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STEREOELECTRONIC INTERPRETATION OF THE UNUSUAL PERLIN EFFECTS AND g R CHEMICAL
SHIFTS IN 1,3-OXATHIANE
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Departamento de Quimica, Centro de Investigacién y de Eetudios Avanzados del
Instituto Politécnico Nacional, Apdo. Postal 14-740, 07000 México, D.F., Mexjico.

Abstract. Interpretation of "anomalous"” Perlin effects and 14 NMR chemical shifts in
1,3-oxathiane seems plausible by consideration of the relative importance of
stereoelectronic interactions in this heterocycle.
Introduction.
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 iy 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 8-10 Hz smaller than 13 for the corresponding
C-H equatorial bond; i.e. IJC_H,q > lJc-Hax- This observation has been interbreted in
terms of an n - o* stereoelectronic interaction between a pair of nonbonded electrons
on oxygen or nitrogen and the axial, antiperiplanar adjacent C-H bond. ?
A pertinent example is cis-4,6-dimethyl-1l,3~-dioxane (1, Scheme 1) where
'3[€(2)-Hax] = 157.4 Hz is smaller than 'J[C(2)-Heq) = 167.5 Hz.? In contrast with
this situation, Bailey et a1.? discovered that the dithiane analogue 2 (Scheme 1)

exhibits an opposite behavior; that is, 1J[C(2)-H,x] = 154.1 Hz > 1J [C(2)-H¢q) =

144.9 Hz.
H
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X
Scheme 1

More recently, Juaristi and Cuevas® reported ;hat a reversal of the relative
magnitudes of the coupling constants [1Jc_Hax>lJc_§eq; "reverse" Perlin Effect)] is
actually observed for éll Cc-H bond pairs in 1,3-dithiane (3, Scheme 2). This finding
appears to support the existence of a dominant sterecelectronic interacﬁion between
the relevant fragment orbitals in the equatorial C-H bonds and antiperiplanar C-S
bonds, as previously suggested by Wolfe, et al.® The present note describes our
observations in 1,3-oxathiane (4, Scheme 2), a system which could provide relevant
information cbncerning the relative magnitude of stereocelectronic interactions

involving oxygen vis-a-vis sulfur.
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Results.
A. gig-4.6-Diphenyl-1,3-oxathiane (5).’

Proton-coupled 130, and high-resolution 1 NMR spectra of 5§ afforded the data
indicated in Scheme 3. Most interestingly, similar coupling constants 1JC_H” ]

IJC_H,q are observed both at C(2) and €(5), suggesting a balance of the effect(s)
8

responsgible for a "normal” IJC-H,X < lJC-Heq for C-H bonds in cyclohexane®” or adjacent

to oxygen,l‘3 but a "reverse" trend (i.e., 1Jc-Heq < YJc_Hax) when the C-Heq iB
antiperiplanar to C-S bonds (see the introduction).
17 = 130.6 « 0.6 Hz 1J - 142 1Hz; 8 = 4.51 ppm

8§ - 2. 17 + 0.03 ppm
S 1J - 157.6 Hz
8 = 5.11 ppm
15 - 157.6 £ 0.5 Hz
8 = 5.08 ppm

17 = 139.2 Hz; & = 4.28 ppm
1y = 130.6 = 0.6 Hz ;6 = 2.17 + 0.03 ppm
Scheme 3

Proton-coupled 13c, and high~resolution H NMR spectra of 6 permitted the

unequivocal assignments presented in Scheme 4. Thus, anomalous chemical shift behavior
(8Hayx > 8Heq) is observed for the methylene protons at C(4) and C(5). By contrast, the
protons at C(6) (adjacent to oxygen) exhibit the normal 8H,x < 8Heq-

On the other hand, for the methylene C4~H bonds adjacent to sulfur IJC_Hax <
lJc-H,q (normal Perlin effect), in contrast with the observation in 1,3-dithiane.5
Nevertheless, at C(5) lJC-Hax = IJC_Heq (near. balance of Perlin effects), and for the
methylene adjacent to oxygen lJC-Hax < lJC_Heq {(normal Perlin effect).

3.58 4,47 136.2 = 1.6
138.1 = 0.1 g H 156 + 0.5

a”

s
s
s
S

S

H “\\
40.6 = 0.
125.7 + 0.5 H“k\\\ 140.6 = 0.7

128.8 = 0.7

('H chemical shifts) Scheme & (J._y coupling constants)



6929

C. Low-temperature Spectra of 1,3-Oxathjane (4).

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,9 so that some of the NMR data from 6

may not be representative of
those in the parent system.

‘ The data collected in Scheme 5 (solvent CD;Cl;) confirm the anomalous chemical
shifts for the axial and equatorial hydrogens at C(i), C(4), and C(5); that is, 8H,yx >
SHeq- 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).

3.62 139 2
y4.9 K H 142.7 y  157.5
145.4 + 0.3 & 1575
4.80 »~
H H
1. H i
”’/,I' S
H
129 £ 0.2 H \ 142.7
126.9 = 0.6
('H chemical shifts) ‘(lJC_H coupling constants)
Scheme S
Discugsion.

