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Experimental procedures and data

General Methods. Reactions were performed in a vapourtec R2+/R4 reactor employing a stainless
steel reactor coil (10 mL). All reactions were monitored by GC using n-tetradecane as an internal
standard. Response factors of the products with regard to n-tetradecane were obtained experimentally by
analyzing known quantities of the substances. GC analyses were carried out using a Phenomenex ZB-
5MS column and a time program beginning with 0.5 min at 50 °C followed by 45 °C/min ramp to
320 °C. Column chromatography was performed using a Combi Flash Companion-Chromatography-
System (Isco-Systems) and RediSep packed columns (4 g and 12 g). NMR spectra were obtained on a
Varian 400 MHz NMR system using MeOH-d4 or CDCI;, as solvent, with proton and carbon
resonances at 400 MHz and 101 MHz, respectively. Mass spectral data were acquired on a Micromass
GCT Mass Spectrometer. Melting points were determined with a Mettler FP61 melting point apparatus.

All compounds are commercially available and were used without further purification.

General procedure for the synthesis and characterization of tetraethyl ammonium carboxylate
salts. A 100 mL, two-necked, round-bottomed flask was charged with the carboxylic acid (10.0 mmol)
and methanol (20.0 mL). To this, an aqueous solution of tetraethylammonium hydroxide (35% in H,0O,
4.11 mL, 10.0 mmol) was added dropwise. After complete addition, the reaction mixture was stirred for
another 1 h at room temperature. The volatiles were removed in vacuo using a water bath temperature of
60 °C. The resulting solid was triturated with tert-butylmethyl ether (25 mL) and ethyl acetate (25 mL)
and dried at 10 mbar to provide the corresponding tetraethyl ammonium carboxylate salts 78-99% yield.

Tetraethyl ammonium 2-nitrobenzoate (5a). Compound 5a was prepared from 2-nitrobenzoic acid
(1.76 g, 10.0 mmol) yielding 5a as a white solid (3.00 g, 95%). *H NMR (400 MHz, METHANOL-d4)
& =1.25 (tt, J=7.18, 1.61 Hz, 12 H), 3.26 (q, J=7.29 Hz, 8 H), 7.43 - 7.51 (m, 1 H), 7.55 - 7.68 (m, 2 H),
7.86 (d, J=8.20 Hz, 1 H) ppm. *C NMR (101 MHz, METHANOL-d4) § = 7.73, 53.34, 124.52, 129.67,

129.81, 134.28, 138.66, 148.32, 173.31 ppm.
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Tetraethyl ammonium benzothiophene-2-carboxylate (5b). Compound 5b was prepared from
benzothiophene-2-carboxylic acid (1.78 g, 10.00 mmol) yielding 5b as an off-white solid (3.39 g, 99%).
'H NMR (400 MHz, METHANOL-d4) & = 1.18 (tt, J=7.27, 1.90 Hz, 12 H), 3.16 (q, J=7.22 Hz, 8 H),
7.32 - 7.39 (m, 2 H), 7.79 (s, 1 H), 7.83 (td, J=3.47, 2.44 Hz, 2 H) ppm. **C NMR (101 MHz,
METHANOL-d4) 6 = 7.65, 53.31, 123.64, 125.51, 125.84, 126.64, 127.23, 141.34, 142.90, 145.58,
169.75 ppm.

Tetraethyl ammonium 4,5-dimethoxy-2-nitrobenzoate (5e). Compound 5e was prepared from 4,5-
dimethoxy-2-nitrobenzoic acid (2.27 g, 10.0 mmol) yielding 5e as a yellow solid (3.05 g, 86%). ‘H
NMR (400 MHz, METHANOL-d4) & = 1.34 (tt, J=7.30, 1.78 Hz, 12 H), 3.30 - 3.39 (m, 8 H), 3.95 (s, 3
H), 3.99 (s, 3 H), 7.08 (s, 1 H), 7.59 (s, 1 H) ppm. *C NMR (101 MHz, METHANOL-d4) & = 7.72,
53.41, 56.99, 57.01, 108.10, 111.29, 126.46, 129.37, 130.08, 133.76, 139.92, 149.53, 154.82, 173.98

ppm.

Tetraethyl ammonium 2-methylsulphonylbenzoate (5g). Compound 5g was prepared from 2-
methylsulphonylbenzoic acid (1.00 g, 5.00 mmol) yielding 5g as an off-white solid (1.29 g, 78%). ‘H
NMR (400 MHz, METHANOL-d4) & = 1.32 (tt, J=7.27, 1.90 Hz, 12 H), 3.29 - 3.38 (m, 8 H), 3.43 (s, 3
H), 7.52 - 7.58 (m, 1 H), 7.62 (dd, J=7.61, 1.37 Hz, 1 H), 7.70 (td, J=7.47, 1.27 Hz, 1 H) 8.00 (dd,
J=7.91, 0.88 Hz, 1 H) ppm. *C NMR (101 MHz, METHANOL-d4) & = 7.73, 45.10, 53.40, 128.96,
129.57, 129.65, 134.78, 137.73, 144.48, 175.14 ppm.

Tetraethyl ammonium 2,4-dimethylthiazole-5-carboxylate (5h). Compound 5h was prepared
from 2,4-dimethylthiazole-5-carboxylic acid (1.57 g, 10.00 mmol) yielding 5h as an off-white solid
(2.32 g, 81%). *H NMR (400 MHz, METHANOL-d4) & = 1.32 (tt, J=7.27, 1.90 Hz, 12 H), 2.62 (s, 3
H), 2.63 (s, 3 H), 3.20 - 3.42 (m, 8 H) ppm. **C NMR (101 MHz, METHANOL-d4) & = 7.73, 16.65,
18.85, 53.41, 133.29, 154.25, 167.61, 169.13 ppm.

Tetraethyl ammonium benzofuran-2-carboxylate (5i). Compound 5i was prepared from

benzofuran-2-carboxylic acid (1.62 g, 10.00 mmol) yielding 5i as an off-white solid (3.29 g, 99%). *H
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NMR (400 MHz, METHANOL-d4) & = 1.19 (tt, J=7.30, 1.88 Hz, 12 H), 3.17 (q, J=7.29 Hz, 8 H) 7.20 -
7.29 (m, 2 H), 7.32 - 7.39 (m, 1 H), 7.53 (dd, J=8.30, 0.68 Hz, 1 H), 7.64 (d, J=7.81 Hz, 1 H) ppm. *C
NMR (101 MHz, METHANOL-d4) & = 7.65, 53.31, 110.20, 112.78, 123.34, 124.29, 127.02, 129.60,
154.15, 156.30, 166.73ppm.

Tetraethyl ammonium 5-methoxy-2-nitrobenzoate (5k). Compound 5k was prepared from 5-
methoxy-2-nitrobenzoic acid (1.97 g, 10.0 mmol) yielding 5k as a yellow solid (3.11 g, 95%). *H NMR
(400 MHz, METHANOL-d4) & = 1.31 (tt, J=7.27, 1.81 Hz, 12 H), 3.32 (g, J=7.35 Hz, 8 H), 3.93 (s, 3
H), 6.94 - 7.06 (m, 2 H), 8.02 (d, J=9.76 Hz, 1 H) ppm. *C NMR (101 MHz, METHANOL-d4) & =
7.74,53.40, 56.76, 113.97, 114.10, 127.36, 140.20, 142.17, 165.21, 173.70 ppm.

