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9,10-Dibromo-anthracene was lithiated once or twice, and the products were reacted with differ-
ent sulfurdiimides. The reactions yielded [(THF)2Li(NtBu)2SAnBr] (1), [(Et2O)(LiBr)Li(NtBu)2-
SAnBr]2 (2), [Me2Al(NtBu)2SAnBr] (3), [{(THF)2Li(NR)2S}2An] (4: R = tBu; 5: R = SiMe3) and
[{Me2Al(NSiMe3)2S}2An] (6). All products were fully characterized by X-ray structure analysis, el-
emental analysis, NMR and mass spectroscopy. From the solution NMR spectra it is evident that the
rotation about the S–C bond is hindered even at r. t. leaving all protons of the anthracene framework
non-equivalent.
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Introduction

It is known that heterobimetallic complexes might
exhibit synergetic effects unreached by complexes
with a single metal atom [1 – 7]. By the linkage of
two coordination sites it is feasible to design ligands
that are capable of coordinating two different met-
als. These bimetallic complexes can be useful for cat-
alytic reactions [8 – 10] or as conjugated organometal-
lic complexes or polymers [11, 12]. Because di- and
triimidosulfinates are known to be able to coordinate
a variety of different metals and are also subject to
SET processes [13 – 15] it seemed advantageous to
synthesize coupled diimidosulfinates since the prod-
ucts might form useful complexes for catalytic applica-
tions [16, 17] and/or new materials [18, 19]. Since we
already synthesized some coupled di- and triimidosul-
finates [20 – 22] it became evident that the main prob-
lem is not the synthetic access to the coupled imido-
sulfinates but the subsequent selective metal exchange.
Unfortunately, classical transmetalation attempts with
metal halides or metal amides that work with lithium
organylimidosulfinates did not yield the expected prod-
ucts when applied to the coupled lithium imidosulfi-
nates. Even if a reaction proceeds, not only one but
both lithium atoms are exchanged leaving this route to
heterobimetallic complexes closed [20]. To circumvent
this problem the idea was to employ an organic spacer
with two halogen atoms that can be selectively lithiated
at one position first. After the lithiation the product
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could be added to one equivalent of sulfurimide, and
a metal exchange reaction (e. g. with Me2AlCl) could
be accomplished. After building up the first metal site
a second lithiation and addition of a second sulfurim-
ide should yield the desired heterobimetallic complex
according to Scheme 1.

Earlier investigations have shown the selective lithi-
ation of only one of the two bromine atoms in 9,10-
dibromoanthracene to be feasible [23]. In addition,
Schwab succeeded in substituting one bromine atom
by a phosphanyl unit and could afterwards also lithi-
ate the second bromine atom [24]. Therefore, 9,10-di-
bromoanthracene seemed to be an interesting spacer
for the coupling of two imidosulfinate coordination
sites. The results of our experiments with this organic
spacer are presented here.

Results and Discussion
Synthesis of [(THF)2Li(NtBu)2SAnBr] (1),
[(Et2O)(LiBr)Li(NtBu)2SAnBr]2 (2) and
[Me2Al(NtBu)2SAnBr] (3) (An = anthracenyl, C14H8)

In a first series of experiments we lithiated 9,10-
dibromoanthracene at one of the two positions with
nBuLi and reacted the product with di-tert-butyl-
sulfurdiimide (Scheme 1). The reactions proceeded
smoothly and afforded [(THF)2Li(NtBu)2SAnBr] (1)
and [(Et2O)(LiBr)Li(NtBu)2SAnBr]2 (2) (An = an-
thracenyl, C14H8) depending on the elapsed reaction
time and temperature. If the temperature had risen too
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Scheme 1. Possible reaction
pathway to coupled heterobi-
metallic diimidosulfinates.

high (ca. 40 ◦C) during the lithiation or if the reaction
time was too long, the lithiated anthracene reacted with
the formed nBuBr resulting in the formation of LiBr.
In the following crystallization the lithium bromide
was then incorporated in the solid-state structure of
the formed anthracenyldiimidosulfinate resulting in the
formation of 2. After the isolation of the anthracenyldi-
imidosulfinates, 1 was transmetalated with one equiva-
lent of Me2AlCl. The reaction proceeded smoothly and
yielded [Me2Al(NtBu)2SAnBr] (3).

Structural characterization of [(THF)2Li(NtBu)2-
SAnBr] (1), [(Et2O)(LiBr)Li(NtBu)2SAnBr]2 (2) and
[Me2Al(NtBu)2SAnBr] (3)

Table 1 contains selected bond lengths and an-
gles for 1, 2, and 3. Unexpectedly, [(THF)2Li(NtBu)2-
SAnBr] (1) crystallizes as a monomer with the
lithium atom fourfold coordinated by the two nitrogen
atoms of the diimidosulfinate and two THF molecules
(Fig. 1). Up to now diimidosulfinates were known to
give mostly dimeric structural motifs [25, 26] while
monomeric structures were only formed in the pres-
ence of multidentate ligands like TMEDA, or by tripo-
dal triimidosulfinates [27, 28].

Since [(THF)4Li2{(NSiMe3)2S}2biphenyl] also
crystallizes as a monomer [20], it is anticipated that

Table 1. Selected bond lengths (Å) and angles (deg) for 1, 2
and 3.

