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1,n-Enynes (n=5–7) undergo skeletal rearrangement in
the presence of a variety of electrophilic metals as
catalysts,[1] whereas in the presence of hetero- or carbo-ACHTUNGTRENNUNGnucleophiles, addition products are formed.[2–7] Carbonyl
compounds also act as nucleophiles in intra-[8] and inter-ACHTUNGTRENNUNGmolecular reactions of 1,6-enynes.[9] In the latter case, 1,6-
enynes 1, unsubstituted at the terminal alkene (R1 =R2 = H),
reacted with aldehydes to give tricyclic compounds 2
(Scheme 1).[9] Products 3 of formal [2+2+2] cycloaddition,
related to those formed in the intramolecular reaction,[8]

were not obtained in this reaction.
In the gold(I)-catalyzed reaction of 1,6-enynes with alde-

hydes, products 3 of [2+2+2] cycloaddition were indeed
formed. However, unexpectedly, 1,3-dienes 4 were the
major products in a transformation that corresponds to a
formal metathesis between the enyne and the aldehyde. 1,5-
Enynes 5 reacted to give cycloadducts 6 and/or 6’ by an
initial 5-endo-dig cyclization (Scheme 1). For 1,5-enynes
with aryl substituents at the alkyne, an unprecedented frag-ACHTUNGTRENNUNGmentation took place to give products of type 7 (Scheme 1).

The reaction between 1,6-enyne 1 a and benzaldehyde in
the presence of AuCl (5 mol %) in CH2Cl2 gave exclusively
the product of skeletal rearrangement,[2a,b] whereas very low
conversions (�7 %) were obtained when using PtCl2, PtCl4,
InCl3, or GaCl3 as catalysts. Better results were achieved
with cationic gold(I) catalysts 8–10 (Table 1). Products 3 of

[2+2+2] cycloaddition were isolated from enyne 1 a in 21–
85 % yield, along with dienes 4 a–h (Table 1, entries 1–18).
The reaction proceeded readily with electron-rich aldehydes,
whereas, in contrast with that shown before for 1,6-enynes 1
without substituents at the alkene,[9] no adduct could be ob-
tained in the reaction of 1 a with o-nitrobenzaldehyde
(Table 1, entry 17). Interestingly, enynes 1 b and 1 c, with an
aryl substituent at the alkene, gave the 1,3-dienes 4 by inter-
molecular metathesis with the aldehydes (Table 1,
entries 19–21). Enynes 1 d and 1 e, which in the absence of
nucleophiles reacted by a 6-endo-dig pathway,[1a,2] reacted
by a 5-exo-dig process to give dienes 4 i–n (Table 1,
entries 22–27).

Reactions were carried out routinely with two equivalents
of aldehyde. In the metathesis-like reactions of substrates
1 a, 1 d, and 1 e, acetone was released, but did not efficiently
compete with the aldehydes R3CHO. Therefore, this reac-
tion is applicable to the ready synthesis of C1-substituted
1,3-dienes that would be difficult to prepare by other

Scheme 1. Different pathways in the gold(I)-catalyzed reactions of 1,5-
and 1,6-enynes with aldehydes. [AuL]+ =gold catalyst.
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methods. Thus, for example, the reaction of 1,6-enyne 1 d
with 1-pyrenecarboxaldehyde in the presence of catalyst 10
(2 mol%) at �40 8C gave pyrenyl diene 4 o in 76 % yield
(Scheme 2).

A proposed mechanism for the formation of 2 involved
the rearrangement of the cyclopropyl gold carbene 11 to
form 12,[10] which is then trapped by the carbonyl compound
to give 13 (Scheme 3).[9] A Prins cyclization would then

form cation 14, which could evolve by cyclopropane forma-
tion to give 2.[9] In the case of 1,6-enynes substituted at the
alkene, direct reaction of the aldehyde with 11 would lead
to oxonium cation 15, which could undergo a Prins cycliza-
tion to form tetrahydropyranyl cation 16.[8,11] Elimination of
the metal fragment would then give 3, whereas a fragmenta-
tion reaction would provide 4. Products derived from inter-
mediate 17, which would be formed in the intramolecular
Prins reaction occurring with the opposite regiochemistry,
were not detected.

