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Transition Metal Complexes with Sulfur Ligands.
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Abstract

The template alkylation of Li; [Ru(CO),(S,Ce-
H4)2] (52C6H42v = 1,2-benzenedithiolate(—2)) by
S(C;H4Br), vyields [Ru(CO),(dpttd)] (dpttd*™ =
2,3,11,12-dibenzo-1,4,7,10,13-pentathiatridecane-
(—2)) which is thermally converted into the mono-
carbonyl complex [Ru(CO)dpttd)]. The reactions
of dpttd-H, or dpttd’™ with [RuCly(PPhs)s],
[RuCl,(DMSO)s], [RuCl3(PhSCH;3);] and RuCls-
(NO)-xH,0O lead to [Ru(L)dpttd)] and [Ru(L)-
(dpttd)]Cl (L = PPh;, DMSO, PhSCH;, NO), respec-
tively, which are practically insoluble in all common
solvents. Better soluble complexes are obtained with
the new sterically demanding ligand ‘bu,-dpttd?~ =
14,16,18,20-tetra(t-butyl)-2,3,11,12-dibenzo-1,4,7,
10,13-pentathiatridecane(—2); it is obtained in
isomerically pure form by the reaction of tetrabutyl-
ammonium-3,5-di(t-butyl)-1,2-benzenethiolthiolate,
NBU4 [th2-C6H25(SH)], with S(C2H4Br)2 and y]eldS
on reaction with [RuCl;(PPhj);] the very soluble
[Ru(PPhs),(*bu,-dpttd)] as well as [Ru(PPh;)(*buy-
dpttd)]. The '"H NMR and 3'P NMR spectra indicate
that in solution [Ru(PPhj),(*bu,-dpttd)] exists as a
mixture of diastereomers, whereas [Ru(PPh;)(*bu,-
dpttd)} forms one pair of enantiomers only. This
was confirmed by an X-ray structure determination
of a single crystal. [Ru(PPhs)(*buy-dpttd)] crystal-
lizes in space group P2;/n with a =10.496(4), b=

*For Part XXVII, see ref. 1.

**According to IUPAC rules this ligand might be named:
1,5-bis(2-mercapto-3,5-di-tert-butyl-phenylthio)-3-thia-
pentane; in concurrence with the unsubstituted dpttd-H,,
which has been introduced already, we prefer the name given
in the title.
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14.888(6), c=32.382(12) A, B=98.04(3)°, Z=4
and D e = 1.27 g/em?, R =4.84; R,, = 5.06%; the
ruthenium center is coordinated pseudooctahedrally
by one phosphorus, two thiolate and three thioether
S atoms.

Introduction

Sulfur coordination by sulfido, thiolato as well as
thioether ligands plays an important role for the
metal centers of many metal redox enzymes as for
example in ferredoxines or nitrogenase [2]. In order
to study the chemical properties of metal sulfur
centers we have been investigating the coordination
chemistry of transition metals with ethanedithiolate,
o-benzenedithiolate as well as multidentate thioether
thiolate ligands derived thereof [3]. The latter ones
form complexes which are kinetically inert with
respect to a complete metal sulfur ligand dissociation,
in contrast to [Fe(C0),(S;C¢H4)2]?>" for example,
which reacts with PMe; under loss of one C¢HaS;%™
ligand yielding [Fe(CO),(PMe3)(S,CsHa)] [4]. Often
thiolato ligands form insoluble complexes, because
bridging via thiolate S atoms leads to bi- or poly-
nuclear species. This might be true also for a
number of complexes with the multidentate ligand
dpttd®~ (2,3,11,12-dibenzo-1,4,7,10,13-pentathia-
tridecane(2—)), whose synthesis as well as iron com-
plexes we described recently [5]. Investigating the
ruthenium chemistry of dpttd>~ we obtained
preferentially insoluble complexes; therefore we
synthesized also the sterically demanding tetra-t-butyl
derivative *bu,-dpttd-H, = (14,16,18,20-tetra(t-
butyl)-2,3,11,12-dibenzo-1,4,7,10,13-pentathiatride-
cane), whose ruthenium PPh; complexes are
reported.