Tetraethyl ammonium 4-methylbenzoylformate (5n). Compound 5n was prepared from
4-methylbenzoylformic acid (1.64 g, 10.00 mmol) yielding 5n as a pale yellow solid (2.51 g, 86%). *H
NMR (400 MHz, METHANOL-d4) 6 = 1.30 (tt, J=7.27, 1.90 Hz, 12 H), 2.46 (s, 3 H), 3.30 (q, J=7.35
Hz, 8 H), 7.34 - 7.42 (m, 2 H), 7.89 - 7.97 (m, 2 H) ppm. *C NMR (101 MHz, METHANOL-d4) & =

7.72,21.88, 53.36, 130.52, 130.82, 132.70, 146.09, 173.90, 197.01 ppm.

General procedure for decarboxylative cross-coupling reactions in a flow reactor (Table 2). The
carboxylic acid (0.48 mmol) and potassium tert-butoxide (0.48 mmol, 56.1mg) or the
tetraethylammonium carboxylate (0.48 mmol), CuNOs(phen)(PPhz), (0.02 mmol, 18.7 mg) and
palladium acetate (0.008 mmol, 1.8 mg) are weighed in a screw-cap vial directly prior to the experiment
(in the presence of KO'Bu the mixture of solids changes colour upon standing). A solution of triflate
(0.40 mmol) in 2 mL of anhydrous NMP is added and the resulting suspension sonicated until complete
dissolution of all material is observed. This mixture is subjected to a 2 mL sample loop on the vapourtec
R2+ unit via syringe preceeded by a small (1 cm) air bubble to avoid dispersion. A single flow channel
was used to deliver either the system solvent or the reaction mixture via a selection valve directly to the
reactor. At a reactor temperature of 170 °C, the sample loop is emptied at a flow-rate of 0.167 mL/min

(60 min residence time) using fresh, commercial (Aldrich), anhydrous NMP from the solvent reservoir
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(it is not recommended to use commercial NMP that has been open to air for an extended period of
time, as it is hygroscopic and high amounts of water will lead to increased protodecarboxylation and a
decrease in yield). After 60 min the collection of reactor output is started for approximately 30 min
(5 mL dark brown solution).

Work-up: The solution is collected into a beaker containing 50mL 2N HCI and 50 mL
dichloromethane. While collecting the two phases are stirred vigorously. After collection is complete
the mixture is stirred for further 30 min. After the phases have separated, the bottom organic layer is
pumped at a flow-rate of 2 mL/min through an Omnifit column filled with 1 g of Arbocel and 10 g of
silica gel. After all the material has been passed through the column, pure dichloromethane is pumped
through the purification unit until TLC indicates that all material has been washed off. This solution is
transferred into a 250 mL separating funnel and washed with aqueous bicarbonate solution (25 mL) and
brine (25 mL), dried over magnesium sulfate, filtered and the volatiles evaporated in vacuo. The residue

is purified by column chromatography (heptane:ethyl acetate / 4:1) to afford the products.

Synthesis of 4’-methyl-2-nitrobiphenyl under continuous flow conditions. A solution of
tetraethylammonium 2-nitrobenzoate (12.0 mmol, 3.56 g), 4-tolyl triflate (10.0 mmol, 2.40 g),
CuNOg(phen)(PPhs), (0.5 mmol, 468 mg) and palladium acetate (0.2 mmol, 45.0 mg) in anhydrous
NMP (50 mL) is aspirated through a single flow channel and pumped through the reactor coil at 170 °C
for 6 h. The collected reaction mixture is transferred to a separating funnel and diluted with 250 mL
ethyl acetate, extracted twice with 2 N HCI (250 mL), aqueous bicarbonate solution (250 mL) and brine
(100 mL). The organic layer is dried (MgSQ,), filtered and the volatiles evaporated in vacuo. The
residue is purified by column chromatography (heptane:ethyl acetate / 4:1) to afford 4’-methyl-2-
nitrobiphenyl as a yellow oil (1.20 g, 56%).

Synthesis of 4’-methyl-2-nitrobiphenyl (3aa). Compound 3aa was prepared either from
2-nitrobenzoic acid (0.48 mmol, 84.4 mg), potassium tert-butoxide (0.48 mmol, 56.1 mg) or tetraethyl

ammonium 2-nitrobenzoate (0.48 mmol, 151 mg) and 4-methylphenyl triflate (0.40mmol, 99.1 mg)
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yielding 3aa as a yellow oil (60.5 mg, 71%). The spectroscopic data (NMR, GC-MS) matched those
reported in the literature for 4’-methyl-2-nitrobiphenyl [CAS: 70680-21-6].

Synthesis of 2-(4’-methylphenyl)-benzothiophene (3ba). Compound 3ba was prepared from
tetraethyl ammonium benzothiophene-2-carboxylate (0.48 mmol, 148 mg) and 4-methylphenyl triflate
(0.40 mmol, 99.1 mg) vyielding 3ba as a white solid (62.8 mg, 70%, m.p. 169-170 °C). The
spectroscopic data (NMR, GC-MS) matched those reported in the literature for 2-(4’-methylphenyl)-
benzothiophene [CAS: 25664-47-5].

Synthesis of 4’-methyl-5-fluoro-2-nitrobiphenyl (3ca). Compound 3ca was prepared from 5-

fluoro-2-nitrobenzoic acid (0.48 mmol, 88.9 mg), potassium tert-butoxide (0.48 mmol, 56.1 mg) and 4-
methylphenyl triflate (0.40mmol, 99.1 mg) yielding 3ca as a yellow solid (43.2 mg, 46%, m.p. 59-
61 °C). This compound is unknown.
'H NMR (400 MHz, CHLOROFORM-D) & ppm 7.94 (dd, J=8.9, 5.1 Hz, 1 H) 7.22 - 7.31 (m, 4 H) 7.14
- 7.21 (m, 2 H) 2.45 (s, 3 H). *C NMR (101 MHz, CHLOROFORM-D) & ppm 163.8 (d, J=255.2 Hz),
145.3, 139.5 (d, J=9.25 Hz), 138.7, 133.5, 129.5, 127.5, 126.8 (d, J=10.2 Hz), 118.7, 114.8 (d, J=23.1
Hz), 21.2. Anal. Calcd. for Ci3H10FNOy: C, 67.5; H, 4.4; N, 6.1. Found: C, 67.1; H, 4.3; N, 6.2. MS
(TOF Cl+): m/z = 249 ([M-NH,").

Synthesis of 4’ ,5-dimethyl-2-nitrobiphenyl (3da). Compound 3da was prepared from 5-methyl-
2-nitrobenzoic acid (0.48 mmol, 87.0 mg), potassium tert-butoxide (0.48 mmol, 56.1 mg) and 4-
methylphenyl triflate (0.40mmol, 99.1 mg) vyielding 3da as a yellow oil (65.5mg, 72%). The
spectroscopic data (NMR, GC-MS) matched those reported in the literature for 4’,5-dimethyl-2-
nitrobiphenyl [CAS: 70689-98-4].

