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Tetrakis(methoxo)- or bis(pinacolato)diboron [(RO),BB(OR),; (RO), = (MeO), (4a) and
Me,C,0, (1)] added to both terminal and internal alkynes in the presence of a catalytic
amount of Pt(PPh3), to provide stereodefined cis-bis(boryl)alkenes (3) in excellent yields.
Because reagents and reaction conditions were sufficiently mild, the procedure was readily
extended to various functionalized alkynes. Mechanistic study revealed that the oxidative
addition of bis(pinacolato)diboron (1) to Pt(PPh3), generates cis-Pt(BO,C,Me,)2(PPhs), (5),
whose structure was fully characterized by multinuclear NMR spectroscopies as well as
single-crystal X-ray diffraction analysis. Complex 5 exhibited high reactivity for insertion
to the alkyne giving 3 in high yields, thus implying that the oxidative addition of the B—B
bond to a Pt(0) complex is an initial step in the platinum(0)-catalyzed diboration of alkynes.

Introduction

The addition of diborons (X;B—BX;) to unsaturated
hydrocarbons, first discovered by Schlesinger in 1954,
is an attractive and straightforward method to introduce
two boryl units into organic molecules.?2 Although
diboron tetrahalides (X = CI, F) have been extensively
used for this transformation, the synthetic use has been
severely limited because of instability and availability
of the reagents. Diboron tetrachloride synthesized by
an electric discharge reduction of boron trichloride®
ignites in air and undergoes a partial decomposition into
boron trichloride and colored solid materials at lower
than room temperature.3*4 Tetrakis(alkoxo)- and tet-
rakis(amido)diborons® (X = RO, R;N), which are readily
available in large quantity by the Wurtz coupling of the
corresponding haloboranes with sodium or potassium
metal, are rather stable; however, the compounds are
reported to be quite inert to alkenes and alkynes due

T Present address: Faculty of Engineering, Osaka City University,
Sumiyoshi-Ku Sugimoto, Japan.

* Present address: Kurashiki University of Science and Art, Kurash-
iki 712, Japan.

® Abstract published in Advance ACS Abstracts, December 15, 1995.

(1) Urry, G.; Kerrigan, J.; Parsons, T. D.; Schlesinger, H. I. J. Am.
Chem. Soc. 1954, 76, 5299—5301.

(2) For reviews, see: (a) Onak, T. Organoborane Chemistry; Aca-
demic Press: New York, 1975; pp 38—40. (b) Coyle, T. D.; Ritter, J. J.
Advances in Organometallic Chemistry; Academic Press: New York,
1972; Vol. 10, pp 237—272. (c) Muetterties, E. L. The Chemistry of
Boron and its Compounds; Wiley: New York, 1967; pp 398—399.

(3) (a) Massey, A. G.; Urch, D. S.; Holliday, A. K. J. Inorg. Nucl.
Chem. 1966, 28, 365—370. (b) Urry, G.; Wartik, T.; Moore, R. E.;
Schlesinger, H. 1. 3. Am. Chem. Soc. 1954, 76, 5293—5298. (c) Stock,
A.; Brandt, A.; Fischer, H. Chem. Ber. 1925, 58, 643—657.

(4) (@) Urry, G.; Wartik, T.; Schlesinger, H. I. 3. Am. Chem. Soc.
1952, 74, 5809. (b) Wartik, T.; Moore, R. E.; Schlesinger, H. I. J. Am.
Chem. Soc. 1949, 71, 3265—3266.

(5) (@) Noth, H. Z. Naturforsch. 1984, 39b, 1463—1466. (b) Welch,
C. N.; Shore, S. G. Inorg. Chem. 1968, 7, 225—230. (c) Brotherton, R.
J.; McCloskey, A. L.; Boone, J. L.; Manasevit, H. M. J. Am. Chem. Soc.
1960, 82, 6245—6248. (d) Brotherton, R. J.; McCloskey, A. L.; Petterson,
L. L.; Steinberg, H. J. Am. Chem. Soc. 1960, 82, 6242—6245.

0276-7333/96/2315-0713$12.00/0

to the low Lewis acidity of the boron centers conjugated
with oxygen or nitrogen atoms and a high B—B bond
energy.

Recently, considerable attention has been focused
on the transition metal-catalyzed additions of metal
reagents, including magnesium,® alumi-
num,%&7 silicon,8d.e7d8 zinc,6ef7d9 germanium,'® and
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tin®f.7e.f,8k—n.9.10d.11 compounds, to unsaturated hydrocar-
bons. Although the corresponding reactions of boron
compounds are not yet well developed, extensive studies
have been done on the catalytic hydroboration of alkynes
and alkenes with catecholborane or polyhedral bo-
ranes.’? The mechanism is fundamentally different
from an uncatalyzed process and was postulated to
proceed through the catalytic cycle involving B—H bond
activation by its oxidative addition to the low-valent
transition-metal complexes, the migratory insertion of
a C=C or C=C bond into the metal—hydride complexes,
and the reductive elimination of a hydroboration prod-
uct. Although the mechanism of the copper(l)- or
cobalt(ll)-catalyzed silylboration!?® (B—Si) and stan-
nylboration314 (B—Sn) of alkynes remains equivocal,
the palladium(0)-catalyzed thioboration® (B—S) of ter-
minal alkynes and the palladium(0)-catalyzed Heck-type
reaction of aryl- or vinylboranes!® (B—C) were also
reported to proceed through an oxidative addition/
insertion sequence.

Recently, we have communicated a novel platinum(0)-
catalyzed addition reaction of the pinacol ester of
diboron 1 to both terminal and internal alkynes to
produce cis-bis(boryl)alkenes (3) (eq 1).17 In this paper,

o 0 .
[ B-8 + R'—csC-R?
o o
1

2

Pt catalyst

R R?
0 )—
j: :B>_(BI’ ( 1)
(e} O': E
3

we wish to report the scope of the reaction and evidence
of the oxidative addition of the diboron to the plati-
num(0) complex by isolation of the adduct. The struc-
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Table 1. Reaction Conditions for Diboration (Eq

1)2
entry catalyst solvent temp/°C  yield/%P
1 none DMF 80 0
2 Pt(PPh3), DMF 80 92
3 Pt(CO)y(PPh3), DMF 80 94
4 PtCly(PPhs), DMF 80 0
5 Pd(PPh3), DMF 80 8
6  Pd(OAc)/15 t-BUN=C: DMF 80 1
7 RhCI(PPh3); DMF 80 1
8 Ni(PPh3), DMF 80 0
9 CuCN DMF 80 0
10  CoCl(PPhs)s DMF 80 0
11 Pt(PPha)s DMF 50 76
12 Pt(PPhg),4 CHsCN 50 68
13 Pt(PPha), THF 50 58
14 Pt(PPh3), toluene 50 59
15 Pt(PPh3), hexane 50 80

a All reactions were carried out for 24 h with use of diboron 1
(2.0 mmol), 1-octyne (1.1 mmol), catalyst (0.03 mmol), and solvent
(6 mL). ® GLC vyields based on 1.

