AN
40 30 20

50

60

e

70

120 110 100 90 80
1 (ppm)

130

150 140

160

M
190 180 170

LT
210 200

v0 ¢

76

g,

EREEEES SN S NN NGO ©

Fro-

Fro¢
=10 ¢

F10°

1 (ppm)
S53

oo

10

12

13



10 0 -10

20

18

30

0z ”

40

LL°T

91"
€C "

50

6

70

80

1| (ppm)

1 (ppm)

210 200 190 | 180 170 | 16Q 1W 140 130 120 110 11p0 | |9

o F o

S54



82'6C ~
Leee—

68°Cy —

0€'1G—

vibLL
968l
60611
vo'ect
v9'921
12'9¢1
og'Lel
18'/¢1
2¢6'8¢L -
8v'0€l
060¢l
vriLElL
18°€el
o6'eel
Loyl

V19l —

§5'661 —

20

30

130 120 110 100 90 80 70 60 50
1 (ppm)

140

160

170

180

190

200

vie
mr.mw
oi'e

09¢”

=00'¢C

=l0'¢

99t
No‘vv
69'Y

202
¥0°Z |
S0°Z 1
S0°Z 7
8072
807
60°Z
607
012
o2
L2
bz
e
AW

G172

62'L
0g’L
Ge'L
9€'L
8€'L
v.L'L
SLL

10

1

12

13

1 (ppm)

S55



€6 —

88'¢y —

SIS —

A
9891
68971
gLzl
sz
61121
z18e
91871
mgﬁ\
60°0€ 1
26°2c )
geeel
I€el
6z1ElL

L1'29l —

6€'661 —

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

Lgc—

1€
w_‘.mv
6L'¢

99'¢ —

69'v
o:\W
VLY

86'9 7
00°Z1
¥0°L 1
S0'L
90°L Y
0L
LLZA
8L LA
6172
0Z'L"]
1227

NT—

— =l0'¢

Foe

=00°¢

5699

L~

1 (ppm)

62'L
oe ]
og'L
ov'L |
L2
2z L]
6L
6.1
o082’

 FEREEEE

QT
-+ +-a -

S56



lele—

9€'6C —

68'Cch —

SIS —

€681
vz 121
12921+
6921 1
01421+
L1z
Y0821
90°8Z1
Y1821
58621 ~
16621
oL'1eL
6821 4
A
vreel
€98}
czeel )
81Z9L —

=

Sv's6l —

AT

KR SOMSI A Dy

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

91 ¢

wa.m‘
61 m.\

-1

89 "V
0L .vv

ILv

G0 "L

0 ®
S e
[

1 (ppm)

IR PO

10

11

12

S57



-210

=]
S
]
b
o
-]
-
'
o
]
0
o
~
1€ 62 — -
=3
<]
i
06 2V —
Q
D
-
61 15— '
o
<+
-
|
3
-
T
o
]
T
S1°911 ) . _ o
08 91T 1 18211~ =
96 8TT '~
1) G1T Onmv
88 611 1 Sa
- =
127051 P
79 '521 o
Te—9cT Q_u
€2 °921
00 T
02 ZaT S
2e "L21
18 221
= o
267831 "¢ R
69 .mmﬂ
VL 621 o o
80 0€T 3 )
Gg " q;
¥V gel o
o
08 .mm; 2 @
STTET |
A o o
VS 191\ = ¥
Fo-got=
o T =4
Q
= ?
(=]
o
S 8
.
=3 o
b i
16 €61
S
Q o
=)
- o
~N -

S58



cce—

olL'e
t‘.mw

81°'¢

A

=20’¢

€9°¢

19'v

ww.vv
69V

16°97
2691
8691
669 1
20°L Y
€0°L
0L
0L A

SO0
9072
1027
8L
612
122
vZ L]
sz'L
9z's ]
ze's ]
€e'L
1872
6€'L
ov'L
Sl
9L

= ~¢0¢

8¢'lc—

9€'6C —

98¢y —

LS —

£8'8L1 1
€211
S2'9Z!
¥6'921 1
A%
PLITL
9122} 1
95121
9,121
£0'821L

:

AR TAR

;

