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Direct Syntheses of Spiro- and Fused-Hydrofurans by a Tunable Tandem
Semipinacol Rearrangement/Oxa-Michael Addition Protocol
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A significant number of biologically important natural
products and potential medicinal molecules contain cycloke-
tone spiro- and fused-dihydrofuran units,[1,2] with examples
including sieboldine A[1f] and the trichodermaketones A and
C[2d] (Figure 1). Over the past few years, several different
methods have been developed for the construction of these
units,[3,4] including a variety of asymmetric syntheses.[5,6] Un-
fortunately, however, these methods generally require the
preparation of complex substrates and subsequent multistep
derivations of the resulting products. With this in mind, the
development of a divergent and concise synthesis for the
construction of these structural units is still highly desirable.

The semipinacol rearrange-
ment is a well-known chemical
reaction[7] and represents a class
of versatile transformations for
the construction of complex
structural motifs, especially
those with crowded quaternary
centers.[8] As a result, this reac-
tion has been applied to the ef-
ficient syntheses of many natu-
ral products and bioactive com-
pounds.[9] Over the past decade,
our own group[7c] and several
other chemists[7a, b, d] have direct-
ed a great deal of effort to-
wards the development of semi-
pinacol rearrangement based synthetic methodologies for
the formation of structurally diverse quaternary centers. In
connection with our ongoing investigations regarding this re-
arrangement process and interests in constructing cycloke-
tone spiro- and fused-dihydrofuran units, we hypothesized

that these units might be derived from a readily available
diene–ketone intermediate[10,11] through a tandem semipina-
col rearrangement/oxa-Michael addition protocol under ap-
propriate conditions (Scheme 1). This tandem process would
be unprecedented and efficient for the synthesis of the
aforementioned structural motifs. Herein, we present our
preliminary results for this tandem protocol.

Our preliminary evaluation of the strategy was carried
out by using phenylfuranyl cyclobutanol 1 a (R1 = trimethyl-
silyl, TMS) and dimethyl diazomalonate as the model sub-
strates (Table 1). Initially, a variety of different metal cata-
lysts were investigated, including copper and silver salts. Un-
fortunately, these attempts failed to afford any of the ex-
pected intermediate in dichloromethane. Pleasingly, when
[Rh2ACHTUNGTRENNUNG(Oct)4] (1 mol %) was used as the catalyst, substrate 1 a
reacted with dimethyl diazomalonate to form the intermedi-
ate 1 e in 92 % yield.[10]
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Figure 1. Representative natural products containing the spiro- or fused-
hydrofuran units.

Scheme 1. A tunable tandem reaction towards the syntheses of dihydrofuran derivatives. SR= semipinacol
rearrangement.
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With the intermediate 1 e in hand, we proceeded to opti-
mize the reaction conditions for the conversion of 1 e to
either 1 c or 1 d in a one-pot manner. As shown in Table 1,
when Et2O·BF3 (1.1 equiv) was used as the Lewis acid to
promote the tandem reaction, none of the expected prod-
ucts, 1 c or 1 d, was formed; however, decomposition of the
substrate was observed (Table 1, entry 1). Fortunately, when
THF·BF3 (1.1 equiv) was used as a replacement for
Et2O·BF3, the intermediate successfully afforded the spiro-
ring products 1 c/1 c’ in a combined yield of 61 % following a
24 h reaction time (entry 2). In addition, the reaction time
was further reduced to 8 h and the yield was increased to
78 % when three equivalents of THF·BF3 were used
(entry 3).

To investigate the influence of protecting groups on this
tandem reaction, substrate 1 b (R1 =TBS) was subjected to

the current reaction conditions (3 equiv of THF·BF3 were
used). The results revealed that the use of the more stable
protecting group tert-butyldimetylsilyl (TBS) also provided
the spiro-ring products 1 c/1 c’, albeit with a lower total yield
of 59 % (Table 1, entry 4). Interestingly, the fused-ring prod-
ucts 1 d/1 d’ (entry 5) were obtained in good yield (71 %)
from intermediate 1 f by the simple replacement of
THF·BF3 with Et2O·BF3. A further investigation of the sol-
vents and several other acids demonstrated that substrate
1 b with a TBS protecting group always gave the fused hy-
drofuran products 1 d/1 d’ in 18–71 % yields (entries 5–12).
The use of trifluoroacetic acid (TFA; entry 8) provided the
only exception, resulting only in the decomposition of the
substrate. In conclusion, the chemoselectivity of this one-pot
reaction was highly dependent on the acidity of the
THF·BF3 or Et2O·BF3 additive and the stability of the pro-
tecting group.