Three pieces of information seem to be éssential for the ﬁnderstanding of the
unusual Perlin effects and proton chemical shifts reported above:

(1) the observation made by Eliel et al.1® that diamagnetic bond anisotropies alonel?
do not properly account for the anomalous shifts at C(2) in 1,3-dithiane,

(2) the proposal of Wolfe et al.® that the smaller coupling constant for lJc_Heq at
C(2) in 1,3-dithiane originates from the weaker nature of this bond, as a result
of Oc_y = O%c.g or Oc_s = O*c.y stereoelectronic (antiperiplanar) orbital
interactions, and

(3) the finding by Juaristi and Cuevas® that all equatorialbbonds in 1,3-dithiane are
antiperiplanar to C-S bonds, and do exhibit smaller 1JC-Heq coupling constants.
We consider that the anomalous chemical shifts for the axial and equatorial

protons at C(2), C(4) and C(5) are the result of relevant contributions by the o¢c.s —

o*c.y two-electron two-orbital interactions. This stereocelectronic effect causes an

upfield shift for the.gntiperiplanar, equatorial hydrogens, as well as a concomitant

decrease on the C-H.q coupling constants, which is nearly balanced by the normal

Perlin effect.'? oOn the "oxygen-part" of the molecule, however, the well accepted ngo -

O*c.y interaction appears to be dominant. ‘

Examination of the observed 1Jc_H coupling constants in cyclohexane (lJc_H,xg 122
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Hz; 'Jc_geq= 126 Hz),® 1,3-dithiane, *'3:13 1,3-dioxane, '3 and 1,3-oxathiane (this
work; Section C) suggests the following hetercatom effects: aroxygén = +21 Hz;
oa-sulfur = +16 Hz; PB-oxygen = +3 Hz; pB-sulfur = +4 Hz; 71-oxygen = +3 Hz;
antiperiplanar no = -2 Hz, antiperiplanar oc.g.= -7 Hz.'% A full discussion will be
presented in a forthcoming full paper.

Acknowledgments. We are grateful to Professor W.F. Bailey for suggesting the study of
Perlin effects in 1,3-oxathiane, and for additional comments, to Professor B.M. Pinto
for a careful reading of this manuscript, to G. Uribe for recording the NMR spectra,

and to CONACYT (project no. E0242) for partial financial support.

References and notes.
(1) Perlin, A.S.; Casu, B. Tetrahedron Lett. 1969, 292.

(2) David, S. In Anomeric Effect: Origin and Consequences, Szarek, W.A.; Horton, D.
Eds.; American Chemical Society Symposium Series: Washington, D.C. 1979. Fraser,
R.R:; Bresse, M. Can. J. Chem. 1983, 61, 576.

(3) Bock, K.; Wiebe, L. Acta Chem. Scand. 1973, 27, 2676.

(4) Bailey, W.F.; Rivera, A.D.; Rossi, K. Tetrahedron Lett. 1988, 29, 5621.

(5) Juaristi, E.; Cuevas, G. Tetrahedron Lett. 1992, 33, 1847.

(6) (a) wolfe, S.; Pinto, B.M.; Varma, V.; Leung, R.Y.N. Can. J. Chem. 1990, 68, 1051.
(b) Wolfe, S,; Kim, C.~K. Can. J. Chem. 1991, 69, 1408.

(7) Prepared from chalcone according to the procedure developed for the preparation of
the dimethylated analogue: Koskimies, .J.K. Ph.D. Dissertation Univ. North
Carolina: Chapel Hill 1976.

(8) Chertkov, V.A.; Sergeyev, N.M. J. Am. Chem. Soc. 1977,99, 6750.

(9) Wolfe, S.; Campbell, J.R.; J. Chem. Soc. Chem. Commun. 1967, 872.

(10)Eliel, E.L.; Rao, V.S.; Vierhapper, F.W.; Juaristi, G.2. Tetrahedron Lett. 1975,
4339.

(11)See,  for example: Khan, S.A.; Lambert, J.B.; Hern&ndez, O.; Carey, f.A. J. Am.
Chem. Soc. 1975, 97, 1468.

(12)For pertinent experimental observations in 1,3-dithiane see: Juaristi E.;
Valenzuela, B.A.; Valle, L.; McPhail, A.T. J. Org. Chenm. 1984, 49, 3026. Anet,
F.A.L.; Kopelevich, M. J. Chem. Soc., Chem. Commun. 1987, 595. Caserio, M.C.;
shih, P; Fisher, C.L. J. Org. Chem. 1991, 56, 5517. l

(13)Juaristi, E.; Cuevas, G. Unpublished observations.

(14)We are indebted to one rewiewer for suggesting this method of increments to

analyze the observed heterocatom effects on lJ(lac—!-l).

(Received in USA 14 July 1992; accepted 18 August 1992)



