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Abstract

The reactions of [(HMB)RuCl2]2 with K[HB(mt)3] and Na[H2B(mt)2] (mt = N-methyl-2-mercaptoimidazol-1-yl) led to the isolation of
[(HMB)Ru{HB(mt)3}]Cl (1) (ca. 66% yield) and [(HMB)Ru{H2B(mt)2}]Cl (2) (ca. 70% yield), respectively. The reaction of [Cp*Ru-
OMe]2 with Na[H2B(mt)2] yielded Cp*Ru[H2B(mt)2] (3) (ca. 85% yield). Single crystal X-ray diffraction analyses were carried out on
all three complexes, together with cyclic voltammetric measurements.
� 2005 Published by Elsevier B.V.
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1. Introduction

Since its first reported synthesis, the tris(methimazolyl)-
borate anion, HBðmtRÞ�3 (also abbreviated as TmR) (mt =
N-methyl-2-mercaptoimidazol-1-yl) [1],the S3-donor soft
analogues of Trofimenko�s versatile N3-donor poly(pyraz-
olyl)borates, HBðpzÞ�3 (also abbreviated as TpR) [2] (Chart
1) has attracted an intense interest. Its coordination chem-
istry and that of the allied ligand H2B(mtR)2 (also abbrevi-
ated as BmR) [3] has been rapidly developing in several
laboratories; to date complexes of types M(Tm) [4],
M(Tm)2 and M(Bm)2 [4f,5] and [M(Tm)X] [X = Cl, Br, I]
[5d,6] of first row transition metals of Groups 8–10, of
Groups 11 and 12 metals and of the main group elements
Tl, Sn, Pb, As and Bi, have been prepared.
0022-328X/$ - see front matter � 2005 Published by Elsevier B.V.
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Alongside this development, the organometallic chemis-
try of this class of soft scorpionate ligands was also emerg-
ing. Among the organometallic examples to date were
complexes containing alkyl tin halides [7], metal carbonyls,
which include (Tm)Mo(CO)2(g

3-allyl) and (Tm)W(CO)3I
[4e] and (BmR/TmR)Mn(CO)3 [8], the anionic species
[(Tm)Mo(CO)3]

�and[(Bm)Mo(CO)4]
� [9], and alkylidyne

complexes (Tm)W(”CR)(CO)2 [10], and those of pharma-
ceutical interest, viz. fac-(Bm/Tm)M(CO)3 (M = Tc and
Re) [11]. After a first example in 1999, Hill had since syn-
thesised metallaboratranes containing a dative M ! B
bond (j3-B,S,S 0 bonding) for second row transition metals
of Groups 5, 9 and 10, and the third row metals Ta and Ir
[12]. In the organometallic complexes mentioned above, the
tridentate Tm or Bm acts as a capping ligand, very much
like Cp or arene rings. Bailey [8a] reported the first synthe-
sis of mixed sandwich complexes containing Tm and Cp
or p-cymene, viz. [(p-cymene)RuII(Tm)]Cl (A) and [CpRuII-
(Tm)] (B), from [(p-cymene)RuCl2]2 and [CpRu(MeCN)3]

+,
respectively (Scheme 1). The latter reagent had been used in
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1986 by Mann [13] as the precursor to [CpRuII(Tp)] which
contains tridentate Tp. The splitting of Tm signals (1:2 rel-
ative intensity) found in the 1H NMR spectrum of B in
DMSO, was attributed to the presence of one �dangling�
(uncoordinated) and two coordinated mt rings of the Tm
ligand, i.e., presumably bidentate coordination of Tm via
two of its three S donor atoms [8a]. Meanwhile, Hill
[12b] reported solid state structural evidence for j3-H,
S,S 0 coordination in (Tm)RuH(CO)(PPh3), and Rabino-
vich [14] soon after observed evidence for the predomi-
nance of j3-H,S,S 0 over j3-S,S 0,S00 (for Tm) or j2-S,S 0

