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Gold-Catalyzed Oxidative Cycloadditions to Activate a Quinoline
Framework
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One advent in gold catalysis is to generate a-oxo gold
carbenes!!! by an intermolecular oxidation of terminal al-
kynes by using pyridine-based oxide derivatives>® with
8-alkylquinoline oxide (Z*—0") being the most effective.
Besides easy and safe operation, gold carbenes generated
in this method might exhibit chemoselectivity® distinct
from other metal carbenes produced from hazardous
a-diazo carbonyl reagents.”! Importantly, this alkyne oxida-
tion enables one-pot synthesis of a-functionalized carbonyl
products by the trapping of this carbene with a suitable sub-
strate, as depicted in Equation (1). In all reports,>? the
side products Z (8-alkylquinolines) are considered to be
useless waste. Catalytic activation of a pyridine-based
framework is a challenging issue in synthetic chemistry, but
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very few examples have been

reported for the pyridine cyclo- 3

addition reaction.’) We report
herein a new and stereocontrol-
led catalytic cycloaddition
using an o-oxo gold carbene,
a tethered electron-deficient
alkene, and 8-alkylquinoline, as
depicted by a-carbonyl pyridi-
nium ylides I (Scheme 1). The
importance of this synthetic
method is an easy access to
indolizine  frameworks that
are common  substructures
for many bioactive alkaloids
including the families of solani-
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Scheme 1. Catalytic generation and cycloaddition of pyridinium ylides.

dine,"*™ demissidine,”*¢? and solanidane”"! (A-C), as de-
picted in Scheme 2.I"!

Although [3+2]-cycloadditions of a-carbonyl pyridinium
ylides with alkenes or alkynes have been well documented,
their operations commonly involve initial deproponation of
2-oxomethyl pyridinium salts with strong bases in excess
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Scheme 2. Representative naturally occurring alkaloids.

proportions (> 1.0 equiv).**! The generation of reactive pyr-
idinium ylides by a base-free catalytic process is important
in this field. Although Padwal reported the generation of
a-carbonyl pyridinium ylides from rhodium carbenes and
special pyridines (X=OH, SMe, Scheme 1), the resulting
ylides I’ reacted only with dimethyl acetylenedicarboxylate
(DMAD). We sought a new catalytic generation of pyridini-
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Table 1. Reactions over various gold catalysts.

XCN 7o
catalyst
2a(1.2equiv)—0>
N z DCE, 80 °C

1a 2a’ (n equiv) time
X
Z = <
N
2a’
Entry Cat."! (mol%) 2a’ t  Compound yields
[n equiv] [h] [%]"™
la 3a 4a
1 [AuCI(IPr)] (5)/AeNTE (5) 0 9 - 37 4
2 [AuCI(IPT)] (5)/AgNTE, (10) 0 9 - 46 41
3 [AuCI(IPT)] (5)/AgNTE, (10) 1.5 9 - 8 -
4 [AUCI(IPT)] (5)/AgSbF, (10) 1.5 9 - 71 1
5 [AUCI(L)] (5)/AgNTE (10) 1.5 9 - 35 45
6  [AuCI(PPhy)] (5)/AgNTH, (10) 15 6 55 15 25
7 AeNTH (10) 15 6 8 - -

[a] [1a]=0.04™m, IPr=13-bis(diisopropylphenyl)imidazol-2-yliden, L=
P(¢Bu),(o-biphenyl). [b] Product yields are given after separation from a
silica column.

um ylide intermediates that can react with alkenes by using
cheap and readily available alkynes.

As shown in Table 1, [AuCI(IPr)[/AgNTf, (IPr=1,3-bis-
(diisopropylphenyl)imidazol-2-ylidene, 5 mol%) was tested
first because of its high activity in several alkyne oxida-
tions;**# the treatment of 3,5-dien-1-yne 1a and 8-methyl-
quinoline oxide 2a (1.2 equiv) in hot 1,2-dichloroethane
(DCE, 80°C, 9 h) gave an oxidative [2+2+1]-cycloadduct 3a
and cyclopropyl indanone 4al® in 37 and 42% yields re-
spectively (Table 1, entry 1); only one diastereomeric form
was produced for desired 3a despite its four stereogenic
centers. Notably, a change of catalyst composition, Au/Ag=
1:2, gave compounds 3a and 4a in 46 and 41% yields, re-
spectively (entry 2). The presence of external 8-methylqui-
noline (1.5 equiv) greatly improved the chemoselectivity to
give only 3a in 78 % yield (entry 3). Under the same condi-
tions, [AuCI(IPr)]/AgSbF, (Au/Ag=5:10mol%, entry4)
gave mainly cycloadduct 3a in 71 % yield, together with cy-
clopropyl indanone 4a in a minor proportion (11%).
[AuCl{P(Bu),(o-biphenyl)}]/AgNTf, (Auw/Ag=5:10mol%)
gave a mixture of 3a and 4a in comparable yields (entry 5).
In contrast, [AuCI(PPh;)]/AgNTf, or AgNTf, with the same
Au/Ag ratio were either less active or inactive (Table 1,
entries 6-7).

