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Lithium, sodium and potassium salts of diphenylamine have
been prepared by using a deprotonative route and character-
ised in both, solid state (by X-ray crystallography) and solu-
tion (by NMR spectroscopic studies). In each case the metal
atom's coordination sphere is completed by coordination to
the synthetically important co-ligand N,N,N',N'-tetramethyl-
ethylenediamine (tmeda). Complexes 1 and 2 [{(tmeda)-
M(NPh,)},] (M = Li for 1, Na for 2) can be prepared by treat-
ing 1 mol.-equiv. of the parent amine with an equimolar
quantity of nBuM and tmeda in hexane solution. In the solid
state, 1 and 2 are essentially isostructural, being dimeric with
a four-atom M-N-M-N framework. The coordination sphere
of each M atom is completed by a bidentate tmeda molecule.
Complex 3 [{(tmeda);,K(NPh,)},] has been prepared in a
similar way to 1 and 2 except that benzylpotassium has been

utilised as the metallating agent. In addition, 4 mol-equiv. of
tmeda is required to fully solubilise the heavy alkali metal
amide mixture. In the solid state, 3 exists as a polymeric array
of dinuclear K-N-K-N rings. Akin to 1 and 2, the K atom is
coordinated to a bidentate tmeda molecule; however, each K
atom is also bound to another tmeda molecule that acts as a
monodentate bridge, thus producing the coordination poly-
mer. Crystalline 1 and 2 are soluble in C¢Dg; hence, NMR
spectroscopic studies could be performed. These show that
the solid-state structure appears to stay intact in arene solu-
tion. On the other hand, 3 is not soluble in CgDg; so solution
studies have been performed in [Dg|thf. These studies reveal
that 3 readily looses tmeda during in-vacuo isolation.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Alkali metal amides and their solvates are continuing to
attract a great deal of interest due to their use in alkali
metal/hydrogen exchange reactions.'! In particular, the
metal salts of diisopropylamine [da(H)], 1,1,1,3,3,3-hexa-
methyldisilazane [hmds(H)] and 2,2,6,6-tetramethylpiper-
idine [tmp(H)] are widely utilised across synthetic laborato-
ries primarily because of the desirable combination of high
Bronsted basicity and low nucleophilicity. Of particular
interest in this study, another amido reagent, the thermally
highly stable lithium diphenylamide (LiNPh,), has shown
promise in a range of synthetic transformations. As well as
regioselective deprotonation reactions,®1% it has also been
used in catalytic aldol reactions involving silyl enol ethers
and aldehydes;!'"'?! in elimination applications;!'314 in
metathetical reactions;!'>271 during the preparation of
amino-containing carbenes,*®! and as an initiator in the
polymerisation of methyl methacrylate.[*’]
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Primarily to gain a greater understanding of these syn-
thetic endeavours, the structural chemistry of the alkali
metal amides has maintained a high level of interest, since
the first reported solid-state structure of an alkali metal
amide {that of trimeric [Li(hmds)];} in 1969.B3%311 Alkali
metal diphenylamide complexes have been extensively
studied. The solution structure of LiNPh, in thf (in the
presence/absence of LiBr) has been comprehensively
studied by Collum.’?33 In the solid state, the majority of
the complexes reported to date, take the form of solvent-
separated alkali metal ate species, whereby the second metal
is a transition metal,[?*38 lanthanide,[*>* actinide,*® or a
group 13 element.7#81 Contacted ate complexes are also
prevalent, predominantly with the heavier alkali metals (so-
dium and potassium) due to their need for further stabilisa-
tion by metal-arene m-interactions.2%** Turning to
homometallic species, lithium diphenylamide has been
shown to form co-complexes with: (i) lithium chloride;>!
(i) n-butyllithium and mono-ortho-metallated LiNPh,;P°
and (iii) dilithium diphenylhydrazide.®”! But perhaps most
pertinent to this study, several alkali metal diphenylamides
stabilised by donor ligands (e.g., various ethers® 2l and
pyridinel®®!) have been reported. However, prior to this re-
port surprisingly no homometallic sodium diphenylamide
complexes have been reported thus far.
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Over the past few years, we have shown that da, hmds
and tmp can be incorporated within heterodimetallic alkali

Table 1. 'TH NMR spectroscopic data for 1-3, diphenylamine and
tmeda; spectra acquired at 400.13 MHz, 300 K in C4Dg ([Dg]thf for

metal/divalent metal ate complexes and utilised in alkali 3).

