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The syntheses, structures, absorption spectra, and redox potentials of Ni(tsalen), Hotsalen=N, N'-bis(o-
mercaptobenzyliden)ethylenediamine, and Ni(ebmba), Hoebmba=N, N'-bis(o-mercaptobenzyl)ethylenediamine,
are described. Ni(tsalen) was prepared directly from N,N'-bis(o-tbuthylthiobenzyliden)ethylenediamine, from
which Haebmba and, subsequently, Ni(ebmba) were also prepared. The crystal data for these two complexes are
as follows: 1) Ni(tsalen); space group Pna2; with the unit-cell dimensions a=8.929(1), b=22.603(2), c=7.484-
(1) A, Z=4, 2) Ni(ebmba); space group P21/c, a=13.324(5), b=7.9263(8), ¢=15.262(3) A, 8=101.23(2)°.
Ni(tsalen) and Ni(ebmba) adopt squareplanar geometries with average Ni-S distances of 2.157 and 2.165 A,
respectively. The Ni-N distances of these complexes are 1.85(5) and 1.945 A, respectively. These values, as well
as the redox potentials and absorption maxima, ware compared with those of another type of NiSoN2 compound,
[Ni(ebtsa)]?~; Hsebtsa= N, N'-bis( o-mercaptobenzoyl)ethlenediamide.

Although mononuclear nickel complexes with SoNj
coordination spheres are already recognized as being
classic, they are still worthwhile studying, since they
provide not only references for understanding the inor-
ganic aspects of the nickels in hydrogenases (Hz-ases),"
but also the starting point for model systems of Hy-ases,
according to the current scope.

Tsalen?~ 2~ [N, N'-bis(o- mercaptobenzyliden)eth-
ylenediaminate]?~, is a kind of thiophenolate ligand
which belongs to SoN; mixed donor systems. It real-
izes a typical square-planar environment and, thereby,
forms an effective structural group, like its oxygen cor-
respondent: salen?~, [N, N'-bis(o-hydroxybenzyliden)
ethylenediaminate]?~. Thus, to date, saveral papers
have been reported on the syntheses,?3b:3d:4bs4e,5a—5£6)
structures,?3>34:42)  magnetisms,3*3¢34:6%)  electronic
structures,?3a—3d,4¢,4d,5¢,6b) redox properties,?*4®) and
comparisons with M(salen) complexes (M; Fe3®
Co,*>*d) Cu®®). However, in spite of its importance, pa-
pers concerning tsalen complexes have been unexpect-
edly few, probably due to the difficulty to carry out
Htsalen syntheses.3**®) Recently, we briefly reported
on a new way to obtain Ni(tsalen) and a structural
analysis.” Subsequently, we added to the SoN, group
Ni(ebmba), ebmba?~ =[N, N-bis(o-mercaptobenzyl)eth-
ylenediamidate]?~,® the reduced analog of Ni(tsalen).
(NEt4)2[Ni(ebtsa)], ebtsa*~=[N, N'- bis(o- mercapto-
benzoyl)ethylenediamidate]*~,'® presented by Kruger
and Holm concerning nickels in Hs-ases, also be-
longs to the SNy group as was clarified by X-ray
crystallography.’’ Although these three compounds
have common thiophenolate groups, the electronic fea-
tures around the nitrogens are different from each other
(Fig. 1). Here, we wish to report on a comparison of the
three compounds in terms of this difference in electron
delocalization, as well as details concerning syntheses
and structural analyses of Ni(tsalen) and Ni(ebmba).
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Fig. 1. Ni(tsalen); [N, N'-bis(o-mercaptobenzyliden)-
ethylenediaminato]nickel(II), Ni(ebmba); [N, N'-bis-
(o-mercaptobenzyl)ethylenediaminato]nickel(II), and
[Ni(ebtsa)]*~; {[N, N'-bis(o- mercaptobenzoyl)ethyl-
enediamidato]nickelate(II)}*~.

