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Abstract

The salts [Fe(C;sH,,NB),[PF], [Fe(CsH,, NgB),JTCNQ].THF and [Fe(C,sH,,N,B),[FeBr,] have been prepared and the
first two subjected to X-ray diffraction studies. In [Fe(C,sH»,NgB),)[PF,] the coordination geometry around the Fe centre is
almost perfectly octahedral, with the Fe-N bond distances in the range 1.960(3)-1.970(3) A, which are typical distances for low
spin iron(II1) complexes. In [Fe(C,sH,,N¢B),ITCNQ].THF the Fe-N bond lengths lie in the range 1.980(3)-1.949(2) A, and
there is essentially octahedral symmetry around the metal centre. In the case of [Fe(C;sH.,NB), ITCNQ].THF the [TCNQ]~
anions lie in rows perpendicular to the crystallographic bc-plane, these rows being separated by parallel rows of [Fe(C,sH ., N,B),]
cations. The solid state magnetic susceptibility data for these compounds obey the Curie law (y,, = C/T) in the temperature
range 6-300 K with g o= 1.65, 2.55 and 5.39 uy for the three complexes respectively. None of these salts showed any evidence

of short-range spin-spin interactions at low temperature.
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1. Introduction

The synthesis and characterisation of molecular in-
organic solids that exhibit cooperative magnetic inter-
actions is currently of great interest. For example, the
metallocenium solids [M(n-CsMes),] *[TCNE] ~
(TCNE = tetracyanoethylene; M=Cr, Fe and Mn) ex-
hibit ferromagnetically ordered ground states with
Curie temperatures (7,) of 3.65, 4.8 and 8.8 K respec-
tively [1-3].

The electronic properties of the poly(1-pyrazo-
lyDborate ligand, which is a 6e~ donor, are often
likened to those of the C;Hy and CsMeg ligands,
since it has been shown to form a large number of
analogous complexes with similar reactivities. In addi-
tion this ligand system has been observed to have a
greater stabilising influence upon the coordinated metal
centre [4], often resulting in air-stable compounds [5].
For example, bis[hydrotris(3,5-dimethyl-1-pyrazolyl)
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borate] complexes of manganese(Il), copper(II) and
zinc(IT) were amongst those first synthesised by Trofi-
menko [6] in 1967. Interestingly bis[(hydrotris(3,5-di-
methyl-1-pyrazolyl)borateliron(II) was found to un-
dergo a high spin-low spin crossover between 150 and
250 K [7.8].

As part of our continuing interest in the magnetic
properties of molecular materials we have been synthe-
sising new inorganic salts containing bis[hydrotris(3,5-
dimethyl-1-pyrazolyl]borate metal cations to investigate
their potentially interesting solid state magnetic prop-
erties. Here we report the synthesis, crystal structures
and magnetic properties of salts containing bis[hydro-
tris(3,5-dimethyl-1-pyrazolyllborateiron(III).

2. Experimental details
2.1. General

Solid state magnetic susceptibility measurements
were recorded on microcrystalline samples using a
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Scheme 1. (i) For 1[Fe(Cp),IPF,] in CH,Cl, at rt, 60%: For 2 TCNQ in CH,Cl, at rt, 52%; For 3. (ii) FeBr, in CH,Cl, at rt, 52%.

the intrinsic diamagnetism of the sample container and
the diamagnetism of the electronic cores of the con-
stituent atoms. Infrared spectra were measured on a

Cryogenics Consultants SCUS500 superconducting
quantum interference device (SQUID) susceptometer,
from 6-300 K. The susceptibilities were corrected for

Table 1
Crystallographic parameters for 1 and 2

Compound formula

CoH 44B,F,FeN,,P (1)

C4Hs,B,FeN (O (2)

Formula weight 794 .85 926.17
Crystal system monoclinic triclinic
Space group P2,/a P1

a/A 12.747(2) 8.690(8)
b/A 13.737(2) 11.015(5)
c/A 10.431(1) 14.093(5)
a/°® 90 114.66(4)
B/° 93.6%(1) 92.83(9)
v/ 90 98.04(7)
VA 1823 1205

