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Derivatives of 2H-1-benzopyrarl), also known as chromenes, are Wel? and otherld have previously shown that catalytic amounts of
prominent natural products of many genera of tAsteraceae palladium acetate in the presence of oxygen and DMSO provides an
possessing a wide range of valuable physiological acti: They are  excellent Pd(ll) catalyst for the cyclization of functionalized alkenes
also useful intermediates in the synthesis of complex natural productand the conversion of enol silanes to enones. While this catalyst system

such as pterocarpa?s. proved unsatisfactory for the synthesis of 2H-1-benzopyrans, further
g 1 optimization has afforded reaction conditions which provide exclusively
7 0L 2 the 6-membered ring ethers in high yields. Optimal conditions for the
©/\) 3 cyclization o o-allylic phenols (0.5 mmol) require heating 5 mol %
5 4 Pd(dba; (dba = dibenzylideneacetone) and KFH; (0.55 mmol) in 9:1

1 DMSO/water (10 ml) for 3 days at 60 °C in the presenair.

The choice of Pd catalyst, base and solvent system are critical to the

clean formation of the 6-membered ring ether in high yields. The
The synthesis of 2H-1-benzopyrans is of considerable current ir3eresreaction ofo-allylphenol and PdG gave exclusively 5-membered ring
Most pertinent to the present research are synthetic methods involvir2-methylbenzofuran, while Pd(O/ and Pd(dbs afforded
(1) the palladium-catalyzed coupling ©-iodophenols and tertiary exclusively 2H-1-benzopyran. While Pd(d; has usually been
allylic alcohols? (2) the iodoetherificatic or selenoetherificati€ of employed as the catalyst, Pd(O; provided faster and cleaner
o-allylic phenols and subsequent elimination, and (3) the direcreactions for electron-deficient phenols (see entries 9 and 10 in Table 1).
oxidation of o-allylic phenols by DDC or potassium dichromate- Carbonate bases afforded only the 6-membered ring ether, while acetate
Adogen 464Y While all of these methods afford good yields of 2,2-

disubstituted 2H-1-benzopyrans and iodoetherification or direct Table 1. Palladium-Catalyzed Cyclization of
oxidation afford 2-aryl-2H-1-benzopyrans as well, none of these o-Allylic Phenols *
methods has been reported to work on phenols possessing a wide variety  Entry ~ Allylic phenol Product(s) Yield(%)b
of substitution patterns in the allylic side chain. OH o
The cyclization ofc-allylic phenols by palladium(ll) salts has been L @i/\ @EJ 80
reported to produce a variety of cyclic ethers. Phenols bearing a simple XX =
allyl, 2-butenyl or cinnamyl group react with NaOMe and
stoichiometric amounts of Pc3(PhCN?, stoichiometric Pd(OA®, or 5 OH o 74
catalytic Pd(OAc; plus Cu(OAcy*H,O to afford exclusively 5-
membered ring produc® However, 2-(2-butenyl)phenol has been q/\ @%
reported to react directly with Pc; in methanol to produce a mixture
of 5- and 6-membered ring ethers in low yield. While the yields are OH o
improved using Pd(OA5, only 5-membered ring products are 3 @(/\/ @(J/ 80
obtainec® Analogous reactions on 2-(3-methyl-2-butenyl)phenol afford N 7
predominantly 6-membered ring ethers using ;, and a mixture of 5-
and 6-membered ring ethers when B plus NaOAc or Pd(OA3) OH o
alone are employel A mixture of 5-membered ring double bond 4 % ©/\)< 72
isomers has been observed in the reaction of 2-(2-cycloalkenyl)phenols AN
and Pd(OAcZ‘.1C The latter process could be made catalytic if run under
1 atm of G. Finally, early attempts to effect the enantioselective OH o Ph
cyclization of 2-(2-butenyl)phenol using chiren-allylpalladium 5 @1/\/ @Lj 65
catalysts in the presence 05 and Cu(OAc; afforded mixtures of 5- X -Ph =
membered ring ethers with low enantioselectivitt but recently 2-
(2,3-dimethyl-2-butenyl)phenol and 2-(3,4-dimethyl-3-pentenyl)phenol OH o)
have been cyclized to the corresponding 5- and 6-membered ring ethers 6 @Q/\ @ 59
respectively with high enantioselectivites using 10 mol % AN =
Pd(C,CCFy),, a chiral ligand and benzoquinci?. Ph Ph
We have observed that the use of an appropriate Pd catalyst under the Me Me 65
right reaction conditions will very cleanly produce high yields of 2H-1- 7 OH o
benzopyrar from a wide variety of o-allylic phencand thaair can be
employed as the sole reoxidant for palladium (eq 1). @1/\ @
air
OH 71

©/\Oi\ cat. Pd(dba), @f) W g
N KHCO,4 Z

DMSO/water

A
3

MeO X MeO
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(entry 14). This is quite surprising, since the corresponding phenol
(entry 4) affords solely the 2H-1-benzopyran. No more than traces of 5-
membered ring ethers were observed in any of the other reactions. This

OH 0 e methodology has also proven useful for the synthesis of precocene-Il
9 /@/\ /@() (6,7-dimethoxy-2,2-dimethyl-2H-1-benzopyran, entry ¥1)@and 6-
Ac X Ac = (entry 10),

cyano-2,2-dimethyl-2H-1-benzopyran an important
OH o 41 intermediate for the synthesis of benzopyran potassium channel
10 /©/\)< openersl,6 as well as flav-3-enes (entry 5) and neoflav-3-enes (entry 6).
NC 1T NC = The mechanism of this cyclization is not presently known. Two options
appear reasonable. The allylic phenol may be directly converted to an
MeO CH MeO SN aryl-substitutedr-allylpalladium intermediate, which then undergoes Pd
11
m substitution at the remote end of the allylic system to afford the
Meom\,/meo observed 6-membered ring products and Pd(0). Subsequent oxidation of
palladium regenerates the requisite Pd(ll) catalyst. The formation of

H . . . . .
12 © oM 77 allylpalladium intermediates directly from alkenes and nucleophilic
substitution of such compounds are both well known procééses.
‘ o Alternatively, these reactions may be proceeding via oxypalladation,
| =

Table 1. (continued)
Entry  Allylic phenol Product(s) Yic:ld(%)b

subsequent palladium hydride beta elimination, and Pd(0) reoxidation;
again all are well known process€&:° Both mechanisms have been
suggested by us previously to explain the products of the Pd(ll)-

OH O O o catalyzed cyclization ad-allylic tosylanilides!3¢
|

13

In summary, a wide variety of 2H-1-benzopyrans can now be prepared
by the Pd-catalyzed cyclization ofallylic phenols. The process is

~ highly regioselective, accommodates a variety of substitution patterns in
0 the aryl ring and allylic moiety, proceeds in good to excellent yields and
14 OH OO g4¢ utilizes air as the sole reoxidant for palladium. The mechanism of this
OO process appears to involve either dirgallylpalladium formation or
+
o)

oxypalladation.
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¢ 5 mol % Pd(OAc), is used in place of Pd(dba),.
d Temperature is 40 °C.
e Room temperature; 34:66 ratio of 6:5 membered rings. References
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