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ABSTRACT: A novel and efficient protocol for the rapid
construction of dibenzofuran motifs from 6-diazo-2-cyclohexenone
and ortho-haloiodobenzene has been developed. The process
involves one-pot Pd-catalyzed cross-coupling/aromatization and
Cu-catalyzed Ullmann coupling.

Heterocyclic compounds usually demonstrate impressive
biological activities, and a variety of new synthetic methods

have been developed for the construction of these distinct
structures.1 Among the heterocycles, dibenzofurans have
attracted tremendous attention in both biological and material
sciences owing to their pharmacological, electronic, and/or
optical properties.2 To date, an array of approaches have
emerged for the synthesis of the dibenzofuran motifs, which can
be divided into twomain categories (Scheme 1). First, cyclization
of unsubstituted (X = H)3 or 2-substituted phenoxybenzenes (X
= halogen, CO2H, BF3K, OTs, N2

+)4−8 was used to assemble the
dibenzofuran framework through the formation of a C−C bond
in the presence of a Cu, Ag, Pd, or Rh catalyst (eq 1). Second, Pd-
or Cu-catalyzed intramolecular O-arylation of 2-arylphenols9 or

2-(2′-haloaryl)phenols10 opened up a new path to dibenzofurans
(eq 2). Nevertheless, these methods suffer from several
drawbacks such as lengthy operation, substrate dependence,
tedious purification, or unsatisfactory regioselectivity. Therefore,
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Scheme 1. Approaches to Dibenzofurans

Table 1. Optimization of the Reaction Conditionsa

entry X 1a:2 Pd(PPh3)4 (mol %) Cu2O (mol %) yield (%)c

1b I 1.1:1 10 0 50
2 I 1.1:1 10 10 80
3 I 1.1:1 5 10 60
4 I 1:1.1 10 20 70
5 I 1:1.3 10 10 73
6 Br 1.1:1 10 10 72
7 Br 1.1:1 5 10 80
8 Br 1.1:1 5 20 82
9 Br 1:1.3 5 20 75

aReaction conditions: 1a (0.275 mmol), K3PO4 (3 equiv), 1,4-dioxane
(4 mL), 12 h; then Cu2O, 24 h.

bPd(PPh3)4, 70 °C, 12 h; then 105 °C,
60 h. cIsolated yield.
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development of more efficient synthetic methods for dibenzofur-
ans remains an attractive objective for synthetic chemists.
Recently, diazo compounds have found increasingly wide

applications in synthetic organic chemistry.11 Pd-catalyzed cross-
coupling reactions involving a carbenoid as the key intermediate,
in particular, have garnered considerable attention over the past
decade.12 Since the pioneering works from the Vranken group,13

a number of elegant protocols have been reported, including the
innovative synthesis of 1,3-dienes and α,β-unsaturated carbonyl
compounds accomplished by Wang and co-workers.12d,g,r,s In
2013, our group disclosed a novel tandem Pd-catalyzed cross-

coupling/aromatization reaction for the synthesis of 2-
arylphenols.14 Herein, we wish to report a novel one-pot
synthetic method to rapidly construct dibenzofurans from a 6-
diazo-2-cyclohexenone and an ortho-haloiodobenzene through

Table 2. Scope of the One-Pot Pd-Catalyzed Cross-Coupling/Aromatization and Cu-Catalyzed Ullmann Coupling

aReaction conditions: 1 (0.275 mmol), 2 (0.25 mmol), K3PO4 (0.75 mmol), Pd(PPh3)4 (5 mol %), 1,4-dioxane (4 mL), 70 °C; then Cu2O (0.050
mmol), 70 °C. bIsolated yield. c1 (0.25 mmol), 2 (0.325 mmol), Pd(PPh3)4 (10 mol %); then Cu2O (0.025 mmol), 105 °C. dThen Cu2O (0.050
mmol), 105 °C.

Figure 1. ortho-Bromoiodobenzenes bearing electron-withdrawing
group.

Scheme 2. Proposed Mechanism
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tandemPd-catalyzed cross-coupling/aromatization followed by a
Cu-catalyzed Ullmann coupling reaction (eq 3).15