SL6Th—
z0eL f

L8'cel
ceeel
sveel
L0'vElL
859¢l
Le'8¢el

VANA

vv's6lL —

10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S59



ol A el

10

11

12

1 (ppm)

-10

o
=)
-
o
~
o o
=]
=]
06 2% —
B
L2716 —
o
©
o
~
o
@
=]
(o]
=
L6 8117 E
211214 8g
L€ 921 1 2
69 921 “
61221 2
8L Z -
I 1y o
Ge '8g1 ]
€6 '831 d
€L .wmjw o
G2 8g1 )
1276217 A
98 621 =]
19161 <+
30 .mm& -
81 €€l .
VE €EL )
08 .mmﬂ
£ 9el | o
12 °8€1 =]
(=]
I3
-
(=]
®
-
&
4
96 TeT =3
o
&
=)
~

S60



€L'e
vv.mw

GlL'e

0.5

1.5

2.5

=00°¢
00°€r

8.5

Q9'¢

q
|

9/°¢
S9'v

@o.vw
795

mm.i
20°L
$0°'L
GO /LN
AR
A
WA
€LL
L2
91/
AWE
6L L1
0z'L
0z'.
4 AV
€.
122
8Z'L
vl
912

e . (e

OMe

29

~20°¢

4.5

=00°¢

O L[
AN}

L0°¢r

8.5

10.5

11.5

12.5

f1 (ppm)

€6 —

G8'¢v —

LS —
6€'6S —

ZreLl
12811
ZvizL
50'9Z1
98'9Z1
10° 221
6l'L2L
8z'/2L
1012L
66221
L0°0EL £
1Z1el
vz'zel
v8zel
66°ZE)
6lect
9evel
9129~
Sh'egl

LO'v6lL —

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S61



1
S
_| L o
-]
Fo (LS
8912
—
9€ '62 —
| L o
V22 e G —
ez’ = Teog S8 v
€171 —
ST .ﬂ/ F®
o1 e 7 — - = TL0°%
8T ¢ ]
€9 ¢ — = =10
— L <+
197 18 811
897 7 — ———] =gz v 121 |
o e Tt
R 60 2271 |
w T 221
€679 = s1°221
S6 "9 = L6127
L ©
66 9 S48t
10°L 66221
b0 L 187821
roL 101 o6t
e o 6L 05T
90 °L I — [ ﬂwm M\ ~ Lo et
L0°L = —= A0 1 €2 €€l
) 9z €T\
ST 1 0°1 pep -
6172 h )cw M Nm.mfw
Ve L r® 167981
I 2Lerl —
82 L
0€ L
89 L
6972 re
12291 —
=)
-
-
F -
ST ST —
o~
F o~

S62



20"

oo

e

S0 °

L8

1€

Se
LE
65
19
€9

g
L2
82
63
62
e
1e
€€
€e
ve
Ge
9¢
LE
(4]
(24
i

LR R R

S e

0 o0

Fo-

Foo-
— Fo-

Fs6-

==

10

1

12

1 (ppm)

i

3 =)
e
T
E o
E
=)
-
ey — 3
E <)
3 1]
o
9 62 — ®
=)
<t
T =
8
0¢ 16—
] =)
1zcaa— -]
o
2 ~
=
==
E @
= o
- )]
=
of
oa
2a
=3 =
3 =)
e
=
A
1L 021 E =]
¥E 121 N
16921 =
L0221 o
ze 2217 ®
L6831 3
c6 .wﬁ\ =)
10 ,«f\ 3
L8 7L€1
M —
10
M -
=)
©
9€ 19T — -
G pgr—

° S
=
=
(=]
o
%
o
o —
o
(=3
o
&
o
2
o~

S63



J— Lo
180 ol
%.ow _ J reoe| _ I5el
5.0\ 1
J
E— 0v'6Z —
] Lo
6127 —
10°€
wo”mw Lo LG —
oL'e —_ — 002
ss'e )
10t 0 G509 —
No.vW :
. W ole
0 J o
LSV N\
) _ -———— o0
65
_‘Qv\ Lw
(STAVA
[STAVA =
3
122 g 86°cLL
= S
62'L £8'9Z1
oe'L £6'92)
e'L €0°L2L
ceL 2ol ~ 81°/2lL
€€°L e : AR\ _
. - .
ve's ] T} eoe sege -
9€'L ) 69621
98'L — — Fool| o se'eel
L8°L LLvEL
£8°L SOVEL
88°L £5°GEl
Lo
G6'19L —
71991 —
o
| N