V4 2 1
D./gem™* 1.449 1.173
F(000) 826 440
Linear abs. coef. /cm ™! 43.717 3.574
Refinement

Number of parameters 238 382
Ratio of data to parameters 10.57 7.86
Weighting scheme Chebyshev (6.6, 2.0, 4.7) Chebyshev (5.4, 3.3, 1.8)
Final R ? 0.0771 0.0571
Final R, ° 0.0863 0.0682
Absorption correction

Type DIFABS DIFABS
Min /max correction in 8 0.58/1.86 1.00/1.47

Data collection
X-radiation

eminv omax/o

w-scan width parameters
Min /max h.k.1

CuKa, A = 1.54180 A
0,72

0.60 + 0.15 tan @
—15/15 =1/16 —1/12

Mo Ke, A = 0.71069 A
0,24

1.10 + 0.35tan @

—1/9 -12/12 —16/16

Total data collected 4719 3805
Total unique data 3543 3757
Total observed data (I > 30) 2515 3002
Sheldrick merging R-factors 0.062 0.039

"R=LIF,|-{Fl/EI|F,l;

PR, =(Z(F,|=|F,D/CI|F,|%)/?
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Perkin-Elmer 1700FT spectrometer between KBr
plates. Elemental microanalyses were performed by the
Analytical Services of the Inorganic Chemistry Labora-
tory. [Fe(C,sH,,N.B),] was prepared by literature
methods [6].

2.2. Synthesis of [Fe(C,sH,,NyB),]"[PF,]~ (1)
(Scheme 1)

A solution of [Fe(CsH,),[PF] (330 mg, 1.00 mmol)
in 50 ml of CH,Cl, was added to one of Fe(C;H,,-
N¢B), (650 mg, 1.00 mmol) in 50 ml of CH,Cl,. A red
solid separated immediately. The CH,Cl, was re-
moved on a rotary evaporator and the solid was washed
with toluene to remove ferrocene. Recrystallisation
from CH,Cl, by slow evaporation of the solvent at
room temperature gave dark red crystals of 2 (481 mg,
61%). Anal: Calcd. (Found) for C, H ,B,F,FeN,P: C,
45.28 (45.30); H, 5.53 (5.59); N, 21.13 (21.11); Fe 7.04
(7.42)%.

2.3. Synthesis of [Fe(C,sH,,NyB),] *[TCNQ] ~.THF
(2)

A solution of [Fe(C ;sH ,, N,B),] (100 mg, 0.15 mmol)
in 20 ml of THF was added to one of TCNQ (30 mg,
0.147 mmol) in 5 ml of hot THF. The solution was
concentrated to 10 ml and kept overnight at 4°C to
yield dark blue crystals of 2 (72 mg, 52%). Anal. Calcd
(Found) for C,H.,B,FeN,O: C, 59.86 (59.90); H,
5.63 (5.88); N, 24.29 (24.69)%. Infrared (Nujol) v(C=N)
=2179, 2153 cm ™"

2.4. Synthesis of [Fe(C,;H,,Ny;B),] *[FeBr,] = (3)

A solution of FeBr; (200 mg, 0.675 mmol) in 20 ml
CH ,Cl, was added to a CH,Cl, solution of [K(CsH 5,-
N¢B)] (295 g, 0.675 mmol) and the red mixture was
stirred overnight under nitrogen then filtered. The
filtrate was concentrated to 10 ml and diethyl ether
was added dropwise to induce precipitation of fine red
crystals of 3 (180 mg, 52%). Anal: Calcd (Found) for
C;oHB,BrFeN,: C, 35.22 (35.52); H, 4.33 (4.35); N,
16.44 (15.98)%.

