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Abstract—Pentacarbonyltungsten(0) complexes of kinetically stabilized 1,2-diphosphabut-1-en-3-ynes were synthesized as a
heavier conjugated enyne system featuring a phosphorus—phosphorus double bond, and characterized by spectroscopic and
crystallographic analyses. © 2002 Elsevier Science Ltd. All rights reserved.

Considerable attention is being paid to ethynylphosphi-
nes [ >P-C=C-] because of the electronic interaction
between the phosphorus atom and the w-orbital of the
acetylene moiety. It has been known that ethynylphos-
phines show certain changes in spectroscopic and ther-
modynamic properties as well as interconversion of the
skeleton,'™ and they have been utilized as a source of
some organometallic and cyclic compounds.®® On the
other hand, in 1981, we reported the first successful
example of a stable diphosphene 1 (Chart 1) by use of
a kinetic stabilization method with a bulky 2,4,6-tri-z-
butylphenyl group (hereafter abbreviated to Mes*),'°
and until now, a number of stable diphosphenes have
been derived as described in the reviews.!!'"'* Although
the diphosphene moiety can be incorporated with any
conjugated system, the number of conjugated systems
involving the P=P unit is quite limited if those with
directly bound aromatic rings are excluded.!’!>-17 Tak-
ing these results into consideration, substitution of the
acetylene group on the low-coordinated phosphorus
atom would affect the intriguing properties of the
diphosphene moiety, which would be utilized as a mate-
rial for novel conjugated systems including low-coordi-

Mes*—R, Mes*—R, —C=C—
% Mest b_cmc_pr  AT—C=C—H
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Mes* = 2,4,6-t-BugCgHy; a: Ar = Mes*; b: Ar = Ph

Chart 1.
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nated phosphorus atoms, since conjugated enyne
compounds indicate versatile properties for organic
synthesis!® and antibiotics.!” Here we report the prepa-
ration, structure and some properties of kinetically
stabilized 1,2-diphosphabut-1-en-3-yne compounds (2),
ligating on the tungsten(0) pentacarbonyl.

Taking into account the expected large protecting effect
of the Mes* group, we first chose 1,3,5-tri-¢-butyl-2-
ethynylbenzene (3a)*° as the starting acetylene for
ethynylphosphines 4a—6a, and then ethynylbenzene (3b)
for the series of 4b—6b, as shown in Scheme 1.7 The
acetylenes 3 were derived to acetylides, followed by
treatment with chlorobis(dimethylamino)phosphine to
give the corresponding diaminophosphines 4 almost
quantitatively.”! Compounds 4 were treated with
hydrogen chloride in ether to give dichlorophosphines
5, and 5 was allowed to react with lithium aluminum
hydride to afford primary phosphines 6 almost quanti-
tatively.?! Although bulky phosphine 6a was an air-
and moisture-sensitive colorless solid, its polymeriza-
tion was avoided probably due to the bulky sub-
stituents. Phosphine 6b was isolated without
decomposition by extraction with ether.?

Ar—C=C-H —2 = Ar—C=C-PX, _x%T' Ar=C=C-PH,
3 by [: 4: X = NMe, sw W
a: Ar = Mes* 5:X=Cl
b: Ar=Ph °)L—.s-x—H [W] = W(CO)s

Scheme 1. Preparations of ethtynylphosphines. Reagents and
conditions: (a) (1) n-BuLi/THF/-78°C, (2) CIP(NMe,),; (b)
HCI/Et,0/-78 to 15°C; (c) LiAIH,/Et,0/-78°C; (d)
W(CO)<(THF),/THF.
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Next, attempts were made to prepare diphosphene 2a
by a similar preparative method for unsymmetrical
diphosphene 7,?* but either from combination of 5a and
8-10 or 6a and 11 (Chart 2), the attempts failed to give
2a, and the decomposition of 5a and 6a was observed.
Accordingly, we tried to prepare 2a in a complexed
form. Thus, 6a was allowed to react with an equivalent
amount of W(CO)s(THF) to afford the corresponding
complex 6aW?!' in 35% isolated yield after SiO, column
chromatography as an air-stable orange solid (Scheme
2). According to the method for complex 7W,** com-
plex 6aW was allowed to react with dichlorophosphine
11 in the presence of DBU (diazabicyclo[5.4.0Jundec-7-
ene) to give the corresponding carbonyltungsten com-
plex 2aW?° as an air-stable orange solid. Complex 2aW
was isolated after SiO, column chromatography (hex-
ane) followed by gel permeation chromatography (chlo-
roform) in 20% yield from 3a (Scheme 2). Moreover,
complex 6bW, prepared in a similar manner, afforded
the corresponding diphosphene complex 2bW?* in 10%
isolated yield from 3b (Scheme 2). Complex 2bW can be
handled in air, although it decomposes on an SiO,
column. It seems likely that the bulky Mes* group as a
substituent on the acetylene is not essential for stabi-
lization of either 2W or 6W. On the other hand, the
reaction of 5 with phosphine complex 8W did not give
the diphosphene complex, probably due to the steric
encumbrance.

