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Abstract. Direct integration of appropriate ‘H and 13C NMR signals in the low-temperature (below 

coalescence) spectra of the title heterocycles permitted the estimation of the equilibrium constant for 

their conformation equilibria. The small but definite predominance of the isomers with axial C-Br and 

C-Cl bonds in cis-2-halotetrahydrothiopyran S-oxide is contrary to expectation in terms of simple 

additivity rules, and supports the existence of a ns(o, + c>_x stereoelectronic interaction, which seems 

to be, nevertheless, less important than the corresponding ns +crG_x interaction in 2- 

halotetrahydrothiopyrans. The conformational preference of rrans-2-halotetrahydrothiopyran S-oxides 

to adopt the diaxial conformation (AC’ = ca. 0.3 kcal/mol) probably reflects the influence of 

repulsive electrostatic (dipole-dipole) interactions in the diequatorial conformer. 

Introduction. 

The conformational properties of monosubstituted tetrahydropyrans (e.g., eq 1) have been 

summarized by Eliel and coworkers.2 The three most salient features of studies in this system are: (1) 

these heterocycles usually exist in the chair form, inverting at rates comparable with those determined 

in cyclohexane.’ (2) Nonpolar substitnents at C(2) show a large preference for the equatorial 

orientation, due of course to very close syn diaxial interaction with H(6ax) provoked by the short C-O 

bond distances.’ (3) By contrast with nonpolar groups, electron-withdrawing substituents (such as 

halogen, RO, RS) at the 2-position prefer the axial orientation,5 as a result of the anomeric effect.6,7 

The origin of the anomeric effect in polar 2-substituted tetrahydropyrans has been accounted for in 

terms of (1) dipole-dipole repulsion in the equatorial conformer,*-‘a and (2) quantum mechanical 
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mixing of the lone pair orbital at oxygen and the antiperiplanar (ap) C-X antibond orbital (no + c&x 

hyperconjugation) in the axial, stabilized conformer (eq 2)” 

n 

(repulsive) 

The tetrahydrothiopyran (thiane, thiacyclohexane) ring also exists in a chair conformation with 

somewhat lower barrier for ring inversion (AG’ = 9.4 kcal/mol).3,12 

The conformational free energy difference of methyl at the 2-position of tetrahydrothiopyran 

(AGO = - 1.42 kcal/mol;‘3 eq 3) is lower than that in cyclohexane (AGO = - 1.74 kcal/mo114), and this 

is generally attributed to a reduction of syn-diaxial steric interactions owing to the long C-S bonds. l5 

Electron-withdrawing substituents at 

preference for the axial orientation (Table I) 

effect. “-” 

C(2) in tetrahydrothiopyrans usually show a marked 

which supports the operation of a substantial anomeric 

While solvent polarity effects (increased axial preference in less polar solvents) support the 

importance of dipole-dipole interactions in the stabilization of the axial conformer of 2-polar 

substituted tetrahydrothiopyrans, ” the available evidence is also in line with the operation of a 

ns -+ c& stereoelectronic stabilizing interaction in the axial conformers. 16-18 

The aim of the present work was the examination of the conformational equilibria in several 

2-polar substituted tetrahydrothiopyran S-oxides. It was reasoned that the reduced capacity of sulfur 

in sulfoxides to act as lone electron pair donor should be reflected in a substantial reduction of the 

ns + o;_~ hyperconjugative interactions which would otherwise stabilize the conformer with axial 

C-X in the conformational equilibria of the cis diastereomers (eq 4). Furthermore, no ap arrangement 

between ns and C-X is possible in the /runs diastereomers (eq 5). Thus, it might be anticipated that 

anomeric effects leading to a stabilization of axial C-X will be less important in S(O)-C-X 

segments than in S-C-X segments, at least as far as stereoelectronic arguments are concerned. 19,20 

The conformational equilibria depicted in eqs 4 and 5 should also take into account the slight 

but definite preference of the sultinyl group to orient itself axially in thiane oxide (AGO = + 0.175 

kcal/mol).21 
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Table I. Conformational Preference of Polar 2-Substituted Tetrahydrothiopyrans at Ambient 

Temperature in CCL. l6 

Substituent AG” (kcaI/mol) 

Cl 1.75 

OMe 1.53 

0-i-Pr 1.35 

0-r-Bu 0.74 

SEt 0.42 

S-i-Pr 0.25 

S-r-Bu -0.19 

X 

d ,o = 
S' 

0 l ‘ap ns 

X 

A-’ i 
0 

+ X 

.* 

Qx 
0 

(4) 

(5) 

Results and Discussion. 

