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Alkylated anilines are used for a variety of applications in
the food, pharmaceutical, agrochemical, dye, and polymer
industries.[1] In general, the condensation of industrially
available anilines with aldehydes and ketones and subse-
quent hydrogenation constitutes a straightforward approach
for their synthesis. Although during the last two decades
procedures for the highly selective catalytic reduction of
imines have been developed,[2] unfortunately in these proce-
dures the imine has to be synthesized and isolated in an ad-
ditional step. Thus, the reductive amination of aldehydes
and ketones constitutes a more efficient and direct route for
their synthesis.[3] In the past, this route has employed reduc-
ing agents, including iso-propanol,[4] formates,[5] and so-
called Hanztsch esters,[6] as well as silanes.[7] Clearly, the
most atom economic and environmentally friendly approach
is the use of molecular hydrogen[8] for the reduction step
with water as the only side-product in the overall transfor-
mation. The majority of the known catalysts for the latter
reductive aminations are based on precious metal complexes
of rhodium, iridium, and ruthenium.[9] Owing to the compa-
rably high price of these precious metals and their corre-
sponding complexes, the search for more economical and
environmentally friendly catalysts is an ongoing and chal-
lenging research topic. In this respect, novel catalysts based
on iron, copper, zinc, or manganese offer particularly attrac-
tive options.[10] Although iron is the second most abundant
metal in the earth’s crust, it has only been scarcely investi-
gated for reductive aminations.[11] More recently, Enthaler
showed that a reductive amination of aldehydes is possible
with simple FeCl3 using silanes.[12] Notably, iron-carbonyl
complexes Fex(CO)y were found to be active in the hydrosi-
lylation of alkenes and the reduction of amides.[13] Based on
these results and our experience in iron-catalyzed reductions
of C=X bonds,[13c,14] we started to investigate the reductive
amination of carbonyl compounds in the presence of iron
catalysts. As a result, herein, we report inexpensive
Fe3(CO)12 as a convenient homogeneous catalyst system
which allows for the reductive amination of aldehydes and
ketones under mild conditions using molecular hydrogen.
In exploratory studies, different iron sources were tested in
the model reaction of 4-methoxyacetophenone 1 a and 4-ani-
sidine 2 a at 50 bar hydrogen pressure and 65 8C. Molecular
sieves were added to the reaction mixture to shift the equi-
librium towards the in situ generated imine by removing
water, which is formed during the condensation step. As
shown in Table 1, iron(II)- and ironACHTUNGTRENNUNG(III)-salts as well as [Fe-ACHTUNGTRENNUNG(cot)(CO)3] did not show any activity in the model reaction
(Table 1, entries 2–6); in the presence of these iron salts and
complexes, only the corresponding imine was formed. Sur-

prisingly, other iron-carbonyl complexes showed significant
activity in the model reaction (Table 1, entries 7–9). As
Fe3(CO)12 turned out to be the most-active precursor, differ-
ent catalyst loadings were tested with this complex (Table 1,
entries 9–12). To our delight, the yield raised from 29 % to
84 % by increasing the catalyst loading from 1 to 4 mol %.
Next, the influence of the reaction temperature was investi-
gated in the model system (Table 1, entries 11, 13, 14). At
35 8C and 100 8C, only low yields (9 and 40 %, respectively)
were observed. In both cases, the reduction of the pre-
formed imine was not complete, which can be explained by
either low activity (35 8C) or partial decomposition (100 8C)
of the reduction catalyst.

Variation of the solvent showed that toluene is superior to
the more polar tetrahydrofuran, 1,4-dioxane, 1-methyl-2-pyr-
rolidone (NMP), and N,N-dimethylformamide (DMF;
Table 1, entries 17–20). Applying a 1.5 fold excess of 4-anisi-
dine 2 a had a beneficial effect on the product yield. Under
optimized conditions, 0.5 mmol 4-methoxyacetophenone,
0.75 mmol 4-anisidine, and 0.02 mmol Fe3(CO)12 smoothly
underwent direct reductive amination with hydrogen to give
93 % of the corresponding amine 3 a.

