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Chiral Dilithiomethane Derivatives: Structure Determination and Application in
Stereoselective Reactions
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The synthesis and X-ray analysis of chiral dilithiomethane
analogues derived from sulfoximines are presented. The
structures of the sulfoximine-stabilised mono- and dilithio
salts have been compared and allow a rationalization of the
second lithiation. Organophosphorus-based dilithiomethane
derivatives are also structurally described. The gas-phase
structures of N,S,S-trimethylsulfoximine 19 and of its mono-
and dilithiated isomers 20–21 were calculated by ab initio
methods employing different levels of theory. For an applica-

1. Introduction

Since its discovery, dilithiomethane (2) has challenged re-
searchers in various fields of chemistry such as synthetic
organic chemistry, organometallic chemistry, and computa-
tional chemistry. The first landmark was achieved by Zi-
egler et al. who developed the first synthetic route to dilithi-
omethane.[1]
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tion in asymmetric synthesis, the dilithiation of (N-methyl)-
S-ethyl-S-phenylsulfoximine (11) afforded a chiral dinucle-
ophile that undergoes highly regio- and stereoselective al-
kylation reactions with electrophiles. The transmetallation of
a chiral dilithiomethane reagent such as 14 with ClTi(OiPr)3

followed by addition of an aldehyde, constitutes a simple
one-pot process for the formation of (E)-alkenylsulfoximines
with excellent diastereoselectivity.

The high reactivity of 2 towards oxygen and moisture,
together with its notorious instability and poor solubility in
organic solvents, complicated its structural characterisation.
After early solid state NMR studies, Stucky et al. suggested
an X-ray structure of CD2Li2 in 1990 derived from powder
diffraction data.[2,3] Computational studies suggested vari-
ous gas phase structures and even higher aggregates of 2.[4]

For synthetic purposes, however, heteroatom-substituted
organolithiums are better qualified than simple alkyllithium
compounds. The same is true for heteroatom-substituted
geminal dilithiated organic compounds, which have been
shown in recent years to possess great synthetic potential.[5]

This led to the development of new synthetic strategies,
with the aim of synthesising assemblies of complex molecu-
lar structures with a minimum of chemical steps more effici-
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ently. For example, multiple C–C bond formations in a
single reaction step have been reported from the reaction of
dilithiated nitriles, sulfonamides, sulfones and phosphonates
with various electrophiles.[6–9]

Unfortunately, a common drawback of all of these re-
agents is the lack of chirality, which prevents a successful
application in asymmetric reactions. If such a dilithiome-
thane derivative bears a chiral auxiliary adjacent to its gem-
inal dilithiated carbon atom, the two positions of the li-
thium atoms become nonequivalent because they are in a
diastereotopic environment. We have chosen the sulfoxim-
ine group, the aza analogue of a sulfone, as a chiral auxili-
ary, which should allow the twofold abstraction of acidic
hydrogen s bound to the adjacent carbon atom in 5.[10]

Phosphorus based chiral auxiliaries, which already have
demonstrated a great versatility in asymmetric synthesis,
have also to be taken in account.[11]

One would expect that the reactivity of each geminal
bound lithium atom towards electrophiles differs, and
might be used for synthetic purposes in asymmetric reac-
tions. Transmetallation with one equivalent of a transition
metal compound leads to mixed organodimetallics that are
less reactive. This opens the possibility of directing the
chemo-, regio-, and stereoselectivity by the appropriate cho-
ice of the second metal, which could induce better ste-
reocontrol. Indeed, previous reports on an achiral sulfone
7 demonstrated that such doubly heterometallated lithium-
titanium sulfones undergo highly diastereoselective addition
to aldehydes forming predominantly (E)-alkenes 8 and 9.[12]

Early investigations into the reactivity of acceptor-substi-
tuted organodilithium compounds led finally to the conclu-
sion that, derived from trapping reactions, the intermediates
in general have to be geminal dilithio species. This assump-
tion turned out to be erroneous as the first structural in-
vestigations of such intermediates have shown. In certain
cases NMR and crystallographic studies led to the discov-
ery of the so called ‘‘Quasi Dianion Complexes’’ (QUAD-
AC’s), which simulate a second lithiation, but in chemical
reality these are complexes between a monolithium com-
pound and a second equivalent of a lithium base as found,
for instance, for a ‘‘doubly’’ lithiated nitrile.[13] True dilithio-
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methane derivatives derived from a sulfone or nitrile are
formed only in the presence of a second stabilising group
such as trimethylsilyl or vinyl.[14–16] As a consequence, the
demand for a structural confirmation of a chiral dilithiome-
thane derivative has yet to be fulfilled before its synthetic
properties can be explored. Recent developments in low
temperature diffraction and crystallisation techniques make
X-ray crystallography the most powerful instrument for the
structure determination of organolithiums.[17] We took ad-
vantage of this and started our investigations on the elu-
cidation of the solid-state structures of mono- and di-
lithiated sulfoximines in combination with quantum chem-
ical calculations, which have been shown to be the method
of choice for the determination of the gas phase structures
of lithiumorganic compounds.[18]

