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1. General Information

IH NMR and 3C NMR were recorded on a Bruker 400 MHz spectrometer (*H NMR: 400MHz, $3C
NMR: 100MHz). The chemical shifts (6) and coupling constants (/) were expressed in ppm and Hz
respectively. *H NMR spectra were referenced to the solvent residual peak (TMS, 6 0 ppm) and
13C{1H} NMR spectra were referenced to the solvent residual peak (CDCls, & 77.0 ppm). High
Resolution mass spectra were obtained using Thermo Scientific LTQ Orbitrap XL mass
spectrometer. All solvents were purified and dried according to the standard procedures unless
otherwise noted. Commercially substrates were purchased and used directly. Substrates 1a-1all!!

were prepared according to the literature procedures.

2. General procedures for C-H amination

Figure S1. Electrodes (carbon cloth: width 1.5 cm, immergence depth 1.5 cm; platinum plate: width
1.5cm)

Procedure for direct oxidative C-H amination (Condition A, 1a as an example)
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An undivided cell was equipped with a magnet stirrer, carbon cloth (1.5*1.5 cm?), platinum
plate (1.5 *1.5 cm?), as the working electrode and counter electrode. The substrate 2-([1,1'-
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biphenyl]-2-yl)-1H-benzo[d]imidazole 1a (135 mg, 0.5 mmol), and "BusNOAc (301 mg, 1 mmol)
were added to the solvent DCE/HFIP (7/3 mL). The resulting mixture was allowed to stir and
electrolyze at constant current conditions (15 mA, J = 6.7 mA-cm™) at room temperature for 3
hours. Then the volatile solvent was removed with a rotary evaporator. The residue was purified
by column chromatography (PE/ EA= 10/1-6/1) on silica gel to afford the desired product 2a (123
mg) in 92% yield.

Procedure for indirect oxidative C-H amination (Condition B, 1a as an example)

. L.
— —
o CHSCN/HFIP (7/3), 3b, "Bu,NPF, \
O C cloth (+)-Pt (1), 15 mA-3h o
1

a 2a

An undivided cell was equipped with a magnet stirrer, carbon cloth (1.5*1.5 cm?), platinum
plate (1.5 *1.5 cm?), as the working electrode and counter electrode. The substrate 2-([1,1'-
biphenyl]-2-yl)-1H-benzo[d]imidazole 1a (135 mg, 0.5 mmol), tris(4-bromophenyl)amine 3b (24 mg,
0.05 mmol), and "BusNPFs (387 mg, 1 mmol) were added to the solvent CH3;CN/HFIP (7/3 mL). The
resulting mixture was allowed to stir and electrolyze at constant current conditions (15 mA, /= 6.7
mA-cm) at room temperature for 3 hours. Then the volatile solvent was removed with a rotary
evaporator. The residue was purified by column chromatography (PE/ EA= 10/1-6/1) on silica gel
to afford the desired product 2a (118 mg) in 88% vyield.

3. Procedure for gram scale reaction

Figure S2. Gram-scale electrolysis setup (carbon cloth: width 2.5 cm, immergence depth 3 cm;
platinum gauze electrode: width 2.5 cm, immergence depth 3 cm)
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An undivided cell was equipped with a magnet stirrer, carbon cloth (2.5*3 cm?), platinum
gauze plate (2.5 *3 cm?), as the working electrode and counter electrode (the electrolysis setup is
shown in Fig. S2). The substrate 2-([1,1'-biphenyl]-2-yl)-1H-benzo[d]imidazole 1a (1.08 g, 4 mmol),
and "BusNOAc (602 mg, 2 mmol) were added to the solvent DCE/HFIP (14/6 mL). The resulting
mixture was allowed to stir and electrolyze at constant current conditions (90 mA, J =12 mA-cm’
2) at room temperature for 4 hours. Then the volatile solvent was removed with a rotary evaporator.

The residue was purified by column chromatography (PE/ EA= 10/1-6/1) on silica gel to afford the
desired product 2a (954 mg) in 89% yield.

4. Cyclic voltammetric experiments
The electrochemical analysis was demonstrated with Ag wire as a reference electrode, which

is not a stable reference electrode. CVs can be calibrated using ferrocene as an external reference.
(Figure S3) Eo(Fc/Fc*) = (1.06-0.058)/2 = 0.53 V.
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Figure S3. Cyclic voltammograms of ferrocene (5*10-3 M) in 0.1 M LiClO4/CH3CN , using Pt wire

working electrode, glassy carbon, and Ag/AgNOsz (0.1 M in CH3CN) as counter and reference
electrodes at 100 mV/s scan rate.
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Figure S4. Cyclic voltammograms of substrates and catalyst in 0.1 M LiCIO4 (CH3CN), using Pt wire
working electrode, glassy carbon, and Ag/AgNOs (0.1 M in CH3CN) as counter and reference
electrodes at a 100 mV-s? scan rate: (a) backgroud; (b) 2-phenylbenzimidazole (5*103 M); (b)
biphenyl (5%103 M).

As shown above, 2-phenylbenzimidazole (with anodic peak at 1.27 V) is more easily oxidized
than biphenyl (with anodic peak at 1.57 V), and the anodic peak of 2-phenylbenzimidazole is close
to that of substrate 1a (with anodic peak at 1.14 V). In other word, benzimidazole moiety in the

substrate 1a is more likely to proceed anodic oxidation to afford nitrogen-centered radical.
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Figure S5. Cyclic voltammograms of substrates and catalyst in 0.1 M LiClO4 (CHsCN), using Pt wire
working electrode, glassy carbon, and Ag/AgNOs (0.1 M in CHsCN) as counter and reference
electrodes at a 100 mV-s! scan rate: (a) backgroud; (b) 3b (1*10-3 M); (c) 1a (5*103 M); (d) 3b
(1*103 M) + 1a (5*103 M).

As shown above, A couple of reversible redox peaks are shown on the spectrum of 3b (curve
b, Figure S5), and the anodic peak is assigned to the oxidation of 3b to the corresponding cation
raidcal species (3b*). Treating 3b with 5 equivalents substrate 1a led to an obvious increase of
anodic peak of 3b and decrease of its cathodic peak (curve d, Figure S5). The increase of anodic
peak of 3b associates with the regeneration of 3b, which suggests that 3b serves as a catalyst
during the reaction. The decrease of the cathodic peak is attributed to the single electron transfer

between substrate 1a and the cation raidcal 3b*.

5. Procedure for control experiments
Procedure for KIE study

- - Electrochemlcal
HN * HN "C-H amination

1a:1a-Ds = 111 a-Dy
Condition A (40 min): 2a/2a-D,4 = 1.2/1, 40% yield
Condition B (40 min): 2a/2a-D, = 1.2/1, 38% yield
The mixture 1a and 1a-Ds (1/1, 136 mg) were used to replace substrate 1a under Condition A
and Condition B with a shorter reaction time (40 min). The desired products were determined by

'H NMR (Figure S5 and Figure S6).
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Figure S5. The *H NMR spectrum of mixed product under Condition A.
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Figure S5. The 'H NMR spectrum of mixed product under Condition B.

Procedure for radical trapping experiments

O N O
+
HN _ Electrochemical _ \@ Condition A : < 5% yield
O O ~ CHamination Condition B : < 5% yield

1a 1.5 equiv
1,1-Diphenylethylene (1.5 mmol, 270 mg) was introduced to the reaction under Condition A
and Condition B. The corresponding products were obtained with 5.2 mg (Condition A) and 5.7 mg
(Condition B).
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6. Crystal structure of 2z

48 Y

PLATON-Nov 8 04:27:05 2020 - (180920)

Z -26 111 Pbeca R = 0.08 RES= 0 88 X
Table S1. Crystal data and structure refinement for 2z.
Identification code 2z
Empirical formula C20 H11 F3 N2
Formula weight 336.31
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system, space group Orthorhombic, Pbca
Unit cell dimensions a=9.2360(8) A  alpha =90 deg.

Volume

Z, Calculated density
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Limiting indices
Reflections collected / unique
Completeness to theta = 25.242
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on FA?
Final R indices [I>2sigma(l)]

R indices (all data)
Extinction coefficient
Largest diff. peak and hole

b=17.7645(14) A
c=18.4265(15) A
3023.3(4) An3
8, 1.478 Mg/m~n3
0.114 mmA?t
1376
0.25x0.21 x 0.14 mm
3.123 to 27.666 deg.

-12<=h<=11, -23<=k<=22, -23<=[<=24
45226 / 3506 [R(int) = 0.1677]
99.9 %

Semi-empirical from equivalents
0.7456 and 0.6946

Full-matrix least-squares on FA2
3506/0/226
1.014
R1=0.0795, wR; = 0.1475
R1=0.1866, wR2 =0.1867
n/a
0.260 and -0.309 e.AN-3

beta = 90 deg.
gamma = 90 deg.
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Table S2. Atomic coordinates ( x 1074) and equivalent isotropic

parameters (A”2 x 10/3) for 2z.

orthogonalized Uij tensor.

displacement

U(eq) is defined as one third of the trace of the

X y z U(eq)
F(1) 2900(4) 5597(2) 4824(1) 143(1)
F(3) 3141(4) 6643(2) 5312(1) 136(1)
N(1) 6324(2) 7340(1) 2393(1) 33(1)
F(2) 4763(3) 5856(2) 5414(1) 116(1)
N(2) 6394(3) 7531(2) 1182(1) 48(1)
C(16) 7297(3) 7936(2) 2274(2) 35(1)
c(14) 5844(3) 7125(2) 1705(2) 36(1)
C(8) 4274(3) 6167(2) 2250(1) 34(1)
C(5) 5739(3) 7023(2) 3031(1) 33(1)
C(13) 4847(3) 6510(2) 1629(1) 36(1)
c(4) 4707(3) 6444(2) 2964(1) 33(1)
C(3) 4119(3) 6159(2) 3603(2) 41(1)
C(6) 6139(3) 7291(2) 3711(2) 43(1)
c(7) 5536(4) 6994(2) 4330(2) 49(1)
C(15) 7289(3) 8038(2) 1525(2) 44(1)
c(9) 3286(3) 5574(2) 2150(2) 45(1)
c(17) 8180(3) 8366(2) 2722(2) 45(1)
c(2) 4525(3) 6427(2) 4276(2) 44(1)
c(12) 4455(4) 6260(2) 938(2) 51(1)
c(11) 3495(4) 5682(2) 858(2) 58(1)
C(10) 2899(4) 5342(2) 1467(2) 53(1)
C(18) 9015(4) 8912(2) 2392(2) 55(1)
C(20) 8130(4) 8599(2) 1205(2) 63(1)
c(1) 3839(5) 6128(2) 4944(2) 65(1)
c(19) 8983(4) 9035(2) 1652(2) 66(1)
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Table S3.

Bond lengths [A] and angles [deg] for 2z.

