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palladium-catalyzed O-arylation efhalobenzyl ketonesand

(v) intramolecular McMurry couplingsor Wittig reactions®
Recently, we have initiated a program to achieve the general

and selective cross McMurry couplings between two carbonyl

A novel two-step synthesis of 2-arylbenzofurans has beencompoundg. We reported that, in the presence of a series of

developed. It involves a selective cross McMurry coupling
of a salicylaldehyde or substituted salicylaldehyde with an
aromatic aldehyde and a sequential oxidative cyclization of
the resultingortho-vinylphenols. Utilizing this synthetic
protocol, a variety of 2-arylbenzofurans including cicerfuran
(5) have been efficiently synthesized.

Benzofurans and their analogues constitute a major group of

naturally occurring compoundsTheir broad range of biological
activities and significant pharmacological potentials have gener-

groups such as-OH, —NHj, etc., a selective cross McMurry
coupling between diaryl or aryl ketones with various ketones
was achieved.We now disclose a novel two-step synthetic
strategy for 2-arylbenzofurans using the selective cross McMurry
couplings between two aromatic aldehydes as a pivotal step,
namely, (&) a selective cross McMurry coupling of salicyl-
aldehyde or substituted salicylaldehyde with an aromatic alde-
hyde yielding aro-vinylphenol, and (b) a sequential oxidative
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ated extensive and enduring efforts toward the syntheses of thes@005 40, 1307. (b) Mashraqui, S. H.; Patil, M. B.; Sangvikar, Y.; Ashraf,

important heterocyclic compoundsMajor reported synthetic
strategies involve (Scheme 1) (i) oxidative cyclization of
o-vinylphenols? (ii) dehydrative cyclization ofa-phenoxy
ketones', (iii) cyclization of o-ynylphenol® (iv) copper- or
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TABLE 1. The Influence of the Equivalent of Low Valent TABLE 2. The Oxidative Cyclization of o-Vinylphenols to
Titanium on the Cross McMurry Reactions between Salicylaldehyde 2-Arylbenzofurans
and Aryl Aldehyde

i Ar H
H RN [0] _
CHO o ___H low-valent-titanium X Ar | S | > Ar
(0 o _— e
OH

+

oH Ar THE MeO MeO
: a
1a 2a-2b 3aa-3ab yield (%)
a: Ar = Ph: b: 4-MeOPh entry  o-vinyl phenol mCPBA
time yield® DDQ L/THF
entry  aldehyde Ti (equiv) ) (%) -TsOH
1 la+ 2a TiCls—Zn—Py (5) 35  438ag y Q
2 la+2a TiCl,—Zn—Py (4) 5 50.2 8aa)
3 la+2a TiCl4—Zn—Py (2.5) 6 58 8ag) 1 X 60 89 63
4 la+2a TiCls—2Zn (4) 5 51 Baa)
5 la+2a TiCls—2n (2.5) 6 60 Baa) OH
6 la+2b TiCl4—Zn—Py (5) 3 60 Bab) 3aa
7 la+2b TiCl4—Zn—Py (4) 5.5 738ab)
8 la+2b TiCl4—Zn—Py (2.5) 6 74 8ab) oMe
9 la+2b TiCly—2Zn (4) 6 72 Bab) " Q
10 la+2b TiCl,—2Zn (2.5 6 75 Bab
a (Cla=zn 2.5) gab) 2 N 91 90 91
aThe mole ratios ofla to 2a, 2b were 1:1.2°Yield of isolated O
product. OH 3ap

cyclization of theo-vinylphenol to afford the corresponding
2-arylbenzofuran. Because the reagents are readily available and
the protocols simple to carry out, this new synthetic methodol- 3
ogy represents a convenient and effective approach toward a
variety of 2-arylbenzofurans.

