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Magnesium Diimidosulfinates – Conformational Studies in the Solid State and
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The magnesium diimidosulfinates [(thf)2MgX{(NR)2SR�}] (X
= Cl, Br; R = tBu, SiMe3; R� = Ph, Bz, Me, nBu; 1–5) have
been synthesised by treating sulfur diimides with different
Grignard reagents and characterized by X-ray crystallogra-
phy and NMR spectroscopy. The structural analyses of com-

Introduction

Organomagnesium compounds, especially Grignard rea-
gents, have been a rapidly developing field[1] ever since they
were discovered by Barbier in 1899[2] and subsequently har-
nessed by Grignard in 1900.[3] Like their organolithium
congeners, they play a central role in both preparative or-
ganic and organometallic chemistry.[4]

Sulfur diimido compounds are also widely used in orga-
nometallic chemistry[5] and have been intensively studied as
their lithium and transition-metal complexes.[6] However,
little is known about their reactions with Grignard rea-
gents.[7] Although it was reported as long ago as 1976 that
sulfur diimides react readily with Grignard reagents[8] and
that this reaction can be used for titrating Grignard solu-
tions, its chemical versatility has not been explored any fur-
ther. To close this gap, herein we report on the reactivity of
a range of sulfur diimides with various Grignard reagents.
These reactions proceed smoothly to afford the desired
magnesium diimidosulfinates in very good yields with high
purity. The resulting reaction products 1–5 were analyzed
by NMR spectroscopy and single-crystal diffraction experi-
ments. Furthermore, they are valuable precursors for
the synthesis of magnesium sulfur ylides in analogy to the
lithium sulfur ylides [(thf)Li2{H2CS(NtBu)2}]2[9] and
[(TMEDA)2Li2H2CS(NtBu)3][10] previously synthesised in
our group.

Sulfur ylides play an important role in organic synthe-
sis[11] as R2C-transfer reagents for one-step epoxidation, cy-
clopropanation or aziridination. In a reaction with an ad-
ditional equivalent of the Grignard reagent, complexes 2–5
could be deprotonated at the sulfur-bound carbon Cα-atom
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pounds 1–5 show that they contain either monomeric or di-
meric structural motifs, depending on the steric requirements
of the sulfur-bound organic substituent. NMR experiments
suggest a temperature-dependent dynamic equilibrium be-
tween different conformers for all compounds.

to give the related magnesium sulfur ylides, which should
be even more selective for C–C coupling reactions than
their lithium analogues since their basicity is lower.
Furthermore, deprotonation of 2–5 with an organolithium
base was found to generate heterobimetallic sulfur ylides,
which can act as precursors for heterobimetallic complexes
known to be useful as catalysts for a variety of chemical
reactions.[12] [(thf)2MgCl{(NtBu)(NSiMe3)SBz}] (4), which
already contains a stereogenic sulfur atom, should prove
particularly interesting in this respect as the second centre
of symmetry introduced at the benzylic Cα-carbon atom
upon deprotonation would make this compound especially
useful in stereoselective reactions.

In contrast to the related lithium compounds, which nor-
mally form dimers in the solid state,[13] complexes 2–5 are
monomeric with a fivefold coordinated magnesium atom.
Only [(thf)MgCl{(NtBu)2SPh}]2 (1) forms a dimer by con-
necting two monomers through a four-membered Mg2Cl2
ring.

Another interesting feature of the magnesium sulfur di-
imides discussed herein is their behaviour in solution, as
monitored by NMR spectroscopic experiments. Thus, com-
pounds 1–5 exhibit a multiple set of resonances for the tert-
butyl protons and those of the organic periphery. This ob-
servation was further investigated by various NMR experi-
ments.

