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Cyclization of Propargylic o-(Alkynyl)phenyl Ethers.
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Abstract. The reaction of propargylic o-(alkynyl)phenyl ethers in the presence of Pd(PPh3)4 and
K7COj affords 2-substituted-3-allenylbenzo[b]furans in good yields. Depending on the nature of the
starting alkyne, variable amounts of isomeric 2-substituted-3-propargylbenzo[b]furans have been
isolated. © 1998 Elsevier Science Ltd. All rights reserved.
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Table 1. Preparation of the Propargylic o-(Alkynyl)phenyl Ethers 1.

entry o-alkynyiphenol R1X propargylic yield % (time)@
4 R 6 o-(alkynyl)phenyl ether 1

1 Ph 4a p-Me-CgHa-l 1a 76 (1.0 h)

2 4a p-MeO-CgHgy-I 1b 80 (2.5 h)

3 4a p-MeCO-CgHgy-1 ic 78 (2.5 h)
~/

4 4a KOT, 1d 69 (4.0 h)
)V/

5 nCgHyy 4b Phl 1e 75 (2.0 h)

6 pMeOCgHs 4c p-Me-CgHa-! 11 63 (3.0 h)

7 p-MeCO-CgHq 4d p-Me-CgHg-l ig 64 (4.0n)
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2 Yields refer to single runs and are given for pure, isolated products. All compounds had satisfactory elemental
analysis and spectral data were consistent with postulated structures.

For the cyclization step we employed the reaction conditions that gave good results in the cyclization of
allylic o-(alkynyl)phenyl ethers [Pd(PPh3)4 and K2CO3 in DME]3 at higher temperature. Generally, a
temperature of 110 °C has been used. Under these conditions, 1a, our model system, gave the cyclization
derivatives in 90% yield (36 h) as an approximately 73:27 2a:3a isomeric mixture. At 80 °C 1a was recovered
essentially unchanged after 12 h. Increasing the reaction tempcrature to 130 °C (diethoxyethanc, 2 h) led to the
isolation of cyclization products in lower yield (61%; 2a:3a = 72:28). The employment of the Pdy(dba)s/ttmpp
[tris(2,4,6-trimethoxy phenyl)phosphine] combination, which afforded the best results in term of yield and
regioselectivity in the cyclization of allylic o-(alkynyl)phenyl ethers resulted in the recovery of the starting alkyne
in 97% yield (DME, 110 °C, 24 h).’

The presence of a substituent on the terminal acetylenic carbon of the propargylic fragment of 5 was found

to be crucial for the success of the reaction. DUD_]CLUOII of Sato cychzatlon conditions resuited in the formation
/.
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5a 7a (15%) 8a (30%)

The resuits obtained in the cyclization of some propargyiic o-(aikynyi)phenyl ethers 1 are reported in
Table 2.
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to afford 13 and 14 that subsequently produce the benzo[b]furan derivatives 2 and 3, respectively, through the
reductive excision of Pd(0).

In conclusion, we have developed an efficient approach to the synthesis of the unusual class of 3-allenyl-
2-substituted-benzo[p]furans that stresses further the potential of the cyclization of alkynes containing proximate
nucleophiles promoted by organopalladium complexes and can provide a strong stimulus for further
functionalization of the benzo[b]furan skeleton.
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Table 2. Cyclization of Propargylic o-(Alkynyl)phenyl Ethers 1.
entry 1 reactiontime cyclization products % yield? (ratio)®

1 1a 36 h N ///‘ ~ 90 (73:27)¢

2 1b 48 h M ~ M 61 (75:25)
"

N
3 1c 36 h A 53

4 id 12 h -d

5 1e 18 h A 52
CgHy-n (2e)
(o]
6 1f 24 h N 86 (85:15)
- D N
| OMe (2f) + OMe (3f)
0 0