2. Solid State Structures

2.1 Monolithiated Sulfoximines

Despite their significance in asymmetric synthesis, the
structures of monolithiated sulfoximines had not been
extensively examined at the time we initiated our studies.

Only two crystal structures of lithiated alkyl sulfoximines
10a, b were known and have already been reviewed by
Boche in 1989.[19–21] A striking feature in both tetrameric
(!) aggregates is the presence of Li–C bonds to the C(α)
atom, which are in strong contrast to the typical structures
of lithiosulfones, known not to contain any Li–C bonds. It
later turned out that in the case of lithiated allylic sulfoxim-
ines close similarities to lithiated allylic sulfones are present.
A structural study by Gais and co-workers provided evid-
ence for a solvent-separated contact ion pair of 10c, which
is devoid of Li–C contacts.[22] The monomeric species 10c
consists of a [Li(12-crown-4)2] cation and a sulfonimidoyl-
substituted allylic anion. The conformation of the lone pair
in 10c suggests a stabilising nC-s*S–Ph interaction (negative
hyperconjugation) reminiscent of lithiosulfones.[23] Depro-
tonation induced a planarization of the anionic carbon
atom and a pronounced reduction of the S–C(α) bond from
1.794(4) to 1.62(1) Å (Figure 1).

The X-ray structure of a lithiated allylic sulfoximine de-
termined by our group uncovered different structural fea-
tures.[24] In 10d, two lithioallylsulfoximine units with oppos-
ite chirality are linked by N–Li–O bridges to give an eight-
membered ring with the atom sequence (Li–N–S–O)2 (Fig-
ure 2). Such a coordination is in good agreement with ana-
logous arrangements in lithiosulfones.[21,25] In dimer 10d the
lithium cations are in a distorted tetrahedral environment
consisting of the O atoms of two THF molecules and the
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Figure 1. Molecular structure of 10c; H atoms are omitted for clarity

Figure 2. Molecular structure of 10d; All H atoms, the C atoms of
the phenyl groups (except the ipso-C’s) and of the THF ligands are
omitted for clarity

sulfoximine O- and N-atoms. The Li–C bond found in li-
thioalkylsulfoximines is absent.[19,20] The stabilisation of the
negative charge at the C(α) atom by conjugation with the
allylic system is more favourable than forming a Li–C bond.
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Interestingly, the C(α) atom is pyramidal in spite of the
conjugation with the vinyl group and the lone pair at C(α)
is orientated in a gauche conformation between the O- and
N-atoms of the sulfonimidoyl moiety. This allows a stabilis-
ation by negative hyperconjugation.[23] Deprotonation of
10d is accompanied by a reduction in the S–C(α) bond
length of about 0.11 Å, which corresponds to the situation
in 10c. After lithiation only one of the two possible diastere-
omeric enantiomer pairs has been found in the crystal.

For a benzylic sulfoximine, lithiation leads to dimer 10e
with N–Li–O bridges to give an eight-membered ring with
the atom sequence (Li–N–S–O)2 as in 10d.[26] The lithium
cations are in a distorted tetrahedral coordination geometry
consisting of the N atoms of two TMEDA molecules and
the sulfoximine O- and N-atoms. No Li–C bond is found.

The lone pair at C(α) is orientated in a gauche conforma-
tion between the O and N atoms of the sulfonimidoyl moi-
ety as found for the allylic case. The question as to whether
C(α) is pyramidal or not could not be answered with cer-
tainty because the benzylic proton has not been located. A
significant reduction in the S–C(α) bond length from
1.783(2) Å in the starting material to 1.66(1) Å in 10e is
observed (Figure 3).

Figure 3. Molecular structure of 10e; All H atoms, the C atoms of
the phenyl groups (except the ipso-C’s) and of the methyl groups
on TMEDA are omitted for clarity

The dinuclear lithium complex 10f of a lithiated vinylic
sulfoximine is bridged through Li-sulfoximine–O bonds,
forming two eight-membered rings with the different atomic
sequences (Li–O–S–N)2 and (Li–O–S–C)2, respectively.[27]

The two halves of the molecule are related by a crystallo-
graphic centre of symmetry (Figure 4).