Experimental

Preparation of Compounds.  Ebbtb, N, N'-bis(o-t-
butylthiobenzyliden)ethylenediamine (1), was obtained by
reacting ethylenediamine with o-¢butylthiobenzaldehyde,
which was derived from o-nitrobenzaldehyde.'? Ni(tsalen)
(2) was prepared directly from this protected Schiff base,
ebbtb. Hzebmba (3) was prepared from ebbtb by treating
it with Na/liq. NHs. Ni(ebmba) (4) was synthesized by the
reaction of Hoebmba and Ni(acac)2:2H20O (Fig. 2). All of
the preparations for the deprotected thioles or thiolates were
conducted under an argon atmosphere. The solvents used
for complexation were dried on appropriate drying agents
and degassed prior to use.

ebbtb (1): 3.11 g (52 mmol) of ethylenediamine was
added to a 150 ml benzene solution containing 20.8 g (107
mmol) of o-t-butylthiobenzaldehyde, and refluxed for 30
min. The reaction mixture was cooled down to r.t., and
dried over MgSQO4 overnight. The solvent was removed and
the residue was recrystallized from hexane. Yield 17.4 g
(81%). Found: C, 69.24; H, 7.86; N, 6.47%. Calcd for
Ca4H32N2S2: C, 69.90; H, 7.77; N, 6.80%. 'HNMR, (CDCls)
§=1.21 (18H, s, +-BuS), 4.01 (4H, s, NCH,CH;N), 7.20—
7.60, 7.89—8.12 (8H, ring), and 9.08 (2H, s, CH=N).

Ni(tsalen) (2): 7.51 g (18.20 mmol) of ebbtb (1) was
mixed with 4.33 g (18.20 mmol) of NiCly-6H20 in 60 ml
of refluxing EtOH. The solution’s color changed immedi-
ately from dark green to dark brown, and formed golden
mica within 5 min. After the reaction had been continued
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Fig. 2. Synthetic routes for Ni(tsalen) and Ni(ebmba).
ebbtb; N, N'-bis(o-tbutylthiobenzyliden)ethylenedi-
amine.

for an additional 6 h for completion, it was cooled to —20
°C. The crystals were collected, washed with water several
times and dried in vacuo. The crude yield was 4.29 g (36%).
Recrystallyzed from Me2SO/MeOH (30 ml/10 ml) mixed
solvent (Yield 47%), or CH2Cl,. Found; C, 53.62; H, 3.91;
N, 7.83%. Calcd for C16H14N282Ni; C, 53.81; H, 3.95; N,
7.84%. "HNMR (Me3SO-ds) 6=3.72 (4H, s, NCH,CH,N),
6.96—7.56 (8H, ring), and 8.52 (2H, s, CH=N).

Hzebmba-2HCI (3): 7.70 g (18.7 mmol) of ebbtb was
dissolved into 50 ml of liquid ammonia. To this solution,
4.24 g (184.4 mmol) of sodium metal was added in small
portions until a blue color was attained. After the reaction
was completed, excess sodium was quenched by a minimum-
amount of NH4Cl. The ammonia was removed. Dissolution
of the white residue into an aqueous hydrochrolic acid, which
was finally adjusted at pH ca. 1 in 150 ml in an ice bath,
resulted in white precipitates. These were collected and re-
dissolved into the sodium hydroxide solution at pH ca. 12.
Treatment of this solution with 10 g of NaCl gave an orange-
colored impurity, which was then removed. The pH of the
filtrate was again lowered to pH ca. 1 in order to deposit
the desired compound. This removal of the orange impurity
was repeated twice. The final precipitates were washed with
a 400 ml of acidic water (pH 3—4), then dried in vacuo at
70 °C. Yield 5.31 g (75.4%). Found: C, 50.67; H, 5.91;
N, 7.26%. Calcd for Ci6H20N2Cl2S2: C, 50.92; H, 5.88;
N, 7.42%. '"HNMR (Me2SO-ds) 6=3.51 (4H, NCH>CH,N),
4.12 (4H, PhCH,-), 6.96—7.42 (8H, ring) and 7.98—10.10
(4H, NH and SH).