1 2 3
S–N1 1.602(4) 1.641(3) 1.643(2)
S–N2 1.603(4) 1.613(3) 1.641(2)
S–C 1.860(5) 1.832(3) 1.815(3)
M1–N 2.020(8) 2.242(6) 1.924(3)

2.009(8) 1.977(6) 1.920(2)
M2–N1 1.971(6)
Li–O/Al–C 1.957(8) 1.925(6) 1.959(3)

1.947(8) 1.977(3)
Li1–Br 2.582(5)
Li1a–Br 2.504(5)
Li2–Br 2.496(6)

N–S–N 97.5(2) 102.0(1) 91.1(1)
N–M–N 73.5(3) 73.4(2) 75.2(1)
C–S–N 108.1(2) 108.3(1) 108.6(1)

107.5(2) 103.5(1) 110.3(1)

one reason for this uncommon structural motif is the
aryl group connected to the sulfur atom. The biphenyl
and the anthracene substituent both can form C–H· · ·π
hydrogen bonds. A closer look at the packing diagram
of both structures reveals intermolecular hydrogen
bonds with a distance of about 3 Å between the hydro-
gen atoms of the THF molecules and the π systems
of the next molecule, clearly in the region of weak
hydrogen bonds [29]. [(THF)1.5Li2{(NSiMe3)2S}2-
biphenyl]∞, the coodination polymer analog to



T. Schulz – D. Stalke · Lithium and Aluminum Anthracenyldiimidosulfinates 703

Fig. 1 (color online). Crystal structure of [(THF)2Li(NtBu)2-
SAnBr] (1). Anisotropic displacement parameters are de-
picted at the 50 % probability level, and all hydrogen atoms
have been omitted for clarity.

monomeric [(THF)4Li2{(NSiMe3)2S}2biphenyl], ex-
hibits no intermolecular but similar intramolecular
hydrogen bonds. Upon dimerization or polymerization
the formation of weak intermolecular hydrogen bonds
in the solid-state is not favored.

For 1 it seems advantageous to change the coordina-
tion mode of the lithium atoms to obtain a maximum of
interactions between hydrogen atoms and the π system
of the aryl groups because the formation of a potential
aggregate would minimize the lattice energy contribu-
tion of the weak C–H· · ·π hydrogen bonds.

In contrast to 1, [(Et2O)(LiBr)Li(NtBu)2SAnBr]2
(2) crystallizes as a dimer with one equivalent of
lithium bromide per molecule. Although a similar
structure is known for the silver triimidosulfite [30], 2
is the first diimidosulfinate crystallizing with incorpo-
rated lithium bromide. It forms a stair-shaped structure
in the solid-state reminiscent of other structural motifs
that are common for diimidosulfinates [31 – 33]. Li1
and Li1a, the lithium atoms in the inner part of the stair,
both exhibit a distorted tetrahedral coordination geom-

Fig. 2 (color online). Crystal structure of [(Et2O)(LiBr)Li-
(NtBu)2SAnBr]2 (2). Anisotropic displacement parameters
are depicted at the 50 % probability level, and all hydrogen
atoms have been omitted for clarity.

etry like the lithium atoms in 1 while Li2 and Li2a are
in an almost trigonal planar coordination (Fig. 2).

Table 1 shows that the lithium atoms in 1 are much
more symmetrically coordinated than those in 2. Since
in known lithium diimidosulfinates one nitrogen atom
is always singly coordinated and the second doubly co-
ordinated by lithium atoms, the coordination is nor-
mally very unsymmetrical which results in different
S–N bond lengths. In 1 they are untypically similar
and relatively short. Since both nitrogen atoms are only
coordinated to one lithium atom there is enough elec-
tron density left to electrostatically reinforce the sul-
fur nitrogen bonds. The short S–N bond lengths result
in an acute N–S–N angle since the sulfur lithium dis-
tances would otherwise be too short. The same holds
true for 3 where the short Al–N bond lengths are
responsible for the relatively sharp N–S–N angle of
75.15(8)◦ (Fig. 3). So it is obvious that the structure
of 1 is reminiscent of that of other monomeric imido-
sulfinates or [(tmeda)Li(NtBu)2S(SC8H5)] [29] rather
than of dimeric lithium diimidosulfinates.

On the other hand, 2 is very similar to known lithium
diimidosulfinates with nearly all bond lengths and an-
gles of about the values known from the literature. As
expected all bond lengths to Li2 are shorter than the
comparable ones to Li1 since Li2 exhibits only three
donors. One of the C–S–N bond angles is very acute
compared to the other C–S–N angles in Table 1. This
is probably due to the position of the second lithium
atom forcing the diimido ligand to bend to this side of
the anthracene substituent.

As pointed out earlier, 3 exhibits the same structural
motif as 1 (Figs. 1 and 3). Only the S–N and the N–M
bond lengths differ slightly because of the metal ex-
change from lithium to aluminum. The aluminum atom

Fig. 3 (color online). Crystal structure of [Me2Al(NtBu)2-
SAnBr] (3). Anisotropic displacement parameters are de-
picted at the 50 % probability level, and all hydrogen atoms
have been omitted for clarity.
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Scheme 2. Synthesis of 4, 5 and 6.

is more strongly coordinated by the nitrogen atoms re-
sulting in a shorter N–M and a longer S–N distance.

