
Heteroatom Chemistry 
Volume 2, Number 6, 1991 

Molecular and Crystat Structure of 
Terf- But y I p hos p h ae t h y ne 
Alexander N. Chernega 
Institute of Organic Chemistry of the Ukranian Academy of Sciences, Murmanskaya Street 5 ,  
Kiev-94, 253600, USSR 

Mikhail Yu. Antipin, Yuri T. Struchkov 
Institute of Organoelement Compounds of the Academy of Sciences of the USSR, Vavilw Street 
28, MOSCOW B-334,117813, USSR 

Mohamed F. Meidine and John F. Nixodk 
School of Chemistry and Molecular Sciences, University of Sussex, Falmer, Brighton BNI SQJ, 
U K  

Received 28 .May 1991. 

ABSTRACT 

The crystal and molecular structure of tert-butyl- 
phosphaethyne, Bu'C=P, liquid at room tempera- 
ture, has been determined by X-ray diffraction at 108 K. 
Main geometrical parameters are as follows: e C  
1.542(2), C(sp)-C(sp3) 1.470(3) A, PCC 179.3(2)". 

INTRODUCTION 
In comparison with other types of organophospho- 
rus compounds the geometry of phosphaalkynes 
R C r P  has been studied much less extensively. Thus 
the Cambridge Database file [l] contains the X-ray 
structure of only one representative of this class, 
namely, 2,4,6-tri( tert-butyl)phenylphosphaethyne, 
(C6H2BuS)C=P, (1) [2]. Microwave studies are 
somewhat more numerous [3), however this method 
in many cases involves a number of geometrical 
assumptions or restrictions. At the same time the 
peculiarities of the phosphaalkyne molecular ge- 
ometry represent considerable interest both for or- 
ganoelernent and theoretical chemistry. In this con- 
nection we have therefore carried out the low 
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temperature X-ray structural investigation of tert- 
butylphosphaethyne, Bu'CeP (2), which is a liquid 
at room temperature, and has been the most widely 
studied of the phosphaalkynes [4]. 

DISCUSSION 
The general view of the Bu'CeP molecule is shown 
in Figures 1 and 2. The triple e C  bond length 
1.542(2) 8, in (2)  is equal within the experimental 
error to the corresponding parameters 1.5 16( 13) and 
1.520( 12) A observed in molecule (1) [2] and the bis- 
T1-complex (3), respectively [5]. 
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In the v2-complex (4) [6] however, this bond is con- 
siderably elongated (up to 1.672( 17) A) as compared 
with the corresponding value in the free ligand. It 
should be emphasized that the same picture is also 
observed in phosphaalkenes R2C=PR'; the double 
P=C bond remaining almost unchanged on for- 
mation of ql-complexes; whereas in q2-complexes 
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FIGURE 1. General view of the molecular structure of 2 
including the numbering scheme. The atoms P, C(l), C(2), 
and C(3) occupy a crystallographic mirror plane. 
Geometrical parameters of 2: P-C(l) 1.542(2), C(1)-C(2) 

PC(l)C(2) 179.3(2), C(l)C(2)C(3) 109.7(2), C(l)C(2)C(4) 
109.1(1), C(3)C(2)C(4) 109.3(2), C(4)C(2)C(4’) 110.3(2)”, 

1.470(3), C(2)-C(3) 1.539(2), C(2)-C(4) 1.537(2) A, 

PC(l)C(2)C(4) - 60.3(1)”. 

it is substantial1 elongated [7]. The C(l)-C(2) bond 

bond distance [8], and the C(2) atom has an almost 
ideal tetrahedral environment with the bond angles 
CCC in the range 109.1-109.7” (avg 109.5(2)”). 

Molecules (2) are kept within the crystal by 
means of normal Van der Waals interactions. No 

length (1.470(3) K ) is quite normal for a C(sp)-C(sp3) 

d 
FIGURE 2. Packing diagram of 2. 

shortened intermolecular contacts are observed, the 
shortest P. * C ,  P- * *H, C- * -C and C. - .H distances 
being 3.805(2), 3.43(4), 3.956(3), and 2.64(4) A, re- 
spectively (corresponding sums of Van der Waals 
radii are 3.60,3.10,3.40, and 2.90 A [9]). It is note- 
worthy that the l‘=C and C-C(Bu‘) bond lengths 
reported earlier in the microwave spectroscopic 
study of (2) (1.536 and 1.473 A [3c]) are very close 
to the values found in the present work. 

EXPERIMENTAL 
The single crystal of the liquid (2) suitable for X- 
ray diffraction study was grown in a thin-walled 
capillary (diameter ca. 0.5 mm) by very slowly cool- 
ing its melt near the melting point at 193 K. 

Crystar Data. PCsH9, M = 100.1, orthorhombic, 
a = 8.662(2), b = 7.072(7), c = 10.569(1)A, V = 
647.4 A3, 2 = 4, d, = 1.03 g/cm3, space group Cmc2, 
(No. 36), p = 2.9cm-’, F(000) = 216. 

Crystallographic measurements were made at 
108 K using an Enraf Nonius CAD-4 diffractometer 
operating in the W-28 scan mode (the ratio of the 
scanning rates was o/8 = 1 :2). The intensity data 
were collected within the range 1 I 8 I 31” using 
graphite-monochromated Mo-Ka radiation (A = 
0.71073 A). Intensities of 1136 reflections (579 of 
them unique) were measured and the structure was 
solved by direct methods and refined by full-matrix 
least-squares. In the refinement 498 reflections with 
I > 3u were used. 

All hydrogen atoms were located in the differ- 
ence Fourier maps and refined isotropically . Con- 
vergence was obtained at R = 0.03285 and Rw = 
0.03897 (for the inverted structure R = 0.03297 and 
Rw = 0.03935). Corrections for Lorentz and polar- 
ization effects were applied but not for absorption. 
Calculations were performed using the SDP-PLUS 
program. Coordinates and temperature factors of 
all atoms are deposited at the Cambridge Crystal- 
lographic Data Centre [ 101. 
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