The structural configuration of cycloadduct 3a was deter-
mined by X-ray diffraction of its acyl derivative 5,"? which
was obtained by NaBH,-reduction in THF, followed by a
standard acetylation procedure [Eq. (2)].
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Table 2. Oxidative cycloadditions with 3,5-dien-1-ynes.!

Au/Ag EWG

R2__~EWG DCE, 80°C g2 H N

> a
j@,, Zz0, z t
R! A 2a 2a' A
X .
(1.2 equiv) (n equiv) N*
1b- 2a'

(1)3b(3h,n=15,76%) (2)3c(4h,n=1.578%) (3)3d (6 h,n=1.5,81%)

(4)3e(4h,n=15,82%) (5)3f(3h,n=1.581%) (6)3g(3h,n=15,81%)

(7)3h(1.5h,n=15,67%) (8)3i(1.5h,n=1561%) (9)3j(5h,n=2.0,61%)

(10)3k (5h, n=4.0,75%) (11)31 (2.5 h, n=4.0, 73%)
4 (17%)

[a] [substrate] =0.04 M, Au/Ag=[AuCI(IPr)] (5 mol % ):AgNTTf,
(10 mol %). Product yields are reported after separation from a silica
column.

Table 2 shows the substrate scope involving various 3,5-
dien-1-ynes 1b-1 bearing an E-configured electron-deficient
alkene; the competitive cyclopropanation product®! 4a was
completely suppressed with added 8-methylquinoline (1.5-
2.0 equiv) in most instances. As shown in entries 1-6
(Table 2), the reactions were applicable to various benze-
noid substrates 1b—g bearing a fluoro, chloro, and methoxy
substituent at their phenyl C(4) or C(5)-carbon atoms,
giving desired cycloadducts 3b-g with yields exceeding
76 %. To our pleasure, the substrate scope was further ex-
panded through its compatibility with nonbenzenoid sub-
strates 1h-i to give desired products 3h-i in 61-67 % yields
(entries 7-8). We examined the reactions on distinct alkene
substrates 1j-1 bearing an enal, enone, and ethyl enoate
group; their resulting products 3j-1 were obtained in 61—
73 % yields (entries 9-11) in the presence of 8- methylquino-
line (24 equiv). Herein, cyclopropyl indanone 41, an ana-
logue of 4a, was isolated in 17% yield in the ester case
(entry 11). The compatibility with varied electron-withdraw-
ing groups (EWG) demonstrated the broad substrate scope.

Table 3 shows the reactions on distinct 3,6-dien-1-ynes
6a—c Dbearing FE-configured electron-deficient alkenes
(EWG =CN, COMe, and CO,Et); their corresponding prod-
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Table 3. Reactions of additional dienynes.
z'.0
2a (1.2 equiv) Au/Ag

o)« g (o

. DCE, 80 °C
(2a', n equiv) ¢
Substrates! [ equiv] ¢ [h] Compound, yield [%]®
EWG 0 _EWG
P> H
H
\\ o
1 EWG=CN 2 4.0 7a, 83 -
(6a)
2 EWG=COMe 2 6.5 b, 74 -
(6b)
3 EWG=CO,Et 2 6.0 7¢, 70 4c¢, 17
(6¢)
a2
CN
4 X 1.5 45 -
8a
~ “CN
5 4 6.0 -
X 9b (81%) ©
8b °

a| [substrate|=0.04M, Au/Ag=[Au T mol % ):Ag 2 mol % ).
b. 0.04M, Au/A, AuCI(IP 5 mol % ):AgNTf, (10 mol %

[b] Product yields are reported after separation from a silica column.

ucts 7a—c were produced with excellent stereoselectivity and
satisfactory yields (70-85 %; Table 3, entries 1-3). The acces-
sible azacycles of expanded size, such as 7a—¢, again high-
light the utility of this cycloaddition. We prepared Z-config-
ured 3,5-dien-1-yne 8a and 3,6-dien-1-yne 8b to assess the
stereospecificity (entries 4-5); their resulting products 9a
(77%) and 9b (81 %) have the cyano group trans to the two
bridgehead protons, reflecting the retention of the Z-alkene
geometry. The structural configuration of compound 9a was
confirmed by 'H NOE spectroscopy and X-ray diffraction
studies.""