With the optimized reaction conditions (Table 1, entry 3)
in hand, we proceeded to investigate the general scope of
the reaction for the conversion of compounds of type a to
the corresponding spiro-products c by means of path A.
Subsequently, a series of TMS-protected substrates 2 a–11 a
containing a variety of different substituents on the cyclo-ACHTUNGTRENNUNGbutanol moiety were synthesized and subjected to the reac-
tion conditions. As shown in Table 2, the substrates with cis-
p-Me-phenyl, cis-p-Br-phenyl, diphenyl, and spiro-cycloalkyl
at the C3’-position gave the products in good yields of 64
(2 c/2 c’), 63 (3 c/3 c’), 61 (4 c/4 c’), and 75 % (5 c/5 c’). Further-
more, the reaction exhibited a trend in migratory aptitude
similar to that observed in the normal semipinacol rear-
rangement, in that the tertiary carbon atom migrated prefer-
entially to the secondary carbon atom.[7d,12] Accordingly,
substrates bearing different substituents (e.g., di-n-butyl, di-
i-butyl, spiro-cycloalkyl, spiro-pyranyl, and ketospiro-cyclo-
alkyl) at the C2’-position tended to undergo C2’ carbon
atom migration reactions to give the corresponding spiro-
furans 6 c/6 c’, 7 c/7 c’, 8 c/8 c’, 9 c/9 c’, and 10 c/10 c’ containing
two contiguous quaternary centers in reasonable yields. Im-
portantly, the 2’,3’-cyclohexane-fused cyclobutanol substrate
11 a also proved to be effective for generating the corre-
sponding tricyclic products 11 c/11 c’ in the best yield (85 %)
of all of the products. Furthermore, the products 11 c/11 c’
might serve as a building block in the synthesis of the bio-
logically important sieboldine A (Figure 1). The relative
configurations of all of the spiro-furan products c and c’
were deduced based on their 1H NMR spectra and X-ray
diffraction of the products 1 c, 3 c, 4 c, 6 c, 7 c, and 3 c’.[13]

We then applied this one-pot protocol to the syntheses of
the fused hydrofurans d from various TBS-protected sub-
strates 2 b–6 b (Table 3). Pleasingly, this series of substrates
also produced the desired products in moderate to good
yields. When the larger 3’-BOM-substituted substrate 2 b
(BOM =benzyloxymethyl) was subjected to the standard
conditions, the reaction afforded the desired products 2 d/
2 d’ in a combined yield of 74 %. In addition, the reaction of
substrates 3 b and 4 b containing 3’,3’-spiro-alkyls of different
sizes led to the formation of 3 d and 4 d in acceptable yields

Table 1. Optimization of reaction conditions.[a]

Entry Solvent Acid R t
[h][b]

Yield [%]
of 1c/1 c’[c]

Yield [%]
of 1d/1 d’[d]

1 DCM Et2O·BF3

(1.1 equiv)
TMS 4 – –

2 DCM THF·BF3

(1.1 equiv)
TMS 24 61 –

3 DCM THF·BF3

(3.0 equiv)
TMS 8 78 –

4 DCM THF·BF3

(3.0 equiv)
TBS 8 59 –

5 DCM Et2O·BF3

(3.0 equiv)
TBS 4 – 71

6 DCM 2AcOH·BF3

(3.0 equiv)
TBS 4 – 66

7 DCM TBSOTf
(3.0 equiv)

TBS 8 – 53

8 DCM TFA
(3.0 equiv)

TBS 8 – –

9 1,2-DCE Et2O·BF3

(3.0 equiv)
TBS 8 – 45

10 CCl4 Et2O·BF3

(3.0 equiv)
TBS 4 – 60

11 C6H5F Et2O·BF3

(3.0 equiv)
TBS 6 – 18

12 mesitylene Et2O·BF3

(3.0 equiv)
TBS 6 – 39

13 toluene Et2O·BF3

(3.0 equiv)
TBS 6 – 55

[a] All reactions were carried out with 0.1 mmol of the substrate in
1.0 mL of solvent under [Rh2 ACHTUNGTRENNUNG(Oct)4] catalysis (1.0 mol %). [b] The time
required for the transformation of intermediate to products c or d.
[c] Isolated total yield of the spiro products c/c’ through path A. [d] Iso-
lated total yield of the fused products d/d’ through path B. 1,2-DCE=1,2-
dichloroethane; DCM =dichloromethane.

