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One of the biggest challenges facing the biologists and
chemists is understanding the mechanisms that control
biological processes.[1] The structures of the chemical com-
pounds involved in these mechanisms determine their role,
for example, as drugs or as proteins with given functions. To
understand the role a particular compound plays in a
biological process, its chemical profile must be determined.
Screening experiments carried out with compound libraries
are used to search for the discrete target displaying the
desired properties. In this search, libraries of compounds
showing a broader diversity of frameworks span larger tracts
of biologically relevant chemical space,[2] making it easier to
identify lead molecules.[3] Organic chemists use a limited
range of functional groups for synthesizing compounds based
on already known architectures;[4] hence generating structural
complexity and diversity is crucial in the creation of
compound collections for biological screening.[5] The syn-
thesis of target molecules and medicinal chemistry in general
cover a limited chemical space, since at most only a diversity
of functional groups is possible. For this reason a concept with
more structural flexibility is needed. Diversity-oriented syn-
thesis (DOS) focuses on the generation of structurally diverse
scaffolds in the fewest possible steps.[6] This new field of
organic chemistry covers a broader chemical space by using
diversity-generating reactions to achieve high substitutional,
stereochemical, and skeletal diversity. DOS can be achieved
by biomimetic transformations[7] and functional-group pair-
ing,[8] as well as by convergent,[9] domino,[10] and cascade[11]

approaches and multicomponent reactions.[12] In these
approaches the particular emphasis is on innovations that
allow skeleton modification.[13] Recently, Moeller and co-
workers developed a electrochemical protocol for the syn-
thesis of addressable libraries as platforms for biological
assays on microelectrode arrays.[14] Electrochemical reactions
have been used as the key step in the synthesis of complex
molecules.[15] Herein, we report a new electrochemically
based DOS protocol, in which the electrooxidation of 2,4-

dimethylphenol is the key reaction for the complexity-
generating strategy.

The electrooxidation of 2,4-dimethylphenol (1) on Pt
electrodes using Ba(OH)2·8 H2O in methanol as electrolyte
affords compound 2 (Scheme 1).[16] This dehydrotetramer of

2,4-dimethylphenol can be obtained in large quantities (up to
23 g per run) and is easily isolated since it precipitates during
electrolysis in an undivided cell. The formation of 2 takes
place with exclusive diastereoselectivity; most probably the
divalent cation Ba2+ brings together the initially formed
Pummerer ketone derivative and another unit of 1 in a
defined orientation.[17] Scaffold 2 shows a range of function-
alities for subsequent diversity-generating reactions
(Scheme 2). Similar to a Swiss Army knife, wherein a
simple action provides a distinct function or tool, simple
transformations applied to the richly functionalized inter-
mediate 2 led to 14 compounds with 11 different scaffolds in
good to excellent yield. The optimized reactions provide a
library of novel polycyclic architectures. By manipulating the
reaction conditions we could create molecules with alterna-
tive scaffolds, the cornerstone of diversity-oriented synthesis,
and achieve stereo-, regio-, and chemoselectivity control.

When the anodically produced key intermediate 2 is
treated either thermally,[16] or more efficiently with acid, the
spiropentacycle 3 is obtained exclusively.[17] In the cationic
intermediate a stabilizing secondary orbital interaction might
exist between the lone pairs of electrons on the oxygen atoms
and the empty orbital (Scheme 3). This interaction suggests a
late transition state. Most remarkably, blocking the hydroxy
group of the hemiketal moiety of 2 with acid-labile groups
greatly influences the course of the reaction. The silylation
reaction can be performed under standard conditions, provid-
ing, for example, the O-TIPS-protected 4c in good yield
(86 %). It is noteworthy that the hemiketal is not opened up.
Treatment of these silylated substrates with Lewis acids
results in the preferential formation of 5, an epimer of 3 in
which the spiro center is inverted (Scheme 2). The acid
lability of the silyl groups is directly reflected in the 3/5 ratio

Scheme 1. Electrooxidation leading to the key intermediate 2.
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(Table 1). The trimethylsilyl-protected substrate 4 a provides
a mixture of 3 and 5 in a 30:70 ratio (Table 1, entry 1). When
the silyl groups are bulkier, the yield of 5 increases and the
transformations are significantly cleaner (Table 1, entries 2
and 3).

