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Abstract: Organocatalytic annulation by functionalization of
benzamide derivatives with alkynes has been developed. We
report a new approach of cycloaddition under mild reaction
conditions using simple catalysts, such as iodobenzene and
peracetic acid, as oxidant. Those novel, mild reaction con-
ditions provided a straightforward synthesis of isoquinolones
with fast reaction rate. Notable selectivity in annulation of
unsymmetrically disubstituted alkynes was demonstrated.

C—H bond functionalization has emerged over the last few
decades and represents an attractive strategy to enhance
molecular complexity. C—H bond functionalization catalyzed
by transition metals is an intensively investigated area of great
significance.!!. Methods of direct coupling between non-
functionalized compounds represent an environmentally
benign and economically attractive synthetic strategy to the
desired products. However, these methods are limited. The
development of new efficient, direct oxidative cross-coupling
methods is highly demanded.!!

Isoquinoline and isoquinolones represent important het-
erocyclic scaffolds with broad ranges of biological activities.”
Several attractive synthetic routes to isoquinolones were
developed using transition-metal-catalyzed processes in last
years.5* Impressive annulation with alkynes was first devel-
oped by Fagnou and co-workers employing rhodium cata-
lyzed directed C—H activation.” Interestingly, Rovis' group
independently demonstrated the annulation of benzamide
with alkynes and alkenes through rhodium-catalyzed C—H
functionalization [Scheme 1, Eq. (1)].#Y Recently, the Acker-
mann and Wang groups reported an efficient ruthenium
catalyzed approach to annulation of benzamine and alkyne
[Scheme 1, Eq.(2)].”! Very recently, palladium-catalyzed
synthesis of isoquinolones has been developed by Huang
and co-workers [Scheme 1, Eq. (3)]." Typically, transition-
metal-catalyzed annulations require high temperature, exter-
nal oxidant and long reaction time. It is notable that metal-
free approaches to annulation of benzamide derivatives with
alkynes have never been reported. Moreover, a mild, efficient

[*] S. Manna, Dr. A. P. Antonchick
Abteilung Chemische Biologie
Max-Planck-Institut fiir Molekulare Physiologie
Otto-Hahn-Strasse 11, 44227 Dortmund (Germany)
and
Fakultdt Chemie, Chemische Biologie
Technische Universitit Dortmund
Otto-Hahn-Strasse 6, 44221 Dortmund (Germany)
E-mail: andrey.antonchick@mpi-dortmund.mpg.de

[**] We thank Prof. Dr. Herbert Waldmann for his generous support.

(M) Supporting information for this article is available on the WWW
under http://dx.doi.org/10.1002/anie.201404222.

Angew. Chem. Int. Ed. 2014, 53, 1-5

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Previous work

X‘N’R1 [Rh] or [Ni]
H t+ R—=-1R® ————*> 1
X=COor SO,
i [Ru]
B S o 2
©)LH R =R’ RT-Me MeO. H @
(¢]
_ P Me
©)LH'O""6 + Rl-=R? ®
Present work
o Me
organocatalyst
S

Scheme 1. Annulation of benzamide and benzenesulfonamide deriva-
tives with alkynes

and organocatalytic synthesis of isoquinolones by annulation
of alkynes and benzamide is demanded. Herein we report the
discovery of the first metal-free annulation of alkynes by
cascade C—C and C—N bond formation under organocatalytic
reaction conditions [Scheme 1, Eq. (4)].