Synthesis of 4’-methyl-4,5-dimethoxy-2-nitrobiphenyl (3ea). Compound 3ea was prepared from
tetraethyl ammonium 4,5-dimethoxy-2-nitrobenzoate (0.48 mmol, 171 mg) and 4-methylphenyl triflate
(0.40mmol, 99.1 mg) yielding 3ea as a yellow solid (71.1 mg, 65%, m.p. 107-109 °C). This compound

is unknown.
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'H NMR (400 MHz, CHLOROFORM-D) & ppm 7.52 (s, 1 H) 7.16 - 7.24 (m, 4 H) 6.77 (s, 1 H) 3.97 (s,
3 H) 3.94 (s, 3 H) 2.40 (s, 3 H). *C NMR (101 MHz, CHLOROFORM-D) & ppm 152.1, 147.8, 141.1,
137.7, 135.3, 131.3, 129.2, 127.8, 113.6, 107.7, 56.4, 56.4, 21.2. Anal. Calcd. for C;5H15NO4: C, 65.9;
H, 5.5; N, 5.1. Found: C, 66.2; H, 5.7; N, 5.2. MS (TOF CI+): m/z = 291 ([M-NH4']), 274 ([M-H*)).

Synthesis of 4’-methyl-2,3,4,5,6-pentafluorobiphenyl (3fa). Compound 3fa was prepared from
pentafluorobenzoic acid (0.48 mmol, 102 mg), potassium tert-butoxide (0.48 mmol, 56.1 mg) and 4-
methylphenyl triflate (0.40mmol, 99.1 mg) yielding 3fa as a white solid (43.4 mg, 42%, m.p. 117-
118 °C). The spectroscopic data (NMR, GC-MS) matched those reported in the literature for 4’-methyl-
2,3,4,5,6-pentafluorobiphenyl [CAS: 14621-04-6].

Synthesis of 4’-methyl-2-methylsulphonylbiphenyl (3ga). Compound 3ga was prepared either
from 2-methylsulphonylbenzoic acid (0.48 mmol, 96.1 mg), potassium tert-butoxide (0.48 mmol,
56.1 mg) or tetraethyl ammonium 2-methylsulphonylbenzoate (0.48 mmol, 158 mg) and 4-
methylphenyl triflate (0.40 mmol, 99.1 mg) yielding 3ga as a white solid (36.5 mg, 37% or 39.4 mg,
40%, m.p. 128-130 °C). The spectroscopic data (NMR, GC-MS) matched those reported in the literature
for 4’-methyl-2-methylsulphonylbiphenyl [CAS: 632339-04-9].

Synthesis of 5-(4’-methylphenyl)-2,4-dimethyl-1,3-thiazole (3ha). Compound 3ha was prepared
either from 2,4-dimethylthiazole-5-carboxylic acid (0.48 mmol, 75.5mg), potassium tert-butoxide
(0.48 mmol, 56.1 mg) or tetraethyl ammonium 2,4-dimethylthiazole-5-carboxylate (0.48 mmol, 138 mg)
and 4-methylphenyl triflate (0.40 mmol, 99.1 mg) yielding 3ha as a colorless oil (43.1 mg, 53% or
48.8 mg, 60%). The spectroscopic data (NMR, GC-MS) matched those reported in the literature for 5-
(4’-methylphenyl)-2,4-dimethyl-1,3-thiazole [CAS: 1227469-89-7].

Synthesis of 2-(4’-methylphenyl)-benzofuran (3ia). Compound 3ia was prepared from tetraethyl
ammonium benzofuran-2-carboxylate (0.48 mmol, 140 mg) and 4-methylphenyl triflate (0.40 mmol,
99.1 mg) yielding 3ia as a white solid (50.0 mg, 60%, m.p. 125-126 °C). The spectroscopic data (NMR,
GC-MS) matched those reported in the literature for 2-(4’-methylphenyl)-benzofuran [CAS: 25664-48-
6].
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Synthesis of 2-(4’-methylphenyl)-3-methyl-benzofuran (3ja). Compound 3ja was prepared from
3-methylbenzofuran-2-carboxylic acid (0.48 mmol, 84.6 mg), potassium tert-butoxide (0.48 mmol,
56.1 mg) and 4-methylphenyl triflate (0.40 mmol, 99.1 mg) yielding 3ja as a white solid (59.6 mg, 67%,
m.p. 60-62 °C). The spectroscopic data (NMR, GC-MS) matched those reported in the literature for 2-
(4’-methylphenyl)-3-methyl-benzofuran [CAS: 204908-14-5].

Synthesis of 4’-methyl-5-methoxy-2-nitrobiphenyl (3ka). Compound 3ka was prepared either
from 5-methoxy-2-nitrobenzoic acid (0.48 mmol, 94.6 mg), potassium tert-butoxide (0.48 mmol,
56.1 mg) or tetraethyl ammonium 5-methoxy-2-nitrobenzoate (0.48 mmol, 157 mg) and 4-methylphenyl
triflate (0.40mmol, 99.1 mg) yielding 3ka as a yellow oil (69.0 mg, 71% or 70.1 mg, 72%). The
spectroscopic data (NMR, GC-MS) matched those reported in the literature for 4’-methyl-5-methoxy-2-
nitrobiphenyl [CAS: 1071850-24-2].

Synthesis of 2-(4’-methylphenyl)-3-methyl-benzothiophene (3la). Compound 3la was prepared

from 3-methylbenzothiophene-2-carboxylic acid (0.48 mmol, 92.3 mg), potassium tert-butoxide
(0.48 mmol, 56.1 mg) and 4-methylphenyl triflate (0.40 mmol, 99.1 mg) yielding 3la as a white solid
(78.2 mg, 82%, m.p. 81-82 °C). This compound is unknown.
'H NMR (400 MHz, CHLOROFORM-D) & ppm 7.83 (d, J=7.8 Hz, 1 H) 7.72 (d, J=8.2 Hz, 1 H) 7.45 (t,
J=7.4 Hz, 2 H) 7.40 (d, J=7.0 Hz, 1 H) 7.34 (t, J=7.0 Hz, 1 H) 7.28 (d, J=7.8 Hz, 2 H) 2.47 (s, 3 H) 2.43
(s, 3 H). *C NMR (101 MHz, CHLOROFORM-D) & ppm 141.3 (s) 138.8 (s) 138.1 (s) 137.7 (s) 131.8
(s) 129.5 (s) 129.2 (s) 127.0 (s) 124.1 (s) 124.1 (s) 122.1 (s) 122.0 (s) 21.3 (s) 12.6 (s). Anal. Calcd. for
Ci6H14S: C, 80.6; H, 5.9; S, 13.5. Found: C, 80.9; H, 5.8; N, 13.2. MS (TOF CI+): m/z = 239 ([M-H"]).