In this complex a Li–C contact with a distance of
2.209(6) Å leads, together with the lithium coordination to
the sulfoximine-N-atom, to an Li–N–S–C four-membered
ring chelate. In this respect, 10f differs both from lithiovin-
ylsulfones and lithioallyl(or benzyl)sulfoximines, which do
not show Li–C bonds, and from higher associated lithio-
alkylsulfoximines.[19,20,22,24,28] The tetrahedral four-coor-
dination of the lithium cation is completed by coordination
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Figure 4. Molecular structure of 10f; All H atoms, the C atoms of
the phenyl groups (except the ipso-C’s) and of the THF ligands are
omitted for clarity

to an O atom of a THF molecule. The S–C(α) bond length
is slightly shortened from 1.753(2) Å in the C–H acid to
1.734(3) Å in 10f. Compared to lithiovinylsulfones this re-
duction is small and reveals the minor stabilising abilities
of the sulfonimidoyl group.[28]

2.2 Dilithiated Sulfoximines

Achiral sulfone- or nitrile-based dilithiomethane com-
pounds have already been investigated in the solid state and
have been reviewed previously.[14,15,21] However, an attempt
to crystallise a chiral dilithiomethane derivative was first
undertaken by our group.[29] Dilithiation of 11 leads to a
mixed aggregate containing mono- and dilithiated (N-
methyl)-S-ethyl-S-phenyl-sulfoximine units in a 2:2 ratio co-
ordinated by 3 TMEDA ligands. Compound 12 crystallises
in the space group C2/c and the unit cell contains 4 of the
clusters together with 8 disordered TMEDA molecules
(Figure 5). The unit cell contains two clusters each com-
posed of two sulfoximine dianions in the (R) configuration
and two sulfoximine monoanions in the (S) configuration.
Since the lattice is centrosymmetric, there are two clusters
in which these configurations are reversed. This means that
an internal chiral resolution has taken place within the clus-
ters. The centre of the aggregate is characterised by a dis-
torted octahedral Li6–O unit due to incorporated Li2O. In
certain cases, Li2O has been observed in crystalline organo-
lithium compounds where it served as a template for crys-
tallisation.[30] The dianionic subunit in 12 is characterised
by two Li–C contacts of the ortho C atom to form five-
membered ring chelates with the heteroatoms on sulfur and
not with a geminal dilithiated structural motif. For Li(2) a
coordination to the sulfoximine-O atom, a single O atom
derived from Li2O and a C(α) atom of the neighbouring
sulfoximine monoanion is found, whereas Li(4) is coordin-
ated to a sulfoximine N atom, the oxygen of the Li2O core
and an N atom of one TMEDA ligand. For such an ortho-
directing effect only little data exist for sulfoximines in con-
trast to sulfones, which are known to be powerful ortho-
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Figure 5. Molecular structure of 12; all H atoms, the C atoms of
the phenyl groups (except the ipso-C’s) of the monolithiated sulfoxi-
mine units and of the methyl groups on TMEDA are omitted for
clarity; the thin lines serve to emphasise the geometrical relation-
ship of the Li6–O core and are not to be considered normal bonds

directing groups.[31,32] Despite being deprotonated, a Li–C
bond to the C(α) atom is not observed. This is consistent
with a substantial S–C multiple bond character, which
lowers the basic character of this carbon atom and is sup-
ported by a short S–C(α) distance of 1.62 Å (vs. 1.73 Å in
protonated sulfoximines).[22,24]

The anionic C(α) atom has a nearly planar configuration.
In the monoanionic sulfoximine moiety, a Li–C(α) contact
is observed (2.25 Å) whereas the two heteroatoms are co-
ordinated to two additional Li1 cations, an arrangement
unknown for monolithiated sulfoximines.[19,20,22,24,26,27] In
this case, the C(α) atom has a distinct pyramidal configura-
tion. The C(α)–Li bond is arranged in a gauche conforma-
tion between the N- and O-atoms of the sulfoximine moiety.
The coordination sites of the Li atom bonded to the sulfoxi-
mine–O are occupied by two nitrogen atoms of the
TMEDA ligands and the O atom of the dilithiated sulfoxi-
mine, which leads to a bridging of the mono- and dilithio
sulfoximine units. A significant shortening of the S–C(α)
bond is found (1.66 Å vs. 1.73 Å) in the monoanion, but
this is not as pronounced as for the dianionic species where
the S–C(α) bond length is 1.62 Å. This additional contrac-
tion for the dianion can be explained with the threefold and
twofold lithium coordination of the sulfoximine O- and N-
atoms, respectively.

