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Abstract. The confomtional analysis of several 2-substituted 1.3-dithianes 
made possible the evaluation of S-C-Y anomsric interactions, where Y - SCH3, 

The relative magnitude of the effects 
can be explained 

stabilizing 
interactions (stereoelectronic effect). 

The tendency of electronegative substituents to assume the axial rather than equatorial orientation 

at C(1) of a pyranoid ring (i.e., the anomeric effect) was discovered more than 25 years ago.2 This 

conformational effect has been observed In many other heterocyclic systems, 
3 and its more general 

chemical Implications have been realized. 4,5 Nevertheless, and despite the recent appearance of 

several reviews,6'7 the nature of the phenomenon Is not well understood. In this respect, while 

much work has been dedicated to the study of models possessing oxygen , much less effort has been 
devoted to systems containing second-row elements. S,9 

Herein we report the conformational analysis of certain 2-substituted 1,3-dithianes [Eqn. 1; 

Y - SCH3. SC6H5t C02H, co2CH3, CCC6H5r 

rings 13'14 [Eqn. 

N(CH3)2]; these results complement those obtained In thiane 

2; Y = Cl, OR, SR] and 1,3,5-trlthiane rings l5 [Eqn. 3; Y = CO2H, m2CH3, SCH3' 

SC6H5, 0COC6H5], and reveal the interplay of steric, electrostatic and stereoelectronic 

interactions. 
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RBSIJLTS ANDDIScuSSIoN 

A. Preparation 6f the 2-Substituted 1.3-Mthiaaea. 

2-+lethplthlo- (2) and 2-phenylthio-1.3-dithiane Q,) were prepared by the slow addition of the 

lithium salt of 1;3-dlthiane 16 
to two equivalents of methyl or phenyl disulfide (Rqn. 4). 
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C 
S 

1. B-BuLi 

BF 
3 0 

2 
SR (4) 

SH s ' 

2: R =CH3 

$,: R - C6H5 

The conformationally rigid models ,!j, and 4 were similarly prepared from cis-4,6-dimethyl-1.3- - 
dithianel' making use of the highly stereoselective reaction of 2-lfthio-1,3-dfthianes with 

electrophilee (Scheme I).18 

SCHEW Ia 

'(a) Ram4. (b)E-TaCl (2 equiv.), pyridine. (c) Fractional crystalh8tion- (d) Ad-K+ 

(2 equiv.), EtOH. (e> (~2~2)2+ (f) Cf12W2$12, BF3*Et20. (g) n_BuLi. IHE. (h) (eS)2 

(exceaa). (i) RH4C1, H20. 

m-5-Ethyl-2-methylthio-1,3-dithiane (1) was similarly obtained starting with 2-ethyl-1,3- 

propanediol (Scheme II). The ethyl group in 4 sarves as a counterpoise group in the determination 

of conformational equilibria (vide infra). 

sc!HENF4 IIB 

a -c OH 

Et - Et 

OR 

* -c SH 
b,c,d 

Et 

SH 

a(a) LiAll&, Et20; (b)R-T&l (2 equiv), pyridine; (c) Ad+'-d' (2 eqdiv), EtOk 

(d) (CH,RH,>,: (e) CH2(CCR3)2, BF3'0Et2; (f) B-BSi, 'lW -7B'C; (8) (C$S)2. 



2-Bensoyl-1.3-dithiane 

excess ethyl benzoate (Eqn. 

of carboxylic acid @Jv (Eqn. 

s 

0 s 

s 

0 -Li+ 

S 

~eanomeric&ectin2-snbutitnted1,3-dithiMes 1255 

(Q,) was prepared by the reaction of 2-[1,3]dithianyllithium with 

5) lg and 2_carbomethoxy-1,3-dithiane (9,) was made by the ntathylation t 

6). 

1. B-BuLi 

2. 10 C6H5C02Et 
C0C6H5 (5) 

Finally, 2-~,&dimethylamino-1,3-dithlane (&) was prepared by condensation of 1,3-propane- 

dithiol with &I-dimethylformamide dimethyl acetal (Eqn. 7). 

c" + ;;;>N(CH3)2 + @H3)2 (7) 

B. Determination of the Conformational Eauillbria. 

The low-temperature (-90' to -1OO'C) C-13 RMR spectra of mobile dithianea 2, J$, 8-N give 

rise to two sets of signals, which correspond to the axial and equatorial conformers. The assign- 

ment of the spectra was based on anticipated substituent shifts. 
20 

Table I lists the chemical 

shifts for 2, $, Q,-,Q, at various temperatures and in different solvents. 