3P NMR spectra of 2W display a typical AB pattern,
which is similar to diphosphene complex 7W,** indicat-
ing an E-configuration from its chemical shifts and an
end-on coordination on W(CO); from its Jpy values.?®
UV-vis spectra of 2W show longer 4,,,, values [457 nm
(2aW), 462 nm (2bW)] than that for 7W (436 nm),>*
probably due to the effect of the acetylene unit on the
extended conjugation.

The structures of 2aW and 2bW were confirmed by
X-ray crystallographic analyses, as shown in Figs. 1
and 2.2” The Cy..« P=P(W)-C=C-C,, systems are pla-
nar. The P-W distances of 2aW and 2bW are both
2.475 A, which are comparable to those of 12 [2.456(2)
AJ?® and 13 (Chart 3) [2.484(3) and 2.491(3) A].>° The
complex 2bW showed the longest P=P bond length
[2.049(3) A] ever reported for diphosphenes, ie. 1

Mes*—R, :
\\ * |
b—Mes Mes*—PH, Mes*—P(H)Li
7 8 9
Mes*—P(Li)SiMes Mes*—PCl,
10 1
Chart 2.
Mes*-R Mes
DBU N - L F\\
6w + 11 P=C=C-Ar = —es) P=C=CMes*
W] W]
_ 2aW: Ar = Mes* 2awW'
W]=W(CO)s  pw: Ar=Ph

Scheme 2. Preparation of diphosphene complexes 2W.

[2.034(2) AL'® 12 [2.025(3) A}, 13 [2.041(4) A}, and
the present 2aW (2.037(4) A). The Mes* ring on the
phosphorus atom is almost perpendicular to the
Cpress—P=P(W)-C=C-C,, plane (Ar=Mes* or Ph)
[Cpess—P1-P2(W)-C1-C2-C,, versus Mes*(P): 85.4(3)°
for 2aW and 89.6(4)° for 2bW], suggesting its sterically
effective protection of the P=P skeleton. On the con-
trary, the Ar ring on the acetylene unit is considerably
planar to the Cy.«P=P(W)-C=C-C,, plane

[Cpes—P=P(W)-C=C-C,, versus Ar(C): 19.7(3)° for
2aW and 12.2(2)° for 2bW], in contrast to the average
torsion angle of 64° observed for 1 in the solid state.'®!!
Steric congestion around the P2 atom in 2aW or 2bW is
released due to an acetylene spacer, and the aromatic
ring on the acetylene side apparently tends to take
co-planarity with the P=P-C=C group.

Figure 1. An ORTEP drawing of the molecular structure of
2aW. Hydrogen atoms are omitted for clarity. Selected bond
lengths (A) and angles (°): P2-W 2.475(3), P1-P2 2.038(4),
P1-C(Mes*) 1.829(10), P2-C1 1.745(10), C1-C2 1.19(1),
C2-C(Mes*) 1.43(1), C(Mes*)-P1-P2 97.3(3), P1-P2-Cl
101.3(4), P1-P2-W 142.5(1), C1-P2-W 116.0(4), P2-C1-C2
175.8(9), C1-C2-C(Mes*) 177.3(10).

Figure 2. An ORTEP drawing of the molecular structure of
2bW. Hydrogen atoms are omitted for clarity. The p-¢-butyl
group in the Mes* group is disordered and the atoms with a
predominant occupancy factor (0.57), which is refined
isotropically, are shown. Selected bond lengths (A) and angles
(°): P2-W 2.475(2), P1-P2 2.049(3), P1-C(Mes*) 1.855(7),
P2-C1 1.739(7), C1-C2 1.21(1), C2-C(Mes*) 1.448(10),
C(Mes*)-P1-P2  102.9(2), P1-P2-C1 98.8(3), P1-P2-W
143.4(1), C1-P2-W  116.8(3), P2-Cl1-C2  175.6(7),
C1-C2-C(Mes*) 175.5(8).
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W]\ /[W]
Mes*— .| Mes*-R R —
;\P—Mes Mes ':Hz ;P-O tBu_P=R +Bu
W] W w] & Q
t-Bu t-Bu
7wV 8w 12 13
R =2,6-+-Buy-4-MeCgH,
Chart 3.

Diphosphene complex 2aW was isomerized by photo-
irradiation. Complex 2aW in benzene-d, was irradiated
with a medium-pressure mercury lamp through a Pyrex
filter to afford an E/Z mixture in a 4:1 ratio after 3
days, as shown in Scheme 2. The Z-isomer (2aW’)
displays an AB pattern with a higher *'P chemical shift
and a larger 'Jpp value than those for the E-isomer
[2aW": 6, 268, 388 (Jpw 254 Hz), 'Jpp 549 Hz].*°
Attempts to obtain free diphosphene 2a by decomplex-
ation of 2aW are now in progress.
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