The first true heterochiral dilithiomethane derivative was
accessible from racemic 13 with 2.5 equivalents of nBuLi
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and traces of H2O.[26] A tetrameric heterochiral aggregate
14, consisting of four dilithiated sulfoximine units and one
molecule of Li2O, which acts as a template for crystallis-
ation, was formed (Figure 6). The core of the aggregate is
characterised by a distorted Li6O-octahedron, a structural
motif that has been found to be a characteristic feature in
12 and a dilithiated sulfone.[14]

Figure 6. Molecular structure of 14; all H atoms, the C atoms of
the phenyl groups (except the ipso-C’s) and of the THF ligands are
omitted for clarity; the thin lines serve to emphasise the geometrical
relationship of the Li6–O core and are not to be considered nor-
mal bonds

Two different dilithiated C atoms are in the asymmetric
unit, each connected to two Li1 ions and therefore dis-
tinctly pyramidalized. At C(21) the two Li1 ions coordinate
to a neighbouring sulfoximine nitrogen, forming either Li–
C–S–N four-membered ring motifs, as known from mono-
lithiosulfoximines, or C–Li–N–Li–O–S six-membered rings.
They also differ in their further coordination sphere: Li(2)
shows heteroatom coordination (N,O), whereas Li(5) has
one additional C–Li bond, while bridging two different di-
metallated C atoms, and a Li–N contact. For C(1), Li(5)
is also bound to C(21), leading to a Li–C–Li–C–S–N six-
membered ring. The Li1 in the bridging position
complements its fourfold coordination by complexation to
a THF oxygen. Li(2) coordinates to the central O atom of
the Li6O core, inducing a six-membered Li–O–Li–O–S–C
ring, via the sulfoximine oxygen. The Li–C distances [range
2.19(2)–2.21(2) Å] are similar to that in the monolithiated
sulfoximine 10f. The Li–N distance within the Li–C–S–N
chelate [2.23(2) Å] is comparable to that in 10f and those
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found in previous investigations. The Li–O bond length to
the sulfoximine-O atoms are significantly longer than those
within the (Li6–O) core. A characteristic property is the ex-
tremely short S–C(α) bonds [1.61(1), and 1.64(1) Å] com-
pared to 13 [1.783(2) Å] and 10e [ca. 1.66(1) Å], which is
also typical for related sulfones,[14] phosphonates,[33] phos-
phinimines,[34] and nitriles.[15] The geminal-bound Li atoms
adopt a gauche conformation between the N- and O-atoms
of the sulfoximine moiety and between the sulfoximine-N
atom and the ipso-C atom, thus confirming sp3-hybridized
C(α) atoms.

In summary, sulfoximines are clearly able to serve as
chiral substrates for the creation of well defined chiral dili-
thio compounds. As a first rule, it seems that those mono-
lithiosulfoximines that do contain C–Li bonds form α,ο-di-
lithio salts after the second lithiation. There is no close
proximity of the carbon-bound lithium ion to the ortho pro-
tons of the phenyl group, as one might expect to find for
an ortho directing effect. We believe that ortho attack is fa-
voured because there is less steric hindrance caused by the
solvated and C(α)-bound Li1. For sulfoximines bearing an
additional stabilising substituent, such as a phenyl or vinyl
group at the C(α) atom, no C–Li bonds but rather N- and
O-sulfonimidoyl Li contacts are observed for its mono-
lithiated salts. This induces a closer proximity to the ortho
protons as in 10d, e. The positioning of the Li ions in the
dimeric scaffold in 10d, e prevents the approach of the li-
thium base to the ortho position and directs the second
lithiation to the adjacent and freely accessible C(α) atom.

2.3 Dilithiated Phosphonates

Chiral organophosphorus compounds are extraordinarily
significant as reagents in asymmetric synthesis.[35] To date,
however, phosphorus-stabilised dilithiomethane analogues
have been rarely used in synthesis, and the lack of direct
evidence led to doubt about the existence of such com-
pounds.[36] The first experimental proof for a geminal di-
lithiated phosphorus compound is represented by the li-
thium cluster 16.[33] The hexameric aggregate consists of six
dilithiated phosphonate units and two molecules of di-
methylamide. In addition, two Li1 ions are coordinated by
four TMEDA ligands in a distorted tetrahedral fashion, bal-
ancing the remaining two negative charges. The core of the
aggregate is characterised by a Li–O–Li–O four-membered
ring and contains the crystallographic inversion centre (Fig-
ure 7). Such a structural motif has been found to be an
essential feature in these kinds of monolithiated phosphon-
ate, which do not contain C–Li bonds.[37]