metal mediated metallation (AMMM).163-641 This synergic CH; (tmeda) CH, (tmeda) o-, m-, p-CH
approach to metal/hydrogen exchange, has enabled the di-  ppNH - _ 6.85. 7.10, 6.83
rect and regioselective metallation (sometimes multi-metal- (7.04, 7.16, 6.78)
lation) of several key molecules with “sub-ordinate” metals, tmeda  2.12 (2.15) 236 .30

that is those normally inert to such reactions.'S) We aim to ! 172 L75 7.26,7.26, 6.74

. . . 2 1.68 1.54 7.27,7.27, 6.69
introduce diphenylamide as a newcomer to AMMM, and 3 2.15)l (2,30l (6.84, 6.84, 6.14)1

as a prelude, report here the preparation and structural
characterisation of three key monometallic building blocks:
namely N,N,N’,N’-tetramethylethylenediamine (tmeda) ad-
ducts of MNPh, (M = Li, Na, K). This chemistry is being
pursued as tmeda has proved a useful co-ligand in reagents
designed for AMMM applications.[63-63]

[a] Data in parentheses obtained from [Dg]thf solution of the re-
spective compound.

Table 2. 3C NMR spectroscopic data for 1-3, diphenylamine and
tmeda; spectra acquired at 400.13 MHz, 300 K in C¢Dg or [Dg]-
thf!

CHj; (tmeda) CH, (tmeda) i-C and o-, m-, p-CH

Results and Discussion Ph,NH — - 143.6, 118.2, 129.5, 121.2
(145.0, 118.2, 129.7, 120.8)lal
. . tmeda  46.0 (46.3) 584 (59.3)1  —
Preparation and Solution Structures 1 157 571 1581, 120.5. 130.1, 116.5
1 1- : h : 2 45.1 56.8 158.8, 118.7, 130.2, 114.7
Complexes 1-3 were prepared by treating the appropriate 3 (463 (59,3 (158.1. 18,3, 1297, 112.6)4

organo alkali metal reagent with an equimolar quantity of
diphenylamine in hexane (Scheme 1). For 1 and 2, 1 mol-
equiv. of tmeda in toluene was required to achieve homo-
geneity, whereas for 3, a fourfold excess was required. A
similar scenario was encountered during the synthesis of
the tmeda adduct of K(tmp).[®) X-ray quality crystals of
1-3 precipitated from the respective solutions at ambient
temperature in moderate yields (typically 36-48%). The
crystals were isolated in vacuo, and in the case of 3, this
resulted in a loss of crystallinity. The excellent solubility of
1 and 2 in arene solvents allowed an NMR spectroscopic
study to be conducted. Complex 3 was insoluble in C¢Dg
solution, so a [Dg]thf solution was studied. Tables 1 and 2
contain the 'H and '3C NMR spectroscopic data for 1-3
and, for comparison, those for diphenylamine and tmeda.
Because the 'H and '*C NMR spectroscopic data ob-
tained for 1 and 2 suggest that tmeda remains coordinated
to the respective alkali metal atom, and only one set of
diphenylamido resonances are observed in C¢Dg, it appears
that only one oligomer of solvated alkali metal amide [pre-
sumably the dimeric solid-state species (vide infra)] exists in
solution,*? although there is precedent for other dimeric s-
block metal species to slowly convert to other oligomers

[a] Data in parentheses obtained from a [Dg]thf solution of the
respective compound.

over long periods of time.[®”] For 1, its respective ’Li NMR
spectrum also supports this conclusion as only one reso-
nance (0 = 0.88 ppm) is observed. Higher oligomeric forms
(trimer,3%-68-72] tetramer,[’>74 hexamer!”>! and polymer!”®l)
of Li amides are known; however, they tend to exist only in
the absence of donor solvents.