Chem. Eur. J. 2013, 19, 5246 – 5249 � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 5247

COMMUNICATION

www.chemeurj.org


(62 and 56 %, respectively) relative to the yield (53 %) of
8 c/8 c’. Furthermore, the application of the conditions to
substrate 5 b, which did not contain any substituents on
the cyclobutanol moiety, gave the desired product 5 d in
the best yield of all of the examples (81 %). When diethyl
diazomalonate and 5 b were subjected to the reaction con-
ditions, the corresponding product 6 d was also produced
in a good yield of 76 %. Unfortunately, however, the 3’,3’-
diphenyl-substituted substrate 6 b[13] did not provide any
of the desired product under the same reaction conditions,
with the reaction resulting only in decomposition.

On the basis of the experimental results above, a plausi-
ble reaction mechanism was proposed (Scheme 2). The

formation of the spiro and fused products might be attri-ACHTUNGTRENNUNGbuted to the stronger acidity of Et2O·BF3
[14] relative to

that of THF·BF3, with the former capable of inducing the
second 1,2-migration of the intermediate h and the subse-
quent oxa-Michael addition of the intermediate, leading in
turn to the formation of the fused-dihydrofuran product d.
In contrast, however, the latter directly underwent an oxa-
Michael addition of intermediate diene–ketone h and result-
ed in the spiro-dihydrofuran product c.

In summary, we have successfully developed a novel one-
pot tandem process for the construction of spiro- or fused-
dihydrofuran products from simple furan derivatives under
mild reaction conditions. The method represents a useful
and highly efficient strategy for the syntheses of differential-
ly substituted spiro and fused compounds. Further studies
towards the application of this one-pot tandem reaction are
currently underway in our group.

Experimental Section

General procedure : Under an Ar atmosphere and ice bath, [Rh2ACHTUNGTRENNUNG(Oct)4]
(1.0 mol %) was added to a solution of substrate a or b (0.1 mmol mL�1)

Table 3. The fused-dihydrofuran products d and d’ synthesized through
path B.[a]

[a] All reactions were carried out under standard conditions in DCM.
Isolated yields (the single products d or d’ could not be isolated by
column chromatography). The d.r. values were confirmed by 1H NMR
spectroscopy; R2 =CO2Me. [b] R2 =CO2Et.

Scheme 2. A plausible mechanism for the tandem reaction.

Table 2. The spiro-dihydrofuran products c and c’ synthesized through
path A.[a]

[a] All reactions were carried out under standard conditions in DCM.
Isolated yields (R2 =CO2Me). The relative configurations of the products
c were shown. The diastereomeric ratio (d.r.) values were confirmed by
1H NMR spectroscopy.
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in DCM; then diazomalonate (1.2 equiv) was added dropwise to the reac-
tion system and stirred vigorously at RT. After the substrate a or b had
been fully transformed to intermediate e or f as monitored by TLC anal-
ysis, THF·BF3 or Et2O·BF3 (3.0 equiv) was injected slowly into the reac-
tion solution under an ice bath. The reaction was warmed to RT until full
conversion of the intermediate e or f to product as monitored by TLC
analysis. The reaction was quenched by careful addition of saturated
NaHCO3 aqueous solution under an ice bath. The resulting solution was
extracted with DCM, washed with brine, dried over MgSO4, and chroma-
tographed (ethyl acetate/petroleum ether) to give the product.

Acknowledgements

We greatly acknowledge financial support from the “973” Program
(grant no. 2010CB833203), the NSFC (grant nos. 21072085, 20921120404,
21102061, 20972059, 21202073, 21290180, and 21272097), the Key Nation-
al S&T Program “Major New Drug Development” of Ministry of Health
of China (2012ZX09201101-003), and the “111” Program of the MOE,
the fundamental research funds for the central universities (lzujbky-2012-
60, 86).

