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X-Ray Structure of a Heterochiral,
Sulfoximine-Stabilized Dilithiomethane
Derivative

Jurgen F. K. Miiller,* Markus Neuburger, and
Bernhard Spingler

Dilithiomethane and some of its heteroatom-stabilized
analogues have been the subject of intensive research during
recent years. On the one hand the elucidation of the nature
and the structures of the compounds were pursued, whilst on
the other hand several investigations addressed the synthetic
utility of these reagents.l!! The structure of dilithiomethane,
the simplest polylithiated compound, has been determined in
the solid state by X-ray analysis and NMR spectroscopy,
whereas in solution no experimental data are available.l
Some experimental evidence for the existence of a dimeric
species in the gas phase has been reported.Pl Computational
studies suggest that dilithiomethane and its higher aggregates
have tetrahedral and planar structures, respectively.!l The
structures of heteroatom-stabilized geminal dianions, includ-
ing dilithiated phosphonates,®! phosphinimines,® sulfones,
and nitriles”) have been determined in the solid state, in
solution, and theoretically. The a,o-dilithiated intermediates
known for structurally related sulfones and sulfoximines
mimic the reactivity of an a,a-dianion in trapping reactions
with electrophiles.’! This is also the case for the so called
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quasi-dianion complexes (QUADACS) such as the complex
formed between monolithiated benzonitrile and lithium
diisopropylamide (LDA)."”! Geminal dianions have been used
successfully as supernucleophiles or bisnucleophiles in organ-
ic synthesis.['l Surprisingly, chiral substituted dilithiomethane
derivatives are still unknown and since both geminal lithium
atoms are in a diastereotopic environment they promise to be
exciting new reagents for asymmetric synthesis.® 1 Such
reagents might induce two consecutive C—C bond formations
in a stereoselective manner. Here we present the first
experimental proof for such a chiral dilithiomethane deriva-
tive with the X-ray structure of an a,a-dilithiated sulfoximine.

L
P:;‘s”;fph P:js"NMSh . 2 TMEDA
H ™ \Hr P

1a R=H 2
1b R=Me

O, .NMe
Ph/S

yph «Li,O + 6 THF
AT
4

3

The monolithiated sulfoximine 2 was obtained by treating a
solution of racemic 1b in N,N,N',N'-tetramethylenediamine
(TMEDA) with one equivalent of nBuL.i in hexane at — 78°C.
Yellow crystals suitable for X-ray analysis were grown from
the resulting yellow-green solution. Figure 1 shows the
molecular structure of the lithium complex 2. For comparison
the molecular structure of the starting material 1a was also
determined.['!

In 2, two lithiated benzylic sulfoximine units with opposite
configuration at the S atom are linked by N-Li-O bridges to
give an eight membered ring with the atom sequence (Li(1)-
N(1)-S(1)-O(1)),; such a coordination mode was previously
known from lithiated allyl sulfoximines and from computa-

Figure 1. Molecular structure of 2 in the crystal. Hydrogen atoms are
omitted for clarity.
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tional investigations.'”l Analogous arrangements have been
observed in lithiosulfones.®! The Li—C bond found in other
lithiosulfoximines is absent.'¥l The question as to whether the
C(a) atom is pyramidal or not could not be answered with
certainty because the benzylic proton was not located in the
difference map. Lithiation of 1b is accompanied by a short-
ening of the S-C(«) bond from 1.783(2) A in1ato 1.66(1) A in
2.[12]

Treatment of racemic 1b with 2.5 equivalents of nBuLi in
THF at —78°C in the presence of traces of H,O yielded red
crystals of 3: a tetrameric heterochiral aggregate, consisting of
four dilithiated sulfoximine units and a Li;O core, which acts
as a template for crystallization (Figure 2). No crystals could

Figure 2. Molecular structure of 3 in the crystal. Hydrogen atoms and two
disordered THF molecules are omitted for clarity.

be obtained without small amounts of water. Compound 3
crystallizes in the space group P1 and the unit cell contains
one cluster together with two disordered THF molecules.
Since the lattice is centrosymmetric the two portions of the
cluster show a reversed configuration at the S atoms. The core
of the aggregate is characterized by a distorted LiO
octahedron and contains the crystallographic inversion centre.
Such a structural motif has been found to be a characteristic
feature in a a,o-dilithiated sulfoximine, a dilithiated sulfone,
and a dilithiated phosphane.l’® 81 A manifold of six-membered
rings are connected to the central LizO core, which leads
overall to a cyclic 16-membered (Li(5)-C(1)-S(1)-O(1)-Li(4)-
0(2)-S(2)-C(21)), motif.

