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Abstract: Facile 4p conrotatory imino-Nazarov cyclization of
a 1-aminopentadienyl cation generated from condensation an
aldehyde and secondary aniline in the presence of a catalytic
amount of a Lewis acid has been developed. Silver(I)-
catalyzed intramolecular arene trapping of the resulting
cyclic oxyallyl cation leads to formation of tricyclic indoline-
fused cyclopentanone. The use of lanthanide salts allows
transformation after the initial trapping to afford tetrahydro-
quinoline-fused cyclopentenone in a concise manner.

Five-membered carbocyclic scaffolds are ubiquitous in both
natural products and biologically important molecules.[1]

Development of facile cyclization reactions which allow
rapid construction of five-membered carbocyclic frameworks
has thus attracted immense interest in the synthetic com-
munity. In this context, the classical Nazarov reaction,
involving 4pe� conrotatory electrocyclization of pentadienyl
cation, arguably represents one of the most efficient methods
to access a diverse array of carbocycles.[2] The synthetic utility
of the Nazarov cyclization is further enhanced by the
possibility of trapping the oxyallyl cation with nucleophiles
both intra- and intermolecularly in a process termed the
interrupted Nazarov reaction.[3] Recent years have seen
a wide range of nucleophiles being employed to capture the
cation, thus rendering the formation of highly functionalized
cyclopentanones as well as intriguing polycyclic skeletons
which contain five-membered carbocycles.[4]

A relatively new variant of the Nazarov reaction which
has received less attention is the imino-Nazarov cyclization,
which essentially involves electrocyclic ring closure of the
pentadienyl system bearing an imino group instead of the
conventional ketone functionality. Since the pioneering work
reported by Tius et al. on the lithiated imino-Nazarov
reaction,[5] literature examples pertaining to this special
class of Nazarov reaction remain scarce. The lack of success
in developing an imino-Nazarov cyclization stems from the
inherent challenge associated with higher stability of the
pentadienyl cation, relative to the corresponding cyclic allyl

cation, owing to stabilization by a nitrogen atom.[6] Later, Tius
and co-workers disclosed the use of enamine-iminium ion
formation in facilitating an imino-Nazarov cyclization.[7] The
work of Hsung and co-workers on gold-catalyzed cyclization
of allenamides demonstrated that diminishing nitrogen stabi-
lization through incorporation of an electron-withdrawing
tosyl group proved to be an effective solution to drive the
electrocyclization forward.[8] More recently, the group of West
reported silver-assisted ring opening of 2,2-dichlorocyclopro-
panes to access a 3-aminopentadienyl cation capable of
undergoing imino-Nazarov cyclization, including a few exam-
ples of interrupted process (Scheme 1).[9]

Our recent interest in the synthesis of cyclopentanoid
compounds[10] prompted us to investigate the possibility of
a diene iminium ion, of the type shown in Scheme 1, to
undergo an imino-Nazarov cyclization, and to explore the
related interrupted process. The resonance forms of such
iminium ions, 1-aminopentadienyl cations, have been invoked
as intermediates which undergo facile 4p electrocyclization in
the synthesis of cephalotaxine and agelastatin A[11] as well as
in the aza-Piancatelli reaction.[12] In addition, the iminium ion
I is expected to serve as an excellent substrate for the imino-
Nazarov cyclization because of the polarized nature of the
conjugated p system.[13] The presence of an electron-donating
methoxy group at C4 should lead to selective resonance
stabilization of the cyclic oxyallyl cation II which provides
sufficient driving force for efficient cyclization to occur.[14]

Hydrolysis of II following an imino-Nazarov reaction would
then furnish the 4-aminocyclopentenone product 3. The focus
of this present work, however, would be the capture of the
oxyallyl cation by a sufficiently nucleophilic pendant aryl

Scheme 1. Literature precedence and present work on imino-Nazarov
and related interrupted process. MOM= methoxymethyl, Ts = 4-tolue-
nesulfonyl.
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group in a 5-exo cyclization reaction to afford the indoline-
fused cyclopentanone product 4 in one step. Some biologi-
cally active indole alkaloids isolated from Aspidosperma such
as kopsanone, tuboxenine, and vindolinine have been shown
to possess a similar tricyclic core structure.[15]

