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Abstract: The reaction of o-alkynyl(oxo)benzenes 1 with alkynes 2 in the presence of a catalytic amount
of AuClsz in (CH,CI), at 80 °C gave the [4+2] benzannulation products, naphthyl ketone derivatives 3 and
4, in high yields. When the reaction was carried out using AuBr3 instead of AuCls, the reaction speed was
enhanced and the chemical yield was increased. On the other hand, when the reaction was carried out in
the presence of a catalytic amount of Cu(OTf), and 1 equiv of a Brgnsted acid, such as CF,HCOH, in
(CHCI); at 100 °C, the decarbonylated naphthalene products 5 were obtained in high yields. Similarly, the
Cu(OTf),—H,O-promoted reaction of the enynals 7 with an alkyne 2 afforded the corresponding [4+2]
benzannulation products, decarbonylated benzene derivatives 8, in good yields. Both AuXs- and Cu(OTf),-
catalyzed benzannulations proceed most probably through the formation of the benzo[c]pyrylium ate complex
10, the Diels—Alder addition of alkynes 2 to the ate complex, and the resulting bicyclic pyrylium ion
intermediate 12. The mechanistic difference between the AuXs; and Cu(OTf),—HA system is discussed.

Introduction

Regio- and chemoselective construction of polysubstituted

aromatic compounds has been a challenging problem in orgamc

synthesis. Although the transition metal-catalyzed-f{2+2]
cyclotrimerization of alkynes is well accepted as one of the most
convenient methods for the preparation of aromatic rings, a
drawback of this methodology lies in the difficulty in controlling
chemo- and regioselectiviRecently, Sato reported a new type
of acetylene trimerization via titanacyctesnd Takahashi
reported a new style of benzannulation through zirconacykcles,

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

we developed the palladium-catalyzed+2] benzannulation
between enynes and diynesy between two enynéswhich

(1) For a review, see:Modern Arene ChemistryAstruc, D., Ed.; Wiley-
VCH: Weinheim, 2002.

(2) Forreviews, see: (a) Saito, S.; YamamotoC¥iem. Re. 200Q 100, 2901
2915. (b) Schore, N. EChem. Re. 1988 88, 1081-1119. (c) Ojima, I.;
Tzamarioudaki, M.; Li, Z.; Donovan, R. £hem. Re. 1996 96, 635—
662. (d) Lautens, M.; Klute, W.; Tam, WChem. Re. 1996 96, 49—-92.
(e) Trost, B. M.Angew. Chem., Int. Ed. Engl995 34, 259-281. (f)
Grotjahn, D. B. InComprehensie Organometallic Chemistry;IHegedus,
L. S., Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon Press:
Oxford 1995 vol, 12, pp 741770. (g) Schore N, E. Iﬁ:omprehensﬂe
Organlc Synthes;sil’rost B. M., Fleming, I., Eds.; Pergamon Press: Oxford,
1991; Vol. 5, pp 11291162.

(3) (a) Suzuki, D.; Urabe, H.; Sato, B. Am. Chem. So2001, 123 7925~
7926. (b) Tanaka, R.; Nakano, Y.; Suzuki, D.; Urabe, H.; Satd, Am.
Chem. So0c.2002 124, 9682-9683. (c) Hanazawa, T.; Sasaki, K
Takayama, Y.; Sato, . Org. Chem2003 68, 4980-4983.

(4) (a) Takahashi, T.; Hara, R.; Nishihara, Y.; Kotora, MAm. Chem. Soc.
1996 118 5154-5155. (b) Takahashi, T.; Xi, Z.; Yamazaki, A.; Liu, Y.;
Nakajima, K.; Kotora, MJ. Am. Chem. S0d.998 120, 1672-1680. (c)
Takahashi, T.; Tsai, F.-Y.; Li, Y.; Nakajima, K.; Kotora, M. Am. Chem.
Soc.1999 121, 11093-11100. (d) Takahashi, T.; Ishikawa, M.; Huo, S.
J. Am. Chem. So002 124, 388-389. (e) Takahashi, T.; Ishikawa, M.;
Huo, S.J. Am. Chem. So@002 124, 576-582. (f) Xi, Z.; Li, Z.; Umeda,
C.; Guan, H.; Li, P.; Kotora, M.; Takahashi, Tetrahedron2002 58,
1107-1117.