Crystalline 3 was insoluble in C¢Dg; hence, solution stud-
ies were conducted by using [Dg]thf solutions. As alluded
to earlier, isolation of 3 in vacuo resulted in loss of crystal-
linity of the sample. '"H NMR spectroscopy of this powder
revealed that the amide/tmeda ratio was approximately
2:0.66 (based on the solid-state molecular structure it
should be 2:3). This data suggests that on isolation a signifi-
cant quantity of tmeda is removed, reflecting the weakness
of its binding to the relatively soft potassium centre. When
3 was isolated without utilising vacuum techniques, the in-
tegration values of the 'H NMR spectrum corresponded
well with the expected values from the solid-state structure.
In both scenarios, the chemical shifts of the resonances as-

RM + Ph,NH + x TMEDA

R= CGH5CH2; x=5
— CgHsCH3

N % -«""?'/)N/ Phe N
N”'»,,L./ A A% th N,/ N NS
i A N, « N —N=—K KN —
N N N [ “Ng e ] N\ \
/ Ph, N N N N B, N
NN AN 2 TLUNT
Ph,
1 2 3

Scheme 1. Syntheses of 1, 2, and 3.
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sociated with the NPh, ligand were identical, and the tmeda
resonances corresponded to the free tmeda ligand, hence
indicating the formation of a [Dg]thf solvate.

X-ray Crystallography

The molecular structure of 1 was determined by X-ray
diffraction studies and is shown in Figure 1 along with its
key structural parameters. Complex 1 crystallises as a dimer
whereby the molecular framework consists of a planar (sum
of endocyclic angles: 359.98°) Li,N, ring. The intra-annular
Li-N bond lengths show only slight variation [range:
2.137(3)-2.183(3) A; mean distance: 2.1505 A] emphasising
the minimal distinction between the lithium-anion ¢ and
the lithium—N lone-pair dative interactions. Each of the co-
ordination spheres of the two crystallographically distinct
Li centres are completed by binding to a tmeda molecule,
resulting in the metal atoms adopting distorted tetrahedral
geometries [sum of angles: 661.64 and 659.04° for Li(1) and
Li(2), respectively]. As expected, in both cases, the greatest
cause of the distortion from true tetrahedral geometry is
the acute Nineqa—Li-Nymeda angle [79.08(11) and 84.41(12)°
for Li(1) and Li(2), respectively]. Presumably due to the ste-
ric constraints of the dimeric molecule, the Li-Ncq, dis-
tances for each Li centre vary slightly (mean: 2.347 and
2.258 A for Li(1)-Nyneda and Li(2)~Nymeda, respectively).
There are several tmeda adducts of lithium secondary
amides known, which adopt subtly different structural mo-
tifs (Figure 2).
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Figure 2. Structural motifs of tmeda solvates of synthetically im-
portant lithium amides.

When sterically less demanding amides [e.g., N(Me)-
(Ph)U7N] are employed, “closed” dimers (akin to 1) are
formed, where the Li centres are formally four-coordinate.
By using amides of an intermediate steric bulk (e.g., dal’®
or 2,6-dimethylpiperidide!’), similar Li>(Nymige)» four-
membered rings are observed; however, in these instances
the tmeda ligand binds in a bridging, monodentate manner
(hence Li is three-coordinate), producing linear polymeric
arrays. By using the sterically most demanding amides (e.g.,
tmp!®%) a closed dimer is not possible. Williard reported the
“open” dimeric complex (Figure 2), where one Li centre is
formally three-coordinate (bound to one amide group and

Figure 1. Molecular structure of 1 with selected atom labels. Key
bond lengths [A] and angles [°]: Li(1)-N(1) 2.137(3), Li(1)-N(3)
2.183(3), Li(1)-N(21) 2.381(3), Li(1)-N(24) 2.313(4), Li(2)-N(1)
2.142(3), Li(2)-N(3) 2.140(4), Li(2)-N(41) 2.242(4), Li(2)-N(44)
2.273(3), N(1)-Li(1)-N(3) 97.82(14); N(1)-Li(1)-N(21) 131.92(15),
N(1)-Li(1)-N(24) 108.66(15), N(3)-Li(1)-N(21) 109.95(14), N(3)-
Li(1)-N(24) 134.21(15), N(21)-Li(1)-N(24) 79.08(11), N(1)-Li(2)—
N(3) 99.01(14), N(1)-Li(2)-N(41) 124.24(15), N(1)-Li(2)-N(44)
114.13(16), N(3)-Li(2)-N(41) 112.07(16), N(3)-Li(2)-N(44)
125.18(15), N(41)-Li(2)-N(44) 84.41(12), Li(1)-N(1)-Li(2)
82.09(13), Li(1)-N(3)-Li(2) 81.06(13).
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Figure 3. Molecular structure of 2 with selected atom labels. Bond
lengths [A] and angles [°]: Na(1)-N(1) 2.422(2), Na(I1)-N(2)
2.436(2), Na(1)-N(3) 2.466(2), Na(1)-N(4) 2.460(2), Na(2)-N(1)
2.484(2), Na(2)-N(2) 2.466(2), Na(2)-N(5) 2.479(2), Na(2)-N(6)
2.498(2); N(1)-Na(1)-N(2) 99.43(8), N(1)-Na(1)-N(3) 106.06(8),
N(1)-Na(1)-N(4) 123.92(8), N(2)-Na(1)-N(3) 127.86(8), N(2)-
Na(1)-N(4) 124.35(8), N(3)-Na(1)-N(4) 75.22(8), N(1)-Na(2)-
N(2) 96.96(7), N(1)-Na(2)-N(5) 104.39(8), N(1)-Na(2)-N(6)
133.17(8), N(2)-Na(2)-N(5) 128.46(8), N(2)-Na(2)-N(6) 120.95(8),
N(5)-Na(2)-N(6) 74.23(8), Na(1)-N(1)-Na(2) 81.74(7), Na(l)-
N(2)-Na(2) 81.81(7).
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two tmeda N atoms) and the other is two-coordinate
(bound only to two amide N atoms).®®) When the si-
lylamide hmds!®!l is utilised, a monomeric tmeda adduct is
isolated.