Keywords: chemoselectivity · dihydrofurans · Michael
addition · semipinacol rearrangements · tandem reactions

[1] a) K. Ishibashi, R. Nakamura, J. Agric. Chem. Soc. Jpn. 1958, 32,
739; b) M. Ochi, I. Miura, T. Tokoroyama, J. Chem. Soc. Chem.
Commun. 1981, 100a; c) V. L. Teixeira, T. Tomassini, B. G. Fleury,
A. Kelecom, J. Nat. Prod. 1986, 49, 570; d) R. E. Ireland, P. Maien-
fisch, J. Org. Chem. 1988, 53, 640; e) Y. I. M. Nilsson, A. Aranyos,
P. G. Andersson, J.-E. B�ckvall, J.-L. Parrain, C. Ploteau, J.-P. Quin-
tard, J. Org. Chem. 1996, 61, 1825; f) Y. Hirasawa, H. Morita, M.
Shiro, J. Kobayashi, Org. Lett. 2003, 5, 3991; g) S.-H. Li, J. Niu, X.-
M. Shen, Y.-H. Zhang, H.-J. Sun, H.-D. Li, M.-L. Tian, Q.-E. Lu, Y.
Wang, P. Cao, Q.-T. Zheng, Org. Lett. 2004, 6, 4327.

[2] a) S. M. Kupchan, E. J. LaVoie, A. R. Branfman, B. Y. Fei, W. M.
Bright, R. F. Bryan, J. Am. Chem. Soc. 1977, 99, 3199; b) A. Schoop,
H. Greiving, A. Gçhrt, Tetrahedron Lett. 2000, 41, 1913; c) N.
Uchiyama, F. Kiuchi, M. Ito, G. Honda, Y. Takeda, O. K. Khodzhi-
matov, O. A. Ashurmetov, J. Nat. Prod. 2003, 66, 128; d) F. Song, H.
Dai, Y. Tong, B. Ren, C. Chen, N. Sun, X. Liu, J. Bian, M. Liu, H.
Gao, H. Liu, X. Chen, L. Zhang, J. Nat. Prod. 2010, 73, 806.

[3] a) I. E. Marko, A. Mekhalfia, D. J. Bayston, H. Adams, J. Org.
Chem. 1992, 57, 2211; b) J. T. Negri, L. A. Paquette, J. Am. Chem.
Soc. 1992, 114, 8835; c) M. D. Lord, J. T. Negri, L. A. Paquette, J.
Org. Chem. 1995, 60, 191; d) G. Sabitha, K. B. Reddy, M. Bhikshapa-
thi, J. S. Yadav, Tetrahedron Lett. 2006, 47, 2807.

[4] a) Y. Cheng, O. Meth-Cohn, Chem. Rev. 2004, 104, 2507; b) K.
Hiroya, Y. Ichihashi, A. Furutono, K. Inamoto, T. Sakamoto, T. Doi,
J. Org. Chem. 2009, 74, 6623; c) S. Maiti, P. T. Perumal, J. C. Men�n-
dez, Tetrahedron 2010, 66, 9512.

[5] a) N. Haddad, I. Rukhman, Z. Abramovich, J. Org. Chem. 1997, 62,
7629; b) S. D. Rychnovsky, T. Hata, A. I. Kim, A. J. Buckmelter,
Org. Lett. 2001, 3, 807; c) N. Noguchi, M. Nakada, Org. Lett. 2006, 8,
2039; d) M. Lejkowski, P. Banerjee, J. Runsink, H.-J. Gais, Org. Lett.
2008, 10, 2713; e) Q.-W. Zhang, C.-A. Fan, H.-J. Zhang, Y.-Q. Tu,
Y.-M. Zhao, P. Gu, Z.-M. Chen, Angew. Chem. 2009, 121, 8724;
Angew. Chem. Int. Ed. 2009, 48, 8572; f) Z.-W. Jiao, S.-Y. Zhang, C.
He, Y.-Q. Tu, S.-H. Wang, F.-M. Zhang, Y.-Q. Zhang, H. Li, Angew.
Chem. 2012, 124, 8941; Angew. Chem. Int. Ed. 2012, 51, 8811; g) X.
Teng, D. R. Cefalo, R. R. Schrock, A. H. Hoveyda, J. Am. Chem.
Soc. 2012, 134, 8340.