A mechanistic rationale is given in Scheme 3. Liberation
of 2,4-dimethylphenol from 4 generates the cationic species I.
Repulsion of the lone pairs of the oxygen functionalities paves
the way to 3. When silyl-protected substrates are used, the
rearrangement of cation II is disfavored on the Re side and

consequently, the less sterically demanding pathway leads to
5. The stereochemical course of the Wagner–Meerwein
rearrangement can be efficiently altered by the use of a
proton equivalent. The rearrangement of the silylated species
occurs in almost 70 % total yield (Table 1). The bulk of the
silyl moieties directs the skeletal rearrangement since cleav-
age of the silyl moiety seems to be the final step. Complete
stereochemical reversal and exclusive formation of 5 is
probably not possible, since the desilylation seems to occur
under electrophilic conditions to some extent prior to the
rearrangement. When typical conditions for ionic hydro-
genation are applied to 2,[18] dibenzofuran 6 is formed as the
sole product by reduction of the benzylic position, elimination
of water, ring opening, and 1,2-shift. Thus 6 is obtained from 1
in only two simple preparative steps (a mechanistic rationale
is given in the Supporting Information).

Treatment of key intermediate 2 with thionyl chloride
leads to the demethylation of a quaternary carbon atom of the
central carbocycle. A sequence of elimination reactions
results in the pentacyclic heteroaromatic system 7 (a mech-
anistic rationale is given in the Supporting Information).
Treatment of 2 with cyanide as a potent nucleophile alters the
connectivity of the polycyclic scaffold and provides 8 in 82%
yield. The mechanistic proposal includes ring opening of the

Scheme 2. Diversity-oriented strategy. Reagents and conditions: a) conc. H2SO4, toluene, RT, 4 h, 75%; b) 2,4-lutidine (4 equiv), TIPSOTf
(3 equiv), CH2Cl2, RT, 7 days, 86%; c) BF3·Et2O (3.5 equiv), CH2Cl2, RT, 12 h, 62 %; d) Et3SiH (2 equiv), TFA (2 equiv), CH2Cl2, RT, 24 h, 80 %;
e) SOCl2 (1.5 equiv) CH2Cl2, RT, 7 days, 59 %; f) NaCN (4 equiv), CH3CN, 80 8C, 24 h, 82%; g) PvCl (4 equiv), DMAP (1%), NEt3 (4 equiv), CH2Cl2,
RT, 2 days, 81%; h) LiAlH4 (1 equiv), THF, 0 8C to RT, 24 h, 76%; i) NH4F (4 equiv), CH3CN, 80 8C, 24 h, 67 %; j) thiophenol (2 equiv), BF3·Et2O
(2 equiv), CH2Cl2, �78 8C to RT, 99%; k) anisole (2 equiv), BF3·Et2O (1 equiv), CH2Cl2, �78 8C to RT, 50 %; l) 3,5-dimethoxyphenol (1.1 equiv),
BF3·Et2O (4 equiv), CH2Cl2, �78 8C to RT, 94 %. TIPSOTf= triisopropylsilyl triflate, TFA = trifluoroacetic acid, PvCl= pivaloyl chloride, DMAP=4-
dimethylaminopyridine.

Table 1: Diastereoselectivity in the formation of 3/5.

Entry R 3/5 Yield of 5 [%]

1 Si(CH3)3 (4a) 30:70 47
2 Si(CH2CH3)3 (4b) 25:75 53
3 Si(CH(CH3)2)3 (4c) 10:90 62
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hemiketal, elimination to the a,b-unsaturated system, and
subsequent ring closure (see the Supporting Information).

The hemiketal portion of 2 can be modified under mild
conditions without affecting the rest of the structure. Esterifi-
cation with pivaloyl chloride provides cyclohexenone 9 in
81% yield. Treatment with LiAlH4 gives the highly function-
alized cyclohexenol 10 as a single diastereomer. In reactions
with good nucleophiles the 2,4-dimethylphenoxy substituent
of 2 can be replaced. Subjecting 2 to ammonium fluoride in
acetonitrile installs the amino group on a benzylic position
and simultaneously cleaves the hemiketal. To our knowledge
no similar conversion has been reported. The excellent
hydrogen-bond-donating capabilities of the phenolic moiety
leads to an intramolecular hydrogen bond to the amino
function while liberating the central cyclohexenone 11.
Replacement of the oxygen-bound aryl moiety in 2 by thiols
requires low temperatures. Under these conditions 12 is
formed quantitatively, whereas at ambient temperatures
redox transformations lead to diaryl disulfides and benzo-
furan 6. At low temperatures Friedel–Crafts chemistry is
accessible while the pentacyclic architecture is conserved.

