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Structural Diversity in Lewis-Base Complexes of Lithium Triflamide
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Complexation of the salt lithium triflamide [LiNTf2; NTf2 =
N(SO2CF3)2], with a range of nitrogen donor ligands results
in the formation of a series of coordination complexes
[(Tf2N)Li·N(H)PPh2Me] (1), [(Tf2N)Li·N(H)PPh3] (2),
[(Tf2N)Li·TMEDA] (3), [(Tf2N)Li·PMDTEA] (4) and [(Bz-TAC)2-
Li][NTf2] (5). The molecular structures of 1, 3, 4 and 5 have
been determined by single-crystal X-ray diffraction. The re-
sulting solvated structures are discussed in terms of solvent-
separated ion pairs, contact ion pairs and higher aggregates,

Introduction

The structural chemistry of organolithium compounds
has attracted significant and sustained interest, primarily
because of their extensive use as reagents in synthetic chem-
istry and the perceived close relationship between structure
and reactivity.[1�6] Principles such as ring stacking and lad-
dering[2,3] have been developed to explain the structural
types of organolithiums that are found in the gas phase,[4]

the solid state[5] and in solution.[6] Furthermore, these struc-
tures have been useful in accounting for the observed reac-
tivity of even quite complex systems.[6] In contrast, the sys-
tematic study of simple inorganic lithium salts has attracted
considerably less attention. The development of ‘‘in situ’’
synthetic routes (in particular the so-called ‘‘ammonium
salt route’’)[7] has provided facile and high yielding method-
ologies for the controlled synthesis of hydrocarbon-soluble
molecular complexes of inorganic lithium salts. However,
these methodologies have yet to be fully exploited in terms
of providing well-defined materials with specific reactivities
and/or material properties.

Two areas of research that may benefit from systematic
structural studies of inorganic lithium salts are polymer
electrolytes[8] and Lewis acid-mediated organic synthesis.[1,9]

Both of these areas utilise inorganic lithium salts containing
weakly coordinating anions, such as LiPF6, LiClO4, LiBF4

and LiAsF6.

[a] Department of Chemistry, University of Bath,
Claverton Down, Bath. BA2 7AY, UK
Fax: (internat.) �44-(0)1225/826-231
E-mail: M.G.Davidson@Bath.ac.uk
P.R.Raithby@Bath.ac.uk

Eur. J. Inorg. Chem. 2003, 3445�3452 DOI: 10.1002/ejic.200300372  2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 3445

with the degree of aggregation and ion contact being de-
pendent on the relative coordinating abilities and steric de-
mands of the donor ligand and the anion, and provide an
insight into the possible structures of lithium aggregates pre-
sent in complex systems such as polymer electrolytes and
synthetic reaction media.

( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

In order to understand more fully the role of these
weakly coordinated lithium salts in complex environments
(such as in homogeneous liquid-phase reactions or a coord-
inating polymer electrolyte) it is useful to investigate sys-
tems in the solid state in which we can more easily and
unambiguously assign the coordination geometry about the
lithium ion and extrapolate these studies to ‘‘real’’ systems.

Of late, studies in these areas have begun to focus on salts
that incorporate much more stable, larger and more weakly
coordinating anions such as CF3SO3

� (OTf�, triflate),
[N(SO2CF3)2]� (NTf2

�, triflamide), [HC(SO2CF3)2]� and
[C(SO2CF3)3]�, all of which show remarkable chemical and
electrochemical stability, and provide alternatives to poten-
tially dangerous salts such as LiClO4.

In this context, we report herein a systematic study of
the coordination chemistry of lithium triflamide. Although
structural studies of the parent salt, LiNTf2,[10] and its hy-
drate, LiNTf2·H2O,[11] have been performed, this work rep-
resents the first systematic structural study of LiNTf2 in the
presence of a range of nitrogen-donor ligands, with the aim
of investigating the extent and range of anion binding
within these systems and their more general structural di-
versity.

Results and Discussion

In order to study the coordination chemistry between
LiNTf2 and donor ligand systems, and the extent of anion-
cation contact in the presence of strongly competing donor
ligands, we first chose specific donor ligands that could pro-
vide a varied number of coordination environments from
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mono- to polydentate in order to mimic the possible coordi-
nation environments in systems such as conducting polymer
electrolytes. The nitrogen-based ligands, selected on the
basis of their synthetic utility and availability, are shown be-
low.

All lithium complexes 1�5 were initially synthesised
using the ‘‘ammonium-salt route’’,[7] in which ammonium
triflamide, [NH4][NTf2], and the ligand are combined in
toluene and a stoichiometric amount of n-butyllithium is
added. The ammonium triflamide was prepared by passing
ammonia gas through a toluene solution of the parent acid,
Tf2NH (see Exp. Sect.).