Initially, we performed the McMurry coupling of salicylal-
dehyde 1a) with benzaldehyde2@) and 4-methoxybenzalde- N
hyde @b) using 5 equiv of low valent titanium (TiG+Zn— B d
Py) according to our reported proceddréwas observed that 4 X
the coupling proceeded significantly faster than those between
ketone$ with isolated yields of the cross couplings products
ranging from 43 to 60%, respectively (Table 1, entries 1 and

6). The yields increased to 58 and 74% when 2.5 equiv of low HeoT
valent titanium was used (Table 1, entries 3 and 8). We observed 5 S

45 61 &3

21 19 81
OH 3ac

a yellow precipitate forming during the course of the reaction. 47 55 85

Ordinarily, the couplings occur as a black mixture using 74l
Zn as a low valent titanium source. The yields were similar to
those using TiGHZn—Py (Table 1, entries 4, 5, 9, and 10). a|solated yield.
Here, optimal conditions for cross McMurry couplings of
salicylaldehyde or substituted salicylaldehydg ith aryl
aldehyde 2) employed 2.5 equiv of TiGH2Zn with a 1:1.2 mol
ratio of 1 to 2. _ o - .
The oxidative cyclization ob-vinylphenols was tested using With the above optimized conditions for the two reactions,
three reagents: (A) DD&;9 (B) m-CPBA/TsOH3" and (C) we prepared a variety of 2-arylbenzofurans through this two-
1/K,CO3.39 The results are outlined in Table 2. Although step synthetic strategy in order to establish the generality of
DDQ is commonly utilized to carry out the oxidative cyclization, this approach (Table 3). This method proved to be a flexible
we observed that the other two reagents were equally effective.and convergent protocol for 2-arylbenzofurans. Besides 2-phenyl
Additionally, the workup of the DDQ reaction required greater or substituted phenyl benzofurans, 2-heteroaromatic substituted
effort than the other two methods. The reported cyclization via henzofurans were also conveniently and efficiently synthesized
m-CPBA/TsOH was performed in two stelsepoxidation by (Taple 3, entries 3, 4, and 7). The oxidative cyclization

mePBA folljov;/‘ed by Ton—ca;[jalyzefzd cycéizstion. In our_Iab,. proceeded smoothly, and high yields were achieved. In regards
we improved the procedure and performed the two reactions iny, o sojative cross McMurry reaction, the following features

one pot. We found that this method was suitable for the s . e
o-vinylphenol without an electron-donating group such as MeO are highlighted: (1) the hydroxyl group d&— is important

(Table 2, entry 1). The method employingi,COs was highly to the_ selective cross coupling as it n(_)t only enhanc_e_s the
effective and simple for the oxidative cyclization in most cases. Selective cross coupling over homocoupling but also facilitates
We were able to achieve the oxidative cyclization @f  the isolation of the products; (2) the presence of electron-
vinylphenols using#K,CO;z in most cases that were attempted. donating groups, such as methoxy and piperidinyl, seems
For the o-vinylphenols without electron-donating groups, we beneficial to the enhancement of the selectivity cross coupling

obtained the oxidative cyclization product viaRCPBA/TsOH.
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TABLE 3. Preparation of 2-Arylbenzofuran Using the Selective Cross McMurry Reactions

H H H
R
& o * I THF & om N
1a1f 2a-2k 3aa3fa 4aa4fa ézﬂ:;cc*@
o-vinylphenol oxidants for 2-arylbenzofuran o-vinylphenol oxidants for 2-arylbenzofuran
entry aldehydes” entry aldehydes”
(yield)® cyclization (vield)® (yield)® cyclization (vield)®
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aThe mole ratios ofla—1f to 2a—2k were 1:1.2° Yield of isolated product.

