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Abstract

The coordination chemistry of the title diphosphine-borane adduct at heterometallic
MoRe centers was examined through its reactions with the hydride complex
[MoReCp(u-H)(1-PCy2)(CO)s(NCMe)] (Cp = 7°-CsHs). The latter reacted rapidly with
stoichiometric amounts of dppm-BHs (dppm = Ph2PCH2PPh;) in refluxing toluene
solution, with displacement of the nitrile ligand, to give [MoReCp(u-H)(u-
PCy2)(CO)s(x*e-dppm-BHs)], with a P-bound diphosphine-borane ligand arranged trans
to the PCy> group. Decarbonylation of the latter complex was accomplished rapidly
upon irradiation with visible-UV light in toluene solution at 263 K, to give the agostic
derivative [MoReCp(u-H)(u-PCy2)(CO)a(xp, 7-dppm-BHs)] as major product (Mo-Re
= 3.2075(5) A), along with small amounts of the diphosphine-bridged complex
[MoReCp(u-H)(-PCy2)(CO)a(1-dppm)]. Extended photolysis of the agostic complex
at 288 K promoted an unprecedented dehydrogenation process involving the borane
group and the hydride ligand, to give the diphosphine-boryl complex [MoReCp(u-
17:K2p g-H2B-dppm)(-PCy2)(CO)4] (Mo-Re = 3.075(1) A). The latter displayed a boryl
ligand in a novel bridging coordination mode, it being o-bound to one of the metal
atoms (B-Re = 2.38(2) A) while interacting with the second metal atom via a strong
side-on tricentric B-H—M interaction (B—Mo = 2.31(1); H-Mo = 1.9(1) A). The overall
dehydrogenation process was endergonic by 43 kJ/mol, according to Density Functional
Theory calculations.

Introduction

Transition-metal complexes holding two distinct metal atoms in close proximity
(heterometallic complexes) display singular reactivity patterns derived from the
different electronic and coordination environment of their metal centers, which
produces cooperative and synergic effects eventually leading to reactivity not observed



for related homometallic complexes, as concerning both stoichiometric and catalytic
processes.! Binuclear heterometallic complexes displaying metal-metal multiple bonds
are a particularly interesting group within this large family of species, as the
intermetallic multiple bond additionally provides electronic and coordinative
unsaturation to the dimetal center, which further enhances its reactivity.? Research in
this area, however, has been relatively ill-developed for organometallic complexes, due
to scarcity in the number of available substrates suitable for extensive reactivity
studies.?

Recently, we implemented an efficient synthetic procedure for the hydride complex
[MoReCp(u-H)(1-PCy2)(CO)s(NCMe)] (1) which, while being itself an electron-precise
species, undergoes displacement of the nitrile ligand by different molecules under mild
conditions, whereby it effectively acts as a surrogate of the unsaturated hydride
[MoReCp(u-H)(u-PCy2)(CO)s] (Cp = 7°-CsHs).* The latter is a very unstable molecule
which cannot be even detected during protonation of the unsaturated anion [MoReCp(u-
PCy2)(CO)s]~ (Mo=Re)],° and the same applies to the analogous MoMn hydride
complex.®

Scheme 1. PPh2H Derivatives of Complex 1

0 o)

Cp Cy, C Cp Cy, C
NPT penH N B2 T .0
Mo —Re\ e S—— Mo— e\
1 7| YCo -NCMe 1 HT |

o g N o° g PPhZH

1 Me
h
>HH ‘

c g c g

R C B Cy,
N B2 ] 2 N 5% 3 .c©
o——Re - —
| Y7 1 >cg  HH U h7 I PPh,H
C Ph, C o’ ¢
o) o) 0 8

Interestingly, compound 1 readily adds different molecules having E—H bonds (E =
p-block element) such as secondary phosphines and thiols, a process which can be
followed by the cleavage of the corresponding E-H bond under mild thermal or
photochemical activation. For instance, PPh2H readily displaces the MeCN ligand in 1
to give the corresponding phosphine derivative with retention of the stereochemistry,
which then undergoes photochemical dehydrogenation to render a diphenylphosphido-
bridged derivative, in a process involving both P—-H bond cleavage and carbonyl
rearrangement around the heterometallic center (Scheme 1).* Dehydrogenation in this
case cannot be promoted thermally, which instead just induces a rearrangement of the
phosphine ligand, to a position trans to the PCy> group, more favored on steric
grounds.®



We then turned our attention to the potential use of compound 1 in the activation of
B—H bonds. Since 1 failed to react with a simple borane adduct such as NHs-BH3, we
decided to examine reactions with the diphosphine adduct dppm-BHz (dppm =
PhoPCH2PPhy), which is the purpose of the present work. It could be anticipated that the
“free” phosphorus atom in the borane adduct would easily displace the acetonitrile
ligand of 1, then providing an opportunity for subsequent coordination of the B—H
bonds at the heterometallic center. Indeed, previous work has shown that the dppm-BHs
ligand can form different mononuclear complexes by using the lone electron pair of its
“free” P atom (the trivial x*-mode), and additionally one or two B—H bonds («*,7%- and
&', m*-modes, Chart 1).”° Incidentally, we note that only one binuclear complex with
this ligand appears to have been reported previously (a Fe> complex with a conventional
xt-bound ligand).X® In addition, we note that the relatively weak interaction of B-H
bonds with metal atoms in the agostic «*,7%- and &%, 77°-modes enables dppm-BHs to act
as a hemilabile ligand, able to provide, by de-coordination of B—H bonds, vacant
coordination sites useful in catalytic processes.!* Finally, we should also mention that
phosphine boranes and their metal complexes have been extensively studied as
precursors for new main group materials.*2

Chart 1. Known Coordination Modes of dppm-BH3?
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In this paper we report our results on the reactions of 1 with BHz-dppm, and further
decarbonylation studies aimed at involving the B—H bonds of this ligand in coordination
to the heterometallic center. As will be shown below, this ligand first binds the dimetal
center in a x'-mode at the Re atom as expected, but then is able to adopt an agostic
&, >-mode, and eventually undergoes an unprecedented dehydrogenation to render a
very rare BH2-dppm derivative displaying a novel bridging coordination mode of the
boryl ligand, which involves both two-center (B—Re) and three-center (B—H—Mo)
interactions with the dimetal site.