Ni(ebmba) (4): 0.5 g (1.32 mmol) of Hoebmba (2)
was dissolved in 25 ml of dimethylformamide (DMF'). 0.39 g
(1.32 mmol) of Ni(acac)2:2H20 was added to this solution;
the reaction mixture was stirred for 2 d at room tempera-
ture. The solution was concentrated. The resulting dark-
blue crystals were filtered, washed with 40 ml of acetone
twice, and dried in vacuo. Yield 0.20 g (50%). Found: C,
52.92; H, 4.98; N, 7.70%. Calcd for C16H158S2S2Ni: C, 53.21;
H, 5.02; N, 7.76%. '"HNMR (Me2SO-ds) 6=2.10—3.78 (8H,
PHCH; and NCH2,CH2N), 4.34—4.84 (2H, NH), and 6.56—
7.40 (8H, ring).

Physicochemical Measurements. Cyclic voltamme-
try and differential pulse polarography were observed with
a Yanaco P-1100 polarographic analyzer. The absorption
spectra were recorded on Hitachi 228A and Hitachi 3400
spectrophotometers. 'HNMR data were recorded on JEOL
FK-100 and GSX-500 spectrometers.
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Single-Crystal X-Ray Analyses. X-Ray photographs
were taken to determine crystal classes; accurate cell di-
mensions were determined by a least-squares method for
256 values measured on diffractometers. Intensity data
were collected on rotating anode diffractometers (Enraf
Nonius CAD4 for Ni(tsalen) and Rigaku AFC 5R for Ni-
(ebmba)), employing the w—260 scan mode over the ranges
2.0<20<60.0° (the former) and 1.5<26<65.2° (the latter),
using Mo Ko radiation. Lorentz and polarization correc-
tions as well as empirical absorption and extinction correc-
tions were applied.

The structures were solved by standard Patterson and
Fourier techniques and refined on F by a full-matrix least-
squares method.

Ni(tsalen):  Only two hydrogen atoms (H(C11)) and
H(C21)) were apparent in the difference Fourier map. The
positions of the others were calculated by assuming ideal
geometries. The positional and thermal isotropic parame-
ters of all the hydrogen atoms were not refined; 2337 unique
reflections were observed, out of which 1238 with I>3c0 (1)
were used in the structure determination. Anisotropic ther-
mal parameters were assumed for the nonhydrogen atoms.
The largest peak in the final difference Fourier map was
0.98 eA~3 near to the Ni atom. The maximum shift error
was 0.01. The final R and R,, were 0.078 and 0.084, re-
spectively, with w=1/8(F)2. The details are summarized
in Table 1. The structure was solved'® using an Enraf
Nonius/SDP program system on a microVax II computer
at the Institute for Molecular Science, Okazaki.

Ni(ebmba):  All of the hydrogen atoms were located
in difference Fourier maps and their positional parameters
were included in the refinement. Anisotropic and isotropic
thermal parameters were assumed for the nonhydrogen and
hydrogen atoms, respectively; 6121 unique reflections were
measured, out of which 3433 with I>30(I) were used in
the structure determination. Further details concerning the
data collection and structure refinement are summarized in
Table 1. The structure was solved using the Rigaku/MSC
TEXAN program system on a microVax II computer at the
Haijima factory. The largest peak in the final difference
Fourier map was 0.608 eA ™2 near to the Ni atom. The max-
imum shift/error was 0.04 for one of the hydrogen atoms.
The final R and R, were 0.037 and 0.047, respectively, with
w=1/6(F)%.