In order to confirm that the observed catalyst activity was
not caused by other metal impurities, we investigated possi-
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Table 1. Reductive amination of 4-methoxyacetophenone with 4-anisidi-
ne.[a]

No Iron precursor (mol %) Solvent Conv. [%] Yield [%]

1[b] — toluene 92 –
2 Fe ACHTUNGTRENNUNG(ClO4)2·xH2O (10) toluene 90 –
3 Fe ACHTUNGTRENNUNG(OAc)2 (10) toluene 45 –
4 FePO4·6H2O (10) toluene 96 –
5 Fe ACHTUNGTRENNUNG(NO3)3·9H2O (10) toluene >99 –
6 [Fe ACHTUNGTRENNUNG(cot)(CO)3] (10) toluene 99 –
7 ACHTUNGTRENNUNG[Et3NH] ACHTUNGTRENNUNG[HFe3(CO)11] (10) toluene 61 1
8 Fe2(CO)9 (5) toluene >99 7
9[b] Fe3(CO)12 (1) toluene 71 29
10[b] Fe3(CO)12 (2) toluene 76 51
11[b] Fe3(CO)12 (4) toluene 92 84
12[b] Fe3(CO)12 (6) toluene 92 86
13[c] Fe3(CO)12 (4) toluene 83 9
14[d] Fe3(CO)12 (4) toluene 83 40
15[e] Fe3(CO)12 (4) toluene 33 31
16 Fe3(CO)12 (4) toluene >99 93
17 Fe3(CO)12 (4) THF 29 3
18 Fe3(CO)12 (4) 1,4-dioxane 33 31
19 Fe3(CO)12 (4) NMP 45 32
20 Fe3(CO)12 (4) DMF 3 4

[a] General reaction conditions: 0.5 mmol 4-methoxyacetophenone 1 a,
0.75 mmol 4-anisidine, 200 mg 3 � molecular sieve, 50 bar H2, 65 8C, 24 h;
[b] 0.5 mmol 4-anisidine 2a ; [c] 35 8C; [d] 100 8C; [e] without molecular
sieves. cot =cyclooctatetraene. 1,4-dioxane.
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ble contaminations and analyzed Fe3(CO)12 by atomic ab-
sorption spectroscopy (AAS) and inductively coupled
plasma mass spectrometry (ICP-MS). However, all other
metals were found to be present below the detection limits
of these methods (see the Supporting Information).[15] Fur-
thermore, the reaction was performed using new glass vials
and stirring bars and the control experiment without iron
precursor did not show any product formation (Table 1,
entry 1), which confirms the catalytic nature of the iron spe-
cies.

With the optimized reaction conditions in hand, we ex-
plored the scope and limitations of this convenient iron-cat-
alyzed reductive amination procedure. As shown in Table 2,
a variety of substituted acetophenones were smoothly ami-
nated and hydrogenated in high yields. Both electron-donat-
ing and electron-withdrawing substituents on the aromatic
rings had little impact on the reductive amination activity,
and high yields were also observed for substituted 2-arylme-
thylketones (83–97 % yield; Table 2, entries 1–4). The steric
hindrance of the aryl group had no significant effect on the
activity, as both ortho- and para-methyl-substituted aceto-
phenones gave similar yields (Table 2, entries 1 and 5).
Linear and a-branched aliphatic ketones reacted well, lead-

ing to high yields of the corresponding amine (95 and 93 %,
respectively; Table 2, entries 7 and 8).

Next, we examined the reductive amination of a range of
aldehydes (4). Gratifyingly, the hydrogenative reductive
amination of a number of aldehydes, including aromatic,
heteroaromatic, and a-branched aldehydes proceeded in
good to excellent yields (Table 3, entries 1–12).

As the equilibrium of the condensation reaction of ben-
zaldehyde 4 a with 4-anisidine 2 a is almost completely shift-
ed to the imine, the addition of molecular sieves is not nec-

Table 2. Reductive amination of different ketones with 4-anisidine.[a]

Entry Ketones Yield [%]

1[b] 1 a 83

2 1b 91

3 1c 92

4 1d 97

5 1 e 82

6 1 f 91

7[b] 1 g 95

8 1h 93

[a] General reaction conditions: 0.5 mmol ketone 1, 0.75 mmol 4-anisi-
dine 2a, 200 mg 3 � molecular sieve 16 h; 0.02 mmol Fe3(CO)12, 50 bar
H2, 65 8C, 24 h; [b] reaction conditions: 0.5 mmol ketone 1, 0.75 mmol 4-
anisidine 2 a, 0.02 mmol Fe3(CO)12, 50 bar H2, 65 8C, 24 h.