ture and reactivity of the intermediate were fully
characterized by NMR spectroscopies, single-crystal
X-ray diffraction analysis, and its insertion reaction to
alkynes, which would complement the related reactions
of bis(catecholato)diboron, C¢H40,B—BO,CgHg, recently
reported by Marder!®19 and Smith.20

Results and Discussion

Reaction Conditions for Diboration. 1-Octyne
(1.1 equiv) was initially chosen as a substrate and was
allowed to react with 1 under various reaction conditions
(Table 1). No detectable amount of addition product was
observed without a catalyst (entry 1), but the reaction
was efficiently catalyzed by platinum(0) complexes. The
desired 3 (R! = CgH13, R2 = H) was produced in yields
of 92% and 94% by heating the mixture at 80 °C in DMF
for 24 h in the presence of a catalytic amount of Pt-
(PPh3z)4 or Pt(CO)2(PPh3), (3 mol %) (entries 2 and 3).
The formation of the cis-isomer with an isomeric purity
over 99% was immediately established by the presence
of one vinyl proton at 5.84 ppm and an NOE (5.7%)
between the vinylic proton and allylic protons at 2.21
ppm in 'H NMR. Among the catalysts we examined,
only zerovalent platinum complexes exhibited excellent
catalytic activity. The platinum(ll) complexes such as
PtCl(PPhs), (entry 4), Pd(PPhs)s and Pd(OAc), isocya-
nide complexes which have been used for silyl and
stannyl metalation8-"11c—¢ (entries 5 and 6), RhCI-
(PPhg)3 used for catalytic hydroboration? (entry 7), and
other metal complexes, e.g., Ni(PPhs)4, CuCN, and CoCl-
(PPhg)s (entries 8—10), were ineffective. The solvents
did not play an important role, but a comparison of the
reaction rates at 50 °C using Pt(PPhs3), revealed that
polar solvents accelerate the reaction (entries 11—14).
However, the reaction in hexane resulted in an excep-
tionally high yield. Although Pt(PPh3), was used as a
suspension in hexane, the reaction rate was apparently
faster than the reactions in other solvents (entry 15).

The procedures could be applied for other (alkoxo)-
diboron derivatives. The addition of tetrakis(methoxo)-

(18) Baker, R. T.; Calabrese, J. C.; Westcott, S. A.; Nguyen, P;
Marder, T. B. 3. Am. Chem. Soc. 1993, 115, 4367—4368.
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Pt(0)-Catalyzed Diboration of Alkynes

Table 2. Diboration of Alkynes with 1 (eq 1)2

entry alkyne product 3 yield/ % ®
CgHyz H
1  CgHi7—C=CH \B)=(B/ 86
7 ~N
QJ
2 QCECH = 78
o8 8L
CgH7  CsHy
3 CgH;—C=C—CaHy - )=(/ 86
/B B\
Ph  Ph 19
4  Ph-C=C-Ph \)=(/
/B B\
Ph H .
5  Ph-C=CH \B)=(B/ 79
e ~
CHo=CH(CHp)4 H
6  CHp=CH(CHp)s—C=CH = 85
o8 8L
CH(CH2ls H
7 Cl(CHp)z—C=CH \B)=(B/ 83
7 ~N
o
o)’]\ ;\(Cqu H
8 (CHo)g—C=CH \B)=(B/ 87
7 ~
o}
o}
J _ CHao)L(CHah H
9 CHg0” (CHe)e—C=CH \B)=<B/ 89
7 ~
N=C-(CHp)s H
10 N=C-(CHp)3—C=CH \B)=<B/ 79
7~ ~N
o
o]
_ é‘(CHz)s H
11 (CHg)3—C=CH - )=< _ 77
-8 BJ

¢ All reactions were conducted in DMF (6 mL) at 80 °C for 24 h with use of 1 (1.0 mmol)
and alkyne (1.1 mmol) in the presence of Pt(PPhs), (0.03 mmol).
b Isolated yields based on 1. € The reaction was carried out at 120 °C.

diboron (4a) to l-octyne (1.1 equiv) in DMF with
Pt(PPh3), at 80 °C for 24 h gave an 89% yield of 3 (Rl =
CeHi3, R?2 = H). For convenience of the analyses, the
products were converted into the corresponding pinacol
ester 3 (eq 2). On the other hand, the addition of
tetrakis(dimethylamido)diboron was very slow even at
120 °C resulting in a 7% yield of 3 together with 86% of
unreacted diboron.

ot G GEOH Pt(PPhs), / DMF -
+ —C= >
XoB=BXo+ CeHig 24h X BX,
4a: X = MeO
4b: X = Me,N
CeHiz H
pinacol O, >=< [
> B B 2
rt./24h o \O

X=MeO; 80°C 89%
X =MesN; 120 °C 7%

Diboration of Representative Alkynes. In Table
2, the representative results of the diboration of various
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alkynes with 1 in the presence of Pt(PPhs), are sum-
marized. There were no large differences in the yields
and the reaction rates between internal and terminal
alkynes, and the additions to both types of alkynes were
completed within 24 h at 80 °C to provide the corre-
sponding 3 in a range of 78—86% yields (entries 1—4).
The addition to phenylacetylene was very slow at 80 °C
(less than 30%), but a 79% yield was achieved at 120
°C (entry 5). Alkynes which are especially good ligands
for platinum(0) may inactivate the catalyst by their
coordination to the metal, as discussed in the mecha-
nistic section. The reaction was available with various
functional groups. The carbon—carbon double bond,
chloro, epoxy, ester, cyano, and ketone carbonyl groups
remained intact during the diboration of the carbon—
carbon triple bonds (entries 6—11). However, the dibo-
ration of propargyl alcohol gave an inseparable mixture
of 3 (R! = H, R2 = CH,;0OH) (~65%) and a unidentified
byproduct. The diboration of dimethyl acetylenedicar-
boxylate smoothly proceeded at 120 °C, but the product
was too labile to isolate. The addition to 5-bromo-1-
pentyne also failed, presumably due to the oxidative
addition of the C—Br bond to the Pt(0) complex leading
to an ineffective platinum(ll) complex.?t All attempts
at the diboration of alkenes with platinum complexes
were unsuccessful.

