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Introduction

The ability of Group 13 Lewis acids ER3 (E=Al, B, etc.) to
act as s-acceptor ligands for transition metals (TM)[1] was
recognized as early as 1979 by Burlitch and Hughes who re-

ported structural evidence for a Fe!Al interaction in com-
plex A[2] (Figure 1). Examples of such unusual M!ER3 in-
teractions remain, however, extremely rare. Only one other
alane complex B,[3] featuring two bridging hydrides, has
been authenticated to date, while the structural characteriza-
tion[4,5] of the first borane complex C (with MLn= [Ru(CO)-
ACHTUNGTRENNUNG(PPh3)]

[6] dates from only 1999. However, following the pio-
neering work of Hill et al., the activation of B�H bonds of
poly ACHTUNGTRENNUNG(azolyl)borate ligands has been used as a general path-
way to prepare a variety of metallaboratranes C (with M=

Fe, Ru, Os, Co, Rh, Ir, Pd, Pt).[7] The related complex D fea-
turing only two methimazolyl buttresses was also found to
exhibit an Ir!B interaction.[7k] Notably, the contribution of

Abstract: Coordination of an ambiphil-
ic diphosphine–borane (DPB) ligand to
the RhCl(CO) fragment affords two
isomeric complexes. According to X-
ray diffraction analysis, each complex
adopts a square-pyramidal geometry
with trans coordination of the two
phosphine buttresses and axial RhB
contacts, but the two differ in the rela-
tive orientations around the rhodium
and boron centres. DFT calculations on
the actual complexes provide insight
into the influence of the p-accepting

CO co-ligand, compared with previous-
ly reported complexes [Rh ACHTUNGTRENNUNG(m-Cl)-
ACHTUNGTRENNUNG(dpb)]2 and [RhCl ACHTUNGTRENNUNG(dmap) ACHTUNGTRENNUNG(dpb)]. In ad-
dition, comparison of the ñ(CO) fre-
quency of [RhCl(CO)ACHTUNGTRENNUNG(dpb)] with that
of the related borane-free complex
[RhCl(CO) ACHTUNGTRENNUNG(iPr2PPh)2] substantiates

the significant electron-withdrawing
effect that the s-accepting borane
moiety exerts on the metal. Valence
isoelectronic [PtCl2 ACHTUNGTRENNUNG(dpb)] and [PdCl2-
ACHTUNGTRENNUNG(dpb)] complexes have also been pre-
pared and characterized spectroscopi-
cally and structurally. The pronounced
influence of the transition metal on the
magnitude of the M!B interaction is
highlighted by geometric considera-
tions and NBO analyses.
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Figure 1. Structurally authenticated complexes A–D featuring M!AlR3

and M!BR3 interactions.
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M!B interactions[8–10] has also been pointed out in the
bonding description of tantalocene–borataalkene h2-com-
plexes[11a] and of boryl-bridged complexes.[11b–d] In this con-
text, we have recently initiated a research programme
aimed at exploring the use of so-called ambiphilic ligands
combining donor and acceptor coordination sites.[12–15] Here,
the rhodium complexes 2 and 3,[12a] deriving from the di-
phosphine-borane (DPB) 1, provided the first evidence for
M!B interactions in the absence of a s-donor in the posi-
tion trans to the Lewis acid. Moreover, the gold complexes
5,[12b] deriving from related monophosphine-boranes 4, ex-
emplify the possibility for M!B interactions to occur in 14e
complexes, even when supported by only a single donor but-
tress (Scheme 1). In addition, the Lewis acidic component of

ambiphilic ligands has been shown to eventually interact
with other basic centres located within the coordination
sphere (such as a chloride ligand[12b,d,15b] or the oxygen atom
of a coordinated dibenzylideneacetone[15a]), a situation that
opens interesting perspectives in organometallic cataly-
sis.[16,17] The coordination of preformed ambiphilic ligands
affords access to a broad variety of TM complexes featuring
coordinated Lewis acids, thereby offering a unique opportu-
nity to gain a better understanding of such unusual M!ER3

interactions. In this context, we report here the synthesis
and complete characterization of the [RhCl(CO)ACHTUNGTRENNUNG(dpb)] com-
plex,[18] providing spectroscopic and structural evidence for
i) trans coordination of the DPB ligand, ii) the existence of
two isomeric structures differing only in their relative orien-
tations around the rhodium and boron centres, iii) the no-
ticeable influence of the CO co-ligand on the Rh!B inter-
action, and iv) the quantification of the electron-withdraw-
ing effect of the s-accepting borane moiety through analysis
of the ñ(CO) frequency. The related [PtCl2ACHTUNGTRENNUNG(dpb)] and
[PdCl2ACHTUNGTRENNUNG(dpb)] complexes have also been investigated, both
experimentally and computationally, the results highlighting
the strong influence of the metal (Rh/Pt/Pd) on the magni-
tude of M!B interactions, even within this isoelectronic
series.

Results and Discussion

Synthesis and structural characterization of [RhCl(CO)-
ACHTUNGTRENNUNG(dpb)] complex 6 : Since TolmanGs pioneering contribu-
tion,[19] IR analysis of carbonyl complexes has become one
of the most widely used methods of probing the electronic
properties of s-donor ligands. For example, this approach
was used to demonstrate that N-heterocyclic carbenes are
significantly stronger donor ligands than phosphines,[20] and
was even highlighting the subtle skeleton and substituent ef-
fects among various carbene ligands.[21] Thus, in order to es-
timate the electron-withdrawing effect of the borane moiety
of the DPB ligand, we envisaged the preparation of a rhodi-
um carbonyl complex related to 2 and 3 such that its carbon-
yl stretching frequency could be compared with that of the
corresponding complex [RhCl(CO) ACHTUNGTRENNUNG(iPr2PPh)2] that has no
s-accepting co-ligand. The desired complex [RhCl(CO)-
ACHTUNGTRENNUNG(dpb)] 6 was obtained by reaction of 1 with half an equiva-
lent of the rhodium(I) precursor [Rh ACHTUNGTRENNUNG(m-Cl)(CO)2]2 in di-
chloromethane at room temperature (Scheme 2). Surprising-

ly, the 31P NMR spectrum of the crude reaction mixture dis-
plays two doublets at d 46.8 and 50.3 ppm with identical
Rh–P coupling constants [1JACHTUNGTRENNUNG(Rh,P)=102 Hz], but of mark-
edly different relative intensity (ca. 8:2). These data suggest
that [RhCl(CO) ACHTUNGTRENNUNG(dpb)] 6 exists in two similar forms and that
the DPB ligand is symmetrically coordinated to the rhodium
centre (with a trans arrangement of the two phosphorus
atoms). Variable temperature 31P NMR studies demonstrate
that the 8:2 ratio between both forms of the complex re-
mains unchanged upon heating to 70 8C, suggesting that in-
terconversion does not occur readily. Attempted separations
of the two components prepared as above by fractional re-
crystallization were unsuccessful. Consequently, attempts
were made to prepare a single form of [RhCl(CO) ACHTUNGTRENNUNG(dpb)] 6
by cleavage of the chloride bridge of 2 with carbon monox-
ide, but once again this led to an identical 8:2 mixture of
both complexes. To gain more insight into the structure of
complex 6, an X-ray diffraction analysis was carried out on
the yellow crystals obtained at room temperature from a di-
chloromethane/diethyl ether solution of the mixture
(Figure 2, Table 1). This revealed that the rhodium centre is
located in a square-pyramidal environment with the boron
atom occupying the pseudo-axial position (PRhB bond
angles of 87 and 848). The geometry of 6 is entirely consis-

Scheme 1. Rhodium complexes 2 and 3 deriving from the diphosphine–
borane (DPB) ligand 1 and gold complexes 5 deriving from the related
monophosphine ligands 4.

