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Bifunctional Cinchona Alkaloid Thiourea Catalyzed Highly Efficient,
Enantioselective Aza-Henry Reaction of Cyclic Trifluoromethyl
Ketimines: Synthesis of Anti-HIV Drug DPC 083**

Hexin Xie, Yinan Zhang, Shilei Zhang, Xiaobei Chen, and Wei Wang*

The aza-Henry reaction is a powerful method for C—C bond
formation.!" Moreover, the versatile nitro group can be
conveniently transformed into a variety of new functional
groups, which are highly valuable in the preparation of related
analogues in drug discovery. In recent years, significant efforts
have been directed toward the development of catalytic
asymmetric aza-Henry reactions.!"! However, the electrophilic
substrates have been largely confined to imines derived from
aldehydes."¥ The development of an efficient protocol for an
enantioselective aza-Henry reaction of ketimines to generate
a chiral quaternary center remains elusive because of the
lower reactivity of ketimines and difficulties in enantiofacial
discrimination. To our knowledge, to date, there has been
only one report, by Feng and co-workers, of a chiral N,N'-
dioxide copper complex (20 mol%) catalyzed asymmetric
aza-Henry reaction between acyclic ketimines and nitro-
methane; this reaction proceeded with good enantioselectiv-
ities (71-96 % ee) but generally in poor yields (21-70%).P!
Dihydroquinazolinones, as an important class of hetero-
cyclic compounds are characterized by their broad spectrum
of intriguing biological properties, such as antiviral® and
antiobesity activities,”! and their use in the treatment of
cardiovascular diseases® and pain.”’ Notably, among these
compounds, drug candidates DPC 083 and DPC 961, bearing
a chiral trifluoromethyl moiety, are potent HIV-1 nonnucleo-
side reverse transcriptase inhibitors (Scheme 1). It is
believed that the trifluoromethyl motif plays a pivotal role
in the bioactivity. Accordingly, efficient approaches to
valuable chiral molecular architectures with sites for func-
tional group diversification are of considerable synthetic and
biological importance. Furthermore, catalytic enantioselec-
tive syntheses of DPC 083 and DPC 961 are needed. Given
the important challenge of the construction of a functional-
ized quaternary stereogenic center in the dihydroquinazoli-
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Scheme 1. Structures of anti-HIV drug candidates DPC 083 and 961.

none scaffolds, significant efforts have been made but with
limited success. The approaches reported to date mainly rely
on chiral auxiliaries to control the stereoselectivity.’! An
atom-economical catalytic enantioselective process is more
attractive but, to our knowledge, such a method giving a
useful level of enantioselectivity (>90% ee) is an unmet
synthetic issue.”!

Herein, we report a novel highly efficient organocatalytic
enantioselective aza-Henry reaction for the preparation of
the enantioenriched trifluoromethyl dihydroquinazolinones.
Notably, a highly efficient hydrogen-bond-mediated enantio-
selective addition of nitroalkanes to ketimines has been
achieved for the first time under mild reaction conditions in
high yields using as low as 1 mol% catalyst loading. Fur-
thermore, we also observed that the trifluoromethyl group is
critical for not only biological activity,'” but also for chemical
reactivity. Finally, the highly enantioselective synthesis of
DPC 083 has been achieved using the aza-Henry reaction as a
key step.

We envisioned that a catalytic enantioselective aza-Henry
reaction could be realized by the reaction of 2(1H)-quinazo-
linones 1 with versatile nitroalkanes to generate chiral
dihydroquinazolinones (Table 1). Accordingly, our investiga-
tion began with the model reaction between trifluoromethyl-
quinazolin-2(1H)-one (1a; 1.0 equiv) and nitromethane (2a;
2.0 equiv) in the presence of quinine (4a; 10 mol %) as the
catalyst in CH,Cl, at room temperature (Table 1, entry 1).['"
A good yield (88%) was achieved but a disappointing
enantiomeric excess (24 %) was observed (Table 1, entry 1).
Quinine thiourea (e.g., Soés catalyst; 4b),!? which has two
more hydrogen-bond donors than quinine, proved to be a
better promoter in the aza-Henry reaction; a shorter reaction
time along with a better yield was obtained, but with only
marginal improvement in the enantiocontrol (31% ee;
Table 1, entry2). Blocking the hydrogen-bond donor of
quinine by protecting the 9-OH with phenanthrenyl (PHN;
catalyst 4¢)" resulted in no reaction (Table 1, entry 3).
Catalyst 4d™! bearing two hydroxy moieties allowed the
reaction to proceed with dramatically improved enantiose-
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Table 1: Exploration of the catalytic enantioselective aza-Henry reaction
of ketimine 1a with nitromethane 2a.”!