Mechanism for Diboration. The reaction is cata-
lyzed by platinum(0) complexes but not by divalent
complexes. The addition proceeds through syn addition
of the B—B bond to alkynes giving isomerically pure 3.
These results strongly suggested a mechanism involving
the B—B bond activation by oxidative addition of 1 to
the platinum(0) complex to form a bis(boryl)platinum-
(1) intermediate, followed by alkyne insertion to the
B—Pt bond and reductive elimination of 3. A similar
oxidative addition of B—H,?2 Si—Sij,89:23 Sn—Sn,24 and
Si—Sn?> compounds to low-valent transition-metal com-
plexes has been extensively studied and postulated as
a key step in the catalytic hydroboration!? and additions
of disilanes,8-J distannanes,!1¢~¢ or silylstannanes8<—"
to alkenes and alkynes.

Monitoring of the reaction mixture of 1 (10 equiv) and
Pt(PPhs)s in toluene by multinuclear NMR spec-
troscopies revealed the formation of a new Pt(11) species.
The low-temperature 3P NMR spectrum exhibited a
singlet at 28.65 and its 1°°Pt satellites at 35.61 and 21.73
ppm (Jpr-p = 1517 Hz) which showed reasonable
thermal stability for isolation and are characteristic of

(21) (a) Crabtree, R. H. The Organometallic Chemistry of the
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Soc., Chem. Commun. 1991, 304—305. (c) Baker, R. T.; Ovenall, D.
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Marder, T. B. 3. Am. Chem. Soc. 1990, 112, 9399-9400. (d) Knorr, J.
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Ito, K.; Nagai, Y. Chem. Lett. 1975, 1095—1096. (f) Churchill, M. R;;
Hackbarth, J. J.; Davison, A.; Traficante, D. D.; Wreford, S. S. J. Am.
Chem. Soc. 1974, 96, 4041—4042.
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A. J. Organomet. Chem. 1982, 225, 331—341. (c) Glockling, F.; Houston,
R. E. J. Organomet. Chem. 1973, 50, C31—-C32. (d) Schmid, G.; Balk,
H.-J. Chem. Ber. 1970, 103, 2240—2244.
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Figure 1. Molecular structure of Pt(BO,C,Me,),(PPhs),
(5). Hydrogen atoms and the toluene molecule are omitted
for clarity. Significant bond lengths (A) and angles (deg):
Pt—P(1) = 2.353(2), Pt—P(2) = 2.351(2), Pt—B(1) = 2.076(6),
Pt—B(2) = 2.078(7), P(1)—Pt—P(2) = 102.65(5), B(1)—Pt—
B(2) = 75.3(3), P(1)—Pt—B(1) = 92.9(2), P(2)—Pt—B(2) =
89.0(2).

phosphines cis-coordinated to a platinum(ll) center.
(The Jpt—p values of related bis(silyl)platinum deriva-
tives are ca. 2800 Hz for the trans- and ca. 1500 Hz for
the cis-complex.23226 ) The reinvestigation of reaction
conditions for oxidative addition of 1 to Pt(PPhs), (100:
1) was followed by 3P NMR spectroscopy in a variety
of solvents and reaction temperatures. Interestingly,
hexane was the best solvent of choice and most of the
Pt(PPhs), was consumed even at room temperature
within 24 h. A similar reaction in DMF or toluene
proceeded more slowly with some unreacted Pt(PPh3),
remaining which made the separation of the expected
intermediate more difficult. Finally, a single crystal of
5 suitable for X-ray analysis was obtained in an 82%
yield by treatment of Pt(PPhs), with 20 equiv of 1 in
hexane at 80 °C for 2 h, followed by recrystallization
from hexane/toluene (3:1) (eq 3).

PhoP\_ PPhg
;:o Pt o:z

5 82 %

hexane
1 + Pt(PPhy,
80°C/2h

The results of an X-ray diffraction analysis of 5 are
shown in Figure 1 and Tables 3, and 4. The molecular
structure of 5 consists of a distorted square-planar
coordination geometry for the Pt atom containing two
cis boryl and phosphine ligands where the significant
bond angles are OP(1)—Pt—P(2) (102.65(5)°) and OB(1)—
Pt—B(2) (75.3(3)°). The B—Pt bond lengths of 2.076(6)
and 2.078(7) A are closely similar to the Ir—B bond
lengths (2.023—2.093 A) in boryliridium complexes22o.ce
and to the Pt—C bond distance (2.081 A) in PtMeCI(PPh,-
Me),.2” The characteristic feature of this crystal is a

(26) Kobayashi, T.-a.; Hayashi, T.; Yamashita, H.; Tanaka, M. Chem.
Lett. 1988, 1411—-1414.

(27) Bennet, M. A.; Chee, H.; Robertson, G. B. Inorg. Chem. 1979,
18, 1061—-1070.
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Table 3. Crystal Data and Details of the Structure

Determination for Complex 5

formula C4gHs54B,P,Pt-0.5C;Hg
fw 1019.68

habit prismatic

temp, K 296

cryst system triclinic

space group P1 (No. 2)

a, 13.245(3)

b, A 15.761(2)

¢, A 13.032(2)

o, deg 92.48(1)

p, deg 112.49(2)

y, deg 72.55(1)

Vv, A3 2390.0(8)

z 2

dcalcd, g M3 1.417

F(000) 1034

cryst size, mm 0.2x0.2x05
u(Mo Ka), cm™1 30.34

radiation Mo Ko (A = 0.710 69 A)
diffractometer Rigaku AFC5R
monochromator graphite

data collcd +h,tk, £l

scan type w—26

scan range 0.94 + 0.35tan 0
20 range, deg 5.0-50.0

scan speed, deg min—1 8, fixed

abs corr empirical

min and max transm factors 0.698, 1.000

no. of reflcns collcd 8795

no. of unique reflcns
no. of reflcns used

8400 (Rint = 0.062)
7447 (1 = 30(1))

no. of variables 518
R 0.032
Rw 0.037
GOF 2.81
max shift/error in final cycle 0.01

max and min peak, e A-3

1.26, —1.35 (near Pt)

very narrow B—Pt—B bond angle and an almost parallel
arrangement of two dioxaborolane rings. The perpen-
dicular arrangement of two dioxaborolane ligands to the
Pt(Il) square plane may allow the d,—p, back-bonding
from the Pt to the B atom to develop the B—B interac-
tion. Although the presence of a weak B—B interaction
is not to be dismissed, the B—B distance of 2.538(7) A
indicates that the arrangement and the acute B—Pt—B
angle are due to the steric requirement. During the
course of our investigation, lverson and Smith reported
the X-ray structure of a very similar bis(boryl)platinum-
(1) complex obtained by the oxidative addition of bis-
(catecholato)diboron to Pt(PPh3),(72-CH,=CH,).2° The
observed bond angles and lengths, OP(1)—Pt—P(2)
(107.4°), OB(1)—Pt—B(2) (77.8°), and Pt—B (2.07 and
2.08 A), are the same as that of 5, except the two
dioxaborolane rings in 5 are slightly distorted to release
the steric repulsion between the vicinal methyl groups
in contrast to the almost planar structure of 1.52

The isolated 5 exhibited high reactivity for the inser-
tion of alkynes. Treatment of 5 with 1-octyne (1 equiv)
in CgDg at 50 °C for 6 h led to an 87% conversion of 5 to
provide the corresponding 3 (R! = CgHy3, R?2 = H) as
the sole product (eq 4). Although the catalytic dibora-

e .