Results and Discussion

Diphosphine-Borane Derivatives of Complex 1. Adduct dppm-BHs does not react
with compound 1 in toluene solution at room temperature, but does it rapidly under
reflux conditions (ca. 383 K), to give the diphosphine-borane derivative [MoReCp(u-
H)(1-PCy-2)(CO)s(x*p-dppm-BH3)] (2) within a few minutes (Scheme 2). Compound 2



bears a dppm-BHz3 ligand P-bound at the Re atom and positioned trans to the PCy»
group, as shown by spectroscopic data discussed below. It might be anticipated that
formation of 2 should be initiated with displacement of MeCN to give an intermediate
species bearing the diphosphine-borane ligand at the same coordination position as the
leaving ligand, that is, cis to the bridging ligands, as observed in the reaction of 1 with
PPhoH (Scheme 1). This intermediate then would rearrange to a position trans to the
PCy: group, thus minimizing the steric repulsions between these two relatively bulky P-
donors; such rearrangement also involves a change in the disposition of carbonyls at the
Re atom, from facial to a meridional one. In agreement with this, when reacting 1 and
dppm-BHs at lower temperature (333 K) we could detect the formation of such an
intermediate species,'® with spectroscopic properties alike to those of fac-[MoReCp(u-
H)(1~-PCy2)(CO)s(PPh2H)] (Scheme 1), although no attempts to isolate it were made.

Compound 2 is a thermally-robust molecule which remains unchanged in refluxing
toluene solution for one hour. In contrast, it undergoes fast decarbonylation upon
irradiation with visible-UV light at low temperature (263 K), to give the agostic
complex [MoReCp(u-H)(u-PCy-2)(CO)a(x'p, 777-dppm-BHs)] (3) as major product, along
with small amounts of the diphosphine-bridged complex [MoReCp(u-H)(u-
PCy2)(CO)a(x-dppm)] (4), from which it can be separated upon chromatographic
workup (yields of isolated products 67 and 20%, respectively; see the Experimental
section). The choice of experimental conditions in this photochemical reaction is critical
to obtain 3, as this agostic complex itself undergoes dehydrogenation upon extended
photolysis at room temperature, a matter to be discussed later on.

Scheme 2. Diphosphine-Borane Derivatives of 12
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Although photochemically induced, the formation of 3 proceeds as it would have
been expected for a thermal reaction, so that one of the carbonyls arranged trans to each
other (thus experiencing the largest trans influence) is preferentially lost, with the



vacant coordination position thus generated being blocked by coordination of one of the
B—H bonds of the dangling BH3 group of 2. The overall conformation of the resulting
molecule, with the BHz group positioned anti with respect to the cyclopentadienyl
ligand, is likely the most favored one on steric grounds. On the other hand, the
formation of 4 can be understood as following from a side decomposition process
whereby borane would be lost, along with CO.* This could first yield a complex of type
[MoReCp(u-H)(1-PCy2)(CO)a(x>-dppm)] with a chelating dppm ligand at the Re atom,
which then would rearrange into the bridging coordination mode, with one carbonyl
ligand migrating from Mo to Re, to balance the coordination environments of the metal
centers. In support of this hypothesis we note that previous work has revealed that the
related chelate MoMn complex [MoMnCp(u-H)(u-PPh2)(CO)a(x>-dppm)] rearranges
into its dppm-bridged isomer [MoMnCp(z-H)(z~PPh2)(CO)a(w-dppm)] upon irradiation
with UV light.® We note, however, that alternative reaction sequences might also
explain the formation of the side-product 4.

Structural Characterization of the Pentacarbonyl Complex 2. Spectroscopic data
for 2 (Table 1, Experimental section, and Sl) allows for a complete structural
characterization of this molecule. Its IR spectrum displays five C—O stretches, with the
two less energetic ones being likely associated with the cisoid Mo(CO). fragment, while
the weak intensity of the most energetic one (at 2031 cm) denotes the presence of a T-
shaped M(CO)s oscillator (meridional arrangement in octahedral geometries).’® The
bridging hydride ligand in 2 gives rise to a NMR resonance at —13.09 ppm, a position
similar to that in parent 1 (-11.12 ppm). This resonance now displays comparable
couplings of 18 and 14 Hz to P atoms, indicating a cisoid positioning of the hydride
relative to both Re-bound P atoms.!’ In agreement with this, the PCy- group (& 142.6
ppm) displays a large coupling of 70 Hz to the Re-bound atom of the diphosphine-
borane ligand (—2.7 ppm), indicative of a transoid disposition of these two atoms (cf. 65
Hz in mer-[MoReCp(u-H)(1-PCy2)(CO)s(PPhH)].*® In addition, the diphosphine
fragment also gives rise to a broad resonance at 13.3 ppm denoting the bonding of the
second P atom to a borane group, itself revealed by the presence of a broad resonance at
—37.7 in the B spectrum. We note that the latter data are comparable to those for the
free dppm-BHs ligand (-8 16.9 ppm; & —37.1 ppm),® as expected. The *H NMR
resonance of the borane group in 2, anticipated to be very broad, could not be clearly
observed in the spectrum (Figure S3), as it was partially obscured by the resonances of
the Cy hydrogens (cf. o4 0.99 ppm for the free ligand).



Table 1. Selected IR,? and 3'P{*H} Data® for New Compounds.®

Compound UCO) 6(PCy,)  o&(PBH,) S5(PPhy)

2010 (s), 1938 (vs), 1917 (s),

[MoReCp(sH)(4+-PCy2)(CO)(NCME)] (1) 1960 (o 1558 () 1300
[MoReCp(u-H)(1-PCy,)(CO)s(-dppm-BHs)] (2) 222)1 g‘gizl(grﬁgs(h")s)lésgszirg; 1426 133 27
[MoReCp(z-H)(1-PCy;)(CO)a(itp, 1P-dppm-BHy)] (3) 1932 (m, sh), 1913 (vs), 1844 (s)  153.1 155 17.9
[MoReCp(1-H)(1-PCy:)(CO)a(-dppm)] (4) 2001 (vs),ll%%z(g;)), 1896 (s), 1221 76.3,-14.6
[MORECP(-17: k25 5-HoB-dppm) (1-PCy,)(CO)] (5) 2017 (W), 1927(vs), 1905(m),  ygp 5 937 105

1761 (m)

2 Recorded in dichloromethane solution, with C-O stretching bands [{CO)] in cm™. ® Recorded in
CD,Cl, solution at 162.16 MHz and 293 K, with chemical shifts (o) in ppm. ¢ dppm = Ph,PCH,PPh,. ¢
Data taken from reference 4; IR data in tetrahydrofuran solution.

