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1.1  General Information
Commercial reagents and solvents were purchased from Merck, Thermo fischer, TCI,

Spectrochem, Avra chemicals, and they were directly used without any further purification.
Organic solutions were concentrated under reduced pressure using Buchi rotary evaporator
and chiller. Flash column chromatography was performed using silica gel (230-400 mesh).
Thin layer chromatography (TLC) was performed on Merck (Darmstadt, Germany) TLC
Aluminium plates precoated with silica gel 60 Fass Of size (20 x 20 cm). *H and *C NMR
were recorded on Bruker 300 MHz (75 MHz) and 400 MHz (100 MHz) instruments, *H
NMR chemical shifts are reported in parts per million (ppm) relative to residual chloroform
(7.26 ppm). 1*C NMR chemical shifts are reported in ppm relative to chloroform (77.16 ppm)
(chemical shifts were internally referenced to TMS). Coupling constants are reported in Hz.
Data for 'H NMR is written following the pattern: chemical shifts (8§ ppm), multiplicity (s =
singlet, d = doublet, t = triplet, dd = doublet of doublet, dt = doublet of triplets, br = broad
signal), coupling constants (J Hz). Data for 13C NMR are reported in terms of chemical shifts
only. Melting points were recorded on DBK- Programmable Melting point Apparatus. ESMS
were recorded on LCl/triple quadrupole mass spectrometer by electrospray ionisation. High
resolution mass spectra (HRMS) were acquired on LC/QTOF (quadrupole time of flight)

mass spectrometer with electrospray ionisation source.

2. Experimental Procedures
2.1.  Method for estimation of Chlorophyll a

The natural pigment chlorophyll we used was purchased from Tokyo Chemical Industry
(TCI, Product No. C0780, EC No. 215-800-7, Lot. BF4IC-SB). This is a mixture of
chlorophyll, lactose, and dry gum Arabic (according to the product description). The mass
percentage of chlorophyll a content in this reagent was determined and found to be 0.51%
(mass percentage) by measuring the absorbance of chlorophyll at 663 nm and 645 nm in 90%

acetone solution following the Wellburn estimation method.

It was observed that different Lot. of the commercially available chlorophyll contained
different concentrations of chlorophyll a! so we had estimated the chlorophyll-a

concentration of a particular bottle before installing reactions with it.
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2.2. General Procedure for Arylation of quinoline derivatives

2.2.1. General Procedure for synthesis of 3 (A)

R2
Chl(Chla= BN
R’ N
R2 0.5 mol%) _ P
BN solvent free N N
7 >
N 6W blue LED R1
rt, 30 min-1 h
N,BF,

1 2 3 4

Quinoline (2) (30 equiv., 6.0 mmol) and chlorophyll (Chl a = 0.5 mol%) was added to a
glass vial (30 mL) and the reaction mixture was stirred under the irradiation of 3W blue LED
(approximately 2 cm away from the light source) under aerobic condition. Thereafter, phenyl
diazonium salt (1) (1 equiv., 0.2 mmol) was added to the reaction media in a portion-wise
manner for 30 minutes to 1 hour. In the case of solid analogues of quinoline (2), at first,
substrate 2 was dissolved in 0.5-0.7 mL of DMSO and stirred for half an hour, afterward, the
PC (Chl, 0.5 mol%) was added followed by portion-wise addition of phenyl diazonium salts
1. The reaction mixture was stirred for 30 minutes to 1 hour under the irradiation of a 6 W
blue LED. After completion of the reaction, the reaction mixture was diluted with brine
solution, then extracted with (3 x 50 mL) EtOAc. Thereafter, the combined organic layer was
washed with brine, dried over NaxSOs, filtered, and concentrated under reduced pressure. The
residue was purified by column chromatography to give desired products 3 using hexane/

EtOAC as the eluent, and the unreacted quinoline was recovered.
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Gram Scale Experiment

NO,
Br = N
NO, Chl (Chla =
0.5 mol%) N/
AN DMSO
7 »
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N2BF, rt, 1h
Br

1a 2b 3c

5-nitroquinoline (2b) (29 g, 166.51 mmol), at first was dissolved in 10 mL of DMSO and
stirred for half an hour, afterward, the PC (Chl, 0.5 mol%) was added followed by portion-
wise addition of 4-bromobenzene diazonium tetrafluoroborate salt (1a) (1.58 g, 5.83 mmol).
The reaction mixture was stirred for 1 hour under the irradiation of a 6 W blue LED. The
desired product 8-(4-bromophenyl)-5-nitroquinoline (3c) was obtained in 79% yield (1.51 g)

As, arene diazonium tetrafluoroborate salts possess an easily accessible reduction potential,
and the commonly employed organic dyes such as eosin Y, rose bengal, rhodamine B,
methylene blue bear compatible excited state oxidation potentials,? capable to initiate SET
and generate aryl radical. Henceforth, to check the effectiveness of these dyes under our
protocol, reactions were installed (Table TS1) that afforded the desired product in good to
moderate yields with C8/ C2 ratios of 3:1 to 4:1, comparable to that of the chlorophyll-
catalyzed reaction. Also, the reaction was performed under different conditions, Table TS1

reports all these reactions performed.

Table TS1:

Entry Conditions Yield (%)° (3a:4a)
1 2a (15 equiv.), DMSO, K3PO4 (1.5 equiv.), 16 h 14 (1:1)
2 2a (15 equiv.), H20, K3PO4 (1.5 equiv.), 16 h 7(1:1)
3 2a (15 equiv.), DMSO, Et3N (1.5 equiv.), 16 h Trace
4 2a (15 equiv.), DMSO, DABCO (1.5 equiv.), 16 h Trace
5 2a (15 equiv.), DMSO, NaNs (1.5 equiv.), 16 h Trace
6 2a (15 equiv.), DMSO, no light, 48 h 16 (2:1)
7 2a (15 equiv.), DMSO, no photocatalyst, 48 h 45 (3:1)
8 2a (30 equiv.), no light, 30 min Trace
9 2a (30 equiv.), no photocatalyst, 30 min Trace
10 2a (30 equiv.), Eosin Y, 1 h, 6W blue LED 57 (4:1)
11 2a (30 equiv.), Rose bengal, 1 h, 6W blue LED 55 (4:1)
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12 2a (30 equiv.), Rhodamine B, 1 h, 6W green LED 60 (3:1)

13 2a (30 equiv.), Methylene blue, 1 h, 6 W white LED | 62 (3:1)

#Reaction conditions: 0.20 mmol 1a, solvent free or solvent 0.5-0.7 mL, open atmosphere, 25 °C.

"NMR vyield based on 1a, by using dibromomethane as the internal standard.

2.2.2. General Procedure for synthesis of 7, 8 (B)

In a 30 mL glass vial, quinoline-N-oxide 5 (3 equiv., 0.6 mmol) was dissolved in DMSO
(0.5-0.7 mL) and stirred for 30 minutes, afterward, the PC (Chl, 0.5 mol%), phenyl
diazonium salts 1 were added to the reaction media. The resulting mixture was stirred for one
hour to one and half hours under the irradiation of a 6 W blue LED. After completion of the
reaction, the reaction mixture was diluted with brine solution, then extracted with (3 x 50
mL) EtOAc. Thereafter, the combined organic layer was washed with brine, dried over
Na>SOs, filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography to give desired products 7 using hexane/ EtOAc as the eluent.

In the case of pyridines 6 (15 equiv., 3.0 mmol), a similar
reaction procedure; as described for quinolines (2) was followed, which afforded the C2-

arylated pyridines 8 via column chromatography.

RZ

z§¢ /;

1 O-
(3,

RZ
N
T O +.
y M C

Chl (Chl a = 0.5 mol%) ° R?

solvent/solvent free 7
6W blue LED
N,BF, rt, 1Th-2h R2
1 (A
RZ s
» "
1
NZ 6 8 R

2.2.3. General Procedure for Synthesis of quinoline-N-oxides 5
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Quinoline N-oxides 5 were synthesized according to the reported methods.®
Quinoline 2 (1 equiv.) and m-chloroperoxybenzoic acid (1.2 equiv.) were dissolved in reagent
grade dichloromethane (DCM) (0.5M) and the reaction mixture was allowed to stir at room
temperature for 24 hours, which precipitated a white solid (m-chlorobenzoic acid). The
solvent was then evaporated under reduced pressure and the crude reaction mixture was

purified by column chromatography to afford the corresponding N-oxides 5.

3. Mechanistic Investigation

3.1. Stern-Volmer Fluorescence quenching experiments with 2a (Quinoline) and la (4-

Bromobenzene tetrafluoroborate salt) as quenchers respectively

To explore the mechanism of the visible light mediated direct arylation of quinoline
derivatives, Stern-Volmer fluorescence quenching experiments were carried out. The
experiments were performed on the FlexStation 3 Multi-Mode Microplate Reader. As
discussed in our earlier reports,* a 672 nm fluorescence was launched by chlorophyll (PC) on
excitation at 433 nm. The fluorescence quenching experiments were conducted by adding
200 pL solution of chlorophyll (Chl a conc. = 1uM) in DMSO, to the individual well of
Corning 96 well cell plate, then ImM solution of quencher in DMSO was added into the well
by 10uL successively, and the emission spectrum of the sample was recorded. At first ImM
solution of 4-bromobenzene tetrafluoroborate salt (1a) in DMSO was used as the quencher.
The solution was excited at A = 433 nm (excitation maxima of Chl a) and the emission
intensity at A = 672 nm (670 nm) (emission maxima of Chl a) was observed, a significant
decrease in emission intensity occurred on subsequent addition of quencher l1a (Figure 1).
The induced fit plot depicted that the emission intensity of PC decreases linearly with the
gradual addition of la (Figure 2). Thereafter we conducted another Stern-Volmer
fluorescence quenching experiment with a 1mM solution of quinoline (2a) as the quencher to
investigate its effect on the fluorescence intensity of chlorophyll. Following the same

procedure as in the case of quencher 1a, the solution was excited at A = 433 nm and emission
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intensity at L = 672 nm was recorded (Figure 3) and there was no significant decrease in
emission intensity of chlorophyll. The induced fit plot showed that the emission intensity of
PC remained unchanged even with the gradual addition of 2a (Figure 4). As per the
observations, the probability of an electron transfer between chlorophyll and quencher la
could be envisioned, at the same time electron transfer between PC and quinoline 2a could be
negated. Furthermore, the reduction potential of arene diazonium salts is reported to be 0.0 V
vs SCE (0.244 V vs SHE),® that is higher than Eizex (Chl) = -0.53 V vs SHE, and the
fluorescence quenching experiments indicated that 1a could acquire a single electron from
PC under visible light irradiation.

