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Absiract: The paliadium-cataiyzed cross-coupiing of o¢-ailylic and o-vinylic phenols with vinylic

halides and triflates produces substituted dihydrobenzopyrans and dihydrobenzofurans respectively in
good to high yields. © 1997 Elsevier Science Ltd. All rights reserved.

The development of general cross-coupling strategies for the construction of heterocycles possessing
variable substitution patterns is a considerable challenge in organic synthesis. Many syntheses have recently
taken advantage of the ability of palladium to form m-allyl complexes, which undergo subsequent intramolecular

cyclic sulfonamides via m-allylpalladium intermediates. Now we wish to report a conceptually related palladium-
catalyzed coupling of vinylic halides and triflates with o-allylic and vinylic phenols, which provides a
convenient, general route to dihydrobenzopyrans (3) and dihydrobenzofurans (5) respectively (Scheme 1).
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We initially focused our attention on the palladium-catalyzed coupling of vinylic halides with o-allylphenol
(1a), choosing the reaction with B-bromostyrene as a model system. After screening a variety of reaction
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Using this procedure, we have been able to obtain the desired 3,4-dihydro-2[(E)-B-styryl]-2H-1-
benzopyran (3), together with z,j-dmydro-z—metnyl—z-[(b)—p—styryljbenzoturan (4), as a 91:9 inseparable
mixture in 90% overall yield (Table 1, entry 1).* This procedure worked well on a variety of other vinylic
halides, as well as triflates (see entries 2-13). We next examined the cross-coupling of a number of more
substituted o-allylic phenols, including o-methallylphenol (1b) and o-crotylphenol (1¢). While the reactions of
vinylic halides with o-methallylphenol (1b) gave the expected cross-coupling products in good to high yields
(entries 14-17) with none of the five-membered ring ether being formed, with o-crotylphenol (1¢) the yields
were lower as expected for the addition to the more hindered double bond (entries 18 and 19). Unfortunately, in
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regioselectivity observed with vinylic triflates is most probably related to the increased steric bulk of the vinylic
unit (all the triflates tested are cyclic compounds), since it can reasonably be presumed that the nature of the
anion of the organopalladium intermediate does not affect the regiochemical course of the reaction to a large
extent. This hypothesis is supported by the nearly identical results obtained in the reactions of 4-phenyl-
cyclohex-1-enyl triflate and 4—pheny)-cyclohéx-l-enyl iodide with o-allylphenol (1a) (compare entries 6 and 7).
We next turned our attention to the analogous cross-coupling of o-vinylic phenols and vinylic halides or

triflates. Taking into account our results with o-allylic phenols, we used the same reaction conditions in the
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ratio), in a 61% overali yieid. It is not clear how the six-membered ring product is formed. Mixed resuits were
obtained with other vinylic halides and triflates. (E)-1-Bromo-3,3-dimethyl-1-butene gave the desired product in
40% yield (entry 22), while the 3,3,5,5,-tetramethylcyclohex-1-eny] triflate afforded only a 20% yield of the
corresponding dihydrobenzofuran and 77% of the 1,3-diene product. (E)-1-Iodo-1-hexene didn't give any
recognizable product. Attempts were then made to improve the yields for the reactions of o-vinylic phenols and

after a systematic examination of the influence of solvents and bases, we have been able to arrive at improved

conditions (3.5 equiv of K,CO;, 1.1 equiv of n-Bu,NCl, 5 mol % of Pd(OAc), at 80°C in acetonitrile as
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extend the reaction to more substituted o-vinylic phenols gave disappointing results. With o-[(E)-1-
propenylijphenol only low yields of products were obtained in all cases examined. Reactions with o-
isopropenylphenol also met with failure.

Mechanistically, the present synthesis of 2-vinylic-3,4-dihydrobenzopyrans and dihydrobenzofurans likely
proceeds according to the pathway illustrated in Scheme 2. Addition of a ¢-vinylpalladium intermediate to the
carbon-carbon double bond, followed by migration of palladium along the carbon chain, results in the formation
of a m-allylpalladium complex, which subsequently undergoes nucleophilic attack by the anionic oxygen.
Elimination of the palladium-hydride from the n’-complex (7), is no doubt responsible for formation of the

vmvlw substitution side products o observed in this process.
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Table 1. Pd-Catalyzed Cross-Coupling of Unsaturated Phenols with Vinylic Halides and Triflates.®

entry Phenol (1) Vinylic halide or triflate (2)  Time (h) Product yield % *¢

1 0-HOCH,CH,CH=CH, (1a) (E)}-PhCH=CHBr 24 82 (8)

2 (E)-PhCH=CHI 48 76 (8)

3 (E)-n-BuCH=CHI 36 62 (10)

4 (CH,),C=CH! 36 68 (7)

5 n-BuCI=CH, 24 57 (6)

6 phrt Ny X=I 6 55

7 /X X=orf 8 53
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14 5.HOC HCH C(CHOY=CH (1h) (E)VL.PhOU—_CHRr 24 75
L T A AT A B LG R XY Al VR R 1 (/=8 1= 1101 T 9
15 (E)-PhCH=CHI 24 75
16 (E)-t-BuCH=CHBr 24 g3
i7 (CH,),C=CHI 24 60"
18 0-HOCH,CH,CH=CHCH, (1¢)  (E)-PhCH=CHBr 72 56 (11)
19 (CH,),C=CHI 24 49 (4)'
20 0-HOCH,CH=CH, (1d) (E)-PhCH=CHBr 24 56 (5)
21 (E£)-PhCH=CHI 24 54 (i8Y
22 (E)-t-BuCH=CHBr 24 40
23 48 53"
* Unless otherwise stated, reactions were carried out under an .argon atmosphcrc at 80°C in DI\:[F for an appropriate time interval
using the rollowmg molar ratios: 1: 2: Na,CO;: n-Bu,NCi: Pd(OAc),=2:1:3.5: : 0.05. ° Figures in parentheses refer to the

yield of 4 in the mixture, calculated by 'H NMR analysis. “All products werc fullv charactenzed by 'H NMR, "“C NMR, IR and
HRMS ana]ys:s "Reacuon was Lamed out usmg KI—ICC)q (3.5 equlv) as the base and "MeCN as the solvent ecis/trans Ratio is 77: 23

con raf fnsetoa o DA 71-9Q (cap raf rroftrame Da TN-20) (qop rof ricltrame Do sn-&n af £ ‘< Ty
\acc ({78 U; cis/irans l\auu i85 /1.27 (3CC 1Th, u] Lu.)/uuu.) Ratio is 70:30 L Il u) (S AYS 42220} x\auu 1S JUOU \acr I€i. Uy. L;qulv

of ¢ were used. 'The number in parenthesis refers to the yield of 2-benzyl-2H-1-benzopyran, calculated by 'H NMR analysns
*Reaction was carried out using K,CO, (3.5 equiv) as the base and MeCN as the solvent.
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We are presently examining analogous reactions using a variety of other heteroatom-containing
nucleophiles, since this process holds promise as a useful tool for the construction of a wide variety of
heterocyclic compounds. We will report those results shortly.
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