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Abstract A highly selective decarboxydemethylation of o-methoxy-
arenecarboxylic acids is described. The reaction takes place in DMPU at
170 °C in the presence of TMEDA and iron powder. A similar reaction
has not been reported until now.

Key words ether C–O cleavage, decarboxylation, aryl methyl ethers,
phenols, iron catalysis

In recent years, metal-catalyzed decarboxylation of aro-
matic carboxylic acids has been studied extensively.1,2 Re-
cently, we disclosed a new efficient and inexpensive cata-
lytic system (Cu/TMEDA) to perform this reaction.3 We
were surprised to observe that, under these conditions, the
reaction of o-anisic acid leads not only to anisole, the ex-
pected decarboxylated product, but also to a significant
amount (38%) of phenol resulting from decarboxydemeth-
ylation (Scheme 1).

Scheme 1  Reaction of o-anisic acid under Cu-catalyzed decarboxyl-
ation conditions

As mentioned above, several procedures to perform the
metal-catalyzed decarboxylation of aromatic carboxylic ac-
ids have been described previously.1,2 On the other hand,
several methods have also been reported to cleave aryl
methyl ethers.4 For example, two procedures are frequently
used, the treatment with BCl3 or BBr3 at low temperature4,5

or the reaction with an excess of EtSNa in refluxing DMF.4,6

However, no procedure has been reported to perform the
one-pot O-demethyl-decarboxylation of o-methoxy aro-
matic carboxylic acids. Since it seemed to us that such a
new selective procedure could be interesting, we decided to
study the reaction described above, while trying to improve
the yield of phenol (Table 1).

Table 1  Optimization of Reaction Conditionsa

At first, we showed that the presence of copper oxide is
not necessary to obtain phenol (Table 1, entry 2). In fact, the
yield is even better without it. It should be noted that only a
stoichiometric amount of TMEDA is enough to promote the
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Entry TMEDA 
(equiv)

Solvent Catalyst Yield 
(%)

 1 3 NMP Cu2O (5 mol%) 38

 2 3 NMP – 62

 3 1.2 NMP – 60

 4 – NMP –  0

 5 1.2 NMP FeCl2 (20 mol%) 72

 6 1.2 NMP FeCl3 (20 mol%) 69

 7 1.2 NMP Fe (20 mol%)b 76

 8 1.2 DMPU Fe (10 mol%)b 74

 9 1.2 DMPU Fe (20 mol%)b 82

10 1.2 DMPU Fe (50 mol%)b 53
a Reaction conditions: carboxylic acid (5 mmol), TMEDA, cat., solvent, 
170 °C, 24 h.
b Iron powder 99%, 100 mesh, STREM Chemicals.
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reaction (1.2 equiv, entry 3). On the other hand, the forma-
tion of phenol was not observed in the absence of TMEDA
(entry 4).

Then, we tried to improve the yield of the decar-
boxydemethylation product and found that a better yield is
obtained in the presence of iron (entries 5–10). It is possi-
ble to use iron chlorides (entries 5 and 6), but the best re-
sult was obtained with iron powder (entry 7). It should be
noted that other transition metals, for instance manganese
or cobalt have no significant effect. The yield also increases
when NMP is replaced by the more polar DMPU (entry 9
and Table 2, notes b–d).

We then investigated the scope of the reaction (Table 2).
Interestingly, it is regio- and chemoselective. Thus, with
2,3- or 2,4-dimethoxybenzoic acids, only the methoxy in
the ortho position is demethylated (entries 3 and 4). More-
over, with 2,6-dimethoxybenzoic acid, only one methoxy is
demethylated (entry 5). Various functional groups such as
chloro, fluoro, and amino are tolerated (entries 7–9). It
should be noted that an ethoxy group in the ortho position
is also dealkylated, whereas an isopropoxy hardly reacts
(entries 11 and 12).