—PC
— PC+10mM "1a'
- — PC+20mM "1a'
2.5x10° - — PC+30mM "1a'
— PC+40mM "a'
ey 5 _|
5 2.0x10
I
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3
T 1.5x10°
[«+]
Q
c
3 1.0x10° -
o .0x10
[«}]
| =
o)
=
L 50x10*
0.0 . : . . . : : , : |
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Wavelength{nm)

Figure 1. The fluorescence emission spectra of chlorophyll with different concentrations of
added quencher (1a) excited at 433 nm.
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Figure 2. Chl (PC) emission quenching by 1a. Linear quenching was observed.
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Figure 3. The fluorescence emission spectra of chlorophyll with different concentrations of
added quencher (2a) excited at 433 nm.
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Figure 4. Chl (PC) emission quenching by 2a. There was no significant quenching.
3.2. Control Experiments (by using Radical scavengers)

To gain further insight into the mechanism of the photocatalytic direct arylation reaction,
some control experiments were performed using 4-bromobenzene tetrafluoroborate salt (1a)
and quinoline (2a) as the model substrates (Scheme 1). When TEMPO (2,2,6,6-
tetramethylpiperidinooxy) or BHT (2,6-di-tert-butyl-4-methylphenol) (radical scavengers)
(0.6 mmol, 3 equiv.) was added to the reaction system comprising of 1la and 2a, the yield of

3a decreased, which suggested for the involvement of a radical intermediate.
Chl(Chla=
Br 0.5 mol%) N
A solvent free N/
—_———
N7 3W blue LED
rt, 30 min-1 h
N.BF, TEMPO
1a 2a Br 3a

Trace
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Chi(Chla=

Br 0.5 mol%) O X
solvent free Z
N > N
N/ 3W blue LED
rt, 30 min-1 h
N,BF, BHT

1a 2a Br 3a

15%

Scheme 1. Radical scavenger experiments. Yields were determined by 'H NMR using
dibromomethane as the internal standard.

3.3. Electron-donor acceptor (EDA) complex formation Investigation

To find out whether chlorophyll could combine with either 4-bromobenzene
tetrafluoroborate salt (1a) or quinoline (2a) to form the electron donor-acceptor (EDA)
complexes, UV-visible experiments were performed on LABINDIA UV 3092
Spectrophotometer with a quartz cuvette of 1.0 cm path length. UV-Vis spectra of crude
chlorophyll (PC) and 1a, 2a in DMSO are shown in Figure 5, Figure 6, and Figure 7

respectively.
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Figure 5. UV-visible spectrum of PC (10° M in DMSO)
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Figure 6. UV-visible spectrum of 1a (102 M in DMSO)
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Figure 7. UV-visible spectrum of 2a (102 M in DMSO)
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At first, a solution of 1a (102 M in DMSO) was added to the 10° M (Chl a= 10° M in
DMSO) solution of PC and the UV-Vis spectra were recorded. As could be observed from
Figure 8, there was no red shift band, which ruled out the formation of any EDA complex
between PC and substrate 1a. However, a new absorbance (blue shift) band was observed,
most probably due to the generation of Chl**, which provided evidence for photoinduced SET
as the mechanism for aryl radical generation. Thereafter, the solution of quinoline 2a (102 M
in DMSO) was added to the 10® M (Chl a= 10® M in DMSO) solution of PC, and we
recorded the UV-Vis spectra (Figure 9), there was no bathochromic shift, which indicated
non-involvement of quinoline-Chl EDA complex formation. However, it was observed that

the solubility of chlorophyll increased in organic solvent in presence of substrate 2a.
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Figure 8. UV-visible spectra of PC (10° M in DMSO) on the addition of 1a. No red-shift band was

observed
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Figure 9. UV-visible spectra of PC (10° M in DMSO) on the addition of 2a. No red-shift band was
observed

3.4. Electron-Spin Resonance Studies

Next, we attempted to find out the types of radicals formed under different conditions
by electron paramagnetic resonance (EPR) in presence of DMPO (5,5-dimethyl-1-pyrroline
N-oxide) as a spin trapping agent. Electron spin resonance (ESR) spectra were recorded on a
JEOL JES FA200 (X-band). The reactions were performed in a glass vial (30 mL) under
different conditions, then smaller fractions of the samples were transferred to the capillaries,
and ESR spectra were recorded (Figure 10). At first, the mixture of chlorophyll (containing
Chl a; 0.5 mol%), DMPO (0.14 mM) in DMSO was irradiated with 6W blue LED for 5
minutes at room temperature, then the ESR spectrum was recorded (Figure 11). From the
spectrum, we could ascertain that only chlorophyll could not produce radicals under
irradiation of visible light. When the mixture of quinoline 2a (1.35mM), chlorophyll (Chl a;
0.5 mol%), DMPO (0.14 mM) in DMSO was irradiated with 6W blue LED for 5 minutes at
room temperature and ESR spectrum was recorded, no signal was observed (Figure 11), thus
nullifying the involvement of electron transfer in between PC and 2a (in line with
fluorescence quenching experiments). Next, a mixture of 4-bromobenzene tetrafluoroborate
salt 1a (0.09 mM), chlorophyll (Chl a; 0.5 mol%), DMPO (0.14 mM) in DMSO was
irradiated with 6W blue LED at room temperature for 5 minutes, and ESR spectrum showed a

new poorly resolved quartet signal with g = 2.0003 (Figure 12). From the observation and
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earlier literature report, it was envisaged that the signal corresponds to aryldiazenyl radical-
DMPO adduct (ArN=N-DMPO) which could be observed for several hours,® aryldiazenyl
radical might have been formed as an intermediate, upon single electron transfer from Chl to
the substrate 1a. The radical spin-DMPO adduct was expected to exhibit a quartet of triplets,
however in our case, we ended up with a broadened quartet signal, we believe that each set of
triplet signals gets merged into broad singlets. Thereafter, mixture of 4-bromobenzene
tetrafluoroborate salt 1a (0.09 mM), quinoline 2a (1.35 Mm), chlorophyll (Chl a; 0.5 mol%),
DMPO (0.14 mM) in DMSO was irradiated with 6W blue LED for 5 minutes, and ESR
spectrum showed a new triplet signal with g = 2.0003, an = a1 = 1.35 mT which indicated the
formation of aryl radical (C-centered)-DMPO adduct’ (Figure 13). Henceforth, based on the
observed ESR spectra along with the earlier literature reports,®” it could be ascribed that the
aryl radicals were the major arylating agent under this visible light photocatalytic arylation
process, intermediacy of other radical species viz. N-centered aryldiazenyl radical (Ar-N=N)

had also been predicted.

\ DMPO Chil soln, Blue LED|

350 ‘ 355 : 31|30 : 31;5
Magnetic field [ mT ]

Figure 10. ESR spectrum of mixture of DMPO, Chl in DMSO irradiated with 6W blue LED for 5

minutes.
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Figure 11. ESR spectrum of mixture of DMPO, Chl, 2a in DMSO irradiated with 6W blue LED for 5

minutes.

—— ArNyBF 4+ Chl+ DMPO, Blue LED |

I T T T T T 1
320 325 330 335
Magnetic field [ mT ]

Figure 12. ESR spectrum of mixture of DMPO, Chl, 1a in DMSOQ irradiated with 6W blue LED for 5

minutes.
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— Quin+ArN,BF ,+Chl+DMPO, Blue LED

T T T T T T |
320 325 330 335
Magnetic field [ mT ]

Figure 13. ESR spectrum of mixture of DMPO, Chl, 1a, 2a in DMSO irradiated with 6W blue LED
for 5 minutes. ESR conditions: Frequency = 9.17 GHz, Power = 0.998 mW, Modulation width = 2.0
mT, Centre field = 390.317 mT, Amplitude = 2.000 x 1 (modulation frequency 100 kHz), Sweep

width = 4 x 100 mT, Sweep time = 30 sec, Time constant = 0.03, Temperature = 25 °C.
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— 5-nitroQ+ ArN,BF +Chl+DMPO Blue LED

I v T T T : 1
320 325 330 335
Magnetic field [ mT ]
Figure 14. ESR spectrum of mixture of DMPO, 5-nitroquinoline (2c), 1a, Chl in DMSO
irradiated with 6W blue LED. ESR conditions: Frequency = 9.17 GHz, Power = 0.998 mW,
Modulation width = 2.0 mT, Centre field = 390.317 mT, Amplitude = 2.000 x 1 (modulation

frequency 100 kHz), Sweep width = 4 x 100 mT, Sweep time = 30 sec, Time constant = 0.03,
Temperature = 25 °C

Apart from this, a mixture of 4-bromobenzene tetrafluoroborate salt 1a (0.09 mM), 5-
nitroquinoline 2c (1.35 mM), chlorophyll (Chl a; 0.5 mol%), DMPO (0.14 mM) in DMSO
was irradiated with 6W blue LED for 5 minutes, and the recorded ESR spectrum displayed a
new complex spectrum (g = 2.0003) which suggested the simultaneous presence of two or
more type of radicals (Figure 14). We envisage that the ESR spectra correspond to a mixture
of N-centered and C-centered aryl radicals-DMPO adducts present in reaction media.
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4. Plausible Mechanism

N,BF,

Scheme 2. Plausible reaction mechanism for direct arylation of quinoline N-oxides 6

Similar to quinolines 2, in the case of quinoline-N-oxides 5, and pyridines 6 in situ generated
aryl radical led to the formation of C2-arylated quinoline-N-oxides 7 and C2-arylated
pyridines 8 respectively. It is well known that quinoline is transformed into its N-oxide
analogues to impart selectivity and higher reactivity at the C2 position.® Based on the
literature reports and our observations the tentative mechanism for the C2-arylation of
quinoline-N-oxides is proposed as shown in Scheme 2. Following the same methodology as
in scheme 2 of the main article, at first aryl radical 11 is generated via SET. Thereafter, the
aryl radical 11 attacks selectively at the C2 position of quinoline-N-oxides 5 (or pyridine 6) to
generate intermediate VI, which undergoes another SET reaction to furnish intermediate
V111, with the regeneration of ground state Chl. Lastly, intermediate VIl deprotonates to
afford the final products 7 (or 8).
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5. Characterization data of Compounds 3(4), 7, 8
5.1. Characterization data of C8-Aryl Quinolines 3