Synthesis of 2-nitrobiphenyl (3ab). Compound 3ab was prepared from 2-nitrobenzoic acid
(84.4mg, 0.48 mmol), potassium tert-butoxide (56.1mg, 0.48 mmol) and phenyl
trifluoromethanesulfonate (90.5 mg, 0.40 mmol) yielding 3ab as a yellow oil (49.4 mg, 62%). The
spectroscopic data (NMR, GC-MS) matched those reported in the literature for 2-nitrobiphenyl [CAS:

86-00-0].
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Synthesis of 2-(2-nitrophenyl)naphthalene (3ac). Compound 3ac was prepared from 2-
nitrobenzoic acid (84.4 mg, 0.48 mmol), potassium tert-butoxide (56.1 mg, 0.48 mmol) and 2-naphthyl
trifluoromethanesulfonate (111 mg, 0.40 mmol) yielding 3ac as a yellow solid (72.8 mg, 73%, m.p. 98-
100 °C). The spectroscopic data (NMR, GC-MS) matched those reported in the literature for 2-(2-
nitrophenyl)naphthalene [CAS: 94064-83-2].

Synthesis of 4-acyl-2’-nitrobiphenyl (3ad). Compound 3ad was prepared from 2-nitrobenzoic acid
(0.48 mmol, 84.4mg), potassium tert-butoxide (0.48 mmol, 56.1mg) and 4-acylphenyl
trifluoromethanesulfonate (0.40 mmol, 107 mg) yielding 3ad as a yellow solid (52.1 mg, 54%, m.p.
100-102 °C). The spectroscopic data (NMR, GC-MS) matched those reported in the literature for 4-
acyl-2’-nitrobiphenyl [CAS: 5730-96-1].

Synthesis of 4,4’-dimethylbenzophenone (3na). Compound 3na was prepared from tetraethyl
ammonium 4-methylbenzoylformate (0.48 mmol, 141 mg) and 4-methylphenyl
trifluoromethanesulfonate (0.40 mmol, 99.1 mg) yielding 3na as a light yellow solid (12.6 mg, 15%,
m.p. 67-68 °C). The spectroscopic data (NMR, GC-MS) matched those reported in the literature for

4,4’-dimethylbenzophenone [CAS: 611-97-2].
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tetraethyl ammonium 2-nitrobenzoate (4a)

1H NMR (400 MHz, METHANOL-D4) § ppm 7.77 (d, J=8.2 Hz, 1 H) 7.47 - 7.57 (m, 2 H) 7.38 (t, J=7.6 Hz, 1 H) 3.17 (q, J=7.3 Hz, 8 H) 1.12 -

1.21 (m, 12 H)
MVQ‘O
1.16—‘
o CH3CH3 M’_‘OI
(]
. Hsc\/N~> 318+
0
T‘¢ HaC
I8
1.18+
1.18+
r1.15
Melha}nol-d4
[
3.20
V\QS ’—3.15 ‘
M02
Mo04 ~
~ 7.52
7.547-7.50
7.56|-7.48 ‘
7.76—‘ 7.40 |
7.78—‘ ”17,33 [
’—7.36 “
A J “‘ )
0.9 0.9 8.2 121
H ol H
R L e R R R R R AR R R R R R R
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

13C NMR (101 MHz, METHANOL-D4) § ppm 173.2 (s) 148.2 (s) 138.5 () 134.1 (s) 129.7 (s) 129.5 (s) 124.4 () 53.3 () 53.2 () 53.2 (5) 7.6 (5)

Methqnol-dA MO0
. <CH3CH3 7.58
0 »-c;,c\/r\f>J

.20
v HaC
It

Mo5

Mo3

M06  MO4

129.52

134.134 MO1

53.194
M02
124.38
M08 Mo7
173161 138.51
148.17
L o e L L e L e e L
200 180 160 140 120 100 80 60 40 20
Chemical Shift (ppm)

S10



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

tetraethyl ammonium benzothiophene-2-carboxylate (4b)

1H NMR (400 MHz, METHANOL-D4) § ppm 7.72 - 7.76 (m, 2 H) 7.70 (s, 1 H) 7.24 - 7.30 (m, 2 H) 3.07 (q, J=7.2 Hz, 8 H) 1.09 (it, J=7.3, 1.9
Hz, 12 H)

Methanol-d4
[ o

\ CHay
— O.H3C\/N+
s H3C>
MoL
3.06
3.077—‘ Moo
1.09
1.10+
|
1.08
1.11
M 112 108
mos 3,09 -3.04
773770 " )
774 927}
7744 7289-7.26
7.759 7.26
7.76
AJ
0.9 1.9 8.2 12.2
1 5]
T T T [ T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05

Chemical Shift (ppm)

13C NMR (101 MHz, METHANOL-D4) § ppm 169.6 (s) 145.4 (s) 142.8 (s) 141.2 (s) 127.1 (s) 126.5 (s) 125.7 (s) 125.4 (s) 123.5 (s) 53.2 (s) 53.2
(s) 53.1(s) 7.5 ()

Methqnol-d4
c\) CHgpy
o +
S H3C\/N>
s HaC
MO5
M08 MO0
Mo4 7.49+
Mo6
Mo7 Mo1
125.36—‘ MO02
Mo3
53.16—‘
M09
! ’—123.49
MIlO
125.70
M11
Mi12 i 126.49+)
159]50_‘ 141'19—\ 127.08—‘
142.75—‘
145.44—‘
"
LA . e e e |
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

S11



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

tetraethyl ammonium 4,5-dimethoxy-2-nitrobenzoate (4e)

1H NMR (400 MHz, METHANOL-D4) § ppm 7.49 (s, 1 H) 6.99 (s, 1 H) 3.89 (s, 3 H) 3.85 (s, 3 H) 3.25 (q, J=7.2 Hz, 8 H) 1.24 (t, J=5.5 Hz, 12

H)
Moo
1.24
o < °°°°° N q
— e N‘J
"’C\Dm NC>
L Mo1
M03 B
" 326
Mo2 324
3'89—‘F3'85
1.25
r1.23
3284 ..,
Mo5 M04 r |
7499 6994
Melha}nol-d4 I
|
i
) i )| / )
0.9 0.9 2.9 8.3 11.8
= =] =
T T T T T
3.0 25 2.0 15 1.0 0.5 0 -05

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35
Chemical Shift (ppm)

13C NMR (101 MHz, METHANOL-D4) § ppm 173.6 (s) 154.6 (s) 149.4 (s) 139.9 (s) 133.6 (s) 111.2 (s) 107.9 (s) 56.9 (s) 56.9 (s) 53.3 (s) 53.2
(s) 53.2(s) 7.6 ()

Methanol-d4
\

MO0

o < ’JCH;
e I:\Hko Hjcvw‘> 7.58—;
N:C\D N%O Hac
M01
MIOZ
Mo3
Mo4
MO05
53.25—‘

M06
MO7

' 56.90-
111.207 107.94

M11M10
149.39 M09 M08
M12 1 o

173‘51_‘ 154.61—‘

WWMMMMMMMWWWMMWWMWWWMMWMM N O A A

T o L A L o A L o B L L B B o L L L B B B B o B AL AL AR R
0

200 180 160 140 120 100 80 60 40 20
Chemical Shift (ppm)