© Elsevier Sequoia/Printed in Switzerland
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Experimental

General

All reactions were carried out in absolute solvents
under nitrogen using the Schlenk tube technique.
Starting materials were prepared according to
literature methods: o-benzenedithiol [6], bis(g-
bromethyl)sulfide [7], dpttd-H, [5], 3,5-di(t-butyl)-
benzene-1,2-dithiol [8], [RuCl,(CO);(THF)] [9a],
Li; [Ru(C0O),(8,CsHa),] [9b], [RuCl,(PPh3)s] [10],
[RuCl3(PhSCH3)s] [11], RuCl3(NO)-xH,0 [12] and
[RuCl,(DMSO0),] [13]. Spectra were run on Zeiss IR
spectrometer IMR 16, Jeol FT-NMR spectrometer
JINM-GX 270, Jeol NMR spectrometer JNM PMX 60
and Varian MAT 212 mass spectrometer.

Syntheses

[Ru{CO){dpttd)]

To a solution of 850 mg (6 mmol) of o-benzenedi-
thiol in 10 ml of THF are added at —78 °C 12 mmol
of n-butyllithium (7.35 ml of a 1.6 M solution of n-
butyllithium in n-hexane. After warming up to +20
°C the solution is added dropwise under stirring to
984 mg (3 mmol) of [RuCl,(CO);(THF)] in 60 ml
of THF. The resulting solution turns orange and
evolves CO. After 1 h of stirring, 740 mg (3 mmol) of
bis(B-bromethyl) sulfide in 15 ml of THF are added.
The solution is stirred for another 13 h, and its
volume reduced in vacuo to ca. 30 ml. After addition
of 35 ml of toluene the mixture is refluxed for 5 h.
Upon cooling to 20 °C orange crystals precipitate
which are filtered off and washed twice with 5 ml of
THF/toluene (1:2) and 5 ml of methanol. Drying in
vacuo for 1 day gives a yellow—orange powder. Yield:
410 mg (27%). Anal. Calc. for C1;H;60RuSs (497.7):
C,41.03;H, 3.24. Found: C,41.14; H, 3.05%.

[Ru(PPh3 ), (dpttd)]

To a suspension of 2.52 g (2.6 mmol) of [RuCl,-
(PPh3),] in 60 ml of THF is added a solution of 970
mg (2.6 mmol) of dpttd-H, in 25 ml of THF at 20 °C.
After stirring for 30 min 600 ml of n-hexane are
added and a green solid precipitates from the clear
greenish solution. Yield: 1.42 g (54%). Anal. Calc. for
CsaHaeP,RuSs (994.3): C, 62.80; H, 4.66. Found:
C, 64.58;H, 4.69%.

[Ru(PPhs ){dpttd )]

A suspension of 497 mg (0.5 mmol) of [Ru-
(PPhs),(dpttd)] in 40 ml of THF is refluxed for 1.5
h. After cooling to 20 °C the turbid green colored
solution is filtered and reduced to ca. 15 ml in vacuo.
Addition of 400 ml of n-hexane precipitates a dark
green solid which was filtered off, washed twice with
5 ml of n-hexane and dried in vacuo. Yield: 157 mg
(43%). Anal. Calc. for CiHj;PRuSs (732.2): C,
55.80; H, 4.30. Found: C, 54.34; H, 4.62%.
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[Ru(DMSO)(dpttd)]

To a suspension of 185 mg (0.5 mmol) of dpttd-
H, in 40 ml of methanol is added a solution of 54 mg
(1 mmol) of NaOCH; in 10 ml of methanol. The
resulting solution is added dropwise to an orange—
yellow solution of 242 mg (0.5 mmol) of [RuCl,-
(DMSO0),4] in 50 ml of methanol and stirred for 30
min. The light brown solid which forms is filtered
off and washed with 3 X20 ml of methanol. Yield:
153 mg (56%). Anal. Calc. for C,gH,,ORuS¢ (547.8):
C, 39.46;H, 4.05. Found: C, 42.56; H, 4.08%.

[Ru(PhSCHS )(dpttd)] Cl

To a solution of 185 mg (0.5 mmol) of dpttd-H,
in 40 ml of THF is added at —78 °C 1 mmol of n-
butyllithium (0.6 ml of a 1.6 M solution of n-butyl-
lithium in n-hexane). After warming up to 20 °C a
solution of 290 mg (0.5 mmol) of [RuCl3(PhSCH3);]
in 30 ml of THF is added. Stirring for 15 min gives a
green precipitate which is filtered off and washed
with 2 X5 ml of methanol. Yield: 115 mg (43%).
Anal. Calc. for Cy3Hp;CIRuUS, (543.8): C, 45.59; H,
3.99. Found: C, 40.91; H, 3.71%.

[Ru(NO){dpttd)] C!

