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A great deal of effort has been expended in the past decade in nmr studies of the confor- 

mation of six-membered rings (l), but six-membered-ring phosphorus heterocycles have received 

little attention. RMR studies of 5,'j-disubstituted-l,J,2_dioxaphosphorinanes, Id and II (2,3), 

and the synthesis of isomers , presumably cis and w, - of 4- and s-substituted six-membered 

ring phosphites (4,5) have recently been reported, however the conformations of these compounds 

have not been considered in detail. We wish to report the synthesis of the phosphorochloridite, 

Ia, and a pair of isomeric phosphites, lb and Ic, and complete analysis of their nmr spectra. 

Conformational implications of the data are discussed. 

Ia: R1 = s, R= = &-butyl, Y = Cl 

lb, Ic: R1 = IQ R= = t-butyl, Y = CCHs 

Id R1 = R2 = CHs Y = OCHa 

II: R1=R2=alkyl 

Y = -CR, -1, 

X=OorS 

Table I 

Phenol 

ChemicalShifts5J6 and Coupling Constants3j5 for Ia-c.7 

Compound JAB=JA,R, Jm=JA t M JBM’J~t~ J~=$tx Jm=JBfx “A VB VM “t -iJut?rl 

Iai -10.goa 11.14 3.91 5.24 11.28 4.57 4.25 2.17 0.93 

rb= -10.58 11.87 3.71 2.89 10.98 4.24 3.87 2.00 0.85 

Icl -11.56 4.65 4.9 5.03 8.40 4.39 3.92 1.50 1.02 

IC2 -11.50 4.10 3.10 3.90 9.40 4.38 3.82 1.33 1.04 

:: 
Approximately 2C$ solutions in CrCla at 35". 2. Approximately 20% solution in CSa at -62,. 
in Hz; the cross-ring couplings are c2.0 Hz. 4. Phosphorus = X nucleus. 5. Probable 

errors of parameters<l.O Hz. 6. Chemical shifts in Pam from TK. 7. Compounds Ia-c are rep- 
resentative of an AA'BB'MX spin system and were analysed using the iterative computer program 
LACCNJ, developed by Bothner-By and Castellano (6). Inspection of the AA'BB' portion of the 
spectra enabled manual calculation of the simplified ARMX theoretical spectra (7). The parame- 
ters derived in this manner were utilized in the calculation of the theoretical AA'BB'MX spectra. 
8. Calculated spectra unaffected by sign of JAB: negative geminal coupling assumed (11). 
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Reaction of 2-A-butyl-l,j-propanediol with phosphorus trichloride in ether in the presence 

of triethyl amine yielded only one isomer of the phosphorochloridite, Ia. Treatment of a sol- 

ution of Ia in ether with methanol and triethyl amine afforded the isomeric phosphites, Ib and 

Ic, in a ratio of 1:g as determined from the intensities of the t-butyl signals (Table I) in 

the nmr spectrum. At temperatures of above 100" or on treatment with traces of acid, this ratio 

is rapidly changed to an equilibrium value of g:l. The nmr chemical shifts and coupling con- 

stants of these compounds are reported in Table I. Good fits between the observed and calcu- 

lated spectra of these compounds were obtained, and the excellent fit of the M proton attests 

to the validity of the line assignments used in.computing the AA'BB' portion of the spectra. 

Cis-trans isomerism has been noted in the 2-alkyl-5-L-butyl-l,+dioxanes for which the _- 

conformations IIIa and III3 seem well established (2). The above data can be interpreted as 

v- R 7- 

R 

0 

-F- 

0 

t-Bu H 
+= 
L-BLl 

IIIa IIIb 

the formation of analogous cis-trans isomerswhich are interconverted by inversion about the -- 

phosphorus center, which is capable of retaining configuration in phosphines (9). The coupl- 

ing constants JAM and JBM for Ia and lb are consistent with axial-axial and axial-equatorial 

relationships for the A, B, and M protons , and correspond to the ranges (10.6-12.1 and 4.4-5.6 