A. Synthesis of the Compounds of Interest. 

Al. cis- and truns-2-Bromotetrahydrothiopyran S-Oxide (cis- and tmns-2). 
The a-halogenation of cyclic sulfoxides under basic conditions is usually a highly 

stereoselective reaction.22 Indeed, as described by Iriuchijima and Tsuchihashi,23 the bromination of 

thiane oxide 1 with Br2, and N-bromosuccinimide/pyridine in methylene chloride afforded c&2- 

bromotetrahydrothiopyran S-oxide (cis-2) in 82 % yield (Scheme I). The trans diastereomer (tram-2) 

was obtained via inversion of configuration at s~lfut2~ by means of triethyloxonium tetrafluoroborate 

in methylene chloride at 0°C25*26 (Scheme I). 
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Scheme I 

A2. cis- and trans-2-Chlorotetrahydrothiopyran S-Oxide (cis- and truns-3). 

According to the method of hiuchijima, et a12’ the reaction of thiane oxide 1 with sulfinyl 

chloride in pyridine and methylene chloride afforded cis-2-chlorotetrahydrothiopyran S-oxide (c&3), 

as well as 2c,6cdichlorotetrahydrothiopyran r-l-oxide (4, Scheme II) in a 72:28 ratio, and a 

combined yield of 58 %. true-2-Chlorotetrahydrothiopyran S-oxide (trans-3) was prepared in 74 % 

chemical yield by inversion of the configuration at suIti with freshly prepared triethyloxonium 

tetrafluoroborate2’~26 (Scheme 11). 

C s=o 

1 

sop2 

CH2C12 -G s=o + 

Cl 

cis -3, 42% 

Cl c s=o 

Cl 

4,16% 

1. m30+w4- -C s=o 
2. HO-/H20 

1 

cis- 3 trans-3 

Scheme II 

B. Conformational Analysis. 

Because of rapid ring inversion, the ambient temperature ‘H and 13C NMR spectra of 

conformationally mobile heterocycles 1-4 present average signals for both the C-X axial and C-X 

equatorial conformers. Nevertheless, low-temperature (-75’ to -lOO°C) NMR spectra do give rise to 

two sets of signals, which correspond to the axial and equatorial conformers. Table II lists the 13C 

NMR chemical shifts for 1-4 at various temperatures. 

Integration of the peak areas for each of the conformers in the spectra recorded well below the 

coalescence temperature afforded the equilibrium constants, K,‘* and the conformational free energy 

differences, AGO = -RTlnK, which are summarized in Table III. 
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Table II. Room and Low Temperature C-13 Signal Assigments in Compounds 1-4 (ppm from TMS). 

Compound Solvent C(2) C(3) C(4) C(5) C(6) 

1 

1UX 

lcq 
cis-2 

cis-2 

cis-2eq 

cis3ax 

trans-2 

trans3ax 

trans-2eq 

cis-3 

cis-3 

cis3eq 

cis3ax 

trans3 

trans3 

trans3ax 

trans-3eq 

4 

4 

49.30 19.34 25.06 19.34 49.30 

45.25 15.62 24.76 15.62 45.25 

52.22 23.37 24.34 23.37 52.22 

64.81 28.89 22.28 17.40 46.66 

65.82 29.58 23.35 17.93 47.62 

62.41 30.23 25.79 12.73 46.97 

68.37 26.87 17.82 21.94 45.24 

60.34 27.50 21.44 17.45 44.98 

56.15 23.58 18.91 14.76 40.38 

69.15 35.28 26.29 23.13 54.04c 

71.97 28.82 22.04 17.56 46.27 

72.78 29.14 22.80 17.75 47.04 

71.97 31.06 25.79 13.69 47.45 

73.40 27.10 17.82 22.74 44.89 

67.29 26.13 19.67 16.40 43.38 

68.72 27.43 20.74 17.60 44.70 

64.21 23.43 18.02 14.61 40.30 

78.38 34.71 25.49 22.99 52.84 

71.78 25.41 24.86 25.41 71.78 

71.40 24.94 24.45 24.94 71.40 

aRoom Temperature; bLow Temperature (-90°C); ’ Observed by solvent signals. 

