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There has been considerable interest in the preparation of
various tvpes of (- and/or N-configurational isomcrs of
polvaza macrocyclic complexes.”™! In particular. [4-membered
macrocyclic complexes having onc or (wo 1.2-diamino-
cyclohexane subunit(s) theorctically occur as various (-
configurational isomcrs because the diaminocyclohexanc
subunit ¢xisls as cither ¢is- or frans-isomer. Although both
[Ni(31)](C104)> and [Ni(3¢)](ClO4)> have a squarc-planar
coordination geometry. reports indicate tat (heir chemical
propertics and stercochemisiry vary with (he isometic
structure of the 1.2-diaminocyclohexane subunit (Chart 1) *
Furthermore. the chemical propertics of [Ni(4s)]= arc difTer-
cnt from (hose of [Ni(4a)]™*. cven though both of hem
contain cis-1.2-diaminocvclohexane subunits.'” ¢ -methy lat-
cd complexes. [Ni(16))* and [Ni(2t)]**. conlaining (wo trans-
1.2-diaminocyclohexane subunits have been also reported.”' ™
Howcever. relatively few isomers of such compounds have
been prepared. ™' and discussions of (heir chemical proper-
tics arc not sulficient. """

To gain further insight into the chemistry of such macro-
cvclic compounds. we prepared ihe nickel(IT) complexes of
Te and 2¢. having two ¢is-1.2-diaminocyclohexane subunits.
It was lound that the axial coordination of a solvent mole-
cule. such as McCN or DMF. is much casicr (o [Ni(2¢)]™
than to [Ni(2D)]**. The coordination behavior of [Ni(2e)] is
also considerably different from (hat of [Ni(3¢)]"". To
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investigate the dilferences. the crvstal structure of [Ni(2¢)]
(ClO4)> was determined. The structure and chemical proper-
tics of [Ni(2e)(ClO4)- were compared with those of
[Ni(26)]"". [Ni(3¢)]™*. and other related nickel(IT) complexcs.

Experimental Section

Measurements. [R spectra were recorded on a Shimadzu
[R-440 spectrophotometer and clectronic spectra with an
Analvtik Jena Specord 200 UVAvis spectrophotometer.
Conduclance mcasurcments were taken with a Mctrohm
Herisau Conductometer E518. mass spectra were measured
with a Shimadzu GCMSD-QP3050 spectrometer. and NMR
spectra were recorded with a Varian Mcrcury 300 FT NMR
spectrometer. Elemental analyzcs were performed at the
Cenler for Laboratory Facilitics. Dacgu University. Kyungsan.
Korca.

Synthesis. [H21¢](C1Q4).. To a cooled (~4 °C) cthanol (30
mL) solution of cis-1.2-diaminocyclohexane (7.0 mL. 30
mmol) was added 60% perchloric acid (5.0 mL. 50 mmol)
wilh stirring. Alter the addition of methyl vinyl ketone (4.5
mL. 30 mmol) over a period of | h. the mixture was stirred
for 2 I at room tcmperature and then stored in a refrigerator.
The white solid. which had becen formed. was filiered.
washed with cthanol. and dried in air. Yicld: ~20%. Found:
C. 44.80: H. 7.17: N. 10.41. Calc. for CxHNCl-Oy: C.
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44.99: H. 7.12: N. 10.30%. IR (cm™'): 1660 (v (C=N)) and
3150 (v (N-H)).

2¢. This compound was prepared by the reaction of |H:1¢|
(C1O.): with NaBH., in the presence of NaOH. following the
procedure reported for |[H-1t)(ClO):."" Yield: ~80%. Found:
C. 71.40: H. 11.83, N. 16.52. Calc. for CzH.wNs: C. 71.37;
H. 11.98: N, 16.65%. Mass (m 2): 336. IR (cm™); 3250
(v (N-H)) and 3290 (v (N-H)). '"H NMR (CDCls): §0.95 (d.
Me). *C NMR (CDCly): § 19.7 (Me). 20.2, 2.7 (). 26.3
(). 38.3. 46.9. 534.4. 36.9 ppm.

INi(LY(CI1O4); (L=1¢ or 2¢). After refluxing a methanol
suspension (235 mL) of Ni(OAc):4H-0O (2.0 g) and [H:1¢|
(ClO4): (1.3 g) or 2¢ (1.0 g) for 30 min. an excess of HCIO
or NaClO, was added to the solution. The vellow solid.
which had been formed. was filtered and recrystallized from
the hot acetonitrile-water (1 :3) mixture. Yield: ~80%.
INi(1¢)](Cl104); (Found: C. 40.55: H. 6.17. N, 9.44. Calc. for
C2H:NNiCLOy: C. 40.67: H. 6.10: N, 9.49%. IR (cm™):
1640 (v (C=N)) and 3210 (v (N-H)).) [Ni(2¢)](C104); (Found:
C. 40.38. H. 6.77: N. 9.42 Calc. for C:H.wNsNiCl:0x: C.
40.39; H. 6.73: N. 9.43%. IR (cm™): 3160 (v (N-H)) and
3220 (v (N-H)).

