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H-D Exchange Reaction of Borane-Lewis Base Adducts by Rhenium Polyhydride Complexes
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Heating of a benzene-ds solution of BH3'L (L = PMes,
NMes) and [ReH7(PPhs);] resulted in the formation of the
deuterated boranes, BH;_,,D,,-L (n = 0-3). Deuteration of BH3-L
with [ReHs(PR3)3] (PR3 = PPhj, PPhMe,) required photo-
irradiation. The mechanism of the H-D exchange is discussed.

Transition metal polyhydride complexes have attracted much
interest in recent studies.! They are known to liberate H, giving
coordinatively unsaturated species under mild conditions. The
resulting intermediates are highly reactive and interact with
various substrates to produce new complexes. In many cases,
polyhydride complexes are fluxional, where the hydrogen atoms
in the coordination sphere rapidly exchange their positions.

Borane-Lewis base adducts, BHs-L are isoelectronic and
isostructural with alkanes. We previously reported complexes of
BH;3-L, [M(CO)s(n!-BH;3-L)] (M = Cr, W; L = PMe3, PPhs,
NMejs), in which the borane coordinates to the central metal
through a M-H-B single bridge.? These complexes show
fluxional behavior due to rapid scrambling between the bridging
and terminal hydrogen atoms. In an attempt to synthesize highly
fluxional polyhydride(borane) complexes, we examined the
reactions of borane-Lewis base adducts with rhenium
polyhydride complexes. However, treatment of several boranes
with the rhenium complexes in deuterated solvents resulted in an
unexpected reaction, H-D exchange between the boranes and
solvents. This is the first example of H-D exchange between sp?
carbon and sp? boron, and closely associated with metal-
catalyzed deuteration of alkanes.3

A benzene-dg solution of BH3;-PMes and ReH7(PPhs), (1)
in 1 : 2 ratio was heated at 47 °C, and the progress of the reaction
was monitored by NMR spectroscopy. The ''B{'H} NMR
spectral change during the reaction is shown in Figure 1. Before
heating, BH3-PMe; displays a doublet coupled with a 3!P nuclei
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Figure 1. B NMR spectral change (160.4 MHz, reference: BF;-OEt,)
during the reaction of BHy-PMes with 1. The spectrum of BD3-PMe; is
shown in the frame.

at -37.0 ppm. This signal changed to the overlapping multiplets
upon heating. The spectrum after 40 min of heating essentially
consists of a doublet of triplets. This is attributed to the coupling
with a 3!P (J = 1/2) and a 2H (I = 1) nuclei, and assigned to the
mono-dueterated isotopomer, BHyD-PMes. This signal is shifted
to the slightly higher field relative to that of starting BH3-PMes
due to an isotope effect. Owing to the overlap with the doublet of
BHj;-PMej, two peaks in the signal are observed strongly. At the
base of the signal, toward the higher field, the weak peaks of the
di- and tri-deuterated isotopomers, BHD,-PMe3 and BD3-PMe3
are also found. Apparent change of the !B NMR spectra ceased
after 24 h of heating. The final spectrum was consistent with that
of independently prepared BD3-PMej3 in the chemical shift, and
the splitting pattern was similar to that. The ratio of deuteration
of BH3-PMes was ca. 80% as estimated by ' 1B NMR.# At this
stage, the signal of 1 completely disappeared in the 3'P NMR.
Thus, the H-D exchange in BH3-PMes is terminated with the
decomposition of complex 1. Similarly, BH3-NMes underwent
H-D exchange in the reaction with 1 in benzene-ds. The final
percentage of the deuteration was also ca. 80%. On the other
hand, no reaction was observed when BHz'PMe; was treated
with 1 in cyclohexane-d) ;.

Possible mechanisms for the H-D exchange of BH3:L are
shown in Scheme 1. First, a polydeuteride intermediate [Re-
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Hs_.D,(PPh3),] is formed by repeated oxidative addition /
reductive elimination of CgDg to the coordinatively unsaturated
rhenium center, which was generated by elimination of H,.5 In
pathway A, oxidative addition of BHs-L to the polydeuteride
intermediate gives a boryl complex. Reductive elimination of the
boryl group with a deuterido ligand affords the deuterated
boranes. In path B, BH3L coordinates to the polydeuteride
intermediate through a 3c2e bond as found in [M(CO)5(n!-
BH;-L)].2 The H-D exchange of the boranes is achieved by
rapid scrambling of hydrido or deuterido ligands on rhenium, the
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Table 1. Reaction of borane-Lewis base adducts with rhenium polyhydride complexes
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Re complex Borane B :Re Solvent Conditions Product (percentage of deuteration)
ReH7(PPh3), (1) BHj3-PMes 1:1 CgDg 40 °C (24 h) BHj;.,Dy-PMes (~90%)

