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Abstract - The !H and !3C NMR behavior of the monosulfoxides of 1,2-, 1,3-
and l,4-dithianes (1-3) were studled in order to determine the conformation-
al preference of the S+0 bond in these heterocycles. From the results of
variable temperature, double irradlation, solvent effects and shift reagent
experiments, it 1s conciuded that the axial conformers dominate the confor-
mational equilibria of 1 and 3. On the other hand, 2-equatorial is more
stable than 2-axial by 0.64 kcal/mol (AG°) at -80°, in CD30D. This value
is essentlally identical with the one determined in CHC1Fj, and the lack of
a solvent effect appears to indicate that dipole/dipole interactions do not
control this equillbrium. A AGC* = 11.0 kcal/mol was determined for the
inversion process of 2. Complete !H and 13C NMR asslgnments for 1-3 are
presented.

Nearly twenty years ago the classical papers of Johnson and Martin showed that the normal
equatorial orientation of substituents in the cyclohexane ring (eq. 1, M = CH) was reversed in
thiane oxide (eq. 1, M~X = s+0).l A generally accepted value for the conformational free energy
difference of 0.2 kcal/mol was measured by Lambert and KeskeZ from the proton NMR spectrum below

the coalescence temperature. X

|
LI = m,x @

The preference of the S+0 bond for the axial orientation was even greater in the oxathlane-S-
oxides. Thus, Harpp and Gleason found no evidence for the equatorial conformer in
1,2-oxathilane~2-oxide (eq. 2), and estimated AG® to be greater than 2 kcal/mol at -90°C.3
Anteunis and Cook have independently reported a 0.6-0.7 kcal/mol preference for axial

1, 3-oxathiane~3-oxide (eq. 3).“'5 More recently, Anteunis and Evans determined a 0.5-0.7
kcal/mol free energyiflfference la favor of the axial 1,4 analog (eq. 4).6,7

-
M ~ m/o AG® > 2 kcal/mol (2)
o)
N °
-~ 0 4G® = 0.6-0.7 kcal/mol (3)
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(o]
—
o//t/} ~— %/0 AG® = 0.5-0.7 kcal/mol  (4)

The basis for the enhanced predominance of the axial S+0 bond observed when a methylene group is
substituted by an oxygen atom in pentamethylene sulfoxide remains an open question, although the
involvement of dipole-dipole interactions and the anomeric effect in the 1,2-isomer8 appear
inescapable. Further insight Into this question should be afforded by conformational analysls of
1,2-, 1,3-, and 1,4—dithlane-mono-S-oxides. Indeed, such detalled studies on 1,3-dithlane-l-oxide
have been reported.9 Preliminary observations on the 1,2- and 1,4-analogs have also been
recorded. 10

This paper reports the results of high resolution 14 and 13C NMR studles on the title hetero-
cycles 1-3, Essentlally complete assignment of the spectra was possible by the examinatfon of
variable temperature, double irradiation, aromatic solvent and lanthanide shift reagent effects, !l
These data not only afforded much of the required structural and stereochemical information, but
they also provided a wealth of spectroscopic observations which should be of diagnostic value in
the analysis of related systems.

Results and Discussion
A. 13¢ NR Spectra.

Table I contains the chemical shifts observed for the carbon atoms present 1-3 at 22°C and
~-90°C in CD30D-CD3SOCD3 (3:1).12 The assignments were based on anticlpated shifts due to the
Inductive and field effects of the sulfur atom and the sulflinyl nniety.13 The chemical shifts
reported in Table I for 1 are all conslstently ca. 1.0 ppm downfleld relative to the values
measured by Oae in CDCl3.l“ In the case of 2 the agreement with values obtained in CDClj is
better (A8 < 0.5 ppm).ls

Table I. 13C NMR Data for the Monosulfoxides 1-3 In CD30D-CD3SOCD3 at 62.9 MHz

s & s 8 s &
Dithiane / \
1-Ox1ide 4 —0 4 Ss—0 S sS—0
s —/ \_
3 2 3 2
1 2 3
T (°C) 22 -90 22 -90 22 -90
Cy - - 50.18 a 47.48 44.36
C3 22.44 24,23 - - 19.60 17.22
Cy 26.50 26.32 27.70 28.11 - -
Cs 16.24 16.07 28.60 30.52 19.60 17.22
Cq 52.75 51.78 52.66 53.20 47.48 44.36

80bscured by overlap with residual protiated solvent signal.