Cycloadditions using various quinolines 2b’—e’ (Z) and
their oxides 2b—e (Z*—0") are shown in Table 4; electron-
deficient pyridines (Z*—0"), such as 2-chloro- and bromo-
pyridine were unsuccessful because they tended to deacti-
vate the alkyne oxidations unless Brgnsted acids were pres-
ent.”! Nevertheless, key pyridinium ylides I in our system
are intolerant to Brgnsted acids. With FE-configured 3,5-
dien-1-yne 1a (Table 4, entry 1) a mixture of unsubstituted
quinoline 2b’ (1.2 equiv) and its oxide 2b (1.5 equiv) gave
mainly unreacted 1a under standard conditions, but, for
8-ethyl-, isopropyl-, and benzyl-substituted quinolines (2¢-
e’, entries 2-4) and their oxides, their corresponding cycload-
ducts 10a—c were obtained in satisfactory yields (74-96 %,
entries 2-4). The use of these quinolines 2¢-d’ and their
oxides 2¢-d on Z-configured 3,5-dien-1-yne 8a gave distinct
diastereomeric cycloadducts 10d-f in 67-84% yields (en-
tries 5-7), again showing the stereospecificity. We postulate

Chem. Eur. J. 2013, 00, 0-0
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Table 4. Reactions with various quinolines.

. Au/Ag

R! . .
X Z-0  DCE,80°C

2 (1.2 equiv) ——»

Re + S
% z z= )

; : N

1.5 equiv
1a, 8a ¢ ) R2

Entry Dienyenes!®! y/ t [h] Compound,

yield [%]"

1 1a (R'=CN,R*=H)  2b' (R=H) 12 1a, 56

2 1a 2¢ (R=Et) 25  10a,9
3 1a 2d’ (R=iPr) 25  10b, 9
4 1a 2¢’ (R=Bn) 25  10¢, 74
5 8a (R'=HR?’=CN)  2¢ 25 104,84
6 8a 2d 25  10e 82
7 8a 2¢ 25  10f 67

[a] [substrate] =0.04 m, Au/Ag=[AuCl(IPr)] (5 mol%):AgNTf,
(10 mol %). [b] Product yields are reported after separation from a silica
column.

that unsubstituted quinoline 2b’ greatly reduced gold acidity
because of its strong coordination with the gold catalyst.
Table 5 presents experimental data to assess the role of
a-oxo gold carbene I by using diazo carbonyl species 11 as a
probe. The treatment of diazo carbonyl species 11 with

Table 5. Reactions of additional dienynes.

2a (n equw) _catalyst _ H  coN
80 °C, DCE
2 equiv) t H
4a O
Entry Cat. (mol% )™ 2a t Compound yields
[nequiv] [h] [%]®!
11 3a 4a
1 [AuCI(IPD)] (5)/AgNTE (5) 0 2 - - -
2 [AuCI(IPr)] (5)/AgNTH (5) 05 .
3 [AuCI(IPr)] (5)/AgNTH, (10) 0.5 9 - 51 2
4 AgNTL (10) 0.5 8 - - -
5 Rhy(OAc), (1.0) 0.5 8 - 18 sl

[a] [11]=0.04 ™. [b] Product yields are reported after separation from a
silica column.

8-methylquinoline (2a’, 2.0 equiv) and [AuCI(IPr)]/AgNTf,
(2 equiv) in hot DCE (80°C, 12 h) led to a complicated mix-
ture of products (Table 5, entry 1); this procedure failed to
generate a-oxo gold carbene I. In the presence of 8-methyl-
quinoline oxide (2a, 0.5 equiv), compounds 3a and 4a were
obtained in 43 and 12 % yields, respectively (entry 2); oxide
2a clearly assists the carbene formation, possibly through its
stabilization effect. We postulate that the oxide acts as a
base to coordinate with the electrophilic carbon atom of
gold carbenes. With an increased AgNTTf, loading (Au/Ag=
5:10 mol %), the yield of desired 3a was increased to 51 %
(entry 3). AgNTf, and Rh,(OAc), (1 mol%) were either in-
active or ineffective to produce cycloadduct 3a even though
oxide 2a was present (entries 4-5). Although gold carbene I
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proved to be a viable intermediate, the use of a-oxo diazo
species 11 appears to be an inferior method.

