CuOTf-mediated intramolecular diborene hydroarylation
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Upon complexation to CuOTf, a PMes-stabilized bis(9-anthryl)
diborene slowly undergoes an intramolecular hydroarylation
reaction at room temperature. Subsequent triflation of the B-H
bond with CuOTf, followed by a PMe; transfer, finally yields a cyclic
spz-sp3 boryl-substituted boronium triflate salt.

By exploiting the Lewis-base stabilization strategy, several
neutral diboron compounds with B-B m-bonding have been
Although
electronically resemble olefins and alkynes, their energetically

synthesized recently.l’2 these  compounds
high-lying 1 orbitals, and the inherently labile B-B bond, make
these B—B multiple bonds easier to break, even with weakly
donating or oxidising reagents, such as CO, isonitriles, alkynes,
Undoubtedly,

transformations of B—B m-bonds alone would be promising and

and chalcogen-based oxidants.? selective
highly desirable, in view of the ubiquitous use of olefins and
alkynes in organic synthesis without the cleavage of the carbon
Thus far,

transformations of B—B m-bonds have been

skeleton. only three types of such selective
reported: (i)
coordination with transition metals or neutral Lewis bases;* (ii)
one- or two-electron oxidation without B—B o-bond cleavage;s'7
and (iii) o-bond addition,

8,9

hydrogenation.™

including hydroboration and

Recently, we successfully introduced the 9-anthryl group to

7b,10,11

diborane(4) chemistry. Compared to mesityl and duryl

groups, often used in diborane(4) chemistry,12 the planar 9-
anthryl substituent is in fact slightly smaller in size and bears
neighbouring spz-C—H bonds rather than benzylic sp3-C—H
bonds, which may provide a new platform for diborane(4)
chemistry. Similar to NHC-stabilized diborenes and diborynes,73
treatment of PMes-stabilized 9-anthryl diborene 1 with
elemental selenium gave diboraselenirane 2. Interestingly,
upon further exposure to elemental selenium, 2 was slowly
converted to 1,9-diborylanthracene 3, effectively a
Inspired by

this facile spZ-C—H borylation with a B-B o-bond, and the

“hydroarenolysis” of the B-B bond (Fig. 1, top).7b

established fact that C—H alkylation with olefins is easier than
that with C-C cr-bonds,13
borylation with a B-B m-bond for diborane synthesis.14

we considered the possibility of C—H
While
the CuCl complex of 1 is stable enough to be isolated,4 1 slowly
undergoes intramolecular hydroarylation upon treatment with
the more electrophilic species copper(l) triflate. The final
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product 7, a cyclic spz-sp3 boryl-substituted boronium triflate
salt, may result from the hydroarylation intermediate 6 through
tandem B-H triflation with CuOTf and a PMe; transfer (Fig. 1,
bottom). These results are reported in this Communication.
Initially, zinc(ll) halides ZnCl, and ZnBr,, known to be mild
catalysts for Friedel-Crafts alkylation in organic synthesis, were
tested for their ability to catalyze or mediate the intramolecular
hydroarylation of diborene 1. Suprisingly, monomeric 16-
electron mt-complexes of Zn(ll) were isolated from the benzene
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Fig. 1 Anthryl C-H borylation with B-B and B=B bonds. An = 9-anthryl.

6, proposed

Fig. 2 Molecular structure of 4. Thermal ellipsoids are shown at the 50% probability level.
Hydrogen atoms and solvent molecule (THF) are omitted for clarity. Selected bond
lengths [A] and angles [deg]: B1-B2 1.625(2), Cul-B1 2.133(3), Cul-B2 2.143(3); Cul-
B1-B2 68.0(2), Cul-B2-B1 67.3(2); £ /B1357.9, = /B2 358.9.

a solvent
13,15

mixture, which were also stable in dichloromethane,4d
commonly used for hydroarylation of olefins and alkynes.
Attempts with the more electrophilic reagent zinc(ll) triflate,
however, gave no reaction as detected by NMR spectroscopy,
possibly due to the bulkiness of the two triflate anions around
zn*"ion.