Results and Discussion
Complexes 1–5 (1: R,R� = tBu, R�� = Ph, X = Cl; 2:

R,R� = tBu, R�� = Methyl, X = Br; 3: R,R� = tBu, R�� =
nBu, X = Cl; 4: R = tBu, R� = SiMe3, R�� = Bz, X = Cl;
5: R,R� = tBu, R�� = Bz, X = Cl) were easily prepared in
both high yield and purity by adding the appropriate Grig-
nard reagent R��MgX to a sulfur diimide compound
(Scheme 1). Storage of the solutions at –24 °C yielded
colourless crystals suitable for X-ray structure analysis.
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Scheme 1. Preparation of the magnesium sulfur diimides 1–5.

Crystal Structures of 1–5

The metal diimidosulfinates reported to date have mostly
crystallized as dimers.[14] Various other structural motifs
were found, but the one thing they all had in common was
their dimeric aggregation. Indeed, monomers could only be
crystallized in the presence of a polydentate donor base
such as TMEDA.[15] [(thf)MgCl{(NtBu)2SPh}]2 (1) is no
exception to this rule of thumb as it crystallizes as a dimer
with a central four-membered Mg2Cl2 ring (Figure 1).

Figure 1. Molecular structure of [(thf)2MgCl{(NtBu)2SPh}] (1). All
hydrogen atoms have been omitted for clarity, and anisotropic dis-
placement parameters are depicted at the 50% probability level.

Except for the central Mg2X2 ring, 1 exhibits essentially
the same bond lengths and angles, within their standard
deviation, as its heavier congener [(thf)MgBr{(NSiMe3)2-
SPh}]2 (6).[7] The geometry of these two compounds is also
very similar. The preferred fivefold coordination of the
magnesium atom is achieved by two Mg–N contacts to the

Table 1. Selected bond length [Å] and angles [°] for 1–5.

Compound 1 2 3 4 5

S–N1 1.6089(17) 1.6201(59) 1.6277(12) 1.6285(13) 1.6186(15)
S–N2 1.6160(17) 1.6307(54) 1.6346(11) 1.6218(12) 1.6168(15)
S–C 1.8173(20) 1.8039(58) 1.8145(14) 1.8440(15) 1.8393(17)
N1–Mg 2.0815(17) 2.1263(61) 2.1042(12) 2.1021(14) 2.1118(17)
N2–Mg 2.0558(18) 2.0943(56) 2.1504(12) 2.1697(13) 2.1542(15)
Mg–Cl 2.4160(8) Mg–Br 2.3474(6) 2.3430(7) 2.3407(7)

2.4841(8) 2.4960(13)
Mg–O1 2.0265(15) 2.1166(47) 2.0793(11) 2.1112(12) 2.0909(14)
Mg–O2 2.0736(56) 2.1116(11) 2.0854(12) 2.0866(14)
N–S–N 94.41(8) 99.44(15) 99.62(6) 99.65(7) 100.05(8)
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diimidosulfinate, the interactions with the two chlorine
atoms and the coordination of one thf molecule. As a result
of this geometry, the chlorine atoms are not positioned at
the sterically favourable apex of the square-pyramidal envi-
ronment of the magnesium atoms but reside in the base. As
already observed for other compounds containing a central
Mg2X2 ring, the Mg–Cl interactions show a distinct asym-
metry [∆(Mg–Cl) = 0.07 Å], which means that the electron
density of the halogen anions is not shared equally between
the magnesium atoms. Furthermore, the tertiary carbon
atoms of the tBu groups are nearly co-planar with the N–
S–N plane, which is tilted 37° towards the central Mg2X2

ring.
In contrast to 1, compounds 2–5 crystallize as mono-

mers. Although the geometry formed by fivefold coordina-
tion at the magnesium is maintained, the structural motif
shown by 2–5 is therefore totally different (Table 1). Thus,
the four-membered Mg2X2 ring is not retained and a sec-
ond thf molecule completes the coordination sphere at the
metal ion. The square-pyramidal environment is preserved
but with the halogen anion occupying the sterically favour-
able apex of the pyramid in the monomeric form.