Scheme 2. Synthesis of the complex [RhCl(CO) ACHTUNGTRENNUNG(dpb)] 6.
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tent with the spectroscopic data, and is in marked contrast
with that observed in complexes 2 and 3, where a cis-coordi-
nation of DPB is observed.[22] The two phosphine moieties
span trans sites in 6 with a quasi-linear PRhP arrangement
(bite angle 1698). Clearly, despite the apparent rigidity of
the diphenylborane spacer, DPB can readily adopt both cis
(2 and 3) and trans (6) coordination modes.[23,24] Notably, the
CO and Cl ligands around rhodium are disordered, with the
CO group principally occupying the position syn to the
phenyl ring at boron (compound 6a).[25] This disorder results
in a ca. 85:15 ratio of diastereomeric compounds 6a and 6b
(featuring a syn arrangement of the chlorine atom and
phenyl ring at boron), a situation that nicely parallels that
observed in solution by 31P NMR spectroscopy. The Rh–B
distance in 6a/6b (2.374 K) and the pyramidalization of the
boron environment (sum of CBC bond angles �Ba =342.68)
are clearly indicative of a Rh!B interaction, which is appa-
rently strong enough to prevent inversion of configuration
at boron, and therefore interconversion between 6a and 6b.
Comparison of these geometric features with those of relat-
ed complexes 2 and 3 (Table 1) suggests a slightly weaker
Rh!B interaction in [RhCl(CO) ACHTUNGTRENNUNG(dpb)], a trend that is also
apparent in solution from the displacement to higher fre-
quency of the 11B NMR signal (d=26.7 ppm for 6a/6b vs
20.0 and 19.4 ppm for 2 and 3, respectively). At a first

glance, this situation may simply reflect the influence of the
p-accepting CO co-ligand that decreases the electron densi-
ty at rhodium. However, a more reliable comparison be-
tween complexes 6a/6b and 2, 3 requires the precise influ-
ence of the geometric constraints associated with trans vs cis
coordination of the DPB ligand to be determined.

DFT calculations on [RhCl(CO) ACHTUNGTRENNUNG(dpb)] complex 6 : To gain
more insight into the isomeric structures of [RhCl(CO)-
ACHTUNGTRENNUNG(dpb)] and the geometric/electronic influence of the CO co-
ligand, DFT calculations were performed on the actual mon-
onuclear complexes 3 and 6. Here, the B3PW91/
SDD(Rh),6-31G**(other atoms) level of theory was found
to reproduce particularly well the key features of the [RhCl-
ACHTUNGTRENNUNG(dmap) ACHTUNGTRENNUNG(dpb)] complex 3, with a maximum deviation of only

0.05 K for the Rh–P distances,
and virtually no deviations for
the Rh–B distance and boron
pyramidalization relative to
that determined by X-ray crys-
tallography (Table 1). For the
related complex [RhCl(CO)-
ACHTUNGTRENNUNG(dpb)] 6, three minima were lo-
cated on the potential energy
surface (Figure 3). In agree-
ment with experimental obser-
vations, the most stable form is
the trans isomer 6a* featuring a
syn arrangement of the CO co-
ligand and phenyl group at

boron. The other trans isomer 6b* and the cis isomer 6c*
are located 2.5 and 11.8 kcalmol�1 higher in energy, respec-
tively. The geometric data computed for 6a* and 6b* are
very similar (with a maximum deviation of only 0.04 K for
the Rh–B distance), and agree well with those determined
experimentally for 6a/6b. For the related cis isomer, the two
Rh-P distances differ significantly (by about 0.2 K), as ex-

Figure 2. Molecular structure of the complexes [RhCl(CO) ACHTUNGTRENNUNG(dpb)] 6a/6b
with hydrogen atoms omitted.

Table 1. Geometric data (bond lengths and angles in K and 8, respectively) determined experimentally for
complexes 2, 3 and 6a/6b and computed at the B3PW91/SDD(Rh),6-31G**(other atoms) level of theory for
actual complexes 3* and 6a–c*.

2 3 3* 6a/6b 6a* 6b* 6c*

Rh�B 2.306(3) 2.295(5) 2.292 2.374(3) 2.397 2.357 2.366
Rh�P 2.251(2)

2.271(2)
2.286(2)
2.256(2)

2.337
2.278

2.332(1)
2.327(1)

2.350
2.349

2.357
2.362

2.450
2.270

PRhP 98.5(1) 97.6(1) 101.7 168.9(1) 167.5 169.0 104.1
PRhB 81.2(1)

80.4(1)
80.1(2)
83.6(2)

81.4
84.1

87.0(2)
84.0 (1)

84.0
86.6

80.1
83.6

82.3
83.1

PCC 112.2(2)
112.8(2)

112.5(3)
114.1(3)

113.7
113.0

116.7(2)
116.2(2)

116.7
116.3

116.3
117.4

114.1
115.5

CCB 121.8(3)
120.8(3)

119.3(4)
122.3(4)

123.4
122.6

122.5(2)
127.7(2)

127.7
124.1

121.6
121.2

125.8
124.5

�Ba 338.8(9) 338.8(9) 339.2 342.6(2) 343.6 343.8 343.8

Figure 3. Optimized structures of the three isomeric structures 6a–c* of
the actual complex [RhCl(CO) ACHTUNGTRENNUNG(dpb)], with hydrogen atoms omitted.
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pected due to the different trans influences of CO and Cl,
but the Rh–B distance (2.366 K) and boron pyramidaliza-
tion (�Ba =343.88) remain practically unchanged.[26] These
results indicate that the cis/trans coordination of the DPB
ligand induces only weak geometric constraints and corrobo-
rate the notion that the slight elongation of the Rh–B dis-
tance on going from 3 to 6 is a result of the presence of the
p-accepting carbonyl co-ligand. In addition to these geomet-
ric considerations, the magnitude of the Rh–B interaction in
the complex [RhCl(CO) ACHTUNGTRENNUNG(dpb)] 6 was assessed via second-
order perturbative natural bond orbital (NBO) analyses. For
each of the structures 6a*, 6b* and 6c*, a donor–acceptor
interaction was found between the rhodium and boron cen-
tres (Figure 4). The corresponding natural localized molecu-

lar orbitals (NLMO) are very similar with a major contribu-
tion from the rhodium dz2 orbital (83–84%) and “delocaliza-
tion tails” (11–13%) from a slightly hybridized vacant orbi-
tal at boron (11.5–12.2% s character) (Table 2). The NBO
delocalization energies DE associated with the Rh!B inter-
action are about 46 kcalmol�1 for both trans isomers 6a*
and 6b*, and 68 kcalmol�1 for the related cis complex 6c*
(a difference mainly attributable to the DEij term, which cor-
responds to the energy separation between the donor and
acceptor orbitals). All these calculated DE values are signifi-

cantly lower than those determined for the related [RhCl-
ACHTUNGTRENNUNG(dmap) ACHTUNGTRENNUNG(dpb)] complex 3* (86 kcalmol�1, at the same level
of theory), confirming that the p-accepting CO co-ligand
weakens the Rh!B interaction.

