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A New Cyclam providing the First Example unequivocally proven by X-Ray
Crystallography of a Pendent Co-ordinated Pyridyl Group

Eiichi Kimura,*= Tohru Koike,2 Hiroko Nada,? and Yoichi litaka®
a Department of Medicinal Chemistry, Hiroshima University, School of Medicine, Kasumi, Minami-Ku, Hiroshima

734, Japan

b Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan

A new class of 14-membered tetra-azamacrocycle (cyctam) functionalised with a pendent pyridine ligand is
reported; the X-ray crystal structure of its Ni' complex (7a) provides the first unequivocal example of co-ordination

of the pyridyl side-arm to the centrally placed metal ion.

Recently, Moore synthesized the tetra-azamacrocycle (1) with
a pyridyl side arm.! Earlier, we had reported a pyridyl-
pendent cyclam (2) that axially binds with Nill placed in the
macrocyclic hole.2 However, this pyridyl co-ordination did
not occur to the high-spin Nill, probably owing to a dominant
entropy disadvantage.

We now report the new pyridyl-pendent cyclam (6) that is
much simpler to synthesise and more versatile than (1) and
moreover gives for the first time metal complexes (7)
unequivocally proven to have an axially co-ordinated pyridyl
ligand. The acrylate (3) (60 mmol) and 1,9-diamino-3,7-
diazanonane (4) (60 mmol) were refluxed in MeOH (21) for 16
days. After evaporation in vacuo, the residue was crystallized
from MeCN to give the amide (5) in 40% yield: m.p.
181—182°C; M+, m/z 291; i.r. (KBr) vc_o 1660 cm—1.
Reduction of the amide with B,Hy in tetrahydrofuran (THF)
yielded compound (6) as colourless crystals in 24% yield: m.p.
145—146°C; M+, m/z 277; 'H n.m.r. (90 MHz, CDCl,)
o 1.5—2.1 (4H), 2.3—3.2 (18H), 3.7—3.9 (1H), 6.9—7.2
(2H), 7.4—7.6 (1H), and 8.4—8.5 (1H). The pK, values for
(6)are 11.47 £ 0.03,10.00 £ 0.02, <3,<2,and <2at/=0.1M
(NaClOy) and 25°C. The proximity of the pyridyl N to the
macrocycle in (6) is well illustrated by its extremely low pK,
value of <3 under the strong influence of the diprotonated N,
ring; the pK, value for the pyridyl N in (2) is 5.32.2

Purple crystals of (7a)-2C10,-H,0 were isolated from an
aqueous solution (pH 7) of NiSO, and (6) in the presence of
excess of NaClQO,, and its crystal structure has been deter-
mined (Figure 1).1

The five-co-ordinate, square-pyramidal co-ordination of
the ligand (6) around nickel is evident. The pyridine ring is
vertically above the cyclam N, plane so that N(16) is axially
co-ordinated. However the pyridyl nitrogen N(16) is con-
siderably displaced from the apex of a regular pyramidal
arrangement; e.g. the N(16)-Ni-N(4) angle is 79.2(1)°,
implying some strain in its axial co-ordination. The Ni-N(16)
bond distance of 2.124(3) A is longer than the equatorial Ni-N
bond lengths. The axial Ni-O(H,0) distance is much longer
[2.237(3) A] indicating a weak co-ordinate bond. The atoms
N(1), N(4), N(8), and N(11) in the cyclam skeleton are
coplanar, and the nickel atom is in this plane, with Ni-N bond
distances of 2.068(3), 2.056(3), 2.093(3). and 2.058(3) A. The
average Ni-N bond distance of ~2.07 A is compatible with
Nill in a high-spin state.® The cyclam moiety takes the normal

T Crysial data: C,sH»;NsNi-2C104-H,0, M = 553.05, orthorhombic,
space group Pbca, a = 15.123(8), b = 26.738(14), c = 11.045(7) A, U
= 4466 A3, Z = 8, D, = 1.645 g cm~3. The structure was solved by the
heavy-atom method and refined using 3534 unique data [/ >20(])]
measured on a Philips PW1100 diffractometer with Cu-K,, radiation,
u = 5.0 cm~!. The final R value is 0.056. Atomic co-ordinates. bond
lengths and angles, and thermal parameters have been deposited at
the Cambridge Crystallographic Data Centre. See Notice to Authors,
Issue No. 1, 1986.
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trans-II1 conformation (i.e. the 1,3-diaminopropane rings
have a chair conformation) as in Nill-cyclam?* or the axial
phenolate-pendent cyclam-Ni!f complex (8a).3

In pink aqueous solutions of (7a) the pyridyl-co-ordinating,
high-spin Nill state is retained [Apax. 523 nm. € 8; peg. = 2.88
ugp by the Evans methods at 35°C and I = 0.1m (NaClO,)],
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Figure 1. ORTEP?® drawings of complex (7a)-2ClO,-H,0: (a)
side-on view; (b) view from above. Atoms are drawn with 30%
probability ellipsoids. Important bond lengths (A) and bond angles
(°): Ni-N(1) 2.068(3), Ni-N(4) 2.056(3), Ni-N(8) 2.093(3), Ni-N(11)
2.058(3), Ni-N(16) 2.124(3), Ni-Oyy 2.237(3); N(1)-Ni-N(4) 85.1(1),
N(1)-Ni-N(16) 94.0(1), N(1)-Ni-Oyy 89.8(1), N(4)-Ni-N(8) 94.7(1),
N(4)-Ni-N(16) 79.2(1), N(8)-Ni-N(16) 89.0(1), N(11)-Ni-N(16)
99.9(1). N(4)-Ni-Oyy 88.0(1), Ni-N(16)-C(15) 111.2(3).
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which shows an Nilll'll redox potential of +0.61 V vs.
saturated calomel electrode (S.C.E.), which is significantly
higher than the +0.50 V for Nilll'llcyclam and NillVll-(2)
complexes? (0.5M Na,SOy, pH 7, 25°C). Addition of further
pyridine (up to 10 equiv.) does not affect the redox behaviour
of Nilllll_cyclam. The higher Nillll potential illustrates the
effect of pyridine (as m-acceptor) when it is axially co-
ordinated in (7a). Earlier, we found that the Ni''VIl potential
was lower (+0.35 V) when phenolate (as o-donor) was axially
co-ordinated in (8a).5

The e.s.r. spectrum at 77 K of the electrochemically
oxidized product obtained from (7a) (at a constant potential of
+0.8 V vs. S.C.E.) shows an axially N co-ordinated, low-spin,
d” Ni'll complex having g, = 2.17, g; = 2.026 [analogous to
Nilll(2)2 having g, = 2.20 and g = 2.01], and 4y = 21.2 G
(1G =10-47T).

The axial co-ordination of the pendent pyridyl groups also
occurs in the Fell complex (7b). As for the Ni complex. the
Fellllll redox potential of +0.12 V in (7b) is more positive with
respect to that of (8b) (—0.16 V).”
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