Bl. ck-2-Bromotetrahydrothiopyran S-Oxide (ck-2). 
The ambient-temperature low-field ‘H NMR spectrum of cis-2 in CD&l, shows a single peak 

at 6 = 5.07 ppm. At -90°C, however, two sets of signals are recorded: a double of doublets (dd) at 6 = 
4.87, with Janti = 12.5 HZ and Jgar,chc = 2.6 Hz, which was assigned to H(2ax) in conformer cis-2eq, 
and a near singlet at 5.5 1 ppm, ascribable to H(2eq) in conformer cis3ax (eq 6). 

Br 

H (6) 

H 

cis3eq cis-2ax 
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Table III. Low-temperature Conformational Equilibria of 2Substituted Thianes l-Oxide and 
2-Substituted Thianes. 

Substituent Solvent Temperature (OK) K AGO (kcahmol) Method 

cis-Br 

cis-Br 

trans-Br 

trans-Br 

c&Cl 

cis-Cl 

trans-Cl 

trans-Cl 

CD& 183 

CD& 167 

CD& 183 

CD&l, 167 

CD&$ 183 

CD& 167 

CD& 183 

CD&I, 167 

1.22 - 0.07a 

1.21 - 0.06 f 0.02 

0.43 + 0.30 * 0.03 

0.47 + 0.25 f 0.03 

1.13 - 0.04 * 0.02 

1.05 - 0.02 f 0.01 

0.47 + 0.27 f 0.04 

0.55 + 0.20 f 0.04 

‘H-RMN 

‘H-RMN 13C-RMN 
‘H_RMN 13C_RMN 

‘H-RMN 

13C-RMN 

13C-RMN 

‘H-RMN 13C-RMN 
‘H_RMN’ 13CRMN , 

The cis-2axlcis-2eq conformer ratio was measured as 55145, which allows the estimation of the 

conformational free energy difference in eq 8: AC,‘,,,= - R7lnK = - 0.07 kcal/mol. Essentially 

identical values of AGO were obtained by integration of the 13C NMR signals for all carbons in the 

spectrum recorded at -106OC: AC,“,,,= - 0.06 f 0.02 kcal/mol. 

The small but definite thermodynamic predominance of the isomer with equatorial sulfinyl 

group and axial C-Br bond is not in line with expectation based on simple additivity of the 

conformational preferences of isolated systems. Indeed, for thiane oxide (1) the axial conformer is 

favored by cu. 0.2 kcal/mol,21 and equatorial bromocyclohexane is prefered by ca. 0.5 kcal/mo1.29 

Thus, there must be an interaction between the neighboring sulflnyl and carbon-halogen moieties, 

which stabilizes cis-tax by approximately 0.8 kcal/mol.30 

Concerning the origin of this conformational effect, it is noted that the O=S-C-Br segment 

presents a gauche arrangement in both cis-2ax and cis-2eq (eq 6); therefore, the steric and electrostatic 

interactions should be fairly similar in these conformers.31 Nevertheless, cis-2ax does present an 

antiperiplanar arrangement between the sulfur lone pair, ns(o), and the carbon-bromine bond. The 

hypothesis that a nsco, -+c&,, hyperconjugative interaction is responsible for the observed 

stabilization of cis3ax (eq 7) seems reasonable. 

Br & 1 /o - 
S’ 63 00 

‘0 

1s’ 
(7) 

+ 
. . 

B2. cis-2-Chlorotetrahidrothiopyran S-Oxide (c&3). 

