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Abstract: This work describes zinc(II)-catalyzed hydrative
aldol reactions of 2-en-1-ynamides with aldehydes and water to
afford branched aldol products regio- and stereoselectively.
The anti and syn selectivity can be modulated by the sizes of
sulfonamides to yield E- and Z-configured zinc(II) dienolates
selectively. This new reaction leads to enantiopure aldol
products by using a cheap chiral sulfonamide. The mechanistic
analysis reveals that the sulfonamide amides of the substrates
can trap a released proton to generate dual acidic sites to
activate a carbonyl allylation reaction.

Metal dienolates (A or A’) are versatile carboanions which
react with carbonyl electrophiles to access linear or branched
aldol products (Scheme 1).[1–7] Although various dienolates
(M = Zn,[3,7] Si,[4, 6] Sn,[4] Li,[5] B,[6] In,[6] Li[6]) were developed to
achieve satisfactory regio- or stereoselectivity of the g-[3–5] and

a-allylations,[6, 7] the inevitable use of metal reagents (M or
MXn) and bases in excess (> 1.0 equiv; Scheme 1a,b) remains
a serious concern. The development of their catalytic
surrogates is significant and highly desirable, but only
iridium-catalyzed enantioselective synthesis of linear aldol
products was recently achieved by Krische el al.[8a]

The well-known catalytic hydrations of alkynes[9, 10]

emerge as appealing surrogates using readily available
alkynes, water, and carbonyl species. This task, however, is
difficult because their metal enolate intermediates typically
undergo facile protometalations rather than an aldol reaction
or other electrophilic additions [Eq. (1)].[11] Ynamides have
been widely used in many organic reactions because of their
ready availability and easy degradation.[12] We planned to
employ 2-en-1-ynamides bearing a sulfonamide such that
their resulting zinc enolates (B) could trap a released proton,
thus generating acid sites to activate a carbonyl group
[Eq. (2)]. To describe the success of this new strategy, we
report herein the zinc-catalyzed hydrative aldol reactions of
2-en-1-ynamides to yield branched aldol products with
tunable anti or syn selectivity [Eq. (2)]. Importantly, this
zinc-catalyzed reaction leads to enantiopure aldol products
using a cheap chiral sulfonamide. In Reformatsky reactions
(Scheme 1a), zinc(II) in THF mainly afforded linear aldol
products,[3] but the regioselectivity varied for both Zn/graph-
ite and Zn/Cu in diethyl ether, thus giving mainly branched
regioisomers[7] albeit in poor and moderate diastereoselectiv-
ity.

Table 1 shows the result of optimization of the intermo-
lecular hydrative aldol reactions of the 2-en-1-ynamide 1a
with suitable Lewis acids and solvents. In a typical operation,
1a was treated with the catalyst (5 mol%), water (2 equiv),
and benzaldehyde (1.5 equiv) in a pre-dried solvent at 25 8C
for 20–30 hours before workup. Initial tests with various
gold(I), silver(I), and copper(II) catalysts in wet CH3CN
(28 8C, 30 h) led predominantly to the hydration product 3a,
albeit in moderate yields (42–57 %; these data are provided in
Scheme S1 in the Supporting Information). To our delight,
Zn(OTf)2 lead to formation of the b-hydroxyamide 2a in 69%
yield, whereas 3a was present in trace amounts (entry 1).
ZnF2 gave the undesired 3a (45%), and ZnCl2 afforded 2a
and 3a in 42% and 22% yields, respectively (entries 2 and 3).
Sc(OTf)3 and In(OTf)3 gave disappointing results, thus
yielding 2a and 3a in 12–14 % and 45–48% yields, respec-
tively (entries 4 and 5). Other solvents like THF, 1,2-dichloro-
ethane, and nitromethane were not appropriate solvents for
Zn(OTf)2, thus giving 2a and 3a in comparable portions
(entries 6–8). HOTf (5 mol%) alone led to complete hydra-
tion to give 3a in 87% yield (entry 9). For ZnCl2, In(OTf)3,

