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1) General Information

Solvents and reagents were obtained from commercial sources and used without further purification.
Spectroscopic grade DMF and DMSO were dried with 3 A molecular sieves according to a reported procedure’.
Rhodamine 6G (Rh-6G) (dye content ~ 95%) was purchased from Sigma Aldrich. Proton NMR spectra were
recorded on a Bruker Avance 300 MHz spectrometer and 600 MHz spectrometer in CDCls solution with internal
solvent signal peak at 7.26 ppm. Carbon NMR were recorded at 75 MHz spectrometer and 151 MHz spectrometer
in CDCl; solution and referenced to the internal solvent signal at 77.26 ppm. Proton NMR data are reported as
follows: chemical shift (ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, dd =
doublet of doublets, ddd = doublet of doublet of doublets, td = triplet of doublets, qd = quartet of doublets, m =
multiplet, br. s. = broad singlet), and coupling constants (Hz). High resolution mass spectra (HRMS) were
obtained from the central analytic mass spectrometry facilities of the Faculty of Chemistry and Pharmacy,
Regensburg University and are reported according to the IUPAC recommendations 2013. All reactions were
monitored by thin-layer chromatography using Merck silica gel plates 60 F254; visualization was accomplished
with short wave length UV light (254 nm). UV-Vis and fluorescence measurements were performed with Varian
Cary 50 UV/Vis spectrophotometer and FluoroMax-4 spectrofluorometer, respectively. Electrochemical studies
were carried out under argon atmosphere. The measurements were performed in dimethylformamide (DMF)
containing 0.1 M tetra-n-butylammonium tetrafluoroborate using ferrocene/ferrocenium (Fc/Fc+) as an internal
reference. A glassy carbon electrode (working electrode), platinum wire counter electrode, and Ag quasi-reference
electrode were employed. Spectroelectrochemical studies were carried out in an optically transparent thin layer
electrochemical cell (OTTLE). Standard flash chromatography was performed using silica gel of particle size
40—-63 um. Photoreduction and annulation reactions were performed with 455 nm LEDs (OSRAM Oslon SSL 80
royal-blue LEDs (A =455 nm (+ 15 nm), 3.5V, 700 mA).

2) General Procedures

Synthesis of Starting materials:

Procedure for the synthesis of N-Aryl Pyrroles:
N-Aryl Pyrroles 1(a-c, e and f) were prepared by Paal-Knorr synthesis from the respective aniline, according to
the procedure reported by Lee et al.?

General Method: A solution of aniline (1 equiv.) and acetic acid (0.07 mL/mmol aniline) in DCE (1.86 mL/mmol
aniline) and water (1.12 mL/mmol aniline) were heated to 80° C. 2,5- Dimethoxytetrahydrofuran (1.05 equiv.)
was then added in one portion and the heating was continued at 80° C overnight. Once cooled, the layers were
separated and the aqueous layer was extracted with DCM. The combined organic layers were then dried with
MgSOs,, filtered, and the solvent was removed in vacuo to yield the crude pyrrole.

Synthesis of 1-(2-Bromo-phenyl)-1H-pyrrole (1a):

N
\_/
Synthesized according to the general procedure using 2-bromo-aniline (1.0 g, 4.5 mmol). Purified by flash column
chromatography (hexane : ethyl acetate, 99:1) to yield the title compound as a colourless oil (0.64 g, 75%).
'H NMR (CDCls, 300 MHz, ppm): § 7.70 (dd, J = 8.1 Hz, J = 1.2 Hz, 1H), 7.4-7.31 (m, 2H), 7.25-7.20 (m, 1H),
6.88 (t,J=2.1 Hz, 2H), 6.34 (t, J =2.1 Hz, 2H).
13C NMR (CDCl;, 75 MHz, ppm): § 140.4, 133.8, 128.8, 128.3, 128.1, 122.2, 119.9, 109.2
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HRMS: CioHoBrN [M+H]+ calculated 221.9913 was found 221.9919, spectral data are consistent with those
reported in the literature.

Synthesis of 1-(4-bromo-3-(1H-pyrrol-1-yl)phenyl)ethan-1-one (1b):
0O

Br
N

W

Synthesized according to the general procedure using 2-bromo-aniline (1.0 g, 4.6 mmol). Purified by flash column
chromatography (hexane : ethyl acetate, 96:4) to yield the compound as a white solid (1.04 g, 85%).

'H NMR (CDCls, 300 MHz, ppm): 8§ 7.89 (t, J = 1.2 Hz, 1H), 7.80 (m, 2H), 6.90 (t, J = 2.2 Hz, 2H), 6.37 (t, J =
2.1 Hz, 2H), 2.61 (s, 3H).

13C NMR (CDCls, 75 MHz, ppm): § 196.4, 140.9, 137.2, 134.4, 128.2, 128.0, 125.6, 122.3, 109.9, 26.8.
HRMS: [M*] C2H;oBrNO calculated 262.9940 found 262.9937

Synthesis of 1-(2-bromo-5-(trifluoromethyl)phenyl)-1H-pyrrole (1¢):

F
F

Br
N

W,

Synthesized according to the general procedure using 2-bromo-aniline (1.0 g, 4.1 mmol). Purified by flash column
chromatography (hexane : ethyl acetate, 99:1) to yield the desired compound as a colourless oil (0.96 g, 80%).
'H NMR (CDCls, 300 MHz, ppm): § 7.84 (d, J = 8.3 Hz, 1H), 7.6 (s, 1H), 7.49 (s, 1H), 6.94 (t, J = 1.8 Hz, 2H),
6.41 (t,J = 1.8 Hz, 2H).

13C NMR (CDCls, 75 MHz, ppm): 6 141.1, 134.8, 131.7, 131.3, 130.8, 130.4, 125.5, 125.4, 125.4, 125.3, 125.2,
123.9,122.3,110.2

HRMS: [M*] C;;H;NF;Br calculated 288.9704 found 288.9703.

Synthesis of 3-bromo-2-(1H-pyrrol-1-yl)pyridine (1e):

l\
N~

N

\ 7
Synthesized according to the general procedure using 2-bromo-aminopyridine (1.0 g, 5.7 mmol). Purified by
flash column chromatography (hexane : ethyl acetate, 99:1) to yield the desired compound as a colorless solid
(0.65 g, 51%).
'"H NMR (CDCl;, 300 MHz, ppm): & 8.44 (dd, J=4.6, 1.6 Hz, 1H), 8.0 (dd, J=7.9, 1.6 Hz, 1H), 7.29 (1, J =
2.2 Hz,2H), 7.1 (dd, J=17.9, 4.6 Hz, 1H), 6.36 (t, J=2.2 Hz, 2H).
3C NMR (CDCls, 75 MHz, ppm): 6 150.1, 147.6, 143.7, 122.7, 121.5, 112.5, 110.2
HRMS: [M"] CoH7N,Br calculated 221.97871 found 221.97878

Br
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Synthesis of 1-(2,6-dibromophenyl)-1H-pyrrole (1f):

Br Br
N

W

Synthesized according to the general procedure using 2,6-dibromo-aniline (1.0 g, 3.3 mmol). Purified by flash
column chromatography (hexane:ethyl acetate, 98:2) to yield the desired compound as white solid (1.01 g, 84%).
'"H NMR (CDCls, 300 MHz, ppm): & 7.67 (s, 1H), 7.64 (s, 1H), 7.20 — 7.11 (m, 1H), 7.84 — 6.25 (m, 8H), 6.69 (t,
J=2.1Hz, 2H), 6.40 (t, J=2.1 Hz, 2H).

13C NMR (CDCl;, 75 MHz, ppm): § 139.8, 132.4, 130.6, 124.31, 121.5, 109.3. data identical to those reported.*

Synthesis of 1-(2-bromophenyl)-1H-pyrazole (1d):

Br

A

A round bottomed flask was charged with pyrazole (14.6 mmol), 2-bromo-fluorobenzene (5.1 g, 29.3 mmol, 2.0
equiv.) and K5POy4 (15.5 g, 73.4 mmol, 5.0 equiv.) in DMF (140 mL) and refluxed under nitrogen for 24 hrs. After
the reaction, the mixture was cooled to room temperature. It was mixed with H,O and the organic layer was
extracted with ethyl acetate. The solvent was removed and the crude product was purified by flash column
chromatography on silica gel using (hexane : ethyl acetate, 91:9) to yield the desired compound as colorless liquid
in 83% yield.

