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Summary: [Et4N]2[W2(CO)8(µ-H)2] and [Et4N]2[Mo2(CO)8-
(µ-H)2] were synthesized in 47 and 31% yields, respec-
tively, from the reaction of (TMED)M(CO)4 (M ) Mo, W;
TMED ) N,N,N′,N′-tetramethylethylenediamine) with
a stoichiometric quantity of [Et4N][BH4].

Introduction

Transition-metal hydrides are important intermedi-
ates in numerous catalytic hydroformylation, hydroge-
nation, and hydrogenolysis reactions.1 Complexes con-
taining terminal or bridging hydrido ligands have also
been reported to effectively reduce organic molecules
such as aldehydes, ketones, and alkyl halides.2 Ad-
ditionally, interest in transition-metal hydrides stems
from the fact that they provide good models for several
fundamental industrial processes.3 Among metal hy-
drides, those containing the unsaturated moiety M2(µ-
H)2 (MdM) are attractive because of the presence of
readily available vacant sites for the incoming sub-
strates. Several such complexes have been reported,
including Os3(CO)10(µ-H)2,4 [Re(CO)4]2(µ-H)2,5 [M(CO)3]2-
(µ-H)2(µ-L) (M ) Mn, Re; L ) diphosphine),6 [(η5-C5Me5)-
Os(CO)]2(µ-H)2,7 [CpW(NO)H]2(µ-H)2,8 Re3(µ-H)4(CO)10

-,9
and [M2(CO)4]2(µ-H)2

2- (M ) W, Mo).10 The reactivity
of Os3(CO)10(µ-H)2 has been studied extensively in the
past.11 [M(CO)3]2(µ-H)2(µ-L) (M ) Mn, Re)12 and Re3-

(µ-H)4(CO)10
-,13 have also been the subject of many

reports. In comparison, the reactivity of [M(CO)4]2(µ-
H)2

2- (M ) W, Mo) species remains unexplored.10,14

Similar to Os3(CO)10(µ-H)2
11 and [Re(CO)4]2(µ-H)2,15 the

complexes [M(CO)4]2(µ-H)2
2- (M ) W, Mo) should be

useful in the construction of metal clusters. Although
the complexes [M(CO)4]2(µ-H)2

2- (M ) W, Mo) can be
synthesized as Et4N+ salts in moderate yields, one has
to deal with extremely air-sensitive compounds, Na4M-
(CO)4, and noxious ammonia gas.10a In this paper, we
will describe a convenient synthesis of [Et4N]2[M2(CO)8-
(µ-H)2] from (TMED)M(CO)4. This method is simple,
the yield is comparable to that of the previous method,
and it will facilitate the investigation of these interest-
ing complexes.

Results and Discussion

The complex [Et4N]2[W2(CO)8(µ-H)2] was first syn-
thesized in very low yield from W(CO)6 and [Et4N]-
[BH4].10b Apparently, the necessity of evolution of two
CO ligands per W atom renders the reaction difficult.
Later, Kirtley reported the synthesis of [PPN]2[W2(CO)8-
(µ-H)2] from [PPN][W(CO)5I] with [PPN][BH4].16 We
found that the latter method was not appropriate for
the synthesis of the molybdenum analogue, possibly
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because of the enhanced CO lability in molybdenum
carbonyls, and the evolved CO rapidly destroyed any
Mo2(CO)8(µ-H)2

2- formed.10a Metal complexes with
substitution-labile and chemically inert polydentate
amine ligands can potentially create several vacant sites
at the metal center for facile derivatization. Indeed,
such a strategy has been successfully applied in the
construction of highly reduced organometallic com-
plexes,10a metal clusters17,18 and simple ligand substitu-
tion.19 By the same strategy we have been able to
synthesize [Et4N]2[M2(CO)8(µ-H)2] (M ) Mo, W) from
(TMED)M(CO)4 (M ) Mo, W; TMED ) N,N,N′,N′-
tetramethylethylenediamine) and [Et4N][BH4] (eq 1).

A speculative mechanism for the formation of W2-
(CO)8(µ-H)2

2- in the present method, involves a revers-
ible ring opening (with scission at the M-N bond)
followed by nucleophilic attack by H-. Such a mecha-
nism has been proposed in the reaction of Mo(CO)3(PNP)
(PNP ) Ph2PCH2CH2N(Et)CH2CH2PPh2) with CO.20 It
is interesting to note that the similar reaction of
(TMED)W(CO)4 with K[sec-Bu3BH] also affords K2-
[H2W(CO)4].10a The reaction conditions are also impor-
tant, especially for the synthesis of 3. The deviation in
temperature for the reaction can be no more than ca.
(3 °C; a lower temperature results in a lower yield,
whereas a higher temperature leads to substantial
formation of [Mo(CO)3(µ3-H)]4.4-18 Another critical step
in the reaction is the washing of the crude [Et4N]2[M2-
(CO)8(µ-H)2] with water. The washing should be ac-
complished as rapidly as possible, particularly for 3, to
avoid decomposition of the desired product (vide infra).
The most important accomplishment in this study is the
convenient syntheses of [Et4N]2[M2(CO)8(µ-H)2] (M )
Mo, W) in yields comparable with that reported previ-
ously. A larger scale preparation should also be con-
ceivable, in view of the simplicity of the reaction setup.