Structure of the Agostic Complex 3. The structure of 3 in the crystal (Figure 1 and
Table 2) is made up of MoCp(CO). and Re(CO). fragments bridged by hydride and
phosphanide ligands. This completes the usual four-legged piano stool coordination
geometry around the Mo atom. Besides this, a roughly octahedral coordination around
rhenium is completed by the diphosphine-borane ligand, with its formerly “free” P atom
bound trans to the PCy> group (P1-Re—P2 = 172.68(5)°), and a B—H bond of the borane
unit coordinated in a position cis to the bridging ligands, and anti with respect to the
Mo-bound cyclopentadienyl ligand. As a result, the overall molecule becomes an
electron-precise complex (34 electrons), for which a single intermetallic bond has to be
proposed according to the 18-electron formalism. This is in agreement with the
intermetallic length of 3.2075(5) A, very close to the values of ca. 3.19 A measured in
the related complexes [MoReCp(u-H)(z-PCy2)(CO)s(NH3)]*® and [MoReCp(u-H)(u-
PPh)(CO)e],*® and only moderately longer than the reference value of 3.05 A for a
Mo-Re single bond.!® The M-P1 distances in 3 differ by ca. 0.11 A which, after
allowing for the 0.03 A shorter covalent radius of Re (vs. Mo), still suggests a stronger
binding of the PCy. ligand to the Re atom, possibly to balance the poorer donor
properties of the coordinated B—H bond, when compared to conventional donors such as
phosphines or CO.

Figure 1. ORTEP diagram (30% probability) of compound 3 with Cy and Ph groups (except their C*
atoms) and most H atoms omitted for clarity.



Table 2. Selected Bond Lengths (A) and Angles (°) for Compound 3

Mol-Rel  32075(5) Mol-P1-Rel 82.56(4)
Mol-P1 2.486(1) P1-Mol-C1  105.4(2)
Rel-P1 2.374(1) P1-Mol-C2  72.0(2)
Rel-P2 2.376(1) P1-Mol-H1  79(2)
Mol-H1 1.80(7) C1-Mol-C2 80.1(2)
Rel-H1 1.95(7) P1-Rel-P2  172.68(5)
Mo1-C1 1.940(6) P1-Rel-C3  97.8(2)
Mol1-C2 1.960(6) P1-Rel-C4  89.3(2)
Rel-C3 1.910(6) P1-Rel-H1  79(2)
Rel-C4 1.890(6) P1-Rel-H3  89(2)
Rel-B1 2.843(7) P2-Rel-C3  89.0(2)
Rel-H3 1.88(7) P2-Rel-C4  87.8(2)
B1-H3 1.23(7) Rel-H3-B1  130(4)
B1-H2 1.11(7) C3-Rel-C4 91.1(2)
B1-H4 1.10(7)

P3-B1 1.922(6)

As for the binding of the borane group to Re, we note that the coordinated B—H bond
(1.23(7) A) appears to be longer than the other two ones (ca. 1.10 A) as expected, but
the low precision of these data precludes any further analysis. We note, however, that a
genuine enlargement of this bond is supported by DFT calculations to be discussed later
on. The tricentric Re—H-B interaction renders a Re—H separation (1.88(7) A)
comparable to the one resulting from the Mo—H—Re interaction, a rather large Re—H-B
angle of 130(4)°, and a very large Re---B separation of 2.843(7) A, the latter being far
above the reference figure of 2.35 A for a Re—B single bond.!® These geometrical
parameters suggest that the tricentric Re—H-B interaction in 3 should be better
classified as one of the end-on type.?® Indeed, a search on the Cambridge
Crystallographic Database revealed that this coordination type typically involves Re---B
separations in the range 2.70-2.85 A and Re—H-B angles of 115-150°.?! Thus, we can
properly speak of an extreme end-on coordination to Re of the B—H bond in compound
3, it actually being only exceeded by that found in the mononuclear complex fac-
[Re{x?ss, -H2B(timMe)(bzt)}(CO)3] (Re---B = 2.862(5) A, Re—H-B ca. 130°).2? This
structural feature is possibly related to the presence in these complexes of a carbonyl
ligand (with a strong trans influence) trans to the coordinated B—H bond. In line with
this interpretation, we note that the chromium complex [Cr(CO)a(xt,72-dppm-BHs3)]
also displays a very large Cr---B separation of 2.800(2) A (Cr-H-B = 130(1)°),%" and
the same seems to hold for simple 7?-complexes of phosphine-borane adducts (cf.
W---B = 2.86(2) A for [W(CO)s(77-PMes-BH3)]).%

Spectroscopic data for compound 3 (Table 1, Experimental section and Sl) are
consistent with the structure found in the solid state, and support its retention in
solution. The IR spectrum of 3 displays three C—O stretches, with the most energetic
one being of medium intensity, which is consistent with the presence of a [M(CO)2]2
oscillator made of cisoid M(CO). fragments positioned close to an anti arrangement.'®



The transoid positioning of P atoms around rhenium is indicated by the large P-P
coupling of 100 Hz between PCy, and PPh, groups, but we note that the latter P atom
now is more deshielded than in the precursor 2 (o 17.9 vs. —2.7 ppm). This might be
attributed to the formation of the chelate ring (a five-membered one, if taking into
account the weak Re:--B interaction) when going from 2 to 3, an effect well known for
chelating diphosphine and related bidentate ligands.?* In contrast, the Ph,PBHj3
fragment gives rise to 3P (% 15.5 ppm) and !B resonances (& —41.6 ppm) similar to
those of the precursor 2. The coordination of a B—H bond to rhenium, however, is now
indicated by the appearance in the 'H NMR spectrum of a very broad resonance at
—3.24 ppm corresponding to three H atoms, with a shielding higher than the one for free
dppm-BHs (0.99 ppm),® but still lower than that of the hydride ligand of 3, which
appears at —10.60 ppm and displays similar couplings to two P atoms (Jue = 21, 16), as
found in 2. It is then apparent that complex 3 undergoes in solution a dynamic exchange
process between their B—H and B—H—Re hydrogens, fast on the NMR time scale. This
IS a common behavior for complexes displaying similar tricentric M-H-B
interactions,?® which was not further investigated for 3. For comparison, the *H NMR
resonance for the B-H-Re hydrogen in the mentioned fac-[Re{x%ss, -
H2B(timMe)(bzt)}(CO)s] complex (which does not undergo dynamic exchange with the
terminal B—H hydrogen) appears at —6.62 ppm.?2