S12



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

tetraethyl ammonium 2-methylsulphonylbenzoate (49)

1H NMR (400 MHz, METHANOL-D4) § ppm 7.91 (dd, J=7.9, 0.9 Hz, 1 H) 7.61 (td, J=7.5, 1.3 Hz, 1 H) 7.51 - 7.54 (m, 1 H) 7.46 (td, J=7.6, 1.6
Hz, 1 H) 3.34 (s, 3 H) 3.21 - 3.28 (m, 8 H) 1.23 (tt, J=7.3, 1.9 Hz, 12 H)

Mo1
Mo2
o <J3 3.34—‘
N oo N
/ )
D//\cHa €
r3.28
-3.27
3.25
%3,23 Moo
1.23
1241
MO5 1.25+-1.22
1.26
Mo3 Methanol-da 2t
M94 r3.22
08 0.90.9 8.3 11.7
U dud
T o e e e
6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0 -0.5

Chemical Shift (ppm)

13C NMR (101 MHz, METHANOL-D4) § ppm 175.0 (s) 144.3 (s) 137.6 (s) 134.6 (s) 129.5 (s) 129.4 (s) 128.8 (s) 53.3 (s) 53.2 (s) 53.2 (s) 44.9
(5)7.6(s)

R oo oy Methanol-d4 Moo
< J 7,581
OO HSC\/N‘
MO5
Y/ h
S/\ Hae M09 MO7
o 00 M
MO8 M06
o PoM;
129.50
134.63 129.42
[128.81 M2
Mo3
Mo4
53.25-)
Mo1
137,58 441057
M11
i 144334
17499+ M

e L B o A B o L B e o L B e S sy e e
200 180 160 140 120 100 80 20
Chemical Shift (ppm)
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tetraethyl ammonium 2,4-dimethylthiazole-5-carboxylate (4h)

1H NMR (400 MHz, METHANOL-D4) § ppm 3.23 (4, J=7.2 Hz, 8 H) 2.54 (s, 3 H) 2.53 (s, 3 H) 1.23 (tt, J=7.3, 1.9 Hz, 12 H)

M92
Mo1
o b
\ <CH;CH3 2'54T2'53
s O. H3C\/N+ M’9‘3
H3C"<\ \ HaC 3.22
N cHy 3.244 MO0
1.23—‘
1.23
Methgnol-d4
1.244
1.25+1.21
’—1.20
3.26
Hrs20
| |
- | A L I
8.2 2.8 11.8
U o)
R L R AR AR R R R RS R
35 3.0 25 2.0 1.5 1.0 0.5 0 -0.5

7.0 6.5 6.0 55 5.0 4.5 4.0

7.5
Chemical Shift (ppm)

13C NMR (101 MHz, METHANOL-D4) 5 ppm 169.0 (s) 167.5 (s) 154.1 () 133.1 (s) 53.3 (s) 53.3 (s) 53.2 (s) 18.7 (5) 16.5 () 7.6 (5)

o Metha‘nol-dél
Lz,
s o ch\/m+
ch‘/<\ \ H3C
N CHg
M0O
7.58

M03

Mo4
M05 Mo1
53.26- M02

16.50
MO8 18,70—‘—‘
M09
167.46 MO7
' MO06
154.10 h
168.98+) 13314
i - L | \ ) U
l
T o L A L o A L o B L L B B o L L L B B B B o B AL AL AR R
200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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tetraethyl ammonium benzofuran-2-carboxylate (4i)

1H NMR (400 MHz, METHANOL-D4) § ppm 7.55 (d, J=7.8 Hz, 1 H) 7.41 - 7.46 (m, 1 H) 7.26 (d, J=1.2 Hz, 1 H) 7.12 - 7.19 (m, 2 H) 3.08 (q,
J=7.3 Hz, 8 H) 1.10 (tt, J=7.3, 1.9 Hz, 12 H)

Melhgnol-d4

\ e,
o +
H3C. N
— ENS >
o

HaC

Mot
3,07—‘ Moo
8097 1.10
o9
|
Mo4 MO2
1 1.1149-1.08
MOS MO3 | 1.12-1.07
7.26 3.06 i
7.43 (7711% saq
7'45—‘ 716
754 :
7.56——“—‘ r7.14
L
09 18 8.2 12.2
5] H
L L L L [
6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0
Chemical Shift (ppm)

-0.5
13C NMR (101 MHz, METHANOL-D4) § ppm 166.6 (s) 156.2 (s) 154.0 (s) 129.5 (s) 126.9 (s) 124.1 (s) 123.2 (s) 112.6 (s) 110.0 (s) 53.2 (s) 53.2
(s) 53.1(s) 7.5 ()

Methanol-d4
CHpg
— o HaC N MIOO
L ol 7.50
M1
M3
M06
M09M0‘7 Mp4 "
I MOS 53.13

M08 i

' -12B10905

124.14 112,63

126.871
M10
M11 129.454
M12 154.00
166,58 156157
|
! ! I
e L B o A B o L B e o L B e S sy e e
200 180 160 140 120 100 80 60
Chemical Shift (ppm)

20

S15



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

tetraethyl ammonium 5-methoxy-2-nitrobenzoate (4k)

1H NMR (400 MHz, METHANOL-D4) § ppm 7.93 (d, J=9.8 Hz, 1 H) 6.88 - 6.94 (m, 2 H) 3.84 (s, 3 H) 3.23 (g, J=7.4 Hz, 8 H) 1.22 (t, J=7.3, 1.8

Hz, 12 H)
Mo2
3.84+
e .
e o e A s.24, Moo
o > 322 1.22
| * 1
° 122
1.234
1.24-
r1.20
a6 321
M4
7.92—‘ Melhgnol-d4
7.944
1 N
(¥
. AW
0.9 19 29 8.4 11.9
d o o
L L L L L [
6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5

7.5
Chemical Shift (ppm)

13C NMR (101 MHz, METHANOL-D4) & ppm 173.5 (s) 165.1 (s) 142.0 (s) 140.1 (s) 127.2 (s) 114.0 (s) 113.8 () 56.6 (s) 53.3 () 53.2 (s) 53.2

(s) 7.6 (s)
Moo
7.59
I
\ka ~~ > Methanol-d4
s W !
| .
Mo1
M5 M2
M6 Mo3
11395+ Mo4
53.28
56.61
Mo7 !
127.21
M09
M8
140.05
M1l M10 142,02
173.56 [ 165.06
¥ ! "
i B B LA A AL s o e
200 180 160 140 120 100 80 60 40 20
Chemical Shift (ppm)
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tetraethyl ammonium 4-methylbenzoylformate (4n)

1H NMR (400 MHz, METHANOL-D4) § ppm 7.82 - 7.86 (m, 2 H) 7.29 (d, J=8.0 Hz, 2 H) 3.21 (q, J=7.4 Hz, 8 H) 2.37 (s, 3 H) 1.21 (tt, J=7.3, 1.9
Hz, 12 H)