A similar reaction of 1,5-enynes via gold carbenes 18
would give intermediates 19 (Scheme 4), which undergo a
Prins reaction to form 20. Intermediates 20 would then un-
dergo proton elimination and protodemetalation to give 6
or a 1,2-shift of R1 to yield 6’ via carbocations 21. Formation
of tetrahydrofurans by the Prins reaction occurs relatively

Table 1. Gold-catalyzed reaction of 1,6-enynes with aldehydes.[a]

Entry 1 R3 ACHTUNGTRENNUNG[AuL]SbF6 3 (Yield [%]) 4 (Yield [%])

1 a Ph 8 3aa (29)[b] 4 a (61)
2 a Ph 9 3aa (21)[b] 4 a (11)[c,d]

3 a Ph 10 3aa (35)[b] 4 a (25)[c,d]

4 a 4-MeC6H4 8 3ab (22) 4 b (71)
5 a 4-MeC6H4 9 3ab (41) 4 b (21)[c,d]

6 a 2,4-Me2C6H3 8 3ac (41) 4 c (59)[c]

7 a 2,4-Me2C6H3 9 3ac (77) 4 c (19)
8 a 2,4,6-Me3C6H2 8 3ad (53) 4 d (39)
9 a 2,4,6-Me3C6H2 9 3ad (85) 4 d (9)

10 a 4-MeOC6H4 8 3ae (30) 4 e (23)
11 a 4-MeOC6H4 9 3ae (58) 4 e (12)
12 a 4-MeOC6H4 10 3ae (25) 4 e (27)
13 a 3,4-(MeO)2C6H3 8 3af (50) 4 f (34)[c]

14 a 3,4-(MeO)2C6H3 9 3af (63) 4 f (29)
15 a 3,4,5-(MeO)3C6H2 8 3ag (22) 4 g (76)
16 a 3,4,5-(MeO)3C6H2 9 3ag (39) 4 g (57)
17 a 2-O2NC6H4 8 – –
18 a c-C3H5 8 3ah (24) 4 h (70)
19 b 2,4,6-Me3C6H2 8 – 4 d (70)
20 c 4-MeC6H4 8 – 4 b (41)
21 c 2,4,6-Me3C6H2 8 – 4 d (81)
22 d Ph 8 – 4 i (65)
23 d 4-MeC6H4 8 – 4 j (63)
24 d 2,4,6-Me3C6H2 10 – 4 k (91)
25 d 4-BrC6H4 10 – 4 L (67)
26 e 4-MeC6H4 10 – 4 m (34)
27 e 2,4,6-Me3C6H2 10 – 4 n (60)

[a] Reactions conditions: Aldehyde (2 equivalents) and [AuL]SbF6 (2
mol %) in CH2Cl2 at �40 8C, 12 h. [b] 9:1–1:1 mixture of 3aa and its
D[4a, 5] isomer. [c] Yield determined by 1H NMR spectroscopy (1,3,5-trime-
thoxybenzene as standard). [d] Skeletal rearrangement product was also
formed (10–50 % yield).

Scheme 2. Gold-catalyzed reaction of 1,6-enyne 1d with 1-pyrenecarbox-
aldehyde.

Scheme 3. Mechanisms for the intermolecular gold(I)-catalyzed reactions
of 1,6-enynes with aldehydes.

Scheme 4. Mechanism for the intermolecular gold(I)-catalyzed reactions
of 1,5-enynes with aldehydes.
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rarely.[12] A Prins reaction of 19 with the alternative regio-
chemistry would afford 22,[8,11] which would fragment, re-
leasing acetone, to give rise to dienes 7.

1,5-Enyne 5 a reacted with aldehydes to give adducts 6 aa–
ai as the major products (Table 2, entries 1-13). In some
cases, the isomerization products 6’ were obtained in low
yield (Table 2, entries 1, 8, and 10). Interestingly, 1,5-enyne
5 b afforded the products of 1,2-alkyl shift, 6’ba, in 75 %
yield, along with the expected adduct 6 ba as the minor
product (Table 2, entry 15). Reaction of 5 a with ketones
also afforded mixtures of the corresponding adducts, 6 aj/
6’aj and 6 ak/6’ak (Table 2, entries 14 and 15).