The conformational behavior of this chloro derivative was quite similar to that reported for its 

bromo analogue cis-2 in the previous Section. For example, average signals for H(2), 6 = 4.85 ppm, 
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and for H(3), 6 = 2.70 ppm, are observed in the ambient temperature ‘H NMR spectrum of cis3 (eq 

8). 
0 

& S 
Cl -* & 00 (8) 

S' 
cis3eq cis3ax 

Nevertheless, H(2) presents two signals at temperatures lower than -5O’C: 6 = 5.30 and 6’ = 

6.65 ppm. Similarly, H(3) splits at T < -5O’C into two signals at 6 = 3.0, and 6’ = 2.6 ppm. Integration 

of the corresponding signals indicated that the cis3ax == cis3eq equilibrium constant is very close 

to 1; that is, AG,“,,,E 0.0 kcabmol. 13C NMR data (Table II) confirmed these data: the 67.8 MHz 

spectra in CD& at -9O’C and -106’C showed two sets of carbon signals in 1.13 and 1.05 cis- 

3axfcis-3eq rations; i.e., AG;s3K= - 0.05 kcal/mol, and AG,“,,,= - 0.02 kcal/mol.32 

Simple additivity of the conformational energies of chlorocyclohexane (AGO = - 0.5 

kcal/mol)29 and thiane oxide (AGO = + 0.2 kcal/mol)21 affords a calculated AGO (eq 8) = + 0.7 

kcal/mol, which by comparison with the observed AGO E 0 suggests the manifestation of a 

conformational effect stabilizing cis3ax to the extent of ca. 0.7 kcal/mol.30 Here again, 

%(O, -+ %&lax hyperconjugation (cf. eq 7) might account for the origin of the stabilization. 

It is revealing to compare the magnitude of the apparent n,(,, + c&, stereoelectronic effect 

operating in cis3, worth cu. 0.7 kcal/mol,33 and the corresponding magnitude of the apparent 

ns + o& anomeric effect operating in 2-chlorothiane (eq 9 and Table I).16 The experimentally 

determined predominance of the axial conformer AGO = + 1.75 kcal/mol)16 suggests, by comparison 

with the equatorial predominance of chlorocyclohexane (AGO = - 0.5 kcal/mol)29 a stabilizing 

stereoelectronic interaction worth CQ. 2.25 kcal/mol in the axial conformer.30 Thus, as originally 

anticipated (see Introduction) the sulfinyl lone pair seems to be a weaker donor to the antibonding 

C(2)-Cl orbital vis-a-vis the sulfide lone pair; that is, the occupied orbital nScO) is of lower energy 

than ns, and its two orbital-two electron interaction with o&, is less effective due to diminished 

overlap.33 

Cl- 

(9) 

B3. frans-2-Bromotetrahydrothiopyran S-Oxide (trans-2). 

The equilibrium constant, K, for the rrons-diaxial # rrans-diequatorial conformational 

equilibrium in this heterocycle (eq 10) was determined from integration of appropriate signals in the 

low-temperature (well below coalescence) ‘H and 13C NMR spectra in solvent CD2C12. The results 

indicate a predominance of the diaxial isomer: K at 183 K = 0.43, and thus AG,“,.,= + 0.30 kcal/mol; K 
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at 167 K = 0.47, and thus AC,“,,,= + 0.25 kcal/mol. The small difference in AGO values is well within 

the experimental error limit,32 so AG ;_ = + 0.28 f 0.03 kcal/mol. 

tram2ax 

(10) 

trans-2eq 

Simple additivity of the conformational preferences for the axial sultinyl group in thiane oxide, 

and for equatorial bromocyclohexane (see Section Bl) gives a calculated AGo = - 0.3 kcal/mol in the 

absence of interactions between the bromine and the sulfinyl group. The difference with the 

experimentally observed AGO = + 0.3 kcahmol shows the influence of a conformational effect which 

stabilizes trams-2ax (eq lo), and which probably originates from the favorable antiperiplanar 

orientation of the bond dipoles in this arrangement. By contrast, diequatorial trans3eq suffers from a 

repulsive electrostatic interaction between dipoles (eq 10). This argument is supported by the 
qualitative observations of Iriuchijima, et al. 27 who found that trans-2eq actually predominates in 
polar solvents such as methanol, water and dimethylsulfoxide, whereas tram-2ax dominates the 

equilibrium in nonpolar media (CCL, CDC13, benzene). 

B4. trans-2-Chlorotetrahydrothiopyran ?&Oxide (Pans-3). 