When anisole is used as a carbon nucleophile, the arylation
reaction occurs exclusively at the 4-position of anisole and
product 13 is obtained. This particular scaffold is remarkably
similar to the naturally occurring rocaglamide (see the
Supporting Information), a secondary metabolite from

Scheme 3. Diastereoselective formation of 3 and 5. Pathway for the
intermediate starting from 2 (top) and reaction course of silylated
species (bottom).

Figure 1. X-ray crystal structures of the novel polycycles. Dark gray C,
light gray H, blue N, red O, yellow S, turquoise Si.
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Aglaia elliptifolia, isolated in 1982 by King et al.[19] Rocagla-
mide and its more than 50 isolated derivatives exhibit
insecticidal and cytotoxic activity against several cancer cell
lines.[20] Its characteristic cyclopenta[b]benzofuran core has
five contiguous stereocenters in the cyclopentane ring. The
unusual structure of rocaglamide, combined with its interest-
ing biological activity, has attracted the interest of industrial
and academic researchers.[21] If the arylation reaction leading
to 13 is conducted with a reaction partner equipped with an
additional hydroxy group ortho to the newly formed C�C
bond, the propellane derivative 14 is produced in excellent
yield.

The structural assignment of the obtained products was
challenging since the polycyclic products show suitable but
not unequivocal NMR data. For almost all new scaffolds, X-
ray analyses of suitable single crystals could be performed.
Consequently, the structural elucidation was feasible. Molec-
ular structures of these novel scaffolds based on X-ray data
are depicted in Figure 1. Further details on the individual
architectures and crystal packing are provided in the Sup-
porting Information.

In conclusion, we have found a simple way to create
molecular complexity by anodic oxidation of 2,4-dimethyl-
phenol. The resuling dehydrotetramer 2 can be transformed
into an variety of scaffolds depending on the applied reaction
conditions. In our approach, the polycyclic architectures can
be prepared in two or three steps from 2,4-dimethylphenol
with almost exclusive selectivity and in reasonable yields.
Skeleton rearrangements are induced at higher temperatures,
whereas lower temperatures allow manipulations at the
periphery. Several of the molecular architectures obtained
are similar to known natural products (see the Supporting
Information). Polycyclic phenol oxidation products with
similar complexity may also occur during the “oxidative
burst”, a defense mechanism of plants against fungal infec-
tion.[22] In this oxidation coniferyl alcohol is randomly coupled
by reaction with reactive oxygen species.[23] Consequently, our
polycyclic compounds might have antifungal potential. The
biological profile of these structures will be reported in due
course.

Received: October 22, 2010
Published online: January 14, 2011

.Keywords: diversity-oriented synthesis · electrochemistry ·
oxidation · phenols · polycyclic compounds

[1] P. A. Wender, B. L. Miller, Nature 2009, 460, 197 – 201.
[2] C. Lipinski, A. Hopkins, Nature 2004, 432, 855 – 861.
[3] a) R. L. Strausberg, S. L. Schreiber, Science 2003, 299, 293 – 295;

b) D. P. Walsh, Y.-T. Chang, Chem. Rev. 2006, 106, 2476 – 2530;
c) G. L. Thomas, R. J. Spandl, F. G. Glansdorp, M. Welch, A.
Bender, J. Cockfield, J. A. Lindsay, C. Bryant, D. F. J. Brown, O.
Loiseleur, H. Rudyk, M. Ladlow, D. Spring, Angew. Chem. 2008,
120, 2850 – 2854; Angew. Chem. Int. Ed. 2008, 47, 2808 – 2812.

[4] A. H. Lipkus, Q. Yuan, K. A. Lucas, S. A. Funk, W. F. Bartelt III,
R. J. Schenk, A. J. Trippe, J. Org. Chem. 2008, 73, 4443 – 4451.

[5] S. L. Schreiber, Nature 2009, 457, 153 – 154.

[6] a) S. L. Schreiber, Science 2000, 287, 1964 – 1969; b) M. D.
Burke, S. L. Schreiber, Angew. Chem. 2004, 116, 48 – 60;
Angew. Chem. Int. Ed. 2004, 43, 46 – 58.

[7] H. E. Pelish, N. J. Westwood, Y. Feng, T. Kirchhausen, M. D.
Shair, J. Am. Chem. Soc. 2001, 123, 6740 – 6741.

