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Abstract. Interpretation of "anomalous" Perlin effects and lH NMB chemical shifts 
1,3-oxathiane seems plausible by consideration of the relative importance 
stereoelectronic interactions in this heterocycle. 

Introduction. 

in 
of 

The original studies of Perlin and Casu' laid the foundation for the development 

'Of useful correlations between C-H bond orientation and the magnitude of the 

corresponding '5 coupling constants. For example, it has been observed that the 

magnitude of the one-bond coupling constants for an axial C-H bond adjacent to oxygen 

or nitrogen in a six membered ring is S-10 Hz smaller than iJ for the corresponding 

C-H equatorial bond; i.e. 'Jc_Ecq > 'Jc_Eax. This observation has been interpreted in 

terms of an n + c* stereoelectronic interaction between a pair of nonbonded electrons 

on oxygen or nitrogen and the axial, antiperiplanar adjacent C-H bond.' 

A pertinent example is cie4,6-dimethyl-1,3-dioxane (3;, Scheme 1) where 

'J[C(Z)-H,,] = 157.4 Hz is smaller than 'J[C(2)-H,,] = 167.5 Hz.~ In contrast with 

this situation, Bailey et a1.4 discovered that the dithiane analogue 2 (Scheme 1) 

exhibits an opposite behavior; that is, lJ[C(2)-Ii,,] = 154.1 HZ > lJ [C(2)-H,9] = 

144.9 Hz. 
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1,x-o 

Scheme 1 

More recently, Juaristi and Cuevas' reported that a reversal of the relative 

magnitudes of the coupling constants [lJc_xax>lJc_Ecq; "reverse" Perlin Effect] is 

actually observed for all C-H bond pairs in 1,3-dithiane (a, Scheme 2). This finding 

appears to support the existence of a dominant stereoelectronic interaction between 

the relevant fragment orbitals in the equatorial C-H bonds and antiperiplanar C-S 

bonds, as previously suggested by Wolfe, et a1.6 The present note describes our 

observations in 1,3-oxathiane (4, Scheme 2), a system which could provide relevant 

information concerning the relative magnitude of stereoelectronic interactions 

involving oxygen vis-a-vis sulfur. 
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A. .6- _ _ U (1).' 

Proton-coupled I%, and high-resolution '?l NMR spectra of 5 afforded the data 

indicated in Scheme 3. Most interestingly, similar coupling constants ‘Jc-HEX = 

'Jc_H~~ are observed both at C(2) and C(5), suggesting a balance of the effect(s) 

responeible for a "normal" 'J~_H~~ < 'Jc_H=~ for C-H bonds in cyclohexane' or adjacent 

to oxygen,le3 but a "reverse" trend (i.e., ‘Jc-~eq < ‘Jc-riax) when the C-He9 i6 

antiperiplanat to C-S bonds (see the introduction). 

1J - 130.6 zt 0.6.H~ 'J - 142.1 Hz; 6 - 4.51 ppm 

8 - 2.17 * 0.03 ppm H 

H +-_'J - 157.6 HZ 

>zz.+ 

6 - 5.11 ppm 

0 JI, 
1J - 157.6 2 0.5 Hz 

S 6 - 5.08 ppm 

H 
1J - 139.2 Hz; 6 - 4.28 ppm 

'J - 130.6 * 0.6 Hz ;6 - 2.17 f 0.03 ppm 

Scheme 3 
B. &$.fert-Butvl-1.3-oxathm (9). 

Proton-coupled I%, and high-resolution 'Ii NHR spectra of fi Permitted the 

unequivocal assignments presented in Scheme 4. Thus, anomalous chemical shift behavior 

(MI,, > &I,,) is obeerved for the methylene protons at C(4) and C(5). By contrast, the 

protons at C(6) (adjacent to oxygen) exhibit the normal 6Hax < 8H,,. 

On the other hand, for the methylene Cd-H bonds adjacent to sulfur 'Jc_H~~ < 

IJc_H~~ (normal Perlin effect), in contrast with the observation in 1,3-dithiane.5 

Nevertheless, at C(5) IJc_H~~ s 'Jc_H=~ (near. balance of Perlin effects), and for the 

methylene adjacent to oxygen IJc_H~~ < 'Jc_H~~ (normal Perlin effect). 
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At -90°C, ring inversion of the unsubstituted heterocycle is slowed sufficiently 

so that the individual chemical shifts and coupling constants could be measured. This 

study was important in view of the previous observation that the t-butyl group at C(2) 

distorts the ring,' so that some of the NMR data from 6 may not be representative of 

thoee in the parent system. 

The data collected in Scheme 5 (solvent CDfll2) confirm the anomalous chemical 

shifts for the axial and equatorial hydrogena at C(2), C(4), and C(5); that is, &I,, > 

6H,9. Interestingly, a near balance of Perlin effects is observed for the C-H coupling 

constants in these carbons. On the other hand, normal chemical shifts and Perlin 

effects are found at C(6). 
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Discussion. 

129io.2 H 
126.9 * 0.6 

Scheme 5 
(‘J,_, coupling constants) 

Three pieces of information seem to be essential for the understanding of the 

unusual Perlin effects and proton chemical shifts reported above: 

(1) 

(2) 

(3) 

the observation made by Eliel et a1.l' that diamagnetic bond anisotropies alone" 

do not properly account for the anomalous shifts at C(2) in 1,3-dithiane, 

the proposal of Wolfe et al.6 that the smaller coupling constant for 'Jc_Peq at 

C(2) in 1,3-dithiane originates from the weaker nature of this bond, as a result 

of =C-H + @*C-S or oc-S + a*c_P stereoelectronic (antiperiplanar) orbital 

interactions, and 

the finding by Juaristi and Cuevas' that all equatorial bonds in 1,3-dithiane are 

antiperiplanar to C-S bonds , and do exhibit smaller 'Jc_Pcq coupling constants. 

We consider that the anomaious chemical shifts for the axial and equatorial 

protons at C(2), C(4) and C(5) are the result of relevant contributions by the (JC_S + 

o*c_x two-electron two-orbital interactions. This stereoelectronic effect causes an 

upfield shift for the antiperiplanar, equatorial hydrogens, as well as a concomitant 

decrease on the C-H=9 coupling constants, which is nearly balanced by the normal 

Perlin effect.12 On the "oxygen-part" of the molecule, however, the well accepted no + 

@C-H interaction appears to be dominant. 

Examination of the observed 'Jc_H coupling constants in cyclohexane (~Jc_H~~= 122 
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Hz; 'Jc_xeq= 126 Hz),* 1,3-dithiane, 4*k,13 1,3-dioxane,3B13 and 1,3-oxathiane (this 

workj Section C) suggeste the following heteroatom' effecte: *oxygen = +21 Hz; 

*sulfur = +16 Hz; S-oxygen = +3 Be; &sulfur = +4 Hz; I-oxygen = +3 Hz; 

antiperiplanar nc = -2 Hz, antiperiplanar UC-S.= -7 Bz.14 A full discussion will be 

presented in a forthcoming full paper. 
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