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Abstract: A catalytically active aluminum-based system

for Diels–Alder transformations is reported. The system
was generated by mixing a b-diketiminate-stabilized alu-

minum bistriflate compound with Na[BArCl
4] (ArCl = 3,5-

Cl2C6H3). Solid-state analysis of the catalytic system reveals

a unique structure incorporating a two-dimensional coor-

dination polymer. According to the experimental results
obtained from several Diels–Alder transformations, the
aluminum-based system appears to be a more practical
and more robust alternative to the recently reported com-

pounds based on carbon and silicon cations.

Lewis acids (LAs) have been known to act as stoichiometric or
catalytic reagents in various organic transformations, including

allylic substitutions, aldol transformations, C¢H activation, cycli-
zation, and cycloaddition reactions.[1] As aluminum is not only
inherently electron deficient but is also a highly electron-posi-

tive element, it is not surprising that reagents based on this
metal have been widely used for organic transformations in-

cluding Diels–Alder reactions. However, on examining a recent
book by Yamamoto and Ishihara[1a] on Al-based reagents in-

volved in Diels–Alder cycloadditions, it was evident that cata-

lytic transformations, especially those involving less reactive
dienes and dienophiles (see below), were not well developed.

In fact, the reactions that could be classified as catalytic em-
ployed predominantly cyclopentadiene, which is among the

more reactive dienes. Furthermore, the vast majority of these
Al-based systems were prepared and used in situ without any

information on the structural properties of the active species.

This could be quite problematic because several recent reports
indicated that the observed catalytic activity was due not to

the Lewis acid properties of the investigated compound(s) but
to their ability to generate hidden Brønsted acids (HBAs).[2, 3, 4]

For example, Fringuelli and co-workers[5] identified

AlCl3·2 THF, classified as an aluminum-based Lewis acid system

by the work of Yamamoto and Ishihara, as a very reactive

system for various Diels–Alder reactions. In fact, the authors of
that work refer to the examined transformations as being

AlCl3-catalyzed cycloadditions.[5] We believe that this could not
be further from the truth, simply because all experimental pro-

cedures in this work were performed without the use of glove-

box or Schlenk techniques, resulting in AlCl3 being subjected
to severe hydrolysis. This assessment is additionally supported

by observations made by Cowley and co-workers, who empha-
sized that molecular AlCl3·2 THF is an extremely air- and mois-

ture-sensitive material.[6a] Additionally, mixing AlCl3 (i.e. , Al2Cl6)
with THF, in different ratios and under dry conditions, could

form several different products, including [AlCl2(THF)4][AlCl4] ,

adding to the overall uncertainty when attempting to identify
the active species.[6b,c] Therefore, there is a great probability

that, in the work by Fringuelli and co-workers, AlCl3 was hydro-
lyzed, producing an HBA (presumably HCl) that was then re-

sponsible for the observed catalytic activity. In fact, this study,
as was the case for many other reports, did not include any of

the control experiments suggested by Hintermann and co-
workers to minimize, if not completely eliminate, the possibility
of HBA activity.[2e]

Considering all the evidence and being inspired by the work
on silylium cations[7] involved in catalytic Diels–Alder reactions,
our goal was to prepare a well-defined and well-characterized
triflate-containing aluminum species LAl(OTf)2 (L = HC(MeC-

NAr)2 ; Ar = 2,6-iPr2C6H3) that is capable of acting as a Lewis
acid catalyst. We synthesized a b-diketiminate-supported alu-
minum bistriflate compound that, when mixed with Na[BArCl

4]
(ArCl = 3,5-Cl2C6H3), catalyzed several Diels–Alder transforma-
tions. Additional experiments were also performed to gain evi-

dence against HBA activity.
The overall synthetic pathway for the preparation of the

target bistriflate compound LAl(OTf)2 is summarized in

Scheme 1. Even though LAlCl2 had been previously synthe-
sized,[8] for this work the precursor has been prepared by in-

Scheme 1. General synthetic procedures. Reaction conditions: a) nBuLi
(1.0 equiv.), 2 h, AlCl3 (1.0 equiv.), overnight, toluene; b) AlOTf (2.1 equiv.),
overnight, 1,2-difluorobenzene.
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situ lithiation of the corresponding aminoimine (L¢H) followed
by the addition of 1 equivalent of AlCl3.[9] The 27Al NMR spec-

troscopic identification of the dichloro precursor (LAlCl2) re-
vealed the presence of a signal at dAl�102 ppm, whereas the

other multinuclear NMR data were consistent with the report-
ed values.

