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The reaction of Na[H2B(mt)2] (mt = 2-mercapto, 3-methylimidazol-1-yl, methimazolyl)) with [Ru(X)Cl(CO)(PPh3)n] (n = 3 X = 
H; n = 2 BO2C6H4, SiCl3, SiMe3) affords the complexes [Ru(X)(CO)(PPh3){k2-H,S,S’-H2B(mt)2}]. Evidence is presented to also 
support the transient formation of [Ru(X)(CO)(PPh3){k2-H,S,S’-H2B(mt)2}] (X = CH=CHPh, Ph) via a similar strategy, although 
these are unstable. The osmium complex [OsH(CO)(PPh3){k2-H,S,S’-H2B(mt)2}] is similarly obtained from [OsHCl(CO)(PPh3)3] 
or [OsH(NCMe)2(CO)(PPh3)2]BF4. The reaction of [RuH(CO)(PPh3){k2-H,S,S’-H2B(mt)2}] with chloroform or diphenyldiselenide 
provide [Ru(X)(CO)(PPh3){k2-H,S,S’-H2B(mt)2}] (X = Cl, SePh), the latter reaction also providing traces of 
[Ru(SeH)(CO)(PPh3){k2-H,S,S’-H2B(mt)2}]. Spectroscopic and structural data for the series [Ru(X)(CO)(PPh3){k2-H,S,S’-
H2B(mt)2}] are discussed in terms of perturbations on the B–H–Ru interaction by the trans-ligand X.

Introduction 
The possibility that boranes could serve as s-Lewis acids to 
transition metals, i.e., as Z-type ligands using Green’s covalent 
bond classification system,1 was first demonstrated with the 
serendipitous synthesis of the metallaboratrane 
[Ru(CO)(PPh3){k4-B,S,S’,S”-B(mt)3}] (1, mt = 2-mercapto, 3-
methylimidazol-1-yl, methimazolyl)2,3 via the reactions of 
[Ru(R)Cl(CO)(PPh3)2] (R = Ph, CH=CHPH, CH=CHCPh2OH) with 
Na[HB(mt)3]. The key step in the accepted mechanism (Scheme 
1) is open to conjecture, and might proceed via either 
sequential insertion of ruthenium into the B–H bond and 
reductive elimination of R–H or alternatively concerted s-
metathesis of the B–H and Ru–H bonds. It was therefore 
proposed4 that since either pathway would be less favoured if 
the hydrogen acceptor s-organyl ‘R’ was replaced with a 
hydride ligand, it might be possible to isolate an intermediate 
hydrido complex. This indeed proved to be the case, and the 
complex [RuH(CO)(PPh3){HB(mt)3}] (2) was found to be 
thermally stable but rapidly evolved to the ruthenaboratrane on 
treatment with ethynylbenzene. The implication is that alkyne 
hydrometallation afforded a s-styryl intermediate that then 
underwent the requisite B–H activation/styrene elimination 
process. Such an alkyne hydrometallation process calls for a 
vacant coordination site on ruthenium for alkyne coordination. 
It is therefore germane that the tris(methimazolyl)borate ligand 
in 2 does not as might be expected coordinate through three 
sulphur donors (k3-S,S’,S”), but rather through two of these, 
supplemented by an apparently hemilabile 3-centre, 2-electron 
B–H–Ru interaction (Chart 1). 

 
Scheme 1. Proposed mechanism from ruthenaboratrane formation (R = Ph, 
CH=CHPh). (a) Insertion/reductive elimination pathway; (b) s-metathesis pathway 
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Chart 1. Coordination Modes for Dihydrobis(methimazolyl)borate and borane 
ligands. (a) k2-S,S’. (b) k3-H,S,S’. (c) k1-S. (d) µ-S,S’. (e) µ-k2-S,S’:k3-H,S,S’. (f) k3-
B,S,S’ (metallaboratrane).  

The complex [RuCl(dmso)2{HB(mt)3}] originally formulated 
as involving k3-S,S’,S” coordination5 was subsequently shown to 
also involve k3-H,S,S’ coordination.6 In the interim a large 
number of k3-H,S’,S” poly(methimazolyl)borate complexes of 
ruthenium have been shown to adopt this conformation7 as 
have transition metals as diverse as titanium8 and platinum9 and 
most in between.10-20  
 The geometric favourability of k3-H,S,S’ vs k3-S,S’S” 
coordination may be traced to the simple geometrical issues 
associated with accommodating three 3-atom bridges (SCN) 
between boron and the metal in tris(methimazolyl)borate 
complexes. Tris(methimazolyl)borates when coordinated in a 
k3-S,S’,S” manner produce a bicyclo-[3.3.3]-HB(NCS)3M cage 
which must adopt (chiral) C3 symmetry (Chart 2). Indeed, 
barriers to cage inversion have been shown to be substantial 
and the inversion most likely does not proceed via a C3v 
transition state but rather via dissociation of one NCS arm.21 
 The geometric favourability of the k3-H,S,S’ coordination 
mode is therefore established for a wide range of metals, and 
Parkin has provided a detailed crystallographic data base 
analysis of ground-state structures.22 The question of 
hemilability for the B–H–M interaction is, however, less well 
addressed. Santos has shown that the complex [Re(CO)3{k3-
H,S,S’-H2B(mt)2}] readily coordinates extraneous ligands 
resulting in  reduced k2-S,S’ or even k1-S denticity,15 whereas in 
other systems the k3-H,S,S’ coordination mode appears robust. 
To better understand the nature of such B–H–metal 
interactions we have therefore considered the possibility of 
preparing a series of complexes of the H2B(mt)2 ligand in which 
it might be possible to systematically vary the nature of a ligand 
coordinated trans to the B–H–M interaction in question. We 
have therefore chosen the unknown complex 
[RuH(CO)(PPh3){k2-H,S,S’-H2B(mt)2}] (3a) as a simpler analogue 
of the HB(mt)3 complex 2 for which the question of hemilability 
first arose. We report herein the synthesis and characterisation 
of the complexes [Ru(R)(CO)(PPh3){k3-H,S,S’-H2B(mt)2}] (X = H, 
Cl, SiCl3, SiMe3, BO2C6H4, SeH, SePh) and the osmium congener 
 

(a) (b) (c) 

   

 
 

 
C3v C3 Cs 

 
Chart 2. Perspective illustrations of (a) C3v-k3-N,N’,N”-HB(pz)3M (b) C3-k3-S,S’,S”-
HB(mt)3M and Cs-k3-H,S,S’-H2B(mt)2 cages as viewed parallel and perpendicular to 
the B–M vectors.  

 [OsH(CO)(PPh3){k3-H,S,S’-H2B(mt)2}] in addition to 
circumstantial evidence for the intermediacy of unstable s-
organyl derivatives (X = Ph, CH=CHPh). 

Results and discussion 
 The reaction of [RuHCl(CO)(PPh3)3]23 with Na[H2B(mt)2]12a 
affords the complex [RuH(CO)(PPh3){H2B(mt)2}] (3a) in ca 94% 
yield (Scheme 2). The complex 3a was formulated on the basis 
of spectroscopic (ESI) and crystallographic data (Figure 1). The 
3c-2e Ru–H–B interaction gives rise to a resonance at dH = –5.45, 
the broadness of which is due to the coupling to the quadru- 

 
Scheme 2. Synthesis and Reactivity of the Complex [RuH(CO)(PPh3){k3-H,S,S’-
H2B(mt)2}] (3a).  

polar boron nuclei (10B and 11B). The terminal B–H resonance 
was not located, however there is no apparent site exchange 
between the terminal B–H and B–H–Ru groups over the 



temperature range 193 – 305 K. At 305 K the 11B quadrupole is 
however sufficiently thermally decoupled that a 1JBH coupling of 
ca 85 Hz may be discerned.  

 
Figure 1. (a) Molecular structure of [RuH(CO)(PPh3){H2B(mt)2}] (3a) in a crystal 
(60% displacement ellipsoids, phenyl and methimazolyl groups simplified). 
Selected bond lengths (Å) and angles (°): B1–N2 1.542(3), B1–N3 1.544(3), B1…Ru1 
2.796(2), B1–H1 1.22(2), B1–H2 1.12(3), Ru1–H11 1.58(3), Ru1–H1 1.86(2), P1–
Ru1 2.3028(5), Ru1–S1 2.4099(5), Ru1–S2 2.4578(5), N2–B1–N3 110.88(17), S1–
Ru1–S2 88.96(2), H1–Ru1–H11 177.0(12). 

The crystallographic analysis (Figure 1)‡  confirms the gross 
formulation and the presence of a 3c-2e B–H–Ru interaction 
resulting in a k3-H,S,S’ coordination mode. While the ruthenium 
hydrides were located and refined isotropically, the usual 
caveats apply to the crystallographic precision of H-atom 
location in the vicinity of heavy atoms. The 3c-2e coordination 
of one B–H to Ru results in a longer separation (Ru–H11 = 
1.86(2) Å) relative to the terminal hydride (1.58 (3) Å) in part 
reflecting the trans influence of the hydride ligand and the 
geometric constraints of chelation. The B–H…Ru angle (129(2)°) 
is comparatively small, however as previously noted, the k2-
H2B(mt)2 ligand can sustain a range of B–H–M angles.10 Indeed, 
Parkin has observed a (crystallographically requisite) linear B–
H…Pb geometry in the complex [Pb{k3-S,S’,S”-HB(mtPh)3}{k4-
H,S,S’,S”-HB(mtPh)3}] (mtPh = N-phenyl-2-mercaptoimidazoly)24 
indicating considerable coordinative flexibility. The Ru-S2 
(2.4578(5) Å) bond (trans to the CO ligand) is longer than Ru-S1 
(2.4099(5) Å) (trans to the phosphine ligand). The coordination 
of CO trans to a p-donor such as methimazolyl would be 
expected to contract the Ru–S bond relative to PPh3 and so we 
attribute this converse observation to the steric bulk of the cis-
PPh3 ligand. These various structural features are manifest in 
the various derivatives of 3 to be discussed and will not be 
considered further. 
 The complex 3a is comparatively unreactive. No reaction is 
observed with CO (1 atmosphere, room temperature) or PPh3 
(THF reflux, 1 hr), recalling its formation via phosphine loss. The 
complex [RuH(CO)(PPh3){k3-H,S,S’-HB(mt)3}] (2) only evolves 
slowly to the ruthenaboratrane [Ru(CO)(PPh3){B(mt)3}] (1) 
when heated under reflux in toluene. In contrast treating 2 with 
ethynylbenzene at room temperature results in clean 
conversion to 1, the implication being that alkyne 
hydrometallation affords the intermediate 
[Ru(CH=CHPh)(CO)(PPh3){HB(mt)3}] in a process that calls for a 
vacant coordination site for alkyne coordination, i.e., 