At the outset of this study, we envisioned that I could be
generated from the condensation of an aldehyde and amine in
the presence of a catalytic Lewis acid. 4,6-Dimethoxyhexa-
2,4-dienal (1), which can be readily prepared from 3,4,6-tri-O-
methyl d-glucal in three steps (see the Supporting Informa-
tion), and N-benzyl 4-methoxyaniline (2a) were chosen as
model substrates to test whether the imino-Nazarov cycliza-
tion of the resulting iminium ion intermediate is indeed
feasible. A short survey of a series of Lewis acid catalysts
quickly revealed that treatment of 1 and 2a in the presence of
SnCl4 in CH3CN at room temperature for 1 hour resulted in
formation of 4-aminocyclopentenone 3 a in 93% yield
(Scheme 2). Interestingly, only one diastereomer of 3 a was
observed, although the reaction was carried out using an
inseparable 5:4 Z/E mixture of the dienal 1. The relative
stereochemistry of the newly formed stereocenters is estab-
lished to be trans based on comparison with our previous
work.[10] This result indicates that isomerization of the
putative 1-aminopentadienyl cation occurred to primarily
give an isomer which led to formation of thermodynamically
favored trans diastereomer after a conrotatory ring closure.
Initial efforts to intercept the oxyallyl cation with the
proximal pendant 4-methoxyphenyl substituent by increasing
reaction temperature and prolonging reaction time proved
futile.

We then turned our attention to systematically screening
other metal Lewis acid catalysts to promote the trapping of
the oxyallyl cation by electrophilic aromatic substitution of
a nearby arene functionality. To our delight, by using
30 mol% of either Mg(OTf)2, Cu(OTf)2, or FeCl2 and heating
the reaction mixture to 110 8C for 1 hour, the desired
interrupted imino-Nazarov cyclization ensued smoothly to
give the indoline-fused cyclopentanone 4a in moderate yield
in the range of 37–45% (Table 1, entries 1–3). An improve-
ment in reaction yield was observed when InBr3 and AgOTf
was employed as the Lewis acid catalyst, thus giving the
desired product in 73 and 78% yield, respectively (entries 4
and 5). Finally, after careful evaluation of other silver(I) salts,
AgClO4 was identified as the best catalyst to effect this
transformation (entries 6–9). Solvents other than acetonitrile,
such as nitromethane and THF, failed to facilitate the
formation of the desired interrupted imino-Nazarov product
(entries 13 and 14). When a mixture of acetonitrile and water
in a ratio of 9:1 was used as the reaction solvent, a competing

termination pathway through hydrolysis of the oxyallyl cation
became prominent and thus formation of 3a was observed
(Table 1, entry 15). Stereocenters formed during ring fusion is
assigned cis, considering attack from the opposite face of the
oxyallyl cation would be disfavored because of geometrical
constraints. The stereochemical assignment was further con-
firmed by two-dimensional NMR studies wherein strong
correlations between H2 and H3 in the NOESY spectrum of
4a were observed.

Having established the optimized reaction conditions, the
scope of this transformation with respect to the secondary
aniline was explored by varying the substituents (R1) on the
aniline ring as well as the phenyl ring (R2) of the benzyl group
(Scheme 3). Replacing the para substituent of the aniline ring
with weaker electron-donating groups, such as methyl and
tert-butyl, resulted in a lower yield of 4b and 4c, respectively,
as compared to 82 % yield for the 4a. As expected, the
presence of multiple electron-rich substituents aniline led to
an efficient reaction which afforded 4e–g in relatively good
yields. It is noteworthy that unsymmetrical N-benzyl 3,4-
(ethylenedioxy) aniline furnished the sterically less demand-
ing product 4e regioselectively. Variation of the phenyl ring
(R2) of the benzyl substituent of the secondary aniline affords
the desired products 4h–l in moderate to good yields. It is
notable that, in all cases, the resulting indoline-fused cyclo-
pentanones were obtained exclusively as single diastereo-
mers.