In contrast to 1, the tertiary carbon atoms of the tBu
groups point away from the magnesium atom and the C–N
bonds form angles of 31° and 47°, respectively, with the N–
S–N plane, thus providing enough space at the other side
of this plane for two thf molecules and the organic substitu-
ent on the sulfur atom. The deviation of the tBu groups
(39.5° and 38.7°) is reasonably symmetric in 2 (Figure 2),
whereas all other compounds, especially 3 (Figure 3), exhi-
bit a distinct asymmetry (31.2° and 47.3°), with the larger
angle being found on the side where the substituent at the
sulfur atom is positioned.

Figure 2. Molecular structure of [(thf)2MgBr{(NtBu)2SMe}] (2).
All hydrogen atoms have been omitted for clarity and anisotropic
displacement parameters are depicted at the 50% probability level.
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Figure 3. Molecular structure of [(thf)2MgCl{(NtBu)2SnBu}] (3).
All hydrogen atoms have been omitted for clarity and anisotropic
displacement parameters are depicted at the 50% probability level.

It is clear from the structures of 1 and 5 that neither the
nature of the halogen anions nor the organic substituents
at the nitrogen atoms have an impact on the geometry. The
reason for the formation of a monomer rather than a dimer
must therefore be related to the organic substituent bound
to the sulfur atom. Thus, the presence of a sterically de-
manding group at the sulfur atom means that there is not
enough room for both this bulky group and an additional
thf molecule on the same side of the N–S–N plane, as
would be required for potential dimer formation, even if the
tBu groups at the nitrogen atoms are pointing to the adja-
cent side.

Although a phenyl group is generally not considered to
be sterically particularly demanding, its bulk is sufficient
to bring the ortho carbon atom in close proximity to the
magnesium atom, thus restricting the space available for
both thf donor molecules. In contrast, the methyl group of
2 is less sterically demanding and the substituents of 3–5 all
contain CH2 spacers, thus meaning that they are able to
bend the remaining organic substituent away and leave
enough room for the thf molecules.

Since the thf oxygen atom is a better donor to magne-
sium than a halogen anion bridging two metal ions, the
monomeric form is favoured for 2–5 and the Mg–N and
Mg–O contacts are longer in 2–5 than in 1. Only the Mg–
X bond is shorter in 2–5 than in 1 as the halogen anion is
not forced to share its electron density between two metal
ions.

The structural differences between the monomeric com-
pounds 2–5 are minimal (Figure 4), and even the asymmet-
ric diimidosulfinate 4 (Figure 5) exhibits nearly the same
bond lengths and angles as its symmetric congener 5. Only
the S–C bonds of 4 and 5 (1.84 Å) are clearly longer than
those in 1–3 or other organyl diimidosulfinates (1.80 Å on
average).[6] The phenyl substituents at the benzylic carbon
atoms withdraw electron density from the S–C bonds,
which are therefore destabilized and elongated. Although 4
possesses a stereogenic sulfur atom, it crystallizes as a race-
mate in the centrosymmetric space group P21/c. In ad-
dition, the tBu groups and the SiMe3 groups are disordered,
thus making assignment of the isomers impossible.
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Figure 4. Molecular structure overlay of 2–5. All hydrogen atoms
and the carbon atoms of the thf molecules have been omitted for
clarity.

Figure 5. Molecular structure of [(thf)2MgCl{(NtBu)(NSiMe3)-
SBz}] (4). All hydrogen atoms have been omitted for clarity and
anisotropic displacement parameters are depicted at the 50% prob-
ability level.

The N–S–N bond angles in all the compounds presented
here [94.41(8)–100.05(3)°] are more acute than those in al-
kali metal derivatives (104.2–110.7°),[6] but span almost the
same range as in comparable compounds with Mg2+ or
other dicationic metals (94.3–98.5°).[6] This is probably due
to the higher charge at the magnesium dication, which leads
to a stronger repulsion between the positively charged sul-
fur atom and the metal ion.