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

the coalescence temperature afforded the equilibrium constants, K, 
21 

and the conformational free 

energy differences, AGo = -RT In K, which are summarized in Table II. Sizable anomeric effects 

(axial preferences) were apparent for J, (Y - SCH3), $ (Y - SC6H5), Q, (Y = COC6H5), $, (Y = C02CH3) 

and ,@, (Y - CO2H). 

The XX3 and C02CH3 values agree well with those obtained by Hartmann in the chemical equili- 

bration of the anancomaric models shown in Eqn. 8: 22 AGo 300c(SCH3) = 0.73 2 0.02 kcal/mol In CC14; 

AGZ3vc (C02CH3) = 0.81 t .0.02 kcal/mol in CDC13. 

Y 

S G- -I=&- S r- Y 

S s 
(8) 

By contrast, the room-temperature C-13 RMR data for aminodithlane ,&J, (Table I) shows that 

this compound exists in a highly predominant (295%) equatorial conformation. In particular, the 

chemical shift for C(4,6) is slightly downfield relative to that in the parent system: 29.86 ppm; 
20 

the absence of any shielding Y-gauche effect suggests that the conformation with an axial dimethyl- 

amino group is not significantly populated. 
23 

C. Relative Mannitude of the Anomerlc Effect. 

The magnitude of the anomeric effect is usually defined aa the difference of the free energy 

difference for the equilibrium studied and the conformational energy for the same substltuent in 

cyclohexane. 
24 

There is, however, a well recognized difficulty with evaluation in this fashion: 
25 

the steric requirements of a group in the anomeric position of the heterocycle are different to 

those encountered in a cyclohexane. In the system at hand, becauee of the long C-S bonds, the 
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Table I. Room and Low Tmparature C-13 Signal Assignments in Compounds 2, 4, @-J,J, (ppm from R(s). 

Compound Solvent C(2) (X4,6) c(5) 'ipso 'ortho 'mate 'para Other 

CDCLB 

CD3N02a 

CD3axD3lCD OD 

(1:l) d3 

CD3COCD3/CD OD 

(1:l) d3 

CD3CCcD3lCD OD 

(1:l) 
d3 

CD2C12 b 

CD3N02a 

CD3C0CD3d 

CD3COCD3d 

CD3COCD3/CD OD 

(1:l) 
d3 

CD,alCD,/CD,OD 

(1:l)d 

48.06 26.58 

48.64 27.20 

47.52 24.32 

c 32.63 

49.25 28.16 

c 24.42 

c 32.30 

50.35 26.66 

50.95 27.33 

49.48 24.47 

51.04 33.02 

51.13 27.99 

c 24.65 

C 32.80 

48.73 26.08 

41.59 26.11 

39.78 25.94 

40.73 26.60 

37.76 25.17 

49.18 30.93 

42.06 27.45 

36.88 24.84 

48.87 c 

C 25.15 

C C 

36.90 24.20 

74.% 30.11 

25.19 - _- 

25.72 - - 

25.67 - - 

25.67 - - 

26.31 - - 

26.36 - - 

- -- Sg3: 16.75 

-_ -- 16.89 

- -_ 18.66 

- -_ 12.90 

- - 16.68 

- -- 17.98 

26.36 - - - -_ 12.50 

25.00 134.14 128.60 132.98 127.94 - 

25.62 135.02 129.30 133.75 128.65 - 

25.48 135.66 129.45 133.67 128.76 -- 

25.48 135.66 129.45 133.67 128.76 - 

26.14 135.71 130.18 134.13 129.38 -- 

26.25 136.53 129.99 133.37 128.71 - 

26.25 136.53 129.99 128.71 -- 

24.68 

25.51 

25.00 

25.54 

134.05 

f 

-_ 

-_ 

- 

_-- 

-_ 

- 

_-_ 

-- 

-- 

_- 

- 

128.54 

f 

- 

_- 

24.95 

24.95 

26.13 

25.33 

25.33 

25.63 

25.63 

23.80 

25.65 

- 

-_ 

-- 

-- 

- 

- 

- 

-- 

_- 

133.37 

131.71 

f 

-- 

-- 

-- 

-- 

-- 

- 

-- 

-_ 

-- 

- 

-- 

127.36 - 

f g:e 

- c02: 169.848 

- c02: 170.60 

gi3: 52.85 

-- g2: 171.00 

cH3: 53.56 

-- g2: 169.17 

CJ3: c 

-- co2: 1;;':: 