In the course of our study, a serendipitous discovery was
made when the reaction was performed in the presence of
lanthanide metal catalysts, that is, the tetrahydroquinoline-

Scheme 2. Imino-Nazarov reaction of iminium ion generated from
condensation of 1 and 2a.

Table 1: Screening of reaction conditions for interrupted imino-Nazarov
reaction.[a]

Entry Catalyst (mol%) Solvent Yield [%][b]

1 Mg(OTf)2 (30) CH3CN 45
2 Cu(OTf)2 (30) CH3CN 37
3 FeCl2 (30) CH3CN 39
4 InBr3 (30) CH3CN 73
5 AgOTf (30) CH3CN 78
6 AgNO3 (30) CH3CN –[c]

7 AgSbF6 (30) CH3CN 73
8 AgNTf2 (30) CH3CN 75
9 AgClO4 (30) CH3CN 82
10 AgClO4 (20) CH3CN 67
11 AgClO4 (40) CH3CN 53
12[f ] AgClO4 (30) CH3CN 55
13 AgClO4 (30) THF –[e]

14 AgClO4 (30) CH3NO2 –[d]

15 AgClO4 (30) CH3CN/H2O (9:1) –[e]

[a] Unless otherwise specified, all reactions were carried out using the
dienal 1 (0.1 mmol, 1 equiv) and aniline 2a (0.1 mmol, 1 equiv) with
catalyst in 1 mL of solvent (c = 0.1m). [b] Yields of isolated products.
[c] No reaction even after prolonged reaction time. [d] Starting materials
decomposed. [e] 4-aminocyclopentenone 3 product was obtained pre-
dominantly. [f ] Reaction was carried out at 80 8C. Tf = trifluoromethane-
sulfonyl.
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fused cyclopentenone product 5 a was formed instead of the
product expected from intramolecular interrupted imino-
Nazarov reaction (Scheme 4). Some tetrahydroquinolines
fused with five-membered carbocycles have been shown to
be pharmacologically relevant compounds, for instance, as
agonists of large-conductance calcium-activated potassium
channel (BKCa) and positive allosteric modulator of a7 nic-
otinic acetylcholine receptor.[16] Among various lanthanide
metal triflate salts tested (for details see the Supporting
Information), Gd(OTf)3 emerged as the catalyst of choice,
thus furnishing 5 a in 72 % yield as a single diastereomer. The
unusual result observed when Gd(OTf)3 is employed as
a catalyst, can be attributed to its mild nature and high
oxophilicity.[17] The structure and relative stereochemistry of
5a was unambiguously elucidated based on single-crystal X-
ray analysis (see the Supporting Information).

Encouraged by our preliminary finding, exploration of the
substrate scope of this transformation was undertaken by
performing the reaction using differently substituted secon-
dary anilines (2) under the standard reaction conditions
(Scheme 5). In general, electron-donating substituents on the
aniline ring are well-tolerated, thus giving a variety of
tetrahydroquinoline-fused cyclopentenones (5a–h) as single
diastereomers in relatively good yield, considering the overall
process is a multistep cascade reaction. Reaction with
secondary anilines bearing an electron-withdrawing substitu-
ent on the phenyl ring of the benzyl group (Cl and Br)
afforded the corresponding tetrahydroquinoline-fused cyclo-
pentenones 5 i, 5j, and 5 l in moderate yield. In the case of
a substrate containing an electron-donating substituent (SMe)
on phenyl ring of the benzyl group, the reaction proceed

smoothly to furnish cyclopentenone 5k. Additionally, ortho-
and meta-substitution patterns on the phenyl ring of the
benzyl group do not affect the efficiency of the cascade
transformation significantly, as compounds 5 n and 5o were
obtained in 59 and 68% yield, respectively. The relative
assignment of the stereochemistry of 5 f was also determined
by X-ray crystallography, while those of other products were
assigned by analogy, based on similarity in coupling constants
to those of 5a and 5 f.