'"H NMR (CDCls, 300 MHz, ppm): 8 7.81 (d, J = 2.3 Hz, 1H), 7.75 (d, J = 1.6 Hz, 1H), 7.70 (dd, J = 7.9, 1.4 Hz,
1H), 7.52 (dd, J=7.9, 1.7 Hz, 1H), 7.42 (ddd, J=7.9, 7.4, 1.4 Hz, 1H), 7.28 (ddd, J=8.0, 7.4, 1.7 Hz, 1H), 6.47
(t, J=2.1 Hz, 1H).

13C NMR (CDCls, 75 MHz, ppm): & 140.8, 139.9, 133.8, 131.3, 129.6, 128.3, 128.2, 118.6, 106.5 data identical
to those reported.’

3) General procedure for C—H arylation followed by intramolecular cyclization reactions:

In a 5 mL snap vial with magnetic stirring bar the aryl halide (0.1 mmol, 1.0 equiv.), the corresponding alkyne
(20.0 equiv.) and Rh-6G (0.01 mmol, 0.2 equiv.) were added and the mixture was degassed by “pump-freeze-
thaw” cycles (x3) via a syringe needle. DIPEA (2.2 equiv.) and dry DMSO (total volume of the solution 1.5 mL),
were added under N> and the resulting mixture was again degassed twice by syringe needle. This reaction mixture
was transferred into a microreactor (capacity 1.7mL) and irradiated with blue light (455nm) under nitrogen at 25°
C. The reaction progress was monitored by GC analysis. After 2.5 h to 24 h of irradiation, the reaction mixture
was transferred to separating funnel, diluted with ethyl acetate and washed with 15 mL of water. The aqueous
layer was washed three times (3 % 15 mL) with ethyl acetate. The combined organic phases were dried over
MgSO,, filtered and concentrated in vacuum. Purification of the crude product was achieved by flash column
chromatography using petrol ether/ethyl acetate as eluent.
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Glass microreactors and irradiation setup used for photocatalysis:

The reaction mixture (1.5mL) was injected by syringe into the glass microreactor (LTF, 11x5.7cmx1.7mL internal
volume, 0.3 mL volume of the reactor tubing) previously flushed with nitrogen. The flow reactor was cooled
down to 25°C with a custom-made aluminum cooling block placed opposite to LEDs with a mirror to minimize
loss of the light.

(b)

Fig 1. a) Glass microreactor with suspension of reaction mixture (no flow method). b) irradiation setup for the
reaction in microreactor with 455nm blue LED.

Absorption spectra of Rh-6G and Rh-6G™:

Rh-6G
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Fig 2: (A) Absorption spectra of Rh-6G and Rh-6G", (generated electrochemically). (B) Transmittance spectra
of compound 3e and 30 in DMSO.

4-Phenylpyrrolo[1,2-a]quinoline (3a):¢

The compound was prepared according to the general procedure using 22.2 mg of 1-(2-bromophenyl)-1H-pyrrole,
9.5 mg of Rh-6G, 219.6uL of phenylacetylene, 38.3uL of DIPEA and 1.5mL dry DMSO. The reaction mixture
was irradiated for 24h under N». Purification of the crude product was achieved by flash column chromatography
using petrol ether as eluent to yield the desired compound as greenish solid (13.8 mg, 60%).
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'H NMR (CDCl, 300 MHz, ppm): & 7.92 (m, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.67 (d, J
= 8.0 Hz, 1H), 7.51-7.4 (m, 4H), 7.32 (t, J = 7.6 Hz, 1H), 6.9 (s, 1H), 6.80 (t, J = 3.2 Hz, 1H), 6.61 (d, J =4 Hz,
1H).

13C NMR (CDCls, 75 MHz, ppm): & 139.3, 133.0, 132.9, 131.1, 129.0, 128.7, 128.6, 128.3, 127.8, 124.5, 123.9,
118.3, 114.3,113.0, 112.8, 103.6

4-(p-Tolyl)pyrrolo[1,2-a]quinoline (3b):’

CH,

The compound was prepared according to the general procedure using 22.2 mg of 1-(2-bromophenyl)-1H-pyrrole,
9.5 mg of Rh-6G, 253.6uL of 1-ethynyl-4-methylbenzene, 38.3ul of DIPEA and 1.5mL dry DMSO. The reaction
mixture was irradiated for 3 h under N,. Purification of the crude product was achieved by flash column
chromatography using petrol ether as eluent to yield the desired compound as greenish solid (12.4 mg, 51%).

'H NMR (CDCls, 300 MHz, ppm): § 7.91-7.87 (m, 2H), 7.66—7.64 (m, 1H), 7.60 (d, J = 8.1 Hz, 2H), 7.50-7.45
(m, 1H), 7.32—7.30 (m, 1H), 7.29-7.27 (m, 2H), 6.96 (s, 1H), 6.79-6.78 (m, 1H), 6.61-6.60 (m, 1H), 2.43 (s,
3H).

13C NMR (CDCl;, 75 MHz, ppm): & 137.8, 136.1, 132.64, 132.59, 130.9, 129.2, 128.6, 128.2, 127.4, 124.3,
123.6,117.7,114.0, 112.7, 112.5, 103.3, 21.3

4-(4-Methoxyphenyl)pyrrolo[1,2-a]quinoline (3¢):®

The compound was prepared according to the general procedure using 22.2 mg of 1-(2-bromophenyl)-1H-pyrrole,
9.5 mg of Rh-6G, 259.3uL of 1-ethynyl-4-methoxybenzene, 38.3ul of DIPEA and 1.5mL dry DMSO. The
reaction mixture was irradiated for 2.5 h under N». Purification of the crude product was achieved by flash column
chromatography using petrol ether as eluent to yield the desired compound as greenish solid (13 mg, 50%).

'H NMR (CDCl3, 300 MHz, ppm): & 7.85-7.80 (m, 2H), 7.59-7.57 (m, 3H), 7.42—7.38 (m, 1H), 7.26—7.22 (m,
1H), 6.94 (dd, J=2.2, 6.6 Hz, 2H), 6.87 (s, 1H), 6.72 (t, J = 3.3 Hz, 1H), 6.54 (dd, J = 1.5, 3.7 Hz, 1H), 3.80 (s,
3H).

13C NMR (CDCls, 75 MHz, ppm): & 159.5, 132.5,132.3,131.4, 131.0, 129.4, 128.5, 127.3, 124.3,123.6, 117.5,
114.0,113.9,112.7, 112.5, 103.2, 55.3

4-(4-Fluorophenyl)pyrrolo[1,2-a]quinoline (3d):¢

The compound was prepared according to the general procedure using 22.2 mg of 1-(2-bromophenyl)-1H-pyrrole,
9.5 mg of Rh-6G, 229.2uL of 1-ethynyl-4-fluorobenzene, 38.3uL of DIPEA and 1.5mL dry DMSO. The reaction
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mixture was irradiated for 2.5 h under N». Purification of the crude product was achieved by flash column
chromatography using petrol ether as eluent to yield the desired compound as light green solid (11.9 mg, 48%).
'H NMR (CDCls, 300 MHz, ppm): 8 7.93 (dd, J = 3.2, 1.6 Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.68 (m, 3H), 7.51
(t, J=7.2 Hz, 1H), 7.35 (t, J = 6.8 Hz, 1H), 7.17 (t, J = 8.8 Hz, 2H), 6.95 (s, 1H), 6.80 (dd, J=3.6, 2.8 Hz, 1H),
6.56 (dd, J=4.0, 1.6 Hz, 1H).

13C NMR (CDCl;, 75 MHz, ppm): § 164.0, 161.6, 135.2, 135.1, 132.8, 131.8, 131.0, 130.3, 130.2, 130.1, 128.9,
127.9,124.3,124.0, 118.3, 118.3, 115.8, 115.6, 114.3, 113.0, 112.9, 104.9, 103.4

1-(4-Phenylpyrrolo[1,2-a]quinolin-8-yl)ethan-1-one (3e):

The compound was prepared according to the general procedure using 26.4 mg of 1-(4-bromo-3-(1H-pyrrol-1-
yl)phenyl)ethan-1-one, 9.5 mg of Rh-6G, 219.6uL of phenylacetylene, 38.3uL of DIPEA and 1.5mL dry DMSO.
The reaction mixture was irradiated for 3h under N». Purification of the crude product was achieved by flash
column chromatography using petrol ether/ethyl acetate (95:5) as eluent to yield the desired compound as yellow
solid (16.5 mg, 58%).

