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Metal-Free Synthesis of Polysubstituted Pyrroles by
(Diacetoxyiodo)Benzene-Mediated Cascade Reaction of 3-Alkynyl Amines
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Pyrrole has been found extensively as a subunit in phar-
macologically active natural and unnatural products.[1] Its
derivatives are important building blocks in the syntheses of
various heterocyclic compounds.[2] Accordingly, synthetic
methods to develop pyrroles have received continuing atten-
tion of synthetic chemists since their discovery. Nowadays, a
variety of protocols for the construction of pyrroles are
available.[3] The classical Hantzsch procedure,[4] Paal–Knorr
reaction,[5] various cycloaddition reactions,[6] and aza-Claisen
rearrangements,[7] have been widely applied for the synthe-
ses of pyrrole derivatives. Recent developed strategies based
upon metal catalysis such as the Buchwald–Hartwig cou-
pling reaction,[8] metal-catalyzed cyclizations,[9] and C�H
bond amination[10] provide even more synthetic approaches.
However, some of them suffer from either multistep syn-
thetic operations, low chemical yield, low regioselectivity, or
the use of toxic or expensive metals. An efficient synthetic
procedure for the regioselective construction of pyrroles is
still to be explored. Recently, we have developed a hyperva-
lent iodine-mediated oxidation of terminal alkynes to afford
a-acyloxy ketones by using OAc (Ac= acetyl) as the nucleo-
phile.[11,12] In this reaction, the key steps involve the forma-
tion of the alkynyliodonium salt from terminal alkyne with
PhI ACHTUNGTRENNUNG(OAc)2 and the subsequent Michael-type addition of
AcOH to the alkynyliodonium salt. Based on the results, we

deduced that the amination product of acetylene would be
afforded if amines were used as nucleophiles. Herein, we
report our preliminary results of the simple and efficient
PhI ACHTUNGTRENNUNG(OAc)2-mediated reaction for the regioselective synthe-
sis of polysubstituted pyrroles from alkynyl amines under
metal-free conditions.[13]

Initially, phenylacetylene was treated with TsNH2, benzyl-
amine, or N-Methyl benzylamine, respectively, in the pres-
ence of PhI ACHTUNGTRENNUNG(OAc)2 in AcOH at 70 8C. Unfortunately, only
the formation of a-acyloxy ketone, instead of the amination
product, was observed. In order to avoid the nucleophilic
attack of the OAc anion, we considered that an intramolecu-
lar amination of the alkyne could be the solution. To this
end, alkynyl amine 1 a was treated with two equivalents of
(diacetoxyiodo)benzene in acetic acid at 70 8C for 12 hours
under argon. Surprisingly, we did not observe the expected
dihydropyrrole, but more appealing 2,3,4-trisubstituted pyr-
roles 2 a and 3 a were obtained in 34 % and 8 % yields, re-
spectively [Eq. (1)]. The structure of pyrrole 2 a was deter-
mined by NOESY experiments. Interestingly, almost the
same yield was afforded when the reaction ran under aero-
bic conditions.

Encouraged by these promising results, the influence of
the reaction parameters was examined (Table 1). A survey
of solvents indicated that the reaction is sensitive to the re-
action medium. Only the starting material 1 a was recovered
using N,N-dimethylformamide (DMF) or tetrahydrofuran
(THF) as solvents (Table 1, entries 1 and 2), while the reac-
tion proceeded sluggish in the solvents such as acetonitrile,
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1,2-dichloroethane (DCE), or tBuOH (Table 1, entries 3–5).
The product 2 a was obtained in 49 % yield when five equiv-
alents of HOAc were added to DCE (Table 1, entry 6). Con-
sequently, when HOAc was chosen as the solvent, the yield
of trisubstituted pyrrole 2 a increased to 75 % and pyrrole
3 a was formed in 10 % yield (Table 1, entry 7). The amount
of (diacetoxyiodo)benzene also has a significant impact on
the yield of pyrroles 2 a and 3 a (Table 1, entry 7, and 12–
14). Using three equivalents of (diacetoxyiodo)benzene
proved to be optimal for the transformation (Table 1,
entry 7). The investigation on the effect of the temperature
showed that 2 a was obtained in higher yield at 70 8C while
pyrrole 3 a became the major product when temperature in-
creased to 100 8C (Table 1, entries 7–11).