(for Bm) in (dppe)Ni complexes. These reports are indica-
tive of possible equilibria between j3-S,S 0,S00 and j3-H,S,
S 0 coordination of Tm complexes in solution. We have
since synthesised the allied complexes [Cp*RuII(Tm)] (C)
and [Cp*RuIII(Tm)]Cl (D) (Scheme 2) for such a study;
indeed a combination of VT–1H NMR spectral and cyclic
voltammetric studies revealed that the tripodal Tm ligand
underwent a facile j3-S,S 0,S00 and j3-H,S,S 0 coordination
exchange depending on the oxidation state of Ru, resulting
in an electrochemical square scheme mechanism [15]. (See
discussions below). Since such electrochemical mechanisms
are uncommon (or at least rarely detected), it is of interest
to conduct comparative investigations on the effect of sub-
stitution of (i) the Cp* capping ligand with an arene ring
and (ii) the Tm ligand with the Bm ligand in order to deter-
mine whether solution phase isomerizations are a common
feature of (mercaptomethimazolyl)borate ligands coordi-
nated to Ru.

This paper describes the syntheses, characterisation and
electrochemistry of these Cp*/(HMB)Ru complexes con-
taining Tm and Bm ligands.

2. Results and discussion

2.1. Synthetic studies

Using a synthetic methodology similar to that for [(p-
cymene)RuII(Tm)]Cl (A) (Scheme 1) [8a], and [Cp*RuIII-
(Tm)]Cl (D) (Scheme 2) [15], [(HMB)RuII(Tm)]Cl (1) was
obtained from the reaction of [(HMB)RuCl2]2 with KTm
in 66% yield as a bright red crystalline solid (Scheme 3).

Likewise [(HMB)Ru(Bm)]Cl (2) was isolated as deep red
crystals in 70% yield from an 8 h reaction of [(HMB)-
RuCl2]2 with NaBm at room temperature (Scheme 4).

As in the reaction of [Cp*RuOMe]2 with KTm to yield
Cp*RuII(Tm) C [15], it was found that [Cp*RuOMe]2 was
a good precursor to Cp*RuII(Bm) (3), which was obtained
as orange crystals in 85% yield from a 2 h reaction with
NaBm at room temperature (Scheme 5).
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2.2. Proton NMR spectral characteristics

As in the case of A, the 1H NMR spectrum of 1 is con-
sistent with tridentate coordination of the Tm ligand.
There was no sign of the solvent-dependent equilibrium
observed in the solution of C between j3-S,S 0,S00 (form
I) and j3-H,S,S 0 (form II) isomers, which were found to
be present in relative concentration of 1:3 in a non-polar
solvent like C6D6 and 0:1 in a polar solvent like CD2Cl2
(Scheme 6) [15].

The 1H NMR spectra of both 2 (in CD3CN) and 3 (in
C6D6) show a pair of doublets for the CH�s of the imidazole
rings in the region d 5.75–6.96, and two very broad overlap-
ping �humps�, due to unresolved boron quadrupolar cou-
pling, centered at d �10.84 for 2 and a quartet of equal
intensity at d �7.83 for 3, for the agostic-like H�s – consis-
tent with j3-H,S,S 0 coordination of the Bm ligand. In
CD2Cl2 at 300 K, both these l-HB resonances are observed
as two very broad overlapping �humps� (each possessing m1/2
ca. 100 Hz), the resolution of which decreases further with
lowering of temperature, until at 183 K, the �humps�merged
to give broad singlets (m1/2 ca. 36, 50 Hz), presumably due to
self-decoupling of the boron quadrupole at low tempera-
tures. A similar observation was reported by Hill and
coworkers [12b] for [(j3-H,S,S 0-Tm)RuH(CO)(PPh3)].
There was no sign of the occurrence of fluxional processes
in 2 or 3.

Despite evidence of their presence in their IR spectra,
the B–H (terminal) protons of complexes 1–3 were not
detected in their NMR spectra. In fact, such observations
in complexes of Tm or Bm are rare, e.g. as very broad
signals, d 4.42–5.32 in (pzBm) complexes of Tl and Zn
[5d], d 3.57–3.75 in various BmRMn(CO)3 complexes [8b]



Fig. 2. Ortep plot of monocation of 2 (H atoms on HMB and Bm are
omitted for clarity). Thermal ellipsoids are drawn at the 50% probability
level.
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and d 4.63 (m1/2 160 Hz) in PtMe3(Tm)3 [12f]. In most com-
plexes of Tm and Bm in the literature to date, the B–H (ter-
minal) protons were not observed [4e,5b,5d,5i,6b,6c,8a,14],
presumably on account of the broad nature of the multiplet
caused by coupling to boron.

