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Bis[di(2-pyridyl)methyl]amine (BDPMA) has been syn- in the synthesis of BDPMA due to a disfavored equilibrium
towards the imine formation and therefore long reactionthesized by refluxing di-2-pyridyl ketone and di-(2-

pyridyl)methylamine in isopropanol in the presence of times were required, involving side reactions. The presented
method can be used on large-scales and tolerates aromaticmolecular sieves and acetic acid and subsequent reduction

with zinc dust. The established methods for reductive heterocycles as functional groups.
amination, i.e. NaBH3CN, NaBH(OAc)3 and NaBH4, failed

Biomimetic oxidation catalysts capable of degrading en- clear complex with these macrocycle complexes in the oxi-
dation of pollutants.vironmental pollutants are of great interest. Regarding to

this, porphyrin and phthalocyanine complexes are well in-
Results and Discussionvestigated. Interesting results have been obtained e.g. in the

oxidation of polychlorophenols with metallosulfophthalo- The synthesis of BDPMA by reductive amination (eq. 1)
cyanines. [1] On the other hand, little is known on the cata- with the standard reductant NaBH3CN[3] failed. The de-
lytic activity of non-heme mononuclear complexes in oxi- sired product is obtained only in negligible amount in the
dation reactions. Que and Feringa have recently studied the crude reaction mixture (Table 1, entry 1). Signals in the ali-
catalytic activity of a tetrapyridyl iron complex, the iron(II) phatic region of the proton NMR spectrum indicated also
complex [N,N-bis-(2-pyridylmethyl)-N-di(2-pyridyl)methyl- partly reduction of the pyridine ring. With the new alterna-
amine] which is able to catalyze alkane oxidation with hy- tive method of Abdel-Magid[4] using NaBH(OAc)3 as re-
drogen peroxide. [2] However, the ligand synthesis is not very ductant, a similar result was observed. The target molecule
effective (only 37% yield) and its isolation involve a rather was obtained only as a side product (Table 1, entry 2). The
dangerous work-up at large scale since the final step is reduction with LiAlH4 after employing molecular sieves 3
based on the precipitation of a potentially explosive per- A

˚
for the imine formation was even worse (Table 1, entry

chlorate salt. 3). The reductant attacked the pyridyl substituents leading
Here we report the one-pot two-step synthesis of a new to a mixture of undesired side-products.

symmetric pentadentate ligand bis[di(2-pyridyl)methyl]am-
ine (BDPMA). The BDPMA ligand consists of four pyri-
dine substituents linked to a secondary amine function, ex-
pecting that this ligand will be suitable for the formation of
mononuclear complexes.

A crude product of only four compounds was obtained
by drying the solution of the ketone 1 and the amine 2
in methanol over molecular sieves 3 A

˚
for 14 h at room

temperature in the presence of 0.35 equiv. of glacial acetic
acid. Subsequent reduction with an excess of Zn dust at
room temperature (10 min reaction time) gave a mixture of
ketone 1, amine 2, alcohol 3 (from ketone reduction) andThe metal ion would be surrounded in a plane by four N

of pyridine moieties (the pyridine rings being perpendicular 15% of the target molecule BDPMA (Table 1, entry 4). By
heating the methanol solution to reflux (65°C) during theto this N plane) and by an additional nitrogen donor group

in the fifth coordination site, leaving one coordination site removal of generated water, the content of BDPMA was
doubled (Table 1, entry 5). Employing a ten-fold amount offree which is necessary for catalytic activity. Our objective

is to compare the catalytic activity of a non-heme mononu- acetic acid, 3.50 equiv. instead of 0.35, again doubled the
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Table 1. Reaction conditions, mass balances and product distributions for the BDPMA synthesis from ketone 1 and amine 2 by reduction

of the imine

AcOH t (T)[a] m.b.[b] Product distribution[c]

Entry Reductant[d] [equiv.] [h] ([°C]) [%] 1 2 3 BDPMA

1 NaBH3CN/MeOH 0.20 66 (25) 50[e] 2 2 2 2
2 NaBH(OAc)3/MeOH 0.70 48 (25) 66[e] 2 2 2 2
3 LiAlH4/THF 0.35 48 (25) 66[e] 2 2 2 2
4 Zn/MeOH 0.35 14 (25) 92 18 31 36 15
5 Zn/MeOH 0.35 3 (65) 94 0 29 38 33
6 Zn/MeOH 3.50 3 (65) 97 0 14 18 64
7 Zn/iPrOH 17.5 3 (82) 100 0 12 13 75
8 Zn/iPrOH 3.25 6 (82) 70[f] 0 0 0 100

[a] Time and temperature for the drying over molecular sieves 3 A
˚

; the time for the reduction with Zn is only 5210 min, for the other
reduction methods several days. 2 [b] Mass balance of the isolated material. 2 [c] Determined by 1H-NMR analysis on the crude reaction
mixture, for entry 8 after purification; normalized to 100%. 2 [d] For entries 127, 180 mg (1.00 mmol) 1 and 200 mg (1.08 mmol) 2 were
dissolved and dried over molecular sieves 3 A

