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Abstract - The lH and 13C NHX behavlor of the monosulfoxides of 1.2-, 1,3- 
and 1,4dlthianea (l-3) were studied in order to determine the conformation- 
al preference of the S+O bond in these heterocycles. From the results of 
variable temperature, double irradlatlon, solvent effects and shift reagent 
experiments, it is concluded that the axial conformers dominate the confor- 
matlonal equilibria of 1 and 3. On the other hand, t-equatorial is aDre 
stable than 2-axial by 0.64 kcal/mol (AC’) at -80.. in CD30D. This value 
1s essentially identical with the one determined in CHClP2. and the lack of 
a solvent effect appears to indicate that dipole/dipole interactions do not 
control thls equillbrlum. A AC,+ - 11.0 kcal/mol was determined for the 
lnverslon process of 2. Complete 1H and 13C tWR assignments for l-3 are 
presented. 

Nearly twenty years ago the classical papers of Johnson and Martin showed that the normal 

equatorial orientation of substltuents In the cyclohexane ring (eq. 1. k! - Qi) was reversed in 

thlane oxide (eq. 1, H-X - S+O). 1 A generally accepted value for the conformational free energy 

difference of 0.2 kcal/mol was measured by Lambert and ICeeke from the proton NICt spectrum below 

the coalescence temperature. 
F 

The preference of the S*O bond for the axial orientation was even greater in the oxathlane-d- 

oxldes. Thus, Harpp and Gleason found no evidence for the equatorial conformer in 

1,2_oxathlane-2-oxide (eq . 2). and estimated AGO to be greater than 2 kcal/mol at -90°C.3 

Anteunls and Cook have independently reported a O-6-0.7 kcal/mol preference for axial 

I, 3axathiane-3-oxide (eq. 3) .4* 5 More recently, Anteunis and Evans determined a 0.5-0.7 

kcal/mol free energy difference In favor of the axial I,4 analog (eq. 4).6*7 

AC’ > 2 kcal/mol (2) 

AC’ = 0.6-0.7 kcal/mol (3) 
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0 

ad + np AGo - 0.5-0.7 kcaljmol (4) 

The basis for the enhanced predominance of the axial S+O bond observed when a methylene group is 

substituted by an oxygen atom in pentamathylene 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 lnto thls question should be afforded by conformations1 analysis of 

1.2-, 1,3-, and 1, b-dlthlaneqono-S-oxides. Indeed, such detailed studies on 1,3-dithlane-l-oxide 

have been reported.‘) Relimlnary observations on the 1,2- and 1,4-analogs have also been 

recorded. 10 

This paper reports the results of high resolution lR and 13C NnR studlea on the title hetero- 

cycles 1-3. Essentially complete assignment of the spectra was possible by the examination of 

variable temperature, double Irradiation, aromatic solvent and lanthsnide shift reagent effects.ll 

These data not only afforded rmch of the required structural and stereochemical information, but 

they also provided a wealth of spectroscopic observations vhlch should be of diagnostlc value in 

the analysis of related systems. 

Results and Macusrioo 

A. 13C HLR Spectra. 

Table I contains the chemical shifts observed for the carbon atoms present l-3 at 22’C and 

-9O.C in CD3OD-CD3SOCD3 (3:1).12 The assignments were based on anticipated shifts due to the 

lnductlve and field effects of the sulfur atom and 

reported In Table I for 1 are all conalstently % 

measured by Oae in CDC13.14 In the case of 2 the 

better (A6 < 0.5 ppm).15 

the sulflnyl moiety.13 The chemical shifts 

1.0 ppm domfleld relative to the values 

agreement with values obtalned in CDC13 is 

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

5 6 5 s 

Dlthlane 
l-Oxide 4 G -0 4 S s-o 

3 
1 2 3 

T (‘C) 22 -90 22 -90 22 -90 

C2 50.18 a 47.48 44.36 

C3 22.44 24.23 19.60 17.22 

C4 26.50 26.32 27.70 28.11 

C5 16.24 16.07 28.60 30.52 19.60 17.22 

c6 52.75 51.78 52.66 53.20 47.48 44.36 

aObscured by overlap with residual protiated solvent signal. 