2.3. Crystallographic studies

The molecular structures of [(HMB)Ru(Tm)]Cl (1),
[(HMB)Ru(Bm)]Cl (2) and [Cp*Ru(Bm)] (3) have been
determined by single crystal X-ray diffraction analysis.
The compounds crystallize in trigonal P�3, monoclinic C2/
m and monoclinic C2/c space groups, respectively. The unit
cells of 2 and 3 contain solvent molecules, 0.25 CH2Cl2 and
0.25 toluene, respectively.

The molecular structures of the three compounds,
depicted in Figs. 1–3, are markedly similar, each containing
a ruthenium center sandwiched between either an arene or
a Cp* ligand and a tripodal ligand, j3-S,S 0,S00 (Tm) or j3-
H,S,S 0 (Bm). The latter coordination mode via two thione
sulphurs and one agostic-like hydrogen has been found to
be a recurrent feature in many Bm complexes, e.g.,
[BmLi]2, [BmTl]x and BmZnX (X = I, Me and NO3) [3],
(BmR)2M (M = Zn, Cd and Hg [5i] and U [16]),
(BmR)M(CO)3 (M = Tc [11a] and Re [11a,11b,11c] and
Mn [8b]) and [(Bm)Ni(dppe)]Cl [14].

The structure of 1 cation possesses a threefold axis of
symmetry brought about by disorder in the Tm ligand; this
axis passes through the centroid of theHMB ring, Ru(1) and
B(1). In the structure of the Bm-containing complex 2, a
plane of symmetry cuts through the arene ring, Ru(1),
B(1) and both H atoms. The B–H hydrogen atoms of the
ligands were located and refined; the B–Hterminal distances
Fig. 1. Ortep plot of monocation of 1 (selected view which omits the
disorder in the Tm ligand, H atoms on HMB and Tm are omitted for
clarity). Thermal ellipsoids are drawn at the 50% probability level.

Fig. 3. Ortep plot of 3 (H atoms on Cp* and Bm are omitted for clarity).
Thermal ellipsoids are drawn at the 50% probability level.
were 1.01(2), 0.96(2) and 1.18(1) Å for 1, 2 and 3, respec-
tively. The B–Hagostic bond distances were 1.08(2) and
1.17(1) Å in 2 and 3, respectively; with corresponding Ru–
Hagostic–B angles of 151(1)� and 140(1)�. These bond param-
eters compare with corresponding values of 1.29(5) Å and
137(4)� in [RuH(CO)(PPh3)(j

3-H,S 0,S 0(Tm))] [12b]. The
agostically connected Ru. . .H distances in 2 and 3 are
1.81(2) and 1.81(1) Å, respectively, with corresponding
Hterminal–B–Hagostic angles of 112(1)� and 110(1)�. The
Ru–S distances in 1 fall within the range found in complexes
(A) (range 2.3931(7)–2.4222(7) Å) [8a], and (D) (range



Fig. 4. Cyclic voltammograms performed at a 1 mm diameter planar GC
electrode in CH2Cl2 (0.25 M Bu4NPF6) at (—) 233 K or (� � �) 293 K and a
scan rate of 100 mV s�1 for 0.5 mM (a) 3, (b) 2 and (c) 1.
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2.3213(8)–2.4100(8) Å) [15]. The Ru–S lengths in 3 are clo-
ser to those of the Tm complexes 1 and A than those in
the Bm complex 2. While the longer Ru–S bond lengths
are close to those observed by Hill and coworkers for
[RuH(CO)(PPh3){j