As silver triflate (AgOTf) seemed to be the most appropriate
reagent for the triflate-for-chloride exchange,[10] it was not sur-
prising to observe the formation of the target bistriflate com-

pound LAl(OTf)2 by treating the dichloro precursor with
2.1 equivalents of AgOTf (Scheme 1). 27Al NMR spectroscopy
clearly indicated that the substrate exchange had occurred as
the original signal at dAl�102 ppm was replaced by an upfield

signal at dAl�60 ppm. The presence of triflate ligand(s) was
confirmed by a signal at dF =¢77.3 ppm in the 19F NMR spec-

trum. Single crystal X-ray analysis (Figure 1) showed that this

bistriflate species, reminiscent of the precursor, was four-coor-
dinate.[11] This might be somewhat unusual, considering the

multidentate nature of triflate substituents[12] and the ability of
similar complexes to expand the coordination number to

six.[10a] The Al¢N bond lengths (1.841(3) and 1.853(3) æ) and
the N1-Al1-N2 bond angle (101.27(12)8) for [LAl(OTf)2] short-

ened (by ca. 0.04 æ, Figure 1) and widened (by ca. 28), respec-
tively, in comparison to [LAlCl2] ,[8] potentially hinting at elec-
tron density depletion at the aluminum center after the ligand

exchange. The Al¢O bond lengths (1.765(3) and 1.769(3) æ)
certainly support this conclusion, as these bond lengths are

the shortest among crystallographically elucidated triflate-con-
taining aluminum compounds.[10a,c, 13] For example, the report-

ed Al¢OTf bond lengths range from 1.807(10)–1.877(3) for 4-

coordinate[13a,b,c] to 1.857(12)–2.074(4) for 5-cooordinate[10c, 13d]

and 1.922(2)–1.982(2) for 6-coordinate[10a] aluminum com-

pounds that contain one or two triflate ligands.
After thorough characterization of LAl(OTf)2, our next task

was to investigate whether it would be capable of catalyzing
Diels–Alder transformations. For this purpose, we investigated

the cycloaddition of 2,3-dimethylbutadiene (1), which is 250
times less reactive than cyclopentadiene, and methyl vinyl
ketone (2).[2b] Unfortunately, LAl(OTf)2, using 5.0 mol %, was not
active for the targeted transformations, although 1H NMR spec-

troscopic evidence suggested dienophile coordination/activa-
tion at the central aluminum. Subsequently, we decided to fur-

ther activate the bistriflate compound by the addition of
1 equivalent of Na[BArCl

4] (ArCl = 3,5-Cl2C6H3). Indeed, the addi-
tion of Na[BArCl

4] resulted in a quite catalytically active system

that was capable of catalyzing the target Diels–Alder reaction
(see below; Table 1, entry 1). It is worth noting that the cyclo-
addition did not occur in the presence of only Na[BArCl

4] . Even

Figure 1. Molecular structure for LAl(OTf)2. Thermal ellipsoids have been
drawn at 50 % probability level. All hydrogen atoms have been omitted for
clarity. Selected bond lengths (æ) and angles (8): Al1¢N1 1.853(3), Al1¢N2
1.841(3), Al1¢O1 1.765(3), Al1¢O4 1.769(3), S1¢O1 1.509(3), S1¢O2 1.417(3),
S1¢O3 1.420(3), S2¢O4 1.508(2), S2¢O5 1.413(3), S2¢O6 1.408(3) ; N1-Al1-N2
101.3(1), O1-Al1-O4 106.1(1).

