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The AuCl-catalyzed benzannulation of

o” R

o-alkynyl(oxo)benzenes with benzenediazonium 2-carboxylate proceeds under mild conditions and a

variety of anthracene derivatives, having a ketone group at the 9-position, are produced in good to high yields. The reaction proceeds most
probably through the [4 +2] cycloaddition between benzyne and benzopyrylium auric ate complex, which would be generated by the gold-
induced electrophilic cyclization of  o-alkynyl(oxo)benzenes.

Benzynes are important reactive intermediates and manycompounds. The transition metal-catalyzed synthetic methods
studies on their reactions have been undertaken in syntheticof polyaromatics with benzynes have been also studied well.

organic chemistry. Particularly, pericyclic cycloadditions
with benzyne, such as DietAlder reaction, are one of the
most important methods for the construction of polyaromatic
compoundg. Due to its extraordinary reactive ability, the
reaction is observed with a very wide range of dienes
including simple benzene derivatives or other aromatic
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However, to the best of our knowledge, there is no research
on the Lewis acid-catalyzed Diet#\lder reaction with
benzyne. We report here the AuCl-catalyzed formatt24
benzannulation betweesralkynyl(oxo)benzenes and ben-
zenediazonium 2-carboxylate, which proceeds to give an-
thracene derivatives in good to high yiefds.
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Recently, we have reported that gold-catalyzed-2#

benzannulations betweeralkynyl(oxo)benzenes and alkynes 1 pie 1. The Gold-Catalyzed Benzannulation between

pf09€eded smoothly in both inter—_ and intramqlecu!ar Ways o-Alkynyl(oxo)benzened and Benzenediazonium 2-Carboxylate
to give naphthalene compounds in good to high yiéltts.  2a

is believed that the reaction likely proceeds through the R . R
formation of a benzopyrylium type intermediate, followed N,
by the Diels—Alder addition of alkynes. It occurred to us ° . _ j@ _cat. AuCl OOO
that benzyne may be utilized as a partner in the benzannu- A 0,C
lation reactions. As a preliminary experiment, we initially 4 R’ 2 0" R 3
examined the reaction of benzyne with an isolable benzo-
[clpyrylium salt®” The requisite substraté was easily :
prepared from the correspondingralkynyl(oxo)benzene ) o L ylel‘bi
according to the Swager's procedéignd the benzannulation Y4 R R lewisacid conditions 3 (%)
reaction ofl was undertaken with benzenediazonium 2-car- 1 4a p-MeC¢Hy Ph  AuBrj 60°C,2h 3b 55
boxylate2 as a precursor of benzyne. As expected, when ~ 2 4a p-MeGeHs Ph  AuCls 60°C,2h 3b 62
was treated with 1.8 equiv & in (CICH,), at 40°C for 8 - :: p:ﬁigﬁg“ glﬁ iﬁgifpph gg g;ﬁ 211: ;‘21
h, the reaction proceeded and an anthracene pro@uct 5 4 i-MeCEHi Ph AuCl 40 “C.7h 3b 81
bearing a ketone group at the C9-position, was obtained in g 4, pn Ph  AuCl 40°C,8h 3a 72
36% vyield (Scheme 1). It seems that the low yieldafis 7 4c p-CFsC¢Hs Ph  AuCl 40°C,9h 8¢ 62
8 4d p-MeCeHy C3H; AuCl 40°C,4h 3d 87
9 4e Ph ‘Bu  AuCl 40°C,9h 3e 73
Scheme 1 10 4f 2-benzo- CsH7 AuCl 40°C,9h 3f 65
furanyl
Ph + T a All reaction were carried out witd (1 equiv) and? (1.8 equiv) in the
N6 o M OOO presence of gold catalyst (10 mol %) in (CIgki ® Isolated yield  Starting
©©\ + j@ —_— * material4a was recovered in 25% vyield.
Ph 0.C
1 2 3a O° Ph conducted in the presence of AuCl catalyst under°@0
40°C,8h  36% (entries 2—5). Other Lewis and Brgnsted acids, such as Cu-
80°C,3h  62% (OTf),, PtCh, and TfOH, were not effective. The AuCl-

catalyzed reaction also proceeded well with other differently
substituted substratd®—f (entries 6-10). Interestingly, the
reaction ofdb with 2 produced3ain 72% yield (entry 6),
which is higher than that of the model reaction mentioned
in Scheme 1. Compared wi#ta, the reactions ofb and4c
gave the corresponding products in lower yields, respectively
(entries 5—7). These results would be ascribed to the fact
that an intermediat®, having an electron-donating group
as the R group, would be stabilized effectively (vide infra).
Mhe reaction ofld, having a propy! group instead of an aryl
group at the terminus of alkyne, afforded anthracene deriva-
tive 3d in 87% yield (entry 8). The reaction proceeded well
even with the sterically bulkyert-butyl group (entry 9).
When the reaction ofla was performed in the absence of
gold catalyst, no benzannulation products were obtained at
all. This blank test clearly indicates that a Lewis acid, such
as AuCl, is an essential catalyst for the present reaction.

