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Reaction of 1,3-dicyclohexylcarbodiimide with alkali-metal amides, MN(SiMe;), (M = Li, Na or K), in non-co-
ordinating solvents yielded the guanidinate salts {M[CyNC(N(SiMe;),)NCy]}, (M =Li, x=2; Na, x =3; K, x =2)

in high yield. All three species were characterized by X-ray crystallography and found to be free from interaction with
the solvent. These compounds represent the first base-free examples of alkali-metal guanidinate or amidinate species
to be examined by X-ray crystallography. Although the structures of the lithium and potassium salts have precedent
in amidinate and diazaallyl chemistry, the sodium salt represents a new mode of aggregation for species containing an

anionic N-C-N linkage.

Introduction

Amidinates (A) are now well documented to be versatile ligands
in organometallic chemistry, co-ordinating to a wide spectrum
of metals from across the Periodic Table.! Recent work has
shown that the related guanidinate anion (B)** can impart
a similar co-ordination environment while offering increased
stability due to the possibility of the additional resonance
structure shown below.
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While crystal structures of transition-,> lanthanide-® and
main group-* metal guanidinate complexes have been reported,
little is known about the structures and solid-state behavior of
the corresponding alkali-metal salts of this class of ligands.’
Our interest in alkali-metal guanidinates stems from some
preliminary studies of lanthanide metals stabilized by N-
donor ligands. A common problem encountered in lanthanide
chemistry is the undesired incorporation of salt® and/or solvent
molecules” into the lanthanide chloro precursors, LnL,X
(L = ancillary ligand, X =halide). To facilitate isolation of
salt-free lanthanide complexes, the use of heavier alkali-metal
salts is often favorable due to the ease of separation of the
alkali-metal halide (e.g NaCl or KCI).* Additionally, the
avoidance of base-complexed starting materials would seem
logical. Richeson and co-workers® recently described the
isolation of {Li[CyNC(N(SiMe,),)NCy]}, from diethyl ether,
although the structure of this material has not yet been
reported. Here we present the first solid-state structures of
base-free lithium, sodium and potassium guanidinates, which
are unique in that they represent new modes of co-ordination
for the guanidinate ligand.

Experimental
General considerations

Standard Schlenk-line and glove box techniques were used.’
Hexanes, toluene and benzene were purified by passage through

a column of activated silica and degassed with argon prior
to use,'” C,Ds was vacuum transferred from sodium—benzo-
phenone. 1,3-Dicyclohexylcarbodiimide was purchased from
Sigma and distilled prior to use. Alkali-metal amides were
prepared according to published procedures.!! Melting points
were determined in sealed capillary tubes under nitrogen and
are uncorrected. The 'H and “C-{'"H} NMR spectra were
recorded at ambient temperature on a Bruker AM-300
spectrometer; 'H chemical shifts are given relative to C{DsH
(6 7.15 ppm), BC-{'H} to C¢Dy (5 128.3). The IR samples
were prepared as Nujol mulls and taken between KBr plates.
Elemental analyses were determined at the College of
Chemistry, University of California, Berkeley. Single crystal
X-ray determinations were performed at CHEXRAY, Uni-
versity of California, Berkeley.

General procedure for the syntheses of {M[CyNC(N(SiMe,),)-
NCyl}, M =Li,x =2;Na,x =3; K, x =2)