Only one set of resonances is observed for the three samples from room temperature to -90°C.
Likely explanations for thlis result are that AG® are too large (>1.0 kcal/mol) or AG¥ are too
small (<10 kcal/mol) for the axial ¥ equatorial equilibrla in 1-3. Indeed, reduced 1-2 rotational
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interactlons in 1 should lower its barrier to chalr—chair interconversion.3»16 Alllnger calcu-
lated by the molecular mechanics methodl? a AG® of 1.1 kcal/mol in favor of 3-axial. On the other
hand, the fact that the conformational isomers of 2 were not observed at -90° is not readily
understandable since AG® and AG¥ for this system are 0.6 and 11.0 kcal/mol, respectively (Xiﬂﬁ
infra).

The single most Important chemical shift 1n the 13¢c MR spectrum of 1 is that of C(5) at 16.2
ppm (T=22°). This value represents a 11-13 ppm upfield shift relative to the chemical shift of
this carbon atom in l,2-dithlane (§ = 27.8 ppm13°»l“) which can confidently be ascribed to the
Y-effect18 of the axlal S+0 bond.19 There is essentlally no change in this chemical shift at =-90°
(8 = 16.1 ppm) and these observatlons lend support to the proposal of Bass and Evans that 1 exists
excluslvely In the axial conformation at amblent temperature.13a

The signal for C(3,5) Ln 3 appears at 19.60 ppm (T=22°) and is again indlcative of an axial
orlentation of the sulfinyl group. Here, however, the apparent upfleld shift relative to the
unoxidlzed 1,4-dithlane (§ = 29,1 ppmzo) is smaller: ca. 9.5 ppm. It appears that 3-axial predo-
minates over 3-equatorial, although not to a great extent. Supporting evidence for this conclu-
sion comes from the 2-3 ppm upfield shifts for C(2,6) and C(3,5) when the temperature was lowered
to -90°. It has been shown that both the B and Y carbons experience upfleld shifts in going from
equatorial to axlal S*O.19 and the temperature effect described above appears to indicate that the
3-axial/3-equatorial ratlo lncreases at lower temperatures.Zl

In the !3C MMR spectrum of 2 at room temperature, the chemical shifts of C(5) and C(6) are
the most dlagnostic for conformational analysis,ls’zz and clearly suggest a predominance of the
equatorial conformer. In particular, from the known B and y effects of an axial S+0 bond,ls’22
values of ca. 15 and ca. 46 ppm are predicted for C(5) and C(6), respectively, for 2-axial and ca.
31 and ca. 54 ppm, respectively for 2-equatorial. The observed chemical shifts of 28.6 and 52.7
ppm are much closer to the predicted values for the equatorlal conformer. Downfield shifts are
observed when the temperature Is lowered to -90° and this may be Indicative of an increased pre-

ference of 2-equatorial In the equilibirium (vide supra).

B. 1§ NMR Spectra.

Table II contalns the chemical shifts observed for the hydrogen atoms in 1 and 3, both in
CD30D and CgDg, at 250 MHz and room temperature. Detalls of the I1H NMR spectrum of 2 have been

glven by others.%?
1,2-Dithlane l-oxide

Even at 250 MHz, the proton spectrum of 1 is falrly complex (Figure 1), and the complete
asgignment of the signals was only possible after double irradiation experiments and by the addi-
tion of shift reagents.