circumstantially pointing towards B–H–Ru hemilability (vide 
supra).4 Remarkably, treating 3a with the alkynes HCºCR (R = H, 
Ph, tBu) in dichloromethane under reflux gave no reaction, 
whilst the more activated alkyne MeO2CCºCCO2Me, led to at 
least seven inseparable products (CDCl3: dP = 49.9, 44.55, 43.30, 
10.19, 38.89, 35.90, 26.67br). The reactions of various 
ruthenium hydrides with diaryl mercurials result in hydride/aryl 
exchange,25 however complex 3a fails to react with HgPh2 in 
refluxing tetrahydrofuran (vide infra), being unchanged after 
two hours. Despite late transition metal hydrides often 
displaying protic character, complex 3a was surprisingly 
unreactive towards a range of bases of varying strength 
(KN(SiMe3)2, LiNiPr2, and nBuLi). 
 It was possible to prepare the corresponding chloro complex 
[RuCl(CO)(PPh3){k3-H,S,S’-H2B(mt)2}] (3b, Figure 2) by heating 
3a in chloroform. Thus, of the three ‘hydridic’ groups in 3a, the 
terminal Ru–H is selectively oxidised leaving the two B–H groups 
intact.  

 
Figure 2. (a) Molecular structure of [RuCl(CO)(PPh3){H2B(mt)2}] (3b) in a crystal of 
3b.CHCl3 (60% displacement ellipsoids, phenyl and methimazolyl groups 
simplified, solvent omitted). Selected bond lengths (Å) and angles (°):Ru1–B1 
2.651(3), Ru1–S1 2.4239(5), Ru1–S2 2.4216(5), Ru1–P1 2.3285(5), Ru1–Cl1 
2.4186(6), B1–H2 1.14(3), B1–H1 1.18(3), S1–Ru1–S2 87.68(2), N2–B1–N3 
112.2(2), B1–H1–Ru1 130(2). 

The reactions of some metal hydrides with 
diaryldisulfides provides arylthiolato complexes26 and similar 
behaviour might be expected for diselenides. Accordingly, the 
reaction of 3a with PhSeSePh was investigated and found to 
provide the complex [Ru(SePh)(CO)(PPh3){H2B(mt)2}] (3c) and 
traces of the  hydroselenide complex 
[Ru(SeH)(CO)(PPh3){H2B(mt)2}] (3d, Figure 3). Whilst complex 3d 
was formed in only trace amounts precluding detailed 
mechanistic conjecture, or indeed full characterisation, there is 
precedent for the use of transition metal reagents for the 
reduction of diselenides to selenoethers27 though the fate of 
the extruded selenium atom has not been considered. Attempts 
to obtain 3d systematically via the reaction of 3a with elemental 
(grey) selenium were unsuccessful. 



 
Figure 3. (a) Molecular structure of [Ru(SeH)(CO)(PPh3){H2B(mt)2}] (3d) in a crystal 
of 3d.CHCl3 (60% displacement ellipsoids, phenyl and methimazolyl groups 
simplified). Selected bond lengths (Å) and angles (°):Ru1–Se1 2.6585(4), Ru1–S1 
2.4180(8), Ru1–S2 2.4285(8), Ru1–B1 2.663(4), Ru1–P1 2.3279(8), Ru1–H16 
1.73(4), Se1–H11 1.37 (2), B1–H2 1.05(3), B1–H1 1.18(4), S1–Ru1–S2 87.59(3), 
Se1–Ru1–H16 172.3(13), Ru1–Se1–H11 135.9(13), N1–B1–N3 112.2(3), B1–H1–
Ru1 131(3). 

Although a binuclear (µ-SeH)2 complex [Ru2(µ-
SeH)2Cl2(MeC6H4iPr-4)2] has been structurally characterised by 
Mizobe and Hidai28 no other structural data are currently 
available for ruthenium hydroselenide complexes. Rauchfuss 
has, however, spectroscopically characterised the complexes 
[Ru(SeH)(PPh3)2{h-C5H4R) (R = H, Me, Et).29 Useful structural 
data for mononuclear terminal hydroselenido complexes in 
general are somewhat sparse,30-35  and when the SeH hydrogen 
position is (rarely) located, the M–Se–H angle is close to 90° 
consistent with negligible (i.e., “p3") hybridisation. In the 
present case, this angle is obtuse (136(1)°) however its 
proximity to both ruthenium and selenium render this metric 
imprecise.  

 
Figure 4. (a) Molecular structure of [Ru(SePh)(CO)(PPh3){H2B(mt)2}] (3c) in a crystal 
of 3c (60% displacement ellipsoids, phenyl and methimazolyl groups simplified; 
inset: View along the Se1–Ru1 vector). Selected bond lengths (Å) and angles (°): 
Ru1–B1 2.723(5), Ru1–Se1 2.5254(6), Ru1–S1 2.4205(12), Ru1–S2 2.4628(13), 
Ru1–P1  2.3345(13), Ru1–H1 1.79(6), B1–H1 1.23(6), B1–H2 1.17(6), Se1–C2 

1.927(5), Se1–Ru1–H1 175(2), S1–Ru1–S2 89.91(4), N2–B1–N3 111.1(4), Ru1–
Se1–C2 113.19(16). 

The complex 3c was also structurally characterised (Figure 
4). Data for simple non-chelated selenolates of ruthenium that 
adhere to the 18-electron rule comprise the alkynylselenolates 
[Ru(SeCºCR)(PPh3)2(h-C5H5)] (R = Ph, SiMe3,36 CºW(CO)2Tp*37, 
Tp* = hydrotris(dimethylpyrazolyl)borate and the 
selenobenzoate [Ru{SeCOC6H3(NO2)2-3,5}(CO)2(h-C5H4tBu)]38 
with Ru–Se bond lengths in the range 2.50 – 2.55 Å and angles 
at selenium of 102 – 106°. The trigonal bipyramidal and co-
ordinatively unsaturated complex [Ru(SeC6HMe4)4(NCMe)]39 
shows a significant lengthening of the equatorial Ru–Se bond 
lengths (2.316 – 2.330 Å) relative to the unique axial selenolate 
(2.496Å) although this is not manifest in a significant opening up 
of the Ru–Se–C angles (108.2 – 109. 8°), i.e., the selenolates are 
able to serve the role of p-donors to the d4-Ru(IV) centre 
without the linearization that typically attends alkoxides acting 
in such a role. The Ru–Se bond length in 3d is by far the largest 
(2.6586(4)Å) which is perhaps counter-intuitive in that the B–H–
Ru interaction would be expected to constitute a ‘weak’ ligand 
in the context of trans influence. In the case of 3c (Figure 4) the 
Ru1–Se1 bond length of 2.5252(6)Å falls within the previous 
range, although the Ru1–Se1–C2 angle of 113.2(1)° is somewhat 
larger than previously observed (other than for 3d). This may, 
however, reflect incipient hydrogen bonding of the aryl ring 
with one thione (C3–H31…S2 2.613 Å). 
 
 Boryl and Silyl Complexes – With reference to an extensive 
series of complexes of the form trans-[Pt(X)Cl(PMe3)2], where X 
represents various 1-valence electron ligands, Lin and Marder  
have computationally derived an ordering of ‘X’ with respect to 
its trans influence.40 In addition to more classical ligands, they 
considered s-boryls and s-silyls for which an increasing amount 
of experimental evidence points towards superlative trans 
influence in excess of traditionally potent trans influential 
ligands such as hydride, s-alkyls etc. Given the apparently 
robust 3c-2e B–H–Ru interaction in 3a-c (cf 2), we considered 
further trans ligands that lay either side of hydride in Lin and 
Marder’s computational update40 of Mason’s empirical series.41 
Inter alia, the ligands of interest here fall in the trans influential 
ordering 
 

SiMe3 > BCat > CH=CH2 > H > C6H5 > SiCl3 > Cl > SeH, SePh 
 
where Cat = 1,2-catecholato. Thus the syntheses of the 
complexes [RuX(CO)(PPh3){H2B(mt)2}] (X = BCat 3e, SiCl3 3f, 
SiMe3 3g, CH=CHPh 3i, C6H5 3j) were explored. 
 The s-boryl complex [Ru(BCat)Cl(CO)(PPh3)2] (Cat = 
catecholato), readily obtained from the reaction of 
[RuHCl(CO)(PPh3)3] and HBCat,42 reacts with Na[H2B(mt)2] to 
afford the complex [Ru(BCat)(CO)(PPh3){H2B(mt)2}] (3e, Scheme 
3).  



 
Scheme 3. Synthesis of a boryl-borane Complex [Ru(BCat)(CO)(PPh3){k3-H,S,S’-
H2B(mt)2}] (3e).  

The complex 3e was structurally characterised (Figure 5) 
confirming the stereochemistry inferred from spectroscopic 
data. Geometrical parameters associated with the recurrent 
‘Ru(CO)(PPh3){H2B(mt)2}’ are unremarkable and will be 
discussed below together with those for other members of the 
series. 

 
Figure 5. (a) Molecular structure of [Ru(BCat)(CO)(PPh3){H2B(mt)2}] (3e) in a crystal 
of 3e.CH2Cl2 (60% displacement ellipsoids, phenyl and methimazolyl groups 
simplified). Selected bond lengths (Å) and angles (°): Ru1–P1 2.3251(5), Ru1–S1 
2.4799(5), Ru1–S2 2.4177(5), Ru1–B1 2.897(2), Ru1–B2 2.044(2), Ru1–H1 1.94(2), 
B1–H1 1.15(2), B1–H2 1.09(3), S1–Ru1–S2 89.41(2), B2–Ru1–H1 174.9(7), N4–B1–
N2 108.4 (2), B1–H1–Ru1 137(2). 

