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Recently, high valent nickel chemistry2 has attracted increased 
attention as it has become clear that the III oxidation state is 
biologically significant.3 High valent nickel species may also be 
intermediates in newly discovered catalytic oxidations4 and in the 
nickel-mediated sequence-specific oxidative cleavage of DNA by 
designed metalloproteins.5 Here, we report the synthesis, first 
structural characterization, and spectroscopic properties of a 
four-coordinate nickel(III) complex of an innocent ligand system, 
[Et4N] [Ni(TjM)]. EPR spectroscopy has been of special sig
nificance to the study of enzymatic systems containing nickel(III).3 

While the currently accepted EPR signature for square-planar 
Ni(III) is an axial spectrum with g, > gj.,3,6 we present evidence 
indicating that [Ni(T)4-l)]~ is a distorted square planar Ni(III) 
complex with g± > gt. Low-potential Ni(III) is found in nickel 
hydrogenases,7 and it is interesting to note that the innocent 
abiological ligand complement employed here can also produce 
highly stabilized nickel(III); the Ni(III)/Ni(II) couple of Ni-
(»)4-l)]- occurs at -0.58 V vs Fc+/Fc (CH2Cl2, 0.1 M [Bu4N]-
[ClO4] supporting electrolyte, 0.13 V vs NHE).7c 
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The complex was synthesized as follows: H4[I]8 (0.100 g, 0.23 
mmol) was dissolved in dry deoxygenated THF (20 mL) under 
N2 at room temperature, and Li[(Me3Si)2N] in THF (1.0 mL, 
1.0 M) was added. Dry (Ph3P)2NiBr2 (0.180 g, 0.24 mmol) was 
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Figure 1. Molecular structure of [Et4N] [Ni(T)M)]; ORTEP drawing with 
all non-hydrogen atoms drawn to encompass 50% of electron density. 
Important bond distances (A) and angles (deg): Ni-Nl, 1.849 (3); 
Ni-N2, 1.825 (4); Ni-N3, 1.848 (3); Ni-N4, 1.849 (4); Nl-Ni-N2, 
84.4 (1); N1-NHN3, 170.1 (2); Nl-Ni-N4, 94.9 (2); N2-Ni-N3, 97.2 
(1); N2-Ni-N4, 158.6 (2); N3-Ni-N4, 87.1 (1). 

Figure 2. EPR spectra of [Ni(T)M)]- at 5 K, 1500 G sweep width, 3100 
G midrange, 9.46 GHz, in toluene/CH2Cl2 (g, 2.366; g2, 2.303; g3, 
1.994). 

added under N2. After stirring (5 min), THF removal, and 
CH2Cl2 washing, the pale orange nickel(II) product was dissolved 
in absolute ethanol (50 mL) and oxidized with benzoyl peroxide 
(50 mg) (stirring for 30 min). [Et4N][F] (40 mg) was added, 
the ethanol was removed, and the excess peroxide was washed from 
the residue with benzene. The deep purple [Et4N] [Ni(T)M)] was 
dissolved in CH2Cl2 (15 mL), and LiF, LiBr, and excess [Et4N][F] 
were removed by filtration. Large purple crystals suitable for 
X-ray analysis (Figure I)9 were obtained by diffusion of pentane 
into a 1,2-dichloroethane solution (30% yield starting from lig
and).10 

The structure of [Ni(ri4-1)]~ (Figure 1) is distorted square 
planar, since the amide nitrogen donor atoms alternate 0.25 A 
above and below their mean plane and the Ni atom sits 0.09 A 
above this mean plane. The average Ni(III)-Nsp2 distance in 
[Ni(ji4-1)]" (1.84 A) is considerably shorter (ca. 0.1 A) than other 
Ni(III)-N distances.11 The complex, [Et4N][Ni(T)4-!)], contains 

(9) Crystal data: The structure was solved by Crystalytics Company. 
Single crystals of [Et4N] [Ni(TjM)] at 20 ± 1 0C are monoclinic, space group 
/•2,/c-Cf, (No. 14) with a = 16.173 (2) A, b = 14.538 (4) A, c = 15.977 (4) 
A,/3 ^ 112.81 (I)0, V= 3462 (1) A3, and Z = 4 (daM = 1.196 g cm'3; Ji1(Cu 
Ka) = 1.11 mm"1). A total of 5154 independent reflections having 29(Cu Ka) 
< 120.0° (the equivalent of 0.65 limiting Cu Ka spheres) were collected by 
using 6-28 scans and Nickel-filtered Cu Ka radiation. The structural pa
rameters have been refined to a convergence of /?, (unweighted, based on F) 
= 0.053 for 2849 independent reflections having 2flCuKa < 120.0° and / > 
3ff(/). The four ethyl groups of the cation appear to be statistically disordered 
in the lattice with two alternate resolvable orientations. 

(10) Anal. Calcd for [Et4N][Ni(TiM)], C30Hj4N5O5Ni: C, 57.79; H, 
8.73; N, 11.23. Found: C, 57.92; H, 9.00; N, 11.18. 
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a significantly nonplanar amido-N ligand (amide 01C1N1: T 
= 17.3°, XN = 28.6°, Xc = 2.9°).12 

The purple complex [Ni(rj4-1)]" has a low affinity for axial 
ligands in solution at 20 0 C. Neat MeCN, pyridine, acetone, 
2,5-Me2THF, THF, CH2Cl2, water, and EtOH all give purple 
solutions.13 In contrast, addition of cyanide results in an im
mediate color change from purple to yellow;14 mole ratio plots 
indicate a 1:1 adduct (K20.c = 3.2 (9) X 103 mol"1). At 77 K, 
frozen solutions of [Ni(TjM)]" in water, MeCN, 2,5-Me2THF, 
THF, CH2Cl2, or acetone remain purple, as do CH2Cl2 solutions 
containing Cl", Br", Ph3P, or Et3N. In contrast, when purple 
solutions of [Ni(7j4-1)]~ in 2,5-Me2THF containing any one of the 
potential ligands ethanol, pyridine, 2,6-lutidine, or Me3P are cooled 
to 77 K, pale green (EtOH, pyridine) or yellow (other ligands) 
glasses are obtained. These observations coupled with the sol
id-state information suggest that the nickel(III) anion is purple 
when it is four-coordinate and pale green or yellow when it is 
higher coordinate. 