The high stereospecificity of this cycloaddition, as mani-
fested by E- and Z-configured 3,5-dien-1-ynes 1a and 8a, is
reminiscent of a dipolar [3+2]-cycloaddition, on a a-carbon-
yl pyridinium ylide I (or II")"2l Many dipolar [342]-cy-
cloadditions proceed through a concerted route to exhibit
high stereoselectivity;!'?! some a-carbonyl pyridinium ylides
have such behavior in stoichiometric reactions.” We envis-
age that an initial alkyne oxidation of species la with
8-methylquinoline oxide 2a (ZT—0~) generates an d-0X0
gold carbene I that is shown to be a viable intermediate (see
Table 3). This gold carbene reacts reversibly with 8-methyl-
quinoline to generate adduct II, as depicted in Scheme 3. To

epi-3a (not formed)

Scheme 3. A plausible mechanism to rationalize the stereospecificity.

address the stereospecificity, we envisage that species II un-
dergoes a dissociation of AuL" to give an a-carbonyl pyridi-
nium ylide III that was shown to be a detectable species.'!!
This process is favored by bulky 8-methylquinoline oxides
(alkyl=Et and isopropyl), thus resulting in the high yields
of their cycloadducts 10a-b and 10d-e (Table 4, entries 2-3
and 5-6). The ylide intermediate III likely reacts with its
tethered alkene through two possible conformations III and
IT'. Conformation I’ is sterically less hindered than state
III, in which the carbonyl group is too near to its methyl
substituent; its corresponding product epi-3a was not pro-
duced at all. The concerted-type [3+2]-cycloaddition, as in
conformation IIT', delivers the observed cycloadduct 3a.

As external 8-methylquinoline 2a’ (Z) suppressed the
yield of side-product 4a from starting la, its formation
arose mainly from a-oxo gold carbene I, rather than from
the pyridine ylide III (or III’). This hypothesis was actually
inferred from a separate experiment that chiral gold catalyst
can induce asymmetric induction on cyclopropane product
4a, but no induction effect on desired 3a."” In our prefera-
ble catalyst composition Au'/Ag'=1:2, we speculate that
free Ag* tends to stabilize the ylide species III to improve
the cycloaddition selectivity.

www.chemeurj.org
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This postulated mechanism provides insight into the
newly generated “a-oxo gold carbenes I” in the alkyne oxi-
dation. Not only does the use of 8-methylquinoline oxide fa-
cilitate carbene formation through stabilization, as depicted
in a control experiment (Table 5, entry 2), but also the car-
bene forms a reversible adduct with 8-methylquinoline to
retain a carbene reactivity, as postulated in current re-
ports.'*l Among various N-oxides, 8-methylquinoline oxide
is actually a poor oxidant to oxidize a-oxo gold carbene
because of its large steric size.!'"

In summary, we report a gold-catalyzed oxidative cycload-
dition between 3,n-dien-1-ynes (n=5, 6) and 8-alkylquino-
line oxides in the presence of 8-alkylquinolines. This reac-
tion is applicable to a broad range of 3,5- and 3,6-dien-1-
ynes to afford different-sized azacyclic products with high
stereospecificity. The use of a-carbonyl diazo reagents is ac-
cessible to desired products, but with less efficiency. We pos-
tulate a reaction mechanism in which the cycloaddition
begins with an alkyne oxidation to give an a-oxo gold car-
bene that then reacts with 8-methylquinoline to generate a
an o-carbonyl pyridinium ylide to enable a concerted [342]-
cycloaddition with a tethered alkene. The generation of a re-
active pyridinium ylide from cheap alkyne highlights the
value of this gold catalysis.

Acknowledgements

We thank the National Science Council, Taiwan, for financial support of
this work.

Keywords: catalysis - cycloaddition - gold - oxidative
cyclization - stereoselectivity

[1] Review: J. Xiao, X. Li, Angew. Chem. 2011, 123, 7364-7375; Angew.
Chem. Int. Ed. 2011, 50, 7226-7236.