F(1)-C(1)
F(3)-C(1)
N(1)-C(16)
N(1)-C(14)
N(1)-C(5)
F(2)-C(1)
N(2)-C(14)
N(2)-C(15)
C(16)-C(15)
C(16)-C(17)
C(14)-C(13)
C(8)-C(13)
C(8)-C(4)
C(8)-C(9)
C(5)-C(4)
C(5)-C(6)
C(13)-C(12)
C(4)-C(3)
C(3)-H(3)
C(3)-C(2)
C(6)-H(6)
C(6)-C(7)
C(7)-H(7)
C(7)-C(2)
C(15)-C(20)
C(9)-H(9)
C(9)-C(10)
C(17)-H(17)
C(17)-C(18)
C(2)-C(1)
C(12)-H(12)
C(12)-C(11)
C(11)-H(11)
C(11)-c(10)
C(10)-H(10)
C(18)-H(18)
C(18)-C(19)
C(20)-H(20)
C(20)-C(19)
C(19)-H(19)

C(16)-N(1)-C(5)
C(14)-N(1)-C(16)

1.301(4)
1.308(4)
1.406(3)
1.396(3)
1.411(3)
1.309(4)
1.306(4)
1.376(4)
1.393(4)
1.388(4)
1.435(4)
1.401(4)
1.462(4)
1.405(4)
1.407(4)
1.392(4)
1.396(4)
1.391(4)
0.9300

1.380(4)
0.9300

1.374(4)
0.9300

1.376(4)
1.394(4)
0.9300

1.372(4)
0.9300

1.380(4)
1.484(4)
0.9300

1.365(4)
0.9300

1.387(5)
0.9300

0.9300

1.382(5)
0.9300

1.378(5)
0.9300

132.4(2)
105.5(2)
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C(14)-N(1)-C(5)
C(14)-N(2)-C(15)
C(15)-C(16)-N(1)
C(17)-C(16)-N(1)
C(17)-C(16)-C(15)
N(1)-C(14)-C(13)
N(2)-C(14)-N(1)
N(2)-C(14)-C(13)
C(13)-C(8)-C(4)
C(13)-C(8)-C(9)
C(9)-C(8)-C(4)
C(4)-C(5)-N(1)
C(6)-C(5)-N(1)
C(6)-C(5)-C(4)
C(8)-C(13)-C(14)
C(12)-C(13)-C(14)
C(12)-C(13)-C(8)
C(5)-C(4)-C(8)
C(3)-C(4)-C(8)
C(3)-C(4)-C(5)
C(4)-C(3)-H(3)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(5)-C(6)-H(6)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(6)-C(7)-H(7)
C(6)-C(7)-C(2)
C(2)-C(7)-H(7)
N(2)-C(15)-C(16)
N(2)-C(15)-C(20)
C(16)-C(15)-C(20)
C(8)-C(9)-H(9)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(16)-C(17)-H(17)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(3)-C(2)-C(1)
C(7)-C(2)-C(3)
C(7)-C(2)-C(1)
C(13)-C(12)-H(12)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)

—_— e — —  — —  — — =

121.7(2)
104.8(2)
104.4(2)
134.3(3)
121.3(3)
120.0(2)
113.3(3)
126.7(3)
119.1(3)
117.7(3)
123.2(3)
118.6(2)
120.8(3)
120.5(3)
119.6(2)
119.9(3)
120.5(3)
120.6(2)
122.2(3)
117.2(3)
119.1

121.9(3)
119.1

119.7

120.6(3)
119.7

120.1

119.8(3)
120.1

111.9(2)
127.5(3)
120.6(3)
119.5

120.9(3)
119.5

121.5

117.0(3)
121.5

120.4(3)
120.1(3)
119.5(3)
119.8

120.4(3)
119.8
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C(12)-C(11)-H(11) 120.1

C(12)-C(11)-C(10) 119.8(3)
C(10)-C(11)-H(11) 120.1
C(9)-C(10)-C(11) 120.5(3)
C(9)-C(10)-H(10) 119.7
C(11)-C(10)-H(10) 119.7
C(17)-C(18)-H(18) 118.9
C(17)-C(18)-C(19) 122.2(3)
C(19)-C(18)-H(18) 118.9
C(15)-C(20)-H(20) 121.0
C(19)-C(20)-C(15) 117.9(3)
C(19)-C(20)-H(20) 121.0
F(1)-C(1)-F(3) 105.5(4)
F(1)-C(1)-F(2) 106.3(3)
F(1)-C(1)-C(2) 113.8(3)
F(3)-C(1)-F(2) 103.6(3)
F(3)-C(1)-C(2) 113.0(3)
F(2)-C(1)-C(2) 113.8(3)
C(18)-C(19)-H(19) 119.6
C(20)-C(19)-C(18) 120.9(3)
C(20)-C(19)-H(19) 119.6

Symmetry transformations used to generate equivalent atoms:
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Table S4. Anisotropic displacement parameters (A*2 x 1073) for 2z. The anisotropic
displacement factor exponent takes the form: -2 pi*2 [ h"2 a*A2 U1l + ...+ 2 hka* b* U12]

u11 u22 u33 u23 u13 u12
F1)  178(3) 190(3) 62(2) 16(2) 302)  -116(3)
F3)  187(3) 144(2) 78(2) 17(2) 86(2) 57(2)
N(1) 33(1) 38(1) 29(1) 0(1) -1(1) 0(1)
F2)  120(2) 161(3) 67(2) 65(2) 6(2) 7(2)
N(2) 57(2) 56(2) 31(1) 8(1) 0(1) -9(2)
c(16)  30(2) 35(2) 40(2) 1(1) 2(1) 2(1)
c(14)  38(2) 43(2) 29(2) 1(1) -3(1) 3(2)
c(8) 32(2) 35(2) 34(2) 0(1) -3(1) 5(1)
C(5) 34(2) 37(2) 28(2) 1(1) 1(1) 5(1)
c(13)  38(2) 39(2) 30(2) -1(1) -6(1) 4(2)
C(4) 31(2) 35(2) 32(2) 1(1) 4(1) 5(1)
c(3) 39(2) 43(2) 40(2) 2(1) 6(1) 0(2)
C(6) 50(2) 47(2) 33(2) -1(2) -2(2) -7(2)
c(7) 61(2) 55(2) 30(2) -3(2) 1(2) 1(2)
C(15)  44(2) 46(2) 41(2) 8(2) 2(2) -3(2)
c(9) 45(2) 42(2) 48(2) 1(2) -3(2) -4(2)
c(17)  43(2) 44(2) 48(2) -1(2) 3(2) -2(2)
c(2) 49(2) 49(2) 33(2) 5(2) 8(2) 4(2)
C(12)  64(2) 54(2) 35(2) 1(2) -11(2) -6(2)
c(11)  73(3) 57(2) 43(2) -7(2) -23(2) -5(2)
C(10)  58(2) 42(2) 60(2) -6(2) -15(2) -8(2)
c(18)  48(2) 48(2) 68(3) -7(2) 0(2) -10(2)
c(20)  70(3) 64(2) 54(2) 24(2) 9(2) -14(2)
c(1) 81(3) 75(3) 39(2) 7(2) 15(2) -7(2)
c(19)  59(2) 61(2) 79(3) 12(2) 11(2) -19(2)
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Table S5. Hydrogen coordinates ( x 10°4) and isotropic displacement parameters (A"2 x
1073) for 2z.

X y z U(eq)
H(3) 3432 5777 3576 49
H(6) 6820 7675 3748 52
H(7) 5810 7174 4783 58
H(9) 2889 5336 2553 54
H(17) 8208 8289 3221 54
H(12) 4850 6489 529 61
H(11) 3241 5516 397 69
H(10) 2232 4954 1411 64
H(18) 9619 9208 2679 66
H(20) 8115 8677 706 76
H(19) 9545 9417 1453 80
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Table S6. Torsion angles [deg] for 2z.

N(1)-C(16)-C(15)-N(2) -1.3(3)
N(1)-C(16)-C(15)-C(20) 179.1(3)
N(1)-C(16)-C(17)-C(18) 179.5(3)
N(1)-C(14)-C(13)-C(8) 4.9(4)
N(1)-C(14)-C(13)-C(12) -175.2(3)
N(1)-C(5)-C(4)-C(8) 1.3(4)
N(1)-C(5)-C(4)-C(3) 178.1(2)
N(1)-C(5)-C(6)-C(7) 178.2(3)
N(2)-C(14)-C(13)-C(8) 175.3(3)
N(2)-C(14)-C(13)-C(12) 4.6(5)
N(2)-C(15)-C(20)-C(19) 178.3(3)
C(16)-N(1)-C(14)-N(2) 12(3)
C(16)-N(1)-C(14)-C(13) 178.6(2)
C(16)-N(1)-C(5)-C(4) 176.5(3)
C(16)-N(1)-C(5)-C(6) 1.6(4)
C(16)-C(15)-C(20)-C(19) 1.2(5)
C(16)-C(17)-C(18)-C(19) 0.2(5)
C(14)-N(1)-C(16)-C(15) 1.4(3)
C(14)-N(1)-C(16)-C(17) 176.5(3)
C(14)-N(1)-C(5)-C(4) 3.8(4)
C(14)-N(1)-C(5)-C(6) 174.3(3)
C(14)-N(2)-C(15)-C(16) 0.6(4)
C(14)-N(2)-C(15)-C(20) 179.9(3)
C(14)-C(13)-C(12)-C(11) 179.2(3)
C(8)-C(13)-C(12)-C(11) 0.7(5)
C(8)-C(4)-C(3)-C(2) 179.6(3)
C(8)-C(9)-C(10)-C(11) 1.0(5)
C(5)-N(1)-C(16)-C(15) 172.2(3)
C(5)-N(1)-C(16)-C(17) 9.9(5)
C(5)-N(1)-C(14)-N(2) 173.2(2)
C(5)-N(1)-C(14)-C(13) 7.0(4)
C(5)-C(4)-C(3)-C(2) 0.2(4)
C(5)-C(6)-C(7)-C(2) 0.2(5)
C(13)-C(8)-C(4)-C(5) 3.2(4)
C(13)-C(8)-C(4)-C(3) 176.2(3)
C(13)-C(8)-C(9)-C(10) 0.0(4)
C(13)-C(12)-C(11)-C(10) 0.3(5)
C(4)-C(8)-C(13)-C(14) 0.0(4)
C(4)-C(8)-C(13)-C(12) 179.9(3)
C(4)-C(8)-C(9)-C(10) 179.0(3)
C(4)-C(5)-C(6)-C(7) 0.2(4)

S15



C(4)-C(3)-C(2)-C(7)

0.2(5)

)-
C(4)-C(3)-C(2)-C(1) 177.9(3)
C(3)-C(2)-C(1)-F(1) 2.1(5)
C(3)-C(2)-C(1)-F(3) -118.2(4)
C(3)-C(2)-C(1)-F(2) 124.0(4)
C(6)-C(5)-C(4)-C(8) 179.4(3)
C(6)-C(5)-C(4)-C(3) 0.0(4)
C(6)-C(7)-C(2)-C(3) 0.0(5)
C(6)-C(7)-C(2)-C(1) -177.8(3)
C(7)-C(2)-C(1)-F(1) 179.8(4)
C(7)-C(2)-C(1)-F(3) 59.5(5)
C(7)-C(2)-C(1)-F(2) -58.3(5)
C(15)-N(2)-C(14)-N(1) 0.4(3)
C(15)-N(2)-C(14)-C(13) -179.4(3)
C(15)-C(16)-C(17)-C(18) 1.8(4)
C(15)-C(20)-C(19)-C(18) 0.8(6)
C(9)-C(8)-C(13)-C(14) 179.1(3)
C(9)-C(8)-C(13)-C(12) -0.8(4)
C(9)-C(8)-C(4)-C(5) 177.8(3)
C(9)-C(8)-C(4)-C(3) -2.8(4)
C(17)-C(16)-C(15)-N(2) 177.0(3)
C(17)-C(16)-C(15)-C(20) -2.6(5)
C(17)-C(18)-C(19)-C(20) -1.5(6)
C(12)-C(11)-C(10)-C(9) -1.1(5)

Symmetry transformations used to generate equivalent atoms:

Table S7. Hydrogen bonds for 2z [A and deg.].

D-H..A D-H) d(H..A)  d(D..A)  <(DHA)
C(3) -H(3) .F1) [ ] 0.93 237  2.7067(2) 101
C(6) -H(6) .F(3) [ 3455.01] 0.93 2.44  3.2010(3) 139
C(11) --H(11) ..F(1) [ 2655.01] 0.93 2.48 3.2325(3) 139

S16



7. Photoluminescence spectra of 2m and 2n
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Figure S6. Photoluminescence absorption spectrum of 2m in solid powders
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Figure S7. Photoluminescence emission spectrum of 2m in solid powders upon excitation at
263 nm
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Figure S9. Photoluminescence absorption spectrum of 2n in solid powders
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Figure S11. Photoluminescence quantum yield of 2n in solid powders upon excitation at 263 nm.
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7. Experimental data for C-H amination products

-

Benzo[4,5]imidazo[1,2-flphenanthridine (2a): Condition A: 123 mg, 92% yield; Condition B: 118 mg, 88%
yield; white solid, m.p. 156-158 °C; *H NMR (400 MHz, CDCls): 8.88 (d, J = 8 Hz, 1H), 8.57 (d, J = 8 Hz,
1H), 8.49 (d, J = 8 Hz, 1H), 8.37 (dd, J = 12 Hz, J = 8 Hz, 2H), 8.06 (d, J = 8 Hz, 1H), 7.72 (m, 3H), 7.50 (m,
3H); 3C NMR (100 MHz, CDCls): 147.4, 144.5, 134.3, 131.8, 130.3, 129.4, 129.0, 128.5, 126.0, 124.3,

124.09, 124.06, 123.4,122.9,122.2, 121.6, 120.3, 115.9, 113.9; These data are in accordance with the

literature.