[8] a) T. E. Nielsen, S. L. Schreiber, Angew. Chem. 2008, 120, 52 –
61; Angew. Chem. Int. Ed. 2008, 47, 48 – 56; b) E. Comer, E.
Rohan, L. Deng, J. A. Porco, Jr., Org. Lett. 2007, 9, 2123 – 2126;
c) D. K. Rayabarapu, A. Zhou, K. O. Jeon, T Samarakoon, A.
Rolfe, H. Siddiqui, P. R. Hanson, Tetrahedron 2009, 65, 3180 –
3188; d) A. Zhou, D. Rayabarapu, P. R. Hanson, Org. Lett. 2009,
11, 531 – 534; e) C. Lalli, A. Trabocchi, F. Sladojevich, G.
Menchi, A. Guarna, Chem. Eur. J. 2009, 15, 7871 – 7875.

[9] C. Chen, X. Li, C. S. Neumann, M. C. Lo, S. L. Schreiber, Angew.
Chem. 2005, 117, 2289 – 2292; Angew. Chem. Int. Ed. 2005, 44,
2249 – 2252.

[10] a) R. J. Spandl, H. Rudyk, D. Spring, Chem. Commun. 2008,
3001 – 3003; b) X. Wang, Y. R. Lee, Tetrahedron 2009, 65,
10125 – 10133.

[11] a) Y. Wang, S. Cui, X. Lin, Org. Lett. 2006, 8, 1241 – 1244; b) M.
D�az-Gavil�n, W. R. J. D. Galloway, K. M. G. O�Connell, J. T.
Hodkingston, D. R. Spring, Chem. Commun. 2010, 46, 776 – 778.

[12] a) O. Jim�nez, G. de La Rosa, R. Lavilla, Angew. Chem. 2005,
117, 6679 – 6683; Angew. Chem. Int. Ed. 2005, 44, 6521 – 6525;
b) D. Garc�a-Cuadrado, S. Barluenga, N. Wissinger, Chem.
Commun. 2008, 4619 – 4621.

[13] a) R. J. Spandl, A. Bender, D. Spring, Org. Biomol. Chem. 2008,
6, 1149 – 1158; b) C. Cordier, D. Morton, S. Murrison, A. Nelson,
C. O�Leary-Steele, Nat. Prod. Rep. 2008, 25, 719 – 737; c) P. Arya,
S. Quevillon, R. Joseph, C.-Q. Wei, Z. Gan, M. Parisien, E.
Sesmilo, P. T. Reddy, Z.-X. Chen, P. Durieux, D. Laforce, L.-C.
Campeau, S. Khadem, S. Couve-Bonnaire, R. Kumar, U.
Sharma, D. M. Leek, M. Daroszewska, M. L. Barnes, Pure
Appl. Chem. 2005, 77, 163 – 178.

[14] a) E. Tesfu, K. Maurer, A. McShae, K. D. Moeller, J. Am. Chem.
Soc. 2006, 128, 70 – 71; b) B. Bi, K. Maurer, K. D. Moeller,
Angew. Chem. 2009, 121, 5986 – 5988; Angew. Chem. Int. Ed.
2009, 48, 5872 – 5874; c) J.-I. Yoshida, A. Nagaki, Angew. Chem.
2010, 122, 3806 – 3809; Angew. Chem. Int. Ed. 2010, 49, 3720 –
3722.