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S64

190

210 200




— Lo
<
vo'vL
e v
e — =] z20'€
“zoe
9 ve'6z—
L o
Lozy—
| Tooz® v6'1G—
18709~
20| . €619
0z
—— Jioz
———————1 =002
Lo
B
(%
LoZ
= L20bL
9L8LL \
wm.wﬁ/
L~ ¥6°9¢L
______| w001 €Lzl
Moz se' /2L
61821 -7
L oo Nm.mmv\
—! 1660 LZveL
€8°9€L
L O
'®) 0€°09L ~
b €V'e9l —
w ° bLogL
™ F e
_ ™
L
(@)
Lo

-10

0

ik

1

20

30

40

60 50

70

100 90 80
1 (ppm)
S65

110

120

130

R D
180 170 160 150 140

190

210 200




L™

Le'L
ccL
62,

gL
gL
zeL
zeL
ve'L
ve'L
9e'L
€2
028~
zL8”

OMe

N7

——

34

=l0'¢

=00'¢

u\_\o._\
2oL
0°L

S

G8'¢€e

90'vC 7
8€'6C
8€°0V ~
65Cy

0€'1G—

eV LLL~
SlgLL
L0°22L
moNNFW
80°L¢l
§6'8¢l
Le6cl
v0'veEl
oL.el
Lg8el

cl'e9l —

LS'V61 —

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S66



J— Lo
—]
LN
80°¢ | o
mo‘mw ——— =102
e
20 |
1z mw —oel ¥
mm‘vw ———————— =02
62
mN.hg Lw
1221 | -
9L | E
1€°21 g
8¢, b
€L ] re
vy L
Sy L
89'L
69°L 1 i L~
0427 L gL
YA =0l
IR\ \L oo
€127 Sou |
8’8 7101
om.wv H oot
128 |
8z'8 Q 0O
8z'8 W 1||LW =00'L |
72 7] o
O ™ Lo
p
FY

L1'6C—

Scer—

9L'€G—

€5 LLL
8y'ezl
1t'STh
ze'9zL
v9'9zL
9z 121
syizh
17121
16'8Z1 —
810} /s
90°eel
eveel
zLeel
99'vEL
59'GEL
06'5€L
26'19L —

v9'6.1
69'6.1 >

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S67



9€' ¢~
80°¢€

|
i

60°€
oL'e
LL'e

66°€
0LV
NN..VW

€Ly

ve L
mN.Nv

ov'8
Zr'8 v

“00°€

»\mo”N

10°¢g

=/6°C

“00°¢

3.5 2.5 1.5 05 -05 -15

11.5 105 95 8.5 7.5 6.5 55 45
f1 (ppm)

12.5

W6~
6272~
28V
6Ty —

cees —

2991~
€€ LI
LGGTh
88'GZL
S.oﬁ\
96°.21
88°0¢
20'zEl
1G°€€l
8z'sel

22091~
26291 ~
SLp9L 7

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S68



LL'e
Q.m/
SL'e
18'€EN
g6'e”
89V
%.vw

VA4

mh.m
ow.©/
€69
€69
G6'9
G6°9
vv'8
Nv.wwv

OMe
NTN

MeO

37

¥60'S

+#€0°€

Yo

00°¢

vL0'L
MO'L

10'L

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0

12.0

f1 (ppm)

€Cve—
29’82 —

Y0'ey —

§¢'eS ~
Sv'6G —

0z'ell
9z'eLL
62°GLL —
oLLLLT
z5'8LL
16'621L <
026217
t\mm_\
e

rN.omv
Lol V
66°291 -1
€T Y9l 7

T T T T T T T T T T
190 170 150 130 110

210 200

-10

20

160 140 120 100
1 (ppm)