Results and Discussion

Structure. Structure of Ni(tsalen): Ni-
(tsalen) crystallized in the orthorhombic form from di-
chloromethane. The space group was Pp,2;. Selected
bond lengths and angles are summarized in Tables 2
and 3. An ORTEP drawing is shown in Fig. 3. The
molecule on Ni(tsalen) adopts square-planar geometry,
a characteristic to analogs of salen complexes. The de-
viations of Ni, N(1), N(2), S(1), and S(2) atoms from
the least-squares SNy plane are —0.0079, —0.0337,
—0.0336, —0.0296, and 0.0295 A, respectively. Hence,
the NiSyNo unit is slightly distorted from the square-
planar geometry. Unlike many salen complexes, which
exhibit flat Ni(OCCCN)2 centers, Ni(tsalen) is eccen-
trically bent at S(1)C(11) line, but a fairly good copla-
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Table 1. Summary of Crystal Data, Intensity Collection, and Structural Parameters
for the Nickel Complexes
Quantity Ni(ebmba) Ni(tsalen)
Diffractometer RIGAKU-AFC5R ENRAF-NONIUS CAD4
Formula CmHmNzNiSz CleN14N2Ni82
Formula weight 361.5 357.14
Crystal system Monoclinic Orthorhombic
Lattice parameters
a/A 13.324(5) 8.929(1)
b/A 7.9263(8) 22.603(2)
c/A 15.262(3) 7.484(1)
B/° 101.23(2)
v, A3 1581.0(7) 1510.4(5)
F(000) 752 736
Space group P2, /c Pna2,
Z value 4 4
D.gem™3 1.52 1.570
Crystal dimensions/mm — 0.15%x0.10%x0.49
Radiation/nm Mo Ka (A=0.7107) Mo Ka (A=0.7107)
Graphite Graphite
Monochromated Monochromated
Abs. coeff., u/cm™! 14.70 15.48
Temp/°C 23 23
Scan speed/® min™! 4 412
Scan range/° 1.5<26<65.2 2.0<260<60.0
No. of unique 6121 2337
reflections
No. of observations 3433 1238
(I>3.000(I))
No. of variables 244 190
Residuals: R; R, 0.037; 0.047 0.078; 0.084
Maximum shift in 0.04 0.01
final cycle
Largest peak in 0.61 0.98
final diff. map, e A3
Table 2. Selected Bond Distances (A) of Ni(tsalen) (Fig. 3). Two of the least-squares planes containing
and Ni(ebmba) ® nickel, NiS(2)N(2)C(21)C(23)C(22) and NiS(1)N(1)C-
(11)C(13)C(12), are thus inclined to the NiS(1)S(2)N-
Bonding Ni(tsalen) Ni(ebmba) (1)N(2) plane with dihedral angles of 3.63 and 15.70°,
Ni-S1 2.139(5) 2.170(1) respectively. The benzene rings connected to NiS(2)-
Ni-52 2.174(5) 2.1639(9) N(2)C(21)C(23)C(22) and NiS(1)N(1)C(11)C(13)C(12)
g:ﬁ; iggg; }gﬁg; are inclined at 3.69 and 26.19°, respectively, to the NoS,
S1-C13 1:70 2) 1:765 3) plane. A deviation from bilateral symmetry is also seen
S2-C23 1.73(2) 1.750(3) between the two Ni—S bond lengths, Ni—S(1)=2.174(5)
C11-C12 1.43(3) 1.488(4) A and Ni-5(2)=2.139 A. However, this asymmetry does
C21-C22 1.44(2) 1.493(4) not affect the C=N bond lengths (1.30(2) and 1.29(2)
N1-C11 1.29(2) 1.482(4) A). This eccentric bending may be the result of crystal
N2-C21 1.30(2) 1.487(4) packing. Fianlly, the ethylene bridge of this compound
N1-Cl 1.51(2) 1.481(3) is in the gauche position.
N2-C2 1.51(2) 1.487(4) . . . |
C1-C2 1.47(3) 1.488(5) ' Str}lcture of Nl(ebmba). Nl(eb‘mba) crystal-
C12-C13 1.47(2) 1.404(4) lized in monoclinic. The space group is P2;/c. Its
C22-C23 1.41(2) 1.401(5) NiS2 N2 unit is pseudo square planar (Fig. 4). The bond

a) Numbers in parentheses are estimated standard devi-
ations in the least significant digits.

narity is conserved between the central NiSoNs plane
and one of the o-mercaptobenzylidenaminate(2) planes