Nevertheless, It 1s known that a syn—-diaxial orlentatlon between a proton and a sulflnyl
group results in significant (ca. 0.7 ppm) downfield shifts for the proton.3»6'23v2“ Our C-13
data suggested a highly predominant l-axial conformer (vide supra) and that led to the assignment
of the slgnals at 3.58 (d of d of d) and 2.77 (d of t) to H(3ax) and H(3eq), respectively [A6 =
0.81 ppm}. Similarly, the signals at 2.54 (d of t of t) and at 1.88 (d of quintets) were ascribed
to H(S5ax) and H(Seq) [AS = 0.66 ppm]. Indeed, irradiation at 3.58 ppm caused the signals at 2.77
ppm to lose their geminal coupling, collapsing into a triplet. Similarly, lrradiation at 2.54 ppm
modified the signals centered at 1.88 ppm into a single quintet.

By contrast, the axlal and equatorial hydrogens at C(6) and C(4) differ by less than 0.1 ppm
in chemical shift and appear in the spectrum as partially overlapped slgnals at ca. 3.2 and ca.
2.1 ppm. When H(S5eq) was Iirradlated (at 1.88 ppm), both H(6ax) and H(beq) lost one gauche
coupling and became doublets of doublets at 3.24 and 3.15 ppm, respectlively. Because Jgen and
Janti for H(6ax) have the same magnlitude (13,5 Hz, see Table III), this last slgnal appears as a
triplet.

The signal for H(4eq) could also be assligned with confidence since Irradiation at 3.58 ppm
[H(3ax)] caused it to lose one gauche coupling, becoming a doublet of quartets centered at 2.12

ppm.
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Table I1. 250 MHz !H NMR Chemical Shifts for 1 and 3 at 22°C.

Dithiane s U
1-Ox1de As//s w
s $7

4 2
1 3
Solvent CD400 CgDg CD30D CgDg
H(2ax) - - 3.15* 2.04
H(2eq) - - 3.15* 2.30
H(3ax) 3.58 3.34 3.47 3.32
H(3eq) 2.77 1.92 2.60 1.69
H( 4ax) 2.02% 1.30% - -
H(4eq) 2.12 1.30* - -
H(5ax) 2,54 2.29* 3.47 3.32
H(5eq) 1.88 1.02 2,60 1.69
H(6ax) 315 2.29* 3.15*% 2.04
H(6eq) 3.24 2.40% 3.15* 2.30

*This number may be In error by as much as 0.05 ppm, due to
partial overlap with other slgnal(s).
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Figure 1. The observed 250-MHz proton spectrum of 1,2-dithlane l-oxide (1) in CH30D at 22°C,
Residual protiated solvent slgnals are Indicated by +.
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Table III lists the coupling constants extracted from the original spectrum of 1 (Figure 1)

and the various double-irradiation experiments (supplementary material).

Table III. Coupling Constants for the Hydrogens in 1 and 3.

‘ 1 3 2

Coupled Coupled

Nuclel J (Hz) Nuclef J (Hz)
3ax/3eq 14.0 2ax/2eq 13.7
3ax/ 4ax 11.7 2ax/3ax 11.4
3ax/4eq 3.4 2ax/3eq 2.8
3eq/3ax 14,2 2eq/2ax 13.6
3eq/4 3.5 2eq/3 1.7
4eq/4ax 14.3 3ax/3eq 14.6
4eq/3,5 4.1 3ax/2ax 9.8
5ax/5eq 14.85 3ax/2eq 1.7
Sax/4,6a;. 12,0 3eq/3ax 15.05
Sax/4,6ec 3.8 3eq/2 2.4
Seq/5ax 14.7 3eq/6eq 5.4
5eq/4,6 3.7 6eq/3eq 4.7
6ax/beq 13.5

6ax/5ax 13.5

6ax/Seq 3.05

6eq/6bax 13.9

6eq/S 4.3

It can easlly be seen in Table II that, relative to the values obtalned in CDClj, moat of the
signals in 1 are shifted upfield in CgDg by an average of ca. 0.825 ppm. The only signals that
remain relatlvely unchanged are those due to H(3ax) and H(5ax). These induced shifts (A ASIS)

clearly Indicate the formation of a collision comp.lexln"25 between the aromatic solvent and the
axlal conformer of sulfoxide 1:

=25

Further evidence in support of a high predominance of the axial conformation of 1 was
obtained from the study of Its !H NMR spectrum after the addition of 0.15 equivalents of Eu(fod)1
in CD2Clj. The lanthanide induced shifts (LIS) decreased in the order