10.1021/ja036927r CCC: $25.00 © 2003 American Chemical Society

solved a part of the problems inherent in thetp2t+2]
benzannulation method. Among the methods for the preparation

of arene compounds, there has been a lot of effort in the

synthesis of naphthalene derivatives, which are important as
bioactive agents and in structural and synthetic chemiditsny
modern methods for the synthesis of naphthalene frameworks
using several transition metal catalysts, such a&Rif, Rh 10
Ruland Ir2 have been reported. However, little attention has

(5) (a) Gevorgyan, V.; Takeda, A.; Yamamoto, ¥.Am. Chem. Sod.997,
119 11313-11314. (b) Gevorgyan, V.; Takeda, A.; Homma, M.; Sadayori,
N.; Radhakrishnan, U.; Yamamoto, ¥.Am. Chem. So&999 121, 6391
6402. (c) Gevorgyan, V.; Tsuboya, N.; Yamamoto JYOrg. Chem2001,
66, 2743-2746 and references therein.

(6) (a) Saito, S.; Salter, M. M.; Gevorgyan, V.; Tsuboya, N.; Tando, K.;
Yamamoto, Y.J. Am. Chem. Sod996 118 3970-3971. (b) Gevorgyan,
V.; Yamamoto, Y.J. Organomet. Chem1999 576, 232-247. (c)
Kawasaki, T.; Saito, S.; Yamamoto, ¥. Org. Chem2002 67, 2653~
2658 and references therein.

(7) (a) de Koning, C. B.; Rousseau, A.; van Otterlo, W. A.Tletrahedron
2003 59, 7—-36. (b) Katritzky, A. R.; Li, J.; Xie, LTetrahedronl999 55,
8263-8293.

(8) (a) Yoshikawa, E.; Radhakrishnan, K. V.; Yamamoto,JY Am. Chem.
S0c.2000 122, 7280-7286. (b) Yoshikawa, E.; Yamamoto, YAngew.
Chem., Int. Ed200Q 39, 173-175. (c) Larock, R. C.; Doty, M. J.; Tian,
Q.; Zenner, J. MJ. Org. Chem1997, 62, 7536-7537. (d) Larock, R. C;
Tian, Q. J. Org. Chem.1998 63, 2002-2009. (e) Larock, R. CJ.
Organomet. Chen1999 576, 111-124. (f) Larock, R. CPure Appl. Chem.
1999 71, 1435-1442. (g) Larock, R. C.; Tian, Q.; Pletnev, A. A. Am.
Chem. Soc1999 121, 3238-3239. (h) Larock, R. C.; Doty, M. J.; Han,
X. J. Org. Chem1999 64, 8770-8779. (i) Mizufune, H.; Nakamura, M.;
Mitsudera, H.Tetrahedron Lett2001, 42, 437-439. (j) Terao, Y.; Satoh,
T.; Miura, M.; Nomura, M Tetrahedror200Q 56, 1315-1320. (k) Nieman,
J. A.; Ennis, M. D.J. Org. Chem2001, 66, 2175-2177.

(9) (a) Miura, T.; Iwasawa, NJ. Am. Chem. So2002 124, 518-519. (b)
Iwasawa, N.; Shido, M.; Maeyama, K.; Kusama, H.Am. Chem. Soc.
200Q 122 10226-10227. (c) Maeyama, K.; Iwasawa, M. Org. Chem.
1999 64, 1344-1346. (d) Maeyama, K.; Iwasawa, N. Am. Chem. Soc.
1998 120 1928-1929.

(10) (a) Karady, S.; Amato, J. S.; Reamer, R. A.; Weinstock, LTktrahedron

Lett. 1996 46, 8277-8280. (b) Dankwardt, J. Wletrahedron Lett2001,
42, 5809-5812.
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Table 1. The AuXs-Catalyzed Reaction of o-Alkynylbenzaldehydes 1 with Alkynes 22

R? R’
L, L,
Rl—— R?

