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Abstract

The reaction of potassium hexamethyldisilazide (K-HMDS) with 1 equiv. of the bulky formamidine N(Diep)@C(H)NH(Diep) (Diep-
FormH, Diep = 2,6-Et2C6H3) in THF yields the half deprotonated compound [K(DiepForm)(DiepFormH)] (1), which exhibits sup-
pressed reactivity with the hexamethyldisilazide anion. Reaction of 1 with n-BuLi gives the polymer [{Li(THF)2K(DiepForm)2}n] (2).
Preparation of 1 in the presence of the chelating solvents 1,2-dimethoxyethane (DME) or N,N,N 0,N00,N00-pentamethyldiethylenetriamine
(PMDETA) gives the fully deprotonated species [{K3(DiepForm)3(DME)3}n] (3) and [{K(PMDETA)K(DiepForm)2}n] (6). The synthe-
ses of compounds 1–3, 6 and related compounds, e.g. [{K3{N(Dimp)C(H)N(Dimp)}3(DME)3}n] (4) (Dimp = 2,6-Me2C6H3), are
described.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years the N,N 0-bis(aryl)formamidinate ligand
(Fig. 1) has demonstrated an unrivalled coordinative flexi-
bility within the amidinate family of organoamide support
ligands [1]. Variants possessing bulky N-substituents, e.g.
2,6-diisopropylphenyl (Dipp), have found great utility in
alkaline earth [2], lanthanoid [3] and group 13 chemistry
[4] not-least because of their ability to support mononu-
clear, dinuclear and higher nuclearity species using a vari-
ety of binding modes. This facet of their chemistry is
permitted by flexibility about the NC(H)N central methine
group, which can open and close to correspond with the
metal assembly at hand [5].

In 2002 we reported the first example of a new type of
N,N 0-bis(aryl)amidinate binding mode (Fig. 1) which
0022-328X/$ - see front matter � 2007 Elsevier B.V. All rights reserved.
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necessitates a Z-anti [6] amidinate that chelates using a sin-
gle amido nitrogen and p-coordination (g6) by an aryl
group, viz. [K(MesForm)(MesFormH)] (MesForm =
N(Mes)C(H)N(Mes), Mes = 2,4,6-Me3C6H2) [7]. In this
particular instance the coordination mode exhibited by
the amidinate is also exhibited by a neutral E-syn amidine
that co-coordinates the metal centre (Scheme 1). Indeed,
such is the stability of this complex that the neutral form-
amidine resists deprotonation using a 10-fold excess of
potassium hexamethyldisilazide (K-HMDS, H-HMDS
pKa � 30) [8] or potassium hydride (H2 pKa � 35) [8]. At
this time we proposed that the suppressed reactivity arises
from the steric bulk of the N-substituents, which disfavour
typical N,N 0-chelation [9], the increased p-donor ability of
the aryl groups (cf. alkyl substitution), and the larger coor-
dination sphere of potassium (ionic radius 1.36 Å) [10]
which complements the increased bite angle of this binding
mode vis-a-vis N,N-chelation. An extension of this study to
the ultra bulky N(Dipp)C(H)NH(Dipp) ligand (=Dipp-
Form) gave an identical N:aryl-amidinate binding mode,
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Fig. 1. Overview of bulky N,N 0-bis(aryl)formamidinates referred to in this
article and graphic illustration of the Z-anti [6] formamidinate binding
mode in [K(MesForm)(MesFormH)] (lower left) and known monovalent
heavy group 13 pivamidinate (X = tBu), guanidinate (X = N(c-C6H11)2)
and potassium N,P-benzamidinate species bearing an N:aryl-coordinated
amidinate (lower right).
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however the decrease in alkyl substituents on the arene,
two vs three, and increased bulk at the ortho-positions,
2,6-disopropyl vs 2,4,6-trimethyl, diminishes the impedi-
ment to deprotonation resulting in the polymer
[{K(THF)2K(DippForm)2}n] (Scheme 1) [11].

During the intervening period since these reports, we
have disclosed several other examples of the Z-anti [6]
N:aryl-amidinate binding mode with varying metal to p-
arene hapticities. These include lithium and sodium species
using the formamidinate N(Diep)C(H)N(Diep) (=Diep-
Form, Diep = 2,6-Et2C6H3) [12], the application of pivami-
dinate [4c] and N,N-dicyclohexylguanidinate [4d] variants
of DippForm to monovalent group 13 chemistry, and prep-
aration of a potassium metallated N,P-benzamidinate ana-
logue of DippForm (Fig. 1) [13]. We now extend our
potassium study of N,N 0-bis(aryl)formamidines to Diep-
FormH, and report [K(DiepForm)(DiepFormH)] (1),
which exhibits suppressed reactivity with K-HMDS, and
the isolation of complexes pertinent to a study of the limits
of suppressed K-HMDS reactivity for bulky N,N 0-
bis(aryl)formamidines with K-HMDS.
Scheme 1. Preparation of known bulky formamidinate complexes of p
2. Results and discussion

(i) DiepFormH and K-HMDS

The 1:1 stoichiometric treatment of a THF solution of
DiepFormH with 0.5 M K-HMDS in toluene (Scheme 1;
1) results in incomplete deprotonation of the amino group
as evidenced by a shifting and broadening of the infrared
C@N stretch of the formamidine from 1635 cm�1 [14] to
1622 cm�1 and retention of a strong N–H stretch at
3156 cm�1. Removal of DiepFormH by washing with tolu-
ene, a solvent used for the recrystallisation of DiepFormH,
proved unsuccessful suggesting incorporation of the neu-
tral amidine in the product, 1. Compound 1 was found
to be sparingly soluble in C6D6, a solvent that freely dis-
solves DiepFormH.

Unlike the parent amidine, which displays fluxional
interconversion between Z-anti/E-syn and E-anti isomeric
forms [6] at ambient temperature (C6D6) [14], a d8-THF
1H NMR spectrum of 1 describes a single Diep environ-
ment, partial resonance broadening and an N–H resonance
(5.97 ppm) that integrates as 0.5H relative to prominent
Diep signals (e.g. 24H CH3 triplet at 1.15 ppm). The addi-
tion of 0.5 molar equivalents of K-HMDS to a THF solu-
tion of DiepFormH also gives a product that characterises
(1H NMR and IR) as 1.