1,3-Dicyclohexylcarbodiimide (1.23 g, 5.97 mmol) and LiN-
(SiMes), (1.01 g, 6.00 mmol) were combined in a large Schlenk
tube and toluene (15 mL) was added. The colorless solution
was stirred overnight, the volume reduced and the solution
cooled to —30 °C. The product was isolated as small colorless
needles (2.05 g, 92% yield). Alternatively, the product may be
crystallized from benzene. The sodium and potassium salts
were prepared analogously in similar yields. {Li[CyNC(N-
(SiMe;),)NCyl},, mp 160-163 °C (decomp.) (Found: C, 60.72;
H, 10.79; N, 11.07%; m/z 367 (M™, ligand only). C,,H,LiN;Si,
requires C, 61.07; H, 10.79; N, 11.25%; M 747); ¥, /cm™!
1496s, 1250s, 954s, 835s and 822s (Nujol); 0x(CsDy) 3.38 (m,
2 H, unique Cy H), 1.95-1.15 (m, 20 H, C¢H,,) and 0.33 (s, 18
H, SiMe;); 0(C¢Dg) 164.3 (NCN), 54.6, 39.0, 27.0 and 26.5
(Ce¢Hyy), 3.0 (SiMe;). {Na[CyNC(N(SiMe,),)NCy]};-CsHsMe,
mp 154-156 °C (Found: C, 59.08; H, 11.02; N, 10.11%; m/z 367
(M*, ligand only). C,4H,oN;NaSi, requires C, 58.56; H, 10.35;
N, 10.78%; M 1169); ¥,.../Jem ™' 1483s, 1340m, 1250s, 954s and
835s (Nujol); 0x(C¢Dg) 3.37 (m, 2 H, unique Cy H), 1.95-1.20
(m, 20 H, CiH,,) and 0.31 (s, 18 H, SiMe;); do(C4Dg) 163.2
(NCN), 55.1, 39.0 and 26.2 (coincident) (C¢H,;) and 2.4
(SiMe;). {K[CyNC(N(SiMe;),)NCyl},°C¢Hg, mp 164-167 °C
(Found: C, 58.83; H, 10.23; N, 9.31%; m/z 367 (M*, ligand
only). C,,H,;KN;Si, requires C, 59.40; H, 9.74; N, 9.45%;
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M 890); ... /em™" 1474s, 1335s, 1250s, 1110s, 961s, 935s and
834s (Nujol); 05(CeDg) 3.27 (m, 2 H, unique Cy H), 1.95-1.25
(m, 20 H, C¢H,y) and 0.32 (s, 18 H, SiMe,); do(CgDg) 157.5
(NCN), 55.6, 38.8, 26.8 and 26.5 (C¢H,,) and 2.8 (SiMe;).

X-Ray crystallography

Table 4 lists a summary of crystallographic data for all
structurally characterized compounds. Data for all three com-
pounds were collected on a Siemens SMART diffractometer/
CCD area detector'? with graphite monochromated Mo-Ka
radiation (1=0.71069 A); empirical absorption corrections
were applied."® Structures were solved by direct methods' and
refined by full matrix least squares procedures.'® For the sodium
and potassium salts all non-hydrogen atoms except for
disordered solvent atoms were refined anisotropically. For the
lithium salt, silicon atoms were refined anisotropically; all
others were refined isotropically.
CCDC reference number 186/1624.

Results and discussion

The guanidinate salts {M[CyNC(N(SiMe;),)NCy]}, (M =Li,
x=2; Na, x=3; K, x=2) were prepared from 1,3-dicyclo-
hexylcarbodiimide and the corresponding alkali-metal amide
following procedures established earlier, eqn. (1).> All three

CyN=C=NCy + MN(SiMe,), adl

hexanes or toluene
{M[CyNC(N(SiMey),)NCylj . (1)
M x

Li2

Na3

K2

complexes were obtained in high yields using hexanes or
toluene as solvent. The "H NMR spectrum of each compound
indicates the presence of a single, symmetric species in solution
under ambient conditions. Formation of guanidinate com-
plexes is further confirmed via IR spectroscopy by the absence
of the N=C=N stretch of the parent carbodiimide (2117 cm™)
and the appearance of a C=N stretch in the range 1496 to 1474
cm ™! for each of the alkali-metal derivatives. Attempts to
elucidate the nuclearity of the compounds in the gas phase
by EI-MS were unsuccessful; we therefore turned to X-ray
crystallography in order to assess the nature of aggregation in
the solid state.

Even though only a low resolution structure of the lithium
guanidinate was available, it revealed all the major structural
features of the compound in the solid state. The molecular
structure of the lithium salt is illustrated in Fig. 1; bond lengths
and angles are given in Table 1. The compound crystallizes as a
dimer in which two guanidinate ligands are perpendicular to
each other (the dihedral angle between the two N-C—N planes
is 92.06°). The two lithium centers are approximately equi-
distant to three nitrogen atoms each [1.98(3) to 2.03(3) A].
The vector passing through the two lithium atoms is roughly
parallel to the N2—-C1-N3 plane while orthogonal to the N-C—
N plane of the second guanidinate. There is some disorder in
the lithium sites although this does not affect the overall inter-
pretation of the structure. Thus, lithium sites 1 and 2 were
refined as being 63% occupied and a second pair of lithium
atoms (Li3, Li4), orthogonal to the N2-C1-N3 plane and
parallel to the N5-C20-N6 plane, were refined with 37%
occupancy but are not shown in Fig. 1 for the sake of clarity.
The structure is related to that of {[p-MeCH,C(NSiMe;,),Li]-
(NCC4H,Me-p)},,"” which exhibits a similar core geometry,
specifically in the dihedral twist of N-C-N planes.’® Although
the two guanidinate ligands are not chemically equivalent,
solution 'H NMR shows only one set of ligand resonances.
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Table 1 Selected bond distances (A) and angles (°) for
{Li[CyNC(N(SiMe;),)NCyl},

