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THE FIRST X-RAY STRUCTURE DETERMINATION OF A Z-PHOSPHAETHYLENE:
E—Z-PHENYL—I—(2,4,6—TRI—t—BUTYLPHENYL)PHOSPHAETHYLENE
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Abstract: The sterically protected Z-phosphaethylene, Z-2-
phenyl-1-(2,4,6-tri-t-butylphenyl)phosphaethylene (1-Z), was
analyzed by X-ray crystallography.

Since Bickelhaupt et al. reported the isolation of a stable phospha-
ethylene, 1—mesityl—2,2—diphenyl—l—phosphaethylene,l compounds with multiple
bond containing phosphorus atom in lower coordination state have been of current
interest. We have been successful in preparing E-2-phenyl-1-(2,4,6-tri-t-
butylphenyl)phosphaethylene (1-E) and found the E/Z photoisomerization to the
corresponding Z-isomer (l—Z).2 We now wish to report the X-ray analysis of the
Z-phosphaethylene (1-Z).
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The title Z-phosphaethylene (1-2) was prepared and purified as reported
previously (m.p. 95-97°C),2 the structure of which was established unambiguously
by a single crystal X-ray analysis as follows.3

6443



6444

Figure 1. Molecular structure of Z-2-phenyl-1-(2,4,6-tri-t-
butylphenyl)-l-phosphaethylene (1-2). Some selected bond
distances and bond angles: P-C(l) 1.674(2), P-C(8) 1.851(2),
C(1)-C(2) 1.465(3) A&, /C€(1)-P-C(8) 105.8(1), /P-C(1l)-C(2)
139.1(2)°.

Crystal data (1-Z): Cys5H35P, M=366.532, monoclinic, space group P2j/c,

a=11.439(1), b=10.593(2), c=19.053(2) A, B8=96.99(1)°, U=2291.4(3) A3, z=4,

D.=1.06 g'cm‘3. 3405 Reflections with 26 < 120° were recorded on a four-circle

diffractometer in the dark using graphite-monochromated Cu-Ka radiation. of
these 2866 (with I > 30(I)) were judged as observed. The structure was solved
using MULTAN.4 Full-matrix least squares refinement with anisotropic
temperature factors for non-hydrogen atoms converged to R 0.040.9

Figure 1 is an ORTEP drawing® of 1-2. The C(8), P, C(l), and C(2) atoms
are coplanar within 0.005 A and the dihedral angle /C(8)-P-C(1)-C(2) is 1.0(3)°.
The phenyl ring attached to C(l) makes an angle of 7.2° with this plane whereas
the 2,4,6-tri-t-butylphenyl ring makes an angle of 88.3°. Therefore the latter
bulky phenyl is almost perpendicular to the P=C m-system forming a striking

contrast to the mesitylphosphaethylene,l where mesityl, Z-phenyl, and E-phenyl
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groups are arranged like a propeller around the P=C nodal plane making angles of
71°, 42.9°, and 36.6°, respectively. This conformation in 1-Z2 may be attained
owing to the steric hindrance caused by the ortho-t-butyl groups. The P-C(1)
bond distance is 1.674(2) A and is very close to that of HP=CH; determined by
microwave spectroscopy.7 The bulky aromatic ring is distorted to a boat form
as has been observed in the compounds containing the 2,4,6-tri-t-butylphenyl-
phosphorus group.8 It should be noted that the hydrogen atom bonded to C(3)
and the bulky aryl group are extraordinarily close to each other: the distance
between H(C3) and the mean benzene plane = 2.33(2) A and H(C3)++-C(8) = 2.42(2)
R. Unusual up-field chemical shift upto § 6.1 observed for the aromatic
protons in the 1y NMR of 1-2 might account for this situation. The widening of
the P-C(1l)-C(2) angle in 1-2 compared with the corresponding angle of 127.2° for
the mesitylphosphaethylene might be due to this intramolecular repulsion.

This is the first X-ray analysis? of a very stable Z-phosphaethylene
sterically protected by the extremely bulky 2,4,6-tri-t-butylphenyl group.
Additionally 1 is the phosphaethylene with one hydrogen atom but without any
hetero-atom substitution at C(l) in contrast to the hetherto known phospha-
ethylenes,lrlo although the preparation of 1-(2,4,6~tri-t-butylphenyl)phospha-
ethylene has already Lcen reported.11 It is also important that an appropriate
bulkiness is essential for stabilization of such unusual compounds in low co-
ordination state. Indeed Bickelhaupt et al. have recently reported unsuc-
cessful results on their attempts to prepare trimesitylphosphaethylene.12
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