Structure of the Diphosphine-Bridged Complex 4. The IR spectrum of 4 also
displays four C-O stretches, but with a pattern completely different from that of 3,
which now can be interpreted as arising from the presence in the molecule of a
pyramidal or facial Re(CO)s fragment (three strong bands at 2001, 1912 and 1896
cm™),® and a Mo(CO) fragment (one low-frequency band at 1793 cm™). This is
consistent with the observation of just one 3C NMR resonance (&c 251.5 ppm) in the
high-frequency region characteristic of Mo-bound carbonyls, and three resonances in
the range 197.0-192.4 ppm corresponding to the Re-bound carbonyls. The 3P NMR
spectrum of 4 displays three distinct resonances with normal widths, indicative of the
absence of P—B connections in the molecule, also corroborated by the absence of BH3
resonances in the corresponding H and !B NMR spectra. The resonances for the
inequivalent P atoms of the diphosphine ligand now appear at 76.3 and —14.6 ppm, with
chemical shifts allowing their assignment to the Mo- and Re-bound P atoms of a
bridging dppm ligand, respectively (cf. & 64.3 ppm for [Mo2Cp2(u-H)(u-
PCy2)(CO)2(u-dppm)]).?° The coordination sphere of the metal atoms is eventually
completed with a cyclopentadienyl ligand at the Mo atom, and a hydride ligand bridging
Mo and Re atoms (o4 —11.55 ppm).

All of the above data define completely the stereochemistry around the Re atom.
Besides this, we assume that the diphosphine ligand will be positioned as far away from



the Cp ligand as possible, to reduce steric repulsions. As a result, the only geometrical
feature left to be defined for 4 is whether the Mo-bound P atom is positioned cis or
trans relative to the PCy> group. A transoid positioning of these two P atoms would be
favored on steric grounds, and is also indicated by the observation of a small P—-Mo—P
coupling of 7 Hz between these atoms.!” At the same time, such a positioning implies a
cis arrangement of the Mo-bound PPh, group relative to the hydride ligand, hence a
small P-Mo—H angle, then expectedly a large absolute value for the corresponding two-
bond coupling,'” which indeed is consistent with the observation of a large P-H
coupling of 44 Hz for the hydride resonance of 4. In addition, the latter resonance
displays smaller splittings of 19 a 9 Hz, corresponding to the couplings to the PCy. and
Re-PPh; phosphorus atoms, they being comparable in magnitude to those observed for
compounds 2 and 3.

Photolysis of Compound 3. Although prepared at low temperature, the agostic
complex 3 proved to be a thermally robust molecule, as no measurable change was
observed upon refluxing a toluene solution of the complex for 1 h. In contrast,
irradiation of toluene solutions of the complex with visible-UV light at 288 K for about
30 min caused its complete transformation, to give the diphosphine-boryl complex
[MoReCp(u+17%:%p,5-H2B-dppm) (1-PCy2)(CO)4] (5) as major product (Scheme 3),
which could be isolated in 60% yield after chromatographic workup.

Scheme 3. Dehydrogenation of the Agostic Complex 32
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The formation of 5 from 3 requires the elimination of hydrogen involving the borane
group and the hydride ligand, along with a significant spatial rearrangement of the P,B-
donor ligand, coupled to the migration of a carbonyl ligand, from Mo to Re. It is then a
rather complex and likely multistep reaction. The Gibbs free energy balance for the
overall reaction (3 — 5 + H>) in the gas phase is +43 kJ/mol according to Density
Functional Theory (DFT) calculations to be discussed below, which justifies our need to
use photochemical procedures to induce this transformation (see the Experimental
section for details). The close proximity of the hydride and the Re-bound H(B) atom in
3 (ca. 2.33 A in the crystal; 2.28 A according to DFT calculations) might facilitate a
direct dehydrogenation process which, however, obviously is not possible under thermal
conditions, but likely is triggered at one of the excited electronic states generated upon
irradiation of 3, a matter that might be worth of further study in the future. We should



note that, to our knowledge, the above reaction represents the first example of
dehydrogenation in a coordinated dppm-BH3 ligand. Such an intramolecular process
can be related in some way to the intermolecular elimination of methane between the
methyl complexes [MCp*(CO)sMe] and BH3z-PMes to give the corresponding boryl
derivatives [MCp*(CO)s(x*-BH2-PMes)] (M = Mo, W), a process also induced
photochemically.?® In addition, it should be noted that there seems to be only one other
complex previously characterized with the dppm-boryl ligand, the mononuclear cobalt
complex [Co(x%pg-H2B-dppm)(CO)2(x-dppm)], a molecule prepared in low yield
through direct reaction of CoCl> with Na(BHa4) in the presence of CO and dppm, and
displaying a chelating coordination of the diphosphine-boryl ligand with no tricentric
Co—H-B interactions.?’

Structure of Diphosphine-Boryl-Bridged Complex 5. The structure of 5 in the
crystal (Figure 2 and Table 3) is made up of MoCp(CO) and T-shaped Re(CO)s
fragments bridged by boryl and phosphanide ligands. The roughly octahedral
coordination around rhenium is completed by the diphosphine-boryl ligand, with its
“free” P atom coordinated trans to the PCy, group (P1-Rel-P2 = 178.9(1)°). The boryl
ligand can be viewed as bound to the rhenium atom through a conventional Re—B bond,
and to the molybdenum atom through a tricentric Mo—H-B bond, both to be discussed
in more detail below. In all, the diphosphine-boryl ligand then formally acts as a 5-
electron donor in this novel z-7%: k% g coordination mode, which in turn renders a count
of 34 electrons for the complex. This is consistent with the intermetallic length of
3.075(1) A in 5, some 0.13 A shorter than the corresponding distance in the precursor 3,
and much closer now to the reference value of 3.05 A for a Mo—Re single bond.*® The
phosphanide ligand is now placed some 0.08 A closer to the Mo atom, likely to balance
the relatively poor donor properties of the B—H group coordinated to this atom.