BH;3-PMes 1:1 Ce¢Dyo 40°C(2h) no reaction

BHj3-NMej 2:1 CgDg 40°C (24 h) BH; ,Dy'NMes (80%)

BH,Cl-PMe; 1:1 CeDg 40°C(7Th) BH, ,D,Cl-PMe; : BH;_,D,-PMe; =3 : 12

ByHy42PMe;  1:1 CgDg 40°C (24 h) ByH4.nD;-2PMesP

B;H42PMe; 1:1 CeDs 80°C (24 h) ByHy.nDy2PMes : BH; \Dy-PMes =4 : 12:P
ReHs(PPh3)s (2) BHj3-PMe; 1:1 CsDs hv (24 h)® BHj3.,Dy-PMes (80%)

BH3-PMej 1:1 CDs5CD5 hv (1 h) BHj_,Dy-PMe; (40%)

BH3-PMejs 1:1 Ce¢D12 hv (2 h) no reaction

BHj3-NMej 2:1 CgDs hv (24 h) BHj_ Dy -NMes (80%)

BH;Cl-PMe; 1:1 CgDy hv (17 h) BH,Cl-PMes : BH3.,D,-PMe; = 1 : 32:b
ReHs(PMeyPh); (3) BHj3-PMejs 1:1 CgDy hv (24 h) BH; ,Dy-PMes : BH;.,D,'PMe,Ph=2: 12

BH3-PMe3 1:2 C¢DsCD3 hv (-64°C, 1.5h) BHj3.,D,'PMe; (50%)

BHj3-NMej 2:1 CeDg hv (24 h) BHj3_,D,-NMes (90%)

BH,;Cl'PMe;  1:1 CgDs hv (12 h) BH;_,D,Cl-PMe; : BH3 D, PMes =1:12
CpReH;(PPhs); (4) BH3-PMes 2:1 CgDg hv (2 h) BH;_,Dy-PMe; (trace)

BH3-NMe, 1:1 CeDg hv (2 h) BH;_,Dy*NMej (trace)

2 The ratio of deuteration could not be estimated due to the overlap of the signals.  The signal was so broad that the percentage of deuteration was not clear.

¢ Photolysis was carried out at 7 °C unless stated.

hydrogen atom bridging rhenium and boron, and terminal
hydrogen on boron® followed by the elimination of the borane.
Although no intermediates have been detected spectroscopically,
we prefer path B as the mechanism of deuteration of the boranes
since the following reasons. An MO calculation for BH3-PHj
indicates that the antibonding orbitals of BH are energetically so
high that oxidative addition of the BH bond would be quite
difficult.2 Moreover, rapid interchange between terminal and
bridging BH's is observed in many polyboranes.” For zirconium
and osmium tetrahydroborate complexes [CpoZrH(n2-BHg)]® and
[OsH3(n2-BH4)(PR3),],” scrambling of the terminal and bridging
BH atoms as well as the hydrido ligands on metal has been
found. The fact that the H-D exchange does not occur in
cyclohexane-dj; indicates that CgDj 5 is not activated by 1. This
contrasts with the report of Baudry et al., where cyclohexane
undergoes dehydrogenation by 1 in the presence of a hydrogen
acceptor nechexene, to give cyclohexene.!?

The results of this work are summarized in Table I.
Deuteration of boranes by the use of pentahydride complexes
[ReHsL3] (2: L = PPh;, 3: L = PPhMe;) required photo-
irradiation using a medium-pressure Hg lamp. Photochemical
liberation of a phosphine ligand rather than H; from [ReHsLs}
has been reported.!!>12 Thus, thermolysis of 1 and photolysis of
2 give the identical intermediate, and it mediates the H-D
exchange of boranes. In the 3—BHj3-PMej system, formation of
BH;_,D,-PPhMe; by ligand exchange on borane was also
observed. The photolysis and following measurement of ''B
NMR of a toluene-dg solution of BH3-PMes and 3 at -64 °C was

carried out for the purpose of direct observation of the -

intermediate. Even under such a condition, however, no complex
with a borane-rhenium interaction was detected. The table also
includes the results of the reactions with use of BH;CI-PMe; and
BoHy4-2PMes, which lead to B—-Cl and B-B bond cleavage to
produce BH3_,D,-PMes. Treatment of boranes with CpReH,-

(PPh3), (4) under photo-irradiation yielded only a trace amount
of BH,D-PMes. This indicates that the boranes scarcely interact
with the intermediate derived from 4, as opposed to the alkane—
CgDs H-D exchange catalyzed by 4.3
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