[15] For recent reviews, see: a) J.-I. Yoshida, K. Kataoka, R.
Horcajada, A. Nagaki, Chem. Rev. 2008, 108, 2265 – 2299;
b) J. B. Sperry, D. L. Wright, Chem. Soc. Rev. 2006, 35, 605 –
621; c) R. D. Little, K. D. Moeller, Electrochem. Soc. Interface
2002, 11, 28 – 42; d) K. D. Moeller, Tetrahedron 2000, 56, 9527—
9554; For selected recent examples, see: e) H.-C. Xu, J. D.
Brandt, K. D. Moeller, Tetrahedron Lett. 2008, 49, 3868 – 3871;
f) F. Tang, C. Chen, K. D. Moeller, Synthesis 2007, 3411 – 3420;
g) H. Wu, K. D. Moeller, Org. Lett. 2007, 9, 4599 – 4602; h) I. M.
Malkowsky, U. Griesbach, H. P�tter, S. R. Waldvogel, Eur. J.
Org. Chem. 2006, 4569 – 4572; i) I. M. Malkowsky, C. E.
Rommel, R. Fr�hlich, U. Griesbach, H. P�tter, S. R. Waldvogel,
Chem. Eur. J. 2006, 12, 7482 – 7488; j) A. K. Miller, C. C. Hughes,
J. J. Kennedy-Smith, S. N. Gradl, D. Trauner, J. Am. Chem. Soc.
2006, 128, 17057 – 17062; k) C. C. Hughes, A. K. Miller, D.
Trauner, Org. Lett. 2005, 7, 3425 – 3428; l) J. B. Sperry, D. L.
Wright, J. Am. Chem. Soc. 2005, 127, 8034 – 8035; m) N. Girard,
J.-P. Hurvois, C. Moinet, L. Toupet, Eur. J. Org. Chem. 2005,
2269 – 2274; n) B. Liu, S. Duan, A. C. Sutterer, K. D. Moeller, J.
Am. Chem. Soc. 2002, 124, 10101 – 10111; o) D. Chai, D.
Genders, N. Weinberg, G. Zappi, E. Bernasconi, J. Lee, J.
Roletto, L. Sogli, D. Walker, C. R. Martin, V. Menon, P. Zelenay,
H. Zhang, Org. Process Res. Dev. 2002, 6, 178 – 183.

[16] I. M. Malkowsky, C. E. Rommel, K. Wedeking, R. Fr�hlich, K.
Bergander, M. Nieger, C. Quaiser, U. Griesbach, H. P�tter, S. R.
Waldvogel, Eur. J. Org. Chem. 2006, 241 – 245.

Communications

1418 www.angewandte.org � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2011, 50, 1415 –1419

http://dx.doi.org/10.1038/460197a
http://dx.doi.org/10.1038/nature03193
http://dx.doi.org/10.1021/cr0404141
http://dx.doi.org/10.1002/ange.200705415
http://dx.doi.org/10.1002/ange.200705415
http://dx.doi.org/10.1002/anie.200705415
http://dx.doi.org/10.1021/jo8001276
http://dx.doi.org/10.1038/457153a
http://dx.doi.org/10.1126/science.287.5460.1964
http://dx.doi.org/10.1002/ange.200300626
http://dx.doi.org/10.1002/anie.200300626
http://dx.doi.org/10.1021/ja016093h
http://dx.doi.org/10.1002/ange.200703073
http://dx.doi.org/10.1002/ange.200703073
http://dx.doi.org/10.1002/anie.200703073
http://dx.doi.org/10.1021/ol070606t
http://dx.doi.org/10.1016/j.tet.2008.11.053
http://dx.doi.org/10.1016/j.tet.2008.11.053
http://dx.doi.org/10.1021/ol802467f
http://dx.doi.org/10.1021/ol802467f
http://dx.doi.org/10.1002/chem.200900744
http://dx.doi.org/10.1002/ange.200462798
http://dx.doi.org/10.1002/ange.200462798
http://dx.doi.org/10.1002/anie.200462798
http://dx.doi.org/10.1002/anie.200462798
http://dx.doi.org/10.1039/b807278g
http://dx.doi.org/10.1039/b807278g
http://dx.doi.org/10.1016/j.tet.2009.10.045
http://dx.doi.org/10.1016/j.tet.2009.10.045
http://dx.doi.org/10.1021/ol060143b
http://dx.doi.org/10.1039/b719372f
http://dx.doi.org/10.1039/b719372f
http://dx.doi.org/10.1039/b706296f
http://dx.doi.org/10.1351/pac200577010163
http://dx.doi.org/10.1351/pac200577010163
http://dx.doi.org/10.1021/ja057155x
http://dx.doi.org/10.1021/ja057155x
http://dx.doi.org/10.1002/ange.200902350
http://dx.doi.org/10.1002/anie.200902350
http://dx.doi.org/10.1002/anie.200902350
http://dx.doi.org/10.1002/ange.201000046
http://dx.doi.org/10.1002/ange.201000046
http://dx.doi.org/10.1002/anie.201000046
http://dx.doi.org/10.1002/anie.201000046
http://dx.doi.org/10.1021/cr0680843
http://dx.doi.org/10.1039/b512308a
http://dx.doi.org/10.1039/b512308a
http://dx.doi.org/10.1016/S0040-4020(00)00840-1
http://dx.doi.org/10.1016/S0040-4020(00)00840-1
http://dx.doi.org/10.1016/j.tetlet.2008.04.075
http://dx.doi.org/10.1021/ol702118n
http://dx.doi.org/10.1002/ejoc.200600466
http://dx.doi.org/10.1002/ejoc.200600466
http://dx.doi.org/10.1002/chem.200600375
http://dx.doi.org/10.1021/ja0660507
http://dx.doi.org/10.1021/ja0660507
http://dx.doi.org/10.1021/ol047387l
http://dx.doi.org/10.1021/ja051826+
http://dx.doi.org/10.1002/ejoc.200400846
http://dx.doi.org/10.1002/ejoc.200400846
http://dx.doi.org/10.1021/ja026739l
http://dx.doi.org/10.1021/ja026739l
http://dx.doi.org/10.1021/op010072q
http://dx.doi.org/10.1002/ejoc.200500517
http://www.angewandte.org


