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Reaction of �-methoxyacetic acid with aromatic com-
pounds in the presence of trifluoroacetic anhydride and Lewis
acid has been found to give diarylmethanes. Some of the inter-
mediates in this transformation have been identified via direct
observation by 1H and 13CNMR spectroscopy. The reaction
route has been clarified as follows: a mixed acid anhydride is
formed from �-methoxyacetic acid and trifluoroacetic anhy-
dride, which gives a hemiacylal type intermediate via decarbon-
ylation followed by successive double electrophilic aromatic
substitutions yielding diarylmethanes.

Electrophilic aromatic substitution of free carboxylic acid
mediated by PPA (polyphosphoric acid),1 the Eaton reagent
(P2O5–MsOH; mixture of phosphorus pentoxide and methane-
sulfonic acid),2 triflic acid,3 and methanesulfonic acid4 has been
widely investigated. However, electrophilic aromatic substitu-
tion of �-keto- and �-alkoxycarboxylic acids has been scarcely
reported.

Recently, we have found that decarbonylative �,�-diaryla-
tion reaction of �-alkoxycarboxylic acid proceeds instead of
the Friedel–Crafts type acylation in the presence of phosphoric
acid anhydride type mediators such as PPA or P2O5–MsOH.5

About this arylation reaction, the scope and the limitation, the
structural requirements, and the reaction mechanism have been
elucidated. The plausible reaction pathway of this transforma-
tion is proposed to have following three stages: 1) formation
of a reactive intermediate from an �-alkoxycarboxylic acid
and phosphoric acid like mixed acid anhydride, 2) decarbonyla-
tive electrophilic attack of the intermediate to arenes yielding
monoarylated intermediates, 3) electrophilic aromatic substitu-
tion of the monoarylated intermediates yielding decarbonyla-
tively diarylated products.

During the course of the investigation on decarbonylative
diarylation reaction, we have discriminated the two governing
factors for the first and the second stages of this reaction. One
is the forming ability for mixed acid anhydride type intermediate
and the other is acidic mediation for decarbonylative diarylation.
In this consequence, we have found that combination of other re-
agents taking the place of these two roles also induces decarbon-
ylative diarylation. In this communication, we wish to discuss
the reaction behavior, the governing factors, and the intermedi-
ates and the reaction pathway of the decarbonylative diarylation
reaction of �-alkoxycarboxylic acid mediated by acid anhydride
and Lewis acid.

The results of the reaction of �-methoxyacetic acid (1) with

aromatic compounds 2 in the presence of trifluoroacetic anhy-
dride ((CF3CO)2O) (3) and Lewis acids are shown in Table 1.
In the reaction of �-methoxyacetic acid (1) with two equimolar
amounts of anisole (2a) against acid 1, diarylmethane 5 was
obtained in a 55% yield with evolution of carbon monoxide
(4) (Entry 1). The evolution of carbon monoxide (4) was con-
firmed by the aid of a gas indicator, Gas Indicator Tube No.
1H, GASTEC Corporation. On the other hand, neither carbon
monoxide (4), diarylmethane 5, nor �-methoxyacetophenone
derivatives 6 were formed when the operation was carried out
in the absence of (CF3CO)2O (3) or Lewis acid (Entries 2 and
3). Therefore, combination of (CF3CO)2O (3) and Lewis acids
has been proved to promote this decarbonylative diarylation in
the same manner as phosphoric acid anhydride type reagents.
On the other hand, when an equimolar amount of anisole (2a)
against acid 1 was allowed to react, diarylmethane 5 was also
produced in a rather lower yield (38%, Entry 4). In contrast,
when a large amount of anisole (2a) was treated, formation of

Table 1. Reaction of �-methoxyacetic acid (1) with aromatic
compounds 2 in the presence of (CF3CO)2O (3) and Lewis acidsa
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Entry 2
2/1

