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Long-range Phosphorus-Hydrogen Spin-Spin Coupling in Aromatic 
Systems 

By F. KAPLAN and C. 0. SCHULZ 
(Department of Chemistry, University of Cincinnati, Cincinnati, Ohio 4522 1) 

SPIN-SPIN interactions between aromatic protons resonance spectra of a series of thionophosphates 
and phosphorus not directly bonded to the aromatic have been recorded and the results are sum- 
ring have received limited attention1 although their marized in the Table. 
potential importance in theoretical and structural Phosphorus coupling through four bonds to the 
work is evident. The 60 Mc./sec. proton magnetic ortho-proton (1.41-1.66 c./sec.) and through 
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a We are indebted to Dr. E. Blair of the Dow Chemical 
Company, Midland, Michigan, for samples of compounds 
(I)-(VI) * value. 

b Coupling constants were measured to f0-06 c./sec. 
C Close overlap of lines limits the accuracy of this 
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five bonds to the meta-proton (0-88-1.16 c./sec.) 
is exhibited in compounds (11)-(V). Assignment 
of the smaller of the two coupling constants to the 
interaction between the phosphorus and the meta- 
proton is justified by the resuIts obtained for 
compound (I) which contains only a meta-proton. 
Substitution of nitrogen for oxygen on the thiono- 
phosphate group has little effect on the magnitude 
of coupling constants ; however, introduction of two 
chlorine substituents [compound (VI)] significantly 
increases both the ortho- and meta-hydrogen- 
phosphorus interactions. Similar effects have 
been observed2,3 on increasing the eIectropositive 
nature of the phosphorus atom. 

When phosphorus is attached to the aromatic 
ring by means of a inethyiene group rather than an 

oxygen [compound (VIII) and others reported in 
the literature1], there is no significant coupling 
between the phosphorus and the meta-proton. This 
indicates that the coupling, which is dependent on 
n-electron interactions between the phosphorus 
and the aromatic ring, is facilitated by the presence 
of the oxygen. 

Finally it should be noted that a change of 
solvent from carbon tetrachloride to acetone 
causes a greater downfield shift of the meta-proton 
as compared with the ortho-proton, suggesting that 
the solvent has a rather intimate effect on the 
distribution of electrons of the --system. 
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