Only one set of resonances is observed for the three samples from room temperature to -9OOC. 

Ukely explanations for thla result are that AC’ are too large 01.0 kcal/mol) or AC* are too 

smsll (<lo kcal/mol) for the axial $ equatorial equlllbrla in l-3. Indeed, reduced l-2 rotat lone1 
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interactions ln 1 should lower its barrier to chair-chair interconverslon.3*16 Alllnger calcu- 

lated by the aPlecular mechanics method17 a AGo of 1.1 kcal/mol in favor of faxial. On the other 

hand, the fact that the conformatlonal laomere of 2 were not observed at -90° 1s not readily 

understandable since AGo and A@ for thls syetem are 0.6 and 11.0 kcal/mol, respectively (vide 

lnf ra) . 

The single most important chemical shift In the 13C NElR spectrum of 1 is that of C(5) at 16.2 

ppm (T-22O). Thls value represents a 11-13 ppm upfleld shift relative to the chemical shift of 

thls carbon atom In l,Z-dlthlane (6 - 27.8 ppm13a*14) which can confidently be ascribed to the 

y-effecti* of the axle1 S+O bond.19 There is essentially no change in this chemical shift at -90’ 

(6 - 16.1 ppm) and these observations lend support to the proposal of Bass and Evans that 1 exists 

exclusively In the axial conformation at amblent temperature. 13a 

The signal for C(3.5) In 3 appears at 19.60 ppm (T-22’) and is again lndlcatlve of an axial 

orlentatlon of the sulflnyl group. Here, however, the apparent upfleld shlft relative to the 

unoxldlzed 1,4-dlthlane (6 - 29.1 ppm20) is smaller: c 9.5 ppm. It appears that 3-axial predo- 

minates over 3-equatorial. although not to a great extent. Supporting evidence for thls conclu- 

slon comes from the 2-3 ppm upfield shifts for C(2.6) and C(3.5) when the temperature was lovered 

to -90°. It has been shown that both the 8 and r carbons experience upfleld shlfts In going from 

equatorlA1 to axial S+O. l9 and the temperature effect described above appears to lndlcate that the 

3-axial/3-equatorial rat10 increases at lower temperatures.21 

In the i3C ht4R spectrum of 2 at room temperature, the chemical shifts of C(5) and C(6) are 

the most dlagnostlc for conformational analysls,15*22 and clearly suggest a predominance of the 

equatorial conformer. In particular, from the known 8 and r effects of an axial S+O bond,15*22 

values of ca. 15 and ca. 46 ppm are predicted for C(5) and C(6), respectively, for 2-axial and e - - 

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 equatorial conformer. bunfield shifts are 

observed when the temperature is lowered to -90’ and this may be indlcatlve of an increased pre- 

ference of 2-equatorial in the equillblrlum (vide s). 

B. lH t+lR Spectra. 

Table II contains the chemical shlfts observed for the hydrogen atoms ln 1 and 3, both in 

CD30D and C6D6, at 250 MHz and room temperature. Data118 of the ‘H NMR spectrum of 2 have been 

glven by others.9a 

1,2-Dlthlane l-oxide 

Even at 250 HHz, the proton spectrum of 1 1s fairly complex (Plgure 1). and the complete 

assignment of the signals was only posslble after double lrradlatlon experiments and by the addl- 

tion of shift reagents. 

Nevertheless, It is known that a lyn-diaxlal orlentatlon between a proton and a sulflnyl 

group results in signlflcant (ca. 0.7 ppm) downfield shlfts for the proton.3*6*23*24 Our C-13 - 

data suggested a highly predominant l-axial conformer (vlde *) and that led to the assignment 

of the signals 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 qulntets) were ascribed 

to H(5ax) and H(5eq) [A6 - 0.66 ppm]. Indeed, lrradlatlon at 3.58 ppm caused the slgnals at 2.77 

pp to lose their geminal coupling, collapsing into a triplet. Similarly. lrradlation at 2.54 ppm 

modified the signals centered at 1.88 ppm into a slnRle quintet. 