[6] M. A. Calter, R. M. Phillips, C. Flaschenriem, J. Am. Chem. Soc.
2005, 127, 14566.

[7] For selected reviews, see: a) T. J. Snape, Chem. Soc. Rev. 2007, 36,
1823; b) K. Prantz, J. Mulzer, Chem. Rev. 2010, 110, 3741; c) Z.-L.
Song, C.-A. Fan, Y.-Q. Tu, Chem. Rev. 2011, 111, 7523; d) E. Lee-
mans, M. D’hooghe, N. D. Kimpe, Chem. Rev. 2011, 111, 3268; for
selected tandem semipinacol rearrangements, see: a) M. Zora, J. W.
Herndon, J. Org. Chem. 1994, 59, 699; b) B. M. Trost, D. W. C.
Chen, J. Am. Chem. Soc. 1996, 118, 12541; c) S.-J. Jeon, P. J. Walsh,
J. Am. Chem. Soc. 2003, 125, 9544; d) H. Li, P. J. Carroll, P. J. Walsh,
J. Am. Chem. Soc. 2008, 130, 3521; e) A. Schweinitz, A. Chtchemeli-
nine, A. Orellana, Org. Lett. 2011, 13, 232; f) B.-S. Li, E. Zhang, Q.-
W. Zhang, F.-M. Zhang, Y.-Q. Tu, X.-P. Cao, Chem. Asian J. 2011, 6,
2269; g) Y. Shao, C. Yang, W. Gui, Y. Liu, W. Xia, Chem. Commun.
2012, 48, 3560; h) M. Puppala, A. Murali, S. Baskaran, Chem.
Commun. 2012, 48, 5778; i) R. J. Phipps, L. McMurray, S. Ritter,
H. A. Duong, M. J. Gaunt, J. Am. Chem. Soc. 2012, 134, 10773;
j) K. C. Gu�rard, A. Gu�rinot, C. Bouchard-Aubin, M.-A. M�nard,
M. Lepage, M. A. Beaulieu, S. Canesi, J. Org. Chem. 2012, 77, 2121;
k) C. W. Plummer, A. Soheili, J. L. Leighton, Org. Lett. 2012, 14,
2462. For selected rearrangement of ketol, see: a) W. H. Wry, J. C.
Duggan, M.-s. H. Pai, J. Am. Chem. Soc. 1970, 92, 5785; b) T. Ooi,
Ko. Ohmatsu, K. Maruoka, J. Am. Chem. Soc. 2007, 129, 2410; c) T.
Hameury, V. Bellosta, J. Guillemont, L. V. Hijfte, J. Cossy, Eur. J.
Org. Chem. 2010, 607; d) A. Moyano, N. El-Hamdouni, A. Atlamsa-
ni, Chem. Eur. J. 2010, 16, 8887.

[8] a) C. J. Douglas, L. E. Overman, Proc. Natl. Acad. Sci. USA 2004,
101, 3363; b) J. Christoffers, A. Baro, Adv. Synth. Catal. 2005, 347,
1473; c) B. M. Trost, C. Jiang, Synthesis 2006, 369; d) B. Wang, Y. Q.
Tu, Acc. Chem. Res. 2011, 44, 1207.

[9] a) G. R. Dake, M. D. B. Fenster, M. Fleury, B. O. Patrick, J. Org.
Chem. 2004, 69, 5676; b) S. G. Sethofer, S. T. Staben, O. Y. Hung,
F. D. Toste, Org. Lett. 2008, 10, 4315; c) R. A. Pilli, G. B. Rossoa,
M. d. C. F. de Oliveira, Nat. Prod. Rep. 2010, 27, 1908; d) X.-M.
Zhang, Y.-Q. Tu, F.-M. Zhang, H. Shao, X. Meng, Angew. Chem.
2011, 123, 4002; Angew. Chem. Int. Ed. 2011, 50, 3916; e) M.-A.
Beaulieu, K. C. Gu�rard, G. Maertens, C. Sabot, S. Canesi, J. Org.
Chem. 2011, 76, 9460; f) X.-M. Zhang, H. Shao, Y.-Q. Tu, F.-M.
Zhang, S.-H. Wang, J. Org. Chem. 2012, 77, 8174.