The catecholatoboryl ligand has been studied in other 
octahedral ruthenium systems including the complexes 
[Ru(BCat)2(CO)2(PPh3)2], [Ru(BCat)2(CO)(CNC6H4Me-
4)(PPh3)2],43 [Ru(BCat)(CO)2{h-C5Ph4OH}]44 and [Ru(BCat){k2-
C,P-CHNMeC9H5PiPr2}(h-C5Me5)]45 which all have Ru–B 
separations in the range 2.075 – 2.098 Å with the exception of 
the piano-stool complex [Ru(BCat){k2-C,P-CHNMeC9H5PiPr2}(h-
C5Me5)] (2.047 Å). The Ru1–B2 separation of 2.044(2) Å in 3e 
should therefore be considered somewhat short and this is 
most likely a reflection of the weak trans influence of the 3c-2e 
B–H–Ru interaction relative to conventional 2c-2e trans donors. 
Although it is now generally accepted the s-boryls are at best 
rather modest p-acceptors46 and that this component to the M–

B bond will be reduced by the p-dative catecholato boron 
substitution, the question of boryl orientation in 3e 
nevertheless arises with respect to the two p-retrodative 
ruthenium orbitals available. Each interacts with a 
methimazolyl sulphur p-donor but only one enters into 
retrodonation to a p-acid (CO) leaving that in the P-Ru-B-S plane 
higher in energy and therefore best suited for retrodonation to 
boron. That is certainly the geometry that is adopted in the solid 
state, though rotation of the boryl by 90° about the Ru–B vector 
would be attended by some steric clash with the bulky 
phosphine. 
 A similar approach was taken for the synthesis of the s-silyl 
derivatives [RuX(CO)(PPh3){H2B(mt)2}] (X = SiCl3 3f, SiMe3 3g) 
beginning with the coordinatively unsaturated precursors 
[RuX(Cl)(CO)(PPh3)2] (X = SiCl3 4f, SiMe3 4g) which were obtained 
from the reactions of [RuHCl(CO)(PPh3)3] with either 
trichlorosilane47 or vinyltrimethylsilane.48 The choice of both 
SiCl3 and SiMe3 derivatives reflects their disparate positions on 
the Marder-Lin trans influence scale. 

The reaction of [Ru(SiCl3)Cl(CO)(PPh3)2] (4f) with 
Na[H2B(mt)2] afforded [Ru(SiCl3)(CO)(PPh3){H2B(mt)2}] (3f, 
Scheme 4, Figure 6) in reasonable yield (61%). In addition, trace 
amounts of the complex [Ru(SiCl3)(k2-N,S-mt)(CO)(PPh3)2] (5f, 
Figure 7) were obtained and this complex could be prepared 
intentionally via the reaction of [Ru(SiCl3)Cl(CO)(PPh3)2] with 
Hmt in the presence of Et3N. Careful spectroscopic analysis (IR, 
1H NMR) of the sample of Na[H2B(mt)2] employed allowed us to 
exclude contamination with unreacted Hmt and we may 
therefore surmise that a small amount of degradation of the 
H2B(mt)2– pro-ligand occurs during complexation, as is 
occasionally  observed with this reagent. 

 
Scheme 4. Synthesis of s-Silyl Complexes [Ru(SiR3)(CO)(PPh3){k3-H,S,S’-H2B(mt)2}] 
(R = Cl, Me).  

The coordination mode for 3f was confirmed 
crystallographically (Figure 6), adding to the comparatively  



 
Figure 6. (a) Molecular structure of [Ru(SiCl3)(CO)(PPh3){H2B(mt)2}] (3f) in a crystal 
of 3f.C6H6 (60% displacement ellipsoids, phenyl and methimazolyl groups 
simplified, solvent omitted). Selected bond lengths (Å) and angles (°):Ru1–Si1 
2.3140(10), Ru1–P1 2.3714(9), Ru1–S2 2.4307(10), Ru1 S1 2.4500(10), Cl1–Si1 
2.0967(11), Si1–Cl2 2.0781(13), Si1–Cl3 2.0913(12), Ru1–H1 1.83(2), B1–H1 
1.21(3), B1–H2 1.13(2), Si1–Ru1–H1 175.8(9), Cl2–Si1–Cl3 98.95(5), Cl2–Si1–Cl1 
99.87(6), Cl3–Si1–Cl1 102.83(5), Cl2–Si1–Ru1 116.39(5), Cl3–Si1–Ru1 119.31(5), 
Cl1–Si1–Ru1 116.30(4). 

prevalent data for ruthenium trichlorosilyl complexes.49 With 
the exception of 5-coordinate [Cy3PH][Ru(SiCl3)2Cl-
(CO)(PCy3)],49a all structurally characterised examples are 
coordinatively saturated however a recurrent feature is 
coordination numbers greater than 6, this being a reflection of 
the electropositive nature of silyl ligands sustaining the less 
common Ru(IV) oxidation state. The pseudo-octahedral 
(including piano stool) examples have Ru–Si bond lengths in the 
range 2.265 - 2.419 Å such that the value for Ru1–Si1 of 2.314(1) 
Å for 3f whilst at the short end is not remarkable. The Ru1–Si1–
Cl angles (116.3 – 119.3°) are somewhat opened from the ideal 
tetrahedral value resulting in a Cl–Si1–Cl angle sum of 301.7° 
(ideal: 328.5°) though a space-filling representation does not 
reveal any significant steric pressures from the ruthenium 
centre or co-ligands. 

The minor side product (5f, ca 5% by 31P NMR integration) 
arises from cleavage of the borate, as has been often observed 
when attempting to install poly(methimazolyl)borate ligands. 
The methimazolyl group adopts a bidentate coordination mode 
(Figure 7) which has been observed previously in a number of 
ruthenium(II) complexes with more conventional ligands,50 in 
addition to N-aryl-2-mercaptoimidazolyl analogues.51 Wilton-
Ely has previously described a range of octahedral methimazolyl 
complexes of ruthenium [Ru(R)(k2-mt)(CO)(PPh3)2] (R = vinyl, 
aryl, alkynyl, SiMe2OEt)52 obtained via the reactions of 
[Ru(R)Cl(CO)(BTD)(PPh3)2] (BTD = 2,1,3-benzothiadiazole)53 or 
[Ru(R)Cl(CS)(PPh3)2]54 with methimazole under basic conditions. 
The structurally characterised derivatives with R = Ph, c-C6H9, 
CH=CHC6H4Me-4 and CPh=CHPh have the thione coordinated 
trans to the s-organyl whilst the alkynyl complex 
[Ru(CºCPh)(k2-mt)(CO)(PPh3)2] had the thione trans to the 
carbonyl ligand. The present example involves coordination of 
the thione trans to the silyl ligand as with the vinyl and aryl 
derivatives. Intuitively, it might be expected that the most  

 
Figure 7. (a) Molecular structure of [Ru(mt)(SiCl3)(CO)(PPh3)2] (5f) in a crystal of 
5e.2THF (60% displacement ellipsoids, phenyl groups simplified, solvent omitted). 
Selected bond lengths (Å) and angles (°):Ru1–N1 2.143(3), Ru1–Si1 2.3242(9), 
Ru1–P1 2.3968(11), Ru1–P2 2.3986(11), Ru1–S1 2.5575(10), Cl1–Si1 2.0938(12), 
Si1–Cl3 2.0982(12), Si1–Cl2 2.1072(15), Cl1–Si1 2.0938(12), N1–Ru1–S1 67.18(7). 

stable isomer would involve the carbonyl, i.e., the only p-acidic  
ligand, coordinating trans to the thione, the only p-donor 
ligand. Notably the synthesis of the alkynyl derivative involved 
heating a vinyl precursor with ethynylbenzene in chloroform for 
3 hours. It therefore seems likely that the geometry with the 
thione trans to the s-organyl or silyl ligand represents the 
kinetic isomer, whilst the alternative geometry, which favours 
p-captodative effects represents the thermodynamic isomer, 
unless a degree of p-acidity is attributed to the SiCl3 ligand (Si–
Cl s* negative hyperconjugation). 
 An osmium complex - As noted above, there is an extensive 
amount of both spectroscopic and structural data available for 
3-centre, 2-electron B–H–Ru interactions, much coming from 
the studies of poly(azolyl)borate complexes. In contrast, in the 
case of osmium such data are somewhat sparse for simple 
mononuclear complexes (Chart 3), with the exceptions of k2-
H,H tetrahydroborate derivatives55  and metallaborane 
clusters.56 The first simple 3c-2e B–H–Os interaction was 
described by Marder and Baker57 as arising from the insertion 
of 9-BBN into the Os–C bond of the cyclometallated complex 
[OsH(CH2PMe2)(PMe3)3]. We have since isolated the s-borane 
complex [OsCl2(PPh3){k3-H,P,P-HB(NCH2PPh2)2C6H4}]58 from the 
reaction of Yamashita’s pro-ligand HB(NCH2PPh2)2C6H459 with 
[OsCl2(PPh3)3] and Esteruelas reported simple chelated R2BH–
Os interactions in [OsH(k2-H,S-SBHNR2)(CO)(PiPr3)2] (R = H, Me) 
and [OsH2(k2-H,H’-H2BCH2Ph)(PiPr3)(IDipp)] (IDipp = 
bis(diisopropylphenyl)imidazolylidene),60 in addition to 
secondary s-boryls [OsH2Cl(BHR)(PiPr3)2] ( R = NMe2, 
OC2Me4OBO2C2Me4, CH2Ph) that display 3-centre, 4-electron 
OsBH interactions.61 Thus simple R2B–H–Os interactions remain 
rare (Chart 3). 



 
Chart 3. B–H–Os Interactions and associated 1H NMR data (Ar = 2,6-
diisopropylphenyl). 