Figure 2. ORTEP diagram (30% probability) of compound 5 with Cy and Ph groups (except their C*
atoms) and most H atoms omitted for clarity.
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Table 3. Selected Bond Lengths (A) and Angles (°) for Compound 5

Mol-Rel  3.075(1) Mol-P1-Rel 79.0(1)

Mo1-P1 2.379(4) P1-Mo1-Cl  86.4(5)
Rel-P1 2.455(3) P1-Mol-B1  101.5(4)
Rel-P2 2.398(3) P1-Mol-H2  121(4)
Mo1-B1 2.31(1) Cl-Mol-H2 81(4)
Rel-B1 2.38(2) P1-Rel-P2  178.9(1)
Mo1-C1 1.93(2) P1-Rel-C2  88.8(4)
Mol-H2 1.9(1) P1-Rel-C3  86.7(4)
Rel-C2 2.00(2) P1-Rel-C4  92.5(4)
Rel-C3 2.00(2) P1-Rel-B1  97.4(4)
Rel-C4 1.90(2) P2-Rel-C2  91.3(4)
B1-H2 1.2(1) P2-Rel-C3  93.0(4)
B1-H1 1.12(5) P2-Rel-C4  88.6(4)
P3-B1 1.92(2) Mol-H2-B1 94(4)

C2-Rel-C3  169.1(6)

As noted above, the bridging boryl group in 5 can be viewed as o-bound to Re and
17-bound to Mo, via one of the B—H bonds. In agreement with this, the Re—B distance
is now quite short, 2.38(2) A, close to the reference value of 2.35 A for a Re-B single
bond,'® and comparable to the corresponding values measured in the mononuclear
complexes [Re(CO)s(BCl2)] (2.189(16) A),® and [Re(CO)s{B(NArCH).}] (2.292(4)
A),?° which are the only other rhenium boryl complexes structurally characterized to
date. As for the r?-coordination to Mo, we find now a quite reduced Mo—H-B angle of
94(4)°, and very short Mo—B separation of 2.31(1) A, actually shorter than the reference
value of 2.38 A for a Mo—B single bond.*® These geometrical parameters therefore
suggest that the tricentric Mo—H-B interaction in 5 should be clearly classified as one
of the side-on type.?° In this case, a search on the Cambridge Crystallographic Database
revealed that this coordination mode typically involves Mo—B separations in the range
2.25-2.48 A and Mo—H-B angles of 85-115°.%° Thus, we can now speak of a rather tight
side-on coordination to Mo of a B—H bond in compound 5. As a further illustration of
the above conclusion, we note that the Mo—B separation in 5 is ca. 0.2 A shorter than
the corresponding distances measured in the mononuclear phosphine-boryl complexes
[MCp*(CO)3(H2B-PMes)] (M = Mo, W), which display conventional M—B bonds.?®

Spectroscopic data for compound 5 in solution (Table 1, Experimental Section, and
SI) are consistent with the structure found in the solid state, and support its retention in
solution. The IR spectrum of 5 displays four C—O stretches, which now can be
interpreted as arising from the presence in the molecule of a meridional or T-shaped
Re(CO)s fragment (bands at 2017, 1927 and 1905 cm™1, with the most energetic one of
weak intensity, as found in 2),'® and a Mo(CO) fragment (one low-frequency band at
1761 cm™1). This is in turn consistent with the observation of just one resonance in the
high-frequency region of the 3C NMR spectrum (& 245.4 ppm, Mo-CO), and three
resonances in the range 195.7-188.9 ppm corresponding to the Re-bound carbonyls. The
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Re-bound P atom of the diphosphine fragment displays a chemical shift slightly lower
than the one measured for 3 (10.5 vs. 17.9 ppm) but its coupling to the bridging P atom
is significantly reduced (55 vs. 100 Hz), perhaps due to the presence of more carbonyls
around the Re atom in this molecule (cf. 70 Hz in 2). Besides this, the PhoPBH>
fragment gives rise to a 3P resonance comparable to that in 3 (23.7 vs. 15.5 ppm)
whereas its !B resonance appears now much more deshielded (+14.2 vs. —41.6 ppm), in
agreement with the closer approach of the B atom to the metal centers observed for 5.
This deshielding is in turn much higher than those measured for related terminal boryl
complexes (cf. % —24.6 to —31.7 ppm for [ML(CO)s(x'-H2B-PMes)] complexes; M =
Mo, W; L= Cp or Cp*),%® in line with the respective M—B separations discussed above.
Finally, we note that the *H NMR spectrum of 5 confirms the presence of two very
different sites for the BH hydrogens, which give rise to quite broad resonances at ca.
5.65 and —11.87 ppm, sharpening significantly upon B decoupling. These can be
unambiguously assigned to the terminal B—H and bridging B—H-Mo hydrogens
respectively, with the latter one displaying a nuclear shielding comparable to those of
conventional bridging hydride ligands (cf. —-11.5 to —13.1 ppm for compounds 2 to 4).
The latter can be taken as an additional spectroscopic indication that the tight side-on
coordination of a B—H bond identified in the solid state is also retained in solution.

DFT Studies on the Agostic Complexes 3 and 5. As noted above, the
photochemically-induced dehydrogenation of the coordinated diphosphine-borane
ligand leading to the boryl complex 5 is a very unusual and likely a multistep process.
Even if elucidation of the mechanism of this photochemical reaction falls outside the
scope of the present work and exceeds our expertise, yet we have investigated the gas
phase structures of compounds 3 and 5 and some on their potential isomers by using
DFT methods (Figure 3 and Table 4; see the Experimental section for details),® in
search for some clues on likely dehydrogenation pathways. We were also interested in
confronting the computed M—H-B interactions for 3 and 5, found to be quite different
from each other (end-on vs. side-on) both in solution and in the solid state, as discussed
above.
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Figure 3. MO6L-DFT-optimized structures of compounds 3 (left) and 5 (right), with Cy and Ph groups
(except their C atoms) and most H atoms omitted. Below them, some isomers for each are shown, with
their relative Gibbs free energies at 298 K (in kJ/mol) indicated between brackets.