Spectroscopic studies of complexes [RhCl(CO) ACHTUNGTRENNUNG(dpb)] 6 :
The electron-withdrawing effect of the borane moiety in
complex 6 has also been assessed through measurement of
its carbonyl stretching frequency (IR). The mixture 6a/6b
exhibits a single ñ(CO) band at 2001.8 cm�1 in chloro-
form.[27] In comparison, the ñ(CO) band appears at
1966.7 cm�1 for the related complex trans-[RhCl(CO)-
ACHTUNGTRENNUNG(iPr2PPh)2] that has no s-accepting co-ligand. The shift of
35 cm�1 to higher carbonyl stretching frequency demon-
strates that the Rh!B interaction withdraws a significant
amount of electron density from rhodium. This observation
is consistent with the s-accepting borane moiety of DPB
somewhat compensating for the presence of the two s-do-
nating dialkylphosphine moieties, such that the combined
electronic characteristics of the DPB ligand resemble, to
some extent, those of p-accepting diphosphonites or diphos-
phites.[28] These results provide the first reliable estimation
of the electron-withdrawing effect of borane coordina-
tion.[29,30]

Synthesis and characterization of [PtCl2ACHTUNGTRENNUNG(dpb)] 7 and [PdCl2-
ACHTUNGTRENNUNG(dpb)] 8 : As observed with the rhodium complexes 2, 3 and
6, coordination of the DPB ligand involves a Rh!B interac-
tion, whose magnitude is somewhat affected by the nature
of the co-ligands. To further demonstrate the propensity of
DPB to act as an ambiphilic tridentate PBP ligand, related
platinum and palladium complexes were then investigated.
The PtCl2 and PdCl2 fragments were chosen in order to
evaluate the influence of the metal within a valence isoelec-
tronic d8 ML4 series. The DPB ligand 1 was thus treated
with one equivalent of the platinum(II) and palladium(II)
precursors [MCl2ACHTUNGTRENNUNG(cod)] (cod=1,5-cyclooctadiene) in di-
chloromethane at low temperature (Scheme 3). Subsequent-
ly, the target complexes [MCl2ACHTUNGTRENNUNG(dpb)] (M=Pt, 7; M=Pd, 8)
were isolated as white and yellow powders, respectively. The
low isolated yield of the palladium complex (26%) results
from the formation of a substantial amount of an, as yet, un-
identified complex exhibiting two doublets at d 34 and

�43 ppm with a J ACHTUNGTRENNUNG(P,P) coupling
constant of 286 Hz in its
31P NMR spectrum. Both com-
plexes 7 and 8 have been fully
characterized by multinuclear
NMR spectroscopy, with their
1H NMR spectra confirming the
displacement of the labile cy-
clooctadiene ligand by 1. In
their 31P NMR spectra, the two
phosphorus atoms of coordinat-
ed DPB were found to be mag-
netically inequivalent (7: d=

39.7/38.8 ppm and 8 : 61.1/

Figure 4. Molekel plots (cutoff: 0.05) for the a) donor NBO, b) acceptor
NBO and c) corresponding NLMO associated with the Rh!B interac-
tion in the complex [RhCl(CO) ACHTUNGTRENNUNG(dpb)] 6a*.

Table 2. NBO analysis of the M!B interaction for actual complexes 3*, 6a–c*, 7* and 8* at the B3PW91/
SDD(M),6-31G**(other atoms) level of theory.

DE[a] %M[b] %B[b] occ. M[c] occ. B[c] DEij
[d] Fij

[e] q(B)[f] Bond order[g]

3* 85.6 80.4 16.8 1.652 0.524 0.17 0.11 0.55 0.44
6a* 46.4 84.6 10.8 1.726 0.444 0.20 0.09 0.62 0.33
6b* 46.8 83.4 11.3 1.704 0.469 0.21 0.09 0.59 0.32
6c* 67.7 84.6 13 1.729 0.463 0.18 0.10 0.60 0.34
7* 49.6 87.5 10.3 1.785 0.430 0.26 0.11 0.62 0.28
8* 13.6 93.1 5.5 1.879 0.346 0.27 0.05 0.72 0.18

[a] NBO stabilizing energy associated with the M!B interaction, in kcalmol�1. [b] Percentage of the donor
and acceptor NBO in the corresponding NLMO. [c] Occupancy of the donor and acceptor NBO orbitals.
[d] Energy difference between the donor and acceptor NBO orbitals, in a. u. [e] Off-diagonal NBO Fock
matrix element. [f] NPA atomic charge of boron. [g] Atom–atom net linear bond order based on the NLMO/
NPA.
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56.0 ppm). A similar situation was observed in the related
rhodium complex 2,[12a] and is something most likely attrib-
utable to different conformations of the two phenyl linkers
of the coordinated DPB ligand. The low 2JACHTUNGTRENNUNG(P,P) coupling
constants observed for 7 and 8 (9.0 and 6.5 Hz, respectively)
are diagnostic of cis coordination.[31] This cis coordination in
complex 7 is further supported by the observed 1J ACHTUNGTRENNUNG(Pt,P) cou-
pling constants (3323 and 3081 Hz) that are very similar to
those reported for the cis-[PtCl2(Ar2PCH2PAr2)] complex
[Ar=o-iPrPh, 1J ACHTUNGTRENNUNG(Pt,P)=3045 and 3337 Hz].[32] In addition,
the 195Pt NMR spectrum of 7 showed a resonance at d=

�3957 ppm, in the same region as that reported by Hill for
a metallaboratrane featuring a Pt!B interaction (d=

�3899 ppm).[7b] In solution, the Pt and Pd complexes exhibit
broad resonances in their 11B NMR spectra at d 43 and
47 ppm, respectively. Although these values appear compa-
rable with that of the free ligand DPB (43 ppm), this is
somewhat misleading since DPB exists in solution as a mix-
ture of “closed” and “open” forms (i.e., with or without in-
tramolecular P!B interaction).[12c] More significantly, the
11B NMR chemical shifts of 7 and 8 fall half-way between
those observed for the frozen “open” form of DPB (solid-
state, 71 ppm) and the rhodium complexes (2 : 20.0 ppm, 3 :
19.4 ppm, 6a/6b : 26.7 ppm). Together these observations are
consistent with weak metal!boron interactions for both the
platinum and palladium complexes 7 and 8. To gain greater
insight into the precise structures of 7 and 8, single crystals
suitable for X-ray diffraction analyses were grown from a
saturated THF solution of 7 at �40 8C and by slow diffusion
of pentane into a dichloromethane solution of 8. Molecular
views are shown in Figure 5, with selected bond lengths and
angles given in Table 3. The overall geometry of the two
complexes is similar and analogous to that of the cis-rhodi-
um complexes 2 and 3. The Pt and Pd atoms adopt slightly
distorted square-pyramidal geometries, with the phosphorus
and chlorine atoms forming the coordination plane (�Pta =