˚
(see footnote a) and then an excess of reductant was added; for entry 8, 1.00 g (5.00 mmol)

for each ketone 1 and amine 2 was employed. 2 [e] A complex product mixture was obtained with hills in the aliphatic region; the desired
BDPMA was always obtained only as a minor product. 2 [f] Yield of isolated material after purification.

yield (Table 1, entry 6). Due to the elevated temperature plain the difference which is observed in employing 0.35
or 3.50 equivalents of acid at otherwise identical reactionduring the reduction with Zn, the ketone 1 which was not

converted to the imine was completely reduced to the al- conditions (cf. Table 1, entries 5 and 6).
Once having established that for the present target mole-cohol 3 (cf. Table 1, entry 4 with entries 5 and 6). By chang-

ing the solvent and therefore the reaction temperature from cule, the imine formation is strongly unfavorable, it is
straightforward to explain why the established standard65°C (refluxing methanol) to 92°C (refluxing isopropanol),

BDPMA can be obtained as the major product (Table 1, methods failed in the synthesis of BPDMA. These latter
ones were based on the principle that the iminium ion canentry 7), and after a simple purification of the crude prod-

uct by extracting several times with 2  aqueous NaOH be reduced much faster than a carbonyl group at a pH 5
628. By simply reacting the carbonyl compound with ansolution, 70% of the pure desired product was obtained in

a large-scale run (1.00 g of ketone 1 and 1.00 g of amine 2, amine in the presence of NaBH3CN or NaBH(OAc)3, the
imine can be “trapped” selectively and the equilibriumTable 1, entry 8).

These drastic conditions for nearly complete imine 5 for- shifted to the right. [1] But in the present case, due to pro-
longed reaction times the slow reduction of the carbonylmation, i.e. molecular sieves 3 A

˚
, 3 equiv. of acetic acid,

high temperatures and 6 h reaction times (cf. Table 1, en- group becomes evident and also the attack of the pyridyl
substituents. Consequently, a product mixture is obtainedtries 427), indicate that the equilibrium for the imine 5 for-

mation via the carbinol amine 4 (eq. 2) lies by far on the (Table 1, entries 1 and 2). Usually, with the help of molecu-
lar sieves 3 A

˚
to absorb the water generated in the reaction,side of the substrates 1 and 2. The reduction with Zn dust

was performed within 10 min in every run (Table 1, foot- the yield improved.[1] But, even removing the water with
molecular sieves for 48 h at room temperature before ad-note a) which confirmed that the prior formation of the

imine was the rate determining step and not the reduction. ding the reductant is not sufficient to form the imine 5.
Employing the strong reductant LiAlH4, all possible func-
tional groups are reduced and the alcohol 3 is detected as
by-product from reduction of unconverted ketone. This
again confirmed that the reduction of the imine 5 is not the
decisive problem, but its formation.

In summary, a new reductive amination for sterically hin-
dered ketones and amines is presented. The reaction is eas-
ily performed in “one-pot” and on larger scales and a con-Hindered and diaryl ketones are known to fail in the re-
venient work-up supplies the desired product in pure formductive amination by NaBH3CN as well as sterically hin-
and good yield. The reductant is not only much cheaperdered amines, presumably due to slow imine formation.[1]

than the established reductive amination methods, but alsoBut another phenomenon may act synergetically. For the
avoid possible toxic by-products as cyanide in the case ofconversion of the carbinol amine 4 to the imine 5 (eq. 2),
NaBH3CN and the hazardous precipitation of perchloratecatalytic amounts of acid are needed and the optimal reac-
derivatives. The fact that heterocycles are tolerated as func-tion conditions should be slightly acidic (pH 6). [1a] The
tional group makes it an interesting tool for ligand synthesisdi(2-pyridyl)methyl moiety which is present in all substrates,
in coordination chemistry.intermediates and products may act as proton sponge[5] and

tied up a certain quantity of protons. The latter cannot pro- We are grateful to the CNRS for financial support, especially M.
tonate anymore the OH group of the carbinol amine 4 to R. for a postdoctoral fellowship. We are indebted to Dr Jean Berna-

dou (LCC-CNRS) for fruitful discussions all through this work.transfer it to the better leaving group H2O. This may ex-
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was added in portions over a period of 5 min. After 5 min theExperimental Section
reaction mixture became solid. It was partly dissolved with 15 ml

General Aspects: 1H-NMR spectra were run on a Bruker AM
of isopropanol. The solids were removed by filtration and washed