Compound 3a: 8-(4-bromophenyl)quinoline®

3a was prepared according to the general procedure (A) using quinoline 2a (710 uL, 6.0
mmol), 4-bromobenzenediazonium tetrafluoroborate salt 1la (54 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 2% EtOAc/Hexane afforded 3a (24 mg, 43%, based on 1a) as a light brown semi-solid
compound. Rf (EtOAc:Hexane = 1:9) = 0.51. *H NMR (300 MHz, CDCls) & 8.95 (dd, J =
4.2, 1.8 Hz, 1H), 8.22 (dd, J = 8.3, 1.8 Hz, 1H), 7.85 (dd, J = 8.1, 1.5 Hz, 1H), 7.71 (dd, J =
7.2, 1.6 Hz, 1H), 7.63 — 7.56 (m, 5H), 7.43 (dd, J = 8.3, 4.2 Hz, 1H). *C NMR (100 MHz,
CDCI3) 6 150.5, 145.9, 139.7, 138.5, 136.5, 132.4 (2C), 131.3 (2C), 130.2, 128.9, 128.0,
126.4, 121.9, 121.3. HRMS (ESI): Calcd for CisH11BrN, [M+H]" m/z 284.0069. Found
284.0067.

Compound 3b: 8-(4-nitrophenyl)quinoline

(L
J .

NO,

3b was prepared according to the general procedure (A) using quinoline 2a (710 pL, 6.0
mmol), 4-nitrobenzenediazonium tetrafluoroborate salt 1b (48 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 2% EtOAc/Hexane afforded 25b (27 mg, 54%, based on 1b) as a yellow solid. Rt
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(EtOAc:Hexane = 1:9) = 0.53. M.P. 168-170 °C.*H NMR (500 MHz, CDCls)  8.95 (dd, J =
4.1, 1.8 Hz, 1H), 8.36 — 8.33 (m, 2H), 8.25 (dd, J = 8.3, 1.7 Hz, 1H), 7.92 (dd, J = 6.9, 1.3
Hz, 1H), 7.89 — 7.87 (m, 2H), 7.76 (dd, J = 7.1, 1.4 Hz, 1H), 7.65 (dd, J = 8.0, 7.3 Hz, 1H),
7.47 (dd, J = 8.3, 4.2 Hz, 1H). 3C NMR (125 MHz, CDCls) & 150.7, 147.2, 146.5, 145.7,
138.6, 136.6, 131.6 (2C), 130.5, 129.1, 128.9, 126.4, 123.3 (2C), 121.6. HRMS (ESI*):
Calcd for C1sH11N202, [M+H]* m/z 251.0815. Found 251.0821.

Compound 3c: 8-(4-bromophenyl)-5-nitroquinoline

NO,

Br 3c

3c was prepared according to the general procedure (A) using quinoline 2b (1 g, 6.0 mmol),
4-bromobenzenediazonium tetrafluoroborate salt 1a (54 mg, 0.20 mmol) and chlorophyll (0.5
mol%). The crude reaction mixture was purified by column chromatography using 2%
EtOAc/Hexane afforded 3c (58 mg, 89%, based on 1a) as a yellow solid. Rs (EtOAc:Hexane
= 1:9) = 0.50. M.P. 147-149 °C. 'H NMR (400 MHz, CDCls) 6 9.08 (dd, J = 8.8, 1.7 Hz,
1H), 9.05 (dd, J = 4.1, 1.7 Hz, 1H), 8.42 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.68 —
7.65 (m, 3H), 7.57 — 7.54 (m, 2H). ¥C NMR (100 MHz, CDCls) & 151.4, 146.7, 145.8,
145.0, 136.9, 132.4 (2C), 132.2, 131.5 (2C), 128.2, 124.4, 123.9, 123.3, 121.9. HRMS
(ESI*): Calcd for C15H10BrN202, [M+H]* m/z 328.9920. Found 328.9924.

Compound 3d: 8-(4-methoxyphenyl)-5-nitroquinoline

NO,
e
~

N

o

3d
~

3d was prepared according to the general procedure (A) using quinoline 2b (1 g, 6.0 mmol),

4-methoxybenzenediazonium tetrafluoroborate salt 1c (45 mg, 0.20 mmol) and chlorophyll
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(0.5 mol%). The crude reaction mixture was purified by column chromatography using 2%
EtOAc/Hexane afforded 3d (48 mg, 86%, based on 1c) as a dark green solid. Rt
(EtOAc:Hexane = 1:9) = 0.53. M.P. 158-161 °C. *H NMR (300 MHz, CDClIs) & 9.09 (dd, J
= 8.8, 1.7 Hz, 1H), 9.05 (dd, J = 4.1, 1.7 Hz, 1H), 8.42 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 8.1
Hz, 1H), 7.68 — 7.61 (m, 3H), 7.07 (d, J = 8.8 Hz, 2H), 3.90 (s, 3H). *3C NMR (75 MHz,
CDCls) 6 160.3, 151.1, 147.8, 146.0, 144.3, 132.3 (2C), 132.2, 130.5, 128.0, 124.7, 123.7,
122.1, 114.0 (2C), 55.6. HRMS (ESI*): Calcd for CigH13N203, [M+H]" m/z 281.0921.
Found 281.0924.

Compound 3e: 5-nitro-8-(4-nitrophenyl)quinoline

NO,
e
7

N

NO, 3e

3e was prepared according to the general procedure (A) using quinoline 2b (1 g, 6.0 mmol),
4-nitrobenzenediazonium tetrafluoroborate salt 1b (48 mg, 0.20 mmol) and chlorophyll (0.5
mol%). The crude reaction mixture was purified by column chromatography using 5%
EtOAc/Hexane afforded 3e (52 mg, 88%, based on 1b) as off-white solid. Rr (EtOAc:Hexane
= 1:8) = 0.53. M.P. 189-191 °C. 'H NMR (400 MHz, CDCl3) 6 9.07 (dd, J = 8.8, 1.7 Hz,
1H), 9.04 (dd, J = 4.1, 1.7 Hz, 1H), 8.45 (d, J = 8.0 Hz, 1H), 8.39 — 8.36 (m, 2H), 7.86 — 7.83
(m, 3H), 7.71 (dd, J = 8.8, 4.1 Hz, 1H). *3C NMR (100 MHz, CDCls) 8 151.7, 147.9, 145.7,
145.3, 144.6, 132.3, 131.7, 128.5, 124.1, 124.16, 123.4, 121.9. ESMS (ESI*): Calcd for
C15H10N304, [M+H]" m/z 296.3. Found 296.4.

Compound 3f: 8-(4-chlorophenyl)-5-nitroquinoline
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3f

Cl

3f was prepared according to the general procedure (A) using quinoline 2b (1 g, 6.0 mmol),
4-chlorobenzenediazonium tetrafluoroborate salt 1d (45 mg, 0.20 mmol) and chlorophyll (0.5
mol%). The crude reaction mixture was purified by column chromatography using 3%
EtOAc/Hexane afforded 3f (43 mg, 75%, based on 1d) as a pale yellow solid. R
(EtOAc:Hexane = 1:9) = 0.47. M.P. 153-155 °C. *H NMR (400 MHz, CDCls) & 9.08 (dd, J
= 8.8, 1.6 Hz, 1H), 9.04 (dd, J = 4.1, 1.5 Hz, 1H), 8.42 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0
Hz, 1H), 7.66 (dd, J = 8.8, 4.1 Hz, 1H), 7.63 (d, J = 8.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H). 3C
NMR (125 MHz, CDCls) 6 151.3, 146.7, 145.8, 144.9, 136.4, 135.0, 132.2, 132.1 (2C), 128.5
(2C), 128.2, 124.4, 123.8, 121.9. HRMS (ESI"): Calcd for CisH1oCIN2O2, [M+H]" m/z
285.0425. Found 285.0426.

Compound 3g: 5-nitro-8-phenylquinoline

NO,
L
Z

N

39

3g was prepared according to the general procedure (A) using quinoline 2b (1 g, 6.0 mmol),
benzenediazonium tetrafluoroborate salt 1e (43 mg, 0.22 mmol) and chlorophyll (0.5 mol%).
The crude reaction mixture was purified by column chromatography using 2%
EtOAc/Hexane afforded 3g (40 mg, 73%, based on 1le) as an off-white solid. R
(EtOACc:Hexane = 1:9) = 0.50. M.P. 144-146 °C.H NMR (500 MHz, CDCl3) § 9.08 (dd, J =
8.8, 1.7 Hz, 1H), 9.05 (dd, J = 4.1, 1.7 Hz, 1H), 8.43 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.0 Hz,
1H), 7.68 — 7.66 (m, 2H), 7.65 (dd, J = 8.8, 4.1 Hz, 1H), 7.55 — 7.51 (m, 2H), 7.50-7.46 (m,
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1H). ¥C NMR (125 MHz, CDCl3) & 151.3, 148.1, 146.0, 144.7, 138.1, 132.14, 130.8, 128.7,
128.4, 128.3, 124.4, 123.7, 121.9. HRMS (ESI*): Calcd for CisH1:N202, [M+H]" m/z
251.0815. Found 251.0810.

Compound 3h: 8-(4-bromophenyl)-4,7-dichloroquinoline

<

Br

3h

3h was prepared according to the general procedure (A) using quinoline 2c¢ (1.2 g, 6.0 mmol),
4-bromobenzenediazonium tetrafluoroborate salt 1a (54 mg, 0.20 mmol) and chlorophyll (0.5
mol%). The crude reaction mixture was purified by column chromatography using 3%
EtOAc/Hexane afforded 3h (13 mg, 19%, based on 1la) as an off-white solid. Rt
(EtOAc:Hexane = 1:9) = 0.50. M.P. 155-157 °C. 'H NMR (500 MHz, CDCl3) 6 8.74 (d, J =
4.7 Hz, 1H), 8.24 (d, J = 9.1 Hz, 1H), 7.75 (d, J = 9.1 Hz, 1H), 7.65 (d, J = 8.2 Hz, 2H), 7.49
(d, J =4.7 Hz, 1H), 7.27 — 7.25 (m, 2H). 13C NMR (125 MHz, CDCls) 4 150.7, 142.9, 138.4,
135.7, 132.3 (2C), 132.0, 131.4 (2C), 129.3, 128.4, 125.6, 125.0, 122.4, 121.4. HRMS
(ESIM): Calcd for C1sHoNBrCly, [M+H]" m/z 353.9269. Found 353.9275.