We were intrigued by the mechanism of this reaction.
Thus, we identified and monitored all major compounds
formed from 2-anisic acid. The results of our investigation
are reported in Scheme 2. We observed that after 2 h the
main product was methyl 2-hydroxybenzoate (2; 50%).
Methyl 2-methoxybenzoate (3) and phenol (1) were also
formed in 18 and 20% yield, respectively. During the course
of the reaction, the two benzoic esters 2 and 3 progressively
disappeared, to give phenol (1). After 24 h, 1 was obtained
in 82% yield. At this time, only 3% of 2 and 1% of 3 remained
in the reaction mixture.

On the basis of our observations, we propose the mech-
anism described in Scheme 3. At first, the reaction of 2-me-
thoxybenzoic acid (4) with TMEDA gives a quaternary am-

monium salt 5. In DMPU this salt is dissociated and the car-
boxylic anion attacks the methoxy group in the ortho
position via an intramolecular nucleophilic substitution.
The resulting phenolate 6 then leads to lactone 7 according
to an intramolecular addition–elimination reaction. The
four-membered lactone 7, which is very strained, under-
goes a carbon monoxide extrusion (the reaction occurs at
170 °C) to give finally phenol (1) via the enolate of cyclo-
hexadienone 8. The intramolecular nucleophilic substitu-
tion 5 → 6 is in agreement with the low reactivity of 2-iso-
propoxybenzoic acid (Table 2, entry 12) as well as with the
beneficial effect when NMP is replaced by the more polar
DMPU (Table 1, entries 7 and 8). The role of TMEDA would
be to react with the carboxylic acid to form a salt 5, easily
dissociated in DMPU to liberate the carboxylic anion. The
formation of methyl 2-methoxybenzoate (3) could be inter-
preted as the result of an intermolecular substitution be-
tween two molecules of 2-methoxybenzoic acid. However,
it is more reasonable to consider that it is formed by reac-
tion of 2-methoxybenzoic acid with the methanol formed
during the formation of the lactone 7.

Scheme 3  Mechanism of the O-demethyl-decarboxylation of o-anisic 
acid

The decarbonylation of lactone 7 is not very surprising,
since the thermal decarbonylation of strained carbonyl de-
rivatives has already been reported.7 The beneficial influ-
ence of iron powder is more difficult to understand. It is
important to note that the reaction occurs without catalyst.
The presence of iron only leads to an improvement in the
yield of phenol 1. This leads to the consideration that the
role of iron would be to facilitate the thermal reaction that
probably occurs via a concerted pathway.7b However, it is
well known that iron-based catalysts, including iron metal,
are efficient for the decarbonylation of carboxylic acids8

and esters,9 likely via an oxidative addition to the C–O
bond.8 Such a mechanism, which cannot be involved when
the reaction takes place without a metal catalyst, cannot be
completely discarded. It could contribute in part to the for-
mation of 1. Thus, at this point, the role of iron is not clear.

Scheme 2  Evolution of the reaction from o-anisic acid
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In conclusion, we described herein a procedure to
achieve the O-demethyl-decarboxylation of o-methoxy aro-
matic carboxylic acids. The reaction takes place very regio-
selectively with polymethoxy derivatives, since only one
methoxy group in the ortho position is demethylated.
Moreover, various functionalized o-methoxy aromatic car-
boxylic acids were used successfully. To the best of our
knowledge, it is the first procedure to perform the direct
conversion of o-methoxy aromatic carboxylic acids to the
corresponding phenols.

All reactions were carried out in oven-dried glassware under a nitro-
gen atmosphere. NMP and DMPU were dried by distillation. Yields re-
fer to isolated yields of compounds estimated to be ≥97% pure as de-
termined by 1H NMR, 13C NMR, and GC analysis. Column chromatog-
raphy was carried out on silica gel silica gel 60 μm. All compounds
give satisfactory MS analyses. 1H and 13C NMR spectra were recorded
on a Bruker Avance III 400 spectrometer, with chemical shifts report-
ed relative to the residual solvent peaks (CDCl3: 7.26 ppm for 1H and
77.16 ppm for 13C). GC analyses were recorded on a Hewlett-Packard
HP 6890 chromatograph equipped with a capillary column HP-5MS
(50 m × 0.25 mm × 0.25 μm). MS was carried out on a Hewlett-Pack-
ard HP 5973 (electronic impact). The analytical data of all products
were found to match those of the commercial products.