[10] For the selected ring-opening reaction of furan, see: a) H. N. C.
Wong, M.-Y. Hon, C.-W. Tse, Y.-C. Yip, Chem. Rev. 1989, 89, 165;
b) M. P. Doyle, B. J. Chapman, W. Hu, C. S. Peterson, Org. Lett.
1999, 1, 1327; c) Y. Kobayashi, G. B. Kumar, T. Kurachi, H. P. Achar-
ya, T. Yamazaki, T. Kitazume, J. Org. Chem. 2001, 66, 2011; d) H.-U.
Reissig, R. Zimmer, Chem. Rev. 2003, 103, 1151; e) G. K. Veits,
D. R. Wenz, J. Read deAlaniz, Angew. Chem. 2010, 122, 9674;
Angew. Chem. Int. Ed. 2010, 49, 9484; f) L. I. Palmer, J. Read deAla-
niz, Angew. Chem. 2011, 123, 7305; Angew. Chem. Int. Ed. 2011, 50,
7167; g) C. D. Vanderwal, J. Org. Chem. 2011, 76, 9555; h) B. Yin, C.
Cai, G. Zeng, R. Zhang, X. Li, H. Jiang, Org. Lett. 2012, 14, 1098.

[11] a) Y. Leblanc, B. J. Fitzsimmons, J. Adams, F. Perez, J. Rokach, J.
Org. Chem. 1986, 51, 789; b) E. Wenkert, M. Guo, R. Lavilla, B.
Porter, K. Ramachandran, J.-H. Sheu, J. Org. Chem. 1990, 55, 6203;
c) M. C. Pirrung, J. Zhang, K. Lackey, D. D. Sternbach, F. Brown, J.
Org. Chem. 1995, 60, 2112; d) Y. Wang, S. Zhu, G. Zhu, Q. Huang,
Tetrahedron 2001, 57, 7337; e) H. M. L. Davies, S. Hedley, Chem.
Soc. Rev. 2007, 36, 1109.

[12] For migratory aptitude, see: a) D. R. Coveney, The Semipinacol and
Other Rearrangement, in Comprehensive Organic Synthesis (Eds.:
B. M. Trost, I. Fleming), Pergamon, Oxford, 1991; b) L. A. Paquette,
J. F. P. Andrews, C. Vanucci, D. E. Lawhorn, J. T. Negri, R. D.
Rogers, J. Org. Chem. 1992, 57, 3956; c) L. A. Paquette, J. C. Lanter,
J. N. Johnston, J. Org. Chem. 1997, 62, 1702.

[13] For details, please see the Supporting Information.
[14] a) H. C. Brown, B. R. Adams, J. Am. Chem. Soc. 1942, 64, 2557;

b) P.-C. Maria, J.-F. Gal, J. Phys. Chem. 1985, 89, 1296.

Received: January 19, 2013
Published online: March 13, 2013

Chem. Eur. J. 2013, 19, 5246 – 5249 � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 5249