3-H,S,S 0-HB(mt)3}] and the ruthenab-
oratrane complex [range 2.4066(14)–2.4857(14) Å] [12a],
the shorter ones resemble closely those (range 2.3396(10)–
2.3851(10) Å) found in [(HMB)RuII(9S3)] [17a] and
[Cp*RuIII(9S3)]PF6 [17b], in which 9S3 (trithiacyclonon-
ane) functions as a tripodal S3 ligand like Tm. The Ru–
(HMB)/Cp* (centroid) distances in 1, 2 and 3 are very
similar. The C–S bonds of the molecules fall in the range
of 1.698(9)–1.786(12) Å, intermediate between values of a
single bond (ca. 1.81 Å) and a double bond (ca. 1.56 Å),
[18] as commonly found in metal complexes of TmR. The
S–Ru–S angles in 1, 2 and 3 are close to similar bite angles
in complexes A [8a], C and D [15], and ruthenaboratrane
[12a]. They are generally larger than those that we have
found for 9S3 complexes of (HMB)Ru(II) [17a] and
Cp*Ru(III) [17b] (range 85.18(4)–92.18(4)�). This difference
can be attributed to the steric bulk of the imidazole rings
in Tm and Bm ligands and/or higher flexibility of these
ligands, compared with that of the ethylene bridges in 9S3
(see Table 1).

2.4. Cyclic voltammetry

Cyclic voltammograms obtained at a GC electrode in
0.5 mM solutions of 1–3 in CH2Cl2 at 233 K (—) and
293 K (� � �) are shown in Fig. 4. 3 displayed a one-electron
oxidation process with a reversible half-wave potential
Table 1
Selected bond lengths (Å) and bond angles (�) for 1, 2 and 3

1

Ru(1)–S(1) 2.4024(15) C(1)–S(1)a 1.772(13)
1.786(12)
1.786(12)

B(2)–H(2) 1.01(2) Ru–(HMB)centroid 1.70(1)

S(1)–Ru(1)–(S1A) 91.06(5) Ru(1)–S(1)–C(1)a 108.1(4)
107.8(4)
107.8(4)

2

Ru(1)–S(2) 2.376(3) Ru(1). . .H(2) 1.81(2)
B(3)–H(1) 0.96(2) C(7)–S(2) 1.703(8)
B(3)–H(2) 1.08(2) Ru–(HMB)centroid 1.70(1)

S(2)–Ru(1)–(S2A) 90.09(16) H(1)–B(3)–H(2) 112(1)
Ru(1)–S(2)–C(7) 105.7(3) Ru(1). . .H(2)–B(3) 151(1)

3

Ru(1)–S(2) 2.416(2) Ru(1). . .H(2) 1.81(2)
Ru(1)–S(3) 2.392(2) C(22)–S(2) 1.701(9)
B(4)–H(42) 1.18(1) C(32)–S(3) 1.698(9)
B(4)–H(41) 1.17(1) Ru–(HMB)centroid 1.77(1)

S(2)–Ru(1)–(S3) 93.22(8) H(1)–B(3)–H(2) 110(1)
Ru(1)–S(2)–C(22) 104.5(3) Ru(1). . .H(2)–B(3) 140(1)
Ru(1)–S(3)–C(32) 104.7(3)

a Refer to disorder modelling described in the experimental.
ðEr
1=2Þ of �0.670 V vs. Fc/Fc+. The Er

1=2-value [that approx-
imates the formal potential (E0)] was calculated from CV
data under conditions where the ratio of the oxidative
ðioxp Þ to reductive ðiredp Þ peak currents were equal to unity
and using the relationship

Er
1=2 ¼ ðEox

p þ Ered
p Þ=2; ð1Þ

where Eox
p and Ered

p are the anodic and cathodic peak poten-
tials respectively. The Er

1=2-value for 3 was close to that ob-
served for similar Cp*RuII compounds containing the
[HB(mt)3] ligand, such as j3-S,S 0,S00-[Cp*RuII{HB(mt)3}]
and j3-H,S,S 0-[Cp*RuII{HB(mt)3}] that were oxidized by
one electron at Er

1=2 ¼ �0:86 and �0.65 V vs. Fc/Fc+,
respectively [15].

