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[In(L")Cl(mnt)] - MeOH and [In(pythio),]
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Abstract—[InCl,(L")(MeOH)] [L' = pyridine-2,6-bis(acetyloxime), 2,6-C;H,N(C,H;NOH),] reacts with
bidentate ligands by ligand exchange. A seven-coordinate complex of the composition [In(L")Cl(ox)(OH,)] is
formed with potassium oxalate (K,ox). The oxalato ligand occupies the equatorial plane of a pentagonal
bipyramid together with the tridentate amine oxime. With sodium 1,2-dicyanoethene-1,2-dithiolate (Na,mnt)
the analogous reaction produces a six-coordinate mixed ligand complex, [In(L")Cl(mnt)], which has a distorted
octahedral coordination sphere. Ligands which form four-membered chelate rings like dialkyldithiocarbamates,
R,dtc™, or pyridine-2-thiolate, pythio~, are able to replace all ligands of [InCl,(L")(MeOH)] to form neutral
tris chelates. The structure of [In(pythio);] has been elucidated showing a strong distortion of the coordination
polyhedron from the idealized octahedral geometry. © 1997 Elsevier Science Ltd

Keywords: indium; mixed-ligand complexes; nitrogen donor ligands; X-ray structures.

There are only a few examples of indium complexes
with oxime ligands. An organometallic indium(III)
compound which contains two InMe, units bridged
by two pyridine-2-carbaldehyde oximato ligands [1]
has been structurally characterized. Deprotonation
enables the ligand to become tridentate and to bridge
the two metal centres.

We reported syntheses and structures of indium(III)
complexes with pyridine-2,6-bis(acetyloxime) L' (1),
which acts as tridentate chelator and reacts with InCl,
in methanol to give the seven-coordinate complex

*Author to whom correspondence should be addressed.

[InClL(L"Y(MeOH)] (II). In this complex, the tri-
dentate amine oxime occupies the equatorial plane
of a pentagonal bipyramide together with Cl~ and
CH,OH [2]. In the present paper, we describe reac-
tions of II with bidentate ligands and the molecular
structures of the reaction products with potassium
oxalate, K,ox (II), sodium 1,2-dicyanoethene-
1,2-dithiolate, Na,mnt (IV), and pyridine-2-thiol,
Hpythio (V).

EXPERIMENTAL

[InCl;(L")(MeOH)] was prepared as reported pre-
viously [2]. Na,mnt was prepared following a litera-
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ture procedure [3]. K,ox and Hpythio were purchased
commercially (ALDRICH}). IR spectra were recorded
as KBr pellets on a Perkin—Elmer Specord 75 IR.
Mass spectra were obtained on a MAT TSQ-70 spec-
trometer (Finnigan). For FAB measurements xenon
was used as the primary beam gas. The ion gun was
operated at 8 kV and 100 A (probe temperature:
30°C), nitrobenzylalcohol was used as matrix.

(In(L")Cl(ox)(OH,)]

[InCl,(L")(MeOH)] (223 mg, 0.5 mmol) was dis-
solved in warm MeOH (100 cm®) and after cooling
to room temperature K,ox (83 mg, 0.5 mmol) in a
minimum amount of water was slowly added. The
mixture was stirred for 1 h and filtered to remove a
small amount of KCI. Colourless crystals of
[In(L")Cl(ox)(OH,)] which were suitable for X-ray
crystallography deposited upon slow evaporation of
the solvent. A second crop of product was obtained
by a complete removal of the solvent and extracting
the remaining solid with hot MeOH. Colourless crys-
tals, yield: 80%. Found: C, 29.9; H, 2.0; N, 8.1; Cl,
7.6. C,;H3N;0,ClIn requires: C, 29.4; H, 2.3; N, 7.9;
Cl, 7.9%. IR: v(OH) 3503, 3296, v(C=0) 1703, 1676,
v(C=N) 1477 cm ..

[In(L")Cl(mnt)]

[InCL,(L"Y(MeOH)] (223 mg, 0.5 mmol) was dis-
solved in warm MeOH (ca 100 cm®) and the solution
was allowed to cool to room temperature. Na,mnt (93
mg, 0.5 mmol) in MeOH was added dropwise and
the mixture was stirred for 1 h at room temperature.
During this time, NaCl deposited which was removed
by filtration. The filtrate was reduced in volume to ca

25 cm® and placed in a refrigerator. Yellow crystals of
[In(L")Cl(mnt)] deposited upon standing overnight.
More product was obtained by a further evaporation
of the solvent. Yield: 55%. Found: C, 33.0; H, 3.0, N,
14.4; S, 13.0; Cl 7.4. C;;H;|N0O,S,ClIn requires: C,
32.3; H, 2.3; N, 14.5; S, 13.3; Cl 7.3%. IR: v(OH)
3285, v(C=N) 1451, v(C=N) 2207, v(C=C) 1596
cm~'. FAB* MS: m/z=448 ([In(L")(mnt)]*),
mjz = 308 ([In(LH]*).