At the outset of the investigation, we examined the reaction of
diazo compound 1a and aryl iodide 2a in the presence of
Pd(PPh3)4 (10 mol %) as the catalyst and K3PO4 (3 equiv) as the
base in 1,4-dioxane heated at 70 °C for 12 h, and then at 105 °C
for 60 h. To our delight, the desired dibenzofuran 3a was
furnished in 50% yield (Table 1, entry 1). This promising result
encouraged us to screen other related catalysts; however,
Pd2(dba)3 along with various phosphine ligands (for example,
tBu3P and XPhos) were ineffective for this transformation. It is
significant to note that upon adding Cu2O as a catalyst for the
Ullmann coupling step, the yield of 3awas improved dramatically
to 80% (entry 2), indicating the significant role of Cu2O in this
process. Whereas decreasing the Pd catalyst loading to 5 mol %
resulted in less efficient formation of the final product (entry 3),
increasing the loading of Cu2O (20 mol %) led to a slight drop in
the yield of 3a (entry 4). The ratio of the substrates was next
taken into consideration. With a slight excess of 2a, the desired
product was obtained in a comparable yield (entry 5). When
bromoiodobenzene 2b was used in place of diiodobenzene 2a,
the product could be isolated in 72% yield (entry 6).
Interestingly, it was later found that using catalytic Pd(PPh3)4
(only 5 mol %) for the reaction involving bromoiodobenzene 2b
led to a much improved yield of 3a (80%, entry 7). It was
noteworthy that a slightly better result was obtained (82% yield)
when this reaction was performed with a higher loading (20 mol
%) of Cu2O (entry 8), while increased loading of 2b did not
improve the overall process (entry 9). In addition, neither 1,2-
dibromobenzene (2c) nor TfO-substituted bromobenzene (2d)
was a suitable substrate for this particular transformation (Table
1).
With the optimized conditions secured, we studied the scope

of the new tandem reaction sequence. As described in Table 2,
the substitution pattern of the ortho-haloiodobenzene was first
explored. A wide range of haloiodobenzene derivatives proved to
be amenable to the reaction conditions, delivering the desired
products in good to excellent yields (entries 1−10).
Disubstitution on the ortho-diiodobenzenes allowed for the
formation of dibenzofuran products in good yields at higher
temperature (105 °C, entries 1 and 2). ortho-Bromoiodoben-
zenes were also competent substrates for this process. A methyl
group on themeta- or para-postion of the aromatic ring was well-
tolerated, furnishing the desired product in 80−90% yields
(entries 3−5). It should be noted that a higher temperature (105
°C) was required to ensure a good yield for the formation of 3f,
presumably due to the steric hindrance caused by the adjacent
methyl group in 2i. Additionally, strongly electron-donating
methoxy derivatives showed good tolerance and afforded 3g and
3hwith high reaction efficiency (entries 6 and 7). This reaction is
also compatible with the bulky TBS group, a protecting group
commonly used in organic synthesis (entry 8). Gratifyingly, an
impressive yield could be exhibited even in the presence of
halogen substituents, such as a Cl atom on the para-position of
aromatic ring (entry 9). Furthermore, substrate bearing
synthetically useful functional groups such as an acetal was also
compatible with the process to generate the expected product 3k
in a satisfactory yield. In contrast, the ortho-bromoiodobenzene
substrates bearing electron-withdrawing groups such as p-
CO2Me, p-CF3, and p-NO2 (Figure 1) gave no observable
product, indicating the significant impact of electronic effect for
the process.

Having investigated the influence of substituents on the
haloiodobenzenes, the scope of the diazocyclohexenones was
next evaluated. A variety of 6-diazo-2-cyclohexenones was found
to be able to furnish the corresponding dibenzofurans in good
yields (Table 2, entries 11−16). The following observations have
been made: (i) Different substituents of cyclohexenones such as
a methyl, isopropyl or isopropenyl group showed broad
tolerance. Both monosubstitued and disubstituted substrates
were compatible for this transformation (entries 12 and 13). (ii)
The reaction of 5-substituted 6-diazo-2-cyclohexenones deriva-
tives (1e and 1f) proceeded smoothly, although such substrates
bearing an adjacent bulky group required higher reaction
temperature to ensure suffcient conversion (entries 14 and
15). (iii) Substrate 1g with a benzo moiety could also be
transformed into the desired product 3q successfully (entry 16).
A plausible mechanism is proposed for the current protocol

(Scheme 2).12l Initially oxidative addition of aryl iodide 2 to the
Pd(0) catalyst generates Pd (II) complex A, which reacts with
diazo compound 1 through dediazoniation and forms the
palladium-carbenoid complex B. Subsequently, migratory
insertion of the aryl group would afford intermediateC, followed
by β-elimination to deliver D and to regenerate the Pd(0)
catalyst. Next, aromatization of intermediate D yields 2-
arylphenol 4, the oxygen of which is coordinated to Cu(I) in
the presence of a base to giveE. Intramolecular oxidative addition
of E produces Cu(III) complex F, which undergoes reductive
elimination to deliver the final product 3 and to regenerate the
Cu(I) catalyst.
In summary, we have developed a novel approach to rapidly

construct dibenzofuran motifs from 6-diazo-2-cyclohexenones
and ortho-haloiodobenzenes through Pd-catalyzed cross-cou-
pling/aromatization followed by a Cu-catalyzed Ullmann
coupling performed in a one-pot fashion. The new method is
operationally simple, highly selective, and synthetically useful. A
wide range of substrates are compatible for the transformation
and the desired products have been obtained in good to excellent
yields.
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