The substituents on the nitrogen atom of alkynyl amines
showed their critical role in the reaction (Table 2). The reac-

tion of alkynyl amine 1 with tosyl (Ts) and triflate (Tf)
groups provided 2 a in high yield (Table 2, entries 1 and 2),
but no isolable product was detected if alkynyl amine 1
bearing PhCO and PhNHCO groups were used (Table 2, en-
tries 3 and 4). With alkynyl amine 1 having a Ts group as
the substituent, different hypervalent iodine compounds
were also screened. The employment of PhI ACHTUNGTRENNUNG(COOtBu)2 and
PhI ACHTUNGTRENNUNG(COOPh)2 as oxidants diminished the yield of pyrrole
2 a (Table 2, entries 5 and 6 vs 1). Other hypervalent iodine
sources such as Koser’s reagent and phenyliodine bis(tri-
fluoroacetate) (PIFA) gave inferior results (Table 2, en-
tries 7 and 8).

Under the optimized conditions, we explored the sub-
strate scope of the reaction, and the results are summarized
in Table 3. Treatment of various 2,2-disubstituted 3-alkynyl
amines 1 with PhI ACHTUNGTRENNUNG(OAc)2 furnished the corresponding 2,3,4-
trisubstituted pyrroles 2 regioselectively in good isolated
yields (Table 3, entries 1–6 and 10). The protocol is also
viable for preparing 2,3-disubstituted pyrroles with high re-
gioselectivity using 2-substituted-3-alkynyl amines 1
(Table 3, entries 7–9). The alkynyl amines 1 with electron-
rich aromatic substituents afforded the pyrroles 2 in higher
yield than electron-deficient aromatic substituents (Table 3,
entries 2 vs 3 and 7 vs 8). Pyrrole 2 e possessing cyclohexane
and pyrrole 2 j bearing benzocycloheptane were obtained
readily from alkynyl amines 1 e and 1 j in 56 % and 65 %
yields, respectively (Table 3, entries 5 and 10). Two re-
gioisomers were obtained in the case of alkynyl amines 1 k
and 1 l with two different substituents at the 2-position
(Table 3, entries 11 and 12); these regioisomers are separa-
ble by silica-gel column chromatography. When the sub-
strate with disubstituted alkyne was used, no reaction oc-
curred and the substrate was recovered.

During the study of this reaction, we isolated dihydropyr-
role 4 a in 8 % yield using PhIACHTUNGTRENNUNG(COOPh)2 as the oxidant
(Table 2, entry 6), which was deduced as a reaction inter-
mediate. To confirm this, the dihydropyrrole 5 a was pre-
pared according to the literature procedure[14] and was sub-
jected to 1.2 equivalents of PhIACHTUNGTRENNUNG(OAc)2 in acetic acid at 70 8C
[Eq. (2)]. Trisubstituted pyrroles 6 a and 2 a were obtained
in 29 % and 5 % yield, respectively, meanwhile the dihydro-
pyrrole 4 a was formed in 53 % yield by allylic oxidation of
the dihydropyrrole 5 a. Further studies indicated that the di-
hydropyrrole 4 a can be readily transformed into the trisub-
stituted pyrrole 2 a in 31 % yield, with the formation of
three byproducts 3 a, 7 a, and 8 a [Eq. (3)]. These results sug-
gest that the dihydropyrrole 4 a should serve as the precur-
sor of the pyrrole 2 a.