"R ;5 OTR 4

entry 1 R 2 Rt R? catalyst time ratio? yield (%)°
1d la Ph 2a CsHy H AuCls 1d 3ada= 955 57
2 la Ph 2a CsH7 H AuCls 15h 3ada=92:8 91
3¢ la Ph 2a CsH7 H AuCl3 3h 3ada= 89:11 72
4 la Ph 2a CsH7 H AuBr3 15h 3ada= 93:7 100
5f la Ph 2b Ph H AuCh 25h 3bi4b =99:<1 96
6f la Ph 2b Ph H AuBr; 0.7h 3b:4b=99:<1 100
7 la Ph 2c MesSi H AuCl; 6h 3c4c=16:84 82
8 la Ph 2d COsEt H AuCl; 3h 3d:4d = 18:82 72
9 la Ph 2e COCHs H AuCls 3.5h 3ede= <1:99 75
10 la Ph 2f C3H7 C3H7 AUC|3 25h 3f(=4f) 52
11 la Ph 2f CsHy CsH7 AuBr3 25h 3f(=4f) 70
12 la Ph 29 Ph MeSi AuCl; 2h 3g4g=99:<1 92
13 la Ph 2h Ph Me AuCk 3h 3h:4h =99:<1 89
14 1b CeH1s 2b Ph H AuCk 15h 3i:4i=92:8 91

aThe reaction was performed usiogalkynylbenzaldehyde$ (1 equiv) and alkyne& (3 equiv) in the presence of AuX{3 mol %) in (CICH); at 80
°C unless otherwise notefiDetermined by'H NMR. ¢ Combined isolated yield! The reaction was carried out at 3@ in CH,Cl,. © The reaction was
carried out in the presence of 1 mol % of AgCIThe reaction was carried out using 1.2 equiv2bf

been paid to the Lewis acid-catalyzed benzannuldiiémhile Results and Discussion
a large amount of research has been carried out for the Lewis
acid-catalyzed [42] Diels—Alder reactiont* Recently, we have
communicated the Au@icatalyzed formal [42] benzannula-
tion betweeno-alkynyl(oxo)benzened and alkynes, which
produces naphthyl ketones in good to high yields (e¢f1).

(A) AuXs-Catalyzed Benzannulation.As we previously
communicated, the reaction ofalkynyl(oxo)benzene& with
alkynes2 proceeded smoothly in the presence of a catalytic
amount of AuC} to afford naphthyl ketone derivativ@sand4
in good to high yields (Table 17 As shown in entries 43,
the AuCk (3 mol %)-catalyzed reaction dfa with 2a gave a

0 R 92—95:5-8 mixture of3a and4ain good to high yields. The
R, I cat. AuCly OO " reaction progress depended on the reaction temperature and on
Y the amount of the catalyst. We searched for a more efficient
. g o R catalyst than AuGl and found that AuBy exhibited higher

catalytic activity. The reaction dfawith 2ain the presence of
3 mol % of AuBr; in 1,2-dichloroethane at 80C for 2.5 h

Now, we report the detailed study on the gold-catalyzed gave a 93:7 mixture oBa and4a in essentially quantitative

benzannulation reaction together with an unprecedente@][4 yield (entry 4). The AuBscatalyzed reaction ofa with 2b

benzannulation betwean(alkynyhbenzaldehydéa (or enynals) also proceeded smoothly to gi8e exclusively in a quantitative

and alkynes, which produces the debenzoylated naphthalenes. 4 . .
(or benzenes, respectively) in good to high yields (egs 2 and yield (entry 6). The reaction with AuBwas much quicker than

) : . . that with AuCk (entry 6 vs 5). The regioisome#s—e became

3). The combined use of a catalytic amount of Lewis acidic - : . . : . .
L . . major products in entries-79, in which the R substituent is
Cu(OTf) and a stoichiometric amount of a Brgnsted acid (HA) . . . . ;
. : : either an electron-withdrawing group or an §8égroup: the
is a key for this novel transformation. : . o .
reason for this change of the regioselectivity was mentioned

previously!®> Even with the symmetrically substituted internal

@CHO cat. Cu(OTH), N o alkyne 2f, the chemical yield o8f was increased up to 70%
Cst + H-A @(cji * Ph’&\A @ yield when the reaction was catalyzed by AgBentry 11 vs
“Copn it 10). The reaction of the unsymmetrically substituted internal

