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The geometrical features of saturated five- and six-membered hetero rings in terms 

of the ring torsional angles , obtained from X-ray or electron diffraction data, and the 

relation between ring geome- and various physical properties (dipole moments, spec- 

troscopical features) have been reviewed in detail (1). It appears that most six-member- 

ed hetero rings occur in the chair conformation; however, the exact geometry is strongly 

dependent on the nature of the hetero atom or atoms. This feature is illustrated in Fig. 

1 for l,J-dioxanes and 1,3-dithianes. 

.A;, ,&7S FIG-l. Ring torsional angles (from X-ray analysis (2,3)) 

c;]559 u5' 

in an equatorially 2-substituted 1,3-dioxane and -dithi- 

ane (R, = p-chlorophenyl, R2 = phenyl). 

However, for many heterocyclic systems no diffraction data on the unsubstituted ring are 

available, so the question arises whether an equatorial substituent at C2 as shown in 

Fig.1 influences the ring geometry and, if SC, whether such influence depends on the 

nature (e.g. size) of the substituent. Since our research groups, during the last few 

yearz, have extensively studied the conformational features of l,j-dioxane derivatives 

(4-7) and carried out calculations of ring torsional angles from vioinal proton coupling 

constants in six-membered rings having a -CH2-CH2- fragment (8-IO), we have now under- 

taken a nuclear magnetic resonance study so as to determine the influence, if any, of an 

equatorial substituent at C2 on the geometry in the C -C -C part of the 1,5-dioxane 
4 5 6 

ring. The following compounds were investigated: 2-methyl- (I), P-&-propyl- (II), 2-i- 

butyl- (III) and 2-phenyl-1,3-dioxane (IV). The NMR data of 2-p-chlorophenyl-1,3-dioxane 

(V), published elsewhere (ll), are also included, since X-ray analysis has been carried 

out on this particular compound (Fig-l), as are those of the unsubstituted 1,5-dioxane 

ring (12). The conformations1 preference of P-substituents for the equatorial position 

in 1,3-dioxanes is very large (e.g. 4.0 koal/mcle for P-methyl (4,5)), so that the 

contribution of the axial conformer may be neglected. 

The synthesis of these compounds is described in ref.4. The NMR spectra were recor- 

ded at 220 MC/S (Varian RR-220 spectrometer) in carbon tetrachloride solutions (ca. 10%~). 

Results 

The analysis of the IiMR spectra in the region of the protons in the C4-C5-C6 moiety 

of the ring (Fig-P) is rather straightforward, as at 220 MC/S the chemical shifts of the 
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various protons in the ABCDB'A' system are very large with respeot to the ooupling 

constants. A detailed description of the analysis of this type of NMR spectra is pre- 

sented elsewhere (11,lj). The sign818 due to H,,H2,H5 and H6 are oompliosted by 8 aigni- 

"1 H7 

k? "6 
0 

&+ 

I R = methyl (Me) 

R II R = I-propyl (A-Pr) 

H3 0 FIG.2 III R = i-butyl &Bu) 

IV 
"4 

"5 R = phenyl (Ph) 

V R = E-chlorophenyl (p-Cl-Ph) 

ficant long-r8nge ooupling: the best sgreement between the Ob8erved 8nd the calculated 

spectra W&B obtained by assigning 8 value of 2.5 - 3 c/e to the long-range coupling 

between the equatorial protons on C4 and C6 (J25). No long-r-e COUp1iQ38 with H7 could 

be detected. The chemical shifts and the coupling constants are collected in Table 1. 

From the vioinel ooupling conetante the ring torsional angle about the bonds C4-C5 

8na c5-c6 (+c145 =y56) can be calculated by mean8 of the R-value method, introduced 

originally by Lambert (15) 8nd made into a quantitative device by one of U8 (8,10), i.e. 

R = (Jt + J$/(J, + J;) = (J,4 + J23)/(J,3 + J24) = (3 - 2c082+)/4cos2rC/ . ...(I) 

for 8 pSrtiOUl8r -CH2-CH2- fragment where \cI is the ring toreionsl angle in that fr8g- 

ment. The result8 for 8bOUt 30 compound6 (8,lO) indicate a very good agreement between 

9 value8 obtained from R and those from diffraction data. The R value8 and the result- 

ing+ value8 are also lieted in Table 1. From this Table the following features 8re 

evident: 

(i) The values of the individual vicinal coupling COn8t8nt8 a0 not show eignifioant 

variation in the six compounds, from which it may be immediately concluded that no Signi- 

ficant geometrical differences in the C 4-C5-C6 region occur in these COmpOUnd8. 