R'=CgHig, R2=H 87 %
R'=Ph, R2=H 74 %

benzene- d6

50"C/6h

tion of phenylacetylene proceeded slowly at 80 °C and
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Table 4. Positional Parameters and Equivalent
Isotropic Thermal Parameters (A2) for Complex 52

atom X y z Beg?
Pt 0.03450(2) 0.23493(2) 0.13366(2) 2.369(5)
P(1) 0.0067(1)  0.2296(1)  —0.0557(1) 2.57(3)
P(2)  —0.1529(1)  0.2651(1) 0.1271(1) 2.49(3)
B(1) 0.2098(6)  0.2133(4) 0.1852(6) 2.8(1)
B(2) 0.0924(5)  0.2425(4) 0.3051(5) 2.8(1)
o@) 0.2621(3)  0.2690(3) 0.1708(3) 4.0(1)
0(2) 0.2935(3)  0.1352(3) 0.2525(4) 4.5(1)
0o(3) 0.1227(4)  0.3141(3) 0.3598(3) 4.1(1)
0(4) 0.1037(4)  0.1794(3) 0.3805(3) 4.2(1)
c@) 0.4468(6)  0.2593(5) 0.1702(7) 6.2(2)
c@) 0.3843(5)  0.2383(4) 0.2373(6) 4.4(2)
c@3) 0.4048(7)  0.2886(5) 0.3408(7) 6.6(2)
C(4) 0.4332(7)  0.0814(5) 0.1712(8) 7.1(2)
c(s) 0.4063(5)  0.1378(5) 0.2598(6) 4.7(2)
c(6) 0.4934(6)  0.0960(6) 0.3735(7) 7.6(2)
c(7) 0.0204(8)  0.3623(5) 0.4779(7) 7.2(3)
c(8) 0.1323(6)  0.3048(4) 0.4738(5) 4.2(2)
c(9) 0.2273(9)  0.3397(6) 0.5486(6) 8.0(3)
C(10)  0.0946(7)  0.1800(5) 0.5618(6) 5.8(2)
C(11)  0.1539(5)  0.2034(4) 0.4928(5) 3.8(2)
C(12)  0.2785(7)  0.1487(6) 0.5389(6) 6.8(2)
C(13)  0.1338(5)  0.1830(3)  —0.0908(4) 2.7(1)
C(14)  0.1647(5)  0.0951(4) —0.1168(5) 3.6(2)
C(15)  0.2598(5)  0.0606(4)  —0.1438(5) 4.0(2)
C(16)  0.3242(5)  0.1147(4)  —0.1447(6) 4.3(2)
C(17)  0.2961(5)  0.2012(4)  —0.1181(6) 4.2(2)
C(18)  0.2023(5)  0.2346(4)  —0.0893(5) 3.6(1)
C(19) —0.0506(5)  0.3423(4)  —0.1255(5) 2.8(1)
C(20) —0.0923(5)  0.4123(4)  —0.0700(5) 3.7(2)
C(21) —0.1320(6)  0.5001(4)  —0.1158(6) 4.7(2)
C(22) —-0.1291(6) 0.5184(4)  —0.2159(6) 4.7(2)
C(23) —0.0885(6)  0.4503(5)  —0.2715(6) 4.7(2)
C(24) —0.0485(5)  0.3622(4)  —0.2275(5) 3.9(2)
C(25) —0.0851(5)  0.1651(4)  —0.1420(5) 2.9(1)
C(26) —0.0960(5)  0.0957(4)  —0.0893(5) 3.3(1)
C(27) —0.1551(6)  0.0394(4)  —0.1498(6) 4.3(2)
C(28) —0.2052(6)  0.0509(5)  —0.2622(7) 5.0(2)
C(29) —0.1982(7) 0.1208(6)  —0.3164(6) 5.9(2)
C(30) —0.1376(6) 0.1772(5)  —0.2566(5) 4.7(2)
C(31) —0.2205(5)  0.3821(4) 0.1451(4) 2.9(1)
C(32) —0.1549(5)  0.4390(4) 0.1834(5) 3.5(1)
C(33) —0.2070(6)  0.5268(4) 0.1947(6) 4.8(2)
C(34) —0.3232(6) 0.5587(4) 0.1709(6) 5.0(2)
C(35) —0.3881(5)  0.5029(4) 0.1321(6) 4.6(2)
C(36) —0.3396(5)  0.4152(4) 0.1193(5) 3.8(1)
C(37) —0.1551(5)  0.1996(4) 0.2391(5) 3.1(1)
C(38) —0.0887(5)  0.1106(4) 0.2592(5) 3.7(2)
C(39) —0.0898(6)  0.0557(4) 0.3393(6) 4.5(2)
C(40) —0.1562(6)  0.0894(5) 0.3994(6) 5.0(2)
C(41) —0.2208(6)  0.1776(5) 0.3809(6) 5.1(2)
C(42) —0.2209(5)  0.2328(4) 0.3011(5) 4.0(2)
C(43) —0.2690(5)  0.2443(4) 0.0074(5) 3.1(1)
C(44) —0.3179(5)  0.1792(4) 0.0113(6) 4.6(2)
C(45) —0.4009(7)  0.1615(6)  —0.0810(8) 6.4(2)
C(46) —0.4378(6)  0.2087(6)  —0.1788(7) 6.3(2)
C(47) —0.3933(6) 0.2754(6)  —0.1880(6) 5.8(2)
C(48) —0.3086(5)  0.2930(5)  —0.0937(6) 4.5(2)
C(49) 0.6118 0.4478 0.5635 20.4(7)*
C(50)  0.5787 0.4678 0.4499 21.7(7)*
Cc(51)  0.4669 0.5200 0.3863 19.8(6)*
C(52) 0.6656 0.4323 0.3945 23(1)*

3 Beq = (87/3)3i 3 [Uijai*a*)(ai-ay)] = (4/3)3i3jlBij(ai-ay)]. The
B values with an asterisk are isotropic. The site occupation factor
for C(52) is 0.5. The positional parameters for C(49), C(50), C(51),
and C(52) were not refined.