M’_‘OZ M’_‘OO
o o 3.209 121
e,
1.20
(.J r
o HaC N
HaC MO1
2,37—‘
H3C
1.22
1234 119
119
Mo4 324319
Methanol-d4
7.83 7.83 !
785 " Mo3
7,30—”,7.28
J ‘
M il
1.9 1.9 8.3 3.0 11.9

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (101 MHz, METHANOL-D4) § ppm 196.9 (s) 173.7 (s) 145.9 (s) 132.5 (s) 130.7 (s) 130.4 (s) 53.2 (s) 53.2 (5) 53.2 (s) 21.7 (5) 7.6 (5)

Mo6
\_/ o
CHtH
{e vor
o H3C\/N> 13037
HaC
HaC
Moo
757
M02 !
Mo3
Mo4
130.674 Methqnol-dA MOL
53.18 '
2173
Mo8
145.944
M10 Mp9 13255
196.86 178.759
L L
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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4’-methyl-2-nitrobiphenyl (3aa)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.85 (d, J=8.2 Hz, 1 H) 7.63 (td, J=7.6, 1.2 Hz, 1 H) 7.44 - 7.51 (m, 2 H) 7.23 - 7.29 (m, 4 H)

2.43 (5,3 H)
M0Oo

2.43 o
) /
i

M02MO1
HeVe
7.26
M3
7.284
7.46+
7.46
M047-48-
"~ 7.48+
7.50-
7.514
7.61
7.61
7.62
7.63
7.64
7.65
7.84

7.86——“
[124
N

3.1

0.9 1.02.0 4.0
4 dd d
T T T [ T T T T T
4.5 4.0 35 3.0 2.5 2.0 15 1.0 -0.5

8.0 7.5 7.0 6.5 6.0 55 5.0
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 149.4 (s) 138.1 (s) 136.3 (s) 134.4 (s) 132.1 (s) 131.9 (s) 129.4 (s) 127.9 (s) 127.7 (s) 123.9 (s)

21.2 (s)
MO5
M06 o
MO8 MO2 O:N/
MO7 M3
OO
127.75

Chlorqform-d

129.39—‘

131.90—‘

MIOl

134.39 y'123-94 MO0
136.27 '

138.12—‘ 21.19—‘

132.09
M10 —‘

149.43—‘

=

B e LA e e L L e L e e
40 20 0

160 140 120 100 80 60
Chemical Shift (ppm)

200 180
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2-(4’-methylphenyl)-benzothiophene (3ba)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.72 (d, J=7.8 Hz, 1 H) 7.66 (d, J=7.8 Hz, 1 H) 7.52 (d, J=8.2 Hz, 2 H) 7.39 - 7.43 (m, 1 H) 7.18 -
7.28 (M, 2 H) 7.14 (d, J=8.2 Hz, 2 H) 2.30 (s, 3 H)
M’_(‘)O
2.30—‘

MO04  MO2
m
M03 MO1
R
M6 Chloroform-d

7.22
7.20
7.18

3.0

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 144.4 (s) 140.7 (s) 139.3 (s) 138.2 (s) 131.5 (s) 129.6 (s) 126.3 (s) 124.4 (s) 124.1 (s) 123.4 (s)
122.2 (s) 118.8 (s) 21.2 (s)

Chlorqform-d

M08 Mo5
MO7 MO4
126.33
1 Mo
M09 M2
M10 Mo3
M11 r124.41
' -124.08
129.594 123.37
r122.19
11881
M2 15147 e
13824 21227
139.29
140.74ﬂ
144.36 u
e L B o A B o L B e o L B e S sy e e
200 180 160 140 120 100 80 60 20

Chemical Shift (ppm)
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4’-methyl-5-fluoro-2-nitrobiphenyl (3ca)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.94 (dd, J=8.9, 5.1 Hz, 1 H) 7.22 - 7.31 (m, 4 H) 7.14 - 7.21 (m, 2 H) 2.45 (s, 3 H)

M’_(‘)O
2.45—‘
CHg
O o
O N\O
=
M’_‘OZ
Chlorqform-d
1.0 2.0 3.0
(=]
LR L e R R R R R R R R R R R R R
7.5 7.0 6.5 5.5 5.0 4.5 4.0 35 1.5 1.0 0.5 0 -0.5

Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 163.8 (d) 145.3 (s) 139.5 (d) 138.7 () 133.5 (s) 129.5 (s) 127.5 (s) 126.8 (d) 118.7 (d) 114.8 (d)

21.2 (s)
M93 CHg
M5
MO7MO6 M4
127,51
-
I8
O -
F
M08
12951
Chlorqform-d
77.001
M2
12684101 MO0
-126.74 o
M09 118.86 21.234
" 133.51 118.62
138.709 ( 114.90
Fu.eﬂ
M10
— 139.50
165.08 16254 139,60
145.33 }
'l ‘ I A |
L
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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4’ 5-dimethyl-2-nitrobiphenyl (3da)

1H NMR (400 MHz, CHLOROFORM-D) 8 ppm 7.81 (d, J=8.2 Hz, 1 H) 7.24 - 7.30 (m, 6 H) 2.49 (s, 3 H) 2.45 (s, 3 H)

Mo1 Chg
M90
2.45—‘ .
2.49 |
1 A
>
Chlorqform-d CHg
7.27—‘
M’93
7.80
7.82:“ .29
’—7.24
L L ol )
1.0 6.0 3.0
T T T T T T T T T T T T T T T T T T T T T T T T
75 7.0 6.5 55 5.0 4.5 4.0 35 25 1.5 1.0 0.5 -0.5

13C NMR (101 MHz, CHLOROFORM-D) & ppm 147.0 (s) 143.1 (s) 137.8 (s) 136.3 (s) 134.7 (s) 132.4 (s) 129.2 (s) 128.3 (s) 127.6 () 124.1 (s)

21.2 (s) 21.1 (s)

Chemical Shift (ppm)

MO6 oy
1
MO7 M4 PN
M08 MO03 1 I
M9  Mos \‘/' i
127,63 ‘ /RTN\D,
N
128.28+
129.17+
M10
m11 132.44 Mo2 MO0
7134.73 W ' ]
136.33 riz41 Mo1
137.76+ '
2118
Chloroform-d
14307 !
146.98 ‘
L e L s L B R e e
200 180 160 140 120 100 80 60 20

Chemical Shift (ppm)
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4’-methyl-4,5-dimethoxy-2-nitrobiphenyl (3ea)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.52 (s, 1 H) 7.16 - 7.24 (m, 4 H) 6.77 (s, 1 H) 3.97 (s, 3 H) 3.94 (s, 3 H) 2.40 (s, 3 H)

Mo1
M2
3977304
Moo
2.40

Mr95 M’_O‘A
Chlorqform-d

M03
719 717 "%

i |

10 39 1.0 3.1 3.0
=)

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 152.1 (s) 147.8 (s) 141.1 (s) 137.7 (s) 135.3 (s) 131.3 (s) 129.2 () 127.8 () 113.6 () 107.7 (5)
56.4 (s) 56.4 (s) 21.2 (s)