Table 1. Optimization of Reaction Conditions.[a]

Entry Equiv. of PhI ACHTUNGTRENNUNG(OAc)2 Solvent T [8C] 2 a :3a [%][b]

1 3.0 DMF 70 –
2 3.0 THF 70 –
3 3.0 CH3CN 70 12:–
4 3.0 DCE 70 25:–
5 3.0 tBuOH 70 11:–
6[c] 3.0 DCE 70 49:–
7 3.0 HOAc 70 75:10
8 3.0 HOAc 25 14:–
9 3.0 HOAc 50 36:9
10 3.0 HOAc 100 10:50
11 3.0 HOAc 120 –:64
12 1.0 HOAc 70 16:trace
13 2.0 HOAc 70 34:8
14 4.0 HOAc 70 64:15

[a] Reaction conditions: 1a (0.2 mmol), solvent (3.0 mL). [b] Yield of iso-
lated product. [c] HOAc (5.0 equiv) was added.

Table 2. Effect of R Group of 1 and Oxidant on the Reaction.[a]

Entry 1, R Oxidant 2 :4 [%][b]

1 Ts PhIACHTUNGTRENNUNG(OAc)2 75:–
2 Tf PhIACHTUNGTRENNUNG(OAc)2 69:–
3 C(O)Ph PhIACHTUNGTRENNUNG(OAc)2 –[c]

4 C(O)NHPh PhIACHTUNGTRENNUNG(OAc)2 –[c]

5 Ts PhIACHTUNGTRENNUNG(COOtBu)2 69:–
6 Ts PhIACHTUNGTRENNUNG(COOPh)2 45:8
7 Ts PhI(OH)OTs –
8 Ts PIFA 5:–

[a] Reaction conditions: 1 (0.2 mmol), oxidant (0.6 mmol), HOAc
(3.0 mL). [b] Yield of isolated product. [c] Complex mixture.

Chem. Asian J. 2011, 6, 3200 – 3204 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemasianj.org 3201



Table 3. Substrate Scope of the PhIACHTUNGTRENNUNG(OAc)2-Mediated Reaction of Alkynyl Amines.[a]

Entry 1 Product Yield [%][b]

1 1 a 2a 75

2 1 b 2b 82

3 1 c 2c 68

4 1 d 2d 72

5 1 e 2e 56

6 1 f 2 f 45

7 1 g 2g 78

8 1 h 2h 68

9 1 i 2 i 55

10 1 j 2 j 65

11 1 k 2k 71 ACHTUNGTRENNUNG(3:1)[c]
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When compounds 9 and 10 were treated with 1.2 equiva-
lents of PhI ACHTUNGTRENNUNG(OAc)2 under the reaction conditions, as shown
in Table 3, no reaction occurred and the starting material
was recovered [Eqs. (4) and (5)]. It was suggested that the
double bond of the dihydropyrrole 4 a might be initially oxi-
dized by PhI ACHTUNGTRENNUNG(OAc)2 during the conversion into the pyrrole
2 a. With the above-experimental results and literature re-
ports,[12,15, 16] a speculated mechanism was proposed using al-
kynyl amine 1 a as an example (Scheme 1). Reaction of ter-

minal alkyne 1 a with PhI ACHTUNGTRENNUNG(OAc)2 forms the alkynyliodonium
salts Int-A.[12] An intramolecular aza-Michael-type addition
affords the Int-B,[16] the migration of the proton gives rise to
the Int-C. The transformation of the Int-C into pyrrole 2 a
may proceed through a PhIACHTUNGTRENNUNG(OAc)2-mediated oxidation pro-
cess and 1,2-rearrangement.[17] The exact reaction mecha-
nism still needs more experimental evidence.

In summary, we have developed an efficient metal-free re-
gioselective synthesis of polysubstituted pyrroles in good
yields by a PhI ACHTUNGTRENNUNG(OAc)2-mediated reaction of alkynyl amines,
and some complex pyrrole structures can be constructed. A
plausible reaction mechanism was proposed. Further investi-
gations on the detailed reaction mechanism and applications
of the reactions in organic synthesis are in progress.