Synthesis of [{(THF)2Li(NR)2S}2An] (4: R = tBu;
5: R = SiMe3) and {[Me2Al(NSiMe3)2S}2An] (6)

Subsequent to the synthesis of 1 – 3 we tried to re-
place the remaining bromine atom in all three com-
pounds by a lithium atom in a Gilman reaction. 1 – 3
were reacted with classical lithium organics (nBuLi,
MeLi and tBuLi) in various solvents at different tem-
peratures. Unfortunately, all the reactions did not yield
the expected products, but only unidentifiable mix-
tures which were impossible to work up. A few side-
products were isolated, unfortunately not providing
any insight into the general course of the reaction.
It seems that by the addition of the first electron-
withdrawing sulfurdiimide the electron density in the
anthracenyl framework is reduced thus far that a sec-
ond lithiation is not favored.

For that reason we abandoned the idea of a sequen-
tial lithiation and metalated both bromine positions in
a single step. Afterwards 9,10-dilithiumanthracenewas
reacted with two differently substituted sulfurdiimides
(Scheme 2) resulting in the formation of 4 and 5.

After isolation and purification, 4 and 5 were re-
acted with one equivalent of Me2AlCl. With 4 the alu-
minum complex could not be obtained, but the reaction
of 5 with Me2AlCl afforded 6. The NMR spectrum of
the reaction mixture suggested a successful metal ex-
change, but the lack of crystals and the sensitivity of
the product made an unequivocal characterization of
the product impossible. In the reaction with Me2AlCl
both lithium atoms are exchanged by aluminum result-
ing in a bimetallic symmetrical complex rather than
in a heterobimetallic species. This phenomenon was

already observed when benzene and biphenyl spacers
were employed [20]. It seems that Me2AlCl is too re-
active and not selective enough to exchange just one
lithium atom by salt elimination.

Structural characterization of [{(THF)2Li(NR)2S}2-
An] (4: R = tBu; 5: R = SiMe3) and [{Me2Al(NSi-
Me3)2S}2An] (6)

4, 5, and 6 crystallize as monomers with half of the
molecule in the asymmetric unit (Figs. 4 – 6). They all
exhibit the same structural motif. Table 2 contains se-
lected bond lengths and angles for 4, 5, and 6.

As described earlier in this paper, the diimidosulfi-
nates normally tend to dimerize in favor of the four-
fold coordination at the lithium atom. Compound 1
breaks with this rule of thump and so do 4 and 5. The
coordination of the metal atoms is analogous to the co-
ordination in 1. As expected, the coupled diimidosulfi-
nate groups are arranged trans to each other.

The main geometrical features of 1, 4 and 5 show
no distinct differences. 1 and 4 exhibit nearly the
same bond lengths and angles, while 5 displays only

Fig. 4 (color online). Crystal structure of [{(THF)2Li-
(NtBu)2S}2An] (4). Anisotropic displacement parameters
are depicted at the 50 % probability level, and all hydrogen
atoms have been omitted for clarity.
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Table 2. Selected bond lengths (Å) and angles (deg) for 4, 5
and 6.

4 5 6
S–N1 1.616(2) 1.600(2) 1.631(2)
S–N2 1.618(2) 1.603(2) 1.625(2)
S–C 1.852(2) 1.843(2) 1.827(2)
M1–N 2.022(4) 2.038(4) 1.944(2)

1.996(4) 2.043(4) 1.944(2)
Li–O/Al–C 1.950(4) 1.957(4) 1.964(2)

1.953(5) 1.936(4) 1.964(2)
N–S–N 98.1(1) 101.9(1) 94.8(1)
N–M–N 74.9(2) 75.1(1) 76.1(1)
C–S–N 106.0(1) 106.3(1) 109.4(1)

108.6(1) 107.0(1) 108.8(1)

Fig. 5 (color online). Crystal structure of [{(THF)2Li-
(NSiMe3)2S}2An] (5). Anisotropic displacement parameters
are depicted at the 50 % probability level, and all hydrogen
atoms have been omitted for clarity.

Fig. 6 (color online). Crystal structure of [{Me2Al(NSi-
Me3)2S}2An] (6). Anisotropic displacement parameters are
depicted at the 50 % probability level, and all hydrogen
atoms have been omitted for clarity.

marginal deviations. Only the Li–N distances are
slightly longer in 5 resulting also in a somewhat more
acute N–S–N angle. These small differences proba-
bly arise from the change from the tert-butyl to the
trimethylsilyl substituents on the nitrogen atoms.

The diimidosulfinate substituents in the 9 and 10
position at the anthracenyl backbone do not bias the
C14H8 moiety or influence each other.

Apparently the switch from the tert-butyl to the
trimethylsilyl groups at the nitrogen atoms leads to a
small elongation of the M–N bonds and a small con-
traction of the S–N distances. This might be an indi-
cation that more of the negative charge at the nitro-
gen atom is employed to strengthen the S–N bond be-
cause the positive charge at the metal is additionally
stabilized by the β -effect of the silicon atom of the
trimethylsilyl groups [34, 35].