The partial deprotonation of DiepFormH and single

Diep environment of 1 are reminiscent of data acquired
for [K(MesForm)(MesFormH)] (Scheme 1) [7]. However,
compound 1 possesses a single NC(H)N resonance at
7.44 ppm that is considerably upfield of the two distinct
resonances (8.22 and 9.13 ppm) observed for the Mes-
Form/MesFormH compound at �80 �C in C6D6 (cf.
NC(H)N 6.89 ppm for Z-anti/E-syn [6] DiepFormH in
C6D6) [14]. Attempts to obtain analogous low temperature
data for 1 were thwarted by low solubility, as was the col-
lection of an ambient temperature 13C{1H} NMR spec-
trum. The collection of 13C{1H} NMR data at high
temperature gave broadened, poor quality, spectra.

Further to spectroscopic characterisation, recrystallisa-
tion of vacuum dried samples of 1 from fresh toluene gave
colourless crystals of two distinct morphologies; one rhom-
bohedral prismatic, the other hexagonal plates. Both mor-
phologies were of suitable quality for single crystal X-ray
structure determination and, as illustrated in Figs. 2 and 3,
this identified them as [K(DiepForm)(DiepFormH)(THF)]
otassium and compound 1 (by-product of syntheses = H-HMDS).



Fig. 2. Molecular structure of 1(THF) (POV-Ray illustration, 40%
thermal ellipsoids). All hydrogen atoms except H(4) omitted for clarity.
Selected bond lengths and angles listed in Tables 3 and 4.
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(1(THF)) and [K(DiepForm)(DiepFormH)] Æ tol (1 Æ tol)
respectively. Table 1 contains a summary of crystallo-
graphic data for 1(THF) and 1 Æ tol. Tables 3 and 4 provide
selected bond lengths and angles for all compounds reported
herein and related literature species (see reference key).

Variations between the molecular structures of 1(THF)
and 1 Æ tol principally arise due to the increased coordina-
tion number of the former (1(THF); K–OTHF 2.841(3) Å).
This results in extended potassium donor contacts, e.g. K–
N and K–aryl centroid (see Table 3). Both complexes com-
prise a ‘metallocene’ like K(formamidine/ate)2 unit contain-
ing two ligands that chelate the potassium by N-donation
and g6-arene coordination. Like [K(MesForm)(Mes-
FormH)] [7], intermolecular H-bonding (see Fig. 3 for 1 Æ tol
example) occurs for both species (Tables 3 and 4). Chelation
of potassium by the DiepForm ligand is accompanied by C–
N and C@N NC(H)N backbone bond lengths suggestive of
delocalisation (1(THF); 1.316(5), 1.325(4) Å, 1 Æ tol;
Fig. 3. Molecular structure of 1 Æ tol illustrating hydrogen bonding to adjacent
except H(4)N omitted for clarity. Symmetry transformation used to generate
Tables 3 and 4.
1.322(4), 1.322(4) Å). This agrees with similar bond
distances in the MesForm ligand of [K(MesForm)(Mes-
FormH)] (1.319(2), 1.324(2) Å) [7] and the formamidinate
ligands of [{K(THF)2K(DippForm)2}n] (1.321(6),
1.315(6) Å) [11]. The DiepFormH ligands of 1(THF) and
1 Æ tol possess NC(H)N backbone lengths approaching
C–N and C@N bond localisation (1(THF); 1.294(5), 1.344
(4) Å, 1 Æ tol; 1.288(4), 1.340(4) Å, DiepFormH; 1.281(3)
and 1.352(3) Å) [14]. The K–N contacts differ with the anio-
nic or neutral nature of the ligands (1(THF); 2.866(3) vs

2.908(3) Å, 1 Æ tol; 2.745(3) vs 2.839(3) Å respectively) and
suggest increased steric buttressing relative to [K(Mes-
Form)(MesFormH)] (2.7187(17) vs 2.7458(16) Å) [7]. Fur-
thermore, the metal-to-arene centroid distances of 1(THF)
(2.997(11) and 3.108(11) Å) and 1 Æ tol (2.879(9) and
2.931(9) Å) reflect poorer overall p-donation to the metal
relative to [K(MesForm)(MesFormH)] (2.8867(77) and
2.8954(75) Å) [7]. Both complexes possess atom–atom con-
tacts that are shorter than those of [{K(THF)2K(Dipp-
Form)2}n] with the exception of the potassium–arene
centroid distance of the DiepFormH in higher coordinate
1(THF) (3.108(11) vs 3.034(9) Å) [11].

The attempted synthesis of [K(DippForm)(Dipp-
FormH)] in THF using 0.5 M equiv. of K-HMDS gives
[K(DippForm)(THF)3].DippFormH [11], which contains a
Z-anti [6] N:aryl-coordinated DippForm ligand (g6) that
acts as a hydrogen bond acceptor to the N–H of an unre-
acted E-syn DippFormH [11]. Thus, for 1, it appears the
reduced steric bulk of Diep permits a potassium–arene inter-
action for DiepFormH of sufficient strength to resist substi-
tution by THF [11], and thereby suppressed DiepFormH
reactivity. By contrast, the bulkiness of Dipp in ‘‘[K(Dipp-
Form)(DippFormH)]’’ destabilises the metal–arene interac-
tion, enabling full deptrotonation by K-HMDS [11].

(ii) Reaction of 1 with n-BuLi

The stability of 1, and the retention of the N:aryl-coordi-
nated K(Formamidine/ate)2 unit in [{K(THF)2K(Dipp-
Form)2}n] [11], led us to pursue the deprotonation of 1 to
units (POV-Ray illustration, 40% thermal ellipsoids). All hydrogen atoms
‘#’ atoms: 1
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yield [K(DiepForm)2]� as a stable anion. To this end, a
THF solution of 1 was treated with an equimolar quantity
of n-BuLi (n-butane pKa � 50–55) [8] (Scheme 2). Removal
of reaction volatiles gave a colourless highly air- and mois-
ture sensitive powder (2) devoid of IR stretches attribut-
able to 1 (IR C@N; 1 1622 cm�1, 2 1661 cm�1) and an
N–H resonance (1 d8-THF 1H NMR; 5.97 ppm). Spectral
comparison with [Li2(DiepForm)2(THF)3] (IR C@N;
1607 cm�1) indicates that 2 is a new species, as do the rel-
ative thermal stabilities of 1, 2 and [Li2(Diep-
Form)2(THF)3] (m.p. 1; 260 �C, 2; 329–335 �C,
[Li2(DiepForm)2(THF)3]; 134 �C (dec.)) [12]. Recrystalli-
sation of 2 from THF gave colourless rhombohedral
prisms of suitable quality for single crystal X-ray structure
determination (see Tables 1, 3, 4 and reference key).