lengths and angles are listed in Tables 2 and 3, respec-
tively. The distances of the component atoms from the
NiSyN, least-squares plane are 0.0006 (Ni(1)), 0.1978
(N(1)), —0.2002 (N(2)), —0.0161 (S(1)), and 0.0322
(S(2)) A. The Ni(1)S(1)S(2)N(1)N(2) plane is slightly
twisted around the bisector of the equilateral triangle,
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Table 3. Selected Bond Angles (°) of Ni(tsalen) and
Ni(ebmba)
Bond angle Ni(tsalen)  Ni(ebmba)
Atoml  Atom2  Atom3 Angle Angle
S1 Ni N1 94.2(4) 95.83(7)
S1 Ni N2 178.6(4) 173.29(7)
S1 Ni S2 83.8(3) 83.13(4)
52 Ni N1 176.9(4) 173.27(7)
S2 Ni N2 96.0(5) 94.87(8)
N1 Ni N2 86.1(5) 86.9(1)
Ni S1 C13 111.3(6) 111.92(9)
Ni S2 C23 113.4(5) 111.6(1)
Ni N1 C1 111.(1) 106.9(2)
Ni N1 c11 133.(1) 120.1(2)
cl N1 c11 115.(1) 109.6(2)
Ni N2 C2 112.(1) 108.9(2)
Ni N2 C21 133.(1) 118.5(2)
C2 N2 c21 115.(1) 110.9(2)
N1 C1 C2 103.(1) 107.5(2)
N2 C2 C1 108.(1) 107.2(2)
N1 c11 C12 127.(2) 114.5(2)
S1 C13 C12 125.(1) 122.9(2)
c11 C12 C13 123.(2) 121.8(2)
N2 C21 C22 130.(2) 112.2(2)
S2 C23 C22 125.(1) 123.1(2)
C21 C22 C23 122.(1) 121.3(3)

a) Numbers in parentheses are estimated standard devi-
ations in the least significant digits.

Fig. 3. Structure of Ni(tsalen) with atom numberings
showing 50% probability of thermal ellipsoids.

Ni(1)S(1)S(2). The dihedral angles between the NiS;Ny
least-squares plane and NiS(1)N(1)C(11)C(12)C(13),
NiS(2)N(2)C(21)C(22)C(23), NiN(1)N(2)C(1)C(2), C-
(12)C(13)C(14)C(15)C(16)C(17), ring 1, and C(22)C-
(23)C(24)C(25)C(26)C(27), ring 2 are 4.04, 1.35, 5.51,
23.66, and 25.27°, respectively. Thus, in contrast to Ni-
(tsalen), Ni(ebmba) conserves good planarity in the first
coordination sphere and its adjacent area. However, the
two benzene rings are bent to this central plane with
fairly large dihedral angles, due to bending at the meth-
ylene bridges of the benzyl parts. The ethylene bridge
is in the gauche position. Similarly to Ni(salen)!* and
[Fe(tsalen)Cl],® two Ni(tsalen) molecules are paired in
the unit cell. However, there was no evidence for a
tight binding of the pairing molecules due to a mutual
coordination of the nitrogen atoms to the neightboring
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An ORTEP drawing of Ni(ebmba) showing
The atom

Fig. 4.
50% probability of thermal ellipsoids.
numbering is unified as in Fig. 3.

nickels from the axial direction, as had been observed
for [Co(tsalen)],*® or in the stacked crystal structures
of nickel complexes with deprotonated «,(3-dionediox-
imes: bis-(1,2-dimethylglyoximate)nickel(II)'® and bis-
(glyoximate)nickel(I1).}® The pair shows a stepped con-
figuration as found for many salen complexes.3d:17:1®)

Structural Comparison: The Ni-S(O), Ni-
N and C=N bond lengths of Ni(ebmba), Ni(tsalen),
[Ni(ebtsa)]?~,'V and Ni(salen)!® are compared in Ta-
ble 4. Although a similar table was already presented by
Dutton, Fallon, and Murray,'" their paper lacks a de-
tailed comparison. It is impossible to find any signifi-
cant difference among the average Ni—S bond lengths for
Ni(tsalen), [Ni(ebtsa)]?~, and Ni(ebmba) (2.157, 2.155,
and 2.167 A, respectively), whereas it is easy for the Ni—
N lengths. They are 1.855, 1.90, and 1.945 A, respec-
tively. Thus, the deviation among the three compounds
is remarkable regarding the Ni-N bond length rather
than in Ni-S. The Ni-N bond-length order reflects the
nature of the bonds in the three compounds (Fig. 1),
among which Ni(tsalen) and [Ni(ebtsa)]?~ have a large
delocalized electronic structure over nitrogen and sul-
fur (see the C=N and CS bond lengths in Table 4),
whereas Ni(ebmba) does not. Thus, although the for-
mer cases enable Ni—N 7-backdonation, the latter does
not. The Ni-N bond lengths of Ni(tsalen) are, however,
only slightly deviated from those of Ni(salen). There-
fore, the delocalization is not strongly dominated by the
sulfur or oxygen.

