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Microwave-Promoted Selective Mono-N-Alkylation of Anilines with Tertiary
Amines by Heterogeneous Catalysis
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Alkyl anilines are valuable intermediates broadly used in
the chemical industry for the manufacture of pharmaceuti-
cals, dyestuffs, synthetic rubbers, herbicides, insecticides and
agrochemicals.[1] Traditional routes for their preparation re-
quire N-alkylation of anilines with alkyl halides[2] in the
presence of a base, palladium/copper-catalysed amination[3]

of aryl halides or the more popular reductive amination of
carbonyl compounds.[4] Few of these procedures are truly
catalytic. On the other hand, many proceed under harsh re-
action conditions, use hazardous reagents and produce large
amounts of byproducts.

Recently, Beller et al.[5a–c] and Williams et al.[6] independ-
ently described trans alkylation between amines under ho-
mogeneous Ru or Ir catalysis in the presence of different
and sometimes complex ligands.[7] This quite unusual reac-
tion, although prefigured by Murahashi et al.[8a] in the
1980s, is highly relevant because it opens new possibilities
for the selective functionalisation of amines by other simple
amines (Scheme 1). Herein, we report a microwave-promot-
ed, selective monoalkylation of aromatic amines with secon-
dary and tertiary aliphatic amines as alkylating agents, cata-

lysed by Pd/C, to provide the corresponding N-alkylaryl
amines.

The approach, based on an easily recyclable, heterogene-
ous catalyst,[9] shows several fundamental improvements
with respect to the previously reported processes: 1) Pd/C is
inexpensive and readily available; 2) the catalyst can be re-
covered by simple filtration; 3) an extremely low contamina-
tion of the product by residual Pd is expected and 4) de-
gassing of the solvent is not necessary.[10] Furthermore Pd/C
does not require additional ligands that could become po-
tential contaminants or produce unwanted side products.

In this context, microwave heating[11] is an attractive tool
that has recently been used in organic synthesis to make pal-
ladium-catalysed reactions[12] more economic and soft.

As a starting point of our investigations, we explored the
amination reaction of aniline with three structurally differ-
ent alkyl amines that could act as good alkylating agents: n-
propylamine, di-n-propylamine and tri-n-propylamine
(Table 1, entries 1–3). The reactions were performed by
treating aniline with an excess of alkylamine in the presence
of Pd/C (10 %) in dry toluene under various conditions. The
results are summarized in Table 1.

We observed good alkyl transfer with secondary amines
(Table 1, entry 2) and an almost quantitative conversion
with tertiary amines (Table 1, entry 3), whereas with primary
amines (Table 1, entry 1) the reaction did not proceed and
only starting materials were recovered. Particularly notewor-
thy is the alkyl transfer of tertiary amines.

The secondary amine product was exclusively observed at
the end of the reaction without any contamination of N,N-
dialkylated aniline or other products coming from scram-
bling of the groups around the nitrogen. The best ratio of re-
actants is 1.5 equiv of tertiary amine to 1 equiv of aniline in
the presence of 1.5 mol % of Pd/C (10 %). Upon increasing
the trialkylamine/aniline ratio, only a statistical rise of the
internal pressure was observed, without any enhancement in
the reaction yields (Table 1, entry 4).[13]

Regarding the influence of the temperature, the best yield
of N-propylaniline (92%, Table 1, entry 3) was obtained at
175 8C, whereas at higher temperatures no appreciable in-
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Scheme 1. Homogeneous trans amination of substituted anilines with ali-
phatic amines.
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crease in yield was observed (93 %; Table 1, entry 5). On the
contrary, working at temperatures below 160 8C, reduces the
reactivity and conversion (77 %; Table 1, entry 6). The ani-
line alkylation reaction proceeds to completion much more
rapidly in non-polar than in polar solvents, and the best con-
versions were observed in dry toluene (Table 1, compare en-
tries 4, 7 and 8).

Safety issues were encountered under solvent-free condi-
tions (Table 1, entry 9). A quick pressure rise was detected
due to extreme microwave absorption with the risk of explo-
sion (“thermal runaway”).[14] The use of palladium black as
a catalyst was significantly less effective than palladium on
charcoal (Table 1, entry 10).[15]

To compare microwave irradiation with conventional oil-
bath heating, the reaction was reproduced at the same tem-
perature in a preheated oil bath. After 2 h, the conversion
was low (49 %, Table 1, entry 11) and the process went to
completion only after 12 h.