Table 3. Reductive amination of different aldehydes with 4-anisidine.[a]

Entry Aldehydes Yield [%]

1 4a 97

2 4 b 91

3 4 c 95

4 4 d 88

5 4e 95

6 4 f 91

7 4g 73

8 4 h 87

9 4 i 89

10 4j 91

11 4 k 90

12 4 l 88

[a] General reaction conditions: 0.5 mmol aldehyde 4, 0.75 mmol 4-anisi-
dine 2 a, 0.02 mmol Fe3(CO)12, 50 bar H2, 65 8C, 24 h.
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essary for the reductive amination of aldehydes. Ortho-,
meta- and para-substituted benzaldehydes with electron-do-
nating and electron-withdrawing groups were reacted in
high yields (Table 3, entries 1–12). Noteworthy, keto- and
ester-goups were tolerated and the aldehyde reacted selec-
tively to form the corresponding amines (Table 3, entries 9
and 10, respectively). The catalytic activity did not decrease
by applying sterically demanding aldehydes, such as 2,4,6-tri-
methylbenzaldehyde 4 c (Table 3, entry 3). Furthermore, an
excellent product yield of 90 % was obtained with thio-
phene-2-carbaldehyde 4 k, whilst the reductive amination of
pyridine-3-carbaldehyde did not furnish the desired product,
probably owing to the coordination of pyridine to the iron
catalyst. Finally, the reductive amination of different amines
with benzaldehyde 4 a was investigated. Ortho-, meta- and
para-substituted anilines with electron-donating and elec-
tron-withdrawing groups reacted with benzaldehyde under
hydrogenative conditions in high yields of 95 % (Table 4).

Unfortunately, under optimized conditions the reaction of
aliphatic amines, such as n-butylamine or 2-ethylhexylamine,
with benzaldehyde 4 a gave only the corresponding imine
and no hydrogenation was observed. On the other hand,
secondary amines, such as N-benzylaniline can be used to
gain access to tertiary amines.

In summary, we have reported the first homogeneous
iron-based catalyst system for the reductive amination of al-
dehydes and ketones using molecular hydrogen. Whilst nu-
merous precious-metal-based catalysts are known, iron has
been scarcely investigated in such catalytic reductions.

More specifically, we demonstrated that inexpensive triir-
on dodecacarbonyl can catalyze the direct hydrogenative re-
ductive amination of carbonyl compounds with various ani-
lines without the need of any special or expensive ligand.
Good to excellent yields of 68–97 % have been achieved for
a range of aryl, alkyl, and heterocyclic ketones as well as al-
dehydes with primary and secondary anilines.

Experimental Section

All experiments were done in 4 mL glass vials. Brand-new glass vials
were placed in a Parr Instruments 4560 series autoclave (300 mL) con-
taining an alloy plate that holds seven 4 mL glass vials.

General Procedure for the Hydrogenative Reductive Amination of
Ketones

A: A vial was charged under an argon atmosphere with ketone 1
(0.5 mmol), 4-anisidine 2a (0.75 mmol), Fe3(CO)12 (0.02 mmol), 3 � mo-
lecular sieves (200 mg), dry toluene (1.0 mL), and a magnetic stirring bar
and capped with a septum which was equipped with a needle. The vial
was placed in the alloy plate, which was then placed into the pre-dried
autoclave. Once sealed, the autoclave was purged 3 times with hydrogen,
then pressurized to 50 bar, heated at 65 8C, and stirred for 24 h. The auto-
clave was cooled to 5 8C, depressurized, the reaction mixture was trans-
ferred into a flask, evaporated under reduced pressure, and the residue
was purified by column chromatography on silica gel (eluent: heptane/
ethyl acetate 20:1 to 10:1) to give the corresponding amine 3.

B: A vial was charged under an argon atmosphere with ketone 1
(0.5 mmol), 4-anisidine 2b (0.75 mmol), 3 � molecular sieves (200 mg),
dry toluene (1.0 mL), and a magnetic stirring bar and capped with a
septum. The mixture was stirred for 16 h at room temperature. Fe3(CO)12

(0.02 mmol) was added, the vial was placed in the alloy plate, which was
then placed into the pre-dried autoclave. Once sealed, the autoclave was
purged 3 times with hydrogen, then pressurized to 50 bar, and heated at
65 8C for 24 h. The autoclave was cooled to 5 8C, depressurized, the reac-
tion mixture was transferred into a flask, evaporated under reduced pres-
sure, and the residue was purified by column chromatography on silica
gel (eluent: heptane/ethyl acetate 20:1 to 10:1) to give the corresponding
amine 3.