NMR studies of the anthracenyldiimidosulfinates

The NMR spectra of all compounds reveal an un-
expected number of signals. For 1 – 3 four signals are
expected with a 2:2:2:2 ratio for the protons at the
anthracenyl framework, but integration shows that all
eight protons are inequivalent for 1 – 3 (Fig. 7). For 4 –
6 the expected distribution of 4:4 is transformed into
2:2:2:2. This leads to the assumption that the rotation
about the S–C bond is hindered even at r. t. A similar
phenomenon was observed for isopropylphosphanyl-
anthracenes [36]. Schwab et al. found that the rotation
about the P–C bond is slow enough at low temperature
to leave all protons magnetically and chemically differ-
ent. In addition, one of the protons in close proximity
to the phosphorus atom is fixed between the isopropyl
groups while the proton on the other side can interact
with its lone pair. The same situation seems to arise for
the diimidosulfinates with one proton being clamped
by two nitrogen atoms. A NOESY experiment shows
that the hydrogen atom pinched between both nitrogen
atoms is the one with the highest chemical shift (H5:
10.15 ppm). Although the protons of the tBu groups
yield cross-peaks with H5 and H4, only one cross-peak
between H5 and one of the methyl groups attached to
the aluminum atom can be seen. This strongly indi-
cates that 3 exhibits the same conformation (Fig. 7) in
solution as in the solid-state.

For the bis(diimidosulfinates) with the tert-butyl
substituent at the nitrogen atoms the protons resonate
differently even at r. t. while the bis(diimidosulfinates)
with the trimethylsilyl groups exhibit only very broad
signals at 25 ◦C. By cooling 5 to −60 ◦C the broad
signals can be resolved and show the anticipated pat-
tern with the 2:2:2:2 ratio. This fact can be explained
by the longer N–Si bonds (1.87 Å compared to 1.47 Å
for N–C) facilitating a rotation about the S–C bonds.
Unfortunately the 4J and the 5J coupling can still not
be resolved. Furthermore the differences in the chem-
ical shifts of the protons are bigger for the lithium
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Fig. 7. 1H NMR spectrum (left) and probable conformation in solution (right) of 3.

than for the aluminum complexes. The reason for this
is probably the higher steric demand of the THF-
coordinated lithium cation compared to the AlMe2
cation. A NOESY spectrum of 4 was recorded because
this experiment enabled to determine the conformation
of 3 in solution. Since the signals in the 1H NMR spec-
trum of 4 at r. t. were still too broad the NOESY was
recorded at −70 ◦C. To our surprise it showed the sin-
glet for the protons of the tBu groups to split up in
four different signals as two pairs with the same inte-
gral intensity. Two different signals would count for the
transoid or cisoid conformers each [36] which are then
split again. The four tBu groups at both conformers be-
come inequivalent at low temperatures to give rise to
two signals. This is due to the fact that the sulfur lone
pairs avoid to be arranged ideally in the anthracene
plane. This causes the displacement of the NSN bisec-
tion out of the anthracene plane and the two groups to
be magnetically inequivalent. This is further substanti-
ated by the signals of the aromatic core. At low temper-
ature the distribution of the integrated signals changes
from originally 2:2:2:2 to 1:1:2:2:2. As expected the
NOESY spectrum shows cross peaks between the sig-
nals for H2, H3, H6 and H7 and all other signals but no
cross peaks between the other four aromatic hydrogen
atoms. Unfortunately, there is no cross peak between
the aromatic signals and the peaks for the tBu groups

making an assignment of the conformation in solution
impossible.

Conclusion

The experiments described in this paper show that
9,10-dibromoanthracene is a suitable candidate for
the linkage of two sulfurdiimide moieties. The re-
sulting lithium bis(diimidosulfinates) are obtained in
good yields and easily undergo metal exchange re-
actions with Me2AlCl. Unfortunately, the metal ex-
change with this very reactive organometallic reagent
is not selective enough to serve as a starting mate-
rial for heterobimetallic complexes. Further experi-
ments with a variety of other metal halides and metal
amides are necessary. In addition we found that 9,10-
dibromoanthracene can be selectively lithiated at only
one position and reacts cleanly with sulfurdiimides to
give a lithium diimidosulfinate. The subsequent metal
exchange reaction can be accomplished, but the step-
wise synthesis of the heterobimetallic complex could
not be realized. After one position of the anthracenyl
framework is substituted, the second lithiation is ham-
pered through the electron withdrawing effect of the
first diimidosulfinate. Therefore another spacer be-
tween the sulfurdiimides has to be employed, or a dif-
ferent approach for the metal exchange must be found.
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One option would be the hydrolysis of 4 or 5 with sub-
sequent deprotonation with different metal amides or
metal hydrides. This already proved to be a smooth
way of synthesizing diimidosulfinate metal complexes.
The anthracenyldiimidosulfinates show interesting fea-
tures in the NMR spectra. The rotation about the S–C
bond is hindered because of the bulky substituents at
the nitrogen atoms.