Scheme 1. Aldol reactions of metal dienolates. Advantages of this
work: 1) catalytic dienolate reactions, 2) high regioselectivity and
tunable anti and syn selectivity, 3) accessible to enantiopure products,
and 4) bifunctional acid property. EWG= electron-withdrawing group,
Tf= trifluoromethanesulfonyl.
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and Zn(OTf)2, the product 2 a was produced with only an anti
configuration (d.r.> 20:1) according to X-ray diffraction of its
4-nitrobenzaldehyde derivative (2 b ; Table 2). A separate
experiment verifies that 3a and PhCHO are do not lead to 2a
in the presence of Zn(OTf)2 in wet CH3CN (25 8C, 30 h).

We tested the reactions of 1a with various aldehydes to
assess the substrate scope. The results are summarized in
Table 2, in which the major product 2 was determined to be
the anti isomer because the two methine protons have
coupling constants of J = 8–9 Hz (for syn isomers J = 3–
4 Hz). Such hydrative aldol reactions were compatible with
various benzaldehydes bearing para substituents such as

nitro, cyano, chloro, and bromo groups, and the resulting b-
hydroxyamides 2b–d were obtained in 66–83% yields with
d.r. values of greater than 20:1. Herein, 3a was obtained in 5–
7% yield for the chloro and bromo derivatives. This new
reaction was extended to an alkynyl aldehyde to give the
desired 2 f in 66% with a d.r. value of greater than 20:1. For
an alkenyl aldehyde, the resulting b-hydroxyamide was
isolated as both syn and anti isomers, that is, 2g (56 %) and
2g’ (19 %), and they were separated on a silica column. This
reaction worked well for an aliphatic aldehyde, thus giving 2h
(64 %) and 2h’ (21 %) as a mixture of anti and syn products.

These hydrative aldol reactions were applicable to the 2-
en-1-ynamides 1b–f bearing various alkenyl groups (Table 3).
The anti-configured aldol products (d.r.> 20:1) were

obtained exclusively in most instances except for the sub-
strates 1j and 1 k for which the syn isomers 4j’ and 4k’ and
hydration products 3 j’ and 3k’ were formed in minor
proportions. The reactions worked well for the substrates
1b and 1c bearing 1,2-alkenyl groups, and they reacted with
benzaldehyde and 4-nitrobenzaldehyde to give the anti-
configured aldol products 4b–e in 67–84 % yields. The same
reactions were also applicable to their gem-dimethylvinyl
analogue 1d to afford desired the anti-configured compounds
4 f and 4g in 77–86% yields. This zinc(II)-catalyzed reaction
was extended to the 2-en-1-ynamide 1e bearing a vicinal
dimethylvinyl moiety, thus giving the aldol products 4h and 4 i
(76–85%) with high anti selectivity. For the bulky and
trisubstituted alkene substrate 1 f its hydrative aldol reactions
gave both anti- (4 j and 4k) and syn-aldol products (4j’ and
4k’) in 51–62% and 16–19% yields respectively.

These aldol reactions are also applicable to terminal (5 a)
and internal (5b) ynamides as depicted in Equations (3) and
(4), respectively. The former gave the hydrative aldol

Table 1: Catalyst screening using various Lewis acids.

Entry Catalyst[a] Solvent t [h] Products (yield [%])[b]

1a 2a 3a

1 Zn(OTf)2 CH3CN 30 – 69 trace
2 ZnF2 CH3CN 30 40 – 45
3 ZnCl2 CH3CN 24 – 42 22
4 Sn(OTf)2 CH3CN 24 – 12 45
5 In(OTf)2 CH3CN 24 – 14 48
6 Zn(OTf)2 THF 24 – 48 34
7 Zn(OTf)2 DCE 24 – 38 54
8 Zn(OTf)2 MeNO2 24 – 34 48
9 HOTf CH3CN 4 – – 87

[a] [1a] = 0.2m. [b] Product yields are for products isolated after
purification using a silica column. DCE = 1,2-dichloroethane, Ms =

methanesulfonyl, THF = tetrahydrofuran.