O N

—~
O N
2-Methylbenzo[4,5]imidazo[1,2-flphenanthridine (2b): Condition A: 100 mg, 71% vyield; Condition B:
130 mg, 92% vield; white solid, m.p. 187-189 °C; *H NMR (400 MHz, CDCls): 8.81 (d, J = 8 Hz, 1H), 8.26
(m, 4H), 8.02 (d, J = 8 Hz, 1H), 7.64 (m, 2H), 7.48 (m, 2H), 7.22 (d, J = 8 Hz, 1H), 2.56 (s, 3H); 3C NMR

(100 MHz, CDCl3): 147.4, 144.0, 139.4, 134.0, 131.5, 130.3, 129.5, 127.9, 125.8, 125.4, 124.0, 123.7,
122.7,122.4,121.8,119.8,118.9, 115.9, 113.9, 21.7; These data are in accordance with the literature.?!

O N

—~
O N
2-Ethylbenzo[4,5]imidazo[1,2-flphenanthridine (2c): Condition A: 95 mg, 64% vyield; Condition B: 130
mg, 88% yield; white solid, m.p. 158-160 °C; *H NMR (400 MHz, CDCls): 8.75 (d, J = 4Hz, 1H), 8.14 (m,
4H), 7.99 (d, J = 8 Hz, 1H), 7.56 (m, 2H), 7.46 (t, J = 8 Hz, 1H), 7.40 (t, J = 8 Hz, 1H), 7.13 (d, J = 8 Hz, 1H),
2.77 (q,J = 8 Hz, 2H), 1.33 (t, J = 8 Hz, 3H); 1*C NMR (100 MHz, CDCl3): 147.5, 145.6, 144.5, 134.3, 131.8,

130.1, 129.5, 127.9, 125.8, 124.1, 123.9, 122.9, 122.6, 121.8, 120.2, 119.1, 114.8, 113.8, 28.9, 15.3;

These data are in accordance with the literature.!
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2-(tert-Butyl)benzo[4,5]imidazo[1,2-f]phenanthridine (2d): Condition A: 112 mg, 69% yield; Condition
B: 146 mg, 90% yield; white solid, m.p. 144-146 °C; *H NMR (400 MHz, CDCls): 8.85 (d, J = 8.0 Hz, 1H),
8.60 (s, 1H), 8.39 (d, J = 8.0 Hz, 1H), 8.34 (t, J = 6.0 Hz, 2H), 8.05 (d, / = 8.0 Hz, 1H), 7.71 (t, / = 8.0 Hz,
1H), 7.64 (t, J = 8.0 Hz, 1H), 7.52 (m, 3H), 1.53 (s, 9H); 3C NMR (100 MHz, CDCl3): 152.9, 147.8, 144.6,
134.4, 131.8, 130.4, 129.6, 128.2, 126.0, 124.0, 123.9, 123.1, 122.9, 122.1, 122.1, 120.4, 119.2, 113.8,
112.9, 35.4, 31.4; HRMS (ESI): calcd for C2sH21N2* (M+H)* 325.1699, found 325.1700.

o

—
O N
Ph
2-Phenylbenzo[4,5]imidazo[1,2-flphenanthridine (2e): Condition A: 124 mg, 72% yield; Condition B: 99
mg, 57% yield; white solid, m.p. 233-235 °C; 'H NMR (400 MHz, CDClz): 8.76 (d, J = 4.0 Hz, 1H), 8.55 (s,
1H), 8.28 (d, J = 8 Hz, 1H), 8.20 (t, J = 8 Hz, 2H), 7.99 (d, J = 8 Hz, 1H), 7.68 (d, J = 8 Hz, 2H), 7.56 (m, 5H),
7.44 (m, 3H); 3C NMR (100 MHz, CDCls): 147.4, 144.5, 141.8, 139.9, 134.6, 131.7, 130.2, 129.1, 128.3,

128.1, 127.2, 125.9, 124.4, 124.0, 123.2, 123.0, 122.8, 122.0, 120.4, 120.3, 114.1, 113.8; HRMS (ESI):
calcd for CasH17N2* (M+H)* 345.1386, found 345.1386.

o

—
O N
OMe
2-Methoxybenzo[4,5]imidazo[1,2-flphenanthridine (2f): Condition A: 111 mg, 75% yield; Condition B:
113 mg, 76% yield; white solid, m.p.147-149 °C; *H NMR (400 MHz, CDCls): 8.82 (d, J = 8.0 Hz, 1H), 8.32
(t,/=8.0Hz, 1H ), 8.26 (m, 2H), 8.04 (d, J = 8.0 Hz, 1H), 7.98 (s, 1H), 7.68 (t, J = 8.0 Hz, 1H), 7.60 (t, J =
8.0 Hz, 1H), 7.52 (t, /= 6.0 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 4.00 (s, 3H); 13C NMR

(100 MHz, CDCl3): 160.2, 147.8, 144.5, 135.3, 131.6, 130.3, 129.6, 127.4, 125.9, 125.2, 124.0, 122.7,
122.1,121.5,120.2,114.8,113.6, 110.6, 101.1, 55.6; These data are in accordance with the literature.?
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—
O N
OPh
2-Phenoxybenzo[4,5]imidazo[1,2-f]phenanthridine (2g): Condition A: 107 mg, 59% yield; Condition B:
124 mg, 69% yield; white solid, m.p. 238-240 °C; *H NMR (400 MHz, CDCls): 8.85 (d, J = 8.0 Hz, 1H), 8.40
(d, J = 8.0 Hz, 1H), 8.29 (d, J = 8.0 Hz, 1H), 8.15 (s, 1H), 8.03 (q, J = 4.0 Hz, 2H), 7.72 (t, J = 6.0 Hz, 1H),
7.64 (t, J = 8.0 Hz, 1H), 7.49 (m, 3H), 7.38 (t, / = 8.0 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 8.0 Hz,
2H), 7.14 (d, J = 8.0 Hz, 1H); 3C NMR (100 MHz, CDCl3): 158.7, 156.1, 147.8, 144.6, 135.5, 131.7, 130.5,

130.2, 1295, 128.0, 126.1, 125.7, 124.5, 124.2, 122.9, 122.7, 121.9, 120.4, 119.9, 116.8, 114.5, 113.6,
105.4; HRMS (ESI): calcd for C2sH17N20* (M+H)* 361.1335, found 361.1335.

F

2-Fluorobenzo[4,5]imidazo[1,2-flphenanthridine (2h): Condition A: 135 mg, 94% yield; Condition B: 118
mg, 82% yield; white solid, m.p. 186-188 °C; 'H NMR (400 MHz, CDCls): 8.84 (d, J = 8.0 Hz, 1H), 8.43
(dd, J=8.0 Hz, J = 8.0 Hz, 1H), 8.26 (m, 3H), 8.04 (d, J = 8.0 Hz, 1H), 7.73 (t, / = 8.0 Hz, 1H), 7.66 (t, J =
8.0 Hz, 1H), 7.52 (m, 2H), 7.22 (m, 1H); *F NMR (376 MHz, CDCls): -109.5; *3C NMR (100 MHz, CDCls):
162.6 (d, Jr.c = 247 Hz), 147.2, 143.8, 134.7(d, Jr.c = 10 Hz), 131.1, 130.6, 128.8, 128.3, 125.82, 125.78,
125.7,124.6,123.3,122.1,121.8, 120.0, 117.8, 112.0 (d, Jr-c = 22 Hz), 103.0 (d, Jr.c = 27 Hz); These data

are in accordance with the literature.!!

Cl

2-Chlorobenzo[4,5]imidazo[1,2-flphenanthridine (2i): Condition A: 139 mg, 92% yield; Condition B: 109
mg, 72% yield; white solid, m.p. 215-217 °C; 'H NMR (400 MHz, CDCls): 8.81 (d, J = 8.0 Hz, 1H), 8.46 (s,
1H), 8.31 (d, J = 12.0 Hz, 1H), 8.23 (t, / = 8.0 Hz, 2H), 8.02 (d, J = 8.0 Hz, 1H), 7.67 (m, 2H), 7.51 (m, 2H),
7.42 (d,J=8.0 Hz, 1H); **C NMR (100 MHz, CDCl3): 147.2, 143.7,135.0, 134.5, 131.2, 130.8, 128.9, 128.7,
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126.0, 125.2, 124.8, 124.7, 123.5, 122.5, 122.1, 120.1, 120.0, 116.0, 113.7; HRMS (ESI): calcd for
C19H12CIN2* (M+H)* 303.0684, found 303.0686.

O N

—
O N

Br

2-Bromobenzo[4,5]imidazo[1,2-flphenanthridine (2j): Condition A: 125 mg, 72% yield; Condition B: 145
mg, 84% vyield; white solid, m.p. 221-223°C; *H NMR (400 MHz, CDCls): 8.85 (d, J = 4.0 Hz, 1H), 8.68 (s,
1H), 8.29 (m, 3H), 8.05 (d, J = 4.0 Hz, 1H), 7.72 (m, 2H), 7.61 (d, J = 8.0 Hz, 1H), 7.53 (m, 2H); 3C NMR
(100 MHz, CDCl3): 146.9, 144.3, 134.6, 131.2, 130.3, 128.7, 128.3, 127.1, 125.8, 125.0, 124.3, 123.1,

122.9, 122.7, 121.8, 120.4, 120.2, 118.5, 113.5; HRMS (ESI): calcd for CisH12BrN2* (M+H)* 347.0178,
found 347.0181.

‘ N

—~
O N

CF;

2-(Trifluoromethyl)benzo[4,5]imidazo[1,2-flphenanthridine (2k): Condition A: 124 mg, 74% yield;
Condition B: trace; white solid, m.p. 217-219 °C; 'H NMR (400 MHz, CDCls): 8.80 (d, J = 8.0 Hz, 1H), 8.71
(s, 1H), 8.49 (d, J = 8.0 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 8.22 (d, / = 8.0 Hz, 1H), 8.02 (d, J = 8.0 Hz, 1H),
7.70 (m, 3H), 7.52 (m, 2H); °*F NMR (376 MHz, CDCls): -62.3; *3C NMR (100 MHz, CDCls): 147.2, 144.5,
134.2,131.6,131.3,130.8 (q, Jr.c=33.0 Hz), 130.7, 129.8, 128.2, 126.2, 124.9, 124.6, 124.5,124.1, 123.8

(g, J;Fc=270.0 Hz), 123.6, 122.7, 120.7, 113.5, 113.0 (q, Jrc = 4.0 Hz); These data are in accordance with

the literature.™

_S

2-(Methylthio)benzo[4,5]imidazo[1,2-flphenanthridine (2l): Condition A: 25 mg, 16% yield; Condition B:
trace; white solid, m.p. 196-197 °C; *H NMR (400 MHz, CDCls): 8.75 (d, J = 8.0 Hz, 1H), 8.16 (m, 4H), 8.00
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(d, J = 8.0 Hz, 1H), 7.60 (m, 2H), 7.46 (m, 2H), 7.18 (d, J = 8.0 Hz, 1H), 2.62 (s, 3H); 3C NMR (100 MHz,
CDCls): 147.6, 144.6, 140.8, 134.7, 131.7, 130.4, 129.3, 128.2, 126.0, 124.3, 124.2, 123.0, 122.9, 122.0,
121.8, 120.4, 118.5, 113.7, 112.7, 15.7; HRMS (ESI): calcd for CaoH1sN2S* (M+H)* 315.0951, found
315.0952.

o
e
Spe

N,N-Diphenylbenzo[4,5]imidazo[1,2-flphenanthridin-2-amine (2m): Condition A: 118 mg, 54% vyield;
Condition B: 65 mg, 30% yield; white solid, m.p. 250-251 °C; *H NMR (400 MHz, CDCls): 8.82 (d, / = 8.0
Hz, 1H), 8.25 (t, J = 8.0 Hz, 2H), 8.15 (d, J = 4.0 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H),
7.58 (m, 2H), 7.41 (m, 5H), 7.31 (d, J = 8.0 Hz, 4H), 7.20 (m, 4H) ; 3C NMR (100 MHz, CDCl3): 149.1, 147.8,

146.8, 144.6, 135.2, 131.7, 130.4, 129.8, 127.4, 126.0, 125.7, 124.97, 124.5, 123.9, 122.6, 122.3, 121.6,
120.2, 117.6, 115.1, 113.4, 108.0; HRMS (ESI): calcd for Ca1H22N3* (M+H)* 436.1808, found 436.1809.