Phenol by O-Demethyl-Decarboxylation of 2-Methoxybenzoic Ac-
id; Typical Procedure
Under a nitrogen atmosphere, a mixture of 2-methoxybenzoic acid
(761 mg, 5 mmol), metallic iron powder (56 mg, 1 mmol, 0.2 equiv),
TMEDA (696 mg, 6 mmol, 1.2 equiv), and DMPU (2.5 mL) was stirred
at 170 °C for 24 h. The reaction mixture was cooled to r.t., diluted
with 1 N aq HCl (30 mL), and filtered through Celite. The aqueous
phase was then extracted with EtOAc (3 × 50 mL) and the combined
organic phases were washed with brine (50 mL) and dried over
MgSO4. EtOAc was removed in vacuo and the resulting crude material
was purified by chromatography (silica gel, CH2Cl2/EtOAc/Et3N,
20:1:1) to afford pure phenol as a white solid.
Atom-numbering for phenols is shown in Figure 1.

Figure 1 

Table 2  Scope of the O-Demethyl-Decarboxylation of o-Alkoxy 
Aromatic Acidsa

Entry Starting material Final product Yield (%)

 1 82b

 2 79

 3 71c

 4 76

 5 70d

 6 70

 7 64e

 8 60

 9 79

10 70

11 69

12 5

a Reaction conditions: carboxylic acid (1.0 equiv, 5 mmol), TMEDA 
(1.2 equiv), Fe powder (20 mol%), DMPU 2.5 mL, 170 °C, 24 h.
b Yield 76% in NMP.
c Yield 57% in NMP.
d Yield 53% in NMP.
e Yield 43% in NMP.
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Phenol10

Yield: 386 mg (82%); white solid, mp = 45 ºC.
1H NMR (400 MHz, CDCl3): δ = 7.24 (dd, J = 8.6, 7.6 Hz, 2 H, H3+H5),
6.93 (tt, J = 7.6, 1.0 Hz, 1 H, H4), 6.83 (dd, J = 8.6, 1.0 Hz, 2 H, H2+H6),
5.13 (s, 1 H, H7).
13C NMR (100 MHz, CDCl3): δ = 155.47 (C1), 129.83 (C3+C5), 120.98
(C4), 115.43 (C2+C6).
MS (EI, 70 eV): m/z [M]+ = 94.

3-Methoxyphenol11

Yield: 490 mg (79%); yellow oil.
1H NMR (400 MHz, CDCl3): δ = 7.11 (t, J = 8.0 Hz, 1 H, H5), 6.53–6.38
(m, 3 H, H2+H4+H6), 3.74 (s, 3 H, H8).
13C NMR (100 MHz, CDCl3): δ = 160.82 (C3), 156.74 (C1), 130.36 (C5),
108.14 (C6), 106.61 (C4), 101.71 (C2), 55.42 (C8).
MS (EI, 70 eV): m/z [M]+ = 124.

4-Methoxyphenol12

Yield: 441 mg (71%); white solid, mp = 56 ºC.
1H NMR (400 MHz, CDCl3): δ = 6.78 - 677 (m, 4 H, H2+H3+H5+H6),
4.84 (s, 1 H, H7), 3.76 (s, 3 H, H8).
13C NMR (100 MHz, CDCl3): δ = 153.81 (C4), 149.59 (C1), 116.19
(C2+C6), 115.01 (C3+C5), 55.96 (C8).
MS (EI, 70 eV): m/z [M]+ = 124.