2.5. Crystal structure determinations for 1 and 2

Crystal data, data collection and processing parame-
ters are given in Table 1. The procedure was as fol-
lows. A crystal was mounted in a Lindemann tube (0.7
mm) under nitrogen and sealed with a small flame.
This was transferred to the goniometer head of an
Enraf-Nonius CAD4 diffractometer. Unit cell parame-
ters were calculated from the setting angles of 25
carefully centred reflections. Three reflections were
chosen as intensity standards and were measured every

Table 2

Selected intramolecular distances for 1 (e.s.d’s in parentheses)
Atoms Distance//&
Fe(1)-N(11) 1.960(3)
Fe(1)-N(21) 1.970(3)
Fe(1)-N(31) 1.962(3)
P(1)-F(1) 1.552(4)
P(1)-F(2) 1.556(5)
P(1)-F(3) 1.571(4)
N(11)-N(12) 1.372(4)
N(11)-C(15) 1.355(5)
N(12)-C(13) 1.349(5)
N(12)-B(1) 1.540(6)
N(21)-N(22) 1.374(5)
N(21)-C(25) 1.353(9)
N(22)-C(23) 1.351(5)
N(22)-B(1) 1.524(6)
N(31)-N(32) 1.380(4)
N@G1D-C(35) 1.348(5)
N(32)-C(33) 1.33(¢5)
N(32)-B(1) 1.543(5)
C(13)-C(14) 1.37(7)
C(13)-C(16) 1.498(6)
C(14)-C(15) 1.393(6)
C(15)-C(ON 1.495(6)
C(23)-C(24) 1.394(7)
C(23)-C(26) 1.489(7)
C(24)-C(25) 1.392(6)
C(25)-C(27) 1.483(7)
C(33)-C(34) 1.391(6)
C(33)-C(36) 1.494(6)
C(34)-C(35) 1.395(6)
C(35)-C(37) 1.497(6)

3600 s of X-ray exposure time, and three orientation
controls were measured every 250 reflections. The data
were corrected for Lorentz and polarisation effects
[13].

For both structures the heavy atom positions were
revealed by direct methods. Subsequent Fourier differ-
ence syntheses revealed the positions of the other
non-hydrogen atoms. Non-hydrogen atoms were re-
fined with anisotropic thermal parameters by full-ma-
trix least-squares procedures. The hydrogen atoms were
fixed in geometrically idealised positions. The hydro-
gen atoms were given isotropic thermal parameters
according to the atom to which they were attached
(these were not refined). For 1 and 2 an empirical
absorption correction using pDiFaBs [14] was applied. A
Chebyshev weighting scheme [15] was applied and the
data were corrected for the effects of anomalous dis-
persion and isotropic extinction (via an overall extinc-
tion parameter) [16] in the final stages of refinement.
All crystallographic calculations were performed using
the crysTaLs suite [17] on 2 MicroVAX 3800 computer
in the Chemical Crystallography Laboratory, Oxford.
Neutral atom scattering factors were taken from the
usual sources [18].

The atomic coordinates are listed in Tables 2 and 3.
Complete lists of band lengths additional material
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available from and angles and tables of thermal param-
eters have been deposited with the Cambridge Crystal-
lographic Data Centre.

3. Results and discussion

3.1. Synthesis and crystal structure of [Fe(C,sH, N,
B),] *[PF,]~ (1)

Compound 1 was synthesised by the addition of a
solution of [Fe(CsHs),]1"[PF,]~ in CH,Cl, to one of
[Fe(C,sH,,N.B),] in CH,Cl,. The resulting solid was
washed with toluene and then recrystallised from
CH, (I, to give a good yield of a red crystalline solid.