250 (250 MHz), chloroform as internal standard. 2 13C-NMR
with methanol until the filtrate was colorless. The solvent was eva-

spectra were determined on a Bruker AM 250 (63 MHz), [D]chlor-
porated (50°C, 30 Torr) and the residue dissolved in 20 ml 2 

oform as standard. 2 All solvents were purchased from standard
NaOH solution and 10 ml CH2Cl2. The phases were separated and

chemical suppliers and used without further purification. The ke-
the aqueous one extracted with 10 ml CH2Cl2. The combined or-

tone 1 and the di(2-pyridyl) ketone oxime are commercially avail-
ganic phases were washed with 5 ml of brine, dried with MgSO4able.
and the solvent evaporated (40°C, 30 Torr). The crude oil was dis-
solved in 0.5 ml of CH2Cl2 and 20 ml of tert-butyl methyl etherDi(2-pyridyl)methylamine (2) [6]: In a mixture of 85 ml ethanol,
and washed with 2  NaOH solution (15 3 5 ml). The organic50 ml water and 75 ml 23% aqueous NH3 solution, 5.00 g (25.0
phase was washed with brine and dried with MgSO4. After evapor-mmol) di(2-pyridyl) ketone oxime and 3.30 g (42.8 mmol) am-
ation of the solvent and drying the residue under oil-pump vacuum,monium acetate were dissolved and heated to 80°C. Over a period
1.35 g (3.82 mmol, 70%) BDPMA were obtained as pale-yellowof 30 min, 7.36 g (113 mmol) Zn dust were added. After heating
viscous oil. 2 1H NMR (250 MHz, CDCl3): δ 5 4.60 (br. s, 1 H,to reflux for 4.5 h, the solids were removed by filtration and the
NH), 5.07 (s, 2 H, 7-H), 7.11 (ddd, J 5 1.3, 4.7, 7.4 Hz, 4 H, 5-filtrate concentrated at the rotoevaporator (60°C, 30 Torr). The
H), 7.46 (dt, J 5 7.8, 1.1 Hz, 4 H, 3-H), 7.59 (dt, J 5 1.8, 7.7 Hz,resulting aqueous solution (ca. 10 ml) was basified with 10 

4 H, 4-H), 8.54 (ddd, J 5 0.9, 1.8, 4.7 Hz, 4 H, 6-H). 2 13C NMRNaOH solution and extracted with CH2Cl2 (5 3 15 ml). The com-
(63 MHz, CDCl3): δ 5 66.6, 121.8, 122.2, 136.3, 148.9, 161.1. 2bined organic phases were washed with 10 ml brine and dried with
C22H19N5: calcd. C 74.77, H 5.42, N 19.82; found C 74.57, H 5.48,MgSO4. After evaporation of the solvent, 4.21 g (22.7 mmol, 91%)
N 19.58.of the amine 2 were obtained as colorless oil. No further purifi-

cation was necessary. 2 1H NMR (250 MHz, CDCl3): δ 5 2.41
(br. s, 2 H, NH2), 5.30 (s, 1 H, 6-H), 7.11 (ddd, J 5 0.8, 4.7, 7.4 [1] [1a] A. Sorokin, J.-L. Séris, B. Meunier, Sience 1995, 268,

116321166. 2 [1b] A. Sorokin, B. Meunier, Chem. Eur. J. 1996,Hz, 2 H, 2-H), 7.36 (dt, J 5 7.8, 1.1 Hz, 2 H, 4-H), 7.60 (dt, J 5
2, 130821317.1.3, 7.5 Hz, 2 H, 3-H), 8.53 (ddd, J 5 0.9, 1.7, 4.8 Hz, 2 H, 1- [2] M. Lubben, A. Meetsma, E. C. Wilkinson, B. Feringa, L. Que

H). 2 13C NMR (63 MHz, CDCl3): δ 5 62.3, 121.8, 122.1, 136.6, Jr., Angew. Chem. Int. Ed. Engl. 1995, 34, 151221514.
149.2, 162.7. [3] [3a] R. F. Borch, M. D. Bernstein, H. D. Durst, J. Am. Chem.

Soc. 1971, 93, 289722904. 2 [3b] C. F. Lane, Synthesis 1975,
Bis[di(2-pyridyl)methyl]amine (BDPMA): 1.00 g (5.43 mmol) 1352146.

[4] A. F. Abdel-Magid, K. G. Carson, B. D. Harris, C. A. Maryan-ketone 1 and 1.00 g (5.40 mmol) amine 2 were dissolved in 10 ml
off, R. D. Shah, J. Org. Chem. 1996, 61, 384923862.of absolute isopropanol and dried with molecular sieves 3 A

˚
for 1

[5] H. A. Staab, T. Saupe, Angew. Chem. Int. Ed. Engl. 1988, 27,h at room temp. 1.00 ml (17.5 mmol) glacial acetic acid were added 8652879.
under N2 atmosphere and the reaction mixture refluxed for 6 h. [6] E. Niemers, R. Hiltmann, Synthesis 1976, 5932595.

[97391]The oil bath was then removed and 870 mg (13.3 mmol) Zn dust
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