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ABSTRACT

A Rh(I)-catalyzed demethylation −cyclization sequence for a direct transformation of o-anisole-substituted ynamides to benzofurans is described
here. The Ag salt functions synergistically with Rh(I) for the key demethylation step.

Benzofurans represent one of the most important heterocyclic
pharmacophores in medicinally and biologically relevant
entities.1-4 We recently reported5 a Rh(I)-catalyzed [2+ 2

+ 2] cycloaddition of aryl-terminated ynamides6-9 as a
stereoselective approach to the synthesis ofN,O-biaryls [see
1 f 3 in Scheme 1].10-12 In our work, Ag salts were
employed as a key additive to enhance the catalytic efficiency

§ With deepest appreciation and respect, this paper is dedicated to
Professor Gilbert Stork on the special occasion of his 85th Birthday.

† University of Wisconsin-Madison.
‡ Tianjin University.
(1) For leading reviews on the biological activities of benzofurans, see:

(a) Ziegert, R. E.; Toraeng, J.; Knepper, K.; Braese, S.J. Comb. Chem.
2005, 7, 147. (b) Hou, X.-L.; Yang, Z.; Yeung, K.-S.; Wong, H. N. C.
Prog. Heterocycl. Chem.2005,17, 142-171.

(2) For some leading references, see: (a) Hayakawa, I.; Shioya, R.;
Agatsuma, T.; Furukawa, H.; Sugano, Y.Bioorg. Med. Chem. Lett.2004,
14, 3411. (b) Masubuchi, M.; Ebiike, H.; Kawasaki, K.; Sogabe, S.;
Morikami, K.; Shiratori, Y.; Tsujii, S.; Fujii, T.; Sakata, K.; Hayase, M.;
Shindoh, H.; Aoki, Y.; Ohtsuka, T.; Shimma, N.Bioorg. Med. Chem.2003,
11, 4463.

(3) For general reviews on synthetic approaches to benzofurans, see: (a)
Dell, C. P.Sci. Synth.2001,10, 11. (b) Steel, P. G.Sci. Synth.2001,10,
87. (c) Greve, S.; Friedrichsen, W.Prog. Heterocycl. Chem.1999, 11, 144.
Also see related recent reviews: (d) Kirsch, S. F.Org. Biomol. Chem.2006,
4, 2076. (e) Brown, R. C. D.Angew. Chem.,Int. Ed. 2005,44, 850.

(4) For some recent references, see: (a) Lu, K.; Luo, T.; Xiang, Z.; You,
Z.; Fathi, R.; Chen, J.; Yang, Z.J. Comb. Chem.2005,7, 958. (b) Cruz,
M.; Tamariz, J.Tetrahedron2005,61, 10061.

(5) Tracey, M. R.; Oppenheimer, J.; Hsung, R. P.J. Org. Chem.2006,
71, 8629.

(6) For reviews, see: (a) Zificsak, C. A.; Mulder, J. A.; Hsung, R. P.;
Rameshkumar, C.; Wei, L.-L.Tetrahedron2001,57, 7575. (b) Mulder, J.
A.; Kurtz, K. C. M.; Hsung, R. P.Synlett2003, 1379. (c) Katritzky, A. R.;
Jiang, R.; Singh, S. K.Heterocycles2004,63, 1455.

(7) For an issue dedicated to ynamides, see: Tetrahedron-Symposium-
In-Print: Chemistry of Electron-Deficient Ynamines and Ynamides.
Tetrahedron2006,62 (16).

(8) For leading references on the chemistry of ynamides, see: (a) Couty,
S.; Meyer, C.; Cossy, J.Angew. Chem., Int. Ed.2006,45, 6726. (b) Dunetz,
J. R.; Danheiser, R. L.J. Am. Chem. Soc.2005,127, 5776. (c) Riddell, N.;
Villeneuve, K.; Tam, W.Org. Lett.2005, 7, 3681. (d) Zhang, Y.Tetrahedron
Lett. 2005,46, 6483. (e) Couty, S.; Barbazanges, M.; Meyer, C.; Cossy, J.
Synlett2005, 906.