CFs FsC, «—NO,
Cl SN, CHaNO, 10 mol % cat. cl NH
/g 2 equiv solvent, RT N /& o
Bug © PMB = p-MeOCgH,CH, PMB
1a 2a 3a
Entry Cat. Solvent t[h] Yield [%]P ee [%6]
1 4a CH,Cl, 28 88 —24
2 4b CH,Cl, 6 9% 31
3 4c CH,Cl, 58 <10 n.d.
4 4d CH,Cl, 58 75 69
5 de CH,Cl, 28 78 93
6 4f CH,Cl, 1 9% 94
7 4f toluene 0.8 97 96
8 4fd toluene 6 97 95

[a] Unless specified, see the Experimental Section for the reaction
conditions. [b] Yields of the isolated products. [c] Determined by HPLC
analysis on a chiral staionary phase (Chiralpak AS-H). [d] 1 mol % of 4 f
was used. [e] Not determined.

cat. 2

R'=H, R? = Me, quinine, 4a
R' = PHN, R2 = OMe, 4c
R'=H, R?=0H, 4d

R'=Bn, R2=0H, 4e

R' = Bn, R = NHCSNHAr, 4f

Ar: 3,5-(CF3),CeHs

lectivity (69 % ee; Table 1, entry 4), thus suggesting that the
6'-OH group might play a key role in governing the
enantiocontrol. Accordingly, catalyst 4el"®! with the 9-OH
group protected by a benzyl group was designed to probe the
effect. To our delight, a significant improvement in the
enantioselectivity (93 % ee) was observed without any reduc-
tion in the reaction yield (78 %; Table 1, entry 5). Replace-
ment of the 6'-OH group by a thiourea moiety, a stronger
hydrogen-bond donor, led to catalyst 4 £"* which displayed a
higher catalytic activity with a significantly shortened reaction
time and excellent yield and ee value (1h, 96% yield, and
94% ee; Table 1, entry 6). A similar observation was first
reported in the study by Hiemstra and co-workers of the
Henry reaction of aldehydes with 4 £1¥) A screen of solvents
revealed that toluene was the optimal medium for the process
(Table 1, entry 7). Remarkably, the use of as low as 1 mol % of
4f was sufficient, and comparable results were achieved
(Table 1, entry 8).

Under the optimized reaction conditions, the scope of the
aza-Henry reaction was explored (Table 2). It was found that
the 4f-catalyzed aza-Henry reaction was applicable to a
variety of substrates to give trifluoromethylquinazolin-2(1H)-
ones in high yields with good to excellent enantioselectivities.
The reactions were unaffected by the electronic nature of the
substituents on the aromatic rings. No matter whether there
were electron-withdrawing (Table 2, entries 1-4), electron-
donating (Table 2, entry 5-7), or electron-neutral (Table 2,
entry 8) groups on the phenyl ring of the quinazolinones the
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Table 2: Scope of 4 f-catalyzed aza-Henry reactions.”!