 The osmaboratrane [Os(CO)(PPh3){k4-B,S,S’,S”-B(mt)3}] 
ultimately arises from the reaction of [OsPhCl(CO)(PPh3)2] and 
Na[HB(mt)3]. If, however, the reaction is carried out in diethyl 
ether suspension an intermediate precipitates immediately 
upon formation.62 Other than solid state infrared data, no other 
characterisational data could be obtained because immediately 
upon dissolution, this solid evolved to the osmaboratrane, 
without loss of PPh3. Given the range of complexes of the form 
[RuX(CO)(PPh3){k3-H2B(mt)2}] discussed above, it therefore 
seems likely that the intermediate was [Os(Ph)(CO)(PPh3){k3-
H,S,S’-HB(mt)3}] prompting pursuit of the osmium analogue of 
3a. Treating [OsHCl(CO)(PPh3)3] or 
[OsH(NCMe)2(CO)(PPh3)2]BF463 with Na[H2B(mt)2] results in the 
formation of a new complex 3h in 73% isolated yield. 
Spectroscopic (ESI) and structural data (Figure 8) for isolated 3h 
are comparable to those for 3a, but notably immediately 
following combination of the reagents an intermediate is briefly 
observed (CH2Cl2: nCO = 1924 cm-1) which quickly disappears and 
most likely corresponds to [OsH(CO)(PPh3)2{k2-S,S’-H2B(mt)2}]. 
The complex 3h adopts an identical geometry and structural 
features to 3a, consistent with the two metals having 
comparable covalent radii (Ru:  1.46(7); Os: 1.44(4) Å).64 

 

Figure 8. Molecular structure of [Os(H)(CO)(PPh3){H2B(mt)2}] (3h) in a crystal of 
3h.(CHCl3)2 (60% displacement ellipsoids, phenyl and methimazolyl groups 
simplified, solvent omitted). Selected bond lengths (Å) and angles (°): Os1–S1 
2.4187(12), Os1–S2 2.4614(11), Os1–P1 2.3251(12), Os1–C1 1.822(5), Os1–H1 
1.74(8), Os1–H11 1.674, B1–H1 1.13(8), B1–H2 1.26(8), S1–Os1–S2 87.93(4), H11–
Os1–H1 174.7, N1–B1–N3 111.9(4), B1–H1–Os1 131(5). 

 Comparison of B–H–M interactions – Table 1 collates 
structural data associated with the B–H–Ru units in ruthenium 
complexes where the H2B(mt)2 ligand (or derivatives) has been 
shown to adopt the k3-H,S,S’ coordination mode. 
Unfortunately, it is axiomatic that X-ray diffraction is not the 
technique of choice for exploring the positions of hydrogen 
atoms, especially when in the vicinity of heavy metals such as 
ruthenium. Because of the attendant lack of precision, the Ru…B 
separation is also given since this is somewhat more accurately 
determined and should reflect to some extent the nature of the 
B–H–Ru interaction. In conceding this caveat, we note that the 
measured Ru–H distances span a range of 0.21Å (1.73 – 1.99 Å) 
and at best the e.s.d. for these bond lengths is ca 0.02 Å (e.g., 
for 3a). The accepted rule of thumb for statistical significance (6 
x e.s.d. = 0.24Å) means that collectively, there is no significant 
variation in the Ru–H bond lengths throughout the entire series. 
Similarly, with the e.s.d. for B–H–Ru angles being ca 2° (e.g., for 
3a), the 23° variation observed again barely falls within the 
limits of significance. Statistical significance aside, it is 
nevertheless a recurrent feature that in each case the B–H bond 
coordinated to ruthenium is ca 8%  (» 0.1 Å) longer than the 
terminal B–H bond, i.e., with the eye of faith one might envisage 
incipient B–H bond activation. As noted, the Ru…B separations 
are determined with more confidence over a range from 2.634 
– 2.931 Å whilst the N–B–N angles span a rather narrow range 
of 105.5 – 113.5°, i.e., 4° either side of the ideal tetrahedral 
value. There is no correlation between these parameters, i.e., 
closer approach of the boron to ruthenium does not require 
splaying of the two heterocyclic buttresses. 



Table 1 Structural Data for Ru{k3-H,S,S’-HxB(mt)4-x} Complexes 

Complex     Ru–H RuHB N–B–N’  Ru…B dBH 
M(X)(CO)(PPh3)(Bm)   [Å]  [°]   [°]   [Å]  ppm 
M–X =  
Ru–H (3a)     1.86  129  110.9  2.796 –5.42 
Ru–Cl (3b)     1.74  130  112.1  2.651 –18.11 
Ru–BCat   (3e)    1.94  138  108.4  2.897 –3.09 
Ru–SiCl3 (3f)     1.83  137  113.5  2.830 –5.74 
Ru–SeH (3d)     1.73  131  112.2  2.663     – 
Ru–SePh (3c )    1.78  128  111.1  2.724 –12.00 
Os–H (3h)     1.73  131  111.9  2.727 –6.82 
RuH(CO)(PPh3)(Tm) a,4,2b  1.80  137  107.6  2.834 –3.87 
RuCl(dmso)2(Tm)6   1.84  141  109.0  2.817 –9.02 
RuH(PPh3)2(Bm)6    1.78  137  111.1  2.778 –5.70 
RuCp*{HB(mt)2(pz)}7a   1.89  141  110.3  2.910 –7.20 
[Ru(C6Me6){HB(mt)2(pz)}]+7a 1.82  128  112.8  2.834 –10.60 
Ru(mtAr)(PPh3){HB(mtAr)3}]7c 1.77  145  107.1  2.634 –3.46 
RuI(CO)(PPh3)(H2B(mtAr)27e 1.75  131  108.5  2.672 n.g. 
RuBr(CO)(PPh3)(H2B(mtAr)27e 1.74  127  111.9  2.682 n.g. 
RuH(CO)(PPh3)(H2B(mtAr)27e 1.80  132  112.0  2.759 –5.34 
RuH(PPh3)2(Tm)7f    1.89  142  105.5  2.931 –17.86 
Ru(PPh3)(Bm)2a,7g    1.79  151  111.5  2.677 –2.94 
[Ru(PPh3)(Bm)(Hmt)2]+ a,7g  1.90  148  107.1  2.774 –14.7 
Ru(Bm)2a,7g     1.77  151  110.5  2.660 –14.9 
Ru(Bm)2a,7i     1.84  136  111.2  2.672    – 
[Ru(Bm)2]+ a,7i    1.89  144  111.5  2.757    – 
[Ru(C6Me6)(Bm)]+ 7h   1.82  151  110.4  2.799 –10.84 
Ru(Cp*)(Bm)7h    1.81  151  111.5  2.815 –7.83 

aMean value for multiple crystallographically independent metrics in molecule, 
unit cell or alternative determinations. Bm = k3-H,S,S’-H2B(mt)2, Tm = k3-H,S,S’-
HB(mt)3, mtAr = N-(4-chlorophenyl)-2-mercaptoimidazolyl, pz = pyrazolyl. 

From these data it can be seen that there is no dominant 
correlation between the chemical shift of the B–H…Ru 
resonance which spans some 15 ppm and the Ru…B separation 
(2.651 – 2.913 Å) or less precise B–H…Ru angles (128 - 151 °) and 
Ru–H bond-lengths (1.73 – 1.94 Å). Accepting the imprecise 
hydrogen atom locations this is perhaps not surprising given the 
extensive range of sterically diverse co-ligands. The 
crystallographic data taken together only serve to demonstrate 
the comparative rigidity of BH(mt)2Ru cages and that over-
interpretation is unwarranted although the lack of substantial 
variation is itself informative. Thus the following ‘non-events’ 
may be noted. (i) Replacement of the N–methyl substituent 
with larger groups e.g., C6H4Cl-47c,7e serves little chemical 
purpose, consistent with their remote location. (ii) Introduction 
of a third substituent at boron (mt, pz; pz = pyrazol-1-yl) does 
not significantly perturb the geometry. Contrary to any 
presumed Thorpe-Ingold effect, replacement of one B–H with a 
third B–mt results in the boron being further (ca 0.1 Å) from 
ruthenium, e.g., ([RuH(PPh3)2{HnB(mt)4-n}] and 
[RuH(CO)(PPh3){HnB(mt)4-n}] n = 1, 2). By way of contrast, 
inclusion of steric bulk in the vicinity of the bridgehead boron is 
considered to underpin the preference for k3-H,N,N’ 
coordination in H2B(pzMe2)2 vs H2B(pz)2 scorpionates.21 (iii) 
Oxidation of the metal centre (e.g., [Ru(Bm)2]n+ ; n = 0, 1) results 
in the B–H group moving away from the ruthenium. Whilst 
oxidation might be expected to increase the Lewis acidity of 
ruthenium drawing the nucleophilic B–H closer, a more 
dominant factor comes into play – oxidation of the d6-Ru(II) 

opens up the previously filled (t2g)6 set towards thione p-
donation and the resulting contraction (ca 3 pm) of each of the 
four Ru–S bonds presumably occludes access of the weaker B–
H donor(s) to the smaller d5-Ru(III) centre. 