gave a reasonable yield at 120 °C (entry 5 in Table 2),
5 smoothly added to phenylacetylene at 50 °C. The
results suggest that, in the catalytic system, the coor-
dination of phenylacetylene to the platinum(0) complex
would retard the generation of a coordinatively unsat-
urated species active for oxidative addition. On the
other hand, 5 did not provide addition products to
alkenes such as 1-octene, thus limiting the present
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Figure 2. Catalytic cycle for diboration.

reaction to alkynes, which is in contrast to the bis(boryl)-
rhodium(l11) complex giving diboration products with
styrenes.®

On the basis of these findings, we propose the
catalytic cycle shown in Figure 2. The oxidative addi-
tion of diboron 1 to the platinum(0) complex produces
5. The insertion of alkynes to the B—Pt bond to provide
a vinylplatinum(ll) species 6 is followed by the reductive
elimination of 3. The reductive elimination of 3 is too
rapid to observe the existence of 6, but its assumption
can be consistent with numerous reports implying cis
insertion from alkyne/platinum(l1) complexes.28

The addition of 1 to alkynes was not catalyzed by
rhodium(l) or palladium(0) catalysts (entries 5—7 in
Table 1); presumably, the oxidative addition step is very
slow to develop the catalytic cycle due to the lower
energy level of the d orbital.2® In fact, the treatment of
Pd(PPhs), with 10 equiv of 1 in toluene at 100 °C for 1
h provided no evidence of its oxidative addition. A
similar low reactivity of 1 toward RhCI(PPh3); was also
reported by Marder et al., although they found a high
reactivity of bis(catecholato)diboron for the oxidative
addition.?®

Conclusion

We reported the first access to cis-bis(boryl)alkenes
via the platinum(0)-catalyzed addition of tetrakis(alkox-
o)diborons to alkynes. The reaction employs air-stable
and accessible substrates and proceeds under mild
conditions, tolerating a broad range of functionality and
yielding stereodefined products in high isolated yields.
The oxidative adduct intermediate 5 has been isolated
and fully characterized by X-ray analyses and by
observing its insertion reaction to alkynes. The ob-
served catalytic cycle is very powerful and undergoes
fundamentally common processes with a group 10
transition metal; therefore, the uses of this type of
reaction will certainly be exploited in the future.

Experimental Section

All the experiments were carried out under nitrogen atmo-
sphere. Solvents were purified by distillation from appropriate

(28) (a) Alexander, J. J. The Chemistry of the Metal-Carbon Bond;
Wiley: New York, 1985; Vol. 2, pp 339—400. (b) Otsuka, S.; Nakamura,
A. Advances in Organometallic Chemistry; Academic, New York, 1976;
Vol. 14, pp 245—283.

(29) Similar energy difference of the d orbital between Rh(l) and
Ir(1) complexes affects on the rate of oxidative addition of molecular
hydrogen: Dedieu, A.; Strich, A. Inorg. Chem. 1979, 18, 2940—2943.
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drying reagents. IR spectra were taken on a Hitachi Perkin-
Elmer Model 125 spectrometer. 'H and 3C NMR spectra were
recorded in CDClI; solutions by a JEOL EX-400 (400 or 100
MHZz) using Me,Si as an internal standard. B and 3P NMR
spectra were recorded with a Bruker MSL-400 (128 or 162
MHz) using BF3-OEt; or HsPO4 as an external standard. Mass
spectra were measured with a JEOL JMS-DX303 for the both
low- and high-resolution analyses. GC analyses were per-
formed on a Hitachi 263 equipped with a glass column (OV-
17 on Uniport B, 2 m).

Diboron Reagents. Bis(pinacolato)diboron,®@ tetrakis-
(methoxo)diboron,> and tetrakis(dimethylamido)diboron® were
synthesized by reported procedures.

Catalysts and Ligands. Tetrakis(triphenylphosphine)-
platinum(0), tetrakis(triphenylphosphine)palladium(0), palla-
dium(ll) acetate, chlorotris(triphenylphosphine)rhodium(l),
tetrakis(triphenylphosphine)nickel(0), copper(l) cyanide, and
tert-butyl isocyanide are commercial products. Dicarbonylbis-
(triphenylphosphine)platinum(0),%° dichlorobis(triphenylphos-
phine)platinum(I1),3* and chlorotris(triphenylphosphine)-
cobalt(1)%? were prepared by the reported procedures.

Alkynes. 1-Octyne, 1-decyne, cyclohexylethyne, 4-octyne,
diphenylacetylene, phenylacetylene, 5-chloro-1-pentyne, and
5-cyano-1-pentyne are commercial products. 1-Octen-7-yne
was prepared by the reaction between 6-iodo-1-hexene and
sodium acetylide.®® 7,8-Epoxy-7-methyl-1-octyne was obtained
from 7-octyn-2-one by Corey’s method.®* The malonic ester
synthesis® or the acetoacetic ester synthesis®® gave methyl
6-heptynoate and 2-(4-pentynyl)cyclopentanone.

Reaction Conditions (Table 1). The conditions for the
formation of 1,2-bis(boryl)-1-octene 3 (R* = C¢Hi3, R? = H) were
optimized by the following general procedure. The transition-
metal catalyst (0.03 mmol) and pinacol ester of diboron 1 (254
mg, 1.0 mmol) were placed in a 25-mL flask equipped with a
magnetic stirring bar, septum inlet, and a reflux condenser.
The flask was flushed with nitrogen and then charged with
solvent (6 mL) and 1-octyne (121 mg, 1.1 mmol). After being
stirred for 24 h at the temperature indicated in Table 1, the
reaction mixture was cooled to room temperature, diluted with
benzene (30 mL), washed with cold water 5 times to remove
DMF, and dried over magnesium sulfate. GLC yields are
summarized in Table 1.

Addition of Tetrakis(methoxo)- or Tetrakis(dimethyl-
amido)diboron (Eq 2). A mixture of Pt(PPh3), (37 mg, 0.03
mmol), tetrakis(methoxo)diboron (146 mg, 1.0 mmol), 1-octyne
(121 mg, 1.1 mmol), and DMF (6 mL) was stirred at 80 °C.
After being stirred for 24 h, the reaction mixture was treated
with pinacol (472 mg, 4 mmol) at room temperature for 24 h
to convert 1,2-bis(dimethoxyboryl)-1-octene into the corre-
sponding pinacol ester. GLC analysis indicated the formation
of 3 (R* = CgHi3, R? = H) in ayield of 89%. A similar reaction
with tetrakis(dimethylamido)diboron (198 mg, 1.0 mmol) at
120 °C for 24 h gave 3 (R! = CgHi3, R? = H) (7%) and 1 (86%).

General Procedure for Diboration of Alkynes (Table
2). A 25-mL flask, equipped with a magnetic stirring bar,
septum inlet, and a reflux condenser, was charged with Pt-
(PPh3)4 (37 mg, 0.03 mmol) and 1 (254 mg, 1.0 mmol) and then
flushed with nitrogen. DMF (6 mL) and alkyne (1.1 mmol)

(30) Beck, W.; Purucker, B. J. Organomet. Chem. 1976, 112, 361—
368.