(In(pythio)s]

(2) [InCl;(L"Y(MeOH)] (223 mg, 0.5 mmol) was
dissolved in warm MeOH (ca 100 ¢m®) and Hpythio
(55 mg, 0.5 mmol) was added. Upon stirring overnight
an almost colourless solid deposited which was iso-
lated by filtration and washed with water. Recrys-
tallization from CHCl;/MeOH gave pale yellow
crystals of [In(pythio);] (yield: 25%). Evaporation of
the solvent gave considerable amounts of essentially
unchanged [InCl;(L')(MeOH)]. The [In(pythio),]
yield could be considerably increased (>90%) by
choosing an [InCly(L')(MeOH)}/Hpythio ratio of
1:3.5.

(b) InCl, (221 mg, 1 mmol) was dissolved in MeOH
(20 ¢cm®) and Hpythio (345 mg, 3.1 mmol) in MeOH
(20 cm’) was added. The mixture was refluxed for 5
min. Upon cooling an almost colourless solid pre-
cipitated, which was filtered off and washed with water
and a small amount of MeOH. Recrystallization from
CHCIl;/MeOH gave pale yellow crystals of [In(py-
thio),]. Yield: 95%. Found: C, 40.0; H, 2.7; N, 9.7; S,
22.0. C;sH;;N;S;In requires: C, 40.5; H, 2.7; N, 9.4; S,
21.6%. FAB* MS: m/z = 446 ((M + H] ™) m/z = 445
M), m/z =336 ([In(pythio), + H}*), m/z = 335
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([In(pythio),]*), m/z =226 ([In(pythio)] + H]"),
m/z = 225 ([In(pythio)] ).

X-ray structure determinations

The intensities for the X-ray determinations were
collected at —70°C on automated single crystal CAD4
diffractometers (Enraf-Nonius, Delft) using Mo-K,
and Cu-K, radiation, respectively, with w-scans. The
unit cell dimensions were determined from the angular
settings of 25 high-angle reflections. The structures
were solved by direct methods (SHELXS86) [4]. Sub-
sequent Fourier-difference map analyses gave the pos-
itions of all non-hydrogen atoms. Refinement was
performed using SHELXL93 [5] with anisotropic
thermal parameters for all non-hydrogen atoms.
Hydrogen-atom positions have been derived from the
final Fourier difference maps and their positions and
thermal parameters have been refined. Crystal data
and more details of the data collections and refine-
ments are contained in Table 1. Additional infor-
mation on the structure determinations has been
deposited with the Cambridge Crystallographic Data
Centre.

RESULTS AND DISCUSSION

In a recent paper we demonstrated that the seven-
coordinate indium(I1T) complex [InCly(L'Y(MeOH)}
easily undergoes ligand exchange reactions when
exposed to an excess of monodentate ligands [2]. Pre-
dominantly the MeOH ligand is readily replaced by
other donor solvent molecules or ClI™. Thus, we pre-
pared a number of ligand exchange products and
reported the X-ray crystal structures of the seven-
coordinate  complexes  [InCl,(L")(OH,)] and
[InCl,(1.")]~. Reactions with the strong chelating
ligand Et,dtc™, however, resulted in the formation of
the tris chelate [In(Et,dtc);].

Reactions with other chelating ligands show that
the extent of the ligand exchange and the coordination
geometry of the resulting complex depend on the indi-
vidual complexation properties of the applied ligand
and the chelate ring size which can be formed.
Whereas the potentially monoanionic, four-mem-
bered chelate ring ligand pyridine-2-thiolate is able
to replace all ligands from [InCl(L')(MeOH)], the
dianions oxalate and maleonitriledithiolate (which
form five-membered chelate rings) yield mixed-chelate
complexes with remaining pyridine-2,6-bis(a-
cetyloxime). The formation of products with more
oxalate ligands could not be observed. With mnt?~,
however, a large ligand excess (>5) and heating of
the reaction mixture leads to the formation of small
amounts of the complex anions [In(mnt),CI]*~ and
[In(mnt),]*~, which could be isolated as their tetra-
butylammonium salts and detected mass spec-
trometrically.