Figure 2. Graphical representation (ltop) and the molecular structure
(bottom) for {[LAl(OTf)2Na]2[BArCl

4]2}n. Thermal ellipsoids (apart from CF3 and
non-bonding Dip groups) have been drawn at 50 % probability level. All hy-
drogen atoms and [BArCl

4]¢ anions (apart from coordinating Cl atoms) have
been omitted for clarity. Selected bond lengths (æ) and angles (8): Al1¢N1
1.814(3), Al1¢N2 1.849(3), Al1¢O1 1.772(3), Al1¢O4 1.770(3), S1¢O1 1.497(2),
S1¢O2 1.417(3), S1¢O3 1.419(3), S2¢O4 1.485(3), S2¢O5 1.425(3), S2¢O6
1.427(3), Na1¢O2 2.368(3), Na1¢O6 2.334(3), Na1¢O3# 2.251(3), Na1¢Cl2
2.867(3), Na1¢Cl7 3.033(2); N1-Al1-N2 105.2(2), O1-Al1-O4 106.3(1).
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in light of this initially exciting observation, it was of para-
mount importance to gather more spectroscopic information

about the active species before we further investigated its cat-
alytic activities. Multinuclear NMR spectroscopy clearly suggest-

ed that the reaction between the bistriflates and Na[BArCl
4] has

occurred. For example, the 27Al NMR signal associated with the
initial bistriflate compound disappeared, presumably due to
peak broadening, whereas the 19F NMR signal for the triflate
ligand shifted downfield to d=¢76.5 ppm, suggesting

a higher “degree of coordination” for the triflate ligand(s).[14]

1H NMR spectroscopy indicated the formation of new species
but without any evidence of decomposition/hydrolysis that is,
formation of signal(s) linked to, for example, the free/protonat-

ed b-diketiminate ligand.[15] However, the lack of any precipi-
tate formation suggested the absence of the targeted NaOTf

elimination and formation of a charged aluminum species.

Fortunately, after numerous crystallization attempts we suc-
ceeded in obtaining a few crystals for the LAl(OTf)2/Na[BArCl

4]

system that were suitable for X-ray analysis, which revealed an
unexpected structure (Figure 2). Although both OTf ligands

were still coordinated to the aluminum center, they were addi-
tionally coordinated, through different O atoms, to an Na ion,

forming a [LAl(OTf)2Na]+ unit. One of the OTf ligands and one

of the aryl substituents were further coordinated to a second
Na ion belonging to a different cationic unit, and vice versa, ef-

fectively creating a dimeric [LAl(OTf)2Na]2
2+ fragment. Each

sodium cation was further weakly coordinated by two Cl

atoms found on two distinct [BArCl
4]¢ anions, resulting in the

formation of a 2-dimensional coordination polymer. To our

knowledge, this is the first example of a coordination polymer

that involves a tetraaryl borate anion. Nevertheless, we do not
expect that this particular solid-state structure is retained in so-

lution, as the Na ion is weakly coordinated by the anion and
the aryl substituent.

With this information in hand, we attempted a series of
Diels–Alder reactions between the diene 1 and several differ-

ent dienophiles in the presence of 5 mol % of the LAl(OTf)2/

Na[BArCl
4] system (Table 1). In most cases the LAl(OTf)2/Na[-

BArCl
4] system proved to be an excellent catalyst for the cyclo-

addition of the unsaturated acyclic ketones 2–5 and cyclohex-
en-2-one 7 (Table 1, entries 1, 4, 5, 8 and 10), affording the cor-

responding trans adducts (where applicable) as the only ob-
servable isomers. A catalyst loading of 10 % was required for

cycloaddition reactions involving cyclopenten-2-one 6 and
ethyl crotonate 9 (Table 1, entries 9 and 12), which was not
surprising as these substrates are considered less reactive dien-
ophiles. Additional amounts of the diene were also necessary
for the latter reaction to obtain the product 17 in good yields.