Gold-catalyzed reactions of aryl-substituted 1,5-enynes
5 c–g with carbonyl compounds afforded trienes 7 by a frag-
mentation process, via intermediate 22 (Scheme 4). The
most efficient transformations occurred when trans-cinna-
maldehyde was used as the carbonyl compound (Table 2,
entries 17-23). Compounds 7 were obtained as single E ster-
eoisomers, as established by NOESY experiments, which is
in accord with a fragmentation occurring via 22 with an
equatorial R3 substituent (Scheme 3).

Enyne 5 a reacted with electron-rich 3,4,5-trimethoxyben-
zaldehyde in the presence of catalyst 10 to give an unexpect-
ed tricyclic product 23 in 47 % yield, along with 6 ae (13 %
yield; Scheme 5). The structure of 23 was confirmed by X-
ray diffraction. A plausible mechanism for the formation of
23 involves trapping of the gold carbene in intermediate 24
to give 25 in a Friedel–Crafts process, followed by a proton-
promoted cleavage (Scheme 5).

Different types of intramolecular trapping of a gold car-
bene were found in the reaction of enyne 5 h with aldehydes
in the presence of catalyst 10 (Scheme 6). Thus, in the reac-
tion of 5 h with cyclopropanecarbaldehyde, in addition to
adduct 6 ha (1.5:1 mixture of epimers, 41 % yield), tricyclic
compound 26 was isolated in 30 % yield. However, reaction
of 5 h with mesitaldehyde gave 27 as a single stereoisomer in
43 % yield. Tricyclic compounds 26 and 27 were formed by
formal insertions of gold carbenes 28 a and b into C�H
bonds of neighboring groups.[13]

In summary, a clearer picture of the reaction pathways
occurring in the gold(I)-catalyzed additions of carbonyl
compounds to enynes has emerged from this study, which
complements that leading to tricyclic compounds 2.[9] The

reaction of 1,6-enynes with al-
dehydes gave the expected
products of [2+2+2] cycloaddi-
tion. However, in most cases,
1,3-dienes 4 were also formed
by a metathesis-type reaction of
the enyne with the aldehyde.
This reaction proceeded by a
fragmentation of the tetrahy-
dropyranyl cations formed by
an intramolecular Prins reac-
tion. In contrast with the 5-exo-
dig cyclization of 1,6-enynes,
1,5-enynes reacted with carbon-
yl compounds to give adducts
by an initial 5-endo-dig cycliza-
tion. Fragmentation of the in-
termediates also occurred with
1,5-enynes in a few cases. Inter-
estingly, the intermediate cat-
ionic gold carbenes can also un-
dergo formal C�H insertion or
electrophilic aromatic substitu-
tion to form complex carbo-ACHTUNGTRENNUNGcyclic skeletons in a stereo-ACHTUNGTRENNUNGselective manner.

Experimental Section

General procedure for the reaction of
1,6-enynes with aldehydes (Table 1): A
solution of 1,6-enyne (80 mg) and the
corresponding aldehyde (2 equiva-
lents) in CH2Cl2 (ca. 0.1m) was cooled
to �40 8C and after 15 min the gold

Table 2. Gold-catalyzed reaction of 1,5-enynes with carbonyl compounds.[a]

Entry 5 R2, R3 ACHTUNGTRENNUNG[AuL]SbF6 t [h] Product(s) (ratio,[b] yield [%])

1 a 2,4-Me2C6H3, H 9 2.5 6aa (7.5:1; 79)+6’aa (15)
2 a 2,4-Me2C6H3, H 10 30 6aa (7:1; 81)
3 a 2,4,6-Me3C6H2, H 8 4 6ab (7:1; 74)
4 a 2,4,6-Me3C6H2, H 9 4 6ab (95)
5 a 2,4,6-Me3C6H2, H 10 4 6ab (85)
6 a 4-BrC6H4, H 9 2.5 6ac (1:1, 78)
7 a 3-BrC6H4, H 9 1 6ad (1:1, 62)
8 a 2-BrC6H4, H 9 1 6ae (1:1; 59)+6’ae (9)
9 a 3,4,5-(MeO)3C6H2, H 10 7 6af (2.7:1, 66)

