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Alkylation of a,w-alkanediamines and their N,N'-disubstituted
derivatives with 2-(chloromethyl)pyridinium chloride in the pre-
sence of hexadecyltrimethylammonium chloride as a phase-transfer
catalyst gave conveniently the corresponding N,N,N’,N'-tetrakis(2-
pyridylmethyl)-a,w-alkanediamines in good yields. N,N'-Bis(2-pyri-
dylmethyl)-N,N'-bis(2-thienylmethyl)-1,2-ethanediamine was simi-
larly obtained.

N,N,N' ,N'-Tetrakis(2-pyridylmethyl)-«,w-alkanediami-
nes are well known to be excellent multidentate ligands
for transition metals.!'? It has been also shown recently
that the manganese complex of 1,3-bis[bis(2-pyridylme-
thyl)amino]-2-propanol is a new type of mixed-valence
complex>* and the iron complex of N,N,N',N-tetra-
kis(2-pyridylmethyl)-1,2-ethanediamine has a high
SOD-activity.? Thus, the complexes of N,N,N’,N'-tetra-
kis(2-pyridylmethyl)-o,w-alkanediamines with transition
metals seem to possess a potential functionality. How-
ever, the preparation of these ligands needed multiple
steps or a long reaction time and a tedious workup. We
now report a convenient method for preparing
N,N,N',N'-tetrakis(2-pyridylmethyl)-a,w-alkanediami-
nes.

N,N,N' N'-Tetrakis(2-pyridylmethyl)-1,2-ethanediamine
(3a) was previously prepared by alkylation of 1,2-ethane-
diamine with 2-(chloromethyl)pyridine under controlled
alkali conditions® or the condensation of 2-pyridi-
necarbaldehyde with 1,2-ethanediamine, subsequent re-
duction of the resulting imine with sodium borohydride,
and alkylation with 2-(chloromethyl)pyridine.? The for-
mer reaction is a one-step synthesis but needs a long
reaction time (one week) and tedious workup. We could
overcome these problems by using a phase-transfer
catalyst. For example, the reaction of 4 equivalents of
2-(chloromethyl)pyridinium chloride (1) with 1,2-ethane-
diamine (2a) in the presence of a catalytic amount of
hexadecyltrimethylammonium chloride in 5N sodium
hydroxide solution gave 3a in 68 % yield after only one
day. The product was easily purified by short column
chromatography on alumina and subsequent recrystalli-
zation from cyclohexane. In a similar manner, the
N,N,N' ,N-tetrasubstituted 1,3-propanediamine 3b,?
trans-1,2-cyclohexanediamine 3c¢,2 and 1,3-diamino-
2-propanol 3e’ were obtained from the corresponding
alkanediamines in 76, 86, and 85% yield, respectively.
The yield of N,N,N',N'-tetrakis(2-pyridylmethyl)-1,2-
propanediamine (3d)* could be enhanced from 53% to
77% using dichloromethane as the organic phase.

1,2-Phenylenediamine reacted with 1 under similar con-
ditions to give only N,N,N'-tris(2-pyridylmethyl)-1,2-
phenylenediamine (4) in 42 % yield as the main product,
without the formation of the tetraalkylated product. This
seems to be due to an increase in steric hindrance resulting
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from the imposed planar arrangement of the two amino
groups in 1,2-phenylenediamine. The fact that
cis-1,2-cyclohexanediamine could not be tetraalkylated
under similar conditions can be explained by the same
reasoning. The structure of 4 was determined by 'H and
13C NMR spectra and H,H-COSY measurement. Fur-
ther alkylation of 4 with large excess of 1 afforded a trace
amount of N,N,N',N'-tetrakis(2-pyridylmethyl)-1,2-phe-
nylenediamine (3f), the structure of which was confirmed
only by its 'H NMR spectrum [§ = 8.49 (dd, 4 H), 7.42
(dt, 4H), 7.10 (d, 4H), 7.07 (dd, 4H), 6.69 (A,B,, 2 H),
6.78 (A,B,, 2H), 4.74 (s, 8 H)]. The reaction of 1,2-eth-
anediamine with 2 equivalents of 1 gave not N,N'-
bis(2-pyridylmethyl)-1,2-ethanediamine (5) but the tetra-
substituted diamine 3a in 40 % yield. Similarly, 1,3-pro-
panediamine also produced the corresponding tetra-
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alkylated product under similar conditions. This is pro-
bably because the first alkylation increases the nucleo-
philicity of the nitrogen atom.