There are three different dilithiated C atoms in the asym-
metric unit, each connected to two Li1 ions and distinctly
pyramidalized. These geminal bound Li1 ions coordinate
in a similar fashion to a neighbouring phosphonate oxygen,
forming C–Li–O–Li four-membered ring motifs. The in-
corporation of lithium dimethylamide is due to the use of
excess nBuLi in TMEDA, which leads to the decomposition
products N,N-dimethylvinylamine and lithium dimethyl-
amide at elevated temperatures.[38] However, the excess is
essential for the formation of the aggregate because it be-
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Figure 7. Molecular structure of 16; all H atoms, the C atoms of
the methyl groups on oxygen, nitrogen and silicon are omitted for
clarity

haves as a bridge between the Li atoms. The Li–C distances
[range 2.13(1)–2.28(1) Å] can be compared with those in
monolithiated phosphonates, which have Li–C distances of
2.21–2.26 Å.[37] The Li–O distances within each C–Li–O–
Li chelate [range 1.95(1)–2.85(1) Å] are significantly longer
than those within the (Li–O)2 core [1.895(9) and 1.903(9)
Å, respectively]. A striking feature is the extremely short P–
C bond lengths [1.587(6), 1.604(5) and 1.619(6) Å] com-
pared to neutral (1.80 Å) and monolithiated phosphonates
(ca. 1.68 Å). The phosphonate oxygens adopt a gauche con-
formation between the geminal Li1 cations, clearly indicat-
ing a significant degree of pyramidalization. The founda-
tion of this aggregate seems to be the central (Li–O)2 core,
which is related to the fundamental structural unit derived
from several monolithiophosphonates. We therefore con-
clude that, after the formation of the typical four-membered
rhomboid motif, the incorporation of the second lithium
affects only the aggregation sphere outside of the (Li–O)2

core.

2.4 Dilithiated Phosphinimines

Recently, two reports on a remarkable geminal dilithiated
phosphinimine were published independently.[34a,34b] The

Eur. J. Inorg. Chem. 2000, 7892799794

symmetrical bisphosphinime 17 could easily be depro-
tonated with two equivalents of a strong lithium base to
give the dimer 18 (Figure 8).

Figure 8. Molecular structure of 18; all H atoms, the C atoms of
the phenyl groups (except the ipso-C’s) and of the methyl groups
on silicon are omitted for clarity; the thin lines serve to emphasise
the geometrical relationship of the Li atoms and are not to be con-
sidered normal bonds

In this aggregate, two dilithiated phosphinimine units are
connected in a ‘‘head-to-head’’ manner, although repulsive
interactions should be expected. This is presumably com-
pensated by the chelating properties of the imino N atoms,
which bridge two lithium atoms each. The four lithium
atoms form a square plane which is capped above and be-
low by the C(α) atoms of the P–C–P ligands, inducing a
slightly dissymmetric C2Li4 pseudo-octahedron. Such a
structural motif has already been predicted by computa-
tional investigations.[4] The coordination geometry around
the dianionic carbon atoms is most remarkable: the N–P–
C–P–N units are fairly close to planarity and adopt a per-
pendicular orientation to each other. In addition, they are
also orthogonal to the central lithium square. The coordina-
tion sphere around each lithium atom is markedly distorted
from the ideal tetrahedral geometry. The Li–C (ca. 2.38 Å)
and the Li–N distances (2.09–2.15 Å) are within the range
of related compounds.
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3. Computational Investigations

3.1 Mono- and Dilithiated Sulfoximines

Ab initio calculations have been able to determine with
considerable success the gas phase structures of achiral and
chiral oxygen-, nitrogen-, phosphorus-, and sulfur-stabil-
ized (mono)lithiocarbanions.[39–42] It was our objective to
extend these studies from chiral monolithio- to dilithiosul-
foximines and to elucidate the possible structures and
stabilities of these dilithio intermediates by classical ab in-
itio methods and Density Functional Theory (B3LYP).[24,43]

The prochiral model system (N-methyl)dimethylsulfoximine
19 was chosen for our computational investigations. Ab in-
itio calculations of the lithiated dimethylsulfoximine 20
yielded 3 different major structural minima 20a–c (Fig-
ure 9).