EPR studies of this system further support this color/coordi
nation number relationship. The 4 K EPR spectrum of 
[Bu4N] [Ni(?j4-1)] with excess CN" is rhombic in a yellow frozen 
solution of CH2Cl2

15* or a yellow EtOH glass.15" Use of 13CN" 
confirms that only one CN" binds at 4 K.15c The 5 K spectrum 
of [Ni(V-I)]" in a yellow 2,5-Me2THF/pyridine (2:1) glass is also 
rhombic and confirms that one pyridine is coordinated.,5d While 
Margerum et al. have found that water coordinates weakly to 
nickel(III) complexes of tetradentate ligands containing two am
ido-N donors,16 in glasses of 2,5-Me2THF/CH2Cl2 or toluene/ 
CH2Cl2 at 5 K, [Ni(jj4-])]" remains purple, suggesting that axial 
coordination is not occurring.17 The EPR spectra of these glasses 
have g± > g|| (e.g., Figure 2). The structuring in g± may indicate 
slight rhombicity or the presence of frozen-out conformers which 
might contribute to the structuring in gt. Superhyperfine in
teractions are also a possible source of some of the structuring 
in g,. Saturation of the 2,5-Me2THF/CH2Cl2 (1:1) or toluene-
/CH2Cl2 (2:1) aprotic solvent mixtures with H2

16O or H2
17O (45% 

enrichment) leads to EPR spectra that are virtually identical with 
those found in the glasses produced from the dried solvents. This 
evidence suggests that impurity water or solvent molecules are 
not axially bound to [Ni(rj4-1)]_ in noncoordinating solvent glasses 
that are purple, i.e., that the EPR spectra of these purple glasses 
are predominantly of four-coordinate species.18 
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(18) It is of interest to note that the EPR spectrum of [Ni(TjM)]- at 4 K 
in 2,5-Me2THF/2,6-lutidine (ca. 2:1) can be interpreted as resulting from a 
mixture of [Ni(ij4-1)]~ and the five-coordinate complex of the sterically hin
dered 2,6-lutidine ligand (̂ 1 and g2 obscured by Jf1 and g2 of [Ni(Tj4-!)]"; g}, 
1.997; superhyperfine on gj only, a3, 25 G). The spectrum of [Ni(ij4-1)]~ in 
an absolute ethanol glass at 6 K is markedly different from Figure 2, although 
several features may be interpreted as arising from residual amounts of 
four-coordinate [Ni(Tj4-!)]" (see supplementary material). 
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(13) Electronic spectra of [Ni(Tj4-!)]- (values in parentheses are molar 
absorptivities in M"1 cm"'): CH2Cl2, 380 nm (5.48 X 103), 532 nm (3.62 x 
103), 650 nm (2.33 x 103), 808 nm (4.18 X 103); CH3CN/CH2C12 (9:1), 380 
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(14) The electronic spectrum of [Ni(ij4-1)]- with excess CN" in CH2Cl2 
is a featureless curve, tailing into the visible region from just above the UV 
cutoff of the solvent, and there is essentially zero absorbance above 450 nm. 

(15) EPR spectra of [Ni(T,4-l)]" (4-6 K, 9.46 GHz): (a) excess 
[Bu4N][CN] in CH2Cl2 (y„ 2.234; g2, 2.159; g3, 2.019); (b) excess KCN in 
EtOH (£„ 2.223; ft, 2.144; g}, 2.010); (c) excess K13CN in EtOH (g values 
same as in b; a,, 89 G; a2, 83 G; e3, 100 G); (d) in 2,5-Me2THF/pyridine (2:1) 
(J1, 2.380; g2, 2.269; g,, 1.994; superhyperfine on g3 only, a3, 25 G). 

(16) Margerum, D. W.; Anliker, S. L. In Bioinorganic Chemistry of 
Nickel; Lancaster, J. R„ Jr., Ed.; VCH: New York, 1988; Chapter 2. 

(17) All solvents, except 2,5-Me2THF, Aldrich Sureseal (anhydrous); EPR 
tubes vacuum dried, charged and sealed under an inert atmosphere. 

Ascidians of the genus Lissoclinum have been an exceptional 
source of interesting and often biologically active natural products. 
Lissoclinum patella has yielded cytotoxic cyclic peptides,4 cytotoxic 
and antiviral polypropionate-derived macrocycles,5 and a poly-
ketide lactone.6 Lissoclinum vareau, a lavender-colored encrusting 
species collected in the Fiji Islands, is the source of the recently 
reported bright red heteroaromatic pigments varamine A and 
varamine B.7 We now report the benzopentathiepin varacin (1), 
a novel L. vareau metabolite that exhibits potent antifungal activity 
against Candida albicans (14-mm zone of inhibition of 2 /ig of 
varacin/disk) and cytotoxicity toward the human colon cancer 
HCT 116 with an IC90 of 0.05 Mg/mL, 100 times the activity of 
5-fluorouracil (5-FU) in this assay. Varacin also exhibited a 1.5 
differential toxicity toward the CHO cell line EM9 (chloro-
deoxyuridine sensitive) versus BRl (BCNU resistant), providing 
preliminary evidence that varacin damages DNA. 
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