[2] For other pyridine N-oxides, see selected examples: a) L. Ye, L. Cui,
G. Zhang, L. Zhang, J. Am. Chem. Soc. 2010, 132, 3258-3259; b) L.
Ye, W. He, L. Zhang, J. Am. Chem. Soc. 2010, 132, 8550-8551; c) L.
Ye, W. He, L. Zhang, Angew. Chem. 2011, 123, 3294-3297; Angew.
Chem. Int. Ed. 2011, 50, 3236-3239; d) S. Shi, T. Wang, M. Rudolph,
A.S. K. Hashmi, Chem. Eur. J. 2013, 19, 6576; ¢) A. S. K. Hashmi,
T. Wang, S. Shi, M. Rudolph, J. Org. Chem. 2012, 77, 7761.

See selected examples: a) B. Lu, C. Li, L. Zhang, J. Am. Chem. Soc.
2010, 732, 14070-14072; b) W. He, C. Li, L. Zhang, J. Am. Chem.
Soc. 2011, 133, 8482-8485; ¢) Y. Luo, K. Ji, Y. Li, L. Zhang, J. Am.
Chem. Soc. 2012, 134, 17412-17415; d) S. Ghorpade, M.-D. Su, R.-S.
Liu, Angew. Chem. 2013, 125, 4323-4328; Angew. Chem. Int. Ed.
2013, 52, 4229-4234; ¢) S. Bhunia, S. Ghorpade, D. B. Huple, R.-S.
Liu, Angew. Chem. 2012, 124, 2993-296; Angew. Chem. Int. Ed.
2012, 51, 2939; f) D. Vasu, H.-H. Hung, S. Bhunia, S. A. Gawade, A.
Das, R.-S. Liu, Angew. Chem. 2011, 123, 7043-7046; Angew. Chem.
Int. Ed. 2011, 50, 6911; g) R. B. Dateer, K. Pati, R.-S. Liu, Chem.
Commun. 2012, 48, 7200-7202; h)J. Fu, H. Shang, Z. Wang, L.
Chang, W. Shao, Z. Yang, Y. Tang, Angew. Chem. 2013, 125, 4292 —
4296; Angew. Chem. Int. Ed. 2013, 52, 4198-4202; i) G. Henrion,
T. E.J. Chavas, X.L. Goff, F. Gagosz, Angew. Chem. 2013, 125,
6397-6402; Angew. Chem. Int. Ed. 2013, 52, 6277-6282; j)S. K.
Pawar, C.-D. Wang, S. Bhunia, A. M. Jadhav, R.-S. Liu, Angew.

3

—

Chem. Eur. J. 0000, 00, 0-0


http://dx.doi.org/10.1002/ange.201100148
http://dx.doi.org/10.1002/ange.201100148
http://dx.doi.org/10.1002/ange.201100148
http://dx.doi.org/10.1002/anie.201100148
http://dx.doi.org/10.1002/anie.201100148
http://dx.doi.org/10.1002/anie.201100148
http://dx.doi.org/10.1002/anie.201100148
http://dx.doi.org/10.1021/ja100041e
http://dx.doi.org/10.1021/ja100041e
http://dx.doi.org/10.1021/ja100041e
http://dx.doi.org/10.1021/ja1033952
http://dx.doi.org/10.1021/ja1033952
http://dx.doi.org/10.1021/ja1033952
http://dx.doi.org/10.1002/ange.201007624
http://dx.doi.org/10.1002/ange.201007624
http://dx.doi.org/10.1002/ange.201007624
http://dx.doi.org/10.1002/anie.201007624
http://dx.doi.org/10.1002/anie.201007624
http://dx.doi.org/10.1002/anie.201007624
http://dx.doi.org/10.1002/anie.201007624
http://dx.doi.org/10.1002/chem.201300518
http://dx.doi.org/10.1021/jo301381z
http://dx.doi.org/10.1021/ja1072614
http://dx.doi.org/10.1021/ja1072614
http://dx.doi.org/10.1021/ja1072614
http://dx.doi.org/10.1021/ja1072614
http://dx.doi.org/10.1021/ja2029188
http://dx.doi.org/10.1021/ja2029188
http://dx.doi.org/10.1021/ja2029188
http://dx.doi.org/10.1021/ja2029188
http://dx.doi.org/10.1021/ja307948m
http://dx.doi.org/10.1021/ja307948m
http://dx.doi.org/10.1021/ja307948m
http://dx.doi.org/10.1021/ja307948m
http://dx.doi.org/10.1002/ange.201210313
http://dx.doi.org/10.1002/ange.201210313
http://dx.doi.org/10.1002/ange.201210313
http://dx.doi.org/10.1002/anie.201210313
http://dx.doi.org/10.1002/anie.201210313
http://dx.doi.org/10.1002/anie.201210313
http://dx.doi.org/10.1002/anie.201210313
http://dx.doi.org/10.1002/ange.201108027
http://dx.doi.org/10.1002/ange.201108027
http://dx.doi.org/10.1002/ange.201108027
http://dx.doi.org/10.1002/anie.201108027
http://dx.doi.org/10.1002/anie.201108027
http://dx.doi.org/10.1002/ange.201102581
http://dx.doi.org/10.1002/ange.201102581
http://dx.doi.org/10.1002/ange.201102581
http://dx.doi.org/10.1002/anie.201102581
http://dx.doi.org/10.1002/anie.201102581
http://dx.doi.org/10.1039/c2cc33030j
http://dx.doi.org/10.1039/c2cc33030j
http://dx.doi.org/10.1039/c2cc33030j
http://dx.doi.org/10.1039/c2cc33030j
http://dx.doi.org/10.1002/ange.201208305
http://dx.doi.org/10.1002/ange.201208305
http://dx.doi.org/10.1002/ange.201208305
http://dx.doi.org/10.1002/anie.201208305
http://dx.doi.org/10.1002/anie.201208305
http://dx.doi.org/10.1002/anie.201208305
http://dx.doi.org/10.1002/ange.201301015
http://dx.doi.org/10.1002/ange.201301015
http://dx.doi.org/10.1002/ange.201301015
http://dx.doi.org/10.1002/ange.201301015
http://dx.doi.org/10.1002/anie.201301015
http://dx.doi.org/10.1002/anie.201301015
http://dx.doi.org/10.1002/anie.201301015
www.chemeurj.org