10 a 2-Naph, H 9 2.5 6ag (2.5:1; 51)+6’ag (7)
11 a (E)-CH=CHPh, H 9 0.5 6ah (1.5:1, 72)
12 a (E)-CH=CHPh, H 10 7 6ah (2:1, 59)
13 a CH=CMe2, H 9 0.5 6ai (3:1, 58)
14[c] a CD3, CD3 9 32 6aj +6’aj (1:1, 55)
15[d] a ACHTUNGTRENNUNG(CH2)5 9 20 6ak +6’ak (1:2, 67)[e]

16 b (E)-CH=CHPh, H 9 2.5 6ba (2:1)+6’ba (1:4.7; 75)
17 c (E)-CH=CHPh, H 8 1 7c (75)
18 c (E)-CH=CHPh, H 9 1 7c (50)
19 c (E)-CH=CHPh, H 10 2 7c (75)
20 d (E)-CH=CHPh, H 9 1 7d (80)
21 e (E)-CH=CHPh, H 8 1 7e (79)
22 f (E)-CH=CHPh, H 9 2 7 f (67)
23 g (E)-CH=CHPh, H 9 1 7g (78)

[a] Reaction conditions, unless otherwise stated: Catalysts (5 mol %) with aldehyde (2 equivalents) in CH2Cl2

at 23 8C. [c] Ratios for 6 aa–ba refer to epimers at C1. [d] Reaction with [D6]acetone (4 equivalents). [e] Re-
action with cyclohexanone (4 equivalents) and catalyst 9 (3 mol %). [f] Cycloisomerization products were also
obtained (27 %). Naph= naphthyl.
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complex 8, 9, or 10 (2 mol %) was added The solution was kept at �40 8C
for 12 h. A 0.1m solution of Et3N in hexane (1 mL) was added to deacti-
vate the gold catalyst and the solution was filtered through Celite. After
evaporation of the solvent, the residue was purified by flash chromatog-
raphy on silica gel (hexane/EtOAc eluent).

General procedure for the reaction of 1,5-enynes with carbonyl com-
pounds (Table 2): The starting 1,5-enyne was dried before the reaction by
repeated evaporation of a solution of the compound in toluene (1 mL/
10 mg of 1,5-enyne) under vacuum. A solution of the 1,5-enyne (30 mg)
and the corresponding aldehyde (1.5–2 equivalents) or ketone (4 equiva-
lents) in CH2Cl2 (1 mL) was slowly added at room temperature to a solu-
tion of the gold complex 9 or 10 in CH2Cl2 (0.5 mL). The reaction mix-
ture was stirred for the time stated in Table 2 (monitored by thin-layer
chromatography). Work-up was carried out as described above.

See the Supporting Information for details and spectroscopic data on the
compounds.

Acknowledgements

This work was supported by the MEC (projects CTQ2004-02869, Consol-
ider Ingenio 2010 grant CSD2006-0003, predoctoral fellowships to A. E.-
C and V. L.-C., and Torres Quevedo contract to D. J.), the AGAUR
(2005 SGR 00993), and the ICIQ Foundation. We also thank Elo�sa Jim�-
nez-NfflÇez for helpful insights and Dr. J. Benet-Buchholz and E. Escu-
dero-Ad�n (X-ray diffraction unit, ICIQ) for the structure of 23.

Keywords: aldehydes · cycloaddition · enynes · gold ·
homogeneous catalysis

[1] a) E. Jim�nez-NfflÇez, A. M. Echavarren, Chem. Rev. 2008, 108,
3326 – 3350; b) D. J. Gorin, B. D. Sherry, F. D. Toste, Chem. Rev.
2008, 108, 3351 – 3378; c) V. Michelet, P. Y. Toullec, J.-P. GenÞt,
Angew. Chem. 2008, 120, 4338 –4386; Angew. Chem. Int. Ed. 2008,
47, 4268 – 4315; d) A. S. K. Hashmi, Chem. Rev. 2007, 107, 3180 –
3211; e) A. F	rstner, P. W. Davies, Angew. Chem. 2007, 119, 3478 –
3519; Angew. Chem. Int. Ed. 2007, 46, 3410 – 3449.