To make the protocol highly valuable for economic and
environmental concerns, the possibility of recycling the cata-
lyst was also investigated. The reusability of the Pd/C cata-
lyst was tested for the coupling of aniline with tri-n-propyl-ACHTUNGTRENNUNGamine in toluene at 175 8C. The catalyst was recovered and
reused in up to five consecutive cycles[16] (Table 2), without
showing any loss of efficiency.[17] To ascertain the heteroge-
neity of the catalyst, further leaching studies were carried
out.[18] Both “Sheldon�s hot-filtration test”[19] and atomic ab-
sorption spectroscopy analysis (ICP-MS)[20] of the filtrate
showed only negligible amounts[21] of leached Pd in the reac-
tion medium, suggesting that the described process is heter-
ogeneously catalysed.[22]

Once the reaction conditions were optimised, the process
was extended to other commercially available tertiary
amines (Table 3). The reaction was concluded to be useful
for general applications and to proceed essentially to com-
pletion.

Among the trialkylamines used as alkylating agents, tri-
benzylamine was the least reactive one (Table 3, entry 4).
The coupling with aniline was also found to be incomplete
after a much longer reaction time. Although N-benzylaniline
was recovered in a poor yield (41 %), the reaction was still
highly selective towards monoalkylation.

To investigate the scope and limitations of this procedure,
a wide range of structurally different anilines and symmetric
tertiary amines were tested. These results are summarized in
Table 3. The substitution pattern of the aromatic ring influ-
ences the nucleophilicity of the amino group and as a conse-
quence also the yields. We observed that mono-N-alkylation

Table 1. Arylation of aliphatic amines: optimisation of the reaction con-
ditions.

Entry[a] R, R1 Solvent T [8C] Yield[b] [%]

1 R, R1 =H toluene 175 –
2 R=Pr, R1 =H toluene 175 56
3 R, R1 =Pr toluene 175 92
4 R, R1 =Pr toluene 175 94[c]

5 R, R1 =Pr toluene 210 93
6 R, R1 =Pr toluene 155 77
7 R, R1 =Pr THF 175 82
8 R, R1 =Pr tBuOH 175 71
9 R, R1 =Pr neat 175 –
10 R, R1 =Pr toluene 175 41[d]

11 R, R1 =Pr toluene 175 49[e]

[a] Reaction conditions: aniline (2.0 mmol), alkyl amine (3.0 mmol), 10%
Pd/C (1.5 mol %), solvent (2.5 mL), 1.5 h. [b] Yield of isolated product
after column chromatography is based on the amount of starting aniline.
[c] Reaction performed by using a 1/3 molar ratio of aniline/tri-n-propyl-ACHTUNGTRENNUNGamine. [d] Reaction carried out by using palladium black instead of Pd/C.
[e] Reaction performed in a preheated oil bath at 175 8C, isolated yield
after 2 h.

Table 2. Reaction of aniline with tri-n-propylamine using recovered
Pd/C.

Cycles[a] Yield [%][b]

1 92
2 90
3 89
4 90
5 92

[a] Reaction conditions: aniline (2 mmol), tri-N-propylamine (3 mmol),
10% Pd/C (1.5 mol %), toluene (2.5 mL), 175 8C, 1.5 h. [b] Yield of isolat-
ed product after column chromatography is based on the amount of start-
ing aniline.

Table 3. Selective monoalkylation of aromatic amines catalysed by Pd/C.