To a dark red solution of 292 mg (~1 mmol) of
RuCI3NO-xH,0 in 30 ml of THF is added a solution
of 370 mg (1 mmol) of dpttd-H, in 10 ml of THF.
Within 4 days at 20 °C brown crystals precipitate;
they are separated, washed with 2 X5 ml of THF and
dried in vacuo. Yield: 298 mg (56%). Anal. Calc. for
C16H16CINORuSs (534.8): C, 3593; H, 3.02; N,
2.62. Found: C, 36.91; H, 3.47; N, 1.96%.

tbu,-dpttd-H,

A solution of 2 g (7.9 mmol) of 3,5-di(t-butyl)-
benzene-1,2-dithiol in 12 ml of THF and 7.9 mmol of
NBu,OH (7.9 ml of a 1 m solution of NBusOH in
methanol) is heated to reflux, 0.98 g (4 mmol) of bis-
(8-bromethyl)sulfide in 12 ml of THF are rapidly
added and the resulting yellow—red solution is
refluxed for another 20 min. After evaporation to
dryness the residue is treated with 50 ml of n-hexane
yielding a suspension which is filtered over Na,SO,
and silica 60. The filtrate is evaporated to dryness and
the remaining oil is recrystallized from ether/
methanol (20 °C/—30 °C) giving colourless crystals.
Yield: 2.0 g (86%). Anal. Calc. for C33HgeSs (595.1):
C, 64.65; H, 8.42: Found: C, 64.69; H, 8.45%.
Melting point (m.p.) 62—64 C.

[Ru(PPhy ), (*bus-dpttd)] and [Ru(PPhs )(*bu,-

dpttd)]

To a solution of 871 mg (0.91 mmol) of [RuCl,-
(PPh3);3] in 40 ml of THF is added a solution of 540
mg (0.91 mmol) of *bu,-dpttd-H, in 10 ml of THF at
20 °C. The resulting green solution is stirred for 24 h.
After reducing the volume of the solution to ca. 10
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ml in vacuo, addition of 20 ml of methanol and
storing at —30 °C, a microcrystalline light brown
powder precipitates which was filtered and washed
with 2 X5 ml of methanol. Yield: 521 mg (47%).
Anagl. Calc. for [Ru(PPhj),(*buy-dpttd)] = CegHrgP2-
RuS; (1218.6); C, 67.02; H, 6.45. Found: C, 67.01;
H, 6.51%.

When the filtrates are slowly evaporated at 20 °C
orange crystals of [Ru(PPh;)(*bu,-dpttd)] separate
out. They are filtered off and washed twice with 5 ml
of methanol. Yield: 87 mg (10%). Anal. Calc. for
CsoHgsPRuS;s (956.4): C, 62.79; H, 6.64. Found: C,
62.75; H, 6.60%.

Crystal Growth and X-ray Structure Analysis of
[Ru(PPh3}(tbu4-dpttd}] = C50H63PRUS5

A single crystal with the approximate dimensions
0.60 mm X 0.40 mm X0.20 mm was obtained from a
THF/methanol mixture by slow evaporation of the
solvents at 20 °C; it was sealed in a glass capillary
without drying and mounted on a Nicolet R3 mE
diffractometer, which was used for the determination
of the unit cell dimensions and the data collection,
respectively. Data were collected using the cw-scan
(3.5°<20<450°, 391<w<29.30%min). The
relevant diffraction data are listed in Table 1. The
structure was solved by direct methods using the
programs Nicolet EXTL and SHELXTL 5.1 [14].

TABLE L. Diffraction Data of [Ru(PPh3)(*bus-dpttd)]

Space group P2y/n

Lattice constants
a (R) 10.496(4)
b (A) 14.888(6)
¢ (A) 32.382(12)
B () 98.04(3)
V (&3) 5010(3)

Z (M =1956.4) 4

Degte. (8/cm3) 1.27

u(Mo Ke) (cm™D) 5.7

A(Mo Ke-graphite monochromator) (&) 0.71073

Temperature (K) 296

Measured independent reflections 6562
with ¥ > 606(F) 5124

R, Ry, 4.84,5.06

Results and Discussion

The ligand dpttd-H, is obtained by the template
and hydrolysis reactions, respectively, according to
eqn. (1) [5].