NMR Investigation

The 1H and 13C NMR spectra all exhibit a double set of
signals for compounds 1–5. Integration of all peaks showed
that the peaks shifted to higher field in each double set
of signals belong together. Figure 6 shows the spectra of 2

Figure 6. 1H NMR spectra of 2 at different temperatures.
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Scheme 2. Possible interconversion of the magnesium diimidosulfinates in solution.

measured at different temperatures. The signals for the
methyl groups occur between δ = 2.1 and 2.3 ppm while the
tBu protons resonate between δ = 1.1 and 1.3 ppm. The
spectrum of 2 at –70 °C also displays an additional set of
signals.

Further measurements were performed at different tem-
peratures and different times after sample preparation. The
concentration of the samples was also varied. These experi-
ments showed that the equilibrium is time-, concentration-
and temperature-dependent. It is clear from Figure 6 that
even more species are generated at very low temperatures
and that species a increases at the expense of species b as
the temperature rises. In addition, the peak for b gets
sharper. The ratio of the integrated intensity of b divided
by the integrated intensity of a increases at higher sample
concentrations but decreases when the time elapsed between
preparing the sample and measuring the spectrum in-
creases. In addition, the peak for b becomes broader as
more time passes. Since the exchange between a and b is
bidirectional, these findings confirm that these two species
are interconvertible and that the double set of signals is not
simply due to hydrolysis or ligand scrambling. In addition,
the 15N-HMBC spectrum shows two cross-peaks, for both
tBu signals with the signal of the nitrogen atoms, at δ =
–270 and –272 ppm respectively. The proximity of these sig-
nals indicates that the chemical environment of the nitrogen
atoms is the same for both species and, together with the
absence of any amine proton, proves that hydrolysis is not
responsible for the signal doubling. Our initial assumption
was that the spectra reflect the equilibrium between the mo-
nomeric form shown in the solid state by 2–5 and a dimeric
form similar that shown by 1 in the solid state, reminiscent
of the Schlenk equilibrium species, therefore we recorded a
DOSY spectrum to test this assumption.[16] To our surprise,
the DOSY spectrum showed that both species move with
nearly the same speed in solution, thus indicating that the
size of both molecules and the number of atoms they con-
tain should be almost the same. In light of these experi-
ments, and from our earlier observations with magnesium
imidosulfinates,[13,17] we suppose that the second species in
solution might be [Mg{(NtBu)2SR}2] or [(thf)Mg{(NtBu)2-
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SR}2]. All these three compounds are about the same size
and should yield very similar peaks in their NMR spectra.

Additional evidence for this assumption was provided by
a NOESY spectrum, which showed no distinct cross-peaks
between both species, although cross-peaks were observed
between both species and a very broad signal next to the
tBu peaks and the peaks for the methyl groups. This sug-
gests that the exchange between both species a and b occurs
via a short-lived intermediate that only produces a very
small and broad signal (see Scheme 2). We believe that this
intermediate is a dimeric form similar to the structure of 1
in the solid state, although definitive proof is still lacking.