(31) Bailar, J. C.; Itatani, H. Inorg. Chem. 1965, 4, 1618—1620.

(32) Wakatsuki, Y.; Yamazaki, H. Inorg. Synth. 1989, 26, 190—191.

(33) Campbell, K. N.; Campbell, B. K. Organic Syntheses; Wiley:
New York, 1963; Collect. Vol. 1V, pp 117—-120.

(34) Corey, E. J.; Chaykovsky, M. Organic Syntheses; Wiley: New
York, 1973; Collect. Vol. V, pp 755—757.

(35) () Adams, R.; Kamm, R. M. Organic Syntheses; Wiley: New
York, 1941; Collect. Vol. I, pp 250—251. (b) Vliet, E. B.; Marvel, C. S.;
Hsueh, C. M. Organic Syntheses; Wiley: New York, 1943; Collect. Vol.
11, pp 416—417.

(36) (a) Marvel, C. S.; Hager, F. D. Organic Syntheses; Wiley: New
York, 1941; Collect. Vol. I, pp 248—250. (b) Johnson, J. R.; Hager, F.
D. Organic Syntheses; Wiley: New York, 1941; Collect. Vol. I, pp 351—
353.
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were successively added. After being stirred for 24 h at 80
°C, the reaction mixture was diluted with benzene (30 mL),
repeatedly washed with cold water to remove DMF (5 times),
and finally dried over anhydrous magnesium sulfate. Kugel-
rohr distillation (0.15 mmHg) gave the bis(boryl)alkene 3.

The following compounds were prepared by the above
general procedure.
(E)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1l-octene: np 1.4562; IR (film) 2980, 2940, 2860, 1620, 1400,
1380, 1340, 1300, 1220, 1140, 980, 850 cm~*; *H NMR (CDCls)
00.87 (t,3H,J =6.8 Hz), 1.26 (s, 12 H), 1.31 (s, 12 H), 1.2—
1.3 (m, 6 H), 1.35—-1.45 (m, 2 H), 2.21 (t, 2 H, 3 = 7.1 Hz),
5.84 (s, 1 H) [the irradiation of the vinylic proton at 5.84 ppm
resulted in an 5.7% enhancement of the allylic methylene
signal at 2.21 ppm]; **C NMR (CDCl3) ¢ 14.12, 22.59, 24.89,
24.93, 28.62, 29.13, 31.77, 39.92, 83.25, 83.61; B NMR
(CDCls) 6 30.24; MS (EI) m/e 41 (100), 55 (67), 69 (52), 83
(67), 95 (8), 109 (10), 153 (8), 179 (4), 223 (13), 237 (8), 264
(3), 306 (4), 349 (0.6), 364 (0.5, M™); exact mass calcd for
C20H3304B, m/e 364.2957, found m/e 364.2932.
(E)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1-decene: np 1.4622; IR (film) 2980, 2930, 2850, 1620, 1400,
1380, 1330, 1300, 1220, 1140, 970, 850 cm~*; *H NMR (CDCls)
00.87 (t,3H,J =6.8Hz), 1.26 (s, 12 H), 1.31 (s, 12 H), 1.2—
1.3 (m, 10 H), 1.35—1.45 (m, 2 H), 2.21 (t, 2 H, J = 7.1 Hz),
5.84 (s, 1 H); *3C NMR (CDClg) 6 14.12, 22.72, 24.89, 24.93,
28.64, 29.21, 29.45, 29.48, 31.93, 39.92, 83.25, 83.61; 'B NMR
(CDCls3) 6 30.26; MS (El) m/e 41 (40), 55 (37), 69 (33), 84 (100),
101 (10), 153 (23), 165 (3), 207 (7), 237 (29), 251 (43), 292 (12),
334 (13), 377 (2), 392 (1, M*); exact mass calcd for C2,H1,04B,
m/e 392.3269, found m/e 392.3271.
(E)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1-cyclohexylethene: np 1.4800; IR (film) 2980, 2930, 2850,
1620, 1400, 1380, 1330, 1300, 1220, 1140, 980, 850 cm~%; 'H
NMR (CDCl3) 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); 13C NMR (CDCls) 6 24.91, 25.11, 26.28, 26.61,
32.30, 47.68, 83.25, 83.65; 1B NMR (CDCls) 6 30.33; MS (El)
m/e 41 (57), 55 (48), 69 (46), 83 (100), 101 (11), 135 (19), 179
(31), 192 (80), 205 (5), 221 (32), 234 (11), 246 (3), 262 (4), 304
(17), 347 (2), 362 (2, M™); exact mass calcd for CoH3:04B, m/e
362.2800, found m/e 362.2811.
(2)-4,5-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
4-octene: mp 35 °C; IR (Nujol) 2950, 2850, 1460, 1380, 1340,
1300, 1160, 1140 cm™%; *H NMR (CDCl3) 4 0.91 (t, 6 H, J =
7.3 Hz),1.28 (s, 24 H), 1.3—-1.4 (m, 4 H), 2.17 (t, 4 H, J = 8.1
Hz); 3C NMR (CDCls) 6 14.61, 23.01, 24.95, 33.10, 83.29; 'B
NMR (CDCls) 6 30.72; MS (El) m/e 41 (20), 55 (19), 69 (20),
84 (100), 95 (7), 125 (3), 139 (7), 180 (12), 207 (4), 223 (14),
264 (7), 306 (10), 349 (0.9), 364 (2, M™); exact mass calcd for
CooH3804B> m/e 364.2956, found m/e 364.2997.
(2)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1,2-diphenylethene: mp 178 °C; IR (Nujol) 3050, 2920, 2850,
1460, 1380, 1300, 1140, 700 cm™*; *H NMR (CDCl3) 6 1.32 (s,
24 H), 6.94 (d, 4 H, J = 6.8 Hz), 7.0—7.1 (m, 6 H); °C NMR
(CDCl3) 6 24.89, 84.07, 125.79, 127.41, 129.32, 141.29; B
NMR (CDCls) 6 30.57; MS (El) m/e 41 (18), 55 (12), 69 (21),
77 (9), 84 (100), 105 (5), 129 (8), 152 (3), 178 (73), 199 (5), 231
(2), 251 (2), 277 (19), 291 (13), 374 (3), 432 (5, M™); exact mass
calcd for CosH3404B; mle 432.2643, found m/e 432.2667.
(E)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1-phenylethene: mp 68 °C; IR (Nujol) 3070, 2950, 2850, 1600,
1460, 1380, 1330, 1140, 970, 850, 760, 700 cm™; 'H NMR
(CDClg) 6 1.31 (s, 12 H), 1.38 (s, 12 H), 6.29 (s, 1 H), 7.24 (t, 1
H,J=73Hz),7.30(t2H,J=73Hz),743(d,2H,J=6.8
Hz); 13C NMR (CDCls) 6 24.89, 25.09, 83.60, 84.14, 126.59,
127.62, 128.31, 143.05; B NMR (CDCl3) 6 29.97; MS (EI) m/e
41 (30), 55 (18), 69 (25), 84 (100), 97 (3), 105 (10), 131 (12),
157 (4), 175 (13), 199 (4), 215 (53), 273 (2), 298 (9), 356 (5,
M); exact mass calcd for CxoH3004B, m/e 356.2331, found m/e
356.2337.
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(E)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1,7-octadiene: np 1.4584; IR (film) 3000, 2950, 1620, 1400,
1380, 1340, 1310, 1220, 1140, 980, 860 cm~*; *H NMR (CDCls)
01.26 (s, 12 H), 1.31 (s, 12 H), 1.3—1.5 (m, 4 H), 2.04 (dt, 2 H,
J=7.3and 6.8 Hz),2.22 (t,2H,J=6.6 Hz),4.91 (dd, 1 H, J
=10.3 and 2.0 Hz), 4.98 (dd, 1 H, J = 17.1 and 2.0 Hz), 5.79
(ddt, 1 H, J = 17.1, 10.3, and 6.8 Hz), 5.85 (s, 1 H); 13C NMR
(CDCls) 6 24.87, 24.91, 28.11, 28.64, 33.67, 39.67, 83.25, 83.63,
114.23, 139.05; 1B NMR (CDCls) 6 29.91; MS (El) m/e 41 (37),
55 (34), 69 (36), 84 (100), 101 (13), 135 (11), 163 (10), 178 (11),
205 (7), 221 (39), 234 (7), 262 (4), 277 (3), 304 (9), 347 (2), 362
(0.1, M*); exact mass calcd for CyoH3:04B2 m/e 362.2800, found
mle 362.2824.

