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Normal anomeric effect is found in 1,3-dithiane-2-carboxylic acid, 1,3,5-trithiane-2-carboxylic acid, and
their esters, in contrast to a report that oxane-2-carboxylic acid derivatives exhibit reverse anomeric effect.
The results are interpreted from the difference in bond lengths between oxanes and polythianes which affects the

extent of 1,3-diaxial interaction.

thianes. The differences is discussed on the ground of the energy levels of available electrons.
derivatives also show small but definite anomeric effect.

During the course of other study, we needed a pair of
2,4,5-trimethyl-1,3,5-trithiane-2-carboxylic acids. Since
the electrophilic reaction of 1,3,5-trithianide or 1,3-
dithianide anion is known to proceed from the equatorial
side,»? it is no wonder to obtain 2,¢-4,c-6-trimethyl-
1,3,5-trithiane-r-2-carboxylic acid (le) on treatment of
1,3,5-trithianide anion with carbon dioxide. We then
tried to equilibrate le with 2,t-4,¢-6-trimethyl-1,3,5-
trithiane-r-2-carboxylic acid (1a) with the aid of an
acidic catalyst. The result was, however, almost a
complete conversion to la.
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The result indicates that the carboxyl-axial form is
more stable than the carboxyl-equatorial form by ca. 2
kcal/mol or more and aroused our interest for the follow-
ing reasons. The equilibration results may be explained
by the stabilization of isomers governed by the anomeric
effect,® since the carboxyl group is electronegative and
provides a low-lying lowest unoccupied molecular or-
bital (LUMO). The anomeric effect in trithiane is
known to be strong.® Contrary to these considerations,
however, methyl oxanecarboxylate derivatives were
found to be more stable in the methoxycarbonyl-equa-
torial conformation® and the phenomenon is referred to
as reverse anomeric effect.

This sharp contrast of the trithiane case to the case of
oxanes stimulated the further study on the reverse and/
or normal anomeric effect and a series of studies of the
polythiane cases have been undertaken. This paper is
to describe the results of such studies, which conclude the
presence of anomeric effect in the carboxypolythianes.

Syntheses and Structural Assignment

The monocarboxylic acids were prepared by carbona-
tion of the corresponding lithio derivatives. Esters of
the acids were prepared by the action of diazomethane
on the free acids. Action of thionyl chloride to form acid
chloride gave satisfactory results with the stable carbo-
xylic acids but caused isomerization when applied to the
less stable ones.

Phenylethynyl derivatives were prepared from chloro-
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polythianes and phenylethynylmagnesium bromide.

When a compound in question carries an «-proton to
the carboxyl or methoxycarbonyl group, the structural
assignment is straightforward. The proton gives a
singlet signal and the paramagnetic shift is observed for
the axial proton owing to the anisotropy of the C-S
bonds.® Therefore the carboxyl-axial form gives a
singlet signal at a higher field than the counterpart. In
addition, the axial isomer gives a broad signal for the
equatorial proton due to the presence of W-type long
range coupling.”? The difference in chemical shifts of
methylene protons is also a clue for diagnosis of the con-
formation of 2-substituted 1,3,5-trithianes. The sub-
stituent-axial conformation gives larger difference in
chemical shifts than the counterpart because of the
anisotropy effect of the substituent.?

Those which possess a methyl group in a-position may
be assigned in a similar manner. However, ambiguity
may arise because of the long averaged distance of the
methyl protons from the C-S bonds. Firm evidence for
the configurations of 5a and 5e was obtained by meas-
urement of the nuclear Overhauser effect. On irradia-
tion of the methyl protons in position 2 of compound 5e,
the absorption intensity of the methine protons in posi-
tions 4 and 6 increased by 16%. In contrast, the same
operation for the isomer 5a caused no measurable en-
hancement. The results unambiguously show that 4-
and 6-H's and 2-methyl are located closely in compound
5e and consequently compound 5e has the structure as
shown.
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Results and Discussion

Equilibration of Polymethyltrithianscarboxylic Acids.
Equilibration was carried out by using boron trifluoride
etherate as a catalyst in various solvents and the results
are summarized in Table 1.

TaBLE 1. CONFORMATIONAL EQUILIBRIUM DATA OF
POLYMETHYLPOLYTHIANECARBOXYLIC ACIDS
AND THEIR DERIVATIVES AT 23 °C

System Solvent e K (kcfl?mol)
ccl, 2.2 0.02 2.3
lazle {CHa(]N 37.5 20.02 iz.s
cey, 2.2 <0.005 3.2
S5a=25e {CICHQCHECI 10.7 <0.005 >3.2
CH,CN 37.5 ~0.01 ~2.7
2a22e CH,CN 37.5 0.4 0.24

The results indicate that the axial form la is one-
sidedly more stable than the equatorial isomer le in
various solvents. The solvent effect on population is
hardly seen because of the strong stabilization of the
axial isomer: it is only acetonitrile that enabled us to
measure the population of the less stable form of the ester
and to calculate the difference in free energies at 23 °C
which was obtained as 2.7 kcal/mol. In a series of
cyclohexane derivatives, 4 values for methyl and meth-
oxycarbonyl groups are known to be 1.7 and 1.2 kcal/
mol, respectively.®® Therefore the difference in con-
formational energies between cyclohexane analogs of 1a
and le may amount to 0.5 kcal/mol: if we assume the
same steric conditions in polythianes, the methyl-equa-
torial form is favored over the methyl-axial form and the
ratio may be 1/3—1/2 with the former predominating.
Since the ratio in reality is large in favor of the methyl-
equatorial form, there must be reasons which stabilize
that form and/or destabilize the other form. Anomeric
effect can be present in these compounds because the
carboxyl group has a low-lying LUMO. If the above-
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cited solvent effect is taken to be significant, it also sup-
ports the presence of anomeric effect because the magni-
tude of stabilization by the anomeric effect is suppressed
in polar solvents.?