We began our studies” on annulation using N-methox-
ybenzamide (1a) and diphenylacetylene (2a) as starting
materials in presence of (diacetoxyiodo)benzene (PIDA) as
a oxidant in 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) at
room temperature (Table 1).! To our delight, the product
of annulation 3a was isolated with 40 % yield."!! Furthermore,
the use of PhI(OCOCF;), did not provide the desire product
at all (Table 1, entries 1-2). Encouraged by the initial result,
we tested organocatalytic conditions using iodobenzene as
catalyst in presence of oxidants such as m-CPBA. The
application of substoichiometric amounts of iodobenzene
resulted in formation of product 3a with higher yield (Table 1
entry 3). In the screening of various oxidants, peracetic acid
was found as best oxidant to provide isoquinolone 3a in 68 %
yield (Table 1 entries 3-6). HFIP was the best solvent giving
the desired product of annulation. The formation of product
3a was not observed using EtOAc, CHCl;, MeOH, and DCE
as solvents (Table 1, entries 7-11; see also the Supporting
Information). The application of CF;CH,OH as a solvent
resulted in reduced yield of the desired product 3a. We next
investigated different aryl iodides as potential catalysts
(Table 1, entries 12-15). Of the tested compounds, iodoben-
zene delivered the best result for the synthesis of annulated
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Table 1: Optimization of organocatalytic isoquinolone synthesis."!
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1a 2a 3a
Entry  Solvent RI Oxidant Yield [96]"!
1 HFIP - Phl(OAc), 40
2 HFIP - PIFA n.d.
30 HFIP Phl m-CPBA 52
4 HFIP Phi AcOOH 68
5 HFIP Phl DTHP n.d.
6 HFIP Phi H,0, n.d.
7 CF,CH,OH Phi AcOOH 44
8 HFIP/CH,Cl, (1:1)  Phl AcOOH 41
9 CHCl, Phi AcOOH n.d.
10 MeOH Phi AcOOH n.d.
11 CICH,CH,CI Phi AcOOH n.d.
12 HFIP 4-MeO-C¢H,l  AcOOH 5
13 HFIP 4-Me-C¢H,| AcOOH 20
14 HFIP 4-NO,-C¢H,l  AcOOH n.d.
15 HFIP A AcOOH 64
16 HFIP Phl AcOOH 73
179 HFIP Phi AcOOH 78
1818 HFIP Phl AcOOH 55

[a] Reaction conditions: Ta (0.15 mmol), 2a (0.18 mmol), RI (20 mol %)
and oxidant (2 equiv) in solvent (1.0 mL) and open flask for 30 min.
[b] Yield of isolated product after column chromatography. [c] m-CPBA
(1.5 equiv) used. [d] 2,2"-Diiodo-4,4',6,6'-tetramethyl-1,1"-biphenyl (A)
(10 mol %) was used. [e] 1.5 equiv of AcCOOH [f] AcOOH acid was added
portion wise in 15 min. [g] Phl (15 mol %) was used. n.d.=not detected.

product. The yield of product was increased when peracetic
acids was added portion-wise. It was found that the optimal
amount of peracetic acid is 1.5 equivalents and catalyst
loading is 20 mol% (Table 1, entries 16-18; see also the
Supporting Information). Under optimized conditions, the
desired product 3a was obtained with 78 % yield in 30 min
(Table 1, entry 17).

With optimal reaction conditions, we next explored the
scope of reaction with a variety of substituted alkynes
(Scheme 2). Annulations of alkyne-bearing electron-with-
drawing and electron-donating groups worked well and
afforded the cyclized products in good yield. Symmetrically
disubstituted diphenyl acetylenes react well and provided the
desired products in 60-82 % yield (Scheme 2, 3b-d). Notably,
the application of N,3,4-trimethoxybenzamide as coupling
partner allowed selective formation of one regioisomer
(Scheme 2; 3b, 3¢). A variety of functional groups such as
trifluoromethyl-, fluoro-, nitro-, and methoxy- were tolerated
under the developed mild organocatalytic reaction conditions
(Scheme 2, 3e-j). Unsymmetrical diphenylacetylenes substi-
tuted with methoxy-, nitro- and trifluoromethyl groups,
regioselectively delivered single regioisomers which was
unapproachable by analogous transition-metal-catalyzed pro-
cesses (Scheme 2; 3 e, 31, 3i, 3j). Nevertheless, the application
of diphenylacetylenes substituted with weak electronic-effect
groups, for example fluorine, led to formation of regioisomer
mixtures (Scheme 2, 3g, 3h).
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Scheme 2. Scope of the organocatalyzed annulation. Reaction condi-
tions: 1 (0.15 mmol), 2 (0.18 mmol), 20 mol % Phl and AcOOH

