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The X-ray structure of I,%-diphenyl-l@diphospholane-1,24isxlphide has 
been determined (P-P 2.253 A and P=S 1.944 and 1.943 A). In this compound 
the two phosphorus atoms are linked by three methylene groups into a five- 
membered heterocyclic ring, which prevents free rotation about the P-P bond, 
and results in a non planar configuration for the S-F-P-S part of the molecule. 
The P-P bond length is very similar to that in the diphosphine disulphides 
which ali have a trans-planar arrangement of phosphorus and sulphur atoms, 
and the phosphorus sulphides which are based on a tetrahedron of phosphorus 
atoms. This indicates that the bond length is unaffected by rotation, and hence 
does not involve any 7r interaction between phosphorus atoms.. This is confirmed 
by the similarity of the P=S bond lengths with those in a number of compounds, 
showing that the zr electron on phosphorus is local&d in the P-S bond. 

htroductioil 

It has been reported ff,2] that monophenylmonosodiophosphine compound 
(I) reacts with tri-, tetra-, penta- or hexa-methylene dibromide forming a series 
of disecondary phosphiies (II) where n = 3--6 which with phenyllithium give 
the corresponding dilithio compounds III. 
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T‘he dilithio compound III with n = 3 reacts normally with ethyl chloride to 
give the diethyl compound IV, but tith ethyl bromide or iodide an unusual 
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met.al-haIogen exchange reaction occurs giving compound V which cy&ses to 
font 1,2-diphenyl-1,24iphospholke containing trivalent phosphorus VI, which 
can ~a& with sulphur to form 1,2-diphenyl-1,2&phospholane-1,2_disulphide 
(VW- 

c6tt5 c6H5 
/ “normal” =6*3 =sH5 / 

/P-O-&P, 6 
EtCL 

P-_(CH,),--P 
\ 

Li Li Et/ Et 

Gil?) 

EtI 

I 

metal- halogen 
exchange 

mu 

CH2 CH2 
\ / 

P-P - S=P 
/ \ -p\=s 

C6H5 w5 C;H5 C,H, 

(zI) (ml 

'63 C6H5 
/ 

- 

I' 

P -_(CH, ),--P, 
I 

The latter compound is crystalline, melting at 178-l8O”C, and ifs structure 
is of particular interest firstly because it may explain why compound V cyclises 
and why this is limited to a carbon chain length of p2 = 3, and secondly because 
it should throw some light on the nature of the P-P bond. The structures of a 
number of diphosphine disuiphides are discussed [3J, and in all of these the 
S-P-P-S part of the molecule is trans and planar. The inclusipn of the two P 
atoms in a diphospholane ring in compound VII makes a trans-planar structure 
impossible, and if any TT bonding occurs between the P atoms in the other di- 
phosphine disulphides it cannot occur in compound VII. 

Experimental 

A three-dimensional X-ray determination of the crystal structure of com- 
pound VII has been performed, based on 1733 reflections. Compound VI was 
prepared by Professor K. Issleib, and this was converted into compound VII by 
Professor FL Schmutzler. Crystals are orthorhombic, and the space group is 

Fig. 1-A view of the 1.2~~henyl-l.~-diphospholane-l.~-disulphide molecule. 
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kZ12&. Molecules occupy general positions and there is no molecular symme- 
try. The shape of &he molecule is shown inFig. 1. The P-P bond is 2.25 A and 
both P-Sbon& arc 1.94 A. The dihedral angle between the planes through 
S-P-P‘ and P-P’-S’ is 141”. The P atoms have an approximately tetrahedral 
configuration which is distorted by the large size of S and the shortness of the 
P=S bond, and also by the inclusion of the two P atoms in a 5-membered 
heterocyclic ring. The latter reduces the P’--p-C angle to 92” and the P-P’-C 
angIe to 94”. 

Conclusion 

Relatively few compounds are known which contain P-P bonds. The P-P 
bond length of 2.25 A in the present compound VII is compared with other 

TABLE1 
(continued on p_ 198) 
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(Table continued? 
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TABLEl<continued) 

p4 2.21 -c 0.2 13 
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TABLE2 

SOMEP-S BONDLENGTHS 

Molecille Reference 
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(Tablecontinued) 
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distances in Table 1. Apart from P& 143, which has an unusually long bond, 
and PZ [19] which has a very short bond, the values all lie between 2.X8-2.25 a. 
The short lived PZ species is only formed at high temperatures, and has a strut- 
ture similar to N=N. It is not obvious why P& contains such a long bond, since 
the strain is no greater than in the other phosphorus svlphides [4,6,7,16]-, 
halides fll J, P4 1131 or black phosphorus fl8] _ 

Since there is little difference between the P-P bond lengths in the diphos- 
phine disulphides [5,9,12,14,15] where the dihedral angle is X39”, the present 
compound where the dihedral angle is 141” and also in the tetrahedral Pq mole- 
cule, it seems probable that no multiple bonding occurs in any of these com- 
pounds except P1- This is confirmed by the similarity in P=S bond lengths with 
other compounds listed in Table 2. This lack of double bond character in P-P 
bonds is in contrast to that observed in S-S bonds [3]. 

The reason for the cyclization by compound V where n = 3 is undoubtedly 
due to the stability of a 5-membered heterocycle, but there is some strain in 
this ring, and it is surprising that similar behaviour is not observed with the 
compound where n = 4. 
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