On the basis of observed experimental results and well-
established chemistry of Nazarov reaction, plausible reaction
mechanisms to account for the formation of 3 and 4 are
described in Scheme 6. Initial Lewis acid catalyzed conden-
sation of an aldehyde and secondary aniline generates the
corresponding iminium ion A. Isomerization of Z and
E isomers of the 1-aminopentadienyl cation occurs readily
such that the imino-Nazarov cyclization is stereoconvergent.
In this case, only the Z isomer B undergoes a facile 4p sym-
metry-allowed conrotatory ring closure to afford the cyclic
oxyallyl cation C with trans configuration.[18] Depending on
the judicious choice of catalyst, the cyclic oxyallyl cation can
then go through different pathways. When SnCl4 is employed
as the Lewis acid, termination by reaction with water gives 3.
In contrast, when AgClO4 or Gd(OTf)3 are used under
heating conditions, intramolecular arene trapping of the
oxyallyl intermediate by pendant aryl groups prevails over
termination by water to furnish the tricyclic enol ether
intermediate E, which upon hydrolysis results in formation of
4.

To gain further insight into the reaction mechanism for
formation of the tetrahydroquinoline-fused cyclopentenone
product, an isotope-labelling experiment was carried out
using [D2]N-benzyl 4-methoxyaniline ([D2]-2 a) which is fully

Scheme 3. Substrate scope of silver(I)-catalyzed interrupted imino-
Nazarov reaction.

Scheme 4. Lanthanide(III) triflate-catalyzed formation of the tetrahy-
droquinoline-fused cyclopentenone 5a.

Scheme 5. Substrate scope of Gd(OTf)3-catalyzed cascade transforma-
tion.

.Angewandte
Communications

10744 www.angewandte.org � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2014, 53, 10742 –10746

http://www.angewandte.org


deuterated at the benzylic position (Scheme 7a). Interest-
ingly, one deuterium atom was incorporated into the methyl
group on the cyclopentenone ring of the tetrahydroquinoline

product [D2]-5 a whereas the other one remained at the
position a to the nitrogen atom. In addition, treatment of 4a
in the presence of 15 mol% of Gd(OTf)3 at 110 8C in CH3CN
led to the formation of 5a in 90 % yield (Scheme 7b). Based
on these experimental results, we postulated a mechanistic
pathway for the formation of 5 from 4 as depicted in
Scheme 8. The mild nature and highly oxophilic properties of
Gd(OTf)3 allowed additional transformation of 4 to occur.
Through a Lewis acid catalyzed elimination of the methoxy
group, the intermediate cyclopentanone bearing an exo
alkene group (F) is formed. This intermediate is prone to
undergoing a retro-ene-type reaction to give the intermediate
G,[19] which upon enolization would be converted into the
enolate H.[20] Highly diastereofacial selective intramolecular
Mannich reaction between the enolate and imine is hypothe-
sized to proceed from the Re face of the enolate onto the
Si face of the imine through a favored half-chair-like tran-
sition state (TS). Alternative attack from the Re face of
enolate to the Re face of imine would lead to an unfavorable
boatlike TS which is much higher in energy because of steric
hindrance created by an eclipsing interaction between the
bulky phenyl and the cyclopentadiene enolate.

In conclusion, we have described an efficient imino-
Nazarov cyclization of an iminium ion generated from simple
condensation of an aldehyde and secondary aniline. More-
over, we have developed an interrupted imino-Nazarov
process by intramolecular arene trapping of the cyclic oxyallyl
cation in the presence of a silver(I) catalyst to provide
convenient access to indoline-fused cyclopentanones. We also
discovered that lanthanide salts are able to effect further
transformation through an elimination, retro-ene, and a Man-
nich reaction sequence, and thus elaborated tetrahydroquino-
line-fused cyclopentenone can be synthesized in a single
operation. Further investigation of the scope and synthetic
application of the work described here, as well as extension to
intermolecular interrupted process are currently underway
and will be reported in due course.

Received: May 14, 2014
Revised: June 23, 2014
Published online: August 11, 2014

.Keywords: cations · cyclizations · electrocyclization ·
rearrangement · synthetic methods

[1] a) J. Clardy, C. Walsh, Nature 2004, 432, 829; b) R. C. Hartley,
S. T. Caldwell, J. Chem. Soc. Perkin Trans. 1 2000, 477; c) G.
Rassu, L. Auzzas, L. Pinna, L. Battistini, C. Curti, Stud. Nat.
Prod. Chem. 2003, 29, 449.