-
gt S(C,HsBr),
S

&

MeOH, 20 °C G
— S
~CO, —2Br ¢

[s]

(1a)
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HCI1, THF
[Fe(CO)(dpttd)] —————
reflux, ~2.5h

dpttd-H, + CO + FeCl,  (1b)

The lability and cleavage of the Fe—-CO bonds in
[Fe(CO)»(S,C6Ha)1*~ obviously facilitate the
formation of five membered [FeS,C,] chelate rings
resulting in high yields of [Fe(CO)(dpttd)].

If the same type of reaction is carried out with the
analogous ruthenium complex [Ru(C0),(S;C¢Ha), 1>~
according to eqn. (2) the first step of alkylation takes

—* 1.5 h, THF
.+ S(C,HBr),
s.J _co 20°C
s ~co
<
-1
s’—\s\i e +Br (2)
S 57 o
Br s
7 i
12 h, THF
N 5] _co +Br- (3)

place fairly rapidly, but the second step needs con-
siderably more time (eqn. (3)) than in the case of
iron; the resulting compound is not a mono but a di-
carbonyl complex. With ruthenium no metal CO
bonds are cleaved generating free sites of coordina-
tion and consequently the ligand dpttd®™ can act
as tetradentate ligand only; the reaction sequence
shows the usually much higher kinetic stability of
ruthenium versus iron complexes. Monitoring the
reaction by IR spectroscopy (Fig. 1) it is seen that

VU
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200 2000 100 cm-!
Fig. 1. IR monitoring of reaction (2) and (3) (#»(CO) region).
(@) [Ru(CO)2(52C¢Ha)2]2™ = o5 (b) 1.5 h after addition of
S(C2H4Bl‘)2 at 20 °C ([RU(CO)2(52CGH4)(C6H4S;C2H4SC2-
H4Br)] 2 g; [Ru(CO)a(dpttd)] = v); (c) ~30 days after addi-
tion of S(C4H4Br)2; (d) [Ru(CO)dpttd] in DMF (obtained
according to eqn. (4).

0 T T T T T
2200 2000 1900 200 2000 1900 200 2000 1900



224

the solution contains a mixture of the neutral
[Ru(CO),(dpttd)] and the monoalkylated mono-
anion of eqn. (2) even after 30 days at ambient
temperatures.

Since we were rather interested in the mono car-
bonyl complex we refluxed the reaction mixture
resulting from eqn. (3) for 5 h in a THF/toluene
solution according to eqn. (4).

/_\QS THF/toluene
s 8] _c0o — > [Ru(CO)(dpttd)] +CO (4)
L5 o 5 h, reflux

After cooling the reaction solution to ambient tem-
peratures orange crystals of [Ru(CO)dpttd)] precipi-
tated. [Ru(CO)dpttd] shows the characteristic
absorptions of the dpttd®~ ligand and a strong »(CO)
band at 1960 cm™" in the KBr IR spectrum. In the
"H NMR spectrum (d,-DMF) the multiplets at 7.80—
6.60 ppm and 4.00—-3.05 ppm are assigned to the
aromatic protons and C,H,-bridge protons, respec-
tively, and the FD mass spectrum shows the mole-
cular jon at mfe =498. [Ru(CO)(dpttd)] is soluble
only in DMF and DMSO. The CO ligand proved to
be inert towards substitution under thermal condi-
tions; UV irradiation of [Ru(CO)(dpttd)] led to
decomposition.

It proved difficult to obtain further fully charac-
terizable [Ru(L)(dpttd)] complexes. In these experi-
ments we reacted for example [RuCl,(PPhj);],
[RuCl,(DMSO),;], [RuCl3(PhSCH3);] and RuCl;-
(NO)-xH,0 with dpttd?~ to get the corresponding
[Ru(L)(dpttd)] and [Ru(L)dpttd)]Cl, respectively,
with L = PPh;, DMSO, PhSCH; and NO. The isolated
products contained undoubtedly the ligand dpttd®~,
as well as the different ligands L bound to ruthenium,
as shown for example by IR spectroscopy; they were,
however, so poorly soluble even in DMSO and DMF,
that it was impossible to recrystallize them in order
to get analytically pure compounds. The basic reason
for this different behaviour with respect to the iron
complexes may be the kinetic inertness of the
ruthenium complexes, which eventually leads to com-
pletely different structures and favours the formation
of insoluble polynuclear species by Ru—S(thiolate)—
Ru bridging. Therefore we tried to synthesize the
- corresponding ligand from 3,5-di(t-butyl)benzene-
1,2-dithiol, *bu,-C¢H,(SH), [8] anticipating that the

SH

SH
t-butyl groups would provide a steric protection of
free sites of coordination at the ruthenium centers

preventing the formation of Ru—S(thiolate)-Ru
bridges.