Figure 9. Local energy minima of 20a–c

Of these, 20a exhibits a Li–C–S–N four-membered che-
late ring; Li–O complexation and a Li–C contact are found
in 20c whereas in 20b no Li–C contact occurs. In the latter
case the sulfoximine O- and N-atoms coordinate to the li-
thium cation in an orientation reminiscent of typical lithi-
ophenylsulfones and lithioallylsulfoximines.[21,24,25] The Li–
N chelate 20a represents the structure lowest in energy but,
surprisingly, the sulfoximine O- and N-coordinated lithium
salt 20b is only 1.4 kcal/mol higher in energy, whereas the
Li–O chelation in 20c is clearly energetically disfavoured by
6.1 kcal/mol compared to 20a and 20b. Lithiation of the
dimethylsulfoximine 19 causes a number of distinctive
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structural changes in 20a–c: in 20a a lengthening of the S–
N (1.53 vs. 1.58 Å) bond is observed. Similarly the O,C
chelation in 20c lengthens the S–O bond from 1.45 to 1.51
Å while in 20b, with Li–N, O-coordination, both the S–N
and S–O bonds are lengthened. The C(α)–Li contact allows
only a small shortening of the S–C(α) bond in 20a (1.72 Å)
and 20c (1.73 Å) whereas in 20b a significant shortening of
the S–C(α) bond is observed (1.63 vs. 1.77 Å in 19). Struc-
ture 22 shows a coordination of the lithium ion to the O
and N atoms and can be interpreted as the transition state
between the structure minima 20a and 20b. The isomers 20b
and 20c are separated by the transition state 23 by 12.2
kcal/mol. In 23 an unsymmetrical tridentate bonding of the
lithium to the O, N, and C(α) atoms is found in contrast to
22 where no Li–C bonding is observed. These character-
istics suggest an interconversion mechanism of 20b to 20c

with 23 as an intermediate. Dilithiation afforded three dif-
ferent local energy minima (Structures 21a–c, Figure 10).

The isomer 21a is lowest in energy and exhibits a dili-
thiospirostructure containing two Li–N–S–C and Li–O–S–
C chelates with two different C(α) atoms. A small change
in both S–C(α) bond lengths is observed compared to the
protonated parent 19 (1.77 Å in 19 vs. 1.73 and 1.75 Å in
21a). The Li–C distances are 2.09 Å in either case. The lone
pairs at the anionic C atoms point away from one another
in the direction of each lithium atom, thus minimising the
repulsion caused by the two negative charges. Structure 21b
represents a local minimum that is only 2.7 kcal/mol higher
in energy. It is characterised by an α,α-dilithiosulfoximine
arrangement in which both lithiums are attached to the
same C(α) atom. In addition, each lithium is coordinated
to one of the two heteroatoms of the sulfonimidoyl moiety,
thereby forming (Li–N–S–C) and (Li–O–S–C) four-mem-
bered ring chelates, respectively. The S–C(α) bond is signi-
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Figure 10. Local energy minima of 21a–c

ficantly shortened after dimetallation from 1.77 Å to 1.66
Å. The lithium atom coordinating to the sulfoximine oxy-
gen yields the longer Li–C bond with 2.11 Å. In contrast,
in the N-chelate the Li–C bond is markedly shorter (2.04
Å). Both planes that are defined by the two four-membered
ring chelates form a butterfly-type structure. The lithium
atoms are in a diastereotopic environment, which are inter-
esting for synthetic purposes. The local minimum structure
21c lies 0.3 kcal/mol higher in energy than 21b. Remarkably,
in 21c one lithium is exclusively coordinated to the het-
eroatoms of the sulfoximine group whereas the other shows
a symmetrical bridging to the C(α) atoms. The twofold car-
bon coordination of the lithium is unusual, because all
other chelation modes of the lithium atoms correspond to
structural motifs that have already been calculated for
monolithiosulfoximines. The Li–C distances are elongated
to 2.23 Å in comparison to the structures 21a (2.09Å) and
21b (2.04 and 2.11Å).

A comparison of these major structural minima with the
results of MP2(full)/6-311G** calculations yielded only
marginal changes in their geometries and energies. Greater
accuracy in the determination of the relative energies may
be achieved by applying CBS-Q.[44] These results show a
reverse order in the relative stabilities: 21b becomes slightly
energetically favoured over 21c, but the difference in their
energies remains small (see Table 1).