Conclusions

Our experiments have shown that sulfur diimides react
readily with different Grignard reagents to give highly pure
products in high yields. Varying the steric demand of the
substituent at the sulfur atom allows monomeric or dimeric
molecules, which can be distinguished by X-ray structure
determination in the solid state and show interesting fea-
tures in solution, to be synthesised. The structural motifs
of the monomer and the dimer are very different although,
in contrast to their lithium counterparts, the monomeric
and dimeric magnesium diimidosulfinates do not vary sig-
nificantly. The NMR spectra of 1–5 all show a multiple set
of signals. It has been determined that interconversion be-
tween the different species is temperature-, time- and con-
centration-dependent and a reasonable explanation for the
signal doubling supported by different NMR experiments
has been suggested, although an unequivocal assignment of
a single process in solution has not proved possible. Further
studies on the reactions of Grignard reagents with sulfur
triimides are currently underway. To date, reactions of
organolithium reagents with sulfur triimides have only
proved possible with small organic substituents due to the
electron distributions above and below the SN3 plane. Our
hope is that the application of a HSAB-soft Grignard nu-
cleophile will allow this electronic shielding to be overcome
as it matches the soft character of the sulfur atom.
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Experimental Section
General Procedures: All experiments were carried out either under
an atmosphere of purified, dry nitrogen or argon using modified
Schlenk techniques or in an argon-filled drybox. All glassware was
dried for several hours at 120 °C, assembled hot, and allowed to
cooln under vacuum. Solvents were freshly distilled from potassium
prior to use and degassed. All reagents were available commercially
or were synthesized according to published procedures
[S(NtBu)2

[18]].

NMR spectra were recorded on Bruker Avance 400 or 500 spec-
trometers. The measurement frequencies are given with the analy-
ses. Chemical shifts are given in ppm, with positive values for low-
field shifts, relative to tetramethylsilane as external standard.

Elemental analyses were performed by the Mikroanalytisches
Labor des Instituts für Anorganische Chemie der Universität
Göttingen with an elementar Vario EL3 apparatus. Some values
deviate more than usual from the calculated ones as the substances
are highly sensitive to oxygen and moisture.

Mass spectra were recorded using the electron ionization method
(EI-MS: 70 eV) on a Finnigan MAT 95 spectrometer. The mass-to-
charge ratios (m/z) of the fragment ions are based on the molecular
masses of the isotopes with the highest natural abundance. The
molecular peak is defined as the compound with no coordinated
solvent. Some spectra were unspecific as the ionic nature and la-
bility of the synthesized compounds made measurement difficult.
No electron spray ionization (ESI-MS) or fast atom bombardment
(FAB-MS) mass spectra could be recorded due to the reactivity
and solubility of the compounds.

Synthesis and Analysis: S(NtBu)2 [5.0 mmol; S(NSiMe3)(NtBu) was
used for the synthesis of 4] was dissolved in 20 mL of thf and a
solution of RMgX in thf (5.0 mmol; X = Cl or Br; R = Ph, Me,
nBu or benzyl) was added to this solution at –78 °C over 15 min.
The mixture was then allowed to warm to room temperature and
stirred overnight. The solvent was removed in vacuo, the residual
solids re-dissolved in an n-hexane/THF mixture and the precipitate
filtered off. The resulting solution was stored at –24 °C to yield
colourless crystals suitable for X-ray structure analyses after 1–
3 days.

1: Yield 1.55 g (81%). 1H NMR (500.132 MHz, [D8]THF): major
compound: δ = 1.31 [s, 18 H, C(CH3)3], 1.77 (m, 8 H, OCH2CH2),
3.62 (m, 8 H, OCH2CH2), 7.38 (m, 3 H, Hmeta/para/C6H5), 7.83 (d,
2 H, Hortho/C6H5) ppm. 13C NMR (125.772 MHz, [D8]THF): δ =
25.3 (OCH2CH2), 32.5 [C(CH3)3], 53.0 [C(CH3)3], 67.4
(OCH2CH2), 128.2 (Cortho/C6H5), 128.7 (Cpara/C6H5), 129.3 (Cmeta/
C6H5), 156.8 (Cipso/C6H5) ppm; minor compound: 1H NMR
(500.132 MHz, [D8]THF): δ = 1.16 [s, 18 H, C(CH3)3], 1.77 (m,
8 H, OCH2CH2), 3.62 (m, 8 H, OCH2CH2), 7.34 (m, 3 H,
Hmeta/para/C6H5), 7.78 (d, 2 H, Hortho/C6H5) ppm. 13C NMR
(125.772 MHz, [D8]THF): δ = 25.3 (OCH2CH2), 33.8 [C(CH3)3],
55.2 [C(CH3)3], 67.4 (OCH2CH2), 125.9 (Cortho/C6H5), 129.5 (Cpara/
C6H5), 130.7 (Cmeta/C6H5), 156.8 (Cipso/C6H5) ppm.
C36H62Cl2Mg2N4O2S2 (798.52): calcd. C 56.40, H 8.20, N 7.30, S
8.40; found C 56.00, H 7.80, N 7.30, S 8.50.