By contrast, the axial and equatorial hydrogen6 at C(6) and C(4) dlffer by less than 0.1 ppm 

in chemical shlft and appear in the spectrum as partially overlapped signals at e 3.2 and c 

2.1 ppm. When H(5eq) was Irradiated (at 1.88 ppm). both H( 6ax) and H(6eq) lost one gauche 

coupling and became doublets of doublets at 3.24 and 3.15 ppm, respectively. Because Jge, and 

J ant1 for H(6ax) have the same magnitude (13.5 Hz. see Table III), this last signal appears as a 

triplet. 

The signal for H(4eq) could also be assigned 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 II. 250 MHz 1H NnR Chemical Shifts for 1 and 3 at 22’C. 

1 3 

Solvent CD30D C6D6 CD30D C6D6 

“(2ax) 3.15* 2.04 

H( 2eq 1 3.15* 2.30 

H( 3ax) 3.58 3.34 3.47 3.32 

H(3ea) 2.77 1.92 2.60 1.69 

H( 4ax) 2.02* 1.30* 

W4eq) 2.12 1.30* 

a( 5ax) 2.54 2.29* 3.47 3.32 

H(hq) 1.88 1.02 2.60 1.69 

H(6ax) 3.15 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 sIgnal( 

. 

Plgure 1. The observed 250~MHz proton spectrum of 1,2-dithlane l-oxide (1) in CH30D at 22°C. 
Residual protlated solvent signals are indicated hy +. 
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Table III lists the coupling conecants extracted from the original spectrum of 1 (Figure I) 

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

It can easily 

Table III. Coupling Constance for the Hydrogen8 In 1 and 3. 

Coupled 
Nuclei 

3axl3eq 

J (Hz) 

14.0 

Coupled 
NUCll?L 

2axf 2eq 

J (Hz) 

13.7 

3axlbax 11.7 2axl3ax 11.4 

3axlbeq 3.4 2ax/ 3eq 2.8 

3eq/3ax 14.2 2eq I 2ax 13.6 

3eql4 3.5 2eql3 1.7 

4eqf 4ax 14.3 3axl3eq 14.6 

4eqf3.5 4.1 3ax/ 2ax 9.8 

5ax/ 5eq 14.85 3axl2eq 1.7 

5ax/4,6al 12.0 3eq/3ax 15.05 

5ax/4,6e< 3.8 3eq/2 2.4 

5eq f5ax 14.7 3eq/6eq 5.4 

5eq/4,6 3.7 6eq/ 3eq 4.7 

6axl6eq 13.5 

6ax/ 5ax 13.5 

6axf 5eq 3.05 

6eq/6ax 13.9 

6eql5 4.3 

be seen in Table II that, relative to the values obtained In CDCl3, mat of the 

signals in I are shlf ted upfield In C6D6 by an average of ca. - 0.825 Ppa. The only signals that 

remain telatlvely unchanged are those due to Hoax) and H(5ax). These induced shifts (A ASIS) 

clearly Lndlcace the formation of a colllalon complex l’b*25 batveen the aromatic solvent and the 

axial conformer of sulfoxide 1: -.2 5 0 

Further evidence in support of a hlgh predominance of the axial conformation of 1 wan 

obtalned from the study of Its IH NIR spectrum after the addition of 0.15 equivalenta of Ru(fod)3 

in CD2Cl2. The lanthanide induced shifts (LB) decreased In the order 

H(Sax)>H(3ax)>H(beq)>>H(4ax, 6ax, kq. 3eq, 4eq). uhlch etrongly suggests the complex aa shown 

below. fi u ‘(0, 
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Interesting features about this LIS spectrum (supplementary material) are that the Qq and 6ax 

resonances which overlap ln CD30D (A6 - 0.09 ppm) are nw separated by 0.71 ppm; and slmllarly. 

A6(3ax 3eq) and A6(5ax 5eq) mDre than double under these conditlone.26 Unfortunately, neither AIS 

nor LX.9 effects causes a aeparatlon of the signals of 4eq and 4ax. 