Table 1. Relative energies [in kcal mol–1]

21a 21b 21c

MP2/6-311G**//HF/6-311G** 0.00 2.74 3.01
B3LYP/6-311G** 0.00 4.87 2.79
CBS-Q (0 K) 0.00 2.23 1.07
CBS-4 (0 K) 0.00 0.72 2.23
MP2 (full)/6-311G** 0.00 3.02 3.55

The same observation is made for B3LYP/6-311G**,
where 21b is about 2.1 kcal/mol higher in energy than
21c.[45] In conclusion, all applied methods show compound
21a as the global minimum. The isomers 21b and 21c are
in general 1–5 kcal/mol higher in energy and are fairly close
to one another.
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3.2 Gas Phase Structures of the Monolithio Sulfoximine
Anions and Lithium-Free Dianions

The successive removal of a lithium cation in 21a resulted
in two different monolithiated anions 24a– and 24b–, in
which the Li–N–S–C chelate 24a– is energetically favoured
by ca. 7 kcal/mol over the Li–O–S–C complexation in 24b–

(see Figure 11 and Table 2).

Figure 11. Structure of the monolithio anions 24a,b–, 26a,b–, 28a,b–

and the lithium-free dianions 252–, 272–, 292–

The analogous procedure was also performed with the
dilithio salt 21b. After removal of one lithium the Li–N–S–
C complexation is energetically favoured over the Li–O–S–
C coordination. The resulting monolithio intermediates
26a– and 26b– differ distinctly from the structures derived
from 21a even though the complexation energies are similar.
The unusual coordination mode of the lithium cations in
21c leads, after decomplexation of one lithium, either to an
exclusively heteroatom-N,O-coordinated monolithioanion
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Table 2. Relative energies of the resulting anions after removal of
the lithium cations [in kcal mol–1 based on MP2(full)/6-311G**//
HF/6-311G** calculations]

Geometries
Optimised Non-optimised ∆E

24a– 171.6 180.9 9.3
26a– 172.0 181.4 9.4
28a– 169.1 188.3 9.2
24b– 178.4 187.0 8.6
26b– 177.8 192.1 12.3
28b– 170.2 177.1 6.9
252– 437.6 449.4 11.8
272– 451.7 465.8 14.1
292– 439.9 447.6 7.5

28a– or to a threefold lithium-coordinated monolithioanion
28b–. The removal of the second lithium produces a naked
1,3-dianionic species 252–. The total delithiation requires
437 kcal/mol when starting from the dilithiosulfoximine
21a. The energy required for the second delithiation
amounts to 266 kcal/mol from 24a– and 259 kcal/mol from
24b–. Removal of the second lithium cation affords the α,α-
dianion 272–. The energy required for the twofold de-
lithiation of 21b amounts to 451 kcal/mol. After removal of
the second lithium ion the 1,3-dianion 292– is generated
(439 kcal/mol), which is closely related to the dianionic spe-
cies 252– with only small differences in their conformations
and energies.

4. Applications in Asymmetric Synthesis

4.1 Regio- and Diastereoselective Cyclisations with
Biselectrophiles

For the investigation into the use of a chiral dilithiated
sulfoximine in asymmetric synthesis, the generated dilithio
intermediate 12 has been trapped with various elec-
trophiles.[29] Addition of MeI afforded nearly regioselec-
tively the α,α-dimethylated S-tert-butyl-S-phenylsulfoxim-
ine 30 in high yield (85%). Such behaviour was unknown
for sulfoximines but is not unusual for sulfones, where an
α,ο-dilithiated species has also been observed that showed a
similar reactivity with alkylhalides.[46] NMR-spectroscopic
studies by Gais et al. have demonstrated that a temperature
dependent transmetallation of an α,ο- to an α,α-dilithio
species is possible.[16] Taking this into account, it becomes
reasonable to suggest a transmetallation process as a pos-
sible explanation for the observed regioselectivity with di-
lithiated 11. This means that, after the first alkylation step
in the α-position, a translithiation takes place leading fi-
nally to the α,α-dialkylated product. Performing this pro-
cedure with a biselectrophile like 1,5-diiodopentane, we ex-
pected a similar regioselectivity to the reaction with MeI,
which should lead to a ring closure in the α-position.

Indeed, a six-membered ring in 31 is formed without any
regioisomers and in high yield (81%). With 1,4-diiodobut-
ane a five-membered ring species 32 was obtained in good
yield (76%). Cyclisation reactions with shorter bridged bis-
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electrophiles showed dramatically lower yields, presumably
due to undesired side reactions. The cyclobutane derivative
33 and the cyclopropyl-sulfoximine 34 are therefore only
accessible in yields of 27% and 11%.