The molecular structure of 2 is shown in Figure 3 along
with its key structural parameters. Its dimeric structural
motif is essentially identical to that of 1, containing an
Na,N, ring which is planar (sum of endocyclic angles:
359.94°). The obtuse internal angles are at the Na atoms
and the acute angles are at the N atoms — a common feature
in alkali metal amide ring systems. Akin to 1, little discrimi-
nation exists between the distances of the Na—N, ;4. bond
[range of distances: 2.422(2)-2.484(2) A; mean distance:
2.457 A]. As expected, these are slightly shorter than the
dative Na—Nneqa bonds [2.466(2) and 2.460(2) A; mean
distance: 2.463 A]. The mean NynegaM—Nyneda bite angle
in 2 is 74.725°, which is approximately 7° more acute than
the corresponding angle in lithium-containing 1. To the best

Figure 4. Molecular structure of 3 with selected atom labels. Key
bond lengths [A] and angles [°]: K(1)-N(1) 2.8094(12), K(1)-N(1A)
2.9221 (11), K(1)-N(21) 2.950(5), K(1)-N(24) 2.893(4), K(1)-N(3)
3.2959(13), K(1)-C(111A) 3.2407(12), K(1)-C(116A) 3.1936(13);
N(1)-K(1)-N(1A) 80.55(3), N(1)-K(1)-N(21) 89.99(7), N(1)-
K(1)-N(24) 115.84(8), N(1)-K(1)-N(3) 142.92(3), N(1A)-K(1)-
N(21) 164.66(8), N(1A)-K(1)-N(24) 110.10(8), N(1A)-K(1)-N(3)
104.64(3), N(21)-K(1)-N(24) 63.27(12), N(21)-K(1)-N(3) 90.20(7),
N(24)-K(1)-N(3) 97.11(8), K(1)-N(1)-K(1A) 99.45(3). Symmetry
transformation used to generate equivalent atoms: —x + 2, -y +
2, —z.

of our knowledge, 2 is surprisingly the first homometallic
sodium complex of diphenylamide to be crystallographi-
cally characterised.

The molecular structure of centrosymmetric 3 is shown
in Figure 4 along with its key bond lengths and angles. Un-
like its lithium and sodium analogues, 3 adopts a linear
polymeric arrangement. However, its asymmetric unit bears
a close resemblance to that of 1 and 2. It consists of a
planar K,N, ring (sum of endocyclic angles: 360°); how-
ever, due to the larger size of potassium, its coordination
sphere can accommodate an additional donor atom (hence
each K atom is five-coordinate). Supplementary stabilisa-
tion by K---m-arene interactions appears minimal [shortest
K-+C separations are 3.1936(13) and 3.2407(12) A for
K(1)-C(116A) and K(1)-C(111A), respectively]. One tmeda
ligand binds to the metal centre in the usual bidentate fash-
ion, whereas the second tmeda molecule binds in a uniden-
tate manner [K(1)-N(3)]. The K-N bond in the latter
[3.2959(13) A] is considerably longer (and by implication
weaker) than that of the bidentate-coordinated ligand
(mean distance: 2.922 A). From a supramolecular perspec-
tive, a coordination polymer is constructed whereby the re-
maining tmeda N atom intermolecularly binds to another
K atom (Figure 5). The K atoms are in a distorted square-
pyramidal environment (Figure 4 and Scheme 1), where the
anionic N atom and an N atom from the bidentate-coordi-
nated tmeda occupy the pseudo-axial positions [N(1A)—
K(1)-N(21) 164.66(8)°].