As illustrated in Fig. 4, 2 is comprised of N:aryl-coordi-
nated K(DiepForm)2 ‘anions’ tethered into a one-dimen-
sional polymer by Li(THF)2 ‘cations’. This system bears
a structural resemblance to [{K(THF)2K(DippForm)2}n]
[12]; salient differences being a reduction in intra-anion
K–N and K–centroid distances for 2 which correspond
to a reduction in aryl bulk (Table 3). Direct comparison
with 1 Æ tol, which possesses the same potassium coordina-
tion environment as 2, reveals an increase in K–Namide

bond lengths (1 Æ tol; 2.745(3) Å vs 2; 2.805(7) and 2.767
(7) Å) and unexpectedly shorter K(Form)2 unit potas-
sium–arene centroid distances (Table 3). This emphasises
the preference of potassium for arene donors despite the
free availability of O-(THF) and N-donors (imine) [15].
The NCN formamidinate backbone angles of 2 correlate
well with those of [{K(THF)2K(DippForm)2}n] (2);
129.1(10)�, 127.8(10)�, [{K(THF)2K(DippForm)2}n];
128.3(4)� [11] and contrast the related angles of the neutral
DiepFormH and MesFormH ligands in 1 Æ tol and
[K(MesForm)(MesFormH)] (1 Æ tol; 123.3(3)�, [K(Mes-
Form)(MesFormH)]; 124.78(17)� [7]).

(iii) Preparation of 1 in the presence of DME or

PMDETA
The use of chelating/multidentate amines and ethers to

increase the reactivity of bases, e.g. organolithium reagents,
is a common practice [16] when using organometallic
reagents in synthesis. Conventional wisdom suggests this
enhancement results from deaggregation of discrete oligo-
mers, e.g. [{Li(l3-nBu)(THF)}4] [17], to lower nuclearity
species, e.g. [{Li(l-nBu)(g2-TMEDA)}2] (TMEDA = N,
cheme 2. Preparation of polymeric lithium–potassium formamidinate 2.



Fig. 4. Molecular structure of 2 (POV-Ray illustration, 40% thermal ellipsoids). All hydrogen atoms omitted for clarity. Non-coordinating aryl and THF
hydrocarbyl groups depicted as wire frames. Symmetry transformations used to generate equivalent atoms: #1 1

2
� x; y � 1

2
; z; #2 1

2
� x; 1

2
þ y; z. Selected

bond lengths and angles listed in Tables 3 and 4.
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N,N 0,N 0-tetramethylethylenediamine) [17,18], that increase
the rate of reaction by cooperative or competitive solvation
[16,19]. While the influence of solvation on organolithium
reagents has been widely studied [20], the influence of che-
lating solvents on the basicity of amides or heavier alkali
metal species has received less attention. Indeed, to our
knowledge, the enhancement of K-HMDS reactivity by
chelating donors has not been studied. Our original com-
munication of the attenuated reactivity of MesFormH
toward K-HMDS and KH included a failed attempt to
enhance the reactivity of these bases using TMEDA [7].
Similarly, the addition of TMEDA (10.0 equiv.) to prepa-
ration media for 1 failed to generate a ‘‘K(DiepForm)’’
species nor a TMEDA-solvated 1, as evidenced by infrared
Scheme 4. Preparation of PMDETA compounds

Scheme 3. Preparation of DME compounds 3 a
and 1H NMR spectroscopies. With this in mind, our atten-
tion turned to the introduction of the less sterically encum-
bered bidentate ether 1,2-dimethoxyethane (DME) and the
triamine N,N,N 0,N00,N00-pentamethyldiethylenetriamine
(PMDETA) to THF preparation media for 1 (ca. 12 and
7 equiv. respectively). We targeted DME due to its relative
size to THF, the congestion of 1(THF) and the widespread
use of DME as a chelate donor in potassium chemistry.
The amine PMDETA was chosen because of its tridentate
nature.

As illustrated in Schemes 3 and 4 respectively, reac-
tion of DiepFormH with an equimolar quantity of
K-HMDS in the presence of DME or PMDETA results
in complete deprotonation of the formamidine to give
6–8 (by-product of syntheses = H-HMDS).

nd 4 (by-product of syntheses = H-HMDS).
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½fK3ðDiepFormÞ3ðDMEÞ3gng� � n
4
DME (3) and [{K(PMD-

ETA)K(DiepForm)2}n] Æ n-toluene (6 Æ tol) vide infra. 1H
NMR spectra of both species (C6D6) indicate single Diep-
Form ‘Diep’ environments, as per 1, with a well defined
NC(H)N singlet at 7.43 and 7.87 ppm respectively (cf. 1

d8-THF; 7.44 ppm). Direct comparison with related data
for the less sterically hindered compounds [{K2(l:g2:g2-
pTolForm)(l:g2:g1-DME)2}n] (pTolForm = N(pTol)
C(H)N(pTol), pTol = para-tolyl) and [K(pTolForm)(18-
crown-6)] (NC(H)N; 8.61 and 9.15 ppm respectively) [9],
which incorporate E-anti formamidinates, as-well-as that
of 1 (Z-anti) [6] leads to the supposition that an NC(H)N
1H NMR signal at ca. 7.50 ppm in C6D6 is consistent with
a Z-anti formamidinate. Crystalline samples of 3 and 6 Æ tol
suitable for single crystal X-ray diffraction data collection
were acquired by concentration of the reaction mother
Table 2
Summary of crystal data for compounds 6 Æ tol, 7 and 8

[{K(PMDETA)K(DiepForm)2}n] Æ ntol (6 Æ tol)

Mol. formula C58H85K2N7

Mol. weight 958.53
Temperature (K) 123(2)
Space group P21/c
a (Å) 19.9794(4)
b (Å) 14.8132(3)
c (Å) 21.6504(5)
a (�) 90
b (�) 116.0430(10)
c (�) 90
Volume (Å3) 5757.0(2)
Z 4
Dc (g cm�3) 1.106
l (mm�1) 0.205
Reflections collected 50758
Unique reflections 15877
parameters varied 661
Rint 0.1159
R1 0.0839
wR2 0.2073