Hz) reported for the dioxane series IIIa (8). Thus the t-butyl group can be assigned the eq- 

uatorial position, and rapidly interconverting skew boat forms with the t-butyl pseudo-equator- 

ial, which would give JWWm(vide infra), can be ruled out. -- The difference in magnitude of 

JAY and JBx would be predicted for a chair conformation, since the POCH 
A 

and PO CHB dihedral 

angles, which influence the coupling (lo), will be greatly different (APOCRA600, dPOCRR~ 

1.80”) and rules out a rigid boat conformation for which dPOCRA~6POCHR. These ambient temp- 

erature data thus sugoest for Ia (Y = Cl) and Ib (Y = OCRe) the non-interconverting structures 

shown below. 
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On the basis of 1,3-steric interactions, the trans structures would seem probable; however, 

anomeric effects cause 2-methoxy-substituents in 1,3-dioxanes to assume axial rather than eq- 

uatorial positions (a), hence, the cis structures must be considered. 
+ 

- 

The nmr data for the less stable phosphite, Ic, are not so readily interpreted. The values 

JAM (4.65 Hz) and JBM (4.90 Hz) rule out the equatorial A-butyl group in a fixed chair conform- 

ation such as is proposed Por Ia and Ib. If Ic is a chair structure with the t-butyl axial, 

the apparent equatorial-equatorial coupling, JBM, is abnormally large. [Jee in IIIb = 1.1-1.3 

Hz (a)]. However, if it is assumed that the observed coupling is a time-averaged one resulting 

from an equilibrium between Va and Vb in which Va is the predominant conformation, then JBM 

(J,,) would be increased by the inclusion of a slight amount of axial-axial coupling while JAM 

would not be appreciably changed since J,,= Jae. 
# 

H 

t-Bu 

Va v-!J 

An alternative possibility is that JAM and JDM for Ic are time averaged values resulting 

from rapid interconversion of skew boat forms. Examination of Drieding models in which the 5- 

t-butyl is placed psuedo-equatorially indicates that such an equilibrium would serve to decrease 

H 

2-BU 

the average angle between the methine hydrogen and the psuedo-axialmethylene hydrogens below 

the 180" expected of a rigid true boat, and therefore would reduce the observed coupling, JAM. 

The average dihedral angle between the methine hydrogen and the psuedo-equatorial methylene 

hydrogens would be decreased from 60'~ thereby increasing the observed coupling, JBM. Both the 

chair and the boat equilibria discussed above should lead to a reduction in the difference be- 

tween Jpx and JBX as is observed. The low temperature data (Table I) for Ic are indicative of 

the former interpretation since the observed couplings JAM and JDM are changed to values more 

compatible with the expected (8) axial-equatorial and equatorial-equatorial couplings for con- 

former Va. Also, the couplings Jpx and JBx are shifted toward normal values of JH_C_o_p for 

The accompanying communication by White, McEwen, and Verkade presents evidence for axialme- 
thoxy-substituents in similar systems. 

$$ As mentioned previously in the discussion of Ib the trans structures might also be consid- 
ered in view of possible anomeric effects. 
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axial and equatorial protons in a fixed chair (see couplings in Ib). The chemical shift of,the 

L-butyl group in compound Ic in CSa shifts from 1.01 ppm at 29' to 1.06 ppm at -85' which is in 

the direction that would be predicted for a larger contribution of conformer Va. The above 

data, together with the correspondence of the chemical shift values of the t-butyl group in the 

isomeric phosphites Ib and Ic with those of the isomeric dioxanes IIIa and IIIb (8), and the 

similarity of the 30 Hz upfield shift of the methine hydrogen in going from Ib to Ic to the 37 

Hz upfield shift observed (8) for this hydrogen in going from IIIa to IIIb (R = t-butyl), cause 

us to strongly favor the chair equilibrium interpretation. 
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