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The solvent effect on the indirect 1J(M-P) spin-spin coupling constant in phosphine 
selenoether peri-substituted acenaphthene complexes LMCl2 (see Fig. 1) is studied at the 
BP86 level of nonrelativistic and four-component relativistic density functional theory. [1] 
Depending on the metal, the solvent effect can amount to as much as 50% or more of the total 
J-value. This explains the previously found disagreement between the 1J(Hg-P) coupling in 
LHgCl2, observed experimentally and calculated without considering solvent effects. To 
address the solvent effect, we have used polarizable continuum and microsolvated models. 
The solvent effect can be separated into indirect (structural changes) and direct (changes in 
the electronic structure). These effects are additive, each brings roughly about 50% of the 
total effect. Pilot calculations of 1J(M-P) couplings in analogous systems with other metals 
indicate that for metals preferring square planar structures the solvent is insignificant because 
these structures are fairly rigid. Tetrahedral structures are less constrained and can respond 
more easily to external effects such as solvation.  
 
 

 
 

 
 
 
 
Figure 1. LHgCl2 (Ar = Ph) 
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magnitude of the 31P−77Se coupling is much smaller in this
compound (54.0 Hz) compared to those found in L1−L4,
however this is concomitant with differing geometry and larger
P···Se separation observed in the latter (3.41 Å vs 3.06 to 3.14
Å in L1−L4).27
Complexes with L1−L4 Ligands. The multinuclear NMR

data of metal complexes reported herein are summarized in

Table 2. Upon coordination of L1 or L2 to a Mo(CO)4
moiety, the phosphorus nuclei in the resulting complexes
L1Mo(CO)4 and L2Mo(CO)4 are significantly deshielded
(ΔδP 47.3 ppm for L1Mo(CO)4) and the selenium nuclei
become more shielded (ΔδSe −31.2 ppm for L1Mo(CO)4) vs
the free ligand. There is also a dramatic reduction in the
magnitude of JPSe from 452.2 to 14.8 Hz in L1Mo(CO)4 and

Scheme 3. Syntheses of Metal Complexes of Bidentate Phosphine Selenoether Ligands L1−L4a

aNote: cod = 1,5-cyclooctadiene and pip = piperidine.

Scheme 4. Synthesis of L1BH3 by Complexation of L1 with Me2S·BH3 and the Expected Cyclization Reaction
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