Table 4. MO6L-DFT-computed Bond Lengths (A) and Angles (°) for Compounds 3, 5, and some of their

isomers.
parameter 3 3-B 5 5-T

Mo-Re 3.201 3.144 3.068 2.881
Mo-P1 2.506 2.455 2.387 2.469
Re—P1 2.395 2.435 2.482 2.380
Re—P2 2.391 2.395 2.399 2.425
Re-B 2.957 2.409 2.270
Mo-B 2.939 2.335

M-HB 2.012 1.941 1.863 2.028
MH-B 1.240 1.235 1.298 1.243
BH 1.205/1.209 1.197/1.210 1.216 1.199
P1-Re-P2 169.1 161.3 179.7 165.4
M-H-B 129.2 134.3 935 84.2

First we note that the MO6L-DFT optimized structures for 3 and 5 are in good
general agreement with the corresponding structures determined in the solid state. In
particular, the computed geometrical parameters for the Re—H-B interaction in 3 define
a quite extreme end-on coordination of the B—H bond, as found in the crystal, with a
very large Re---B separation of 2.957 A and a Re—H-B angle of 129.2° (cf. 2.843(7) A
and 130(4)° in the crystal). The coordinated B—H bond (1.240 A) is elongated by some
3% relative to the terminal B—H bonds (1.20 A), which points to a relatively weak
tricentric interaction in this case. In contrast, the computed parameters for the Mo—H-B
interaction in 5 define a quite tight side-on coordination of the B—H bond, with a quite
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short Mo—B separation of 2.335 A and reduced Mo—H-B angle of 93.5° (cf. 2.31(1) A
and 94(4)° in the crystal). The coordinated B—H bond (1.298 A) is now elongated by
some 7% relative to the terminal B—H bond (1.216 A), which indicates a much stronger
interaction in this case.

Removing in compound 3 the relatively weak B—H coordination to Re leads to a
genuine minimum structure (3-U) with a dangling Ph2P-BHs group, while the rest of the
molecule remains little perturbed (Figure 3, Mo-Re = 3.186 A). The vacant
coordination position left at the Re atom is now blocked by a Cy group, with one of the
ortho hydrogens involved in a weak agostic C—H---Re interaction with the Re atom
(H---Re = 2.283 A). Isomer 3-U is placed only 62 k/mol above 3, but would have no
obvious role in the dehydrogenation reaction of this complex.

We have also considered the possible formation of an isomer of 3 with the
diphosphine-borane ligand bridging the Re and Mo atoms in a z-x*: 77 mode (3-B), with
an overall conformation similar to the one observed in the diphosphine-bridged complex
4. Although this bridging coordination mode has not been yet reported for the
dppm-BHjs ligand, the computed parameters for the end-on Mo—H-B interaction in 3-B
are reasonable and comparable to those of the Re—H-B interaction in 3, while the
overall energy is only 55 kJ/mol higher, which makes it an affordable intermediate
species. As concerning potential dehydrogenation processes, we note that the separation
between hydride and Mo—H-B hydrogens in 3-B is only 2.018 A (cf. 2.279 A in 3).

Finally, we also examined alternative coordination modes for the diphosphine-boryl
ligand present in the final product 5, and found an energy minimum (5-T, 69 kJ/mol
above 5) with this ligand in a non-bridging chelating mode. Interestingly, the boryl-
rhenium interaction in 5-T also displays a tricentric Re—H-B interaction, with
geometrical parameters now characteristic of side-on interactions (Re-B = 2.270 A,
Re-H-B = 84.2°, ReH-B = 1.243 A),? here imposed by the o interaction of the boryl
group with the same metal atom. We should finally note that, by recalling the analogy
between L-BHs adducts and methane,?*2 the boryl coordination in structures 5 and 5-T
might be related to those of a-agostic bridging and terminal methyl complexes,
respectively.?02
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Concluding Remarks

Dppm-BH3 readily displaces the acetonitrile ligand in the heterometallic hydride
complex [MoReCp(u-H)(u-PCy2)(CO)s(NCMe)] under mild conditions, and expectedly
coordinates the Re atom through its P atom, eventually yielding the pentacarbonyl
complex [MoReCp(u-H)(u-PCy2)(CO)s(xte-dppm-BHs)], a thermally robust molecule
displaying a transoid arrangement of the Re-bound P atoms, to minimize steric
repulsions. The latter compound can be decarbonylated photochemically at low
temperature, which triggers the coordination of a B—H bond of the dangling borane
fragment to give the chelate complex [MoReCp(u-H)(u-PCy2)(CO)a(xle, -
dppm-BHs3)]. Extrusion of borane also takes place at a small extent during photolysis,
this eventually yielding the diphosphine-bridged complex [MoReCp(u-H)(u-
PCy2)(CO)4(x-dppm)] as a side product. The chelate diphosphine-borane complex
displays a tricentric Re—H-B interaction of end-on type, with the bridging hydrogen
involved in fast exchange (on the NMR time scale) with the B—H hydrogens, which
might anticipate hemilabile chemistry in solution. Extended photolysis of the latter
complex at room temperature triggers an unprecedented, although endergonic,
dehydrogenation involving the diphosphine-borane ligand and the bridging hydride, to
give the diphosphine-boryl derivative [MoReCp(u-177:x%p 8-H2B-dppm)(1-PCy2)(CO)a4],
in a multistep process also involving migration of a carbonyl ligand, from Mo to Re.
This complex displays a novel bridging coordination mode of the diphosphine-boryl
ligand, with the boryl group being o-bound to one metal (Re) and 77-bound to the other
one (Mo) through a B—H bond. The corresponding tricentric Mo—H-B interaction is
now of the side-on type and quite stronger, as reveled by the computed elongation of the
B—H bond involved (7%, relative to the terminal B—H bond of the molecule), the strong
magnetic shielding of the corresponding *H nucleus, and the absence of fast exchange
with the uncoordinated H(B) atom.

Experimental Section

General Procedures and Starting Materials. All manipulations and reactions were
carried out under an argon (99.995%) atmosphere using standard Schlenk techniques.
Solvents were purified according to literature procedures, and distilled prior to use.®
Compound 1,* and the adduct dppm-BH3,%> 3¢ (dppm = Ph,PCH2PPh,) were prepared as
described previously. Petroleum ether refers to that fraction distilling in the range 338-
343 K. Photochemical experiments were performed using Pyrex Schlenk tubes cooled
by tap water (ca. 288 K) or by a closed 2-propanol circuit kept at the desired
temperature with a cryostat. A 400 W medium-pressure mercury lamp placed ca. 1 cm
away from the Schlenk tube was used for these experiments. Filtrations were carried out
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through diatomaceous earth unless otherwise stated. Chromatographic separations were
carried out using jacketed columns cooled as described above. Commercial aluminum
oxide (activity I, 70-290 mesh) was degassed under vacuum prior to use. The latter was
mixed under argon with the appropriate amount of water to reach activity IV. IR
stretching frequencies of CO ligands were measured in solution (using CaF> windows),
are referred to as (CO) and are given in wave numbers (cm-1). Nuclear magnetic
resonance (NMR) spectra were routinely recorded at 400.13 (*H), 162.16 (CP{*H}),
128.51 (MB{*H}), and 100.73 (BC{*H}) MHz, at 298 K in CD.Cl. solution unless
otherwise stated. Chemical shifts (o) are given in ppm, relative to internal
tetramethylsilane (*H, 3C), external BFs-THF in THF (}B) or external 85% aqueous
HsPO4 solutions (°'P). Coupling constants (J) are given in hertz.