The preparation 08b is representative. To a mixture of
AuClI (12 mg, 10 mol %) andta (0.148 g, 0.5 mmol) in

(5) (a) Asao, N.; Takahashi, K.; Lee, S.; Kasahara, T.; Yamamotd, Y. (CICH,) (_3'5 mL) was added a creamy white solid of
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S.; Yamamoto, YJ. Am. Chem. So€003,125, 10921—-10925. (c) Asao, room temperature under Ar atm here. After the r ion
N.; Sato, K.; Menggenbateer; Yamamoto,JYOrg. Chem2005,70, 3682— oom temperature u de atmosphere. After the reactio

due to the insolubility ofl to the solvent. Indeed, the
chemical yield was increased up to 62% by just conducting
the reaction at 8CC. These results clearly showed that
benzyne worked as a dienophile in the Diefdder reaction
with benzo[c]pyrylium saltl and this is a novel synthetic
approach to anthracene compounds.

Since the model study proceeded smoothly, we next
examined the Lewis acid-catalyzed benzannulation betwee
o-alkynyl(oxo)benzened and benzyne and the results are
summarized in Table 1. When the reaction of (2-phenyl-
ethynyl-phenyl)-p-tolylmethanonéa (R = p-MeGH,, R
= Ph) was carried out with 1.8 equiv &fin the presence of
10 mol % of AuBg in (CH.CI),, the reaction proceeded
smoothly at 6°C for 2 h and the anthracene derivatizie
was obtained in 55% yield as a sole product (entry 1).
Optimization experiments revealed that the chemical yield
was increased up to 81% yield when the reaction was

3685. (d) Sato, K.; Asao, N.; Yamamoto, ¥..Org. Chem2005 70, 8977— mixture was stirred fo7 h at 40°C, the resulting solution
89?&)- ée) ASE’:K]), NSIanettZﬁO& 16k45_16t56ll i i the Diel was filtered through a short pad of silica gel. The filtrate
enzo[c]pyrylium salts are known to play a dien part in the Diels .

Alder reaction with ethyl vinyl ether, see: Kuznetsov, E.; Shcherbakova, was evapor_ated under _r_educed p_ressure to give the crude

I. V.; Balaban, A. T.Adv. Heterocycl. Chenl990,50, 157—254. product, which was purified by silica gel column chroma-
(7) For a review, see: Nogradi, M. I8cience of Synthesistouben- i

Weyl Methods of Molecular Transformations; Georg Thieme Verlag: tography Wlth_ hex%ne/_ether as elu,ent to, gare(0.151 g,

Stuttgart, Germany, 2003; Vol. 14, pp 20273. 0.405 mm0|) in 81% y|e|d as a white solid.
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A plausible mechanism for the present benzannulation is the ate comple®. The reverse electron demand-type Diels—
shown in Scheme 2. The coordination of the triple bond of Alder reaction betweel and benzyne/, derived from2,
would generate the intermedid@¢hrough8. The subsequent
bond rearrangement, as showriwith arrows, would afford
Scheme 2 the anthracene derivativé and regenerate AuClDue to
the instability of benzyné, it is necessary that should be
trapped by the intermedia6eas soon as it is generated from
the precurso. Probably, the generation speeda$ faster
than that of benzyn& under the optimized reaction condi-
3 o™ AUC R tion, which could keep the catalytic cycle effective.

Introduction of alkynyl groups at the C-10 position of
anthracene products was also examined. Treala—,

R bearing an alkynyl group at the carbonyl group, w2ln
0 the presence of AuCl catalyst under the standard condition

\) yielded the corresponding anthracene produda—c in

X : X
aA /R good vyields, respectively (Scheme 3).

e |

/ Scheme 3
R

+ 10 CsHy 2 11 07 "CiHy
Np
| - D a:R=Ph 73%
0,C b: R='Bu 73%
7 2 2 c:R=Si(Pry; 77%

4 to AuCl enhances the electrophilicity of alkyne, and the  we are now in a position to synthesize functionalized
subsequent nucleophilic attack (as shown3h of the anthracene derivatives by the gold-catalyzed benzannulation
carbonyl oxygen to the electron-deficient alkyne would form petweeno-alkynyl(oxo)benzenet and benzenediazonium

. . — . 2-carboxylate? in good to high yields. The reaction most
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