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Abstract: According to NMR (IH, 13C) spectroscopy and molecular mechanics calculations 2-alkyl 
substituted 1 ,kdithianes exist preferentially in the conformation with equator&ally oriented 
substituents. The conformational free energy for the methyl group in 2-methyl-1.4-dithiane is 
estimated to be -1.20+O.l4kcal/mol. For 1 ,I-dithianes with substituents of the CH2X type 

(X=acetoxy. halogen) the predominance of axtal conformers is observed originating from an 
intramolecular electrostatic attraction. 

In contrast to a thoroughly performed conformational analysis of 1,3- and 1,4- 

dioxanes1.2, 1,3- and 1,4-oxathianesa.4 and 1,3-dithianess the data on conformational 

behaviour of 1,4-dithianes are quite limited6.7. 
The conformational peculiarity of a-substituted 1,4-dithianes 1 (R=Hal, OR’, SR’ ) 

previously studied consists in the strong predominance of axial conformer la due to the 
abseiwe of an essential syn-1,3-diaxial repulsion and the stabilization by anomeric orbital 
interaction@. 
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To the best of our knowledge, no examples of the opposite conformational properties 

of other 1,4-dithlane derivatives have so far been described. In particular, the 

conformational behaviour of the methyl derivative or other alkyl derivatives has not been 

studied. 
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To complete the conformational picture of this class of cyclohexane heteroanalogs we 

accomplished the conformational analysis of various 1,4-dithianes with an alkyl or 

functionalized alkyl substituent at C-2 by IH and I3C NMR (Tables l-3) and molecular 

mechanics calculations (MMX; PCMODEL program) (Table 4). These compounds have 

become easily accessible now after our development of a very facile general method for 

1,4-dithiane ring construction using the homolytic cycloaddition of 1,2-ethanedithiol to 

alkynesa. 

S R 
AIBN or 

PrB B-o 
U 

2 S 

R=CMe20H (2), n-C6HI3 (3), Me(4), 

CH20H (5), CH20Ac(6), CH2C1(7) 

According to the results of MMX calculations a steric energy of a chair conformation 
for 1,4-dithianes is much lower than the energy of twist forms. So the last ones can be 

neglected, and for this reason we consider the conformational equilibrium of only two chair 

forms - la and le. 

4.2 3.1 kcal/mol 

The full analysis of 1H NMR spectra (300 MHz) using the program PANIC allowed us 

to measure averaged vicinal spin-spin couplings (Table 1; Fig-l). The spectra were treated as 

a superposition of two weakly connected spin systems ABC and DEFG, because the long- 

range couplings through sulfur atoms are quite small. We estimated the conformer 
populations (ni) using the formula Jobs=Ja.na+Je.ne and two trans coupling constants for 

the SCH2CH2S fragment (JDF and JEG). The limiting parameters, J, and J,, were taken 

from the spectrum of compound 2 assuming its conformational equilibrium to be completely 
shifted to the equatorial form due to a large steric volume of R=CMe20H. The MMX data 

support this assumption. Firstly, the 1.hydroxy-1.methylethyl group is a rather good 

conformational ‘anchor’ indeed: a free energy difference between most stable rotamers of 
this group in the e- and a-positions is calculated to be 2.75 kcal/mol, i.e. the contribution of 

conformer 2a is less than 1%. Introducing a correction connected with this conformational 
non-homogeneity we determined for le JDF 4.1 Hz and JEG 12.0 Hz and for la JDF 12.0 

Hz and JEG 4.1 Hz, and used these values for subsequent calculations. Secondly, a torsion 

angle SCCS is practically constant for all compounds studied (69-710 according to MMX), 
therefore the limiting parameters J, and J, also have to be constant. 
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Conformational analysis of 2-alkyl-1,4-dithianes 

Calculated 

. 
,....‘.,,,,...,“‘,.,.,.,,r 

3.0 2.9 2.8 2.1 

Ppm Ij 
Fig.1 Part of the PMR spectrum of 2-methyl-1,4-dithiane 4 showing the ring protons. 