D. Sellmann et al.

Fig. 2. Isomers of "bU4—dpttd-H2.

In connecting two molecules of *bu,-CeH,(SH),
by alkylation with S(C,H4Br), in order to generate
the pentadentate *bu,-dpttd-H,, three isomers are to
be expected (Fig. 2).

Isomer ¢ in which both of the remaining SH func-
tions are sterically hindered was of special interest. Its
complexes should show the most effective hindrance
of metal thiolate metal bridging. Initial attempts to
synthesize this isomer by a template synthesis
analogous the synthesis of dpttd-H, failed. The
reaction according to eqn. (5) yielded only a mixture

(1) + S(C2H4Br1),

[Fe(CO), \Kgogis 2l )
5 (2) hydrolysis

analogous to eqn. (1)

mixture of isomers a,b,and ¢ (5)

of all isomers a—c which could not be separated; the
templation of the thiolate groups by Fe** appeared
rather to level the different character (with respect to
steric environment as well as for example acidity) of
the S atoms. We therefore tried to react free *bu,-
C¢H,(SH), with S(C,H4Br), in the presence of half
an equivalent of NaOMe or LiOMe, but obtained
again practically the same mixture of isomers. Since it
could not be excluded, that even the ‘hard’ Na* or
Li* ions exerted template effects versus the ‘soft’
thiolate groups we employed finally NBusOH as base
in order to eliminate any undesired template effects
expecting that in this case the sterically less hindered
thiolate group would react faster than the hindered
one. With NBuyOH indeed isomer ¢ formed in yields
above 85% according to eqn. (6).

SH THF/methanol
+ NBuysOH + 0.58(C,H4Br),

SH 20 min, reflux

S/_—\Sq
ey
+ NBusBr + H,0  (6)
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Fig. 3. 'H NMR spectrum of *bus-dpttd-H, (in CCly).

After recrystallization *bu,-dpttd-H, was obtained
as colourless crystals and characterized by elemental
analysis as well as spectroscopic means (see Table IV
below). Particularly characteristic is the t-butyl region
of the 'H NMR spectrum (Fig. 3). It shows two sharp
singlets of the four t-butyl groups at 1.50 and 1.30
ppm, respectively, in addition to the phenyl protons
in the region of 7.35 to 7.10 ppm, the singlet of the
two SH protons at 5.80 ppm and the multiplet of
the C,H,4 protons between 3.10 and 2.30 ppm. That
the alkylation has taken place at the sterically less
hindered thiol groups is inferred from the chemical
shift of the SH protons of ‘bu,-dpttd-H,; they are
low field shifted with respect to dpttd-H,, probably
due to the ‘van der Waals’ effect between SH and
ortho-t-butyl groups [15].

In order to examine our expectations with respect
to the formation of better soluble complexes we
reacted ‘bug-dpttd-H, with [RuCl,(PPhs);] ac-
cording to eqn. (7).

THF, 20 °C

[RuCl,(PPh3);] + *bus-dpttd-H, T

[Ru(PPh;),(*bus-dpttd)] + [Ru(PPh;)(*bu,dpttd)]
+ other products  (7)

One obtains a clear green solution from which two
compounds could be isolated: the bis-triphenyl-
phosphine complex, in which ‘bug-dpttd>~ must
act as a tetradentate ligand and the mono-triphenyl-
phosphine complex, which was obtained in single
crystals allowing an X-ray structure determination.

Reducing the volume of the reaction solution,
adding methanol and storing at —30 °C yield a micro-
crystalline light brown powder. It analyzed for

[Ru(PPh3),(*bu,-dpttd)] and is well soluble in most
solvents from benzene to methanol. The KBr IR
spectrum shows the characteristic bands of the *bug-
dpttd®>~ as well as the PPh, ligands, and in the FD
mass spectrum the fragment ion [M-PPh3]* can be
observed at m/fe =956. The 'H NMR spectrum (see
Fig. 5a below) showed peaks of aromatic, C,H,
bridge, as well as t-butyl protons in the expected
regions, the signals, however, being too numerous
to assign to a single isomer. The same is valid for the
3P NMR spectrum; it shows two signals (29.8 ppm/
24.9 ppm ref. to H3PO4) of unequal intensity indi-
cating at least two diastereomers. These could be
the two isomers with frans and cis thiolato S atoms
respectively, which are shown in Fig. 4; regarding the
large number of chiral centers in these compounds
additional diastereomers have to be considered.