2-Methoxyphenol13

Yield: 472 mg (76%); colorless oil.
1H NMR (400 MHz, CDCl3): δ = 6.95–6.84 (m, 4 H, H3+H4+H5+H6),
5.61 (s, 1 H, H7), 3.89 (s, 3 H, H8).
13C NMR (100 MHz, CDCl3): δ = 146.68 (C2), 145.78 (C1), 121.58 (C5),
120.27 (C4), 114.64 (C6), 110.81 (C3), 56.00 (C8).
MS (EI, 70 eV): m/z [M]+ = 124.

4-Methylphenol14

Yield: 379 mg (70%); white solid, mp = 34 ºC.
1H NMR (400 MHz, CDCl3): δ = 7.03 (d, J = 8.3 Hz, 2 H, H3+H5), 6.73 (d,
J = 8.3 Hz, 2 H, H2+H6), 4.84 (s, 1 H, H7), 2.27 (s, 3 H, H8).
13C NMR (100 MHz, CDCl3): δ = 153.27 (C1), 130.21 (C3+C5), 130.14
(C4), 115.20 (C2+C6), 20.59 (C8).
MS (EI, 70 eV): m/z [M]+ = 108.

4-Chlorophenol15

Yield: 411 mg (64%); white solid, mp = 43 ºC.
1H NMR (400 MHz, CDCl3): δ = 7.19 (d, J = 8.8 Hz, 2 H, H3+H5), 6.77 (d,
J = 8.8 Hz, 2 H, H2+H6), 4.86 (s, 1 H, H7).
13C NMR (100 MHz, CDCl3): δ = 154.19 (C1), 129.67 (C3+C5), 125.82
(C4), 116.78 (C2+C6).
MS (EI, 70 eV): m/z [M]+ = 128.

4-Fluorophenol16

Yield: 336 mg (60%); white solid, mp = 46 ºC.
1H NMR (400 MHz, CDCl3): δ = 6.96–6.89 (m, 2 H, H3+H5), 6.80–6.74
(m, 2 H, H2+H6), 5.02 (s, 1 H, H7).

13C NMR (100 MHz, CDCl3): δ = 157.44 (d, J = 238.4 Hz, C4), 151.47 (d,
J = 2 Hz, C1), 116.37 (d, J = 8.1 Hz, C2+C6), 116.15 (d, J = 23.2 Hz,
C3+C5).
MS (EI, 70 eV): m/z [M]+ = 112.

4-Aminophenol17

Yield: 431 mg (79%); white solid, mp = 190 ºC.
1H NMR (400 MHz, DMSO-d6): δ = 6.48 (d, J = 8.9 Hz, 2 H, H2+H6),
6.42 (d, J = 8.9 Hz, 2 H, H3+H5), 4.40 (s, 1 H, H7).
13C NMR (100 MHz, DMSO-d6): δ = 148.28 (C1), 140.64 (C4), 115.58
(C2+C6), 115.31 (C3+C5).
MS (EI, 70 eV): m/z [M]+ = 109.

2-Naphthol18

Yield: 505 mg (70%); white solid, mp = 120 ºC.
1H NMR (400 MHz, DMSO-d6): δ = 9.73 (s, 1 H, H11), 7.78–7.73 (m, 2
H, H4+H6), 7.70–7.65 (m, 1 H, H9), 7.38 (ddd, J = 8.2, 6.8, 1.2 Hz, 1 H,
H7), 7.25 (ddd, J = 8.2, 6.8, 1.2 Hz, 1 H, H8), 7.15 (d, J = 2.4 Hz, 1 H, H1),
7.11 (dd, J = 8.8, 2.4 Hz, 1 H, H3).
13C NMR (100 MHz, DMSO-d6): δ = 155.35 (C2), 134.65 (C10), 129.34
(C4), 127.77 (C5), 127.58 (C6), 126.14 (C8), 126.03 (C9), 122.67 (C7),
118.66 (C3), 108.70 (C1).
MS (EI, 70 eV): m/z [M]+ = 144.