General Procedure for the Hydrogenative Reductive Amination of
Aldehydes

A vial was charged under an argon atmosphere with aldehyde 4
(0.5 mmol), 4-anisidine 2a or amine 2 (0.75 mmol), Fe3(CO)12

(0.02 mmol), dry toluene (1.0 mL), and a magnetic stirring bar and
capped with a septum which was equipped with a needle. The vial was
placed in the alloy plate, which was then placed into the pre-dried auto-
clave. Once sealed, the autoclave was purged 3 times with hydrogen,
then pressurized to 50 bar, heated at 65 8C, and stirred for 24 h. The auto-
clave was cooled to 5 8C, depressurized, the reaction mixture was trans-
ferred into a flask, evaporated under reduced pressure, and the residue
was purified by column chromatography on silica gel (eluent: heptane/
ethyl acetate 20:1 to 10:1) to give the corresponding amine 5 or 6.
1H, and 13C spectra were recorded on Bruker spectrometers AVANCE
300 (1H: 300.13 MHz, 13C: 75.5 MHz, 31P: 121.5 MHz). The calibration of
1H and 13C spectra was carried out on solvent signals (d, CDCl3)=7.26
and 77.0). Chemical shifts are given in ppm, coupling constants are re-
ported in Hz. Mass spectra were recorded on an AMD 402 spectrometer.
Elemental analyses were performed at a Leco CHNS-932. IR spectra
were recorded as ATR on a BRUKER ALPHA-P. All manipulations
were performed under an argon atmosphere using standard Schlenk tech-
niques.
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351, 1055 – 1063; j) O.-Y. Lee, K.-L. Law, D. Yang, Org. Lett. 2009,
11, 3302 –3305; k) S. Das, D. Addis, S. Zhou, K. Junge, M. Beller, J.
Am. Chem. Soc. 2010, 132, 1770 – 1771; l) N. A. Marinos, S. Enthaler,
M. Driess, ChemCatChem 2010, 2, 846 – 852; m) S. Enthaler, K.
Schrçder, S. Inuoe, B. Eckhardt, K. Junge, M. Beller, M. Drieß, Eur.
J. Org. Chem. 2010, 4893 –4901. For recent reports with Cu see:
n) H. Shimizu, D. Igarashi, W. Kyriyama, Y. Yusa, N. Sayo, T. Saito,
Org. Lett. 2007, 9, 1655 –1657; o) H. Shimizu, I. Nagasaki, K. Matsu-
mura, N. Sayo, T. Saito, Acc. Chem. Res. 2007, 40, 1385 –1393; p) H.
Shimizu, T. Nagano, N. Sayo, T. Saito, T. Ohshima, K. Mashima,
Synlett 2009, 3143 –3146; q) H. Shimizu, N. Sayo, T. Saito, Synlett
2009, 1295 –1298; r) K. Junge, B. Wendt, D. Addis, S. Zhou, S. Das,
S. Fleischer, M. Beller, Chem. Eur. J. 2011, 17, 101 –105.

[11] M. D. Bhor, M. J. Bhanushali, N. S. Nandurkar, B. M. Bhanage, Tet-
rahedron Lett. 2008, 49, 965 – 969.

[12] S. Enthaler, ChemCatChem 2010, 2, 1411 –1415.
[13] a) F. Kakiuchi, Y. Tanaka, N. Chatani, S. Murai, J. Organomet.

Chem. 1993, 456, 45–47; b) Y. Sunada, H. Kawakami, T. Imaoka, Y.
Motoyama, H. Nagashima, Angew. Chem. 2009, 121, 9675 –9678;
Angew. Chem. Int. Ed. 2009, 48, 9511 –9514; c) S. Zhou, K. Junge,
D. Addis, S. Das, M. Beller, Angew. Chem. 2009, 121, 9671 –9674;
Angew. Chem. Int. Ed. 2009, 48, 9507 –9510.