Experimental Section

General procedure for preparation of polysubstituted pyrrole 2

In a Schlenk tube, alkynyl amine 1 (0.2 mmol) was added to a stirring
mixture of PhIACHTUNGTRENNUNG(OAc)2 (192 mg, 0.6 mmol), and acetic acid (1.5 mL) under
an atmosphere of air. Then, the mixture was heated to 70 8C for 12 h
until the substrate 1 disappeared, as monitored by TLC. The mixture was
diluted with dichloromethane (5 mL) and water (5 mL) was added. The
aqueous solution was extracted with dichloromethane (5 mL � 3) and the
organic layer was combined and washed with NaHCO3 (5 mL � 2), dried
with anhydrous Na2SO4. The solvent was removed under reduced pres-
sure and the residue was purified by flash chromatography on silica gel
using petroleum ether/EtOAc (10:1–5:1) as an eluent to give product 2.
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Table 3. (Continued)

Entry 1 Product Yield [%][b]

12 1 l 2 l 49 ACHTUNGTRENNUNG(1:1)[c]

[a] Reaction conditions: 1 (0.2 mmol), PhI ACHTUNGTRENNUNG(OAc)2 (0.6 mmol), HOAc (3.0 mL). [b] Yield of isolated product. [c] The ratio of two isomers was determined
by 1H NMR spectroscopy.

Scheme 1. Speculated Mechanism for the PhI ACHTUNGTRENNUNG(OAc)2-Mediated Reaction
of Alkynyl Amine 1a. PIDA=PhIACHTUNGTRENNUNG(OAc)2.

Chem. Asian J. 2011, 6, 3200 – 3204 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemasianj.org 3203

Metal-Free Synthesis of Polysubstituted Pyrroles



[1] For examples of the biological activity and medicinal application of
pyrroles, see: a) D. H. R. Barton, K. Nakanishi, O. MethCohn, J. W.
Kelly, Comprehensive Natural Products Chemistry, Pergamon Press,
Oxford, UK, 1999 ; b) B. E. Maryanoff, H. Zhang, J. H. Cohen, I. J.
Turchi, C. A. Maryanoff, Chem. Rev. 2004, 104, 1431; c) S. Cacchi,
G. Fabrizi, Chem. Rev. 2005, 105, 2873; d) N. Saracoglu, Top. Hetero-
cycl. Chem. 2007, 11, 1; e) P. M. Dewick, Medicinal Natural Prod-
ucts: A Biosynthetic Approach, Wiley, Chichester, UK, 2009.

[2] a) R. A. Jones, Pyrroles, Part II, The Synthesis Reactivity and Physi-
cal Properties of Substituted Pyrroles, Wiley, New York, 1992 ;
b) E. T. Pelkey, Prog. Heterocycl. Chem. 2005, 17, 109.

[3] For reviews of pyrrole synthesis, see: a) A. R. Katritzky, D. L. Oster-
camp, T. I. Yousaf, Tetrahedron 1987, 43, 5171; b) D. S. Black, Sci.
Synth. 2001, 13, 441; c) V. F. Ferreira, M. C. B. V. De Souza, A. C.
Cunha, L. O. R. Pereira, M. L. G. Ferreira, Org. Prep. Proced. Int.
2001, 33, 411; d) V. Est�vez, M. Villacampa, J. C. Men�ndez, Chem.
Soc. Rev. 2010, 39, 4402.