Gold-Catalyzed Oxidative Cycloadditions

4

[5

=

[t

o]

[7

8

[9

Chem. Eur. J. 2013, 00, 0-0

—

[t

—

Chem. Int. Ed. 2013, DOI: 10.1002/ange.201303016; Angew. Chem.
Int. Ed. 2013, DOI: 10.1002/anie.201303016.

a) M. P. Doyle, M. A. McKervy, T. Ye, Modern Catalytic Method for
Organic Synthesis with Diazo Compounds: From Cyclopropanes to
Ylides, Wiley, New York, 1998; b) H. M. L. Davies, R. E. J. Beck-
with, Chem. Rev. 2003, 103, 2861-2904; c) N. D. Shapiro, F. D. Toste,
Synlett 2010, 675-691.

a) J. Barluenga, G. Lonzi, L. Riesgo, L. A. Lépez, M. Tomds, J. Am.
Chem. Soc. 2010, 132, 13200-13202; b) A. Padwa, D.J. Austin, L.
Precedo, L. Zhi, J. Org. Chem. 1993, 58, 1144-1150.

For reviews of gold-catalyzed -cycloaddition reactions, see:
a) A. S. K. Hashmi, Chem. Rev. 2007, 107, 3180-3211; b) F. Lopez,
J. L. Mascarenas, Beilstein J. Org. Chem. 2011, 7, 1075-1094; c) C.
Aubert, L. Fensterbank, P. Garcia, M. Malacria, A. Simonneau,
Chem. Rev. 2011, 111, 1954—1993; d) D. Garayalde, C. Nevado, ACS
Catal. 2012, 2, 1462-1479.

a) W. Flitsch in Comprehensive Heterocyclic Chemistry II, Vol. 8
(Eds.: A.R. Katrizky, C. W. Rees, E.F. V. Scriven), Pergamon,
Oxford, 1996; review: b) J. P. Michael, Alkaloids 2001, 55, 91; c¢) M.
Shipman, Sci. Synth. 2001, 10, 745; d) J. P. Micheal, Nat. Prod. Rep.
2002, 19, 742; e) A. M. Mweetwa, D. Hunter, R. Poe, K. C. Harich,
I. Ginzberg, R. E. Veilleux, J. G. Tokuhisa, Phytochemistry 2012, 75,
32-40; f) P. Heretsch, L. Tzagkaroulaki, A. Giannis, Angew. Chem.
2010, 7122, 3492-3502; Angew. Chem. Int. Ed. 2010, 49, 3418-3427,
2) S. W. Pelletier, W. A. Jacobs, J. Am. Chem. Soc. 1953, 75, 4442—
4446; h) J. Zimowaski, ARKIVOC 2004, 24-50; i) E. Gunic, 1. Taba-
kovic, J. Org. Chem. 1994, 59, 1264-1269; j) K. Schreiber, H.
Ronsch, Tetrahedron Lett. 1965, 6, 1947-1952; k) A. Rangarajan,
R. A. Miller, J. Am. Soc. Hortic. Sci. 2000, 125, 689-693; 1) M. C. M.
Torres, F. C. L. Pinto, R. Braz-Filho, E. R. Silveira, O. D. L. Pessoa,
R.J. B. Jorge, R. M. Ximenes, H. S. A. Monteiro, J. S. A. M. Evan-
gelista, E. B. S. Diz-Filho, M. H. Toyama, J. Nat. Prod. 2011, 74,
2168-2173.

