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It was shown by NMR spectmscopy that the 1,3,2-dioxaphosphorinane cycle has a chair con- 

formation [1.2.31. In tricoordinate phosphorus derivatives, the preferred orientation for the 

substituent on phosphorus (-OR or halogen1 remains a subject of discussion. In fact, proofs of 

the preferred axiality have been given by different authors [2,4,51 but, until now, results 

obtained by NMR spectroscopy are insufficient to make a sure choice between axiality or 

equatoriality (1.31. 

We have synthesized the phosphorochloridites I and I’, the corresponding pairs of isomeric 

phosphites IIa. IIb and II’a, II’b and also the stable thiophosphates IIIa and IIIb. III’s and 

III’b.IIb and II’b are first obtained 95 2 pure but, slowly, they give IIa and II’a. At equi- 

librium we have only IIa and II’a. 
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In this figure, as in the following, our configurational attribution is given, but ob- 

viously this attribution will only be justified by the end of the paper. 

By the heteronuclear double irradiation technique, and using the iterative LAOCOON 3 pro- 

gram. we have made the complete analysis of the NMR signals corresponding to protons fixed on 

the dioxaphosphorinane ring. The results obtained are given in Table I and II. Details concer- 

ning synthesis and NMR analysis will be published later [see also 3~). 

As indicated by the magnitude of coupling constants (Table 11, for molecules I to III and 

for molecules I’ and II’. it is clear that only one chair conformation can exist for the 1,3,2- 

dioxaphosphorinane ring : in the case of I-III, the reason is trans ring junction, while in the 

case of I’-II’ the x-eason is the presence of two equatorial 1.3 methyl groups (otherwise a 

strong 1,3-diaxial interaction would exist in the inverted chair conformation]. 

The only difference between a given pair of geometrical isomers is thus the orientation of 

the substituenttsl on the phosphorus atom (fig. 11. 
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TABLE I. 

Chsmical shifts (in ppml and proton-proton coupling constants [in Hz1 

Oerivative 6Hi 6Ha 6Ht 6Hi 'J4 'J5 3Jaa 3Jae 
3Jea 

Solvent 

(19 (2) 

I 9 3.79 4.19 - -10.9 11.3 4.0 ccl4 

IIa 3.49 3.94 - -10.6 11.4 4.2 ccl4 

IIb 3.91 3.59 - -10.7 11.2 5.5 ccl4 

IIIa 4.10 4.05 - -10.7 11.8 4.4 COC13 

LIIb 4.14 4.13 - -10.7 11.2 4.5 COC13 

I' 

II's 

II’b 

4.74 1.80 1.74 -14.0 11.4 2.1 neat liq. 

4.49 1.63 1.51 -13.9 11.6 2.2 neat liq. 

4.16 1.66 1.84 -14.2 11.7 3.1 neat liq. 

(11 For I, II and III, the Hi signal is a broad unresolved peak> for I’ and II’, 6H: = 6Hl 

(2) For I, II and III, the HE signal is superimposed on the broad peak corresponding to 
cyclohexane protons. 

TABLE II. 

31P-lH coupling constants [Hz) 

Derivative 
3JH”o 3JH”o 4JH% 

4 
JH:~ 3JP-OCH 

4' 4' 5' 5' 3 

I 5.4 10.8 

IIa 2.5 10.8 11.8 

IIb 4.6 0.3 10.6 

IIIa 1.7 25.0 13.4 

IIIb 4.2 24.3 13.6 

I’ 4.8 1.2 4.2 

II's 2.1 0.5 3.6 11.9 

II'b 3.1 < 0.5 2.6 10.7 

FIG. 1. 

Conformations and configurations of the derivatives II and II’. 
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Previously, arguments based on the values of 
3 
J coupling constants between phosphorus and 

hydrogen were used to propose a preferred equatorial orientation for the substituent on phos- 

phorus (la, bl. It is thus interesting to note that the 3J P-O-C-H in IIa but also in IIb ax-e 

greater than the 3J observed in 2,6.9-trioxa-l-phosphaadaM)ntana ihere 3J 
P-O-C-He 

= 6 Hz (61. 

Considering these results, the preceding attribution based on coupling constants seems 

to be unsatisfactory. 

In our opinion, in this particular case. arguments based on chemical shift data are 

stronger and even unambiguous. 

In I (which, as I’, was obtained only in the more stable configuration) and in IIa, we 

have &I-? < 6Hi as in other similar compounds t1.2.31. 
4 

The same situation exists in cyclic 

sulfites (lb.71 while in cyclohexane derivatives the normal trend is 6Hy > 6Hy. 

In IIb, on the contrary, we observe a “cyclohexane” sequence with 6Hi > 6Hi. 

FIG. 2. 

Relative signal positions [ppml of cyclic protons !3 to phosphorus 
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In IIa and II’s, the axial protons on C4 and C6 are in syn diaxial interaction with the 

OCH3 group icfr. Fig. il. Recentiy, it has been proved that such an interaction has a i0w 

field effect in the dioxane series [low field effect of the order of 0.3 - 0.4 ppm) (61. 

Comparing IIa and IIb or II’s and II’b we can see (Fig. 21 that in these compounds the low 

field effect is of the same order. In IIa, we have thus a low field displacement of the Ht 

signal but simultaneously we observe a high field shift of the Ht signal [compared with IIbl 

and this latter is also of the order of 0.4 ppm. We correlate this high field shift with the 

planar W arrangement H;Oc\o/p\ found in isomer IIa (Fig. 1). 

It is very interesting to note that in cyclic sulfites, where the 0x0 group is known to 

be axial (9) the planar 

effect on Hz 

e/c\o/s\ system is accompanied by a similar high field 
H4 

signal. Moreover. in 1.3-dioxane [lOI, in trimethylene sulfite (71 and in 1,3,2- 

dioxaphosphorinane (11) the same effect is observed for the Ht proton which is also in a 

nlarlar w arrano~mont !iR this case p/\ 9, 1 r__..__ I--I.. D -,,,-.. I 
5 ‘C’ v ‘. 

The generality of this high field shift originated by the relative position of the lone 

pair on heteroatom and the observed H is perhaps due to an interaction between the antilobes 
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of C-H and lone pair orbital5 (101. 

We have thus based our configurational attribution, given in the preceding figures, on 

the low field shift of Hi signal in the isomer with axial P-OCH3 group and also on the high 

field shift of the Hi signal in the same Isomer. Consequently, the other Isomer has an equa- 

torial P-OCH3 group, the latter configuration being the least stable as we have proved by 

equilibration experiments (more than 95 % of the axial configuration). In the case of chlom- 

phospkite I, which exists only in one form, the relative position of Hi and HI signals seems 

to be a sufficient argument for proposing also an axial orientation of the substituent on 

phosphorus. This preferred axiality must also be present in derivative I’. 

The spectra of thiophosphates IIIa and IIIb are in per-fact agreement with our attribu- 

tion : no more lone pair on phosphorus, no high field shift of Ha in IIIa; an axial hetem- 

atom on phosphorus in the two configurations, no clear,difference between the chemical shifts 

of the Ha protons in the two isomers. 
4 

Our conclusions, based on direct NMR evidence, concerning the preferred axiality of OR or 

halogen substituents on tricoordinate phosphorus in 1,3,2-dioxaphosphorinane systems is thus 

in agreament with the point of view of other authors on this question [2,4,5,121. 
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