The catalytic system was also compatible with the Diels–Alder
transformation of crotonaldehyde 8, which resulted in the for-

mation of the desired product in good yield and acceptable
isomeric ratio (Table 1, entry 11). The use of less reactive dienes
18 and 19 (Table 1, entries 2, 3, 6, and 7) did not have any sig-

nificant impact on the reaction outcomes involving dienophile
2. However, the less reactive dienophile 4 required higher cata-

lyst loadings in order to obtain quantitative yields.

Table 1. LAl(OTf)2/Na[BArCl
4]- and tBuCl/AgOTf (HBA)-catalyzed Diels–Alder

reactions of dienophiles 2–9 with 2,3-dimethyl-1,3-butadiene (1), 2-methyl-
1,3-butadiene (18), or cyclohexadiene (19). The results are listed as: time
(h), yield (%), trans/cis or endo/exo, and para/meta ratios for each run.

Entry Diene Dienophile Adduct LAl(OTf)2/Na[BArCl
4] HBA

1

1 h 1 h
96 % 90 %
– –
– –

2

2 h 2 h
77 % 83 %
– –
>99 % 97 %

3

1 h 1 h
98 % 92 %
99:1 99:1
– –

4

1 h 1 h
96 % 89 %
– –
– –

5

12 h 24 h
93 % 58 %
99:1 99:1
– –

6

12 h[a] 10 h
97 % 53 %
99:1 99:1
>99 % 97 %

7

7 h[b] 24 h
94 % 25 %
99:1 99:1
– –

8

6 h 24 h
80 % 33 %[c]

99:1 99:1
– –

2 h[a] 1 h[d]

92 % –
99:1
–

10

24 h 1 h[d]

87 % –
99:1
–
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Additional experiments were carried out to show that the
presence and subsequent catalytic activity of an HBA for the

examined Diels–Alder transformations was highly unlikely. First
of all, we generated the HBA HOTf, as described by Hinter-

mann and co-workers, by treating tBuCl with 1 equivalent of

AgOTf.[2e] By using the suggested 1 mol % of this HBA system
with respect to the dienophile, we attempted the target cyclo-

additions. Even though the target transformations involving 2
and 3 were as fast and produced comparable yields, the cyclo-

additions using the other dienophiles (4–9) were dramatically
different (longer reaction times, lower yields and/or isomeric

ratios) with respect to our aluminum-based system (Table 1).

For example, only the swift polymerization of the diene was
observed when less reactive dienophiles 6, 7, and 9 were used.

As anticipated, it was possible to completely quench the cata-
lytic activity of this HBA system by introducing equimolar

amounts of 2,6-di-tert-butylpyridine, 18 (Table 2, entries 1 and
2). In contrast, for the reactions between 1 and 2 or 5 in the

presence of [LAl(OTf)2]/Na[BArCl
4] , the presence of 18 showed

only subtle effects on the yields, presumably due to the possi-
bility of a dienophile-to-enolate side reaction[16] and/or the

presence of an extra reagent (18). It is also noteworthy that in-
troducing 1 equivalent of 18 to a DCM solution containing our

system did not produce any significant amounts of the corre-
sponding pyridinium ion.[17] Therefore, all of the aforemen-

tioned evidence indicated that the target transformations were

most likely catalyzed by our LA system rather than an HBA.
When considering the overall reaction conditions (catalyst

loading, reaction times and temperatures), dienophile scope,
and product yields and isomeric ratios, our catalytic system ap-

pears to be more robust and/or practical than the most estab-
lished Diels–Alder catalysts.[7, 18] For example, the silicon-based

cation [FcSi(Me)(tBu)]+ (19 ; Fc = ferrocenyl), as reported by
Oestreich and co-workers,[7c] is certainly a more active catalyst

than our system. However, this catalyst must be operated

below ¢30 8C in DCM to avoid deactivation and is reported to
act as a proton source in the presence of 18. Base-induced de-

composition was also reported for the trityl cation.[18] Further-
more, apart from 19, most Diels–Alder transformations for “dif-

ficult” dienophiles 4–7 are not demonstrated, including trans-
formations using [SiEt3(toluene)]+ .[7a,c, 18] Interestingly, although
quantitative conversions were reported for cycloadditions in-

volving 19 and dienophiles 1–7, the product yields were signif-
icantly lower than those reported herein.[7c] For instance, we
isolated product 14 in excellent yield, whereas complete prod-
uct decomposition was observed when 19 was used as the

catalyst. One has to wonder whether the exceptional activity
of 19 is also responsible for these results.