For the generation of 2-oxomethylpyridinium ylides with bases, see
reference [9] and a) N. A. Morra, C. L. Morales, B. Bajitos, X. Wang,
H. Jang, J. Wang, M. Yu, B. L. Pagenkopf, Adv. Synth. Catal. 2006,
348, 2385-2390; b) D. Basavaiah, B. Dvendar, D. V. Lenin, T. Satya-
narayana, Synlett 2009, 411-416; c) B. Viswambharan, K. Selvaku-
mar, S. Madhavan, P. Shanmugam, Org. Lett. 2010, 12, 2108-2111.
Dipolar [342]-cycloadditions of a-carbonyl pyridium ylides with
electron-deficient alkenes were performed only stoichiometrically,
and some ylides showed high stereoselectivity."*! See: a) W. Sliwa,
Heterocycles 1986, 24, 181; b) A. R. Katritzky, N. E. Grzeskowiak,
J.J. Alvarez-Builla, J. Chem. Soc. Perkin Trans. 1 1981, 1180; c) O.
Tsuge, S. Kanesawa, S.J. Takenaka, Org. Chem. 1986, 51, 1853;

E:C\/CN AgNTF, (10 mol%)
POTTRUTR MO
DCE, 28 °C, 36 h

X

COMMUNICATION

d) D. A. Goff, Tetrahedron Lett. 1999, 40, 8741; e) O. Tsuge, S. Ka-
nemasa, S. Takenaka, S. Kuraoka, Chem. Lett. 1984, 465.

[10] CCDC-935109 (5) and -935110 (9a) contain the supplementary crys-

tallographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.

[11] a-Carbonyl pyridine ylides were detectable upon the photolysis of

diazo carbonyl species and pyridine, see: a) J. E. Jackson, N. Soun-
dararajan, M. S. Platz, M. T. H. Liu, J. Am. Chem. Soc. 1988, 110,
5595; b) J. P. Toscano, M. S. Platz, V. Nikolaev, V. V. Popik, J. Am.
Chem. Soc. 1994, 116, 8146; c)J. P. Toscano, M. S. Platz, J. Am.
Chem. Soc. 1995, 117, 4712.

[12] a) Synthetic Applications of 1,3-Dipolar Cycloaddition Chemistry

toward Heterocyclic and Natural Products (Eds.: A. Padwa, W. H.
Pearson), Wiley, Hoboken, 2003; b) C. Najera, J. M. Sansano, Curr.
Org. Chem. 2003, 7, 1105; c)S. Kanemasa, Synlert 2002, 1371;
d) K. V. Gothelf in Cycloaddition reactions in Organic Synthesis
(Eds.: S. Kobayashi, K. A. Jggensen), Wiley-VCH, Weinheim, 2002,
p. 215.

[13] We employed chiral [Au,Cl,(L)]/AgNTf, (5/10mol%, L=(R)-

DTBM-MeO-Biphep) to perform the following cycloaddition in
DCE (28°C, 36 h), giving a mixture of desired 3a and cyclopropyl
indanone (+)-4a in 62 and 18% yield, respectively. Notably, no
asymmetric induction was obtained for compound 3a, whereas cy-
clopropyl indanone (+)-4a was obtained with 17 % ee.

[AuCly(L*)] (5 mol%)  H

N H o oN
.
¢ ;
o}

0
3a (62%, 0% ee)

NC

Z*-0" (1.2 equiv)

la Z (2 equiv) (+)-4a (18%, 17% ee)

O (tBu)
MeO PAr,
L* = J—
MeO PA, AT = i OMe
O (t8)

[14] We have been able to compare the oxidation properties of 8-methyl-

quinoline oxide and 3,5-dichloropyridine oxide toward a-oxo gold
carbene species I; their results are shown in the Supporting Informa-
tion (Scheme S1).