4.2 Addition to Prochiral Electrophiles

In contrast to the simple biselectrophiles discussed above,
cyclohexane-1,2-dione, in the presence of TMSCl, did not
undergo ring closure to a cyclopropane derivative. Instead
the α,ο-dilithio species 12 acted as a base and a nucleophile
leading, in a synergistic manner in a single reaction-step, to
the β-hydroxysulfoximine 35 in high yield (72%) and excel-
lent diastereomeric ratio (95:5). The absolute stereochem-
istry of the major isomer of 35 has been determined by X-
ray structure analysis.

Typical of β-hydroxysulfoximines is the ability to build
intramolecular hydrogen bonds to the imino nitrogen to
give a six-membered ring with a chair conformation.[47] The
methyl group on C(α) and the larger, silyloxy-containing
substituent on C(β) are oriented in a pseudo-equatorial
fashion. The reaction of the dilithiosulfoximine 12 with
ethyl chloroformate afforded, in good yield (63%), the het-
erocycle 36 as single diastereoisomer. This cyclisation must
proceed by a third deprotonation step. NOE experiments
confirm that the cis configuration of the C-methyl and N-
methyl groups is present in the five-membered heterocycle.

4.3 Transmetallation and Alkene Formation

If there are two different metals bound to the same car-
bon atom of a chiral reagent a new stereocentre might be
induced. This principle can be used for the transformation
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of chiral information, but has rarely been applied in stereo-
selective reactions.[12,48] Our approach took advantage of
the transmetallation of a geminal dilithiated sulfoximine 14
with ClTi(OiPr)3. Addition of several aldehydes to such a
titanated dilithiosulfoximine did not lead to β-hydroxysul-
foximines and, instead, only the alkenylsufoximines 37–39
were formed. The reactions proceed in a highly diastereose-
lective fashion leading predominantly to the (E)-alkenes.

5. Conclusion

The first heterochiral dilithiomethane derivative 14 was
structurally confirmed by X-ray analysis. A comparison
with its monolithiated precursor 10e revealed a dimer de-
void of Li–C contacts. In our opinion, the free accessibility
to the anionic C(α) atom in 10e is responsible for the gemi-
nal dilithiation. This is not the case for lithiosulfoximines
that form C–Li bonds, as can be seen in lithiated alkyl- or
alkenyl-substituted sulfoximines 10a,b,f. The second
metallation leads to an α,ο-dilithiosulfoximine. The struc-
tures of achiral phosphorus-stabilised geminal dilithio salts
have only very recently been confirmed. Since chiral modi-
fications of such compounds are easy to perform, one might
expect to use the derived dilithio salts in asymmetric syn-
thesis. The X-ray crystallographic studies on mono- and di-
lithiated sulfoximines were complemented by quantum
chemical calculations on the lithiated (N-methyl)dimethyl-
sulfoximine 19. Three different major energy minima were
obtained with the lithium-N,C-chelate 20a and the sulfoxi-
mine-N,O-coordinated lithium salt 20b representing the
most stable isomers. In contrast, lithium-O,C-coordination
in 20c is energetically disfavoured, so that N,C- and N,O-
coordination should be preferred to O,C-coordination.
Three equilibrium structures for the dilithiated N,S,S-trime-
thylsulfoximine system were also found, with the dilithio-
spiro structure 21a representing the most stable isomer.
Only ca. 1–5 kcal/mol higher in energy were the α,α-
dilithiosulfoximine 21b and the isomer 21c, which have het-
eroatom contacts to one lithium while the second lithium is
associated with both anionic carbon atoms. In conclusion,
these results have some important implications for asym-
metric synthesis: because reactions with achiral dilithio salts
are already meaningful in synthetic sequences one can ima-
gine further synthetic approaches with chiral dilithio com-
pounds derived from the discussed dilithiosulfoximine inter-
mediates 21a or 21b. The first multiple stereoselective C–C
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bond formations with prochiral biselectrophiles have been
applied in cyclisation reactions and have led to a new and
powerful methodology for the synthesis of new carbo- and
heterocycles. The reaction of the dilithiated sulfoximine 11
with cyclohexane-1,2-dione afforded a β-hydroxysulfoxim-
ine with high stereocontrol. Transmetallation of 14 with
ClTi(OiPr)3 followed by addition of an aldehyde allowed
the highly diastereoselective synthesis of (E)-alkenylsulfox-
imines. This new methodology works for the single-step
formation of multiple C–C bonds under high regio- and
diastereocontrol. Our further studies will focus on this
novel concept to create chiral mixed organodimetallics and
to apply these compounds in asymmetric synthesis.
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