Experimental Section

All experiments were carried out either in an atmosphere
of purified, dry nitrogen or argon by using modified Schlenk
techniques, or in an argon drybox. The glassware was dried
for several hours at 120 ◦C, assembled hot and allowed to
cool to r. t. while the vacuum was maintained. The solvents
were freshly distilled from potassium prior to use and de-
gassed. The reactants were commercially available or syn-
thesized according to published procedures: S(NtBu)2 [37]
and S(NSiMe3)2 [38].

All NMR spectra were recorded on a Bruker Avance 500
spectrometer. The chemical shifts δ are given in ppm with
positive values for low-field shifts relative to tetramethylsi-
lane as external standard. The numbering for the anthracene
framework is shown below.

Elemental analyses were performed by the Mikroanalyti-
sches Labor des Instituts für Anorganische Chemie der Uni-
versität Göttingen with an Elementar Vario EL3 apparatus.
The determined values deviate more than usual from the cal-
culated numbers as the substances are highly sensitive to
oxygen and moisture and tend to lose coordinated THF.

Mass spectra were recorded with the electron ionization
method (EI-MS: 70 eV) on a Finnigan MAT 95 spectrom-
eter. The mass-to-charge ratios (m/z) of the fragment ions
are based on the molecular mass of the isotopes with the
highest natural abundance. The molecular ion peak M is
defined as the compound without coordinated solvent, and
in the case of lithium complexes also without the lithium
atom. Some spectra were unspecific as the ionic character
and the lability of the synthesized compounds made the mea-
surements difficult. Due to the reactivity and solubility of
the compounds no electron spray ionization (ESI-MS) or
fast atom bombardment (FAB-MS) mass spectra could be
recorded.

Synthesis of [(THF)2Li(NtBu)2SAnBr] (1)

nBuLi (1.37 mL, 2.22 M, 3.04 mmol) is added dropwise to
a suspension of 9,10-dibromoanthracene (1.00 g, 2.98 mmol)
in 25 mL of diethyl ether at −15 ◦C. The reaction mixture
is stirred for 30 min before addition of N,N’-di-tert-butyl-
sulfurdiimide (1.04 g, 2.98 mmol). The suspension is stirred
for 30 min, and insoluble products are removed by filtration.
After removal of the solvent, the product is obtained as a
red powder. Crystals are obtained from a saturated solution
in THF upon a few days storage at 4 ◦C. Yield (%): 1.33 g,
2.28 mmol, 76 %. – Elemental analysis in % found (calcd.):
C 61.90 (61.96), H 7.21 (7.28), N 5.05 (4.82), S 5.71 (5.51). –
1H NMR (500 MHz, [D8]THF): δ = 10.59 (ddd, 3JHH =
8.98 Hz, 4JHH = 1.19 Hz, 5JHH = 0.73 Hz, 1 H, H5), 9.44
(ddd,3JHH = 8.68 Hz, 4JHH = 1.44 Hz, 5JHH = 0.70 Hz, 1 H,
H4), 8.44 (ddd,3JHH = 8.66 Hz, 4JHH = 1.60 Hz, 5JHH =
0.73 Hz, 1 H, H8), 8.42 (ddd, 3JHH = 9.21 Hz, 4JHH =
1.42 Hz, 5JHH = 0.77 Hz, 1 H, H1), 7.52 – 7.44 (m, 3 H, H7,
H3, H2), 7.26 (ddd,3JHH = 8.96 Hz, 3JHH = 6.44 Hz, 4JHH =
1.26 Hz, 1 H, H6), 3.62 ppm (m, 8 H, OCH2CH2), 1.77 (m,
8 H, OCH2CH2), 0.95 (s, 18 H, C(CH3)3). – 13C{1H} NMR
(125 MHz, [D8]THF): δ = 155.9 (s, C10), 132.0 – 130.7 (s,
C10a, C4a, C9a, C8a), 128.8 (s, C8), 128.2 (s, C5), 128.1 (s,
C4), 127.6 – 125.6 (s, C7, C3, C2), 125.2 (s, C1), 123.5 (s,
C9), 123.3 (s, C6), 67.4 (OCH2CH2), 52.9 (s, C(CH3)3),
33.8 (s, C(CH3)3), 25.3 (OCH2CH2). – EI-MS: m/z (% =
303 (32) [M–Nt Bu–tBu+H]+, 288 (20) [M–2 NtBu]+, 256
(100) [M–S(NtBu)2]+, 178 (58) [anthracene]+, 118 (35)
[M–anthracene-Br–t Bu+2 H]+, 103 (32) [M–anthracene-Br–
NtBu+H]+, 57 (100) [tBu]+.

Synthesis of [(Et2O)(LiBr)Li(NtBu)2SAnBr]2 (2)

nBuLi (1.37 mL, 2.22 M, 3.04 mmol) is added dropwise to
a suspension of 9,10-dibromoanthracene (1.00 g, 2.98m̃mol)
in 25 mL of diethyl ether at −15 ◦C. The reaction mixture
is allowed to warm to r. t. and stirred for 4 h before addi-
tion of N,N’-di-tert-butyl-sulfurdiimide (1.04 g, 2.98 mmol).
The suspension is stirred for 30 min, and insoluble products
are removed by filtration. From this solution crystals are ob-
tained after a few days storage at 4 ◦C. For 2 the highest peaks
in the mass spectrum and the peaks shown in the NMR spec-
trum where the same as for 1. The elemental analysis for 2
gave poor results. Yield (%): 0.99 g, 1.65 mmol, 55 %.