Received: July 1, 2013
Published online: Il I, 0000

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim —
These are not the final page numbers! 77

www.chemeurj.org


http://dx.doi.org/10.1021/cr0200217
http://dx.doi.org/10.1021/cr0200217
http://dx.doi.org/10.1021/cr0200217
http://dx.doi.org/10.1021/ja106751t
http://dx.doi.org/10.1021/ja106751t
http://dx.doi.org/10.1021/ja106751t
http://dx.doi.org/10.1021/ja106751t
http://dx.doi.org/10.1021/jo00057a029
http://dx.doi.org/10.1021/jo00057a029
http://dx.doi.org/10.1021/jo00057a029
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/10.3762/bjoc.7.124
http://dx.doi.org/10.3762/bjoc.7.124
http://dx.doi.org/10.3762/bjoc.7.124
http://dx.doi.org/10.1021/cr100376w
http://dx.doi.org/10.1021/cr100376w
http://dx.doi.org/10.1021/cr100376w
http://dx.doi.org/10.1021/cs300043w
http://dx.doi.org/10.1021/cs300043w
http://dx.doi.org/10.1021/cs300043w
http://dx.doi.org/10.1021/cs300043w
http://dx.doi.org/10.1016/j.phytochem.2011.12.003
http://dx.doi.org/10.1016/j.phytochem.2011.12.003
http://dx.doi.org/10.1016/j.phytochem.2011.12.003
http://dx.doi.org/10.1016/j.phytochem.2011.12.003
http://dx.doi.org/10.1002/ange.200906967
http://dx.doi.org/10.1002/ange.200906967
http://dx.doi.org/10.1002/ange.200906967
http://dx.doi.org/10.1002/ange.200906967
http://dx.doi.org/10.1002/anie.200906967
http://dx.doi.org/10.1002/anie.200906967
http://dx.doi.org/10.1002/anie.200906967
http://dx.doi.org/10.1021/ja01114a014
http://dx.doi.org/10.1021/ja01114a014
http://dx.doi.org/10.1021/ja01114a014
http://dx.doi.org/10.1021/jo00085a011
http://dx.doi.org/10.1021/jo00085a011
http://dx.doi.org/10.1021/jo00085a011
http://dx.doi.org/10.1021/np200479a
http://dx.doi.org/10.1021/np200479a
http://dx.doi.org/10.1021/np200479a
http://dx.doi.org/10.1021/np200479a
http://dx.doi.org/10.1002/adsc.200600298
http://dx.doi.org/10.1002/adsc.200600298
http://dx.doi.org/10.1002/adsc.200600298
http://dx.doi.org/10.1002/adsc.200600298
http://dx.doi.org/10.1055/s-0028-1087533
http://dx.doi.org/10.1055/s-0028-1087533
http://dx.doi.org/10.1055/s-0028-1087533
http://dx.doi.org/10.1021/ol100591r
http://dx.doi.org/10.1021/ol100591r
http://dx.doi.org/10.1021/ol100591r
http://dx.doi.org/10.3987/R-1986-01-0181
http://dx.doi.org/10.1039/p19810001180
http://dx.doi.org/10.1021/jo00360a037
http://dx.doi.org/10.1016/S0040-4039(99)01879-1
http://dx.doi.org/10.1246/cl.1984.465
http://dx.doi.org/10.1021/ja00224a068
http://dx.doi.org/10.1021/ja00224a068
http://dx.doi.org/10.1021/ja00097a023
http://dx.doi.org/10.1021/ja00097a023
http://dx.doi.org/10.1021/ja00121a032
http://dx.doi.org/10.1021/ja00121a032
http://dx.doi.org/10.1055/s-2002-33506
www.chemeurj.org

CHEMISTRY

R.-S. Liu et al.

A EUROPEAN JOURNAL

Organic Synthesis

D. B. Huple, S. Ghorpade,
R-S Liu*..........oooooi. -1

Gold-Catalyzed Oxidative Cycloaddi-

tions to Activate a Quinoline Frame-
work

AuL+
n= O 1R

=H, R* = EWG; R3 EWG, R*=H

Going for gold! Gold-catalyzed reac-
tions of 3,5- and 3,6-dienynes with 8-
alkylquinoline oxides results in an oxi-
dative cycloaddition with high stereo-
specificity (see scheme); this process
involves a catalytic activation of a qui-

RS
H — R?
\ /

noline framework. The reaction mech-
anism involves the intermediacy of a-
carbonyl pyridinium ylides in a con-
certed [3+42]-cycloaddition with a teth-
ered alkene.
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