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Experimental procedures and data

General Methods. Reactions were performed in oven-dried glassware under a nitrogen atmosphere
containing a Teflon-coated stirrer bar and dry septum. For the exclusion of atmospheric oxygen from
the reaction media, three freeze-pump thaw cycles were preformed before the reagents were mixed.
Solvents were purified by standard procedures prior to use. 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 an HP-5 capillary column (Phenyl Methyl Siloxane 30 m x 320 x 0.25, 100/2.3-30-
300/3) and a time program beginning with 2 min at 60 °C followed by 30 °C/min ramp to 300 °C, then
3 min at this temp. NMR spectra were obtained on Bruker AMX 400 or on Bruker Avance 600 systems
using CDCls, as solvent, with proton and carbon resonances at 400/600 MHz and 101/151 MHz,
respectively. Mass spectral data were acquired on a GC-MS Saturn 2100 T (Varian).

1-Methyl-2-pyrrolidone (NMP) was dried by removing water as a toluene azeotrope. All inorganic
bases were dried for 2h in vacuo at room temperature prior to use. All other compounds are

commercially available and were used without further purification.

General procedure for the decarboxylation study (Table 3). An oven-dried vessel was charged with
the carboxylic acid (1a-t) (2.00 mmol), AgOAc (33.7 mg, 0.20 mmol) and K,CO3; (41.5mg,
0.30 mmol). After flushing the vessel with alternating vacuum and nitrogen purge cycles, degassed
NMP (4 mL) was added via syringe and the resulting mixture was stirred at 120 °C for 16 h. Then, it
was allowed to cool to room temperature, diluted with diethyl ether (2 mL), poured into aqueous HCI
(IN, 2 mL) and extracted repeatedly with diethyl ether (2 mL portions). The combined organic layers
were washed with aqueous solution of NaHCO3; (4 mL) and brine (4 mL), dried over MgSO, and
filtered. The corresponding arene (2a-j, 1, m, o, p) was obtained in pure form after removal of the

solvent by distillation over a Vigreux column.
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Synthesis of anisole (2a). Compound 2a was prepared from 2-methoxybenzoic acid (1a) (304 mg,
2.00 mmol) yielding 2a as a colorless liquid (178 mg, 83 %). The spectroscopic data (NMR, GC-MS)
matched those reported in the literature for anisole [100-66-3]. Compound 2a was also prepared from 3-
methoxybenzoic acid (1w) (152 mg, 1.00 mmol) and 4-methoxybenzoic acid (1x) (152 mg, 1.00 mmol),
performing the reaction at 160 °C and using n-tetradecane (50 pL) as an internal gas chromatographic
standard. The yield of compound 2a was determined by quantitative GC to be 38 % and 14 %
respectively, based on a response factor obtained using commercial anisole [100-66-3].

Synthesis of nitrobenzene (2b). Compound 2b was prepared from 2-nitrobenzoic acid (1b) (334 mg,
2.00 mmol) yielding 2b as a yellow liquid (225 mg, 92 %). The spectroscopic data (NMR, GC-MS)
matched those reported in the literature for nitrobenzene [98-95-3].

Synthesis of 4-nitroanisole (2¢). Compound 2¢ was prepared from 5-methoxy-2-nitrobenzoic acid
(1c) (394 mg, 2.00 mmol) yielding 2¢ as a yellow solid (m.p. 51-53°C, 270 mg, 88 %). The
spectroscopic data (NMR, GC-MS) matched those reported in the literature for 4-nitroanisole [100-17-
4].

Synthesis of 1,2,4-trimethoxybenzene (2d). Compound 2d was prepared from 2,4,5-
trimethoxybenzoic acid (1d) (424 mg, 2.00 mmol) yielding 2d as a colorless liquid (145 mg, 43 %).
The spectroscopic data (NMR, GC-MS) matched those reported in the literature for 1,2,4-
trimethoxybenzene [135-77-3].

Synthesis of 1,3-dimethoxybenzene (2e). Compound 2e was prepared from 2,4-dimethoxybenzoic
acid (1e) (364 mg, 2.00 mmol) yielding 2e as a colorless liquid (246 mg, 89 %). The spectroscopic data
(NMR, GC-MS) matched those reported in the literature for 1,3-dimethoxybenzene [151-10-0].
Compound 2e was also prepared from 2,6-dimethoxybenzoic acid (1f) (364 mg, 2.00 mmol) to give
compound 2e in 87 % yield (239 mg).

Synthesis of bromobenzene (2f). Compound 2f was prepared from 2-bromobenzoic acid (1g)
(402 mg, 2.00 mmol) yielding 2f as a colorless liquid (237 mg, 76 %). The spectroscopic data (NMR,

GC-MS) matched those reported in the literature for bromobenzene [108-86-1].
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Synthesis of 4-bromoveratrole (2g). Compound 2g was prepared from 2-bromo-4,5-
dimethoxybenzoic acid (1h) (522 mg, 2.00 mmol) yielding 2g as a colorless liquid (412 mg, 95 %). The
spectroscopic data (NMR, GC-MS) matched those reported in the literature for 4-bromoveratrole
[2859-78-1].