Synthesis of [Me2Al(NtBu)2SAnBr] (3)

AlMe2Cl (0.3 mL, 3 mmol) is added dropwise to a so-
lution of 1 (2.27 g, 3 mmol) in 10 mL THF at −78 ◦C.
The reaction mixture is allowed to warm to r. t. and stirred
for 4 h. Insoluble products are removed by filtration, and
the solution is stored at 4 ◦C. Orange crystals suitable for
X-ray diffraction experiments are obtained after a few days
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of storage. Yield (%): 1.07 g, 2.2 mmol, 73 %. – Elemen-
tal analysis in % found (calcd.): C 58.67 (59.14), H 6.57
(6.57), N 5.93 (5.75), S 6.60 (6.57). – 1H NMR (500 MHz,
[D8]THF): δ = 10.15 (ddd, 3JHH = 8.92 Hz, 4JHH = 1.21 Hz,
5JHH = 0.80 Hz, 1 H, H5), 9.23 (ddd,3JHH = 9.03 Hz, 4JHH =
1.10 Hz, 5JHH = 0.73 Hz, 1 H, H4), 8.65 (ddd,3JHH =
8.89 Hz, 4JHH = 1.33 Hz, 5JHH = 0.69 Hz, 1 H, H8), 8.64
(ddd,3JHH = 8.83 Hz, 4JHH = 1.34 Hz, 5JHH = 0.71 Hz,
1 H, H1), 7.77 – 7.65 (m, 4 H, H7, H6, H3, H2), 1.01 (s,
18 H, C(CH3)3), −0.42 (s, 3 H, Al(CH3)2), −0.60 (s, 3 H,
Al(CH3)2). – 13C{1H} NMR (125 MHz, [D8]THF): δ =
136.1 (s, C10), 134.0 (s, C9), 131.7 – 130.9 (s, C10a, C4a,
C9a, C8a), 129.9 (s, C8), 129.3 (s, C1), 129.5 – 127.7 (s,
C7, C6, C3, C2), 125.6 (s, C5), 122.7 (s, C4), 53.8 (s,
C(CH3)3), 31.7 (s, C(CH3)3), −4.6 (s, Al(CH3)2), −5.2 (s,
Al(CH3)2). – EI-MS: m/z (%) = 473 (100) [M–Me]+, 402
(42) [M–Nt Bu–Me+H]+, 359 (32) [M–Nt Bu–AlMe2]+, 345
(31) [M–Nt Bu–Me–t Bu+H]+, 330 (29) [M–2Nt Bu–Me]+,
250 (27) [M–NtBu–Me–t Bu–Br+H]+.

Synthesis of [{(THF)2Li(NR)2S}2An] (4: R = tBu; 5: R =
SiMe3)

nBuLi (2.74 mL, 2.22 M, 6.08 mmol) is added dropwise to
a suspension of 9,10-dibromoanthracene (1.00 g, 2.98 mmol)
in 25 mL of diethyl ether at −15 ◦C. The reaction mixture
is stirred for 30 min, and the dilithiated anthracene is iso-
lated by filtration. Yield: 0.78 g, 2.3 mmol, 77 %. N,N’-bis-
tert-butyl-sulfurdiimide (0.80 g, 4.6 mmol) (4) or N,N’-bis-
trimethylsilyl-sulfurdiimide (0.86 g, 4.6 mmol) (5) is added
drop wise to a solution of the dilithiated anthracene (0.78 g,
2.3 mmol) in 10 mL THF at −78 ◦C. The reaction mixture
is allowed to warm to r. t. and stirred for 4 h. Insoluble prod-
ucts are removed by filtration. Crystals are obtained from the
saturated solution upon a few days storage at 4 ◦C.

4: Yield (%): 1.65 g, 1.7 mmol, 74 %. Elemental analysis
in % found (calcd.): C 65.82 (66.78), H 8.88 (9.42), N 7.86
(6.23), S 9.13 (7.13). – 1H NMR (500 MHz, [D8]THF): δ =
10.24 (br, 2 H, H1, H5), 8.91 (br, 2 H, H8, H4), 7.61 (br,
4 H, H6, H2, H3, H7), 3.62 ppm (m, 16 H, OCH2CH2), 1.77
(m, 16 H, OCH2CH2), 1.29 (s, 18 H, C(CH3)3), 1.14 (s,
18 H, C(CH3)3). – 13C{1H} NMR (125 MHz, [D8]THF):
δ = 142.6 (s, C10, C9), 129.1 (br, C1, C5), 128.7 – 128.2
(m, C10a, C4a, C9a, C8a), 127.7 – 126.4 (m, C6, C2, C3, C7),
124.7 (s, C4, C8), 67.4 (OCH2CH2), 56.7 (s, C(CH3)3), 54.5
(s, C(CH3)3), 33.6 (s, C(CH3)3), 31.0 (s, C(CH3)3), 25.3
(OCH2CH2). – EI-MS: m/z (%) = 312 (22) [M–3 NtBu+H]+,
256 (28) [M–3 NtBu–t Bu+2 H]+, 118 (25) [SNtBuNH]+,
103 (28) [SNtBu]+, 57 (100) [tBu]+, 41 (44) [CH2CCH3]+.