Having failed to discern any informative patterns from the 
copious data in Table 1 we therefore focused our attention 
more narrowly on the complexes 3 reported herein, where all 
factors except the variable trans ligand ‘X’ are kept constant. 
The co-ligands PPh3 or the thione donors might in principle 
provide indirect information however as these coordinate 
orthogonal to the key X–Ru–H(B) axis of interest, their response 
to electronic effects would be expected to be modest, whilst 
their disposition cis to the ligand of interest X would expose 
them to variable steric impacts. Thus whilst the variations in dP 
(NMR) or nCO (IR) are useful tools for monitoring reactions, it is 
not easy to relate them directly. Due to the quadrupolar nature 
of boron (11B and 10B), 2JBP was not generally resolved. Table 2 
presents dB and dH data for these complexes and the latter 
parameter calls for comment in that it displays features 
peculiarly characteristic of B–H–M interactions. Firstly, terminal 
B–H resonances are exceedingly broad in anything but the most 
symmetrical electrical fields about (quadrupolar) boron. These 
are often difficult to locate but occur in the region 2-5 ppm. 
Interaction with a metal centre causes a dramatic shift to high 
frequency, which might be understood simply in terms of 
shielding by the metal centre. More notable, however, is the 
common observation that the resonance becomes sharp, even 
in some cases to the point that coupling to 11B or even 10B may 
be resolved.6 Variable temperature 1H NMR measurements of 
3a in the range 193 – 305 K (CD2Cl2) reveal a modest variation 
in the chemical shift from – 5.86 to –5.45 ppm and at 305 K the 
line shape begins to approach that of an unresolved multiplet. 
The resonance for the Ru–H also undergoes a small change in 
chemical shift from –12.0 to –12.3 ppm. The broad featureless 
resonance observed in the 11B NMR spectrum at 193K (dB = –
6.32) develops apparent triplet (double doublet) structure (1JBH 
≈ 92 Hz) which is lost in the 11B{1H} NMR spectrum. This 
behaviour is consistent with thermal decoupling of the boron 
quadrupole rather than any indication of exchange between the 
B–H–Ru and terminal B–H sites, i.e., there is no evidence of 
hemilability on the 1H or 11B NMR time-scales.  In an octa-
hedral ligand field, the shielding tensor is isotropic, however 
lowering the symmetry to a C4v square pyramid renders the 
shielding exerted by the metal anisotropic. Thus, just as the 
familiar shielding/deshielding zones for a terminal alkyne reflect 
electronic motion within the two p-bonding orbitals (px, py) 
orthogonal to the molecular axis (z), in a similar manner the 
inclusion of a single weak ligand (B–H–Ru in the present system, 
z axis) has the effect of splitting the t2g set, lowering the energy 
of the dxz and dyz orbitals. These are not degenerate in the case 
of C1-symmetric complexes 3 as they interact with CO or 
phosphine co-ligands, respectively. If this shielding anisotropy 
contributes significantly to the isotropic chemical shift rather 
than simple inductive effects, then the chemical shift should be 
particularly responsive to changes in the trans ligand.  

Figure 9 plots dH against the Ru…B separation from which it 
appears that there is indeed a good correlation, i.e., the closer 
the B-H approaches the ruthenium the more metal-hydride 



character it develops and this is most favoured for ligands X of 
low trans influence (p-dative Cl, SePh).  

Table 2 Lin-Marder Trans Influence Parameter cf. Selected NMR Data for 
[RuX(CO)(PPh3)(H2B(mt)2}] and [OsH(CO)(PPh3){H2B(mt)2}] 

X    rRuCla  dH(BHRu)  dB   dP 
     [Å]   [ppm]    [ppm]  [ppm] 
 
H (3a)   2.504  –5.42   –5.52  56.7  
Cl (3b)   2.542c  –18.11   –7.36  36.3 
SePh (3c)  2.588c  –12.00   –5.50  39.7 
SiCl3  (3f)   2.594  –5.74   –4.70  40.7 
Ph (3i)   2.695  –7.13   –6.59  46.4 
CH=CH2 (3j)b  2.681  –6.64b   –5.82 b  44.8 b  
BCat  (3e)  2.693  –3.09   –4.98  47.2 
SiMe3 (3g)  2.678  –3.50   –4.92  48.7 
 
(Os)Hb (3h)  2.504  –6.82   –6.47  19.7 

aRu–Cl bond length calculated for the complexes trans-[Ru(X)Cl(PMe3)4] 
(DFT:B3LYP-LanL2DZ cf. reference 40). bExperimental data for X = CH=CHPh 

This trend might be understood in valence bond terms by 
considering the two canonical extremes depicted in Figure 10. 
One envisages a weak donation of the electron pair in the B–H 
bond to the ruthenium centre whilst the other considers a 
terminal ruthenium hydride donating its electron pair to 
otherwise 3-coordinate Lewis acidic boron. The former would 
contribute more when X is a strongly trans influential ligand 
whilst the latter reflects a stronger Ru–H interaction with  

  
Figure 9. Relationship between Hydrogen-1 chemical shift  and Ru…B distance for 
B–H–Ru interaction for the complexes [Ru(X)(CO)(PPh3){H2B(mt)2}] (3). 

 
 Figure 10. Canonical Extremes for 3-centre/2-electron B–H–Ru Interactions. 

attendant metal hydride character, i.e., significant NMR 
shielding moving the resonance to higher frequency.  

In terms of quantifying the trans influence of the ligand X 
the problem of an appropriate abscissa arises. Whilst trans 
influence is a widely recognised response, we are unaware of 
any single parameter for a wide range of ligands that might be 
used. We therefore turned to the approach of Lin and Marder  
who have previously calculated Pt–Cl bond lengths (DFT: B3LYP-
LanL2DZ) for a range of complexes trans-[Pt(X)Cl(PMe3)2], 
including examples where ‘X’ was expected to exert an 
especially potent trans influence (s-organyls, boryls and 
silyls).40 Given that p-effects are more likely to be significant for 
d6-RuII (Pauling Electronegativity 2.20) than coordinatively 
unsaturated d8-PtII centres (P. E. = 2.28) we applied, for 
consistency, the Lin-Marder approach to the series of 
octahedral complexes trans-[Ru(X)Cl(PMe3)4] to provide rRuCl 
listed in Table 2.  

 
Figure 11. Relationship between B–H–Ru Hydrogen-1 chemical shift in the complexes 
[Ru(X)(CO)(PPh3){H2B(mt)2}] (3) and the Ru–Cl distance calculated for the complexes 
trans-[Ru(X)Cl(PMe3)4]. Ru–SiCl3 not included in correlation.  

There appears to be a single outlier, X = SiCl3, of what would 
otherwise be a convincing correlation (R =0.982) between rRuCl 
and dH(BHRu). The p-acidity of trichlorosilyl ligands has long 
been mooted65 and this perhaps leads to a contraction of the 
Ru–Cl bond due to p-captodative effects for trans disposed p-
donor and p-acceptor ligands. The B–H ‘ligand’ has no orbital of 



p-donor character with respect to the ruthenium ligand bonding 
axis. The trans influence41 is described by Burdett and 
Albright in terms of a differential bond weakening when two 
disparate ligands are required, unfavourably, to share a central 
metal orbital.66 For a d6-ML6 system, the orbitals that form the 
dominant contribution to the trans influence are one (arbitrarily 
based on pz) occupied t1u and one eg* orbital (arbitrarily based 
on dz2) which mix such that the resulting orbital is bonding 
between the metal and the more electropositive ligand but 
antibonding to the trans ligand. This orbital of interest is 
depicted qualitatively in Figure 12 (adapted in part from 
reference 66) in addition to the relevant MO calculated (DFT: 
B3LYP-LACVP) for the model complex 
[RuH(CO)(PMe3){H2B(mt)2}] which is reassuringly similar in 
topology to that suggested by Burdett and Albright. The more 
electropositive the ligand ‘X’ in [Ru(X)(CO)(PPh3){H2B(mt)2}] (3), 
the higher the energy of this orbital which has antibonding 
character in the vicinity of the Ru…HB ‘bond’. 

 
Figure 12. Qualitative and quantitative (B3LYP-LACVP) depictions of the orbitals of 
interest with respect to the trans influence of a hydride in the complex 
[RuH(CO)(PMe3){H2B(mt)2}] (adapted in part from reference 66) as a model for 3a. 

 Table 2 also tentatively includes data for the organometallic 
complexes [Ru(Ph)(CO)(PPh3){H2B(mt)2}] (3i) and 
[Ru(CH=CHPh)(CO)(PPh3){H2B(mt)2}] (3j) which were observed 
in situ from reactions of Na[H2B(mt)2] and either 
[Ru(Ph)Cl(CO)(PPh3)2]25 or [Ru(CH=CHPh)Cl(CO)(PPh3)2].67 The 
complexes 3i and 3j could however not be isolated in pure form 
due to their slow decomposition in solution during purification 
attempts. Spectroscopic and mass spectrometric data 
(Experimental Section) however confirm their identities. 

Experimental 
 

General Considerations. All manipulations of air-sensitive 
compounds were carried out under a dry and oxygen-free 
nitrogen atmosphere using standard Schlenk and vacuum line 
techniques, with dry and degassed solvents. NMR spectra were 
recorded at 25°C on a Varian Mercury 300 (1H at 300.1 MHz 31P 
at 121.5 MHz), Varian Inova 300 (1H at 299.9 MHz, 13C at 75.42 
MHz, 31P at 121.4 MHz, 11B at 96.23 MHz) or Bruker AVANCE 400 
(1H at 400.1 MHz, 11B at 128.4 MHz, 13C at 100.6 MHz, 31P at 
162.0 MHz) instruments. The chemical shifts (d) for 1H and 13C 

spectra are given in ppm relative to solvent signals, 11B and 31P 
relative to external references (BF3OEt2, H3PO4). Infrared 
spectra were obtained with a Bruker Alpha FTIR with diamond 
plate Attenuated Total Reflectance sampling attachment, run at 
4 cm-1 resolution. Solution infrared spectra were obtained using 
a Perkin-Elmer Spectrum One FT-IR Spectrometer. Low and high 
resolution mass spectra were obtained on a ZAB-SEQ4F 
spectrometer by +ve ion ESI techniques using an acetonitrile 
matrix by the mass spectrometry service of the Australian 
National University. Assignments were made relative to M, 
where M is the molecular cation. Assignments were verified by 
simulation of isotopic composition both for low and high 
resolution levels.  Elemental microanalysis was performed by 
the micro-analytical services of the Australian National 
University or London Metropolitan University. Data for X-ray 
crystallography were collected with a Nonius Kappa CCD or 
Agilent SupaNova diffractometer. The syntheses of the 
compounds Na[H2B(mt)2],12a Na[HB(mt)3],2a 
[RuHCl(CO)(PPh3)2],23 [Ru(BCat)Cl(CO)(PPh3)2],42 
[Ru(SiMe3)Cl(CO)(PPh3)2],47,48 Ru(CH=CHPh)Cl(CO)(PPh3)2],67 
[Ru(Ph)Cl(CO)(PPh3)2],25 and [MH(NCMe)2(CO)(PPh3)2]BF4 (M = 
Ru, Os)63 are described elsewhere. Other reagents were used as 
received from commercial suppliers. 
 