In some scenarios, the ‘‘ammonium-salt route’’ is the
only rigorous method of synthesis for complexes of lithium
salts, e.g. halides.[7] However, direct methods, whereby solid
salts are treated with the Lewis base (donor ligand), either
neat or in hydrocarbon solution, can be applied to more
soluble lithium salts, such as lithium triflamide. Both direct
and in situ methods of lithium complex preparation were
employed in our investigation in order to reveal any differ-
ences between the products formed by the two methods, i.e.
stoichiometries, different ligand coordination modes, differ-
ent polymorphs, etc.

Our investigation has shown that for the compounds dis-
cussed here, both methodologies (Scheme 1) are equally ef-
fective, and for comparable experiments, the products were
found to be identical by multinuclear NMR spectroscopy,
elemental analysis, melting point analysis and unit cell de-
termination.

In solution, 1H, 13C, 19F and 31P NMR experiments per-
formed on complexes 1�5 indicate that, in all cases, on the
NMR timescale, the lithium ion appears to remain coordi-

Scheme 1
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nated to the nitrogen donor ligand in solution, as indicated
by the moderate change in 1H and 13C NMR chemical shift
between free and ligated nitrogen-donor ligand. As with the
closely related triflate anions [OTf]�, 19F NMR experi-
ments on 1�5 provide little information about the coordi-
nation state of the triflamide anion, [NTf2]�, in the solu-
tion state.[12]

Compound 1 was found to have the empirical formula
[(Tf2N)Li·N(H)PPh2Me]. Crystallisation of the complex
from hot toluene resulted in the formation of colourless
crystals. Single crystal X-ray diffraction experiments reveal
the asymmetric unit cell of 1 to consist of a central lithium
cation coordinated by both the nitrogen atom of the imino-
phosphorane ligand and one oxygen atom of the triflamide

Figure 1. Molecular structure of (1), highlighting the weak
N···H�C hydrogen bonding interaction between the C�H of a im-
inophosphorane bound phenyl group and the central nitrogen atom
of the triflamide anion; CF3 groups on the triflamide anion and
the iminophosphorane ligand are shown as wire frames and hydro-
gen atoms omitted for clarity; symmetry transformations used to
generate equivalent atoms: (�x, �y �1, �z �2), (x � 1, y, z)
and (x � 1, y, z); selected bond lengths (Å): Li(1)�N(1) 2.036(13),
Li(1)�N(1A) 2.051(12), Li(1)�O(4) 1.980(13), Li(1)�O(1A)
1.934(12), O(1)�S(1) 1.427(5), O(2)�S(1) 1.415(5), S(1)�N(2)
1.562(6), N(1)�S(2) 1.573(5), S(2)�O(3), 1.424(5), S(2)�O(4)
1.429(5), P(1)�N(1) 1.589(6), P(1)�C(15) 1.782(7), P(1)�C(1)
1.806(7), P(1)�C(7) 1.805(7), C(8)�H(8) 0.93, N(2)�H(8) 2.79,
C(8)�N(2) 3.465(9), C(9)�H(9) 0.93, N(2)�H(9) 2.96, C(9)�N(2)
3.541(9); selected bond angles (°): Li(1)�N(1)�Li(1A) 80.6(5),
N(1)�Li(1)�N(1A) 99.4(5), O(4)�Li(1)�O(1A) 119.2(6),
S(1)�N(2)�S(2) 127.5(3), C(15)�P(1)�N(1) 109.7(3)
C(8)�H(8)�N(2) 130.7, C(9)�H(9)�N(2) 122.3
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Figure 2. View of the polymeric chain in 1

anion. Crystallographic symmetry renders the asymmetric
unit part of an infinite polymeric chain, in which each lith-
ium triflamide unit forms one half of a twelve-membered
ring system (Figure 1). Each twelve-membered ring is sub-
sequently linked by lithium-bridging iminophosphorane
groups to propagate the polymeric chain through alternate,
and approximately orthogonal, corner-sharing twelve-mem-
bered and four-membered rings (Figure 2).