Two different dilithiated C atoms are in the asymmetric
unit, each connected to two Li" ions, and therefore distinctly
pyramidalized. The two Li* ions coordinated at C(21) also
coordinate to a neighboring sulfoximine nitrogen atom to
form either Li(5)-C(21)-S(2)-N(2) four-membered ring mo-
tifs, as known from monolithiosulfoximines, or C(21)-Li(2)-
N(3)-Li(3)-O(2)-S(2) six-membered rings. The two lithium
ions also differ in their further coordination sphere: Li(2)
shows heteroatom coordination (N(1), O(3)), whereas Li(5)
has one additional C—Li bond, by bridging two different
dimetalated C atoms, and a Li-N contact. The Li(5) ion is
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bound to C(1) as well as to C(21), leading to a Li(2)-C(21)-
Li(5)-C(1)-S(1)-N(1) six-membered ring. An unusual three-
coordination is found for Li(1), Li(2), and Li(3) of the Li;O
core.™s The Li-C distances (2.19(2)-2.21(2) A) are similar to
that in monolithiated sulfoximines. The Li-N bond length
within the Li-C-S-N chelate (2.23(2) A) is comparable to
those from previous investigations.'> 141 The Li-O bond length
to the sulfoximine-O atoms are significantly longer than those
within the LizO octahedron. The extremely short S—C(a)
bonds (1.61(1) and 1.64(1) A) compared to 1a (1.783(2) A)
and 2 (ca. 1.66(1) A) are characteristic and typical for related
dilithiated sulfoximines, sulfones, phosphonates, and ni-
triles.C®1 A’ comparison of 3 with 2 reveals that the atomic
sequence of the eight-membered ring motif (Li-N-S-O), in 2 is
preserved in 3. Insertion of the LizO core in this motif forms
two Li(1)-N(2)-S(2)-O(2)-Li(3)-O(3) six-membered rings,
which share the O(3) atom and thus lead to a spiro-type
arrangement. Therefore, we conclude that the complex
formed between the LigO core and the monolithiated
sulfoximine units in 2 serves as a template for the formation
of 3. After dilithiation, the saturation of the second Li* ion
with coordination partners from the sulfoximine group and
the solvent leads to a higher aggregate than the monolithiated
parent compound 2. In addition, two C—Li bonds are formed
for each sulfoximine unit, which represents a heterochiral
dilithiomethane derivative with diastereotopic lithium atoms.
Further studies in our group concentrate on the replacement
of one of the diastereotopic lithium atoms by a transition
metal, thus inducing a new stereogenic center at the C(a)
atom.['"]

Experimental Section

2: A solution of 1b (105 mg, 0.41 mmol) in TMEDA (2 mL) was treated
with nBuLi in n-hexane (0.28 mL, 1.58 M, 0.45 mmol) at —78°C. After 24 h
at room temperature yellow crystals of 2 were formed that were suitable for
X-ray analysis (56 mg, 37 %).

3: A solution of H,O in THF (0.272 mL, 0.11m, 0.03 mmol) was added to a
solution of 1b (54 mg, 0.22 mmol) in THF (2 mL). The resultant mixture
was then treated with nBuLi in hexane (0.35 mL, 1.58M, 0.55 mmol) at
—78°C. After 24 h at —78°C red crystals of 3 that were suitable for X-ray
analysis had grown (15 mg, 17%).
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Molecular Nanocapsules Based on Amphiphilic
Hyperbranched Polyglycerols

Alexander Sunder, Michael Kriamer, Ralf Hanselmann,
Rolf Miilhaupt, and Holger Frey*

Dendrimers have been shown to exhibit unusual properties
in recent years,l!! such as the topological encapsulation of
various guests,”! and dendrimers with amphiphilic core —shell
structures have shown micelle-like properties that have led to
the picture of a “unimolecular micelle”.’] However, most
systems reported in this context show aggregation in solution
as a result of their amphiphilic nature.[). Amphiphilic poly-
mers with core—shell structures that are aggregation-free in
solution offer the attractive potential to act as phase-transfer
agents in both polar [ and apolar environments.” 8 To date,
this solubilization effect is believed to be uniquely related to
the structurally perfect, yet tedious to prepare, dendrimers.
The compact dendrimer topology is promising for controlled
releasel’ and confined chemical nanoreactors.['"]

Hyperbranched polymers (prepared in a one-step reaction
from AB,,-type monomers and thus randomly branched in
contrast to the perfectly branched dendrimers) are generally
considered to be poorly defined because of their broad
polydispersity,'!l which is a consequence of the commonly
used step-growth-type of synthesis. Furthermore, hyper-
branched polymers are characterized by a random distribu-
tion of functional groups throughout their globular structure.
We reported recently the first controlled chain-growth-type of
approach to hyperbranched polymers based on the anionic
ring-opening multibranching polymerization (ROMBP) of
glycidol.'?l The polyglycerols obtained can be tailored in
terms of their core functionality and molecular weight by the
monomer/initiator ratio employed. As a consequence of the
quasi-living nature of the polymerization these highly flexible
aliphatic polyetherpolyols exhibit unprecedentedly narrow
polydispersities (M,/M, < 1.5, mostly <1.3).

Very few examples of amphiphilic hyperbranched struc-
tures have been reported.'> I Herein we describe the use of
hyperbranched polyglycerols for the preparation of amphi-
philic “molecular nanocapsules” for hydrophilic guests. In
contrast to dendrimer scaffolds where functional groups are
exclusively located at the surface, polyglycerol scaffolds also
contain hydroxyl groups throughout the structure. If only a
certain fraction of these hydroxyl groups is modified with
hydrophobic alkyl chains (43 -93 % ), thereby leaving residual
hydroxyl moieties, the inner sphere of the molecule remains
highly hydrophilic (Figure 1). The considerable flexibility of
the polyether structure should permit the hydroxyl groups to
arrange in a manner that represents a solvating environment
for polar guest molecules in apolar solvents.
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