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CONFORMATIONAL BEHAVIOUR OF TRANS-2,3-BIS(R-THIO)-1,4-DIOXANES
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Summary: The conformation of eight trans-2,3-Bis(R-thio)-1,4-dioxanes has been studied in chioroform
solution using H NMR techniques. Among the alkylthio substituted compounds, the population of diaxial
conformer increases from methyithio (71%) lo tert-butyithio (85%). The aryithio substituted compounds
exist largely as diaxial conformers (ca. 90%). The alleviation of anomeric effects in trans-2,3-bis(R-oxy)-
1,4-dioxanes bearing bulky alkoxy groups is discussed at the light of these resuls.

Although the origin of the anomeric effect and related stereoelectronic phenomenat appears to be clear on a
molecular basis2, many experimental results in this field are still awaiting a completely satisfactory explanation.

In recent times, we3 and others? have reported some examples of alleviated anomeric effects among the trans-
2,3-bis(R-oxy)-1,4-dioxanes (1). Such behaviour has only been found when very bulky R-oxy groups (fert-butoxy,
trimethylsiloxy, 2,6-dimethylphenoxy) are present as substituents on the 1,4-dioxane ring, and has been attributed to two
different origins. Whereas we have proposed a unified explanation based on the modulation of stereoelectronic effects by
the steric effects of the R-oxy substituents for all the reported cases3, Aped et al. have attributed the alleviation of
anomeric effects in tert-butoxy and trimethylsiloxy substituted 1,4-dioxanes to electronic (inductive and
hyperconjugative) effects of the tert-butyl and trimethylsilyl groupsS. The question, however, remains still open.
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We thought that a conformational study on trans-2,3-bis(R-thio)-1,4-dioxanes (2) containing R groups of variable
size and electron donating nature could bring light on this subject. In fact, a similar approach was followed by De Hoog and
Havinga8 to discriminate between steric’ and electronic effects® as the main factor controlling the changes in the
position of the conformational equilibrium in the 2-alkoxytetrahydropyran’.8 and 2-alkylthiotetrahydropyran6.” series. In
the present case, gauche interactions® between the 2,3-substituents of the 1,4-dioxane fing need also be taken into
account.

We report in the present communication the synthesis and conformational analysis of frans-2,3-bis(R-thio)-1,4-
dioxanes 2a-h.

The bis(methylthio) derivative 2a was prepared from trans-2,3-dichioro-1,4-dioxane (3) via the bis-thiouronium
salt!0. The remaining derivatives 2b-h were obtained by reaction of 3 with the corresponding thiolates in absolute
ethanol11,
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The TH NMR spectra of 2a-h were recorded in CDCl3 solution, and the complex signal corresponding to the O-
CH2-CHa-O moiety was analyzed as an AA'BB' system by means of the PANIC program. On the other hand, the
coupling constants between the homotopic hemithioacetal protons were measured by means of the 13C satellites. The
spectroscopic data are summarized in Table |.
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2a CHj

2b  CHaCHj
2¢  CH(CHg)s
2d C(CHa)s
2e n-Cq2Hos
2f CgHs

2g  p-CH3CgHs4
2h  p-ClCgH4

Table I. Chemical Shifts and Coupiing Constants in trans-2,3-bis(R-thio)-1,4-dioxanes

2 S=0r 8a=88® 8c=8p° JagP  Jen®  Jap=Jpc® Jac=Jmp®  Jee
2ad 483 428 359 8.35 383 322 1195 310
28 496 432 357 897 3.44 3.04 1167 291
2cf 496 428 352 910 318 301 -1156 275
¢ 515 439 352 9% 250 342 1187 170
2ed 493 432 356 8% 3.40 3N -11.85 255
21d 5.43 456 3.66 10.37 167 350 -11.96 1.60
29f 532 453 3.63 10.10 197 350 -11.89 182
ad 535 453 366 1036 207 355 -12.06 150

aDirectly measured. bFrom AA'BB' analysis. SFrom 13C satellites. JAt 200 MHz. 8At 250 MHz. fAt 400 MHz.