Given the disappointing results with zinc, we then turned our
attention to copper

complexes to catalyse or promote



intramolecular hydroarylation.16 A green solution of 1 in
benzene immediately turned bright yellow upon mixing with
excess CuCl. As expected,4b the r]z-diborene complex 4 was
isolated in 95% yield as a yellow solid and suitable single crystals
for X-ray diffraction analysis were obtained from a THF solution
at —30 °C (Fig. 2).17 The solid-state structure of 4 is very close to
that of reported for coinage metal complexes of NHC-stabilized
diborenes,‘la’b except for the more distorted metal center
observed for 4 (£ ./ Cul 355.6° and Cl1-Cul—centroid(B1-B2)
165.8°). In the solution state, the "B NMR signal for 4 (55 = 17.1
ppm, C¢Dg) is located slightly upfield with respect to that of the
free ligand (1: 6z =22.0 ppm, C¢Dg), in accord with that observed
for known coinage complexes.‘la'b However, the broad 31P{lH}
NMR signal is slightly downfield shifted (4: 6, =—19.0 ppm, C¢Ds;
1: 6p = —21.3 ppm, C¢Dg), following the trend observed in Zn(ll)
and Cd(ll) diborene complexes.4d

To promote an intramolecular diborene hydroarylation
reaction, complexation of 1 to (CuOTf),:(toluene), a more
electrophilic copper(l) reagent, was then conducted (Fig. 3). The
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Fig. 3 Reaction of diborene 1 with (CuOTf),/(toluene), and crystallographically
determined structure of 7 (triflate anion not shown). An = 9-anthryl. Thermal ellipsoids
are shown at the 50% probability level. Hydrogen atoms, solvent molecules (benzene)
and anion are omitted for clarity. Selected bond lengths [A] and angles [deg]: B1-B2
1.782(2), B1-P1 1.948(3), B1-P2 1.960(2); P1-B1-P2 112.7(1), C1-B1-B2 98.6(2), B1—
B2-C3 103.5(2), B1-B2—C4 135.4(2), C3—-B2—C4 121.0(2).

reaction was judged to be complete in several minutes as the
characteristic green color of 1 in benzene immediately
disappeared. Filtration to remove the generated black solids
gave a bright red solution that showed an g NMR signal at &g
=18.2 ppm (major) and a broad 31P{lH} NMR signal at 6, =—18.8
ppm (major), comparable to those for 4 and indicative of
complex 5 as the major product.17 During storage in a glovebox
for ca. one week at RT, a thin red mirror formed on the inner
wall of the vial and orange block crystals precipitated, which
were suitable for X-ray diffraction analysis. This confirmed the
sample to be compound 7, an unusual spz-sp3 boryl-substituted
boronium triflate salt (Fig. 3).18 The "B NMR signals (6 = 103.1
and —20.5 ppm) are characteristic of spz-sp3 diboranes,ua and
the °F NMR spectrum displays a singlet at —79.0 ppm, in accord
with a free triflate group.19 The 31P{lH} NMR spectrum shows
broad multiplets at § =—10.8 ppm due to the coupling with both
boron nuclei. Heating at 60 °C dramatically accelerated the
transformation from 5 to 7, as confirmed by B NMR and
*p{*H} NMR.Y

Compound 7 may result from the initial intramolecular
hydroarylation product 6 (Fig. 1) through a metathesis between

the resulting B—H bond and the released CuOTf, with the
production of binary copper hydride,20 followed by a phosphine
ligand transfer to the more electrophilic boron triflate. This
metathesis could be initiated by the formation of a o0-B—H
copper(l) complex.21 Similar hydride abstractions from Lewis
base-borane adducts
boronium cations in the dehydrogenation of dimethylamine-
borane catalyzed by a coordinatively unsaturated Pt(ll)
complex.22

In conclusion, the CuOTf-mediated hydroarylation of a

were recently confirmed to form

diborene is reported, providing a new method for diborane
synthesis. The intermediate m-complex was detected by NMR
spectroscopy and its CuCl analogue was isolated and structually
determined by X-ray crystallographic analysis. In this bora-
Friedel-Crafts C—H functionalization, the protic hydrogen of the
C—H bond is converted into a hydridic B-H hydrogen, which
further undergoes a metathesis with CuOTf to yield borane
triflate. Thus, the reaction formally gives a difunctionalization
product of a B=B double bond.”
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Text: CuOTf-mediated intramolecular diborene hydroarylation,
followed by a o-bond metathesis between the resulting B-H bond

and CuOTf, gives a cyclic spz-sp3 boryl-substituted boronium
triflate.



