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The preparation of four open-chain diamine—
dithioether ligands is described: o-H,NCeH 43S — SCq-
H4NH2'0 (A = —CH2CH2*‘-, -“CHzCHgCHg—, —CHg‘
CH,CH,CH,—, and cis-CHCH-). These form six-coor-
dinate pseudo-octahedral trans-[NiLX;] (X = Cl, Br,
I, NCS) complexes, which exhibit varying degrees of
tetragonal distortion but which is least for the ligand
with the C,C3C, carbon backbone sequence between
the four donors. The parameters D3*, D, and Dt are
evaluated and discussed in relation to changes in L
and X. Rhodium(III) salts do not form simple mono-
meric adducts, but RhyL 3Cly, can be readily isolated;
this phenomenon is discussed.

Introduction

During the past decade many studies of tripod
tetradentate ligands have been described [2]. The
trigonal symmetry of these ligands often results in
the formation of trigonal bipyramidal complexes.
In contrast open-chain linear tetradentates are much
more flexible and are more responsive to the proper-
ties of the metal ion. Only recently have open-chain
ligands with heavy donor atoms become available
[3]. We are currently examining a range of these
tetradentates with the aims of elucidating the effects
of mixed donor atoms and varying inter-donor linka-
ges upon the spectroscopic properties of the
complexes.

We have previously shown that tetrathioether (S,)
ligands form pseudooctahedral trans-[Ni(S4)X,] and
planar [Pd,(S4)X4] [4, 5]. The diarsine—dithioether
MezAS(CH2)3S(CH2)3S(CH2)3ASMC2 exhibits more
diverse behaviour, yielding four- [NiL](ClO,),,
five- [NiLX]ClO4, and six-coordinate [NiLX,],
nickel(II) complexes, whilst the five-coordinate
[PALX]X become trans planar [PALX,] (As;X,

*Present address: Department of Chemistry, The Universi-
ty, Southampton S09 5NH, UK.

donor set) in halocarbon solvents [6]. Here we report
an extension of our studies to a series of diamine—
dithioether chelates ().

N
Py —CH2CH2— (882N2)
@[S S hCH2CH2CH2—‘ (pS2N2)
NH,  HN —CH2CH2CH2CH2‘ (bszNZ)
cisCH=CH  (VS,N;)

The synthesis of 1,2-bis(o-aminophenylthio)ethane
(eS;N;) has been reported by Cannon et al. [7] who
showed that it formed six-coordinate nickel(II) and
cobalt(IIT) complexes, and that the planar [Pd(eS,-
N;)X,] complexes contained eS,N, behaving as a
bidentate S, donor.

Experimental

Absolute ethanol was dried over magnesium
ethoxide. o-Aminothiophenol was fractionated before
use [B.P. 98 °C (3 mm)]. The ligand preparations
were carried out under an atmosphere of dry
nitrogen. Physical measurements were made as des-
cribed previously [8].

1,2-Bis{ o-aminophenylthio Jethane (eS,N )

Sodium (7 g, 0.3 gatom) was dissolved in ethanol
(250 ¢cm?®) and o-aminothiophenol (37.5 g, 0.3 mol)
added. After stirring for 1 hr, the mixture was treated
with 1,2-dibromoethane (28.2 g, 0.15 mol) and then
refluxed for 1 hr. The solution was treated with deo-
xygenated water (200 cm®) and extracted with ether
(3 X 100 cm?®). The ether extract was evaporated, the
residual oil dissolved in methanol (100 cm®) and the
ligand precipitated by the addition of ice-cold water.
The white crystalline product was dried in vacuo.
Yield 30 g, ~75%; Fd. C = 60.8%, H = 5.8%, N =
9.9%. C14H16N282 requires C = 60.8%, H = 5.8%, N =
10.1%, MP 75 °C.

1 3-bis(0v-aminophenylthio)propane and 1,4-bis(o-
aminophenylthio)butane were prepared similarly.
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TABLE I. Diamine—Dithioether Ligands.
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MP (°C) 'H nmr ()2 IRcm ! P

eS,N, 78.5 3.25(m) |8H|, 5.8(s) |4H | (NH;) 3300
7.25(t) 14H | (CHy) 3380

pS;N, | BP 240°/1 mm | 3.0(m) {8H|,5.75(s) |4H | (NH3) 3300
7.2(t) 14H1(SCH,) 8.3(q) |2H | 3440
(SCH,CH>)

bS,N, 56 3.1(m) | 8H |, 5.8(s) |4H | (NH;) 3320
7.35(t) |4H |(SCH;) 8.25(q) |4H | 3460
(SCH,CH>)

VS, N, 63 3.0(m) |8H|, 3.84 |2H [(CH=CH) 3300
5.75 (s) |4H | (NH3) 3400

3CDCl, relative internal TMS.  Pu(NH).

pS;N,: Fd. C = 62.3%, H = 6.3%, N = 9.3%. Cys-
HgN,S, requires C = 62.0%, H = 6.3%, N =9.7%.
This ligand is a colourless liquid, BP 240 °C/1 mm.

bS;N; Fd. C = 62.8%, H = 6.6%, N = 9.4%. Cy¢-
HyoN, S, requires C = 63.1%, H = 6.6%, N = 9.2%.
MP 65 C.

