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Abstract

Photoreaction of diaminosubstituted-phosphiteborane, BH;P(NMeCH,),(OMe) with a methyl molybdenum complex, (1°-CsRs)-
Mo(CO);Me (Rs = Mes, MesH, Hs) yielded a phosphiteboryl molybdenum complex, (1°-CsRs)Mo(CO);BH,{P(NMeCH,)>(OMe)}
(Rs = Mes: 2, Me,yH: 3, Hs: 4). In the reaction of 2 with Mel, the Mo—B bond was activated to give (n°-CsMes)Mo(CO);Me, in the
reaction with PMes, the B-P bond was activated to give (n°>-CsMes)Mo(CO);(BH,PMe;). Complex 2 in solution was gradually con-
verted into (n°-CsMes)MoH(CO),{P(NMeCH,),(OMe)} (8) via the B-H bond activation of 2. Structures of 2, 3, and 8 were determined

by single crystal X-ray diffraction studies.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Phosphineborane (R3;PBR’3) is generally considered to
be a Lewis base-acid adduct, that is, the P-B bond
consists of donation of lone-pair electrons on the
phosphorus to the empty p orbital of the boron. On
the other hand, phosphineborane also can be seen as a
phosphonium-borate compound with a P-B covalent
bond, if positive and negative charge is located on the
P and the B, respectively. In the latter description,
phosphineborane is isoelectronic to alkane. Phosphinebo-
rane may be described as a resonance hybrid somewhere
between these two extremes. Phosphideborane complexes
(L,M-PR,BR’3) and phosphineboryl complexes
(L,M-BR’,PR3) attracted considerable attention. Since
phosphideborane complexes are formally produced by
the displacement of one substituent on the P of

* Corresponding author. Tel.: +81 6 6605 2547; fax: +81 6 6605 2522.
E-mail address: nakazawa@sci.osaka-cu.ac.jp (H. Nakazawa).

0022-328X/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.jorganchem.2006.04.049

phosphineborane by a transition fragment and phosphin-
eboryl complexes are formally produced by the displace-
ment of one substituent on the B by a transition metal
fragment, these complexes are isoelectronic to organo-
transition-metal complexes.
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B-H bond activation of BH;PR; with a transition metal
complex is a subject of growing interest, because this reac-
tion can be considered as a model reaction of alkane C-H
activation [1]. Many examples of B-H bond activation by
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Scheme 1.

transition metal complexes have been reported for tri-coor-
dinate boranes [2,3]. In contrast, little is known of B-H
bond activation of tetra-coordinate (sp’-type) boranes such
as BH; - PR3 [4,5]. Shimoi et al. reported elegant examples
of B-H bond activation of tetra-coordinate borane
(Scheme 1). The photolysis of Cp*M(CO);Me (Cp* = n°-
CsMes, M = Mo, W) in the presence of BH3 - PMe; pro-
duced Cp*™M(CO);BH,(PMes) [6]. They also synthesized
Cp*™M(CO),BH,(PMe;) (M = Fe, Ru) [7] and Mn(CO)s-
(PR3)BH,(PMes3) (PR3 =PEt;, PMe,Ph) [8]. Shimoi’s
method, that is, photoreaction of a methyl complex of tran-
sition metal with phosphineborane to produce phosphine-
boryl complex seems to be useful. But examples shown to
date are limited only for trimethylphosphineborane. Herein
we demonstrate that photoreaction of Cp*Mo(CO);Me
and its derivatives in the presence of several phosphorus
compounds, such as diaminosubstituted-phosphiteborane,
BH;P(NMeCH,),(OMe) (1), produced phosphiteboryl
Mo complexes, such as Cp*Mo(CO);BH,{P(NMeCH,),-
(OMe)} (2). We also present the unprecedented reactivity
of 2 involving Mo-B bond activation by Mel, B-P bond
activation by PMes;, and B-H bond activation. A part of
this work was reported preliminarily [9].

2. Results and discussion

2.1. Synthesis and characterization of phosphiteboryl
molybdenum complexes

Treatment of P(NMeCH,),(OMe) [10] with BH; - THF
yields a diaminosubstituted-phosphiteborane, BH; - P(N-
MeCH,),(OMe) (1) in the analogous method [11], as a
white solid in 98% yield, as shown in Eq. (1).
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Photoreaction of 1 with some methyl molybdenum
complexes (nS-CSRS)MO(CO)g,MC (Rs=Mes, MesH,
Hs) [12-14] at 0°C in 1:1 molar ratio afforded
corresponding phosphiteboryl complexes (1°>-CsRs)Mo
(CO)3BH2{P(NM€CH2)2(OMG)} (RSZ Mes: 2, Me4H: 3,
Hs: 4) (Eq. (2)). The isolation yields were 43% for 2

and 13% for 3. Complex 4 could not be isolated due
to its thermal instability. We sought optimized reaction
conditions to get a better isolation yield, and found that
the reaction of 1 with a slightly excess amount (1.36
times molar ratio) of Cp*Mo(CO);Me produces 2 in a
70% yield based on the Mo complex and in a 95% yield
based on 1. An analogous methyl complex of another
transition metal, Cp*W(CO);Me and Cp*M(CO),Me
(M = Fe, Ru), did not react with 1 under the same reac-
tion conditions. This is in contrast to the results of the
reaction with BH; - PMes (see Scheme 1).
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The X-ray structures of 2 and 3 were determined by X-
ray crystallography. The molecular structures of 2 and 3
are shown in Fig. 1(a) and (b), respectively, and selected
bond distances and angles are summarized in Table 1. Both
complexes have a phosphiteboryl ligand, a CsRs ligand
with ns-fashion (Rs =Mes: 2, MeyH: 3), and three car-
bonyl ligands around the Mo forming a four-legged
piano-stool structure. The Mo-B bond distance is
2.472(4) A in 2 and 2.487(3) A in 3, and slightly shorter
than that of the previously reported phosphineboryl
complex, Cp*Mo(CO);{BH,(PMes)} (2.497(5) A) [6]. The
B-P bond distance (1.903(4) A: 2, 1.908(3)A: 3) is
obviously shorter than that of the corresponding phosphin-
eboryl complexes, Cp*M(CO)3{BH2(PMe3)} (M = Mo:
1.949(5) A, W: 1.952(7) A) [6]. The bond distances of
Mo—C(carbonyl) are almost the same for 2, 3, and
Cp*Mo(CO)3;{BH,(PMe3;)}, irrespective of the geometrical
position of CO (cis or trans to the boryl ligand). The bond
angles of Mo—B-P (123.4(2)° for 2, 121.2(1)° for 3) are sim-
ilar to that of the phosphineboryl complex (121.4(2)°) [6],
showing that these borons have typical tetrahedral
geometries.

The *'P{"H} NMR signals in 1-3 show broad quartet at
0 113.3 (q, Jgp = 102.1 Hz) for 1, 103.6 (q, Jgp = 127.6 Hz)
for 2, and 103.9 (q, Jgp = 127.2 Hz) for 3. In the ''B NMR,
the chemical shifts for 2 (6 —29.6, Jpg = 130.0 Hz,
Jup=1204Hz) and 3 (6 -30.0, Jpg=130.0Hz,
Juyg = 110.7 Hz) are at lower field than that for 1 (¢
—42.2, dq, Jpg =102.1 Hz, Jyg =96.3 Hz). The similar
tendency has been observed for Cp*Mo(CO);{BH,(PMe3)}

[6].
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