360.38, �Pda =360.18) and the boron atom occupying the
pseudo-axial position. As suggested by the spectroscopic
data, the two phosphorus atoms of the DPB ligand adopt a
cis arrangement with bite angles (PPtP=99.48 and PPdP=

99.68) very similar to those of the related rhodium com-
plexes (PRhP=98.58 in 2 and 97.68 in 3). In both complexes
7 and 8, the DPB ligand is folded so that the boron is in-
cluded in the first coordination sphere of the metal, the
boron–metal axis being almost perpendicular to the square
coordination plane (PPtB=80.7/82.48 and PPdB=77.8/
80.18). The presence of an M–B interaction in complex 7 is
supported by the short Pt–B distance (2.429 K compared
with 3.72 K for the sum of van der Waals radii) and the no-

ticeable pyramidalization of the boron environment (�Ba =

346.68). To the best of our knowledge, complex 7 represents
the first structurally characterized platinum–borane com-
plex, although related Pt!B interactions (2.49–2.51 K) have
previously been reported by Norman and Orpen in two
boryl-bridged dinuclear complexes.[11b] In contrast, complex
8 exhibits a significantly longer Pd–B distance (2.65 vs
3.63 K for the sum of van der Waals radii). This value con-
siderably surpasses those found by Parkin et al. in pallada-
boratranes (2.05–2.07 K),[7j] and by Braunschweig and co-
workers in a boryl-bridged iron-palladium complex
(2.06 K),[11d] but falls in the same range as that observed by

Scheme 3. Synthesis of the complexes [PtCl2ACHTUNGTRENNUNG(dpb)] 7 and [PdCl2 ACHTUNGTRENNUNG(dpb)] 8.

Figure 5. Molecular structures of complexes [PtCl2 ACHTUNGTRENNUNG(dpb)] 7 (top) and
[PdCl2 ACHTUNGTRENNUNG(dpb)] 8 (bottom) with hydrogen atoms and solvate molecules
omitted.

Table 3. Geometric data (bond lengths and angles in K and 8, respective-
ly) determined experimentally for complexes 7 and 8 and computed at
the B3PW91/SDD(M),6-31G**(other atoms) level of theory for actual
complexes 7* and 8*.

7 7* 8 8*

M�B 2.429(3) 2.488 2.650(3) 2.652
M�P 2.284(1)

2.304(2)
2.310
2.342

2.288(2)
2.315(2)

2.365
2.323

B�Cipso 1.589(5) 1.583 1.558(5) 1.569
PMP 99.4(1) 103.8 99.5(1) 104.1
PMB 80.7(1)

82.4(1)
81.0
78.2

80.1(1)
77.8(1)

76.4
79.4

�Ba 346.6(9) 347.3 354.9(9) 352.6
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Braunstein, Herberich et al. in a palladium/rhenium cluster
of phenylborole (2.59 K).[33] Together these comparisons
suggest the presence of only a very weak Pd!B interaction
in complex 8, a hypothesis that is confirmed by the noticea-
ble, albeit attenuated, pyramidalization of the boron envi-
ronment (�Ba =354.98). The geometric data collected for
the Rh, Pt and Pd complexes of the DPB ligand reveal
marked variations in the extent of the M!B interaction,
even within such an isoelectronic series. The M–B distance
is considerably elongated (from 2.29 K with Rh, to 2.43 K
with Pt, and 2.65 K with Pd), suggesting significant weaken-
ing of the M!B interaction. This variation is accompanied
by a progressive planarization of the boron environment
(�Ba increasing from 338.88 with Rh, to 346.68 with Pt, and
354.98 with Pd) and by a slight shortening of the BCipso bond
length (from 1.63 K with Rh, to 1.59 K with Pt, and 1.56 K
with Pd) suggesting some compensating p-donation from
the phenyl substituent to the vacant orbital of boron. As
might have been anticipated, the M!B interaction is
strengthened with increasing intrinsic basicity of the metal
(Pd<Pt<Rh),[34] but the large magnitude of the ensuing
geometric variations was somewhat unexpected, the M–B
distance being a particularly sensitive probe.

DFT Calculations on complexes [PtCl2ACHTUNGTRENNUNG(dpb)] 7 and [PdCl2-
ACHTUNGTRENNUNG(dpb)] 8 : In order to gain a better insight into the influence
of the metal on the M!B interaction than that provided by
geometric considerations alone, DFT calculations were car-
ried out on the actual platinum and palladium complexes 7*
and 8*. Again, the key features of both complexes were
very well reproduced at the B3PW91/SDD(M),6-
31G**(other atoms) level of theory (Table 3), with devia-
tions in the M–B distance of 0.04 K for the platinum com-
plex and only 0.002 K for its palladium counterpart. Accord-
ingly, the variations predicted between complexes 3*, 7* and
8* for the M–B distance and boron pyramidalization fit per-
fectly with those revealed by the X-ray data. In addition,
second-order perturbative NBO analyses were performed to
further evidence the progressive weakening of the M!B in-
teraction from Rh, to Pt, and Pd. By analogy with that ob-
served for rhodium complexes 3* and 6*, and despite elon-
gated M–B distances, a donor–acceptor M–B interaction
was found for both complexes 7* and 8*. The corresponding
NLMO is more and more centred on the metal dz2 orbital
(from 80.4% in the Rh complex 3*, to 87.5% in the Pt com-
plex 7*, and 93.1% in the Pd complex 8*), with concomitant
attenuation of the contribution of the boron vacant orbital
(from 16.8% with Rh, to 10.3% with Pt, and 5.5% with Pd)
(Table 2). Accordingly, the NBO delocalization energy asso-
ciated with the M!B interaction (whose precise value is
meaningless) decreases dramatically from 85.6 kcalmol�1

with Rh, to 49.6 kcalmol�1 with Pt, and 13.6 kcalmol�1 with
Pd. This variation, which apparently results from both larger
DEij terms and smaller Fij terms with the less basic metals, is
also apparent from the NPA/NLMO M�B bond orders that
drop from 0.44 with Rh, to 0.28 with Pt, and 0.18 with Pd, in
agreement with the increase of the M–B distance. In addi-

tion, the transfer of some electron density from the metal to
the s-acceptor ligand is indicated by the lower boron atomic
charges predicted for complexes 3*, 7* and 8* compared
with that of the free ligand 1* (0.85, in its “open” form), the
weakening of the M!B interaction from Rh, to Pt, and Pd
being accompanied by a noticeable increase of q(B) (from
0.55, to 0.62, and 0.72, respectively).