'"H NMR (CDCls, 300 MHz, ppm): & 8.52 (s, 1H), 8.08 (dd, J =3, 1.4 Hz, 1H), 7.88 (dd, J = 8.1, 1.4 Hz, 1H),
7.72 (d, J=8.1 Hz, 3H), 7.60 — 7.46 (m, 3H), 6.99 (s, 1H), 6.84 (dd, J = 3.6, 3.3 Hz, 1H), 6.68 (dd, J=4.7, 0.9
Hz, 1H), 2.73 (s, 3H).

13C NMR (CDCl;, 75 MHz, ppm): § 197.4, 138.6, 135.5, 128.8, 128.7, 128.5, 128.4, 123.8, 117.3, 114.2, 114.0,
113.5, 105.0, 27.0.

HRMS [M+H]+ C30H;sNO calculated 286.1226 found 286.1229.

1-(4-(p-Tolyl)pyrrolo[1,2-a]quinolin-8-yl)ethan-1-one (3f):

CH3

The compound was prepared according to the general procedure using 26.4 mg of 1-(4-bromo-3-(1H-pyrrol-1-
yl)phenyl)ethan-1-one, 9.5 mg of Rh-6G, 253.6uL of 1-ethynyl-4-methylbenzene, 38.3uL of DIPEA and 1.5mL
dry DMSO. The reaction mixture was irradiated for 3 h under N,. Purification of the crude product was achieved
by flash column chromatography using petrol ether/ethyl acetate (95:5) as eluent to yield the desired compound
as yellow solid (16.2 mg, 54%).

'"H NMR (CDCl;, 300 MHz, ppm): & 8.52 (s, 1H), 8.07 (dd, J = 3.0, 1.4 Hz, 1H), 7.87 (dd, J = 8.2, 1.6 Hz, 1H),
7.71 (d, J=8.2 Hz, 1H), 7.67 — 7.57 (m, 2H), 7.42 — 7.28 (m, 2H), 6.97 (s, 1H), 6.84 (dd, J=3.9, 2.9 Hz, 1H),
6.68 (dd, J=3.9, 1.2 Hz, 1H), 2.73 (s, 3H), 2.45 (s, 3H).

13C NMR (CDCls, 75 MHz, ppm): 5 197.4, 138.6, 135.7, 135.6, 135.4, 132.5, 129.5, 128.7, 128.5, 128.4, 123.7,
117.0,114.2,113.9, 113.5, 105.0, 27.0, 21.5.

HRMS [M*] C;H7NO calculated 299.1304 found 299.1305
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1-(4-(4-Methoxyphenyl)pyrrolo[1,2-a]quinolin-8-yl)ethan-1-one (3g):

The compound was prepared according to the general procedure using 26.4 mg of 1-(4-bromo-3-(1H-pyrrol-1-
yl)phenyl)ethan-1-one, 9.5 mg of Rh-6G, 259.3uL of 1-ethynyl-4-methoxybenzene, 38.3uL. of DIPEA and 1.5mL
dry DMSO. The reaction mixture was irradiated for 2.5 h under N». Purification of the crude product was achieved
by flash column chromatography using petrol ether/ethyl acetate (95:5) as eluent to yield the desired compound
as yellow solid (23.6 mg, 75%).

'TH NMR (CDCls, 300 MHz, ppm):  8.52 (s, 1H), 8.07 (dd, J = 2.9, 1.4 Hz, 1H), 7.88 (dd, J = 8.1, 1.6 Hz, 1H),
7.72 (d, J = 8.1 Hz, 1H), 7.69 — 7.65 (m, 2H), 7.06 — 7.01 (m, 2H), 6.96 (s, 1H), 6.84 (dd, J = 3.8, 2.9 Hz, 1H),
6.68 (dd, J=3.9, 1.3 Hz, 1H), 3.90 (s, 3H), 2.73 (s, 3H).

13C NMR (CDCls, 151 MHz, ppm): 6 197.4,160.1,135.4,135.3,132.5,131.2, 131.1, 129.7, 128.7, 128.6, 123.8,
116.8,114.3,114.2,113.9, 113.5, 105.0, 55.6, 27.0

HRMS [M*] C51H7NO; calculated 315.1253 found 315.1255

1-(4-(4-Fluorophenyl)pyrrolo[1,2-a]quinolin-8-yl)ethan-1-one (3h):

The compound was prepared according to the general procedure using 26.4 mg of 1-(4-bromo-3-(1H-pyrrol-1-
yl)phenyl)ethan-1-one, 9.5 mg of Rh-6G, 229.2uL of 1-ethynyl-4-fluorobenzene, 38.3uLL of DIPEA and 1.5mL
dry DMSO. The reaction mixture was irradiated for 2.5 h under N,. Purification of the crude product was achieved
by flash column chromatography using petrol ether/ethyl acetate (95:5) as eluent to yield the desired compound
as yellow solid (15.1 mg, 50%).

'H NMR (CDCls, 300 MHz, ppm):  8.52 (s, 1H), 8.08 (dd, J = 3.0, 1.4 Hz, 1H), 7.88 (dd, J = 8.2, 1.6 Hz, 1H),
7.79 — 7.60 (m, 3H), 7.19 (t, J = 8.7 Hz, 2H), 6.96 (s, 1H), 6.84 (dd, J = 3.9, 2.9 Hz, 1H), 6.62 (dd, J=3.9, 1.4
Hz, 1H), 2.73 (s, 3H).

13C NMR (CDCls, 75 MHz, ppm): 8 197.4, 164.7,161.4, 135.7,134.68, 134.63, 132.6, 130.9, 130.2, 130.1, 128.8,
128.3,123.8,117.3,116.0, 115.7, 114.2, 114.1, 113.6, 104.9, 27.0.

HRMS [M*] C2H14FNO calculated 303.1053 found 303.1051

1-(4-(4-Chlorophenyl)pyrrolo[1,2-a]quinolin-8-yl)ethan-1-one (3i):




The compound was prepared according to the general procedure using 26.4 mg of 1-(4-bromo-3-(1H-pyrrol-1-
yl)phenyl)ethan-1-one, 9.5 mg of Rh-6G, 273 mg of 1-chloro-4-ethynylbenzene, 38.3uL of DIPEA and 1.5mL
dry DMSO. The reaction mixture was irradiated for 2.5 h under N,. Purification of the crude product was achieved
by flash column chromatography using petrol ether/ethyl acetate (95:5) as eluent to yield the desired compound
as yellow solid (15.9 mg, 50%).

'H NMR (CDCls, 600 MHz, ppm): & 8.53 (s, 1H), 8.08 (dd, J =2.9, 1.4 Hz, 1H), 7.89 (dd, J = 8.1, 1.6 Hz, 1H),
7.73 (d, = 8.1 Hz, 1H), 7.70 — 7.56 (m, 2H), 7.55 — 7.40 (m, 2H), 6.97 (s, 1H), 6.85 (dd, J = 3.9, 2.9 Hz, 1H),
6.62 (dd, J=3.9, 1.4 Hz, 1H), 2.73 (s, 3H).

3C NMR (CDCl3, 151 MHz, ppm): 8197.4,137.1, 135.8, 134.6, 134.5, 132.7, 130.7, 129.8, 129.8, 129.1, 128.9,
128.2,123.9,117.4,114.3,114.2, 113.6, 104.9, 27.0.

HRMS [M*] C30H4CINO calculated 319.0758 found 319.0759

4-Phenyl-8-(trifluoromethyl)pyrrolo[1,2-a]quinoline (3j):

FsC

The compound was prepared according to the general procedure using 29 mg of 1-(2-bromo-5-(trifluoro-
methyl)phenyl)-1H-pyrrole, 9.5 mg of Rh-6G, 219.6uL of phenylacetylene, 38.3ulL of DIPEA and 1.5mL dry
DMSO. The reaction mixture was irradiated for 4 h under N,. Purification of the crude product was achieved by
flash column chromatography using petrol ether as eluent to yield the desired compound as light green solid (15
mg, 52%).

