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Fig. 1 'H- and BC-NMR spectra of tributyl

phosphate

(A) 1'H-NMR spectrum (90 MHz), 10 % CDCl;3 solu-
tion; (B) Proton decoupling 13C-NMR spectrum (10
MHz); Concentration : 20 % CDClI3 solution; Spectral
width : 2000 Hz; Puls interval : 2s; Puls angle : 45°;
Scan transients : 1024
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Fig. 2 Graphic representation of the 13C-chemical shifts classified according to the structural
types of organophosphorus compounds
The figures in parentheses denote the numbers of data.
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Fig. 4 Graphic representation of the spin coupling constants (Jp-¢) classified according to the
structural types of organophosphorus compounds
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Fig. 5 13C-Chemical shifts and spin coupling con-

stants (Jp-o) of a-carbon for alkyl groups
or cycloalkyl groups in triphenyl alkyl
phosphonium salts (CgHs); P+-R
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Fig. 6 B-Substituents effect on the 133C-chemical shifts and spin coupling constants (J,-.) of
CH, carbon in (Cg¢Hg)s P+-CH,-X or (C,H;0), P(=0)CH,-X
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Fig. 7 Infrared and 13C-NMR spectra of organo-
phosphorus compound imported as a water
conditioning agent

(A) : Infrared spectrum; (B) : 13C-NMR spectrum,

Proton decoupling method
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Graphic representation of 13C-chemical shifts
and 3!P-13C spin coupling constants of organo-
phosphorus compounds and its application to
the structural analysis Soei SaTto* and Shigeyuki
Tanaka** (*Tokyo Customs Laboratory, 5-5-30, Ko-

KAGAKU Vol. 32 (1983)

nan, Minato-ku, Tokyo; **Department of Industrial
Chemistry, Faculty of Engineering, The University of
Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo)

A new method for the structural analysis of orga-
nophosphorus compounds was examined by 13C-NMR
spectrometry. The 13C-NMR spectra for organophos-
phorus compounds of various types such as orthophos-
phoric ester compounds, phosphorous ester compounds,
phosphine derivatives, phosphonium salts, and phospho-
nic ester derivatives were measured. In addition,
the spectra related to these compounds were collected
from the reference spectra and the literature. The
13C-chemical shifts of a-carbon adjacent to phos-
phorus atom in organophosphorus compounds and
spin coupling constants(Jp-c) between the carbon
atom and the phosphorus atom were classified accord-
ing to the structural types of the compounds and
classes of carbon atoms of alkane, alkene, and aromatic
ring types, and the graphic representation for each of
these values was carried out in order to the structural
analysis of these compounds. Based on the results,
the correlations between these values and their chemi-
cal structures were also discussed. The chemical shifts
of the carbons for P-O-C types in inorganophosphorus
ester compounds were observed at lower-field range
than that of P-C types in organophosphorus compounds,
because the carbons in the former were attached to
more electronegative oxygen atom than phosphorus
atom. On the other hand, the Jp_c values for the
P-O-C types compounds were almost constant in a
range of about (5~20) Hz in both the alkane and
aromatic types, but those for the P-C types compounds
were distributed in a wide range of (20~180) Hz
according to their structural types including a kind
of adjacent groups. For a series of compounds which
have many kinds of S-groups adjacent to a-carbon,
detailed graphic representations including adjacent
groups were made up. From these results, it was
found that this method was useful to the structural
analysis of organophosphorus compounds in real
samples.
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