Cis-1,2-bis(o-aminophenylthio)ethylene VS,N;
was prepared similarly except that the mixture of
the sodium salt of o-aminothiophenol and cis-1,2-
dichloroethylene was refluxed for 48 hrs.

Fd. C = 61.2%, H = 5.0%, N = 10.0%. C4H4-
N,S, requires C = 61.3%, H = 5.1%, N = 10.2%, MP
63 °C.

Dichloro{1,2-bis{o-aminophenylthio Jethane}nickel(Il )

Nickel(1I) chloride hexahydrate (1.72 g) in hot
ethanol (30 cm?) was filtered into a stirred solution
of eS;N, (2.0 g) in ethanol (10 cm?®). Immediate
precipitation of a pale blue solid occurred. The mix-
ture was refluxed for 15 minutes, the product filtered
off, rinsed with ethanol and ether, and dried in vacuo
(yield 80%).

The other nickel(Il) complexes were made analo-
gously using the appropriate nickel(II) halide, or
nickel(Il) thiocyanate made in situ from sodium
thiocyanate and nickel(II) nitrate in ethanol. The
nickel(IT) perchlorate complexes were isolated only
by concentrating the solutions to small volumes and
precipitating with ether.

Dodecachlorotris{1,2-bis(o-aminophenylthio Jethane}-
tetrarhodium(II)

Rhodium trichloride trihydrate (0.26 g) in etha-
nol (15 cm?®) was added slowly to a vigorously stirred
solution of eS,N, (0.25 g) in ethanol (20 cm?). The
mixture was stirred for 10 minutes, and the precipi-
tate filtered off, washed with ethanol and dried in
vacuo. Yield 90% (on RhCl;3+3H,0).

Results and Discussion

Ligands

The three, a,w-bis(o-aminophenylthio)alkanes eS,-
N,, pS;N3, and bS,N, were prepared by the general
route:

SH _SNa S(CHp RS
NaOEt @ LCHCH, I, O 2h
. EtOH ?
NHz NHa NHy HN

n=2-4

The same route yields VS,;N,, but the greater reluc-
tance of RS™ nucleophiles to attack vinyl C—Cl bonds
[9] necessitates prolonged reflux of the mixture.
Use of excess ethoxide is also advantageous. The
properties of the ligands are given in Table I.

The mass spectra of these ligands also confirmed
their identity. The fragmentation modes are similar
to those of the corresponding tetrathioethers [10] .

Nickel(1l) Complexes

The reaction of nickel(Il) halides and thiocyanate
with eS,;N,, pS;N,, bS;N; and VS,N, in ethanol
produced [NiLX,] complexes (X = Cl, Br, I, NCS),
several of which were obtained as ethanol solvates on
the evidence of analytical data and their IR spectra
(Table II). The complexes are essentially insoluble in
alcohols, acetone and halocarbons, and dissolve in
NN-dimethylformamide with partial displacement
of the coordinated halides since the solutions exhibit
considerable conductivities, and their electronic spec-
tra are markedly different from the solid state. In
view of the insolubility of these complexes in any
solvent with which they did not react, measurements
were of necessity confined to the solid state. The
complexes are paramagnetic with u.er 2.8-3.4 BM,
corresponding to high-spin d® Ni(1I) in a six-coordina-
te environment [11]. It is notable that the complexes
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ABSORBANCE (arbitrary)
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8 12 16 20

ABSORBANCE (arbitrary}

24 - 28
kK

Figure 2. Reflectance spectra of [Ni(pS;N2)X5 1.

which do not appear to be significantly tetragonally
distorted (below) had lower pq¢¢ values than those for
which marked distortion was found.

The IR spectra of the coordinated amine groups
show a shift of {NH) to <3300 cm™' compared with
the values in the free ligands (3300-3500 cm™)
(Tables I, II), consistent with coordination [7].
The far IR spectra of the bromo and iodo complexes
are practically identical for each ligand, whilst the
chlorocomplexes exhibit one strong band at 230-260
cm ' tentatively assigned to »(Ni—Cl). These values
are very low for terminal Ni—Cl stretching vibrations
[12], but may be due to the tetragonal distortion
present, and hence longer than usual Ni-Cl bonds.

24 ‘ 28
kK

The presence of a single {NiCl) vibration points to a
trans pseudooctahedral structure. The thiocyanate
complexes contain single strong »(CN) vibrations at
20602090 cm™! indicative of trans NiNCS linkages
[13], but strong ligand absorptions prevented the
assignment of #{(CS) or §(NCS).

Despite a number of attempts, nickel(II) perchlo-
rate complexes of VS;N, and pS;N; could not be
obtained. However both eS;N, and bS;N, yielded
complexes of stoichiometry Nil(ClO,),*2H,0.
Neither complex showed any sign of perchlorate
coordination [14] — both v, and v, (ClO,) vibrations
were unsplit, although it is apparent from the elec-
tronic spectra (below) that the complexes contain
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Figure 3. Correlation diagram.

pseudooctahedral nickel(II). In view of this they
are formulated [NiL(H,0),](Cl0,4), with coordinat-
ed aquo groups in the axial positions.