COMMUNICATIONDirect Syntheses of Spiro- and Fused-Hydrofurans

http://dx.doi.org/10.1039/c3981000100a
http://dx.doi.org/10.1039/c3981000100a
http://dx.doi.org/10.1021/np50046a002
http://dx.doi.org/10.1021/jo00238a030
http://dx.doi.org/10.1021/jo9505031
http://dx.doi.org/10.1021/ol035560s
http://dx.doi.org/10.1021/ol0481535
http://dx.doi.org/10.1021/ja00451a074
http://dx.doi.org/10.1016/S0040-4039(00)00021-6
http://dx.doi.org/10.1021/np020308z
http://dx.doi.org/10.1021/np900642p
http://dx.doi.org/10.1021/jo00034a003
http://dx.doi.org/10.1021/jo00034a003
http://dx.doi.org/10.1021/ja00049a014
http://dx.doi.org/10.1021/ja00049a014
http://dx.doi.org/10.1021/jo00106a033
http://dx.doi.org/10.1021/jo00106a033
http://dx.doi.org/10.1016/j.tetlet.2006.02.094
http://dx.doi.org/10.1021/cr030604w
http://dx.doi.org/10.1021/jo901094x
http://dx.doi.org/10.1016/j.tet.2010.10.017
http://dx.doi.org/10.1021/jo970816r
http://dx.doi.org/10.1021/jo970816r
http://dx.doi.org/10.1021/ol006866r
http://dx.doi.org/10.1021/ol060437x
http://dx.doi.org/10.1021/ol060437x
http://dx.doi.org/10.1021/ol800854s
http://dx.doi.org/10.1021/ol800854s
http://dx.doi.org/10.1002/ange.200904565
http://dx.doi.org/10.1002/anie.200904565
http://dx.doi.org/10.1002/ange.201204274
http://dx.doi.org/10.1002/ange.201204274
http://dx.doi.org/10.1002/anie.201204274
http://dx.doi.org/10.1021/ja3016236
http://dx.doi.org/10.1021/ja3016236
http://dx.doi.org/10.1021/ja055752d
http://dx.doi.org/10.1021/ja055752d
http://dx.doi.org/10.1039/b709634h
http://dx.doi.org/10.1039/b709634h
http://dx.doi.org/10.1021/cr900386h
http://dx.doi.org/10.1021/cr200055g
http://dx.doi.org/10.1021/cr100295j
http://dx.doi.org/10.1021/jo00083a002
http://dx.doi.org/10.1021/ja9624432
http://dx.doi.org/10.1021/ja036302t
http://dx.doi.org/10.1021/ja077664u
http://dx.doi.org/10.1021/ol1026415
http://dx.doi.org/10.1002/asia.201100383
http://dx.doi.org/10.1002/asia.201100383
http://dx.doi.org/10.1039/c2cc17960a
http://dx.doi.org/10.1039/c2cc17960a
http://dx.doi.org/10.1039/c2cc31906c
http://dx.doi.org/10.1039/c2cc31906c
http://dx.doi.org/10.1021/ja3039807
http://dx.doi.org/10.1021/jo300169k
http://dx.doi.org/10.1021/ol300691u
http://dx.doi.org/10.1021/ol300691u
http://dx.doi.org/10.1021/ja063051q
http://dx.doi.org/10.1002/ejoc.200901202
http://dx.doi.org/10.1002/ejoc.200901202
http://dx.doi.org/10.1002/chem.201000437
http://dx.doi.org/10.1002/adsc.200505165
http://dx.doi.org/10.1002/adsc.200505165
http://dx.doi.org/10.1055/s-2006-926302
http://dx.doi.org/10.1021/ar200082p
http://dx.doi.org/10.1021/jo049356+
http://dx.doi.org/10.1021/jo049356+
http://dx.doi.org/10.1021/ol801760w
http://dx.doi.org/10.1039/c005018k
http://dx.doi.org/10.1002/ange.201008147
http://dx.doi.org/10.1002/ange.201008147
http://dx.doi.org/10.1002/anie.201008147
http://dx.doi.org/10.1021/jo2019027
http://dx.doi.org/10.1021/jo2019027
http://dx.doi.org/10.1021/jo301545y
http://dx.doi.org/10.1021/cr00091a005
http://dx.doi.org/10.1021/ol990168t
http://dx.doi.org/10.1021/ol990168t
http://dx.doi.org/10.1021/jo001495d
http://dx.doi.org/10.1021/cr010016n
http://dx.doi.org/10.1002/ange.201005131
http://dx.doi.org/10.1002/anie.201005131
http://dx.doi.org/10.1002/ange.201102102
http://dx.doi.org/10.1002/anie.201102102
http://dx.doi.org/10.1002/anie.201102102
http://dx.doi.org/10.1021/jo201625e
http://dx.doi.org/10.1021/ol300008d
http://dx.doi.org/10.1021/jo00356a004
http://dx.doi.org/10.1021/jo00356a004
http://dx.doi.org/10.1021/jo00312a031
http://dx.doi.org/10.1021/jo00112a036
http://dx.doi.org/10.1021/jo00112a036
http://dx.doi.org/10.1016/S0040-4020(01)00709-8
http://dx.doi.org/10.1039/b607983k
http://dx.doi.org/10.1039/b607983k
http://dx.doi.org/10.1021/jo00040a042
http://dx.doi.org/10.1021/jo962019j
http://dx.doi.org/10.1021/ja01263a009
http://dx.doi.org/10.1021/j100253a048
www.chemeurj.org