Conclusion

This combined experimental/theoretical investigation of new
rhodium, platinum, and palladium complexes bearing the
ambiphilic DPB ligand 1 provides additional information on
unusual M!BR3 interactions. Analysis of the [RhCl(CO)-
ACHTUNGTRENNUNG(dpb)] complex substantiates the noticeable influence that
co-ligands may have and allows a spectroscopic estimation
of the electron-withdrawing effect of the s-acceptor borane
moiety. Notably, the M!B interactions were found to be
significantly weakened in the [PtCl2ACHTUNGTRENNUNG(dpb)] (7) complex and
to an even greater extent in [PdCl2ACHTUNGTRENNUNG(dpb)] (8) compared with
that for the rhodium complex 6. The pronounced variations
in the M-B distance and the extent of boron pyramidaliza-
tion within the valence isoelectronic series of Rh, Pt and Pd
complexes of DPB contrast markedly with the similarity ob-
served between all metallaboratranes, for which the M–B
distances fall within a rather narrow range (2.05–2.21 K).
This demonstrates that the rather strong M!B interactions
exhibited by the rhodium complexes 2, 3 and 6 are support-
ed, but not geometrically imposed, by the skeleton of the
DPB ligand. Since a progressive and significant weakening
of the M!B interaction has been observed from rhodium,
to platinum, and palladium, this suggests that there is a con-
tinuum between the two limiting bonding situations de-
scribed by Hill[35a] and Parkin[35b] for such M!BR3 interac-
tions, namely: i) retention of the original dn configuration of
the metal and a coordinated neutral BR3 ligand vs. ii) 2e oxi-
dation of the metal resulting in a dn–2 configuration and a di-
anionic BR3

2� ligand. Further investigations in this area are
currently in progress by varying the stereoelectronic proper-
ties of the DPB ligand and the metal fragment to which it is
coordinated.

Experimental Section

All reactions and manipulations were carried out under an atmosphere
of dry argon using standard Schlenk techniques. THF and diethyl ether
were dried over sodium/benzophenone, CH2Cl2 was dried over P2O5 and
pentane was dried over CaH2 and distilled prior to use. 1H, 13C, 11B, 31P,
195Pt NMR and 103Rh spectra were recorded on Bruker Avance 300 or
AMX 500 spectrometers. Chemical shifts are expressed with a positive
sign, in parts per million, relative to residual 1H and 13C solvent signals
and external BF3.OEt2, 85% H3PO4, Na2PtCl6, X =3.186447 MHz respec-
tively. Unless otherwise stated, NMR spectra were recorded at 20 8C. In-
frared spectra were recorded on a FT-IR Perkin-Elmer 1600 spectrome-
ter. Mass spectra were recorded on Hewlett Packard 5989A. The DPB
ligand 1[12a,c] and the ensuing [Rh ACHTUNGTRENNUNG(m-Cl)ACHTUNGTRENNUNG(dpb)]2 complex[12a] were prepared
following literature procedures.
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ACHTUNGTRENNUNG[RhCl(CO) ACHTUNGTRENNUNG(dpb)] complexes 6a and 6b

Path a : A solution of DPB 1 (160 mg, 0.31 mmol) in CH2Cl2 (5 mL) was
added at room temperature to a solution of [Rh ACHTUNGTRENNUNG(m-Cl)(CO)2]2 (60 mg,
0.15 mmol) in CH2Cl2 (5 mL). After subsequent stirring for 30 min, dia-
stereomeric complexes 6a and 6b were obtained after removal of volatile
components. Yellow crystals (128 mg, 65%) suitable for X-ray crystallog-
raphy were obtained from a dichloromethane/diethyl ether solution at
room temperature. M.p. 228–230 8C; IR (CDCl3): ñ=2001.8 cm�1 (CO).

Path b : CO was bubbled slowly through a solution of [Rh ACHTUNGTRENNUNG(m-Cl) ACHTUNGTRENNUNG(dpb)]2
(2) (50 mg, 0.04 mmol) in CH2Cl2 for 5 min affording a mixture of iso-
meric complexes 6a and 6b, which were isolated after the work up de-
scribed above (34 mg, 66%).

Complex 6a (80%): 31P{1H} NMR (202.5 MHz, CDCl3, 23 8C): d=

49.9 ppm (d, 1J ACHTUNGTRENNUNG(Rh,P)=102.4 Hz); 11B NMR (160.5 MHz, CDCl3): d=

26.7 ppm; 103Rh NMR (15.9 MHz, CDCl3): d =�8468 ppm; 1H NMR
(500.3 MHz, CDCl3): d =7.67 ([pseudo-t]dd, 3J ACHTUNGTRENNUNG(P,H)=3.7, 3J ACHTUNGTRENNUNG(H,H)=7.5,
4J ACHTUNGTRENNUNG(H,H)=1.4 Hz, 2H; Harom), 7.62 (dd, 3J ACHTUNGTRENNUNG(H,H)=7.5, 4J ACHTUNGTRENNUNG(H,H)=1.4 Hz,
2H; Harom), 7.33 (m, 2H; Harom), 7.29 (m, 2H; Harom), 7.12 ([pseudo-t]t,
3J ACHTUNGTRENNUNG(H,H)=8.1, 4J ACHTUNGTRENNUNG(H,H)=1.4 Hz, 1H; Harom), 7.04 ([pseudo-t]d, 3J ACHTUNGTRENNUNG(H,H)=

8.1, 4J ACHTUNGTRENNUNG(H,H)=1.4 Hz, 2H; Harom), 6.88 (dd, 3J ACHTUNGTRENNUNG(H,H)=8.1, 4J ACHTUNGTRENNUNG(H,H)=

1.4 Hz, 2H; Harom), 3.20 (br, 2H; CH PiPr2), 2.43 (br, 1H; CH PiPr2),
1.67 (m, 6H; CH3 PiPr2), 1.61 (m, 6H; CH3 PiPr2), 1.45 (m, 6H; CH3

PiPr2), 1.40 ppm (m, 6H; CH3 PiPr2);
13C{1H} NMR (125.8 MHz, CDCl3):

d=189.4 (td, 1J ACHTUNGTRENNUNG(Rh,C)=74.6 Hz, 2J (P,C)=12.1 Hz; CO), 164.7 (br;
BCipso), 155.6 (br; BCipso), 136.3 (s; 2CHarom), 134.9 (pseudo-t, 1J ACHTUNGTRENNUNG(P,C)=

21.7 Hz; PCipso), 131.3 (pseudo-t, J ACHTUNGTRENNUNG(P,C)=9.4 Hz; CHarom), 131.2 (s;
arom), 128.8 (s; CHarom), 127.2 (s; CHarom), 126.5 (s; 2CHarom), 124.6
(pseudo-t, J ACHTUNGTRENNUNG(P,C)=7.1 Hz; 2CHarom), 29.4 (br pseudo-t, 1J ACHTUNGTRENNUNG(P,C)=11.9 Hz;
CH PiPr2), 24.8 (br pseudo-t, 1J ACHTUNGTRENNUNG(P,C)=11.9 Hz; CH PiPr2), 23.3 (br; CH3

PiPr2), 21.4 (br; CH3 PiPr2), 19.6 (br; CH3 PiPr2), 18.9 ppm (br; CH3

PiPr2).