R
5 . R }—No2
~N o 3
X1 11 + RCH,NO, _ Mol%4f ANNH
TN Y0 R=H, 2a toluene, RT ~ X—; P /&
PG R'=Me, 2b Ns ©
PG =PMBor H R'=Et, 2¢ 3
1
Enty X, R,P,R,3 t[h] Yield [%]P  ee [%]1
1 6-Cl, CF;, PMB, H, 3a 6 97 95
2 6-Br, CF;, PMB, H, 3b 75 89 95
3 61, CF;, PMB, H, 3¢ 65 89 94
4 6-F, CF;, PMB, H, 3d 4 97 96
5 6-PMB, CF;, PMB, H, 3e 7 91 95
6 5-MeO, CF;, PMB, H,3f 17 89 98
7 6-MeO, CF;, PMB, H,3g 17 93 96
8 H, CF;, PMB, H, 3h 6 96 96
9 6-Cl, CF;, PMB, Me, 3i 22 50:27¢ 87.821
101 6-Cl, CF;, PMB, Me, 3i 16 72:23% 93:921
1 6-Cl, CF5, PMB, Et, 3j 28 49:23M 88:821
1211 6-Cl, CF;, PMB, Et, 3j 36 61:300 92:931
130 H, Me, PMB, H, 3k 46 - -
140 H, Ph, PMB, H, 31 46 - -
150 6-Cl, CF3, H, H,3m 41 - -

[a] Unless specified, see the Experimental Section for the reaction
conditions. [b] Yields of the isolated product. [c] Determined by HPLC
analysis on a chiral stationary phase (Chiralpak AS-H or Chiralcel OD-H
or OJ-H). [d] Major/minor isomers. [e] The d.r.=1.8:1, as determined by
"H NMR spectroscopy of the crude reaction mixture. [f] Reaction at 0°C.
[g] The d.r.=3:1, as determined by '"H NMR spectroscopy. [h] The
d.r.=2:1, as determined by "H NMR spectroscopy. [i] The d.r.=2:1, as
determined by 'H NMR spectroscopy. [j| No reaction.

reactions proceeded efficiently to afford the products with
high yields and enantioselectivities. A variety of the nitro-
alkanes 2 were also investigated. Nitroethane and 1-nitro-
propane furnished nitroquinazolinones in good yields and
with good enantioselectivities (Table 2, entries 9 and 11).
Lowering reaction temperatures to 0°C led to an improve-
ment in the d.r., eevalue, and reaction yield (Table 2,
entries 10 and 12). Notably, two adjacent stereogenic centers
were created simultaneously, although with moderate diaste-
reoselectivity, and the diastereomers could be separated by
column chromatography on silica gel. A limitation of the
process was also identified; the replacement of the trifluor-
omethyl group on the quinazolinones with a methyl or phenyl
group led to a dramatic decrease in the reactivity of the
substrates. No addition products were detected, and all
starting materials remained unreacted, as determined by
'H NMR analysis (Table 2, entries 13 and 14), thus indicating
that the strong electron-withdrawing trifluoromethyl group is
critical for the reaction to occur. Finally, it was found that the
PMB protecting group was also pivotal, as no reaction
occurred when it was removed (Table2, entry 15). The
configuration of the products was determined by single-
crystal X-ray analysis of 3b (see Figure S1 in the Supporting
Information).!”

Having developed the catalytic highly enantioselective
aza-Henry reaction, we applied it to the synthesis of anti-HIV
drug DCP 083 (Scheme 2). The 4f-catalyzed aza-Henry
reaction between 1 and nitrocyclopropylalkane 5 under the
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O,N
O,N
cl T W FaC, \\%
cat. 4f, toluene
o ylel
. d.r.=1.5:1 N™ =0
1a PMB 90% ee for major 6a ¢ PMB

70% ee for minor 6b

HzN
FaC, ) 1) Mel, K,CO3 DMF

CoCly-6H,0, NaBH4

MeOH, 0 °C cl NH 2) HCHO, NaBH(OAc)3
Y Y . /&
92% for major 7a /& 83% for major 8a
68% for minor 7b N o 70% for minor 8b

7 PMB
©
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NH
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9
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Scheme 2. Synthesis of DPC 083.