For both 1 and 2, the anodic ðioxp Þ to cathodic ðiredp Þ ratios
ðioxp =iredp Þ measured by cyclic voltammetry were significantly
>1 over all measured temperatures at a scan rate of
0.1 V s�1, indicating that the oxidized RuIII compounds
were relatively unstable, especially at higher temperatures
(Fig. 4(b) and (c)). This is in contrast to the higher stability
observed for 3 (Fig. 4(a)), which has ioxp =iredp -values close to
1 over all temperatures measured (Fig. 4(a)). The Er

1=2 val-
ues for 1 and 2 were obtained from the peak potentials
measured by square wave voltammetry and were +0.42
and +0.56 V vs. Fc/Fc+ respectively. It is apparent from
the cyclic voltammograms in Fig. 4 that the Er

1=2-values
are very sensitive to the Cp* and HMB ligands (compare
Figs. 4(a) and (b)), and less sensitive to the difference in
the [H2B(mt)2] and [HB(mt)3] ligands (compare Figs. 4(b)
and (c)). The �1 V difference between the Er

1=2 values of



Scheme 7. Square scheme mechanism (modified from reference [15]).
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the Cp* and HMB coordinated compounds may be due
to the positive charge on the [(HMB)RuII{H2B(mt)2}]

+

and [(HMB)RuII{HB(mt)3}]
+ complexes, which makes the

removal of an electron more difficult than from the neutral
[(Cp*)RuII{H2B(mt)2}] and [(Cp*)RuII{HB(mt)3}] [15]
complexes.

Recent work from these laboratories demonstrated that
the [(Cp*)RuII/III{HB(mt)3}] complexes underwent an
isomerization reaction involving j3-H,S,S 0-and j3-S,S 0,
S00-coordination of the [HB(mt)3] ligand [15]. Because both
the reduced and oxidized ruthenium compounds under-
went the chemically reversible structural change, a ‘‘square
scheme’’ mechanism resulted, enabling cyclic voltammetry
to be used to determine the rate constants for the homoge-
neous isomerizations that occurred following electron
transfer (Scheme 7). However, cyclic voltammetry experi-
ments performed on 1, the HMB analogue of [(Cp*)RuII-
{HB(mt)3}], did not provide supporting evidence for the
occurrence of an isomerization reaction involving j3-
H,S,S 0-and j3-S,S 0,S00-coordination of the [HB(mt)3]
ligand in HMB coordinated complexes. One reason for
the failure to detect an isomerization reaction (should it
actually occur) may be due to the inherent instability of
[(arene)RuIII] complexes [19], which could result in the oxi-
dized compound (12+) simply decomposing at a rate faster
than the rate of rearrangement of the [HB(mt)3] ligand.
Cyclic voltammetry experiments performed on the com-
pounds containing the S2 ligand [H2B(mt)2] (Figs. 4(a)
and (b)) also did not lead to any obvious signs of an isom-
erization reaction following electron transfer in either the
Cp*- or HMB-containing complexes.

3. Conclusions

Monocationic (HMB)Ru(II) complexes of Tm and Bm
have been synthesised from the reactions of [(HMB)-
RuCl2]2 with KTm and NaBm, respectively, and a neutral
Cp*Ru(II) complex of Bm from the reaction of [Cp*Ru-
OMe]2 with NaBm. Single crystal X-ray analysis shows tri-
podal coordination of both Tm (j3-S,S 0,S00) and Bm (j3-
H,S,S 0) in the solid state complexes. Cyclic voltammetric
measurements indicated that the (HMB)Ru(II) complexes
(1 and 2) were substantially harder to oxidize than their
(Cp*)Ru(II) analogue (3), and the (HMB)Ru(III) com-
plexes of Tm and Bm were less chemically stable than the
(Cp*)Ru(III) complexes of Tm and Bm. Surprisingly, no
evidence (electrochemical or NMR spectroscopic) was
found for the existence of a j3-S,S 0,S00 and j3-H,S,S 0 equi-
librium in the [(HMB)RuII/III(Tm)] complexes, which was
previously found to occur in the Cp* containing analogues
[15]. Therefore, the solution phase chemistry of the Tm
anion coordinated to closely related metal systems (such
as Cp*Ru and (HMB)Ru) can not be assumed and must
be ascertained individually, preferably by correlating a
range of analytical techniques.