G

r
COOMe

Methyl benzo[4,5]imidazo[1,2-flphenanthridine-2-carboxylate (2n): Condition A: 111 mg, 68% vyield;
Condition B: trace; white solid, m.p. 225-227 °C; *H NMR (400 MHz, CDCls): 8.8 (s, 1H), 8.61 (m, 1H),
8.08 (t, / = 8.0 Hz, 2H), 8.00 (m, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.54 (m, 2H), 7.53
(m, 2H), 3.97 (s, 3H); 3*C NMR (100 MHz, CDClz): 165.9, 146.8, 144.3, 133.6, 131.5, 130.3, 129.8, 129.4,
128.2,125.9, 124.9, 124.5, 124.3, 123.80, 123.76, 123.3, 122.6, 120.4, 116.8, 113.8, 52.6; HRMS (ESI):
calcd for C21H1sN202* (M+H)* 327.1128, found 327.1128.

Benzo[4,5]imidazo[2,1-a]thieno[3,2-clisoquinoline (20): Condition A: 96 mg, 70% yield; Condition B: 82
mg, 60% yield; white solid, m.p. 108-110 °C; *H NMR (400 MHz, CDCls): 8.76 (d, J = 8.0 Hz, 1H), 7.97 (m,
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2H), 7.84 (d, J=4 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.57 (m, 3H), 7.47 (t, J = 8.0 Hz, 1H), 7.39 (t, / = 8.0 Hz,
1H); 3C NMR (100 MHz, CDCls): 147.1, 143.3, 133.3, 130.3, 128.1, 127.4, 126.4, 125.9, 124.1, 123.1,
122.5, 122.4, 120.8, 119.9, 116.7, 112.0; HRMS (ESI): calcd for Ci7H11N2S* (M+H)* 275.0638, found
275.0639.

Benzo[4,5]imidazo[1,2-f]lbenzofuro[2,3-a]phenanthridine (2p): Condition A: 122 mg, 68% yield;
Condition B: 130 mg, 73% yield; white solid, m.p. 247-249 °C; *H NMR (400 MHz, CDCl3): 9.21 (d, /= 8.0
Hz, 1H), 8.79 (d, J = 8.0 Hz, 1H), 8.22 (d, J = 8.0 Hz, 1H), 8.15 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H),
7.85 (m, 2H), 7.62 (m, 3H), 7.42 (m, 4H); 13C NMR (100 MHz, CDCls): 156.1, 153.4, 147.4, 144.5, 133.5,
131.8,130.5,128.4,127.6,127.1,127.0,125.5,124.2,123.4,123.1, 123.0, 122.8, 120.8, 120.32, 120.26,
114.1,111.7, 111.0, 108.8; HRMS (ESI): calcd for CasH1sN20* (M+H)* 359.1179, found 359.1178.

Benzo[4,5]imidazo[1,2-f]lbenzo[4,5]thieno[2,3-a]phenanthridine (2q): Condition A: 122 mg, 65% yield;
Condition B: 127 mg, 68% yield; white solid, m.p. 260-262 °C; *H NMR (400 MHz, CDCls): 9.01 (t, /= 8.0
Hz, 2H), 8.73 (d, J = 8.0 Hz, 1H), 8.42 (t, J = 8.0 Hz, 2H), 8.24 (m, 1H), 8.09 (d, J = 4.0 Hz, 1H), 7.97 (m,
1H), 7.88 (t, /= 8.0 Hz, 1H), 7.75 (t, J = 8.0 Hz, 1H), 7.53 (m, 4H); 1*C NMR (100 MHz, CDCl3): 147.2, 144.7,
138.6, 136.4, 134.0, 133.8, 133.0, 131.9, 130.2, 129.0, 128.2, 126.8, 126.1, 125.6, 125.0, 124.3, 123.7,
122.8,122.0,121.7,121.2,120.4,117.4,114.2,113.3; HRMS (ESI): calcd for C2sH1sN2S* (M+H)* 375.0951,
found 375.0950.

e

3-Methylbenzo[4,5]imidazo[1,2-f[phenanthridine (2r): Condition A: 97 mg, 69% yield; Condition B: 109
mg, 77% yield; white solid, m.p. 213-215 °C; *H NMR (400 MHz, CDCls): 8.80 (d, J = 4.0 Hz, 1H), 8.23 (m,

3H), 8.07 (s, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.62 (m, 2H), 7.49 (t, J = 8.0 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H),
7.33(d, J=8.0 Hz, 1H), 2.44 (s, 3H); **C NMR (100 MHz, CDCls): 147.3, 144.4, 133.9, 132.2, 131.8, 130.2,
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129.9, 129.4, 128.3, 125.9, 124.1, 123.9, 123.4, 122.6, 122.1, 121.4, 120.2, 115.6, 113.8, 21.2; These
data are in accordance with the literature.?!

48
Ph

3-Phenylbenzo[4,5]imidazo[1,2-f[phenanthridine (2s): Condition A: 133 mg, 77% yield; Condition B: 100
mg, 58% yield; white solid, m.p. 237-239 °C; 'H NMR (400 MHz, CDCls): 8.91 (d, J = 4.0 Hz, 1H), 8.69 (s,
1H), 8.65 (d, J = 8.0 Hz, 1H), 8.49 (d, J = 8.0 Hz, 1H), 8.39 (d, J = 8.0 Hz, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.94
(d, J = 8.0 Hz, 1H), 7.74 (m, 4H), 7.50 (m, 5H); 3C NMR (100 MHz, CDCls): 147.3, 144.5, 139.9, 137.0,
133.4, 131.7, 130.3, 129.3, 129.0, 128.6, 127.7, 127.6, 127.1, 126.0, 124.1, 123.4, 122.9, 122.3, 122.1,
121.8,120.3, 116.2, 113.8; HRMS (ESI): calcd for CasHi7N2* (M+H)* 345.1386, found 345.1386.

/
MeO |

3-Methoxybenzo[4,5]imidazo[1,2-flphenanthridine (2t): Condition A: 104 mg, 70% yield; Condition B:
89 mg, 60% yield; white solid, m.p. 149-150 °C; 'H NMR (400 MHz, CDCls): 8.75 (m, 1H), 8.20 (d, /= 8.0
Hz, 1H), 8.09 (m, 2H), 7.99 (d, J = 8.0 Hz, 1H), 7.59 (m, 3H), 7.46 (t, / = 8.0 Hz, 1H), 7.38 (d, / = 8.0 Hz,
1H), 7.03 (dd, J = 8.0 Hz, J = 4.0 Hz, 1H), 3.83 (s, 3H); *C NMR (100 MHz, CDCl3): 156.0, 146.9, 144.3,
131.6,130.0,129.1, 128.50, 128.46, 125.9, 123.7,123.5,122.8,122.6, 122.1, 120.2, 116.8, 115.5, 113.5,
107.7, 55.5; These data are in accordance with the literature.?!

/
BnO

3-(Benzyloxy)benzo[4,5]imidazo[1,2-flphenanthridine (2u): Condition A: 117 mg, 62% yield; Condition
B: 87 mg, 46% yield; white solid, m.p. 233-234 °C; 'H NMR (400 MHz, CDCl3): 8.89 (d, J = 8.0 Hz, 1H),
8.50 (d, J = 8.0 Hz, 1H), 8.30 (m, 2H), 8.04 (m, 2H), 7.71 (m, 2H), 7.44 (m, 8H); 3C NMR (100 MHz, CDCls):
155.5,147.2,144.5,136.6, 131.8, 130.3, 129.3, 129.0, 128.80, 128.77, 128.3, 127.6, 126.2, 123.9, 123.8,
123.2, 122.8, 122.4, 120.4, 117.2, 116.7, 113.6, 109.6, 70.7; HRMS (ESI): calcd for CasHisN20* (M+H)*
375.1492, found 375.1492.
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3-(Trifluoromethoxy)benzo[4,5]imidazo[1,2-f[phenanthridine (2v): Condition A: 127 mg, 72% yield;
Condition B: 162 mg, 92% yield; white solid, m.p. 172-174 °C; *H NMR (400 MHz, CDCls): 8.85 (d, J = 8.0
Hz, 1H), 8.55 (d, J = 8.0 Hz, 1H), 8.27 (m, 3H), 8.04 (d, J = 8.0 Hz, 1H), 7.74 (m, 2H), 7.52 (m, 3H); 9F NMR
(376 MHz, CDCl3): -57.8; *3C NMR (100 MHz, CDCls): 146.9, 145.3, 144.2, 132.5, 131.4, 130.5, 129.3,
128.1,125.9,124.3,123.4,123.2,123.1,122.2,121.5,120.5 (q, Jr.c= 256 Hz), 120.4, 117.0, 116.7, 116.5,
113.3; HRMS (ESI): calcd for C2oH12F3N20* (M+H)* 353.0896, found 353.0896.

/
F ]

3-Fluorobenzo[4,5]imidazo[1,2-f]phenanthridine (2w): Condition A: 115 mg, 80% vyield; Condition B:
104 mg, 73% yield; white solid, m.p. 196-198 °C; *H NMR (400 MHz, CDCl3): 8.76 (d, J = 4.0 Hz, 1H), 8.34
(m, 1H), 8.12 (d, J = 8.0 Hz, 2H), 7.97 (m, 2H), 7.64 (m, 2H), 7.45 (m, 2H), 7.28 (t, J = 8.0 Hz, 1H); *°>F NMR
(376 MHz, CDCl3): -116.7; *3C NMR (100 MHz, CDCl3): 159.1 (d, Jr.c = 243 Hz), 146.9, 144.3, 131.5,130.7,
130.4, 129.2, 128.5, 126.0, 124.1, 123.53, 123.46, 123.01, 122.3, 120.4, 117.3 (d, Jrc = 8 Hz), 116.2 (d,
Jrc = 24 Hz), 113.4, 110.2 (d, Jrc = 24 Hz); HRMS (ESI): calcd for CisH12FN2* (M+H)* 287.0979, found
287.0979.

48
Cl

3-Chlorobenzo[4,5]imidazo[1,2-flphenanthridine (2x): Condition A: 116 mg, 77% yield; Condition B: 110
mg, 73% yield; white solid, m.p. 205-207 °C; *H NMR (400 MHz, CDCls): 8.72 (d, J = 8.0 Hz, 1H), 8.25 (d,
J=8.0 Hz, 1H), 8.20 (s, 1H), 8.10 (t, J = 8.0 Hz, 2H), 7.98 (d, J = 8.0 Hz, 1H), 7.63 (m, 2H), 7.48 (t, J = 8.0
Hz, 2H), 7.41 (t, J = 8.0 Hz, 1H); 3C NMR (100 MHz, CDCl3): 146.9, 144.4, 132.6, 131.5, 130.4, 129.9,
129.2, 128.8, 128.1, 126.0, 124.3, 123.8, 123.5, 123.1, 123.1, 122.2, 120.5, 117.0, 113.5; HRMS (ESI):
calcd for Ci9H12CIN2* (M+H)* 303.0684, found 303.0681.
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3-Bromobenzo[4,5]imidazo[1,2-flphenanthridine (2y): Condition A: 125 mg, 72% yield; Condition B: 107
mg, 62% yield; white solid, m.p. 219-220°C; *H NMR (400 MHz, CDCls): 8.85 (d, J = 4.0 Hz, 1H), 8.68 (s,
1H), 8.29 (m, 3H), 8.05 (d, J = 4.0 Hz, 1H), 7.72 (m, 2H), 7.61 (d, J = 8.0 Hz, 1H), 7.53 (m, 2H); 3C NMR
(100 MHz, CDCl3): 146.9, 144.3, 134.6, 131.2, 130.3, 128.7, 128.3, 127.1, 125.8, 125.0, 124.3, 123.1,
122.9, 122.7, 121.8, 120.4, 120.2, 118.54, 113.46; HRMS (ESI): calcd for CisH12BrN2* (M+H)* 347.0178,
found 347.0180.

