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The He(1) photoelectron (PE) spectra of the diphosphacyclo- 
butadienes 2 and f have been recorded. The interpretation of 
the first PE bands is based on SCF-MO calculations (MNDO 
method). It is found that the first two bands correspond to  
a-MOs which are mainly localized in the four-membered ring. 
The first two bands are shifted towards higher energy in the PE 
spectrum of 3 we ascribe this to  an electron transfer from the 
four-membered ring in 3 to the phenyl substituents. 

Although 1,2- and 1,3-diphosphetanes are well-known com- 
the first diphosphacyclobutadiene derivative 1 was 

published in 1977@. The surprisingly great stability of this com- 
pound was explained by the electron acceptor substituents which 
are able to reduce the electron density of the ring. 
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Therefore, the recent papers on the synthesis and structure of 
1,1,3,3-tetraki~(dimethylamino)-lh~,3~~-diphosphete (2)'.*' and its 
phenyl derivative 3" may appear somewhat puzzling. The four-n- 
electron system should have antiaromatic character according to 
Huckel's rule, causing a reduction of symmetry. However, X-ray 
diffraction measurements prove planar four-membered frames with 
four equal P - C  bonds. The P - C  bond lengths in 2 with 1.725 A 
and in 3 with 1.746 8, are similar to a regular P = C  double bond"". 

The bonding, stability, and structure of the first and only iso- 
electronic cyclodiphosphazene which is known as yet, namely. 
2,2,4,4-tetrakis(diisopropylamino)-l ,3,2hs,4h5-diazadiphosphete "". 
have been studied by a b  initio calculations in recent work"'. 

It is established that the electronic structure of the planar ring is 
dominated by -P + - N -  - charge alternation in good agreement 
with the "island" model of cyclic phosphonitriles which assumes 
weakly interacting three-centered n bonds including two phospho- 
rus atoms and a central nitrogen atom instead of a delocalized A 
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system. To obtain more information on diphosphacyclobutadienes 
we have studied the He(1) photoelectron (PE) spectra of 2 and 3. 

Results and Discussion 

The P E  spectra of 2 and 3 are shown in Figure 1. To interpret 
the spectra we used the semiempirical M N D O  quantum-chemical 
methodI3' assuming the validity of Koopmans' theorem 14'. Two dif- 
ferent sets of geometrical parameters were used. The first was based 
on an X-ray diffraction measurement '." and the other was calcu- 
lated by the M N D O  method optimizing the parameters with re- 
spect to the heat of formation. Some important bond lengths and 
angles arc summarized in Table 1. Instead of NEtz groups for the 
calculation of 3, a simplified model was applied using NH2 groups. 
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Figure 1. PE spectra of 2 and 3 
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The calculated and observed ionization energies and the assign- 
ments of the photoelectron bands are listed in Table 2. 

Table 1. Geometrical parameters adopted for 2 and 3 

P - c  [A] 1.725 1.746 1.695 1.710 
P - N  [A] 1.681 1.673 1.726 1.686 
C - P - C  [deg] 91.4 89.5 92.9 90.2 
N-P-N [deg] 97.8 100.3 96.1 102.3 

Table 2. Observed and calculated ionization energies [eV] 

Compound Observed Calculated IE 
aaJ b b, 

2 6.1 7.41 b2gr Z-  7.69 11- 
7.4 8.13 b3,j X +  8.15 X _  

9.65 big n N  9.76 n N  

9.66 b2u l l N  10.00 n N  

8.0 -9.1 9.68 b3" I l N  10.21 n N  

9.80 ag n N  10.66 n N  

12.27 b,, CJ 12.95 o 
12.34 b3g 0 13.00 o 

3" 6.9 7.41 n -  
7.6 7.80 n, 

11.15 n N  
11.24 n N  

12.65 n N  

12.68 n N  

9.5 

a' Using experimental geometry. - bJ Using the geometry of the 
most stable conformer. - ') Calculated with NH2 groups. 

The PE spectrum of 2 contains three well-separated bands at 6.1, 
7.4 and between 8.0 and 9.1 eV. The calculations predict that the 
first two bands originate from the antibonding 12ag(n..) and bond- 
ing 12a,(n+) combinations of the out-of-plane p-orbitals of the 
carbon atoms in the four-membered ring. It should be noted that 
the first PE band in the spectrum of trimethylmethylenephosphor- 
ane (which may be considered as a half four-membered ring) is at 
6.81 eV"', nearly the average of our observation. The third broad 
band can be assigned to four different combinations of lone-pair 
orbitals at the N atoms as shown schematically below. 