The second product of reaction (7) [Ru(PPhj)-
(*bug-dpttd)] was obtained as orange crystals, when
the mother liquor was slowly evaporated at 20 °C.
The 3P NMR spectrum of this compound shows one

)
S S.& _PPhg r'\
Q’S Ru N PPh3

— ~
PPh

©

Fa

@
w2
/
9
<
=2
w

Fig. 4. Isomers of [Ru(PPh3),(*bug-dpttd) with trans and cis
thiolate S atoms.
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TABLE II. Atomic Coordinates of [Ru(PPh3)("bu4-dpttd)] (non-H atoms)

Atom x ¥y z Ueq

Ru 0.55820(4) —0.06671(3) 0.27606(1) 0.0323(2)
S1 0.40445(14) 0.07647(12) 0.21491(5) 0.0447(6)
S2 0.70337(19) 0.01838(16) 0.23347(6) 0.0424(7)
S3 0.62079(17) 0.20887(12) 0.25387(5) 0.0532(6)
54 0.71658(19) 0.06960(15) 0.33690(6) 0.0390(7)
S5 0.43117(19) 0.14395(14) 0.31734(6) 0.0419(1)
Pl 0.48574(15) -0.07373(11) 0.29387(5) 0.0368(5)
C1 0.4938(8) 0.0548(6) 0.1735(2) 0.0414(28)
Cc2 0.4355(8) 0.0568(6) 0.1303(2) 0.0521(32)
C3 0.2974(11) 0.0895(11) 0.1166(3) 0.1078(60)
Cc4 0.2839(15) 0.1896(11) 0.1301(4) 0.1643(101)
C5 0.2625(10) 0.0867(9) 0.0686(2) 0.1656(69)
Cé6 0.2007(10) 0.0325(11) 0.1332(3) 0.1886(94)
Cc7 0.5098(8) 0.0268(5) 0.1007(2) 0.0595(28)
Cc8 0.6382(7) -0.0032(4) 0.1095(2) 0.0496(25)
Cc9 0.7068(8) ~0.0369(6) 0.0749(2) 0.0646(31)
C10 0.7230(14) 0.0339(7) 0.0449(3) 0.1723(80)
C11 0.6343(13) —0.1083(8) 0.0504(4) 0.1446(65)
C12 0.8322(12) -0.0703(13) 0.0895(3) 0.3152(149)
C13 0.6921(6) —0.0021(4) 0.1503(2) 0.0441(23)
Cl4 0.6197(6) 0.0274(4) 0.1813(2) 0.0416(22)
C15 0.8205(6) 0.1127(5) 0.2338(2) 0.0615(28)
C16 0.7930(7) 0.1934(6) 0.2589(3) 0.0681(31)
C17 0.5938(8) 0.2796(5) 0.2969(2) 0.0654(30)
C18 0.4574(7) 0.2611(5) 0.3045(2) 0.0628(28)
C19 0.5144(6) 0.1438(4) 0.3696(2) 0.0423(22)
C20 0.4453(6) 0.1742(5) 0.4001(2) 0.0567(27)
C21 0.4991(7) 0.1776(5) 0.4412(2) 0.0619(28)
C22 0.4263(9) 0.2084(6) 0.4760(2) 0.0865(37)
C23 0.2942(11) 0.2299(16) 0.4630(5) 0.3742(199)
C24 0.4863(12) (.2835(8) 0.4977(4) 0.1859(78)
C25 0.4180(20) 0.1397(12) 0.5047(5) 0.3556(197)
C26 0.6251(7) 0.1488(5) 0.4495(2) 0.0584(26)
C27 0.7009(7) 0.1182(4) 0.4201(2) 0.0483(24)
C28 0.8406(7) 0.0882(5) 0.4347(2) 0.0583(27)
Cc29 0.9365(7) 0.1386(5) 0.4106(2) 0.0747(32)
C30 0.8836(9) 0.1070(7) 0.4806(2) 0.0946(40)
C31 0.8515¢8) ~0.0151(5) 0.4280(2) 0.0738(32)
C32 0.6410(6) 0.1133(4) 0.3778(2) 0.0368(20)
C33 0.4413(6) -0.1618(5) 0.2542(2) 0.0450(22)
C34 0.4617(6) -0.1500(5) 0.2133(2) 0.0496(25)
C35 0.4339(6) ~0.2201(5) 0.1848(2) 0.0570(27)
C36 0.3871(6) —0.2998(5) 0.1966(2) 0.0604(29)
C37 0.3665(6) -0.3115(5) 0.2373(2) 0.0585(28)
C38 0.3916(6) —0.2437(4) 0.2657(2) 0.0463(23)
C39 0.5966(6) —0.1423(4) 0.3304(2) 0.0416(22)
C40 0.7220(6) -0.1471(4) 0.3229(2) 0.0468(23)
C41 0.8115(7) —0.2038(5) 0.3456(2) 0.0606(28)
C42 0.7722(8) -0.2572(5) 0.3768(2) 0.0688(31)
C43 0.6463(9) —~0.2516(6) 0.3844(2) 0.0768(34)
C44 0.5594(7) —0.1964(5) 0.3614(2) 0.0591(27)
C45 0.3359¢6) -0.0652(4) 0.3172(3) 0.0493(25)
C46 0.2197(7) -0.0715(5) 0.2913(3) 0.0655(31)
Cc47 0.1053(8) —0.0627(6) 0.3068(4) 0.0922(44)
C48 0.1056(11) —0.0422(7) 0.3475¢4) 0.1073(55)
C49 0.2171(11) —0.0338(6) 0.3737(3) 0.0951(45)