O N
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g N
F3C

3-(Trifluoromethyl)benzo[4,5]imidazo[1,2-flphenanthridine (2z): Condition A: 110 mg, 65% yield;
Condition B: 79 mg, 47% yield; white solid, m.p. 211-213 °C; *H NMR (400 MHz, CDCls): 8.69 (d, J = 8.0
Hz, 1H), 8.53 (s, 1H), 8.42 (d, / = 8.0 Hz, 1H), 8.21 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.0 Hz, 1H), 7.96 (d, J =
8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.65 (m, 2H), 7. 47 (m, 2H); *°F NMR (376 MHz, CDCl3): -61.9; 3C
NMR (100 MHz, CDCls): 147.1, 144.4, 136.1, 131.5, 130.6, 129.4, 128.2, 126.23 (q, Jrc = 33 Hz), 126.0,
125.4 (q, Jrc = 3 Hz), 125.6, 123.9 (q, Jr.c = 271 Hz), 123.5, 123.4, 122.2, 121.7, 121.3 (q, Jrc = 4 Hz),
120.6, 116.1, 113.6; HRMS (ESI): calcd for CaoH12F3N2* (M+H)* 337.0947, found 337.0945.

3-(Trimethylsilyl)benzo[4,5]imidazo[1,2-flphenanthridine (2aa): Condition A: 109 mg, 64% yield;
Condition B: 136 mg, 80% yield; white solid, m.p.198-200 °C; *H NMR (400 MHz, CDCls): 8.82 (d, /= 8.0
Hz, 1H), 8.57 (s, 1H), 8.46 (d, J/ = 8.0 Hz, 1H), 8.38 (d, J = 8.0 Hz, 1H), 8.28 (d, / = 8.0 Hz, 1H), 8.02 (d, J =
8.0 Hz, 1H), 8.79 (d, J = 8.0 Hz, 1H), 7.71 (t, = 6.0 Hz, 1H), 7.64 (t, J = 6.0 Hz, 1H), 7.47 (m, 2H), 0.42 (s,
9H); 3C NMR (100 MHz, CDCls): 147.4, 144.5, 136.1, 134.7, 134.0, 131.8, 130.3, 129.5, 129.0, 128.4,
126.0, 124.0, 123.4, 122.8, 122.0, 120.7, 120.3, 115.2, 113.9, -1.0; HRMS (ESI): calcd for C22H21Na2Si*
(M+H)* 341.1469, found 341.1470.
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3-(Methylthio)benzo[4,5]imidazo[1,2-flphenanthridine (2ab): Condition A: 28 mg, 18% yield; Condition
B: trace; white solid, m.p. 156-158 °C; 'H NMR (400 MHz, CDCls): 8.84 (d, J = 4.0 Hz, 1H), 8.43 (d, /= 8.0
Hz, 1H), 8.28 (m, 3H), 8.04 (d, J = 8.0 Hz, 1H), 7.69 (m, 2H), 7.5 (m, 3H), 2.63 (s, 3H); 3C NMR (100 MHz,
CDCl3):147.2, 144.3, 134.5, 132.1, 131.7, 130.5, 128.9, 128.8, 127.9, 126.1, 124.2, 123.5, 123.0, 122.4,
122.3, 122.2, 120.4, 116.5, 113.8, 16.6; HRMS (ESI): calcd for CaoH1sN2S* (M+H)* 315.0951, found
315.0949.

O N
e
98
F
2-Fluoro-3-methylbenzo[4,5]imidazo[1,2-flphenanthridine (2ac): Condition A: 119 mg, 80% yield;
Condition B: 105 mg, 70% yield; white solid, m.p. 228-230 °C; 'H NMR (400 MHz, CDCls): 8.54 (d, J = 8.0
Hz, 1H), 8.26 (m, 3H), 8.17 (d, J = 12.0 Hz, 1H), 8.05 (d, J = 4.0 Hz, 1H), 7.68 (m, 2H), 7.51 (m, 2H); *°F
NMR (376 MHz, CDCls): -113.0; *C NMR (100 MHz, CDCls): 161.4 (d, Jec = 246 Hz), 147.5, 144.5, 133.2,
131.6, 130.5, 129.0, 128.3, 126.9 (d, Jr.c = 7 Hz), 126.1, 124.3, 123.0, 122.9, 122.1, 121.5, 120.5, 117.9

(d, Jrc =2 Hz), 113.5, 102.9 (d, Jr-c = 28 Hz), 14.7 (d, Jrc = 3 Hz); HRMS (ESI): calcd for CaoH1aFN2* (M+H)*
301.1136, found 301.1143.

—~

Benzo[b]benzo[4,5]imidazo[1,2-f]phenanthridine (2ad): Condition A: 120 mg, 75% yield; Condition B:
126 mg, 79% yield; white solid, m.p. 214-216 °C; *H NMR (400 MHz, CDCl3): 8.87 (d, J = 8.0 Hz, 1H), 8.51
(d, = 8.0 Hz, 1H), 8.33 (m, 2H), 8.04 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H),
7.76 (d, J = 8.0 Hz, 1H), 7.68 (m, 2H), 7.60 (t, J = 8.0 Hz, 1H), 7.48 (q, J = 8.0 Hz, 2H), 7.25 (m, 1H); 3C
NMR (100 MHz, CDCls): 148.8, 144.5,133.7,133.4, 130.4,129.7,129.4, 128.6, 128.0, 127.2,125.9, 125.7,
124.8, 124.6, 124.1, 123.8, 123.3, 122.58, 120.62, 120.5, 120.3, 120.1, 115.6; HRMS (ESI): calcd for
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Ca3HisN2* (M+H)* 319.1230, found 319.1229.

Benzo[c]benzo[4,5]imidazo[1,2-a][1,6]naphthyridine (2ae): Condition A: 79 mg, 59% yield; Condition B:
33 mg, 25% yield; white solid, m.p. 188-190°C; *H NMR (400 MHz, CDCls): 9.00 (d, J = 8.0 Hz, 1H), 8.69
(m, 1H), 8.57 (d, J = 4.0 Hz, 1H), 8.41 (d, J = 8.0 Hz, 1H), 8.06 (m, 1H), 7.96 (d, J/ = 8.0 Hz, 1H), 7.58 (m,
2H), 7.47 (m, 2H), 7.24 (m, 1H); 3C NMR (100 MHz, CDCls): 148.14, 148.10, 147.2, 145.8, 143.9, 131.5,
130.2, 129.0, 128.3, 125.8, 124.5, 123.3, 122.2, 119.8, 119.3, 117.1, 116.33, 116.27 ; HRMS (ESI): calcd
for CigH12N3* (M+H)* 270.1026, found 270.1026.

Benzo[4,5]imidazo[2,1-a]thieno[3,4-clisoquinoline (2af): Condition A: 115 mg, 84% yield; Condition B:
101 mg, 74% yield; white solid, m.p. 195-197 °C; 'H NMR (400 MHz, CDCls): 8.77 (d, J = 8.0 Hz, 1H), 7.96
(m, 3H), 7.52 (m, 5H), 7.15 (d, J = 4.0 Hz, 1H); 3C NMR (100 MHz, CDCls): 147.0, 143.4, 134.5, 130.2,
129.8, 128.6,127.1,125.7, 124.4,122.9,122.8, 122.3, 121.1, 119.8, 117.7, 111.6; HRMS (ESI): calcd for
C17H11N2S* (M+H)* 275.0638, found 275.0639.

Cl
O N
—~
O N
6-Chlorobenzo[4,5]imidazo[1,2-flphenanthridine (2ag): Condition A: 122 mg, 81% yield; Condition B:
trace; white solid, m.p. 210-212 °C; *H NMR (400 MHz, CDCls): 8.61 (d, J = 8.0 Hz, 1H), 8.30 (d, /= 8.0
Hz, 1H), 8.14 (t, J = 6.0 Hz, 2H), 8.09 (s, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.55 (t, J = 8.0 Hz, 1H), 7.48 (m,
2H), 7.39 (t, J = 8.0 Hz, 1H), 7.33 (t, J = 8.0 Hz, 1H); 3C NMR (100 MHz, CDCls): 146.5, 144.3, 136.7,

134.4,131.6, 130.6, 129.6, 128.8, 127.4, 124.4, 124.2, 124.0, 123.1, 122.0, 121.5, 120.3, 120.3, 115.8,

113.8; These data are in accordance with the literature.!!
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Benzo[k]benzo[4,5]imidazo[1,2-f]phenanthridine (2ah): Condition A: 107 mg, 67% yield; Condition B:
103 mg, 65% yield; white solid, m.p. 155-157 °C; *H NMR (400 MHz, CDCls): 8.76 (d, J = 8.0 Hz, 2H), 8.70
(d, J=8.0 Hz, 1H), 8.50 (d, J = 12.0 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.96 (m, 2H),
7.60 (m, 3H), 7.50 (t, J = 8.0 Hz, 1H), 7.43 (q, J = 8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3): 148.0, 145.1,

135.2,134.3,131.3,129.8,129.4, 129.0, 128.7,127.4,127.2, 126.88, 126.85, 124.2,123.8, 122.8, 122.3,
122.1,121.9, 120.4, 115.8, 113.9; These data are in accordance with the literature.l
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11,12-Dichlorobenzo[4,5]imidazo[1,2-flphenanthridine (2ai): Condition A: 101 mg, 60% yield; Condition
B: 116 mg, 69% yield; white solid, m.p. 242-244 °C; *H NMR (400 MHz, CDCls): 8.71 (d, J = 8.0 Hz, 1H),
8.42 (d, J= 8.0 Hz, 1H), 8.32 (m, 2H), 8.23 (d, J = 8.0 Hz, 1H), 7.99 (s, 1H), 7.74 (t, J = 8.0 Hz, 1H), 7.67
(m, 2H), 7.51 (t, J = 8.0 Hz, 1H); 3C NMR (100 MHz, CDCls): 149.0, 143.9, 133.6, 131.0, 130.7, 129.6,

129.4,128.8,128.1, 126.4,126.2,125.0, 124.4, 122.8, 122.3, 121.7, 121.0, 115.6, 115.0; These data are

in accordance with the literature.l!
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11,12-Difluorobenzo[4,5]imidazo[1,2-flphenanthridine (2aj): Condition A: 58 mg, 38% yield; Condition
B: 131 mg, 86% yield; white solid, m.p. 216-218 °C; *H NMR (400 MHz, CDCls): 8.72 (d, J = 8.0 Hz, 1H),
8.40 (d, J = 8.0 Hz, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.20 (d, J = 8.0 Hz, 1H), 8.03 (dd, J = 12.0 Hz, J = 8.0 Hz,
1H), 7.72 (t, J = 10.0 Hz, 2H), 7.65 (m, 2H), 7.48 (t, J = 8.0 Hz, 1H); *F NMR (376 MHz, CDCls): -140.1 (d,
J=18.8 Hz), -140.6 (d, J = 18.8 Hz); 1*C NMR (100 MHz, CDCls): 148.7 (d, Jr-c = 3 Hz), 148.5 (dd, Jrc = 242
Hz, Jrc = 13 Hz), 147.5 (dd, Jrc = 232 Hz, Jr.c = 13 Hz), 140.0 (d, Jr.c = 10 Hz), 133.5, 130.7, 129.2, 128.8,