Only three other donor complexes of potassium di-
phenylamide have been crystallographically characterised,
namely the solvent-separated 18-crown-6,8%! dimeric thfl®!]
and polymeric dioxanel®? solvates (Figure 6). Clear struc-
tural similarities exist between 3 and the aforementioned

Ph
597 o b, ML)
EO"::K::\oj NPhy | oy ey
O o N\ g
<; Ph, Q
0 Ph, (\O
,ﬁK/ %, /N WO
o[ _o—=k k=" 0

Figure 6. Solvated potassium diphenylamide complexes crystallo-
graphically characterised prior to this work.

Figure 5. Extended supramolecular view of 3.
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thf and dioxane adducts. In each case, the K centres are
five-coordinate (the metal atoms’ coordination spheres be-
ing composed of two anionic N and three neutral donor
centres). Despite the change from O- to N-based ligands,
the K—N,miqe bond length remains similar (mean distance:
2.8255, 2.8461 and 2.8658 A for thf adduct, dioxane adduct
and 3, respectively).

Conclusions

Three new tmeda complexes of lithium, sodium and po-
tassium diphenylamide have been prepared and character-
ised in both, solution and solid state. The sodium complex
is the first structurally characterised homometallic di-
phenylamide complex of this particular metal. Future stud-
ies will focus on the utilisation of these homometallic rea-
gents in the field of alkali metal magnesiate and zincate
chemistry — will the expected lower basicity of di-
phenylamide (cf., da or tmp) be reversed by synergic mixed-
metal effects?

Experimental Section

General: All reactions and manipulations were carried out under
dry, pure argon gas by using standard Schlenk protocols. Hexane
and toluene were freshly distilled from Na/benzophenone. NMR
samples were prepared under a protective gas inside a glovebox by
using C¢Dg or [Dg]thf as solvent [which was degassed by using
freeze-pump-thaw cycles, and pre-dried with molecular sieves
(4 A)]; tmeda was distilled from CaH, and stored over molecular
sieves (4 A). nBuLi in the form of a 1.6 M solution in hexane was
purchased from Aldrich Chemicals and used as received. n-Butylso-
dium,®3 and benzylpotassium!®¥ were prepared according to litera-
ture methods. All NMR spectra were measured with a Bruker
DPX400 or AMX400 spectrometer. For the X-ray structural deter-
minations, all data were collected with monochromated Mo-K,, ra-
diation (4 = 0.71073 A) at 123 K. Samples 1 and 3 were measured
with an Oxford Diffraction Gemini S instrument, and a Nonius

Table 3. Selected crystallographic and refinement parameters.

1 2 3
Empirical formula C36H52Li2N6 C36H52N6Naz C42H68K2Ng
Formula mass 582.72 614.82 763.24
Crystal system monoclinic monoclinic triclinic
Space group P2/n P2/n Pl
a[A] 10.894(3) 9.4833(2) 10.9581(11)
b [A] 18.465(4) 19.8108(5) 11.2224(9)
c[A] 17.264(4) 19.6247(6) 11.7229(13)
a [°] 90 90 63.275(10)
£ 1 91.174(19) 103.849(1) 66.062(10)
7 [°] 90 90 62.674(9)
v [A3 3471.9(14) 3579.75(16)  1107.27(19)
Z 4 4 1
Max. 20 [°] 54.0 48.0 56.0
Refls. collected 21818 31758 16157
Refls. unique 7551 5555 5330
Refls. obsd. 4889 3637 4476
Riy 0.0968 0.105 0.0245
Goodness of fit 1.035 1.060 1.106
R [I>2c5(])), F 0.0600 0.0538 0.0352
R, (F?) 0.1814 0.1144 0.0929
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Kappa CCD was used to measure sample 2. For 3, the tmeda li-
gands were found to be disordered. After several trial calculations,
each was treated as split over two sites in a 80:20 ratio. All struc-
tures were refined® to convergence against F2. There was no resid-
ual electron density >0.365 ¢ A 3. Selected crystallographic and re-
finement parameters are given in Table 3. CCDC-742646, -742647,
and -742648 contain the supplementary crystallographic data for
this paper. These can be obtained free of charge at www.ccdc.cam.
ac.uk/conts/retrieving.html [or from the Cambridge Crystallo-
graphic Data Centre,12, Union Road, Cambridge, CB2 1EZ, UK;
Fax: +44-1223-336-033; E-mail: deposit@ccdc.cam.ac.uk].

