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The diboron tetrahalides, X;B—BX, (X = F, Cl, Br), are
exceptionally reactive reagents whose reactivity with unsaturated
carbon—carbon bonds is well-documented.! Two drawbacks
that have hampered their utility as synthetic reagents are the
problems associated with their preparation and the inherent
instability of these compounds. In contrast to the halide species,
derivatives which contain oxygen and nitrogen functionality are
stable and readily prepared on multigram scales.>? Unfortu-
nately, these molecules are much less reactive than their halide
cousins, and uncatalyzed additions to unsaturated carbon—
carbon bonds do not occur. Suzuki has recently shown that cis
addition of the B—B bond in pinacol ester derivatives to alkynes
can be catalyzed by addition of (Ph;P)sPt.* It was suggested
that cis-(Ph;P),Pt(BPin), (Pin = (CH3),CO—CO(CH;),>") is
formed in situ and serves as the active catalyst in this system.
When PinB—BPin and (Ph3;P)4Pt are heated to 100 °C, a new
phosphine-containing product, tentatively assigned as cis-
(Ph3P),Pt(BPin),, is formed (*'P data); however, a direct
synthesis of this compound was not reported, which certainly
hampers attempts for definitively probing this mechanism.

We have recently been investigating reactivity of borane
reagents with transition-metal olefin compounds with two main
objectives. First, the rich reactivity of olefin complexes with
various carborane derivatives suggests that olefin complexes
are particularly attractive synthons for preparing compounds
with unsupported metal—boron bonds via B—X oxidative
addition.*~" Second, reactions of olefin and alkyl complexes
with borane reagents potentially offer chemistry which is
mechanistically distinct from other metal-mediated hydrobora-
tion processes.® In light of the isolobal relationship between
boron tetrahalide complexes and olefin dications, we are
particularly interested in the synthesis of boryl complexes by
reaction of B—B bonded reagents with olefin complexes. This
approach would complement the route to (PPh3);RhCI(BCat),
(Cat = [C¢H40,%7]), where HBCat serves as the boronating
reagent.™'? Since the olefinic by-products should be readily
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removable, this general route avoids complications from side
reactions of dissociated phosphine ligands with H—B reagents''
and circumvents formation of hydride species via B—H oxida-
tive addition.!> With respect to the objectives outlined above,
this communication describes reactivity of CatB—BCat with bis-
(triphenylphosphine)platinum olefin, alkyne, and dialkyl com-
plexes. In each case a diboryl complex is formed, and the
dissimilar fates of the expelled organic fragments are noteworthy
in terms of reactivity of metal—carbon bonds with B—B bonds.

cis-(PhsP),Pt(BCat); (1) is cleanly formed as the sole
platinum-containing product (75% yield) by reacting the eth-
ylene complex (Ph;P),Pt(5?-CH,=CH,) (2)"? with CatB—BCat
(Scheme 1). The reaction is accompanied by rapid evolution

Scheme 1
PhaP.._ PhgPe. _ _.BCal
Pt—| o
PhyP=" %‘ CatB-BCat P"{CatB)C=C{BCat)Pr" Ph:,P’p"“'aCau
2 \ // 1
HaG=CHg Calg-BCat PICECP
PhoP—  -BCat
PhsP=" T“BCat
P"C=CPE 1 Catg—-BCal
// \
-
PhgPe. n 2 CatB-BCat PhyP-. s
Pt— Pr CatB-BCat P
PhyP=" ; f; PhSP’p‘\-—:’