Table 2: Hydrative aldol reactions with aldehydes.

[a] [1a] = 0.2m. [b] Product yields are for products isolated after
purification using a silica column.

Table 3: Hydrative aldol reactions of 2-en-1-ynamides.

[a] [1] = 0.2m. [b] Product yields are for products isolated after purifica-
tion using a silica column.

Angewandte
Chemie

3813Angew. Chem. Int. Ed. 2015, 54, 3812 –3816 � 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://www.angewandte.org


products 6a and 6b in 66% and 84% yields, respectively,
whereas the latter gave the aldol products 6 c (52%) and 6c’
(35 %) as a mixture of anti and syn isomers. The generation of
O-bound zinc enolates is thus ascertained herein.

We prepared the 2-en-1-ynamides 1g–i bearing various
sulfonamide groups (Table 4). For 1 g (R = n-butyl, EWG =

Ms), the anti-isomer 2 i was obtained exclusively in 74 % yield
(entry 1). Notably, a switch to 1h (R = iPr, EWG = Ms) and 1 i

(R = Me, EWG = Ts), bearing bulky sulfonamides, gave anti/
syn mixtures (2j/2 j’ and 2k/2 k’) in comparable portions
(entries 2 and 3). Following this trend, we managed to achieve
the syn selectivity using 1 j bearing an increased size of
sulfonamide (entry 4). The details of the resulting products
(anti/syn = 1:9) are presented in Table 5.

Inspired by our preliminary success with syn selectivity,
we developed catalytic asymmetric reactions of the 3-en-1-
ynamides 1j–l containing a cheap chiral sulfonamide
appended to (S)-a-methylbenzyl (Table 5). These substrates
(1j–l) were designed to bear 3-substituted alkenyl moieties
(R1¼6 H) to elude three or four isomeric products. Only two
diastereomeric products were produced from 1j–l with high
stereoselectivity (8/8’= 5.8–9.0) and good yields. The major
syn isomers 8a–e have coupling constants of J = 4.7–5.0 Hz,
whereas the minor anti isomers 8a’–e’ coupling constants of
J = 6.8–7.0 Hz. We performed X-ray diffraction studies on 8e

and an acyl derivative of the compound 8a to confirm their
syn geometries and absolute configurations.

As shown in Equation (5), we added 2,6-lutidine
(2 mol%) to 1 a to trap a released proton, but the reaction
became much less selective, thus giving the aldol product 2a
(40 %) together with the hydration products 3a and 3a’ in
41% and 6 % yield, respectively. To characterize the zinc
dienolate generated in MeCN/water, 1a was treated with
Zn(OTf)2 (1 equiv) and H2O (5 equiv) in CD3CN (28 8C,
16 h), and the 1H NMR spectra clearly showed the presence
of the zinc dienolate 9 (34 %), presumably in an E configura-
tion because the =CH proton did not show an NOE effect on
its sulfonamide group [Eq. (6)]. The species 9 has three olefin
protons which appear at d = 6.23, 5.05, and 5.03 ppm (see
Figure S1 in the Supporting Information). In the DEPT
13C NMR spectra, the =CH� and =CH2 signals appear at d =

124.8 ppm and 118.5 ppm, respectively. We also observed
a minor (6%) unknown species, but its structural assignment
was hampered because the signals for two carbon atoms were
not observable, probably because they were masked by the
MeCN signal. This unknown species was absent when
[D6]acetone was used as the solvent. Interestingly, we
observed a slightly broad peak at d = 7.78 ppm, and it is not
due to either free HOTf or Zn(OTf)2(H2O)n (n = 1 or 2) in
MeCN. This signal is postulated to be associated with the zinc
dienolate 9. The LC-MS(ESI) of this mixture showed a peak
of 403.95(64Zn), which was assigned to the parent peak (M +

1) of 9. Accordingly, we postulate a structure for 9, as shown
in [Eq. (6)], which forms a complex with HOTf.