180

S69



-10

-
<
o~
70°€ ]
wo.m/ -
wo.m\( = *U5
0°¢
L6°€ cO'e
66\ 0'¢ <
. —
umm\ 0'¢
29'Y
29 ] 00¢
79 10
9'Y R
a
&
=
©
)9 — -—_ 1 d0l
~
71’8 o
—_ 1 00}
v_...wv
o
% e
[)
=
O
-

o
[}
=

12

o
o
=
1<)
N
Gl gz —
o P
6122 S
o
<
Ve gy —
8
[ENTRN
£0 °9¢
z1 .mmv 8
o
~
o
o
o
-
of
Sa
=1
=
111 (=]
2
8€ 01T -
07 611~ °
62 °L11 7
N
60-s117 -
6V "zl
€L .mﬁV 3
i
66 €81 —
o
<
-
1681 ~ 3
657051~ -
o
60 °09T ©
18 29T~
sy vo1 o
~
-
(=]
)
=]
&
=
o
o
«
=)
=
N

S70



oL'e
_‘r.mW.

cl'e

86'€ —

LY
Nh.wv

€LY

€LL
m_‘.h/
V'L
V'L
YA
YA

19'8
19'8

£0°S

—0lT

S0°L
+0°L

00°L

10

12

1 (ppm)

LEve—
68,0 —

Sl'ey—

€V'2G —

€009}~
v9'29L ~
18917

20

30

150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

160

180

190

200

S71



862
00°€
S.m\
oLe

al

66'€

19V —

8L,
ON.N/
NNR/

62°LT

Le°L
vy L

oYL

#7102
oo'e

Fooz

¢33

[

LEYC—
96°0€ —

€5Ch —

05¢S —

S6LLL
zL6LL /
8c'szl

B.mﬁw
18521

90'82) /¢
vo.oﬁ\
%.om_\
S.mﬁ\
68°/€L

807091~
9,29l
mm.wor 7

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S72



oL'e
cLe

i.m\

oL'€
8
ov.vw
Zry
e ad

69V
oLV

Ly

Gc'L
92'L
ve'L

(108
(04

ooz
Hoz

Ze

[

mm.m%f
161
8e'L
ov'L
ZvL
818~
058

Moz

[44 4
Leve—
€8¢ —

veey —

9619 —

-10

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
1 (ppm)

210 200

S73



L0'¢
o_&mW

L'e

eich 4
ow.vW
89V
'S /
veL
gL
€€'L
Ge'L
8¢€'L
6€°L
ov'L
v
6S°LT
19°L \

91’8~
8’8’

0€'ve—
1g'8c—

Leey—

16'99 —

92911
€911
16'62L
€0'9¢l
29'/cl
08¢l
6.2l
ceeet
098¢l \
LcoelL
6ecel
66¢CEl
€g'sel

£V'651~
Y9291 ~
S0'v9L

-10

110 100 90 8 70 60 50 40 30 20 10
1 (ppm)
S74

120

190 180 170 160 150 140 130

210 200




(=]
F—
|
o
[o
A4 (=]
J -
S
(=]
[
o
— Fgze| o
———— -
ez
(=}
1 [~
e =z
(=]
L~ 72
04
E— [o}
| &
—
© w
[©
(=}

9.

E=/011

69

——

EEES
0 T

%

20 "
0-

iy

i
T

68291 ~
LTP91 —

29681 —

20

30

150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

160

200 190 180

210

S75



91

vo

el
i
€9
€9
v9
59
S9
99
99
L9

e —

=

L

=L1°¢

a0 1

1 (ppm)

69
69
L0
80
91
81

SFFFE NN NN NN NN

e O

00T

£ 18—

20

30

150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

160

190 180

200

S76



632"

1€

€L’
vLe
GL'e
LL-
G0 "

LT
81
9

L9
89
69
0L
TL
el
ST
(44
Ve

FFFF NN NN

Y R

e 1 g

1 (ppm)

80 71 —

9€°ee —

Ve 2 —

=

20

30

150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

160

190 180

200

S77



86 "
66 "
10"
cL”
VL
GL "
9L

29
€9
9"
Yo"

vo
S0
6%
09
09
09
19
19
19
a9
z9
€9
€9
86
86
66
00
80
60

o e e S S L

——_—— (0"

1 (ppm)

ap 1 —

9022 —

2070y —

9225 —

227091 ~

20

30

150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

160

190 180

200

S78



Vo v -—Z0 ¢

80
60
La

1 (ppm)