[2] For reviews of Nazarov reactions, see: a) S. E. Denmark in
Comprehensive Organic Synthesis, Vol. 5 (Eds.: B. M. Trost, I.
Fleming), Pergamon, New York, 1991, pp. 751 – 784; b) M. A.
Tius, Eur. J. Org. Chem. 2005, 2193; c) H. Pellissier, Tetrahedron
2005, 61, 6479; d) A. J. Frontier, C. Collison, Tetrahedron 2005,
61, 7577; e) T. Vaidya, R. Eisenberg, A. J. Frontier, Chem-
CatChem 2011, 3, 1531; f) N. Shimada, C. Stewart, M. A. Tius,
Tetrahedron 2011, 67, 5851; g) M. A. Tius, Acc. Chem. Res. 2003,
36, 284; h) W. T. Spencer III, T. Vaidya, A. J. Frontier, Eur. J.
Org. Chem. 2013, 3621.

[3] For recent examples of Nazarov cyclizations, see: a) A. Jolit,
P. M. Walleser, G. P. A. Yap, M. A. Tius, Angew. Chem. Int. Ed.
2014, 53, 6180; Angew. Chem. 2014, 126, 6294; b) Y.-K. Wu, F. G.
West, Org. Lett. 2014, 16, 2534; c) M. Hoffmann, J. M. Weibel, P.

Scheme 6. Proposed mechanism for formation of the 4-aminocyclo-
pentenone 3 and indoline 4.

Scheme 7. Deuterium-isotope-labelling experiment and conversion of
compound 4a into 5a upon treatment with Gd(OTf)3.

Scheme 8. Mechanistic hypothesis for cascade transformation of indo-
line 4 into tetrahydroquinoline 5.

Angewandte
Chemie

10745Angew. Chem. Int. Ed. 2014, 53, 10742 –10746 � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1038/nature03194
http://dx.doi.org/10.1039/a804421j
http://dx.doi.org/10.1016/S1572-5995(03)80013-3
http://dx.doi.org/10.1016/S1572-5995(03)80013-3
http://dx.doi.org/10.1002/ejoc.200500005
http://dx.doi.org/10.1016/j.tet.2005.04.014
http://dx.doi.org/10.1016/j.tet.2005.04.014
http://dx.doi.org/10.1016/j.tet.2005.05.019
http://dx.doi.org/10.1016/j.tet.2005.05.019
http://dx.doi.org/10.1002/cctc.201100137
http://dx.doi.org/10.1002/cctc.201100137
http://dx.doi.org/10.1016/j.tet.2011.05.062
http://dx.doi.org/10.1021/ar0200394
http://dx.doi.org/10.1021/ar0200394
http://dx.doi.org/10.1002/ejoc.201300134
http://dx.doi.org/10.1002/ejoc.201300134
http://dx.doi.org/10.1002/anie.201403587
http://dx.doi.org/10.1002/anie.201403587
http://dx.doi.org/10.1002/ange.201403587
http://dx.doi.org/10.1021/ol500914a
http://www.angewandte.org


de Fr�mon, P. Pale, A. Blanc, Org. Lett. 2014, 16, 908; d) A. Jolit,
S. V. Rodriguez, G. P. A. Yap, M. A. Tius, Angew. Chem. Int. Ed.
2013, 52, 11102; Angew. Chem. 2013, 125, 11308; e) B. L. Flynn,
N. Manchala, E. H. Krenske, J. Am. Chem. Soc. 2013, 135, 9156;
f) Y. Kwon, R. McDonald, F. G. West, Angew. Chem. Int. Ed.
2013, 52, 8616; Angew. Chem. 2013, 125, 8778.