(1.5 equiv) in HFIP at room temperature. [a] 25 mol % of Phl was
used. [b] Major isomer is shown. [c] Phl(OAc), (1.5 equiv) used instead
of Phl and AcOOH. [d] Catalyst A (10 mol %), CF;CO,H (5 equiv) and
AcOOH (2 equiv) were used in 1,2-dichloroethane (2 mL).

After investigation of the scope of alkynes, different
substituents on the nitrogen atom of benzamides were tested
in annulation with diphenylacetylene. We observed that
a broad range of alkoxy groups can be employed under
organocatalytic reaction conditions providing products in
56-85% yield (Scheme 2, 3k—o). It is notable that a double
bond is tolerated under the oxidative reaction conditions
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(Scheme 2, 30). Unfortunately, an application of N-alkyl and
N-aryl benzamides in the annulation did not allow the
formation of desired products. Therefore, the presence of
alkoxy groups on the nitrogen atom of benzamides is essential
for a successful organocatalytic annulation.

We next turned our attention to the different benzamides
substituted in aromatic part (Scheme 2, 3p-u). In general,
ortho-, meta-, and para-substitutions were tolerated. Never-
theless, the utilization of meta-substituted derivative resulted
in formation of a mixture of regioisomers (Scheme 2, 3s, 3t).
Benzamides with electron-donating and electron-neutral
substituents allowed formation of desired isoquinolones
while electron-withdrawing groups suppressed the formation
of annulated products.

The products could be straightforwardly deprotected by
cleavage of the N—O bond to provide substituted isoquinolin-
1(2H)-ones.! For example, the treatment of 3a with sodium
hydride gave the desired product 4 with 83% yield
(Scheme 3).

(e} o
N’ONIe NaH (2 equiv) N'H
—_—
Pz Ph DMF, 2 h, 120 °C Z Ph
Ph 83% Ph
3a 4

Scheme 3. Deprotection of isoquinolone 3a.

Based on preliminary investigations, a mechanism is
proposed in Scheme 4. Initially, iodobenzene (5) is oxidized
under the reaction conditions to form PIDA. The reaction of
PIDA with 1a generates an intermediate 7 through ligand
exchange on hypervalent iodine. After that, the nitrenium ion
8 and iodobenzene (5) are generated by disproportionation of
intermediate 7. The nitrenium ion 8 is trapped by alkyne 2a
forming a carbenium ion 9. Following intermolecular Friedel-
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Scheme 4. Proposed mechanism of organocatalyzed annulation of
benzamide.

Angew. Chem. Int. Ed. 2014, 53, 1—5

Angewandte
itermationalediion. CHEIMIIE

Crafts process resulted in the desired isoquinolone 3a
(Scheme 4).

In conclusion, we have described an iodobenzene-cata-
lyzed regioselective annulation of N-alkoxybenzamide deriv-
atives with readily available alkynes. Simple organocatalysts
offer a novel straightforward approach for the synthesis of
isoquinolones. The desired products formed smoothly at
ambient temperature in short times using peracetic acid as the
oxidant. A notably high regioselectivity was described in
annulation of unsymmetrical diarylacetylenes demonstrating
that the developed organocatalytic approach is superior to
transition-metal-catalyzed reactions.