7 1g 48 h z 57

8 1h 48 h 52 (35:65
0 o]

a Yields refer to single runs and are given for isolated products. All compounds were fully characterized b
13C NMR, IR and MS analysis. P Isomeric ratios were calculated by NMR analysis. ¢ The same isomeric ratio
observed after isolation of pure 2a and 3a and by NMR analysis of the reaction mixture after workup. d1d was

recovered in 56% yield.
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One-pot reactions have been carried out as [ollows: propargylation [anhydrous DMF (10 mL), room temperature, 1 h]:
1:nronaravl hraomide KAC ()4 — { 1“ mmn] 7 7'1 mmol:15.46 mmol: coupling: arllun c

1:propargy! bromide:K2CO3 = mmol:15.46 mmol; coupling: after workup, the residue derived from the

propargylation step was dissolved in EtaN (5§ mL) and DMF (1 mL), then Arl (6.70 mmol), Cul (0.21 mmol) and
PdCl12(PPh3)2 (0.11 mmal) were added under argon. The reaction mixture was stirred at 45 °C for 1-4 h and worked-up.
Attempts to prepare 2-substituted-3-allenylbenzo[b]furans through the palladium-catalysed reaction of o-alkynylphenols with
propargyl carhonates met with failure. For example, subjection of 4a to 3-(p-methylphenyl)-propargyl ethyl carhonate in the
presence of Pdp(dba)3 and ttmpp in DME at 60 °C for 6 h produced 2a and 3a in 6 and 2% yield, respcctively, along with
other unidentified products

Typical procedure for the cyciizaiion of propargylic o-(alkynyl)phenyl ethers 1. A mixiure of 1a {0.100 g, 0.31 mmol),
K2CO3 (0.210 g, 1,55 mmol) and Pd(PPh3)4 (0.018 g, 0.016 mmol) in anhydrous DME (3 mL) was stirred at 110 °C for
36 h. Then, diethyl ether and water were added, the organic layer was separated, dried (Na2SO4) and concentrated under reduced
pressure. The residue was purified by chromatography (silica gel) cluung with a n-hexane/EtOAc (99/1 v/v) mlxltuie to give
0.066 g (66% yield) of 2a and 0.024 g (24% yield) of 3a. 2a: oil; IR (liquid film) 1935, 1453, 878, 744 em, H NMR
8792 (d, T =84 Hz, 2 H), 7.54 (d, J = 7.9 Hz, 1 H), 7.39-7.01 (m, 10 H), 5.12 (s, 2 H), 2.31 (s, 3 H); “"C NMR 3
209.4, 154.1, 151.8, 137.2, 131.6, 130.6, 130.2, 1294 128.9, 128.6, 128.4, 126.7, 126.6, 124.7, 122.9, 120.6, 111.0,
99.4, 78.0, 21.2; MS m/e (relanve mlemny) 322 (M 68), 307 I“(I)O) Anal. Caled for Cp4H180: C, 89.40; H, 5.36.

QO AL LT € A1 2o IR (linni A Flea) 1484 700 LIRT\ADR’ICI")"IQ!I 2 N T RIT DT iy

Found: C 67.43, 11, J.54i, Ja. Uu I Ulqulu 1iim) l"'JU,l 07 CM , 1 NVIR O /. 7.00 I, I H;, 7,617 .40 (T, g H;,
7.09 (d, T = 8.0 Hz, 1 H), 4.04 (s, 2 H), 2.34 (s, 3 H); ~"C NMR 8 154.0, 137.9, 131.5, 130.6, 129.7, 1”90, 128.8,
128.6, 127.4, 124.6, 122.7, 120.3, 119.9, 111.2, 85.7, 81.3, 21.4, 15.4; MS m/e (relative intensity) 322 (M 100), 231
(51); Anal. Calcd tor Co4H180: C, 89.40; H, 5.36. Found: C, 89.43; H, 5.39.

For other cyclizations promoted by o-allenylpalladium complexes, see: Bouyssi, D.; Gore, J.; Balme, G.; Louis, D.;
Wallach, J. Tetrahedron Lett. 1993, 34, 3129.