C1-N2 1.33(1) C1-N3 1.31(1)
C20-N5 1.31(2) C20-N6 1.35(2)
N2-Lil 1.98(3) N5-Lil 2.03(3)
N6-Lil 2.03(3) N3-Li2 2.02(4)
N5-Li2 2.01(4) N6-Li2 1.96(4)
NI1-C1-N2 121(1) N5-C20-N6 115(1)
N2-Lil-N5 126(2) N2-Lil-N6 132(2)
N5-Lil-N6 67(1) N3-Li2-N5 121(2)
N3-Li2-N6 125(2) NS5-Li2-N6 69(1)

Fig. 1 An ORTEP' view of {Li[CyNC(N(SiMe;),)NCyl}, drawn
with 50% probability ellipsoids.

This may be attributed to rapid equilibration of the ligands
on the NMR timescale or a more highly symmetric solution
structure.

In addition to the unusual nature of the N,Li, core, the
dimer is free from interaction with the solvent. Although
simple base-free lithium amides such as [(Me,Si),NLi];'* and
[(PhCH,),NLi];?° have been crystallographically characterized,
to our knowledge no such amidinate or guanidinate species
have been reported.? An unusual feature of the solid-state
structure is the bending of one of the cyclohexyl groups
(C8-C13) towards the lithium atoms of the N,Li, core. The
closest Li2 - - - H distance (3.87 A) is large enough to discount
the possibility of an intramolecular interaction and is therefore
more likely an effect of crystal packing.

An ORTEP view of the sodium salt is given in Fig. 2.
Selected bond lengths and angles are presented in Table 2. The
sodium salt crystallizes as trimeric aggregates composed of
three sodium atoms bridged by three p*-guanidinate ligands.
Two crystallographically independent trimers (A and B)
possessing similar geometries exist in the asymmetric unit; for
conciseness only A is shown. In each trimer the N-C-N planes
of the guanidinate ligand are roughly orthogonal to the plane
defined by the three sodium atoms, although one of the
guanidinates in B is tilted significantly with respect to the Na,
plane (114.1°). Each sodium atom is bound to four nitrogen
atoms, with bond distances ranging from 2.335(7) to 2.726(7)
A, which are similar to those reported for the etherate, [PhC
(NSiMe,),Na(Et,0)], [2.397(5) to 2.725(5) A].?* The distances
between sodium atoms within the trimer [3.156(5), 3.167(4)
and 3.169(4) A] are longer than that observed in [PhC(NSi-
Me,),Na(Et,0)], [2.741(4) A]. Although a number of sodium
benzamidinates have been reported,”?* no base-free examples
have been cited. We know of no previously reported sodium
guanidinate species for comparison. Whereas planar M;N,
cores are known for base free amides,®? this mode of aggre-



Table 2 Selected bond distances (A) and angles (°) for {Na[CyNC(N-
(SiMe;),)NCyl};-CsHsMe (trimer A only)

Table 3 Selected bond distances (A) and angles (°) for {K[CyNC-
(N(SiMe;),)NCyl},-CsHg

CI-NI1 1.314(9) CI-N2 1.342(9)
C2-N4 1.335(9) C2-N5 1.34(1)
C3-N7 1.318(9) C3-N8 1.311(9)
NI1-Nal 2.726(7) N1-Na2 2.370(7)
N2-Nal 2.347(7) N2-Na2 2.532(7)
N4-Na2 2.403(7) N4-Na3 2.678(7)
N5-Na2 2.585(7) N5-Na3 2.335(7)
N7-Nal 2.361(7) N7-Na3 2.598(7)
N§-Nal 2.557(7) N8-Na3 2.345(7)
N1-CI1-N2 116.4(7) N4-C2-N5 116.3(7)
N7-C3-N8 116.5(7) NI-Nal-N2 52.2(2)
N1-Nal-N7 119.1(2) N1-Nal-N8 146.1(2)
N2-Nal-N7 157.0(3) N2-Nal-N8 118.9(3)
N7-Nal-N8 53.9(2) N1-Na2-N2 54.7(2)
N1-Na2-N4 163.9(3) N1-Na2-N5 118.8(2)
N2-Na2-N4 120.9(3) N2-Na2-N5 144.6(2)
N4-Na2-N5 54.1(2) N4-Na3-N5 53.4(2)
N4-Na3-N7 147.1(2) N4-Na3-N8 121.5(2)
N5-Na3-N7 116.6(3) N5-Na3-N8 157.4(3)
N7-Na3-N8 53.5(2)