Preparation of [MoReCp(u-H)(u-PCy2)(CO)s(x'pr-dppm:-BH3)] (2). Solid
dppm-BH3 (0.020 g, 0.050 mmol) was added to a solution of compound 1 (0.030 g,
0.041 mmol) in toluene (5 mL), and the mixture was refluxed for 10 min to give a
yellow solution. The solvent was then removed under vacuum, the residue was
extracted with dichloromethane/petroleum ether (1/2) and the extracts were
chromatographed on an alumina column at 253 K. Elution with the same solvent
mixture gave a yellow fraction yielding, after removal of solvents, compound 2 as a
yellow solid (0.036 g, 81%). Anal. Calcd for C47HssBMo0OsPsRe: C, 52.09; H, 4.93.
Found: C, 51.75; H, 4.52. '"H NMR: §7.99-6.98 (m, 20H, Ph), 4.79 (s, 5H, Cp), 3.92
(ddd, Jun = 15, Jwp = 12, 7, 1H, PCH>), 3.80 (ddd, Jun = 15, Jup = 11, 6, 1H, PCHy),
2.61 (m, 1H, Cy), 2.39 (m, 1H, Cy), 2.07 (m, 1H, Cy), 2.01-0.97 (m, 19H, Cy), —13.09
(dd, Jwe = 18, 14, 1H, w-H); the resonance of the BHs group could not be located
precisely in this spectrum (Figure S3), it being partially obscured by the manifold Cy
resonances. B{*H} NMR: §-37.7 (br). 3!P{*H} NMR: §142.6 (d, Jrp = 70, 1-PCy»),
13.3 (br, PB), —2.7 (dd, Jep = 70, 11, ReP).

Preparation of [MoReCp(u-H)(u-PCy2)(CO)4(xtp,7>-dppm-BHz)] (3). A solution
of compound 2 (0.030 g, 0.028 mmol) in toluene (5 mL) was irradiated with visible-UV
light at 253 K for 5 min with a gentle N2 (99.9995%) purge, to give a yellow solution.
The solvent was then removed under vacuum, the residue was extracted with
dichloromethane/petroleum ether (1/3) and the extracts were chromatographed on an
alumina column at 288 K. Elution with the same solvent mixture gave a yellow fraction
yielding, after removal of solvents, complex [MoReCp(u-H)(-PCy2)(CO)a(u~-dppm)]
(4) as a yellow solid (0.006 g, 20%). Elution with dichloromethane/petroleum ether
(1/2) gave another yellow fraction, yielding analogously compound 3 as a yellow solid
(0.020 g, 67%). The crystals used in the X-ray diffraction study of 3 were grown by the
slow diffusion of a layer of petroleum ether into a concentrated dichloromethane
solution of the complex at 253 K. Data for compound 3: Anal. Calcd for
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CasHs3BMo0OsPsRe: C, 52.33; H, 5.06. Found: C, 52.51; H, 4.83. *H NMR: §7.60 (m,
2H, Ph), 7.52 (m, 2H, Ph), 7.49-7.27 (m, 14H, Ph), 7.22 (td, Jun = 8, Jue = 4, 2H, Ph),
4.72 (s, 5H, Cp), 3.96, 3.79 (2td, Jun =14, Jwp = 14, 9, 2 x 1H, PCH?2), 2.60, 2.50, 2.24
(3m, 3 x 1H, Cy), 2.11-1.00 (m, 19H, Cy), —3.24 (br, 3H, PBH3), —10.60 (dd, Jxp = 21,
16, 1H, z-H). “"B{*H} NMR: §-41.6 (br). **P{*H} NMR: §153.1 (dd, Jep = 100, 11, 2
PCy2), 17.9 (AB dd, Jee = 100, 81, Re—P), 15.5 (br, P-B). *C{*H} RMN (243 K): &
245.0 (s, MoCO), 244.4 (d, Jcpr = 23, M0CO), 201.4 (s, ReCO), 197.6 (s, ReCO), 141.2-
120.9 (m, Ph), 90.2 (s, Cp), 52.6 [d, Jcp = 15, C}(Cy)], 48.6 [d, Jcr = 13, C}(Cy)], 36.9,
35.4 [2s, C3(Cy)], 35.0 [s, br, C*Cy)], 34.0 [s, C3(Cy)], 29.1 [d, Jcpr = 10, C3(Cy)],
28.75 [d, Jcp = 9, C3(Cy)], 28.7 [d, Jcp = 12, C3(Cy)], 28.5 [d, Jcr = 11, C3(Cy)], 27.0,
26.9 [2s, C*(Cy)], 25.3 (t, Jcpr = 33, PCH,). Data for compound 4. Anal. Calcd for
Ca6Hs0M0O4P3Re: C, 53.02; H, 4.84. Found: C, 52.99; H, 4.81. 'H NMR: & 7.93 (m,
2H, Ph), 7.60-7.30 (m, 13H, Ph), 7.04 (m, 3H, Ph), 6.91 (m, 2H, Ph), 4.94 (s, 5H, Cp),
4.05 (dt, Jun = 14, Jup = 10, 1H, CHy), 3.39 (ddd, Jun = 14, Jwp = 12, 10, 1H, CH2), 2.56
(m, 2H, Cy), 2.10-0.90 (m, 19H, Cy), —11.55 (ddd, Jue = 44, 19, 9, 1H, u-H). 3P{*H}
NMR: §122.1 (dd, Jep = 19, 7, u-PCyp), 76.3 (dd, Jep = 71, 7, MoP), —14.6 (dd, Jep =
71, 19, ReP). BC{*H} RMN: §251.5 (m, MoCO), 197.0 (s, ReCO), 195.4 (dd, Jcp = 30,
10, ReCO), 192.4 (dd, Jcp = 56, 7, ReCO), 140.5 [d, Jcp = 43, C1(Ph)], 139.9 [dd, Jcp =
40, 6, C}(Ph)], 137.4 [dd, Jcr = 34, 5, C}(Ph)], 136.2 [d, Jcp = 10, C%(Ph)], 135.8 [d, Jcp
= 31, C}(Ph)], 131.4-128.1 (m, Ph), 88.8 (s, Cp), 57.9 [d, Jcr = 10, CY(Cy)], 48.6 [d, Jcp
=15, CY(Cy)], 39.8, 36.4 [2d, Jcp = 5, C*(Cy)], 38.1 (dd, Jcp = 35, 30, PCH>), 37.1, 36.9
[2d, Jcp = 3, C3(Cy)], 29.7, 29.3 [2d, Jcp = 9, C3(Cy)], 28.9, 28.5 [2d, Jcp = 11, C3(Cy)],
27.2,27.1 [2s, CHCy)].