[2] a) C. Nieto-Oberhuber, M. P. MuÇoz, E. BuÇuel, C. Nevado, D. J.
C�rdenas, A. M. Echavarren, Angew. Chem. 2004, 116, 2456 –2460;
Angew. Chem. Int. Ed. 2004, 43, 2402 –2406; b) C. Nieto-Oberhuber,
M. P. MuÇoz, S. L�pez, E. Jim�nez-NfflÇez, C. Nevado, E. Herrero-
G�mez, M. Raducan, A. M. Echavarren, Chem. Eur. J. 2006, 12,
1677 – 1693; c) C. Nevado, D. J. C�rdenas, A. M. Echavarren, Chem.
Eur. J. 2003, 9, 2627 –2635.

[3] a) L. Zhang S. A. Kozmin, J. Am. Chem. Soc. 2005, 127, 6962 –6963;
b) A. K. Buzas, F. M. Istrate, F. Gagosz, Angew. Chem. 2007, 119,
1159 – 1162; Angew. Chem. Int. Ed. 2007, 46, 1141 –1144; c) B. D.
Sherry, L. Maus, B. N. Laforteza, F. D. Toste, J. Am. Chem. Soc.
2006, 128, 8132 – 8133; d) S. Park, D. Lee, J. Am. Chem. Soc. 2006,
128, 10664 – 10665; e) Y. Horino, M. R. Luzung, F. D. Toste, J. Am.
Chem. Soc. 2006, 128, 11364 –11365; f) C. A. Witham, P. Maule�n,
N. D. Shapiro, B. D. Sherry, F. D. Toste, J. Am. Chem. Soc. 2007, 129,
5838 – 5839; g) A. F	rstner, L. Morency, Angew. Chem. 2008, 120,
5108 – 5111; Angew. Chem. Int. Ed. 2008, 47, 5030 –5033.

[4] a) C. Nieto-Oberhuber, S. L�pez, A. M. Echavarren, J. Am. Chem.
Soc. 2005, 127, 6178 –6179; b) C. Nieto-Oberhuber, P. P�rez-Gal�n,
E. Herrero-G�mez, T. Lauterbach, C. Rodr�guez, S. L�pez, C. Bour,
A. Rosell�n, D. J. C�rdenas, A. M. Echavarren, J. Am. Chem. Soc.
2008, 130, 269 –279.

[5] a) C. H. M. Amijs, C. Ferrer, A. M. Echavarren, Chem. Commun.
2007, 698 – 700; b) C. H. M. Amijs, V. L�pez-Carrillo, M. Raducan,
P. P�rez-Gal�n, C. Ferrer, A. M. Echavarren, J. Org. Chem. 2008,
73, 7721 –7730.

Scheme 5. Gold-catalyzed reaction of 1,5-enyne 5 a with 3,4,5-trimethoxy-
benzaldehyde to give tricyclic compound 23.

Scheme 6. Formal C�H activation reactions in the gold-catalyzed reac-
tions of 1,5-enynes with aldehydes.

Chem. Eur. J. 2009, 15, 5646 – 5650 � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 5649

COMMUNICATIONGold-Catalyzed Reactions of 1,5- and 1,6-Enynes with Carbonyl Compounds