 Synthesis of [RuH(CO)(PPh3){H2B(mt)2}] (3a). The complex 
[RuHCl(CO)(PPh3)3] (4.01 g, 4.21 mmol) and Na[H2B(mt)2] (1.14 
g, 4.25 mmol) were heated under reflux in THF (80 mL) for 5 
minutes. During this time the mixture changed from pink to 
yellow and became less cloudy. The mixture was allowed to cool 
and the solvent volume was reduced to approximately 50 mL 
and then diluted with ethanol (40 mL). Further concentration 
under reduced pressure to ca 40 mL afforded a white 
precipitate. The mother liquor was decanted off, and the solid 
was re-dissolved in CH2Cl2 (100 mL) and filtered through 
diatomaceous earth. The filtrate was slowly evaporated (adding 
ethanol to maintain a constant volume) to furnish the cream 
white product. The resulting solid was collected on a sintered 
funnel, washed with ethanol (2 x 30 mL) and dried in air. Yield = 
2.49 g (3.94 mmol, 94%). IR (Nujol): = 1936 nCO, 2116 nRuH, 2183 
nBHRu, 2398 nBH cm-1. IR (CH2Cl2): 1936 nCO, 2110 nRuH, 2201 nBHRu, 
2399 nBH cm-1. IR (THF); n(CO) = 1937 cm-1. 1H NMR (700.2 MHz, 
CDCl3): dH = –12.22 (d, 1 H, RuH, 2JPH = 23.1), – 5.42 (br, 1 H, 
BHRu) 3.10, 3.57 (s x 2, 3H x 2, NCH3), 6.35, 6.45, 6.62, 6.64 (d x 
4, 1 H x 4 3J(HH) = 2.0 Hz, HC=CH), 7.10 - 7.12, 7.26 – 7.31, 7.58 – 
7.61, 7.70 – 7.73 (m x 4, 15 H, C6H5) ppm. 31P{1H} NMR (121.4 
MHz, CDCl3); dP = 57.31 ppm. 11B{1H} NMR (96.2 MHz, DMSO); 
dB = –6.32 ppm. APCI-MS; m/z = 630.9 [M]+, 601.0 [M-CO]+, 
342.1 [M-CO-PPh3]+. MS-ESI(+):MS-ESI(+) m/z: 631.0499 [M – 
H]+. Calcd. for C27H2711BN4OPS2102Ru = 631.0500. Anal. Found: C, 
51.22; H, 4.45, N, 8.51. Calcd. for C27H27BN4OS2PRu : C, 51.43; H, 
4.32; N, 8.89%. Crystal data for C27H28BN4OPRuS2: Mw = 631.53, 
monoclinic, P 21/n, a = 9.5785(2), b = 19.3036(4), c = 15.1080(3) 
Å, b = 98.727(2)°, V = 2761.12(5) Å3, Z = 4, rcalcd = 1.519 Mgm-3, 
µ(Mo Ka) = 0.81 mm-1, T = 150(2) K, yellow prism, 0.74 x 0.50 x 
0.43 mm, 7080 independent reflections. F2 refinement, R = 
0.025, wR = 0.052 for 6120 reflections (I > 2.0s(I), 2qmax = 60º), 
343 parameters, 0 restraints, CCDC 1535756. 



  Synthesis of [RuCl(CO)(PPh3{H2B(mt)2}] (3b). A solution of 
[RuH(CO)(PPh3){k3-H,S,S’-H2B(mt)2}] (3a: 0.257 g, 0.41 mmol) in 
CHCl3 (10 mL) was heated under reflux for 1 hour, observing a 
colour change from pale yellow to orange.  After cooling, the 
solvent was removed under reduced pressure, and the residue 
was extracted with CH2Cl2, filtered through diatomaceous earth 
and then diluted with an equal amount of EtOH.  The solvent 
volume was reduced to afford a yellow precipitate.  The fine 
yellow-orange product 3b was collected on a sintered funnel, 
washed with EtOH (2 × 10 mL) and dried in air. Yield: 0.112 g 
(0.168 mmol, 41%). IR (CH2Cl2): 1973 nCO, 2431 nBH cm-1.  IR 
(Nujol): 2442w nBH, 2011 nBHRu, 1963 nCO cm-1. NMR (CDCl3, 298 
K) 1H: dH =  –18.11 (br, 1 H, BHRu), 3.34, 3.56 (s x 2, 3 H x 2, CH3), 
6.12, 6.38, 6.45, 6.62 (d not resolved x 4, 1 H x 4, HC=CH), 7.30-
7.70 (m, 15 H, C6H5). 13C{1H}: dC = 34.5, 34.7 (CH3), 120.1, 120.6, 
121.4, 122.0 (HC=CH), 127.8 (d, 2,3JPC = 10, meta/orthoC6H5), 129.7 
(d, 4JPC = 3, paraC6H5), 134.1 (d, 2,3JPC = 10, meta/orthoC6H5), 134.9 (d, 
1JPC = 45 Hz, ipsoC6H5), 164.6 (CS), 198.2 (d, 2JPC = 12 Hz) (CO). 
31P{1H}: δP = 36.3. 11B: dB = –7.36 (br). MS-ESI(+) m/z: = 689.0081 
[M + Na]+ Calcd. for C27H2711BN4O23NaPS235Cl102Ru = 689.0087; 
631.0500 [M ‒ Cl]+. Calcd. for C27H2711BN4OPS2102Ru 631.0500. 
Anal. Found: C, 49.06; H, 4.07; N, 7.80%. Calcd. For 
C27H27BClN4OPRuS2: C, 48.70; H, 4.09; N, 8.41%. Crystal data for 
C27H27BClN4OPRuS2.CHCl3: Mw = 785.35, monoclinic, P 21/n, a = 
9.7110(1), b = 17.5876(2), c = 19.2544(2) Å, b = 100.042(1)°, V = 
3238.14(3) Å3, Z = 4, rcalcd = 1.611 Mgm-3, µ(Cu Ka) = 8.88 mm-

1, T = 150(2) K, yellow block, 0.12 x 0.08 x 0.04 mm, 6,537 
independent reflections. F2 refinement, R = 0.027, wR = 0.069 
for 6,163 reflections (I > 2.0s(I), 2qmax = 144°), 385 parameters, 
0 restraints, CCDC 1535758. 
 Synthesis of [Ru(SePh)(CO)(PPh3){H2B(mt)2}] (3c)  
(Identification of [Ru(SeH)(CO)(PPh3){H2B(mt)2}] (3d). (a) A 
solution of [RuH(CO)(PPh3){H2B(mt)2}] (3a: 0.200 g, 0.317 mmol) 
and PhSeSePh (0.100 g, 0.320 mmol) in THF (20 mL) was stirred 
for 24 hours. The pink precipitate was filtered from the deep red 
filtrate. The filtrate was concentrated under reduced pressure 
and recrystallized from a mixture of dichloromethane/ethyl 
acetate/n-hexane to afford deep red crystals, which was 
collected on a sintered frit, washed with n-hexane (2 x 10 mL) 
and dried in vacuo.  Yield: 0.165 g (0.210 mmol, 66 %). 1H NMR 
(400 MHz, CDCl3): dH = –12.00 (br, 1 H, BHRu), 3.20, 3.42 (s x 2, 
3H x 2, NCH3), 6.19, 6.30, 6.39, 6.57 (s x 4, 1 H x 4 3J(HH) not 
resolved, HC=CH), 6.95,7.037.33, 7.55, 7.70 (m x 5, 20 H, C6H5) 
ppm. 13C{1H} NMR (100.6 MHz, CDCl3): dC = 34.4, 34.6 (CH3), 
120.3, 120.8, 121.9, 125.0 (HC=CH), 127.0 (d, 2,3JPC = 10, 
meta/orthoC6H5), 127.1, 127.8 (SeC6H5), 129.5 (d, 4JPC = 3, paraC6H5), 
134.2 (d, 2,3JPC = 10, meta/orthoC6H5), 134.5 (d, 1JPC = 44 Hz, ipsoC6H5), 
136.9, 138.0 (SeC6H5), 165.2, 166.9 (CS), 200.1 (d, 2JPC = 13 Hz, 
CO). 31P{1H} NMR (162.0 MHz, CDCl3): dP = 39.70 ppm. 11B{1H} 
NMR (128.4 MHz, CDCl3); dB = –5.50 ppm. Yield: 0.102 g. IR 
(ATR): 1945 nCO, 2051 nBHRu, 2411 nBH cm-1. MS-ESI(+) m/z: 
788.0086 [M]+. Calcd. for C33H3211BN4OPS2102Ru80Se = 788.0057. 
Anal. Found: C, 50.30; H, 3.96, N, 7.04. Calcd. for 
C33H32BN4OS2PRuSe : C, 50.39; H, 4.10; N, 7.12%.Crystal data for 
C33H32BN4OPRuS2Se: Mw = 786.59, orthorhombic, Pbca, a = 
19.9088(5), b = 15.9847(4), c = 20.7366(5) Å, V = 6599.14(16) Å3, 
Z = 8, rcalcd = 1.583 Mgm-3, µ(Mo Ka) = 1.79 mm-1, T = 150(2) K, 
orange plate, 0.26 x 0.15 x 0.05 mm, 8888 independent 