Scheme 2 shows a proposed mechanism to rationalize the
anti and syn selectivity of the branched aldol products. The

Table 4: Effects of sulfonamides on anti/syn selectivity.

Entry 2-En-1-ynamide[a] Products (yield)[b]

R EWG 2/2’ (anti/syn) 3

1 nBu Ms (1g) 2 i (74%) –
2 iPr Ms (1h) 2 j/2 j’= 1.1:1 (68%) 3%
3 Me Ts (1 i) 2k/2k’=1.2:1 (80%) –
4 (S)-a-methyl-

benzyl
Ms (1 j) anti/syn =1:9 –

[a] [1] = 0.20m. [b] Product yields are reported after purification from
a silica column.

Table 5: Hydrative aldol reactions with syn selectivity.

[a] [1 j–1 l] = 0.20m. [b] Product yields are for products isolated after
purification using a silica column. [c] The compounds 8b’ and 8e’ were
not isolated in pure form.
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size effects of sulfonamides provide mechanistic insight. For
1a bearing a small sulfonamide like NMe(Ms), its initial
alkyne hydrations generate the E-configured zinc dienolate 9
predominantly. As suggested by our NMR and ESI-MS
characterization [Eq. (6)], this O-bound dienolate reacts with
benzaldehyde to form a chairlike transition state (C) to give
anti selectivity.[13] This reaction model E reveals the function
of a Brønsted acid, tightly bound with the nitrogen atom to
enhance the acidity of ZnII.[14] This dual acidic property
facilitates an aldol reaction. For 1 j bearing a large sulfon-
amide, the E-configured zinc dienolate suffers an increasing
interaction between its methyl and bulky sulfonamide.
Accordingly, only the Z-configured dienolate D is generated
to react with an aldehyde in a chairlike transition state (E) to
yield the syn-products 8. We do not exclude an open transition
state which can govern the syn selectivity without chela-
tion.[15]

Before this work, the enolates generated in the alkyne
hydration had not been elaborated for catalytic C�C bond
formations.[16] Herein, we report the success in the zinc-
catalyzed hydrative aldol reactions of 2-en-1-ynamides to
afford branched aldol products with high stereoselectivity.
Our strategy employs 2-en-1-ynamides bearing a sulfonamides
to enable the resulting zinc dienolate to complex with HOTf.
In one instance, we were able to characterize the zinc
dienolate 9 by NMR spectroscopy and ESI-MS. This newly
generated Brønsted acid increases the acidity of the zinc to
facilitate an aldol reaction. Importantly, the anti and syn
selectivity can be modulated by the size of the sulfonamide
through selective formation of E- or Z-configured zinc
dienolates. This zinc-catalyzed reaction leads to enantiomer-
ically pure products using a cheap chiral sulfonamide. We
believe that this reaction will lead to the design of new
tandem reactions involving alkyne hydrations as the initial
step.

Received: December 4, 2014
Published online: January 21, 2015

.Keywords: aldol reaction · stereoselectivity · sulfonamides ·
synthetic methods · zinc

[1] a) S. N. Reformatsky, Ber. Dtsch. Chem. Ges. 1887, 20, 1210;
b) “The Chemistry of Zinc Enolates”: M. Lombardo, C.
Trombini in The Chemistry of Organozinc Compounds, Part II
(Eds.: Z. Rappoport, I. Marek), Wiley, Chichester, 2006, 797 –
861; c) E. Erdik, Organozinc Reagents in Organic Synthesis,

CRC, Boca Raton, FL, 1996 ; d) P. Knochel, R. D. Singer, Chem.
Rev. 1993, 93, 2117 – 2188.