Synthesis of 1,3-dichlorobenzene (2h). Compound 2h was prepared from 2,6-dichlorobenzoic acid
(1i) (382 mg, 2.00 mmol) yielding 2h as a colorless liquid (223 mg, 76 %). The spectroscopic data
(NMR, GC-MS) matched those reported in the literature for 1,3-dichlorobenzene [541-73-1].
Compound 2h was also prepared from 2,4-dichlorobenzoic acid (1j) (328 mg, 2.00 mmol) to give
compound 2h in 74 % yield (218 mg).

Synthesis of 1-chloro-4-nitrobenzene (2i). Compound 2i was prepared from 2-chloro-5-nitrobenzoic
acid (1k) (403 mg, 2.00 mmol) yielding 2i as a colorless liquid (268 mg, 85 %). The spectroscopic data
(NMR, GC-MS) matched those reported in the literature for 1-chloro-4-nitrobenzene [100-00-5].

Synthesis of methyl phenyl sulfone (2j). Compound 2j was prepared from 2-
(methylsulfonyl)benzoic acid (11) (400 mg, 2.00 mmol) yielding 2j as a white solid (m.p. 87-88 °C,
280 mg, 90 %). The spectroscopic data (NMR, GC-MS) matched those reported in the literature for
methyl phenyl sulfone [3112-85-4].

Synthesis of trifluoromethylbenzene (2k). Compound 2k was prepared from 2-
(trifluoromethyl)benzoic acid (1m) (190 mg, 1.00 mmol) and using n-tetradecane (50 pL) as an internal
gas chromatographic standard. The yield of compound 2k was determined by quantitative GC to be
91 %, based on a response factor obtained using commercial trifluoromethylbenzene [98-08-8].

Synthesis of isopropyl benzoate (21). Compound 21 was prepared from 2-
(isopropyloxycarbonyl)benzoic acid (1n) (416 mg, 2.00 mmol) yielding 21 as a yellow liquid (234 mg,
71 %). The spectroscopic data (NMR, GC-MS) matched those reported in the literature for isopropyl

benzoate [939-48-0].
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Synthesis of acetophenone (2m). Compound 2m was prepared from 2-acetylbenzoic acid (10)
(328 mg, 2.00 mmol) yielding 2m as a yellow liquid (139 mg, 58 %). The spectroscopic data (NMR,
GC-MS) matched those reported in the literature for acetophenone [98-86-2].

Synthesis of benzonitrile (2n). Compound 2n was prepared from 2-cyanobenzoic acid (1p) (147 mg,
1.00 mmol) and using n-tetradecane (50 pL) as an internal gas chromatographic standard. The yield of
compound 2n was determined by quantitative GC to be 11 %, based on a response factor obtained using
commercial benzonitrile [100-47-0].

Synthesis of phenol (20). Compound 20 was prepared from 4-hydroxybenzoic acid (1q) (276 mg,
2.00 mmol) yielding 20 as a yellow liquid (32 mg, 17 %). The spectroscopic data (NMR, GC-MS)
matched those reported in the literature for phenol [108-95-2].

Synthesis of naphthalene (2p). Compound 2p was prepared from 1-naphthoic acid (1r) (344 mg,
2.00 mmol) yielding 2p as a white solid (m.p. 78-80 °C, 115 mg, 45 %). The spectroscopic data (NMR,
GC-MS) matched those reported in the literature for naphthalene [91-20-3].

Synthesis of thiophene (2q). Compound 2q was prepared from thiophene-2-carboxylic acid (1s)
(128 mg, 1.00 mmol) and using n-tetradecane (50 uL) as an internal gas chromatographic standard. The
yield of compound 2q was determined by quantitative GC to be 80 %, based on a response factor
obtained using commercial thiophene [110-02-1]. Compound 2q was also prepared from thiophene-3-
carboxylic acid (1t) (128 mg, 1.00 mmol) to give compound 2q in 36 %.

Synthesis of styrene (2r). Compound 2r was prepared from cinnamic acid (1u) (148 mg, 1.00 mmol)
in DMAC (4 mL) at 140°C, and using n-tetradecane (50 pL) as an internal gas chromatographic
standard. The yield of compound 2r was determined by quantitative GC to be 76 %, based on a
response factor obtained using commercial styrene [100-42-5].