4

of ethylene at —80 °C, and attempts to measure rates have been
thwarted thus far. While 'H and 3'P{'H} NMR data were
consistent with formulation as a diboryl complex, "B NMR
spectra did not exhibit any well-defined features.'"* We
anticipated potential complications in the boron spectrum due
to coupling to platinum and phosphorus nuclei, but the failure
to observe a resonance in this case is somewhat surprising.
Diffraction quality crystals of 1 were grown from a concen-
trated toluene solution as colorless parallelepipeds.”> The
structure of 1 indicates a cis geometry (Figure 1), and the Pt
center adopts a distored square-planar geometry where ZP{1)—
Pt—P(2) (107.4(2)°) and £B(1)—Pt—B(2) (77.8(7)°) are the
most obtuse and acute angles reported for a cis-(PPh;),PtX,
complex.'® As has been observed for other boryl complexes,'” 1
the metal—boron distances in 1 are shorter than would be
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Figure 1. ORTEP drawing of 1 (25% probability ellipsoids; hydrogen
atoms are omitted and only the ipso carbons of the phosphine ligands
are shown for clarity). Selected bond distances (A): Pt—B(2), 2.07-
(2); Pt—B(1), 2.08(2); Pt—P(1), 2.350(5); Pt—P(2), 2.375(5), B(1)-* B-
(2), 2.60. Selected bond angles (deg): B(2)—Pt—B(1), 77.9(7); P(1)—
Pt—P(2), 107.3(2); B(2)—Pt—P(1), 90.5(5); B(1)—Pt—P(2), 84.6(5);
B(1)—Pt—P(1) 168.1(5); B(2)—Pt—P(2) 159.9(5).

expected on the basis of comparisons to related aryl complexes,?
when differences in bond distances for sp>-hybridized B—B and
C—C bonds are considered.?!"?* Along similar lines |'Jp—p|
for cis-(Ph;P),PtX, compounds has been shown to decrease with
increasing trans influence of X for a relatively complete series
of compounds.2 Thus, the progression of |lJp—p| for X = Cl
> Ph > BCat supports the notion that boryl ligands are stronger
field ligands than their aryl counterparts.?’

The alkyne complex (PhsP),Pt(72-4-octyne) (3)?8 also reacts
with CatB—BCat to generate 1 (62%) with loss of the alkyne.
In the absence of CatB—BCat, thermolyses of 1 and alkynes
give complicated mixtures; however, when 1 and 4-octyne are
reacted in the presence of excess CatB—BCat (1.5 molar equiv),
clean conversion to the 4,5-bis(boryl)octene product is observed
(Scheme 1).?° Presumably excess CatB—BCat prevents de-
composition by trapping the transient “(Phs;P),Pt” fragment.
Since we have a clean route for preparing 1, we should be in a
good position to probe the mechanistic details of this process.
Preliminary results indicate that other olefin complexes in group
10 will prove to be reactive; however, the olefin does not always
serve as an innocent “mask” for the low-valent metal center as
tris(bicyclo[2.2.13heptene)platinum(0)* reacts with CatB—BCat
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instantaneously at room temperature to give a bis(boryl)bicyclo-
[2.2.1]heptane as the chief organic product.3!-3?

Since a wide variety of related dialkyl complexes are known
and a wealth of mechanistic information concerning reactivity
of these compounds exists, these systems seemed ideally suited
for surveying potential metatheses between metal—carbon and
boron—boron bonds. In this vein, we chose to investigate
reactivity of the metallacyclopentane complex, (PhsP),Pt(CH»)4
(4),% with CatB—BCat since 4 exhibits superior stability when
compared to other Py(II)—dialky! species, and the decomposition
pathways for 4 are well documented.>® 4 reacts cleanly with
CatB—BCat (2 molar equiv, 8 h at 95 °C) to form 1 (68%,
Scheme 1) and CatB(CH,)4BCat (47%).3> 1t is noteworthy that
we do not observe formation of 1- or 2-butenes which are known
byproducts of the thermal decomposition of 4. This result marks
the first clear demonstration of metathesis reactions of B—B
bonds with M—C bonds. Considering the plethora of olefin
coupling reactions reported for the group 10 metals, this finding
bodes favorably for potential elaboration and functionalization
of olefins.

In summary, we have demonstrated that (1) olefin and alkyne
complexes can serve as synthons for a diboryl complex via
oxidative addition of a B—B bond to a low-valent metal center
with loss of olefin or alkyne, (2) metal—olefin complexes can
rapidly mediate diboration of olefins which are otherwise
unreactive with B—B bonds, and (3) B—B bonds can react
cleanly with metal—carbon bonds to give metal—boryl com-
plexes and boron-substituted organic products. We are currently
investigating the mechanistic details of the preliminary results
outlined herein and are exploring chemistry of boron—boron-
bonded reagents in related systems.
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