Table 3

Selected intramolecular angles for 1 (e.s.d’s in parentheses)
Atoms Angle/°  Atoms Angle /°
N(11)-Fe(1)-N(11)  179.99 N(12)-N(11)-Fe(1)  118.2(2)
N(21)-Fe(1)-N(11) 89.6(1)  C(15)-N(11)-Fe(1)  135.1(3)
N(21)-Fe(1)-N(11) 90.4(1) C(15)-N(11)-N(12)  106.7(3)
N(21)-Fe(1)-N(21)  179.99 C(13)-N(12)-N(11)  109.9(3)
N(@31)-Fe(1)-N(11) 89.8(1)  B(1)-N(12)-N(11) 117.9(3)
N(31)-Fe(1)-N(11) 90.2(1)  B(1)-N(12)-C(13) 132.2(4)
N(31)-Fe(1)-N(21) 89.5(1)  N(22)-NQ21)-Fe(1) 117.2(3)
N(31)-Fe(1)-N(21) 90.5(1)  C(25)-NQ2D)-Fe(1) 135.2(3)
N(31)-Fe(1)-N(31)  179.99 C(25)-N(21)-N(22)  107.6(3)
F()-P(1)-F(1) 179.99 C(23)-N(22)-N(21)  109.6(4)
F(2)-P(1)-F(1) 89.3(4)  B(1)-N(22)-N(21) 118.8(3)
F(2)-P(1)-F(1) 90.7(4)  B(1)-N(22)-C(23) 131.5(4)
F(2)-P(1)-F(2) 179.99 N(32)-N@31D-Fe(1)  117.8(2)
F(3)-P(1)-F(1) 89.8(3)  C(35)-N(31)-Fe(1) 135.4(3)
F(3)-P(1)-F(1) 90.2(3)  C(35)-N(31)-N(32)  106.7(3)
F(3)-P(1)-F(2) 88.4(3)  (C(33)-N(32)-N(31) 110.0(3)
F(3)-P(1)-F(2) 91.6(3)  B(1)-N(32)-N(31) 117.8(3)
F(3)-P(1)-F(3) 179.99 B(1)-N(32)-C(33) 132.2¢3)
C(14)-C(13)~-N(12)  107.7(4)

C(16)-C(13)-N(12)  123.4(4)

C(16)-C(13)-C(14)  128.9(4)

C(15)-C(14)-C(13)  107.04)

C(14)-C(15)-N(11)  108.7(4)

C(IN-C(15)-NQ11)  124.2(4)

C17)-C(15)-C(14)  127.1(4)

C(24)-C(23)-N(22)  107.4(4)

C(26)-C(23)-N(22)  123.5(5)

C(26)-C(23)-C(24)  129.1(4)

C(25)-C(2H-C(23)  106.8(4)

C24)-C(25)-N(21)  108.6(4)

C(27)-C(25)-NQ21)  125.6(4)

C@27)-C25-C24)  125.84)

C(34)-C(33)-N(32)  108.3(4)

C(36)-C(33)-N(32)  122.4(4)

C(36)-C(33)-C(34) 129.34)

C(35)-C(34)-C(33)  105.8(4)

C(34)-C(35)-N(31)  109.3(3)

C(37)-C(35)-N(31)  125.6(4)

C(37)-C(35)-C(34)  125.1(4)

N(22)-B(1)-N(12) 108.5(3)

N(32)-B(1)-N(12) 107.8(3)

N(32)-B(1)-N(22) 107.6(3)

Fig. 1. Molecular Structure of 1 showing atomic labelling scheme,
Atoms labeled (') are related by centre of inversion.

Compound 1 crystallises in the monoclinic space
group P2,/a. The molecular structure and atom la-
belling scheme is shown in Fig. 1. The structure deter-
mination reveals that both iron and phosphorus atoms
are situated on crystallographic inversion sites (Fe
01,21/2; P 1/2,1/2,0) within the asymetric unit. The
coordination geometry around the Fe centre is almost
perfectly octahedral with the Fe—-N bond distances in
the range 1.960(3)-1.970(3) /o\, which are typical for
low spin iron(111) complexes. The pyrazole rings are
essentially planar. The mean N-N and B-N bond
lengths are 1.375(3) and 1.536(3) A, in close agreement
with the values reported for other dimethylpyrazolyl
borate complexes [9].

