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Recently, much attention has been focused on the addition
reactions of the metal-metal bonds to alkynes or alkenes as a
simple method for the direct synthesis of polymetallic organic
compounds. The additions of bimetallic reagents such as the
silicon-metal? and the tin-metal® compounds to the C-C
unsaturated bonds have been extensively studied; however, there
are few reports concerning the metal-boron compounds. For
instance, there are only two known addition reactions of the Si-B
(silylboration) and the Sn—B compounds (stannylboration) to
alkynes.* Perhaps prejudice due to the fact that the boron
compounds have a relatively high bond energy has precluded
investigation in this area. We have recently reported that the
additions of catecholborane to alkenes and alkynes are catalyzed
by the Pd(0), Rh(I), or Ni(0) complexes®’ and that the
thioboration of alkynes with 9-organothio-9-BBN derivatives is
induced by using catalytic amounts of the Pd(0) complex.? As
a part of this program on the catalytic addition reactions of boron
compounds, we report here the first example of the syn-selective
addition of tetraalkoxydiboron 1 to alkynes 2. The reaction was
efficiently catalyzed by the platinum(0) complex (eq 1).

Although the additions of diboron tetrahalides X,B-BX; (X
= Cl, F) to alkenes and alkynes were already reported by
Schlesinger in 1959, their ester or amide analogues are completely
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Table I. Diboration of Alkynes (eq 1)#

alkyne (2) product (3) yield? (%)
C¢H3;C=CH 3a 82
CsH,,C=CH 3b 86
3¢ 78
O-ome
C3H,C=CC;H, 3d 86
PhC=CPh 3e 79

@ All reactions were carried out in DMF at 80 °C for 24 h using 1 (1
equiv), 2 (1.1 equiv), and Pt(PPhs)4 (3 mol %).  Isolated yields based
on 1.
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inactive toward diboration.!® Since the pinacol ester derivative
1is thermally stable and can be easily handled in air, the reaction
should allow the synthesis of a wide range of stereodefined bis-
(boryl)alkenes and their additional synthetic applications.

The preliminary results for the addition of 1 to 1-octyne
indicated that only the platinum complexes such as Pt(PPh;),
exhibited excellent catalytic activity. Pd(PPh;)4and Pd(OAc),—
isocyanide complexes, which have been best catalysts for the silyl-
and stannylmetalation,?* and other metal complexes, e.g., NiCl,-
(dppe)-DIBAL, RhCI(PPh;);, and CoCl(PPh,);, were ineffective.
The solvents did not play an important role in the reaction, but
a comparison of the reaction rates at 50 °C revealed that the
addition was apparently accelerated in polar solvents: e.g., DMF
> CH;CN > THF > toluene.

The representative results are summarizedin Table I.'12 There
arenolargedifferencesin the yields and the reaction rates between
internal and terminal alkynes. The additions to alkynes in DMF
with Pt(PPh;), were completed within 24 h at 80 °C to provide
3a—e in a range of 78-86% yields. The cis-diboration of alkynes
with an isomeric purity of over 99% was unambiguously
established by the presence of NOE between the vinylic proton
and allylic protons in 'TH NMR. On the other hand, the addition
to phenylethyne was very slow and was not completed under
similar conditions (<30%). All attempts to induce reaction with
alkenes were unsuccessful.

(10) (a) Muetterties, E. L. The Chemistry of Boron and its Compounds;
Wiley: New York, 1967; pp 398—399. (b) Onak, T. Organoborane Chemistry;
Academic Press: New York, 1975; pp 38—40.