[2] For metal dienolate chemistry, see reviews: a) G. Casiraghi, L.
Battistini, C. Curti, G. Rassu, F. Zanardi, Chem. Rev. 2011, 111,
3076 – 3154; b) G. Casiraghi, F. Zanardi, G. Appendino, G.
Rassu, Chem. Rev. 2000, 100, 1929 – 1972; c) S. E. Denmark,
J. R., Jr. Heemstra, G. L. Beutner, Angew. Chem. Int. Ed. 2005,
44, 4682 – 4698; Angew. Chem. 2005, 117, 4760 – 4777; d) S. Saito,
H. Yamamoto, Chem. Eur. J. 1999, 5, 1959 – 1962.

[3] For M = Zn, see: a) M. G. Constantino, P. Losco, E. E. Castel-
lano, J. Org. Chem. 1989, 54, 681 – 683; b) R. N. Gedye, P. Arora,
A. H. Khalil, Can. J. Chem. 1975, 53, 1943 – 1948; c) C. D.
Robeson, J. D. Cawley, C. L. Weisler, M. H. Stern, C. C.
Eddinger, A. J. Chechak, J. Am. Chem. Soc. 1955, 77, 4111 –
4119; d) R. C. Fuson, P. L. Southwick, J. Am. Chem. Soc. 1944,
66, 679 – 681.

[4] For M = Si and Sn, see: a) S. E. Denmark, J. R. Heemstra, Jr., J.
Org. Chem. 2007, 72, 5668 – 5688; b) S. E. Denmark, J. R.
Heemstra, Jr., J. Am. Chem. Soc. 2006, 128, 1036 – 1039; c) S.
Shirokawa, M. Kamiyama, T. Nakamura, M. Okada, A. Naka-
zaki, S. Hosokawa, S. Kobayashi, J. Am. Chem. Soc. 2004, 126,
13604 – 13605; d) M. T. Gieseler, M. Kalesse, Org. Lett. 2011, 13,
2430 – 2432; e) Y. Mukaeda, T. Kato, S. Hosokawa, Org. Lett.
2012, 14, 5298 – 5301.

[5] For M = Li, see: a) S. Saito, M. Shiozawa, H. Yamamoto, Angew.
Chem. Int. Ed. 1999, 38, 1769 – 1771; Angew. Chem. 1999, 111,
1884 – 1886; b) S. Saito, M. Shiozawa, M. Ito, H. Yamamoto, J.
Am. Chem. Soc. 1998, 120, 813 – 814; c) R. H. Schlessinger, E. J.
Iwanowicz, J. P. Springer, J. Org. Chem. 1986, 51, 3050; d) R. W.
Dugger, C. H. Heathcock, J. Org. Chem. 1980, 45, 1181 – 1185;
e) I. Casinos, R. Mestres, J. Chem. Soc. Perkin Trans. 1 1978,
1651 – 1655.

[6] For M = In, B and Li, see: a) P. V. Ramachandran, D. Nicponski,
B. Kim, Org. Lett. 2013, 15, 1398 – 1401; b) M. Majewski, G. B.
Mpango, M. T. Thomas, A. Wu, V. Snieckus, J. Org. Chem. 1981,
46, 2029 – 2045; c) L. A. Paquette, R. R. Rothhaar, J. Org. Chem.
1999, 64, 217 – 224; d) J. Kister, D. H. Ess, W. R. Roush, Org.
Lett. 2013, 15, 5436 – 5439; e) D. A. Evans, E. B. Sjogren, J.
Bartroli, R. L. Dow, Tetrahedron Lett. 1986, 27, 4957 – 4960.