[17] J. Barjau, P. K�nigs, O. Kataeva, S. R. Waldvogel, Synlett 2008,
2309 – 2311.

[18] M. P. Doyle, D. J. DeBruyn, D. A. Kooistra, J. Am. Chem. Soc.
1972, 94, 3659 – 3661.

[19] M. Lu King, C. C. Chiang, H. C. Ling, E. Fujita, M. Ochiai, A. T.
McPhail, J. Chem. Soc. Chem. Commun. 1982, 1150 – 1151.

[20] a) S. K. Lee, B. Cui, R. R. Mehta, A. D. Kinghorn, J. M. Pezzuto,
Chem.-Biol. Interact. 1998, 115, 215 – 228; b) J. Y. Zhu, I. N.
Lavrik, U. Mahlknecht, M. Giaisi, P. Proksch, P. H. Krammer, M.
Li-Weber, Int. J. Cancer 2007, 121, 1839 – 1846; c) S. Kim, A. A.
Salim, S. M. Swanson, A. D. Kinghorn, Anti-Cancer Agents Med.
Chem. 2006, 6, 319 – 345; d) P. Proksch, R. Edrada, R. Ebel, F. I.
Bohnenstengel, B. W. Nugroho, Curr. Org. Chem. 2001, 5, 923 –
938.

[21] a) B. M. Trost, P. D. Greenspan, B. V. Yang, M. G. Saulnier, J.
Am. Chem. Soc. 1990, 112, 9022 – 9024; b) R. J. Taylor, A. E.
Davey, M. J. Schaeffer, J. Chem. Soc. Perkin Trans. 1 1992, 2657 –
2666; c) M. Dobler, I. Bruce, F. Cederbaum, N. G. Cooke, L. J.
Diorazio, R. G. Hall, E. Irving, Tetrahedron Lett. 2001, 42, 8281 –
8284; d) J. A. Porco, Jr., B. Gerard, S. Sangji, D. J. O�Leary, J.
Am. Chem. Soc. 2006, 128, 7754 – 7755; e) M. El Sous, M. L.
Khoo, G. Holloway, D. Owen, P. J. Scammells, M. A. Rizzacasa,
Angew. Chem. 2007, 119, 7981 – 7984; Angew. Chem. Int. Ed.
2007, 46, 7835 – 7838.

[22] a) C. Lamb, R. A. Dixon, Anun. Rev. Plant Physiol. Plant Mol.
Biol. 1997, 48, 251 – 275; b) K. Bedard, K.-H. Krause, Physiol.
Rev. 2007, 87, 245 – 313.

[23] P. Wojtaszek, J. Biochem. 1997, 322, 681 – 692.

1419Angew. Chem. Int. Ed. 2011, 50, 1415 –1419 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1021/ja00765a084
http://dx.doi.org/10.1021/ja00765a084
http://dx.doi.org/10.1039/c39820001150
http://dx.doi.org/10.1016/S0009-2797(98)00073-8
http://dx.doi.org/10.1002/ijc.22883
http://dx.doi.org/10.2174/187152006777698123
http://dx.doi.org/10.2174/187152006777698123
http://dx.doi.org/10.2174/1385272013375049
http://dx.doi.org/10.2174/1385272013375049
http://dx.doi.org/10.1021/ja00180a081
http://dx.doi.org/10.1021/ja00180a081
http://dx.doi.org/10.1016/S0040-4039(01)01807-X
http://dx.doi.org/10.1016/S0040-4039(01)01807-X
http://dx.doi.org/10.1146/annurev.arplant.48.1.251
http://dx.doi.org/10.1146/annurev.arplant.48.1.251
http://dx.doi.org/10.1152/physrev.00044.2005
http://dx.doi.org/10.1152/physrev.00044.2005
http://www.angewandte.org

