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Regio- and chemoselective construction of polysubstituted

Table 1. The AuClz-Catalyzed Reaction of

aromatic compounds has been a challenging problem in organic @Alkynylbenzaldehydes 1 with Alkynes 27

synthesis. Although the transition metal-catalyzed{2 + 2]
cyclotrimerization of alkynes is well accepted as one of the most
convenient methods for preparation of aromatic rings, a drawback
of this methodology lies in the difficulty in controlling chemo- and
regioselectivityt Recently, we developed the palladium-catalyzed
[4 + 2] benzannulation between enynes and diyhesbetween
two enynes, which solved part of the problems inherent in the [2
+ 2 + 2] benzannulation method. More recently, Sato reported a
new type of acetylene trimerization via titanacydesyd Takahashi
reported a new style of benzannulation through zirconacycles,

although those processes are not catalytic. On the other hand, little

attention has been paid to the Lewis acid-catalyzed benzannulation,

while a large number of researches have been carried out for the

Lewis acid-catalyzed [4- 2] Diels—Alder reaction’ In this paper,
we wish to report the AuGlicatalyzed formal [4+ 2] benzannu-
lation betweeno-alkynylbenzaldehyded and alkynes, which
produces naphthyl ketones in good to high yields (e§°1).

cat. AuCly )
0” "R

The reaction ob-(phenylethynyl)benzaldehydea (R = Ph) with
3 equiv of pentynea (R = C3H7, R? = H) in the presence of 5
mol % AuCk in CH,CI, at 30°C for 1 day gave 1-benzoyl-2-
propyl-naphthalen8ain 53% yield along with its regioisometa
in 4% vyield (entry 1). The reaction speed was accelerated
dramatically at higher temperatures, and the chemical yield was
increased. For example, the combined yield3af and 4a was
increased up to 91% when the reaction was carried out in 1,2-
dichloroethane at 80C for 1.5 h (entry 2). The reaction proceeded
even in the presence of 1 mol % AuChffording the 1-benzoyl-
naphthalenes in 72% vyield (entry 3). Besides (ClzHother
solvents such as GEN, AcOEt, and 1,4-dioxane were usable for
the present reaction. In the absence of Augitalyst, no reaction

took place. When phenylacetylene was used as an alkyne, the

reaction proceeded very well even by the use of 1.2 equiv of the
acetylene, an8b was obtained as a sole product in 96% yield (entry
4). In entries -4, the sterically bulky group (R was oriented
either exclusively or predominantly at the position neighboring the
benzoyl group. However, in the case of trimethylsilylacetyl2ae

the reversal of the regioselectivity was observed, dadwas
obtained predominantly (entry 5). The alkyriz$and 2e bearing
electron-withdrawing groups also produced the regioisomeric
benzoylnaphthalenetd and4e respectively, in good yields with
predominant or exclusive regioselectivity (entries 6 and 7). The
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entry 1 R 2 time ratio® yield®
R'———R? R R g
o”R 4 0°R ,

1“ 1a Ph 2a CH;, H 1d 3ada=955 57
2 la Ph 22 CH; H 1.5h 3a:4a=92:8 91
3 1a Ph 2a CH; H 3h 3a:4a=289:11 72
4 1la Ph 2b Ph H 25h 3bi4b=99:<l 96
5 la Ph 2¢ MesSi H 6h 3c:4c=16:84 82
6 la Ph 2d COEt H 3h 3d:4d=18:82 72
7 la Ph 2e COCH; H 35h 3ede=<1:99 75
8 la Ph 2f CH; GCiH; 13h  3f(=4f) 52
9 1a Ph 2g Ph MesSi 2h 3g:d4g=99:<1 92
10 1a Ph 2h Ph CH; 3h 3h:4h=99:<1 89
11 1b CgH;; 2b Ph H 1.5h 3i:di=92:8 91

aThe reaction was performed usingalkynylbenzaldehydes (1 equiv)
and alkyne® (3 equiv) in the presence of Augx3 mol %) in (CICH,), at
80 °C unless otherwise noteflDetermined by!H NMR. ¢ Combined
isolated yield.d The reaction was carried out at 3@ in CH,Cl,. € The
reaction was carried out in the presence of 1 mol % AuCThe reaction
was carried out using 1.2 equiv ab.

reaction using the internal alkyrgf gave3f in a moderate yield
(entry 8). The reaction using the internal nonsymmetrical phenyl-
substituted alkyne&g and 2h afforded3g and 3h exclusively in
high yields (entries 910). The reaction of the benzaldehydle,
bearing an octynyl group at tlwetho-position, with phenylacetylene
2b also proceeded well, and naphthyl hexyl ket@navas formed
regioselectively in high yield along with a small amoun#éofentry
11).