optimized reaction conditions (see Table 2 and the Support-
ing Information) enabled the installation of the requisite
quaternary stereogenic center in 91% yield with the two
isomers formed in a 1.5:1 ratio. The major isomer 6a
(90% ee) had a higher enantioselectivity than that of the
minor one 6b (70 % ee). The two isomers could be separated
by column chromatography and they were both converted
into target DPCO083 in parallel by the following route.
Reduction of the nitro group in 6a and 6b using
CoCl,-6 H,0 and NaBH, in MeOH at 0°C gave the respective
amines 7a and 7b in 92% and 68 % yields, respectively. N-
dimethylation of the resulting amino group presented chal-
lenging problems. The employment of the commonly used
iodomethane (>3 equiv) as the methylation reagent resulted
in a mixture of mono- and bisproducts. An alternative
reductive amination method using formaldehyde and NaBH-
(OAc); gave rise to a complicated reaction mixture, which
contained some of the desired bismethyl product. Extensive
attempts to optimize the reaction conditions led us to the use
of two sequential reactions. Treatment of 7a and 7b with Mel
in the presence of K,CO; gave the mono- and bismethylation
products as a mixture, which after a subsequent reductive
amination of the monomethyl products furnished clean
bisproducts 8a and 8b in high yields (83% and 70%,
respectively). The generation of the essential frans C=C
bonds was realized by a Cope elimination reaction, after
numerous attempts. The prerequisite N-oxide precursors 9a
and 9b were obtained by treatment with mCPBA. The
resulting N-oxides spontaneously underwent Cope elimina-
tion reactions in “one pot” to afford olefin 10 in 72% and
82 % yields, respectively, over the two steps. Notably, in both
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cases, trans products were obtained exclusively, as determined
by 'H NMR analysis. Finally, the removal of the PMB group
could be achieved by treatment of 10 with TFA in the
presence of anisole to give the target DPC 083 in 69% and
53 % yield, respectively. The spectral data of DPC 083 are in
full agreement with those described in the literature
([0]% =-17.6° (c=0.01 gcm™, CH,0H), 90 % ee;
[a]® =—19.8° (c=0.004 gcm ™, CH;OH), 95% ee; lit.”
[a]d =-22.5° (c=0.004 gcm™, CH;0H), >99.9% ee).
During these transformations, notably, no racemination of
the quaternary stereogenic center was observed for 6a, based
on the chiral HPLC analysis of the product DPC 083.
However, interestingly, a dramatic enhancement of enantio-
selectivity for 6b (70% ee) was seen as the end product
DPC 083 was obtained with 95% ee. This result is due to the
substantial enrichment of the S enantiomer during the trans-
formation of 6b into 7b (from 70 % to 88 % ee).

In conclusion, driven by the lack of highly enantioselec-
tive catalytic reactions for the synthesis of biologically
significant trifluoromethyl hydroquinazolinones and the
anti-HIV drug candidate DPC 083, we have developed the
first highly efficient aza-Henry reaction of cyclic ketimines
using simple quinine thioureas as the catalyst with as low as
1 mol % loading under mild reaction conditions. To the best of
our knowledge, the study represents the first example of an
organocatalytic asymmetric aza-Henry reaction using cyclic
ketimines that leads to chiral quaternary carbon centers.
Moreover, the aza-Henry reaction serves as a key step in the
asymmetric preparation of anti-HIV drug DPC 083, thus
demonstrating the synthetic utility of the aza-Henry reaction
adducts. Investigations into the bioactivity of these products
and their applications in diversity-oriented synthesis are
currently being pursued.

Experimental Section

General Procedure (Table 2; entry 1 as an example): Nitromethane
2a (0.12 mmol) was added to a mixture of quinazolin-2(1H)-one 1a
(0.06 mmol) and catalyst (4 £, 0.0006 mmol) in toluene (0.5 mL) at RT.
The resulting mixture was then stirred at RT until reaction was
completed in 6 h. The pure product was obtained after purification by
column chromatography on silica gel (ethyl acetate/hexanes 1:1),
ready for compound characterization and chiral HPLC analysis.