[7] With reactive Zn/Cu reagents, see: a) T. Hudlicky, M. G.
Natchus, L. D. Kwart, B. L. Colwell, J. Org. Chem. 1985, 50,
4300 – 4306; b) G. B. Boldrini, D. Savoia, E. Tagliavini, C.
Trombini, A. Umbani-Ronchi, J. Org. Chem. 1983, 48, 4108 –
4111; c) L. E. Rice, M. C. Boston, H. O. Finklea, B. J. Suder, J. O.
Frazier, T. Hudlicky, J. Org. Chem. 1984, 49, 1845 – 1848.

[8] a) A. Hassan, J. R. Zbieg, M. J. Krische, Angew. Chem. Int. Ed.
2011, 50, 3493 – 3496; Angew. Chem. 2011, 123, 3555 – 3558;
b) O. A. Wallner, K. J. Szabo, Org. Lett. 2004, 6, 1829 – 1831; c) S.
Sebelius, O. A. Wallner, K. J. Szabo, Org. Lett. 2003, 5, 3065 –
3068.

[9] For Au and Pt catalysts, see: a) Y. Wang, Z. Wang, Y. Li, G. Wu,
Z. Cao, L. Zhang, Nat. Commun. 2014, 5, 3470 – 3477; b) W. E.
Brenzovich, Angew. Chem. Int. Ed. 2012, 51, 8933 – 8935; Angew.
Chem. 2012, 124, 9063 – 9065; c) R. Casado, M. Contel, M.
Languna, P. Romero, S. Sanz, J. Am. Chem. Soc. 2003, 125,
11925 – 11935; d) N. Marion, R. S. Ramon, S. P. Nolan, J. Am.
Chem. Soc. 2009, 131, 448 – 449; e) H. Kanemitsu, K. Uehara, S.
Fukuzumi, S. Ogo, J. Am. Chem. Soc. 2008, 130, 17141 – 17147.

[10] For Pd, Zn, Hg and Ag catalysts, see: a) X. B. Li, G. B. Hu, P.
Luo, G. Tang, Y. X. Gao, P. X. Xu, Y. F. Zhao, Adv. Synth. Catal.
2012, 354, 2427 – 2432; b) M. B. T. Thuong, A. Mann, A. Wagner,
Chem. Commun. 2012, 48, 434 – 436; c) Z. W. Chen, D. N. Ye,
Y. P. Qian, M. Ye, L. X. Liu, Tetrahedron 2013, 69, 6116; d) A. M.
Jadhav, S. A. Gawade, D. Vasu, R. B. Dateer, R. S. Liu, Chem.
Eur. J. 2014, 20, 1813 – 1817; e) X. F. Wu, D. Bezier, C. Darcel,
Adv. Synth. Catal. 2009, 351, 367 – 370; f) T. Tachinami, T.
Nishimura, R. Ushimaru, R. Noyori, H. Naka, J. Am. Chem. Soc.

Scheme 2. Rationale for the anti and syn selectivity.