Compound 3k: 8-(4-bromophenyl)-6-methylquinoline

(L
g

Br

3k

3k was prepared according to the general procedure (A) using quinoline 2d (805 uL, 6.0
mmol), 4-bromobenzenediazonium tetrafluoroborate salt la (54 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 3% EtOAc/Hexane afforded 3k (17 mg, 29%, based on la) as a brown solid. R
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(EtOAC:Hexane = 1:9) = 0.51. M.P. 91-94 °C. 'H NMR (400 MHz, CDCls) & 8.87 (dd, J =
4.2, 1.8 Hz, 1H), 8.42 — 8.25 (m, 2H), 8.15 (dd, J = 8.3, 1.7 Hz, 1H), 7.95 — 7.82 (m, 2H),
7.68 (s, 1H), 7.60 (d, J = 1.9 Hz, 1H), 7.42 (dd, J = 8.3, 4.2 Hz, 1H), 2.61 (s, 3H). 3C NMR
(75 MHz, CDCls) & 149.6, 144.6, 139.4, 138.6, 136.1, 135.7, 132.5, 132.3 (2C), 131.2 (2C),
129.0, 126.9, 121.8, 121.3, 21.7. HRMS (ESI*): Calcd for CisH1sNBr, [M+H]* m/z
298.0226. Found 298.0226.

Compound 3l: 6-methyl-8-(4-nitrophenyl)quinoline

J

NO,

3l

3l was prepared according to the general procedure (A) using quinoline 2d (805 uL, 6.0
mmol), 4-nitrobenzenediazonium tetrafluoroborate salt 1b (48 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 3% EtOAc/Hexane afforded 3l (23 mg, 45%, based on 1b) as a pale yellow solid. Rs
(EtOAc:Hexane = 1:9) = 0.49. M.P. 173-175 °C. 'H NMR (400 MHz, CDCls) 6 8.87 (dd, J =
4.2, 1.8 Hz, 1H), 8.35 — 8.33 (m, 2H), 8.15 (dd, J = 8.3, 1.7 Hz, 1H), 7.89 — 7.85 (m, 2H),
7.67 (s, 1H), 7.59 (d, J = 1.9 Hz, 1H), 7.42 (dd, J = 8.3, 4.2 Hz, 1H), 2.61 (s, 3H). *C NMR
(75 MHz, CDCl3) 6 149.9, 147.2, 146.6, 144.3, 138.3, 136.2, 135.9, 132.8, 131.6 (2C), 129.0,
127.9, 123.2 (2C), 121.6, 21.7. HRMS (ESI*): Calcd for CisH13N202, [M+H]* m/z
265.0972. Found 265.0979.

Compound 3m: 4-methyl-8-(4-nitrophenyl)quinoline
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(L
<

NO,

3m

3m was prepared according to the general procedure (A) using quinoline 2e (805 uL, 6.0
mmol), 4-nitrobenzenediazonium tetrafluoroborate salt 1b (48 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 3% EtOAc/Hexane afforded 3m (19 mg, 36%, based on 1b) as a white solid. Rt
(EtOAc:Hexane = 1:9) = 0.49. M.P. 82-84 °C. 'H NMR (500 MHz, CDCl3) § 8.79 (d, J = 4.3
Hz, 1H), 8.33 (d, J = 8.4 Hz, 2H), 8.11 (b d, J = 8.3 Hz, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.74
(d, J=7.1Hz, 1H), 7.66 (t, J = 7.7 Hz, 1H), 7.30 (d, J = 4.2 Hz, 1H), 2.78 (s, 3H). *C NMR
(125 MHz, CDCl3) & 150.4, 147.1, 147.1, 1455, 144.7, 139.1, 131.7 (2C), 130.2, 128.9,
126.1, 125.1, 123.2 (2C), 122.4, 19.2. HRMS (ESI*): Calcd for C16H13N202, [M+H]" m/z
265.0972. Found 265.0977.

Compound 3n: 3-(4-bromophenyl)-4-methylquinolin-2(1H)-one

3n was prepared according to the general procedure (A) using quinoline 2f (954 mg, 6.0
mmol), 4-bromobenzenediazonium tetrafluoroborate salt 1la (54 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 45% EtOAc/Hexane afforded 3n (37 mg, 59%, based on 1a) as an off-white solid. Rf
(EtOAc:Hexane = 1:1) = 0.50. M.P. 271-272 °C. *H NMR (300 MHz, CDCl3) 6 11.47 (br, s,
1H), 7.82 — 7.70 (m, 1H), 7.63 — 7.58 (m, 2H), 7.51 — 7.45 (m, 1H), 7.27-7.20 (m, 5H), 2.36
(s, 3H). 13C NMR (100 MHz, CDCls) & 162.8, 145.3, 137.4, 134.9, 132.2 (2C), 131.6 (2C),

S25



131.1, 130.5, 125.1, 122.7, 122.0, 120.9, 116.3, 17.0. HRMS (ESI™): Calcd for C16H13NBrO,
[M+H]" m/z 314.0175. Found 314.0182.

Compound 3o0: 4-methyl-3-(4-nitrophenyl)quinolin-2(1H)-one

30 was prepared according to the general procedure (A) using quinoline 2f (954 mg, 6.0
mmol), 4-nitrobenzenediazonium tetrafluoroborate salt 1b (48 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 50% EtOAc/Hexane afforded 30 (35 mg, 63%, based on 1b) as pale-yellow solid. Rt
(EtOAc:Hexane = 1:1) = 0.50. M.P. 287-289 °C. ‘H NMR (400 MHz, CDCI3+CD30D) §
8.18 (d, J = 8.76, 2H), 7.66 (d, J = 8.29, 1H), 7.42 (m, 1H), 7.37 (m, 2H), 7.19 (m, 2H), 2.23
(s, 3H) 3C NMR (100 MHz, CDCI3+CD30D) & 161.7, 147.1, 145.9, 143.1, 137.4, 131.4
(2C), 130.8, 129.9, 125.1, 123.3 (2C), 122.8, 120.4, 115.8, 16.7 HRMS (ESI*): Calcd for
C16H13N203, [M+H]" m/z 281.0921. Found 281.0924.

Compound 3p: 3-(4-methoxyphenyl)-4-methylquinolin-2(1H)-one

3p was prepared according to the general procedure (A) using quinoline 2f (954 mg, 6.0
mmol), 4-methoxybenzenediazonium tetrafluoroborate salt 1c (45 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 50% EtOAc/Hexane afforded 3l (24 mg, 45%, based on 1c) as an off-white solid. Rt
(EtOAC:Hexane = 1:1) = 0.50. M.P. 243-245 °C.!H NMR (400 MHz, CDCls) & 10.99 (s,
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1H), 7.73 (dd, J = 8.7, 1.4 Hz, 1H), 7.45 (ddd, J = 8.3, 7.1, 1.3 Hz, 1H), 7.28-7.20 (m, 4H),
7.03 — 7.00 (M, 2H), 3.87 (s, 3H), 2.37 (s, 3H). *C NMR (100 MHz, CDCls) § 163.0, 159.1,
144.9, 137.2, 131.9, 131.5 (2C), 130.0, 128.1, 125.0, 122.5, 121.1, 115.9, 113.8 (2C), 55.3,
17.0. HRMS (ESI*): Calcd for C17H16NO2, [M+H]* m/z 266.1176. Found 266.1174.

Compound 3°q: 1-(4-bromophenyl)-5-nitroisoquinoline

NO,
A
_N

Br

’

3q

3°g was prepared according to the general procedure (A) using 5-nitroisoquinoline 2°g (954
mg, 6.0 mmol), 4-bromobenzenediazonium tetrafluoroborate salt 1a (54 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 3% EtOAc/Hexane afforded 3°g (23 mg, 35%, based on l1a) as a brown solid. Rt
(EtOAc:Hexane = 1:9) = 0.45. M.P. 171-173 °C. 'H NMR (400 MHz, CDCl3) 5 8.81 (d, J =
6.2 Hz, 1H), 8.52 (dd, J = 7.7, 1.1 Hz, 1H), 8.45 (dd, J = 6.2, 0.9 Hz, 1H), 8.38 (dt, J = 8.5,
1.0 Hz, 1H), 7.72 — 7.69 (m, 2H), 7.67 — 7.63 (m, 1H), 7.56 — 7.53 (m, 2H). 3C NMR (100
MHz, CDClz) 6 160.5, 145.5, 137.7, 134.3, 131.9 (2C), 131.7, 129.8, 129.4, 128.1, 127.3,
125.8, 124.0, 115.1. HRMS (ESI*): Calcd for C15H10BrN202, [M+H]* m/z 328.9920. Found
328.9930.

5.1A. 2D-NMR data analysis of Compound 3c; 8-(4-bromophenyl)-5-nitroquinoline
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8-(4-bromophenyl)-5-nitroquinoline

Table 4: 'H NMR (400 MHz) and *C NMR (100 MHz) data for compound 3c in
CDCls

Position H (8), J (Hz) 13C (8) mult.*

1 - -

2 9.05 (1H, dd, J = 4.1, 1.7) 151.4 (CH)

3 7.68-7.65 (1H, m, overlapped) 123.9 (CH)

4 9.08 (1H, dd, J =8.8,1.7) 132.2 (CH)

4a - 121.9 (C)

5 - 145.8 (C)

6 8.42 (1H, d, J=8.0) 124.4 (CH)

7 7.80 (1H, d, J=8.0) 128.2 (CH)

8 - 146.7 (C)

8a - 145.0 (C)

1 - 136.9 (C)

2,3 7.68-7.65 (2H, m, overlapped) 131.5 (2CH)
7.57-7.54 (2H, m) 132.4 (2CH)

4 - 123.3 (C)

*Assigned based on DEPT 135° and HSQC spectrums
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Figure 16: Selected *H-'H COSY correlations (=)
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5.1.1. Representative Compound for C2-arylated quinolines 4 with 'H, 3C data and

spectra

Compound 4d: 2-(4-methoxyphenyl)-5-nitroquinoline

NO,

6
~Z
e
e
4f °

2% EtOAc/Hexane afforded 4d (6 mg, 11%, based on 1c) as a yellow needle-like crystalline
solid. Rf (EtOAc:Hexane = 1:9) = 0.55. M.P. 146 -148 °C.