Received: August 23, 2011
Published online: October 11, 2011

Keywords: alkaloids - asymmetric synthesis -
aza-Henry reaction - drug synthesis - organocatalysis

[1] For recent reviews of aza-Henry reactions, see: a) G. K. Friestad,
A. K. Mathies, Tetrahedron 2007, 63, 2541; b) A. Ting, S.E.
Schaus, Eur. J. Org. Chem. 2007, 5797; c) E. Marqués-Lopez, P.
Merino, T. Tejero, R. P. Herrera, Eur. J. Org. Chem. 2009, 2401.

[2] For recent catalytic asymmetric aza-Henry reactions with
aldimines, see: a) T. Okino, S. Nakamura, T. Furukawa, Y.
Takemoto, Org. Lett. 2004, 6, 625; b) B. M. Nugent, R. A. Yoder,
J. N. Johnston, J. Am. Chem. Soc. 2004, 126, 3418; c) T. P. Yoon,
E. N. Jacobsen, Angew. Chem. 2005, 117, 470; Angew. Chem. Int.
Ed. 2005, 44, 466; d) F. Fini, V. Sgarzani, D. Pettersen, R. P.

www.angewandte.org

ewandte

Chemie

1775


http://dx.doi.org/10.1016/j.tet.2006.11.076
http://dx.doi.org/10.1002/ejoc.200700409
http://dx.doi.org/10.1021/ol0364531
http://dx.doi.org/10.1021/ja031906i
http://dx.doi.org/10.1002/ange.200461814
http://dx.doi.org/10.1002/anie.200461814
http://dx.doi.org/10.1002/anie.200461814
http://www.angewandte.org

11776 www.angewandte.org

Communications

Herrera, L. Bernardi, A. Ricci, Angew. Chem. 2005, 117, 8189;
Angew. Chem. Int. Ed. 2005, 44, 7975; e) C. Palomo, M.
Oiarbide, A. Laso, R. Lopez, J. Am. Chem. Soc. 2005, 127,
17622; f) C. M. Bode, A. Ting, S. E. Schaus, Tetrahedron 2006,
62, 11499; g) M. T. Robak, M. Trincado, J. A. Ellman, J. Am.
Chem. Soc. 2007, 129,15110; h) B. Han, Q.-P. Liu, R. Li, X. Tian,
X.-F. Xiong, J. Deng, Y.-C. Chen, Chem. Eur. J. 2008, 14, 8094;
i) C.-J. Wang, X.-Q. Dong, Z.-H. Zhang, Z.-Y. Xue, H.-L. Teng, J.
Am. Chem. Soc. 2008, 130, 8606; j) C. Rampalakos, W. D. Wulff,
Adv. Synth. Catal. 2008, 350, 1785; k) M. Rueping, A.P.
Antonchick, Org. Lett. 2008, 10, 1731; 1) D. Uraguchi, K.
Koshimoto, T. Ooi, J. Am. Chem. Soc. 2008, 130, 10878;
m) H. M. Lovick, F. E. Michael, Tetrahedron Lett. 2009, 50,
1016; n) K. Takada, K. Nagasawa, Adv. Synth. Catal. 2009, 351,
345; 0) X. Wang, Y.-F. Chen, L.-F. Niu, P-F. Xu, Org. Lett. 2009,
11, 3310; p) G. Zhang, E. Yashima, W.-D. Woggon, Adv. Synth.
Catal. 2009, 351, 1255; q) X. Jiang, Y. Zhang, L. Wu, G. Zhang,
X. Liu, H. Zhang, D. Fu, R. Wang, Adv. Synth. Catal. 2009, 351,
2096; 1) T. A. Davis, J. C. Wilt, J. N. Johnston, J. Am. Chem. Soc.
2010, 732, 2880; s) M. Rachwalski, S. Lesniak, P. Kielbasinski,
Tetrahedron: Asymmetry 2011, 22, 1087; t) Z. Zhang, G. Jakab,
P. R. Schreiner, Synlert 2011, 1262; u) X. Liu, Y.-X. Lu, Org.
Biomol. Chem. 2010, 8,4063; v) K. Lang, J. Park, S. Hong, J. Org.
Chem. 2010, 75, 6424; w)R. Imashiro, H. Uehara, C.F.
Barbas 111, Org. Lett. 2010, 12, 5250.