(Table 3, entries 2, 6, 8, 9, and-135), an effect also observed cicerfuran is more convenient and effective compared to
for the homocoupling of diaryl keton; (3) to achieve a previously reported procedur&s;bfor the reagents are readily
selective cross coupling, the rates of two carbonyl compounds available and the procedures are simple. Moreover, the overall
in the McMurry reaction should not be significantly different; yield of 60% is significantly higher than those reported
otherwise the coupling of the two carbonyl compounds will (<209p)11ab

result in predominantly homocoupling products. In our hands,
the couplings of salicylaldehyde with butyraldehyde, cyclo-
pentanecarboxaldehyde, and cyclohexanone did not signifi-

cantly afford their respective cross coupling products. We __. : . :
observed that the homocouplings of butyraldehyde, cyclo- ;Zlgl)%li?we?alrctlse?Ziteindsartﬂzzt?opaeldgﬁﬂz. c-:(?; aglt/llqutrl;cl
pentanecarboxaldehyde, and cyclohexanone were complete in

approximately 1 h, and hardly any cross coupling products were reaction and provides a novel approach toward the facile
observed. syntheses of 2-arylbenzofurans.

Utilizing the synthetic approach outlined above, we achieved
a total synthesis of a naturally occurring benzofuran compound, (11) () Aslam, S. N.; Stevenson, P. C.; Phythian, S. J.; Veitch, N. C.;

; 11 ; ; ; Hall, D. R. Tetrahedror2006 62, 4214. (b) Novak, Z.; Timari, G.; Kotschy,
cicerfuran B),}! as illustrated in Scheme 2. Our synthesis of A. Tetrahedron2003 59, 7509. (c) Stevenson, P. C.; Veitch, N. C.

Phytochemistry1998 48, 995. (d) Stevenson, P. C.; Veitch, N. C.
(10) Chung, M. K.; Qi, G. Z.; Stryker, J. MOrg. Lett.2006 8, 1491. Phytochemistn1998 48, 947.

In conclusion, we developed a facile two-step synthetic
strategy for 2-arylbenzofurans. The key step is a selective cross
McMurry coupling between a salicylaldehyde or substituted

J. Org. ChemVol. 72, No. 26, 2007 10285
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SCHEME 2. Total Synthesis of Cicerfuran

MeO
/CE :©:> Zn-TiCl,-THF [ O ) K2003/lz/THF

7% BnO OH 85%
19 3gl

MeQ
TiCl4/CH,CI.
BnO. . . |C4/C 2Clp HO o
O O ‘ O (¢}
92% / )
5 6}

total yield: 60%

Experimental Section anhydrous Ng50,. The organic layer was concentrated, and the

crude material was purified by flash chromatography to give the
General Procedure for Cross McMurry Reactions.Under an P y graphy to g

desired products.
Ar atmosphere, a four-necked flask equipped with a magnetic stirrer ! procu

T General Procedure for the Oxidative Cyclization of o-
was charged with zinc powder (0.8 g, 12 mmol) and 40 mL of . A X ;
THF. The mixture was cooled te5 ~ 0 °C, and TiC} (0.65 mL, Vinylphenols Using I,/K,CO3. To a solution ofo-vinylphenol (2

; : [) in THF (20 mL) was added anhydrous®0; (1.53 g, 11.1
6 mmol) was added by a syringe slowly with the temperature kept mmo g ;
under 0°C. The suspension was warmed to room temperature and mmol) and was stirred for .10 mire (2.82 9 11.1 mmol) was addfsd,
stirred for 0.5 h, then heated at reflux for 2.5 h. The mixture was and the mixture was stirred at ambient temperature until the

; o ; : -vinylphenol was consumed. The mixture was poured into
again cooled to-5 ~ 0 °C, and the solution of two aldehydes (in o-viny >
1:1.2 mol ratio, 2.4 mmol) in THF (15 mL) was added slowly saturated aqueous NaHE@@O0 mL) and treated with saturated

After addition, the reaction mixture was heated at reflux until the 2du€ous NaHSglo remove the unreacted iodine. The mixture was

carbonyl compounds were consumed (monitored by TLC). The €Xtracted with EtOAc, and the organic layer was dried over
reaction was quenched with 10% aqueous Nakl€@ution and anhydrous Nz50O,. The organic layer was concentrated, and the

taken up CHCl,. The organic layer was collected and concentrated. Srude material was purified by flash chromatography to give the
The crude material was purified by flash chromatography to give desired products.
the desired products.
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