'H NMR (CDCls, 600 MHz, ppm): & 8.14 (s, 1H), 7.99 (dd, J = 2.8, 1.2 Hz, 1H), 7.78 (d, J = 8.2 Hz, 1H), 7.75 —
7.62 (m, 2H), 7.59 — 7.48 (m, 4H), 7.00 (s, 1H), 6.86 (dd, J=3.9, 2.9 Hz, 1H), 6.67 (dd, J=3.9, 1.3 Hz, 1H).
13C NMR (CDCl, 151 MHz, ppm): 3 138.6, 135.3,132.4, 131.1, 129.4, 129.3, 128.8, 128.7, 127.1, 125.2, 123 4,
121.6, 120.26, 120.24, 117.1, 113.8, 113.5, 111.7, 111.67, 111.64, 111.62, 104.8

HRMS [M*] Ci9H2F5N calculated 311.0916 found 311.0907

4-(p-Tolyl)-8-(trifluoromethyl)pyrrolo[1,2-a]quinoline (3k):

FsC

CH3;

The compound was prepared according to the general procedure using 29 mg of 1-(2-bromo-5-
(trifluoromethyl)phenyl)-1H-pyrrole, 9.5 mg of Rh-6G, 253.6uL of 1-ethynyl-4-methylbenzene, 38.3uL of
DIPEA and 1.5mL dry DMSO. The reaction mixture was irradiated for 4 h under N,. Purification of the crude
product was achieved by flash column chromatography using petrol ether as eluent to yield the desired compound
as light green solid (18.2 mg, 56%).

'H NMR (CDCls, 300 MHz, ppm): & 8.13 (s, 1H), 7.97 (dd, J =2.9, 1.4 Hz, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.70 —
7.59 (m, 2H), 7.59 — 7.49 (m, 1H), 7.40 — 7.27 (m, 2H), 6.98 (s, 1H), 6.85 (dd, J=3.9, 2.9 Hz, 1H), 6.68 (dd, J =
3.9, 1.3 Hz, 1H), 2.46 (s, 3H).
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13C NMR (CDCls, 75 MHz, ppm): § 138.6, 135.7, 135.2,132.3,131.1, 129.5, 129.3, 128.4, 127.1, 120.24, 116.8,
113.7,113.5,111.6, 104.8, 21.5.
HRMS [M*] Cy0H4F3N calculated 325.1072 found 325.1064

4-(4-Methoxyphenyl)-8-(trifluoromethyl)pyrrolo[1,2-a]quinoline (31):

F,C

The compound was prepared according to the general procedure using 29 mg of 1-(2-bromo-5-(trifluoro-
methyl)phenyl)-1H-pyrrole, 9.5 mg of Rh-6G, 259.3uL of 1-ethynyl-4-methoxybenzene, 38.3uL of DIPEA and
1.5mL dry DMSO. The reaction mixture was irradiated for 4 h under N,. Purification of the crude product was
achieved by flash column chromatography using petrol ether as eluent to yield the desired compound as green
solid (14 mg, 41%).

'H NMR (CDCls, 300 MHz, ppm): & 8.14 (s, 1H), 7.97 (dd, J = 3.0, 1.3 Hz, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.72 —
7.62 (m, 2H), 7.54 (dd, J=8.1, 1.0 Hz, 1H), 7.12 —7.00 (m, 2H), 6.96 (s, 1H), 6.85 (dd, J=3.7, 2.9 Hz, 1H), 6.68
(dd, J=3.8, 1.3 Hz, 1H), 3.90 (s, 3H).

13C NMR (CDCl;, 151 MHz, ppm): 8 160.1, 134.9, 132.3,131.2, 131.0, 129.7,129.2, 129.1, 128.8, 127.2, 127.0,
125.2,123.4, 121.6,120.25, 120.23, 120.21, 120.18, 116.6, 114.3, 113.5, 111.66, 111.63, 111.60, 111.57, 104.8,
55.6.

HRMS [M*] CH4 F3NO calculated 341.1020 found 341.1019

4-(4-Fluorophenyl)-8-(trifluoromethyl)pyrrolo[1,2-a]quinoline (3m):

Fs;C

The compound was prepared according to the general procedure using 29 mg of 1-(2-bromo-5-
(trifluoromethyl)phenyl)-1H-pyrrole, 9.5 mg of Rh-6G, 229.2ul of 1-ethynyl-4-fluorobenzene, 38.3uL of
DIPEA and 1.5mL dry DMSO. The reaction mixture was irradiated for 4 h under N,. Purification of the crude
product was achieved by flash column chromatography using petrol ether as eluent to yield the desired compound
as green solid (13.5 mg, 41%).

'H NMR (600 MHz, CDCl;, ppm): & 8.1 (s, 1H), 7.98 (dd, J = 2.8, 1.3 Hz, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.72 —
7.65 (m, 2H), 7.55 (dd, J = 8 Hz, 1H), 7.23 — 7.16 (m, 2H), 6.96 (s, 1H), 6.86 (dd, J=3.7, 2.9 Hz, 1H), 6.62 (dd,
J=13.8, 1.2 Hz, 1H).

13C NMR (151 MHz, CDCls, ppm): 8 163.9, 162.2,134.6, 134.5, 134.2, 132.4,131.0, 130.2, 129.5, 129.2, 126.9,
123.3,120.34,120.32, 117.1, 115.9, 115.8, 113.8, 113.7, 111.7, 111.6, 104.7

HRMS [M+H]+ C9H;F4N calculated 330.09 found 330.09
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4-Phenylpyrazolo[1,5-a]quinoline (3n):

The compound was prepared according to the general procedure using 22.3 mg of 1-(2-bromophenyl)-1H-
pyrazole, 9.5 mg of Rh-6G, 219.6uL of phenylacetylene, 38.3uL of DIPEA and 1.5mL dry DMSO. The reaction
mixture was irradiated for 24 h under N,. Purification of the crude product was achieved by flash column
chromatography using petrol ether : ethyl acetate (96:4) as eluent to yield the desired compound as light green
solid (9.5 mg, 39%).

'TH NMR (300 MHz, CDCls, ppm): § 8.60 (d, J = 8.4 Hz, 1H), 8.06 (d, J=2.1 Hz, 1H), 7.82-7.65 (m, 4H), 7.55-
7.46 (m, 4H), 7.43 (s, 1H), 6.75 (d, J=2.1 Hz, 1H).

13C NMR (75 MHz, CDCls, ppm): & 141.4, 138.4, 138.3, 134.3, 131.1, 129.4, 129.0, 128.7, 128.6, 128.3, 125.1,
123.8,123.3, 115.7, 100.4

HRMS [M*] C7H 12N calculated 244.0995 found 244.0991

4-(4-Methoxyphenyl)pyrazolo[1,5-a]quinoline (30):

The compound was prepared according to the general procedure using 22.3 mg of 1-(2-bromophenyl)-1H-
pyrazole, 9.5 mg of Rh-6G, 259.3uL of 1-ethynyl-4-methoxybenzene, 38.3uL of DIPEA and 1.5mL dry DMSO.
The reaction mixture was irradiated for 24 h under N,. Purification of the crude product was achieved by flash
column chromatography using petrol ether : ethyl acetate (96:4) as eluent to yield the desired compound as light
green solid (10 mg, 35%).

'"H NMR (300 MHz, CDCl3, ppm): 8 8.59 (d, J = 8.4 Hz, 1H), 8.05 (d, J=2.1 Hz, 1H), 7.79 (dd, J=7.9, 1.1 Hz,
1H), 7.68-7.63 (m, 3H), 7.48- 7.42 (m, 1H), 7.38 (s, 1H), 7.07-7.02 (m, 2H), 6.73 (d, J = 2.1 Hz, 1H), 3.89 (s,
3H).

13C NMR (75 MHz, CDCls, ppm): 8 160.0, 141.4, 138.6, 134.1, 130.7, 130.7, 129.5, 129.1, 128.5, 125.1, 122.7,
115.7,114.4,100.3, 55.6

HRMS [M*] Ci3H14N>O calculated 274.1100 found 274.1103

6-Phenylpyrrolo[1,2-a][1,8|naphthyridine (3p):

l\
N~

N
\

The compound was prepared according to the general procedure using 22.3 mg of 3-bromo-2-(1H-pyrrol-1-
yl)pyridine, 9.5 mg of Rh-6G, 219.6uL of phenylacetylene, 38.3uL of DIPEA and 1.5mL dry DMSO. The
reaction mixture was irradiated for 16 h under N,. Purification of the crude product was achieved by flash column
chromatography using petrol ether : ethyl acetate (96:4) as eluent to yield the desired compound as yellow solid (
12 mg, 49%).
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H NMR (300 MHz, CDCls, ppm): § 8.55 (dd, J = 4.8, 1.8 Hz, 1H), 8.44 (dd, J = 2.9, 1.4 Hz, 1H), 7.98 (dd, J =
7.7.1.7 Hz, 1H), 7.73-7.69 (m, 2H), 7.53-7.74 (m, 3H), 7.31 (dd. J = 7.7, 4.7 H, 1H), 6.91 (s, 1H), 6.83 (dd, J =
3.7,3 Hz, 1H), 6.67 (dd, J = 3.8, 1.5 Hz, 1H).