[3] C. Tan, X. Liu, L. Wang, J. Wang, X. Feng, Org. Lett. 2008, 10,
5305.

[4] For a review, see: J. W. Corbett, Curr. Med. Chem.: Anti-Infect.
Agents 2002, 1, 119.

[5] S. G. Mueller, K. Rudolf, P. Lustenberger, D. Stenkamp, K.
Arndt, H. Doods, G. Schaenzle, U.S. Pat. 20050234054, 2005.

[6] H. Hasegawa, M. Muraoka, K. Matsui, A. Kojima, Bioorg. Med.
Chem. Lett. 2003, 13, 3471.

[7] P.R. Daga, R.J. Doerksen, J. Comput. Chem. 2008, 29, 1945.

[8] a) M. A. Huffman, N. Yasuda, A. E. DeCamp, E. J. J. Grabow-
ski, J. Org. Chem. 1995, 60, 1590; b) N. A. Magnus, P.N.

Confalone, L. Storace, M. Patel, C. C. Wood, W. P. Davis, R. L.

Parsons, Jr., J. Org. Chem. 2003, 68, 754; c) B. Jiang, Y. G. Si,

Angew. Chem. 2004, 116, 218; Angew. Chem. Int. Ed. 2004, 43,

216; d) H. A. Rajapakse, M. B. Yong, H. Zhu, S. Charlton, N. N.

Tsou, Tetrahedron Lett. 2005, 46, 8909.

Only a single study of the catalytic asymmetric Mannich reaction

was reported, and poor enantioselectivities (30-79 % ee) were

observed: B. Jiang, J. J. Dong, Y. G. Si, X. L. Zhao, Z. G. Huang,

M. Xu, Adv. Synth. Catal. 2008, 350, 1360.

[10] For recent reviews of fluorine including trifluoromethyl group in
bioactive molecules: a) J. Nie, H.-C. Guo, D. Cahard, J.-A. Ma,
Chem. Rev. 2011, 111, 455; b) S. Lectard, Y. Hamashima, M.
Sodeoka, Adv. Synth. Catal. 2010, 352, 2708; c) D. O’Hagan,
Chem. Soc. Rev. 2008, 37,308; d) B. E. Smart, J. Fluorine Chem.
2001, 109, 3.

[11] Recent reviews of bifunctional (thio)ureas catalysis, see: a) S.-K.
Tian, Y.-G. Chen, J.-F. Hang, L. Tang, P. McDaid, L. Deng, Acc.
Chem. Res. 2004, 37, 621; b) Y. Takemoto, Org. Biomol. Chem.
2005, 3, 4299; ¢) M. S. Taylor, E. N. Jacobsen, Angew. Chem.
2006, 118, 1550; Angew. Chem. Int. Ed. 2006, 45, 1520; d) S. J.
Connon, Chem. Eur. J. 2006, 12, 5418; e) T. Akiyama, Chem.
Rev. 2007, 107, 5744; f) X.-H. Yu, W. Wang, Chem. Asian J. 2008,
3, 1701; g) Z. Zhang, P. R. Schreiner, Chem. Soc. Rev. 2009, 38,
1187; h) Y. Takemoto, Chem. Pharm. Bull. 2010, 58, 593.

[12] B. Vakulya, S. Varga, A. Csampai, T. Sods, Org. Lett. 2005, 7,
1967.

[13] H. Li, Y. Wang, L. Tang, L. Deng, J. Am. Chem. Soc. 2004, 126,
9906.

[14] T. Marcelli, R.N.S. van der Haas, J. H. van Maarseveen, H.
Hiemstra, Angew. Chem. 2006, 118, 943; Angew. Chem. Int. Ed.
2006, 45, 929.