INi(L}(PF¢)z (L=1¢ or 2c). An excess of NHPF; was
added to a warm acetonitrile (10 mL) solution of [Ni(L)|
(ClO4): (0.3 g). After filtering the mixture, water (10 mL)
was added to the filtrate. The vellow solid was filtered,
washed with water. and dried in air. [Ni(1¢)](PFe).. 'H NMR
(CD:NOx): 8 2.10 (s. Me). *C NMR (CDiNO-): § 18.6.
234 23.6. 245, 27.2. 399, 426, 61.3. 66.6. and 186.1
(C=N) ppm. [Ni(2¢)](PFs)2. 'H NMR (CD3NOs): § 1.20 (4.
Me). *C NMR (CD:NO:): § 18.7. 20.1. 23.7. 23.9. 24.1.
35.3.45.7.51.1. 38.7. and 61.0 ppm.

X-ray crystal structure determination. A vellow crystal
suitable for X-ray crystallography was mounted on a CAD4
diffractometer. Intensity data, 4630, were collected and were
corrected for Lorentz and polarization effects as well as for
absorption corrections with t scans. The structure was
determined by direct methods and refined by full-matrix
least-squares on /- with reflections above 2c level using
SHLEXS-97 and SHLEXL-97."* All non-hydrogen atoms
were refined anisotropically. All hvdrogen atoms were
calculated using riding models except H(1) and H(2) that
were refined isotropically. The crystal and refinement data
are listed in Table 1. and the selected bond distances and
angles are in Table 3.

Results and Discussion

General characterization. Infrared. mass. and/or NMR
spectral data of the compounds prepared in this work are
listed in the Experimental Section with the elemental
analyses. 'H NMR spectra of [Ni(1c)](PFs)- and [Ni(2¢)]
(PF¢)~ show only one singlet and doublet. respectively. for
the two methyl groups. ''C NMR spectra of the complexes
show ten peaks. indicating that each complex prepared in the
present work is one of the diastercoisomers with ten pairs of
inequivalent carbon atomss. The IR spectrum of [Ni(1e)]
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(C10O.); shows only one v (C=N) or v (N-H). as does that of
Nerac-|Ni(16)](C10.)2."~ In the IR spectrum of |Ni(2¢)|(ClO.)-,
however. two bands arising from the secondary amino
groups are observed at 3160 and 3220 cm™ . This corresponds
to the crystallographic determination that the emviromment of
the amino group irvolving the N(2) atom is considerably
different from that imvolving the N(1) atom (see below). The
molar conductance values of the complexes measured in
water (180-200 €2 'mol'cm”) and acetonitrile (230-250 €™
mol™'cm”) indicate that the complexes are 1 : 2 electrolytes.

The wavelengths and molar absorption coefficients (Table
2) of the ¢/~d/ transition band for | Ni(1¢)](C10.): and |Ni{2¢)|
(Cl0.): measured in nitromethane are quite similar to those
for the square-planar complexes N-rac-|Ni(1t)](C1O,)z and
[Ni(26)](C10.):."" indicating that the ligand-field strengths of
the complexes are not affected significantly by the C-
configuration. The visible spectrum of [Ni(2¢)|(ClO.): is
also comparable with that of [Ni(4a)](CIO):."" However. the
wavelength is distinctly longer than those for [Ni(3c)]
(CIO): and |Ni(4$)|(C1O ="

Crystal structure of |Ni(2¢)](Cl104,);. The ORTEP view
(Figure 1) of |Ni(2¢)|"' shows that the complex cation has a
square-planar coordination geometry with an irversion center
at the metal. The macrocyclic ligand contains two c¢is-1.2-
diaminocyvclohexane subunits. The five-membered chelate
rings have a gawche conformation., and the six-member
chelate rings have a chair one. The two -(CH:)4- parts of the

Table 1. Crystal and Retinement Data tor [Ni(2¢)](C10.):

Formula CxHuwCINNiOs
A7 594.17
Crystal system Monoclinic
Space group e

a(A) 19.806(2)
h(A) 12.270(2)
c(A) 12.608(2)
B 112.82(1)
I"(AY 2600, 1()
Z 4

1 (gem ) 1.518
p{em Y 10,03
JLO00) 1236

0,43 x 0435 x0.40
2.00-23.47

Crystal size (mm)
Brange ()
Index ranges

Retlections collected 4630

Independent retlections 2408

Retlections observed (20) 1093

Data completencss 1.00

Refinement method Full-matrix lcast-squarcs on 7+
Data 7 restraints ¢ parameters 2408 0 169