Fig. 5. Molecular structure of 4 (POV-Ray illustration, 40% thermal ellipsoids)
hydrocarbyl groups depicted as wire frames. Symmetry transformations used
lengths and angles listed in Tables 3 and 4.
liquor to the point of crystallisation (3) or addition of hex-
ane to a concentrated solution (6 Æ tol). The data collected
for 3 were poor and prohibited full anisotropic refinement.
However the connectivity of the compound and its compo-
sition were deduced [21]. Similarly, the low quality of data
for 6 Æ tol, disorder of 2,6-ethyl substituents and disorder of
lattice toluene led to a poor quality refinement (Table 2).
Repeat syntheses of 3 and 6 using the comparable form-
amidine (Dimp)N@(H)NH(Dimp) (=DimpFormH,
Dimp = 2,6-Me2C6H3, Schemes 3 and 4) gave the lattice
solvent free DimpForm analogues; [{K3(DimpForm)3

(DME)3}n] (4) and [{K(PMDETA)K(DimpForm)2}n] (7),
for which good quality X-ray data were acquired (Tables
1 and 2). Spectroscopic data for 4 and 7 were consistent
with 3 and 6 Æ tol with the absence of non-coordinating sol-
vent (see Section 4).
[{K(PMDETA)K(DimpForm)2}n] (7) [K(DippForm)(PMDETA)] (8)

C43H61K2N7 C34H58KN5

754.19 575.95
123(2) 123(2)
P212121 Pnma

12.9687(3) 21.0653(17)
17.0431(4) 19.7737(12)
20.3504(6) 17.1371(12)
90 90
90 90
90 90
4498.0(2) 7138.3(9)
4 8
1.114 1.072
0.246 0.177
27719 39062
10673 7348
482 406
0.0983 0.1558
0.0599 0.0918
0.1010 0.2019

. All hydrogen atoms omitted for clarity. Non-coordinating aryl and DME
to generate equivalent atoms: #1 1 + x, y, z; #2 x�1, y, z. Selected bond



Fig. 6. Molecular structure of 7 (POV-Ray illustration, 40% thermal
ellipsoids). All hydrogen atoms omitted for clarity. Non-coordinating aryl
and PMDETA hydrocarbyl groups depicted as wire frames. Symmetry
transformations used to generate equivalent atoms: #1
x� 1=2; �y; z� 1=2; #2 �x� 1=2; �y; 1=2� z. Selected bond lengths
and angles listed in Tables 3 and 4.
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As illustrated in Figs. 5 and 6, compounds 4 and 7

include Z-anti [16] formamidinates. Both contain
‘K(Form)2’ units tethered into one-dimensional polymers
reminiscent of compound 2 and [{K(THF)2K(Dipp-
Form)2}n] [11] using the non-K(Form)2 bound nitrogens
to coordinate bridging K(solvent)n units. For 7, this pro-
vides a structure that differs simply in the tethering unit,
i.e. K(PMDETA) vis-à-vis M(THF)2 (M = Li or K) [11].
Table 3
Selected distances (Å) for known bulky formamidinate complexes of potassiu

1(THF)a 1 Æ tola [K(H/MesForm)2] [7] [K(TH

K(1)–N(1) 2.866(3) 2.745(3) 2.7187(17) 2.863(
K(1)–N(3) 2.908(3) 2.839(3) 2.7458(16) 2.863(
K(1)–(1)f 2.997(11) 2.897(9) 2.8867(77) 3.034(
K(1)–(2)f 3.108(11) 2.931(9) 2.8954(75) 3.034(
K(1)–O(1) 2.841(3) – – –
M(2)–N(2)#/N(6) – – – 2.687(
M(2)–N(4) – – – 2.687(
N(2)#� � �H 1.91 1.95 1.80 –
N(2)#� � �N(4) 2.786(4) 2.827(3) 2.663(2) –
M(2)–D(1)g – – – 2.668(
M(2)–D(2)g – – – 2.667(
M(2)–D(3)g – – – –
M(2)–D(4)g – – – –
K(3)–(3)f – – – –
K(3)–N(5) – – – –
K(3)–N(2)# – – – –
K(3)–D(5)g – – – –
K(3)–D(6)g – – – –
C(1)–N(1)h 1.316(5) 1.322(4) 1.319(2) 1.321(
C(1)–N(2)h 1.325(4) 1.322(4) 1.324(2) 1.315(
C(2)–N(3)h 1.294(5) 1.288(4) 1.292(2) 1.321(
C(2)–N(4)h 1.344(4) 1.340(4) 1.334(2) 1.315(
C(3)–N(5)h – – – –
C(3)–N(6)h – – – –

Symmetry transformations used to generate N(2)# atoms: ax� 1
2 ;

3
2� y; z� 1

2
b Parameters listed solely those of lowest numbered molecular unit. M(2) =
f (1), (2) and (3) represent centroids of aryl donors, number sequence match
g ‘D’ refers to DME or PMDETA donor atom, number sequence matches n
h C(1), C(2), C(3) refer to formamidinate methine carbons, number sequenc
The structure of 4 (and 3 vide supra) incorporates a further
K(Form)(DME) bridging unit beyond the pseudo

K(Form)2 ‘anion’ and K(solvent)n ‘cation’ of 2 and 7

(and 6 vide supra) to generate an ABC block copolymer.
These repeat in the order K(Form)2(=A), K(DME)2 (=B)
then K(Form)(DME) (=C), with the ‘new’ unit bearing a
close structural resemblance to the g6-aryl Z-anti [16]
formamidinate species [{Na(DiepForm)(THF)}n] and g1-
aryl Z-anti component of [Li(THF)3Li(DiepForm)2] [12].
Noteworthy differences between 2, 4 and 7 are the shorten-
ing of the intra-K(Form)2 K–N and K–centroid distances
in the all-potassium compounds indicating, as expected,
that the K(Form)2 units of compound 2 carry a greater an-
ionic charge (Table 3). Furthermore, the centroid–K–cen-
m and compounds reported herein (see reference key)

F)2K(DippForm)2] [11] 2b 4c 6 Æ told 7e

4) 2.805(7) 2.766(3) 2.767(3) 2.746(3)
4) 2.767(7) 2.775(3) 2.780(3) 2.770(3)
9) 2.885(19) 2.946(9) 2.894(7) 2.921(10)
9) 2.870(19) 2.896(9) 2.873(8) 2.897(10)

– – – –
4) 2.005(14) 2.743(3) 2.754(3) 2.731(3)
4) 2.050(15) 2.758(3) 2.734(3) 2.725(3)

– – – –
– – – –

5) 1.993(13) 2.745(3) 2.788(4) 2.851(3)
6) 2.067(13) 2.814(3) 2.904(4) 2.928(3)

– 2.789(4) 2.843(4) 2.929(3)
– 2.867(3) – –
– 3.068(9) – –
– 2.734(3) – –
– 2.715(3) – –
– 2.756(3) – –
– 2.819(3) – –

6) 1.311(9) 1.331(5) 1.312(4) 1.317(5)
6) 1.314(9) 1.303(5) 1.302(5) 1.319(5)
6) 1.309(9) 1.330(5) 1.313(4) 1.321(4)
6) 1.313(9) 1.313(5) 1.308(5) 1.299(4)

– 1.324(5) – –
– 1.312(5) – –

; cx + 1, y, z; dx; 1
2� y; z� 1

2;
e�x� 1

2 ; �y; zþ 1
2.