[15] The structure of a compound derived from molecule 3b was
determined by X-ray crystal analysis. CCDC 841456 contains the
supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

[9

—

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

Angew. Chem. Int. Ed. 2011, 50, 11773-11776


http://dx.doi.org/10.1002/ange.200502646
http://dx.doi.org/10.1002/anie.200502646
http://dx.doi.org/10.1021/ja056594t
http://dx.doi.org/10.1021/ja056594t
http://dx.doi.org/10.1016/j.tet.2006.07.071
http://dx.doi.org/10.1016/j.tet.2006.07.071
http://dx.doi.org/10.1021/ja075653v
http://dx.doi.org/10.1021/ja075653v
http://dx.doi.org/10.1002/chem.200801170
http://dx.doi.org/10.1021/ja803538x
http://dx.doi.org/10.1021/ja803538x
http://dx.doi.org/10.1002/adsc.200800214
http://dx.doi.org/10.1021/ol8003589
http://dx.doi.org/10.1021/ja8041004
http://dx.doi.org/10.1016/j.tetlet.2008.12.058
http://dx.doi.org/10.1016/j.tetlet.2008.12.058
http://dx.doi.org/10.1002/adsc.200800692
http://dx.doi.org/10.1002/adsc.200800692
http://dx.doi.org/10.1021/ol9011458
http://dx.doi.org/10.1021/ol9011458
http://dx.doi.org/10.1002/adsc.200900069
http://dx.doi.org/10.1002/adsc.200900069
http://dx.doi.org/10.1002/adsc.200900413
http://dx.doi.org/10.1002/adsc.200900413
http://dx.doi.org/10.1021/ja908814h
http://dx.doi.org/10.1021/ja908814h
http://dx.doi.org/10.1016/j.tetasy.2011.05.006
http://dx.doi.org/10.1039/c0ob00223b
http://dx.doi.org/10.1039/c0ob00223b
http://dx.doi.org/10.1021/jo1009867
http://dx.doi.org/10.1021/jo1009867
http://dx.doi.org/10.1021/ol102292a
http://dx.doi.org/10.1021/ol802236h
http://dx.doi.org/10.1021/ol802236h
http://dx.doi.org/10.1016/S0960-894X(03)00744-3
http://dx.doi.org/10.1016/S0960-894X(03)00744-3
http://dx.doi.org/10.1002/jcc.20960
http://dx.doi.org/10.1021/jo00111a016
http://dx.doi.org/10.1021/jo0263162
http://dx.doi.org/10.1002/ange.200352301
http://dx.doi.org/10.1002/anie.200352301
http://dx.doi.org/10.1002/anie.200352301
http://dx.doi.org/10.1016/j.tetlet.2005.10.067
http://dx.doi.org/10.1002/adsc.200800039
http://dx.doi.org/10.1021/cr100166a
http://dx.doi.org/10.1002/adsc.201000624
http://dx.doi.org/10.1016/S0022-1139(01)00375-X
http://dx.doi.org/10.1016/S0022-1139(01)00375-X
http://dx.doi.org/10.1021/ar030048s
http://dx.doi.org/10.1021/ar030048s
http://dx.doi.org/10.1039/b511216h
http://dx.doi.org/10.1039/b511216h
http://dx.doi.org/10.1002/ange.200503132
http://dx.doi.org/10.1002/ange.200503132
http://dx.doi.org/10.1002/anie.200503132
http://dx.doi.org/10.1002/chem.200501076
http://dx.doi.org/10.1021/cr068374j
http://dx.doi.org/10.1021/cr068374j
http://dx.doi.org/10.1039/b801793j
http://dx.doi.org/10.1039/b801793j
http://dx.doi.org/10.1248/cpb.58.593
http://dx.doi.org/10.1021/ol050431s
http://dx.doi.org/10.1021/ol050431s
http://dx.doi.org/10.1021/ja047281l
http://dx.doi.org/10.1021/ja047281l
http://dx.doi.org/10.1002/ange.200503724
http://dx.doi.org/10.1002/anie.200503724
http://dx.doi.org/10.1002/anie.200503724
http://dx.doi.org/10.1002/anie.200503724
http://www.angewandte.org