[4] a) S. Giese, L. Kastrup, D. Stiends, F. G. West, Angew. Chem. Int.
Ed. 2000, 39, 1970; Angew. Chem. 2000, 112, 2046; b) B.
Mahmoud, F. G. West, Tetrahedron Lett. 2007, 48, 5091;
c) C. C. Browder, F. P. Marms�ter, F. G. West, Org. Lett. 2001,
3, 3033; d) A. K. Basak, M. A. Tius, Org. Lett. 2008, 10, 4073;
e) F. Dhoro, M. A. Tius, J. Am. Chem. Soc. 2005, 127, 12472; f) D.
Song, A. Rostami, F. G. West, J. Am. Chem. Soc. 2007, 129,
12019; g) V. M. Marx, D. J. Burnell, Org. Lett. 2009, 11, 1229;
h) T. D. White, F. G. West, Tetrahedron Lett. 2005, 46, 5629; i) O.
Scadeng, M. J. Ferguson, F. G. West, Org. Lett. 2011, 13, 114; for
a review on interrupted Nazarov reactions, see: T. N. Grant, C. J.
Rieder, F. G. West, Chem. Commun. 2009, 5676.

[5] M. A. Tius, C. C. Chu, R. Nieves-Colberg, Tetrahedron Lett.
2001, 42, 2419.

[6] D. A. Smith, C. W. Ulmer II, J. Org. Chem. 1997, 62, 5110.
[7] a) W. F. Bow, A. K. Basak, A. Jolit, D. A. Vicic, M. A. Tius, Org.

Lett. 2010, 12, 440; b) N. Shimada, B. O. Ashburn, A. K. Basak,
W. F. Bow, D. A. Vicic, M. A. Tius, Chem. Commun. 2010, 46,
3774.

[8] Z.-X. Ma, S. He, W. Song, R. P. Hsung, Org. Lett. 2012, 14, 5736.
[9] S. A. Bonderoff, T. N. Grant, F. G. West, M. Tremblay, Org. Lett.

2013, 15, 2888.
[10] W. Siming, R. William, K. K. G. Seah, X.-W. Liu, Green Chem.

2013, 15, 3180.

[11] a) W.-D. Z. Li, Y.-Q. Wang, Org. Lett. 2003, 5, 2931; b) J. C. P.
Reyes, D. Romo, Angew. Chem. Int. Ed. 2012, 51, 6870 – 6873;
Angew. Chem. 2012, 124, 6976 – 6979.

[12] a) G. K. Veits, D. R. Wenz, J. Read deAlaniz, Angew. Chem. Int.
Ed. 2010, 49, 9484; Angew. Chem. 2010, 122, 9674; b) L. I.
Palmer, J. Read deAlaniz, Angew. Chem. Int. Ed. 2011, 50, 7167;
Angew. Chem. 2011, 123, 7305; c) S.-W. Li, R. A. Batey, Chem.
Commun. 2007, 3759.

[13] For Nazarov reactions involving polarized alkenes, see: a) S.
Casson, P. Kocienski, J. Chem. Soc. Perkin Trans. 1 1994, 1187;
b) M. A. Tius, C.-K. Kwok, X.-Q. Gu, C. Zhao, Synth. Commun.
1994, 24, 871; c) W. He, X. Sun, A. J. Frontier, J. Am. Chem. Soc.
2003, 125, 14278.

[14] R. L. Davis, D. J. Tantillo, Curr. Org. Chem. 2010, 14, 1561.
[15] a) J. C. Sim�es, B. Gilbert, Phytochemistry 1976, 15, 543; b) G.

Hugel, C. Janine, J. Levy, Tettrahedron Lett. 1987, 28, 1773.
[16] a) V. K. Gore, V. V. Ma, R. Yin, J. Ligutti, D. Immke, E. M.

Doherty, M. H. Norman, Bioorg. Med. Chem. Lett. 2010, 20,
3573; b) R. Faghih, M. Gopalakrishnan, C. A. Briggs, J. Med.
Chem. 2008, 51, 701.

[17] a) H. B. Kagan, J. L. Namy, Tetrahedron 1986, 42, 6573; b) G. A.
Molander, Chem. Rev. 1992, 92, 29; c) R. Anwander, Top.
Organomet. Chem. 1999, 2, 1 – 61; d) G. K. Veits, J. Read deA-
laniz, Tetrahedron 2012, 68, 2015.