5: Yield (%): 1.47 g, 1.65 mmol, 72 %. – Elemental
analysis in % found (calcd.): C 56.36 (56.59), H 9.10
(8.59), N 6.35 (6.29), S 7.44 (7.19). – 1H NMR (500 MHz,
[D8]THF): δ = 10.29 (d, 3JHH = 8.00 Hz, 2 H, H1, H5),

9.29 (d,3JHH = 9.40 Hz, 2 H, H8, H4), 7.44 – 7.28 (m, 2 H,
H6, H2), 7.29 – 7.23 (m, 2 H, H3, H7), 3.62 ppm (m, 16 H,
OCH2CH2), 1.77 (m, 16 H, OCH2CH2), −0.40 (s, 36 H,
Si(CH3)3). – 13C{1H} NMR (125 MHz, [D8]THF): δ =
151.4 (s, C10, C9), 130.9 – 129.4 (m, C10a, C4a, C9a, C8a),
127.1 (s, C1, C5), 125.2 (s, C6, C2), 124.2 (s, C4, C8), 123.2
(s, C3, C7), 67.4 (OCH2CH2), 25.3 (OCH2CH2), 2.5 (s,
Si(CH3)3). – EI-MS: m/z (%) = 264 (64) [M–4 Me]+, 191
(100) [M–S(NSiMe3)2]+, 207 (20) [S(NSiMe3)2+H]+, 178
(24) [anthracene]+ , 73 (65) [SiMe3]+.

Synthesis of [{Me2Al(NSiMe3)2S}2An] (6)

AlMe2Cl (0.3 ml, 3 mmol) is added dropwise to a solu-
tion of 5 (2.67 g, 3 mmol) in 10 mL THF at −78 ◦C. The
reaction mixture is allowed to warm to r. t. and stirred for
4 h. Insoluble products are removed by filtration, and the so-
lution is stored at 4 ◦C. Crystals suitable for X-ray diffrac-
tion experiments are obtained after a few days of storage.
Yield (%): 0.84 g, 1.2 mmol, 40 %. Elemental analysis in %
found (calcd.): C 49.82 (51.24), H 7.92 (8.03), N 7.73 (7.97),
S 8.73 (9.12). – 1H NMR (500 MHz, [D8]THF): δ = 10.21
(br, 2 H, H1, H5), 9.29 (br, 2 H, H8, H4), 7.85 – 7.72 (m,
4 H, H6, H2, H3, H7), −0.20 (s, 36 H, Si(CH3)3), −0.46 (br,
12 H, Al(CH3)2). – 13C{1H} NMR (125 MHz, [D8]THF):
δ = 149.2 (s, C10, C9), 129.4 – 128.8 (s, C10a, C4a, C9a,
C8a), 127.9 (s, C2, C3, C6, C7), 125.8 (s, C1, C5), 125.2 (s,
C4, C8), 2.5 (s, Si(CH3)3), −4.9 (s, 4 C, Al(CH3)2). – EI-
MS: m/z (%) = 687 (100) [M–Me]+ , 573 (64) [M–SiMe3–
AlMe2+H]+, 481 (52) [S-anthracene-S]2+, 413 (53) [M–4
SiMe3+3 H]+, 73 (40) [SiMe3]+.

X-Ray structure determination

The data for 1 – 6 were collected from shock-cooled crys-
tals at 100 K. The data for all compounds were collected on
Bruker SMART-APEX II diffractometers with D8 goniome-
ters. For the data collection of 3 a Bruker TXS-Mo rotating
anode was used as X-ray source, for the others an Incoatec
microfocus source was employed [39]. All diffractometers
were equipped with a low-temperature device [40, 41] and
used monochromated MoKα radiation, λ = 0.71073 Å. Both
sources used mirror optics as radiation monochromator. The
data sets were integrated with SAINT [42], and an em-
pirical absorption correction (SADABS [43]) was applied.
All structures were solved by Direct Methods (SHELXS-
97 [44]) and refined by full-matrix least-squares methods
against F2 (SHELXL-97 [45]). All non-hydrogen atoms were
refined with anisotropic displacement parameters. The hy-
drogen atoms were refined isotropically on calculated posi-
tions using a riding model with their Uiso values constrained
to 1.5 times the Ueq of their pivot atoms for terminal sp3 car-
bon atoms and 1.2 times for all other carbon atoms. Disor-
dered moieties were refined using bond length restraints and
isotropic displacement parameter restraints.
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Table 3. Crystal structure data for 1 – 6.
1 2 3 4 5 6

Formula C30H42BrLi- C52H72Br4Li4- C24H32AlBr- C54H92Li2- C42H76Li2- C30H56Al2-
N2O2S N4O2S2 N2S N4O6S2 N4O4S2Si4 N4S2Si4