9459 

It is interesting to note a relatively large value of 5JHH between HB and HF (Table 

1). The coupling decreases along with diminishing of the equatorial conformer population. 

The same ia observed for W-coupling 4JHH between HR and HD. 

The data in Table 4 reveal a prevalence of the equatorial conformers for the alkyl 

substituents; the A-value for methyl is about 1.2 kcal/mol, and this result seems to be 
quite reasonable. At the same time an increase of axial conformer population, na, is 

observed in the order CH3 < CH2OH < CH20Ac < CH2Cl. Moreover, the most bulky 

substituents of this series - CH2OAc and CH2Cl - prefer the axial position. This result is 

completely unexpected in the light of the properties of methyl and hexyl derivatives, and 

the MMX calculations (see Table 4). 

Thus, while the alkyl derivatives 3, 4 show the ‘normal’ predominance for the 

equatorial conformer, the compounds 5 - 7, containing functionalized methyl groups, 

demonstrate an obvious effect of the axial conformer stabilization. We might estimate the 
value of the effect as a difference between the aG,_, values for R- and Me- substituted 

models: AAG=AGR-A%I~- It is about 1.4 kcal/mol for 7. 

The comparison of molecular mechanics calculations with experimental data (Table 4) 

shows that there is a moderate agreement for compounds 3 - 5. For 6 and 7 the calculations 

lead to the wrong prediction of almost the same relative stability of the equatorial 

conformer as for 2.methyl-1,4-dithiane 4. In our opinion, this discrepancy arises from a 

poor parametrization of Coulombic potentials in molecular mechanics. 

Indeed, there is little doubt that this effect is a manifestation of the electrostatic 

attraction of the sulfur atom in the ring with positively charged carbon and hydrogen atoms 
in R=CH2X. These partial charges are in a gauche position when R is axial (scheme 8). 
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Table 3. Chemical Shifts (6, ppm) in 13C NMR Spectra of 1,4-Dithianes 2-7 

R 

Carbons 

Compound R C-l c-2 c-3 c-4 C-R 

2 C(OH)Me2 55.5 30.9 29.4 32.1 25.4 and 29.3(CH2) 

72.6 (C-OH) 

3 n-C6H13 42.6 29.6 35.8 30.6 14.5, 23.4, 27.3, 
30.0, 32.6, 36.5 

4 CH3 37.5 37.0 30.6 28.9 22.0 

5 CH2OH 43.5 32.0 29.6 29.1 64.6 

6 CH2OCOCH3 39.2 31.8 29.5 20.4 
(or 26.4) (or 29.5) 

28.8 (CH3). 65.6 (CH2). 

170.8 (C-O) 

7 CH2Cl 40.6 31.8 29.4 27.8 46.7 

Table 4. Conformer Populations and Free Energy Differences (kcal/mol) 

lH NMR 
Compound R na, r 13%-a 

2 C(OH)MeZ 0 

3 n-C6H13 12.0 _t 4.2 -1.20 * 0.14 

4 CH3 12.0 A 2.5 -1.20 _t 0.14 

5 CH2OH 33.8 _t 2.8 -0.40 _t 0.07 

6 CH~OCOCHQ 54c) 0.1 

7 CH2Cl 58.9 3 3.1 0.22 * 0.08 

MMX 

A%-aa) A%-ab) 

-2.75 -2.75 

-0.78 -0.77 

-1.00 -1.00 

-0.96 

-0.74 -0.97 

-0.90 -0.97 

a) The energy difference between the most stable rotamers of group R in e- and o-positions 

b Calculated for 25oC using relative enthalpies of all 3 possible rotamers in each (e or a) conformation 

c) Estimated using JAC value for the compounds 5-7. 
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s,+ x , 
I ‘d- C-J S 

43’ ,// 
6- L?+ 

8 

The MMX data support this idea but only qualitatively. The second analogous 

Coulombic interaction, X(6-)-----*-* (&)CH2(S), can occur in the equatorial conformer as 

well. 