ORGANIC
LETTERS

2007
Vol. 9, No. 12
2361-2364

10.1021/ol0707362 CCC: $37.00 © 2007 American Chemical Society
Published on Web 05/10/2007



of Wilkinson’s catalyst through the counteranion effect in
which the rhodium metal is rendered cationic with the
chloride anion being stripped, leaving behind softer anions
such as [SbF6]- and open valence.13 However, intriguingly,
not all Ag salts had the same effect. We found that the utility
of AgBF4 led to a very different outcome with only a small
amount of desired chiral biaryls3-M/P. We have since then
identified this intriguing reaction pathway, and herein, we
report a Rh(I)-catalyzed demethylation-cyclization sequence
in the synthesis of de novo benzofurans.

When o-anisole-substituted ynamide4 was subjected to
conditions that were optimized for the [2+ 2 + 2]
cycloaddition reaction with 1,6-diyne employing 15.0 mol
% of the Wilkinson’ catalyst (Table 1), we found that the

addition of a Ag salt not only played a critical role in the
rate of conversion in leading to biaryl5 (entries 1-3),13 but
it also provided a byproduct (entries 4-12). This unexpected

new product was unambiguously assigned as benzofuran614

through the X-ray crystal structure of a related benzofuran
product7 (Figure 1).

Under these conditions, the formation of the benzofuran
side product appears to be dependent upon the nature of the
salt in which AgBF4 provided the fastest consumption of
the starting ynamide4 (entry 12) relative to AgOTf (entries
4-6), AgSbF6 (entries 7-9), and AgPF6 (entries 10 and 11),
while providing the best chemical yield for6. This di-
chotomy, as delineated in Scheme 2, intrigued us.

The complex8, which consists of a bidentate coordination
of the ynamide motif to the rhodio-cyclopentadienyl inter-
mediate, had been proposed5 as an intermediate en route to
chiral biaryl5-M. While this represents one of the generally
accepted [2+ 2 + 2] cycloaddition pathways,15 and while
a silver salt is known to enhance the coordination ability of
the rhodium metal13 by stripping away the chloride ligand,
the subtle difference between SbF6

- [or OTf- or PF6
-] and
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Scheme 1. Effects of Ag-Salt Additives in the [2+ 2 + 2]
Cycloaddition

Table 1. Benzofuran Formation in the Presence of AgBF4

a Determined by LCMS.

Figure 1. X-ray structure of benzofuran7.
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BF4
- is provoking with the latter favoring a 5-endo-dig

cyclization pathway through the intermediacy of10 (or 11)
after the initial demethylation.

We remain uncertain of this aforementioned dichotomy.
However, as well precedented as 5-endo-digcyclizations
from o-hydroxyphenylacetylenes are in the synthesis of
benzofurans,3,16-18 a tandem sequence of dealkylation-
cyclization viao-anisole acetylenes is relative less common.19

Thus, we elected to examine this reaction in greater detail,
for it represents an excellent catalytic protocol for such
transformation.

As shown in Table 2, by using ynamide12 as the model,
it became evident that (1) Wilkinson’s catalyst by itself is
not useful in the benzofuran formation (entry 1) and the
presence of AgBF4 is critical (entry 3) and (2) adventitious
H2O20 is likely the nucleophile that carries out the demethyl-
ation, as the addition of 4 Å MS retards the reaction (entry
1 versus 2, and 3 versus 4, and 5 versus 6).

More importantly, it appears that AgBF4 and Wilkinson’s
catalyst function synergistically to provide a more effective
demethylation-cyclization, leading to benzofuran13 in much
higher yield (entry 3 versus 5). This result suggests that
AgBF4 and Wilkinson’s catalyst could in fact provide a
unique catalytic system for the demethylation and cyclization

process ofo-anisole-substituted ynamides. To verify this
implication, we examined a series of commonly used Lewis
acids for demethylating methyl ethers.