[{(tmeda)Li(NPh,)},] (1): A flame-dried Schlenk tube was charged
with n-butyllithium (1.56 mL of 1.6M solution in hexanes,
2.5 mmol) and hexane (2 mL). Diphenylamine (0.43 g, 2.5 mmol)
was then added at ambient temperature to precipitate a white solid;
tmeda (0.38 mL, 2.5 mmol) and toluene (1 mL) were added to pro-
duce a completely homogeneous solution. After 24 h at ambient
temperature, a crop of X-ray quality colourless crystals of 1[0.35 g,
48% (not optimised)] precipitated from the solution. '"H NMR
(400.13 MHz, 300 K, C4Dg): 6 = 7.26 (m, 16 H, o- and m-CH),
6.74 (m, 4 H, p-CH), 1.75 (s, 8 H, CH,), 1.72 (s, 24 H, CH3) ppm.
13C NMR (100.62 MHz, 300 K, C¢Dyg): 6 = 158.1 (i-C), 130.1 (m-
C), 120.5 (0-C), 116.5 (p-C), 57.1 (CH,), 45.7 (CH3) ppm. "Li
NMR (155.47 MHz, 300 K, C¢Dg): 0 = 0.88 ppm.

[{(tmeda)Na(NPh,)},] (2): A flame-dried Schlenk tube was charged
with n-butylsodium (0.20 g, 2.5 mmol) in a glovebox, after which
hexane (5 mL) was added. Diphenylamine (0.43 g, 2.5 mmol) was
then added at ambient temperature to precipitate a large quantity
of white solid; tmeda (0.38 mL, 2.5 mmol) and toluene (3 mL) were
added to produce a completely homogeneous solution. After 1 h at
ambient temperature, a crop of X-ray quality colourless crystals of
2[0.28 g, 36% (not optimised)] precipitated from the solution. 'H
NMR (400.13 MHz, 300 K, C¢Dy): 6 = 7.27 (m, 16 H, o- and m-
CH), 6.69 (m, 4 H, p-CH), 1.68 (s, 24 H, CH3), 1.54 (s, 8 H, CH»)
ppm. *C NMR (100.62 MHz, 300 K, C4Dg): 6 = 158.8 (i-C), 130.2
(m-C), 118.7 (0-C), 114.7 (p-C), 56.8 (CH,), 45.1 (CH3) ppm.

[{(tmeda)3,,K(NPhy)}..] (3): A flame-dried Schlenk tube was
charged with benzylpotassium (0.33 g, 2.5 mmol) in a glovebox, af-
ter which hexane (5mL) was added. Diphenylamine (0.43 g,
2.5 mmol) was then added to the red suspension at ambient tem-
perature. A red to pink colour change was observed along with the
precipitation of a large quantity of white solid; tmeda (1.51 mL,
10 mmol) was added to produce a completely homogeneous solu-
tion. After 48 h at —28 °C, a crop of X-ray quality colourless crys-
tals of 3 [0.36 g, 47% (not optimised)] precipitated from the solu-
tion. By using standard Schlenk in vacuo isolation techniques, 3
visibly lost crystallinity, and NMR spectral analysis showed a di-
minished tmeda/NPh, ratio with respect to the solid-state structure.
Isolation of 3 without the use of vacuum techniques resulted in the
expected tmeda/NPh, (3:2) ratio. '"H NMR (400.13 MHz, 300 K,
[Dg]thf): 6 = 6.84 (m, 16 H, o- and m-CH), 6.14 (m, 4 H, p-CH),
2.30 (s, 12 H, CH,), 2.15 (s, 36 H, CH;) ppm. '3*C NMR
(100.62 MHz, 300 K, C4Dg): 0 = 158.1 (i-C), 129.7 (m-C), 118.2 (o-
O), 112.6 (p-C), 59.3 (CH,), 46.3 (CH;) ppm.

Supporting Information (see footnote on the first page of this arti-
cle): NMR spectra for 1-3.
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