4. Experimental

4.1. General procedures

All reactions were carried out using conventional
Schlenk techniques under an inert atmosphere of nitrogen
or under argon in an M. Braun Labmaster 130 Inert Gas
System. NMR spectra were measured on a Bruker
300 MHz FT NMR spectrometer; 1H and 13C chemical
shifts were referenced to residual C6H6 in C6D6, tetrameth-
ylsilane in CD2Cl2 or CH2DCN in CD3CN. IR spectra were
measured in the range of 4000–600 cm�1 by means of a Shi-
madzu IRPrestige-21 FTIR instrument. Mass spectra were
run on FinniganMat 95XL-T andMat LCQ spectrometers.
Cyclic voltammetric experiments were conducted with a
1 mm diameter glassy carbon working electrode and a com-
puter controlled Eco Chemie l Autolab III potentiostat.
The electrochemical cell was jacketed in a glass sleeve and
cooled between 233 and 293 K using a Lauda RL6 variable
temperature methanol-circulating bath. Elemental analyses
were carried out by the microanalytical laboratory in-
house. Potassium hyrdotris(methimazolyl)borate (KTm,
where Tm = [HB(mt)3], i.e., [(C4H5N2S)3BH]) [20], sodium
hydrobis(methimazolyl)borate(NaBm, where Bm = [H2B-
(mt)2], i.e., [(C4H5N2S)2BH2]) [5i] [(HMB)RuCl2]2 and
Cp*RuOMe (Cp* = C5Me5) were synthesized as reported
in the literature [21,22]. 2-Mercapto-1-methimazolyl was
used as purchased from Lancaster Synthesis Ltd and
RuCl3 Æ 3H2O was used as purchased from Pressure Chem-
ical Co. Solvents were dried over sodium benzophenone or
calcium hydride and distilled before use. Celite (Fluka AG)
was dried at 140 �C overnight before use.

4.2. Reactions of [(HMB)RuCl2]2

(a) With KTm. To an orange-red suspension of
[(HMB)RuCl2]2 (33 mg, 0.05 mmol) in CH2Cl2 was added
K[HB(mt)3] (39 mg, 0.10 mmol). The mixture was stirred
for 10 h, resulting in a suspension of a white precipitate
of KCl in a deep red supernatant. The suspension was
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filtered and the red filtrate was evacuated to dryness and
recrystallised in MeOH/ether at �30 �C. An air stable,
bright red crystalline solid of [(HMB)Ru(Tm)]Cl (1)
(43 mg, 0.07 mmol, 66% yield) was obtained after a day.
Anal. Found: C, 43.2; H, 5.4; N, 12.9; S, 14.7%. Calc. for
C24H34BClN6RuS3 Æ 0.7H2O: C, 43.5; H, 5.4; N, 12.7; S,
14.5%. IR (CH2Cl2, cm�1): m(B–H) 2440w. FAB+-MS:
m/z 615 [M+, C6Me6Ru(C4H5N2S)3BH]; 501 [M+ � (C4-
H5N2S)H]; 452 [M+ � (C6Me6)H]; 377 [M+ � (C4H5N2S)2-
BH]; 339 [M+ � (C6Me6)(C4H5N2S)H]. HR-FAB+-MS:
m/z for [M+] 615.1164 (found), 615.1137 (calc.). 1H
NMR (d, CD3CN): 7.03 (d, 3 · 1H, 3J = 1.7 Hz, CH imid-
azole), 6.86 (d, 3 · 1H, 3J = 1.7 Hz, CH imidazole), 3.63
(s, 3 · 3H, N-CH3), 2.15 (s, H2O, relative proportion of
H2O:1 = ca. 0.5, from peak integrals), 2.05 (s, 18H,
C6(CH3)6).

13C NMR (d, CD3CN): 157.8 (s, SCN2HC@
CH), 124.7 (s, C imidazole), 121.8 (s, C imidazole), 95.5
(s, C6(CH3)6), 35.7 (s, N-CH3) 15.5 (s, C5(CH3)5).