126.5 (d, Jr.c =10 Hz), 125.9, 124.9, 124.3, 122.8, 122.2, 121.6, 155.2, 107.1 (d, Jr-c = 19 Hz), 102.2 (d, J-
¢ = 24 Hz); HRMS (ESI): calcd for CisH11F2N2* (M+H)* 305.0885, found 305.0886.
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10-Methylbenzo[4,5]imidazo[1,2-flphenanthridine (2ak): Condition A: 37 mg, 26% yield; Condition B:
43 mg, 31% yield; white solid, m.p. 193-195 °C; *H NMR (400 MHz, CDCls): 8.89 (d, J = 8.0 Hz, 1H), 8.49
(d, /=8.0 Hz, 1H), 8.40 (d, J = 8.0 Hz, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.65 (m, 3H),
7.44 (t, J= 6.0 Hz, 1H), 7.31 (m, 2H), 2.86 (s, 3H); 13C NMR (100 MHz, CDCls): 146.7, 143.8, 134.5, 131.5,

130.4, 130.1, 129.3, 129.0, 128.4, 126.1, 124.3, 124.2, 124.1, 123.7, 122.7, 122.1, 121.7, 115.9, 111.3,

17.1; These data are in accordance with the literature.!*

S B

Mixture of 12-chlorobenzo[4,5]imidazo[1,2-flphenanthridine and 11-chlorobenzo[4,5]imidazo[1,2-
flphenanthridine (2al) (ratio: 1/1): Condition A: 101 mg, 67% yield; Condition B: 147 mg, 97% vyield;
white solid, m.p. 165-167 °C; *H NMR (400 MHz, CDCls): 8.65 (d, J = 8.0 Hz, 1H), 8.12 (m, 4H), 7.84 (m,
1H), 7.58 (m, 3H), 7.34 (m, 2H); 3C NMR (100 MHz, CDCls): 148.3, 147.9, 145.3, 142.9, 133.7, 131.9,
130.8, 130.6, 130.5, 130.2, 129.5, 129.3, 129.2, 129.0, 128.5, 128.2, 125.9, 125.9, 124.6, 124.5, 124.5,
124.0,122.9,122.8,122.10, 122.07, 121.5, 121.4, 120.7, 119.8, 115.5, 114.3, 113.8; HRMS (ESI): calcd
for C1oH12CIN2* (M+H)* 303.0684, found 303.0682.
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2p 'H NMR

00'0-—

GEL~
98 L—
T
Wil
7
Sb'L
e
8L
1517
65/ \

i

Nm.‘h./
5817
hm,.mkﬁ
66" L~
108"

P8~
98—
128~
€8

818~
088"

026~
A b

7.4

76

7.8

8.2

8.4

8.6

8.8

9.0

9.2

1 (ppm)

344
20e
50
Vg1
Nnc._.
660
F00°}

00k

10 05 00

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.5

1.5

1 (ppm)

2p *C NMR

00—

ZL9L
€0LL

@WWW

e LL
SELL

¥8'80L~_
mmd_.—v
L9HL
%&m
2e02L
18Z2L—=
9E'ETL
14
00'LZ)
chich
Se'8ch
9F'0EL
B L —
8E vl —

9E'EGL—
50951 —

9z°0Z1~
ze0el”
08'024

18zt
mm,NN_W
10621
oeezt”

6L¥Cl—

06'SZL—

00221~
[V
09°224—

segel—

ar'oeL—

aLlleEl—

ESEEl—

TS S S Y | M

129 127 125 123 121
1 (ppm)

131

133

L JhllNJ i

40

50

90 80
1 (ppm)

100

110

140

180 170 160

190

549



2q 'H NMR

00'0—

85—

L8~
L8

66'8~_
W6—
€067

Tm_

7.4

9.0 8.8 8.6 8.4 8.2 8.0 7.8 76
f1 (ppm)

9.2

Fege
oLl

€0
H_rmo._.
H_rmn:

9l
Rlot
168l

10 05 0.0 -05

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

10.5

1 (ppm)

2q *C NMR

6L1L-—

89'0L
00°LL
0z'LL
825t
BLTLL 82EL— — [«
18021 8L P — — r=
sz
8912}
961211 S B
61721 9E2LL ©
LEPZL . -
66771 1 L8021
E9'GZI SHEC —
oozl 4 89'L2I~ = [q —
: 96'12L— o =
08921 ) [+
921 6,221 —
5182k EEL i
0621 89°€2L7
0z 0ELE LEVZL ©
SEIELE e o =
B6ZELL eoseh —
ZREEL > ok9zk =
oopeL” 08'92L - 7
15981 sragLf 88 7
PO'6ZL CE
99ppl— 0Z'0EL = —
8L'LpL— SEIEL e —
86°ZEL— o
ZEELF e}
00'vEL -
2687981 — -
[<o]
o«
15861 — = [~
o
ot
99'vpL— .
o
e
2
8LLpL— e

40 30

50

100 90
1 (ppm)

10

120

180 180

200

S50



2r 'H NMR

9z'L
gesL

o¥'L
4

VA
6L
bs'L
B85L
09'L
294

984
618
128
vZ8
9z'8

6.8
cw,mvn

9L—

ze1~
-
0F' L~
oL~
vri—
wi—
602
15
652

0os
z91—
L7
002/

00"

82 81 80 79 78 77 76 75 74 713 712
1 (ppm)

8.3

3.4

Feoe

960
4 Lok
Mmm.o

oz

vo'L
Wcm.o
ooe

Foot

20 15 10 05 00

25

3.0

60 55 50 45 40 35
1 (ppm)

6.5

85 80 75 70

9.0

9.5

10.5

2r 3CNMR

BLiz—

89°9L
00°LL
zeLL

BLELL
09'SLL
0zZ'0ZL
Ge'lel
orezt
roeelh
9E'ETL
S8'ECH
ELvel
68'62L
_.m,mw_.”
GE'BCL~
16’621

SLOEL
SLLEL
Sheek

S8EEL
ZryrL—
8T ivl—

0Z'0ZL—

selzL
0422~
PIZTL~
9E'ETH

58 mN—W
ELFEL~C

68'GZL—

legel—
GE'BZL~—

L6621~
SL'OEL—

GLLEL—
GhZeEL—

GB'EEL—

131 129 127 125 123 121
1 (ppm)

133

135

L ﬂM“\M U

40

50

90 80 70

100

160 150

170

1 (ppm)

S51



2s'H NMR

gL
ﬁ&%
RS
62—
05°2
mm.hﬁ
gL
i1

69'L
_EM
erL~
SLi—
0L
s/

€6'L—
S6° L

90'8~—
808

888~
0’8"

87’8~
05'8—

¥9'8—
99'g—"
69'8—

068~
68

SN

60y

89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74
1 (ppm)

9.0

Fors
P60
L0
o
vl
L
00k
o'k
el

85 8.0

05 00 -05

1.0

15

25 20

35 3.0

55 50 45 40

65 6.0

7.0

75

95 9.0

10.5

1 (ppm)

2s 3C NMR

89°9L
00 ...an.ﬁ
L

9LEL
AN
oe'ozk
18t
oL'zzL
PeZZL
s8'zZel
EF'ETL
SO'vEL
96'GZh~_
L0LeL-E
€9°/2L
(k4%
16821
96'821
BZ'6C
LE0EL
69'LEL
LFEEL
Z0°LEL
£6'6EL
L4
LZiyL

9L —

LV9H—

0£°0Z1,
1812l
orzziny
s
sezzl—
£FEZL
sover”
965z~
10221
mm.hwrw
Lozl
158217
o8zl
62621
1208l
69'LEL~

WWEEL—
Z0LEL—

£6'6E—

eyl —

LTivl—

S

O

AT 1| FRAT Cl

116

136 132 128 124 120

140

148

f1 (ppm)

L JlNHM H

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

190

552



2t 'H NMR

Z
000— ”/ .

e3e—

104
1021
£0'44
0L
92 4
984
8621
ov i
i
9 i
84
554
954~
1547
852
0927
194
2944
8641
0081
906
108}
80'8]
608
[1%:]

618

1z8

vLg

L'

s
(A

L8
ﬁ.ww
ol'g

MeO

7.0

7.2

74

8.6 8.4 8.2

8.8

Free

SO0

ook

-1

<«

1 (ppm)

2t 3CNMR

Ly'SS—

89'9L
00°LL
°eLL

L0V
LYELL
0S'GLL
6911
0z'ozh
60°ZCh
522
9,221
6¥°€CL
€LeTt
16'SZL"
9’8zl
05'824
90'6Z1
$0°0EL
09'LEL
eEvrl—
18971 —

G6'65L—

vLLOV—

wen
0SSk~
6L9L~.

02024~
6022t
1522~
9122~
vzt
eLeel
16521
9v'gzl
S.wN_W
90627
YO'0EL
09161

eEPYL—

189%L—

S6'6GL—

MeO

Ent iy

150 145 140 135 130 125 120 115 110
f1 (ppm)

155

40

140 130 120 110 100 90 80
1 (ppm)

150

190

200

S53



2u 'H NMR

BnO
60 50 40 30 20 10

70

LS
(=]
L~ | ©
L =]
Lo LS
o =
ke | w
5 L« -
wn.h/ o
£2 .
L L2
L N
EEJ// o6 e
ar - o o
61— L w -
B.h% ™~ N L2
e @
. O 3
194~
WW.MH L~ o = zoL—
gL <+ :
Py & ke
§1 L@ = Em
=) £9'601
L o 0 8SELL €9'60L—
~ Feez ©F 599111
| w 8L Ll
08 | o w8 Zvozl
N o= z 8ezel
€09 Ll & F2F 8.2k
08 - zzeet 85l —
= | w 18°€2L
& 6621
81921
F Lo 8s22iy|
aze P 282 S9'9LL—
g5 ol e gy Sl
0e'8-F K 062 | ™ Bl -
£ Reiz re
el o 6621
L < I 3.8&
o mmm.w B.:.._.\, 2y 0zL—
i L © 29'9€EL
68— 1w < 25 vl — ;
18— E0F o ) 8L bl — Segehn
0l | o 8L2ZL~
© o zeel—~
| © — 18°€2L—
o " 8v'sgl T
[=2]
LM~
© | 81'9z1—
85L2)
| o | @ R.mﬁ”
@ =4 LL8zin
, o 08’8zl
g2~ 0] @ L voeeLf
06 P S eeeeld,
v > vE0EL
= | = 1giEL—
@ - O
[32)
[ -
R

110
90 80

S54

100
1 (ppm)

115
130 120 110

120
1 (ppm)

150 140

|- JJMJ‘HI -

125
160

170

130
180

190




2v 'H NMR

TV R
FAYE
8¥ 'Ly
bS'L
[3:Fs
€54
GG/
PR

zL 1
L1
m\.,&
Ll

€08+
508"
178
628
o8
958

=

e8]
99'8”

€08~
S0'8—

128~
628

PS8~
95'8—

¥8'8~
988"

G0

T_.