Synthesis of Ni(tsalen).
ing Ni(tsalen)® and a dimethyl derivative complex

Several reports concern-
5f)

Table 4. Comparison of Ni-X (X=8, 0)* and Ni-
N Bond Distances (A) for Ni(tsalen), Ni(ebmba),
[Ni(ebtsa)]?~,'") and Ni(salen)'?

Bond Ni(tsalen) Ni(ebmba) [Ni(ebtsa)]Q_ Ni(salen)
Ni-X1 2.174 2.1639 2.161 1.850
Ni-X2 2.139 2.170 2.149 1.855
Ni-N1 1.85 1.949 1.90 1.853
Ni-N2 1.86 1.941 1.89 1.843

a) X=S for Ni(tsalen), Ni(ebmba), and [Ni(ebtsa)]?,
X =0 for Ni(salen).
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have been published to date without including any
structural analyses. As already mentioned, only four
tsalen complexes have been reported along with molee-
ular structures; [Fe(tsalen)]2,*® Fe(tsalen)Cl,3®) [Co-
(tsalen)]2,*® and VO(tsalen).? Considering (a) the cor-
respondence between tsalen and salen, (b) the recent
interest in sulfur as an anionic donor, since it behaves
as a strong electron donor as well as a mild 7-acid,'®
and (c) the importance of metal sulfur bonds in bio-
logical systems, tsalen should be the subject of more
investigations in coordination chemistry. One of the
reasons for this situation lies in the synthetic route to
Hotsalen, itself, which passes through thiosalicyl alde-
hyde, Htsal.3»*®) The approaches to Htsal which have
so far been examined are poor in reproducibility, as was
pointed out in Ref. 3a. Furthermore, the reaction of
Htsal with ethylenediamine results in an equilibrium
mixture containing the iminomethylbenzenethiol Schiff
base, as well as in a bridged bicyclononane impurity.*®
A successful route to tsalen complexes passing through
the useful intermediate, [Tly(tsalen)], which was read-
ily prepared from [Tl(tsal)] with ethylenediamine, was
devised by R. J. Cozens et al.20:2V)

Our method (Fig. 2) is an extension of that of
Becher and his coworkers’.?>=2" They cleaved the al-
kylthio groups by using Cu?* to prepare copper-Schiff
base complexes. Generally speaking, the alkylthio
groups are cleaved by applying Hg?*(Ag*)/Lewis acid
conditions.?® Considering that metal ions show Lewis
acidity, the #butyl group of ebbtb may generally be
substituted by metal ions with or without the aid of
a Lewis acid such as CF3COOH. However, in our pre-
liminary experiments concerning the first-row transition
metal ions, only Ni?* underwent a substitution reaction
subsequent to a t-butylthio group cleavage. The other
metal ions showed no such activity, even under strong
Lewis acids. Attempts to isolate Hytsalen from ebbtb
by employing Hg(CF3COOH),/CF3COOH /anisole and
H,S failed, giving many by-products. Finally, it should
be pointed out that our new route is suitable for large-
scale syntheses.

Electrochemistry.  The absorption maxima and
the electrochemical cathodic wave positions are sum-
marized in Table 5. The cyclic voltammograms of Ni-
(tsalen) and Ni(ebmba) in Me,SO, and [Ni(ebtsa)]?~ in
DMF are depicted in Fig. 5. As can be seen here, Ni-
(tsalen) exhibits a quasi-reversible Ni?*/Nit couple at
Ey/5=-1.36 V (vs. Ag™/Ag, peak separation=0.22 V),
and an irreversible Ni3*/Ni®* couple at E,,=+1.00 V.
On the contrary, [Ni(ebtsa)]?~ affords no Ni** /Ni* cou-
ple, but a quasi-reversible Ni**/Ni*>* couple at E; /o=
0.02 V in DMF.?® In contrast to Ni(tsalen) and [Ni-
(ebtsa)]?~, the electrode processes of Ni(ebmba) are ir-
reversible for both reduction and oxidation. The ca-
thodic wave position (—1.81 V for Ni>*/Nit) and the
anodic wave position (+0.59 V for Ni®*+ /Ni2*) are 0.3—

0.4 V lower than those of Ni(tsalen). These increased’
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Fig. 5. Cyclic Voltammograms (100 mV s™') at 25 °C
with a glassy carbon electrode (vs. Ag/AgCl, 0.1 md
dm™3 TEAP): a) Ni(ebmba); observed in Me2SO, b)
Ni(tsalen); observed in Me2SO, and c) [Ni(ebtsa)]*~;
observed in DMF (N, N'-dimethylformamide).

stabilities of Nit in Ni(tsalen) and Ni** in [Ni(ebtsa)]?~
can be explained by their extended electronic delocal-
ization at —C=N- and -CON~—, respectively.