Lewis acid
3/1 Yield/%

(mol/mol) (mol/mol) 5 6

1 2a 2 AlCl3 1 55 0

2b 2a 2 — 1 0 0

3b 2a 2 AlCl3 0 0 0

4 2a 1 AlCl3 1 38 0

5 2a 10 AlCl3 1 47 12

6c 2a 2 AlCl3 1 38 0

7d 2a 40 P2O5–MsOH 0 49 0

8 2a 2 SnCl4 1 31 0

9 2a 2 ZnCl2 1 10 0

10 2a 2 BF3.OEt2 1 69 0

11 2b 2 BF3.OEt2 1 80 0

12 2c 2 BF3.OEt2 1 56 0

13 2d 2 BF3.OEt2 1 25 0

aReaction conditions: �-methoxyacetic acid (1), 1mmol; Lewis
acid, 5mmol; CH2Cl2, 5mL. bEvolution of CO (4) was not con-
firmed. cReflux, 4 h. dP2O5–MsOH (1mL) was employed instead
of Lewis acid and CH2Cl2.
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�-methoxyacetophenone derivative 6 (12%) along with diaryl-
methane 5 (47%) was observed (Entry 5). By this reaction sys-
tem, �-methoxyacetic acid (1) and arene 2 are transformed into
diarylmethane 5more effectively in comparison to P2O5–MsOH
mediated one (Entry 7).

From the point of dependence on the kind of Lewis acids,
BF3.OEt2 is found to be the most effective Lewis acid among
those we have been evaluated, as shown in Table 1 (Entries 1,
8–10). In contrast, employment of other Lewis acids for this
reaction generally gave complex mixtures containing some
unknown products (Entries 1, 8, and 9). Thus, choice of Lewis
acid is significant to achieve high efficiency of decarbonylative
diarylation of acid 1. On the other hand, this reaction is proved
to be applicable for other aromatic compounds, such asm-xylene
(2b), toluene (2c), and benzene (2d), producing the correspond-
ing diarylmethanes 5 (Entries 11–13).

For this transformation, some of the intermediates formed in
situ were directly observed with the aid of 1H and 13CNMR
spectroscopy. 1H and 13CNMR spectra of the reaction solution
show that mixed-acid anhydride 7 and trifluoroacetic acid
(TFA) are immediately formed after mixing of �-methoxyacetic
acid (1) and (CF3CO)2O (3) (Figure 1). Furthermore, when
BF3.OEt2 was added to the solution of mixed-acid anhydride
7, carbon monoxide (4) was evolved. The signals of hemiacylal
equivalent to intermediate 8 is observed in the 1H and 13CNMR
spectra of the solution (Figure 1).

Based on this observation, the reaction pathway is presumed
as follows (Scheme 1): initially, �-methoxyacetic acid (1) reacts
with (CF3CO)2O (3) to form mixed-acid anhydride 7. Trifluoro-
acetic anhydride (3) is known to give mixed-acid anhydride by
the reaction with carboxylic acid6 as well as p-trifluoromethyl-
benzoic anhydride7 and diphenyl chlorophosphonate.8 The acid

anhydride 7 formed in situ is smoothly decarbonylated to gener-
ate hemiacylal intermediate 8.

Furthermore, in this reaction system, electrophilic aromatic
substitution of hemiacylal 8 should readily yield �-aryl-�-
methoxymethane 9 in preference to the formation of diaryl-
methane 5. However, the existence of �-aryl-�-methoxy-
methane 9 has not been observed under the reaction conditions
examined. The transformation of the monoarylated compound
9 into diarylmethane 5 is supposed to be so fast that the
formation of the intermediate 9 could not be observed.5a In this
course of transformation, evolution of carbon monoxide (4) is
evidently the driving force for the formation of the activated
intermediate 8, which readily gives the further arylated product
of diarylmethane 5.9

The preference of decarbonylative diarylation yielding di-
arylmethane 5 against electrophilic aromatic acylation giving
acetophenone 6 is interpreted as follows: both of the two reaction
pathways of mixed-acid anhydride 7, decarbonylation and elec-
trophilic aromatic acylation, have possibility to proceed via con-
certed process.5c However, decarbonylation of mixed-acid anhy-
dride 7 proceeds far faster than concerted electrophilic aromatic
acylation. Only when excess amount of aromatic compound is
present, electrophilic aromatic acylation product 6 is generated
in a low yield (Table 1, Entry 5). Generally, under the conditions
described in this paper, electrophilic aromatic acylation scarcely
proceeds in competition with decarbonylation of mixed-acid
anhydride 7.

