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Synthesis of Sterically Congested Cyclam Derivatives and Their Nickel(IT) Complexes
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A new class of cyclam, octamethylcyclam, and its related compounds bearing
tetramethylethane, cis- cyclohexane, or trans- cyclohexane subunit(s) have been
synthesized. Nickel(II) complexes with sterically congested ligands have been shown
to be low-spin complexes in water, while those with less congested ligands to be
mixtures of low-spin and high-spin ones. Nickel(II) complexes with sterically
congested ligands have been also exhibited to have higher half-wave potentials
(E1q /2(NiH’m)) than those of the complexes with less congested ligands.

Although the six-coordinate octahedral geometry of nickel(Il) ion is common feature for 1,4,8,11-
tetraazacyclotetradecane (cyclam) (1)-nickel(II) complexes especially for those with the small axial ligands such as
chloride anions,1) there is growing recognition in controlling the coordination geometry of nickel(II) ion by
changing the steric environment of the coordination axis by substituents on cyclam.z) In this context, the
cyclams with methyl group(s) on 1, 4,5, 7, 8, 11, 12, and/or 14 position(s) have been synthesized and they have
been shown to control the accessibility of the axial ligands to the coordinated nickel(Il) ion due to the steric barrier
of the methyl group(s).l)

In this connection, we have designed a new type of sterically congested cyclams, octamethylcyclam (2) and
tetramethylcyclam (3), with eight or four methyl groups on 2, 3, 9, and 10 or 2 and 3 positions, respectively.
HGS and CPK molecular model examinations of Ni(2)2* complex suggest that two pseudo axial methyl groups
on 2 and 10 (or 3 and 9) positions are facing each other and the axial coordination sites are put closely between
them.3)  Therefore, it is expected that the geminal methyl groups on 2, 3, 9, and/or 10 positions would prevent
axial ligand(s) from accessing to the coordinated Ni(II) ion more effectively than the methyl groups on 5, 6, 7,
12, 13, and/or 14 positions.  In this paper, we wish to report on (i) the synthesis of sterically congested cyclam
derivatives 2 and 3 and their related compounds, cis- syn-cis- dicyclohexanocyclam (4s),4) cis- anti-cis-
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dicyclohexanocyclam (4a) 3 cis- cyclohexanocyclam (5), and trans- cyclohexanocyclam (6), (ii) the effect of the
substituent(s) on the ethano bridge of cyclam on the spin state of coordinated Ni(II) ion in the complexes, and (iii)
the effect of the substituent(s) on the redox potential for the Nill/Nilll change in the complexes.

Cyclam derivatives 2 and 3 were synthesized according to Scheme 1. Reaction of an excess 2,3-dimethyl-
2,3-butanediamine (7)0) with 1,3-dibromopropane in the presence of NapCO3 gave tetraamine 8 in 67% yield as
an oil. Reaction of 8 with 1,3-dibromopropane produced octamethylcyclam (2) in 19% yield as crystals (mp
131-132 °C recrystallized from acetonitrile). According to the similar procedure, 4s and 4a were synthesized
from cis-l,2—cyclohexanediamine.7'9) On the other hand, reaction of diamine 7 with acrylonitrile followed
by hydrogenation gave two-armed tetramethyltetraamine 9 in 54% yield as an oil. Ni(II)-templated cyclization of
tetraamine 9 with glyoxal at 45-55 °C followed by hydride reduction gave Ni(3)(ClO4)7 complex in 40% yield as
red crystals (mp >285 °C (dec.) recrystallized from water). Tetramethylcyclam (3) was liberated by treatment of

the complex with NaCN10) (70%, 109-110 °C from acetonitrile). Similarly, 5 and 6 were also synthesized.8)

In order to obtain complexes of cyclams with Ni(Il) ion, reactions of cyclams 1, 2, 3, 4s, 4a, 5, and 6
with Ni(NO3)9 were performed. Unsubstituted cyclam (1) gave purple complex easily by reaction of equimolar
amounts of 1 and Ni(NO3)7-6H7O in methanol at room temperature. Similarly, 3, 5, and 6 formed the
corresponding complexes under similar conditions except for 5 for which ethanol was used as the solvent, while
2, 4s, and 4a having sterically bulky groups on both sides gave only greenish powdery products. However,
when dimethylsulfoxide was used instead of methanol, the crystalline complexes of the latters were obtained as
shown in Table 1. According to the similar procedure, complexes of cyclams 1-6 with NiCly and Ni(ClO4)>
were also prepared.11)