Electronic Spectra

The reflectance of these nickel(II) complexes
are listed in Table III and several examples are shown
in Figures 1 and 2. A number of studies [15—19]
have discussed the assignment of the spectra of octa-
hedral or tetragonal nickel(II) complexes. The infor-
mation obtainable from the spectra depends to a
great extent on the number of bands which can be
identified [17]; in favourable cases DY, D3, Dt, Ds,
B, C and the McClure 67 and 60 parameters have
been calculated, but usually the number of absorb-
tions observed is smaller and correspondingly less
information can be extracted. In the present case the
symmetry of the complexes approximates to C,,, but
considering the tetradentate as the equatorial ligand
and the X groups axial (as indicated by the IR
spectra), the spectra may be treated to a first appro-
ximation on the basis of Dy, symmetry. The correla-
tion diagram for the triplet states of a d® ion is shown
in Figure 3, and based upon this the absorbtions may
be assigned (in order of increasing energy) to *B,, —
3Eq, *Bag, *A2g(F), 3A,¢(P) (Table III). Other weak
bands observed may be due to spin-forbidden transi-
tions. Based upon the treatment of Brubaker and
Busch [15] and Rowley and Drago [16, 17] the tran-
sition 3Blg - 3B2g corresponds to the in plane ligand
field splitting parameter DgY, the separation in energy
between the B, > 3E, and *B,, - 3B, transitions
[= 35/4 Dt] affords the tetragonal splitting
parameter Dt, whilst the out of plane (axial) ligand
field contribution Dy is given by

2v) — v,

10

D =

W. Levason, C. A. McAuliffe, E. P. McCullough and A. M. Werfalli

where », and », correspond to the transitions >B;,
By, By — By, respectively. The results are
summarised in Table IIl. Attempts to extract further
data from the spectra were unsuccessful since insuffi-
cient absorptions were usually present. Attempts to
estimate DS or B produced unrealistic values
probably due to the breakdown of the model.

From Table III it can be seen that all the [Ni(eS,-
N,)X,] and [Ni(VS;N;)X;] are markedly distorted,
as are [Ni(bS,N,)X;] (X = Q, Br, I) and [Ni(pS,-
N,)Cl,], but the [Ni(pS;N;)X;] (X = Br, I, NCS)
and [Ni(bS;N;)(NCS),] showed no splitting of the
low energy band, and are thus not appreciably
distorted. Comparison of the D3 values show that
they vary for the same ligand with changes in X-
groups, whilst the D7 values of particular X groups
vary more widely with changes in ligands. This is
further proof that D} and Dj values are not
transferable from complex to complex [4, 5, 16, 17].
Although too much reliance should not be placed
upon the absolute numerical values, it is clear that
the overall trends in D} are in keeping with expecta-
tion — thus these N,S, donors have larger values of
DY than the open chain diarsinedithioether [6]
and tetrathioether ligands [4, 5] but smaller than
N, donors such as (py)s or (diamine), [16, 17], or
macrocyclic N4 or S4 ligands [18, 19]. The D}
values of the X groups lie in the order NCS > I >
Br > Cl, whereas one would expect NCS > Cl > Br >
I. This illustrates the subtle effect of the in plane li-
gand upon the axial ligands, but in the absence of X-
ray data on the metal-donor bond lengths specula-
tion on the cause is not justified.

It is interesting that changing the central linkage
—(CH,),— = —(CH,)3— reduces the tetragonal dis-
tortion, whilst further increase to —(CH,),— again
produces markedly tetragonal complexes. This effect
is not simply steric hindrance along the z-axis by the
—~(CH, )~ chains since the ligand with the planar
CH=CH linkage also produces tetragonal complexes.

More likely the explanation is to be found in
chelate ring strain [3, 21] which for planar coordina-
tion of a linear tetradentate is expected to be less
for a 2,3,2 interdonor linkage than for either 2,2,2
or 24,2 [3]. Attempts to relieve this strain and the
resulting steric and/or electronic effects is no doubt
responsible for the variations along the series.

Rhodium(11l) Complexes

Irrespective of the Rh:ligand ratio, the only com-
plexes isolated with these ligands were of the type
Rh,L3Cly,, analogous to the tetrathioethers [4, 5]
and thus all 24 donors (Cl,,S4Ng) are accommodat-
ed on octahedrally coordinated rhodium(IIl). This
phenomenon is related to the inability of the §,
N, ligands to compete for coordination positions
with chlorine; thus [RhLCl,]* cannot be formed,
but octahedral coordination is acceptable with
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Rh,L;Cly; stoichiometry,
further studies.

Insolubility prevented

Conclusion

These S;N, ligands form similar complexes to the
S4 ligands with Ni(Il), although the former yield
much more stable complexes as expected with the
presence of hard N donors. The only type of complex
formed are the six coordinate [NiLX,] and neither
the diverse coordination modes nor the facile dealky-
lation [22]* found with diarsine—dithioethers were
observed.
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