Entry[a] R R1 Yield [%][b]

1 Pr H 92
2 Bu H 93
3 hexyl H 95
4 Bn[c] H 41
5 Pr 4-Me 94
6 octyl 4-Me 96
7 Pr 3-Me 91
8 Pr 2-Me 92
9 hexyl 2-Me 94
10 Et 4-OMe 93
11 hexyl 2-OMe 95
12 Pr 2-tBu 66
13 Pr 4-F 40
14 Pr 2-F 31
15 Pr 3-CF3 57
16 Et 4-NO2 –
17 Et 4-CN –

[a] Reaction conditions: aniline (2 mmol), tri-alkylamine (3 mmol), 10%
Pd/C (1.5 mol %), toluene (2.5 mL), 175 8C, 1.5 h. [b] Yield of isolated
product after column chromatography is based on aniline residue.
[c] Bn=benzyl.
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of activated and electron-rich aniline derivatives, such as o/
m/p-toluidine and o/p-anisidine, proceeded smoothly and se-
lectively to give the corresponding mono-N-alkylated aniline
derivatives in nearly quantitative yields (Table 3, entries 5–
11).

Even the amination of aniline with a sterically hindered
substituent at the ortho position was found to be effective,
although a lower yield (66%; Table 3, entry 12) was ob-
served. The alkyl transfer reactions with o/p-halogenated
anilines were more problematic and gave only low yields
(Table 3, entries 13 and 14). The reaction of 3-trifluoro-ACHTUNGTRENNUNGmethylaniline with trihexylamine (Table 3, entry 15) yielded
the alkylated aniline in a moderate yield (57 %).

The amine coupling of 4-nitroaniline and 4-aminobenzoni-
trile (Table 3, entries 16 and 17) with different trialkyl-ACHTUNGTRENNUNGamines showed no reaction even at higher temperatures or
increasing reaction times.

Finally, we explored the coupling of aniline with a set of
unsymmetrical tertiary amines; the results are summarized
in Table 4. In general, the reaction of trans alkylation gives
rise to a mixture of two N-alkylanilines (1 and 2, Table 4), in

which the major component is the N-alkylaniline with the
longest linear carbon chain bonded to the nitrogen atom.
For example, in the case of the reaction of aniline with N,N-
dimethylbutylamine (Table 4, entry 1) or N,N-dibutylmethyl-
amine (Table 4, entry 2), both the butyl and methyl groups
were transferred even if N-butylaniline was always obtained
as the major product. When N,N-dimethylisopropylamine or
N,N-diisopropylmethylamine were used (Table 4, entries 5
and 6) only methyl-group transfer occurred.

With regard to the mechanism of this reaction, we pro-
pose that the alkylation of aniline proceeds through a hydro-
gen-borrowing pathway, as previously postulated by the
groups of Murahashi, Beller and Williams (Scheme 2).[5,6,8]

Palladium is inserted into the carbon–hydrogen bond close
to the nitrogen of the alkylamine 3, promoting b-hydride
elimination, to give the highly reactive intermediate immini-
um ion 4.

Nucleophilic attack by the incoming aniline on the imini-
um ion 4 forms an unstable aminoaminal 5 with subsequent

elimination of the secondary amine 6. In the last step, the
starting Pd/C catalyst is regenerated and gives the desired
secondary aniline product 8.

In conclusion, we have developed a palladium-catalysed
N-alkylation of anilines with tertiary amines that occurs
under transfer-hydrogenation conditions. The reactions pro-
ceed smoothly and efficiently to give the corresponding N-
alkylanilines in good to excellent yields.

Experimental Section

N-Propylaniline (Table 3, entry 1): 10 % Pd/C (0.032 g, 0.03 mmol,
1.5 mol % relative to aniline), freshly distilled aniline (0.186 g, 182.5 mL,
2.0 mmol), freshly distilled tri-n-propylamine (0.430 g, 571 mL, 3 mmol)
and dry toluene (2.5 mL) was added to an argon-filled 10 mL pressure-re-
sistant vial equipped with rubber septum and an aluminium cap. The mix-
ture was put in the microwave apparatus (CEM Discover, 2.45 GHz,)
and irradiated at 175 8C with stirring. After 1.5 h the reaction vessel was
cooled to room temperature and the palladium catalyst was filtered off.
The solvent was removed in vacuo and the crude product was easily puri-
fied by column chromatography with hexane/ethyl acetate (95/5) to
afford N-propylaniline as a pale yellow liquid (0.250 g, 1.84 mmol, 92%).
The analytical values agree well with the literature. 1H NMR (300 MHz,
CDCl3): d=7.23–7.16 (m, 2 H), 6.74–6.68 (m, 1H), 6.64–6.61 (m, 2H),
3.64 (br s, 1 H), 3.10 (t, J= 7.2 Hz, 2H), 1.67 (sextuplet, J= 7.5 Hz, 2H),
1.02 ppm (t, J =7.5 Hz, 3 H); 13C NMR (75 MHz, CDCl3): d=148.7,
129.4, 117.3, 112.9, 46.0, 23.0, 11.9 ppm; HRMS: m/z calcd for
[C9H13NH]+ : 136.1126; found: 136.1118.