Next, to know the effect of the substituent(s) on the ethano bridge of cyclam on spin state of coordinated

NH,
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a: BrCH2LH2CHzBr, Na2L03; b: BrCH,CH,CH,Br; ¢: H,CCHCN;
d: H,, Raney-Ni; e: OHCCHO, Ni(ClOy),; f: NaBHy g: NaCN

Scheme 1.
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Table 1. Melting points and magnetic susceptibilities of Ni(L)(NO3);, visible absorption maxima of

Ni(L)(ClO4)7, and half-wave potentials for the Nill/Nilll redox change of Ni(L)X7 (X=NO3, Cl, and
ClOg).

Amax (€) E 1p(NilLIT) v SCE/V
L Mp/°C Heff/BM
inHyO in 5 M NaClOy4 Ni(NO3);  NiClh  Ni(ClOg)>

1 265-270 (dec.) 1.65 455(40)  455(50) 0.791 0.41s 0.989
5 205-210 (dec.) 0.90 446(70)  446(70) 0.818 0.429 1.019
6  250-260 (dec.) 1.94 455(40)  455(70) 0.782 0.439 0.980
3 275-285 (dec.) <0.3 452(80)  452(80) 0.88s 0.510 1.09¢
4s  255-265 (dec.) <0.3 440(80) 440(80)) 1.079 9 1.078
4a  295-305 (dec.) <0.3 455600 —D) 0.845 0.520 1.106
2 270-280 (dec.) <0.3 452(70)  452(70)3) — 0 0.89s 1.413

a) In 1 M solution. Complex was salted-out in 5 M solution. b) Complex was salted-outin 1 M solution.
¢) Irreversible.

Ni(II) ions, magnetic susceptibilities (Evans method12)) and electronic spectra of complexes were measured in
water (Table 1). As results, in the case of the flat complexes Ni( 1)2+ and Ni(6)2+ and the less congested
complex Ni(5)2+, the values of pq¢r were 0.90-1.94 and the values of € at about 450 nm (low-spin square planar
species) increased in NaClOy4 solution as compared with in water except for Ni(5)2+, suggesting they were
mixtures of low-spin square planar and high-spin octahedral species. On the other hand, in the case of the
complexes Ni(2)2+, Ni(4s)2*, and Ni(4a)2* bearing two bulky groups on both sides, the values of p¢r were
less than 0.3 and the values of € did not increase in NaClO4 solution except for Ni(4a)2*, indicating that they
were all low-spin square planar complexes.13) These results suggest that the access of anions or water
molecules to the coordinated Ni(II) ion is suppressed completely by two bulky subunits whether they are cis-
cyclohexane or tetramethylethane subunit. Interestingly, the complex with tetramethylcyclam (3) having only one
tetramethylethane subunit turned out to be a low-spin complex, suggesting that one tetramethylethane subunit
could prevent the anions or water molecules from accessing to the coordinated Ni(II) ion effectively.

Moreover, half-wave potentials of the complexes for Nill/Nilll redox change (E 1/2(NiHaHI) were
measured by cyclicvoltammetry (acetonitrile, n -BugNClOy4), in order to know the steric environment of axial
coordination sites in the complexes (Table 1).14)  As results, the flat complexes with unsubstituted cyclam
Ni(1)X7 (X=NO3, Cl, and ClO4) and trans- cyclohexanocyclam Ni(6)X7 showed similar half-wave potentials,
respectively. On the other hand, Ni(3)X7 bearing one tetrametylethane subunit and Ni(2)X>, Ni(4s)X7, and
Ni(4a)X7 having two bulky groups on both sides showed higher values than those of flat complexes Ni(1)X7
and Ni(6)X». Especially, Ni(2)Clp and Ni(2)(ClO4)7 bearing eight methyl groups showed very high values,
0.895 and 1.413 V, respectively, indicating that the axial coordination sites of the complexes were tightly
regulated by introduced alkyl groups on cyclam complexes.

Thus, it has turned out that the introduced tetramethylethane subunit(s) in cyclam complexes results in the
significant change of the accessibility of axial ligands toward cyclam-nickel(II) complexes.
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