1a

alkynes2g and 2h proceeded in high yields with exclusive
regioselectivity (entries 12 and 13). Not only thetho

CHO
:[ <l cat. Cu(OTf), S , 9 @ phenylalkyne derivativéa but also theortho-n-hexyl substituted
C\j{\\c H=A ¢ ph-Ca alkyne derivativelb underwent the [42] benzannulation (entry
Ph H 14).
(B) Cu(OTf),-Catalyzed Benzannulation.During the re-
(11) (a) Huang, K.-S.; Wang, E.-etrahedron Lett2001 42, 6155-6157. search on the AuGlcatalyzed [4-2] benzannulation between

(b) Evans, P.; Grigg, R.; Ramzan, M. |.; Sridharan, V.; York, M.
Tetrahedron Lett1999 40, 3021-3024.

(12) Yasukawa, T.; Satoh, T.; Miura, M.; Nomura, ¥.Am. Chem. So2002 (16) Recently, Dyker reported one example of the intramolecular acylnaphthalene
124, 12680-12681. synthesis using bisalkynylbenzil as the starting material, see: Dyker, G.;
(13) (a) Viswanathan, G. S.; Wang, M.; Li, C.Angew. Chem., Int. E@2002 Stirner, W.; Henkel, G.; Kockerling, Ml'etrahedron Lett1999 40, 7457
41, 2138-2141. (b) Viswanathan, G. S.; Li, C.-$ynlett2002 1553— 7458.
1555. (c) Wakasugi, K.; Nishi, Y.; Tanabe, Yetrahedron Lett200Q 41, (17) AuCk-catalyzed reactions for the synthesis of arene compounds have been
5937-5942. reported, see: (a) Hashmi, A. S. K.; Frost, T. M.; Bats, JJWAm. Chem.
(14) For example, see: Fringuelli, F.; Taticchi, Phe Diels-Alder Reaction- So0c.200Q 122 11553-11554. (b) Hashmi, A. S. K.; Frost, T. M.; Bats,
Selected Practical MethodgViley: Chichester, 2002. J. W. Org. Lett.2001, 3, 3769-3771. (c) Reference 10b. (d) Hashmi, A.
(15) Asao, N.; Takahashi, K.; Lee, S.; Kasahara, T.; Yamamotd, Xm. Chem. S. K.; Frost, T. M.; Bats, J. WCatal. Today2002 72, 19—27. For a review,
Soc.2002 124, 12650-12651. see: Hashmi, A. S. KGold Bull. 2003 36, 3—9.
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Table 2. The Cu(OTf),-Catalyzed Reaction of . result was obtained when the reaction was carried out at 100
o-(Phenylethynyl)benzaldehyde 1a with Alkynes 2 °C; 5awas obtained in 86% yield (entry 9). To clarify whether
yield (%)° 5awas formed fron8h by the cleavage of benzoyl group under
enty 2 R! R additive conditions 5 3 the reaction conditionsgh was treated with 10 mol % of Cu-
1 2h Ph Me none 80C,05h 5a 56 3h 22 (OTf), in the presence of 1 equiv of GFCO,H at 100°C for
2 2h Ph Me HO 80°C,19h 5a 52 3h 12 15 min. However, no reaction took place, @fdwas recovered.
3 2h Ph Me MeOH 80°C,1h ~ 5a 44 3h 13 Even when the reaction was carried out for 1 dagwas not
4 2h Ph Me HCGH 80°C,0.5h 5a 79 3h 8 ) i
5 2n Ph Me CHCOH 80°C.05h 5a 67 3h 17 formed at all. It is clear thaba is not prqduced through the
6 2h Ph Me CRHCOH 80°C,0.5h 5a 82 3h trace C—C bond cleavage a3h. We next examined the reaction of
gc SE EE me EECH:SZSZH 28% %sshh ga 73 gﬂ trace la with the other alkyneb, 2i, 2j, 2f, 2k, 2I, and2d. The
e ° s a . . . . .
9 2h Ph Me CRHOOH 100°C,0.25h 5a 86 3h reaction proceeded smoothly irrespective of internal or terminal

alkynes and of aromatic or aliphatic alkynes to give the

corresponding benzannulation produbts-e in good to high

yields (entries 16-13). Even bromo-, phenylthio-, and ethoxy-

carbonyl-substituted alkynes were able to be used as alkynes

to lead the corresponding functionalized naphthalé&fies in

good yields (entries 1416).