In summary, we have synthesized a b-diketiminate support-
ed aluminum bistriflate compound that, when combined with
Na[BArCl

4] , formed a quite active LA system capable of per-

forming Diels–Alder transformations. Several additional experi-
ments have been conducted to demonstrate that the target

cycloadditions were indeed catalyzed by the LA system and
not by an HBA. This system also showed (i) indefinite stability,

great activity and selectivity in DCM at room temperature,

(ii) remarkable versatility with respect to the dienophile scope,
(iii) high resistance to deactivation by base 18 and (iv) no ten-

dency for product decomposition.

Table 1. (Continued)

Entry Diene Dienophile Adduct LAl(OTf)2/Na[BArCl
4] HBA

11

24 h 24 h
81 % 60 %
96:4 91:9
– –

12

24 h[e] 1 h[d]

70 % –
99:1 –
– –

[a] 10 % catalyst loading. [b] 15 % Catalyst loading. [c] Conversion (%) as es-
timated by 1H NMR spectroscopy. [d] Diene polymerization occurred within
the first hour with no evidence for the formation of the product. [e] 10 %
Catalysts loading and 4 equivalents of the diene used.

Table 2. Selected Diels–Alder transformations in the presence of a pyridine
base.

Entry Dienophile Catalyst system Adduct Time, yield,
trans/cis

1 tBuCl/AgOTf (1 mol %)

1 h
trace

–

2 tBuCl/AgOTf (1 mol %)

2 h
trace

–

3
[LAl(OTf)2]/Na[BArCl

4]
(5 mol %)

1 h
83 %

–

4
[LAl(OTf)2]/Na[BArCl

4]
(5 mol %)

6 h
73 %
99:1

Chem. Eur. J. 2015, 21, 11344 – 11348 www.chemeurj.org Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim11347

Communication

http://www.chemeurj.org


Acknowledgements

We thank the A*STAR (Grant ID: 1220703062) for funding.

Keywords: aluminum · homogeneous catalysis · Diels–Alder
reaction · Lewis acids · triflate

[1] a) Acid Catalysis in Modern Organic Synthesis, Vol. 1 and 2 (Eds. : H. Yama-
moto, K. Ishihara), Wiley-VCH, Weinheim, 2008 ; b) The Diels – Alder Reac-
tion: Selected Practical Methods, (Eds. : F. Fringuelli, A. Taticchi), John
Wiley and Sons, Ltd, Chichester, 2002 ; c) Cycloaddition Reactions in Or-
ganic Synthesis (Eds. : S. Kobayashi, K.-A. Jorgensen), Wiley-VCH, Wein-
heim, 2001.

[2] a) A. Fìrstner, H. Szillat, B. Gabor, R. Mynott, J. Am. Chem. Soc. 1998,
120, 8305; b) P. N. Liu, Z. Y. Zhou, C. P. Lau, Chem. Eur. J. 2007, 13, 8610;
c) R. Dumeunier, I. E. Markû, Tetrahedron Lett. 2004, 45, 825; d) D. C.
Rosenfeld, S. Shekhar, A. Takemiya, M. Utsunomiya, J. F. Hartwig, Org.
Lett. 2006, 8, 4179; e) T. T. Dang, F. Boeck, L. Hintermann, J. Org. Chem.
2011, 76, 9353.

[3] a) M. J.-L. Tschan, C. M. Thomas, H. Strub, J.-F. Carpentier, Adv. Synth.
Catal. 2009, 351, 2496; b) F. Mathia, P. Szolcs�nyi, Org. Biomol. Chem.
2012, 10, 2830.