Tq

To‘

85 84 83 82 81 80 79 78 77 76 75 74
1 (ppm)

88 87 86

8.9

3.0

H,rmc”m

o
Fioe
wEOL

H\oo 3

35 25 1.5 0.5

4.5

75 6.5

85

10.5

1.5

1 (ppm)

2v 5F NMR

beLs—

-125

-115

-105

-95

-65

-45

-156

1 (ppm)

S55



2v 3CNMR

1
@ .
=
- e
-0 © 1
o~
Q
o, -8
w
L ©
=T
PEEH— —/ |« \Q
FS
=
=3 N/ 2
. | @ =z
ELETTRN =
699LL— i -
STELL~ . o [
. o L
89°9L Wmmj — e =
0Ly E”R_/ 3 o 9zt
EELL m_..NN_,/. Lol F & 8/
Hoezky - 0E'L L
PEEL 9LEzL=> o oF'L
ar'oLl Or'€ZL ] =3 Wi Lo~
69°91L ezl - = eys 9Z'Ln ~
£0'LLL © E 'l 8z L~ Tk
STBLL ¥6'5Zh— — ro lge BY'L 0847
£ 0ZL = = . <
051zl o - 192 B I~
181zl P B ] . £9'L mE.V ot
sizel E.wwis - F= v9'L I
LLEZ s o= — 591 192, o
9L'ETL . roE g 191 iy BN
. SYOEL~— 28 . ; €92 %0
or'Ezh i & E L & £6'2 voL
AT JP — T — - 96'Z1 592 [
PB'STL~ / ke — 864 191 [ o
182l — — — (=] 008 ~
0E'62L/f —_— re 0181 . Wvo‘_.
5P OEL -3 NS | AN r poiz
LE'LEL - - vL'a 9L~ Wi oF 907
05ZEL © S ze8 | 9L Frs§ 07T
STl Lo - £E'8E mm‘m/ = 60
LESPL— - _—4 PE8 | a = ¥O'L
sgayl” © | g o’ M,WM 603 o ¥
Lo - L8, Fes oo
g ! 00k
9.8 xg
=) | 2 £6°8-L i
ra < ve87 To <«
98 o
| 9 o
= F= r
(=]
3 o [ o
£ZhhL— — T L
- - = x 518 [
e 1le 2 sre” nﬂ TS. b
— f=4 | o
S8'9pL— — re 2
| 2 I I
3 | g - [ o
~ W @
~

4.0 3.0 20 1.0 0.0 -1.0

5.0

1 (ppm)
S56

6.0

7.0

10.0 9.0 8.0

1.0




2w F NMR

PLGMH-—

40 50 60 70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

-30

2w 3CNMR

£0'0-—

89'9L
zeLL

90°0LL
0E0LL
LEELL
43133
9E'9LL
STLIL
E€ELIL
£¥'0TL
622
Lo'ezk
9v'eTt
€9°€TL
ELYTINE
L6'STL—
9Y'8eL—~

91’621
LE°0€L
99°0€L

Z5LEL
2Py —
LeorL—

£6'L51—
9€°09L—

900k~
0E0LL"

LEELL—

Chobin

99— B
mN.NCN. —_—

eeLLL

erozl—

62221~
L0°€Zh~

av'eCh =

P82~ —3

9162}~
LE0EL~
99'08}~"
zsEL"

[458 44 S =

16'9pL— =1

€6°L61—

9€'09L—

156 152 148 144 140 136 132 128 124 120 116 12
f1 (ppm)

160

|H. Hj“J Il | |

1

-10

40

70 60

80

120 110 100 90
1 (ppm)

130

140

180 170 160

190

200

S57



2x 'H NMR

000-—

S8’ —

L

L8~
£L87

Tq

71

7.3

7.5

7T

79

8.3

8.5

8.7

8.9

1.1

1 (ppm)

30 25 20 15 10 05 00 -05 -10

3.5

55 50 45 40

6.0

90 85 80 75 70 65

9.5

1 (ppm)

2x 3C NMR

89'9L
00°LL
zeLL

EGELL
96°91L
LA
Sheek
90€zL
oLezL
ar'ezL
Pe'ETL
SZTYEL
mm,mw_../‘
w_.,mw_../r

8821~

GLBZL-F
P6'6ZL
EF'0EL

LFLEL
85'ZEL
LEPYL—
rE'ovL—

EGELL—

96°9LL—

0Tl —

SLZZL—

8.&_
el
avezl”
vBEzL
szvel””

S6'SZH—

[4%: 10
8L8ZL~
SL6ZL~

¥6'6ZL—
EP0EL—

Lriel—

85zeEL—

N Y W N

A A

130 128 126 124 122 120 118 116 114
1 (ppm)

132

30

40

130 120 110 100 90 80 70
1 (ppm)

140

160

170

190

558



2y 'H NMR

000-—

oL
ar'L
A
0§~
5L
5L
997,
82
6oL~
VL
m:.\

208~
£0'8-"

BL'8

—N.w”
28—,
vz’
£E'8—~
[0 R

67'8—

6.8~
188"

7.4

76 75

78 77

80 79

1 (ppm}

89 88 87 86 85 84 83 82 81

10 05 00 -05

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

10.5

1.5

1 (ppm)

2y 3C NMR

200-— —
=z
bz
@
89'0L
00°LL
0z'LL 3
z€ .RMﬂ
SoEH— —x
©w
SOELL £+
mas  ——
0L LLL 3
sg'0zk z£lg
Pk g0zt 3
85°€EL 0g'zzl~ — —
SevEL 0Z'€2}~ —— - R
10921 mm”mwﬂ £ N
vO'LZL SEvzh E —
0Z'8Z1~= L0921~ E— —
8Z6Z)— YO'LZL~ — —
et - : | © f—
IS0EL 02821~ Im o~ —
09'LEL 82621~ | .
9L'LEL L5081 ¥ £
8LEEL 09LELY — g
8r vl — 9L IEL— — 8 -
Wivl— BLEEL, ] - B
E [ @
oM
hes
- o
23
t AR
8l — —4 -
X
3
Liph— = A
E [T
E

-1C

40 30

50

110 100 90 80 70

120

140

170

180

190

1 (ppm)

559



2z 'H NMR

9L
ev'L
Sl
AR
1SL
9L

99°L
89'L
8LL
08'L
G6'L
6L

'8
14]
(243
341
£v'8
£9'8

0Lg

4

9L

TN
Syi—
WL
151
29L

PYAS
99'L7
892/
8L L~
082~

S6'L~
6L

L8~
g
028~
[44:

e~
£v'8—

£5°'8—

898~
08"

O

<8
FiC

10 05 00 -05

15

73

75
1 (ppm)

£

7.7

7.9

8.1
1 (ppm)

83

8.5

~20°

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

00"

8.7

8.9
10.5

2z F NMR

68'19—

-105 -115

-80 -85 -90 -95

-75

-60 -65 -70

1 (ppm)

40 45 50 55
S60

-20 -25 -30 -35

15

-10

-5

0




2z 3C NMR

89°9L .

o =
poant g
€191 650Z+— —_— -
wmmmﬁ 8212k Iu &

4 LE'LEL
1121 ezl
Se'el | mn_m_.\ a
6eLzy B9zl -
89121 aLzzL’r
912211 15721 @
otezl | ey o
SrezLy reer
s | o
orszif o
£r5eL .

. 152 —

Lrseif azezl 0
86'52LF N =
AN S‘mﬁw g
BE6ZL— . g
o6l F ezt QL
ovier ) seczi =
pede gl 9062/
6E'9Z) ~
o~
o
P pl—
Zhivh— ®
1z8zL— -
w w
o
8E6ZL—
%
e
£9°0EL— -
(3]
2
opLEL—

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

180

2aa 'H NMR

ero—

o

N

g
J

1878~
£8'8-"

——
[=)
=1

o o e s

L A
i

i
=3
<

Q
<

3

3

LR
@

7.7 75 7.3 7.1

7.9
1 (ppm)

8.7 8.5 8.3 8.1

8.9

m

FIE6

vz
Ll
L
vo'L

=660
=80}

3101
660
Lok

00k

-2

-1

1 (ppm)
S61

13 12 1" 10

14



2aa 3C NMR

eo'-—

89°9L
00°LL
0Z°LL

ZeLL

88°EL
LE'SH
LE0ZL
99'0zL
vo'zeL
BLZZL
BEEZL
00'¥ZL
96'524
BE'BZL
Lo6eL
a6zl
LZ0EL-E
BLLEL—
96°CEL
ww,ﬁ_\
BO'GEL
e pyl—
vrivl—

BEELL—
LS —

PrAvAS
99021
POECI~
B6LEZZI~
6EETL—
00vZL"

96'6ZL—

66821 —
L0621,
mv.mu_ﬁ
LZ0EL

BLIEL—

96°EEL~"
B9¥EL
60°9EL~

8 ¥l —

privl—

144 140 136 132 128 124 120 16
1 (ppm)

148

o ]

-10

40

180 170 160 150 140 130 120 110 100 90 80 70 60

190

200

1 (ppm)

2ab 'H NMR

£9z— =N Nw
o
/

9z'L

9L
8L
6tL
1521
8511
ag'z |
5941
1949
89/
0L
2
€L
€08
508 m
vze

1z8

678

L8

zr'g

rra
£e'g

pag”

L
9L
k'L
mv‘..../

LTINS
€51~
952"
592~

190
89°L
oLL
ML

E€LL

€08~
508"

e

hw.mM
628
—m.w\‘
2P 8-~
e

€88~
88"

16

7.4

76

7.8

8.0

8.2

8.4

8.6

8.8

1 (ppm)

wwmd

W.mm.N
Lz
H\mo.v
00’k

Foor

0.5

1.0 05 00

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

10.5

1.5

1 (ppm)

S62



2ab 3C NMR

0991 — —
=,
\ =z
w
/
899L
00 4L 3
0ZLL R
Z€LL
SLEN— —
w0
8raLL— —3 [+
SLELL L8021,
8y ot zzzz) I
LE0EL 677zt o
zzeel ezl s [
6zZel 622 —3
er'zzl S‘nﬁ\ 1
1622h olbzL o] 1
%mw" 80021 ©
06221~ — 1 —
809zL suszl u) ==
om,nwF/ 62821 E - —%
£'azL ShoeL— — <3 P —
%,mN—N\. 99'LEL— — = —
SHOEL posasiia 3 = 4
99'LEL 3
BOZEL o pEL— —4 [ <
9 ¥EL
£ PPl — =
SLipL— —
o
=
SEPPL— —
w0
]
Shipl— —

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

30

1 (ppm)

2ac 'H NMR

00'0—

€9’k —

re—

mﬂ,j

WL
.#.h%
1572~
85—
5o
€92

19707
Ef#
w..k\

€L

Y08~
508~
5i'g

glg
€29

A
98-
gze’

€88~
58’8~

= To.

80 79 78 77 76 75 74

1 (ppm)

89 88 87 86 85 84 83 82 841

Feze

002
Faoz
1oL
Yzo1
8T

00t

6.5 55 45 35 25 15 0.5 05
1 (ppm)

1.5 10.5 9.5 85 75

125

S63



-10

10

SOyl
wm.v—v

50 40 30 20
Qe
o

7.0
A

60
T

70

z
\ =z
eV
89'92 —_—

\
"
-

<
72

2ac 3C NMR

80
Wy,
o
b1

100

110 105
10 100 90
1 (ppm)
——

&

:

76 7.4

115

< i
Sa3S
o

o0
250

T4
Hk.nc._.
(444
Lok

120
7.8

125 120
130
2
~
J
338
1 (ppm)

oL
vo'L
9l
601
00’k

sl e

140 135 130
1 (ppm)
170 160 150 140
(LN
g

145
b=
S

T

—_—
©
Py

150
190 180

155

T
8

160
210 200

MM M o
8'2 I
]

165
9.0

TELL 3 sz 1
r €24 E%2
BLZ0L, | sz Lyl
90°€0L [ 171 6L
srz LG L
¥ L] 85L
820~ L i 6t L1 8&%
m@mmw 1614 99'L:
85'L 89°L
St0ZL GhELL— I ] At
, 09°21 oLt
fdads SELL r 291 SUL
oz 821 vo'Lq PTRS
mw WN" mto&/ I 9974
e sy [ 894 1
peazL b L : 69—
Vi 26721 201 o
veL
8z mﬁ\ YoezL L A ~
05 €l sLi %L
8 qﬁ.\ s £0'8—
LOEL | 18'27 s08"
b oL — 189zL 3 oo ]
TG LrL— v69ZL | 62
8z8zL 967
vOBZL 3 cog]
0es
ol
P09k~ og oel - a0 zeat
09201 — 8S'LEL oc's] o
e LZEE} F ze8] e
o
£e8
I ]
By ppL— L wm,w; 058~
258 wge
Ze L — | &
r 896
I 98'8~
P09 — r 88'8~"
09291 — 3

2ad 'H NMR

45 35 25 15 0.5 -0.5

55

1 (ppm)
S64

1.5 10.5 9.5 8.5 75 6.5

125




2ad 3C NMR

89'9L

)

2EeLL
Yo'SLL
0L'0Z1L
620211
S¥'och
290zk
857¢Cl
CEETL
6L°€21
1021
[3-R74%
LLY2LA
V1621
S8'GZLA
L2121
$0'8Z1
09'8Z1 ~
E£V'6Z1L

on.mN_‘N
;.cn—*

vreeL
£LgeL
Sl —

¥8'8¥L—

oLozk

mN,ONFV
SY'oCL-7
Nwdmv\

85221~
zEeTL

mZNFN
L0021~
19vZi_
uyeL—

PLSZI~
s8'szL

vN.th\
v0'82L—
09'8ZL—
ev'6eh

chomry
wv.Omw/

vheel~ Hm
€188l —

'vri— L

124

126

132 130

1 (ppm)