13C NMR (75 MHz, CDCls, ppm): 5 146.8, 144.1, 138.6, 136.3, 134.3, 128.8, 128.6, 128.5, 120.2, 119.3, 116.3,
114.5,113.4, 105.3

HRMS [M*] C17H:N; calculated 244.0995 found 244.0999

6-(p-Tolyl)pyrrolo[1,2-a][1,8]naphthyridine (3q):

l\
N~

N

\
CHj,

The compound was prepared according to the general procedure using 22.3 mg of 3-bromo-2-(1H-pyrrol-1-
yl)pyridine, 9.5 mg of Rh-6G, 253.6uL of 1-ethynyl-4-methylbenzene, 38.3uL of DIPEA and 1.5mL dry DMSO.
The reaction mixture was irradiated for 16 h under N,. Purification of the crude product was achieved by flash
column chromatography using petrol ether : ethyl acetate (96:4) as eluent to yield the desired compound as yellow
solid (13mg, 50%).

'"H NMR (300 MHz, CDCls, ppm): 8 8.53 (dd, J=4.7, 1.7 Hz, 1H), 8.43 (dd, J = 2.8, 1.4 Hz, 1H), 7.96 (dd, J =
7.8, 1.7 Hz, 1H), 7.63-7.59 (m, 2H), 7.32- 7.26 (m, 3H), 6.89 (s, 1H), 6.83 (dd, J=3.7, 3.0 Hz, 1H), 6.68 (dd, J =
3.7, 1.5 Hz, 1H), 2.45 (s, 3H).

13C NMR (75 MHz, CDCls, ppm): & 146.7, 144.0, 138.5, 136.2, 135.7, 134.2, 131.7, 129.5, 128.4, 120.1, 119.3,
116.0,114.4, 113.3,105.2,21.5

HRMS [M*] Ci3sH14N> calculated 258.11515 found 258.11516

3,9-Diphenylindolizino[6,5,4,3-ija]quinoline (3r):°

' H NMR (600 MHz, CDCLs, ppm): & 7.83 — 7.78 (m, 4H), 7.53 (s, 7H), 7.24 (s, 2H), 7.07 (s, 2H).
13C NMR (CDCls, 151 MHz, ppm): 5 138.9, 133.7, 132.8, 128.9, 128.5, 128.4, 127.0, 126.0, 124.0, 119.7, 119.5,
106.2.

3,9-di-p-Tolylindolizino[6,5,4,3-ija]quinoline (3s):

HsC G ‘ CH;

The compound was prepared according to the general procedure using 30 mg of 1-(2,6-dibromophenyl)-1H-
pyrrole, 9.5 mg of Rh-6G, 253.6uL of 1-ethynyl-4-methylbenzene, and 38.3 pL of DIPEA. The reaction mixture
was irradiated for 24 h under N». Purification of the crude product was achieved by flash column chromatography
using petrol ether as eluent to yield the desired compound as yellow solid (11.1 mg, 30%).
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I H NMR (600 MHz, CDCL): § 7.72 — 7.69 (m, 4H), 7.49 — 7.45 (m, 2H), 7.42 (m, 1H), 7.35 — 7.32 (m, 4H), 7.21
(s, 2H), 7.06 (s, 2H), 2.46 (s, 6H).

13C NMR (CDCls, 151 MHz, ppm): & 138.3, 136.0, 133.6, 132.7, 129.65, 129.6, 128.2, 127.0, 126.1, 124.0, 119.4,
119.2, 106.1, 21.5.

EI-MS [M*] CasHaN calculated 371.16685 found 371.16695.

3,9-Bis(4-methoxyphenyl)indolizino[6,5,4,3-ija]quinoline (3t):

L .

The compound was prepared according to the general procedure using 30 mg of 1-(2,6-dibromophenyl)-1H-
pyrrole, 9.5 mg of Rh-6G, 259.3uL of 1-ethynyl-4-methoxybenzene, and 38.3 uL of DIPEA. The reaction mixture
was irradiated for 24 h under N». Purification of the crude product was achieved by flash column chromatography
using petrol ether as eluent to yield the desired compound as yellow solid (12.1 mg, 30%).

'"H NMR (600 MHz, CDCl5): 8 7.75 — 7.72 (m, 4H), 7.46 — 7.70 (m, 3H), 7.39 (s, 2H), 7.07 — 7.04 (m, 6H), 3.90
(s, 6H).

13C NMR (CDCls, 151 MHz, ppm): & 159.9, 134.2,133.2,132.5,131.4,129.5, 127.1, 126.1, 124.0, 119.3, 118.9,
114.3,106.1, 55.6.

EI-MS [M*] C,sH2:NO; calculated 403.15668 found 403.15664.
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'H- and *C NMR spectra of synthesized compounds.

88883 R 288 BKY e 0Oct09-2015.110.fic
NNNKN N 6866 ©Woo© N DAS AD P 9z
s N2 N rau_PROTONLF_ 64 CDLI3 {C:\Bruker\TOPSPIN2,1PL 3} AK_Koenig 4
83 383 L
NN O v Y © v o
NI NP SN o
H3C
Br
T T T T T T T T T T T T T \ /
7.94 7.92 7.90 7.88 7.86 7.84 6.9 6.8 6.7 6.6 6.5 6.4 6.3
f1 (ppm) f1 (ppm) 1b

o] =——
L
|

< N &
39 a o ~
aa b ] “

:
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)

w

8.5 8.0 7.5 7.0 6.

S-14



196.40

NoOo o o
aONTNOWOUM [} @ O T wn
SNY @@ & Qe b
TMOHMOANNNN o NN O O
o o o — NN ~N
VAN N

H3C

Br

T T T
220 210 200

T T T T T T T T T T T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Oct09-2015.111.fid — DAS AD P 92 — rau_C13CPD_256 CDCI3 {C:\Bruker\TOPSPIN2.1PL. K_|

W

W
>
A
=
o)
D
=]

)
N
e

Mar05-2016.80.fic

8Bc3nRELaaa KRR
NNRNNNNNNGSGSS U6 DAS AD P 91
TR N SN rau_PROTONLF_16 CDCI3 {C:\Bruker\TOPSPIN2.1PL3} AK_Koenig 1¢
F
F
Br

9.5 9.0

T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.C
f1 (ppm)

S-15



Mar05-2016.81.fic
DAS AD P 91
5N 2= rau_C13CPD_1K CDCI3 {C:\Bruker\TOPSPIN2.1PL3} AK_Koenig 1¢

110.22

Br

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

f1 (ppm)
ONOVOUMM-EOONDODNN O
MO MANS """ 00 MMM
"""" NNNNNNNNNNNOOGO
e
83 83 BH8 N0HS2S88 ERER
@6 @0 NKNN NNNNNKNKN [CRCR)
NN Vol AN YA P NI

T T T T T
8.48 8.46 8.44 8.42 8.40

T T T T T T T T T T T T T T T T T T T T
8.08 8.4 8.00  7.967.40 7.38 7.36 7.34 7.32 7.147.127.107.087.06  6.40  6.35  6.30
f1 (ppm) f1 (ppm) f1 (ppm) f1 (ppm)

| X

F
O

1e

Br

(-
|-
r

| 1.007

1.97-1
1047
2,021

@ |
1 1007

T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Mar05-2016.70.fid — DAS AD P 161 — rau_PROTONLF_64 CDCI3 {C:\Bruker\TOPSPIN2.1PL3} AK_Koenig :

S-16



ig 1¢

K_Koeni

Mar05-2016.71.fic
DAS AD P 161

{C:\Bruker\TOPSPIN2.1PL3} A

PD_256 CDCI3

?W@n%f

9T'LL
wm.RQ_
3

9C°0TT —
98CTT —

ESTCT
8L Ter

9L EPT —
P9LPT ~
LT°0ST ~—

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

AD P 121.10.fic
DAS AD P 121

{C:\Bruker\TOPSPIN2.1PL3} AK_Koenig 8

€LT—

rau_PROTONLF_64 CDCI3

£9'9
99 V

ww.wﬂ

899

6.7

8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8

8.1

f1 (ppm)