Li(1). No symmetry transformations used.
es numerical order of ligands in displayed figure.
umerical order of relevant figure.

e matches numerical order of relevant figure.



Table 4
Selected angles (�) for known bulky formamidinate complexes of potassium and compounds reported herein (see reference key)

1(THF)a 1 Æ tola [K(H/MesForm)2] [7] [K(THF)2K(DippForm)2]
[11]

2b 4c 6 Æ told 7e

N(1)–K(1)–N(3) 123.63(9) 138.39(8) 112.34(5) 180.0 151.3(2) 146.53(10) 147.54(9) 131.73(9)
(1)–K(1)–(2)f 173.6(3) 154.1(3) 122.62(23) 180.0 154.4(8) 158.4(3) 148.0(3) 138.6(3)
Ar:Ar interplane 5.4(1) 24.4(1) 48.2(1) 0.0 27.2(4) 15.7(2) 30.0(2) 35.0(1)
N(4)–M(2)–N(2)#/N(6) – – – 149.5(2) 121.2(8) 117.49(10) 114.75(10) 107.43(10)
N(4)–H–N(2)# 171.62 174.20 166.2 – – – – –
N(2)#–K(3)–N(5) – – – – – 114.43(10) – –
N(2)#–K(3)–(3)f – – – – – 104.8(2) – –
(3)–K(3)–D(5)f,g – – – – – 110.3(2) – –
(3)–K(3)–D(6)f,g – – – – – 163.5(2) – –
D(1)–M(2)–D(2)g – – – 113.1(2) 97.7(7) 61.19(9) 64.34(14) 61.44(8)
D(1)–M(2)–D(3)g – – – – – 74.28(13) 113.35(13) 108.49(8)
D(1)–M(2)–D(4)g – – – – – 143.89(10) – –
D(2)–M(2)–D(3)g – – – – – 108.67(11) 62.06(15) 62.49(8)
D(2)–M(2)–D(4)g – – – – – 163.30(11) – –
D(3)–M(2)–D(4)g – – – – – 58.68(11) – –
D(5)–K(3)–D(6)g – – – – – 59.45(10) – –
N(1)–C(1)–N(2)h 127.3(4) 126.5(3) 126.30(18) 128.3(4) 129.1(10) 128.2(4) 128.1(3) 126.8(3)
N(3)–C(2)–N(4)h 124.4(4) 123.3(3) 124.78(17) 128.3(4) 127.8(10) 127.0(4) 128.3(3) 128.6(4)
N(5)–C(3)–N(6)h – – – – – 128.0(4) – –

Symmetry transformations used to generate N(2)# atoms: ax� 1
2 ;

3
2� y; z� 1

2;
cx + 1, y, z; dx; 1

2� y; z� 1
2;

e�x� 1
2 ; �y; zþ 1

2.
b Parameters listed solely those of lowest numbered molecular unit. M(2) = Li(1). No symmetry transformations used.
f (1), (2) and (3) represent centroids of aryl donors, number sequence matches numerical order of ligands in displayed figure.
g ‘D’ refers to DME or PMDETA donor atom, number sequence matches numerical order of relevant figure.
h C(1), C(2), C(3) refer to formamidinate methine carbons, number sequence matches numerical order of relevant figure.

Fig. 7. Molecular structure of 8 illustrating potential interactions with
adjacent units (POV-Ray illustration, 40% thermal ellipsoids). All
hydrogen atoms except H(24)#2 and H(31)#3 omitted for clarity. All
hydrocarbyl groups except NCN methine depicted as wire frames.
Symmetry transformations used to generate equivalent atoms: #1
x; 1

2
� y; z; #2 1

2
� x; 1

2
� y; 1

2
� z; #3 xþ 1

2
; 1

2
� y; 3

2
� z. Selected distances

(Å) and angles (�): K(1)–N(1) 2.692(6), K(1)–N(2) 2.844(6), K(1)–N(3)
2.899(6), K(1)–N(4) 2.811(5), K(1)–N(4)#1 2.811(5), N(1)–C(15) 1.333(8),
N(2)–C(15) 1.295(8), K(1)� � �H(24)#2 3.36, K(1)� � �C(24)#2 3.806(11),
K(1)� � �H(31)#3 3.76, K(1)� � �C(31)#3 4.615(8), K(1)� � �C(31)#3 4.615(8),
N(1)� � �H(24)#2 2.96, N(1)� � �C(24)#2 3.869(11), N(2)� � �H(31)#3 3.26,
N(2)� � �C(31)#3 4.172(10), N(1)–K(1)–N(2) 50.56(19), N(3)–K(1)–N(4)
62.53(11), N(4)–K(1)–N(4)#1 121.0(2), N(1)–K(1)–N(3) 158.2(2), N(2)–
K(1)–N(3) 151.2(2), N(1)–C(15)–N(2) 128.6(7), K(1)� � �H(24)#2–C(24)#2
111.3, N(1)� � �H(24)#2–C(24)#2 161.3, K(1)� � �H(31)#3–C(31)#3 151.5,
N(2)–H(31)#3–C(31)#3 161.3.
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troid angle of 7 is ca. 20� less than those of 2 and 4

(138.6(3)� vs 154.4(8)� and 158.4(3)� respectively) (Table
4). This is consistent with increased steric buttressing with
the tridentate ‘cation’ support ligand and coincides with a
decreased Nimine–M(2)–Nimine angle for 7 (Tables 3 and
4). The two Z-anti [6] DimpForm containing units of 4 dis-
play K–centroid distances that are longer for the
‘K(Form)2’ unit (Table 3). This reflects the increased coor-
dination number of the ‘neutral’ K(Form)DME unit rela-
tive to the K(Form)2 unit (Table 3).