Integration of the signals for H(2), and for all carbons in the ‘H and 13C NMR spectra below 
coalescence temperature (at 270 MHz and 67.8 MHz, respectively, and in solvent CD+&) afforded 

AG,‘,,, = + 0.27 f 0.04 kcahmol and AC,“,,,= + 0.20 f 0.04 kcal/mol (eq 11). 

trans3ax trans3eq 

(11) 

These results are quite similar to those recorded for the bromo analogue trans-2 (previous 
Section), and indicate also here that dipole-dipole interactions provoke a stabilization of the diaxial 

isomer worth ca. 0.6-0.7 kcal/mo1.34 As discussed in Section B2, the anomeric effect responsible for 
the large predominance of axial 2-chlorothiane (eq 9) is much more important: ca. 2.25 kcal/mol. Of 
course, the nsto) lone pair orbital in tram-2 and tram-3 is unable to orient ap to the acceptor C-X 
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bond in these heterocycles. Obviously, other potentially stabilizing two orbital-two electron 

interactions such as n,_c, +oi_o or n,_, + o&, do not offer a good donor/acceptor orbital 

combination.6T7 

B5. r-1-Oxide_2c&-dichlorotetrahydrothiopyran (4). 

The proton NMR spectra (270 MHz, CD&l,) of 4 present a double of doublets (Jan,i = 9.2 Hz, 

and Jgauche = 2.6 Hz) for H(2) both at ambient temperature and at low temperature (167 K). This 

observation is in line with a conformational equilibrium in which the isomer with equatorial chlorines 

predominates to a large extent (eq 12) in order to avoid the 1,3-syn diaxial repulsive interaction 

between chlorines. 

4-dieq 4-diax 

Experimental Section. 

General Information. Proton NMR spectra were recorded on Jeol PMXdOSI (60 MHz), Varian EM- 

390 (90 MHz) or Jeol GSX-270 (270 MHz) spectrometers. W NMR spectra were recorded on a Jeol 

FX-90Q (22.49 MHz) or Jeol GSX-270 (67.8 MHz) instruments operated in pulsed Fourier transform 

mode and locked on solvent deuterium. Chemical shifts are given in parts per million downfield from 

TMS. The temperature indicator of the Jeol GSX-270 spectrometer was calibrated by recording 

variable-temperature 13C NMR spectra of an acetone/CC14 mixture and using the observed 

CH3COCH3 vs. Ccl, A6 values for assessment of temperature .35 Deuterated solvents (CDCI,, 

CD& or THF-ds) were purchased from Aldrich. 

Flasks, stirring bars, and hypodermic needles used for the generation of organometallic 

compounds were dried for ca. 12h at 120°C and allowed to cool in a desiccator over anhydrous 

calcium sulfate. Anhydrous solvents (ethers) were obtained by distillation from benzophenone ketyl.36 

The purification of reaction products was carried out by fractional distillation, recrystallization 

from suitable solvents, and by means of flash chromatography.37 

Melting points were determined with a Mel-Temp apparatus in an open capillary tube, and are 

uncorrected. 

Tetrahydrothiopyran S-Oxide (1) was prepared by oxidation of the corresponding sulfide38 

according to the method of Leonard and Johnson. 39 lH NMR (270 MHz, CD&$) 6 1.45-1.70 (m, 4H, 
H 3,~~~~ and Ha), 2.0-2.25 (m, 2I-L Hz.~,~~,& 2.60-3.0 (m, 4H, HZ &is and H3,&. W NMR (67.8 

MHz, CD2C12) 6 19.4 (C,,,), 25. I (C,), 49.3 (C&. 

cis-2-Bromotetrahydrothiopyran $-Oxide (k-2). According to the procedure of Iriuchijima 

and Tsuchihashi,zJ tetrahydropyran S-oxide (1, 0.89 g, 7.55 mmol) was brominated with 
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N-bromosuccinimide. The crude product was purified by flash chromatography (EtOAc-hexane, 

80:20). Recrystallization from CH,Cl,-Et20 (2:l) afforded 1.21 g (82% yield) of cis-2 as a white 

solid, mp 62-625°C (lit.z6 mp 61-62°C). 1H NMR (CD,C12, 270 MHz) 6 1.48-1.73 (m, 2 H, H4,$, 

1.76-1.90 (m, 1 H, H4), 2.02-2.21 (m, 2 H, H,,,), 2.42-2.56 (m, 1 H, H3), 2.71-2.81 (m, 1 H, I-I& 

2.96-3.05 (m. 1 H, H6), 5.04 (dd, Jl= 8.6 Hz, J2 = 1.3 Hz, Hz). 13C NMR (22.49 MHz, CDC13) and 