Searches of the literature and the Cambridge Structural
Database reveal this twelve-membered ring system to be un-
ique in terms of both its composition and as a bonding
mode for the triflamide anion.[13] The CF3 groups of each
NTf2

� anion within the dimer are found to be mutually
cisoid with respect to the twelve-membered ring, whereas
those of different anions are mutually transoid. This unex-
pected conformation allows a close approach between one
of the iminophosphorane-based phenyl groups and the lone
pair of the central nitrogen atom of the triflamide anion,
facilitating the formation of two C�H···N···H�C hydrogen
bonds [C(8)···N(2): 3.464(9) Å; H(8)···N(2): 2.77 Å;
C(8)�H(8)···N(2): 130.3°; and C(9)···N(2): 3.540(9) Å;
H(9)···N(2): 2.94 Å; C(9)�H(9)···N(2), 122.0°; Figure 1].[14]

Neutral iminophosphorane ligands, which are isoelec-
tronic with phosphane oxides,[15] have been observed pre-
viously as ligands to s-block metals.[15,16] The iminophos-
phorane P�N bond length [P(1)�N(1): 1.589(6) Å] is little
changed on coordination to Li from that of the parent li-
gand,[17] [P�N: 1.563(4)], and in the solid state the ligands
are arranged trans to each other across the [Li2N2] core.
Whilst the Li�N bond lengths in 1 [Li(1)�N(1): 2.036(13)
Å; Li(1)�N(1A): 2.051(12) Å] are fairly typical of Li�N
bonds in a wide range of compounds, the Li�O bonds
[Li(1)�O(1): 1.934(12) Å; Li(1)�O(4): 1.980(13) Å] are
longer than generally observed in systems containing oxy-
gen-based anions, such as lithium aryloxides,[18] and are
closer to typical bond lengths for Li···THF and Li···OEt2

contacts, implying rather weak anion-cation interactions.
The binding of triflamide to the lithium atoms via the oxy-
gen atoms, and not the nitrogen, would suggest that the
centre of electronegativity does not reside solely at the ni-
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trogen centre, and close inspection of the bond lengths and
bond angles in the triflamide anion reveals only a small
degree of asymmetry.

We believe that the preference for Li�O rather than
Li�N coordination is electronic in nature rather than steric.
This theory is supported by both the structural characteris-
ation of bulkier bis(fluorobenzylsuphonyl)imido systems,
[N(SO2C6H4F)2]�,[19] which possess M�N interactions and
the observation by others that strong electron-withdrawing
effects of the -CF3 groups result in a large degree of pπ-
dπ bonding within the N�S backbone, resulting in charge
delocalisation over the whole of the anion.[20,21]

Compound 2, [(Tf2N)Li·N(H)PPh3]n, was prepared in an
identical manner to 1 using triphenyliminophosphorane as
the nitrogen donor ligand. Characterisation by multinuclear
NMR spectroscopy and elemental analysis showed 2 to
have the empirical formula [(Tf2N)Li·N(H)PPh3]. Single-
crystal X-ray diffraction studies were not undertaken on 2,
but the complex is assumed to be isostructural with the
methyldiphenyliminophosphorane complex 1.

In order to examine further the coordination chemistry
of the triflamide anion we reasoned that addition of a bi-
dentate N-donor ligand would enable us to isolate and
characterise a single dimeric [Li2(NTf2)2] twelve-membered
ring system. Indeed, reaction of TMEDA with LiNTf2 in
toluene (or reaction of [NH4][NTf2] with nBuLi in the pres-
ence of TMEDA) results in the isolation of the complex 3,
which has been shown by X-ray diffraction studies to be
a discrete dimeric lithium species, [(Tf2N)Li·TMEDA]2, as
predicted (Figure 3).

The asymmetric unit of 3 contains half of the dimer, the
second half being generated by a crystallographic centre of
symmetry that lies at the centre of the twelve-membered
[Li2(NTf2)2] ring such that the two lithium centres are
bridged by two triflamide ligands as in 1. However, unlike
in 1, distortion of the twelve-membered ring results in in-
creased cation-anion contact, such that a secondary coordi-
nation of the triflamide ligand results, and the geometry
about each lithium ion in 3 is pseudo-trigonal bipyramidal
rather than the pseudo-tetrahedral geometry observed in 1.
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Figure 3. Molecular structure of 3; symmetry transformations used
to generate equivalent atoms: (�x, �y, �z); CF3 groups and the
TMEDA ligands are shown as wire frames and hydrogen atoms
omitted for clarity; selected bond lengths (Å): Li(1)�N(1) 2.077(3),
Li(1)�N(2) 2.175(3), Li(1)�O(1) 2.070(3), Li(1)�O(3A) 2.008(3),
Li(1)�O(4) 2.230(3), O(1)�S(1) 1.4382(13), S(2)�O(3) 1.4332(12),
S(2)�O(4) 1.4326(13), S(1)�N(3) 1.5779(15), S(2)�N(3)
1.5628(15); selected bond angles (°): N(1)�Li(1)�N(2) 86.63(12),
O(1)�Li(1)�O(4) 79.66(12) O(1)�Li(1)�O(3A) 126.33(16),
O(1)�Li(1)�N(1) 118.71(16), O(3A)�Li(1)�N(1) 113.68(15),
N(2)�Li(1)�O(4) 175.53(17), S(1)�N(3)�S(2) 124.74(10)