IH NMR (300 MHz, CDCls) § 9.01 (d, J = 9.2 Hz, 1H), 8.42 (dt, J = 8.4, 0.9 Hz, 1H), 8.30
(dd, J = 7.7, 1.1 Hz, 1H), 8.20 — 8.17 (m, 2H), 8.06 (d, J = 9.2 Hz, 1H), 7.76 (t, J = 8.3, 7.8
Hz, 1H), 7.13 — 7.04 (m, 2H), 3.91 (s, 3H).

13C NMR (75 MHz, CDCl3) § 161.7, 158.0, 148.6, 145.7, 136.7, 132.6, 130.8, 129.2, 127.6,
123.8, 121.4, 119.9, 114.5, 55.6. HRMS (ESI*): Calcd for CisHisN20s, [M+H]* m/z
281.0921. Found 281.0923.
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'H NMR spectrum of 4d (300 MHz, CDCls)
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5.2. Characterization data of C2-Aryl Quinoline-N-Oxides 7

Compound 7a: 2-(4-bromophenyl)quinoline 1-oxide

7a was prepared according to the general procedure (B) using quinoline 1-oxide 5a (87 mg,
0.6 mmol), 4-bromobenzene diazonium tetrafluoroborate salt 1a (54 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 25% EtOAc/Hexane afforded 7a (39 mg, 65%, based on 1a) as a pale brown solid. Rt
(EtOAC:Hexane = 1:2) = 0.45. M.P. 175-179 °C. *H NMR (400 MHz, CDCl3) & 8.83 (d, J =
8.7 Hz, 1H), 7.89-7.86 (m, 3H), 7.81-7.75 (m, 2H), 7.67-7.63 (m, 3H), 7.48 (d, J = 8.7 Hz,
1H). BC NMR (100 MHz, CDCls) & 144.1, 142.4, 132.4, 131.7 (2C), 131.3 (2C), 130.8,
129.8, 128.7, 128.1, 125.5, 124.1, 122.9, 120.3. HRMS (ESI*): Calcd for C1sH11BrNO,
[M+H]* m/z 300.0019. Found 300.0021.

Compound 7b: 2-(4-nitrophenyl)quinoline 1-oxide

Lo

o 10-%% 4

7b was prepared according to the general procedure (B) using quinoline 1-oxide 5a (87 mg,
0.6 mmol), 4-nitrobenzene diazonium tetrafluoroborate salt 1b (48 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 30% EtOAc/Hexane afforded 7b (35 mg, 67%, based on 1b) as a yellow solid. Rt
(EtOAC:Hexane = 1:2) = 0.50. M.P. 222-225 °C. *H NMR (400 MHz, DMSQs) 5 8.64 (d, J =
8.8 Hz, 1H), 8.37 (d, J = 8.8 Hz, 2H), 8.26 (d, J = 8.8 Hz, 2H), 8.14 (d, J = 8.1 Hz, 1H), 8.05
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(d, J = 8.6 Hz, 1H), 7.90-7.86 (m, 1H), 7.81-7.71 (m, 2H). 13C NMR (100 MHz, DMSOQs) §
147.4, 141.9, 141.4, 139.6, 131.0, 130.9, 129.8, 129.2, 128.7, 125.1, 123.3, 123.1, 119.3.
HRMS (ESI*): Calcd for C1sH11N20s, [M+H]"™ m/z 267.0764. Found 267.0777.

Compound 7c: 2-(4-bromophenyl)-6-methylquinoline 1-oxide

7c¢ was prepared according to the general procedure (B) using 6-methyl quinoline 1-oxide 5b
(96 mg, 0.6 mmol), 4-bromobenzene diazonium tetrafluoroborate salt 1a (54 mg, 0.20 mmol)
and chlorophyll (0.5 mol%). The crude reaction mixture was purified by column
chromatography using 30% EtOAc/Hexane afforded 7c (33 mg, 53%, based on 1a) as a red
solid. Rf (EtOAc:Hexane = 1:2) = 0.50. M.P. 140-143 °C. 'H NMR (400 MHz, CDCls) &
8.71 (d, J = 8.6 Hz, 1H), 7.86 (d, J = 8.5 Hz, 2H), 7.68-7.59 (m, 5H), 7.42 (d, J = 8.6 Hz,
1H), 2.55 (s, 3H). 3C NMR (125 MHz, CDCls) & 143.4, 140.9, 139.05, 133.05, 132.5, 131.6
(2C), 131.3 (2C), 129.9, 127.1, 125.1, 123.8, 122.9, 120.1, 21.5. HRMS (ESI*): Calcd for
C16H13BrNO, [M+H]" m/z 314.0175. Found 314.0173

Compound 7d: 2-(4-methoxyphenyl)-6-methylquinoline 1-oxide

7d was prepared according to the general procedure (B) using 6-methylquinoline 1-oxide 5b
(96 mg, 0.6 mmol), 4-methoxybenzenediazonium tetrafluoroborate salt 1c (45 mg, 0.20
mmol) and chlorophyll (0.5 mol%). The crude reaction mixture was purified by column
chromatography using 30% EtOAc/Hexane afforded 7d (22 mg, 41%, based on 1c) as a pale
brown solid. Rf (EtOAc:Hexane = 1:2) = 0.45. M.P. 143-146 °C. 'H NMR (300 MHz,
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CDCls) § 8.72 (d, J = 9.3 Hz, 1H), 8.02-7.98 (m, 2H), 7.64-7.56 (m,3H), 7.45 (d, J = 8.7 Hz,
1H), 7.04-7.01 (m, 2H), 3.87 (s, 3H), 2.53 (s, 3H). 3C NMR (125 MHz, CDCls3) & 160.5,
144.1, 140.9, 138.4, 132.7, 131.3 (2C), 129.5, 126.9, 125.9, 124.9, 123.1, 120.1, 113.7 (2C),
55.4, 21.4. HRMS (ESI*): Calcd for C17H16NO2, [M+H]* m/z 266.1176. Found 266.1173.

5.3. Characterization data of C2-Aryl Pyridines 8

Compound 8a: 2-(4-bromophenyl)pyridine®

\

Br
8a

8a was prepared according to the general procedure (A) using pyridine 6a (242 uL, 3.0
mmol), 4-bromobenzenediazonium tetrafluoroborate salt 1la (54 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 5% EtOAc/Hexane afforded 8a (24 mg, 51%, based on 1a) as a brown solid. Rt
(EtOAc:Hexane = 1:9) = 0.50. M.P. 63-65 °C. *H NMR (300 MHz, CDCls) 6 8.68 (ddd, J =
4.8, 1.6, 0.9 Hz, 1H), 7.89 — 7.84 (m, 2H), 7.78 — 7.67 (m, 2H), 7.61 — 7.57 (m, 2H), 7.26 —
7.22 (m, 1H). 3C NMR (75 MHz, CDCls) & 156.3, 149.8, 138.3, 137.0, 132.0 (2C), 128.6
(2C), 123.6, 122.5, 120.4. HRMS (ESI*): Calcd for C11HoBrN, [M+H]" m/z 233.9913.
Found 233.9912.

Compound 8b: 2-(4-nitrophenyl)pyridine

\

NO,
8b

8b was prepared according to the general procedure (A) using pyridine 6a (242 uL, 3.0
mmol), 4-nitrobenzenediazonium tetrafluoroborate salt 1b (48 mg, 0.20 mmol) and
chlorophyll (0.5 mol%). The crude reaction mixture was purified by column chromatography
using 5% EtOAc/Hexane afforded 8b (21 mg, 53%, based on 1b) as a white solid. Rs

S39



(EtOAc:Hexane = 1:9) = 0.50. M.P. 127-129 °C. 'H NMR (400 MHz, CDCls) & 8.76 — 8.74
(m, 1H), 8.34 — 8.31 (m, 2H), 8.19 — 8.17 (m, 2H), 7.83 — 7.81 (m, 2H), 7.33 (ddd, J = 6.7,
4.8, 2.2 Hz, 1H). 3C NMR (100 MHz, CDCl3) & 154.9, 150.2, 148.2, 145.3, 137.2, 127.7
(2C), 124.1 (2C), 123.6, 121.3. HRMS (ESI*): Calcd for C11HoN2O2, [M+H]* m/z 201.0659.
Found 201.0656.

Compound 8c: 1-(2-(4-nitrophenyl)pyridin-4-yl)ethan-1-one

(o)

N
Z
N

NO,
8c

8c was prepared according to the general procedure (A) using 1-(pyridin-4-yl)ethan-1-one 6b
(333 pL, 3.0 mmol), 4-nitrobenzenediazonium tetrafluoroborate salt 1b (48 mg, 0.20 mmol)
and chlorophyll (0.5 mol%). The crude reaction mixture was purified by column
chromatography using 6% EtOAc/Hexane afforded 8c (27.5 mg, 57%, based on 1b) as an
off-white solid. Rf (EtOAc:Hexane = 1:9) = 0.50. M.P. 151-153 °C. 'H NMR (500 MHz,
CDCls) 6 8.94 (dd, J = 5.0, 0.7 Hz, 1H), 8.35 — 8.33 (m, 2H), 8.25 —8.23 (m, 3H), 7.75 (dd, J
= 5.0, 1.5 Hz, 1H), 2.70 (s, 3H). *C NMR (125 MHz, CDCls) § 197.0, 156.3, 151.4, 148.6,
1445, 1442, 128.0 (2C), 124.2 (2C), 121.3, 18.6, 26.9. HRMS (ESI*): Calcd for
C13H11N203, [M+H]" m/z 243.0764. Found 243.0771.

Compound 8d: 2-(4-bromophenyl)-4-chloropyridine!!