aThe reaction was carried out usid@ (1 equiv) and2 (1.2 equiv) in Because the naphthalene dem./atlﬁesere .prOduced unex-

the presence of Cu(OTf(5 mol %) and additives (1 equiv) in (CIGH pectedly easily fronla, we were interested in the possibility

unless otherwise note#lIsolated yield.° The reaction was performed in of whether the present {4£2] benzannulation methodology

melg[;feiglcde of 10 mol % of TfOH instead of Cu(QTf)4d was obtained ;014 he applicable to the synthesis of polysubstituted benzenes
yiel or not. The reaction of the enynah with phenylacetylen@b

1aand2, when we utilized some metal triflates instead of AyCl ~ under similar reaction conditions as shown in Table 2 (cat Cu-
the yield of the desired [#2] benzannulation producgand4 (OTf)2 and HA) gavesa in a low yield; the use of Bransted
decreased, and trace to very small amounts of benzoic acid wereéi€ids (HA) as an additive was not so effective. After many
detected. To clarify the origin of benzoic acid, a systematic attempts, we found that the treatment7afwith 2b (5 equiv)
investigation of the reaction betweer(phenylethynyl)benzal- N the presence of 10 mol % of Cu(O3find 1 equiv of HO

dehydelaand?2 was carried out (eq 4, Table 2). The reaction N @ mixture of 1,2-dichloroethane and GEN (3:1) gave the
corresponding benzene derivati8a in 71% yield as a sole

product (eq 5). Similarly, the reaction @b with 2b under the

CHO R? R? : o X i
Al cat. Cu(OTN, R2 . OO @ same reaction conditions afford&t in 50% yield (eq 6).
X 1 H-A R R
PA R o7 >ph o)
5 8 H Il cat. Cu(OTH),
| ¥ (CICH,),-CH3CN ®)
\\ Ph 2)2 3 Ph

Ph H0

0
0
10 2b Ph H CRHCOH 100°C,0.25h 5b 90 3b 0
11 2i CHe H CRCOH 100°C,0.25h 5¢c 72 3] 8
12 2j Ph Ph  CEHCOH 100°C,0.25h 5d 85 3k O
13 2f CsH; CsH; CRHCOH 100°C,0.25h 5e 74 3f 0
14 2k Ph Br CRHCOH 100°C,0.25h 5f 73 3l O
15 21 Ph PhS CEHCOH 100°C,0.25h 5g 60 3m O
16 2d COEt H CRCOH 100°C,0.25h 5h 60 3d 0¢

1a 2

of lawith 1.2 equiv of2h (R = Ph, R = Me) in the presence

of 5 mol % of Cu(OTf} in 1,2-dichloroethane at 80C for 30 7a 2b 71% 8a

min gave 2-methyl-3-phenyl-naphthalebein 56% yield along

with 1-benzoyl-3-methyl-2-phenyl-naphthalediein 22% yield o)

(entry 1). B.esides ths naphthalene products, benzoic acjd (14%) H m cat. Cu(OTf,

and benzoic anhydride (12%) were also produced. This result | + TR TN /@\ (6)
" b PH NS Ph (CICHy),-CH3CN bh Bh

was in marked contrast to the finding that the Awcttalyzed N, H,0

reaction ofl with 2 produced3 and4 exclusively and did not 7b 2b 50% 8b

produce benzoic acid and benzoic anhydride at all. No reaction

took place with other Lewis acidic copper_salts, sugh asCuF (C) Reaction Mechanism.A plausible mechanism for the
CuCk, CuBr, and Cu(OAc), and the starting materials were  yresent benzannulation is shown in Scheme 1. The coordination
recovered. We thought that trace amounts of water, which might ¢ ihe triple bond ofL to Lewis acid (ML, AuXs or Cu(OTf))

exist in the reaction medium, would play an important role for gnnances the electrophilicity of alkyne, and the subsequent
the formation of benzoic acid. Accordingly, we investigated the 1y cjeqphilic attack (as shown B) of the carbonyl oxygen to
effect of water and other protic additives. Addition of water or he glectron-deficient alkyne would form the ate comple819

