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Twelve-membered cyclic diethynylphosphine derivatives
(R',SiC=C-R’PC=C), (1a: R! = R? = Ph; 1b: R' = Ph, R?
=t-Bu; 1¢: R! = i-Pr, R? = Ph) have been synthesized as a novel
cyclic phosphine ligand including potentially reactive acetylene
and silane moieties. Compounds 1a and 1b were formed as a
mixture of cis- and trans-isomers, while an only trans-isomer
was obtained for lc. X-ray structural analysis revealed planar
skeletal structures of the trans-isomers of la—c.

Recently cyclic compounds containing ethynylphosphine
units, (-BuPC=C), (n =3, 4),1 and ethynylsilylene units,
(R,SiC=C), (R = Ph, n = 4, 6; R = Me, n = 3-6),” have been
synthesized. Ethynylphosphines are potentially multifunctional
ligands because both phosphine and acetylene are capable of co-
ordination.” These multifunctional compounds would play an
important role in constructing suprarnolecules.4 We report here
the synthesis and structures of twelve-membered cyclic diethy-
nylphosphine derivatives (R',SiC=C-R?>PC=C), as new eth-
ynylphosphine ligands.

As shown in Eq 1, treatment of diethynylsilanes,
R!,Si(C=CH), (R! = Ph and i-Pr),”" with 2 equiv. of EtMgBr
in THF, followed by a reaction with dichlorophosphines, R?PCl,
(R? = Ph and t-Bu), gave the desired compounds (R',SiC=C-
R’PC=C), (1a: R! = R?> = Ph, 6.4%; 1b: R = Ph, R? = -
Bu, 1.9%; 1c: R! = i-Pr, R? = Ph, 2.4%) as main products.6 Al-
though the yields were low at this stage, and polymeric side
products [e.g. (R',SiC=C-R*PC=C), (n > 6)] were produced,
la—c were easily isolated by gel permeation chromatography.

1) EtMgBr

1 i — 2
. 2) R?PCl, R2SI—="PR
R',Si(C=CH), s I‘I I‘I (1)
R2P—=SiR',
1a:R'=RZ=Ph 6.4%

1b:R' = Ph, R? = +-Bu 2:3%

1c:R' = iPr,R?=Ph 2.4%
These compounds were fully characterized by spectroscopic
methods, elemental analysis, and X-ray crystallography. The
13C, 2%Si, and *'P NMR spectral data of 1 are summarized in

Table 1. 3C, ?°Si, 3'P NMR, and Raman spectral data for 1

Compounds 1a 1b 1c
13C NMR §
SiCyp 109.7* 109.2, 109.2 109.72
PC,, 109.22 109.4, 109.5 108.32
2Si NMR & —49.7% —50.1, =50.3 —23.7%
3P NMR § —61.28, —61.4> —35.8%, —36.5° —61.7°

Raman v/cm™! 2103 (C=C)
b

2101 (C=C) 2095 (C=0)

Atrans-isomer, °cis-isomer

Table 1. In the 3'P NMR spectra of 1a and 1b, two signals ap-
peared, attributed to the cis- and trans-isomers. The ratios of
these isomers were dependent on the phosphine substitution.
For 1a, the trans-isomer was predominant and the cis-isomer
was trace, whereas for 1b, frans- and cis-isomers were present
in a 1:1 ratio. In the 3'P NMR spectra of 1c, only one signal ap-
peared, assigned to the frans-isomer. In the Raman spectra of
la—c, strong peaks due to C=C stretching vibration modes ap-
peared near 2100 cm™'. These compounds were air-stable, and
phosphine oxides (P=0) were not formed for several weeks in
the air.

trans-Isomers of the ethynylphosphines 1la—c¢ were charac-
terized by X-ray crystal structure analysis (Figure 1).7 The asym-
metric unit of the crystal of 1b contains two crystallographically
independent molecules A and B, which were nearly identical.
The 12-membered rings of 1 were almost planar, analogous to
(PhZSiCEC)A‘.2b In 1a and 1c, the dihedral angles between the
P1-Sil-P2 and the P1-Si2-P2 mean planes were 177.6 and
176.4°, respectively. Since 1b has a symmetric center in the mid-
dle of the molecule, the corresponding angle was 180°. The aver-
age bond lengths of are Si—C(sp), P-C(sp), and C=C were 1.821,
1.773, and 1.197 A, respectively, similar to the reported values
for PhySi(C=CH), (Si—-C(sp); 1.821 and 1.803 A, C=C; 1.210
and 1.204A)° and P(C=CH); (P—(sp); 1.757A, C=C;

Figure 1. ORTEP drawings of compounds 1 with thermal ellip-
soids shown at the 50% probability level. Hydrogen atoms are
omitted for clarity. (a) 1a, (b) 1b, (c) 1c.
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1.168 A).® The average bond angles of Si—-C=C and C(sp)-Si—
C(sp) were 171.0 and 103.2°, respectively, which are similar
to the reported angles for (Ph,SiC=C), (172.7 and 104.30),2b
yet smaller than those of the starting material Ph,Si(C=CH),
(Si-C=C; 178.04° and 176.74°, C(sp)-Si—C(sp); 108.7°).> The
average bond angle of C(sp)-P—C(sp) was 96.6°, which was also
smaller than those of the model compound P(C=CH); (102 and
99°).% The average bond angle of P-C=C was 174.5°, similar to
those of the model compound P(C=CH); (169 and 1720).8 The
small angles of C(sp)—-Si—C(sp) and C(sp)-P—C(sp) and the devi-
ation from linearity of Si-C=C and P=C=C reduce the ring
strain.
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