(iv) Extension of (iii) to DippForm

The syntheses of compounds 3 and 6 were repeated
using the formamidine DippFormH in order to provide a
direct comparison between THF [11], DME and PMDETA
solvated complexes. To this end, the complexes [{K(Dipp-
Form)(DME)}n] (‘n’ unknown) (5) and [K(Dipp-
Form)(PMDETA)] (8) were prepared using identical
procedures to those in (iii) (see Scheme 4 for 8) and purified
by recrystallisation from a concentrated solution (5) or
placement at �15 �C (8). The 1H NMR spectra of both
indicate Z-anti [6] DippForm ligands on the basis of
NC(H)N resonance location (7.76 (C6D6) and 7.35 (d8-
THF) ppm respectively) [11].

Unlike compound 5, for which twinning of crystalline
samples repeatedly frustrated X-ray structure determina-
tion, crystalline samples of compound 8 were of sufficient
quality for full data collection (Fig. 7, selected bond lengths
and angles given in Figure caption). Contrary to com-
pounds 1–4, PMDETA solvated complexes 6 and 7 and
formamidinate binding mode predictions based on solution
1H NMR spectra (see above), compound 8 crystallises as
two unique discrete five-coordinate monomers (only first
discussed herein) with extended potassium to PMDETA
central nitrogen contacts (2.899(6) Å) and disparate potas-
sium to E-anti [6] chelating formamidinate nitrogen
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distances (2.692(6) and 2.844(6) Å). The ca. 0.15 Å dispar-
ity suggests asymmetry in the NCN backbone of the Dipp-
Form ligand. Further to these intramolecular contacts,
bifurcated intermolecular interactions between the para-
CH of each Dipp ring and the potassium and NCN nitro-
gen of adjacent [K(DippForm)(PMDETA)] units appear to
complement the unusual planar donor set of the PMDETA
ligand in 8 (Fig. 7). However, these contacts are beyond the
combined van der Waals radii (ca. 3.00 Å) [10] and the
bonding exhibited by the PMDETA of 8 therefore appears
to be an artefact of crystal packing.

3. Conclusion

The ligand DiepForm generates N:g6-aryl-coordinated
potassium compounds containing the ‘K(Form/H)2’ motif.
Combined with Z-anti [6] formamidinate coordination of
potassium, the hexamethyldisilazide (HMDS) anion can-
not effect complete deprotonation of DiepFormH in
THF/toluene solution (1). Compound 1 can be deproto-
nated by n-BuLi or addition of DME or PMDETA to
the preparation medium of 1. This results in the isolation
of AB (2 and 6) or ABC (3) block copolymers. Extension
of this work to DimpForm (4 and 7) and DippForm (5
and 8) indicates that both behave similarly to DiepForm
analogues in solution (cf. 1H NMR NC(H)N resonance
at ca. 7.50 ppm), but the DippForm complex 8 exists as dis-
crete N,N 0-chelated monomers in the solid-state.

4. Experimental

The N,N 0-bis(aryl)formamidinate ligand precursors
N,N 0-bis(2,6-dimethylphenyl)-, N,N 0-bis(2,6-diethylphenyl)
and N,N 0-bis(2,6-diisopropylphenyl)formamidine (Dimp-
FormH, DiepFormH and DippFormH respectively) were
synthesised according to a modified published procedure
[22]. n-BuLi (1.6 M in hexane) and potassium hexamethyl-
disilazide (0.5 M in toluene) were purchased from Aldrich.
Tetrahydrofuran (THF) and 1,2-dimethoxyethane (DME)
were dried over sodium, freshly distilled from sodium ben-
zophenone ketyl (THF) or sodium (DME) and freeze–thaw
degassed prior to use. N,N,N 0,N00,N00-Pentamethyldiethy-
lenetriamine (PMDETA) was freshly distilled, dried over
3–5 Å molecular sieves and freeze–thaw degassed prior to
use. All manipulations were performed using conventional
Schlenk or glovebox techniques under an atmosphere of
high purity dinitrogen in flame-dried glassware. Infrared
spectra were recorded as Nujol mulls using sodium chloride
plates on a Perkin Elmer 1600 FTIR spectrophotometer.
1H NMR spectra were recorded at 300.13 MHz and
13C{1H} NMR spectra were recorded at 75.46 MHz using
a Bruker AC 300 spectrometer. Chemical shifts were refer-
enced to the residual 1H and 13C resonances of deutero ben-
zene (dH 7.16 and dC 128.39) or methylene resonances of
d8-THF (dH 1.73 and 3.58 and dC 25.37 and 67.57). Melting
points were determined in sealed glass capillaries under
dinitrogen. Reproducible microanalyses for compounds
1–8 could not be obtained due to inconsistent solvent loss
and high air- and moisture sensitivity.

4.1. [K(DiepForm)(DiepFormH)(THF)] (1(THF)) and

[K(DiepForm)(DiepFormH)] Æ toluene (1 Æ tol)

4.1.1. Method 1

K-HMDS (6.60 mL, 3.30 mmol) was added dropwise to
a stirred solution of DiepFormH (1.02 g, 3.31 mmol) in
THF (20 mL) to give a rich yellow solution that was left
to stir for 16 h. Filtration, concentration to the point of
crystallisation (ca. 15 mL) and placement at �5 �C gave
the title compounds as colourless rhombohedral prisms
and hexagonal plates respectively (0.92 g, 74%, 1.23 mmol
based on [K(DiepForm)(DiepFormH)] Æ toluene), m.p.
267 �C. IR: 1900 w, 1839 w, 1763 w, 1622 s, 1533 s, 1256
m, 1190 sh m, 1151 m, 1076 m, 1031 m, 960 w, 918 m,
870 w, 786 m, 758 sh s, 728 sh s, 694 m, 662 w cm�1; 1H
NMR (d8-THF, 300 K, vacuum dried sample): d 1.15 (t,
24H; CH3, 3JHH = 7.3 Hz), 2.65 (q, 16H; CH2,
3JHH = 7.3 Hz), 5.97 (br s, 1H; NH), 6.62–7.26 (m, 12H;
ArH), 7.44 (s, 2H; NC(H)N); Compound too insoluble
for satisfactory acquisition of 13C{1H} NMR data.