[14] a) N. S. Shaikh, S. Enthaler, K. Junge, M. Beller, Angew. Chem.
2008, 120, 2531 – 2535; Angew. Chem. Int. Ed. 2008, 47, 2497 –2501;
b) D. Addis, N. Shaikh, S. Zhou, S. Das, K. Junge, M. Beller, Chem.
Asian J. 2010, 5, 1687 –1691; c) S. Zhou, S. Fleischer, K. Junge, S.
Das, D. Addis, M. Beller, Angew. Chem. 2010, 122, 8298 – 8302;

2244 www.chemasianj.org � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Asian J. 2011, 6, 2240 – 2245

COMMUNICATION
M. Beller et al.

http://dx.doi.org/10.1002/adsc.200606149
http://dx.doi.org/10.1002/adsc.200606149
http://dx.doi.org/10.1002/adsc.200606149
http://dx.doi.org/10.1002/adsc.200606149
http://dx.doi.org/10.1002/ange.200601540
http://dx.doi.org/10.1002/ange.200601540
http://dx.doi.org/10.1002/ange.200601540
http://dx.doi.org/10.1002/ange.200601540
http://dx.doi.org/10.1002/anie.200601540
http://dx.doi.org/10.1002/anie.200601540
http://dx.doi.org/10.1002/anie.200601540
http://dx.doi.org/10.1002/ange.200600263
http://dx.doi.org/10.1002/ange.200600263
http://dx.doi.org/10.1002/ange.200600263
http://dx.doi.org/10.1002/ange.200600263
http://dx.doi.org/10.1002/anie.200600263
http://dx.doi.org/10.1002/anie.200600263
http://dx.doi.org/10.1002/anie.200600263
http://dx.doi.org/10.1021/ol060546b
http://dx.doi.org/10.1021/ol060546b
http://dx.doi.org/10.1021/ol060546b
http://dx.doi.org/10.1021/ol060546b
http://dx.doi.org/10.1002/ange.200700533
http://dx.doi.org/10.1002/ange.200700533
http://dx.doi.org/10.1002/ange.200700533
http://dx.doi.org/10.1002/ange.200700533
http://dx.doi.org/10.1002/anie.200700533
http://dx.doi.org/10.1002/anie.200700533
http://dx.doi.org/10.1002/anie.200700533
http://dx.doi.org/10.1021/jo0700878
http://dx.doi.org/10.1021/jo0700878
http://dx.doi.org/10.1021/jo0700878
http://dx.doi.org/10.1021/ja807188s
http://dx.doi.org/10.1021/ja807188s
http://dx.doi.org/10.1021/ja807188s
http://dx.doi.org/10.1021/ja807188s
http://dx.doi.org/10.1021/om800926p
http://dx.doi.org/10.1021/om800926p
http://dx.doi.org/10.1021/om800926p
http://dx.doi.org/10.1021/om800926p
http://dx.doi.org/10.1002/ange.200901630
http://dx.doi.org/10.1002/ange.200901630
http://dx.doi.org/10.1002/ange.200901630
http://dx.doi.org/10.1002/anie.200901630
http://dx.doi.org/10.1002/anie.200901630
http://dx.doi.org/10.1002/anie.200901630
http://dx.doi.org/10.1002/anie.200901630
http://dx.doi.org/10.1016/j.tetlet.2009.07.044
http://dx.doi.org/10.1016/j.tetlet.2009.07.044
http://dx.doi.org/10.1016/j.tetlet.2009.07.044
http://dx.doi.org/10.1021/ja903319r
http://dx.doi.org/10.1021/ja903319r
http://dx.doi.org/10.1021/ja903319r
http://dx.doi.org/10.1021/ja903319r
http://dx.doi.org/10.1016/S0957-4166(99)00216-5
http://dx.doi.org/10.1016/S0957-4166(99)00216-5
http://dx.doi.org/10.1016/S0957-4166(99)00216-5
http://dx.doi.org/10.1021/cr020049i
http://dx.doi.org/10.1021/cr020049i
http://dx.doi.org/10.1021/cr020049i
http://dx.doi.org/10.1021/om060938m
http://dx.doi.org/10.1021/om060938m
http://dx.doi.org/10.1021/om060938m
http://dx.doi.org/10.1021/om060938m
http://dx.doi.org/10.1021/jo0203701
http://dx.doi.org/10.1021/jo0203701
http://dx.doi.org/10.1021/jo0203701
http://dx.doi.org/10.1021/jo0203701
http://dx.doi.org/10.1002/ange.200352503
http://dx.doi.org/10.1002/ange.200352503
http://dx.doi.org/10.1002/ange.200352503
http://dx.doi.org/10.1002/ange.200352503
http://dx.doi.org/10.1002/anie.200352503
http://dx.doi.org/10.1002/anie.200352503
http://dx.doi.org/10.1002/anie.200352503
http://dx.doi.org/10.1021/ja031633r
http://dx.doi.org/10.1021/ja031633r
http://dx.doi.org/10.1021/ja031633r
http://dx.doi.org/10.1021/ja031633r
http://dx.doi.org/10.1021/jo701503q
http://dx.doi.org/10.1021/jo701503q
http://dx.doi.org/10.1021/jo701503q
http://dx.doi.org/10.1002/ange.201002944
http://dx.doi.org/10.1002/ange.201002944
http://dx.doi.org/10.1002/ange.201002944
http://dx.doi.org/10.1002/ange.201002944