Moo
ot
Feot

FQ.N
Fuez
10T

Feso

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

).0

f1 (ppm)

S-17



ig 4(

AD P 15C
K_Koeni

o Feb02-2016.121.fic

<
~
~

{C:\Bruker\TOPSPINZ.‘lPL3} Al

rau_C13CPD_256 CDCI3

£0°50T —
95°€TT
00°bTT
STpIT
VAl
08°€TT

St'8¢T
€5°8¢T
9,°8CT
88'8¢T

A

6G°SET
L9'8ET /

LY L6T —

H,C

\/

3e

SRS 111 W O SR T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220

f1 (ppm)

3

DAS AD P 13
} AK_Koenig 9

2 Nov27-2015.260.fic
féC:\Bruker\TOPSPINZ. 1PL3

I
~
N

199
899
699
699
€89
v8'9
+8'9
s8'9
169
169
9L
oc'L
oc'L
o0e'L
oc'L
€L
(23
4394
ze's
€€
€€/ 1
09°Z 1
19°
R
€9 9
€921
047
[
S8'L
98'Z
88/
68

908
L0°8
L0'8

808

S8
Nm.mW.

€58

rau_PROTONLF_64 CDEB

LE e R

—

499
89°9

%.mw

699

€89
vm.ww
+8'9
589 \

169~
1697

6.6

6.7

6.8

6.9

7.0

H3C

CH,

9L
0€L
0g’L
0€L
0€L
€L
L%
€L
L
€€°L
€E€°L

09'z
197
197 —
€9/ \
€9,
orL—
we—

S8°L

98, V
88'L—F
68°L “

90'8
£0'8

B.wﬂ

808

7.2 7.1

7.3
f1 (ppm)

8.0 7.9 7.8 7.7 7.6 7.5 7.4

8.1

Fre
Fooe

Foeo
Te60
Foo't

WRL

10T
Reor
460

F60

0.(

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

9.0

S-18



6S°'TC —

80°LC —

¥8°9L \

H;C

\ /

CHg

3f

.

9TLL
89°LL /

€0°S0T —

1S°E€TT
seert
bTpIT 7
soctt
82T\
ov'8zT

s5'8z1

arger
85°621
15°T€T
ob'SET
69°SET
12561
69'8€T

Te—==S

6v°L6T —

100 90 80 70 60 50 40 30 20 10
{C:\Bruker\TOPSPIN2.1PL3} AK_Koenig 92

110
f1 (ppm)

Nov27-2015.261.fid — DAS AD P 135 — rau_C13CPD_1K CDCI3

200 190 180 170 160 150 140 130 120

210

KDas018.1.fic

P144 (ca.2mg/0.6ml CDCI3) Ref.: TMS ext
CI3 {C:\Bruker\TopSpin3.1PL7} puk06221

m

N

Das, @D
rau_PROTON16 CD!

L

06'€ —

4991
89°9
89°9
89°9
+8°9
+8°9 1
89
589 1
96'9
€0°2
€0°L
+0°L
Y0,
9T’ LA
99'/
99°L
£9°LA
£9°L
TLLA
2L
18°L
£L8°LA
88"/
68°L
£0'8
£0'8
£0'8
80'8
€98

€98 W

€58

o

e

S

£99

899 V
899 7
899 \

v8'9
89\
89—
5897

99°L

99°L ~
L9°L
L9°L /

7L —
UL —

(8L

(8L V
88°L —~
68°L /

£0'8 —
£0'8 —
£0'8 —
80'8 —

6.846.826.806.786.76 6.746.726.70 6.68 6.66
f1 (ppm)

8.07 7.90 7.85 7.80 7.75 7.70 7.65
f1 (ppm)

f1 (ppm)

8.08

[¢]

H,C

_ CHy

Feoe

Feoe

96'0
J¥6°0
=16'0
187

A0t
Feer

—

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0

50 45
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

.5

S-19



ZrotLe

929769 —

0€0"LL

N«N.»»»/r

€SV LLS

910"
vIg”
0L6"
992"
ToE"
808"
g08°
8€9 "
ocL:
ocL”
6TT"
91¢”
§eg”
68¢"°
Lv¥”

0ST"

GOV L6T —

TMS ext.

Ref.:
{C:\Bruker\TopSpin3.1PL7} puk06221 2

(ca.2mg/0.6ml CDC13

d_1k cDC13

Das, AD P144
P

rau_cl3c

200 180 160 140 120 100 80 60 40 20 ppm

220

AD P 124.120.fic
DAS AD P 12¢

{C:\Bruker\TOPSPIN2.1PL3} AK_Koenig 6

o
~
~

rau_PROTONLF_64 CDCJ3

199
299
29'9
£9'9
€89 |
v@wg
58'9 1
98'9 1
569 1
969 1
9T, |
6T°L 1
R
97, |
99/ 1 ﬁ
89°/ 1

692 1 T
T4

T4
€L
1872
1827
68/
06°Z
L0'8
£0'8
80'8
80'8
258
€58
€58

G

(SR ipN

19°9~
29'9—
29'9—
€997

6.60

6.65

6.70

HyC

\/3hF

€89~
¥8'9~
589"
98'9 —

99°L

wwNHM
69°L ~
wweLr
ﬂﬁh&w

€L°L

th\/

8L —

68°L 7
a

06'2

08
anuV

80'8 W

808

f1 (ppm

6.80 6.75

6.85

7.6 6.90

7.9 7.8 7.7
f1 (ppm)

8.0

8.1

J

ALUM“UM

H/m@.o
Toot
oot

ﬁéQN

To.m
Frot
7860

2.0 1.5

2.5

4.0

T
4.5

5.0
f1 (ppm)

T
5.5

6.0

7.0

9.5

S-20



80°LC —

8'9L \

HyC

STLL
L9°LL /

T6+0T —
T9°ETT
vﬁvzw
LTPTT

mn.mSN

T0°9TT
€ELTT
98°€CT \
TE8|T
£8°8CT
9T'0ET
LTOET
P9'TET
€9PET
0L°SET

SP'TI9T —
€LP9T —

b L6T —

Wl

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20

200

220 210

f1 (ppm)

AD P 124.230.fid — AD P 124 — rau_C13CPD_1K CDCI3

g 81

K_Koeni

{C:\Bruker\TOPSPIN2.1PL3} A

KDas011.1.fic

o~
N
Das, ADTP125 (ca.4mg/0.6ml CDCI3) Ref.: TMS ext

rau_PROTON16 CDCI3

09'9
199

199

199

£8'9

€8'9

+8'9

89 |
969 |
ST
oL
9L
v
pL
€921 ﬁ
v9°L

$9°L ﬁ
S9°L A i
L1
YA |
18°/
oA |
882\
88°L |

908l
10'8
L0'8

£0'8

[A*R:]
waw

[A*R:]

{C:\Bruker\TopSpin3.1PL7} puk06221 *

099

199 V
199 7~
199 /

€89\
€89~
v8'9 7
veo/

WL

WL V
LYLT
yAQVA

€971

v9'L V
Y9'LT
S9°L \

Wwe—
€LL—

8L
8L
88°L ~
88 r/

90'8
108~
08—
1087

-

6®B64 6.62 6.60 6.58

f1 (ppm)

6.84
f1 (ppm)

7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45
f1 (ppm)

7.85

8.08 8.07 8.06
f1 (ppm)

H,C

Cl

3i

%Nﬂ.m

Tﬂ.ﬂ

10T
Wwa.o

Fooz
Sor
Fort
Feot

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0
f1 (ppm)

9.0

9.5

S-21



Cl

80°LC — O

H;C

S0LL

R

LyLL

€6'P0T —

69°€TT
zzo11\
ZEVTT
vbs11
06'€2T .
P at
86'82T W
sT6eT
86Tt
98’671
12081
9L'ZeT
0S'ET
[9'bET
68'SET
bTET

TP L6T —

TR

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
KDas011/1002 — Das, AD P125 (ca.4mg/0.6ml CDCI3) — C13{H1} — rau_c13cpd_1k CDCI3 {C:\Bruker\TopSpin3.1PL7} puk06221 7