Cl

AN
P
N

Br
8d

8d was prepared according to the general procedure (A) using 4-chloropyridine
hydrochloride 6¢ (450 mg, 3.0 mmol), 4-bromobenzenediazonium tetrafluoroborate salt 1a

(54 mg, 0.20 mmol) and chlorophyll (0.5 mol%). The crude reaction mixture was purified by
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column chromatography using 5% EtOAc/Hexane afforded 8d (31 mg, 58%, based on 1a) as
brown semi-solid compound. Rf (EtOAc:Hexane = 1:9) = 0.55. *H NMR (500 MHz, CDCls)
§ 8.57 (d, J = 5.3 Hz, 1H), 7.97 — 7.81 (m, 2H), 7.61 — 7.46 (m, 2H), 7.25 — 7.24 (m, 1H).
HRMS (ESI*): Calcd for C11HsBrCINO, [M+H]" m/z 267.9523. Found 267.9523.

Compound 8e: 4-chloro-2-(4-nitrophenyl)pyridine

Cl

N
| _
N
NO,
8e

8e was prepared according to the general procedure (A) using 4-chloropyridine hydrochloride
6¢c (450 mg, 3.0 mmol), 4-nitrobenzenediazonium tetrafluoroborate salt 1b (48 mg, 0.20
mmol) and chlorophyll (0.5 mol%). The crude reaction mixture was purified by column
chromatography using 5% EtOAc/Hexane afforded 8e (30 mg, 64%, based on 1b) as a yellow
solid. Rf (EtOAc:Hexane = 1:9) = 0.50. M.P. 137-139 °C. 'H NMR (400 MHz, CDCls) &
8.65 (d, J = 5.3 Hz, 1H), 8.35 - 8.32 (m, 2H), 8.18 — 8.15 (m, 2H), 7.82 — 7.81 (m, 1H), 7.36
(dd, J = 5.3, 1.9 Hz, 1H). 3C NMR (100 MHz, CDCls) & 156.5, 151.0, 148.7, 145.4, 144.0,
128.0 (2C), 124.2 (2C), 123.8, 121.7. HRMS (ESI*): Calcd for C11HsCIN202, [M+H]" m/z
235.0269. Found 235.0266.

Copound 8f: 4-chloro-2-(4-methoxyphenyl)pyridine!!

SN/

8f
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8f was prepared according to the general procedure (A) using 4-chloropyridine hydrochloride
6¢ (450 mg, 3.0 mmol), 4-methoxybenzenediazonium tetrafluoroborate salt 1c (45 mg, 0.20
mmol) and chlorophyll (0.5 mol%). The crude reaction mixture was purified by column
chromatography using 6% EtOAc/Hexane afforded 8f (25 mg, 57%, based on 1c) as a yellow
solid. R (EtOAc:Hexane = 1:9) = 0.45. M.P. 98-100 °C. 'H NMR (300 MHz, CDCls) 6 8.54
(d, 3 =5.3 Hz, 1H), 7.93 — 7.89 (m, 2H), 7.65 (d, J = 1.6 Hz, 1H), 7.18 (dd, J = 5.3, 1.9 Hz,
1H), 7.01 — 6.95 (m, 2H). C NMR (125 MHz, CDCls) & 161.1, 158.8, 150.5, 144.8, 130.7,
128.5 (2C), 121.7, 120.2, 114.3 (2C), 55.5. HRMS (ESI*): Calcd for C1:HsCIN20z, [M+H]*
m/z 220.0524. Found 220.0523.

6. NMR Spectral data of Compounds 3, 7, 8
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Time 13.43
INSTRUM spact
PROBHD 5 rm PATXI 18/
PULPROG
™ 65536
SOLVENT cpcl3
NS 16
0~ O NOVNHOHOMO PO s °
N O LA B el el el - WS MR B S SWH 10026.738 Hz
o WOOLWLOLVWYWYWOUYVWOWVWYY FIDRES 0.152996 Hz
. e 20 3.2680619 sec
~ ~ Ll ol ol S S Ll ol ol o o He 107.78
oW 49.867 usec
l | DE 6.50 usec
TE 303.0 K
Dl 1.00000000 sec
™0 1
CHANNEL f1 ========
500.6794419 MHz
1H
6.45 usec
13.60000038 W

F2 - Processing parameters
T 36

500.6763621 MHz
EM

He

ppm ppm ppm
g g @ ® o
o 0
g ‘-.‘/ j g(/ ;\‘ q’/ l\‘ Qh 8
= | -
:
T T ¥ T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
=13 ][] S| =
e.q rm. FF’UF' =&
-l Ollv=| =l
NHO P OTONO AT H
NHOMPd—HOWOrN O Yo
g
HOWOWFONOWWDWT M
NLILTOMAONNNNNN ~ o
At A A A A A el v
s e
PROCNO X
F2 - Acquisition Parameters
Date_ 20220808
o apect
PROBH S mm PATXI 1H/
P 2gpa30
™ 65536
o &eas
N 02 NS 2048
DS
AC 1.1010048 sec
]
\ oW 16.800 usec
DL 1.00000000
~ e 5.03000000 sac
™0
N —
125.907
Pl 9.23 usec
Bimt 204.00000000
39 s 5006763527 e
CPDPRG[2 waltzl6
PLW12 0.08840500 w
F2 - Processing parameters
SF. 125.8951528 MHz
v e
LB 1.00 Hz
&
PC 1.40
prspidbuon 2 Mmmmmwmm
T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

549



1.555
0.002

Cl

NAME SB2-95-DiClA
\ EXPNO 1180
PROCNO 1
Z, F2 - Acquisition Parameters
Date 20220520
Cl N Time 13.14
INSTRUM spect.
PROBHD 5 mm PATXI 1H/
PULPROG
™ 65536
SOLVENT cpc13
NS 16
3'1 DS 2
SWA 10026.738 Hz
g g FIDRES 0.152996 Hz
ae 88 = Pispony e
o < s "4 8
~r~ © ©
5w N Br
© r~
o ©
« < P1 6.45 usec
. PLWL 13.60400038 W
~ ~
F2 - Processing pirameters
sI 65536
sF 5006163618 MHz
WOW M
sSB 0
1B 0.30 Hz
8.30 8.25 ppm = °
PC 1.00
8
8.75 ppm - T T T T
\’w’/’»' 7.50 7.49 7.48 ppm
]
= l\‘@
-
L Iu,__,JJ Wil - o
T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 PPpmM

8 [ ERE

150.77
142.90
138.43
135.78
132.39
132.08
131.41
129.30
128.48
125.60
125.04
122.48
121.40
77.41
77.16
76.90
0.14

NSV —— N/
Cl

Cl N

T T T T T T T T T T T

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

S50



OOV ANAHNNOICNNHN RO YW O 3 o0
FrVOANNOCONNHOODMO~VINI IO DO ~ ~
DRODOAHAHLLOLLONVWVINMMMNAON 0 1}

L O e e e e e it el ol Sl ol o ol o ~ —
Curzent Data Parameters
NAME SB2-89-QArMe Brl
2 EXPNO 95
N PROCNO : N
F2 - Acquisition Parameters
Date_ 20210216
Time 10.15
INSTRUM spect
PROBAD 5 mm PABBO BB/
PULPROG 2930
3k ™ 65536
© 1 n v SOLVENT cpe13
0w~ O §s 8
nmnnon DS 0
e SWH 9615.385 Hz
iy Br [l ol o FIDRES 0.146719 Hz
0 0 & 0 \\ // ag 3.4078720 sec
R RG 145.29
£00p e g : 33 oW 52.000 usec
B o B DE 6.50 usec
e e TE 300.0 K
© o ®w DL 1.00000000 sec
\ / \ / D0 1
HANNEL f1 =:
400.1629712 MHz
1R
13.20 usec
13.00000000 W
F2 - Procassing parameters
sT 65536
T T T SF 400.1605098 MHz
WDW
8.88 8.86 ppm ppm 7.40 ppm i "
LB ©.30 Hz
=3 ] ¢B o
(s o % PC 1.00
- =} -
-
] i
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
=) o oo s
S S ] N
- - ©f = @
NONMNVOVWANNVMOWVWO
VOLIAINMNO O XM ®wm ~
fr s ~
AILTRVOVONNH OO .
FLITOHAONOIMINNNN ~ o~ 0 —
A A A A A A A A ~ e o
curzant Dsts Paramatera
NRME SBZ-55-QArMa Brl
ExXeNo %1
PROCRO 1
N F2 - Acquisition Parametars
Data 20210301
Tine 20.50
INETRON Zpact
PROBHD 3 nom QNP 1H/13
2 PULPROG =gza30
N soLvenT coe13
xS 2089
s 1
sws 19935.395 e
Froess 0282392 Bz
xa 1.7301503 26c
s 128
o 26,400 anc
e 5.50 weee
™ 500.0 X
3k iy 2.00000000 sec
11 003000000 sac
3 1
CHRNEL £1
130
10130 usee
3,00 @B’
Br 5313058008 5
75.5074541 Wms
----- CHANNEL 12 =mmmmmem
ceoPRal2 waltz1s
cz 1"
zcr02 80.00 usee
L2 ERTY
»L12 117 @
PL13 2100 a8
2w 15.02081671
Paze 0.45676533 ¥
rLiw 0.09477496 w
sroz 300.2532010 WAz
F2 - Processing paremstars
sr 32768
B 75.4599240 Wz
o
ss8 o
by 1.00 Bz
B o
c 1.40
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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—8.875
78.869
8.864

_~8.879

8.356
8.351
8.338
8.333

&~
R

S

o

I
s & 3 3
+ = 9w
N
I
7.44 742 ppm

Current Data Paramsters
SB2-KS-409
1030

1

1.556

EXPNO
PROCNO

F2 - Acquisition Rarameters
20311025

Date
Time 13.52
INSTRUM epect
PROBHD 5 nm PABRO BB/
PULPROG 2530
™ 65536
SOLVENT cpclz
NS 8
ps 0
SWR 9615.385 Hz
FIDRES 0.146719 Hz
AQ 3.4¢78720 sec
RG 01.48
oW 2.000 usec
DE 6.50 usec
TE 300.0 K
b1 1.00900000 sec
™0 1