Acknowledgements

This work was financially supported by the Universit� degli Studi di Sas-
sari and MIUR (ROME) within the project PRIN: �Structure and Activi-
ty Studies of DNA Quadruplex through the Exploitation of Synthetic
Oligonucleotides and Analogues�.

Keywords: alkylation · amines · anilines · heterogeneous
catalysis · microwave chemistry

[1] a) M. Negwer, Organic–Chemical Drugs and Their Synonyms (An
International Survey), 7th ed., Akademie Verlag, Berlin, 1994 ;
b) S. A. Lawrence, Amines: Synthesis, Properties, and Applications,
Cambridge University Press, Cambridge, 2004 ; c) The Chemistry of
Anilines, Vol. 1 (Ed.: Z. Rappoport), Wiley-Interscience, New York,
2007.

[2] M. B. Smith, J. March, Advanced Organic Chemistry, 5th ed., Wiley,
New York, 2001; p. 499 – 505.

Table 4. N-Alkylation of aniline with unsymmetrical tertiary amines.

Entry[a] R R1 1 [%] 2 [%] Yield [%][b]

1 Bu Me 75 25 76
2 Me Bu 45 55 71
3 Bu Et 77 23 78
4 Et Bu 42 58 73
5 iPr Me – 100 59
6 Me iPr 100 – 70

[a] Reaction conditions: aniline (2 mmol), tri-n-propylamine (3 mmol),
10% Pd/C (1.5 mol %), toluene (2.5 mL), 175 8C, 1.5 h. [b] Yield of isolat-
ed product after column chromatography is based on aniline residue.

Scheme 2. Presumed mechanism for the arylation of tertiary amines.

www.chemeurj.org � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2011, 17, 82 – 8584

A. Porcheddu et al.

www.chemeurj.org


[3] a) E. M. Beccalli, G. Broggini, S. Sottocornola, M. Martinelli, Chem.
Rev. 2007, 107, 5318 – 5365; b) M. Taillefer, N. Xia, N. Ouali, Angew.
Chem. 2007, 119, 952 –954; Angew. Chem. Int. Ed. 2007, 46, 934 –
936; c) F. Monnier, M. Taillefer, Angew. Chem. 2008, 120, 3140 –
3143; Angew. Chem. Int. Ed. 2008, 47, 3096 – 3099.

[4] a) A. F. Abdel-Magid, K. G. Carson, B. D. Harris, C. A. Maryanoff,
R. D Shah, J. Org. Chem. 1996, 61, 3849 – 3862; b) H. Firouzabadi,
N. Iranpoor, H. Alinejhad, Bull. Chem. Soc. Jpn. 2003, 76, 143 –151.

[5] a) D. Hollmann, S. Bahn, A. Tillack, M. Beller, Angew. Chem. 2007,
119, 8440 –8444; Angew. Chem. Int. Ed. 2007, 46, 8291 – 8294; b) D.
Hollmann, S. Bahn, A. Tillack, M. Beller, Chem. Commun. 2008,
3199 – 3201; c) S. B�hn, D. Hollmann, A. Tillack, M. Beller, Adv.
Synth. Catal. 2008, 350, 2099 – 2103; d) A. Prades, R. Corberan, M.
Poyatos, E. Peris, Chem. Eur. J. 2008, 14, 11474 – 11479.

[6] a) O. Saidi, A. J. Blacker, M. M. Farah, S. P. Marsden, J. M. J. Wil-
liams, Angew. Chem. 2009, 121, 7511 –7514; Angew. Chem. Int. Ed.
2009, 48, 7375 –7378; see also: b) A. J. Blacker, M. M. Farah, M. I.
Hall, S. P. Marsden, O. Saidi, J. M. J. Williams, Org. Lett. 2009, 11,
2039 – 2042; c) S. B�hn, S. Imm, K. Mevius, L. Neubert, A. Tillack,
J. M. J. Williams, M. Beller, Chem. Eur. J. 2010, 16, 3590 –3593.