N,N'-Bis(2-pyridylmethyl)-1,2-ethanediamine® similarly
led to the tetrasubstituted diamine 3a in 77% yield.
N,N'-Bis(2-thioenylmethyl)-1,2-ethanediamine, ~ which
was prepared from the condensation of 2-thiophenecar-
baldehyde and 1,2-ethanediamine and subsequent reduc-
tion of the resulting imine, was alkylated with 1 in similar
manner to give N,N-bis(2-pyridylmethyl)-N,N'-bis(2-
thienylmethyl)-1,2-ethanediamine (6) in 56 % yield.

N,N,N,N -Tetrakis(2-pyridylmethyl)ethanediamine (3a); Typical
Procedure:

To a solution of 2-(chloromethyl)pyridinium chloride (1) (commerc-
ially available, without purification) (1.97 g, 12 mmol) in H,0
(0.5 mL) was added aq 5N NaOH (3 mL) with stirring under N,. To
the resulting red solution were added 1,2-ethanediamine (0.21 mL,
3 mmol), aq SN NaOH (3 mL), and hexadecyltrimethylammonium
chioride (20 mg). The mixture was stirred vigorously for 24 h at r.t.
The mixture was extracted with CH,Cl,, the extract washed with
H,O and dried (MgSO,). After evaporation of the solvent, the
residue was chromatographed on alumina by elution with
CH,Cl,/EtOAc. Compound 3a (1.1g, 68%) was obtained as
colorless crystals, which were recrystallized from cyclohexane; mp
111-111.5°C, (Lit.5 mp 110-111.5°C).

1,3-Bis[ bis( 2-pyridylmethyl)amino J-2-propanol (3e):

This compound was eluted with EtOAc and was found to be
unstable on standing in air. Pale yellow oil (73 %).

'H NMR (CDCl;/TMS): § = 1.67 (brs, 1 H, OH), 2.61 (dd,J = 7.9,
13.3Hz, 2H, CH,), 2.69 (dd, J = 4.1, 13.3 Hz, 2H, CH,), 3.85 (d,
J=14.7Hz, 4H, CH,), 3.90 (d, J = 14.7 Hz, 4H, CH,), 3.97 (m,
1H, CH), 7.10 (m, 4H, Hy), 7.36 (d, J = 7.8, 4H, H,), 7.58 (id,
J=16,1.7Hz, 4H, H,), 8.50 (dd, J/ = 4.8, 1.1 Hz, 4H, Hy).
Acetate: Nearly colorless oil.

'H NMR (CDCl,): § = 1.99 (s, 3H, COCH,).

HRMS: m/z, C,H;,NO, calc.: 496.6140; found: 496.6100.

Reaction of 1,2-Phenylenediamine with 1:

1,2-Phenylenediamine (0.32 g, 3 mmol) was allowed to react with
2-(chloromethyl)pyridinium chloride (1; 1.97 g, 12 mmol) according
to the method described above. After separation with column
chromatography on alumina, N,N,N'-tris(2-pyridylmethyl)-1,2-
phenylenediamine (0.48 g, 42 %) was obtained as yellow oil.