The nitrogen atoms of the TMEDA ligand occupy equa-
torial and axial positions [Li(1)�N(1): 2.077(3) Å;
Li(1)�N(2): 2.175(3) Å], with the axial Li�N bond being
the longer. Each lithium centre within the dimer is also co-
ordinated by two oxygen atoms of separate triflamide
anions, creating the twelve-membered ring. These oxygen
atoms occupy equatorial positions about the lithium ion
[Li(1)�O(1): 2.007(3) Å; Li(1)�O(3A): 2.008(3) Å], leaving
the axial position available for secondary coordination by
an oxygen atom from one of the two bound triflamide
anions. This axial Li�O distance [Li(1)�O(4): 2.230(3) Å]
is significantly longer than any of the other interactions
with lithium, implying a significantly weaker ligation com-
pared to other Li�O contacts. These observations are in
contrast to the related complex [(Tf2N)Li·DME]� [22]

(DME � dimethoxyethane) in which the central lithium
possesses a five-coordinate square-based pyramidal ge-
ometry with both the DME ligand and triflamide anion
coordinating in an η2-fashion to the lithium ion. The fifth
coordination about the lithium ion site is filled by a long
Li�O interaction from a neighbouring η2-bound triflamide
ligand. This bonding motif continues throughout the com-
plex forming a polymeric chain of [(Tf2N)Li·DME] units.[22]

In contrast to 1 the central nitrogen atom of the triflam-
ide anion does not participate in any hydrogen bonding in
the absence of suitable acidic C�H donor groups, and it is
unclear whether the change in NTf2

� coordination mode
between 1 and 3 is a result of the lack of suitable hydrogen-
bonding interactions or due to the steric differences in the
N-donor ligands. The different conformations of the twelve-
membered rings found in 1 and 3 are highlighted in Fig-
ure 4.
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Figure 4. Structure of the central twelve-membered rings found in
1 (A) and 3 (B)

On changing the nitrogen donor ligand from bidentate
TMEDA to the tridentate ligand PMDETA (pentamethyl-
diethylenetriamine), the aggregation state of the lithium tri-
flamide is further reduced with the formation of a mono-
meric complex [(Tf2N)Li·PMDETA] (4). The central lith-
ium cation in this monomeric species possesses a five-coor-
dinate pseudo-trigonal bipyramidal geometry as in 3 with
the PMDETA ligand and the triflamide anion bound to the
lithium centre in a tridentate and bidentate fashion, respec-
tively. The molecular structure of 4 is shown in Figure 5.

Figure 5. Molecular structure of 4 highlighting the coordination
geometry about the central lithium ion; hydrogen atoms have been
omitted and selected groups (PMDETA and CF3) are shown as
wire frames for clarity; selected bond lengths (Å): Li(1)�N(1)
2.118(4), Li(1)�N(2) 2.173(4), Li(1)�N(3) 2.132(4) Li(1)�O(1)
1.997(4), Li(1)�O(3) 2.151(4), O(1)�S(1) 1.4251(17), S(2)�O(3)
1.4322(15), S(1)�N(4) 1.5705(17), S(2)�N(4) 1.5658(17); selected
bond angles (°): O(1)�L(1)�O(3) 83.84(13), N(1)�Li(1)�N(3)
123.62(17), N(1)�Li(1)�N(2) 86.23(13), N(1)�Li(1)�N(3)
84.12(13), N(1)�Li(1)�O(1) 110.06(17), O(1)�Li(1)�N(3)
125.98(17), N(2)�Li(1)�O(3) 175.04(18), S(1)�N(4)�S(2)
126.99(11)

The distortion away from an ideal trigonal bipyramidal
geometry in 4 is manifest in the axial-equatorial bond
angles and is presumably the result of constrained bite
angles within the PMDETA ligand and the triflamide anion
[N(1)�Li(1)�N(2): 86.32(13)°; N(2)�Li(1)�N(3):
84.12(13)°; O(1)�Li(1)�O(3): 83.84(13)°]. However the
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O�Li�N angle is close to linear [N(2)�Li(1)�O(3):
175.04(18)°].