(E)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
5-chloro-1-pentene: np 1.4613; IR (film) 3000, 2950, 1620,
1400, 1380, 1340, 1310, 1220, 1140, 980, 860 cm™%; *H NMR
(CDCl3) 6 1.27 (s, 12 H), 1.31 (s, 12 H), 1.85—1.95 (m, 2 H),
2.36 (t,2H,J=6.8Hz),352(t,2H,J=6.6Hz),592(s, 1
H); 13C NMR (CDCls) 6 24.87, 24.91, 31.57, 36.63, 44.59, 83.41,
83.80; 1B NMR (CDClIs) 6 29.93; MS (EI) m/e 41 (71), 59 (45),
69 (43), 83 (100), 93 (8), 101 (12), 121 (6), 147 (7), 157 (16),
174 (5), 215 (74), 237 (6), 256 (31), 298 (11), 341 (2), 356 (0.3,
M™); exact mass calcd for C;17H3:04B,Cl m/e 356.2097, found
m/e 356.2093.

(E)-1,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
7,8-epoxy-7-methyl-1-octene: np 1.4618; IR (film) 3000,
2950, 1620, 1400, 1380, 1340, 1300, 1220, 1140, 980, 850 cm™;
1H NMR (CDClg) 6 1.27 (s, 12 H), 1.29 (s, 3 H), 1.31 (s, 12 H),
1.3-1.7 (m, 6 H), 2.22 (t, 2 H, J = 6.8 Hz), 255 (d, 1 H, J =
4.9 Hz), 2.60 (d, 1 H, J = 4.9 Hz), 5.85 (s, 1 H); 13C NMR
(CDCls) 0 20.92, 24.87, 24.91, 25.11, 28.64, 36.65, 39.70, 53.99,
57.02, 83.30, 83.65; MS (EI) m/e 41 (60), 55 (53), 69 (47), 83
(100), 101 (28), 121 (18), 137 (10), 149 (16), 177 (18), 192 (24),
234 (9), 264 (3), 276 (19), 292 (3), 334 (2), 392 (0.1, M*); exact
mass calcd for C,1H3505B, m/e 392.2905, found m/e 392.2890.

Methyl (E)-6,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-6-heptenoate: np 1.4601; IR (film) 3000, 2950, 1740,
1620, 1400, 1380, 1330, 1310, 1220, 1140, 980, 850 cm™%; 'H
NMR (CDCls) 6 1.26 (s, 12 H), 1.31 (s, 12 H), 1.40—1.50 (m, 2
H), 1.55-1.65(m, 2 H), 2.23 (t, 2H,J=7.1Hz),229 (t, 2 H
J = 7.6 Hz), 3.65 (s, 3 H), 5.86 (s, 1 H); 3C NMR (CDCls) 6
24.69, 24.87, 28.13, 34.02, 39.27, 51.41, 83.30, 83.67, 174.14;
1B NMR (CDCl3) 6 29.93; MS (EI) m/e 41 (28), 55 (25), 69
(21), 83 (49), 93 (15), 101 (5), 135 (4), 151 (8), 166 (8), 179 (4),
194 (100), 221 (5), 236 (15), 253 (3), 263 (14), 278 (11), 294
(15), 336 (3), 363 (0.8), 379 (0.8), 394 (0.1, M*); exact mass
calcd for CooH3606B2 m/le 394.2698, found m/e 394.2717.

(E)-5,6-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
5-hexenenitrile: np 1.4615; IR (film) 3000, 2950, 2250, 1620,
1400, 1380, 1340, 1320, 1220, 1140, 980, 850 cm™%; *H NMR
(CDCl3) 6 1.28 (s, 12 H), 1.31 (s, 12 H), 1.75—1.85 (m, 2 H),
232 (t,2H,3=73Hz),235(t, 2H,J3=73Hz),593¢(, 1
H); 33C NMR (CDCls3) 6 16.50, 24.49, 24.87, 38.24, 83.54, 83.91,
119.79; *B NMR (CDCl3) ¢ 30.05; MS (El) m/e 41 (62), 55
(39), 69 (33), 83 (68), 93 (6), 122 (17), 148 (82), 166 (17), 188
(10), 206 (100), 232 (10), 247 (19), 289 (16), 319 (0.6), 332 (2),
347 (1, M*); exact mass calcd for C15H3104B2N m/e 347.2439,
found m/e 347.2437.