According to previous results, the following conformational equilibrium can be postulated for 2a-h.
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The absence of geometrical distortions in the chair conformations was secured by calculation of the ‘¥ dihedral
angle of the ring according to Lambert!2 (Tabie I1). Population analyses were subsequently performed starting from the
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calculated coupling constants of the AA'BB' systems, taking as standard values the obsetved Jaa and Jgg values for
deuterated dioxanes ( Jaa = 11.7 Hz; Jge = 1 Hz)13 in the equations:

JAB = XJaa + (1-X)Jee and Jop = Ydaa + (1-Y)Jee
where x and y are respectively the molar fraction of diaxial and diequatorial conformers. The results are summarized in
Table Il.

Table |I. Conformational Equilibria and Free Energy Differences for 2a-h
%diaxial %diaxial %diaxial

2 R ¥(?) from Ja from Jep mean AGOga(kd/mol)
2a CHs 59 68 74 n 22
. ] CH3CHz 571 I} 77 7% 29
. (CH3)2CH 571 7 & B 32
a (CHa)aC 55.3 84 8 & 43
p. n-Cy2Ho5 566 74 78 76 29
2f CeHs 545 ] 94 9l 58
x p-CH3CgHa 545 8 91 8 50
..} p-CiCgH4 547 8 90 8 52

Due to the lack of reference J values for the system (RS)(R'O)CH-CH(OR')(SR), a complementary population
analysis based on Jer could not be performed. However, a very significant correlation {r = 0.97) could be established
between Jer and the population of diequatorial (or diaxial) conformer for 2a-h, and this allowed the derivation of
reference J values (Jee = 0.56Hz; Jaa = 9.56 Hz) for the bis-hemithioacetal system, which can be useful for future studies.

Focusing our attention on the results of the conformationai study, it is instructive to see that among the aromatic
derivatives 2f-h, the population of diaxial conformer is only slightly modified by the electronic nature of the para-
substituent, but the variation is not systematic. Thus, both the electron donor methy! group (opara = -0.17)14 and the
electron acceptor chlorine atom ( opara = +0.23)4 provoke a slight diminution in the population of diaxial conformer.
Similar results were obtained in the trans-2,3-diaryloxy-1,4-dioxane3t and 2-aryloxytetrahydropyran's series.

Quite interestingly, the population of diaxial conformer increases along the series 2a to 2d, when both the steric
bulk and the electron donating nature of the R groups also increase. This unprecedented result is of great significance in
connection with the origin (steric or electronic) of the alleviation of anomeric effects in trans-2,3-bis(R-oxy)-1,4-dioxanes
(1). Thus, if one admits, in accord with common chemical knowledge, that the electronic effects of alkyl groups, either
inductive or hyperconjugative, are the same in front of oxygen or sulfur, it is strongly suggested that simple electronic
effects of the R groups cannot simultaneously account for the conformational behaviour of derivatives 1and 2.

In order to explain the behaviours of 1, where the population of diaxial conformer decreases when the steric bulk
of the substituent alkoxy group increases, and 2, where an opposite evolution is observed, it is important to consider the
main interactions involving the 2,3-substituents in the chair conformers of these species.

In the diaxial conformers, the main interactions are repulsive, of 1,3-diaxial type, and should increase with the
steric bulk of the R groups. Within the R-oxy series (1), however, this increase should be more pronounced due to the fact
that C-O bonds are shorter than C-S. (It should be noted that the long C-S bonds project the R groups away from the
axial ring protons when the stereoelectronic requirements for the exo-anomeric effect are fulfilled)