The PMDETA ligand binds to the lithium in a facial con-
figuration, with three Li�N contacts, two of which corre-
spond to the outer nitrogen atoms [Li(1)�N(1): 2.118(4) Å;
Li(1)�N(3): 2.132(4) Å] and lie in the equatorial plane of
the trigonal bipyramid. The third nitrogen atom, which is
the central nitrogen of the PMDETA ligand, occupies an
axial position with a comparatively longer Li�N contact
[Li(1)�N(2): 2.173(4) Å]. The triflamide anion, which binds
to the lithium in an η2-fashion [Li(1)�O(1): 1.997(4) Å;
Li(1)�O(3): 2.151(4) Å] fills the remaining two coordi-
nation sites about the lithium ion, with the longer of the
two Li�O contacts in the axial position. In the absence of
any further intra- or intermolecular bonding the CF3

groups of the triflamide anion maintain the cis- confor-
mation observed in 1.

It is noteworthy when considering the conceptual deag-
gregation of a dimeric complex containing a bidentate do-
nor ligand, such as 3, to a monomeric complex containing
a tridentate donor ligand, such as 4, that it is the short
Li�O bond [Li(1)�O(3A) in 3] that generates the dimer
that is replaced rather than the longer (secondary) Li�O
interaction [Li(1)�O(4) in 3].

Finally, we wished to investigate the effect of variation in
the nature of the tridentate donor ligand by synthesising
complexes of N-tribenzyltriazocyclohexane (Bz-TAC). Al-
though both PMDETA and Bz-TAC contain three donor
atoms we expected the more compact ligand set of Bz-TAC
relative to PMDETA to influence the nature of NTf2

� co-
ordination to the lithium ion.[23]

Attempted synthesis of the Bz-TAC analogues of 4, using
the direct addition of ligand to LiNTf2 in toluene, were un-
successful, with all stoichiometries of starting materials re-
sulting in the isolation of the ion-separated bis-ligand com-
plex [(Bz-TAC)2Li][NTf2], (5), in which each lithium ion is
coordinated by two TAC ligands.

Complex 5 was characterised by single-crystal X-ray dif-
fraction (Figure 6). The asymmetric unit cell contains two
independent half [η3-(Bz-TAC)2Li]� cations, with the Li
atom in each case sitting on a centre of symmetry. The
asymmetric unit is completed by one non-coordinating
NTf2

� anion. For both cations all Li�N distances are simi-
lar, spanning a small range [2.2411(15) to 2.3031(15) Å].

The six benzyl groups of the [(Bz-TAC)2Li]� cation wrap
around the central lithium ion and participate in an intri-
cate ortho-(C�H···π) arene hydrogen bonding motif, in
which each benzyl group is hydrogen bonded to its nearest
neighbour on the other Bz-TAC ligand (Figure 7). The two
ligands are thus interlocked in a paddlewheel motif about
the central lithium ion.

[(R-TAC)2Li]� cations, where R � Bz[24] or R �
Me,[24,25] have been characterised previously, although the
hydrogen-bonding network that is present in the benzyl sys-
tem has not been commented upon. The presence of two
TAC ligands around the lithium ion provides sufficient
steric protection to preclude any cation-anion interactions
in 5.
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Figure 6. Molecular structure of one of the two centrosymmetric
[Li(Bz-TAC)2]� cations and an NTf2

� anion in (5); symmetry
transformations used to generate equivalent atoms: (x, y, z), & (�x,
�y, �z); benzyl groups of the [Li(Bz-TAC)2]� cation are shown as
wire frames and hydrogen atoms omitted for clarity; selected bond
lengths (Å): Li(1)�N(1) 2.2411(15), Li(1)�N(2) 2.2602(15),
Li(1)�N(3) 2.2471(16), S(1)�N(7) 1.5731(17), S(2)�N(7)
1.5736(18), S(1)�O(1) 1.4259(16), S(1)�O(2) 1.4239(15),
S(2)�O(3) 1.4286(15), S(2)�O(4) 1.4223(15); selected bond angles
(°): N(1)�Li(1)�N(2) 63.64(6), N(1)�Li(1)�N(3) 63.53(6),
N(2)�Li(1)�N(3) 63.06(6), S(1)�N(7)�S(2) 125.41(11)

Figure 7. Diagram highlighting the C�H···π arene hydrogen-bond-
ing network within one of the two centrosymmetric cations in 5;
hydrogen atoms not involved in the hydrogen-bonding network
omitted for clarity; C�(H)···X distances (where X � centroid of
the relevant aryl ring) (Å): C(17)�X 3.802, C(23)�X 3.956,
C(33)�X 3.593; selected C�(H)···X angles (°): C(17)�H(17)�X
167, C(23)�H(23)�X 155, C(33)�H(33)�X 166