MeOH did not exert a dramatic influence upon the product The piels-Alder reaction ofL0 with an alkyne2 would form
distribution (entries 2 and 3). Interestingly, the addition of formic 1,4 intermediatd 2 through11.2° When the reaction is catalyzed

acid increased the chemical yield & up to 79% yield and by AuXs, the subsequent bond rearrangement, as showd in
decreased the yield &h (entry 4). After several trials using

other Brgnsted acids, we found that the reaction using- CF (18) (a) Asao, N.; Shimada, T.: Shimada, T.; YamamotoJ.Yam. Chem. Soc.

i 0, i i 2001, 123 10899-10902. (b) Asao, N.; Yamamoto, Bull. Chem. Soc.
HCOZH gavebain 8? % yield and suppressed dramatlcqlly the 3pn. 2000 73, 10711087 and references tharein.
formation of3h (entries 5-7). The reaction oLawith 2h using (19) Iwasawa has proposed the similar intermediate in the reaction of
0 i ethynylphenyl ketones with alkenes in the presence of WEOBIF, see:
10 mol % of TfOH in the absence of Cu(,OIf()atalySt gave lwasawa, N.; Shido, M.; Kusama, H. Am. Chem. So2001, 123 5814
only 6% of5aeven after 15 h (entry 8). This blank test clearly 5815.
; ; (20) Benzof]pyrylium salts are known to play a dien part in the Die/sider
showed the combination between CU(QT@a‘talySt and Cf reaction with ethyl vinyl ether, see: Kuznetsov, E.; Shcherbakova, I. V.;

HCO,H was essential for the present benzannulation. The best  Balaban, A. TAdv. Heterocycl. Chem199Q 50, 157—254.

J. AM. CHEM. SOC. = VOL. 125, NO. 36, 2003 10923
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Scheme 1

/ H-A

5 g LM
+ /
LM +
X " b B
R™ A 12 A
6 ML,
\"61““ A 10
N -
~ R ==
ML,

with arrows, would afford the naphthyl ketone derivativis

Another intriguing point of the Cu(OTHbenzannulation is

and 4 and regenerate AwX On the other hand, in the
Cu(OTfp—HA system, protonolysis of the-©Cu bond of12
by a Brgnsted acid (HA) such as @FCO,H, followed by the
attack of A" to the carbon of RCO, would produds, which

seemingly facile €C bond cleavage of the triple bond b&
Although several reactions are known for single and double bond
cleavagé? only a few transformations for triple bond are known,
including alkyne-ligand scission on metal complex&xxida-
would undergo the retro DietsAlder reaction shown i3 to tive cleavagé! and the transition metal-catalyzed alkyne
lead the formation 06 and6.2! Even in the absence of HA, the  methathesis® Recently, Jun and co-workers developed the Rh-
protonolysis would occur partially by trace amounts of water catalyzed hydroiminoacylation, which resulted in the cleavage
that exist in the media, and subsequent addition of OH to RCO of the triple bond, although the chelation-assistance was
would give benzoic aciéa (R = Ph, A= OH) (eq 2). As we required?® We also recently reported the triple bond cleavage

mentioned above, benzoic anhydrigle(R = Ph, A= PhCQ)
was also obtained in the reaction bd with 2h. A blank test
indicated that benzoic anhydride was not formed from benzoic

of diynes through the hydroamination with transition metal
catalysts” On the other hand, to the best of our knowledge,

acid under the reaction conditions. This result indicates that (22) For reviews, see: (a) Rybtchinski, B.; Milstein, Sagew. Chem., Int. Ed.