[7] For very interesting reviews on borrowing-hydrogen methodology,
also known as hydrogen auto-transfer, see: a) S. Gladiali, E. Alberi-
co, Chem. Soc. Rev. 2006, 35, 226 –236; b) M. H. S. A. Hamid, P. A.
Slatford, J. M. J. Williams, Adv. Synth. Catal. 2007, 349, 1555 – 1575;
c) T. D. Nixon, M. K. Whittlesey, J. M. J. Williams, Dalton Trans.
2009, 753 – 762; d) G. Guillena, D. J. Ramon, M. Yus, Chem. Rev.
2010, 110, 1611 –1641; e) G. E. Dobereiner, R. H. Crabtree, Chem.
Rev. 2010, 110, 681 –703.

[8] a) S. Murahashi, N. Yoshimura, T. Tsumiyama, T. Kojima, J. Am.
Chem. Soc. 1983, 105, 5002 –5011. See also: b) W. Tagaki, Y. Asai, T.
Eiki, J. Am. Chem. Soc. 1973, 95, 3037 – 3039; c) S. Murahashi, T.
Hirano, T. Yano, J. Am. Chem. Soc. 1978, 100, 348 – 350.

[9] a) J. W. Kim, K. Yamaguchi, N. Mizuno, J. Catal. 2009, 263, 205 –
208; b) K. Yamaguchi, J. He, T. Oishi, N. Mizuno, Chem. Eur. J.
2010, 16, 7199 –7207 and references therein.

[10] a) J. Tsuji, Palladium Reagents and Catalysts–New Perspectives for
the 21 st Century, Wiley, Chichester, 2004 ; b) Transition Metals for
Organic Synthesis Vol. 1 and 2 (Eds.: M. Meller, C. Bolm), Wiley-
VCH, Weinheim, 2004 ; c) J. M. Thomas, W. J. Thomas Principles
and Practice of Heterogeneous Catalysis, Wiley-VCH, Weinheim,
1997.

[11] a) I. R. Baxendale, M. Pitts, Innovations Pharm. Technol. 2005, 86 –
90; b) C. O. Kappe, A. Stadler, Microwaves in Organic and Medici-
nal Chemistry, Wiley-VCH, Weinheim, 2005 ; c) C. O. Kappe, D. Dal-
linger, S. S. Murphree, Practical Microwave Synthesis for Organic
Chemists: Strategies, Instruments, and Protocols, Wiley-VCH, Wein-
heim 2009.

[12] a) L. Piras, E. Genesio, C. Ghiron, M. Taddei, Synlett 2008, 1125 –
1128; b) J. Salvadori, E. Balducci, S. Zaza, E. Petricci, M. Taddei, J.
Org. Chem. 2010, 75, 1841 –1847.

[13] Although the microwave reactor is explosion proof, appropriate
safety measures should be taken.

[14] K. Huang, B. Lu, Sci. China, Ser E: Tech Sci 2009, 52, 491 –496.
[15] Although palladium black has been widely used as a heterogeneous

catalyst in the N-alkylation of amines by amines, in our case the
yields were generally low or modest and required a very high per-
centage of the heterogeneous catalyst. Moreover, the yields depend
on the supplier of the palladium black and are difficult to repro-
duce.

[16] After the first run, the catalyst was separated by simple vacuum fil-
tration, washed twice with dry toluene and dry THF and dried at
50 8C under vacuum for 4 h. The same procedure was repeated, as
for the initial run, for all further cycles.

[17] Based on final yield.
[18] a) C. E. Garrett, K. Prasad, Adv. Synth. Catal. 2004, 346, 889 –900;

b) S. Schweizer, J.-M. Becht, C. Le Drian, Adv. Synth. Catal. 2007,
349, 1150 –1158; c) J. M. Richardson, C. W. Jones, J. Catal. 2007, 251,
80– 93; d) S. Schweizer, J.-M. Becht, C. Le Drian, Tetrahedron 2010,
66, 765 –772; e) M. Lamblin, L. Nassar-Hardy, J.-C. Hierso, E. Fou-
quet, F.-X. Felpin, Adv. Synth. Catal. 2010, 352, 33– 79.