2: Yield 1.86 g (85%). 1H NMR (500.132 MHz, [D8]THF): major
compound: δ = 1.17 [s, 18 H, C(CH3)3], 1.77 (m, 8 H, OCH2CH2),
2.18 (s, 3 H, SCH3), 3.62 (m, 8 H, OCH2CH2) ppm. 13C NMR
(125.772 MHz, [D8]THF): δ = 25.3 (OCH2CH2), 32.8 [C(CH3)3],
52.0 (SCH3), 52.7 [C(CH3)3] 67.4 (OCH2CH2) ppm. 15N NMR
(40.548 MHz, [D8]THF): δ = –270.0 [NC(CH3)3] ppm; minor com-
pound: 1H NMR (500.132 MHz, [D8]THF): δ = 1.22 [s, 18 H,
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C(CH3)3], 1.77 (m, 8 H, OCH2CH2), 2.26 (s, 3 H, SCH3), 3.62 (m,
8 H, OCH2CH2) ppm. 13C NMR (125.772 MHz, [D8]THF): δ =
25.3 (OCH2CH2), 33.6 [C(CH3)3], 53.2 (SCH3), 53.4 [C(CH3)3],
67.4 (OCH2CH2) ppm. 15N NMR (40.548 MHz, [D8]THF): δ =
–271.8 [NC(CH3)3] ppm. C17H37BrMgN2O2S (437.77): calcd. C
46.68, H 8.47, N 6.41, S 7.32; found C 45.40, H 8.24, N 6.86, S
7.55.

3: Yield 1.65 g (76%). 1H NMR (500.132 MHz, [D8]THF): major
compound: δ = 0.92 (m, 3 H, SCH2CH2CH2CH3), 1.17 [s, 18 H,
C(CH3)3], 1.39 (m, 2 H, SCH2CH2CH2CH3), 1.62 (m, 2 H,
SCH2CH2CH2CH3), 1.77 (m, 8 H, OCH2CH2), 2.23 (t, 2 H,
SCH2CH2CH2CH3), 3.62 (m, 8 H, OCH2CH2) ppm. 13C NMR
(125.757 MHz, [D8]THF): δ = 14.26 (SCH2CH2CH2CH3), 22.58
(SCH2CH2CH2CH3), 23.11 (SCH2CH2CH2CH3), 25.30
(OCH2CH2), 33.89 [C(CH3)3], 53.51 [C(CH3)3], 63.83
(SCH2CH2CH2CH3), 67.43 (OCH2CH2) ppm; minor compound:
1H NMR (500.132 MHz, [D8]THF): δ = 0.92 (m, 3 H,
SCH2CH2CH2CH3), 1.22 [s, 18 H, C(CH3)3], 1.39 (m, 2 H,
SCH2CH2CH2CH3), 1.67 (m, 2 H, SCH2CH2CH2CH3), 1.77 (m,
8 H, OCH2CH2), 2.36 (t, 2 H, SCH2CH2CH2CH3), 3.62 (m, 8 H,
OCH2CH2) ppm. 13C NMR (125.757 MHz, [D8]THF): δ = 14.29
(SCH2CH2CH2CH3), 22.58 (SCH2CH2CH2CH3), 23.26
(SCH2CH2CH2CH3), 25.30 (OCH2CH2), 33.26 [C(CH3)3], 52.97
[C(CH3)3], 61.30 (SCH2CH2CH2CH3), 67.43 (OCH2CH2) ppm.
C20H43ClMgN2O2S (435.38): calcd. C 55.24, H 9.90, N 6.44, S
7.36; found C 54.32, H 10.00, N 6.84, S 7.79.