g3: . 
-- LJ2: 171.29 

cH3: 52.88 

-- g2: 169.35 

cH3: 53.63 

-- B2: 171.69 

B3: 52.98 

- g2: 169.80 

cH3: 53.74 

-g2: e 

- 41.35h 

aAt room temperature. bAt -100°C. = Sample signal masked by aolvent signal. dAt -90°C. eSample sig- 

nal masked by baseline noise. f Overlapped by toluene-dd peaks. 8g3: 52.43 ppm. hN(g3)2* 

steric congestion of an axial 2-substltuent in 1,3-dithiane ehould be smaller to that of,the same 

aubetituent in cyclohexane; therefore, the magnitude of the anomeric effect tends to be overesti- 

mated. One way out of this difficulty would be through evaluation of the'steric part of the lnter- 

action by force-field calculation, 26 but unfortunately, such calculations have so far had limited 

success for oxySen- and sulfur-containing saturated heterocycles. Nevertheless, in order to esti- 
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D. Interoretation of the Resulta: Dioole/diDole Interaction. 

According to the interpretation of the anomeric effect given by Edward, 
36 electrostatic 

dipole/dipole repulsion should disfavor the equatorial conformer, while dipole/dipole attraction 

favors the axial conformer in the equilibria depicted by Eqn. 9,38 If dipole/dipole interactions 

were dominant in the conformational equilibria of 2, ,$, Q-&J,, it would be expected that 

trlbution of the equatorial form should increase with increasing dielectric constant of 
40 

um. The low-temperature AGo measurements summarized in Table II are in agreement with 

(9) 

the con- 

the medi- 

this pre- 

diction for the case of Y = XII3 and Y - SC61ig; for example, the ratio a-ax/ -eq increases in going 

from CD30D/(CD3)2C0 (1:l E 2 20.7; K = 5.71) to CD2C12 (E = 2.4: K = 8.22). 4? An ODpOSite solvent 

effect is, however, observed for Y = c02CH3: the $,-ax/z-eq ratio increases with increasing solvent 

polarity (Table II). In view of this conflicting information , the solvent effect on the conforma- 

tional behavior of & #, and 2 was also studied at room temperature. 

Solvent effects on the magnitude of the anomeric effect for the methylthio group were deter- 

mined by proton RMR spectroscopic application of Eliel's 42 equation tK - Meq - bmobile) / 

(6mobile - 6ax)] to the mobile m-5-ethyl-2_methylthio-liyithiane (Q and the ansncomeric mod- 

els 2 and Q. The ethyl group in x serves as a counterpoise, so that equilibrium lies close to 

unity and permits a more precise calculation of AGo than would be possible in J,. For ,& the most 

convenient signals to incorporate in Eliel's equation are those for SCIi3 since they are sharp sln- 

glets and also provide an adequate spread of chemical shifts (6 - 6,x) so as to make the calcu- 

lations reliable. Table IV summarizes the results in four solve% of different polarity. Although 

the precision of these AGo values is only of the order of + 0.1 kcal/mol, the observed trend clear- 

ly confirms the expected 40 solvent effect: i.e., a stronger anomeric effect in the less polar 

media.44'45 

Table IV. Solvent Effect on the Conformational Energies (AGO) 

of the Thiomethyl Group in I." 

Solvent Dielectric Constant (E>~ AG" (kcsl/mol)= 

CC14 2.2 0.95 

ClX13 4.7 0.08 

m*7 36.7 0.77 

wO-% 48.9 0.65 

'At 39T. 
il For protiated solvents. 'Estimated standard deviation: 

2 0.1 kcal/mol. 