Angewandte
Chemie

3815Angew. Chem. Int. Ed. 2015, 54, 3812 –3816 � 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1002/cber.188702001268
http://dx.doi.org/10.1021/cr00022a008
http://dx.doi.org/10.1021/cr00022a008
http://dx.doi.org/10.1021/cr100304n
http://dx.doi.org/10.1021/cr100304n
http://dx.doi.org/10.1021/cr990247i
http://dx.doi.org/10.1002/anie.200462338
http://dx.doi.org/10.1002/anie.200462338
http://dx.doi.org/10.1002/ange.200462338
http://dx.doi.org/10.1002/(SICI)1521-3765(19990702)5:7%3C1959::AID-CHEM1959%3E3.0.CO;2-7
http://dx.doi.org/10.1021/jo00264a032
http://dx.doi.org/10.1139/v75-271
http://dx.doi.org/10.1021/ja01620a043
http://dx.doi.org/10.1021/ja01620a043
http://dx.doi.org/10.1021/ja01233a004
http://dx.doi.org/10.1021/ja01233a004
http://dx.doi.org/10.1021/jo070638u
http://dx.doi.org/10.1021/jo070638u
http://dx.doi.org/10.1021/ja0465855
http://dx.doi.org/10.1021/ja0465855
http://dx.doi.org/10.1021/ol2006727
http://dx.doi.org/10.1021/ol2006727
http://dx.doi.org/10.1021/ol3024677
http://dx.doi.org/10.1021/ol3024677
http://dx.doi.org/10.1002/(SICI)1521-3773(19990614)38:12%3C1769::AID-ANIE1769%3E3.0.CO;2-0
http://dx.doi.org/10.1002/(SICI)1521-3773(19990614)38:12%3C1769::AID-ANIE1769%3E3.0.CO;2-0
http://dx.doi.org/10.1002/(SICI)1521-3757(19990614)111:12%3C1884::AID-ANGE1884%3E3.0.CO;2-2
http://dx.doi.org/10.1002/(SICI)1521-3757(19990614)111:12%3C1884::AID-ANGE1884%3E3.0.CO;2-2
http://dx.doi.org/10.1021/ja972765l
http://dx.doi.org/10.1021/ja972765l
http://dx.doi.org/10.1021/jo01295a002
http://dx.doi.org/10.1039/p19780001651
http://dx.doi.org/10.1039/p19780001651
http://dx.doi.org/10.1021/ol400381q
http://dx.doi.org/10.1021/jo00323a012
http://dx.doi.org/10.1021/jo00323a012
http://dx.doi.org/10.1021/jo981717w
http://dx.doi.org/10.1021/jo981717w
http://dx.doi.org/10.1021/ol4025277
http://dx.doi.org/10.1021/ol4025277
http://dx.doi.org/10.1016/S0040-4039(00)85106-0
http://dx.doi.org/10.1021/jo00222a020
http://dx.doi.org/10.1021/jo00222a020
http://dx.doi.org/10.1021/jo00170a049
http://dx.doi.org/10.1021/jo00170a049
http://dx.doi.org/10.1021/jo00184a042
http://dx.doi.org/10.1002/anie.201100646
http://dx.doi.org/10.1002/anie.201100646
http://dx.doi.org/10.1002/ange.201100646
http://dx.doi.org/10.1021/ol049328d
http://dx.doi.org/10.1021/ol035052i
http://dx.doi.org/10.1021/ol035052i
http://dx.doi.org/10.1002/anie.201204598
http://dx.doi.org/10.1002/ange.201204598
http://dx.doi.org/10.1002/ange.201204598
http://dx.doi.org/10.1021/ja036049x
http://dx.doi.org/10.1021/ja036049x
http://dx.doi.org/10.1021/ja809403e
http://dx.doi.org/10.1021/ja809403e
http://dx.doi.org/10.1021/ja807254d
http://dx.doi.org/10.1002/adsc.201200420
http://dx.doi.org/10.1002/adsc.201200420
http://dx.doi.org/10.1039/c1cc12928g
http://dx.doi.org/10.1016/j.tet.2013.05.057
http://dx.doi.org/10.1002/chem.201304322
http://dx.doi.org/10.1002/chem.201304322
http://dx.doi.org/10.1002/adsc.200800666
http://dx.doi.org/10.1021/ja310282t
http://www.angewandte.org


2013, 135, 50 – 53; g) W. L. Budde, R. E. Dessy, J. Am. Chem.
Soc. 1963, 85, 3964 – 3970.

[11] Only few gold enolates generated in alkyne hydrations were
functionalized with arylations or fluorination. See: a) W. Wang,
J. Jasinski, G. B. Hammond, B. Xu, Angew. Chem. Int. Ed. 2010,
49, 7247 – 7252; Angew. Chem. 2010, 122, 7405 – 7410; b) T.
de Haro, C. Nevado, Adv. Synth. Catal. 2010, 352, 2767 – 2772.