http://dx.doi.org/10.1002/anie.201002944
http://dx.doi.org/10.1002/anie.201002944
http://dx.doi.org/10.1002/anie.201002944
http://dx.doi.org/10.1021/ja065404r
http://dx.doi.org/10.1021/ja065404r
http://dx.doi.org/10.1021/ja057222n
http://dx.doi.org/10.1021/ja057222n
http://dx.doi.org/10.1002/adsc.201000178
http://dx.doi.org/10.1002/adsc.201000178
http://dx.doi.org/10.1002/adsc.201000178
http://dx.doi.org/10.1021/ol015948s
http://dx.doi.org/10.1021/ol015948s
http://dx.doi.org/10.1021/ol015948s
http://dx.doi.org/10.1016/S0040-4039(00)02257-7
http://dx.doi.org/10.1016/S0040-4039(00)02257-7
http://dx.doi.org/10.1016/S0040-4039(00)02257-7
http://dx.doi.org/10.1016/S0040-4039(00)02257-7
http://dx.doi.org/10.1021/jo0481708
http://dx.doi.org/10.1021/jo0481708
http://dx.doi.org/10.1021/jo0481708
http://dx.doi.org/10.1021/jo0481708
http://dx.doi.org/10.1021/jo8016082
http://dx.doi.org/10.1021/jo8016082
http://dx.doi.org/10.1021/jo8016082
http://dx.doi.org/10.1021/jo8016082
http://dx.doi.org/10.1039/b005777k
http://dx.doi.org/10.1039/b005777k
http://dx.doi.org/10.1039/b005777k
http://dx.doi.org/10.1021/ol0200605
http://dx.doi.org/10.1021/ol0200605
http://dx.doi.org/10.1021/ol0200605
http://dx.doi.org/10.1021/jo026856z
http://dx.doi.org/10.1021/jo026856z
http://dx.doi.org/10.1021/jo026856z
http://dx.doi.org/10.1021/jo026856z
http://dx.doi.org/10.1021/jo020690k
http://dx.doi.org/10.1021/jo020690k
http://dx.doi.org/10.1021/jo020690k
http://dx.doi.org/10.1021/ol035746r
http://dx.doi.org/10.1021/ol035746r
http://dx.doi.org/10.1021/ol035746r
http://dx.doi.org/10.1016/j.tet.2005.05.024
http://dx.doi.org/10.1016/j.tet.2005.05.024
http://dx.doi.org/10.1016/j.tet.2005.05.024
http://dx.doi.org/10.1016/j.tet.2005.05.024
http://dx.doi.org/10.1055/s-2005-917108
http://dx.doi.org/10.1055/s-2005-917108
http://dx.doi.org/10.1055/s-2005-917108
http://dx.doi.org/10.1055/s-2005-917108
http://dx.doi.org/10.1016/j.tetlet.2006.03.153
http://dx.doi.org/10.1016/j.tetlet.2006.03.153
http://dx.doi.org/10.1016/j.tetlet.2006.03.153
http://dx.doi.org/10.1016/j.tetlet.2006.03.153
http://dx.doi.org/10.1021/ja905143m
http://dx.doi.org/10.1021/ja905143m
http://dx.doi.org/10.1021/ja905143m
http://dx.doi.org/10.1021/ja905143m
http://dx.doi.org/10.1021/ja9021683
http://dx.doi.org/10.1021/ja9021683
http://dx.doi.org/10.1021/ja9021683
http://dx.doi.org/10.1021/jo901787t
http://dx.doi.org/10.1021/jo901787t
http://dx.doi.org/10.1021/jo901787t
http://dx.doi.org/10.1021/jo50017a017
http://dx.doi.org/10.1021/jo50017a017
http://dx.doi.org/10.1021/jo50017a017
http://dx.doi.org/10.1002/ardp.19853180611
http://dx.doi.org/10.1002/ardp.19853180611
http://dx.doi.org/10.1002/ardp.19853180611
http://dx.doi.org/10.1002/cber.19861190823
http://dx.doi.org/10.1002/cber.19861190823
http://dx.doi.org/10.1002/cber.19861190823
http://dx.doi.org/10.1016/S0040-4039(00)95189-X
http://dx.doi.org/10.1016/S0040-4039(00)95189-X
http://dx.doi.org/10.1016/S0040-4039(00)95189-X
http://dx.doi.org/10.1016/S0040-4039(00)95189-X
http://dx.doi.org/10.1021/ja01549a051
http://dx.doi.org/10.1021/ja01549a051
http://dx.doi.org/10.1021/ja01549a051
http://dx.doi.org/10.1021/ja01549a051
http://dx.doi.org/10.1021/jm00146a012
http://dx.doi.org/10.1021/jm00146a012
http://dx.doi.org/10.1021/jm00146a012
http://dx.doi.org/10.1021/jm00146a012
http://dx.doi.org/10.1021/jo00369a016
http://dx.doi.org/10.1021/jo00369a016
http://dx.doi.org/10.1021/jo00369a016
http://dx.doi.org/10.1021/jo00369a016
http://dx.doi.org/10.1055/s-2004-837225
http://dx.doi.org/10.1055/s-2004-837225
http://dx.doi.org/10.1055/s-2004-837225
http://dx.doi.org/10.1055/s-2004-837225
http://dx.doi.org/10.1002/ange.200703053
http://dx.doi.org/10.1002/ange.200703053
http://dx.doi.org/10.1002/ange.200703053
http://dx.doi.org/10.1002/anie.200703053
http://dx.doi.org/10.1002/anie.200703053
http://dx.doi.org/10.1002/anie.200703053
http://dx.doi.org/10.1002/anie.200703053