Funding Information

We thank the CNRS for its financial support, the Ministère de l’Educa-
tion Nationale et de la Recherche for a grant to M.P. and M2i company
for a grant to E.Z. ()

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0036-1591912. Supporting InformationSupporting Information

References

(1) For selected references on Cu-mediated decarboxylation of aro-
matic carboxylic acids, see: (a) Fager, E. W. J. Am. Chem. Soc.
1945, 67, 2217. (b) Turnbull, S. G. Jr. US Patent 2453103, 1948.
(c) Cairncross, A.; Roland, J. R.; Henderson, R. M.; Sheppard, W.
A. J. Am. Chem. Soc. 1970, 92, 3187. (d) Cohen, T.; Schambach, R.
A. J. Am. Chem. Soc. 1970, 92, 3189. (e) Cohen, T.; Berninger, R.
W.; Wood, J. T. J. Org. Chem. 1978, 43, 837. (f) Nilsson, M. Acta
Chem. Scand. 1966, 20, 423. (g) Björklung, C.; Nilsson, M. Acta
Chem. Scand. 1968, 22, 2585. (h) Chodowska-Palicka, J.; Nilsson,
M. Acta Chem. Scand. 1970, 24, 3353. (i) Nilsson, M.; Ullenius, C.
Acta Chem. Scand. 1971, 25, 2428. (j) Chodowska-Palicka, J.;
Nilsson, M. Acta Chem. Scand. 1971, 25, 3451. (k) Shepard, A. F.;
Winslow, N. R.; Johnson, J. R. J. Am. Chem. Soc. 1930, 52, 2083.
(l) Shang, R.; Liu, L. Sci. China: Chem. 2011, 54, 1670.
(m) Goossen, L. J.; Rodriguez, N.; Goossen, K. Angew. Chem. Int.
Ed. 2008, 47, 3100. (n) Goossen, L. J.; Goossen, K.; Rodriguez, N.;
Blanchot, M.; Linder, C.; Zimmermann, B. Pure Appl. Chem.
2008, 80, 1725. (o) Goossen, L. J.; Deng, G.; Levy, L. M. Science
2006, 313, 662. (p) Goossen, L. J.; Thiel, W. R.; Rodriguez, N.;
Linder, C.; Melzer, B. Adv. Synth. Catal. 2007, 349, 2241.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2018, 50, 2119–2123



2123

G. Cahiez et al. PaperSyn  thesis

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f W

es
te

rn
 O

nt
ar

io
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.
(q) Goossen, L. J.; Melzer, B. J. Org. Chem. 2007, 72, 7473.
(r) Goossen, L. J.; Rodriguez, N.; Melzer, B.; Linder, C.; Deng, G.;
Levy, L. M. J. Am. Chem. Soc. 2007, 129, 4824. (s) Goossen, L. J.;
Rodriguez, N.; Linder, C. J. Am. Chem. Soc. 2008, 130, 15248.
(t) Goossen, L. J.; Rodriguez, N.; Lange, P. P.; Linder, C. Angew.
Chem. Int. Ed. 2010, 49, 1111. (u) Shang, R.; Fu, Y.; Wang, Y.; Xu,
Q.; Yu, H.-Z.; Liu, L. Angew. Chem. Int. Ed. 2009, 48, 9350.

(2) For selected references on Ag-, Pd-, and Rh-catalyzed decarbox-
ylation of aromatic carboxylic acids, see: (a) Goossen, L. J.;
Linder, C.; Rodriguez, N.; Lange, P. P.; Fromm, A. Chem. Commun.
2009, 7173. (b) Cornella, J.; Sanchez, C.; Banawa, D.; Larrosa, I.
Chem. Commun. 2009, 7176. (c) Goossen, L. J.; Rodriguez, N.;
Linder, C.; Lange, P. P.; Fromm, A. ChemCatChem 2010, 2, 430.
(d) Xue, L.; Su, W.; Lin, Z. Dalton Trans. 2011, 40, 11926.
(e) Dickstein, J. S.; Mulrooney, C. A.; O’Brien, E. M.; Morgan, B. J.;
Kozlowski, M. C. Org. Lett. 2007, 9, 2441. (f) Sun, Z.-M.; Zhao, P.
Angew. Chem. Int. Ed. 2009, 48, 6726.

