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Dibenzopyran derivatives are prepared by palladium- and norbornene-catalyzed reaction of aryl iodides, o-substituted with electron-releasing

substituents, o-bromophenols, and activated alkenes.

During the past decades, palladium catalyzed reactions havearyl coupling was followed by alkene insertion into the
attracted the interest of several grodpge recently reported  biphenylylpalladium bond thus formed. The different reactiv-
a new mode for the arylation of aryl iodides with different ity of aryl iodides and bromides in the first oxidative addition
aryl bromides (Scheme 2)The criterion to achieve this leading to palladium(ll) complexes and in the subsequent
reaction relies substantially on the presence of ortho electron-reaction with palladacycle species, respectively, accounts for
releasing substitutents in the aryl iodides and electron- the satisfactory selectivity observed.

withdrawing groups in the aryl bromides. The unsymmetrical

T Dipartimento di Chimica Organica e Industriale dell'Universita Scheme 1

* CNR-Istituto di Scienze e Tecnologie Molecolari.

(1) (a) Tsuji, J., EdPalladium in Organic Synthesi$pringer: Berlin, E
2005. (b) Tsuji, J.Palladium Reagents and Catalysts; John Wiley: | Br
Chichester, U.K., 2004. (c) de Meijere, A.; Diederich, F., Eetal- R' PA(OAC),
Catalyzed Cross-Coupling Reactiorznd ed.; Wiley-VCH: Weinheim, + N, =
Germany, 2004. (d) Negishi, E.-l., EHandbook of Organopalladium A v KoCOs,

Chemistry for Organic Synthesis; Wiley-Interscience: New York, 2002. R? DMF. 105 °C
Vols. 1, 2. (e) Zeni, G.; Larock, R. CChem. Rev2004,104, 2285. (f) ’
Tietze, L. F.Chem. Rev1996,96, 115—136. (g) Negishi, E.-I.; Copéret,
C.; Ma, S.; Liou, S.-Y.; Liu, FChem. Rev1996,96, 365.

(2) (a) Faccini, F.; Motti, E.; Catellani, Ml. Am. Chem. So2004 126,
78. (b) Ferraccioli, R.; Carenzi, D.; Rombola, O.; Catellani,®tg. Lett. . . .
2004.6, 4759. (b) Catellani, M.; Motti, E.: Faccini, F.: Ferraccioli, Rure We have now investigated the unusual behavias-bfo-

Appl. Chem2005,77, 1243. mophenols, which despite the absence of electron-withdraw-

10.1021/0l061443w CCC: $33.50  © 2006 American Chemical Society
Published on Web 08/10/2006



ing groups undergo a satisfactory unsymmetrical aryl cou-
pling followed by alkene insertion and subsequent ring
closure to 6i-dibenzopyran derivative8.Thus, the reaction
of o-iodotoluene (1, R= Me; 1.0 equiv),0-bromophenol
(2, R = H; 1.0 equiv), and methyl acrylat8,(Z = CO,-
Me; 3.2 equiv) in the presence of Pd(OAGP.04 equiv)
and norbornene (0.8 equiv) as catalysts an€®; (3.2
equiv) as a base in DMF at 8C for 24 h under nitrogen
leads to the formation of the dibenzopyran derivatvgR*
= Me; R =H; Z = COMe) (eq 1).

The results reported in Table 1 provide a hint to under-
standing the role exerted by substituentsaRd R in the
course of the reaction.

Table 1. Synthesis of the i8-Dibenzopyran Derivativé by
Reaction of arp-Substituted Aryl lodide, an-Bromophenol,
and an Electron-Deficient Terminal Alkene in the Presence of
K2CGOs;, Norbornene, and Pd(OA£)

R2
1 27 B
R OH |
f @ PA(OAC), =
+ + — 1
| RZ)\ / Br _\Z KeCOn Z (1)
DMF, 80 °C
1 2 3 R
4
entry Rlin1l RZ2in 2 Zin3 4 yield (%)°
1 Me H COsMe 4a 83
2 Et H CO;Me 4b 64 (89)
3 —(CH),—¢ H CO2;Me 4c 69 (91)
4 CF3 H COz;Me 4d 92
5 2,4-Me H COz;Me 4e 88 (99)
6 Me 4-Me COz;Me 4f 46 (60)
7 Me 5-Me CO;Me 4g 52 (62)
8 Me 4-COz2Me CO;Me 4h 40 (55)
9 Me 5-COz2Me COz2Me 4i 72 (97)
10 Me 4-NOg CO.Me 4j 58 (85)°
11 Me 5-NO2 CO2Me 4k 83 (91)
12 Me 4-NO2,6-Br  COsMe 41 86 (92)
13 Me H COgt-Bu  4m 80 (96)
14 Me H COMe 4n 93 (100)
15 Me H CN 40 73 (87)

a Molar ratio of the reagents in the order reported in the title: 25:25:
80:80:20:1; 8C°C, 24 h; DMF as solvent, under nitrogeny210-3 mmol
Pd(OAcYmL DMF. PIsolated yield based on the employed aryl halide.
Unless otherwise indicated, conversion of the aryl iodide was over 92%.
¢ In parentheses isolated yield based on converted aryl bromi#iStands
for a condensed ring. The open precursdi0Oj (Scheme 2) was also isolated
in 13% vyield.