Received: April 11, 2014
Published online: Il HE. ENEN

Keywords: alkynes - annulation - heterocycles -
hypervalent iodine - organocatalysis

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[1] Selected recent Reviews see a) S. A. Girard, T. Knauber, C. J. Li,
Angew. Chem. 2014, 126, 76—-103; Angew. Chem. Int. Ed. 2014,
53, 74-100; b) R. Kumar, E. V. Van der Eycken, Chem. Soc.
Rev. 2013, 42, 1121-1146; c) C. Zhang, C. H. Tang, N. Jiao,
Chem. Soc. Rev. 2012, 41, 3464-3484; d) J. Yamaguchi, A. D.
Yamaguchi, K. Itami, Angew. Chem. 2012, 124, 9092-9142;
Angew. Chem. Int. Ed. 2012, 51, 8960-9009; ¢) G. Y. Song, F.
Wang, X. W. Li, Chem. Soc. Rev. 2012, 41, 3651-3678; f) F. W.
Patureau, J. Wencel-Delord, F. Glorius, Aldrichimica Acta 2012,
45, 31-41; g) S. R. Neufeldt, M. S. Sanford, Acc. Chem. Res.
2012, 45, 936-946; h) A.J. Hickman, M. S. Sanford, Nature
2012, 484, 177-185; 1) K. M. Engle, T. S. Mei, M. Wasa, J. Q. Yu,
Acc. Chem. Res. 2012, 45, 788-802; j) D. A. Colby, A. S. Tsai,
R. G. Bergman, J. A. Ellman, Acc. Chem. Res. 2012, 45, 814—
825; k) A. N. Campbell, S.S. Stahl, Acc. Chem. Res. 2012, 45,
851-863;1) T. Briickl, R. D. Baxter, Y. Ishihara, P. S. Baran, Acc.
Chem. Res. 2012, 45, 826-839; m) P. B. Arockiam, C. Bruneau,
P. H. Dixneuf, Chem. Rev. 2012, 112, 5879-5918; n) J. Wencel-
Delord, T. Droge, F. Liu, F. Glorius, Chem. Soc. Rev. 2011, 40,
4740-4761; 0) L. McMurray, F. O’Hara, M. J. Gaunt, Chem. Soc.
Rev. 2011, 40, 1885-1898; p) S. H. Cho, J. Y. Kim, J. Kwak, S.
Chang, Chem. Soc. Rev. 2011, 40, 5068 —5083; q) T. C. Boorman,
I. Larrosa, Chem. Soc. Rev. 2011, 40, 1910-1925; r) O. Baudoin,
Chem. Soc. Rev. 2011, 40, 4902-4911; s) L. Ackermann, Chem.
Rev. 2011, 111, 1315-1345; t) I. A. 1. Mkhalid, J. H. Barnard,
T. B. Marder, J. M. Murphy, J. F. Hartwig, Chem. Rev. 2010, 110,
890-931; u) T. W. Lyons, M. S. Sanford, Chem. Rev. 2010, 110,
1147-1169; v) D. A. Colby, R. G. Bergman, J. A. Ellman, Chem.
Rev. 2010, 110, 624—-655; w) D. Balcells, E. Clot, O. Eisenstein,
Chem. Rev. 2010, 110, 749-823.

a) P. Giri, G. S. Kumar, Mini-Rev. Med. Chem. 2010, 10, 568 —
577;b) K. Bhadra, G. S. Kumar, Mini-Rev. Med. Chem. 2010, 10,
1235-1247; c) A. Capasso, S. Piacente, N. De Tommasi, L.
Rastrelli, C. Pizza, Curr. Med. Chem. 2006, 13, 807-812;
d) K. W. Bentley, Nat. Prod. Rep. 2006, 23, 444-463; ¢) K. W.
Bentley, Nat. Prod. Rep. 2005, 22, 249 -268; f) V. A. Glushkov,
Y. V. Shklyaev, Chem. Heterocycl. Compd. 2001, 723-747; g) T.
Nagatsu, Neurosci. Res. 1997, 29, 99-111.