134

oLl

|

190 180 170 160 150 140 130 120 11of1(1oo) 9 80 70 60 50 40 30 20 10
ppm,

200

2ae 'H NMR

€L
veL
STL
Q'L
L

ov2
8yL
052
15'L
152
52
884

L6°L

ovr'8
[44°]
95'8
158

69'8
08
0Lg
66'8
106

€L
Y2 LY
sTLT
9L
L
oL
MRS
8y’ L
052

-m.\.\
5L
5L

85°L

6L\
161~
s0'8
S.mW
208

0or'8~
s
968~
1587
698
0L'8
0L'g

668~
106"

Fesq

%mﬂm

[ro

L

77 7.5 7.3 q

79

8.7 85 8.3 8.1
f1 (ppm)

8.9

9.1

€60
s¢e
1x4

00’}
Eypor)

Kooy
R ine
Frot
00
P00t

-0.5

30 25 20 15 10 05

3.5

50 45 40

55
1 (ppm)

70 65 6.0

75

8.0

8.5

9.0

S65



2ae 3CNMR

89°9L
OG..Q.W
ZeLL

P41
EE9LL
60°LLL
EE'BLL
08°6LL
[Aa44]
e mﬂ./
LSPEL-E
8L'GZL—
GZeel-r
vomw_.‘.ﬁ
FAN Y
e5'LEL
£6°Evl
qmeW
¥ Lvl~

oL'aylL
14 m—:.A

1Z'9lL
ceony
60°LIL

EEBLL-F
08'61L

7zl
L€zl

15vEL,
gr6zL
STezL~
PO'BZL—
LL0EL~"
ZEIEL"

€6 EPL~_
eGPl
wm.nv—”
(1143 v
rigrL

s

145 140 135 130 125 120 115
f1 (ppm)

150

30

40

100 90
1 (ppm)

110

170 140 120

180

190

200

2af 'H NMR

L
SHL
9z
[
L
oL

bs'L
§5'L
654
Lol
€91
68'L
&L

G6'L
6L
00'8
e08

9.'8
m..-,mv

v
avz/
Lo
35/
9y L

mv,#M
151~

§GL
65 h\
1oL

6g'L
16 h/z
5620
161
8,&..
208

9L'8~
8.8~

86 84 82 80 78 76 74 72 70

8.8

1 (ppm)

"

Foo
Tﬁm
Froe

Foor

45 40 35 30 25 20 15 10 05 00 -05

55 50
1 (ppm)

90 85 80 75 70 65 6.0

9.5

10.5

S66



2af 3C NMR

89°9L
OG..Q.W
zeLL

211
6L6LL

B‘RFW
vezeL~
16221 F

4 a4
€L'GTL
mo,mw—\
9l'0EL

oFeErl—
L6'9vL—

8G° L —

ELLH—

/

6L6LL
wizd
ve'zeL4
e
16221
zrvzL
€252 —
60°L2k
09821

08’621
w—.am_.%

0S'vEL—

[

L69pL—

L L

114

18

122

126

130

134

138

142

146

1 (ppm)

20

100 90
1 (ppm)

110

120

180 180 170 160

200

2ag 'H NMR

9L
&L
€€l
se'L
6E'L
L'
£v'L
sv'L
1v'14
8v'L
6v'L
0S°LA|
€52
S5'L
1517
v6'L
o
60'8-F
z1'8
vi'g

SL'8
628
1e8
098
298

oTL

€L
€eL
S€L
6€L
—vﬂ/
V'L
Sv'L
nv.s#
8¥' L&

052

AP

V6L~
96'L—

608~
Zh8~.
yig—
SL'8"

628~
18—

098~
29'8—

o
£

3

8

»—-,—<>—’I—o—r—4 —
b

%mm.n

71

76 75 74 73 72

77

78

8.2

85 84 83

8.6

f1 (ppm)

00k
0L
16
960
£g60
860
6L
oL
FS60

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

8.5

9.0

100 95

S67



2ag 3C NMR

S

y =

o

89'9L
oqtv
zeLL
en— —
L8 08'GLb— —
08°SLL
Sz'0zL
62021 sz'0ZL
25°1eL 62021
%_MM" 2512
POZZL~ ==
LovzL SO'€ZL~ —
Level L0P2L~ —
SE'VZL 1zzL
wmsw_./. sevzL
wmummwv 9€°LZL— =
oo.om_w 8L821~ = -4
mm.::\ 29621~ —_
or'vEL 09084~ -
19°9¢L 95'LEL~ =
8T vyl —
y'opL—
orveEL— —
19981 — —
8T vl — —
9p'opL— =

140 136 132 128 124 120 116 112
f1 (ppm)

144

148

100 90
1 (ppm)

110

130

140

180 170 160

190

2ah 'H NMR

§Z4
0¥ L4
A8
Fiiy
9/
¥ 'L
054+
25'L|
1G4
B9 L

19 NM

€94
v6'L]
96'L7)
86°L|
£0°8
50'8]
528
128
818
158
6981
128
518

e e )

128"

or'L

Nv.h%

L
oA

oLt
gy'L~=
=

052
21/
15177
69°L
19'L
g9,

6N
96°L~>
86°L
€08
s0g””

G288~
1287

8r'e~
158"

698~
Lg—
58—
w8’

OO =

qg

€0
4%

Feo
Tm,

7.4

7.6

7.8

8.0

8.2

8.4

86

8.8

f1 (ppm)

€02
mm Ll
50°€
807
00'l
660
»00't
20t
56°

95 90 85 80

10 05 00 -05 -1«

15

50 45 40 35 30 25 20

70 65 60 55
1 (ppm)

75

10.5

S68



2ah 3C NMR

89'9L
00 .R..V.ﬁ
L

Z6ELLY
67611
LE0Z1
98’121
80224
ZE'TTL
LT
LBEEL
CINTAR
S8'9cL g
88'921 1
[AAITAR
SELZIA
99'8Z1 |
00624~
LrBEL]
8L'62L

Dn,—n—\
/

PEPEL
ZT'GEL
990Gl —
66'Lvl—

ZE'ELL—

B6LGH—

L8021~
og'1zl
807zl
ZezzIs
Lz
rgezL—
aveL’
58921
99921
2z 1zl
ezl
9982177
006zl
16zl
gL6zL
0g'1EL

vevEL—
cesEl—

0Sri—

66'L7L—

qg

14

L 1JM H.ui\

142 138 134 130 126 122 118
1 (ppm)

146

40

100 90 80
1 (ppm)

110

190

200

2ai 'H NMR

000-—

BF L~
VSl
5L

YL

%.MM
197~
692~
Zri—
SE%.
oL

B6°L—

728~
vZ'8—
0’8

—m.mV.
€8

e~
eFE—

0L'8~
eLe—

QC

O N
=

87 86 85 84 83 82 81 80 79 78 77 76 75 74
1 (ppm)

8.8

8.9

TEOL
202
20l

Fg60
20t

£os
S0k

F-0011

10 05 00 -05

15

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20
1 (ppm)

10.5

1.5

S69



2ai *CNMR

00— —
o
o
z
1
89'9L
00'/L 3
0Z°LL -3
z€4L !
LOGH~ —
BSGLL- T A
66°024 o
%eﬁ/ P
oﬂmm_/ — ;
SLZZLL — 3
SEVZL —
00°5Z} — | v 1
w—.ﬁ_ﬂ. —3 Y
LSk gee - T
et €18ek
BEGAY BRI i
BY LT~ 162+ —s | Q
0geeL~" wm.mw_.u_\w —d m‘lu) M
sevel ] 99°0E} E £ =1
oo,mm—% LO°LEL b k=S R
aL'gzL SGEEL— —3 = —3
08'6zl L —
LE'BZL -
85621 ]
LO'LEL
B8EVL— o —
ra
£0'6¥L— —
68°EpL— = 1
- =
o
; ]
£0'6PL— —1 | o
ire
3

20

40

80 70
1 (ppm)

90

100

160 150

170

2aj 'H NMR

000—

TN
8y'i—
05t~

292

moh%
591~
917

694
wh,m;\\‘
vLL

008

0 mM
€087
S0 m\ﬁ

618~
740
628~
Leg—
BE'E~
g

bL8~
€L8

48

<

86 85 84 83 82 841

80 79 78 77 76 75 74

T

.0 89 88 87

1 (ppm)

90°L
H\m_m._.
1871
S0t
=001

0L
Héo.v

-1.0

3.0 20 1.0 0.0

4.0

10.0 9.0 8.0 7.0 6.0 5.0
1 (ppm)

11.0

12.0

S70



2aj 1°F NMR

el
B650vL-
B60°0vL-
vo,aq_.‘ﬂ-

FIOPL-~
65°0FL-"

60°0FL-~_
FOOpL-+"

-139.5 -140.5 -141.5

-138.5

1 (ppm)

75 -85 -95 -105 115 125 -135 -145 -155 -165 175 -185 -195 -205
1 (ppm)

-65

2aj 13C NMR

00—

89'9L
2

09'kzL”
vZzeL—
6L22L—

e
8%
§8'SZl

mv‘wwf..ﬂ
95°921L~x

€262l —

124

127

02°LL
ZELL

8020k
€¢ worv
z0'20L
_.N,._S_.V

86'6EL
80°0%1L >
0z'avl
4414 >
6LivL
eeivl
098yl
Go'avl
89'8yL
vL8rL
Lo6¥L
LGV

69°0EL—

6FEEL—

Yo T
i
—
X —
w

86651~ P,
80071~

0Z'9%L~ J
ey arL—
BL APl J
wvL
09'8%L
ma.mﬁw <=
80°8Y1

vLghL J
19°6¥L

vL6rL

133 13

136
1 (ppm)

A

145

148

30 20

40

100 90
1 (ppm)

10

120

180

190

200

S71



2ak 'H NMR

000-—

98'c—

szl
mw.h/
am.h%
zeLAE
yEL—
9L’
[
3&.‘%
SrL

192

8;%
59—
190
692

oL~
1% 2

628~
Le'8-"
6E'B~_
e
8b'8~
0se~"

888~
068~

0L

20’

o0

wwa.

8.7 8.5 8.3 8.1 7.9 7.7 75 7.3
1 (ppm)

89

9.1

a0t

156 10 05 00 -05

95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

1 (ppm)

10.5

1.5

2ak 3C NMR

B60°LL—

B89°9L
00°LL
0Z°LL

ZeLL

Ve L —
68
99221
Eeﬁ%
8l dﬂw.
0¥k
oreeL
ZvseL
86821
0L '0EL
9e 0L

PeEYL—
€L9vL—

PELL—
L6GLH—

89'L24
21zaL
%.NEW
BYETI\
1012~
8LvEL

0e'vel
oLeeL—

er8eh
Mm.mN—M
LT6ZL
OL'0EL-F
om.am—“
B6F LEL

LSpEL—

reErL—

€Ll —

|

|

e

142 138 134 130 126 122 118 114
1 (ppm)

146

yiine

20

50

70

90

100

120

0

1 (ppm)

S72



2al *H NMR

92’4y
1719
0€21

9€' L
8L
0L
15'Zq
GG/
161
65" L
boLy
€9 L

5947,

192
£8'24
99'2]
86'2]
00'8
80'81
118
€18
918
818
£z'8
vz i
9z'8
o8

998

P98~
998"

g

el

A

00

87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 74
1 (ppm)
Ol QU

8.8

+ O N
|

Q

C

e
H/mr.m
Ey0)

T_we

Foo'L

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0 -1.0

120

1 (ppm)

2al *CNMR

GS0EL
GOEEL

182k
A TIEN
[N
szavl"

E8EL—
LEPLE—

2GS —

96—

mh”cw_.\
iz
N
mEh

€0'VEL
LSvEL N
vm‘vwrw
Fich 748

S8°GZh~
6521

S8k
Nm‘om_#
Z0'62L
vZ'6el
Nm.mNFV.
15624
LV0EL~C
Qm‘cmrv
S50Ek
€0l

B8LEL—

S9EEL—

115

17

119

S
g
|

S

e

og

129 127 125 123 121
1 (ppm)

131

133

ol

40

80

100
1 (ppm)
S73

110

170

180