(11) Néth, H. Z. Naturforsch. 1984, 39b, 1463-1466.
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found 364.2932. 3b: 'H NMR (CDCl;) 6 0.87 (t, 3 H, J = 6.8 Hz), 1.26
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28.64, 29.21, 29.45, 29.48, 31.93, 39.92, 83.25, 83.61; 1B NMR (CDCl,) ¢
30.26; exact mass calcd for C;;H204B; 392.3269, found 392.3271. 3¢: 'H
NMR (CDCl;) 6 1.1-1.3 (m, 5 H), 1.26 (s, 12 H), 1.33 (s, 12 H), 1.60-1.65
(m, 1 H), 1.70-1.75 (m, 4 H), 2.05-2.15 (m, 1 H), 5.80 (s, 1 H); 3C NMR
(CDCl3) 6 24.91, 25.11, 26.28, 26.61, 32.30, 47.68, 83.25, 83.65; !B NMR
(CDCl3) 6 30.33; exact mass caled for C3oH3604B2 362.2800, found 362.2811.
3d: 'H NMR (CDCl3) 6 0.91 (t, 6 H, J = 7.3 Hz), 1.28 (5, 24 H), 1.3-1.4
(m,4 H),2.17(t,4 H,J = 8.1 Hz); BC NMR (CDCl,) 6 14.61, 23.01, 24.95,
33.10, 83.29; 'B NMR (CDCl,) & 30.72; exact mass caled for CyoH3304B2
364.2956, found 364.2977. 3e: 'H NMR (CDCl;) 6 1.32 (s, 24 H), 6.94 (d,
4H,J=6.8 Hz),7.0-7.1 (m, 6 H); *CNMR (CDCl,) § 24.89, 84.07, 125.79,
127.41, 129.32, 141.29; 1B NMR (CDCl;) & 30.57; exact mass calcd for
Ca6H3,04B, 432.2643, found 432.2667.
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Figure 1. Catalytic cycle of diboration.

To confirm the structure of the diboration adducts and their
potential ability for use in the boron cross-coupling reaction,!3 3b
was allowed to react with iodobenzene (2.4 equiv) at 90 °C in
dioxane in the presence of 3 mol % Pd(PPh;), and aqueous 3 M
KOH (6 equiv) (eq 2). The reaction provided (Z)-1,2-diphenyl-
1-decene as the sole product whose stereochemistry was consistent
with that of 3b.

CHy(CHa), H

3b + Phl ————— '2=( @
aq. KOH, dioxane P Ph
90°C for 12 h
91% (Z > 99%)

A proposed catalytic cycle for the diboration of alkynes, which
involves the oxidative addition of the B-B bond to the platinum-
(0) complex, the stereospecific insertion of alkyne to the B-Pt
bond, and finally the reductive elimination of the bis(boryl)-
alkene, is outlined in Figure 1.

Very recently, Baker, Marder, and co-workers succeeded in
isolating the novel bis(boryl) complex RhCl(Bcat),(PPh;), by
dehydrogenative coupling of two catecholboranes with RhCl-
(PPh;);.14 Alkeneinsertion into the Rh—B bond and its reductive
elimination were investigated in connection with the mechanism
of the catalytic hydroboration. Although the formation of a
similar bis(boryl) complex by oxidative addition of diborons to
the transition-metal complexes has not been previously reported,
the related mechanism for the catalytic addition of disilanes!s to
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alkenes or alkynes strongly suggests the generation of a X;B-
Pt(I1)-BX; species (4). In fact, the formation of an oxidative
adduct was observed in the NMR analysis of the reaction mixture
of Pt(PPh;), and 1 (10 equiv) in toluene at room temperature for
12 hor at 100 °C for 1 h. The 3P NMR spectrum!¢ exhibited
a singlet at 28.65 and its !9°Pt satellites at 35.61 and 21.73 ppm
(Jpp = 1517 Hz), which are characteristic of phosphines cis-
coordinated to platinum(II).!” The generation of a new signal
at 21.50 ppm besides that for the starting 1 (29.94 ppm) in the
1B NMR spectrum also supports the formation of an oxidative
adduct. The following two steps, the insertion of alkynes to the
B-Pt bond and the reductive elimination of bis(boryl)alkenes
from the vinyl-Pt(II)-BX, compiexes §, may proceed through
a process similar to that of the diboration of 4-methoxystyrene!4
and the disilylation of alkenes and alkynes.21

In summary, the catalytic addition reaction of the ester
derivative of diboron 1 to alkynes provides a new access to
isomerically pure cis-1,2-bis(boryl)alkenes 3 which can be easily
isolated in a pure form. Because of the simple experimental
procedure using a catalytic amount of platinum complex, we
anticipate additional synthetic applications of our method to other
metal-boron compounds. The synthetic applications of the bis-
(boryl)alkenes thus obtained and isolation of the oxidative adduct
intermediate 4 are being actively investigated.
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