[In(L")Cl(ox)(OH,)] is a colourless solid which is
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soluble in methanol/water mixtures. The v(C=0) fre-
quency of coordinated oxalate can be detected in the
IR spectrum at 1703 and 1676 cm~'. Due to the low
solubility of the compound we were not able to obtain
good quality FAB mass spectra or NMR spectra.

Single crystals of [In(L")Cl(ox)(OH,)] suitable for
crystallography could be obtained directly from the
reaction mixture. The complex crystallizes together
with two molecules of solvent water. Figure 1 shows
an ORTEP representation [7] of the seven-coordinate
complex molecule. The coordination sphere of indium
is approximately a pentagonal bipyramid with the
chelating ligands forming the equatorial coordination
plane. The angle between the axial Cl~ and the OH,
ligands is 174.6(1) and the equatorially coordinated
atoms are coplanar within 0.015(3) A. The indium
atom is situated only slightly out of this plane
[0.112(2) A). Selected bond lengths and angles of
[In(L")Cl(ox)(OH,)] are summarized in Table 2. The
In—Cl bond is slightly longer by 0.055 A than the
mean value of the In—Cl bonds in the starting
material {InCl;(L")(MeOH)]. No obvious changes in
bond lengths of the pyridine oxime ligand can be
observed. The N—In—N angles, however, are larger
by ca 2°. This fits with the O(1)—In—O(2) angle of
74.2(2)°, which indicates less steric requirements for
the coordinated oxalate compared with Cl~ and
MeOH in [InCl,(L")Y(MeOH)].

In contrast to the reaction of [InClL,(L")(MeOH)]
with potassium oxalate that with Na,mnt gave a
six-coordinate complex of the composition
[In(L"Cl(mnt)}. The pale yellow compound is only
slightly soluble in most organic solvents. It dissolves
sufficiently in dimethylsulfoxide. In this solvent, how-
ever, a rapid decomposition can be observed. The IR
spectrum of [In(L")Cl{mnt)] shows intense bands at
2207 cm~', indicating the v(C=N) vibrations of the
dithiolene ligand. The band at 1596 cm™' is charac-
teristic for the v(C=C) vibrations of coordinated
mnt*~ [8]. As a consequence of the low solubility of
[In(L")Cl(mnt)] its FAB* spectrum shows only a few
metal-containing peaks. Besides the molecular ion at
mjz = 448, only a signal for the fragment [InL']*
could be assigned unambiguously.

[In(L")Cl(mnt)] crystallizes together with a mol-
ecule of solvent MeOH in the rhombohedral space
group R3 with 18 molecules in the unit cell. A rep-
resentation of the molecular structure is given in Fig.
2. Selected bond lengths and angles are summarized
in Table 3. The coordination sphere of indium sig-
nificantly deviates from the ideal octahedron. This is
due to the restricted bite of the almost planar tri-
dentate ligand. The N(1)—In—N(2) angle is
137.1(2)°, which is only larger by 0.4° compared with
the corresponding angle in the seven-coordinate
[In(L"YCl(0ox)(OH,)], where the bidentate oxalato
ligands is present in the equatorial plane of the pen-
tagonal bipyramide. Markedly smaller
N(1)—In—N(2) angles have been observed recently
for seven coordinate indium(III) complexes of L' with
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Fig. 1. Molecular structure [7] of [In(L')Cl(0ox)(OH,)] along with the atomic numbering scheme. Thermal ellipsoids represent
50% probability.

monodentate co-ligands [2]. The larger bite angles in
the mixed-chelate complexes correspond with shorter
In—N(amine) bond lengths by ca 0.08 A Despite the
bonding situation in [In(L')Cl(ox)}(OH,)], only one
donor atom of the chelating mnt>~ occupies an equa-
torial position. The plane which is formed by the
atoms N(1), N(2), N(3) and In is coplanar within
0.063(8) A. The bonding situation within the mnt?~
ligand shows no unusual features and can be com-
pared with those in other indium(III) complexes with
maleonitrildithiolate [9,10]. Small differences in the
In—S bond lengths indicated a somewhat weaker
trans influence of Cl™ compared with the nitrogen
atom of the pyridine ring.

Whereas with the dianionic ligands ox?>~ and mnt*~,
which both are able to form five-membered chelate
rings, mixed chelate complexes could be isolated, the
reaction of [InCl;(L")(MeOH)] with pyridine-2-thiol
gives the tris-chelate [In(pythio);]. This behavior of a
monoanionic ligand which is able to form only four-
membered chelate rings well resembles with that of
diethyldithiocarbamate (Et,dtc™), the reaction of
which with [InCly,(L")(MeOH)] has been described
previously and preferably gives the tris chelate
[In(Et,dtc)s] [2].