[18] a) S. Giese, F. G. West, Tetrahedron Lett. 1998, 39, 8393; b) S.
Giese, F. G. West, Tetrahedron 2000, 56, 10221.

[19] An alternative stepwise pathway involving intramolecular 1,5-
hydride shift followed by C�N bond cleavage is equally likely.
The precise nature of the pathway leading to G from F merits
further investigation.

[20] a) J.-L. Ripoll, Y. Vall�e, Synthesis 1993, 659; b) R. M. Borzirelli,
S. M. Weinreb, Synthesis 1995, 347.

.Angewandte
Communications

10746 www.angewandte.org � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2014, 53, 10742 –10746

http://dx.doi.org/10.1021/ol403663j
http://dx.doi.org/10.1002/anie.201305218
http://dx.doi.org/10.1002/anie.201305218
http://dx.doi.org/10.1002/ange.201305218
http://dx.doi.org/10.1021/ja4036434
http://dx.doi.org/10.1002/anie.201303996
http://dx.doi.org/10.1002/anie.201303996
http://dx.doi.org/10.1002/ange.201303996
http://dx.doi.org/10.1002/1521-3773(20000602)39:11%3C1970::AID-ANIE1970%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3773(20000602)39:11%3C1970::AID-ANIE1970%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3757(20000602)112:11%3C2046::AID-ANGE2046%3E3.0.CO;2-0
http://dx.doi.org/10.1016/j.tetlet.2007.05.093
http://dx.doi.org/10.1021/ol010159w
http://dx.doi.org/10.1021/ol010159w
http://dx.doi.org/10.1021/ol801587u
http://dx.doi.org/10.1021/ja053393g
http://dx.doi.org/10.1021/ja071041z
http://dx.doi.org/10.1021/ja071041z
http://dx.doi.org/10.1021/ol900029d
http://dx.doi.org/10.1016/j.tetlet.2005.06.101
http://dx.doi.org/10.1021/ol102651k
http://dx.doi.org/10.1039/b908515g
http://dx.doi.org/10.1016/S0040-4039(01)00201-5
http://dx.doi.org/10.1016/S0040-4039(01)00201-5
http://dx.doi.org/10.1021/jo9703313
http://dx.doi.org/10.1021/ol9025765
http://dx.doi.org/10.1021/ol9025765
http://dx.doi.org/10.1039/b927564a
http://dx.doi.org/10.1039/b927564a
http://dx.doi.org/10.1021/ol302743k
http://dx.doi.org/10.1021/ol4012663
http://dx.doi.org/10.1021/ol4012663
http://dx.doi.org/10.1021/ol035098b
http://dx.doi.org/10.1002/anie.201200959
http://dx.doi.org/10.1002/ange.201200959
http://dx.doi.org/10.1002/anie.201005131
http://dx.doi.org/10.1002/anie.201005131
http://dx.doi.org/10.1002/ange.201005131
http://dx.doi.org/10.1002/anie.201102102
http://dx.doi.org/10.1002/ange.201102102
http://dx.doi.org/10.1039/b709337n
http://dx.doi.org/10.1039/b709337n
http://dx.doi.org/10.1039/p19940001187
http://dx.doi.org/10.1080/00397919408011309
http://dx.doi.org/10.1080/00397919408011309
http://dx.doi.org/10.1021/ja037910b
http://dx.doi.org/10.1021/ja037910b
http://dx.doi.org/10.1016/S0031-9422(00)88968-2
http://dx.doi.org/10.1016/S0040-4039(00)95417-0
http://dx.doi.org/10.1016/j.bmcl.2010.04.125
http://dx.doi.org/10.1016/j.bmcl.2010.04.125
http://dx.doi.org/10.1021/jm070256g
http://dx.doi.org/10.1021/jm070256g
http://dx.doi.org/10.1016/S0040-4020(01)82098-6
http://dx.doi.org/10.1021/cr00009a002
http://dx.doi.org/10.1016/j.tet.2011.11.042
http://dx.doi.org/10.1016/S0040-4039(98)01934-0
http://dx.doi.org/10.1016/S0040-4020(00)00866-8
http://dx.doi.org/10.1055/s-1993-25918
http://www.angewandte.org