210

KDas014.1.fic

Das, AD P146 (ca.2mg/0.6ml CDCI3) Ref.: TMS ext

rau_PROTON16 CDCI3

{C:\Bruker\TopSpin3.1PL7} puk06221 1(

ol e

99
1991
1991
899 1
$8'9 1
989 1
989
989 1
0021
9z,
9/
1L
b2
6L 1
0521
16°
[
|74 8
1L
12k
wie %
we

R.n\
8Ll

ol
86°L ﬁ
862
662
v1°8
EJ

T

=

v1'8
v1'8

£9°9 ~
199
£9°9~
899 —

§8'9~
98'9~
989"
98'9 "

w.\n /
h.l
6v'L /
6v'L

0s'L T
S.n%

[AwA

L

ﬁNNW
7L

LT
L \
LLL~
8L L

86°L
86°L /
wm.m W

66°L

6.68 6.67 6.66

6.84

6.86

8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 6.88

f1 (ppm)

f1 (ppm)

f1 (ppm)

3

H/Nm..o
Foot
w\mo.ﬁ

Th.m
an.ﬁ

60
1060

W@oﬂ

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

5.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0

f1 (ppm)

S-22



N
J

C13{H1

KDas004/100:
pd_1k CDCI3 {C:\Bruker\TopSpin3.1PL7} puk06221

Das, AD P127 (ca.5mg/0.6ml CDCI3

€0°LL

1gox=n

Sv'LL

88507 —
b TTT
19111
85°€TT
rerr”
prsrr
vz 0et \
9z°0¢tT \
224 \
mw.mﬁ\
or'szt
5821
52°8T1
68'8C1
ov'621
TTTIET
6b°2€T
SE'SET
09°8€T

rdu_c13c

e

|

"Hln‘

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

DAS AD P 12¢
} AK_Koenig 9

Nov16-2015.250.fic

©
¥
N

199
899
699
699
89
589
989 1
98'9 1
86'9 1
9z'L
e |
oc'
e
[
€41
€€/
[y
€97
€541
SS°L A
957/
9572
6572
09°2
19°27
292
€92
b9
stL
wie
162

{(l::\Bruker\TOPSPINZ. 1PL3

rau_PROTONLF_64 CDCI3

N T

L6°L ]
86° ]

86 1
er'gd

£9°9\
89'9 ~
699
699 /

16'L
16'L %
wm.nw

86'L

ol N

6.80 6.75 6.70  6.65
f1 (ppm)

6.85

8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50
f1 (ppm)

CHj3

Tm.o
0°T
0T

Iy

£0°C

0'T
6'T
20T
6°0
be:

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

5.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0

f1 (ppm)

S-23



8E'TC —

0pTTT ~
ZEETT 7
voett .
899117
0021 —

96°9¢T
0z'set /
[ARTARNS
6€'6T M
86061 7/
6T°ZET

wo.mﬂ\

6b°SET \

8b'8ET

CHj3

80
f1 (ppm)

150 140 130 120 110 100 90

160

v

ruker\TOP!

6 CDCI3 {C:\B

CPD_25

g 2

DAS AD P12¢

Nov27-2015.40.fic
AK_Koeni

{C:\Bruker\TOPSPIN2.1PL3}

2
JUU\;ML

7.501

o
@
)

ra u_PRdTONLF 16 CDCI3

199
19'9
89'9
89'9
¥8'9
58'9
$8'9 1
98'9 1
98'9 |
/89
96'9 1
T0°Z
20 1
€02 Y
v0°Z
502
90°
972
s
252
€572
€57
S5
SS°L
957
952
59
S9°L ]
192
192 ]
89'L
v
e
16'L
162
86'L
86'L
€18 ]
€1'8

T —

T

199
£9'9~\
89'9-7
89'9

+8'9
mm.m/
589\t
98’9
£8°9

827
oo,

S0°L
90°L—

s,

ng”/
€L
esc/
ss'sF
SS'L

95°L

95°L

S9L~
S9'L~
191~
1917
807
vLL—
L0L—

L6°L~
L6°L
86°L
86°L

8.00 7.98 7.96
f1 (ppm)

6.6

6.7

f1 (ppm)

6.9

7.0

7.75 7.70 7.65 7.60 7.55
f1 (ppm)

7.80

Feoe

Feeo

0T
6°0
0°C

5z60
Feet
Reop
Fsgo
Fse0

0.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.5

S-24



3l

729766 —— —
P4
=
L
L
T8
- —
~
N -
0
o RS
4 1
=) .
Q —
oo —
— 4 —
(o} [a%} 1
[a) —
O .
™
— =}
g o
o Q
)
o Q
WJ [¢]
~E
£
Ny
PR
T _
U3
—0U Y
M
~ -~
< T
bl O
A —~
[a)
<
©
o)
A

cl3cpd_1lk CDC13

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40  ppmn

200

KDas005.1.fic

Das, AD P130 (ca.5mg/0.6ml CDCI3) Ref.: TMS ext

rau_PROTON16 CDCI3

199
299
299
299
s8'9
98'9
98'9 1
98'9 1
96'9
(T2
8T, 1
8T'L
6L
6L
6L
0zLy
0z'L Y
0zL
1L
1L~

oy

9527
95
192
89 1
892
69°L ]
9L
Ve
86°L 1
862
86°L 1
66'L
b1'81

{C:\Bruker\TopSpin3.1PL7} puk06221

va.w;

199
799~

Nw.ww

299

589
98’9 v
98’9
98’9 \

e’
81—
81—
6T'L~
61—
61—
0L —
oz’
0L~
1L~
TTLA

SS'L
192
S,

95, \

9S8,

197
19¢ /
89°L N\t
890 —
69'L \
69 \
oLt

9L L —
LLL—

o

7.80 7.75 7.70 7.65 7.60 7.55 7.50/.22 7.21 7.20 7.19 7.18

6.80 6.75 6.70 6.65 6.60

6.85

f1 (ppm)

f1 (ppm)

f1 (ppm)

3m

H(a.o
F10'T
10T

m\wa.ﬁ

501
261
20'T
E10°T
00T

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

5.0
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

S-25



N
J

C13{H1

KDas005/100:
k CDCI3 {C:\Bruker\TopSpin3.1PL7} puk06221

Das, AD P130 (ca.5mg/0.6ml CDCI3

pd_.

rau_c13c

6/'40T —
99'TTT
89°TTT
TLTTT
bLITT
SLETT
[8'ETT %
€8'STT
6511
A
A
L
!
[

=

8T'LTT
0€°02T
€021
SE'0CT |
8€°02T
THETT
T2°SeT |
86927
20221
62T
TZ0€ET
1z°0€T
£0'1€T
6bzet |
6TvET |
09'b€T
29'bET

TETIT —
S6°€9T —

|

Il

|

[l

180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35

Il

||

f1 (ppm)

bL'9
sL'9
9L
vhL
bbL
Sb'L
Sb'L
oL
L
L
L
8L
6L
6L
052
0S'L
052
152
[293
sL
€57
€5,
€57
bS'L
192
S5
95°L
S9'L
99°L
89'L
89°
692 1
L4
T4
[7a
[
€L
(s

YL LA
08,
08,
[4: A
€8, N.
908
908 \

098
om.wv

098
098
€9'8

€9'8

90’8 —

90’8 —

098~
098 —
098/

298~
€98 —
€98/

6.76 6.75 6.74 6.73
f1 (ppm)

f1 (ppm)

8.055785 7.80 775 7.70 7.65 7.60 7.55 7.50 7.45 7.40

f1 (ppm)

8.59 8.065

8.61
f1 (ppm)

8.63

/N\

3n

0T
0
8°0
a4

0T
H/Mm..u

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.5 4.0

5.0
f1 (ppm)

5.5
Mar03-2016.90.fid — DAS AD P 156 — rau_PROTONLF_64 CDCI3

6.0

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0

{C:\Bruker\TOPSPIN2.1PL3} AK_Koenig :

S-26



¥8°9L
9TLL W
89°LL

0t°00T —

PLSTT —
9€"€CT

ﬂw.mmﬁ%
9T'SCT ~
SEBCT

£9°8CT
T8¢t

80°6CT
€P°6CT
PTTET

0EPET
0€'8ET
PP 8ET
6v' TP T

60 50 40 30 20
{C:\Bruker\TOPSPIN2.1PL3} AK_Koenig 1

70

80

90

100
f1 (ppm)

180 170 160 150 140 130 120 110
Mar05-2016.51.fid — DAS AD P 158 — rau_C13CPD_1K CDCI3

190

200

Mar05-2016.60.fic
DAS AD P 15¢

06°¢€
€9
vL9
0L
0L
90°L
90°L
9L
6€°L
6€°L
6€°L
Sb'L
oL
oL
9L
8b’L
8bL
€9°L 1
$9'L
v9°L
S9°L
99°/ 1
99°L 7
£9°L
L9°L
89°L
89°L
69°L A
8L'LA

g1

rau. PROTONLF_64 CDCI3

AK_Koeni

{C:\Bruker\TOPSPIN2.1PL3}

8L,

8L

L
08, N|

S0'8 \.