1 =
SFOL 1429712 MHz
NUCL 1H
Pl 13.20 usec
PLWL 13.00000000 w
F2 - Processing parametera
s1 65536
SF 400.1405094 MHz
wWow EM
$SB 0
LB 0.30 Hz
GB 0
PC 1.00

T

e

T
9 8 7 6 5 3 2 1 0 ppm
CEE 3
- aNfle=] | =] =] = g
MO-HOONHANNTWVOM
ONLMMNOGO®OOOAN© 1 m o
0 -~ ~
O~ OVTOOVNNHAI~M e .
LSTILLONNNONNNNN ~~ Y o
NI Z2 N ]
AN )
/ e 5.
N : 9
3l
NO, e
T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S52



NO,

Current Data Parameters
NAME —Mehr
EXPNO

PROCNO 1

£2 - hoquisition Paramsters
Date 202207:

Time
INSTRUM

5 tn PATXI 18/
BULPROG zgpg30
™ 65526
SOLVENT cocl3
ne 2025
s o

29761.904 Nz

DL 1.00000000 sec
1L 0203000000 zac
1

2
\ //

—— CHANMNEL £1 ==
125.9077573 tmz
13C

PLWL 244.00000000 W
3m e iSo0k5L 52

P e

) H

CPDPRG[2 waltzl6

BLWL2
PLWL3

0.08340500 &
0.05657500 W

F2 - Processing parsmeters

s 32768

125.8951513 tmEz
=0

st
wow

seB o
1B 1.00 Bz
G o

ec 1.40

CONNOTOM AR M N IO ©0
NOINNOVIINEVPONO ~
FEMONAHOONR~OVOYOMANN ~
R el o el i ol o AN N Curzent Data Pazsmeters
N $B2-K$-737 4-MeAr
EXPNO 1060
p/ PROCNO 1
8 g g ;i] 'Q m l; N F2 - Acquisition Parameters
0 o = Date_ 20220725
Iq a9 @00, ThE\0/0 10 Time 12.35
INSTRUM spect
& 5 e Ll PR PROBHD 5 mm PATXI 1H/
\ / \/ \ l/ PULPROG 2930
\ / \ / 3m ™ 65536
SOLVENT €pe1s
NS 16
DS o
SwH 10026.738 Hz
NO FIDRES 0.152996 Bz
2 3.2680619 sec
RG 158.27
W 49.867 usec
DE 6.50 usec
TE 303.0 K
= 3 D1 1.00000000 sec
~ I~ . : : TDO 1
.. o o
0 HANNEL f1
T T T T 7.9 7.8 7.7 ppm 2 g g 500. 6794413 MHz
\ / 8.3 8.2 ppm - . 10
=3 o o Ll ~ 6.45 usec
- - « 13.60000038 W
8 N o - -
o - F2 - Procassing parametars
sI 65536
SF 500.6763618 MHz
WDW
SSB o
1B 0.30 Hz
cB o
PC 1.00
B EEENN
8.8 ppm 7.30 ppm
©
=3
8 <
= =]
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
) wlnlofn| | 1 ©
b alv| s =N e &
- o - ©
OV NIV M
THONEH FNOOON Hwo o
PPN 3]
O IY O HO0VLON >
DLIPION OONNNNN ~~w o
ArddAdd ArdAdAH A ~e~ -

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

90 80 70 60 50 40

T
30 20 10 ppm
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w
©~ OCMNMYWAHDANE AN MOWHNNNOOOMIT O M © o
- VI IrNMAMN OO VXID-OITOMNAAO [} r~
- FEREFOOVONDNIITTNNNNNNNNN ] ©
- L A e ol ol o ol Sl ol ol o S R Ll el o o ~ ~
MW—J | | CutyentDitasParaetars
NAME SB2-121-4-Me
EXPNO 910
PROCNO 1
F2 - Acquisition Pazasmeters
Date 20211103
T 15.36
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
65536
SOLVENT €DpCl3
NS 16
DS 2
NHGOFANONND XA SWH 6188.119 Hz
MONNAOANOO~OITNONH BI" FIDRES 0.094423 Hz
CEROLONIINNNNNNNN a0 5.2953086 sec
i5 287
Lol ol ol ol ol o ol o ol o Lt ol o W 80800 usec
DE 6.50 usec
TE 96.2 K
\ D1 1.00000000 sec
DO 1
CHANNEL f]
N® SO0 3n
H PLIW 15.020) w
sFol 300.25p8542 MAz
T T T T T T T T T F2 - Processing pagameters
sI 32768
79 78 7.7 76 75 74 7.3 7.2 ppm SF 300.25B0077 MHz
M
0
gr w"e if jzf %
- o - ) 0
1.00
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
& szd bl ] bar]
- ~lailvlio o
© N HOONS OO0
© mMYaNVAnANOON [ ~
& < o o
I MhEYNAHAOONAHOW i
©w TONNMONOMNONNNNA B\ ~
~ A A A A A A A Ao oo~ -
Cuzrent Data Parameters
o S82-121-4-Ma
EXENG 240
PROCNO 1
F2 - Aequisition Paramaters
Br Date_ 20211022
Time
IneTROM B
PROBHD 5 mm PAEEO BB/
PULEROG 2gpg30
™ 65536
soLveNT epeLs
¥ 2008
\ s
sna 24036461 B2
FIDRES 0.366795 Bz
) 1.3631488 zae
& 201.48
oW 20.500 usec
N o TE 6.50 usec
™ 3
3n o1 2.00000030 580
H D11 ©.02000000 sec
Do 1
RANNEL £1 =
100.6304993 Mtz
5135 usee
52.00000000 W
CHANNEL, £2 mmsmessn
400.1621006 Miz
1K
waltzl6
30.00 usec
3.00000000 W
©0.27963999 u
©0.22651000 W
F2 - Processing parameters
H 32768
SF 100. 6204243 MHz
woW B
ssB o
e 3.00 8z
GB o
rc 1.40
T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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CHNOMNBLANINHAO A M DM =3 o © 1
A ONTNNOOD®OW O™ INW o ® pt B
A0SO ONNAAAA — o« ~ N
L o e N e Ll S S S S 0 © © o
Current Data Parameters
N SB2-KS-736 4MeQ-20H
EXPNO 1030
PROCNO
F2 - Acquisition Parameters
Dat. 20220801
Time 14.29
INSTRUM spect
CONMNLSTMANO MM PROBHD S mm PABBO BB/
X NNOO®Y O™ W PULPRO 2430
COowTITTOANNNH A ™ 65536
SOLVENT cpe13
Dt o o S S ol S S S N 2
DS o
SWH 9615.385 Az
FIDRES ©.146719 Hz
AQ 3.4078720 sec
N02 RG 159.22
CH DW 52.000 usac
3 DE 6.50 usec
-0 TE 300.0 K
L= D1 1.00000000 sec
750 DO 1
@ o
N =sme=== CHANNEL £1 ======s==
\ l/ sro1 400.1629712 MHz
Nuc1 1H
P1 13.20 usec
N (o) T T T T T PLWL 13.00000000 %
H 78 76 74 7.2 ppm F2 - Processing parameters
81
sF 400.1621216 MHz
3 I |8 WOW EM
g ] : ssB [
30 i L A 1B 0.30 Hz
GB 0
BC 1.00
8.2 ppm
~
L
-
M) ‘JL A e A
T T T T T T T T T
9 8 7 6 5 4 2 1 0 ppm
~ ole(=]v o
* ] b ] ] ]
- P e e o
© WO®W MVOIOOWMO
~ HOO TTONHMOT D 0w 0N M o
B R SwwwN ~
- MO CHOONM M NO N -
©w M OO NNNNN A ~~Y o) 00 ®© W 00 0
= Hod Adddddddd ~~ o~ R R R -
Current Dats Parametsrs
NAME SB2-KS-736 4MeQ-20H
EXPNO 1060
BROCNO 1
F2 - Acquisition Parameters
Date 20220301
naTR aps
"PROBHD 5 mm PABBG BB/
PULPROG 290030
NO 5536
2 SOLVENT eoc13
CH ns 2048
3 s o
Shi 24038.961 6z
FroRES 0.366798 Kz
20 13631489 sec
76 201,48
RN o 20,300 vaes
oz 6.50 usac
TE :
D1 1.00000000 sec
D11 9.03000000 zec
00 1
N O 3o S ————
o1 100.6304993 Mz
130
H 9.90 vasc
53,00000000 W
canweL £2 =
400. 1621006 tnz
altzls
90,00 usec
12.00000000 W
0121963595 W
022651000 W
F2 - Processing parameters
s1 32768
sF 100.6208405 2z
0w e
sse )
1.00 1z
o
1.40
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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10.9953
7.7489
7.7454
7.7269
7.7244
7.4590
7.4549
7.4401
7.4369
7.2813
7.2762
7.2644
7.2598
7.2496
7.2303
7.2127
7.2099
7.0269
7.0219
7.0100
7.0050
3.8779
——2:13737
—1.6729
0.0004

%

3 5888 8 R
o Olr=|<t|r o~ o~

m o B PO OMOSMN M
o - O NONMOHOWLMHEOG ™~ o< a -
B 533 a b3
m o T FPHHOXNHNM Y . 3
w n T 0NN MmANNNNAHA ~ ™~ 9 wn =
- o A A A A A A A P I wn ~
Gurrent Data pazamsters
N "Sa2-121-K5- 483
o Toto
PROCNO 1
N Data_ 2021311
: 2026
TNSTRO ipact
PROBED 5 mm PABBO BB/
EoLeROG vt
o ity
\ SOLVENT coc13
NS 204
53 i
o 20030.461 1z

3 2.D0000000 zec
o1L 003000000 zaz
™0 1

1006304993 toiz
13¢

P1 9.90 usec
PLEL 53.00000000 &

== CHANNEL £2 ==
200.1621006
Nocz 18
CPDPRG (2 waltzi6
eCeD2 90,00 usec
PLWZ 13.00000000 W
PLULZ 0.27963999 &
BLUL3 0.22651000 W