Goodness-of-tit on /2 0.833

Final R unchees [7::2¢x/))
Largest diff. peak and hole
R -EIE| - K] Z|F.
wRs = |Zn(F, =T ZIw(F, P % where w — L] 0%(F,°) - (aPY - bP.
P—(F7 - 2F YA

K= 00311, wkR. — 0.0832
0.485 and -0.328 ¢A *
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Table 2. Lilcctronic Absorplion Spectra and Percentage of Square-
Plunar Species of the Nickel(11) Complexes in Various Solutions ai
20°C

Complex Solvent (E‘};\'X;‘ | ::11:_,) »» Square-planar”
MNi(16)](CIO): MeNO: 439(77)
Me:SO 436(77) ~ 100
H-O 440(73) 93
Mc¢CN 442(73) 93
DMF 443500 63
Ni(1e))(CIO: MeNO: 445(75)
Me:SO 445(75) -~ 100
H:0 445(75) ~ 100
Mc¢CN 447(63) 87
DMF 446(48) 64
Ni(2¢}(CIO): " MeNO» 463(73)
Me:SO 460(73) 100
HxO 4359(70) 2%
Mc¢CN 463(606) A
DMF 463(70) 96
[Ni(2E)(CIOD: MeNO: 463(75)
Me:SO 463(75) 100
H:0 460(60) 80
Mc¢CN 467(19) 25
DMF 460(27) 26
MNiGBOICION: 7 H:O 435(40) 57
DMF 676(3.3) =10
310(8.0)
337(19)
Ni(3c))(CIO:Y  H:0 446(70) 100
DMF 448(52) 71
MNi(4)(CIOy): © H:O 440(80)
Ni(4a))(CIO4): * H:O 435(60)

“Pereentage of square-planar speaics = 100(&as)(Exqu). Where ea,: and
& are the molar absorption coellicients oblained in coordinating
solvents and in nitromethane. respectively. "Refs. 7 and 12. ‘Rel. 12.
“Refs. 9 and 10. "Ref. 10.

cvclohexane subunits are anri with respect to the macro-
cvelic plane. The stereochemistry of the four nitrogen atoms
in the complex is a frans-111 form. which is quite similar to
that in [Ni¢2t)](C10,).."

As expected from the electronic spectra. the average Ni-N
distance (1.9447) A) of |[Ni(2¢)](CIO4)- is similar to that of
[Ni2H)](CIO1)~ (1.951 A)."' The Ni-N(2) distance (1.959(4)
A) is ca. 0.03 A longer than the Ni-N(1) distance. The N(2)-
C(3) (1.513(4) A) distance imvolved in the five-member
chelate ring is also distinctly longer than the N(1)-C(10)
(1.471(5) A) distance. indicating the severer steric repulsion
around the N(2) and C(5) atoms. This may be correlated
with the fact that the two hydrogen atoms attached to N(2)
and C(5) atoms are s with respect to the five-member
chelate ring. whereas those attached to N(1) and C(10)
atoms are anti. It is interesting to find that such structural
features are quite different from those reported for |[Ni(2t)]
(C10s)»~. in which the two hydrogen atoms attached to each
N-C bond of the five-member chelate ring are anti:'' in the
case of [Ni(2t)|(ClO,)-. the Ni-N (next to the methylated
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Figure 1. An ORTLP drawing of [Ni(2¢))* in [Ni(2¢)[(C1O )2 with
the atomic labeling scheme.

carbon) distance (1.946(3) A) is slightly shorter than the
other Ni-N distance (1.957(3) A) and. furthermore. the two
N-C bond distances [ 1.300¢4) A and 1.503(4) A] imvolved in
the five-member chelate ring are nearly the same.!" The Ni-
N(2)-C(3) (124.4(3)") and Ni-N(1)-C(l) (117.3(3)") angles
are distinctly larger and smaller. respectively, than 120°. This
trend is also somewhat different from that reported for
|Ni(2t)](C1O.):. in which the twvo Ni-C-N angles imvolved in
a six-membered chelate ring are 119.4(2)° and 120.9(2)°."
The geometry around the nickel ion deviates from the ideal
square-planar: the N(1)-Ni-N(2) angle is expended to
93.9(3)°, whereas the N(2)-Ni-N(2A) angle is reduced to
86.1(2)°. The crvstallographic results clearly show that.
although |Ni(2¢)](C10,): and [Ni(2¢)](C10.): have a similar
N-configuration (trans-11I). their structural features are
significantly affected by the isomeric structure of the 1.2-
diaminohexane subunit. This result also contrast with the
reported trend that the stereochemistry of the cis-isomer
|Ni(3¢)](ClO4)- is a rrans-1 form and is different from that of
[Ni(3t)|(CIO.)> (rrans-111).% The conformational difference
between [Ni(2¢)]"' and [Ni(3¢)|"' is somewhat interesting
because the conditions for the preparation of the two
complexes are nearly the same.