Synthesis of 2-thiophenecarboxaldehyde (2s). Compound 2s was prepared from 2-
thiopheneglyoxylic acid (1v) (156 mg, 1.00 mmol) and using n-tetradecane (50 pL) as an internal gas
chromatographic standard. The yield of compound 2s was determined by quantitative GC to be 41 %,

based on a response factor obtained using commercial 2-thiophenecarboxaldehyde [98-03-3].
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Anisole (2a)
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Nitrobenzene (2b)

1H NMR (Chloroform-d, 600 MHz)
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4-Nitroanisole (2¢)

1H NMR (Chloroform-d, 600 MHz)
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1,2,4-Trimethoxybenzene (2d)

1H NMR (Chloroform-d, 400 MHz)

Moo . P
M91
0.
Mo2 cny
376—‘
il
o
\CH3

Mo3
MO5 M94
Chlorqform-d 6.51-6.50
6.76 ’7 6.40
6.79:“ 6.39
6.38
’;6.37
| L A ﬂ
1.0 1.0 3.1
iy

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (Chloroform-d, 101 MHz)

Chlorqform-d O/CH3
77.00-‘ o
eny
0.
oy
56.00—‘
56.17—‘
56.89—‘
103.42 ’—100.86
150.35 3l
15470, | ‘r143-92 112-4971 A
L L o e L e e B
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

S9



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

1,3-Dimethoxybenzene (2¢)

1H NMR (Chloroform-d, 600 MHz)

MO0
n CH
3.79 o ’
9
CH3
o
|
M02 MO1
Chloroform-d 5_51H
‘ 6.52- 651
719 : —\’—6.48
7,207‘{7.13 6.47
1 A
1.0 2.9 6.1

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (Chloroform-d, 151 MHz)

CH3
55.20—‘ (0]

106.10—‘

Chlorqform-d

160.80—‘

129.82—‘
’—100.40

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

S10



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

Bromobenzene (2f)

1H NMR (Chloroform-d, 600 MHz)
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4-Bromoveratrole (2g)

1H NMR (Chloroform-d, 400 MHz)
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1,3-Dichlorobenzene (2h)

1H NMR (Chloroform-d, 600 MHz)
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1-Chloro-4-nitrobenzene (2i)

1H NMR (Chloroform-d, 600 MHz)
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Methyl phenyl sulfone (2j)

1H NMR (Chloroform-d, 600 MHz)
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Isopropyl benzoate (21)

1H NMR (Chloroform-d, 600 MHz)
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Acetophenone (2m)

1H NMR (Chloroform-d, 600 MHz)
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Naphthalene (2p)

1H NMR (Chloroform-d, 600 MHz)

Chlorqform-d

7.49—‘

7.84 7.47
7.84] r
7.85—‘

7.49+
’—7.47

LI L

4.0 4.0

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0 -05
Chemical Shift (ppm)

13C NMR (Chloroform-d, 151 MHz)

Chlorqform-d

12580—‘

127.86—‘

133.42—‘

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

S18



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

Quantum Chemical Calculations. All calculations were performed with the Gaussian03 program
package! and the B3LYP density functional.” The atoms H, C, F, N and O were described by the
6-31G(d) basis,"® while the Stuttgart RSC 1997 ECP pseudopotential was used to represent Ag and
cu. All geometries of minima and transition states were fully optimized. Harmonic force constants
were calculated for the optimized geometries to characterize the stationary points either as minima or
transition states. Thermal Corrections from the frequency calculations were scaled with Wong’s scaling
factor (f = 0.9804) for B3LYP/6-31G(d).[”! Transition states were located using the STQN (synchronous
transit-guided quasi-Newton) method. The nature of the transition states [3a-4a]” and [5-6]7 were
veryfied by following the intrinsic reaction coordinates. Additional single point energy calculation were
performed on all structures employing the 6-311+G(2d,p) basist® for the atoms H, C, F, N and O. All
ball and stick models were rendered with GaussView.!"

Table 1: Total energies (hartree) from B3LYP/6-311+G(2d,p) single point energy calculations.

| Total energy
7 (COy) -188.65030454
8 (NMP) -326.04653810
3a -1288.81257755
[3a-4a] -1288.76101330
4a -1100.14010662
3’a -1238.44597020
[3a-4'a]” -1238.39599074
4'a -1049.77807905
5 -1318.76961038
[5-6] -1318.72312897
6 -804.05146302

Table 2: Unscaled thermal corrections (hartree) from B3LYP/6-31G(d) frequency calculations at
298.15 K.

| Eass | Uags | Hass | Gags

7 0.011619 0.014260 0.015204 -0.009098

8 0.139765 0.146682 0.147626 0.108891

3a 0.269548 0.289937 0.290881 0.216656

[3a-4a]” 0.266505 0.287055 0.287999 0.214631

4a 0.254429 0.272023 0.272967 0.206562

3a 0.268822 0.289623 0.290567 0.213962

[3a-4a]" 0.265893 0.286941 0.287886 0.211030

4a 0.253866 0.271815 0.272759 0.204396

5 0.377889 0.405515 0.406460 0.310761

[5-6] 0.375036 0.402800 0.403744 0.310105

6 0.222509 0.238202 0.239146 0.174202

E2os unscaled zero-point vibrational energy correction at 298.15 K
Uags unscaled thermal correction to energy at 298.15 K
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Hags unscaled thermal correction to enthalpy at 298.15 K
Gaos unscaled thermal correction to Gibbs free enthalpy at 298.15 K
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Optimized Cartesian coordinates (A) from B3LYP/6-31G(d) calculations.
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