(ii) A8 a result, the R-values yield practically the s8me value for the ring torsional 

angles '/'45 8na ?56' Of course, the decim81 (third digit) is not significant, but it is 

included in order to 8hOw that x trend in +J is evident at 811 upon change of the 

substituent at C2 (e.g. there is no dependence of + on substituent size). 

(iii) As ooncluded earlier (lo), in the 2-z-chlorophenyl derivative the calcul8ted 

torsional angle ie in excellent agreement with that found (2) by X-ray: 55.,'. 

Di8CUs8iOn 

Bulky equatorisl substituents auoh a8 i-butyl are often used a8 holding gMUp8 in 

six-membered ring8 80 a8 to obtain 8 oonform8tionally homogeneous eystem (16). Use of 

such a technique require8 the assuu+tion that the holding group ha8 but negligible influ- 

ence at long distence (17) (e.g. in oyolohexanes a 4-t-butyl group should not exert a 

polar or sterio effect at the l- or 1,2-positions and should produce only negligible 

distortion of the ring). Direct experimental support for this assumption (18) w88 ob- 

tained for the cis- - and trans-2-halogeno-4-i-butyloyolohexanones from the linear rela- 

tionship between the squares of the dipole moments and the vicinal coupling constants 

in the -CH2-CHX- moiety. For the cyclohexanes, molecular mechanics calculations (19) 
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TABLE 1. Chemical shifts (ppm from TMS), coupling constantsa (c/s), R-values and ring 

torsional 

Vl 

v2 

)13 

y4 

v7 
Y subst 

a. In 

angles for various 1,3-dioxanes in carbon tetrachloride. 

Unsubstituted 

c 

Av: 

3.80 

j Av: 

11.68 

4.70 

2-Me (I) 

3.61 

3.95 

1.23 

I.95 

4.50 

CH3 1.15 

2-&-Pr (II) 2-Ph (IV) 

3 ;60 

3.99 

1.24 

I.96 

4.09 

CR3 0.84 

H 1.65 

2-4-Bu (III) 

3.60 

4.01 

1.24 

1.96 

3.95 

CH3 0.81 

3.83 3.83 

4.14 4.14 

I.35 1.34 
2.14 2.11 

5.32 5.30 

Ar 7.23 h 7.25 

Diff: 

1.6 

I 

sum: 

13.4 

sum: 

7.6 

-11.7 

-13.3 

12.4 

I.3 

2.6 

5.0 

-11.6 -11.6 -11.7 -11.5 

-13.2 -13.2 -13.3 -13.2 

12.5 12.4 12.4 12.3 

I.3 I.3 1.3 I.3 

2.6 2.6 2.6 2.6 

5.0 5.0 5.0 4.9 

1.763 I.803 1.816 1.802 1.802 1.813 

54.9 55., 55.3 55.2 55., 55.3 

2-E-Cl-Ph (v) 

I the coupling J7_Me = 5.0 C/B. In II the couplings in the L-propyl group are: , 

'7-H = 4.75 c/s, JH_cH3= 7.0 C/S. 

predict that severe repulsive interactions between the methyl groups of an equatorial i- 

butyl group at C4 and the ring hydrogen atoms at C3 and C5 exist, causing a significant 

twist of the &-butyl group from the perfectly staggered conformation. Nevertheless, no 

deformation in the remote part of the ring (C -CT-C2) appears, as the torsional angles 

$61 and 3112 were calculated (19) to be 56.3 
g 

in 4-i-butylcyclohexane as well as in 4- 

methylcyclohexane, whereas 56.,' was calculated for the torsional angles in unsubstituted 

cyclohexane. In the 1,3-dioxane ring no hydrogen atoms are present on the ring atoms a 

to the atom carrying the equatorial 2-i-butyl group so that the unfavorable interactions 

are expected to be lower than in the corresponding cyclohexanes (the steric requirement 

of a lone pair was found to be much lower than that of a hydrogen atom (4)), ‘. u ring 

deformation in the C 
4 5 6 
-C -C moiety caused by an equatorial 2-i-butyl group in the 1,3- 

dioxane system is not expected and, as seen above, is not, in fact, experimentally found. 

Note: For some 2-substituted 1,3-dioxanes, vicinal coupling constants from first-order 

analysis of 60 MC/S NMR spectra have been published (4,20). Computer calculations (13) 

show that this procedure, applied to compound V, yields 11.3 c/s for J ,4 (il.9 c/s from 

first-order analysis at 100 MC/S) and 5.5 c/s for J24 (5.0 c/s at 100 MC/S) and thus 

leads to false conclusions regarding R and 9 , even though correct values for J 
13 

and 

J23 
are obtained from first-order analysis, even at 60 MC/S. A further disadvantage in 

the interpretation of low-field NMR spectra (i.e.60 MC/S) for I and II is serious 

overlap of the ale1 signals and those of H 
3 
or H 

4' 
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