2-[(E)-4,5-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-4-pentenyl]cyclopentanone: mp 54 °C; IR (Nujol) 3000,
2950, 1740, 1620, 1400, 1380, 1340, 1310, 1220, 1150, 980, 860
cm~%; 'H NMR (CDCls) 6 1.26 (s, 12 H), 1.30 (s, 12 H), 1.4—1.6
(m, 4 H), 1.7-1.8 (m, 2 H), 1.9—-2.3 (m, 7 H), 5.85 (s, 1 H); 13C
NMR (CDCls) 6 20.78, 24.87, 24.91, 26.74, 29.50, 29.59, 38.19,
39.76, 49.07, 83.30, 83.67, 221.41; !B NMR (CDCl;) 6 30.02;
MS (El) m/e 41 (51), 55 (46), 69 (38), 83 (79), 93 (28), 101 (11),
133 (15), 162 (12), 176 (16), 204 (100), 221 (20), 246 (13), 263
(16), 288 (20), 321 (5), 346 (1), 389 (1), 404 (0.9, M™); exact
mass calcd for C;H3s05B, m/e 404.2905, found m/e 404.2880.

NMR Study for Oxidative Addition of 1 to Pt(PPhs)..
Pt(PPhs)s (62 mg, 0.05 mmol), 1 (127 mg, 0.5 mmol), and
toluene (4 mL) were sealed in a NMR tube. After being heated
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at 100 °C for 1 h, the solution was directly analyzed by ''B
and 3P NMR spectroscopies. The signals used for the iden-
tification are as follows: B NMR (toluene) ¢ 46.0 (broad, two
borons in 5) and 29.9 (two boron in 1); 3P NMR (toluene at
—80 °C) 0 —7.30 (br s, free PhsP), 10.68 (br s, unknown
species), 25.34 (s, Pt(PPhs).), 28.65, and its satellites at 35.61
and 21.73 (Jpr—p = 1517 Hz) (two phosphines in 5).

Synthesis of cis-Pt(BO,C;Me,)(PPhs). (5) (Eq 3). A
mixture of Pt(PPh3), (50 mg, 0.04 mmol) and 1 (203 mg, 0.8
mmol) in hexane (6 mL) was stirred at 80 °C for 2 h. To this
suspension was added toluene (2 mL) at that temperature. The
resulting homogeneous solution was cooled to room tempera-
ture over 1 day to give 82% yield of 5 as a colorless crystal:
mp 145 °C (dec); *H NMR (C¢Dg) 6 1.02 (s, 24 H), 6.80—6.95
(m, 18 H), 7.55—7.65 (M, 12 H); 23C NMR (C¢Ds) 6 25.79, 81.22,
127.62, 129.04, 135.06, 136.87; 3'P NMR (toluene at —55 °C)
0 27.79 and its satellites at 32.47 and 23.11 (Jpi—p = 1516 Hz),
1B NMR (toluene) 6 46.0.

X-ray Diffraction Study of 5. A colorless single crystal
of approximate dimensions of 0.2 x 0.2 x 0.5 mm was sealed
in a glass capillary tube. Intensity data were collected on a
Rigaku AFC5R four-circle diffractometer. Unit cell dimensions
were obtained from a least-squares treatment of the setting
angles of 25 reflections in the range 25.0 < 26 < 28.8°. The
cell dimensions suggested a triclinic cell. Diffraction data were
collected at 23 °C in the range 5.0 < 20 < 50.0° using the vw—26
scan technique at a scan rate of 8° min~t in w. Three standard
reflections, monitored at every 150 reflection measurements,
showed no significant variation in their intensities. The data
was corrected for Lorentz and polarization effects and for
absorption (empirical based on four azimuthal scans). Of the
8400 unique reflections measured, 7447 were classed as
observed (I > 30(l)) and these were used for the solution and
refinement of the structure. On the basis of a statistical
analysis of intensity distribution, and the successful solution
and refinement of the structure, the space group was deter-
mined to be P1 (No. 2). All calculations were performed with
the TEXSAN Crystal Structure Analysis Package provided by
Rigaku Corp., Tokyo, Japan. The scattering factors were taken
from ref 37. All non-hydrogen atoms of the platinum complex
were located by a heavy-atom Patterson method (PATTY) and
subsequent Fourier syntheses (DIRDIF92). The difference
map at this stage clearly showed four peaks (2.0-1.4 e A-3)
around a center of symmetry, which best fit in with a toluene
molecule used in recrystallization. The presence of toluene
(0.5 equiv of the complex) in the crystal was also supported
by *H NMR spectroscopy. With anisotropic thermal param-
eters for all non-hydrogen atoms of the platinum complex and
isotropic thermal parameters for the toluene carbons, refine-
ment converged at R = 0.038. At this stage, however, the
structure of toluene was rather distorted. Therefore, an ideal
model of toluene molecule was introduced in the most probable
orientation and included in further least-squares calculations.
The positions of toluene carbons were fixed, but the isotropic
thermal parameters were refined. This model converged at
R =0.039. All hydrogen atoms of the platinum complex were
successfully located by difference Fourier methods with elec-
tron densities in the range 0.706—0.403 e A-3. The hydrogen
atoms were placed at idealized positions (d(C—H) = 0.95 A)
using isotropic thermal parameters (Biso = 1.2Bponded atom) and
were included in the final cycles of calculation without refine-
ment of their parameters. The function minimized in least-
squares was YW(|F,| — |F¢[)? (w = 1/[0*(Fo)]). The final R index
was 0.031 (Ry = 0.037, GOF = 2.11). R = Y||F,| — |F¢|l/3|Fol,
and Ry = [JW(|Fol — [Fc[)/3w|Fo|?]*2 GOF = [Fw(|Fol —
[Fc)?(No — Np)1¥?, where N, is the number of observed data
and N, is the number of parameters varied.

Reaction of 5 with Alkynes (Eq 4). 1-Octyne (0.015
mmol) was added to a solution of 5 (15 mg, 0.015 mmol) in

(37) Cromer, D. T.; Waber, J. T. International Tables for X-ray
Crystallography; Kynoch Press: Birmingham, U.K., 1974.
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CsDg (0.5 mL) in a NMR tube. The mixture was heated at 50
°C for 6 h. *H NMR analysis indicated the presence of 5 (13%)
and 3 (R! = CgH13, R? = H) (87%) in the solution. A similar
reaction with phenylethyne (0.015 mmol) gave 3 (R! = Ph, R?
= H) in a 74% yield.

Supporting Information Available: Figures showing 'H
NMR spectra for 3, a figure showing an atom-numbering
scheme, tables of crystal data, positional and equivalent
isotropic thermal parameters for the non-hydrogen atoms,
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positional parameters for the hydrogen atoms, anisotropic
thermal parameters, and intramolecular distances and angles,
text describing X-ray experimental details, and figures show-
ing 1H, C, !B, and 3P NMR spectra for 5 (27 pages). This
material is contained in many libraries on microfiche, im-
mediately follows this article in the microfilm version of the
journal, and can be ordered from the ACS; see any current
masthead page for ordering information.
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