http://dx.doi.org/10.1021/cr068430g
http://dx.doi.org/10.1021/cr068430g
http://dx.doi.org/10.1021/cr068430g
http://dx.doi.org/10.1021/cr068430g
http://dx.doi.org/10.1002/ange.200701589
http://dx.doi.org/10.1002/ange.200701589
http://dx.doi.org/10.1002/ange.200701589
http://dx.doi.org/10.1002/anie.200701589
http://dx.doi.org/10.1002/anie.200701589
http://dx.doi.org/10.1002/anie.200701589
http://dx.doi.org/10.1002/anie.200701589
http://dx.doi.org/10.1021/cr000436x
http://dx.doi.org/10.1021/cr000436x
http://dx.doi.org/10.1021/cr000436x
http://dx.doi.org/10.1002/ange.200604335
http://dx.doi.org/10.1002/ange.200604335
http://dx.doi.org/10.1002/ange.200604335
http://dx.doi.org/10.1002/anie.200604335
http://dx.doi.org/10.1002/anie.200604335
http://dx.doi.org/10.1002/anie.200604335
http://dx.doi.org/10.1002/ange.200353207
http://dx.doi.org/10.1002/ange.200353207
http://dx.doi.org/10.1002/ange.200353207
http://dx.doi.org/10.1002/anie.200353207
http://dx.doi.org/10.1002/anie.200353207
http://dx.doi.org/10.1002/anie.200353207
http://dx.doi.org/10.1002/chem.200501088
http://dx.doi.org/10.1002/chem.200501088
http://dx.doi.org/10.1002/chem.200501088
http://dx.doi.org/10.1002/chem.200501088
http://dx.doi.org/10.1002/chem.200204646
http://dx.doi.org/10.1002/chem.200204646
http://dx.doi.org/10.1002/chem.200204646
http://dx.doi.org/10.1002/chem.200204646
http://dx.doi.org/10.1021/ja051110e
http://dx.doi.org/10.1021/ja051110e
http://dx.doi.org/10.1021/ja051110e
http://dx.doi.org/10.1002/ange.200604140
http://dx.doi.org/10.1002/ange.200604140
http://dx.doi.org/10.1002/ange.200604140
http://dx.doi.org/10.1002/ange.200604140
http://dx.doi.org/10.1002/anie.200604140
http://dx.doi.org/10.1002/anie.200604140
http://dx.doi.org/10.1002/anie.200604140
http://dx.doi.org/10.1021/ja061344d
http://dx.doi.org/10.1021/ja061344d
http://dx.doi.org/10.1021/ja061344d
http://dx.doi.org/10.1021/ja061344d
http://dx.doi.org/10.1021/ja062560p
http://dx.doi.org/10.1021/ja062560p
http://dx.doi.org/10.1021/ja062560p
http://dx.doi.org/10.1021/ja062560p
http://dx.doi.org/10.1021/ja0636800
http://dx.doi.org/10.1021/ja0636800
http://dx.doi.org/10.1021/ja0636800
http://dx.doi.org/10.1021/ja0636800
http://dx.doi.org/10.1021/ja071231+
http://dx.doi.org/10.1021/ja071231+
http://dx.doi.org/10.1021/ja071231+
http://dx.doi.org/10.1021/ja071231+
http://dx.doi.org/10.1002/ange.200800934
http://dx.doi.org/10.1002/ange.200800934
http://dx.doi.org/10.1002/ange.200800934
http://dx.doi.org/10.1002/ange.200800934
http://dx.doi.org/10.1002/anie.200800934
http://dx.doi.org/10.1002/anie.200800934
http://dx.doi.org/10.1002/anie.200800934
http://dx.doi.org/10.1021/ja042257t
http://dx.doi.org/10.1021/ja042257t
http://dx.doi.org/10.1021/ja042257t
http://dx.doi.org/10.1021/ja042257t
http://dx.doi.org/10.1021/ja075794x
http://dx.doi.org/10.1021/ja075794x
http://dx.doi.org/10.1021/ja075794x
http://dx.doi.org/10.1021/ja075794x
http://dx.doi.org/10.1039/b615335f
http://dx.doi.org/10.1039/b615335f
http://dx.doi.org/10.1039/b615335f
http://dx.doi.org/10.1039/b615335f
http://dx.doi.org/10.1021/jo8014769
http://dx.doi.org/10.1021/jo8014769
http://dx.doi.org/10.1021/jo8014769
http://dx.doi.org/10.1021/jo8014769
www.chemeurj.org


[6] P. Y. Toullec, E. Genin, L. Leseurre, J.-P. GenÞt, V. Michelet,
Angew. Chem. 2006, 118, 7587 –7590; Angew. Chem. Int. Ed. 2006,
45, 7427 –7430.