reflections. F2 refinement, R = 0.048, wR = 0.104 for 6297 
reflections (I > 2.0s(I), 2qmax = 60º), 403 parameters, 0 
restraints, CCDC 1539734. Crystals of a chloroform solvate 
3d.CHCl3 suitable for crystallographic analysis were obtained by 
slow diffusion of n-hexane into a solution of reaction products 
in CHCl3. Crystal data for C27H28BN4OPRuS2Se(CHCl3), MW = 
829.87, monoclinic,  P2I/n, a = 9.8222(1), b = 17.7321(1), c = 
19.1412(2) Å, β = 99.3538(8)°, V = 3289(5) Å3, Z = 4, ρcalcd = 1.676 
Mg m-3, µ(Cu Kα) = 9.26 mm-1, T = 150(2) K, orange plate, 0.14 × 
0.06 × 0.04 mm, 6448 independent reflections. F2 refinement, R 
= 0.0327, wR = 0.0813 for 6048 reflections (I > 2θ(I), 2θmax = 
72.3°), 388 parameters, CCDC 1535757. (b) In an NMR tube, a 
mixture of [RuH(CO)(PPh3){H2B(mt)2}] (3a: 0.015 g, 0.024 mmol) 
and grey selenium (0.004 g, 0.051 mmol) in CDCl3 (0.5 mL) and 
the mixture was monitored by NMR spectroscopy for 21h. The 
1H and 31P{1H} NMR spectra showed no reaction between the 
reagents and instead slow conversion of 
[RuH(CO)(PPh3){H2B(mt)2}] to [RuCl(CO)(PPh3){H2B(mt)2}] was 
observed. 
 Synthesis of [Ru(BCat)(CO)(PPh3){H2B(mt)2}] (3e). A 
mixture of [Ru(BCat)Cl(CO)(PPh3)2] (0.203 g, 0.251 mmol) and 
Na[H2B(mt)2] (0.066 g, 0.252 mmol) was stirred in THF (20 mL) 
at room temperature for 25 hours. The solvent was removed on 
the rotary evaporator and the resulting residue was dissolved in 
dichloromethane, filtered through diatomaceous earth and 
then diluted with an equal volume of ethanol. The solution was 
slowly concentrated on the rotary evaporator to afford a pale 
yellow precipitate, which was collected on a sintered funnel and 
washed with ethanol (2 x 10 mL) and pentane.   Yield: 0.139 g 
(0.180 mmol, 72%). Crystals of a dichloromethane solvate 
suitable for crystal diffractometry were obtained by slow 
diffusion of n-hexane into a solution of 3d in CH2Cl2. IR (CH2Cl2): 
2401 νBH, 2193 νBHRu, 1947 νCO cm-1. IR (ATR): 1939 (m, CO). NMR 
(CDCl3, 298 K) 1H: dH = –3.09 (br, 1 H, BHRu), 3.15, 3.54 (s x 2, 3 
H x 2, CH3), 6.33, 6.50 (d x 2, 1 H x 2, 3JHH = 2 Hz, HC=CH), 6.65 
(s, 2 H, HC=CH), 6.81, 7.01 (m x 2, 2 H × 2, C6H4), 7.15 – 7.17, 
7.50 – 7.54 (m, 15 H, C6H5). 13C{1H}: dC = 34.5, 34.9 (CH3), 110.8, 
120.2 (CH C6H4), 120.1, 121.3, 121.4, 121.5 (HC=CH), 127.4 (d, 
2,3JPC = 10, meta/orthoC6H5), 129.0 (d, 4JPC = 2, paraC6H5), 133.7 (d, 
2,3JPC = 10, meta/orthoC6H5), 135.9 (d, 1JPC = 44 Hz, ipsoC6H5), 150.6 (C 
C6H4), 164.5, 165.4 (CS),  200.5 (d, 2JPC = 13 Hz) (CO). 31P{1H}:  dP 
= 47.2. 11B{1H}: dB = –5.4 (BH2), 52.3 (BCat). 11B: dB = –4.98. MS-
ESI(+): m/z = 773.0702 [M + Na]+.   Calcd. for 
C33H3111B2N4O3P102Ru23NaS2: 773.0703; 750.0806 [M]+ Calcd. for 
C33H3111B2N4O3PS2102Ru 750.0805. Anal. Found: C, 52.63; H, 
3.94, N, 7.39. Calcd. for C33H31B2N4O3PRuS2 : C, 52.89; H, 4.17; 
N, 7.48%. Crystal data for C33H31B2N4O3PRuS2.CH2Cl2, MW = 
834.36, triclinic, P –1 (No. 2), a = 11.1930(5), b = 12.0791(5), c = 
14.4768(7) Å, α = 76.820(4), β = 83.043(4), γ = 72.153(4)°, V = 
1811.0(2) Å3, Z = 2, ρcalcd = 1.530 Mgm-3, µ(Cu Kα) = 1.54 mm-1, 
T = 150(2) K, yellow lath, 0.019 × 0.082 × 0.188 mm, 11603 
independent reflections. F2 refinement, R = 0.0301, wR = 0.0767 
for 6725 reflections (I > 2θ(I), 2θmax = 144°), 448 parameters, 0 
restraints, CCDC 1535763. 
 Synthesis of [Ru(SiCl3)Cl(CO)(PPh3)2] (4d). This complex has 
been described in conference proceedings without synthetic or 
spectroscopic details.47 The following procedure is based on the 
corresponding osmium analogue.81 Trichlorosilane (0.46 mL, 



4.56 mmol) was added drop-wise to a suspension of 
[RuHCl(CO)(PPh3)3] (2.00 g, 2.10 mmol) in toluene (100 mL).  The 
reaction mixture was heated to 60 °C with stirring for 20 
minutes. On cooling, the solvent was reduced in vacuo and n-
hexane (20 mL) was added to afford a yellow, fine, crystalline 
product, which was collected by filtration and dried in vacuo. 
Yield: 1.654 g (2.01 mmol, 96%). IR (CH2Cl2): 1962 νCO cm-1. IR 
(Nujol): 1956 νCO cm-1. 1H NMR (C6D6): dH = 7.01 – 7.86 (m, 30 H, 
P(C6H5)3). 13C{1H} NMR (C6D6): dH = 128.6-128.9, 134.1-134.3, 
135.2-135.3 (C6H5), 198.7 (RuCO). 31P{1H} NMR (C6D6): dP = 34.8. 
MS-ESI(+) m/z: 829.9882 [M – Cl + CH3CN]+ Calcd. for 
C39H33NOSiP235Cl237Cl102Ru: 829.9886; 827.9908 [M – Cl + 
CH3CN]+. Calcd. for C39H33NOSiP235Cl3102Ru: 827.9916. Anal. 
Calc. for C37H30Cl4OP2SiRu: C, 53.96; H, 3.67%: Found: C, 54.07; 
H, 3.73% 
 Synthesis of [Ru(SiCl3)(CO)(PPh3){H2B(mt)2}] (3f). A mixture 
of [Ru(SiCl3)Cl(CO)(PPh3)2] (4d: 0.100 g, 0.12 mmol) and 
Na[H2B(mt)2] (0.032 g, 0.12 mmol) was stirred in THF (10 mL) at 
room temperature for 2 hours. The solvent was removed in 
vacuo and the yellow residue was redissolved in 
dichloromethane, filtered through diatomaceous earth, and n-
hexane was added to afford a yellow precipitate which was 
isolated via filtration, washed with n-hexane (2 × 10 mL) and 
dried in vacuo. From the filtrate upon prolonged cooling a small 
number of crystals of [Ru(SiCl3)(mt)(CO)(PPh3)2] (5e) were 
obtained. Crystals of 3e.C6H6 suitable for crystallographic 
analysis were obtained by slow diffusion of n-hexane into a 
solution of 3e in C6H6. Yield: 0.056 g (0.073 mmol, 61%). IR 
(CH2Cl2): 2430 νBH, 2046 νBHRu, 1965 νCO cm-1. 1H NMR (C6D6): dH 
= –5.74 (br, 1 H, BHRu), 2.42, 2.58 (s x 2, 3 H x 2, NCH3), 5.34, 
5.56, 5.78, 6.08 (d x 4, 1 H x 4, 3JHH = 2.0 Hz, NHC=CH), 7.83 – 
7.94, 8.14 – 8.21 (m x 2, 15 H, C6H5). 13C{1H} NMR (C6D6): dC = 
33.8, 33.9 (NCH3), 113.2, 118.2, 120.7, 121.9 (NHC=CH), 128.7 
(t, 2,3JPC = 4.9, meta/orthoC6H5), 130.8 (paraC6H5), 131.2 (t, 1JPC = 23 
Hz, ipsoC6H5), 135.2 (d, 2,3JPC = 5.5, meta/orthoC6H5), 164.1, 165.1 
(CS), 198.7 (t, 2JPC = 12 Hz, CO). 31P{1H} NMR (C6D6): dP = 40.7. 
11B{1H} NMR (C6D6): dB = –4.6. MS-ESI(+) m/z: 737.1429 [M – 2Cl 
+ CH3CN]+ (100%). Calcd. for C29H30BClN5OPRuS2Si = 737.0389. 
Anal. Found: C, 46.33; H, 4.06, N, 6.92. Calcd. for 
C27H27BCl3N4OS2PRuSi.C6H6 : C, 47.01; H, 3.95; N, 6.65%. Crystal 
data for 3e: C27H27BCl3N4OPRuS2Si, Mw = 764.94, triclinic, P-1 
(No. 2), a = 10.101(5), b = 10.655(5), c = 16.973(5) Å, α = 
89.448(5), β = 81.499(5), γ = 63.321(5)°, V = 1610(2) Å3, Z = 2, 
ρcalcd = 1.577 Mgm-3, T = 173(2) K, orange plate, 0.11 × 0.11 × 
0.85 mm, 7089 independent reflections. R = 0.0341, wR = 
0.0683 for 5621 reflections (I > 2s(I)), 379 parameters, CCDC 
1535759. Traces of the complex [Ru(mt)(SiCl3)(CO)(PPh3)2] (5e) 
were obtained during attempts to crystallise 3e and the 
complex was structurally characterised: Crystal data for 5e.THF: 
C45H43Cl3N2O2P2RuSSi, Mw = 973.32, monoclinic, P21/c, a = 
11.483(5), b = 15.893(5), c = 26.830(5) Å, β = 96.983(5)°, V = 
4860(3) Å3, Z = 4, T = 200(2) K, yellow block, 0.32 × 0.20 × 0.18 
mm, 11,130 independent reflections. R = 0.0370, wR = 0.0794 
for 11,130 reflections (I > 2s(I)), 515 parameters. CCDC 243422. 
The complex 3e slowly decomposes over time to afford inter 
alia the binuclear complex [Ru2(µ-Hmt)2Cl2(CO)2(PPh3)2] (6), 
which was characterised crystallographically (Figure 13). Crystal 
data for 6: C46H42Cl4N4O2P2Ru2S2, Mw = 1152.83, monoclinic, 

P21/c, a = 15.3765(2), b = 9.48940(10), c = 16.8296(3) Å, β = 
106.263(2)°, V = 2357.41(6) Å3, Z = 2, T = 150(1) K, orange plate, 
0.28 × 0.13 × 0.05 mm, 4750 independent reflections. R = 
0.0275, wR = 0.0686 for 4345 reflections (I > 2s(I)), 284 
parameters. CCDC 1540167. 
 

