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ABSTRACT
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An efficient route to synthesize a variety of carbazoles and dibenzofurans has been developed. It involves the reaction of

o-iodophenoals with silylary! triflates in the presence of CsF to afford the N

o-iodoanilines or
- or O-arylated products, which are subsequently cyclized using a

Pd catalyst to carbazoles and dibenzofurans in good to excellent yields. This chemistry tolerates a variety of functional groups.

Carbazolesand dibenzofuradsre important heteroaromatic
compounds, which display a wide variety of biological

manifold biological activities, eliciting a strong interest from
chemists and biologists.Considerable effort has been

activities. Carbazole derivatives are also widely used as devoted to the development of efficient methods for the
building blocks for potential electroluminescent materfals, construction of these ring systethdzor example, very
polymers with useful electricaéind thermal properti€sand recently Wu has utilized anionic cycloaromatization to
host materials for triplet emitters in organic light-emitting synthesize 5-substituted dibenzofurans and carba2oles.
diodes® The dibenzofuran-containing phytoalexins show While there are presently a number of useful synthetic
procedures to prepare these compounds, there remain several
limitations as well. (1) Most of the present procedures involve
several steps, and the overall yields usually are not very good.
(2) The starting materials are often not very readily avail-
able? (3) Harsh reaction conditions are usually needed. One
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simple, efficient, and general method to synthesize both the Preliminary studies focused on optimization of the in-
carbazole and dibenzofuran ring systems would be quite tramolecular arylation stepA(>B). A range of palladium
attractive, because of the growing interest in these com- catalysts was employed. We found that Pd(QAsas the
poundst® best catalyst. All other palladium catalysts [PEEPh),,
Considerable work has been reported on the synthesis ofPd(PPB)4, Pd(dbaj] examined afforded either comparable
indoles and benzofurans by the cross-couplingp-tfalo- or lower yields. The ligand added to the reaction did not
anilines oro-halophenols with alkynes by palladium chem- make much difference. Thus, the ligands dppe, dppm, and
istry.!* Nobody has studied the cross-coupling @halo- PCy; all worked well in our system. After our optimization
anilines or o-halophenols with arynes or their synthetic work was complete, we settled on the following standard
equivalents, which, if successful, could afford a very direct two-step procedure. The iodoaniline (0.25 mmol), the silyl-

route to carbazoles and dibenzofurans.
Recently, silylaryl triflate 1a*?> has been employed to

aryl triflate (1.1 equiv), and CsF (3.0 equiv) were allowed
to react at room temperature for 10 h in acetonitrile (4.0

generate benzyne, which can easily undergo a variety of ML) under air. Then, Pd(OAg)3.1 mg, 5 mol %) and PGy

electrophilic and nucleophilic reactiotsunder very mild
reaction conditions. Herein, we report a simple, economical,

(7.0 mg, 10 mol %) were added and the reaction mixture
was heated to 10€C for 1 day under argon.

and efficient one-pot, two-step procedure to synthesize the The results using this method are summarized in Table 1.
carbazole and dibenzofuran ring systems in good to excellentA variety of o-iodoanilines react with silylary! triflatéa or

yields through the cross-coupling ofiodoanilines oro-
iodophenols with the silylaryl triflate¢a/1b, followed by
palladium-catalyzed intramolecular cyclization. The essential
aspects of our approach are shown in Schemeo-l.
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lodoaniline first reacts with silylaryl triflatéa or 1b to afford

the N-arylatedo-iodoaniline @), which subsequently un-
dergoes intramolecular palladium-catalyzed arylation in the
same pot to produce the carbazole derivatiBem good
yields.
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1b to afford high yields of the desired carbazoles (entries
1-7, Table 1). A slight excess of the silylaryl triflatie

has been allowed to react wittriodoaniline (entry 1) to
afford a 77% yield of the desired carbazole after cyclization
under our standard reaction conditions. Similarly, 2,4-
dichloro-6-iodoaniline reacts with 1.1 equiv of silylaryl
triflate 1a to afford 1,3-dichlorocarbazole in an 87% yield
(entry 2). The presence of the two chlorines does not appear
to interfere with the overall process. When silylaryl triflate
1b was employed with this same iodoaniline, we obtained
the desired product in an 85% vyield. Approximately a 5%
yield of the isomeric product 1,2-dimethyl-6,8-dichloro-
carbazole was also observed as detected by GC/MS (entry
3). N-Methylcarbazole was also readily obtained in an 85%
yield when N-methyl-2-iodoaniline was employed as the
substrate (entry 4N-(2-lodophenyl)methanesulfonamide and
N-(ethoxycarbonyl)-2-iodoaniline also reacted well with
silylaryl triflate 1a or 1b to afford high yields of the
corresponding products (entries B); again only about 5%

of a product isomeric with the product shown in entry 6 was
observed by GC/MS analysis. One can also start Wif2-
iodobenzyl)methanesulfonamide and produce the desired six-
membered ring product in a 66% yield (entry 8).

We have also investigated the useabdophenols in this
process. Thusp-iodophenol and methyl 4-hydroxy-3-iodo-
benzoate react with silylaryl triflatéa to afford the corre-
sponding dibenzofurans in 70 and 80% yields, respectively
(entries 9 and 10). Here, we needed to use 1.2 equiv of
silylaryl triflate 1a and 3.5 equiv of CsF to get the yields
specified. It is noteworthy that the presence of an electron-
withdrawing ester moiety presented no difficulties and, in
fact, gave a higher yield of the desired product.

In summary, we have developed a simple and efficient
one-pot, two-step procedure to synthesize the carbazole and
dibenzofuran ring systems by the cross-coupling oef
iodoanilines oro-iodophenols with arynes, followed by
palladium-catalyzed intermolecular arylation. The starting
materials are commercially available or can be easily made.
The yields are good to excellent. Several new and multi-
substituted carbazoles and dibenzofurans have been synthe-
sized. Further studies into the scope and limitations of this
process are currently underway in our laboratories.
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Table 1. Synthesis of Carbazole, Dibenzofuran, and Related Moletules

entry substrate aryl triflate CsF product % isolated
(equiv) (equiv) yield
NH,
1 @[ (1 t1a@.1 3.0 () 77
|
N
Cl Cl
2 @[NHz @)  1a(l1) 3.0 O O @) 87
a ! o N
Cl CH
3 /@Nm 3 1b(.1) 3.0 o O O CSH (5) 85
3
Cl I N
Cl H
NHCH;
4 @[ 6 ta(i.1) 3.0 O Q ) 82
1 N
CHs
NHMs
5 E:Q 8 ta(i.1) 3.0 (9) 85
N
Ms
NHCO,Et CHa
6 @[ (100 1b(1.1) 30 “CH (1) 85
, Q) N
CO,Et
NHCO,Et
7 @I (100 1a(1.1) 3.0 (12) 85
(I-)OgEt
NHMs -Ms
8 @? (13)  1a(1.1) 3.0 O (14) 66
OH
9 @[I (15)  1a(1.2) 3.5 (16) 70
O

OH MeO,C
10 /@ (17 1a(1.2) 3.5 (18) 80
MeO,C [

aReaction conditions: 0.25 mmol of aryl iodide were allowed to react with the number of equiv of aryl triflates and CsF shown in the Table and 4.0 mL
of MeCN as the solvent at room temperature for 10 h, followed by the addition of 5 mol % Pd(@#a)L0 mol % PCyand heating for 1 day at 10.
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