Close inspection of the bond lengths and angles about
the NTf2

� anion in 5 (Figure 6), shows a remarkable simi-
larity to the coordinated anions in [(Tf2N)Li·N(H)Ph2Me],
[(Tf2N)Li·TMEDA], [(Tf2N)Li·PMDETA], and other non-
coordinated anions in complexes such as [Li(12-C-
4)2][NTf2],[26] [Li(C-2,2,2)][NTf2],[26] [Mg(H2O)6][NTf2]2,[27]

[Im][NTf2],[28] [R4N][NTf2][29] and [Me3NH][NTf2].[30]

It is noteworthy that even using the high degree of con-
trol provided by the ammonium salt route, it has not been
possible to isolate mono Bz-TAC complexes, such as [(iPr-
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Figure 8. Schematic illustration of the sequential solvation and deaggregation of lithium triflamide complexes: (a) higher aggregate
(polymeric) structures, (b) dimeric contact ion pair, (c) a contact ion pair and (d) donor ligand-separated ion pair

TAC)Li·BH4]2,[24] highlighting the high stability of the [(Bz-
TAC)2Li]� cation.

Conclusions

The single crystal structures of the four lithium triflamide
salts have been determined. The resulting solvated struc-
tures can be thought of in terms of solvent-separated ion
pairs, contact ion pairs and higher aggregates (Figure 8),
with the degree of aggregation and ion contact being depen-
dent on the relative coordinating abilities and steric de-
mands of the donor ligand and the anion. These results
provide an insight into the possible structures of lithium
aggregates present in complex systems such as polymer elec-
trolytes and synthetic reaction media.

The degree to which lithium ions will engage in intimate
contact with the triflamide anions has little effect on the
electronic structure of the anion, which remains reasonably
impassive. However, conformational changes within the
very flexible anion are observed.

The observation of ion separation in lithium triflamide
salts contrasts directly with more coordinating (less delocal-
ised) anions such as triflate, CF3SO3

�, in which contact be-
tween anion and cation persists to the extent that the coor-
dination number of the metal cation is expanded rather
than loss of contact with the anion.

Experimental Section

General Remarks: All manipulations were carried out under an at-
mosphere of dry argon using standard Schlenk and glove-box tech-
niques. Solvents were purified by conventional procedures and dis-
tilled prior to use. LiNTf2 was purchased from Aldrich and used
as received, without further purification. The ligand systems were
prepared using standard literature techniques or purchased from
Aldrich.

Solution 1H, 19F and 31P NMR experiments were performed at
ambient temperature using a Varian 400 or a Bruker Advance-300
Spectrometer. 1H NMR chemical shifts are referenced to SiMe4,
and 31P NMR shifts relative to 85% H3PO4. All chemical shifts (δ)
are in ppm and coupling constants in Hz.

[NH4][NTf2]: Ammonia gas was bubbled through an ethereal solu-
tion (50 mL) of bis(trifluoromethylsulfonyl)amine (Tf2NH;
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10 mmol, 2.8 g) for 10 min. The solvent was then allowed to evap-
orate at room temperature, yielding a white crystalline material
which was isolated and washed with hexane (3 � 5 mL). Yield:
2.9 g (98%). Colourless blocks. C2H4F6N2O4S2 (298.2): calcd. C
8.1, H 1.4, N 9.4; found C 8.1, H 1.3, N 9.9.

The lithium complexes 1�5 were prepared using standard pro-
cedures for both the direct and in situ synthesis, examples of both
procedures are given below.

[(Tf2N)Li·N(H)Ph2Me] (1). (in situ Method): Methyldiphenylim-
inophosphorane (0.22 g, 1 mmol) was added to a suspension of am-
monium trifluoromethanesulfonimide (0.30 g, 1 mmol) in 5 mL of
toluene. The mixture was stirred for 20 min at room temperature,
and then cooled to �78 °C. One mole-equivalent of nBuLi
(0.63 mL, 1.6 ) was then added to the cooled suspension. Warm-
ing to room temperature caused the solution to undergo several
colour changes, and a fine colourless precipitate to be deposited on
the walls of the vessel. The precipitate was re-dissolved by heating,
and the solution was left to cool to room temperature to yield a
crop of crystals, which where isolated by filtration and washed with
5 mL of cold hexane and dried in vacuo. Yield: 0.30 g (60%).
Colourless blocks. Mp: 120�122 °C. C15H14F6LiN2O4P1S2 (502.3):
calcd. C 35.9, H 2.8, N 5.6; found C 36.2, H 3.2, N 4.9. 1H NMR
(400 MHz, 23 °C, C6D6): δ � 1.11 (s, 1 H, NH), 1.45 (d, 2JP,H �

13.3 Hz, 3 H, P�CH3), 6.8�7.0 (m, 6 H, m- & p- aromatic CH),
7.1�7.3 (m, 4 H, o-aromatic CH) ppm. 19F NMR (376 MHz, 23
°C, C6D6): δ � �79.9 (s, CF3) ppm. 31P NMR (162 MHz, 23 °C,
C6D6): δ � 33.7 (s, Ph2MePNH) ppm.
(Direct Method): A toluene solution (2 mL) of methyldiphenylim-
inophosphorane (0.22 g, 1 mmol) was added to a sample of N-lithi-
otrifluoromethanesulfonimide (0.29 g, 1 mmol) in 2 mL of toluene.
The reaction was stirred for 1 h under an argon atmosphere and a
further 3 mL of toluene was added. The mixture was then heated
to reflux, to aid dissolution, and the solution left to crystallise at
room temperature to yield a crop of crystals suitable for X-ray
analysis, which where isolated by filtration and washed with 5 mL
of cold hexane and dried in vacuo. Yield: 0.36 g (71%). Analysis
showed the product to be identical to that prepared by the in situ
method.

[(Tf2N)Li·N(H)PPh3] (2): Triphenyliminophosphorane (0.28 g,
1 mmol). in situ method: yield 0.30 g (60%); direct method: yield
0.37 g (73%). Colourless blocks. Mp: 85�87 °C. C20H16F6Li1N2-
O4P1S2 (564.4): calcd. C 42.5, H 2.9, N 5.0; found C 43.2, H 3.34,
N 4.8. 1H NMR (400 MHz, 23 °C, C6D6): δ � 1.35 (s, 1 H, NH),
7.0�7.2 (m, 9 H, m- & p- aromatic CH), 7.4�7.6 (m, 6 H, o-aro-
matic CH) ppm. 19F NMR (376 MHz, 23 °C, C6D6): δ � �79.7
(s, CF3) ppm. 31P NMR (162 MHz, 23 °C, C6D6): δ � 33.0 (s,
Ph3PNH) ppm.
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Table 1. Crystallographic data for [NH4][NTf2] and compounds 1, 3, 4 and 5

Compound [NH4][NTf2] [(Tf2N)Li·N(H)PPh2Me] (1) [(Tf2N)Li·TMEDA] (3) [(Tf2N)Li·PMDETA] (4) [(Bz-TAC)2Li][NTf2] (5)

Formula C2H4F6N2O4S2 C15H14F6LiN2O4PS2 C16H32F12Li2N6O8S4 C11H23F6LiN4O4S2 C50H54F6LiN7O4S2

Molecular weight 298.19 502.31 806.64 460.39 1002.06
T (K) 150(2) 150(2) 150(2) 150(2) 150(2)
Crystal system Orthorhombic Triclinic Triclinic Orthorhombic Triclinic
Space group Pnba P1̄ P1̄ Pcab P1̄
a (Å) 13.0150(2) 8.988(4) 8.9560(2) 13.48100(10) 11.2890(2)
b (Å) 13.8460(2) 11.094(4) 9.6970(2) 16.4720(2) 11.6820(2)
c (Å) 22.1410(3) 11.858(5) 10.7950(3) 18.3100(2) 21.1100(5)
α (°) 67.90(3) 81.4230(10) 97.5620(10)
β (°) 77.14(2) 75.6930(10) 97.1280(10)
γ (°) 69.02(2) 70.9400(10) 111.8580(10)
U (Å3) 3989.93(10) 1017.6(7) 856.23(4) 4065.90(7) 2515.60(9)
Z 16 2 1 8 2
Dc (g cm�3) 1.986 1.639 1.564 1.504 1.323
µ (mm�1) 0.629 0.420 0.389 0.339 0.179
F(000) 2368 508 412 1904 1048
Crystal size (mm) 0.32 � 0.20 � 0.10 0.20 � 0.10 � 0.10 0.25 � 0.15 � 0.13 0.13 � 0.10 � 0.08 0.38 � 0.25 � 0.25
Theta range (°) 3.81 to 25.57 3.66 to 24.28 3.77 to 27.47 3.75 to 27.50 3.78 to 27.47.
Reflections collected 39131 4004 12900 73535 39239
Independent reflections 3705 [R(int) � 0.0532] 2864 [R(int) � 0.0448] 3903 [R(int) � 0.0492] 4657 [R(int) � 0.0828] 11382 [R(int) � 0.0866]
Reflections [I � 2σ(I)] 3096 2221 3328 3748 6163
Data/restraints/parameters 3705/0/322 2864/0/286 3903/0/222 4657/0/259 11382/0/635
Goodness-of-fit on F2 1.056 1.132 1.041 1.034 0.967
Final R1, wR2 [I � 2σ(I)] 0.0329, 0.0770 0.0852, 0.1851 0.0395, 0.1005 0.0427, 0.1032 0.0536, 0.1037
Final R1, wR2 (all data) 0.0425, 0.0828 0.1124, 0.2010 0.0475, 0.1066 0.0583, 0.1125 0.1272, 0.1250
Max, min diff. (e·Å�3) 0.444, �0.395 0.394, �0.406 0.564, �0.390 0.604, �0.491 0.325, �0.500