120, llag 12ag 

H* lla, 10a, %+ loog 

This assignment is supported by comparison of the relative in- 
tensities of the first three bands which show roughly a 1 : 1 : 4  ratio. 

According to the calculations, the four-electron n-system of the 
four-membered ring has a special electron distribution in which the 
phosphorus atoms have large positive and the carbon atoms large 
negative charges. Therefore, the highest occupied two MOs corres- 
pond to lone pairs which are localized on the carbon atoms. This 
is in good agreement with a b  initio calculations carried out  on 
cyclophosphazenes"'. The calculated atomic and group charges are 
listed in Table 3. To study the effect of rotation of the NMe2 groups, 
we carried out some model calculations using NH2 groups. Main- 
taining the optimized geometry of P - N  bonds and the cyclic 
framework, we examined the conrotatory rotation of the four NH2 
groups. In Figure 2 the variation of the total energy (E , )  and the 
energy of the H O M O  are plotted as a function of the twist 
angle (0). 
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Figure 2. Variation of the total energy (a) and of the H O M O  (b) 
as a function of the rotation angle (0) around the P- N bond. The 

calculations were carried out with the M N D O  method. 

Table 3. Calculated net atomic and groups charges (MNDO) using 
the experimental geometries 

Group Compound 2 Compound 3 

P 0.92 0.86 
C -0.73 -0.60 
N - 0.49 - 0.3 5 a) 

H 0.10 - 
NeMez -0.14 -0.10"1 
Phenyl - - 0.06 

a) Using NH2 groups (see text). 

Since the amino groups are not planar (both experiment and 
calculations give pyramidal P-NH2 and P-NMe2 groups) the 
rotation is symmetrical about 0 = 180.  The energy difference 
between the conformation with lowest and highest energy is found 
to be E % 69.4 kJ/mol(l6.6 kcal/mol). The energy minimum occurs 
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at a twist angle of 0 z 45" which is very similar to the experi- 
mentally found conformation of 2'). Around the minimum, the total 
energy varies only slightly. However, the change of the H O M O  is 
considerable with the variation of 0. Therefore, although the 
rotation of NMe2 groups is more complicated due to the steric 
constraints of the methyl groups, they can probably turn in the gas 
phase covering a considerable angle and thus causing a broadening 
of the respective photoelectron bands. 

The most conspicuous difference between the PE spectra of 2 
and 3 is that the first and second ionic states of 3 are shifted to 
higher energy as compared to the first two ionic states of 2. This 
observation can be rationalized by assuming a transfer of negative 
charge from the ring C-atoms to the phenyl groups. This will cause 
a considerable stabilization of the ionic states which arise from 
ionizations from n, and A . These arguments are confirmed by 
considering the atomic and group charges (Table 3). It can be seen 
that the net charge at the C atom of the ring decreases in 3 as 
compared to 2 and that the phenyl group accomodates about 6% 
of the negative charge. A similar effect was found by studying the 
P E  spectrum of benzylidenetrimethylpho~phorane'~~ From the 
viewpoint of the phenyl group, the PCPC moiety can be considered 
as an electron donor substituent with lone electron pairs of ex- 
tremely low IE. 

Unfortunately, the exact positions of the A orbital signals of the 
phenyl groups cannot be located in the broad, structureless band 
of the PE spectrum between 7.7 and 8.9 eV, because this band 
contains the ionizations from four lone-pair combinations of the 
nitrogens, too. 

We are grateful to Alexander Flatow for recording the PE spectra. 
We thank the Fonds der Chemischen Industrie and the BASF 
Aktiengesellschaft, Ludwigshafen, for financial support. T.V. thanks 
the Alexander ljon Humboldt foundation for a stipend. 

Experimental 
The syntheses of 2 and 3 have been described in the literature'. 'I. 

The He(1) photoelectron spectra of the analytically pure compounds 
have been recorded on a Perkin-Elmer PS 18 instrument. The re- 
cording temperatures were: 2: 80°C and 3: 160°C. The calibration 
was carried out with Ar and Xe. 

CAS Registry Numbers 
2: 103678-18-8 / 3: 112313-40-3 
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