(b) With NaBm. To orange-red solution of [(HMB)-
RuCl2]2 (67 mg, 0.10 mmol) in THF was added NaBm
(54 mg, 0.20 mmol) and the mixture was stirred for 8 h, giv-
ing a red suspension. The suspension was filtered to give a
red residue and a light red solution, from which ca. 5 mg of
unreacted [(HMB)RuCl2]2 was recovered. The red solid
was extracted with CH2Cl2 (5 · 2 mL). The red extract
was concentrated to ca. 3 mL and ca. 2 mL of hexane
Table 2
Data collection and processing parameters

Complexes 1

Formula C24H34BClN6RuS3
Mr 650.08
Temperature (K) 223(2)
Crystal color and habit Red, block
Crystal size (mm) 0.34 · 0.30 · 0.14
Crystal system Trigonal
Space group P�3
a (Å) 13.2095(7)
b (Å) 13.2095(7)
c (Å) 9.9220(11)
a (�) 90
b (�) 90
c (�) 120
V (Å3) 1499.3(2)
Z 2
Density (Mg m�3) 1.440
Absorption coefficient (mm�1) 0.845
F(000) 668
H range for data collection 2.05–26.37
Index ranges �16 6 h 6 8,

0 6 k 6 16,
0 6 l 6 12

No. of reflections collected 11422
Independent reflections [R(int)] 2065 [0.0516]
No. of data/restraints/parameters 2056/0/161
Final R indices [I > 2r(I)]a,b R1 = 0.0679, wR2 = 0.1898
R indices (all data) R1 = 0.0778, wR2 = 0.1992
Goodness-of-fit on F2c 1.178
Large diff. peak and hole (e Å�3) 3.859 and �0.868

a R = (
P

|Fo| � |Fc|)
P

|Fo|.
b wR2 = [(

P
x|Fo| � |Fc|)

2/
P

x|Fo|
2]1/2.

c GoF = [(
P

x|Fo| � |Fc|)
2/(Nobs � Nparam)]

1/2.
added. Deep red, air stable crystals of [(HMB)Ru(Bm)]Cl
(2) (75 mg, 0.14 mmol, 70% yield) were obtained after 2
days at �30 �C. Anal. Found: C, 44.2; H, 5.5; N, 10.3; S,
12.0%. Calc. for C20H30BClN4RuS2: C, 44.7; H, 5.6; N,
10.4; S, 11.9%. IR (KBr, cm-1): m(B–H) 2438w; m(l-B–H)
2162w, 2047w. FAB+-MS: m/z 503 [M+, C6Me6Ru-
(C4H5N2S)2BH2]; 377 [M+ � (C4H5N2S)BH2], 339 [M+ �
(C6Me6)H2].

1H NMR (d,CD3CN): 6.96 (d, 2 · 1H,
3J = 2.5 Hz, CH imidazole), 6.78 (d, 2 · 1H, 3J = 2.5 Hz,
CH imidazole), 3.53 (s, 2 · 3H, N-CH3), 2.14 (s, 18H,
C6(CH3)6), �10.84 (center of two overlapping �humps� at
d �10.70 (m1/2 ca. 90 Hz) and d �10.97 (m1/2 ca. 110 Hz),
1H, l-HB). 13C NMR (d, CD3CN): 163.1 (s, SCN2HC@
CH), 124.3 (s, C imidazole), 121.6 (s, C imidazole), 97.2
(s, C6(CH3)6), 34.9 (s, N-CH3) 16.2 (s, C5(CH3)5).

1H
NMR (d, CD2Cl2, l-HB): 300 K: �10.94 center of two
overlapping �humps� at d �10.83 (m1/2 ca. 97 Hz) and d
�11.05 (m1/2 ca. 102 Hz); 183 K: �10.93 (m1/2 ca. 36 Hz).