13C NMR (22.49 MHz, CD2C12) in Table II. 

trans-2-Bromotetrahydrothiopyran S-Oxide (Pans-2). Following the procedure of hiuchijima 

and Tsuchihashi,23 a solution of triethyloxonium tetrafluoroborate (0.43g, 2.2 mnrol) in 25 mL of dry 

methylene chloride was treated dropwise with 0.25 g (1.3 mmol) of cis-2 in 10 mL of dry methylene 

chloride. The resulting oil was purified by gradient flash chromatography (hexane-EtGAc, 70:30 + 

30:70) to give 170 mg (68% yield) of tram-2 as a white solid, mp 61-61.5”C (lit.26 mp 59.5-60°C). 

lH NMR (CD,Cl,, 270 MHz) 6 1.50-1.73 (m, 2 H, H4,$, 1.73-1.90 (m, 1 H, H4), 1.94-2.06 (m, 1 H, 

H3), 2.15-2.30 (m, 1 H, Hs), 2.66-2.80 (m, 2 H, HJ,~), 3.19-3.30 (m, 1 H, IQ, 4.71-4.74 (m, 1 H, Hz). 

13C NMR (CD2C12, 67.8 MHz) in Table II. 

cis-2-Chlorotetrahydrothiopyran S-Oxide (cis-3). Following the method of hiuchijima and 

coworkers,*’ 2.0 g (16.9 mmol) of thiane S-oxide (1) was chlorinated with 1.83 g (13.6 mmol) of 

S02C12. The crude product was purified by flash chromatography (EtOAc-hexane, 4: 1) to afford 730 

mg (42% yield) of cis3, mp 70-70.5”C (lit.2’ mp 65.5-66.5”C), as well as 430 mg (16% yield) of cis- 

2,6dichlorotetrabydrothiopyran S-oxide (4) mp 135.5-136°C (lit.27 134-135”(Z). 

cis-3: lH NMR (270 MHz, CDCl3) 6 1.50-1.73 (m, 2 H, H&, 1.80-1.94 (m, 1 H, H4), 2.03- 

2.20 (in, 1 H, H3,5), 2.38-2.52 (m, 1 H, H3), 2.76-2.86 (m, 1 H, H6), 3.05-3.15 (m, 1 H, H6), 4.96 (dd, 

J1 = 8.6 HZ, 52 = 2.0 HZ, 1 H, Hz). 13C NMR (67.8 MHz, CDC13) in Table II. 

r-Z-Oxide-Zc, 6c-dichforotetrahydrothiopyran (4). tH NMR (270 MHz, CD2C12) 6 1.48-1.66 

(m 1 H, H& 1.90-2.10 (m. 3 H, H,,,,,), 2.26-2.41 (m, 2 H, H,,,), 4.66 (dd, Jl = 9.2 Hz, J2 = 2.6 Hz, 

2 H, H2,$). 13C NMR (67.8 MHz, CD2C12) in Table II. 

trans-2-Chlorotetrahydrothiopyran S-Oxide (trans-3). Following the procedure of Iriuchijima 

and coworkers,27 a solution of 0.95g (5.0 mmol) of triethyloxonium tetrafluoroborate in 25 mL of 

CH2C12 was treated with 0.5g (2.0 mmol) of cis3 in 10 mL of CH2C12. The crude product was 

purified by flash chromatography (EtGAc-hexane, 4:l) to give 405 mg (74% yield) of trans-3 as a 

white solid, mp 42-44°C (lit.27 43-44°C). IH NMR (270 MHz, CDCI,) 6 1.53-1.73 (m, 2 H, H&, 

1.79-2.02 (m. 2 H, H,,,), 2.17-2.34 (m. 1 H, HS), 2.65-2.83 (m, 2 H, H,,), 3.07-3.17 (m, 1 H, H6), 

4.68-4.70 (m, 1 H, H2). t3C NMR (67.8 MHz, CDCl,) in Table II. 

Acknowledgment. We are grateful to Consejo National de Ciencia y Tecnologia (CONACYT, 

Mexico) for financial support via grant E-9107-0242, and to Ms. Sandra Anmnez and Mr. Oscar 

Garcia for technical assistance. 