Preparation of [MoReCp(u-7?:x%p 8-H2B-dppm)(u-PCy2)(CO)4] (5). A solution of
compound 3 (0.030 g, 0.028 mmol) in toluene (5 mL) was irradiated with visible-UV
light at 288 K for 30 min with a gentle N2 (99.9995%) purge, to give an orange solution.
The solvent was then removed under vacuum, the residue was extracted with
dichloromethane/petroleum ether (1/1), and the extracts were chromatographed on an
alumina column at 263 K. Elution with the same solvent mixture gave first a minor
yellow fraction containing some uncharacterized species which was discarded, then an
orange fraction yielding, after removal of solvents, compound 5 as an orange solid
(0.018 g, 60%). The crystals used in the X-ray diffraction study of 5 were grown by the
slow diffusion of a layer of petroleum ether into a concentrated toluene solution of the
complex at 253 K. Anal. Calcd for CssHsoBMoO4P3Re (5-C7Hg): C, 55.55; H, 5.19.
Found: C, 55.24; H, 4.85. *H NMR: §7.74, 7.66 (2m, 2 x 2H, Ph), 7.58-7.27 (m, 14H,
Ph), 7.09 (m, 2H, Ph), 5.65 (vbr, 1H, BH), 5.06 (s, 5H, Cp), 4.41 (m, 2H, PCHz), 2.50
(m, 1H, Cy), 2.37 (m, 2H, Cy), 2.14 (m, 1H, Cy), 2.04-0.98 (m, 18H, Cy), —11.86 (br,
1H, Mo—H-B). 'H{*B} NMR: §5.49 (s, 1H, BH), -11.87 (d, Je = 30, 1H, Mo—H-B)
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UB{*H} NMR: §14.2 (br). 3'P{*H} NMR: §184.5 (dd, Jep = 55, 7, 1-PCy>), 23.7 (br,
PB), 10.5 (dd, Jep = 105, 55, ReP). 3'P{*H} NMR (213 K): §184.5 (d, br, Jep ca 50, z-
PCy»), 25.3 (d, Jep = 105, PB), 10.8 (dd, Jep = 105, 53, ReP). *C{*H} RMN (213 K): &
245.4 (s, MoCO), 195.7, 192.4, 188.9 (3s, ReCO), 141.7-124.6 (m, Ph), 89.1 (s, Cp),
58.0, 48.8 [2s, br, C}(Cy)], 38.4, 35.9, 35.0, 34.2 [4s, C*(Cy)], 29.4 [s, br, C3(Cy)], 28.6-
28.4 [m, br, 3C3(Cy) and PCH2], 26.9, 26.6 [2s, C*(Cy)].

X-Ray Structure Determination of Compounds 3 and 5. Data collection for these
compounds was performed at ca. 145 K on an Oxford Diffraction Xcalibur Nova single
crystal diffractometer, using Cu Ka radiation. Images were collected at a 62 mm fixed
crystal-detector distance using the oscillation method, with 0.8 or 1.3° oscillation and
variable exposure time per image. Data collection strategy was calculated with the
program CrysAlis Pro CCD,* and data reduction and cell refinement was performed
with the program CrysAlis Pro RED.% In the case of 3, twinning was found to occur in
the crystal. The experimental data were treated as two domain twinned data, the second
domain being rotated from first one by 179.9993° around [1.00 0.00 0.00] (reciprocal
axis) or [0.94 0.00 0.33] (direct axis). For both compounds, an empirical absorption
correction was applied using the SCALE3 ABSPACK algorithm as implemented in the
program CrysAlis Pro RED. Using the program suite WINGX,® the structures were
solved by Patterson interpretation and phase expansion using SHELXL2016,%" and
refined with full-matrix least squares on F? using SHELXL2016. For compound 3, all
non-hydrogen atoms were refined anisotropically, and all hydrogen atoms were
geometrically placed and refined using a riding model, except for H(1) to H(4), which
were located in the Fourier maps and refined isotropically. Compound 5 crystallized
with a disordered toluene molecule, satisfactorily modelled over two positions with half
occupancies. In this case, all non-hydrogen atoms were refined anisotropically except
for a few carbon atoms, which were refined isotropically to prevent their temperature
factors from becoming non-positive definite. All hydrogen atoms were geometrically
placed and refined using a riding model, except for H(1) and H(2), which were located
in the Fourier maps and refined isotropically. Upon convergence, the strongest residual
peaks (2.23-1.24 eA-3) were located around the metal atoms.

Computational Details. All DFT calculations were carried out using the
GAUSSIANO9 package,® and the MO6L functional.®*® A pruned numerical integration
grid (99,590) was used for all the calculations via the keyword Int=Ultrafine. Effective
core potentials and their associated double-{ LANL2DZ basis set were used for Mo and
Re atoms.*® The light elements (P, B, O, C and H) were described with the 6-31G*
basis.*! Geometry optimizations were performed under no symmetry restrictions, using
initial coordinates derived from the X-ray data. Frequency analyses were performed for
all the stationary points to ensure that a minimum structure with no imaginary
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frequencies was achieved. Molecular diagrams and vibrational modes were visualized
using the MOLEKEL program.*2

Supporting Information. A PDF file containing crystal data for compounds 3 and 5,
as well as IR and NMR spectra for new compounds, and a XYZ file including the
Cartesian coordinates for all computed species. This material is available free of charge
via the Internet at http://pubs.acs.org.
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Table of Contents Synopsis

Coordination of Ph,PCH2PPh,-BHj3 to the heterometallic hydride complex [MoReCp(u-
H)(1-PCy2)(CO)s(NCMe)] eventually yielded an agostic derivative displaying end-on
coordination of a B—H bond which, upon photolysis at room temperature, underwent
dehydrogenation to render a diphosphine-boryl derivative displaying a novel bridging
coordination mode, with a side-on coordination of a B—H bond.
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