Complex 6b (20%): 31P{1H} NMR (202.5 MHz, CDCl3, 23 8C): d=

46.7 ppm (d, 1J ACHTUNGTRENNUNG(Rh,P)=102.4 Hz); 11B NMR (160.5 MHz, CDCl3): d

=26.7 ppm; 103Rh NMR (15.9 MHz, CDCl3): d =�8393 ppm; 1H NMR
(500.3 MHz, CDCl3): d =7.95 (brd, 3J ACHTUNGTRENNUNG(H,H)=7.7 Hz, 2H; Harom), 7.64
(m, 2H; Harom), 7.41 (br pseudo-t, 3J ACHTUNGTRENNUNG(H,H)=7.7 Hz, 2H; Harom), 7.31 (m,
2H; Harom), 7.08 ([pseudo-t]t, 3J ACHTUNGTRENNUNG(H,H)=7.7 Hz, 4J ACHTUNGTRENNUNG(H,H)=1.4 Hz, 1H;
Harom), 6.95 ([pseudo-t]d, 3J ACHTUNGTRENNUNG(H,H)=7.7 Hz, 4J ACHTUNGTRENNUNG(H,H)=1.4 Hz, 2H; Harom),
6.82 (brdd, 3J ACHTUNGTRENNUNG(H,H)=7.7 Hz, 4J ACHTUNGTRENNUNG(H,H)=1.4 Hz, 2H; Harom), 2.98 (br, 2H;
CH PiPr2), 2.82 (br, 1H; CH PiPr2), 1.68 (m, 6H; CH3 PiPr2), 1.54 (m,
6H; CH3 PiPr2), 1.55 (m, 6H; CH3 PiPr2), 1.33 ppm (m, 6H; CH3 PiPr2);
13C{1H} NMR (125.8 MHz, CDCl3): d =186.4 (td, 1J ACHTUNGTRENNUNG(Rh,C)=69.7 Hz,
2J ACHTUNGTRENNUNG(C,P)=13.3 Hz; CO), 136.9 (s; 2CHarom), 136.5 (pseudo-t, J ACHTUNGTRENNUNG(P,C)=

23 Hz; PCipso), 132.8 (br; CHarom), 130.9 (pseudo-t, J ACHTUNGTRENNUNG(P,C)=9 Hz;
2CHarom), 129.1 (s; CHarom), 127.5 (s, CHarom), 126.0 (s; 2CHarom), 124.1
(pseudo-t, J ACHTUNGTRENNUNG(P,C)=6.9 Hz; CHarom), 27.3 (br pseudo-t, 1J ACHTUNGTRENNUNG(P,C)=10.7 Hz;
CH PiPr2), 24.5 (br pseudo-t, 1J ACHTUNGTRENNUNG(P,C)=12.6 Hz; CH PiPr2), 22.9 (pseudo-
t, 2J ACHTUNGTRENNUNG(P,C)=3.4 Hz; CH3 PiPr2), 21.6 (br; CH3 PiPr2), 20.3 (br; CH3 PiPr2),
19.5 ppm (br; CH3 PiPr2). BCipso are not observed.

ACHTUNGTRENNUNG[RhCl(CO) ACHTUNGTRENNUNG(iPr2PPh)2]: A solution of phenyllithium (2.0m) in dibutyl
ether (0.58 mL, 2.5 mmol) was added dropwise at �78 8C to a solution of
chlorodiisopropylphosphine (175.5 mg, 1.15 mmol) in diethyl ether
(5 mL). After warming to room temperature and removal of solvent, the
product was extracted with dichloromethane. Volatile components were
removed under vacuum and diisopropylphenylphosphine (134 mg, 61%
yield) was obtained as colourless oil. PhPiPr2 (134 mg, 0.69 mmol) was
added to an orange suspension of [RhACHTUNGTRENNUNG(m-Cl)(CO)2]2 (270 mg, 0.69 mmol)
in dichloromethane (5 mL) at �40 8C. The solution quickly turned yellow
upon warming to room temperature. Subsequently the solvent was re-
moved in vacuo and the residue was washed with pentane. [RhCl(CO)-
ACHTUNGTRENNUNG(iPr2PPh)2] was isolated as a yellow solid from a saturated dichlorome-
thane solution at �40 8C (200 mg, 80%). IR (CDCl3): ñ =1966.7 cm�1;
31P{1H} NMR (121.5 MHz, CDCl3, 25 8C): d=44.6 ppm (d, 1J ACHTUNGTRENNUNG(Rh,P)=

125 Hz).

ACHTUNGTRENNUNG[PtCl2ACHTUNGTRENNUNG(dpb)] 7: A solution of [PtCl2ACHTUNGTRENNUNG(cod)] (150 mg, 0.40 mmol) in CH2Cl2
(5 mL) was added at �78 8C to a solution of DPB 1 (200 mg, 0.42 mmol)
in CH2Cl2 (5 mL). After warming to RT and subsequent stirring for 2 h,
the volatiles were removed and the solid was extracted with THF. The su-

pernatant was cooled at �40 8C and complex 7 was collected by filtration.
White crystals (169 mg, 57%) suitable for X-ray crystallography were ob-
tained from a saturated THF solution at �40 8C. M.p. 271–273 8C;
31P NMR (202.5 MHz, CDCl3, 25 8C): d=39.7 (dd, 1J ACHTUNGTRENNUNG(Pt,P)=3323.3 Hz,
2J ACHTUNGTRENNUNG(P,P)=9.0 Hz, P), 38.8 ppm (dd, 1J ACHTUNGTRENNUNG(Pt,P)=3081.3 Hz, 2J ACHTUNGTRENNUNG(P,P)=9.0 Hz,
P); 11B NMR (160.5 MHz, CDCl3, 25 8C): d=42.8 ppm; 195Pt NMR
(107.6 MHz, CDCl3, 25 8C): d=�3957.4 ppm (1J ACHTUNGTRENNUNG(Pt,P)=3323.3 Hz,
1J ACHTUNGTRENNUNG(Pt,P)=3081.3 Hz); 1H NMR (500.3 MHz, CDCl3, 25 8C): d = 8.38 (d,
3J ACHTUNGTRENNUNG(H,H)=7.3 Hz, 1H; Harom), 7.76 (dd, 3J ACHTUNGTRENNUNG(H,H)=8.0 Hz, 3J ACHTUNGTRENNUNG(P,H)=8.0 Hz,
1H; Harom), 7.55 (dd, 3J ACHTUNGTRENNUNG(H,H)=7.8 Hz, 3J ACHTUNGTRENNUNG(P,H)=7.8 Hz, 1H; Harom), 7.38
(pseudo-t, 3J ACHTUNGTRENNUNG(H,H)=6.8 Hz, 1H; Harom), 7.33–7.20 (m, 6H; Harom), 7.04
(m, 2H; Harom), 6.86 (d, 3J ACHTUNGTRENNUNG(H,H)=6.7 Hz, 1H; Harom), 3.86 (m, 1H; CH
PiPr2), 3.12 (m, 1H; CH PiPr2), 2.74 (m, 1H; CH PiPr2), 1.84–1.80 (m,
6H; CH3 PiPr2), 1.77 (dd, 3J ACHTUNGTRENNUNG(P,H)=5, 3J ACHTUNGTRENNUNG(H,H)=5 Hz, 3H; CH3 PiPr2),
1.73 (dd, 3J ACHTUNGTRENNUNG(P,H)=5, 3J ACHTUNGTRENNUNG(H,H)=5 Hz, 3H; CH3 PiPr2), 1.68 (m, 1H; CH
PiPr2), 1.59 (dd, 3J ACHTUNGTRENNUNG(P,H)=15.9, 3J ACHTUNGTRENNUNG(H,H)=7.1 Hz, 3H; CH3 PiPr2), 1.24
(dd, 3J ACHTUNGTRENNUNG(P,H)=14.4, 3J ACHTUNGTRENNUNG(H,H)=7.2 Hz, 3H; CH3 PiPr2), 1.04 (dd, 3J ACHTUNGTRENNUNG(P,H)=

