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Since their first synthesis in 1984,1 phosphasilenes have been 
the subject of intensive experimental and theoretical research. 
While the work of Bickelhaupt and co-workers yielded phos
phasilenes of type A,1'2 Driess et al. recently described the 
preparation of compounds of type B and C.3 

In an earlier communication we reported the reaction of tert-
butyltrichlorosilane (1) with 4 equiv of the lithium phosphide 2 
to give the lithium l,2-diphospha-2-silaallyl complex 3, which 
was quenched with chlorotrimethylsilane to yield the thermally 
unstable P=Si double bond system 4,4 here described as type D 
(see Scheme I). However, until now none of the phosphasilenes 
A-D has been isolated in crystalline form, and therefore no X-ray 
diffraction studies of phosphorus-silicon double bond systems 
have been performed. 

In analogy to the synthesis of 4 we found that compound 3 
reacts with chlorodiphenylphosphine in diethyl ether at -78 0C, 
yielding the 1,3,4-triphospha-2-silabutene-(l) 5, which represents 
the first phosphasilene of type E (see Schemes I and II). After 
crystallization from «-pentane at 4 0C, pure 5 can be isolated as 
a yellow solid highly sensitive to air and moisture.5 Its constitution 
is determined by its mass and NMR spectra, and in managing 
to obtain suitable single crystals we were able to obtain the first 
X-ray structure of a phosphasilene.6'7 

Compound 5 (see Figure 1) represents an (£)-isomer of a 1,3,4-
triphospha-2-silabutene-(l), the Pl-Sil—P2-P3 atoms building 
up a rather small dihedral angle (TI = 4.9°) and forming an 
almost planar trapezoid (see Figure 2) with a rather short P1-P3 
distance (3.68 A). 
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Scheme I. Phosphasilene Types A-E 
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Scheme II. Synthesis of 3-5 
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The alkyl and aryl substituents are all pointing outward, 
sterically protecting the P=S i -P -Pske l e ton . ThePl-Sil bond 
length (2.094 A) is characteristically shorter than the neighboring 
Sil—P2 distance (2.254 A), which matches very well with the 
average Si-P single bond distance of 2.25 A.9 The P2-P3 single 
bond length (2.251 A) and the other bond distances are just as 
expected. Like in all X3-P=E double bonds, the angle at the 
dicoordinated phosphorus Pl (104.2°) shows a value smaller than 
120°. 

The silicon is tricoordinated to a carbon atom of the /erf-butyl 
group and two phosphorus atoms, showing a quite unusual sum 
of angles (356.7°), which leaves Sil about 0.21 A under the 
P1-P2-C19 plane. Looking at the molecule along the P l = S i I 
bond axis (see Figure 2), the atoms Cl and C19 form an angle 
of T2 = 3.4°, indicating a nearly planar arrangement of C l -
Pl-Sil-C19 as expected for a normal double bond; however, Cl 
and P2 show an angle of only T3 = 161.0°, leaving P2 displaced 
out of this plane. 

Compared with the bond distance in the allyl system 3 (rPsi 
= 2.11 A),4 the P l=S i I distance is a little shorter (2.094 A), but 
it exceeds the values predicted by theoretical studies on phos
phorus-silicon double bonds (2.04-2.06 A).40 The shortening in 
relation to an average single bond is smaller (0.16 A) than reported 
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Figure 1. X-ray structure of 5, showing the atomic numbering scheme 
with ellipsoids at the 30% probability level. Hydrogen atoms omitted for 
clarity. Important bond distances (A) and angles (deg): Pl-SiI 
2.094(3); Sil-P2, 2.254(3); P2-P3, 2.251(2); Cl-Pl-SiI, 104.2(2); 
P1-SH-P2, 115.2(1); SH-P2-P3, 103.2(1); T,: Pl-Si 1-P2-P3,4.9(1). 

for P = C " and P=Ge1 2 systems with 0.20 A. The rather long 
P1 = S i 1 distance and the unusual geometry at the tricoordinated 
silicon may just be due to the steric crowding in the system but 
could also be explained by a donation of the lone pair at the P2 
atom into the ir* orbital of the double bond. 

The 31P-NMR spectrum of 55 shows a characteristic AMX 
spin system with the downfield signal of Pl (128.7 ppm) typical 
for a dicoordinated phosphorus in phosphasilenes.' ~3''3 The value 
of the 37PIP3 coupling constant is unusually high (102.1 Hz), 
indicating a P1-P3 contact through space,'4 which is in agreement 
with the X-ray structure. The 29Si-NMR spectrum5 shows a 
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showing a greater shielding of the phosphorus (S 10—20).' 
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Figure 2. Reduced view of 5 and view along the double bond Pl=SiI. 
T2: zCl-Pl-Sil-C19, 3.4(3)°. T1: /Cl-Pl-Si 1-P2, 161.0(2)°. 

large deshielding for the tricoordinated silicon atom (180.2 ppm). 
The coupling constants '/pi=-si = 203.0 Hz and 1J-P2-Si = 141.3 
Hz are remarkably high and occur only in the phosphino-
substituted phosphasilenes D and E. The corresponding '7p=si 
values of A-C, often used to characterize a P=Si double bond, 
are significantly smaller (150-160 Hz).1-3 

The NMR spectra do not show any sign of (£)/(Z)-
isomerization in solution. 
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