C50 0.3361(8) —0.0439(4) 0.3583(2) 0.0658(30)




Mertal Complexes with Sulfur Ligands

~

CD2C1L9

e

8 ? 6 5 4 J

d
B 7

S

227

1

PPN
2 1 1]

Fig. 5. 'H NMR spectra of (a) [Ru(PPh3),(*bus-dpttd)] in CD,Cly; (b) [Ru(PPh3)(*bug-dpttd)] in C¢Dg (a = CgDg, b = aromatic
protons of *bus-dpttd?™, c = PPhj groups, d = CoH4-S-C,Hg bridge protons and e = t-butyl protons.

singlet only excluding the presence of diastereomers;
in the H NMR spectrum (see Fig. 5b) four t-butyl
singlets are observed which show no coalescence up
to 100 °C. This indicates that the molecule is rigid
and cannot contain a plane or axis of symmetry,
as was confirmed by the X-ray structure analysis.

X-ray Structure Analysis of [Ru(PPh;)( tbu,-dprtd)]

Figure 6 shows a view of the molecule and the
respective atom numbering. In Table II the atomic
coordinates are listed; Table III contains the relevant
bond distances and angles.

The ruthenium center is coordinated pseudo-
octahedrally by one phosphorus and five sulfur
atoms; the thiolato S atoms occupy #rans positions.
Until now it is open to question whether thermo-
dynamic or kinetic reasons determine frans or cis
coordination, respectively, of the thiolato functions
in these ligands. In this case the trans coordination
could be due to repulsion of the t-butyl groups; how-
ever, in other *bus-dpttd complexes as for example

[Fe(CO)*bug-dpttd)) [16], the 'H NMR spectra
indicate a cis coordination of the thiolato S atoms
and steric repulsion seems to play no role.

Bond distances as well as angles lie in the same
range as observed for other [Ru(thioether-thiolato)]
complexes. The Ru—S(thioether) distances (2.320,
2.357 and 2.308 A) are shorter than the Ru—S(thio-
lato) distances (2.394 and 2.377 A); this may be
explained by the larger covalent radius of thiolato
sulfur as compared to thioether sulfur. Analogous
effects have been observed for example in [u-NyH,
{Ru(PPh;)(dttd)},} [17] (Ru—S thioether), 2.282
A; Ru-S(thiolato), 2.374 A). Likewise, the Ru—P
distances in [Ru(PPh;)(*bus-dpttd)] and the diazene
complex are equal (2.324 and 2.318 A, respectively).

The X-ray structure analysis shows unambiguously
the anticipated position of the t-butyl substituents in
isomer c of Fig. 2. Furthermore, it explains plausibly
the magnetic nonequivalence of the t-butyl groups.
The S(C,Hs), bridge between the two dithiolato
ligands spans the [RuS;S,S4Ss] plane in such a way
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Fig. 6. View of [Ru(PPh3)("bU4-dpttd)] with the corresponding atom numbering.

that the C,H, groups are placed asymmetrically on
one side of the plane formed by ruthenium and the
three thioether S atoms S,, S3 and S5 (Fig. 7). This
confirmation is rigid up to 100 °C as follows from the
'"H NMR spectra.