2-Halotetrahydrothiopyran S-oxides 4947 

References and Notes. 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Conformational Preference of the S=O Group. 4. For Part 3, see: Juaristi, E.; Cruz-Sanchez, J.S.; 
Petsom, A.; Glass, R.S. Tetrahedron 1988, 44,5653. 

Eliel, E.L.; Hargrave, K.D.; Pietrusiewicz, K.M.; Manoharan, M. J. Am. Chem. Sot. 1982,104, 
3635. 
The inversion barrier in tetrahydropyran (10.3 kcal/mol) is the same as that in cyclohexane: 
Lambert, J.B.; Mixan, C.E.; Johnson, D.H. J. Am. Chem. Sot. 1973, 95,4634. 

(a) Eliel, E.L.; Knoeber, M.C. J. Am. Chem. Sot. 1968, 90, 3444. (b) See, also: Juaristi, E. 
Introduction to Stereochemistry and Conformational Analysis; Wiley: New York, 1991; Chapter 
16. 

Tvaroska, I.; Bleha, T. In Advances in Carbohydrate Chemistry and Biochemistry, Tipson, R.S.; 
Horton, D., Eds.; Academic Press: San Diego, 1989; p 45, and references cited therein. 

Kirby, A.J. The Anomeric Effect and Related Stereoelectronic Effects at Oxygen; Springer Verlag: 
Berlin, 1983. 

Juaristi, E.; Cuevas, G. Recent Studies of the Anomeric Effect, Tetrahedron Report No. 3 15; 
Tetrahedron 1992, 48, 5019. 
The experimentally observed reduction of the anomeric effect in more polar solvents is in line 
with this interpretation.’ 

(a) Eliel, E.L.; Giza, C.A. J. Org. Chem. 1968,33,3754. (b) Lemieux, R.U.; Pavia, A. A.; 
Martin, J.C.; Watanabe, K.A. Can. J. Chem. 1969,47,4427. 

Solvent effects on the equilibria of 2-polar substituted tetrahydropyrans are reproduced by 
theoretical investigations: (a) Tvaroska, I.; Kozar, T. Znt. .J. Quantum Chem. 1983, 23, 765. (b) 

Cramer, C. J. J. Org. Chem. 1992,57, 7034. 

Romers, C.; Altona, C.; Buys, R.; Havinga, E. In Topic in Stereochemistry, Eliel, E.L.; Allinger, 
N.L., Eds.; Wiley: New York, 1969, 4, 39. 

Nevertheless, the twist-boat conformation of tetrahydrothiopyran is ca. 4.0 kcal/mol higher in 
energy than the chair energy minimum: Burkert, U.; Allinger, N.L. ikfolecular Mechanics, ACS 
Monograph 177; American Chemical Society: Washington, 1982; p 236. 

Eliel, E.L.; Willer, R.L. J. Am. Chem. Sot. 1977, 9Y, 1936. 

Booth, H.; Everett, J. R. J. Chem. Sot., Chem. Commun. 1976,278. 

(a) Eliel, E.L. Acts. Chem. Res. 1970, 3, I. (b) See, also: Juaristi, E. Acts. Chem. Res. 1989, 
22, 357. 

de Hoog, A.J. Doctoral Dissertation; Univ. Leiden, 1971, as cited in ref 6; p 24. 

Zetirov, N.S.; Blagoveshchenskii, V.S.; Kasimirchik, I.V.; Yakovleva, O.P. J. Org. Chem. USSR 
1971, 7, 599. 

See, also: (a) Juaristi, E.; Tapia, J.; Mtndez, R. Tetrahedron 1986, 42, 1253. (b) Salzner, U.; 
Schleyer, P. v. R. J. Am. Chem. Sot. 1993, 115, 10231. 
Oxidation of a sulfide to the corresponding S-oxide lowers the energy of the ns lone-pair 

orbital,*” and reduces its overlap with the acceptor oL_x antibonding orbital. 

See, for example: (a) Baker, A.D.; Betteridge, D. Photoelectron Spectroscopy; Pergamon Press: 
Oxford, 1972; pp 56-60. (b) Baker, A.D.; Scharfman, R.; Stein, C.A. Tetrahedron Lett.. 1983, 
24, 2957. 