For isoquinolines synthesis with alkynes see a) N. Guimond, K.
Fagnou, J. Am. Chem. Soc. 2009, 131, 12050-12051; b) T.
Fukutani, N. Umeda, K. Hirano, T. Satoh, M. Miura, Chem.
Commun. 2009, 5141-5143; c) K. Morimoto, K. Hirano, T.
Satoh, M. Miura, Org. Lett. 2010, 12, 2068 -2071; d) X. Wei, M.
Zhao, Z. Du, X. Li, Org. Lett. 2011, 13, 4636-4639; e)J.
Jayakumar, K. Parthasarathy, C.-H. Cheng, Angew. Chem. 2012,

(2]

(3]

www.angewandte.org

These are not the final page numbers!

(AR

3


http://dx.doi.org/10.1002/ange.201304268
http://dx.doi.org/10.1002/anie.201304268
http://dx.doi.org/10.1002/anie.201304268
http://dx.doi.org/10.1039/c2cs35397k
http://dx.doi.org/10.1039/c2cs35397k
http://dx.doi.org/10.1039/c2cs15323h
http://dx.doi.org/10.1002/ange.201201666
http://dx.doi.org/10.1002/anie.201201666
http://dx.doi.org/10.1039/c2cs15281a
http://dx.doi.org/10.1021/ar300014f
http://dx.doi.org/10.1021/ar300014f
http://dx.doi.org/10.1038/nature11008
http://dx.doi.org/10.1038/nature11008
http://dx.doi.org/10.1021/ar200185g
http://dx.doi.org/10.1021/ar200190g
http://dx.doi.org/10.1021/ar200190g
http://dx.doi.org/10.1021/ar2002045
http://dx.doi.org/10.1021/ar2002045
http://dx.doi.org/10.1021/cr300153j
http://dx.doi.org/10.1039/c1cs15083a
http://dx.doi.org/10.1039/c1cs15083a
http://dx.doi.org/10.1039/c1cs15013h
http://dx.doi.org/10.1039/c1cs15013h
http://dx.doi.org/10.1039/c1cs15082k
http://dx.doi.org/10.1039/c0cs00098a
http://dx.doi.org/10.1039/c1cs15058h
http://dx.doi.org/10.1021/cr100412j
http://dx.doi.org/10.1021/cr100412j
http://dx.doi.org/10.1021/cr900206p
http://dx.doi.org/10.1021/cr900206p
http://dx.doi.org/10.1021/cr900184e
http://dx.doi.org/10.1021/cr900184e
http://dx.doi.org/10.1021/cr900005n
http://dx.doi.org/10.1021/cr900005n
http://dx.doi.org/10.1021/cr900315k
http://dx.doi.org/10.1039/b509523a
http://dx.doi.org/10.1039/b316108k
http://dx.doi.org/10.1016/S0168-0102(97)00083-7
http://dx.doi.org/10.1021/ja904380q
http://dx.doi.org/10.1039/b910198e
http://dx.doi.org/10.1039/b910198e
http://dx.doi.org/10.1021/ol100560k
http://dx.doi.org/10.1021/ol2018505
http://dx.doi.org/10.1002/ange.201105755
http://www.angewandte.org

Angewandte

4
R

(4

5

6

[7

8

—_—

—_

—_

—

[

www.angewandte.org

Communications

124, 201-204; Angew. Chem. Int. Ed. 2012, 51, 197-200; f) G.
Zhang, L. Yang, Y. Wang, Y. Xie, H. Huang, J. Am. Chem. Soc.
2013, 7135, 8850-8853; g) X. Zhang, D. Chen, M. Zhao, J. Zhao,
A. Jia, X. Li, Adv. Synth. Catal. 2011, 353, 719-723; h) S.-C.
Chuang, P. Gandeepan, C.-H. Cheng, Org. Lett. 2013, 15, 5750—
5753.