[43
ve
Ge
0s
18
69
19

z9
29
€9
v9
<9
80
60
L1
8T

e

—_—

10°1

R I N S S

|

20

30

50

60

70

90 80

100
1 (ppm)

S79

110

120

Nyt
140 130

150

160

190 180

200




© 0 W =3 >} w < [
[SH=} © ==} A -
@ @0 ) =N <+ <
N v
|
|
|
|
. J i A J / JL x,f\\ l _
73 oJ J d
[==] — g (=] (=} —
- o . o o
T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 2 1 0 -1
1 (ppm)
S 1 [
[
|
|
o ™ —_— n o . T e A Fo A
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 20 110 100 90 80 70 60 50 10 30 20 10 0 -10

1 (ppm)

S80



~ Gri—

[ o 0226 —

1 (ppm)

S\ 1N

20

30

50

60

70

90 80

100
1 (ppm)

S81

110

190 180 170 160 150 140 130

200




Ly
8%
0s

o
o

566 ¥ ¥ F A

<

R I S S

S @ oS

13

t

o —

—

————

e

[

@

|

= N

N

OEt

50

i l

z0 -
L /20

1 (ppm)

61—

107091 ~

127691 ~_
18°€91 —

20

30

150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

160

200 190 180

210

S82



OO NN 0N ©
B~ @mmo® S
B ] <

—139.72

IR

2.67

3,024

52.84

—24.12
—22.26

T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

S8&3



o~ CIBB T T T 0 « 5 o
¢ ZEEZIZZ 588 3 -
B OGN < EEES
v (.
I
]
l ] Ll
d dd oA 4 d
(=} [=l=] [=} (=} =)
K E o S
T T T T T T T T T T
12 11 10 9 8 7 6 5 3 2 -1
1 (ppm)
v/ [
|
I
[}
|
\‘ ||
| l‘ " |
| | | |
. . . . . . . . . . . . . . . . . . . T . .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S84



o= T won~ © B ©

A © 0 0 00 (=} - <+

@ o ~ © © S < o o

v | N

|
I

. ‘ J Wi A A s

Mg d’ J d )

(=} (=} [=} (=} [=} (=]

= ~ - ) o3 o3
T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 1 -1

f1 (ppm)
I \ ' I
|
|
|
o
| ’ ‘ “
N | l
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm)

S8&5



3€°L
%.r/
43
NTF\
L

)6'€
€Y
€V
Wy
'y

00~

-1

o)

g
vy
vy
7VL
kL
7S°L
IS°L
IS°L
1S
1S°L
3G/

"0 g

79°L
9L
9°L
IT’6
1c6
3€°6
3€°6
W6
W'e

—,— e N Do

00"
10

10

11

12

26716 —

ISICENS
19719

||

|

90 80 70 60 50 40 30 20 10
f1 (ppm)
S86

190 170 150 130 110

210




-1

Ge
9€
Le
8€
8¢

v
S
i
Ly

z0
€0
o
Se
9€
Le

9€

iy

FIFFSISFSFS S A

—

S S S

4

=== {10
M-

VO—E

faTe}

78 "09

‘19

<

09T ™~

=00 "

10

6 20T —
ECl

1

12

-10

30/(({|20 10

40

90

190 180 170 (160 150 |140 130 120|110 | 10
f1 (ppm)
S87

200

210




— Lo
8€’L -
6€'L ] r
ov'L 3,50°¢
ov'L L'e
WL ]
eVl Fo

L o™
26'¢E
LY
wm.vk
6E'Y c0e ¥
ov'y u\ho.N
P | T—————————=—"190¢
o'y
VAd4 Lo
8v'v
£
Log
b
oL'L
) O
NTNW. —7L0°)
rAA
L o
L8~ - {F00°"L
Lo
95'6
956 90T
VANG)
B.m\ L2
| o
O

w:l
mN.vFV

1€2G —

0L19~
viz9

81901
62600
00'PhL~
LO'GLL =
vosLL/
60921 ~.
0e'8zl —
vrLEL -
60°SEL <

€0°09) ~
66'19L —
6591 7

-10

190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S88