4: Yield 1.99 g (82%). 1H NMR (500.134 MHz, [D8]THF): major
compound: δ = –0.12 [s, 9 H, Si(CH3)3], 1.15 [s, 9 H, C(CH3)3] 1.77
(m, 8 H, OCH2CH2), 3.27 (d, 1 H, SCH2), 3.62 (m, 8 H,
OCH2CH2), 3.66 (d, 1 H, SCH2), 7.16–7.30 (m, 5 H, C6H5) ppm.
13C NMR (125.757, [D8]THF): δ = 1.66 [Si(CH3)3], 24.66
(OCH2CH2), 32.36 [C(CH3)3], 52.71 [C(CH3)3], 66.79 (OCH2CH2),
72.29 (SCH2Ph), 126.96 (Cpara/C6H5), 128.16 (Cmeta/C6H5), 130.87
(Cortho/C6H5), 133.24 (Cipso/C6H5) ppm; minor compound: 1H
NMR (500.132 MHz, [D8]THF): δ = –0.08 [s, 9 H, Si(CH3)3], 1.17
[s, 9 H, C(CH3)3] 1.77 (m, 8 H, OCH2CH2), 3.53 (d, 1 H, SCH2),
3.62 (m, 8 H, OCH2CH2), 3.92 (d, 1 H, SCH2), 7.16–7.30 (m, 5 H,
C6H5) ppm. 13C NMR (125.757 MHz, [D8]THF): δ = 2.06 [Si(CH3)
3]: δ = 24.66 (OCH2CH2), 33.35 [C(CH3)3], 52.48 [C(CH3)3], 66.79
(OCH2CH2), 75.07 (SCH2Ph), 127.28 (Cpara/C6H5), 128.48 (Cmeta/
C6H5), 130.56 (Cortho/C6H5), 133.47 (Cipso/C6H5) ppm.
C22H41ClMgN2O2SSi (485.48): calcd. C 54.49, H 8.46, N 5.78;
found C 53.84, H 8.41, N 5.65.

5: Yield 1.83 g (78%). 1H NMR (500.134 MHz, [D8]THF): major
compound: δ = 1.09 [s, 18 H, C(CH3)3], 1.77 (m, 8 H, OCH2CH2),
3.49 (br., 2 H, SCH2), 3.62 (m, 8 H, OCH2CH2), 7.17 (m, 1 H,
Hpara/C6H5) 7.23–7.26 (br., 4 H, Hmeta/ortho/C6H5) ppm. 13C NMR
(125.757 MHz, [D8]THF): δ = 25.29 (OCH2CH2), 33.06 [C(CH3)3],
53.35 [C(CH3)3], 67.43 (OCH2CH2), 70.79 (SCH2Ph), 127.43 (Cpara/
C6H5), 128.59 (Cmeta/C6H5), 131.43 (Cortho/C6H5), 134.20 (Cipso/
C6H5) ppm; minor compound: 1H NMR (500.132 MHz, [D8]-
THF): δ = 1.11 [s, 18 H, C(CH3)3], 1.77 (m, 8 H, OCH2CH2), 3.49
(br., 2 H, SCH2), 3.62 (m, 8 H, OCH2CH2), 7.17 (m, 1 H, Hpara/
C6H5) 7.23–7.26 (br., 4 H, Hmeta/ortho/C6H5) ppm. 13C NMR
(125.757 MHz, [D8]THF): δ = 25.29 (OCH2CH2), 33.86 [C(CH3)3],
53.75 [C(CH3)3], 67.43 (OCH2CH2), 74.15 (SCH2Ph), 127.93 (Cpara/
C6H5), 128.92 (Cmeta/C6H5), 131.73 (Cortho/C6H5), 134.31 (Cipso/
C6H5) ppm. C23H41ClMgN2O2S (469.40): calcd. C 58.90, H 8.80,
N 6.00, S 6.80; found C 56.10, H 7.70, N 6.40, S 8.00.