4948 E. JUARISTI and M. ORDOW 

21. (a) Lambert, J.B.; Keske, R.G. J. Org. Chem. 1966, 31, 3429. (b) See, also: Juaristi, E.; 
Grdoilez, M. Conformational Preference of the Suljnyl Group in Six-Membered Heterocycles, 
In Organosulphur Chemistry, Page, P.C.B., Ed.; Academic Press: London, In press. 

22. (a) Cinquini, M.; Colonna, S.; Montanari, F. J. Chem. Sot., Chem. Commun. 1969, 607. (b) 
Iriuchijima, S.; Tsuchihashi, G. Tetrahedron Lett. 1969, 5259. 

23. Iriuchijima, S.; Tsuchihashi, G. Bull. Sot. Chem. Jpn. 1973, 46, 929. 

24. Johnson, CR.; McCants, Jr., D. J. Am. Chem. Sot. 1965, 87,5404. 

25. Fieser, L. F. ; Fieser, M. Reagents for Organic Synthesis 1966, 1, 1210. 

26. Meerwein, H. Org. Synth. 1966, 46, 113. 

27. Iriuchijima, S.; Ishibashi, M.; Tsuchihashi, G. Bull. Sot. Chem. Jpn. 1973, 46, 921. 
28. For a discussion on the validity of this method, see: Booth, H.; Griffrths, D.V. J. Chem. Sot., 

Perkin Trans. 2, 1975, 111. 

29. March, J. Advanced Organic Chemistry, 3rd Edn.; Wiley: New York, 1985; p 126. 

30. This is, of course, only a rough estimate since it does not take into account the structural 
differences between the reference models (monosubstituted cyclohexane, parent thiane oxide) 
and the 2-substituted thiane oxides. For example, the C-S bond length (ca. 1.8 A) is substantially 
longer than the C-C bond length (ca. I.5 A), and so the purely steric repulsion in an axial 
2-halothiane oxide should be less than that present in the corresponding axial halocyclohexane. 
As a consequence, the magnitude of the S-C-X anomeric effect tends to be overestimated in this 
simple analysis. See, for example: ref 7; pp 5025-5028. 

3 1. Interestingly, molecular mechanics calculations (MM2 program in Hyperchem package, Release 2 
for Windows Autodesk, Inc., Sausalito, CA, 1992) suggest that cis-2ax should be 0.9 kcal/mol 
higher in energy than cis-2eq, in the absence of quantum mechanical effects. According to these 
calculations, dipole-dipole electrostatic interactions are essentially equal in cis-2ax and cis3eq, 
although substantial ring puckering causes the 0-S-C-Br torsional angle to be smaller in cis-tax 

(39.8’) than in cis3eq (70.3’), which is reflected in increased van der Waals steric repulsion in 
the former: 2.65 vs 2.12 kcallmol. 

32. The calculated error is ti.03 kcal/mol in these measurements. 

33. (a) Epiotis, N.D.; Cherry, W.R.; Shaik, S.; Yates, R.L.; Bernardi, F. Topics in Current 
Chemistry: Structural Theory of Organic Chemistry; Springer-Verlag: Berlin, 1977; Vol. 70. (b) 
Whangbo, M.-H.; Wolfe, S. Isr. J. Chem. 1980, 20,36. (c) Cieplak, A.S. J. Am. Chem. Sot. 
1981, 103,454O. Albright, T.A.; Burdett, J.K.; Whangbo, M.-H. Orbital Interactions in 
Chemistry; Wiley: New York, 1985. 

34. The dipole-dipole interpretation is in line with the qualitative studies of Iriuchijima, et at.2’ who 
determined that polar solvents stabilize trans3eq, whereas nonpolar solvents favour the diaxial 
conformer. 

35. (a) Anet, F.A.L. Topics C-13 NMR Specfr. 1979, 3, 79. (b) Levy, G.C. J. Magn. Resort. 1980, 
37,353. 

36. Brown, H.C.; Kramer, G. W.; Levy, A. B.; Midland, M. M. Organic Synthesis via Boranes; 
Wiley: New York, 1975; p 256. 

37. Still, W.C.; Khan, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. 

38. Willer, R. L.; Eliel, E. L.; J. Am. Chem. Sot. 1977, 99, 1925. 

39. Leonard, N. J.; Johnson, C. R. J. Org. Chem. 1962,27,282. 

(Received in USA 6 December 1993; accepted 24 February 1994) 