A

Fig. 2 An ORTEP view of {Na[CyNC(N(SiMe,),)NCy]};-CsHsMe
drawn with 50% probability ellipsoids. Only trimer A of the asymmetric
unit is shown for clarity. The co-crystallized molecule of toluene is also
omitted.

gation appears to be novel for alkali-metal salts of compounds
incorporating anionic N—C—N units.

The molecular structure of the potassium derivative is pre-
sented in Fig. 3. A partial list of bond lengths and angles is
available in Table 3. The molecule crystallizes as a dimer that
lies on a crystallographic inversion center. In contrast to the
dilithio species, the two guanidinate ligands in the potassium
salt are parallel to each other. Each potassium is bound to all
four nitrogen atoms of the N,K, core [2.765(2) to 2.806(2) A]
with the K1---K1* vector [3.2219(9) A] orthogonal to the
two guanidinate N-C-N planes. The N,K, core is similar
to that displayed in the 1,3-diazaallyl potassium salt [{N-
(SiMe;)C(2,5-Me,CH;)NC(2,5-Me,CH;)CH(SiMe;) } (2, 5-
Me,CH)K], [K - -+ K’ 3.299(5), K-N 2.77(1) to 2.95(1) A].*
Each potassium center in the guanidinate shares a close inter-
molecular contact with a silylmethyl group [C(17)] of a neigh-
boring dimer with a K - - - C distance of 3.244(2) A and K - - - H
distances ranging from 2.83 to 3.21 A. The geometry of the core
nitrogens is distorted tetrahedral, with bond angles ranging
from 71.20(4) to 133.5(1)° for N1 and 70.32(4) to 136.7(1)°
for N2. Although potassium, rubidium and cesium N,N’-
bis(trimethylsilyl)benzamidinates are known,”*‘ no struc-
tural data for these compounds have been reported.® As
such, the potassium derivative represents the first base-free

CI-NI1 1.330(2) CI-N2 1.324(2)
NI-KI 2.770(2) N2-K1 2.789(2)
NI*- Kl 2.765(2) N2* K1 2.806(2)
NI1-CI1-N2 117.32) NI-K1-N2 48.11(5)
NI-KI-N1* 108.80(4) NI-K1-N2* 89.67(5)

Fig. 3 An ORTEP view of {K[CyNC(N(SiMe,),)NCy]},-CsHg drawn
with 50% probability ellipsoids. The co-crystallized molecule of ben-
zene is omitted for clarity.

potassium guanidinate or amidinate species to be structurally
characterized.?

Conclusion

The species presented here fall into the general category of
structures involving N-C-N anionic units bound to M
cations. Included in this group are amidinates,' guanidinates®”
and 2-aminopyridines.”’ Also of note are the related tri-
azenides?® in which the central carbon atom has been replaced
by a nitrogen. Alkali-metal salts of these classes of compounds
are well known, and the metal center is usually co-ordinated
by either a basic solvent molecule (THF, Et,0, MeCN) or
an external base which has been added in order to pro-
mote isolation of the salt in a solid form (PhCN, TMEDA,
PMDETA pentamethyldiethylenetriamine). Although simple
solvent- or base-free alkali-metal amides are still quite unusual,
it is well recognized that extra electronegative atoms or groups
can compensate for the lack of Lewis basicity through aggre-
gation. The general structural motif common to all three
compounds is that in each two M™ ions doubly bridge the two
nitrogen centers of a given ligand. Although this bonding mode
is common in alkali-metal chemistry, the metal centers are
usually tetrahedral, with the last co-ordination site occupied by
a Lewis base. Our goal in producing these metal salts is to be
able to generate guanidinate lanthanide complexes whose
reactivity will not be diminished by the presence of complexed
solvents (THF or Et,0) or salts (such as LiCl). The synthesis
of lanthanide complexes utilizing these starting materials is
currently underway and will be the subject of future reports.
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