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Free borylenes are elusive, highly reactive species that are not
accessible under ambient conditions but can be generated and
effectively stabilized in the coordination sphere of transition
metals, thus yielding a variety of borylene complexes.['l The
close relationship of this class of compounds with ubiquitous
transition-metal carbonyl complexes is reflected by the fact
that BR ligands adopt the same bonding pattern (i.e. ligand —
metal 0 and metal—ligand wt bonding) and coordination
modes (terminal,”! doubly® or triply bridging,””! and semi-
bridging®) as their CO counterparts. Of particular interest
are terminal borylene complexes, since very recently it was
demonstrated that such compounds serve as potential sources
for elusive BR species, thus allowing for unprecedented
borylene-based functionalization of organic substrates.”
Access to these compounds is commonly achieved by salt
elimination reactions between dianionic metal carbonylates
and suitable dihaloboranes, or in the case of cationic borylene
complexes, by halide abstraction from appropriate haloboryl
precursors. Both methods, however, are severely limited in
scope and have only been successfully applied to Group 6
metals,” iron,”®! and most recently, platinum.”!

In order to provide more general access to terminal
borylene complexes, we have started to investigate intermetal
borylene transfer!'”! and succeded in the isolation of unpre-
cedented mononuclear vanadium!'! and tetranuclear rho-
dium™ borylene species, which cannot be obtained by the
aforementioned conventional syntheses. Herein, we describe
the stepwise borylene transfer from tungsten to cobalt, which
proceeds via an unprecedented heterodinuclear intermediate
to furnish the first cobalt borylene complexes.

Photolysis of equimolar amounts of [(OC);W=BN-
(SiMe;),] (1) and [(n>-CsHs)Co(CO),] (2) in toluene for 6 h
results in the formation of the heterodinuclear borylene-
bridged complex [(n’-CsH;)(OC)Co{u-BN(SiMe,),)W(CO);]
[3; Eq.(1)]. After recrystallization from hexane, 3 was
isolated as air- and moisture-sensitive dark red crystals in
40% yield.
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The "B{'H} NMR spectrum of 3 displays a broad singlet
at 0=103 ppm (w,, =488 Hz), which is shifted downfield
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with respect to that of the starting material 1 (6 =87 ppm),[’?

as expected for the formation of a bridged borylene com-
plex."™ The 'H NMR spectrum shows one new singlet for the
trimethylsilyl group at ¢ =0.22 ppm, which is deshielded in
comparison to that of the borylene precursor 1 (0=
0.12 ppm).[7

The proposed constitution of 3 was confirmed by single-
crystal X-ray diffraction (Figure 1)."! Crystals of 3 were
obtained by cooling a concentrated hexane solution to
—35°C; the complex crystallizes in the monoclinic space
group P2,/n.

In the solid state, the {W(CO)s} and {(n’-CsH;)Co(CO)}
fragments are linked by a bridging borylene ligand BN-
(SiMe;),. The W1-B1 bond (2.434(3) A) is considerably
elongated in comparison to that of the corresponding
terminal borylene complex 1 (2.151(7) A)," in agreement
with the increased coordination number of the boron center.

Figure 1. Molecular structure of 3 in the solid state. Thermal ellipsoids
are set at 50 % probability. Hydrogen atoms are omitted for clarity.
Bond lengths [A] and angles [°]: B1-Co1 1.913(3), B1-W1 2.434(3),
B1-N1 1.387(3), Co1-W1 2.816(4); W1-B1-N1-Si2 78.80(3), W1-B1-N1-
Si3 66.40(3), N1-B1-Co1: 141.96(19), N1-B1-W1 138.32(17), B1-Co1-
W1 58.26(3), B1-W1-Col 41.95(6).
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The Col-B1 bond length (1.913(3) A) is similar to analogous
distances found in complexes featuring three-coordinate
boron atoms linked to cobalt centers, such as [(Me;P);Co-
(Bcat),] (cat = CgH O,; 1.945(2), 1.970(3) A)."¥l The Si2-B1-
Si3 plane is twisted by 72° with respect to the Col-B1-W1
plane. This effect is probably due to the presence of the bulky
MesSi groups, as already observed in the borylene-bridged
complex [{(n’-CsH,Me)Fe(CO)},(1-CO){u-BN(SiMes),}] (4;
53(1)°). The increased B1-N1 bond length of 1.412(4) A in 4
indicates a less effective m interaction between the nitrogen
atom and the boron atom.”! However, the B1-N1 bond
(1.387(3) A) of 3 is only slightly longer than that observed in
the corresponding terminal borylene complex 1
(1.338(3) A)," thus indicating significant double-bond char-
acter in the boron-nitrogen linkage.