4.1.2. Method 2

Following the procedure for Method 1, K-HMDS
(4.00 mL, 2.00 mmol) and DiepForm (1.24 g, 4.02 mmol)
gave colourless rhombohedral prisms and hexagonal plates
of 1 (0.98 g, 66%, 1.31 mmol based on [K(Diep-
Form)(DiepFormH)] Æ toluene), m.p. 260 �C. IR and 1H
NMR data consistent with 1 from Method 1.

4.2. [{Li(THF)2K(DiepForm)2}n] (2)

n-BuLi (1.20 mL, 1.92 mmol) was added dropwise to a
stirred pale yellow solution of in situ prepared 1 (Method
2; 1.18 g, 3.83 mmol DiepFormH, 3.80 mL, 1.90 mmol
K{N(SiMe3)2}) in THF (20 mL). The resulting light yellow
clear solution was left to stir for 12 h prior to concentration
in vacuo (ca. 5 mL). Prolonged standing at �15 �C gave 2
as colourless rhombohedral prisms (1.11 g, 1.38 mmol,
73%), m.p. 329–335 �C (decomposition, solvent loss
190 �C). IR: 1920 w, 1861 w, 1801 w, 1745 w, 1661 m,
1593 s, 1534 s, 1228 m, 1189 s, 1103 sh m, 1072 m, 987
m, 961 sh m, 916 s, 866 m, 812 m, 788 s, 757 m, 729 sh
m, 694 sh w, 671 m cm�1; 1H NMR (d8-THF, 300 K): d
1.16 (t, 24H; CH3, 3JHH = 6.6 Hz), 2.65 (q, 16H; CH2,
3JHH = 6.6 Hz), 6.62–7.12 (m, 12H; ArH), 7.39 (s, 2H;
NC(H)N); 13C{1H} NMR (d8-THF, 300 K): d 11.6 (s;
CH3), 22.5 (s; CH2), 119.0 (br s; ArC), 122.8 (s; ArCH),
134.6 (br s; ArCH), 144.9 (br s; ArC), 153.2 (br s; NCN).

4.3. General procedure for [K(Form)(DME)x] compounds

3–5

K-HMDS (6.00 mL, 3.00 mmol) was added dropwise to
a stirred solution of N,N0-bis(aryl)formamidine (3.00 mmol)
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in THF/DME (4:1, 20 mL, 38.48 mmol DME). The result-
ing solution, which ranged from colourless to light yellow
in appearance, was stirred for 12 h. Filtration and concen-
tration to the point of crystallisation gave colourless cubes
(3), irregular prisms (4) or a microcrystalline powder (5)
upon standing. Relevant details for each compound are
listed below.

4.3.1. ½fK3ðDiepFormÞ3ðDMEÞ3gng� � n
4
DME (3)

Isolated yield 0.87 g (65%, 0.65 mmol), m.p. 76 �C. IR:
1929 w 1868 w, 1667 w, 1628 m, 1590 sh m, 1538 s, 1253
m, 1234 m, 1189 sh s, 1102 sh m, 1030 w, 909 sh m, 867
w, 812 m, 788 m, 759 sh m, 725 w cm�1; 1H NMR
(C6D6, 300 K): d 1.15 (t, 36H; CH3, DiepForm,
3JHH = 6.2 Hz), 2.64 (q, 24H; CH2, DiepForm,
3JHH = 6.2 Hz), 3.01 (s, 19 1

2
H; CH3, DME), 3.19 (s, 13

H; OCH2, DME), 6.78–7.14 (br m, 18H; ArH), 7.43 (s,
3H; NC(H)N). Compound too insoluble for satisfactory
acquisition of 13C{1H} NMR data.

4.3.2. [{K3(DimpForm)3(DME)3}n] (4)

Isolated yield 0.93 g (81%, 0.81 mmol), m.p. 95 �C
(decomposition 129 �C). IR: 1897 w, 1832 w, 1774 w,
1651 m, 1594 m, 1532 s, 1248 s, 1193 s, 1112 s, 1028 s,
984 s, 947 s, 920 sh m, 899 m, 847 s, 812 m, 792 sh m,
756 s, 662 sh m, 621 sh w cm�1; 1H NMR (C6D6,
300 K): d 2.19 (br s, 36H; CH3, DimpForm), 3.03 (s, 18
H; CH3, DME), 3.21 (s, 12H; OCH2, DME), 6.81–7.07
(br m, 18H; ArH), 7.42 (br s, 3H; NC(H)N). Compound
too insoluble for satisfactory acquisition of 13C{1H}
NMR data.

4.3.3. K(DippForm)(DME) (5)

Isolated yield 0.78 g (53%, 1.58 mmol), m.p. 47–52 �C.
IR: 1892 w, 1839 w, 1733 w, 1671 sh w, 1594 sh m, 1538 s,
1242 m, 1193 m, 1113 m, 1030 m, 934 sh m, 913 sh m, 856
sh m, 820 w, 798 m, 753 sh m, 721 w cm�1; 1H NMR
(C6D6, 300 K): d 1.32 (d, 24H; CH3, iPr, 3JHH = 6.9 Hz),
3.11 (s, 6H; CH3, DME), 3.30 (s, 8H; CH2, DME), 3.70 (h,
4H; CH, iPr, 3JHH = 6.9 Hz), 7.03–7.24 (m, 6H; ArH), 7.76
(br s, 1H; NC(H)N); 13C{1H} NMR (C6D6, 300 K): d 24.8
(s; CH3, iPr), 28.5 (s; CH, iPr), 58.9 (s; CH3, DME), 72.5 (s;
CH2, DME), 122.2, 123.4 (s; ArCH), 142.8, 147.1 (s; ArC),
161.5 (s; NCN).