[4] a) A. Hantzsch, Chem. Ber. 1890, 23, 1474; b) V. S. Matiychuk, R. L.
Martyak, N. D. Obushak, Y. V. Ostapiuk, N. I. Pidlypnyi, Chem. Het-
erocycl. Compd. 2004, 40, 1218; c) B. Khalili, P. Jajarmi, B. Efte-
khari-Sis, M. M. Hashemi, J. Org. Chem. 2008, 73, 2090; d) S. Maiti,
S. Biswas, U. Jana, J. Org. Chem. 2010, 75, 1674; e) A. Herath,
N. D. P. Cosford, Org. Lett. 2010, 12, 5182.

[5] a) L. Knorr, Chem. Ber. 1884, 17, 1635; b) C. Paal, Chem. Ber. 1885,
18, 367; c) G. Minetto, L. F. Raveglia, A. Sega, M. Taddei, Eur. J.
Org. Chem. 2005, 5277; d) N. Azizi, A. Khajeh-Amiri, H. Ghafuri,
M. Bolourtchian, M. R. Saidi, Synlett 2009, 2245; e) X. Jing, X. Pan,
Z. Li, X. Bi, C. Yan, H. Zhu, Synth. Commun. 2009, 39, 3833;
f) D. X. Hu, M. D. Clift, K. E. Lazarski, R. J. Thomson, J. Am.
Chem. Soc. 2011, 133, 1799.

[6] For selected recent references, see: a) S. Kamijo, C. Kanazawa, Y.
Yamamoto, J. Am. Chem. Soc. 2005, 127, 9260; b) N. C. Misra, K.
Panda, H. Junjappa, J. Org. Chem. 2007, 72, 1246; c) A. Arrieta, D.
Otaegui, A. Zubia, F. P. Coss�o, A. D�az-Ortiz, A. de La Hoz, M. A.
Herrero, P. Prieto, C. Foces-Foces, J. L. Pizarro, M. I. Arriotua, J.
Org. Chem. 2007, 72, 4313; d) A. Mizuno, H. Kusama, N. Iwasawa,
Angew. Chem. 2009, 121, 8468; Angew. Chem. Int. Ed. 2009, 48,
8318; e) Y. Kim, J. Kim, S. B. Park, Org. Lett. 2009, 11, 17; f) X.
Huang, S. Zhu, R. Shen, Adv. Synth. Catal. 2009, 351, 3118.

[7] a) H. Frey, Synlett 1994, 1007; b) J. Cossy, C. Poitevin, L. Salle, P. D.
Gomez, Tetrahedron Lett. 1996, 37, 6709; c) W. S. Bremner, M. G.
Organ, J. Comb. Chem. 2008, 10, 142.

[8] a) R. Mart�n, M. R. Rivero, S. L. Buchwald, Angew. Chem. 2006,
118, 7237; Angew. Chem. Int. Ed. 2006, 45, 7079; b) M. R. Rivero,
S. L. Buchwald, Org. Lett. 2007, 9, 973; c) X. Yuan, X. Xu, X. Zhou,
J. Yuan, L. Mai, Y. Li, J. Org. Chem. 2007, 72, 1510.

[9] a) A. V. Kel’in, A. W. Sromek, V. Gevorgyan, J. Am. Chem. Soc.
2001, 123, 2074; b) R. U. Braun, K. Zeitler, T. J. J. Muller, Org. Lett.
2001, 3, 3297; c) H. Takaya, S. Kojima, S.-I. Murahashi, Org. Lett.
2001, 3, 421; d) O. Paulus, G. Alcaraz, M. Vaultier, Eur. J. Org.
Chem. 2002, 2565; e) S. Aggarwal, H.-J. Knçlker, Org. Biomol.
Chem. 2004, 2, 3060; f) R. Dhawan, B. A. Arndtsen, J. Am. Chem.
Soc. 2004, 126, 468; g) B. Ramanathan, A. J. Keith, D. Armstrong,
A. L. Odom, Org. Lett. 2004, 6, 2957; h) R. P. Wurz, A. B. Charette,
Org. Lett. 2005, 7, 2313; i) D. J. Gorin, N. R. Davis, F. D. Toste, J.
Am. Chem. Soc. 2005, 127, 11260; j) J. T. Binder, S. F. Kirsch, Org.