As mentioned above we wanted to achieve a steric
shielding of the thiolato S as well as metal centers by
introducing t-butyl groups into the dpttd ligand. The
space filling diagram of Fig. 8 shows that this aim is

Fig. 7. View of [Ru(PPh3)(*buy-dpttd)] down the SRuP axis
(H atoms omitted).

achieved, but apparently not to such an extent, that
the steric accessibility of the respective atoms is
blocked completely. Hence the good solubility of all
[M(*bus-dpttd)] complexes hitherto investigated
might be due not only to the hindrance of thiolate
bridging but to other effects as well, for example
solvation and lattice energies.

Table IV lists selected spectroscopic data of the
synthesized compounds.

Fig. 8. Space filling diagram of [Ru(PPh3)(*bug-dpttd)]
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TABLE III. Relevant Bond Distances and Angles*
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Bond distances (A)

Ru-S1 2.377(1) Ru-S2
Ru—S4 2.394(2) Ru-S5
S2-C15 1.865(8) C15-Cl16
S3-C17 1.799(8) C17-C18
S2-Cl14 1.797(6) S1-C1
S5—-C19 1.792(6) P1-C33
P1-C45 1.840(7)

Bond Angles (°)

Ru-S2-Cl14 105.2(2) Ru-S1-C1
Ru-S§5-C19 107.5(2) Ru-83-C17
P1-Ru-S3 176.0(1) P1-Ru-S4
P1-Ru-S82 97.7(1) P1-Ru-S1
C15-C16-S3 108.6(5) Ru-S5-C18
C18-C17-S3 105.9(5) Ru-P1-C33
Ru-P1-C45 111.6(2) S4—-Ru--S2
S4—Ru-S1 175.3(1) S5-Ru-§82
S2-Ru-S3 82.1(1) S5—-Ru-S3

2.308(2) Ru-S3 2.357(2)
2.320(2) Ru--P1 2.324(2)
1.501(11) C16-S3 1.806(7)
1.510(11) C18-S5 1.823(7)
1.771(9) 54-C32 1.760(6)
1.850(6) P1-C39 1.847(6)
104.5(3) Ru-S4-C32 107.0(2)
102.0(3) Ru-S3-C16 100.1(3)

91.5(1) P1-Ru-S5 93.9(1)

93.1(1) §2--C15-C16 115.4(5)
103.0(3) S$5-C18-C17 112.8(5)
121.6(2) Ru-P1-C39 117.2(2)

93.3(1) S5~Ru-S1 94.1(1)
168.2(1) S4—-Ru-S3 92.5(1)

86.4(1) S1-Ru-S1 82.9(1)

2Gee also ‘Supplementary Material’,

TABLE 1V. Selected Spectroscopic Data of the Compounds

Compound 'H NMR (ppm)&

3p NMR (ppm)!  KBriR (em™) Mass spectra (m/e)?

7.80-6.60
4.00-3.05

6.50-8.40

[Ru(CO)(dpttd)]2-P (m, CgHg, 8)

(m, CyHy, 8)
(m, C¢Ha,
CeHs, 34)
(m, CyHy, 8)
(m, C4H,, 36)

(m, C¢Hy, 4)

[Ru(PPhy),(*bug-dpttd)] &4

3.80-2.60
2.40-1.00

[Ru(PPhsy)(*bus-dpttd)] &€ 7.10
6.95
6.70 (m, CgHs, 15)
3.50-1.90 (m,C,Hy, 8)
1.10
1.20
1.60
1.70

7.35-7.10 (m,CgH,, 4)
5.80 (s, SH, 2)
3.10-2.30 (m, C,Hq, 8)

1.50
1.30 } (s, C4Hg, 36)

(s, C4Hg, 36)

tbug-dpttd-Hy - f

»(CO) = 1960 [M]* = 498

29.5 [M-PPh3]* = 956
25.0

415 [M]* = 956

»(SH) = 2480 [M]* = 595

Abbreviations in parenthesis: m = multiplet, s = singlet, relative intensity.
hRef. to H3PO4.

CD)Cl,.  ©®InCgDg.  fInCCly.  BRef. to TMS.

Supplementary Material

Further details of the X-ray crystal structure
analysis have been deposited and can be obtained
from the Fachinformationszentrum Energie, Physik,
Mathematik, D-7514 Eggenstein-Leopoldshafen 2 by
citing the deposition No. CSD 52186, the authors and
the reference.

260 MHz. PInd-DMF. ©€270MHz. 9In

iFjeld desorption.
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