For rhodium-catalyzed isoquinolones synthesis see a) T. K.
Hyster, T. Rovis, J. Am. Chem. Soc. 2010, 132, 10565-10569;
b) X. Xu, Y. Liu, C.-M. Park, Angew. Chem. 2012, 124, 9506 —
9510; Angew. Chem. Int. Ed. 2012, 51, 9372-9376; c)N.
Guimond, S.I. Gorelsky, K. Fagnou, J. Am. Chem. Soc. 2011,
133, 6449-6457; d) H. Wang, C. Grohmann, C. Nimphius, F.
Glorius, J. Am. Chem. Soc. 2012, 134, 19592-19595; ¢) J. R.
Huckins, E. A. Bercot, O. R. Thiel, T.-Li. Hwang, M. M. Bio, J.
Am. Chem. Soc. 2013, 135, 14492-14495; f)S. Mochida, N.
Umeda, K. Hirano, T. Satoh, M. Miura, Chem. Lett. 2010, 39,
744 -746; g) N. Guimond, C. Gouliaras, K. Fagnou, J. Am. Chem.
Soc. 2010, 132, 6908 —6909.

For ruthenium-catalyzed isoquinolones synthesis see a)L.
Ackermann, A.V. Lygin, N. Hofmann, Angew. Chem. 2011,
123, 6503-6506; Angew. Chem. Int. Ed. 2011, 50, 6379 -6382;
b) B. Li, H. Feng, S. Xu, B. Wang, Chem. Eur. J. 2011, 17,12573 -
12577; c) L. Ackermann, S. Fenner, Org. Lett. 2011, 13, 6548 -
6551; d) J. Ghesquiere, N. Gauthie, J. D. Winter, P. Gerbaux, C.
Moucheron, E. Defrancq, A. K.-D. Mesmaeker, Chem. Eur. J.
2012, 18,355-364; ¢) B. Li, H. Feng, N. Wang, J. Ma, H. Song, S.
Xu, B. Wang, Chem. Eur. J. 2012, 18, 12873 -12879.

For palladium-catalyzed isoquinolones synthesis see H. Zhong,
D. Yang, S. Wang, J. Huang, Chem. Commun. 2012, 48, 3236 —
3238.

For nickel-catalyzed isoquinolones synthesis see a) Y. Kajita, S.
Matsubara, T. Kurahashi, J. Am. Chem. Soc. 2008, 130, 6058 —
6059; b) H. Shiota, Y. Ano, Y. Aihara, Y. Fukumoto, N. Chatani,
J. Am. Chem. Soc. 2011, 133, 14952-14955; c¢) T. Miura, M.
Yamauchi, M. Murakami, Org. Lett. 2008, 10, 3085 —3088.
Other examples see a) M. V. Pham, B. Ye, N. Cramer, Angew.
Chem. 2012, 124, 10762 —-10766; Angew. Chem. Int. Ed. 2012, 51,
10610-10614; b) S. Park, B. Seo, S. Shin, J.-Y. Son, P. H. Lee,
Chem. Commun. 2013, 49, 8671 -8673; c) D. Zhao, C. Nimphius,
M. Lindale, F. Glorius, Org. Lert. 2013, 15, 4504-4507; d) W.

]

[10]

(11]

Dong, L. Wang, K. Parthasarathy, F. Pan, C. Bolm, Angew.
Chem. 2013, 125, 11787 -11790; Angew. Chem. Int. Ed. 2013, 52,
11573-11576; e) Y. Unoh, K. Hirano, T. Satoh, M. Miura,
Angew. Chem. 2013, 125, 13213-13217; Angew. Chem. Int. Ed.
2013, 52, 12975-12979.