Lett. 2006, 8, 2151; k) J. F. Hartwig, Synlett 2006, 1283; l) R. Mart�n,
M. R. Rivero, S. L. Buchwald, Angew. Chem. 2006, 118, 7237;
Angew. Chem. Int. Ed. 2006, 45, 7079; m) L.-H. Lu, G.-F. Chen, S.-
M. Ma, Org. Lett. 2006, 8, 835; n) P. W. Davies, N. Martin, Org. Lett.
2009, 11, 2293; o) M. Egi, K. Azechi, S. Akai, Org. Lett. 2009, 11,
5002; p) D.-D. Chen, X.-L. Hou, L.-X. Dai, Tetrahedron Lett. 2009,
50, 6944; q) X.-W. Du, X. Xie, Y.-H. Liu, J. Org. Chem. 2010, 75,
510; r) H.-Y. Wang, D. S. Mueller, R. M. Sachwani, H. N. Londino,
L. L. Anderson, Org. Lett. 2010, 12, 2290.

[10] H. Dong, M. Shen, J. E. Redford, B. J. Stokes, A. L. Pumphrey, T. G.
Driver, Org. Lett. 2007, 9, 5191.

[11] For some reviews of hypervalent iodine reagents, see: a) T. Wirth,
Angew. Chem. 2005, 117, 3722; Angew. Chem. Int. Ed. 2005, 44,
3656; b) M. A. Ciufolini, N. A. Braun, S. Canesi, M. Ousmer, J.
Chang, D. Chai, Synthesis 2007, 3759; c) V. V. Zhdankin, P. J. Stang,
Chem. Rev. 2008, 108, 5299; d) T. Dohi, Y. Kita, Chem. Commun.
2009, 2073; e) M. Uyanik, K. Ishihara, Chem. Commun. 2009, 2086;
For some examples of hypervalent iodine reagents in organic syn-
thesis: f) M. S. Yusubov, T. Wirth, Org. Lett. 2005, 7, 519; g) R. D.
Richardson, T. Wirth, Angew. Chem. 2006, 118, 4510; Angew. Chem.
Int. Ed. 2006, 45, 4402; h) R. D. Richardson, M. Desaize, T. Wirth,
Chem. Eur. J. 2007, 13, 6745; i) R. H. Fan, Y. Ye, W. X. Li, L. F.
Wang, Adv. Synth. Catal. 2008, 350, 2488; j) M. S. Yusubov, T. V.
Funk, K. W. Chi, E. H. Cha, G. H. Kim, A. Kirschning, V. V. Zhdan-
kin, J. Org. Chem. 2008, 73, 295; k) K. C. Nicolaou, A. Li, D. Ed-
monds, G. S. Tria, S. P. Ellery, J. Am. Chem. Soc. 2009, 131, 16905;
l) X. Z. Shu, X. F. Xia, Y. F. Yang, K. G. Ji, X. Y. Liu, Y. M. Liang, J.
Org. Chem. 2009, 74, 7464; m) R. H. Fan, W. X. Li, D. M. Pu, L.
Zhang, Org. Lett. 2009, 11, 1425; n) Y. Zhao, Y. Y. Yeung, Org. Lett.
2010, 12, 2128; o) T. Dohi, D. S. Kato, R. Hyodo, D. Yamashita, M.
Shiro, Y. Kita, Angew. Chem. 2011, 123, 3868; Angew. Chem. Int.
Ed. 2011, 50, 3784; p) T. Jen, B. A. Mendelsohn, M. A. Ciufolini, J.
Org. Chem. 2011, 76, 728.

[12] a) Y. Tamura, T. Yakura, J.-i. Haruta, Y. Kita, Tetrahedron Lett.
1985, 26, 3837; b) D.-L. Mo, L.-X. Dai, X.-L. Hou, Tetrahedron Lett.
2009, 50, 5578.