4.4. General procedure for [K(Form)(PMDETA)x]
compounds 6–8

K-HMDS (4.00 mL, 2.00 mmol) was added dropwise to
a stirred solution of N,N 0-bis(aryl)formamidine (2.00 mmol)
in THF/PMDETA (6:1, 20 mL, 13.68 mmol PMDETA).
The resulting yellow solution was stirred for 12 h. Filtra-
tion, concentration (ca. 5 mL) and addition of hexane (6,
2 mL) or placement at �15 �C (7 and 8) gave colourless
triangular prisms (6), blocks (7) or irregular prisms (8)
upon standing. Relevant details for each compound are
listed below.
4.4.1. [{K(PMDETA)K(DiepForm)2}n] Æ n toluene

(6 Æ tol)

Isolated yield 0.62 g (65%, 0.65 mmol), m.p. 102 �C. IR:
1893 w, 1860 w, 1836 w, 1650 w, 1592 sh m, 1532 s, 1256
m, 1228 m, 1189 s, 1163 w, 1118 w, 1103 m, 1081 m, 1032
m, 931 w, 911 m, 811 sh m, 787 sh m, 756 sh m, 731 sh m,
695 sh w, 673 w cm�1; 1H NMR (C6D6, 300 K): d 1.40 (t,
24H; CH3, 3JHH = 7.5 Hz), 2.00 (s, 3H; NCH3), 2.05 (s;
12H; N(CH3)2), 2.12–2.28 (m, 8H; CH2CH2), 2.92 (q, 16H;
CH2, 3JHH = 7.5 Hz), 7.01–7.23 (m, 12H; ArH), 7.87 (br s,
2H; NC(H)N); 13C{1H} NMR (C6D6, 300 K): d 14.4 (s;
CH3), 24.6 (s; CH2), 41.0 (s; NCH3), 44.3 (s; N(CH3)2),
55.0 (s; CH2), 56.5 (s; CH2), 124.4 (s; ArC), 125.1 (s; ArCH),
127.3 (s; ArCH), 128.0 (s; ArC), 153.9 (s; NCN).

4.4.2. [{K(PMDETA)K(DimpForm)2}n] (7)

Isolated yield 0.66 g (88%, 0.88 mmol), m.p. 148 �C. IR:
1911 w, 1889 w, 1861 w, 1822 w, 1789 w, 1650 w, 1589 sh s,
1533 br s, 1239 m, 1194 s, 1167 m, 1122 m, 1089 s, 1028 s,
978 m, 928 m, 900 m, 800 m, 761 sh s, 722 w, 661 sh w
cm�1; 1H NMR (C6D6, 300 K): d 1.80 (s, 3H; NCH3),
1.88 (s, 24H; CH3), 2.00 (m, 8H; CH2CH2), 2.27 (br s,
12H; N(CH3)2), 6.51–6.98 (m, 12H; ArH), 7.18 (br s, 2H;
NC(H)N); 13C{1H} NMR (C6D6, 300 K): d 19.1 (s;
CH3), 40.2 (s; NCH3), 44.0 (s; N(CH3)2), 54.9 (s; CH2),
56.2 (s; CH2), 118.9 (s; ArCH), 124.1 (s; ArC), 130.2 (s;
ArCH), 136.7 (s; ArC), 155.0 (s; NCN).

4.4.3. [K(DippForm)(PMDETA)] (8)

Isolated yield 1.07 g (93%, 1.86 mmol), m.p. 115 �C. IR:
1915 w, 1787 w, 1664 sh m, 1592 sh m, 1535 s, 1257 m, 1234
m, 1178 m, 1129 m, 1099 m, 1080 m, 1034 s, 933 sh m, 915
sh m, 804 sh w, 772 sh m, 761 sh m, 728 w, 694 w cm�1; 1H
NMR (d8-THF, 300 K): d 1.16 (d, 24H; CH3, iPr,
3JHH = 6.7 Hz), 2.17 (s, 12H; N(CH3)2), 2.21 (s; 3H;
NCH3), 2.32 (t, 4H; CH2, 3JHH = 7.0 Hz), 2.44 (t, 4H;
CH2, 3JHH = 7.0 Hz), 3.50 (h, 4H; CH, iPr, 3JHH = 6.7 Hz),
6.76–7.26 (m, 6H; ArH), 7.35 (br s, 1H; NC(H)N); 13C{1H}
NMR (d8-THF, 300 K): d 24.7 (s; CH3, iPr), 28.8 (s; CH,
iPr), 33.6 (s; NCH3), 46.5 (s; N(CH3)2), 57.7 (s; CH2),
59.1 (s; CH2), 123.5 (s; ArCH), 126.3 (s; ArC), 129.2 (s;
ArC), 129.9 (s; ArCH), 143.8 (s; NCN).

5. X-ray crystallography

Crystalline samples of compounds 1(THF), 1 Æ tol, 2, 4,
6 Æ tol, 7 and 8 were mounted in viscous hydrocarbon oil
on glass fibres at �150 �C (123 K). Crystal data were
obtained using an Enraf-Nonius Kappa CCD diffractome-
ter. X-ray data were processed using the DENZO program
[23]. Structural solution and refinement was carried out
using the SHELX suite of programs [24,25] with the graphical
interface X-Seed [26]. All hydrogen atoms were placed in
calculated positions using the riding model. Crystal data
and refinement parameters are compiled in Tables 1 and
2 with selected bond lengths and angles provided in Tables
3 and 4 (see reference key).
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5.1. Variata

For compound 1 Æ tol, modelling of disorder for two ethyl
CH3 groups was attempted. This was successful for one
(C(31)) but failed to give satisfactory thermal parameters
for the other (C(8)). The disorder of C(31) was modelled over
two sites of partial occupancy (59:41%) and C(8) was left as is.

For compound 2, an ISOR refinement (0.01) was neces-
sary to obtain satisfactory thermal parameters for C(11)
and C(44). Modelling of disorder over two sites of partial
occupancy for one THF methylene (C(87)) was attempted
but failed to give satisfactory thermal parameters.

For compound 4, modelling of disorder for a DME oxy-
gen (O(3)) and two methylene groups (C(57) and C(58))
was attempted. This was successful for both carbon atoms
but failed to give satisfactory thermal parameters for the
O(3). The disorders of C(57) and C(58) were modelled over
two sites of partial occupancy (A and B; 55:45% respec-
tively) and O(3) was left as is.

For compound 6 Æ tol, data were poor. Disorder of the
lattice toluene methyl group (C(58)) was modelled over
two sites with 69:31% occupancy. Similarly, disorder of
one ethyl CH3 group (C(39)) and two PMDETA CH3

groups (N(CH3)2; C(50) and C(51)) was modelled over
two sites with 53:47% and 58:42% occupancy respectively.
Further disorder, as suggested by prolate thermal parame-
ters, could not be modelled successfully.

Data were poor for compound 8. Attempts to model dis-
order suggested by prolate atomic thermal parameters were
unsuccessful.
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Appendix A. Supplementary material

CCDC 624458, 624459, 624460, 624462, 624463, 624464
and 624465 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from
the Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033;
or e-mail: deposit@ccdc.cam.ac.uk. Supplementary data
associated with this article can be found, in the online ver-
sion, at doi:10.1016/j.jorganchem. 2007.02.028.
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