http://dx.doi.org/10.1002/ange.200800012
http://dx.doi.org/10.1002/ange.200800012
http://dx.doi.org/10.1002/ange.200800012
http://dx.doi.org/10.1002/anie.200800012
http://dx.doi.org/10.1002/anie.200800012
http://dx.doi.org/10.1002/anie.200800012
http://dx.doi.org/10.1002/anie.200800012
http://dx.doi.org/10.1002/cssc.200800071
http://dx.doi.org/10.1002/cssc.200800071
http://dx.doi.org/10.1002/cssc.200800071
http://dx.doi.org/10.1002/cssc.200800071
http://dx.doi.org/10.1039/b806837m
http://dx.doi.org/10.1039/b806837m
http://dx.doi.org/10.1039/b806837m
http://dx.doi.org/10.1039/b924228g
http://dx.doi.org/10.1039/b924228g
http://dx.doi.org/10.1039/b924228g
http://dx.doi.org/10.1002/adsc.201000091
http://dx.doi.org/10.1002/adsc.201000091
http://dx.doi.org/10.1002/adsc.201000091
http://dx.doi.org/10.1002/adsc.201000091
http://dx.doi.org/10.1039/c0cc05733a
http://dx.doi.org/10.1039/c0cc05733a
http://dx.doi.org/10.1039/c0cc05733a
http://dx.doi.org/10.1002/adsc.200800801
http://dx.doi.org/10.1002/adsc.200800801
http://dx.doi.org/10.1002/adsc.200800801
http://dx.doi.org/10.1002/adsc.200800801
http://dx.doi.org/10.1021/ol901111g
http://dx.doi.org/10.1021/ol901111g
http://dx.doi.org/10.1021/ol901111g
http://dx.doi.org/10.1021/ol901111g
http://dx.doi.org/10.1021/ja910083q
http://dx.doi.org/10.1021/ja910083q
http://dx.doi.org/10.1021/ja910083q
http://dx.doi.org/10.1021/ja910083q
http://dx.doi.org/10.1002/cctc.201000036
http://dx.doi.org/10.1002/cctc.201000036
http://dx.doi.org/10.1002/cctc.201000036
http://dx.doi.org/10.1002/ejoc.201000648
http://dx.doi.org/10.1002/ejoc.201000648
http://dx.doi.org/10.1002/ejoc.201000648
http://dx.doi.org/10.1002/ejoc.201000648
http://dx.doi.org/10.1021/ol070289q
http://dx.doi.org/10.1021/ol070289q
http://dx.doi.org/10.1021/ol070289q
http://dx.doi.org/10.1021/ar700101x
http://dx.doi.org/10.1021/ar700101x
http://dx.doi.org/10.1021/ar700101x
http://dx.doi.org/10.1055/s-0029-1218347
http://dx.doi.org/10.1055/s-0029-1218347
http://dx.doi.org/10.1055/s-0029-1218347
http://dx.doi.org/10.1055/s-0028-1216726
http://dx.doi.org/10.1055/s-0028-1216726
http://dx.doi.org/10.1055/s-0028-1216726
http://dx.doi.org/10.1055/s-0028-1216726
http://dx.doi.org/10.1002/chem.201002311
http://dx.doi.org/10.1002/chem.201002311
http://dx.doi.org/10.1002/chem.201002311
http://dx.doi.org/10.1016/j.tetlet.2007.12.023
http://dx.doi.org/10.1016/j.tetlet.2007.12.023
http://dx.doi.org/10.1016/j.tetlet.2007.12.023
http://dx.doi.org/10.1016/j.tetlet.2007.12.023
http://dx.doi.org/10.1002/cctc.201000180
http://dx.doi.org/10.1002/cctc.201000180
http://dx.doi.org/10.1002/cctc.201000180
http://dx.doi.org/10.1016/0022-328X(93)83315-M
http://dx.doi.org/10.1016/0022-328X(93)83315-M
http://dx.doi.org/10.1016/0022-328X(93)83315-M
http://dx.doi.org/10.1016/0022-328X(93)83315-M
http://dx.doi.org/10.1002/ange.200905025
http://dx.doi.org/10.1002/ange.200905025
http://dx.doi.org/10.1002/ange.200905025
http://dx.doi.org/10.1002/anie.200905025
http://dx.doi.org/10.1002/anie.200905025
http://dx.doi.org/10.1002/anie.200905025
http://dx.doi.org/10.1002/ange.200904677
http://dx.doi.org/10.1002/ange.200904677
http://dx.doi.org/10.1002/ange.200904677
http://dx.doi.org/10.1002/anie.200904677
http://dx.doi.org/10.1002/anie.200904677
http://dx.doi.org/10.1002/anie.200904677
http://dx.doi.org/10.1002/ange.200705624
http://dx.doi.org/10.1002/ange.200705624
http://dx.doi.org/10.1002/ange.200705624
http://dx.doi.org/10.1002/ange.200705624
http://dx.doi.org/10.1002/anie.200705624
http://dx.doi.org/10.1002/anie.200705624
http://dx.doi.org/10.1002/anie.200705624
http://dx.doi.org/10.1002/asia.201000064
http://dx.doi.org/10.1002/asia.201000064
http://dx.doi.org/10.1002/asia.201000064
http://dx.doi.org/10.1002/asia.201000064
http://dx.doi.org/10.1002/ange.201002456
http://dx.doi.org/10.1002/ange.201002456
http://dx.doi.org/10.1002/ange.201002456