MPS
M08 Mo6 Chloroform-d
MQQ M|07
129.22—‘
’—127.82
MP].
MPZ
56,39—‘
MPO
M10
‘13133 MP4 Mo3 2
o 13530° 1359 [107.73
137.68
141.06
147.82
152.10—‘ “
L e L B S B S B
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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4’-methyl-2,3,4,5,6-pentafluorobiphenyl (3f)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.30 (s, 4 H) 2.41 (s, 3 H)

M’_‘Ol
Chlorqform-d
7.304 Moo
2.41—‘

I8

3.9 3
o

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

w s

13C NMR (101 MHz, CHLOROFORM-D) & ppm 139.4 (s) 130.0 (s) 129.4 (s) 128.7 (s) 123.3 (s) 21.3 (s)

Chlorqform-d

Mo3
M4
MO5 M2
129.43
Moo
129.95 21.344
Mo1
139.39 '
128.70
l ( [123.33
" (- ,

200 180 160 140 120 100 80 60 40
Chemical Shift (ppm)
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4’-methyl-2-methylsulphonylbiphenyl (3ga)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 8.21 (dd, J=8.0, 1.4 Hz, 1 H) 7.62 (td, J=7.6, 1.4 Hz, 1 H) 7.50 - 7.55 (m, 1 H) 7.33 - 7.37 (m, 3

H) 7.23 (s, 2 H) 2.61 (s, 3H) 2.41 (s, 3 H)
Mo1 cHg
261
0,
\\/CH3
S,
o
Moo
241
Mo4
MO5  MO2
Chlorqform-d
7.51 7.36
7524 |-7.34
7.53
7.54
7.60
mos ~ 7-60
Bl 7.62
8.20—‘ 7.62:{ 723
8.22 7.63
) 7.64% Jl
0.9 10 2.2 3.0 3.0
[
T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 -0.5
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 141.4 (s) 139.2 (s) 138.2 (s) 135.3 (s) 132.9 (s) 132.6 (s) 129.8 (s) 128.5 (s) 128.1 (s) 127.6 (s)

433 (s) 213 (s)
Mo7 cHe
Mo3
M09 Mo4 O
M11 MO8 M0S R
M10 MO6Mo2 N\
129.824 O AN
~128.52
12812 Mo1
43274
132.60
13988 127.61
13533, |
138.17 Chlorqform»d MO0
139.16 (
141.38 ﬂ 77.007 2132
m Wi
! e )
T,
140 120 100 80 60 40 20

200 180 160
Chemical Shift (ppm)
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5-(4’-methylphenyl)-2,4-dimethyl-1,3-thiazole (3ha)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.27 (s, 2 H) 7.14 - 7.20 (m, 2 H) 2.63 (s, 3 H) 2.42 (s, 3 H) 2.34 (s, 3 H)

Mo1 oy
™
MO2 Mmoo
2.63
1 242
<N\ CHg
%N
234 e

MO03
=
MO04
=

Chlorqform-d

-

1.9 32 29

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 162.6 (s) 146.5 (s) 137.2 (s) 131.2 (s) 129.1 (s) 128.9 (s) 128.8 (s) 21.0 (s) 18.9 () 15.8 (5)

M4 oy
MPS
MPG
MP? M93
128.77 e \SH
128.894
129.11—‘
MPO
M|01
M02
! ’—15.82
18.86
20.98—‘
M08
M09 ! 131.20
! 137.18—‘ “
162.59—‘ Chlorqform»d
146.49—‘
11 Al“\ l 1l |
LA . e e e |
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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2-(4’-methylphenyl)-benzofuran (3ia)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.85 (d, J=7.8 Hz, 2 H) 7.63 (dd, J=19.6, 7.4 Hz, 2 H) 7.34 (td, J=12.9, 7.4 Hz, 4 H) 7.05 (s, 1 H)
2.49 (s, 3H)
Moo
249

MO3 M02 MO1
/o

Chlorqform-d

.

40 1.0 3.1
H 4
R R O R B N L B R B R N A R A R R A R RN R R A RN R RN RN R RN RN AR R RN R R AR RS

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

)
2.0 2.0
=
:

13C NMR (101 MHz, CHLOROFORM-D) & ppm 156.1 (s) 154.7 (s) 138.5 (s) 129.4 (s) 129.3 (s) 127.7 (s) 124.8 (s) 124.0 (s) 122.8 (s) 120.7 (s)
111.1 (s) 100.5 (s) 21.4 (s)

M06
Mo7
M08 M04
M09 M05
124.84
M10
127.70+
129.45
Mo3
123.95 po2
’7122.81 '
’7’—120.70
111.05
Chloroform-d MPU
I 21.36
MO1 jl
M11 '
! 100.52
M12
' 138.54
154.72
156.14—‘—‘
A Lodl.] |
T o L A L o A L o B L L B B o L L L B B B B o B AL AL AR R
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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2-(4’-methylphenyl)-3-methyl-benzofuran (3ja)

1H NMR (400 MHz, CHLOROFORM-D) 8 ppm 7.63 (d, J=8.2 Hz, 2 H) 7.43 (dd, J=16.0, 7.0 Hz, 2 H) 7.15- 7.25 (m, 4 H) 2.38 (s, 3H) 2.33 (s, 3
H)
Mo1
Moo
2.38

’—2.33

M’_‘04h{1_0‘3 M_O‘Z
Chlorqform-d

7.44 ral

745 740
7.62 (772119
7.64:“ [0

I

3.0

H -4d d

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0 -05

Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 153.7 (s) 150.9 (s) 137.8 (s) 131.2 (s) 129.3 (s) 128.6 (s) 126.6 (s) 124.0 (s) 122.2 (s) 119.1 (s)
110.8 (s) 110.5 (s) 21.3 (s) 9.4 (5)

MPS
M‘IO
Mlll Mp9
129.29—‘
MIOG
MP7 M|04
MpS
r128.59
’—126.60
MO03
r124.04
’—122.23
MPZ Mpl
110.82—‘ 21.32—‘ MO0
Chlorqform»d 941_‘
M‘12
M13 131.22
150.88 137.77—‘
153.66—‘
. ’—110.51
i L .
L e L B S B S B
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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4’-methyl-5-methoxy-2-nitrobiphenyl (3ka)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.99 (d, J=9.2 Hz, 1 H) 7.23 - 7.30 (m, 4 H) 6.96 (dd, J=8.9, 2.9 Hz, 1 H) 6.88 (d, J=2.9 Hz, 1 H)
3.93 (s, 3H) 2.45 (s, 3 H)
Mo1 o
3.93(8)

Moo
2.45(18)

MSJ3
M’9‘4 Mr(‘)Z
Chlorqform-d
mos  7-23(16) 6.97
m 7.24 6.96(2)
7.27(15,13,12) .04
7.98 6.89(6)
5.00(3)% 7.29 [ess
7.30:“
L JL, J |
0.9 4.0 1.0 3.0 3.0

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 162.4 (s) 138.0 (s) 135.2 (s) 129.3 (s) 127.7 (s) 126.9 (s) 117.0 (s) 112.9 (s) 55.9 (s) 21.2 (s)