(3) Cahiez, G.; Moyeux, A.; Gager, O.; Poizat, M. Adv. Synth. Catal.
2013, 355, 790.

(4) For reviews, see: (a) Grobelny, Z. Eur. J. Org. Chem. 2004, 14,
2973. (b) Maercker, A. Angew. Chem. Int. Ed. 1987, 26, 972.
(c) Bhatt, M. V.; Kulkarni, S. U. Synthesis 1983, 249.

(5) (a) Tezuka, T.; Yamashita, Y.; Mukai, T. J. Am. Chem. Soc. 1976,
98, 6051. (b) Dean, F. M.; Goodchild, J.; Houghton, L. E.; Martin,
J. A.; Morton, R. B.; Parton, B.; Price, A. W.; Somvichien, N. Tetra-
hedron Lett. 1966, 7, 4153. (c) McOmie, J. F. W.; Watts, M. L.;
West, D. E. Tetrahedron 1968, 24, 2289.

(6) Feutrill, G. I.; Mirrington, R. N. Tetrahedron Lett. 1970, 11, 1327.

(7) (a) Rubio, M.; Hernandez, A. G.; Daudey, J. P.; Cetina, R. J. Org.
Chem. 1980, 45, 150. (b) Li, Z.-H.; Wang, W.-N.; Fan, K.-N.;
Wong, M. W.; Huang, H.-H.; Huang, W. Chem. Phys. Lett. 1999,
305, 474.

(8) (a) Tsuji, J.; Ohno, K. Synthesis 1969, 157. (b) Maetani, S.;
Fukuyama, T.; Suzuki, N.; Idshihara, D.; Ryu, I. Chem. Commun.
2012, 48, 2552.

(9) Trovitch, R. J.; Lobkovsky, E.; Bouwkamp, M. W.; Chirik, P. J.
Organometallics 2008, 27, 6264.

(10) Abraham, R. J.; Reid, M. J. Chem. Soc., Perkin Trans. 2 2002, 1081.
(11) Gozzo, F. C.; Fernandes, S. A.; Rodrigues, D. C.; Eberlin, M. N.;

Marsaioli, A. J. J. Org. Chem. 2003, 68, 5493.
(12) Naidu, A. B.; Jaseer, E. A.; Sekar, G. J. Org. Chem. 2009, 74, 3675.
(13) Song, L. X.; Wang, H. M.; Yang, Y.; Xu, P. Bull. Chem. Soc. Jpn.

2007, 80, 2185.
(14) (a) For 1H NMR, see: Kasthuralah, M.; Kumar, K. A.; Reddy, C. S.

J. Heterocycl. Chem. 2004, 41, 413. (b) For 13C NMR, see: Shapiro,
M. J. J. Org. Chem. 1978, 43, 212.

(15) Bovonsombat, P.; Ali, R.; Khan, C.; Leykajarakul, J.; Pla-on, K.;
Aphimanchindakul, S.; Pungcharoenpong, N.; Timsuea, N.;
Aruntat, A.; Punpongjareorn, N. Tetrahedron 2010, 66, 6928.

(16) Furuya, T.; Kaiser, H. M.; Ritter, T. Angew. Chem. Int. Ed. 2008,
47, 5993.

(17) (a) For 1H NMR, see: Motoyama, Y.; Kamo, K.; Nagashima, H.
Org. Lett. 2009, 11, 1345. (b) For 13C NMR, see: Ramesh, R.; Bhat,
R. G.; Chandrasekaran, S. J. Org. Chem. 2005, 70, 837.

(18) (a) For 1H NMR, see refs. 1 and 2. (b) For 13C NMR, see: Morley, J.
A.; Woolsey, N. F. J. Org. Chem. 1992, 57, 6487.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2018, 50, 2119–2123