3.2. Synthesis and crystal structure of [Fe(C,;sH,, N
B),] T[TCNQ] ~.THF (2)

Compound 2 was synthesised by addition of a solu-
tion of TCNQ in THF to one of [Fe(C,sH,,N¢B),] in
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Table 4

Selected intramolecular distances for 2 (e.s.d’s in parentheses)
Atoms Dislance/;\ Atoms Dislance/.z\
Fe(1)-N(1) 1.980(3) a(11)-C14) 1.499(5)
Fe(1)-N(1") 1.980(3) C(12)-C(13) 1.394(5)
Fe(1)-N(3) 1.949(3) C(13)-C(15) 1.500(5)
Fe(1)-N(3) 1.949(3) C(31)-C(33) 1.410(5)
Fe(1)-N(5) 1.968(3) C(32)-C(33) 1.415(6)
Fe(1)-N(5') 1.968(3) C(33)-C(34) 1.419(5)
B(1)-N(2) 1.543(5) C(34)-C(35) 1.409(5)
B(1)-N(4) 1.544(5) C(34)-C(36) 1.401(5)
B(1)-N(6) 1.536(5) C(35)-C(36") 1.438(5)
N(1)-N(2) 1.381(4) C(41)-C(42) 1.521(9)
N(1)-C(3) 1.368(4) C(41)-C(44) 1.22(3)
N(2)-C(1) 1.354(4) C(41)-C(45) 1.524(8)
N(3)-N(4) 1.383(4) C(42)-C(43) 1.540(9)
N(3)-C(8) 1.360(4) C(42)-C(43") 1.67(3)
N(4)-C(6) 1.355(4) C(43)-C(44) 1.49(1)
N(5)-N(6) 1.383(3) C(44)-C(45) 1.486(9)
N(5)-C(13) 1.350(4)

N(6)-C(11) 1.350(4)

N(13)-C(32) 1.162(5)

N(14)-C(31) 1.148(6)

C()-C2) 1.374(5)

C(1)-C4) 1.501(5)

C(2)-C(3) 1.387(5)

C(3)-C(5) 1.493(5)

C(6)-C(7) 1.382(5)

C(6)-C(9) 1.492(5)

C(N-C(8) 1.391(5)

C(8)-C(10) 1.500(5)

THF. After concentration the saturated solution was
kept at 4°C to deposit blue crystals.

Compound 2 crystallises in the triclinic space group
P 1. The molecular structure and atom labelling scheme
is shown in Fig. 2. The important interatomic bond
lengths and angles are given in Tables 3 and 4 respec-
tively. The Fe atom (0,0,0), the centroid of the TCNQ
anion and the THF were located on crystallographic
inversion centres. The coordination environment of the
iron atom is again essentially octahedral, with Fe—N
bond lengths in the range 1.980(3)-1.949(2) A. The
pyrazole rings are again essentially planar. The ob-
served bond lengths for the [TCNQ]~ anion are com-
parable with those found in similar complexes [10-12],
with internal benzoid C-C bond lengths in the range
1.438(5)-1.401(5) A, and C=N bond lengths of 1.148(6)
and 1.162(5) A. The THF is disordered about a crystal-
lographic inversion centre with each orientation at half
occupancy; it was not possible to identify which ring
atom was the oxygen of the THF molecule, so all atoms
were set as carbon {C(41)-C(45) and C(41)-C(45")).

We were particularly interested in examining the
backing of anions and cations in 2 in order to look as
any interatomic contacts closer than the sums of the
van de Waals radio of the relevant atoms. Fig. 3 shows
a packing diagram of 2 viewed along the crystallo-
graphic a-axis. The [TCNQ]~ anions lie in rows per-

pendicular to the crystallographic bc-plane, which are
separated by parallel rows of [Fe(C,sH,,N(B),]
cations. Fig. 3 also shows the intermolecular separation
of adjacent [TCNQ]~ ions. This side by side configura-
tion does not lead to significant spin-spin exchange
interactions between adjacent radical anions and
cations (vide infra).

Fig. 2. Molecular structure of 2 showing atomic labelling scheme.
Atoms denoted (') are related by crystalographic inversion centre.
The disordered THF molecules have been omitted for clarity.
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3.3. Synthesis of [Fe(C;sH,,NsB),] *[FeBr, ]~ (3)

Compound 3 was prepared by addition of a solution
of FeBry; in CH,Cl, one of [K™(C;sH,,N¢B)~] in
CH,Cl,. Dropwise addition of diethyl ether yielded
red crystals of 3.

