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The Diels-Alder reaction is one of the most powerful synthetic ~ Table 1. AuBrs-Catalyzed Benzannulation between
tools for the construction of various six-membered cyclic com- 0-Alkynylbenzaldehydes 1a—b and Carbonyl Compounds 2a

. 1
pounds! Numerous studies on the normal electron demand-type CHo Ot Lowis hoig OO R -
. . . W, K
reaction between diene systems and carbonyl compounds have bee < R*\)kRz —_— R2 * @

R2

carried out. In such reactions, the carbaxygen double bond of R P R

carbonyl compounds acts asa &ystem in the hetero-DietsAlder 1 2 3 5
reaction with various # systems (type a in Scheme 1). However, ¢y, R 2 R R? ratio (3:5)° vield (%)°
to the best of our knowlie.dge, there is no report on reverse electron 1a_ Ph >a_ Ph 3252 8713 20
demand-type cycloaddition between & gystem and an enol de- 2de  1a Ph 2b  CHs 3b:5b 973 87

3chc  99:<1 81
3d:5d  80:20 81
3eb5e  82:18 56

rived from an aldehyde and ketone (typ€ In).this paper, we report 3 ia EE gg i(,:;er“
an unprecedented B 2] benzannulation between the enynal unit g 1: Ph 2 —(CHau—

1, including o-(alkynyl)benzaldehydes, and carbonyl compounds 6 la Ph 2f  BnO 3f5f  99:<1 45
2, in which the hetero-DielsAlder reaction (type b) becomesa 7 10 CHs 2b Chs 3gsg 991 71
key step; the AuBrcatalyzed reaction df with 2 gave3, through aReaction was performed usidg,b (1 equiv) anda—f (1.2 equiv) in

the pyrylium intermediate and hetero-Dielslder intermediate, in thei pfes%‘ce of AUBtf(é%”tm' %) i(r; t.ﬁﬁi?\lxﬁge Ca(t: 10%? W(ijth,i” |3thd

. . unless otherwise notell Determined by . ©Combined isolate
good to high yields (Scheme 2). yield. @ Performed with 5 equiv 02b. € Reaction was carried out at 8C.
TReaction was carried out in the presence of 30 mol % AuBReaction
Scheme 1 was carried out in the presence of 20 mol % AgBr

IT ITITx

(\o type a ( o type b OH
xl\)\ <—x el + k —_— )O/ result suggested that the benzannulation in (G)gkould not
proceed through the [4 2] cycloaddition betweeta and4a but
Scheme 2 would proceed instead throudlaand2a. Indeed, when the reaction
o . oH of lawith 2awas carried out under the same conditions mentioned

O | N S IR %ng above (Cu(OT#), (CICH;),, 50°C), 3awas obtained in 43% yield
. Ol
BrsAu R?

AN 7 R H together with5a in 37% yield (eq 2).
: AuBry Optimization experiments revealed that the use of AuRatalyst
J (10 mol %) in 1,4-dioxane at 108C gave3a selectively in 78%
l yield accompanied bgain 12% yield®° The results of the AuBf
R! catalyzed benzannulation df using various kinds of carbonyl
)?Rz compounds2 are summarized in Table 1.
The reaction proceeded well even with sterically bulky aldehydes
3 such as 3-methyl-butan&d, although an increased amount of
catalyst was needed (entry 4). Cyclohexan@aavas usable as a
Recently, we reported a novel synthetic method of naphthalene starting material, and the corresponding six-membered annulated
derivatives via the Lewis acid-catalyzed benzannulation between naphthalenee was obtained in a moderate yield (entry 5). Not
o-(alkynyl)benzaldehydes and enoletherd (eq 1)*“The reaction  only simple alkyl and aryl substituents but also an alkoxy group
can be introduced into the naphthalene skeleton; the reactiba of

@ R cat CuOT, § with benzyloxyacetqldehydﬁf ggve3f as the sole product (er_ltry
S * [ EEEET— U] 6). The benzannulation dfb, having a butyl group at the terminal
g OMe R position of alkyne, witt2b gave3gin 71% yield (entry 7). In every

1 4 3 case, we did not detect the regioisomers8;oih all cases, Rwas

at the C-3 position and Rvas at the C-2 position.

proceeded smoothly in THF in the presence of Cu(@E#talyst Not only the benzaldehyde derivatives but alsaxgf-unsatur-
to give the corresponding naphthalene products in high yRids.  ateqd aldehyde underwent the benzannulafidihe reaction of the
While optimizing the reaction ola (R = Ph) with f-methoxy- enynallcwith propanalb in the presence of Au catalyst proceeded

styreneda (R' = Ph), we accidentally used (CIGH as a solvent
instead of THF. Very interestingly, we observed tht was
consumed immediately at room temperature wBd€R, R = Ph)
was not produced at this stage. Th8a,was produced gradually

CHO
by heating the reaction mixture at 8G. Accordingly, the reaction | .~ cat. AuBrs . /©/ ®
was monitored carefully by GC-mass and NMR spectroscopy, and PF" X on cHo Ph Ph
[¢] Ph
3h 6a

smoothly, and the corresponding 44 2] adduct3h was obtained
in 70% yield along with the formation ddain 12% vyield (eq 3).

we found that phenylacetaldehy@a (R! = Ph, R = H) was
formed from4ain situ at a very early stage of the reactiomfhis 1c 2b
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A plausible mechanism for the present benzannulation is shown
in Scheme 3:* The coordination of the triple bond d&to AuBr;
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reaction betweefic and12b proceeded smoothly to givat in 51%
yield together with small amounts éb (8%) (eq 6).

cat. AuBr3
—— pn * ®)
Ph
O~ "Ph

1c 12b 3l 6b

We are now in a position to synthesize functionalized aromatic
compounds from enynals and carbonyl compounds in good to high
yields. The reaction most probably proceeds through the reverse
electron demand-type DietAlder reaction between the pyrylium
47 system8 and enol Z system9. Further studies to elucidate the
precise mechanism of this reaction and to extend the scope of
synthetic utility are in progress in our laboratory.

Supporting Information Available: Spectroscopic and analytical
data for3a—| and the representative procedure for the synthesss of
(PDF). This material is available free of charge via the Internet at http://
pubs.acs.org.
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