[13] For [phenyliodine ACHTUNGTRENNUNG(III)bis-trifluoroacetate]-mediated alkyne amida-
tion reaction of b-alkynylamide to yield 5-substituted pyrrolidinone,
see: a) S. Serna, I. Tellitu, E. Dom�nguez, I. Moreno, R. SanMart�n,
Org. Lett. 2005, 7, 3073; b) L. M. Pardo, I. Tellitu, E. Dom�nguez,
Tetrahedron 2010, 66, 5811.

[14] M. M. Rogers, J. E. Wendlandt, I. A. Guzei, S. S. Stahl, Org. Lett.
2006, 8, 2257.

[15] A. Saito, A. Matsumoto, Y. Hanzawa, Tetrahedron Lett. 2010, 51,
2247.

[16] a) M. Ochiai, M. Kunishima, K. Fuji, Y. Nagao, J. Org. Chem. 1989,
54, 4038; b) K. Schildknegt, A. C. Bohnstedt, K. S. Feldman, A.
Sambandam, J. Am. Chem. Soc. 1995, 117, 1544; c) M. Ochiai, Top.
Curr. Chem. 2003, 224, 5.

[17] a) M. W. Justik, G. F. Koser, Tetrahedron Lett. 2004, 45, 6159;
b) L. F. Silva, Jr., F. A. Siqueira, E. C. Pedrozo, F. Y. M. Vieira,
A. C. Doriguetto, Org. Lett. 2007, 9, 1433; c) L. F. Silva Jr, R. S. Vas-
concelos, M. A. Nogueira, Org. Lett. 2008, 10, 1017; d) H. M.
Lovick, F. E. Michael, J. Am. Chem. Soc. 2010, 132, 1249.

Received: May 21, 2011
Published online: September 26, 2011

3204 www.chemasianj.org � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Asian J. 2011, 6, 3200 – 3204

COMMUNICATION
X.-L Hou et al.