[In(pythio);] is formed very easily from the reaction
of {InCl;(L")(MeOH)] with Hpythio. The compound
crystallizes directly from the reaction mixture. A more

versatile approach is that from indium chloride. Our
experimental results completely agree with those of
Barron and co-workers who reported the synthesis of
[In(pythio),] in a very recent paper [11]. Recrys-
tallization from CHCI;/MeOH gives pale-yellow
blocks which are readily soluble in CH,Cl,, CHCI, or
benzene. The FAB* mass spectrum shows a peak
(20% B) at m/z = 445, which represents the molecular
ion peak of the compound. Main fragments can be
assigned to [In(pythio),]* (m/z = 335) and [In(py-
thio)]™ (m/z =225). All these three peaks are
accompanied by signals at m/z + 1, which confirms
the possibility of the formation of protonated species
of the coordinated ligand after cleavage of the chelate
ring [12].

The crystal structure of [In(pythio);] confirms that
the ligand is deprotonated and acts as a chelator.
With this, the indium compound has similar structural
features like the corresponding antimony compound
[13] and contrasts with complexes where a mon-
odentate coordination as pyridinethiolate-S [14] or
pyridiniumthiolate-S [15] is preferred. Figure 3 shows
an ORTEP representation of the neutral complex mol-
ecule. Table 4 contains selected bond lengths and
angles. The coordination sphere of the indium can
be described as a strongly distorted octahedron. The
ligands show a facial arrangement with respect to
their donor atoms. Steric restrictions caused by the
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Table 2. Selected bond lengths and angles in [In(L') Table 3. Selected bond lengths (A) and angles (°) in

Cl(ox)(OHy)] - 2 H,0 [In(L")Cl{mnt)] - MeOH

In—Cl 2451(2)  O@)—CA2)  1.225(T) In—Cl 24200  N(1)—O(10)  1.393(8)
In—O(1) 2.171(4) C—C(12)  1.55(1) In—S(1) 2.511(2) N(1)—C(1) 1.28(1)
In—0(2) 2.184(4)  N()—O(10)  1.393(7) In—S(2) 2.534(2) NQ2)—O0(20)  1.373(8)
In—N(1) 2326(6)  N(1)—C() 1.283(7) In—N(1) 2357(6)  N@)—C(3) 1.28(1)
In—N(2) 2.344(5)  N@)—O0(0)  1.387(7) In—N(2) 2.351(6) NG3)—C3l)  1.356(9)
In—N(@3) 2286(5)  N(Q2)—C(3) 1.282(7) In—NQ3) 2280(6)  N@3)—C(335)  1.350(9)
In—0@(30)  2201(5)  N@3)—C@3l)  1.345@8) S()—C(I1)  1.736(8)  C(1)—C(35)  1.49(1)
o)—C(1l) 1297(7)  N@3)—C@35)  1.341(8) S@2)—C(12) 1.72009)  C(3)—C@3l)  1.46(1)
0(2)—C(12) 1286(7)  C(1)—C(35)  1.501(9) C(Ih—C(12) 1.37(1)

03)—C(11) 1.222(7)  CR)—CEl)  1.474(9)
Cl—In—S(1)  169.78(38) N —In—N(3) 69.1(2)
Cl—In—O0(1) 959(1) O@30)—In—N(3) 848(2) CHIn—S(2)  8932(7) C(11)—S(1)—In 99.1(3)
Cl—In—0() 95.5(1) N(1)—In—N(2) 136.72) Cl—In—N(l)  962(2) C12)—S@2)—In  98.6(3)
Cl—In—0@30) 1746(1) N(D)—In—N(@3) 686(2) Cl—In—N(2)  88.6(2)  S()—C(11)—C(12) 126.8(7)
Cl—In—N(1) 90.1(1) N@)—In—NQ3) 682(2) CHIn—NQ@) 941Q2) SQ)—CID—C(11) 127.7(6)
Cl—In—N(2) 91.5(1) COII—O()—In  1184@4) S()—In—S(2) 8680(7) C()—N()—In  121.8(5)
Cl—In—NQ3) 89.9(1) C(12—O0@—In  1181(&4) S()—In—N(1) 929(2) CE—NQ@)—In  119.3(5)
O()—In—0Q) 742(2) O()—C(1)—C(12) 1143(5)  S()—In—N@2) 8792) CEH—N@)—In  118.7(5)
0(1)—In—0(30) 89.0Q2) OQR)—C(12—C(11) 1149(5) S()—In—N@) 937Q2) CESH—N@)—In  120.3(5
O()—In—N(1) 147.92) C(1)—N(1)—In 121.95) SQ—In—N(l) 847(2) NG)—CEH—CE3) 116.3(6)
O()—In—N@2) 74.52) C(3)—N@2)—In 121.2(5)  SQ—In—N() 138.1(2) N3)—C35)—C(1) 116.0(7)
O()—In—N(3) 1424() C3)—NQ@)—In  1194¢4) SQ—In—N@) 1527Q2) N(1)—C(1)—C(35) 113.6(7)
0(—In—0@30) 88.1(Q2) C(35)—N@)—In  1197¢4) N()—In—N@) 137.1Q) N@)—CG)—C(31) 116.2(7)
0Q)—In—N(l) 7392) NQ3)—CGBD—CEG) 1162(5 N()—In—N@3) 68.022)
0@Q)—In—N(2) 148.52) N(3)—C(35)—C(1) 115.7(5)
0@ —In—N@3) 1422Q2) N(I)—C(1)—C(3S) 113.3(6)
0(30)—In—N(1) 859(2) N@2)—C(3)—C(31) 114.2(6)
0(30)—In—N(2) 87.6(2)