Angew. Chem. Int. Ed. 2010, 49, 8121 – 8125; d) S. Zhou, S. Fleischer,
K. Junge, M. Beller, Angew. Chem. 2011, 123, 5226 – 5230; Angew.
Chem. Int. Ed. 2011, 50, 5120 – 5124.

[15] Metals analyzed by AAS: Co, Mn, Ni, Pd, Pt, Rh, Ru, Cu. Metals
analyzed by ICP-MS: Sb, Pb, Cr, Ir, Co, Mn, Mo, Ni, Pd, Pt, Re, Rh,

Ru, V, W, Zn, Sn. All metal concentrations were below the detec-
tion limit. The detection limits for both methods are given in the
Supporting Information.

Received: May 16, 2011
Published online: July 26, 2011

Chem. Asian J. 2011, 6, 2240 – 2245 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemasianj.org 2245

Iron-catalyzed Reductive Amination of Aldehydes and Ketones with Anilines

http://dx.doi.org/10.1002/anie.201002456
http://dx.doi.org/10.1002/anie.201002456
http://dx.doi.org/10.1002/anie.201002456
http://dx.doi.org/10.1002/ange.201100878
http://dx.doi.org/10.1002/ange.201100878
http://dx.doi.org/10.1002/ange.201100878
http://dx.doi.org/10.1002/anie.201100878
http://dx.doi.org/10.1002/anie.201100878
http://dx.doi.org/10.1002/anie.201100878
http://dx.doi.org/10.1002/anie.201100878