3.4. Magnetic susceptibility measurements

Solid state magnetic susceptibility measurements
were performed on compounds 1-3 in the temperature
range 6-300 K. The magnetic susceptibilities of these
compounds obey the Curie law y,, = C/T. The recip-
rocal susceptibilities of each compound as a function of
temperature are shown in Fig. 4. For compound 1,
Megr = 1.68 pp +0.05 (6-265 K), which is consistent
with the existence of a single S = 1/2 spin, that of the
[Fe(C,sH,,NB),]* ion. For compound 2 w ;=255
pp £ 0.2 (6-300 K), which is consistent with the two
non-interacting S=1/2 spins of the [Fe(C,sH,,N,-
B),]" and [TCNQ]~ ions respectively. For compound 3
Mepp =539 pp20.05 (6-300 K), which is consistent
with two non-interacting spins, the S =1/2 [Fe(C,s-
H,,N,B),]™ and S = 5/2 [FeBr,]". The effective mo-
ment for two non-interacting spins, using the spin-only
formula, is given by the expression:

,L:éff=gc2alion[s(s + 1)] +g§nion[S(S + 1)]

800 1— *
700
600 -
500 ?,
400 +
300 +
200 t

100 +

Inverse Molar Susceptibility (emu ™' Mol)

(=]
+

0 50 100 150 200 250 300
Temperature (K)

Fig. 4. Plot of inverse molar magnetic susceptibility (x ;') versus
temperature (T) for compounds (1 ¢;2 O; 3 O).

Compound 3 has an effective moment slightly higher
than the predicted spin-only value (2.44 ©y) and com-
pound 3 has an effective moment slightly lower than
the predicted spin-only value (6.18 wg). The absence of
mr-electron density on the pyrazolyl borate ligand pre-
vents the degree of intermolecular interaction between
the [Fe(C,sH,,N:B),]" cations and the [TCNQ]~ an-
ions that has been seen in the charge-transfer salt
[Fe(CsMe,),ITCNQ], and results in the former dis-
playing simple paramagnetic behaviour over the tem-
perature range studied.

Fig. 3. Packing diagram for 2 viewed down the crystallographic a-axis. Inset shows the inter-anion separations along a sheet of TCNQ molecules.

The disordered THF molecules have been omitted for clarity.
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Table §