020

Fig. 2. Molecular structure [7] of [In(L')Cl(mnt)] along with the atomic numbering scheme. Thermal ellipsoids represent
50% probability.
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c@3)

Fig. 3. Molecular structure [7] of [In(pythio),] along with the atomic numbering scheme. Thermal ellipsoids represent 50%
probability.

Table 4. Selected bond lengths (A) and angles (°) in [In

(pythio);]
In—S(1)  2.537(2) S(H—C1 1.737(6)
In—S(2)  2.533(2) S(2)—C(21) 1.754(9)
In—S(3) 2.533(2) S(3)—C(@31) 1.74(1)
In—N(1)  2314(4) N()—C(11)  1.342(6)
In—N(2)  2.283(5) NQ2)—CQ@l)  1.336(7)
In—N@3)  2.306(5) N(3)—C@31D)  1.35(1)
S(D—In—S(2) 10842(8) N(1)—In—N(2) 88.4(2)
S()—In—S@3) 111.39(7) N(1)—In—N(3) 87.3(2)
S(2)—In—S(3) 106.7(1) N(@)—In—N(3) 88.8(2)
S(D—In—N(1) 64.5(1) CAD—S(1)—In 81.6(2)
S()—In—N@2) 96.7(1) CED—S(2)—In 80.8(2)
S(D—In—N@3) 151.11)  C3H—S3)—In 81.2(2)
S@)—In—N(1) 152.1(1)  S()—CA1)—N(1) 114.3(3)
SQ)—In—N@) 65.1(2) S(2)—CQ1)—N@2) 113.8(5)
S@)—In—N@3) 99.8(2) S(3)—CQGH—N@G) 1150(4)
S@)—In—N(1) 100.8(1) C(O1—N()—In  99.3(3)
S3)—In—N(2) 151.7(1) CQI—N@)—In  100.2(4)
S@)—In—N@3) 652(2) CEIH—N@)—In 98.6(4)

S—C-—N bite angles of the ligands which are ca 65°
are responsible for the distortions from the ideal octa-
hedral symmetry. Thus, the N—In—N angles are

approximately 88°. The S—In—S angles, however,
have been found between 106.7 and 111.4°. The S—C
bond lengths of approximately 1.74 A range between
typical sulfur—carbon single and double bonds and
reflect considerable delocalization of electron density
in the chelate rings. No unusual structural features
have been found inside the organic ligands.

SUMMARY

It has been demonstrated that [InCl;(L")(MeOH)]
undergoes ligand exchange reactions with chelating
ligands. Mixed-chelate complexes are formed with
dianionic ligands as oxalate or maleonitrildithiolate
which are able to build five-membered chelate rings.
Further ongoing ligand exchange was achieved when
pyridine-2-thiole was used, finally giving [In(pythio),]
with three deprotonated pyridine-2-thiolate ligands
forming four-membered chelate rings. Scheme I sum-
marizes the experimental results.

The structural studies in the present paper, together
with those in [2] show that pyridine-2,6-bis
(acetyloxime) is a ligand with a very rigid skeleton.
This limits first of all the possible N(oxime)
—In—N(oxime) angle. Values between 131.3 and
136.7° have been found for the seven-coordinate
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indium complexes. The formation of a distorted octa-
hedral coordination sphere around indium leads to an
N(1)—In—N(2) angle which is larger by only 0.5°.
Thus, the composition of the coordination sphere and
the coordination geometry in the complexes under
study are mainly dominated by the coordination
properties of the tridentate ligand.
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