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The nuclear magnetic shieldings (or the NMR chemical shifts) are a quite sensitive 
probe of the local electronic structure in a given system. The shielding tensors, their prin- 
cipal values and their principal axes systems, give even more insight into the electronic 
structure, since they reflect the different interactions between occupied and virtual orbital 
induced by different field directions. 

In comparison to  the huge amount of data for isotropic shieldings quite a small 
number of data  for the principal values have been reported. Even less information is avail- 
able for the orientation of the principal axes systems. Calculations of the shielding tensor 
which directly furnish these data  can be used as a source of interesting, complementary 
information. 

We here report on IGLO calculations of phosphorus containing ring systems. The 
IGLO-method’ (IGLO stands for Individual Gauge for Localized Orbitals) is a coupled 
Hartree-Fock (CHF) type method for the calculation of NMR shielding tensors and the 
magnetic susceptibilities of (closed shell) molecules. At  variance with traditional CHF, 
individual gauge origins are used for different localized MOs. One thus avoids the problem 
of imperfect cancellation of spurious dia- and paramagnetic contributions and gets reliable 
results for a wide range of classes compounds with small or medium sized basis sets2. 

We have studied the following 0x0- and thiophosphetanes and -phospholanes 

where R=H, CH3, C6H5, SCH3; Rl=H, CH3, NH2, OH, F ; X, Y, Z=O, S and 
n = l ,  2. 

The calculated principal values compare well with their experimental counterparts 
(see figure 1). This is also true for the orientation of the principal axes. An IGLO cal- 
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( 

culation on CH,SP(S)SSP(S)SCH3 yields 107' as angle between the direction of 0 3 3  and 
the P P  axis3 (see figure 2). This is in good agreement with the experimental value3 of 
105'. For RP(S)SSP(S)R the calculated data4 - R=CsH5 - (111') can be compared to the 
experimental oneSs with R=p-CH30C& (114'). 
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FIGURE 1 Calculated principal values of the shielding tensors vs. experimental 
ones, The straight line represents the ideal behaviour, i.e. it has slope 1 and goes 
through the origin. 

FIGURE 2 
u22 is not shown, it is perpendicular to the mirror plane. 

The calculated data can be used for the assignment of the principal axes, this in- 
formation is not available from a routine solid state NMR experiment. One can also do 
systematic studies, i.e. look at  substituent effects or the effect of the exchange of sulfur by 
oxygen (or vice versa). 

Orientaion of the principal axes. The principal axes corresponding to 

If one of the ring sulfur atoms in CH,P(S)SSP(S)CH3 is replaced by an oxygen atom 
the principal values of the phosphorus shielding tensor change to a different extent (see 
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table I). Larger changes are found for a11 and 033 , the effect on a 2 2  is comparably small (for 
all principal values the exchange of sulfur by oxygen results in a decreased shielding). The 
same trends have also been observed experimentally for the triisopropylphenyl substituted 
systems6. 

TABLE I MO contributions to uii a) 

MO CH3P(S)SSP(S)C& CHsP(S)SOP(S)CH3 
Dl1  0 2 2  u33 U l l  6 2 2  633  

U 152 228 554 79 207 489 
P=S -346 -262 98 -423 -281 101 
P-s -54 -53 -119 -40 -77 -157 
P-0 -82 -34 -107 
P-C -154 -151 -114 -154 -167 -151 
R 780 746 807 776 766 802 
a) in ppm; P=S - sum of PS bond and lone pair S orbitals; 

R - sum all orbitals not explicitelv aiven 
~~ ~~ ~ ~~ 

We can analyze these observations a little further. Within the IGLO approach the 
shielding tensors are calculated as sums of contributions of localized MOs. These show a 
different behaviour for each of the principal values (see table I ) .  Most of the change of 011 

is found in the P=S contribution, whereas for a33 the P-S and the P-C contribution change 
the most. 

For an analysis we recall that the shielding is given as a sum of two (or within 
the IGLO scheme of three) terms. For a qualitative discussion we can concentrate on the 
paramagnetic term. This is expressible in matrix elements of the first order perturbation 
operators and the energy difference between the occupied oritals i and the unoccupied or 
vitual orbitals a. The perturbation operator, i, , is of (local) angular momentum type. 

In principle all virtual orbitals should be taken into account. This would, of course, make a 
qualitative analysis impractible. In favourable cases, however, one can restrict the analysis 
to one or a few virtual orbitals. For the systems compared here - as a first approximation 
- two PS a*-orbitals are replaced by PO a*-orbitals. The different behaviour of the MO- 
contributions for the different principal values results from the fact that an interaction 
of occupied and virtual orbitals can only be induced if those and the magnetic field are 
orthogonal to  each other (the perturbation operators are of angular momentum type). The 
P=S contribution t o  a33, e.g., changes only very slightly, since this direction is more or less 
parallel t o  the PS bond and thus no interaction with the PO a*-orbitals can be induced. 
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The exchange of an exo P(S) by a P (0 )  bond can be studied along the same lines. Go- 
ing from CH,P(S)OOP(S)CH3 ( ~ 3 3 ,  u22, ull: 484,192,42ppm) to  CH,P(O)OOP(O)CH3 
(033, u22, 011: 520, 239, 207ppm) results in large changes in oll. The principal values are 
more shielded in the P ( 0 )  compound. It is interessting to note that comparable effects are 
observed in going from P406S to P 4 0 ~ ~ .  As for the phosphetanes in these compunds an 
exo P(S) bond is replaced by a P ( 0 )  bond in a ring system with PO bonds. The substituted 
P406 systems have a higher symmetry ((&) and thus only t w o  different principal values, 
all and CTL, occur (563, 194ppm for P406S and 576, 295ppm for P407). The difference 
between the P(S) and P ( 0 )  compound is more or less due to  only one MO contribution, 
namely the P(Z) contribution to 01, which changes by about 100ppm. 
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