 
Figure 13. (a) Molecular structure of [Ru2(µ-Hmt)2Cl2(CO)2(PPh3)2] (6) in a crystal 
of 6 (60% displacement ellipsoids, phenyl groups simplified). The molecule 
straddles a crystallographic inversion centre (i) such that only half of the molecule 
is unique. 

 Synthesis of [Ru(SiMe3)(CO)(PPh3){H2B(mt)2}] (3g). A 
mixture of [Ru(SiMe3)Cl(CO)(PPh3)2] (0.200 g, 0.262 mmol) and 
Na[H2B(mt)2] (0.070 g, 0.267 mmol) was stirred in THF (20 mL) 
at room temperature for 4 hours.  The solvent was reduced in 
vacuo, and n-hexane (10 mL) was added to afford a yellow 
precipitate, which was isolated via filtration, washed with n-
hexane (2 × 10 mL) and dried in vacuo. Yield: 0.052 g (0.073 
mmol, 39%).  IR (ATR) ν/cm-1: 2389 (BH), 2197 (BHRu), 1906 
(CO). IR (CH2Cl2) ν/cm-1: 3054 (m, CH), 2986 (m, CH), 2409 (br, 
BH), 2189 (br, BHRu), 1922 (s, CO), 1091 (m, CH), 896 (m, CH). 
IR (Nujol) ν/cm-1: 1915 (m, CO). 1H NMR (CDCl3) δ/ppm: -3.50 
(1H, br, BHRu), 0.21 (9H, s, SiCH3), 3.13, 3.60 (6H, 2 × s, NCH3), 
6.26, 6.34, 6.55, 6.63 (4H, 4 × d, 3JHH’ = 2.0 Hz, HC=CH), 7.24-
7.33, 7.55-7.60 (15H, 2 × m, P(C6H5)3). 13C{1H} NMR (CDCl3): dC = 
8.2 (s, SiCH3), 34.4, 34.9 (s, NCH3), 119.8, 120.9, 121.0, 121.4 
(HC=CH), 127.3 (d, 2,3JPC = 9.4, meta/orthoC6H5), 129.0 (d, 4JPC = 2, 
paraC6H5), 134.2 (d, 2,3JPC = 10, meta/orthoC6H5), 136.6 (d, 1JPC = 41 
Hz, ipsoC6H5), 165.4, 166.2 (2C, 2 × s, CS), 202.7 (1C, s, CO). 31P{1H} 
NMR (CDCl3) δ/ppm: 48.8 (s, PPh3). 11B NMR (CDCl3) δ/ppm: -
4.81 (br). 11B{1H} NMR (CDCl3) δ/ppm: -4.51 (br). MS-ESI(+) m/z: 
768.1137 [M + Na + CH3CN]+. Calcd. for C32H39BNaN5OPRuS2Si = 
768.1137. MS-ESI(+) m/z: 704.0968 [M]+. Calcd. for 
C30H3611BN4OSiPS2102Ru = 704.0974. Anal. Found: C, 51.25; H, 
5.27, N, 7.83. Calcd. for C30H36BN4OS2PRuSi : C, 51.20; H, 5.16; 
N, 7.96% 
 Synthesis of [OsH(CO)(PPh3){H2B(mt)2}] (3h). A mixture of 
[OsHCl(CO)(PPh3)3] (0.199 g, 0.234 mmol) and Na[H2B(mt)2]  
(0.068 g, 0.258 mmol) was combined in THF (20 mL). The 
mixture was heated under reflux with stirring for 1.5 hour and 
then allowed to cool, and the solvent was removed on the 
rotary evaporator. The crude residue was dissolved in 
dichloromethane, filtered through diatomaceous earth, diluted 



with ethanol (equivalent volume) and concentrated on the 
rotary evaporator to afford a white precipitate, which was 
collected on a sintered funnel. The white solid was washed with 
ethanol (2 x 10 mL) and pentane. Yield: 0.123 g (0.171 mmol, 
73%). Crystals of 3h.2CHCl3 suitable of crystallographic analysis 
were obtained by slow diffusion of n-hexane into a solution of 
3h in chloroform. IR (CH2Cl2, cm-1): 2408 νBH, 1955 νOsH, 1915 νCO 
cm-1. IR (KBr, cm-1): 2398 νBH, 2100 νBHOs, 1907 νCO cm-1. NMR 
(CDCl3, 298 K) 1H: : dH = –13.23 (d, 1 H, 2JHP = 18.2 , OsH), –6.82 
(br, 1 H, OsHB), 3.07, 3.55 (s x 2, 3 H x 2, CH3), 6.44, 6.50, 6.63, 
6.83 (d x 4, 1 H x 4, 3JHH = 2 Hz, HC=CH), 7.23 – 7.26, 7.54 – 7.59 
(m x 2, 15 H, C6H5). 13C{1H}: dC = 34.1, 34.6 (CH3), 120.9, 121.0, 
121.4, 122.5 (HC=CH), 127.3 (d, 2,3JPC = 10, meta/orthoC6H5), 129.0 
(d, 4JPC = 2, paraC6H5), 134.1 (d, 2,3JPC = 10, meta/orthoC6H5), 136.9 (d, 
1JPC = 50 Hz, ipsoC6H5), 167.4, 170.6 (CS), 182.2 (d, 2JPC = 10 Hz) 
(CO). 31P{1H}:  dP = 19.7 (d, J = 5 Hz). 11B{1H}: dB = –6.42. 11B: dB = 
–6.47 (br s).  MS(+)-ESI m/z = 745.1048 [M + Na]+ Calcd. For 
C27H2811BN4O23NaPS2192Os = 745.1048; 721.1072 [M ‒ H]+. 
Calcd. for C27H2711BN4OPS2192Os = 721.1072. Anal. Found: C, 
44.50; H, 3.76, N, 7.62. Calcd. for C27H28BN4OOsPS2 : C, 45.00; H, 
3.92; N, 7.77%. Crystal data for 3h.2CHCl3: 
C27H28BN4OOsPS2(CHCl3)2, Mw = 959.42, triclinic, P–1 (No. 2), a 
= 9.5808(3), b = 11.9172(5), c = 16.4778(8) Å, α = 81.610(4), β = 
80.311(3), γ = 77.704°, V = 1800(2) Å3, Z = 2, ρcalcd = 1.770 Mgm-

3, µ(Cu Kα) = 12.546 mm-1, T = 150(2) K, colourless needle, 0.11 
× 0.04 × 0.03 mm, 7069 independent reflections. F2 refinement, 
R = 0.039, wR = 0.102 for 6607 reflections (I > 2s(I), 2θmax = 
73.4°), 412 parameters, 0 restraints, CCDC 1535762. 

Reaction of Na[H2B(mt)2] with [Ru(Ph)Cl(CO)(PPh3)2]; 
Observation of [Ru(Ph)(CO)(PPh3){H2B(mt)2}] (3i). In an NMR 
tube, Na[H2B(mt)2] (0.005 g, 0.019 mmol), 
[Ru(Ph)Cl(CO)(PPh3)2] (0.015 g, 0.020 mmol) and CDCl3 (0.5.0 
mL) were combined and the mixture monitored by 31P{1H} and 
1H NMR spectroscopy. At 9 minutes, a major singlet resonance 
was observed at 46.4 ppm in the 31P{1H} NMR spectrum as well 
as minor peaks at 52.7 and 19.3 ppm. The latter resonances 
increased in intensity with the decrease in the former over 60 h 
at room temperature. The [RuPh(CO)(PPh3){H2B(mt)2}] 
intermediate was observed in mass spectrometry taken at t ≈ 0. 
MS-ESI(+) m/z: 731.0783 [M + Na]+. Calcd. for 
C33H3211BN4O23NaPS2102Ru: 731.0789. 

Reaction of Na[H2B(mt)2] with 
[Ru(CH=CHPh)Cl(CO)(PPh3)2]; Observation of 
[Ru(CH=CHPh)(CO)(PPh3){H2B(mt)2}] (3j). In an NMR tube, 
Na[H2B(mt)2] (0.005 g, 0.019 mmol), 
[Ru(CH=CHPh)Cl(CO)(PPh3)2] (0.015  g, 0.019 mmol) and CDCl3 
(0.5 mL) were combined and the mixture monitored by 31P{1H} 
and 1H NMR spectroscopies. Within 5 minutes, numerous 
resonances (>8) were observed in the 31P{1H} NMR spectrum 
and broad hydride resonances at dH –6.6 and –8.5 in the 1H NMR 
spectrum. The presence of free styrene could not be 
ascertained due to the abundance of resonances in the 
aromatic region. Both the intermediate 
[Ru(CH=CHPh)(CO)(PPh3){H2B(mt)2}] and dominant product 
[Ru(CO)(PPh3)2{HB(mt)2}] were observed via mass 
spectrometry. MS-ESI(+) m/z: 757.0950 [Mint + Na]+. Calcd. for 
C35H3411BN4O23NaPS2102Ru: 757.0946; 1491.1986 [2Mint + Na]+. 

Calcd. for C70H6811B2N8O223NaP2S4102Ru2: 1491.1994.  893.1412 
[Mprod + H]+. Calcd. for C45H4211BN4OP2S2102Ru: 893.1412. 

Conclusions 
A series of complexes has been developed of the form 

[RuX(CO)(PPh3){H2B(mt)2}] (3) where the systematically varied 
ligand ‘X’ allows an indirect assessment of the nature of the 3c-
2e B–H–Ru interaction to which it is trans disposed. From this a 
loose correlation between the trans influence of the ligand X 
and the chemical shift (dH) of the borohydride group is 
apparent, i.e., for ligands of weak trans influence, a stronger B–
H–Ru interaction is suggested to result in more metallohydridic 
character (B…H–Ru) whilst strongly trans influential ligands 
favour a more borohydride-like (B–H…Ru) description. A similar 
correlation between Ru…B separation and B–H chemical shift is 
also apparent. Despite the spectrum of character, no 
spectroscopic evidence was obtained to support the operation 
of hemilability on the 1H and 11B NMR timescales. 
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