Furthermore, the reaction of the-alkynylbenzaldehydelc,
bearing dimethoxy groups on the benzene ring, with phenylacety-
lene gave the naphthyl ketoBg¢in high yield, and the regioisomer

4j was not obtained at all (eq 2).
MeO.
MeO. CHO OO
Meoj@k + Ph—== MeO: ‘ ! “Ph ()
3 07 "Ph

Ph
1c 2b

cat. AuCly
80%

The preparation 08b is representative. To Augk4.5 mg, 3
mol %) was added a mixture dfa (103 mg, 0.5 mmol) an@b
(0.066 mL, 0.6 mmol) in (CICk), (1.5 mL) at room temperature
under Ar atmosphere. The resulting homogeneous solution was
stirred at 80°C for 1.5 h and then cooled to room temperature.
The reaction mixture was transferred to a silica gel column, and
the product was isolated using ether as elugbtywas obtained as
a yellow solid (148 mg, 0.48 mmol) in 96% yield. For assignment
of theH NMR spectrum of3b, the deuterated produad-@b) was
prepared using deuterated phenylacetylene under the same reaction
conditions mentioned above. When deuterated phenylacetylene was
used, one of the two doublet peaks3i#f at 8.00 and 7.55 ppm
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disappeared in the spectrum @f3b, and the remaining peak at

Because substituted acyl and benzoylnaphthalenes were produced
unexpectedly easily from the aldehydgswe next examined the
reaction of the ketonel0aandb with 2b (eq 3). As expected, the

o R
R R cat. AuClg OO @
N EE— Ph
2 o” > ph
1om R e 11a: R = Me, 40%

11b: R = Ph, 60%

corresponding 1-benzoylnaphthalerids and 11b were obtained
regioselectively, although the chemical yields were slightly lower
than those of the reactions using the aldehytles

A novel and efficient synthetic method for substituted polyaro-
matics has been developed. We are now at a position to synthesize
regioselectively substituted naphthalenes and related polyaromatics.
The AuCk-catalyzed formal [4+ 2] benzannulation betwednand
alkynes involves an interesting mechanistic aspect through Lewis
acid-catalyzed processes. Further studies to elucidate the mechanism
of this reaction and to extend the scope of synthetic utility are in

8.00 ppm was changed to a singlet peak. These results clearlyprogress in our laboratory.

showed the product obtained in the reactioriafvith 2b was3b

but not 4b. The regiochemistries of the other products were
determined in a similar way by4 NMR or NOE experiments (see
the Supporting Information).

D
SO 6
07> Ph  d3b
A plausible mechanism for the Augtatalyzed formal [4+ 2]
benzannulation is shown in Scheme 1. The coordination of the triple
bond of1 to AuCl; enhances the electrophilicity of alkyPend
the subsequent nucleophilic attack of the carbonyl oxygen to the
electron-deficient alkyne would form the intermediate auric ate
complex6.1° The Diels-Alder type [4 + 2] cycloaddition of6
with an alkyne would occur as shownrto form the intermediate
8. The subsequent bond rearrangement, as sho&mith arrows,
would afford the naphthalene derivativ@and regenerate Augt
If the [4 + 2] cycloaddition proceeds in a stepwise manner, the
putative zwitterionic intermediatéksare involved. The regioselec-
tivities observed in Table 1 are accounted for by interventio®. of
In the reaction of 1-pentyn2a, 3ais produced very predominantly
because the vinyl cation having a propyl group &oR9 is much
more stabilized in comparison with that having H &t R similar
argument can be made for the reactions of phenylacety@mnes
andh, because the resonance effect of the phenyl group atthe R
position stabilizes very much the corresponding vinyl cation. On
the other hand, the preferred formation 4f in the reaction of
trimethylsilylacetylene2c is ascribed to the well-knowg-silyl
effect: a carbocation to trimethylsilyl group is stabilized
significantly1? Either predominant or exclusive formation 4d,e
in the reaction of the alkynes bearing an electron-withdrawing group
at Rt is due to the fact that a carbocation is destabilized by a
neighboring EWG group, and therefore an opposite orientation of
the acetylenes takes place.

Supporting Information Available: Spectroscopic and analytical
data for3ab, d-3b, 3f—j, 4a, 4c—e, and1lab (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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