From the coupling data present in Table III, lt is possible to estimate the approximate solu- 

tlon geometry of 1 by means of Lsmbert’s R-value method.27 The results obtained [R34 - 2.20; R45 

- 2.12; 856 - 2.26. $34 - 58.2’; 945 - 57.65’; e56 - 58.6’) suggest a mostly undistorted 

cyclohexane-like shape for 1. wlth some slight puckering in the XH2CH2- segments adjacent to 

sulfur. 

In an attempt to observe different signals for the lndlvldual conformer8 in l-axial + 

l-equatorial. the spectrum was recorded at -8O’C In CD3OD. The spectrum is the same at thls tem- 

perature and room temperature. This, together vith the additlonal information collected, indlca- 

tes that the partlclpatlon of l-equatorial ln the equilibrium is not slgniflcant. 

I, 3-Dlthlane I-oxide. 

A complete assfgnment of the ‘II IMR spectrum of 2 was reported by Cooka9” Thus, only the 

spectroscopic behavior of the low field hydrogen6 [H(Z)], which have been shown to provide per- 

tlnent information on the conformatlonal 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 

(Plgure 2). The lover field half of thle quartet la further split by a long-range U coupling (J - 

2.6 Hz) to H(4eq) and can be confidently assigned to H(2eq). 

+ 

“2, 

GT 

“21 

S 

S/O 

L- -.......I__.. ._._,______,.., 

5 4 
I . _ 

3 2 I 
Figure 2. The observed 25O-MHz proton spectrum of 1,3-dithlane l-oxide (2) in CD300 at 22°C. 

Recldual protlated 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 AS quartets are recorded at -SO’; the more intense centered at 

4.13 ppm (Jne - Il.9 Hz) and the less intense at 4.05 ppm (JAB - 14.8 Hz). The ratlo of the two 

AB quartets 1s S4:16 corresponding to a AC’_800 - 0.64 kcal/mol. 

The larger AB system 1s ascribed to 2-equatorial In view of lts lower field poeltlon and 

smaller gemlnal coupling constant.2*5*6*9*2* It should be mentioned that the thlrd crlterlon com- 

monly used for the aaslgnment of sulfoxlde conflguratlon, that 1s larger A6 ax/eq for a ethylene 
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1 I 

3.5 3 2.5 2 I. 

Figure 3. The observed 250~MHz proton spec:rum of I,h-dlthiane I-oxide (3) in ChD6 (top) an:1 
CDjOD (bottom) at 22“C. Residual prntiated solvent sigr)alS are t l.i!csted hy t. 

Expctifmntal Section 

The 1~ and 13C NMR spectra were recorded on Bruker WM-250 spectrometer at 250 and 62.9 XHz, 
respectively, and are reported In ppm from internal tetramethylsllane (TMS) on the 8 scale. Data 
are reported as follows: chemical shift, multlpllclty (s-singlet, d-doublet. t=trlplet. 
q-quartet, m-multlplet). lntegratlon, coupling constants (Hz), asslwment. 

Reparation of 1.2~Dlthlane I-oxide (1). I-2-Dlthlane was prepared from I,4-dlchlorobutane, 
sodium sulfide and sulfur sccordlng to the method of Ellel et al.35 Oxldatton to 1 was achieved 
with sodium perlodace.36 

-_ 

Syathesls of 1,3-Dlthlane l-oxide (2). 1.3~Dlthlane was prepared from I.‘+propanedlthlol and 
dlmethoxymethane followlog the procedure of Corey and Seebach.‘17 Oxldatton to 2 was accompllshed 
with acetyl nltrate.)S 

Preparation of I,&-Dlthlane I-oxide (3). I,4-Dlthiane was prepared from 1.2-ethanedLthLol and 
1,2-dihrowethane In the presence of sodium ethoxldr.‘q Oxiddttan to 3 was carrted out wtth 
hydrogen peroxlde.40 

Supplementary ?Laterial Avallahle: Copies of the more perttnent spectra from double trradlatlon 
z shift reagent e~$e~~n-t-s--(iO pages). Orderlog Information 1s ~lven on any current masthead 
paye. 
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