In the course of assignment of several H-l RMR spectra of 1.3-dithlanes vith polar substi- 

tuents at C-2 we observed that the chemical shift difference between axial and equatorial protons 

at C(4.6) increases with increasing population of the axial conformer. 
8a,46 Table V lists 

A6 ax,eq(H4 6) for ,!+ Q and 2 in different solvents. The results indicate that all three systems 

behave as Expected: 40 smeller amounts of the axial conformer in more polar media. For ,!& there is 

thus a marked contrast with the low-temperature behavior which is difficult to explain. However, 

on the reasonable assumption that the axial conformer of $, presents a smaller molar volume than 
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Table V. Solvent Effect on the Chemical Shift Difference (Abaxieq) 

for the C(4,6) Flethylene Protons in $, @ and 2, in ppm. 

Solvent (E) A6 for 4 A6 for Q, A6 for 2 

cc14 (2.2) 0.72 0.92 1.00 

cDC13 (4.7) 0.65 0.71 0.80 

CD3COCD3 (20.7) 0.57 0.50 0.69 

CD3OD (32.6) 0.51-0.59* - - 

DIM7 (36.7) - 0.41 - 

CD3CR (37.5) -- 0.44 0.62 

MSO-d+ (48.9) 0.40 0.32 0.47 

*Obscured by overlap with residual protiated solvent signal. 

the equatorial isomer, a solvent compression effect 47 (dominant at low temperature) could be ad- 

vanced to reconcile the apparent contradiction. 

Despite the evidence in this Section that supports the participation of a dipole/dipole mech- 

anism in the conformstional equilibria for 2, ,$ R-a , some of the results in Table III are not in 

accord with that rationalization. In particular, the absence of an anomeric effect in ,JJ, despite 

the sizable dipole of the dimethylamino group 48 requires of an alternative explanation. In addi- 

tion, although the methylthio and phenylthio substituents are expected to have fairly similar 

group dipoles, 
48 the anomeric effect in /t is definitively greater than in 2. An alternative (or 

additional) explanation is thus called for. 

E. Interpretation of the Results: the Stereoelectronic Effect. 

Structura149’50 and theoretlca137D50 studies on X-C-Y segments can usually 
51 

be accounted for 

in terms of lone pair/antibonding orbital interactions, of which the n+a* type appears to be the 

more important. For J,, ,+,, Q-&J, “double bond/no bond” resonance structures can thus be written for 

the axial conformers, where a lone pair of electrons on each sulfur is antiperiplanar (app) to the 

C-Y bond (Eqn. 10). In principle, the relative magnitudes of the anomeric effect can therefore be 

(10) 

predicted from the relative energies of the o$_Y orbitals, since ns should be essentially constant 

in 2, ,$,, Q-a. On this basis, the greater axial preferences of SC6B5 and CW6H5 relative to SW3 

and C02CR3 may be anticipated when one considers that electronegative substituents lower the s’ 

molecular orbital level, and increase the overlap with the donor orbitals. 5 

No simple rationalization can be advanced at the moment for the (greatest) snomeric effect 

observed in ,J,Q (Y - C02H; Table III), for which dimer formation in the weakly polar CD2C12 could 

obscure the normal electrostatic and stereoelectronic effects. Finally, the”abnormal” equatorial 

preference of the dimethylamlno group in ;U. must mean that in the equatorial conformer the app 

nN * @ interaction is more important (best combination of orbital overlap and energetic differ- 

ence) than app ns + @C-N in the axial isomer; i.e., there ie a stereoelectronic preference for 

the conformation in which the best donor lone pair is antiperiplanar to the best acceptor bond. 7.52 

Comparison of the results obtained In this work (Eqn. 1) with those of Bki in L-substituted 

1,3,5-trithia11es~~ o?qn. 3) Is pertinent in this respect.because the photoelectron spectroscopy 
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studies of Turner, et al., 53 have shown that the HOMO energy in 1.3,~trithlane is lower than that 

In 1.3-dithiane. It is then expected (vide supra and ref. 15a) that the anomeric effect will be 

stronger in the dithiane series. Indeed, Table VI clearly showe this trend. (The decreased axial 

populations in the trithiane series are difficult to explain on dipole/dipole arguments slone in 

view of the similarity of the dipoles involved). 54 

Table VI. Comparison of -AGo Values 

1,3-Mthianes (This Work) 

Trithianes (Ref. 15). 