F2 - Processing parameters
1 32768

s 100.6204269 iz
ss8 o
13 1.00 Bz
o o
eC 1.40

| | \l 5 L

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

S56



OHMOHOWVIONMH O
AT HTNH OO OO
HaNOOLVWLT IO N
OIS TTOM
00 €O GO 00 00 00 €O GO € 0 0 I~

7.7160
7.7045
7.6995
7.6735
7.6542
7.6525
7.6331
7.5600
7.5550
7.5436

7.5386
7.2598

|

NO,

Br

1.5895

-0.0019

10 9 8 7 6 5 4 3 2 1 0 ppm
ENERIERE
2181818| |=|7|S
P e e e B PN B P
o PO A Ao O
0 VMO~ OSHM®O o
3 o ©
o DT AAODNN®NS W SN v W TR
© TOAMNANNNNNN A ~r~ o
p=1 Ao =~
Gurrent Data Parsmatars
Al Sp2-59-ToNAr
Exp0
Brocio H
P2 - Acquisition Parasster
Date_ 20211207
NO = :
2 e
PRoBAD
POLPROS
o
Sorvenr
\\- ng
o2
24038.461 Nz
PIoREs 798 ke
A 173631488 s0n
RG 1. 4
~N - s
oF 250 uea
% 300.0 X
o1 2.00000000
o11
00
HANNEL f1
1006304393 tmz
e
530 usec
' 5300000000
3'q S ———
seoz '400-1621008
Wuc2 18
CPDPRG (2 waltzlé
Bee0z 50.00 usec
Br oLz 13.00000000 #
PLL2 0127963399
PLWL3 0.22651000 ®
paramatars
e 100. 6204253 1mz
w =
ssa o
i» 1,00 e
)
& 1.40
\‘ . J ] .
T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm
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2599
1.7176
-0.0025

Br

N -
o 10-Z¢ /

© -
©
~
L)
]
=Y
w
N
-

ppm

00
16
29
14
1.05

©W ML N®©®LW WO~

o TOMNO Ao NM ow;wo
P
NAHOMN®WOWTNO R
MMM NNNNNNN -~~~ Q9
A A A A [ i ol

Current Data Parameters

NANE sB3-Ks-46
EXPNO 1010
N FRoco
P2 - Aoquisition Parameters
Date_ 20211021
+7 e
INETRIM spect
N PROBHD 5 mm BATXI 1H/
PuLEROG 2gpg30
| ™ 5336
soLveNT e
fo} Ton
os o
- Br swm 29761.904 £z
PIDRES 0450111 nx
Ao 271010048 zac
7a xS -2z
o 16,500 usec
oE 6.50 usec
=
o1 2.00000000 s8¢
D11 0.03000000 sec
o 1

BL —
125.9077573 MKz
1

3
9.23 usec
PLw1 244.00000000 W

PLWI3 0.05657900 W

P2 - Procassing parameters

E 32768

125.8851539 Mz
EM

sF
won

ssp o
Le 1.00 4z
B o

PC 1.40

USSP VPTRPUUTN | VUSSR UTY WY TTPRIN

T T T T T T T T T T

T T T T T
140 130 120 110 100 920 80 70 60 50 40 30 20 10 ppm
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AN
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x
o

[Te]

EE
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o
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0 ppm
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o
™~
©
™®

2.537

Current Data Parameters
NAME

$B2-103-K$-455

EXPNO 1070
PROCNO 1
F2 - Requisition Parametars
Date_ 20211004
Time 16.37
INSTRUM spect
PROBHD 5 mm QNP 1H/13
i PULPROG 230
axbaa 65536
cooan SOLVENT cpel3
SN NS 16
© ® o~ ~ Ds 2
swi 6188.119 Bz
FIDRES 0.094423 Hz
ag 5.2953086 sec
RG 203
DW 80.800 usec
DE 6.50 usec
5 o TE 299.9 K
ohMmoo D1 1.00000000 sec
5 5 O 0 1
@ © coooco
| | NS~
P1 18.00 usec
PL1 -1.00 dB
PLIW 15.02081871 W
sFol 300.2598542 MHz
F2 - Processing parameters
51 32768
8.1 8.0 ppm SF 300.2580078 Mz
WDW
S8B ]
© B 0.30 Bz
e T q = o
»C 1.00
8.75 ppm
=] m
-
&
N o\ N, I S |
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
=) o (ofe] (@ o ©
< X Nfw N = 2
- ™~ o0~ o « o~
< TONNONDNMO MO
w0 HOASCANA OGS A -H©o o w
. Ao <« <
o ToONAROVTMOM 3 %
© TITOMNANNNNNN A ~ o 10 -
=] R R R R R I R R R R &~ 0 ~
Current Data Parameters
NAME 8B2-103-KS-455
ExpNo
ERocNO 1
F2 - Acquisition Darameters
bata_ 20231008
T
NSTROY spuct
PROBED 5 mm PATXI 1B/
P 2gpq30
\ ] £5526
SoLveNt coc13
NS Toza
o8 s
- s 29761.904 Bz
FIoRES ©.4s4131 Rz
+ 3 171010048 see
N st 107.78
oW 16.800 usec
| o2 550 vace
] 30 X
7d 0' o1 2.00000000 zee
7 oi1 0103000000 a0c
O 00 1
cunnNEL £1 =
125.907757.
13c
923 usec
244.00000600 W
e £2
sroz 5006783527
wucz m
CPDPRG [2
5ce02 30:00 usec
FLz 13.60000038 ®
PLaL2 008840500 @
PLia 0.05657300 w
F2 - Processing parameters
=1 2768
sr 125.9951547 101z
o 4
ssa o
1s 1.00 82
cs o
BC 1.40
T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Br

~ o
@ ©
w
~r~

7.865
7.858
7.850
7.783
7.756
7.752
7.750
7.732
7.726
7.710

£—7.706
Ne

N\
X

7.702
7.683
7.680
7.619
7.611
7.605
7.589

e A N\

/

o

Current Data Parameters
NAME SB2-117-PyAr
9

EXPNO
PROCNO B
F2 - Acquisition Parameters
Date_ 20210921
Time 17.56
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULFROG zg30
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SOLVENT €DCl13

o~ NS 16

o DS 2

1 swH 6188.119 Hz

* FIDRES 0.094423 Hz

™~ Ao 5.2953086 sec
RG 256
oW 80.800 usec
DE 6.50 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1

PL1 §
PL1W 15.02081871 W
SFo1 300.2598542 MHz

F2 - Processing parameters

s1 32768
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Curzent Dats Faramstera
e ErEtt
Py {51
Froqo H
F2 - Acquiatcion Paramsters
Tata 021051
e 15700
Inrmom Spect
PROBHD 5 mm QNP 1H/13
EoirRos aapado
e
AN sorvenT crela
xS 1024
55 1
e 1Dades e
— Fionss : .
..... S
sy vateais
o e
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51z 30 5
siiz 156 &
113 20 &
e 15.02082673
Prazw o/75973008 ©
ped 0133570473 W
Sroz 300. 2552010 e
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S o
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e 140
" " ™ A e PP - J o R PO e R | | )
B g dx . e . ' . et i " ' oy
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160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S62



-
LOLTLTMNHOAINNMNNHONTHOVANHNNNOO®O® - ]
AT HOTOMNMOATNOVANMNMOVAISMN®-HOAN N o
MNSILNNAHNONOEEMONNHDD T TOON D o o
e AAAAH00EOOMOMMOMO®MN © =
WOWO®MOO®POOOOMDOOSISSSSSSSSSSSSS - ]

e

\

8b NO, :

0~ n aowm
N NNm N ~ w00 0 O
S s ok iy
< O ® W0 ~ oo ..
W0 ™ aNNN ~ oY
e R ] ~ o ~r o~
Carant Data Paramstass
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l P e —
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s
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Date_ 20211124
Time
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PROBHD 5 mm PATXI 1R/
N PULPROG 230
D 65536
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NS 16
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8 NO swa 10026.738 Hz
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20 3.2680619 aec
RG 201.78
conoa COmMan WH© oW 49,867 usec
TmoN WM TNN VOO N DE 6.50 usec
> oo o MMM NNNN TE 303.0 K
. N L O EwonT oL 1.00000000 sec
N NV il
L W CHANNEL £
~~oe 500.6754419 MHz
1H
6.45 usec
13.60000038 W
F2 - Processing parameters
SI 65536
SF 500.6763632 MHz
WDW EM
58] 0
LB 0.30 Hz
GB 0
T T T PC 1.00
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o= _ L% 1 %
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Current Data Parameters
e
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P2 - Acquisition Parameters
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= 303.0 K
5 2.00000000 sec
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CHANNEL £1
125.9077573 Mz
13¢

ec

9.23 s
24400000000 W
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st 32766

sF 125.395150¢ MBz
wow b

= o

Ls 1.00 Kz
G o

rC 1.40

B-ks-494 4-3c no gumr daso
280

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100

T
90

T
80

T
70

60

50

40

30 20 10 ©

S64



8.5747
8.5642
7.9288
7.9250
7.9115
7.8621
7.8448
7.6979
7.6958
7.6150
7.5977
7.4570
7.4531
7.4396
7.2598
7.2542
7.2494
7.2475
7.2438

|
|

\

8d

Br

0.0011

T
-0.£

95 90 85 80 75 7.0 6.5 60 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 10 05 0.0
(=3 =140
e = |3 [N
- il =ai [+~
HOHOTVOWMMOMOVNHN NSO (:I o
SISO NVOFON A 00O 0
VONMNOAHAAHOROBMOMNMMNN ]
€0 00 €0 00 00 00 Q0 €0 03 €O [~ I~ I~ I~~~ ™ Current Data Parameters
\ NAME $B2-119-CLNO
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~ o~~~ FIDRES 0.146719
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€2 - Acquisition Paramaters
Date_ 20211116
Time
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Cl 2ULPROS 290930
™
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NMINANANNOVONHHAHO AN AR ® Current Data Parameters
B &0 R W Uk N e¢ $B W G @ mi & a YA @ Ge & & a . NAME SB2-129-PYOM
L e e e AT il o o SRCRCR RN ) EXPNO 910
S SN | Roco 1
Cl F2 - Acquisition Parameters
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W~ Wi PROBHD 5 mm QNP 1H/13
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A aQ 5.2953086 sec
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. T . . S0 ™ ©
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O N 2 4 PL1 -1.00 dB
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.~ \ \// \/ sFo1 300.2598542 MHz
L F2 - Processing parameters
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Curcent Data Parameters
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i

8f I
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A e l
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