As shown in Table 3, we found that other than MgBr2,
which provided formation of the desired benzofuran13 but
at a much higher temperature, all other Lewis acids did not
lead to13 but to halo-enamide14-Cl or 14-Br in favor of

(16) For recent examples on such 5-endo-dig cyclizations from o-
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Chianese, A. R.; Vogel, T.; Crabtree, R. H.Org. Lett.2005,7, 5437. (d)
Hu, Y.; Nawoschik, K. J.; Liao, Y.; Ma, J.; Fathi, R.; Yang, Z.J. Org.
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Durham, A.; Morreale, M. S.; Wheeler, K. A.; Dembinski, R.Org. Lett.
2007,9, 1175 and refs 4-24 cited therein.
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Scheme 2. Demethylation versus Cycloaddition Table 2. The Importance of Rh(I) Cat., AgBF4, and H2O

yield [%]a

entry Rh(I) Ag(I)
4 Å
MS

time
[h]

temp
[°C] 12b 13

1 x 24 25 to 85 90 ndc

2 x x 24 25 to 85 95 nd
3 x 12 25 5 25
4 x x 48 25 to 85 50 trace
5 x x 12 25 5 54
6 x x x 24 25 75 trace

a Isolated yields.b Recovered ynamide12. c nd: not determined.

Table 3. Limited Demethylation under Other Lewis Acidic
Conditions

yield [%]a

entry MX
time
[h]

temp
[°C] 12 13 14-Cl 14-Br E:Z

1 TiCl4 2 0 0 0 24 7.5:1
2 AlCl3 24 0 0 0 0
3 BCl3 1.5 0 0 0 35b 25:1
4 BCl3 60 25 0 0 0b

5 TMSCl 48 25 25 0 54 14:1
6 TMSCl 48 85 0 0 93 19:1
7 MgCl2 72 85 22 0 73 17:1
8 BBr3 1.5 0 0 4 8 7:1
9 MgBr2 120 25 25 trace 58 8:1

10 MgBr2 12 85 10 45 26

a Isolated yields.b For entry 3: A chloro aminal byproduct was isolated
in 18% yield (see the Supporting Information and ref 22). For entry 4:
The chloro aminal product was found in 33% yield.
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the E-isomer. While additional Lewis acids could be tried,
these preliminary results are sufficient to suggest that a
demethylation simply through intermediateA is not a trivial
task with Lewis acids likely preferring the more Lewis basic
urethane carbonyl oxygen shown inB, which would lead to
the halo-enamide formation.21

Given these comparisons, it is reasonable to suggest that
the demethylation does involve the Rh metal through the
complexD in which only the cationic Rh metal, after being
stripped of the Cl ligand present in complexC, could possess
additional coordination sites for a bidentate complexation
with the o-methoxy oxygen inD (in blue and see the red
arrow in Figure 2). This would in turn set up for the key

demethylation en route to benzofuran13. It is noteworthy
that without the addition of AgBF4, 14-Cl was also found,
although in low yield. It is likely formed from the complex
C, thereby further underscoring the significance of the silver
salt additive.

With these mechanistic insights in hand, the generality is
shown in Figure 3 for the synthesis of various chiral 2-amido
benzofurans from a range of ynamides. It is also noteworthy
that in the absence of any diynes, other silver salts such as
AgSbF6 are now also feasible. Our protocol essentially
renderso-anisole-substituted ynamides as a protected or latent
benzofuran motif. These 2-amido benzofurans should be

useful as chiral templates for further stereoselective trans-
formations24 as well as potential applications in the synthesis
of benzofuran-related natural products.25

We have described here an unexpected Rh(I)-catalyzed
demethylation-cyclization sequence for the synthesis of
benzofurans fromo-anisole-substituted ynamides. The silver
salt is critical for the demethylation and functions synergisti-
cally with the rhodium catalyst to form a unique catalytic
system feasible for a demethylation-cyclization sequence
that is a much less used synthetic route to benzofurans
directly from o-methoxyphenylacetylenes.
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Figure 2. A proposed mechanistic pathway to benzofuran.

Figure 3. A Rh(I)-Catalyzed Demethylation-Cyclizations. For
reaction conditions, see the Supporting Information and ref 23.
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