16.7, 3J ACHTUNGTRENNUNG(H,H)=7.4 Hz, 3H; CH3 PiPr2), 0.45 ppm (dd, 3J ACHTUNGTRENNUNG(P,H)=15.1 Hz,
3J ACHTUNGTRENNUNG(H,H)=7.3 Hz, 3H; CH3 PiPr2);

13C NMR (125.8 MHz, CDCl3, 25 8C):
d=160.6 (d, 2J ACHTUNGTRENNUNG(P,C)=25.0 Hz; BCipso BPh), 160.0 (d, 2J ACHTUNGTRENNUNG(P,C)=25.3 Hz;
BCipso BPh), 146.9 (s; Carom), 141.8 (s; Carom), 136.5 (d, 1J ACHTUNGTRENNUNG(P,C)=62.8 Hz;
PCipso), 136.2 (s; Carom), 133.8 (d, 1J ACHTUNGTRENNUNG(P,C)=56.2 Hz; PCipso), 131.8 (d,
3J ACHTUNGTRENNUNG(P,C)=18.9 Hz; Carom), 131.7 (d, 3J ACHTUNGTRENNUNG(P,C)=18.4 Hz; Carom), 130.6 (d,
2J ACHTUNGTRENNUNG(P,C)=4.0 Hz; Carom), 130.3 (s; Carom), 129.6 (s; 2 Carom), 129.3 (d,
2J ACHTUNGTRENNUNG(P,C)=3.9 Hz; Carom), 128.0 (s; Carom), 126.5 (d, J ACHTUNGTRENNUNG(P,C)=8.4 Hz; Carom),
126.2 (d, J ACHTUNGTRENNUNG(P,C)=7.5 Hz; Carom), 125.6 (s; Carom), 30.4 (d, 1J ACHTUNGTRENNUNG(P,C)=

29.5 Hz; CH PiPr2), 29.1 (d, 1J ACHTUNGTRENNUNG(P,C)=32.7 Hz; CH PiPr2), 28.7 (d,
1J ACHTUNGTRENNUNG(P,C)=35.6 Hz; CH PiPr2), 24.5 (d, 1J ACHTUNGTRENNUNG(P,C)=23.6 Hz; CH PiPr2), 24.0
(s; CH3 PiPr2), 23.8 (d, 2J ACHTUNGTRENNUNG(P,C)=3.2 Hz; CH3 PiPr2), 22.1 (d, 2J ACHTUNGTRENNUNG(P,C)=

3.1 Hz; CH3 PiPr2), 21.9 (d, 2J ACHTUNGTRENNUNG(P,C)=5.2 Hz; CH3 PiPr2), 20.9 (d,
2J ACHTUNGTRENNUNG(P,C)=7.8 Hz; CH3 PiPr2), 20.8 (d, 2J ACHTUNGTRENNUNG(P,C)=10.4 Hz; CH3 PiPr2), 20.7
(d, 2J ACHTUNGTRENNUNG(P,C)=2.0 Hz; CH3 PiPr2), 18.7 ppm (s; CH3 PiPr2).

ACHTUNGTRENNUNG[PdCl2ACHTUNGTRENNUNG(dpb)] (8): A solution of [PdCl2 ACHTUNGTRENNUNG(cod)] (90 mg, 0.32 mmol) in
CH2Cl2 (5 mL) was added at �78 8C to a solution of DPB 1 (150 mg,
0.32 mmol) in CH2Cl2 (5 mL). After warming to RT and subsequent stir-
ring for 1 h, the volatile components were removed in vacuo and the re-
sulting solid was extracted with toluene (5 mL). Yellow crystals suitable
for X-ray crystallography (54 mg, 26%) were obtained by slow pentane
diffusion into a dichloromethane solution at room temperature. M.p.
156–158 8C; 31P NMR (202.5 MHz, CDCl3, 25 8C): d =61.1 (d, 2J ACHTUNGTRENNUNG(P,P)=

6.5 Hz, P), 56.0 ppm (d, 2J ACHTUNGTRENNUNG(P,P)=6.5 Hz, P); 11B NMR (160.5 MHz,
CDCl3, 25 8C): d=47.0 ppm; 1H NMR (500.3 MHz, CDCl3, 25C): d =8.49
(br, 1H; Harom), 7.83 (dd, 3J ACHTUNGTRENNUNG(H,H)=6.7 Hz, 3J ACHTUNGTRENNUNG(P,H)=6.7 Hz, 1H; Harom),
7.63 (dd, 3J ACHTUNGTRENNUNG(H,H)=8.3 Hz, 3J ACHTUNGTRENNUNG(P,H)=8.3 Hz, 1H; Harom), 7.49 (br, 1H;
Harom), 7.45 (pseudo-t, 3J ACHTUNGTRENNUNG(H,H)=6.1 Hz, 1H; Harom), 7.44 (pseudo-t,
3J ACHTUNGTRENNUNG(H,H)=6.3 Hz, 1H; Harom), 7.39 (pseudo-t, 3J ACHTUNGTRENNUNG(H,H)=8.1 Hz, 1H;
Harom), 7.38 (pseudo-t, 3J ACHTUNGTRENNUNG(H,H)=10.3 Hz, 1H; Harom), 7.34 (pseudo-t,
3J ACHTUNGTRENNUNG(H,H)=8.5 Hz, 1H; Harom), 7.24 (d, 3J ACHTUNGTRENNUNG(H,H)=7.0 Hz, 1H; Harom), 7.16
(br s, 1H; Harom), 7.09 (d, 3J ACHTUNGTRENNUNG(H,H)=6.5 Hz, 1H; Harom), 7.05 (br, 1H;
Harom), 3.98 (septd, 2J ACHTUNGTRENNUNG(P,H)=11.7, 3J ACHTUNGTRENNUNG(H,H)=5.9 Hz, 1H; CH PiPr2), 2.96
(septd, 2J ACHTUNGTRENNUNG(P,H)=11.2, 3J ACHTUNGTRENNUNG(H,H)=5.6 Hz, 1H; CH PiPr2), 2.69 (septd,
2J ACHTUNGTRENNUNG(P,H)=7.9, 3J ACHTUNGTRENNUNG(H,H)=3.9 Hz, 1H; CH PiPr2), 1.91 (dd, 3J ACHTUNGTRENNUNG(P,H)=18.8,
3J ACHTUNGTRENNUNG(H,H)=7.4 Hz, 3H; CH3 PiPr2), 1.85 (dd, 3J ACHTUNGTRENNUNG(P,H)=19.0, 3J ACHTUNGTRENNUNG(H,H)=