In conclusion, we have found that combination of
(CF3CO)2O (3) and Lewis acid functions as a promoter of decar-
bonylative diarylation of �-methoxyacetic acid (1) in place of
PPA and P2O5–MsOH. Furthermore, the intermediates in this
transformation are experimentally identified as mixed-acid an-
hydride and hemiacylal compounds. Further work on clarifica-
tion of scope and limitation of this transformation is currently
being undertaken.

References
1 a) F. D. Popp and W. E. McEwen, Chem. Rev., 58, 321 (1958). b) L. F.

Fieser and M. Fieser, ‘‘Reagents for Organic Synthesis,’’ Wiley-Inter-
science, New York (1967), p 894.

2 a) P. E. Eaton, G. R. Carson, and J. T. Lee, J. Org. Chem., 38, 4071
(1973). b) M. Ueda, Synlett, 1992, 605.

3 a) G. A. Olah, G. K. S. Parakash, and J. Sommer, Science, 206, 13
(1979). b) G. A. Olah, G. K. S. Parakash, and J. Sommer, ‘‘Superacids,’’
Wiley-Interscience, New York (1985).

4 V. Premasagar, V. A. Palaniswamy, and E. Eisenbraun, J. Org. Chem.,
46, 2974 (1981).

5 a) N. Yonezawa, Y. Tokita, T. Hino, H. Nakamura, and R. Katakai, J.
Org. Chem., 61, 3551 (1996). b) N. Yonezawa, T. Hino, Y. Tokita, K.
Matsuda, and T. Ikeda, Tetrahedron, 53, 14287 (1997). c) N. Yonezawa,
T. Hino, M. Shimizu, K. Matsuda, and T. Ikeda, J. Org Chem., 64, 4179
(1999). d) N. Yonezawa, T. Hino, T. Kinuno, T. Matsuki, and T. Ikeda,
Synth. Commun., 29, 1687 (1999). e) N. Yonezawa, T. Hino, and T.
Ikeda, Recent Res. Dev. Synth. Org. Chem., 1, 213 (1998). f) N.
Yonezawa, T. Hino, Y. Tokita, K. Matsuda, T. Matsuki, D. Narushima,
M. Kobayashi, and T. Ikeda, J. Org. Chem., 65, 941 (2000). g) A.
Kameda, H. Nishimori, S. Omura, M. Koike, T. Hino, T. Jobashi, K.
Maeyama, and N. Yonezawa, Nippon Kagaku Kaishi, 2002, 211.

6 B. C. Ranu, K. Ghosh, and U. Jana, J. Org. Chem., 61, 9546 (1996).
7 R. Mestres and C. Palomo, Synthesis, 1981, 218.
8 K. Suzuki, Bull. Chem. Soc. Jpn., 66, 3729 (1993).
9 a) F. P. DeHaan, M. Djaputra, M. W. Grinstaff, C. R. Kaufman, J. C.

Keithly, A. Kumar, M. K. Kuwayama, K. D. Macknet, J. Na, B. R. Patel,
M. J. Pinkerton, J. H. Tidwell, and R. M. Villahermosa, J. Org. Chem.,
62, 2694 (1997). b) T. Hino, A. Kameda, and N. Yonezawa, Recent Res.
Dev. Synth. Org. Chem., 3, 75 (2000).

Figure 1. 1H and 13CNMR spectra of �-methoxyacetic acid (1)
in CDCl3 and the reaction mixtures obtained by addition of
(CF3CO)2O (3) and BF3.OEt2 in CDCl3.
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