In the diequatorial conformers, gauche interactions® should be the important ones. In derivatives 1, both the strong
exo-anomeric effect and the attractive gauche effecP favour the rotamer in which both R-oxy groups are antiperiplanar
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to the C2-C3 bond. The relative stability of this rotamer should be essentially independent on the steric bulk of the R
group. In derivatives 2, in turn, both the weaker exo-anomeric effect based on sulfur and the repulsive gauche effecf
between the sulfur lone pairs could contribute to increase the population of rotamers which are not free of steric
interactions. It is thus expected that increasing the bulk of the R group in 2 will lead to a destabilization of the diequatorial
conformer relative to the diaxial one.
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In summary, once the different nature (attractive or repulsive) of the gauche interactions between the 0/0 and
S/S pairs is taken into account, the conformational behaviour of 1 and 2 can be explained through the modulation by the
steric effects of the R groups of the fundamental anomeric and exo-anomeric effects present in these substances.

Acknowledgment: This work was supported from CICYT, Ministerio de Educacion y Ciencia (PB86-510). We thank Dr.
Albert Moyano for helpful discussions. Helpful comments from a referee are also acknowledged

References and Notes

1. For general reviews, see: (a) Szarek, W.A.; Horton, D. Eds., Anomeric Effect: Origin and Consequences ACS
Symposium Series 87; American Chemical Society: Washington DC, 1979. (b) Kirby, A.J. The Anomeric Effec:
and Related Stereoelectronic Effects at Oxygen; Springer: Berlin, 1983. (c) Deslongchamps, P. Stereoelectronic
Effects in Organic Chemistry, Pergamon Press: Oxford, 1983.

2. {a) Radom, L.; Hehre, W.J.; Pople, J.A. J. Am. Chem. Soc. 1972, 94, 2371. (b) David, S.; Eisenstein, O.; Hehre,
W.J.; Salem, L.; Hoffmann, R. J. Am. Chem. Soc. 1973, 95, 3806. (¢) Jeffrey, G.A.; Pople, J.A.; Radom, L.
Carbohydr. Res. 1974, 38, 81. (d) Wolfe, S.; Whangbo, M.H.; Mitchell, D.J. Carbohydr. Res. 1978, 69, 1.

3. (a) Girait, E.; Pericas, M.A.; Riera, A. Tetrahedron 1983, 39, 3959. (b) Pericas, M.A.; Riera, A.; Giralt, E.
Tetrahedron 1985, 41, 3785.

Fuchs, B.; Ellencweig, A. Nouv. J. Chem. 1979, 3, 145.

5. Aped, P.; Apeloig, Y.; Ellencweig, A.; Fuchs, B.; Goldberg, I.; Karni, M.; Tartakovsky, E. J. Am. Chem. Soc. 1987,
109, 1486.

6. De Hoog, A.J.; Havinga, E. Rec!. Trav. Chim. Pays-Bas 1970, 89, 972.

7 Eliel, E.L.; Giza, C.A. J. Org. Chem. 1968, 33, 3754.

8. Pierson, G.O.; Runquist, O.A. J. Org. Chem. 1968, 33, 2572.

9. Zefirov, N.S.; Tetrahedron 1977, 33, 3193. See also ref. 1b, pp 32-36.

10. (a) Gais, H.J. Angew. Chem. 1977, 89, 201. (b) Pericas, M.A.; Riera, A.; Guilera, J. Tetrahedron 1986, 42, 2717.

11. Satisfactory elemental analyses (C,H,S) and spectral dsta were obtained for 2a-h.

12. (a) Lambert, J.B. J. Am. Chem. Soc. 1967, 89, 1836. (b) Lambert, J.B. Acc. Chem. Res. 1971, 4, 87.

13. Jensen, F.R.; Neese, R.A. J. Am. Chem. Soc. 1975, 97, 4345.

14.  Values taken from: Lowry, T.H.; Richardson, K.S. Mechanism and Theory in Organic Chemistry, 2nd ed., Harpet
and Row: New York, 1981, p. 131.

15. Cook, M.J.; Howe, T.J.; Woodhouse, A. Tetrahedron Lett. 1988, 29, 471.

(Received in UK 14 March 1990)