[19] After 45 min, the reaction was stopped and the filtrate, obtained
after the removal of the solid catalyst, was irradiated at 175 8C for
another 45 min. After separation of the heterogeneous catalyst no
conversion was observed in the filtrate.

[20] The filtrate obtained after hot filtration of the reaction mixture was
evaporated under reduced pressure. A mixture of concentrated
H2SO4 (3 mL) and fuming HNO3 (2 mL) was added to the residue.
This mixture was heated in a fume hood until the nitric fumes disap-
peared. After cooling to 100 8C, fuming HNO3 (2 mL) was added,
the mixture was heated until evaporation of HNO3 and this process
was repeated three times. Most of the H2SO4 was then boiled off
and after cooling, a solution of concentrated HCl (2 mL) and con-
centrated HNO3 (2 mL) was added and heated until to complete
evaporation. The residue was then dissolved in H2O (24 mL) and
the amount of Pd present in this solution was then determined by
ICP-MS; see reference [18d].

[21] Less than 1 ppm leached Pd existed in the filtrate after catalyst re-
moval.

[22] In a subsequent study, the same model reaction was performed
using several soluble palladium catalysts (both Pd with a high oxida-
tion state (PdII) and Pd with a low oxidation degree (Pd0)) instead
of heterogeneous Pd/C under standard condition. No reaction with
[Pd ACHTUNGTRENNUNG(PPh3)4], [PdCl2ACHTUNGTRENNUNG(PPh3)2] or di-m-chlorobis{5-chloro-2-[(4-chloro-
phenyl)(hydroxyimino-kN)methyl]phenyl-kC}palladium dimer was
observed and low conversion (23 %) with Pd ACHTUNGTRENNUNG(OAc)2. All these re-
sults, taken as a whole, support the hypothesis that the palladium on
charcoal (in this process) is a heterogeneous catalyst.

Received: September 20, 2010
Published online: November 24, 2010

Chem. Eur. J. 2011, 17, 82 – 85 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 85