908
85’8
85’8
658
19'8
19'8
19'8

€9 —

Y9 —

0L —
0L —

90°L —
90, —

6€°L
mm.nw

6€°L

SbL
9L
WL
'L ~E

8L

8b'2 -
€94\
[CYVAN
592

ww.nﬂ
99°2 ~
(90—
191
89,7
89°L %
69'L

8.1~
Vel
08°2~\
8L

S0'8 —

908 —

858
wm.wW
658

198
1987

T9'8

0.5

T
f1 (ppm)
1.0

7.06 7.04 7025 6.74 6.73 6.72
/CH3

7.40
f1 (ppm)
35 30 25 20 15

f1 (ppm)

T
7.45
4.5 4.0

f1 (ppm)
S-27

T
f1 (ppm)
5.5

T
77.30 7.68 7.66 7.64
6.0

6.5

T
7.80
f1 (ppm)

7.0

T
8.05
f1 (ppm)
80 75

T
8.56 8.06
8.5

T
9.0

T
8.60
f1 (ppm)

9.5

M oM

10.0



996§ —

¥8'9L \

™

9TLL
89°LL

8€°00T —

JASTARNY
16°62T 7
1£°0€T \
E.oﬂ\
TTbET

£9°8€T *
T THT

£0°09T —

"

it

W

70 50

T
90

T
100
f1 (ppm)

T T T T
150 140 130 120 110
Mar05-2016.61.fid — DAS AD P 159 — rau_C13CPD_1K CDCI3

T
160

T
180

T
190

T
200

g 1

K_Koeni

{C:\Bruker\TOPSPIN2.1PL3} A

£99
899 V

89'9 W

699

289

mw.oW
+89

S8°9 \
69—
9z'L1
6T°L 1
1€°2 4
[4WE
bEL Y
SbL
Sh'L
9L
b1
A | §
8b°L
8v°L W
6b°L
0S°Z
0S°Z
16
TSLA

LN

[AA

L
€S,

€S,
0L
ﬁNNW
L
L £
€L°L
€L°L

YL L

96°L
L6°L V
66°L N

66°L

£9°9 —
899 —
899 —
699 —

89"
€89~
v8'9
§8'9~

4!

f1 (ppm)

f1 (ppm)

/

6CL—

T€L—

L —

veL—

96'L —
L6°L

!

8.428.00 7.98 7.96

66'L —
66'L—

)

'8~
'8 —
b8 —
Sb'8 —

vS'8 —
vS'8 —
S§'8 —
95’8 —

80T

20"

N

6{86 6.84 6.82 6.86.72 6.70 6.68 6.66 6.6

731 7.29
f1 (ppm)

7.33

7.35

f1 (ppm)

8.44
f1 (ppm)

8.54 8826
f1 (ppm)

8.56

3
L

k

Ry

0°E

T

0'T

6°0

0°T

8.4

75 74 73 72 7.1

7.6
f1 (ppm)

82 81 80 79 78 7.7
CDCI3 — rau_PROTONLF_16 CDCI3

8.3

ig 61

K_Koeni

{C:\Bruker\TOPSPIN2.1PL3} Al

’

Mar17-2016.70.fid — DAS AD P 165_f1

S-28



, CDCI

{C:\Bruker\TOPSPIN2.1PL3} AK_IZoenig 11:

Mar17-2016.140.fic

DAS AD P 165_f1

13CPD_1K CDCI3

TE'S0T —

HETT
0§'HTT ~
TE9TT
E€'61T —
ccoer
95'821

9’821

sgger/
TEBET ~
PE9ET —
bO'BET

PPt —
€89PT —

40 30 20 10

50

i

170 160 150 140 130 120 110 100 90 80 70 60
7.65 7.60 7.5635 7.30 7.25 7.206.85 6.80 6.75 6.70 6.65

180

f1 (ppm)

Sb'Cc—

899
8991
6991
699 1
289 1
£8'9
£8'9 1
+8'9 1
68'9
9L 1
87/ 1
621
02 7
0gZ Y ﬁ
€L

7L

23 Jﬁ

19°L
19°L
€9°L
€94
S6°L
S6°L
L6°L
86°L

w8
'8
£v'8
'8
S8
€58

S8
S8

899
899 V
mm.m w

699

289
€89~
€897
¥8'9

|y

9L
8Tt /
me/
om.n%
08l ~
€L W

€L \

€L

19,
19—
€9°L —
€9°L

I

S6°'L—
S6°L—

L6°L~
86'L

w8
€P'8~
€8,
vv.w\

258~
€58 —
bS8 —
vs87"

LA

f1 (ppm)

f1 (ppm)

f1 (ppm)

8.00 7.98 7.96 7.94 7.92
f1 (ppm)

8.45 8.40
f1 (ppm)

8.50

8.55

/

A\

CH,

3q

Foe

256'0
00T
660

/60

56'0
596°0

0.5

40 35 30 25 20 1.5 1.0

5.0 4.5

f1 (ppm)
CDCI3 — rau_PROTONLF_16 CDCI3

100 95 90 85 80 75 70 65 60 55

10.5

g 62

K_Koeni

{C:\Bruker\TOPSPIN2.1PL3} A

’

Mar17-2016.80.fid — DAS AD P 164_f1

S-29



< R @ O T ]
$IB8ULAQ8 28T 8 Mg 2
o o o o o o o o o o o — NNN ~N
N e N N I g | N
7
/
CH,
3q

T T T T T T T T T T T T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Mar17-2016.160.fid — DAS AD P 164_f1, CDCI3 — rau_C13CPD_1K CDCI3 {C:\Bruker\TOPSPIN2.1PL3} AK_Koenig 112

RER32259999RIIIANGRS 2 KDas013.1.fic
NN NN NN NN NN Das, AD P134 (ca.2mg/0.6ml CDCI3) Ref.: TMS ext
o rau_PROTON16 CDCI3 {C:\Bruker\TopSpin3.1PL7} puk06221
NRR S 285 ¢8R AHKHRK
NINNN NINN NINNN NNNNNN
NS 7/ 2NN SN

T T T T T T T T T T T T T T T
774 7.72 7.70 7.68 7.66 7.64.48 7.46 7.44 7.42 7.40 7.38 7.36 7.34 7.32
f1 (ppm) f1 (ppm)

Hy CH,

3s

T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2

o 7 6.00=

4.5
f1 (ppm)

S-30



LGS TC—

(ca.2mg/0.6ml CDC13)

AD P134

Das,

1k CDC13 {C:\Bruker\TopSpin3.1PL7}

CH3

HaC

3s

o

I M |

180 160 140 120 100 80 60 40 20 ppm

200

™!

Ref.:

{ca.2mg/0.6ml CDC13)
116 CDC1l3 {C:\Bruker\TopSpin3.1PL7} p

D P148

1)
o
o

90"
150"
960"
290"
990"
TLO"
881"
6GC"
86¢€"
80F "
(A8
€
€67
vov*
L9Y"
6L
vEL”
LeL:
SvL”
8vL”
€SL”

™

/

9v0"
160"
960"
Z90°
990"
TLO"

6CL"
vEL”®
LEL”
SvL”
8vL”
£GL°

3t

Ppm

E] —bv2°9

ppm

.05

7

S-31



0 — ™ o
© ~ ™ < RN IN]
o SRS ~ v o ©

. . < N O ©w
o < ™ 0 .

) els! o ~ ~ o~ I
— — — o~~~ o)
- ) [

{ \(

Das, AD P148 (ca.2mg/0.6ml CDC13)
C13{H1}
_1k CDC13 {C:\Bruker\TopSpin3.1PL7} p

3t

L‘ M ‘

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S-32