[4] a) C. Hague, N. J. Patmore, C. G. Frost, M. F. Mahon, A. S. Weller, Chem.
Commun. 2001, 2286; b) N. J. Patmore, C. Hague, J. H. Cotgreave, M. F.
Mahon, C. G. Frost, A. S. Weller, Chem. Eur. J. 2002, 8, 2088; c) T. C. Wab-
nitz, J.-Q. Yu, J. B. Spencer, Chem. Eur. J. 2004, 10, 484.

[5] F. Fringuelli, R. Girotti, F. Pizzo, L. Vaccaro, Org. Lett. 2006, 8, 2487.
[6] a) A. H. Cowley, M. C. Cushner, R. E. Davis, P. E. Riley, Inorg. Chem. 1981,

20, 1179; b) J. Derouault, P. Granger, M. T. Forel, Inorg. Chem. 1977, 16,
3214; c) J. Derouault, M. T. Forel, Inorg. Chem. 1977, 16, 3207.

[7] a) K. Hara, R. Akiyama, M. Sawamura, Org. Lett. 2005, 7, 5621; b) H. F. T.
Klare, K. Bergander, M. Oestreich, Angew. Chem. Int. Ed. 2009, 48, 9077;
Angew. Chem. 2009, 121, 9241; c) K. Mìther, R. Frçhlich, C. Mìck-Lich-
tenfeld, S. Grimme, M. Oestreich, J. Am. Chem. Soc. 2011, 133, 12442;
d) R. K. Schmidt, K. Mìther, C. Mìck-Lichtenfeld, S. Grimme, M. Oest-
reich, J. Am. Chem. Soc. 2012, 134, 4421; e) K. Mìther, J. Mohr, M. Oest-
reich, Organometallics 2013, 32, 6643; f) K. Mìther, P. Hrob�rik, V. Hro-

b�rikov�, M. Kaupp, M. Oestreich, Chem. Eur. J. 2013, 19, 16579;
g) H. F. T. Klare, M. Oestreich, Dalton Trans. 2010, 39, 9176.

[8] M. Stender, B. E. Eichler, N. J. Hardman, P. P. Power, J. Prust, M. Nolte-
meyer, H. W. Roesky, Inorg. Chem. 2001, 40, 2794.

[9] See the Supporting Information.
[10] a) D. Vidovic, M. Findlater, G. Reeske, A. H. Cowley, J. Organomet. Chem.

2007, 692, 5683; b) D. Vidovic, F. Findlater, A. H. Cowley, J. Am. Chem.
Soc. 2007, 129, 8436; c) N. C. Johnstone, E. S. Aazam, P. B. Hitchcock,
J. R. Fulton, J. Organomet. Chem. 2010, 695, 170.

[11] There are four independent molecules in the asymmetric unit of
[LDipAlOTf2] and only one is discussed.

[12] G. A. Lawrance, Chem. Rev. 1986, 86, 17.
[13] a) B. Qian, D. L. Ward, R. R. Smith III, Organometallics 1998, 17, 3070;

b) S. Courtenay, D. Walsh, S. Hawkeswood, P. Wei, A. K. Das, D. W. Ste-
phan, Inorg. Chem. 2007, 46, 3623; c) M. Ohashi, H. Saijo, T. Arai, S.
Ogoshi, Organometallics 2010, 29, 6534; d) N. Kazem, S. Stoll, R. D. Britt,
M. Shanmugam, L. A. Berben, J. Am. Chem. Soc. 2011, 133, 8662.

[14] It is generally accepted that the signal for non-coordinated triflate
anion is observed at around dF =¢79 ppm, whereas the coordinated
anion is found at about 1 – 2 ppm downfield shifted from this value.
See for example: T. Hayashida, H. Kondo, J. Terasawa, K. Kirchner, Y.
Sunda, H. Nagashima, J. Organomet. Chem. 2007, 692, 382.