CCDC no. 764278 764279 764280 764281 764282 764283
Mr 581.57 1196.66 487.47 971.32 891.43 703.23
Crystal size, mm3 0.2×0.05×0.05 0.2×0.15×0.1 0.35×0.2×0.1 0.2×0.15×0.15 0.15×0.1×0.05 0.2×0.15×0.15
Crystal system orthorhombic monoclinic orthorhombic monoclinic monoclinic monoclinic
Space group Pna21 P21/n Pbca P21/n P21/n P21/n
a, Å 17.088(3) 12.869(3) 11.6435(11) 10.5726(17) 13.5712(14) 9.4066(9)
b, Å 11.1177(17) 15.765(3) 14.2039(13) 17.182(3) 10.7302(11) 20.374(2)
c, Å 15.878(2) 14.182(3) 29.779(3) 16.000(3) 18.6907(18) 11.5702(12)
β , deg 90 94.951(3) 90 95.455(2) 107.339(2) 95.455(2)
V, Å3 3016.5(8) 2866.5(11) 4925.0(8) 2893.5(8) 2598.1(5) 2053.8(4)
Z 4 2 8 2 2 2
Dcalcd, g cm−3 1.28 1.39 1.32 1.12 1.14 1.14
µ(MoKα ), cm−1 1.5 2.9 1.8 0.1 0.2 0.3
F(000), e 1224 1224 2032 1060 964 756
hkl range 0 ≤ h ≤ +20 −16 ≤ h ≤ +16 0 ≤ h ≤ +14 −13 ≤ h ≤ +12 −16 ≤ h ≤ +15 −11 ≤ h ≤ +11

0 ≤ k ≤ +13 0 ≤ k ≤ +19 0 ≤ k ≤ +17 0 ≤ k ≤ +21 0 ≤ k ≤ +12 0 ≤ k ≤ +25
−19 ≤ l ≤ +19 0 ≤ l ≤ +17 0 ≤ l ≤ +37 −19 ≤ l ≤ +19 0 ≤ l ≤ +22 0 ≤ l ≤ +14

((sinθ )/λ )max, Å−1 25.41 26.44 26.44 26.02 25.39 26.75
Refl. measured 35006 43137 58664 31291 30165 48448
Refl. unique 5563 5893 5056 5681 4750 4353
Rint 0.0990 0.0550 0.0428 0.0392 0.0521 0.0344
Param. refined 340 335 270 341 268 198
R(F) / wR(F2)a (all refl.) 0.0666 / 0.1461 0.0480 / 0.1124 0.0533 / 0.1235 0.0669 / 0.1500 0.0535 / 0.1088 0.0343 / 0.0746
x(Flack) [46, 47] 0.026(12) – – – – –
GoF (F2)b 1.049 1.079 1.019 1.082 1.040 1.099
∆ρfin (max / min), e Å−3 0.51 / −0.94 1.08 / −1.10 0.94 / −1.14 0.50 / −0.52 0.41 / −0.32 0.32 / −0.22
a R1 = Σ‖Fo|− |Fc‖/Σ|Fo—, wR2 =[Σw(Fo

2 −Fc
2)2/Σw(Fo

2)2]1/2, w =[σ2(Fo
2)+(AP)2+BP]−1, where P = (Max(Fo

2, 0)+2Fc
2)/3 and A and

B are constants adjusted by the program; b GoF = S = [Σw(Fo
2 −Fc

2)2/(nobs − nparam)]1/2, where nobs is the number of data and nparam the
number of refined parameters.

Crystal data and parameters pertinent to data collection
and structure refinement are summarized in Table 3.

CCDC 764278–764283 contain the supplementary crys-
tallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data request/cif.
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1977, 432, 173 – 176

[38] O. J. Scherer, R. Wies, Z. Naturforsch. 1970, 25b,
1486 – 1487.

[39] T. Schulz, K. Meindl, D. Leusser, D. Stern, J. Graf,
C. Michaelsen, M. Ruf, G. M. Sheldrick, D. Stalke,
J. Appl. Crystallogr. 2009, 42, 885 – 891.

[40] T. Kottke, R. J. Lagow, D. Stalke, J. Appl. Crystallogr.
1996, 29, 465 – 468.

[41] T. Kottke, D. Stalke, J. Appl. Crystallogr. 1993, 26,
615 – 619.

[42] SAINT v7.46A, Bruker Analytical X-ray Instruments
Inc., Madison, Wisconsin (USA) 2007.

[43] G. M. Sheldrick, SADABS (version 2008/2), Program
for Empirical Absorption Correction of Area Detector
Data, University of Göttingen, Göttingen (Germany)
2008.

[44] G. M. Sheldrick, textscShelxs-97, Program for the So-
lution of Crystal Structures, University of Göttingen,
Göttingen (Germany) 1997. See also: G. M. Sheldrick,
Acta Crystallogr. 1990, A46, 467 – 473.

[45] G. M. Sheldrick, SHELXL-97, Program for the Refine-
ment of Crystal Structures, University of Göttingen,
Göttingen (Germany) 1997. See also: G. M. Sheldrick,
Acta Crystallogr. 2008, A64, 112 – 122.

[46] G. Bernardinelli, H. D. Flack, Acta Crystallogr. 1985,
A41, 500 – 511.

[47] H. D. Flack, Acta Crystallogr. 1983, A39, 876 – 881.