Both Ni?*/Ni* and Ni3*/Ni?* couples of [Ni-
(ebtsa)]?~ are far more negatively shifted compared to
the other compounds (Table 5). This negative shift is
attributable to a strong electron donation by the amide
nitrogen (N7) of ebtsa®*~. Balch had compared the re-
dox potentials of MX, compounds with X=0", S™,
N—, and their mixed donor sets,?® among which N~ was
the strongest donor giving the most negative Ni3*+ /Ni?*
potentials. It should be pointed that ebtsa*~ is the
sulfur analog of ebsa*~ (ebsa*~=[N, N'-bis(o-hydroxy-
benzoyl)ethylenediamidate]*~),” which is one of the
PAC ligands and stabilizes high oxidation states of tran-
sition metals.?" The positive shifts of Ni?*/Ni* and
Ni®t+ /Ni?* couples of Ni(tsalen), compared with Ni-
(ebmba), seem to reflect of the strong covalency of Ni-
N bonding in Ni(tsalen).

The Ni3*/Ni?* anodic oxidation potentials of the
three compounds seem to correlate with the energies of
the absorption bands observed at 340—390 nm (Table
5). The three compounds exhibited electronic transi-
tion patterns which are common to the nickel ions im-
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mersed in square-planar sulfur environment.3*3% Zerner
and his co-workers calculated the electronic structure of
bis(propene- 3-thione- 1-thiolato)nickel(II), NiPTT, by
the INDO-SCF-CI method.?® According to their cal-
culation, which explained well the absorption spectrum
of NiPTT’s NiS4 environment, the bands at 340, 386,
and 376 nm observed for [Ni(ebtsa)]?~, Ni(ebmba), and
Ni(tsalen), respectively, are attributable to the transi-
tions from Ni(dy.,d,.)+L(7) to L(7*). The observed
correlation between the LMCT absorption maxima and
the oxidation potentials for [Ni(ebtsa)]?~, Ni(ebmba),
and Ni(tsalen) makes us expect that the highest occu-
pied molecular orbitals (HOMO) of these compounds
are Ni(dg,,dy,)+Lm. This expectation agrees well with
Zerner’s assignment for NiPTT.

In contrast to the difference among these three
NiS;N, compounds, a resemblance between sulfur and
oxygen correspondents is conspicuous. For example, Ni-
(tsalen) and Ni(salen) exhibits similar CV signals for
Ni2+*—Ni®*+ and Ni?T —Ni* redox couples (Table 5). A
similar resemblance has been reported for [Ni(ebtsa)]?~
and [Ni(ebsa)]?~ by Kruger and Holm (Table 5). In
consequence, the difference between sulfur and oxy-
gen is not significant compared with that among amine
(ebmba?~), imine(tsalen®~), and amide (ebtsa?~) with
respect to electrochemistry. It would not be the sul-
fur or oxygen, but the nitrogen, which dominates the
HOMO/LUMO energy levels of this series of complexes.
The results of X-ray crystallography, which show that
the deviation in the Ni-S bond lengths is far smaller
than in the Ni-N, seems to supports this.

Nickel complexes with S3No coordination spheres are
forming one possible gateway for comparative and syn-
thetic approaches to the active site of Hy-ases, which are
mononuclear and immersed in an S;N, environment.3%
For example, the introduction of pendant groups to
NiSaN, units afford extended structural models of the
central nickels in Ho-ases. The cases described here pro-
vide standards for comparative studies of such extended
compounds. '

This work was supported by a Grant-in-Aid for Sci-
entific Research No. 62540475 from the Ministry of Ed-
ucation, Science and Culture.
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