Although complex 3 in its solid form can be handled
in air for several hours without apparent decomposition,
in solution it reacts readily with H2O to produce [Et4N]4-
[Mo(CO)3(µ3-OH)]4, along with [Et4N][Mo2(CO)10(µ-H)].
The latter compound is produced possibly by protonation
of Mo2(CO)10

2-, formed in situ from the reaction of the
released CO with unreacted 3.16 The complex 2 dis-
solved in CH3CN also reacts with H2O at a slower rate.
The major product obtained from the reaction is [Et4N]-
[W2(CO)10(µ-H)].21 Our preliminary study indicates that
interesting heteronuclear metal clusters such as W2-
(CO)8(µ-dppm)(µ-H)(µ-CuPPh3) can be derived from
[Et4N]2[W2(CO)8(µ-H)2].22 The synthetic exploitation of
2 and 3 to assemble metal clusters will be pursued in a
future study.

Experimental Section

General Procedure. Infrared measurements were made
on a Perkin-Elmer Paragon 1000 FT-IR spectrophotometer.
The 1H NMR spectra were recorded on a Bruker AC300
spectrometer and referenced to TMS. Elemental analyses
were performed on a Perkin-Elmer 2400 CHN analyzer.

Unless specified, all operations were carried out under
nitrogen with use of standard Schlenk techniques or a drybox.
All solvents were purified by standard procedures or degassed
by bubbling nitrogen through the solvents for 1 h prior to use.
(TMED)M(CO)4 (M ) Mo, W; TMED ) N,N,N′,N′-tetrameth-
ylethylenediamine) were prepared according to the published
procedures.23

Synthesis of [Et4N][BH4] (1). Anhydrous CH3CN (1000
mL) was added to a flask containing a mixture of Et4N+Br-

(45.0 g, 0.214 mol) and NaBH4 (8.10 g, 0.214 mol), the resulting
slurry was stirred at room temperature for 48 h, and the
solution was filtered. The filtrate was pumped dry, and the
residue was washed with Et2O to provide white crystalline 1
in 97% yield (30.1 g). Anal. Calcd for BC8H24N: C, 66.22; H,
16.67; N, 9.65. Found: C, 66.41, H, 16.49; N, 9.33.

Synthesis of [Et4N]2[W2(CO)8(µ-H)2] (2). To a flask
containing (TMED)W(CO)4 (10.0 g, 24.2 mmol) and [NEt4]-
[BH4] (4.05 g, 27.9 mmol) was added 150 mL of THF, and the
resulting slurry was heated to 72 °C for 48 h. During the
reaction a reddish precipitate formed at the expense of white
[NEt4][BH4]. THF was removed from the red solid via a
cannula. The red solid was then washed with H2O (100 mL
× 3) in air and pumped dry. Recrystallization of the red
powder from acetone and THF provided red crystalline 2 in
47% yield (4.85 g). Anal. Calcd for C24H42N2O8W2: C, 33.74;
H, 4.96; N, 3.28. Found: C, 33.42, H, 4.92; N, 3.39.

Synthesis of [Et4N]2[Mo2(CO)8(µ-H)2] (3). To a flask
containing (TMED)W(CO)4 (5.0 g, 15.3 mmol) and [NEt4][BH4]
(2.69 g, 18.5 mmol) was added 150 mL of THF, and the
resulting slurry was heated at 58-60 °C for 15 h. During the
reaction the white [NEt4][BH4] gradually disappeared and an
orange precipitate formed. The supernatant was removed
using a cannula, and the remaining red powder was recrystal-
lized from acetone (300 mL × 5) under a nitrogen atmosphere.
The resulting orange solid was then washed with THF (100
mL × 3), H2O (100 mL × 3), and THF (100 mL × 2) in air and
pumped dry. Further recrystallization of the red powder from
CH3CN and THF afforded orange crystalline 2 in 31% yield
(1.6 g). Anal. Calcd for C24H42N2O8Mo2: C, 42.49; H, 6.24;
N, 4.13. Found: C, 42.40, H, 6.16; N, 4.22.

Reaction of 3 with H2O. Degassed H2O (2.0 mL) was
added to a solution of 3 (300 mg, 0.442 mmol) in 30 mL of
CH3CN. After the solution was stirred for 24 h at room
temperature, the solvent was removed in vacuo. The residue
was washed with THF (10 mL × 2) and CH3CN (2 mL × 2)
and pumped dry to provide 130 mg of yellow powdery [Et4N]4-
[Mo(CO)3(µ3-OH)]4 (45%).17 From the THF washings the
complex [Et4N][Mo2(CO)10(µ-H)]21 was isolated in 52% yield
(140 mg).

Reaction of 2 with H2O. H2O (2.0 mL) was added to a
solution of 2 (150 mg, 0.176 mmol) in 30 mL of CH3CN. The
solution was stirred for 48 h at room temperature and
concentrated to ca. 1 mL. The supernatant was discarded and
the residue was pumped dry. The residue was then recrystal-
lized from THF/Et2O to afford yellow powdery [Et4N][W2(CO)10-
(µ-H)]21 in 86% yield (120 mg).
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(η2-Me2NCH2CH2NMe2)M(CO)4 +

[Et4N][BH4]98
60 °C/THF (M ) Mo)

70 °C/THF (M ) W)
(1)
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