The mechanistic rationalization of these transformations

Scheme 2. Mechanistic Rationalization of the Formation of
6H-Dibenzopyran Derivatived

a double bond of the aromatic ring occupies a coordination
site’®

This weak interaction favors formation of palladacyéfe
which occurs by GH activation? At this stage theo-
bromophenol derivativ@ selectively reacts at the aromatic
site of the palladium(ll) metallacyclé, possibly through a
palladium(lV) intermediateshown in parentheses, to form
complex 8. Likely owing to steric effects, norbornene
deinsertion takes place giving the biphenylylpalladium
complex9,® which reacts with the terminal alkene according
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to a Heck proces¥. The resulting vinylbiphenyl derivative  coupling because they react with palladacytlaster than
10 undergoes an intramolecular Michael-type reaction by the aryl bromides. An anomalous behavior was observed with
attack of the ortho hydroxyl group, originally belonging to 2-trifluoromethyl-1-iodobenzene, which in combination with
the aryl bromide, onto the vinyl group to yield the benzopy- o-bromophenol and methyl acrylate, leads to the correspond-
ran derivative4 ! Its formation must occur easily since the ing dibenzopyramd (Rt = CF;, R2 = H, Z = CO:Me) in
uncyclized precursotO has never been isolated except for very high yield (92%, entry 4). This result is in agreement
the case of 4-nitro-2-bromophenol (entry 10, Table 1). with the previously observed poor reactivity shown by
It is noteworthy that norbornene behaves as a catalyst. As2-trifluoromethyl-1-iodobenzene in the symmetrical aryl—
shown in Scheme 2, the molecule of norbornene insertedaryl coupling process as well as by the corresponding
into the arylpalladium bond of compléxis deinserted from  bromo derivative (2-trifluoromethyl-1-bromobenzene) as
intermediate8, thus becoming available for a new catalytic partner of an aryl iodide in the unsymmetrical argry!
cycle. The amount of norbornene is very important for the coupling (Scheme 1 The low reactivity shown by these
success of the reaction since a high concentration favors itsderivatived*2suggests that a strong interaction of tho-
own insertion and in the same time prevents the competing CF; group with palladium(ll) could be at work at the stage
insertion of the terminal alkene. On the other side norborneneof metallacycle7, thus preventing aryl coupling.
deinsertion is thus made more difficult and byproducts, Variation of R on the o-bromophenol appears to be

containing the norbornane structure, are forrtfedhe crucial. The presence of electron-withdrawing groups is
amount of norbornene must be therefore accurately balancedexpected to favor the reaction of theoromophenol deriva-
to obtain the best result. tive with 7 but to negatively affect the final ring closure to

As previously mentioned, the most striking feature of this 4. Satisfactory results were obtained using electron-
reaction is the ability ofo-bromophenol to react with the  withdrawing groups, such as GKde and NQ, para to the
palladium(ll) complex7 faster than the aryl iodide despite C—Br bond (entries 9 and 11), whereas bromides with these
the presence of an electron-donating substituent which shouldgroups in meta gave the desired products in lower yield
make it less reactive. This peculiar behavior most likely has (entries 8 and 10). As is well-known, a GX@e group meta
to be ascribed to a beneficial chelating efféodf the to the C-Br bond is less electron-withdrawing than in ortho
o-hydroxy group, sincgp-bromophenol as well as- and and para and as a consequence causes a lower reactivity, as
p-bromoanisole, did not react at all. The Michael reaction previously observed in our coupling experimehtsward
appears to be catalyzed by the basic medium and not bycomplex7. Moreover, the CeMe group, being para to the
palladium. OH group, appears to negatively influence the ring closure.

As shown in Table 1, the reaction is strongly influenced The result is a 40% yield of the desired proddbtwhich
by the substituents present on both aryl halides. When thecompares very poorly with the 83% é& obtained from the
ortho Rt group on the aryl iodides is a methyl, the desired unsubstitutea@-bromophenol (entry 1). The-NO, substitu-
products, resulting from the reaction withbromophenol ent (entry 10) still is able to favor the reaction of the aryl
and methyl acrylate, are isolated in 83 and 88% yield, bromide but, being para to hydroxyl group, it strongly retards
respectively (entries 1 and %%:Ethyliodobenzene (R= Et) the final ring closure. Compoungj and its open precursor
and 1-iodonaphthalene {R —(CH),—) still give satisfactory 10j (E isomer) were isolated in 58 and 13% vyield, respec-
results (64 and 69%, respectively; entries 2 and 3), while tively, the latter being obtained only with this bromophenol
o-i-propyliodobenzene (R= i-Pr) ando-iodoanisole (R= derivative. Curiously, no uncyclized precursor was found
OMe) completely inhibit the formation of compoudddata when usingo-dibromo-sm-nitrophenol (entry 12), despite the
not reported in Table 1). For reasons to be still ascertained,NO, group being para to the-GOH bond (meta to the €Br
these groups offset the beneficial effectaabromophenol, bond). Beside acrylates only electron-deficient alkenes entries
yet allow the coupling of two molecules of the aryl iodide (14 and 15), give good results.
to give the symmetrically substituted vinylbiphenyl derivative  |n conclusion we have achieved an efficient catalytic
of Scheme 1 (R 0-R* = i-Pr, Z = CO,Me, 78% yield; R, process for the synthesis of 6H-dibenzopyran derivatives
0-R¢ = OMe, Z= CO,Me, 65% yield) as the main product.  starting from easily available reagents. The reaction proceeds

As previously reported,aryl iodides bearing electron-  along a rather complex pathway but is very simple from the
withdrawing groups are not suitable for the nonsymmetrical experimental point of view and allows the formation of two
new C—C bonds and one-6 bond in a single operation.
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