For a Review from our group see a) R. Samanta, K. Matcha,
A. P Antonchick, Eur. J. Org. Chem. 2013, 5769—-5804; and for
recent works see b) R. Samanta, J. O. Bauer, C. Strohmann, A. P.
Antonchick, Org. Lett. 2012, 14, 5518 -5521; ¢) R. Samanta, J.
Lategahn, A.P. Antonchick, Chem. Commun. 2012, 48, 3194—
3196; d) A. P. Antonchick, R. Samanta, K. Kulikov, J. Lategahn,
Angew. Chem. 2011, 123, 8764-8767; Angew. Chem. Int. Ed.
2011, 50, 8605-8608; e) K. Matcha, R. Narayan, A. P. Anton-
chick, Angew. Chem. 2013, 125, 8143 -8147; Angew. Chem. Int.
Ed. 2013, 52, 7985-7989; f) K. Matcha, A.P. Antonchick,
Angew. Chem. 2013, 125, 2136-2140; Angew. Chem. Int. Ed.
2013, 52,2082 -2086; g) A. P. Antonchick, L. Burgmann, Angew.
Chem. 2013, 125, 3349-3353; Angew. Chem. Int. Ed. 2013, 52,
3267-3271.

For Reviews on the chemistry of hypervalent iodine, see a) V. V.
Zhdankin, P.J. Stang, Chem. Rev. 2008, 108, 5299-5358; b) S.
Quideau, L. Pouysegu, D. Deffieux, Synlett 2008, 467-495;
c)J.P. Brand, D.F. Gonzalez, S. Nicolai, J. Waser, Chem.
Commun. 2011, 47, 102-115; d) V. V. Zhdankin, ARKIVOC
2009, 1-62; e) M. S. Yusubov, V. V. Zhdankin, Curr. Org. Synth.
2012, 9, 247-272; f) J. L. F. Silva, Jr., B. Olofsson, Nat. Prod.
Rep. 2011, 28, 1722-1754; g) E. A. Merritt, B. Olofsson, Syn-
thesis 2011, 517-538; h) M. Uyanik, K. Ishihara, Chem.
Commun. 2009, 2086-2099; i) T. Dohi, M. Ito, N. Yamaoka, K.
Morimoto, H. Fujioka, Y. Kita, Tetrahedron 2009, 65, 10797 —
10815;j) Z. S. Zheng, D. Zhang-Negrerie, Y. F. Du, K. Zhao, Sci.
China Chem. 2014, 57, 189-214; k) F. V. Singh, T. Wirth, Chem.
Asian J. 2014, 9,950-971;1) V. V. Zhdankin, Hypervalent lodine
Chemistry: Preparation, Structure and Synthetic Applications of
Polyvalent Iodine Compounds, Wiley, Chichester, 2014.

For hypervalent iodine-induced annulation of o-phenylenedi-
amines and electron-deficient alkynes, see: S. Okumura, Y.
Takeda, K. Kiyokawa, S. Minakata, Chem. Commun. 2013, 49,
9266 —-9268.

&These are not the final page numbers!

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angew. Chem. Int. Ed. 2014, 53, 1-5