(kcal/mol) in 2-Substituted 

and 2-Substituted 1,3,5- 

Substituent Solvent T(°C) %thiane -%ithiane 

CH3S toluene 

CDc13-CS2 (1:l) 

CD2C12 

CD3-3 

'sHsS CDC13-CS2 (1 :l) 

CD2C12 

CD3CCCD3 
CD3CXXD3/CD30D (1:l) 

C02CH3 CD2C12 

CD3COCD3 

CD3-3 
CD3COCD3/CDC13 (1:l) 

-90 

-83 

-100 

-83 

-83 

-100 

-83 

-90 

-100 

-90 

-80 

-80 

-100 

-80 

0.77 

- 

0.64 

- 

- 

0.92 

- 

0.85 

0.83 

0.92 

- 

- 

21.26 

-- 

- 

0.44 

- 

0.07 

0.79 

- 

0.18 

- 

- 
- 

0.43 

0.54 

- 

0.15 

EXPHRIMRNTAL SECTION 

General Information. Proton NMR spectra were recorded on Varian FM-360 (60 MHz), Varlan W-390 

(90 MHz) or Bruker Spectrospin NM-250 (250 MHZ) spectrometers. Carbon-13 NMR spectra were recorded 

on Varian XL-100 (25.12 MHz) or Bruker Spectrospin NM-250 (62.89 MHz) instruments operated in 

pulsed Fourier transform mode and locked on solvent deuterium. Samples were prepared as 8-15X 

solutions In CD2C12, CDC13, CD3CN, CD3CN, CD3SOCD3, CD3CCCD3, CD30D or CD3COCD3/CD30D (1:l) mix- 

ture with 2-5X Me4Si as internal reference in 5- or lO-aet o.d. tubes. The temperature indicator of 

the Bruker WM-250 spectrometer was calibrated by recording low-temperature proton spectra of acid- 

ified methanol and using the known C-H/O-H shift for assessment of temperature. 

Microanalyses were performed by Galbrsith Laboratories, Inc., Knoxville, Tenn. 37291. 

Flasks, stirring bars and hypodermic needles used for the generation and reactions of alkyl- 

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

cium sulfate. Anhydrous solvents were obtained by distillation from benaophenone ketyl. 56 The 

R-butyllithium employed was titrated according to the methods of Kofron and Baclauski 57 or 

Juaristi, et a1.58 Melting points and boiling points are uncorrected. 

2-Substituted 1.3-dithiane.s. General Procedure. 1,3-Mthiane (freshly sublimed, 600 mg, 5 mmol) 

was placed in a 50-n& flask provided with rubber septa and under nitrogen. Tetrahydrofuran (THF, 

ca. 35 mL) was added via cannula , and the flask was immersed in a CC14/dry ice bath (ca. -2O'C) 

before the addition of 3.5 mL (5.25 mmol) of D-BuLi 1.5 H in hexane. The reaction mixture was then 
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(1.35 rmool) of 5-ethyl-1,3-dithiane (vide supra) and 2 equiv. of dimethyl dleulfide, to afford 

mainly (292%) the trans isomer of the expected product. Mstillatlon from a Kugelrohr apparatus 

(bp 82-85'C/O.25 mm) yielded 147 mg (56.1%) of x. 'ii NMK (90 MHx, CDCl,) 6 0.93 (t, Jvic - 6.3 Hz, 

3 II), 1.4-1.9 (m, 3 If), 2.30 (s, 3 H), 2.4-3.3 (m, 4 H), 4.83 (s, 1 H). 13C NM (25.12 MHz, CDCl,) 

6 11.29 @i3CH2), 15.37 (Sg3), 25.82 @i2CH3), 33.28 (CH2Q12S), 33.90 (EtQ, 48.35 (S@S). 

Anal. Calcd for C7H14S3: C, 43.25; H, 7.26. Fpund: C, 43.51; H, 7.25. 