benzoic acidba generated in situ may behave also as a HA to
give 5 and6b. If the protonolysis of the €Cu bond does not
proceed efficiently, the naphthyl ketone derivati@esnd4 are
produced directly froml12 through the bond rearrangement
similar to that in the case of the AwXatalyzed reaction. To
clarify whether the debenzoylated naphthalene prodbetee
obtained also in the Aux-HA system, we examined the
reaction ofla with 2h in the presence of 5 mol % of AuBr
and 1 equiv of CEHCO,H. As we expectedsa was obtained

in 32% yield along with 21% oBh. During the reaction, the
mirror of Au was observed in the reaction vessel due to the
decomposition of AuBy, and the starting materidla was
recovered in 14% yield. Accordingly, the protonolysis of the
C—M bond of 12 would be more efficient in the case of the

Cu-catalyzed reaction, as compared to the Au-catalyzed reaction.

(21) The tandem DietsAlder/retro-Diels-Alder reactions using 6-aminopyri-
midin-4(3H)-one derivatives with dimethyl acetylenedicarboxylate were
reported, see: (a) Cobo, J.; Melguizo, M.n8hez, A.; Nogueras, Msynlett
1993 297-299. (b) Cobo, J.; Garaj C.; Melguizo, M.; Sachez, A.;
Nogueras, MTetrahedronl994 50, 10345-10358. (c) Cobo, J.; Melguizo,
M.; Sanchez, A.; Nogueras, M.; Clercq, E. Detrahedron 996 52, 5845~
5856. (d) Cobo, J.; Melguizo, M.; Nogueras, M.in8hez, A.; Dobado, J.
A.; Nonella, M. Tetrahedron1996 52, 13721-13732.

10924 J. AM. CHEM. SOC. = VOL. 125, NO. 36, 2003

1999 38, 870-883. (b) Jennings, P. W.; Johnson, L.Chem. Re. 1994
94, 2241-2290. (c) Crabtree, R. HChem. Re. 1985 85, 245-269. (d)
Murakami, M.; Ito, Y. InActivation of Unreactie Bonds and Organic
SynthesisMurai, S., Ed.; Springer: Berlin, 1999; pp 97129.
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the present reaction is the first example of the Lewis acid- solution was stirred at 80C for 1 h and then cooled to room

catalyzed cleavage of a triple bond. temperature. The reaction mixture was transferred to a silica gel column,
] and the product was isolated using ether as ellniyas obtained as
Conclusion a yellow solid (154 mg, 0.5 mmol) in 100% vyield.

Cu(OTf),-Catalyzed Benzannulation. The preparation oba is

We are now in a position to synthesize functionalized multi- ’ .
representative. To a mixture @& (103 mg, 0.5 mmol) and Cu(OTf)

pbsied BT St e e e ) o ) v s’

. uL, 0.6 mmol) and CEHCO,H (31 uL, 0.5 mmol) successively at room
o-alkynyl(oxo)benzenes .and a.\lkynes. Just by changing .the temperature under Ar atmosphere. The resulting mixture was stirred at
catalyst system, we obtained either the naphthyl ketone deriva-1qg ¢ for 15 min and then cooled to room temperature. A saturated
tives 3 and4 or the decarbonylated naphthaleseShe Lewis aqueous solution of NaHG@vas added, and the mixture was extracted
acid-catalyzed [42] benzannulation can be extended to enynals, with ether three times. The combined extracts were washed with brine,
which provides a new method for the synthesis of substituted dried (MgSQ), and evaporated to leave the crude product, which was
benzenes. purified by silica gel column chromatography using hexane as an eluent

to give 5a (93.7 mg, 0.43 mmol) in 86% vyield.

Supporting Information Available: Spectroscopic and ana-

AuBrs-Catalyzed Benzannulation.The preparation o8b is rep- lytical data forsa—h and8a—b (PDF). This material is available
resentative. To AuBr(6.5 mg, 3 mol %) was added a mixture Td free of charge via the Internet at http:/pubs.acs.org.
(103 mg, 0.5 mmol) an@b (66 xL, 0.6 mmol) in (CICH), (1.5 mL)

at room temperature under Ar atmosphere. The resulting homogeneous]A036927R

Experimental Section
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