CHg

O \OV
MO7(11,5) AN

Chlorgform-d

z—o

M05(12,16)
MO6(13,15)
MO8(4,14) MO4(3)
12768
M02(6)
M03(2)
112,93
MO01(8)
129.277 | - 126.86 '
116.95 55.894
135.23 MOQ(lS)
M9 (1) 138.02- —‘
V 21.23
162.35-)

L

200 180 160 140 120 100 80 60 40 20
Chemical Shift (ppm)
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2-(4’-methylphenyl)-3-methyl-benzothiophene (3la)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.83 (d, J=7.8 Hz, 1 H) 7.72 (d, J=8.2 Hz, 1 H) 7.45 (t, J=7.4 Hz, 2 H) 7.40 (d, J=7.0 Hz, 1 H)
7.34 (t, =7.0 Hz, 1 H) 7.28 (d, J=7.8 Hz, 2 H) 2.47 (s, 3 H) 2.43 (s, 3 H)

MQO
Mrl‘Jl
2.47—‘
’—2.43
M£3
M’_‘OZ
MQS
M04
MO6 Chlorqform-d
7.41 7.39
7.43+[ 736
7.45 7.34
Mo7_ >l 7,33
~ 7.47
7.29
771 7.27
7.73 -
7.82
7.84:“
J\L (WY J
1.0 2121 3.0

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 141.3 (s) 138.8 (s) 138.1 (s) 137.7 (s) 131.8 (s) 129.5 (5) 129.2 (s) 127.0 () 124.1 (s) 124.1 (s)
122.1 (s) 122.0 (s) 21.3 (s) 12.6 (3)

Mo7
M12  MO8MOS
MIO M09 o

Mi11 M|06M|03 Chlorqform-d

120254
r127.02
rl24.11 MO1 MO0
I-124.05 ! '
[122.00 12,63
2125
M13
131.77
137.66
13812
138.77—‘
14127+
hl I
A s A B B L I B A e
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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2-nitrobiphenyl (3ab)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.85 (dd, J=8.0, 1.0 Hz, 1 H) 7.61 (td, J=7.5, 1.2 Hz, 1 H) 7.39 - 7.50 (m, 5 H) 7.32 (dd, J=7.5,
1.9 Hz, 2 H)
I\V/I_O‘l N
o]
M02 MO0 /
O—/—N

Chlorqform-d

7,41—‘

=°7.48 - 7.40

7.49-ll 7.33
759 |l | 5 55
7.634 731
7.31

1L L

S S——
10 10 21

=
T T T T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 -0.5
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 149.3 (s) 137.4 (s) 136.3 (s) 132.2 (s) 131.9 (s) 129.7 (s) 129.6 (s) 128.6 (s) 128.2 (s) 128.1 (s)

127.9 (s) 124.0 (s)
MQZ -
MP3 /O
Mp7

MPB
Mpl
M94

M10  MO5
Mp9 MPG
127.88—‘

128.114
128.18
128.62—‘

+
O—N

129.68
131_92—‘ Chlorqmrm-d

MQO
132,174 r124.00

136.33—‘

M11137'39—‘

149.35—1 .

A

L L e L e L e L LA e ML A e
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)
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2-(2-nitrophenyl)naphthalene (3ac)

Hz, 1 H)

M04 M02
=

M93 Chlorqform-d

1H NMR (400 MHz, CHLOROFORM-D) & ppm 7.85 - 7.93 (m, 4 H) 7.83 (s, 1 H) 7.59 - 7.65 (m, 1 H) 7.47 - 7.56 (m, 4 H) 7.42 (dd, J=8.4, 1.8
M’_O‘l

7.54—‘M90

-7.53

7.894 752

-7.88
7.91—‘ 787
-7.86
7.83
7.54

o
/

+
O——N

7,93—‘

1.0 1.0 10
H

6.5 6.0

Jw_J\_A//\L_,\—A—
T T T T T T T T T T
55 5.0 4.5

4.0 35 3.0 25 2.0
Chemical Shift (ppm)

15 1.0 -0.5
127.0 (s) 126.5 (s) 125.8 (s) 124.1 (s)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 149.4 (s) 136.4 (s) 135.0 (s) 133.3 (s) 132.9 (s) 132.3 (s) 132.2 (s) 128.3 (s) 128.1 () 127.7 (s)

Moo
M7 Mo1 o
M‘IO Mp3 /

M‘ll MPS C
-0

M09 Mo2

M‘12 M|O4
126.494

128.25

132.22—‘

+
O—N,

’—125.76

r 124.10 Chloroform-d
132.86 ‘
133.284

134.96—‘

136.37—‘

M.l3
149.38—‘

200

180

L L e L e L e L LA e ML A e
160 140 120

100

80 60
Chemical Shift (ppm)

40

20 0
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4-acyl-2’-nitrobiphenyl (3ad)

1H NMR (400 MHz, CHLOROFORM-D) & ppm 8.00 (d, J=8.5 Hz, 2 H) 7.87 - 7.95 (m, 1 H) 7.59 - 7.68 (m, 1 H) 7.49 - 7.58 (m, 1 H) 7.35 - 7.44
(m, 3H) 2.62 (s, 3H)

M’_U‘O

2-62—‘ HSC; . .
o

I\’AQ‘3 M’Q‘l
M’Q‘Z
Chlorqform-d

MO4,
MOB ' 755 7.54

™ 7.63 |77.52
7.64- | 743
7.90 -7.43
7.92 [7.41
ror] 7.39
8.01—‘ r . /
Mw I U\L,\A_A |
09 11 29 31
. )

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 197.3 (s) 142.3 (s) 136.7 (s) 135.4 (s) 132.5 (s) 131.7 (s) 128.8 (s) 128.6 (s) 128.2 () 124.3 (s)
26.5 ()

M02
IM‘Oi‘a H3C,
o ~ O~
MO8MO5 o
128.20 OZN\.
o
128.56-
Chlorqform-d
M9 128831 M
131.66'7 [124.29
132,50
135.44 MO0
136.70 26.52
142.27 g}l
M10
107.27
T o L A L o A L o B L L B B o L L L B B B B o B AL AL AR R
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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4,4’-dimethylbenzophenone (3na)

1H NMR (400 MHz, CHLOROFORM-D) 8 ppm 7.73 (d, J=8.0 Hz, 4 H) 7.30 (d, J=8.0 Hz, 4 H) 2.46 (s, 6 H)

Mr(‘)O
2.46—‘

M02

7.72
7,74:“

L

3.9 4.1 6.0
H

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (101 MHz, CHLOROFORM-D) & ppm 196.1 (s) 142.8 (s) 135.3 (s) 130.1 () 128.9 (s) 21.5 (s)

M|02
MO03 MO1
h h Q
128.85—‘
HaC I I CHg
130.11—‘
MPO
Mo4 Chioroform-d 21549
135.33
142.80—‘
MIOS
196.09—‘
T o L A L o A L o B L L B B o L L L B B B B o B AL AL AR R
200 180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)
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