COMMUNICATIONN-Alkylation of Anilines

http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1002/ange.200603173
http://dx.doi.org/10.1002/ange.200603173
http://dx.doi.org/10.1002/ange.200603173
http://dx.doi.org/10.1002/ange.200603173
http://dx.doi.org/10.1002/anie.200603173
http://dx.doi.org/10.1002/anie.200603173
http://dx.doi.org/10.1002/anie.200603173
http://dx.doi.org/10.1002/ange.200703209
http://dx.doi.org/10.1002/ange.200703209
http://dx.doi.org/10.1002/ange.200703209
http://dx.doi.org/10.1002/anie.200703209
http://dx.doi.org/10.1002/anie.200703209
http://dx.doi.org/10.1002/anie.200703209
http://dx.doi.org/10.1021/jo960057x
http://dx.doi.org/10.1021/jo960057x
http://dx.doi.org/10.1021/jo960057x
http://dx.doi.org/10.1246/bcsj.76.143
http://dx.doi.org/10.1246/bcsj.76.143
http://dx.doi.org/10.1246/bcsj.76.143
http://dx.doi.org/10.1002/ange.200703119
http://dx.doi.org/10.1002/ange.200703119
http://dx.doi.org/10.1002/ange.200703119
http://dx.doi.org/10.1002/ange.200703119
http://dx.doi.org/10.1002/anie.200703119
http://dx.doi.org/10.1002/anie.200703119
http://dx.doi.org/10.1002/anie.200703119
http://dx.doi.org/10.1039/b803114b
http://dx.doi.org/10.1039/b803114b
http://dx.doi.org/10.1039/b803114b
http://dx.doi.org/10.1039/b803114b
http://dx.doi.org/10.1002/adsc.200800353
http://dx.doi.org/10.1002/adsc.200800353
http://dx.doi.org/10.1002/adsc.200800353
http://dx.doi.org/10.1002/adsc.200800353
http://dx.doi.org/10.1002/chem.200801580
http://dx.doi.org/10.1002/chem.200801580
http://dx.doi.org/10.1002/chem.200801580
http://dx.doi.org/10.1002/ange.200904028
http://dx.doi.org/10.1002/ange.200904028
http://dx.doi.org/10.1002/ange.200904028
http://dx.doi.org/10.1002/anie.200904028
http://dx.doi.org/10.1002/anie.200904028
http://dx.doi.org/10.1002/anie.200904028
http://dx.doi.org/10.1002/anie.200904028
http://dx.doi.org/10.1021/ol900557u
http://dx.doi.org/10.1021/ol900557u
http://dx.doi.org/10.1021/ol900557u
http://dx.doi.org/10.1021/ol900557u
http://dx.doi.org/10.1002/chem.200903144
http://dx.doi.org/10.1002/chem.200903144
http://dx.doi.org/10.1002/chem.200903144
http://dx.doi.org/10.1039/b513396c
http://dx.doi.org/10.1039/b513396c
http://dx.doi.org/10.1039/b513396c
http://dx.doi.org/10.1002/adsc.200600638
http://dx.doi.org/10.1002/adsc.200600638
http://dx.doi.org/10.1002/adsc.200600638
http://dx.doi.org/10.1039/b813383b
http://dx.doi.org/10.1039/b813383b
http://dx.doi.org/10.1039/b813383b
http://dx.doi.org/10.1039/b813383b
http://dx.doi.org/10.1021/cr9002159
http://dx.doi.org/10.1021/cr9002159
http://dx.doi.org/10.1021/cr9002159
http://dx.doi.org/10.1021/cr9002159
http://dx.doi.org/10.1021/cr900202j
http://dx.doi.org/10.1021/cr900202j
http://dx.doi.org/10.1021/cr900202j
http://dx.doi.org/10.1021/cr900202j
http://dx.doi.org/10.1021/ja00353a025
http://dx.doi.org/10.1021/ja00353a025
http://dx.doi.org/10.1021/ja00353a025
http://dx.doi.org/10.1021/ja00353a025
http://dx.doi.org/10.1021/ja00790a063
http://dx.doi.org/10.1021/ja00790a063
http://dx.doi.org/10.1021/ja00790a063
http://dx.doi.org/10.1021/ja00469a093
http://dx.doi.org/10.1021/ja00469a093
http://dx.doi.org/10.1021/ja00469a093
http://dx.doi.org/10.1016/j.jcat.2009.01.020
http://dx.doi.org/10.1016/j.jcat.2009.01.020
http://dx.doi.org/10.1016/j.jcat.2009.01.020
http://dx.doi.org/10.1021/jo9021315
http://dx.doi.org/10.1021/jo9021315
http://dx.doi.org/10.1021/jo9021315
http://dx.doi.org/10.1021/jo9021315
http://dx.doi.org/10.1007/s11431-008-0286-3
http://dx.doi.org/10.1007/s11431-008-0286-3
http://dx.doi.org/10.1007/s11431-008-0286-3
http://dx.doi.org/10.1002/adsc.200404071
http://dx.doi.org/10.1002/adsc.200404071
http://dx.doi.org/10.1002/adsc.200404071
http://dx.doi.org/10.1002/adsc.200600503
http://dx.doi.org/10.1002/adsc.200600503
http://dx.doi.org/10.1002/adsc.200600503
http://dx.doi.org/10.1002/adsc.200600503
http://dx.doi.org/10.1016/j.jcat.2007.07.005
http://dx.doi.org/10.1016/j.jcat.2007.07.005
http://dx.doi.org/10.1016/j.jcat.2007.07.005
http://dx.doi.org/10.1016/j.jcat.2007.07.005
http://dx.doi.org/10.1016/j.tet.2009.11.050
http://dx.doi.org/10.1016/j.tet.2009.11.050
http://dx.doi.org/10.1016/j.tet.2009.11.050
http://dx.doi.org/10.1016/j.tet.2009.11.050
http://dx.doi.org/10.1002/adsc.200900765
http://dx.doi.org/10.1002/adsc.200900765
http://dx.doi.org/10.1002/adsc.200900765
www.chemeurj.org