[12] Ynamides have been widely used in many organic reactions
because of their ready availability; see selected reviews: a) X.-N.
Wang, H.-S. Yeom, L.-C. Fang, S. He, Z.-X. Ma, B. L. Kedrowski,
R. P. Hsung, Acc. Chem. Res. 2014, 47, 560 – 578; b) K. A.
Dekorver, H. Li, A. G. Lohse, R. Hayashi, Z. Lu, Y. Zhang, R. P.
Hsung, Chem. Rev. 2010, 110, 5064 – 5106; c) G. Evano, A. Coste,
K. Jouvin, Angew. Chem. Int. Ed. 2010, 49, 2840 – 2859; Angew.
Chem. 2010, 122, 2902 – 2921.

[13] a) H. Ren, G. Dunet, P. Mayer, P. Knochel, J. Am. Chem. Soc.
2007, 129, 5376 – 5377; b) N. Nakamura, A. Hirai, M. Sogi, E.

Nakamura, J. Am. Chem. Soc. 1998, 120, 5846 – 5847; c) B. Dutta,
N. Cilboa, I. Marek, J. Am. Chem. Soc. 2010, 132, 5588 – 5589;
d) J. P. Das, H. Chechik, I. Marek, Nat. Chem. 2009, 1, 128 – 132;
e) K.-T. Tan, S.-S. Chng, H.-S. Cheng, T.-P. Loh, J. Am. Chem.
Soc. 2003, 125, 2958 – 2963.

[14] For bifunctional acid catalysts, see reviews: a) T. Yamamoto, K.
Futatsugi, Angew. Chem. Int. Ed. 2005, 44, 1924 – 1942; Angew.
Chem. 2005, 117, 1958 – 1977; b) S. Saito, H. Yamamoto, Acc.
Chem. Res. 2004, 37, 570 – 579.

[15] a) Y. Masuyama, M. Kishida, Y. Kurusu, Tetrahedron Lett. 1996,
37, 7103 – 7106; b) Y. Masuyama, A. Ito, Y. Karusu, Chem.
Commun. 1998, 315 – 316.

[16] CCDC 1030151 (2a), 1030152 (8a an acyl derivative), and
1030153 (8e) contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.
cam.ac.uk/data_request/cif.

.Angewandte
Communications

3816 www.angewandte.org � 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2015, 54, 3812 –3816

http://dx.doi.org/10.1021/ja310282t
http://dx.doi.org/10.1021/ja00907a014
http://dx.doi.org/10.1021/ja00907a014
http://dx.doi.org/10.1002/anie.201003593
http://dx.doi.org/10.1002/anie.201003593
http://dx.doi.org/10.1002/ange.201003593
http://dx.doi.org/10.1002/adsc.201000559
http://dx.doi.org/10.1021/ar400193g
http://dx.doi.org/10.1021/cr100003s
http://dx.doi.org/10.1002/anie.200905817
http://dx.doi.org/10.1002/ange.200905817
http://dx.doi.org/10.1002/ange.200905817
http://dx.doi.org/10.1021/ja071380s
http://dx.doi.org/10.1021/ja071380s
http://dx.doi.org/10.1021/ja9804262
http://dx.doi.org/10.1021/ja101371x
http://dx.doi.org/10.1038/nchem.131
http://dx.doi.org/10.1021/ja029276s
http://dx.doi.org/10.1021/ja029276s
http://dx.doi.org/10.1002/anie.200460394
http://dx.doi.org/10.1002/ange.200460394
http://dx.doi.org/10.1002/ange.200460394
http://dx.doi.org/10.1021/ar030064p
http://dx.doi.org/10.1021/ar030064p
http://dx.doi.org/10.1016/0040-4039(96)01584-5
http://dx.doi.org/10.1016/0040-4039(96)01584-5
http://dx.doi.org/10.1039/a707865j
http://dx.doi.org/10.1039/a707865j
http://www.angewandte.org