[7] A. K. Buzas, F. M. Istrate, F. Gagosz, Angew. Chem. 2007, 119,
1159 – 1162; Angew. Chem. Int. Ed. 2007, 46, 1141 –1144.

[8] E. Jim�nez-NfflÇez, C. K. Claverie, C. Nieto-Oberhuber, A. M. Echa-
varren, Angew. Chem. 2006, 118, 5578 – 5581; Angew. Chem. Int. Ed.
2006, 45, 5452 –5455.

[9] M. Schelwies, A. L. Dempwolff, F. Rominger, G. Helmchen, Angew.
Chem. 2007, 119, 5694 –5697; Angew. Chem. Int. Ed. 2007, 46, 5598 –
5601.

[10] a) C. Nieto-Oberhuber, S. L�pez, M. P. MuÇoz, D. J. C�rdenas, E.
BuÇuel, C. Nevado, A. M. Echavarren, Angew. Chem. 2005, 117,
6302 – 6304; Angew. Chem. Int. Ed. 2005, 44, 6146 –6148; b) S.
L�pez, E. Herrero-G�mez, P. P�rez-Gal�n, C. Nieto-Oberhuber,
A. M. Echavarren, Angew. Chem. 2006, 118, 6175 – 6178; Angew.
Chem. Int. Ed. 2006, 45, 6029 – 6032.

[11] 4-Tetrahydropyranyl cation is a delocalized species with aromatic
stabilization: R. W. Alder, J. N. Harvey, M. T. Oakley, J. Am. Chem.
Soc. 2002, 124, 4960 –4961.

[12] a) P. Mohr, Tetrahedron Lett. 1993, 34, 6251 – 6254; b) C. Shin, S. N.
Chavre, A. N. Pae, J. H. Cha, H. Y. Koh, M. H. Chang, J. H. Choi,

Y. S. Cho, Org. Lett. 2005, 7, 3283 –3285; c) S. N. Chavre, H. Choo,
J. H. Cha, A. N. Pae, K. I. Choi, Y. S. Cho, Org. Lett. 2006, 8, 3617 –
3619; d) S. N. Chavre, H. Choo, J. K. Lee, A. N. Pae, Y. Kim, Y. S.
Cho, J. Org. Chem. 2008, 73, 7467 – 7471.

[13] Related C-H insertions into gold or platinum carbenes: a) H.
Kusama, H. Yamabe, Y. Onizawa, T. Hoshino, N. Iwasawa, Angew.
Chem. 2005, 117, 472 –474; Angew. Chem. Int. Ed. 2005, 44, 468 –
470; b) H. Funami, H. Kusama, N. Iwasawa, Angew. Chem. 2007,
119, 927 –929; Angew. Chem. Int. Ed. 2007, 46, 909 – 911; c) C. H.
Oh, J. H. Lee, S. J. Lee, J. I. Kim, C. S. Hong, Angew. Chem. 2008,
120, 7615 – 7617; Angew. Chem. Int. Ed. 2008, 47, 7505 –7507;
d) C. H. Oh, J. H. Lee, S. M. Lee, H. J. Yi, C. S. Hong, Chem. Eur. J.
2009, 15, 71 –74; e) S. Bhunia, R.-S. Liu, J. Am. Chem. Soc. 2008,
130, 16488 –16489; f) G. Lemi
re, V. Gandon, K. Cariou, A. Hours,
T. Fukuyama, A.-L. Dhimane, L. Fensterbank, M. Malacria, J. Am.
Chem. Soc. 2009, 131, 2993 – 3006; g) Y. Horino, T. Yamamoto, K.
Ueda, S. Kuroda, F. D. Toste, J. Am. Chem. Soc. 2009, 131, 2809 –
2811.