'H NMR (CDCl,/TMS): 6 = 4.32(s,4H, CH,), 4.59 (s,2H, CH,),
6.51(d,J =8.0Hz,1H,C,H,),6.56 (t,J = 7.7 Hz,1 H,C¢H,), 6.90
(t, J=17.7Hz, 1H, CsH,), 7.07 (dd, J = 5.0, 7.4 Hz, 2 H, Py-5H),
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7.11(d, J = 7.7Hz, 1 H, C¢H,), 7.16 (br s, 1 H, NH), 7.17 (m, 1 H,
Py-5H), 7.29 (d, J = 7.7Hz, 1 H, Py-3H), 7.31 (d, J = 7.7Hz, 2H,
Py-3H), 7.50 (t, J = 7.6 Hz, 2H, Py-4H), 7.59 (t, J = 7.6 H, 1 H,
Py-4H), 8.47 (d, /= 4.8 Hz, 2H, Py-6H), 8.59 (d, J = 4.8 H, 1 H,
Py-6 H).

Acetamide: Nearly colorless oil.

C,eH,sN,O cale. C7374 H 594 N16.54
(423.5) found 7343 612  16.23

N,N -Bis(2-pyridylmethyl)- NV, N -bis(2-thienylmethyl)-1,2-ethanedi-
amine (6):

To a vigorously stirred solution of 1,2-ethanediamine (0.30 mL,
3.0 Hz) in abs. EtOH (1 mL), a solution of 2-thiophenecarbaldehyde
(0.56 mL, 6.0 mmol) in abs. EtOH (2 mL) was slowly added over a
period for 1 hunder N,. The mixture was then refluxed for 1 h. After
evaporation of the solvent, the residues was dissolved in abs. EtOH
(15mL). Excess NaBH, (0.38 g, 10 mmol) was added and the
mixture was refluxed for 24 h with stirring. After evaporation, the
residue was extracted with CH,Cl, (5 x 10 mL). The organic layer
was washed with H,O (3 x 10 mL) and dried (Na,SO,). A light
yellow oil (0.72g) was obtained after evaporation. To a mixed
solution of 2-(chloromethyl)pyridinium chloride (0.98 g, 6 mmol) in
H,0 (0.25 mL) and 5N NaOH (2.2 mL) were added a solution of the
light yellow oil obtained above in benzene (1 mL) and hexadecyl-
trimethylammonium chloride (30 mg) under N,. The mixture was
stirred vigorously for 24 h at r.t. and extracted with CH,Cl,. The
extract was washed with H,0 and dried (Na,SO,). After evapora-
tion, the residue was chromatographed on alumina by elution with
CH,Cl,/EtOActo give 6 (0.73 g, 56 %) as pale yellow crystals, which
were recrystallized from hexane/cyclohexane; mp 80.5-81.2°C.

C, H6N,S, calc. C 6632 H6.03 N12.89
(434.6) found 6634  6.06  13.08

'H NMR (400 MHz, CDCL,/TMS): § = 2.72 (s, 4H), 3.75 (5, 4 H),
3.80 (s, 4H), 6.85 (dd, 2 H), 6.91 (dd, 2H), 7.11 (t, 2H), 7.18 (dd,
2H), 7.52 (d, 2 H), 7.60 (dt, 2H), and 8.48 (d, 2 H).

(1) Anderegg, G.; Hubmann, E.; Podder, N.G.; Wenk, F. Helv.
Chim. Acta 1977, 60, 123.

(2) Toftlund, H.; Yde-Andersen, S. Acta Chem. Scand. 1981, 435,
575.

(3) Suzuki, M.; Sugisawa, T.; Senda, H.; Oshio, H.; Uchara, A.
Chem. Lett. 1989, 1091.

(4) Chan, M.K.; Armstrong, W.H. J. Am. Chem. Soc. 1989, 111,
9121.

(5) Nagano, T.; Hirano, T.; Hirobe, M. J. Biol. Chem. 1989, 264,
9243.

(6) Anderegg, G.; Wenk, F. Helv. Chim. Acta 1967, 50, 2330.

(7) This compound is described in Ref. 3 and 4 with no details.

(8) Branca, M.; Checconi, P.; Pispisa, B. J. Chem. Soc. Dalton Trans.
1976, 481.

Downloaded by: Rutgers University. Copyrighted material.