[15] a) M. S. Varonka, T. H. Warren, T. R. Dugan, R. E. Cowley, P. L. Holland,
Inorg. Synth. 2010, 35, 4 ; b) L. A. Lesikar, A. F. Richards, J. Organomet.
Chem. 2006, 691, 4250; c) A. Venugopal, M. K. Ghosh, H. Jìrgens, K. W.
Tçrnroos, O. Swang, M. Tilset, R. H. Heyn, Organometallics 2010, 29,
2248; d) P. H. M. Budzelaar, N. N. Moonen, R. de Gelder, J. M. M. Smits,
A. W. Gal, Eur. J. Inorg. Chem. 2000, 753; e) N. M. Rajendran, N. D. Reddy,
Polyhedron 2014, 72, 27.

[16] P. Cazeau, F. Duboudin, F. Moulines, O. Babot, J. Dunogues, Tetrahedron
1978, 34, 2089.

[17] After adding 1 equivalent of 18 to a CD2Cl2 solution of [LAl(OTf)2]/Na-
[BArCl

4] , less than 5 % of the corresponding pyridinium ion was detect-
ed, which was attributed to the residual amounts of water.

[18] J. Bah, J. Franz¦n, Chem. Eur. J. 2014, 20, 1066.

Received: June 5, 2015
Published online on June 29, 2015

Chem. Eur. J. 2015, 21, 11344 – 11348 www.chemeurj.org Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim11348

Communication

http://dx.doi.org/10.1021/ja981183g
http://dx.doi.org/10.1021/ja981183g
http://dx.doi.org/10.1002/chem.200700705
http://dx.doi.org/10.1016/j.tetlet.2003.11.034
http://dx.doi.org/10.1021/ol061174+
http://dx.doi.org/10.1021/ol061174+
http://dx.doi.org/10.1021/jo201631x
http://dx.doi.org/10.1021/jo201631x
http://dx.doi.org/10.1002/adsc.200800750
http://dx.doi.org/10.1002/adsc.200800750
http://dx.doi.org/10.1039/c2ob07064b
http://dx.doi.org/10.1039/c2ob07064b
http://dx.doi.org/10.1039/b106719b
http://dx.doi.org/10.1039/b106719b
http://dx.doi.org/10.1002/1521-3765(20020503)8:9%3C2088::AID-CHEM2088%3E3.0.CO;2-L
http://dx.doi.org/10.1002/chem.200305407
http://dx.doi.org/10.1021/ol060569q
http://dx.doi.org/10.1021/ic50218a044
http://dx.doi.org/10.1021/ic50218a044
http://dx.doi.org/10.1021/ic50178a046
http://dx.doi.org/10.1021/ic50178a046
http://dx.doi.org/10.1021/ic50178a045
http://dx.doi.org/10.1021/ol052206g
http://dx.doi.org/10.1002/anie.200904520
http://dx.doi.org/10.1002/ange.200904520
http://dx.doi.org/10.1021/ja211856m
http://dx.doi.org/10.1021/om4002796
http://dx.doi.org/10.1002/chem.201302885
http://dx.doi.org/10.1039/c003097j
http://dx.doi.org/10.1021/ic001311d
http://dx.doi.org/10.1016/j.jorganchem.2007.10.003
http://dx.doi.org/10.1016/j.jorganchem.2007.10.003
http://dx.doi.org/10.1021/ja072865j
http://dx.doi.org/10.1021/ja072865j
http://dx.doi.org/10.1016/j.jorganchem.2009.10.016
http://dx.doi.org/10.1021/cr00071a002
http://dx.doi.org/10.1021/om970886o
http://dx.doi.org/10.1021/ic0700351
http://dx.doi.org/10.1021/om100857a
http://dx.doi.org/10.1016/j.jorganchem.2006.08.069
http://dx.doi.org/10.1016/j.jorganchem.2006.06.036
http://dx.doi.org/10.1016/j.jorganchem.2006.06.036
http://dx.doi.org/10.1021/om100038f
http://dx.doi.org/10.1021/om100038f
http://dx.doi.org/10.1002/(SICI)1099-0682(200004)2000:4%3C753::AID-EJIC753%3E3.0.CO;2-V
http://dx.doi.org/10.1016/j.poly.2014.01.021
http://dx.doi.org/10.1002/chem.201304160
http://www.chemeurj.org

