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C-Chlorophosphaethyne, CIC-P, is produced by flow thermolysis of trichloromethylphosphonous dichloride, 
CI3CPCl2, over zinc metal at 530 "C, and is detected by microwave spectroscopy. 

Although Gier originally detected H C 2  in 1961,' it was not 
until 1975 that a second member of the phosphaalkyne family, 
CH3CS',2 was synthesised. Subsequently, numerous other 
substituted phosphaalkynes, such as FCrP,3 CH2=CHC~P,4 
HGC-C*,S N Z - G P 6  and C6HSC~P7 were made and 

studied by microwave spectroscopy and in some cases also by 
infrared and photoelectron techniques. Since then the chem- 
istry of these molecules, particularly using Me3CC~P* as a 
synthon, has exploded, and this field has been comprehen- 
sively reviewed by Regitz.9 
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Table 1 Microwave transition frequencies and rotational constants of 
35c112c-31pfl 

~ 

Obs. - calc.1 
J + l t J  F ' t F  FrequencyIMHz MHz 

4 t 3  2.5 t 1.5 24 160.845 0.007 
3.5 t 2.5 

5.5 t 4.5 

4.5 + 3.5 

6.5 t 5.5 

5.5 t 4.5 

7.5 t 6.5 

4 t 3  4.5 t 3.5 24 162.937 -0.006 

5 t 4  3.5 t 2.5 30 202.044 -0.008 

5 t 4  5.5 t 4.5 30 203.301 0.005 

6 t 5  4.5 t 3.5 36 242.831 -0.007 

6 c 5  6.5 t 5.5 36 243.675 0.008 

Bo = 3020.31252(62) MHz; Do = 0.419(10) kHz; eQq = -72.57(16) 
MHz. 

Although FC=P was made with relative ease,3 C l C 9 ,  
C-chlorophosphaethyne, has remained more elusive. This 
compound was finally prepared by thermolysis of ClCH2PCl2, 
C12CHPC12 and C13CPC12, the latter giving the highest yield, 
and identified by IR spectroscopy.10 The molecule has also 
been prepared by Hermesdorf in the Regitz group.ll 

This molecule was expected to have a small dipole moment 
(ca. 0.2 Debye), and hence a very weak microwave spectrum. 
This fact, along with the splittings expected due to the chlorine 
nuclear quadrupole moment, was responsible for the lack of 
previous success in detecting this species by microwave 
spectroscopy. Using the rotational and centrifugal distortion 
constants from a high resolution FTIR study of the 1475 cm-1 
band of ClCrP12 we have been able to detect some very weak 
microwave transitions of 35ClC=P. 

The general method of production of these molecules for 
spectroscopic study has been by thermolysis of a parent 
species leading to the elimination of fragments such as 
hydrogen halides to give the required phosphaalkyne.13 The 
method of production of C-chlorophosphaethyne used in this 
study is similar in that trichloromethylphosphonous di- 
chloride, C13CPC1214 was passed through an 8 mm ID-tube 
loosely packed with granulated zinc for ca. 15 cm of its length 
and heated to 530°C. The presence of the zinc facilitates the 
elimination of chlorine from the precursor. The resulting 
vapour was passed through a U-tube immersed in a -94°C 
bath (acetone-liquid nitrogen slush) to remove the unreacted 
precursor and other side products and collected at liquid 
nitrogen temperature to give a relatively pure sample of 
C l C 3 .  The progress of the reaction and purity of the resulting 
sample were monitored by FTIR spectroscopy. Thermolysis 
of the precursor alone at ca. 1000 "C results in the formation of 
ClCZP, along with further reaction products such as COC12 
and ClCCH, as determined by IR spectroscopy.lo The C 1 C e  
samples produced in this way could be stored for several days 
at liquid nitrogen temperatures with no apparent decomposi- 
tion or polymerisation. Spectra were recorded by warming the 
sample to ca. -120°C to give a vapour pressure of 20 pmHg, 
and flowing the sample directly through the cell of a Hewlett 

Packard Stark modulated spectrometer using a Hewlett 
Packard 63 640A synthesized sweeper as a microwave source. 

The observed spectrum consists of three weak R-branch 
(J  3, 4 and 5 )  transitions split by chlorine nuclear quadrupole 
coupling into AF = +1 doublets. The observed frequencies 
and resulting constants are given in Table 1. The weakness of 
the observed transitions is consistent with the expected small 
dipole moment of C l C 3 .  The derived Bo value is within 0.1 
MHz of that determined for 35ClGP from the FTIR spec- 
trum12 and is consistent with a bond len th of r(C1-C) = 1.646 

From the magnitude of the quadrupole coupling constant, 
the degree of n-bonding between the chlorine and carbon 
atoms can be estimated.15 Using values of 3.0 and 2.5 for the 
electronegativities of chlorine and carbon respectively, a value 
for the a-bond ionic character i, = 0.25 can be calculated. 
Using a value of eQqnlo = 109.74 MHz for 35Cl results in a 
n-bond character x, = 0.177 and a resulting ionic character i, 
= 0.073. These values can be compared to those of the 
isoelectronic ClBS.16 For this molecule, nc has the value 
0.225. This indicates that a n-bonded ionic structure of the 
form Cl+=B-S- contributes more to ClBS than the analogous 
C1-=C=P- contributes to ClCP. This is most likely due to the 
somewhat greater electronegativity of sulphur than phos- 
phorus, 2.5 compared with 2.1.15 

We thank Don McNaughton for giving us his results prior to 
publication, Professor M. Regitz for sending us a copy of Dr. 
Hermesdorf's thesis, Dr. P. Botschwina for alerting us to these 
studies and Hewlett Packard for the loan of the synthesized 
sweeper used in this study. 

8, assuming a C 3  bond length of 1.544 1 as found in MeC3.2 
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