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A considerable amount of work has been published1 in the past few years concerning the 

conformations of saturated six-membered ring heterocycles containing phosphorus including 

phosphites, phosphates, phosphonites and phosphonates. The bulk of these investigations has 

involved analysis of very complex non-first order spectra of the AA’BB’X or AA’BB’XY type using 

iterative computer analysis procedures. 

Recently, the lanthanide complexes have been shown to be powerful shift reagents for the 

simplification of nmr spectra*. We report here the use of tris(dipivalomethanato)europium (III) , 

Eu(dpm) 3, to give greatly simplified spectra for m-2-methyl-5-t-butyl-2-oxo-1,3,2-dioxa- 

phosphorinane, (I) . 
rd 

We previously reported results of analysis of chemical shifts and coupling 

constants for this compound using an ABXY approximation for the methylene region of the spec- 

trum followed by iterative analysis of the AA’BB’XY system using the LAOCN3 program.3 The 

trans stereochemistry and chair-form conformation for I in the solid state had been established 

by X-ray crystallography.* 

Addition of tris(dipivalomethanato)europium (III), Eu(dpm),, in incremental amounts to a 0.2 M 

solution of I in CCL, gave downfield shifts which were linear in concentration of added Eu(dpm), 
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Fig. P.m.r. spectra of I: A, 0.2 MI in Ccl,: B, mole ratio Eu(dpm),/I, 0.5. - 

for all proton resonances. The sensitivity of each proton to added Eu(dpm), , expressed in terms 

of shift (Hz) vs. mole ratio [Eu(dpm),/Il , appears in Table I. The methylene hydrogens HA and 

HB, which overlap at 60 MHz (Av= 6 Hz) , are moved well apart at Eu(dpm) 3/I mole ratio 0.5, 

Table I. Influence of Added Eu(dpm)3 on Proton Chemical Shifts 
of Methylphosphonate I 

Proton 

Sensitivity 
HA 
552 

HB 
256 

HX 
288 

2-Me 

448 

5-But 

72 

(Av = 142 Hz). This results in a spectrum which appears to be first order (See Fig.) . Analysis 

on a first order A,MzXY basis5 of both the methylene and methine regions leads to the coupling 
11 

constants reported in Table II where they are compared to those which we obtained with I in 

CDCl, by use of LAOCN3. Agreement is seen to be very good considering the reduced resolution 

accompanying Eu(dpm) ) addition. The chemical shifts (given in parenthesis) for the Eu(dpm), 

experiments were obtained by extrapolation of the chemical shift vs. mole ratio [Eu(dpm) ,/I] 

plots to zero [Eu(dpm) ,I. 
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Table II. P.m.r. Data for Ia .- 

moles Eu(dpm) 1 
moles I JABS JAX JEX TAP JBP “Xc “A vB “S-But v2-CHs 

0.5 -1ld 11 4 3 20 263 525 383 95 306 

Of -ll.ld 10.5 
(274) e(264)e 

4.47 4.14 20.2 123 264 258 58 90 

a. At 60 MHz, 35’, 0.2 &I I in CC&. b. Coupling constants in Hz. c. Chemical 
shifts in Hz downfield from TMS as internal standard. d. Assumed negative. Other J’s 
assumed positive. e. By extrapolation to zero [Eu(dpm),l of plots of chemical shift 
vs. mole ratio [Eu(dpm) ,/I] . 
LAOCN3, sample in CDCls!l 

f. J and v values from computer assisted analysis using 

The coordination of Eu(dpm)3 appears to involve phosphoryl oxygen since similar shifting 

effects were not observed with the corresponding thiophosphonate orthe trivalent methyl phos- 

phite analog. The responses for HA and HB are of magnitudes relative to each other expected 

if HA is closer to the coordination site than HB. Models show this to be clearly so for the 

conformation shown with phosphoryl oxygen axial. It appears likely that this method will 

prove of value in determining configuration at phosphorus in such systems since in the cis form 

the sensitivities for HA and HB are changed. 

The Eu(dpm) 3 reagent has given for other tra-1,3,2-dioxaphosphorinanes analogous to I 

apparent first order spectra essentially identical to those obtained at 220 MHz. The first order 

assumption was verified by spectral simulations at 60 MHz. The results, and those with the 

cis isomers, will be reported in a full paper . 
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