Selected intramolecular angles for 2 (e.s.d’s in parentheses)
Atoms Angle/°  Atoms Angle /°
N(1)~Fe(1)-N(1') 179.99 N(5)-C(13)-C(15) 124.4(3)
N(1)-Fe(1)-N(3) 89.8(1) C(12)-C(13)-C(15)  126.8(3)
N(1)-Fe(1)-N(3) 90.2(1)  N(14)-C(31)-C(33) 177.1(5)
N(1)-Fe(1)-N(3") 90.2(1)  N(13)-C(32)-C(33) 178.1(4)
N(1)-Fe(1)-N(3) 89.8(1) C(G1-C(33)-C(32) 117.0(3)
N(3)-Fe(1)-N(3") 179.99 CG3D-C(33)-C(34)  120.7(4)
N(1)-Fe(1)-N(5) 89.6(1) C(32)-C(33)-C(34) 122.0(3)
N(1)-Fe(1)-N(5") 90.4(1)  C(33)-C(34)-C(35) 119.5(3)
N(3)-Fe(1)-N(5) 90.0(1)  C(33)-C(34)-C(36) 121.0(3)
N(3)-Fe(1)-N(5") 90.0(1) C(35)-C(34)-C(36) 119.5(3)
N(1)-Fe(1)-N(5) 90.4(1)  C(34)-C(35)-C(36)  119.4(3)
N(1)-Fe(1)-N(5") 89.6(1)  C(34)-C(36)-C(35) 121.1(3)
N(3)-Fe(1)-N(5) 90.0(1)  C(42)-C(41)-C(43)  102.0(46)
N(3')-Fe(1)-N(§") 90.0(1) C(43)-C(41)-C(44) 120.8(57)
N(5)-Fe(1)-N(5") 179.99 C(42)-C(41)-C45)  102.2(6)
N(2)-B(1)-N(4) 108.2(3)  C(44)-C(41)-C(45)  121.6(20)
N(2)-B(1)-N(6) 106.7(3)  C(41)-C(42)-C(43)  100.4(7)
N(4)-B(1)-N(6) 107.2(3)  C(43)-C(42)-C(43) 85.6(12)
Fe(1)-N(1)-N(2) 118.2(2)  C(43)-C(42)-C(44)  114.9Q20)
Fe(1)-N(1)-C(3) 135.6(2)  C(41)-C(42)-C(45)  134.5Q27)
N(2)-N(1)-C(3) 106.2(3)  C(43)-C(42)-C4S)  121.4(33)
B(1)-N(2)-N(1) 118.2(2)  (C(44)-C(42)-C(45)  115.4(32)
B(1)-N(2)-C(1) 131.6(3)  C(41)-C(43)-C(42)  155.7(45)
N(1)-N(2)-C(1) 110.1(3)  C(42)-C(43)-C(42) 94.4(12)
Fe(1)-N(3)-N(4) 118.2(2)  ((42)-C(43)-C(44) 112.(9)
Fe(1)-N(3)-C(8) 135.2(2)  C(41)-C(43)-C4S)  178.5(81)
N(4)-N(3)-C(8) 106.6(3)  C(42)-C(43)-C(45)  117.2(23)
B(1)-N(4)-N(3) 118.7(2) C(44)-C43)-C(45)  136.7(18)
B(1)-N(4)-C(6) 131.4(3)  C(41)-C(44)-C(42) 85.1(19)
N(3)-N(4)-C(6) 109.9(3)  C(42)-C(44)-C(43) 80.9(19)
Fe(1)-N(5)-N(6) 117.7(2)  C(41)-C(44)-C(45)  101.2(15)
Fe(1)-N(5)-C(13)  135.2(2)  C(43)-C(44)-C(45) 91.9(8)
N(6)-N(5)-C(13) 107.12)  Cd1)-CH5)-C42) 115.6(28)
B(1)-N(6)-N(5) 119.0(2)  C(42)-C(45)-C(43)  115.4(34)
B(1)-N(6)-C(11) 131.7(3) C(41)-C45)-C(44)  115.0(7)
N(5)-N(6)-C(11) 109.4(3)  ((43)-C45)-C44)  115.1Q20)
N(2)-C(1)-C(2) 107.4(3)

N(2)-C(1)-C(4) 123.2(3)

C(2)-C(1)-C4) 129.4(3)

C(1)-C(Q2)-C(3) 107.6(3)

N(1-C(3)-C(2) 108.7(3)

N(1)-C(3)-C(5) 124.4(3)

C(2)-C(3)-C(5) 126.9(3)

N(4)-C(6)-C(7) 107.3(3)

N(4)-C(6)-C(9) 124.0(3)

C(7)-C(6)-C(9) 128.6(3)

C(6)-C(7)-C(8) 107.2(3)

N(3)-C(8)-C(7) 108.9(3)

N(3)-C(8)-C(10) 124.3(3)

C(7)-C(8)-C(10) 126.7(3)

N(6)-C(11)-C(12)  107.9(3)

N(6)-C(11)-C(14)  122.3(3)

C(12)-CAn-C(14)  129.8(3)
C1D-C(12)-C(13)  106.8(3)
N(5)-C(13)-C(12)  108.9(3)
NGS)-CANIC(1S) 124.4(3)

4. Summary

Salts containing the bis[hydrotris(1-pyrazolyl)bora-
teliron(III) cation have been synthesised by a variety of

routes and characterised using single crystal X-ray
diffraction. The magnetic studies on these compounds
indicate a low spin configuration for the iron(III) com-
plex over the temperature range 6-300 K; there is no
evidence for any spin-spin interactions in these salts at
low temperature. This is in agreement with the X-ray
data which showed no anion-anion or anion-cation
separations closer than the sum of the van der Waals
radii of the relevant atoms. In addition the d°> Fe™
metal centres in all the salts were in the low spin
(S = 1/2) configuration and in contrast to the neutral
bis{hydrotris(3,5-dimethyl-1-pyrazolyl)borateliron(11)
complex showed no evidence for a high spin-low spin
transition.
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