Since compound 3 can be viewed as an intermediate of
borylene transfer from tungsten to cobalt, the completion of
this desired transmetalation was attempted [Eq. (2)].

The terminal borylene complex [(1’-CsHs)(CO)Co=B=
N(SiMe;),] (5) was obtained with surprising ease by dissolving
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3 in THF. "B NMR spectroscopy of the reaction mixture
revealed gradual consumption of 3 and concomitant forma-
tion of §, which was complete after 14 h at ambient temper-
ature. After isolation and purification, 5§ was obtained as an
analytically pure dark orange oil in 70 % yield.

The '"H NMR spectrum of 5 displays one singlet for the
trimethylsilyl group at  =0.21 ppm, which is slightly shielded
with respect to that of the bridged precursor 3 (6 = 0.22 ppm).
The '"B{'H} NMR spectrum of § features an upfield-shifted
resonance at 0=79 ppm, suggesting the formation of a
terminal borylene species. The CO ligand is terminally
coordinated in solution, as demonstrated by the presence of
a band at #=1929 cm ' in the IR spectrum of 5 in toluene.

Owing to the oily consistency of 5, it was not possible to
obtain single crystals suitable for X-ray diffraction. However,
further convincing evidence for the proposed formulation
stems from the computed "B NMR shift of 5 at 5 =83 ppm,'*!
which resembles the experimental value and is in agreement
with a terminal borylene complex.

Complex 5 proved to be surprisingly unstable in solution,
as ascertained by "B NMR spectroscopy, which indicated the
formation of a new boron-containing product even under mild
conditions (hexane at —35°C). Complete conversion to the
new product was accomplished after about 32 days, at which
point red crystals of [{(n’-CsHs)(OC)Col,(1-BN(SiMe,),] (6)
could be isolated. The rather moderate yield of 29 % for 6 is in
agreement with its formation in a nonstoichiometric reac-
tion.['”)

The "B{'H} NMR spectrum of 6 exhibits a deshielded
broad singlet at 6 =106 ppm (cf. 6 =79 ppm for 5), which
indicates the formation of a new borylene-bridged complex.

Angew. Chem. Int. Ed. 2007, 46, 52125214

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angewandte

The 'HNMR spectrum displays a new singlet for the
trimethylsilyl group at ¢ =0.30 ppm, which is deshielded in
comparison to that of the terminal borylene precursor 5 (6 =
0.21 ppm).

The molecular structure of 6 was conclusively determined
by performing a single-crystal X-ray diffraction analysis.™
The complex crystallizes in the monoclinic space group C2/c.

Figure 2 illustrates that two {(1’-CsHs)Co(CO)} units are
linked through a metal-metal bond and a bridging borylene
ligand. The boron atom and both cobalt atoms form an

Figure 2. Molecular structure of 6 in the solid state. Thermal ellipsoids
are set at 50 % probability. Hydrogen atoms are omitted for clarity.
Bond lengths [A] and angles [°]: B1-Col 1.952(2), B1-N1 1.404(3), Col-
ColA 2.493(5); Co1-B1-N1-Sil1 54.42(2), N1-B1-Co1 140.32(5), B1-Col-
ColA 50.32(5), Col-B1-ColA 79.35(10).

isosceles triangle with B—Co bonds lengths of 1.952(2) A and
a Co—Co bond length of 2.493(5) A. The molecular geometry
closely resembles that of the methylene-bridged cobalt
complex [(u-CH,){(n>-CsH,Me)Co(CO)},]. In this case, the
Co—Co distance of 2.497(1) A also indicates the presence of a
metal-metal bond, consistent with the effective atomic
number (EAN) rule and the description of this class of
compounds as dimetallacyclopropanes.'®!