4.3. Reaction of [Cp*Ru(OMe)]2 with NaBm

To a dark pink solution of [Cp*Ru(OMe)]2 (52 mg, 0.10
mmol) in toluene was added NaBm (54 mg, 0.20 mmol) and
the suspension stirred for 2 h. The resultant suspension of a
white precipitate of KOMe in a bright orange solution was
then filtered through a thin disc of Celite on a glass sinter.
2(0.25CH2Cl2) 3(0.25C7H8)
C20.50H31BCl2N4RuS2 C19.75H29BN4RuS2
580.39 498.47
223(2) 223(2)
Red, needle Red, plate
0.40 · 0.11 · 0.09 0.14 · 0.12 · 0.02
Monoclinic Monoclinic
C2/m C2/c
19.637(7) 14.2301(7)
1411.703(4) 14.2921(7)
11.970(4) 24.8174(12)
90 90
105.109(7) 106.524 (2)
90 90
2655.6(17) 4838.9(4)
4 8
1.452 1.368
0.964 0.832
1188 2052
2.05–29.83 2.06–26.37
�26 6 h 6 25, �17 6 h 6 17,
0 6 k 6 16, 0 6 k 6 17,
0 6 l 6 16 0 6 l 6 30
15089 34190
3684 [0.0828] 4959 [0.1126]
3684/1/177 4959/2/260
R1 = 0.1092, wR2 = 0.2553 R1 = 0.1025, wR2 = 0.2128
R1 = 0.1175, wR2 = 0.2603 R1 = 0.1136, wR2 = 0.2187
1.281 1.318
2.584 and �1.983 1.487 and �1.988
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The orange filtrate was evacuated to dryness and recrystal-
lised in THF/hex at �30 �C. An air stable bright orange
crystalline solid of Cp*Ru(Bm) (3) (81 mg, 0.17 mmol,
85% yield) was obtained after 2 days. Anal. Found: C,
45.3; H, 5.5; N, 11.6; S, 13.4%. Calc. for C18H27BN4RuS2:
C, 45.5; H, 5.7; N, 11.8; S, 13.5%. IR (KBr, cm�1): m(B–H)
2422w; m(l-B–H) 2073w. ESI+-MS: m/z 476 [M+, C5Me5R-
u(C4H5N2S)2BH2].

1H NMR (d, C6D6): 6.41 (d, 2 · 1H,
3J = 1.7 Hz, CH imidazole), 5.75 (d, 2 · 1H, 3J = 1.7 Hz,
CH imidazole), 2.83 (s, 2 · 3H, N-CH3), 1.92 (s, 15H, Cp-
CH3), �7.83 (q of equal intensity, 1H, JBH = 65 Hz,
l-HB). 13C NMR (d, C6D6): 169.4 (s, SCN2HC@CH),
120.6 (s, C imidazole), 120.4 (s, C imidazole), 79.1 (s,
C5(CH3)5), 34.4 (s, N-CH3) 11.6 (s, C5(CH3)5).

1H NMR
(d, CD2Cl2, l-HB): 300 K: �8.51 center of two overlapping
�humps� at d �8.37 (m1/2 ca. 100 Hz) and d �8.65 (m1/2 ca.
125 Hz); 183 K: �8.90 br (m1/2 ca. 50 Hz).

4.4. X-ray structure determinations

Diffraction-quality single crystals were obtained at
�30 �C as follows: 1 as red blocks by slow diffusion of ether
into a methanol solution after 7 days; 2 as red needles by
slow diffusion of ether into a dichloromethane solution
after 5 days and 3 as red plates from THF–hexane solu-
tions, after 3 days. The crystals were mounted on glass
fibres. X-ray data were collected on a Bruker APEX AXS
diffractometer, equipped with a CCD detector, using Mo
Ka radiation (k 0.71073 Å). The program SMART [23] was
used for collecting frames of data, indexing reflection and
determination of lattice parameter, SAINT [23] for integra-
tion of the intensity of reflections, scaling, and for correc-
tion of Lorentz and polarization effects, SADABS [24] for
absorption correction, and SHELXTL [25] for space group
and structure determination, and least-squares refinements
on F2. The structures for 1, 2 and 3 were solved by direct
methods to locate the heavy atoms, followed by difference
maps for the light non-hydrogen atoms. The B–H hydro-
gen atoms were located and refined; all other hydrogen
atoms were in calculated positions. There was disorder of
the scorpionate ligand in 1. This was modeled with two
alternative positions of equal occupancies for the imidazole
rings in which the C@C portions were coincident. The
hydrogen atoms were placed and refined in a riding model.
There was also disorder in the Cl� counterion, which was
modeled with two alternative sites and the occupancies
summed to unity. The crystal data collection and process-
ing parameters are given in Table 2.

5. Supporting information available

Crystallographic data for the structural analysis has
been deposited with the Cambridge Crystallographic Data
Centre, CCDC Nos. 269688–269690 for compounds 1, 2
and 3 respectively. Copies of this information may be
obtained free of charge from The Director, CCDC, 12
Union Road, Cambridge, CB2 1EZ, UK (fax: +44 1223
336033; email: deposit@ccdc.cam.ac.uk or www:http://
www.ccdc.cam.ac.uk).
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