http://dx.doi.org/10.1002/ange.201105755
http://dx.doi.org/10.1002/anie.201105755
http://dx.doi.org/10.1021/ja404414q
http://dx.doi.org/10.1021/ja404414q
http://dx.doi.org/10.1002/adsc.201000887
http://dx.doi.org/10.1021/ol402796m
http://dx.doi.org/10.1021/ol402796m
http://dx.doi.org/10.1021/ja103776u
http://dx.doi.org/10.1002/ange.201204970
http://dx.doi.org/10.1002/ange.201204970
http://dx.doi.org/10.1002/anie.201204970
http://dx.doi.org/10.1021/ja201143v
http://dx.doi.org/10.1021/ja201143v
http://dx.doi.org/10.1021/ja310153v
http://dx.doi.org/10.1021/ja405140f
http://dx.doi.org/10.1021/ja405140f
http://dx.doi.org/10.1246/cl.2010.744
http://dx.doi.org/10.1246/cl.2010.744
http://dx.doi.org/10.1021/ja102571b
http://dx.doi.org/10.1021/ja102571b
http://dx.doi.org/10.1002/ange.201101943
http://dx.doi.org/10.1002/ange.201101943
http://dx.doi.org/10.1002/anie.201101943
http://dx.doi.org/10.1002/chem.201102445
http://dx.doi.org/10.1002/chem.201102445
http://dx.doi.org/10.1021/ol202861k
http://dx.doi.org/10.1021/ol202861k
http://dx.doi.org/10.1002/chem.201101458
http://dx.doi.org/10.1002/chem.201101458
http://dx.doi.org/10.1002/chem.201201862
http://dx.doi.org/10.1039/c2cc17859a
http://dx.doi.org/10.1039/c2cc17859a
http://dx.doi.org/10.1021/ja7114426
http://dx.doi.org/10.1021/ja7114426
http://dx.doi.org/10.1021/ja206850s
http://dx.doi.org/10.1021/ol8010826
http://dx.doi.org/10.1002/ange.201206191
http://dx.doi.org/10.1002/ange.201206191
http://dx.doi.org/10.1002/anie.201206191
http://dx.doi.org/10.1002/anie.201206191
http://dx.doi.org/10.1039/c3cc44995e
http://dx.doi.org/10.1021/ol402053n
http://dx.doi.org/10.1002/ange.201304456
http://dx.doi.org/10.1002/ange.201304456
http://dx.doi.org/10.1002/anie.201304456
http://dx.doi.org/10.1002/anie.201304456
http://dx.doi.org/10.1002/ange.201307211
http://dx.doi.org/10.1002/anie.201307211
http://dx.doi.org/10.1002/anie.201307211
http://dx.doi.org/10.1002/ejoc.201300286
http://dx.doi.org/10.1021/ol302607y
http://dx.doi.org/10.1039/c2cc30324h
http://dx.doi.org/10.1039/c2cc30324h
http://dx.doi.org/10.1002/ange.201102984
http://dx.doi.org/10.1002/anie.201102984
http://dx.doi.org/10.1002/anie.201102984
http://dx.doi.org/10.1002/ange.201303550
http://dx.doi.org/10.1002/anie.201303550
http://dx.doi.org/10.1002/anie.201303550
http://dx.doi.org/10.1002/ange.201208851
http://dx.doi.org/10.1002/anie.201208851
http://dx.doi.org/10.1002/anie.201208851
http://dx.doi.org/10.1002/ange.201209584
http://dx.doi.org/10.1002/ange.201209584
http://dx.doi.org/10.1002/anie.201209584
http://dx.doi.org/10.1002/anie.201209584
http://dx.doi.org/10.1021/cr800332c
http://dx.doi.org/10.1055/s-2008-1032094
http://dx.doi.org/10.1039/c0cc02265a
http://dx.doi.org/10.1039/c0cc02265a
http://dx.doi.org/10.1039/b823399c
http://dx.doi.org/10.1039/b823399c
http://dx.doi.org/10.1016/j.tet.2009.10.040
http://dx.doi.org/10.1016/j.tet.2009.10.040
http://dx.doi.org/10.1007/s11426-013-5043-1
http://dx.doi.org/10.1007/s11426-013-5043-1
http://dx.doi.org/10.1002/asia.201301582
http://dx.doi.org/10.1002/asia.201301582
http://dx.doi.org/10.1039/c3cc45469j
http://dx.doi.org/10.1039/c3cc45469j
http://www.angewandte.org

Angewandte

imemationalediion . CEIMIE

Communications

@ Organocatalysis o

2 R* organocatalysis
N N,OR . / g y S

S. Manna, R-G 2 H R3 R*
A. P. Antonchick* —_________ 1iii-11ll
Organocatalytic Oxidative Annulation of ~ Annulation without hesitation: N-alkoxy- ~ mmetrical diarylacetylenes proceeds with
Benzamide Derivatives with Alkynes benzamides convert into isoquinolones a high regioselectivity. The transforma-
smoothly and rapidly under organocata- tion is based on the hypervalent-iodine
lytic conditions. The annulation of unsy- mediated generation of nitrenium ions.
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