Received: March 13, 2009
Published online: April 22, 2009

www.chemeurj.org � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2009, 15, 5646 – 56505650

A. M. Echavarren et al.

http://dx.doi.org/10.1002/ange.200601980
http://dx.doi.org/10.1002/ange.200601980
http://dx.doi.org/10.1002/ange.200601980
http://dx.doi.org/10.1002/anie.200601980
http://dx.doi.org/10.1002/anie.200601980
http://dx.doi.org/10.1002/anie.200601980
http://dx.doi.org/10.1002/anie.200601980
http://dx.doi.org/10.1002/ange.200604140
http://dx.doi.org/10.1002/ange.200604140
http://dx.doi.org/10.1002/ange.200604140
http://dx.doi.org/10.1002/ange.200604140
http://dx.doi.org/10.1002/anie.200604140
http://dx.doi.org/10.1002/anie.200604140
http://dx.doi.org/10.1002/anie.200604140
http://dx.doi.org/10.1002/ange.200701378
http://dx.doi.org/10.1002/ange.200701378
http://dx.doi.org/10.1002/ange.200701378
http://dx.doi.org/10.1002/ange.200701378
http://dx.doi.org/10.1002/anie.200701378
http://dx.doi.org/10.1002/anie.200701378
http://dx.doi.org/10.1002/anie.200701378
http://dx.doi.org/10.1002/ange.200501937
http://dx.doi.org/10.1002/ange.200501937
http://dx.doi.org/10.1002/ange.200501937
http://dx.doi.org/10.1002/ange.200501937
http://dx.doi.org/10.1002/anie.200501937
http://dx.doi.org/10.1002/anie.200501937
http://dx.doi.org/10.1002/anie.200501937
http://dx.doi.org/10.1021/ja025902+
http://dx.doi.org/10.1021/ja025902+
http://dx.doi.org/10.1021/ja025902+
http://dx.doi.org/10.1021/ja025902+
http://dx.doi.org/10.1016/S0040-4039(00)73723-3
http://dx.doi.org/10.1016/S0040-4039(00)73723-3
http://dx.doi.org/10.1016/S0040-4039(00)73723-3
http://dx.doi.org/10.1021/ol051058r
http://dx.doi.org/10.1021/ol051058r
http://dx.doi.org/10.1021/ol051058r
http://dx.doi.org/10.1021/ol061528x
http://dx.doi.org/10.1021/ol061528x
http://dx.doi.org/10.1021/ol061528x
http://dx.doi.org/10.1021/jo800967p
http://dx.doi.org/10.1021/jo800967p
http://dx.doi.org/10.1021/jo800967p
http://dx.doi.org/10.1002/ange.200461559
http://dx.doi.org/10.1002/ange.200461559
http://dx.doi.org/10.1002/ange.200461559
http://dx.doi.org/10.1002/ange.200461559
http://dx.doi.org/10.1002/anie.200461559
http://dx.doi.org/10.1002/anie.200461559
http://dx.doi.org/10.1002/anie.200461559
http://dx.doi.org/10.1002/ange.200603986
http://dx.doi.org/10.1002/ange.200603986
http://dx.doi.org/10.1002/ange.200603986
http://dx.doi.org/10.1002/ange.200603986
http://dx.doi.org/10.1002/anie.200603986
http://dx.doi.org/10.1002/anie.200603986
http://dx.doi.org/10.1002/anie.200603986
http://dx.doi.org/10.1002/ange.200802425
http://dx.doi.org/10.1002/ange.200802425
http://dx.doi.org/10.1002/ange.200802425
http://dx.doi.org/10.1002/ange.200802425
http://dx.doi.org/10.1002/anie.200802425
http://dx.doi.org/10.1002/anie.200802425
http://dx.doi.org/10.1002/anie.200802425
http://dx.doi.org/10.1002/chem.200801887
http://dx.doi.org/10.1002/chem.200801887
http://dx.doi.org/10.1002/chem.200801887
http://dx.doi.org/10.1002/chem.200801887
http://dx.doi.org/10.1021/ja807384a
http://dx.doi.org/10.1021/ja807384a
http://dx.doi.org/10.1021/ja807384a
http://dx.doi.org/10.1021/ja807384a
http://dx.doi.org/10.1021/ja808780r
http://dx.doi.org/10.1021/ja808780r
http://dx.doi.org/10.1021/ja808780r
www.chemeurj.org