The overall geometry of the exocyclic amino group of 6,
comprising a trigonal-planar nitrogen atom, a B—N distance
of 1.404(3) A, and a dihedral angel between the Sil-B1-SilA
and Col-B-ColA planes of 54.42(2)°, resembles that of the
aforementioned complex 4.0

The first cobalt borylene species reported herein under-
line the importance of borylene-transfer reactions for the
synthesis of BR-containing products, which are not available
by any other more conventional route. Moreover, the full
characterization of a novel mixed-metal borylene complex
provides convincing evidence that intermetal borylene trans-
fer proceeds via heterodinuclear intermediates, that is,
according to an associative process and not by prior dissoci-
ation of the borylene ligand.

Experimental Section

All manipulations were conducted either under an atmosphere of dry

argon inside a glovebox or employing standard Schlenk techniques.
3: A dark red solution of 1 (0.30 g, 0.61 mmol) and 2 (0.07 mL,

0.61 mmol) in toluene (15 mL) was photolyzed at —30°C for 6 h. The

solvent of the dark red reaction mixture was removed in vacuo, and

the resulting dark red solid was dissolved in hexane (2 mL). After
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filtration, the solution was cooled to —35°C, thus yielding dark red
crystals of 3 (0.12 g, 40%). "H NMR (500 MHz, C,Ds, 25°C, TMS):
0=459 (s, 5SH, CsH;), 022ppm (s, 18H, Me); “C{'H} NMR
(126 MHz, C,Dg, 25°C): 6=198.04 (CO), 197.20 (CO), 191.40
(CO), 98.13 (C;Hs), 3.90 ppm (Me), "B{'H} NMR (64 MHz, C¢Dq,
25°C): =103 ppm (s, w,, =488 Hz). IR (toluene): #=2060, 1969,

1923, 1854cm™ (C=0). Elemental analysis (%) caled for
C,;H;BCoNO,Si,W:  C31.55, H3.58, N2.16; found: C31.62,
H 3.58, N 2.16.

5: Solid 3 (0.10 g, 0.15 mmol) was dissolved in THF (1 mL) and
allowed to react at ambient temperature for 14 h. The solvent was
removed in vacuo, and the resulting dark red oil was dissolved in
hexane (2 mL). After filtration, all volatiles were removed in vacuo,
and 5 was isolated as an analytically pure dark orange oil (0.04 g,
70%). "H NMR (500 MHz, C;Dg, 25°C, TMS): 6 =4.80 (s, 5H, CsHs),
0.21 ppm (s, 18 H, Me); “C{'H} NMR (126 MHz, C,D;, 25°C): 6 =
201.49 (CO), 82.77 (CsHs), 3.26 ppm (Me), 'B{'H} NMR (64 MHz,
CeDy,25°C): 0 =79 ppm (s, w;,, =43 Hz). IR (toluene): # = 1929 cm ™
(C=0). Elemental analysis (%) calcd for C,,H,;BCoNOSi,: C 44.59,
H7.17, N 4.33; found: C 44.03, H 6.89, N 4.48.

6: Compound 5 (0.05g, 0.15 mmol) was dissolved in hexane
(1 mL) and stored at —35°C for 32 d to yield a dark red crystalline
solid. The solid was dissolved in hexane (2mL) with subsequent
filtration, and the dark red solution was cooled to —35°C. Complex 6
was isolated as red crystals (0.02g, 29%). 'HNMR (500 MHz,
[Dg]THEF, 25°C, TMS): 6 =4.71 (s, 10H, CsH;), 0.34 ppm (s, 18H,
Me); “C{'H} NMR (126 MHz, [D;]THF, 25°C): 6 =212.74 (CO),
87.89 (C;Hs), 4.47ppm (Me), "B{'"H}NMR (64 MHz, [Ds]THF,
25°C): 6=106ppm (s, w;;,=320Hz). IR (toluene): #=1982,
1938cm™  (C=0). Elemental analysis (%) caled for
CsHpsBCo,NO,Siy: C45.49, H5.94, N 2.95; found: C45.49, H5.92,
N 2.94.
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