X-ray Crystal Structure Determinations: Data for 1–5 were collected
from shock-cooled crystals at 100 (1, 3 and 4), 133 (5) or 170 K
(2). Data for 1–4 were collected on a Bruker SMART-APEX II
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Table 2. Crystallographic data for compounds 1–5.

Compound 1 2 3 4 5

Formula C36H62Cl2Mg2N4O2S2 C17H37BrMgN2O2S C20H43ClMgN2O2S C22H41ClMgN2O2SSi C23H41ClMgN2O2S
M 798.52 437.77 435.38 485.48 469.40
T [K] 100 170 100 100 133
Space group P1̄ Pc P21/c P21/c P21/c
a [Å] 10.129(2) 9.763(4) 7.320(1) 10.197(1) 10.116(2)
b [Å] 10.299(2) 16.860(3) 32.936(4) 18.029(1) 18.081(4)
c [Å] 11.824 (2) 7.371(2) 10.384(2) 14.983(1) 14.635(3)
α [°] 88.27(1) 90.0 90.0 90.0 90.0
β [°] 69.40(1) 111.02(2) 96.42(1) 98.12(1) 97.38(3)
γ [°] 64.53(1) 90.0 90.0 90.0 90.0
V [Å3] 1031.6(3) 1132.5(6) 2487.9(5) 2727.2(3) 2654.7(9)
Z 2 2 4 4 4
θ range [°] 2.40–25.07 2.24–26.04 2.33–26.73 2.54–26.55 1.8–24.71
Data 15492 20492 44906 28930 40812
Unique data 3637 4439 5064 5564 4666
Rint 0.0325 0.0356 0.0230 0.0246 0.0375
R1 0.0460 0.0416 0.0349 0.0427 0.0325
wR2 0.0957 0.0977 0.0783 0.1050 0.0790
Parameters 223 225 271 366 287
GooF 1.098 1.046 1.093 1.050 1.034
Peak/hole [e/Å3] 0.51/–0.22 0.69/–0.40 0.31/–0.34 0.42/–0.44 0.28/–0.22
Flack parameter – 0.0818(85) – – –

(APEX I for 1) diffractometer fitted with a D8 goniometer. A
sealed-tube X-ray source was used for data collection for 1 and 4,
an Incoatec microfocus source for 3[19] and a Bruker TXS-Mo rot-
ating anode for 2. Data for 5 were recorded on a Stoe IPDS II
diffractometer with a sealed tube and an image plate detector. All
diffractometers were equipped with a low-temperature device[20]

and used monochromated Mo-Kα radiation (λ = 0.71073 Å). The
Bruker TXS-Mo rotating anode and the Incoatec microfocus
source used mirror optics as radiation monochromator, whereas the
sealed-tube devices used a graphite monochromator. Data for 1–4
were integrated with SAINT,[21] and an empirical absorption cor-
rection (SADABS) was applied.[22] Data collection and data re-
duction for 5 were performed with X-Area.[23] All structures were
solved by direct methods (SHELXS-97)[24] and refined by full-ma-
trix least-squares methods against F2 (SHELXL-97).[25] All non-
hydrogen atoms were refined with anisotropic displacement param-
eters. The hydrogen atoms were refined isotropically at calculated
positions using a riding model with their Uiso values constrained
to 1.5 times the Ueq of their pivot atoms for terminal sp3 carbon
atoms and 1.2 times for all other carbon atoms. Disordered moie-
ties were refined using bond-length restraints and isotropic dis-
placement parameter restraints. Further details can be found in
Table 2.[26]

CCDC-738499 (for 1), 738500 (for 2), 738501 (for 3) and 724648
(for 4) and 738502 (for 5) contain the supplementary crystallo-
graphic 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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