H(5ax)>H(3ax)>H(6eq)>>H(bax, 6ax, Seq, 3eq, 4eq), which strongly suggests the complex as shown
below. Eu ’lu,?
Ay
S
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Interesting features about this LIS spectrum {supplementary material) are that the 6eq and 6ax
resonances which overlap in CD30D (A§ = 0.09 ppm) are now separated by 0.71 ppm; and similarly,
88(3ax 3eq) and AS8(5ax Seq) more than double under these conditlons.26 Unfortunately, neither AIS
nor LIS effects causes a separation of the signals of 4eq and 4ax.

From the coupling data present in Table III, It is possible to estimate the approximate solu-
tion geometry of 1 by means of Lambert's R-value method.2’ The results obtained [Ry4 = 2.20; Rys
= 2.12; R = 2.26. P34 = 58.2°%; ¥45 = 57.65°; ¥s56 = 58.6°] suggest a mostly undistorted
cyclohexane-like shape for 1, with some slight puckering in the -CH3CH)- segments adjacent to
sulfur.

In an attempt to observe different gignals for the Individual conformers in l-axial 2
l-equatorial, the spectrum was recorded at -80°C in CD30D. The spectrum is the same at this tem-
perature and room temperature. This, together with the additional information collected, indica-
tes that the participation of l-equatorial in the equilibrium is not slgnificant.

1,3-Dithiane l-oxide.

A complete assignment of the !H MMR spectrum of 2 was reported by Cook.98 Thus, only the
spectroscopic behavior of the low fleld hydrogens [H(2)], which have been shown to provide per-
tlnent information on the conformational behavior of this system,9 will be briefly discussed here.

The room temperature (+22°C) spectrum of 2 in CD30D shows an AB pattern centered at 3.99 ppm
(Figure 2). The lower field half of this quartet 1is further split by a long-range W coupling (J =
2.6 Hz) to H(4eq) and can be confidently assigned to H(2eq).
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Figure 2. The observed 250-MHz proton spectrum of 1,3-dithiane l-oxide (2) in CD30D at 22°C.
Resldual protiated solvent signals are indicated by +.

As the temperature of the sample was lowered, a broadening of the signals was observed, with
eventual coalescence at -55°., Two AB quartets are recorded at -80°; the more intense centered at
4.13 ppm (Jpg = I1.9 Hz) and the less Intense at 4.05 ppm (Jag = 14.8 Hz). The ratio of the two
AB quartets ls 84:16 corresponding to a AG°_gpe = 0.64 kcal/mol.

The larger AB system is ascribed to 2-equatorial In view of its lower fleld position and
smaller geminal coupling constant.2>3:6,9,28 It ghould be mentioned that the third criterion com-

monly used for the assignment of sulfoxide configuration, that Is larger AS ax/eq for a methylene
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a to an equatorlal S+0 hond,2:5:6v9o28 is not applicable here since both AB quartets show approxi-
mately the same AS = 0.34 ppn.29 Therefore, the equatorial conformer of 2 predoainates at
equilibrium, and the free energy difference measured in CD30D (AG°_gpe = 0.64 kcal/mol, this work)
1ls essentlaliy identical with that obtained in a Freon (AG°-g),5° = 0.63 kcal/mol).9¢ This lack
of a solvent effect argues against the importance of a dipole/dipole mechanism for explaining the

preference of 2 for the equatorial orientation.17,30
From the coalescence temperature (T, = -55°) and the chemical shift difference for H(2) in

2-axlal and 2-equatorial (AS = 19.18 Hz), a AGC* = 11,0 kcal/mol could be estlmated. For com—

parison, the free energy differences of activatlon for related systems are shown below.

rz. L S

AGE = 11.0 kcal/mol AGE = 9.8 kcal/mol9¢ AGE = 8.3 kcal/mol3! AGE = 6.7 keal/mol3!
(this work)

1-4-Dithiane 1-Oxide.

The chemical shifts and coupling contants determined from the spectra of 3 are summarized in
Tables II and LII. Figure 3 deplcts the JH NMR spectra of 3 In CD30D and CgDg.