Coordination of solvent molecule. The absorption spectra
(Figure 2) of |[Ni{2¢)|(C10.)- show that the molar absorption
coefficient (at ca. 460 nm) measured in coordinating solvents,
such as DMF, MeCN. and H-O. is much smaller than that in
MeNO-. a non-coordinating solvent. and is strongly influ-
enced by the nature of the solvent. This can be attributed to
the equilibrium of the square-planar |Ni(2¢)]"' and octa-
hedral [Ni(2¢)(S)-]"" species in coordinating solvent (8).'™'¢
The percentages of the square-planar species. which were
calculated by reported methods,'™' " are listed in Table 2.
along with those of [Ni(1c)]"' and other related complexes.
The percentage for the unsaturated complex [Ni(1¢)]" in
DMF. MeCN. or H-O is higher than that for the saturated
complex [Ni(2¢)]"". as usual. In each solvent. the percentage
of |Ni{1¢)]"" is not verv different from that of [Ni(1)]*". On
the other hand. most interestingly. the value for [Ni(2¢)]™' in
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Figure 2. Flectronic absorption spectra of [Ni{2¢))(Cl0s); (2.0 x
10 * M) in MeNO: (a), 1O (by, DML (¢), and MeCN (d).

Table 3. Bond Distances (A) and Angles ( © ) for [Ni(2¢)(CIO4):

Ni-N(1) 1928(3)  Ni-N(2) 1.939(4)
N(1-C(1) 1491(5)  N(-C(10) 1 471(5)
NCMC(3) 1497(5)  N(2)-C(3) 1.513(4)
N{D-Ni-N(1) 180.0(2) N(2)-Ni-N(2) 180.0(2)
N{D-Ni-N(2) 93.9(3) N(1)-Ni-N(2) 86.1(2)
Ni-N(1)-C(1) 117.3(3) Ni-N(D-COL0y  L10.0(3)
Ni-N(2)-C(3) 124.4(3) Ni-N(2)»-C(3) 108.8(2)
N(D-C-C) 117D N(IFCORCED)  115.6(4)
NE2MCEICR)  110.2(3) N(2}C-C6E)  112.2(4)

MeCN (23%) or DMF (36%) is much lower than that for
[Ni(2t)]" (= 90%). This indicates that the cis-isomer binds
the solvent molecule much more easily than does the rrars-
isomer. Such a coordination behavior of [Ni(2¢)|~' may be
closely related to the longer Ni-N(2) (next to the methy lated
carbon atom) distance and/or the more distorted structure,
which make the attack of the solvent molecule easier. The
present result contrasts with the reported trend that the
proportion of the square-planar species in DMF is much
higher for the cis-isomer [Ni(3¢)|™ (71%) than for the rrasns-
isomer |Ni(3t)]"' (<10%).°

Table 2 also shows that the relative coordinating ability of
the solvent molecules to |Ni(2¢)|(ClO 1)~ (Me-SO < H-0 <<
DMF < MeCN) differs from that to |[Ni(1¢)[(ClO,)> (Me-SO
<H-0O < MeCN < DMF). In any case. the coordinating ability
of the solvent molecules is not parallel with their inherent
basicity (Gutmann's donor number of the solvent decreases
in the order of Me~SO > DMF > H-O > MeCN). The relatively
weak coordinating ability of Me-SO is the result of the
strong self-association and/or the severe steric hindrance of
the methyl groups.'® The stronger coordinating ability of
MeCN to |Ni(2¢)]"'. compared with that of DMF or H-O.
can be attributed to its rod like geometry and weak basicity
toward interactions with the protons of the coordinated
secondary amino groups.' *'® In the case of the unsaturated
complex |[Ni(1¢)]" . however. both the solvent-amino group
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interaction and the steric hindrance caused by the macro-
cyvelic ligand are less significant. Therefore, the inherent
basicity (DMF > MeCN) of the solvent molecule may play
an important role in the axial coordination of [Ni(1¢)]"™'.

Concluding remarks. The properties of the unsaturated
complex |[Ni(1¢)|(ClO4): are similar to those of |Ni(1t)]
(Cl0O.):. However. the comversion of [Ni(2t)|(ClOy): to its
cis-isomer |Ni(2¢)](C10.); changes the structural characteri-
stics and makes the axial coordination of solvent molecules
such as MeCN. DMF. and H:O much easier. The stereo-
chemistry and the coordination behavior of |Ni(2¢)[(C1O,):
is also different from that of |[Ni(3¢)](ClO.):. indicating that
chemical properties of the saturated 14-membered tetraaza
macrocyclic complexes also can be affected significantly by
the number of the 1.2-diaminocyclohexane subunits.
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