2-Bensoyl-1.3-dithiane (@). The general procedure was carried out vlth 10 equivalents of ethyl 

benx0ate.l' Since the crude product was contaminated with bie[2-(1,3)dithianyl]phenylmethanol, - 
the desired product (@ was obtained in 48% yield by fractional crystallization from chloroform/ 

hexane (8:2); mp 97-98.5'C (lit.61 mp 98.4-99.4"C). 'H NMK (90 MHZ, CDcl,) 6 2.13 (m, 2 H), 2.67 

(d of t, Jsem - 14.1 Hz, Jsauche - 3.2 Hz, 2 Ii), 3.37 (d of d of d, J - Janti - 14.1 Hx, 

J 
gauche = 3.2 Hz, 2 H), 5.13 (8, 1 H), 7.35-8.1 (m, 5 H). 13C NMR in grle I. 

2-[1.3]Dlthianylcarboxyllc acid (N). The general procedure was carried out with excess CO2 (dry 

ice) as the electrophile. The product (a) was recrystallized from hexane; mp 114-116°C (lit. 
62 

mp 114-116“C). yield 66%. 'H N?4K (90 MHz, CDC13) 6 2.10 (m, 2 H), 2.58 (d of t. J 
gem 

= 15.0 Hz, 

J 
gauche = 4 Hz, 2 H), 3.40 (d of d of d, Jgem - Janti = 15.0 Hz, Jgauche = 4.0 Hz, 2 H), 4.18 (a, 

1 H), 10.6 (s, 1 H). 13C NMK in Table I. 

2-Carbomethoxy-1,3-dlthiane (2). Hydrochloric acid was bubbled during 5 minutes Into a methanolic 

solution of 0.5 g (3 nmrol) of carboxylic acid a. The reaction mixture was concentrated and the 

product distilled in a Kugelrohr apparatus. The desired ester (2, 0.26 g, 48% yield) crystallized 

upon standing at room temperature: mp 28°C (lit. 62 q p 28“C). 'H NMR (90 MHz, CDCl,) 6 2.14 (m, 

2 H), 2.60 (d of t, J = 15.0 Hz, J = 3.6 Hz, 2 H), 3.41 (d of d of d, J 
gem 

= Janti = 

15.0 Hz, J 
gauche 

- 3.zx. 2 H), 3.838;::h; H), 4.22 (a, 1 H). 13C NHR in Table I. 

2-l,i_-Dimethylamino-1,3-dlthlane C&j,). 1,3-Propanedithlo163 (5.1 mL, 50 mmol) and 6.6 mL (50 nxnol) 

of &&dimsthylformamide dimethyl acetal 63 was placed In a round-bottom flask adapted for distil- 

lation. The reaction mixture was warmed to 30-35'C and the methanol produced was distilled at 

reduced pressure (100 rmdig). When the theoretical amount of methanol had been collected (2-3 h), 

the desired product (a) was distilled (bp 73-74'C/l m): yield 4.67 g (57.3%). 'H NMK (90 MHz, 

CDCl,) 6 1.92 (m, 2 H), 2.52 (s, 6 H), 2.93 (m, 4 H), 5.29 (s, 1 H). 13C NMK in Table I. Compound 

a was not analyzed owing to its lability. 

__ 
&- and trans-2-tert-Butyl-5-ethyl-1,3-dithianea (Q, and Q). 2-Ethy;;l,3-propanedithioll' (see 

Scheme II, 1.36 g, 0.01 mmol) and 0.861 g (8.8 mmol) of plvalaldehyde was added to a flask con- 

taining 30 mL of benzene. A few crystals of ptoluenesulfonic acid was added and the reaction 

mixture heated to reflux during 5 h, condensing the water generated in a Dean-Stark trap. The 

reaction mixture was washed with 10% aqueous sodium hydroxide and three times with water. The 

usual work-up procedure afforded a brownish liquid, which was distilled at reduced pressure, 

bp 69-70°C/0.2 nxn, to provide 1.50 g (74% yield) of the desired mixture (ca. 1:3) of isomers a 

and ,@. 13C NME (,&Q: 6 11.05 (tXL#H3), 22.10 @12CH3), 27.47 [C(cH3)3]. 30.85 (Etg), 35.45 

[C(CH3)31, 37.83 (cHcf12S), 61.21 (SPS). a: 6 10.74 (CX#H3), 27.65 [C(p,),], 28.95 @12CE3), 

34.64 (Etg), 35.00 [s(CH3)3], 35.87 (CH_cH2S), 61.21 (SFS). 

Anal. Calcd for C10H20S2: C, 58.76: H, 9.86. Found: C, 59.15; H. 9.84. 
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