The signals located at 3.47 and 2.60 ppm in the !H NMR spectrum of 3 in CD30D were assigned
to H(3,5ax) and H(3,5eq), respectively, because 13C NMR evidence (vide supra) suggested the predo-
minance of 3-axial and a deshlelding effect of the syn-axial $S+0 group (ca. 0.7 ppn)3’("23v2’S was
therefore expected.32 In this solvent, the resonances of 2,6ax and 2,6eq overlap at 3.15 ppm.
However, all signals are well separated in CgDg. That the asslignments given in Table II are
cotrect was confirmed by double Lrradiation experiments: decoupling of the slgnal located at 3.32
ppm [d of d of d, H(3,5ax)] caused H(3,5eq) the loss of Jgems H(2,6ax) the loss ‘of Janri, and
H(2,6eq) the loss of one Jgauche‘ Similarly, irradiatlon at 2.04 ppm [d of d of d, H(2,6ax)]
caused H(2,6eq) the loss of Jgem» H(3,5ax) the loss of Jaqty, and H(3,5eq) the loss of one
Jgauche* Finally, when the signal located at 1.69 ppm [d of d of t, H(3,5eq)] was decoupled
H(2,6ax) lost Jgayche: H(2,6eq) lost SJw and one Jgayches and H(3,5ax) lost Jgeme

Relative to the spectrum recorded in CD30D, the shifts induced by benzene as solvent (A ASIS)
clearly Indicate the formatlion of a collislon complex“b'25 Involving the axlal conformer of
sulfoxide 3:

Additional evidence for the predominance of the axial conformer of sulfoxlde 3 comes from the
CDyCL) proton spectrum recorded after the addition of 0.15 equlv of Eu(fod)j. All resonances are
well separated under these condltlons (supplementary materlal), with observed LIS in the order

H(3,5a%x)> H(2,6eq)>>H(3,5eq)>H(2,6ax). Complexation of the shift reagent to axial-3 is therefore

?
A

As was the case with sulfoxide 1 (vide supra) attempts to observe the Indlvidual conformers

apparent.
Eu..,

of 3 at low temperature falled, even in the presence of ghlift reagent, which Increases the dif-
ference in chemical shifts for the Individual hydrogens and was expected to ralse the coalescence
temperature.33’3a A plausible coancluslion at this polnt [s that for sulfoxide 3, the amount of the

equatorlal lsomer ILs oaly minor at equtllhrium.ﬁ'l7
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Figure 3. The observed 250-MHz proton spectrum of 1,4-dlthiane l-oxide (3) in CqN4 (top) and
CD30D (bottom) at 22°C. Resldual protiated solvent signals are i1dlcated by +.

Experimental Section

The !H and !3C NMR spectra were recorded on Bruker WM-250 spectrometer at 250 and 62.9 MHz,
respectively, and are reported in ppm from internal tetramethylsllane (TMS) on the & scale. Data
are reported as follows: chemlcal shift, multiplicity (s=slnglet, d=doublet, t=triplet,
q=quartet, m=multiplet), Integratlon, coupllng constants (Hz), asslgnment.

Preparation of 1,2-Dithiane l-oxide (1). 1-2-Dithiane was prepared from l,4-dichlorobutane,
sodlum sulfide and sulfur according to the method of Ellel et ££.35 Oxidatlon to 1 was achleved
with sodium perlodate.

Synthesis of 1,3-Dithiane l-oxide (2). 1,3-Dithiane was prepared from 1,3-propanedithiol and
dimethoxymethane following the procedure of Corey aad Seebach.37 Oxidation to 2 was accompllshed
with acetyl anltrate.

Preparation of 1,4-Dithiane l-oxide (3). 1,4-Dithiane was prepared from l,2-ethanedithiol and
1,2-dibromoethane Ln the presence of sodlum ethoxlide. 9 Oxidatlon to 3 was carried out with
hydrogen peroxlde.

Supplementary Material Avallable: Coples of the more pertinent spectra from double lrradiation
and shift reagent experiments (10 pages). Orderlng Information ls glven on any current masthead
page.
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