http://dx.doi.org/10.1021/cr0306182
http://dx.doi.org/10.1021/cr040639b
http://dx.doi.org/10.1007/7081_2007_073
http://dx.doi.org/10.1007/7081_2007_073
http://dx.doi.org/10.1016/S0959-6380(05)80328-9
http://dx.doi.org/10.1016/S0040-4020(01)87693-6
http://dx.doi.org/10.1080/00304940109356613
http://dx.doi.org/10.1080/00304940109356613
http://dx.doi.org/10.1021/jo702385n
http://dx.doi.org/10.1021/jo902661y
http://dx.doi.org/10.1021/ol102216x
http://dx.doi.org/10.1002/ejoc.200500387
http://dx.doi.org/10.1002/ejoc.200500387
http://dx.doi.org/10.1055/s-0029-1217799
http://dx.doi.org/10.1080/00397910902838953
http://dx.doi.org/10.1021/ja109165f
http://dx.doi.org/10.1021/ja109165f
http://dx.doi.org/10.1021/ja051875m
http://dx.doi.org/10.1021/jo062139j
http://dx.doi.org/10.1021/jo062672z
http://dx.doi.org/10.1021/jo062672z
http://dx.doi.org/10.1002/ange.200904402
http://dx.doi.org/10.1002/anie.200904402
http://dx.doi.org/10.1002/anie.200904402
http://dx.doi.org/10.1021/ol8022193
http://dx.doi.org/10.1055/s-1994-34978
http://dx.doi.org/10.1016/S0040-4039(96)01467-0
http://dx.doi.org/10.1021/cc700159u
http://dx.doi.org/10.1021/ol062978s
http://dx.doi.org/10.1021/jo062194s
http://dx.doi.org/10.1021/ol0165185
http://dx.doi.org/10.1021/ol0165185
http://dx.doi.org/10.1021/ol0069296
http://dx.doi.org/10.1021/ol0069296
http://dx.doi.org/10.1002/1099-0690(200208)2002:15%3C2565::AID-EJOC2565%3E3.0.CO;2-I
http://dx.doi.org/10.1002/1099-0690(200208)2002:15%3C2565::AID-EJOC2565%3E3.0.CO;2-I
http://dx.doi.org/10.1021/ja039152v
http://dx.doi.org/10.1021/ja039152v
http://dx.doi.org/10.1021/ol0489088
http://dx.doi.org/10.1021/ol050442l
http://dx.doi.org/10.1021/ja053804t
http://dx.doi.org/10.1021/ja053804t
http://dx.doi.org/10.1021/ol060664z
http://dx.doi.org/10.1021/ol060664z
http://dx.doi.org/10.1055/s-2006-939728
http://dx.doi.org/10.1021/ol052797a
http://dx.doi.org/10.1021/ol900609f
http://dx.doi.org/10.1021/ol900609f
http://dx.doi.org/10.1021/ol901942t
http://dx.doi.org/10.1021/ol901942t
http://dx.doi.org/10.1016/j.tetlet.2009.05.091
http://dx.doi.org/10.1016/j.tetlet.2009.05.091
http://dx.doi.org/10.1021/jo902357x
http://dx.doi.org/10.1021/jo902357x
http://dx.doi.org/10.1021/ol100659q
http://dx.doi.org/10.1021/ol702262f
http://dx.doi.org/10.1002/ange.200500115
http://dx.doi.org/10.1002/anie.200500115
http://dx.doi.org/10.1002/anie.200500115
http://dx.doi.org/10.1055/s-2007-990906
http://dx.doi.org/10.1021/cr800332c
http://dx.doi.org/10.1039/b821747e
http://dx.doi.org/10.1039/b821747e
http://dx.doi.org/10.1039/b823399c
http://dx.doi.org/10.1021/ol047363e
http://dx.doi.org/10.1002/ange.200601817
http://dx.doi.org/10.1002/anie.200601817
http://dx.doi.org/10.1002/anie.200601817
http://dx.doi.org/10.1002/chem.200700306
http://dx.doi.org/10.1002/adsc.200800452
http://dx.doi.org/10.1021/jo702112s
http://dx.doi.org/10.1021/ja9068003
http://dx.doi.org/10.1021/jo901583r
http://dx.doi.org/10.1021/jo901583r
http://dx.doi.org/10.1021/ol900090f
http://dx.doi.org/10.1021/ol100603q
http://dx.doi.org/10.1021/ol100603q
http://dx.doi.org/10.1002/ange.201007640
http://dx.doi.org/10.1002/anie.201007640
http://dx.doi.org/10.1002/anie.201007640
http://dx.doi.org/10.1021/jo102241s
http://dx.doi.org/10.1021/jo102241s
http://dx.doi.org/10.1016/S0040-4039(00)89264-3
http://dx.doi.org/10.1016/S0040-4039(00)89264-3
http://dx.doi.org/10.1016/j.tetlet.2009.07.081
http://dx.doi.org/10.1016/j.tetlet.2009.07.081
http://dx.doi.org/10.1021/ol0510623
http://dx.doi.org/10.1016/j.tet.2010.05.080
http://dx.doi.org/10.1021/ol060327q
http://dx.doi.org/10.1021/ol060327q
http://dx.doi.org/10.1016/j.tetlet.2010.02.096
http://dx.doi.org/10.1016/j.tetlet.2010.02.096
http://dx.doi.org/10.1021/jo00278a012
http://dx.doi.org/10.1021/jo00278a012
http://dx.doi.org/10.1007/3-540-46114-0_2
http://dx.doi.org/10.1007/3-540-46114-0_2
http://dx.doi.org/10.1016/j.tetlet.2004.06.029
http://dx.doi.org/10.1021/ja906648w