It is instructive to note that exactly the same electrostatic attraction has been 
previously postulated to explain the preferred axial position of 5-halomethyl and ROCH2 

groups in 1,3dioxanes, scheme 9 (see detailed discussion in refs.e). 

Hal, OR 

9 10 

The interactions of this type in X-C-C-C-Y fragments are rather widespread and they 

force these fragments to adopt a gauche, gauche-conformation (gg) 10. The most simple 

appropriate models are 1,3-dihalogenopropanes, which prefer the gg-conformation in vapour, 

liquid and solid phaseslO. 

Considering the data of this work and refs.6F7 we can conclude that the most typical 

conformational behaviour for substituted 1,4dithianes is the predominance of the axial 

conformer due to different internal reasons. Only 

to be equatorial. Thus the ‘normal’ behaviour for 

for the 1,4-dithiane series. 

EXPERIMENTAL 

alkyl substituents can safely be expected 

cyclohexane series does not seem to hold 

SECTION 

NMR spectra were recorded on a AM 300 Bruker instrument. The chemical shifts were 

measured relative to the solvent - acetone-d3 signals: 2.05 ppm (1~) and 30.0 ppm (l3C). 

The assignments of 13C signals were performed using two-dimensional 13C-1H correlation 

spectrali. The iterative program PANIC was used for the calculations of high resolution 

NMR spectra. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

3. 

9. 

10. 

9462 Y. A. STRELENKO eral. 

REFERENCES 

Juaristi E., Martinez R., Mendez R., Toscano R.A., Soriano Garsia M., Eliel E.L., 

Petsom A., Glass R. J.Org.Chem. 1987, 52, 3806; Juaristi E., Gordillo B., Sabahi M., 

Glass R.S. J. Org. Chem. 1990,55, 33. 

Buys H.R. Rec. trav. chim. Pays-Bus. 1969, 88, 1003. 

de Wolf N., Vershoor G.S., Romers C. Acta Crystallogr., 1972, B28, 2424; 

Bergesen K., Carden B.M., Cook M.J. J.Chem.Soc. Perkin Trans II, 1976, 345. 

Zefirov N.S., Blagoveshensky V.S., Kazimirchik I.V., Surova N.S. Tetrahedron. 

1971, 27, 3111; Barnes J.C., Hunter G., Lawn M.W. J.Chem.Soc. Perkin Trans II, 

1975, 1354. 

Juaristi E., Valle L., Mora-Uzeta C., Valenzuela B., Joseph Mathan P., 
Friedrich M.F. J. Org. Chem. 1982, 47, 5033. 

Zefirov N.S., Kazimirchik I.V. Uspechi Chimii (Russian Chemical Reviews). 1974, 43, 

252. 

Eliel E.L., Pietrusiewicz K. In Topics in Carbon l3NMR Spectroscopy, Levy, G.S. 

Ed.; Wiley Interscience: New York, 1979; V.3, P.172; Szarek W.A., Vyas D.M., 

Achmatovicz B. J.Heterocycl. Chem. 1975, 12, 123; Perikas M.A., Riera A., 

Guilera J. Tetrahedron. 1986, 42, 2717. 

Demchuk D.V., Lutsenko A.I., Troyansky E.I., Nikishin G.I. Bull. Acad. Sci. USSR. 

Div. Chem. Sci. (End. Translation). 1989, 1323; Demchuk D.V., Lutsenko A.I., 

Troyansky E.I., Nikishin G.I. Izv. AN. SSSR. Ser.Khim. 1990, 2301. 

Eliel E.L., Kandasamy D., Sechrest R.C. J.Org.Chem. 1977, 42, 1533; Borremans F., 

Anteunis M.J.O. Bull. Sot. Chim. Belg. 1976, 85, 681. 

Cochran M.A., Gilbert A.S., Greer J., Pethrick R.A. Spectrochim. Acta. 1976, A32, 

859; Klaeboe P., Powell D.L., Stolevik R., Vorren 0. Acta Chem. Stand. 1982, A36, 

471. 

11. Wilde J.A., Bolton P.H. J.Magn.Reson. 1984. 59, 343. 