[(Tf2N)Li·TMEDA] (3): N,N,N�,N�-Tetramethylethylenediamine
(0.15 mL, 0.12 g, 1 mmol); in situ method: yield 0.28 g (69%); direct
method: yield 0.4 g (85%). Colourless blocks. Mp: 110�112 °C.
C8H16F6Li1N3O4S2 (403.3): calcd. C 23.8, H 4.0, N 10.4, Found:
calcd. C 23.6, H 4.0, N 10.9. 1H NMR (400 MHz, 23 °C, C6D6):
δ � 1.8 (br. s, 4 H, NCH2CH2N), 1.9 (br. s, 12 H, N�CH3) ppm.
19F NMR (376 MHz, 23 °C, C6D6): δ � �80.0 (s, CF3) ppm.

[(Tf2N)Li·PMDETA] (4): N,N,N�,N��,N��-Pentamethyldiethyl-
enetriamine (0.20 mL, 0.17 g, 1 mmol); in situ method: yield 0.34 g
(74%); direct method: yield 0.38 g (83%). Colourless blocks. Mp:
122�123.5 °C. C11H23F6LiN4O4S2 (460.4): calcd. C 28.7, H 5.0, N
12.2; found C 28.8, H 5.1, N 12.3. 1H NMR (400 MHz, 23 °C,
C6D6): δ � 2.19 (s, 12 H, NMe2), 2.23 (s, 3 H, NMe), 2.28�2.56
[br. m, 8 H, (Me2NCH2CH2)NMe] ppm. 19F NMR (376 MHz, 23
°C, C6D6): δ � �78.9 (s, CF3) ppm.

[(Bz-TAC)2Li][NTf2](5): N-tribenzyltriazocyclohexane (0.36 g,
1 mmol); in situ method: yield 0.36 g (36% with respect to Li); direct
method: yield 0.48 g (48% with respect to Li). Colourless blocks. Mp:
141�143 °C. C50H54F6Li1N7O4S2 (1002.1): calcd. C 59.9, H 5.4, N
9.8; found C 59.9, H 5.6, N 9.8. 1H NMR (400 MHz, 23 °C, CDCl3):
δ � 3.32 (br. s, 12 H, N�CH2-N), 3.46 (br. s, 12 H, N�CH2-Ph),
7.1�7.4 (br. m, 30 H, aromatic-CH) ppm. 19F NMR (376 MHz, 23
°C, CDCl3): δ � �78.8 (s, CF3) ppm.

X-ray Crystallographic Study: Suitable single crystals of [NH4][NTf2]
and compounds 1, 3, 4 and 5 were mounted on glass fibres using
perfluoroether oil. Data collections were carried out on an Enraf
Nonius Kappa CCD diffractometer, equipped with a Oxford Cryo-
systems cooling device, and graphite-monochromated Mo-Kα radi-
ation (λ � 0.71069 Å). Data were corrected for Lorentz and polaris-
ation effects and for absorption. The structures were solved by direct
methods, and refined using full-matrix least-squares on F2 with all
non-hydrogen atoms assigned anisotropic displacement parameters.
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Hydrogen atoms were included at calculated positions throughout
and refined using a riding model, with Uiso set to 1.2-times (1.5-times
for methyl-H) Uequiv of the carrier atom, with the exception of the
nitrogen-bound hydrogen atoms in [NH4][NTf2]. In the final stages
of refinement a weighting scheme was introduced and refinement
continued until convergence was achieved. Programs used were
SHELXS-86[31] and SHELXL-97.[32] Experimental data relating to
all the structure determinations are presented in Table 1.
CCDC-212575�212579 ([NH4][NTf2], 1, 3, 4 and 5) contain the sup-
plementary crystallographic data for this paper. These data can be
obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html
[or from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK; fax: (internat.) �44-1223/336-033;
E-mail: deposit@ccdc.cam.ac.uk].
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