7.6 Hz, 3H; CH3 PiPr2), 1.83 (dd, 3J ACHTUNGTRENNUNG(P,H)=19.8, 3J ACHTUNGTRENNUNG(H,H)=8.4 Hz, 3H;
CH3 PiPr2), 1.74 (dd, 3J ACHTUNGTRENNUNG(P,H)=12.8, 3J ACHTUNGTRENNUNG(H,H)=7.1 Hz, 3H; CH3 PiPr2),
1.59 (dd, 3J ACHTUNGTRENNUNG(P,H)=15.8, 3J ACHTUNGTRENNUNG(H,H)=6.9 Hz, 3H; CH3 PiPr2), 1.44 (m, 1H;
CH PiPr2), 1.24 (dd, 3J ACHTUNGTRENNUNG(P,H)=14.1, 3J ACHTUNGTRENNUNG(H,H)=7.1 Hz, 3H; CH3 PiPr2),
1.04 (dd, 3J ACHTUNGTRENNUNG(P,H)=16.4, 3J ACHTUNGTRENNUNG(H,H)=7.4 Hz, 3H; CH3 PiPr2), 0.54 ppm (dd,
3J ACHTUNGTRENNUNG(P,H)=13.7, 3J ACHTUNGTRENNUNG(H,H)=7.5 Hz, 3H; CH3 PiPr2);

13C NMR (125.8 MHz,
25 8C, CDCl3): d =157.3 (d, 2J ACHTUNGTRENNUNG(P,C)=22.9 Hz; BCipso), 155.9 (d, 2J ACHTUNGTRENNUNG(C,P)=

30.7 Hz; BCipso), 144.9 (s; BCipso BPh), 143.2 (s; Carom), 138.3 (d, 1J ACHTUNGTRENNUNG(P,C)=

52.8 Hz; PCipso), 137.8 (s; Carom), 134.5 (d, 1J ACHTUNGTRENNUNG(P,C)=48.7 Hz; PCipso), 133.2
(d, 3J ACHTUNGTRENNUNG(P,C)=17.9 Hz; Carom), 132.2 (s; Carom), 131.5 (d, 3J ACHTUNGTRENNUNG(P,C)=17.3 Hz;
Carom), 131.3 (d, 2J ACHTUNGTRENNUNG(P,C)=4.0 Hz; Carom), 130.2 (s; Carom), 129.5 (s; Carom),
129.2 (s; Carom), 128.5 (br; Carom), 127.7 (d, J ACHTUNGTRENNUNG(P,C)=12.5 Hz; Carom), 126.7
(d, J ACHTUNGTRENNUNG(P,C)=10.2 Hz; Carom), 125.8 (br; Carom), 31.3 (d, 1J ACHTUNGTRENNUNG(P,C)=19.7 Hz;
CH PiPr2), 31.1 (d, 1J ACHTUNGTRENNUNG(P,C)=25.3 Hz; CH PiPr2), 30.6 (d, 1J ACHTUNGTRENNUNG(P,C)=

28.8 Hz; CH PiPr2), 25.5 (d, 1J ACHTUNGTRENNUNG(P,C)=16.6 Hz; CH PiPr2), 24.7 (br; CH3

PiPr2), 24.6 (br; CH3 PiPr2), 22.4 (br; CH3 PiPr2), 21.7 (br; CH3 PiPr2),
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21.5 (br; CH3 PiPr2), 21.3 (br; CH3 PiPr2), 21.1 (s; CH3 PiPr2), 18.7 ppm
(s; CH3 PiPr2); MS (DCI/NH3): m/z (%): 670 (5) [M+NH4]

+ , 653 (6)
[M+H]+ , 584 (100) [M+NH4�2iPr]+ , 531 (15) [M�2iPr�Cl]+ .

Crystal structure determinations : Data were collected on a Bruker-AXS
CCD 1000 diffractometer using an oil-coated shock-cooled crystal. Semi-
empirical absorption corrections were employed.[36] The structure was
solved by direct methods (SHELXS-97),[37] and refined using the least-
squares method on F2.[38]

Crystal data for 6a/6b : C31H41BClOP2Rh, M=640.75, triclinic, space
group P1̄, a=9.6067(6), b=9.7896(6), c=16.9491(11) K, a=

100.5110(10), b=101.6460(10), g =98.5300(10)8, V=1506.34(16) K3, Z=

2, 1calcd=1.413 gcm�3, F ACHTUNGTRENNUNG(000)=664, T=120(2) K, crystal size 0.2V0.2V
0.1 mm3, 12 407 reflections collected (6528 independent, Rint=0.0307),
2q�54.08, 349 parameters, R1 [I>2s(I)]=0.0361, wR2 [all data]=
0.0734, largest diff. peak and hole: 0.649 and �0.631 eK�3.

Crystal data for 7: C38H57BCl2OP2Pt, M=884.58, monoclinic, space group
P21/n, a=11.9425(14), b=16.769(2), c=19.876(2) K, b=106.3654(2)8,
V=3819.2(8) K3, Z=4, 1calcd=1.538 gcm�3, F ACHTUNGTRENNUNG(000)=1792, T=133(2) K,
crystal size 0.2V0.2V0.3 mm3, 21825 reflections collected (7799 inde-
pendent, Rint=0.0257), 2q�52.98, 423 parameters, R1 [I>2s(I)]=0.0250,
wR2 [all data]=0.0647, largest diff. peak and hole: 1.037 and
�2.335 eK�3.
Crystal data for 8 : C31H43BCl4P2Pd, M=736.6, monoclinic, space group
C2/c, a=33.908(2), b=10.0051(7), c=20.1894(13) K, b=96.6600(10)8,
V=6803.1(8) K3, Z=8, 1calcd=1.438 gcm�3, F ACHTUNGTRENNUNG(000)=3024, T=173(2) K,
crystal size 0.1V0.1V0.2 mm3, 19443 reflections collected (6961 inde-
pendent, Rint=0.0507), 2q�52.88, 388 parameters, R1 [I>2s(I)]=0.0367,
wR2 [all data]=0.0757, largest diff. peak and hole: 0.737 and
�0.401 eK�3.
CCDC-652832–652834 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.

Computational details : Calculations have been performed with the Gaus-
sian03 suite of programs,[39,40] at the DFT level of theory[41] using the
hybrid functional B3PW91.[42] The basis set-RECP (relativistic effective
core potential) SDD[43] was retained for Rh, Pt and Pd and the 6-31G**
double-z basis set was used for all other atoms (C, P, B, Cl, N, O and H).
The optimized structures were confirmed as true minima on the potential
energy through vibrational analysis. The frequencies were calculated with
analytical second derivatives. All total energies have been zero-point
energy (ZPE) and temperature corrected using unscaled density func-
tional frequencies. Natural Bond Orbital (NBO) analyses[44] were per-
formed with the NBO-3.1 program to gain more insight into the M!B
interactions. The corresponding Natural Localized Molecular Orbitals
(NLMO) were plotted by using the molecular graphic package Mole-
kel.[45] These calculations provided the following data: NBO stabilizing
energy, percentage of the donor and acceptor NBO in the corresponding
NLMO, occupancy of the donor and acceptor NBO orbitals, energy dif-
ference between the donor and acceptor NBO orbitals, off-diagonal
NBO Fock matrix element, NPA atomic charge of boron and atom–atom
net linear bond order based on the NLMO/NPA. Detailed computational
results and cartesian coordinates for the optimized geometries of com-
plexes 3*, 6a–c*, 7* and 8* at the B3PW91/SDD(M),6-31G**(other
atoms) level of theory are included in the Supporting Information.
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