The equilibration of 4,6-dimethyl-1,3,5-trithiane-2-
carboxylic acid (2) should provide data which are only
affected by the conformational energy of the carboxyl
group. As isseen in Table 1, 4G° value becomes smaller
because of the erasure of the effect of the methyl group,
but the axial form (2a) is still favored in acetonitrile.
Unfortunately, equilibration in other solvents failed
because of extensive deterioration of the substrate.
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Flg. 1. H NMR spectra of 3 in acetone-dg at three
temperatures.

Low Temperature NMR Study of Polythianecarboxylic
Acids. The difficulty seen in equilibration allured
us to investigate the flexible polythianecarboxylic acids
1,3,5-Trithiane-2-carboxylic acid
(3) and its methyl ester (6) showed only averaged signals
at room temperature. The signal, however, broadened
considerably at —40——>50 °C,19 and split into two sets
of 2-H and 4,6-H’s at —80 °C (Fig. 1). The results are
shown in Table 2. It is interesting to note that the
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TaBLE 2. DATA CONGERNED WITH CONFORMATIONAL EQUILIBRIA OF POLYTHIANECARBOXYLIC
ACIDS AND THEIR DERIVATIVES AT — 80 °C

Chemical shift
Compound Solvent of 2-H (9) a-Form/e-Form (kcg.IG/mol) 4-Value
e-Form a-Form
{ CD,COCD, 5.75 4.82 1.5 0.15
CD,COCD,-CDCI, (3:1) 5.71 4.69 2.35 0.31 } 1.43
CD,COCD, 5.42 4.48 5.5 0.66
6 { CD,COCD, 5.75 4.88 3.0 0.43
CD,COCD,-CDCl, (3:1) 5.70 4.87 5.0 0.54
CD,COCD, 5.44 4.53 8.5 0.83 1.22
7 { CD,COCD,-CDCl, (3:1) 5.20 4.34 9.5 0.87
CS,-CDCl, (1:1) 5.02 4.10 20 1.15
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difference in chemical shifts of the axial and equatorial
protons in-2-position is almost constant at 0.9 ppm in
these compounds.

One can clearly see, from the data in Table 2, that the
axial form is preferred in every case. The results are
contrary to the case of 2,4,6-trimethyl-1,3,5-trithianes'
in which the ¢is form is more stable because it has no
axial methyl group. Anomeric effect is a probable cause
again for the presence of the axial form. Solvent effects
on the populations of the axial and the equatorial forms
are in agreement with the anomeric effect: the less polar
is the solvent, the more is the axial form preferred. We
may now conclude that the anomeric effect is seen in
polythianecarboxylic acids.

The magnitude of anomeric effect may be expressed
by the following equation.?

AAGO = (AGosubstltuent)hetero ring — (AGosubsth.uent)cyclohexane

Comparison of the results reveals that the magnitude of
the anomeric effect is larger in 1,3-dithiane than in
1,3,5-trithiane.

The results seem to be explained by the delocalization
of electrons. The UV spectra of 1,3-dithiane and 1,3,5-
trithiane'® indicate that the lone pair electrons in the
latter are more delocalized than those in the former.
Sweigart and Turner reported the results of photoelec-
tron spectroscopy which reveal that the ionization po-
tential of lone pair electrons in 1,3,5-trithiane is higher
than those in 1,3-dithiane.'® Thus transfer of lone pair
electrons on sulfur to the antibonding orbital involving
the axial substituent, as discussed by Hoffmann et al.,19
must be smaller in its extent in trithianes (10) than in
dithianes (11). By taking advantage of the above dis-
cussion, we may understand the weaker anomeric effect
and consequently less population of the substituent-axial
isomer of 1,3,5-trithiane derivatives than those of the
1,3-dithianes.
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The anomeric effect is larger with the free carboxylic
acids than the corresponding esters, both in trithiane
series and in dithiane series. It is also known that the
methoxycarbonyl group gives less preference in free
energy than the carboxyl group in cyclohexane series,
although the equatorial form is favored in this case.?
The differences are almost constant at 0.2 kcal/mol.
These results suggest that the difference is not of the
electronic or electric origin but of the steric origin. Since
the carboxyl group shows less preference of the axial
form than the corresponding esters in polythianes, the
latter may be taken as giving less steric effect. This is
reasonable because the acid dimerizes under the condi-
tions of the NMR measurement. Negligence of the
electronic-electic effect will not give an important defect,
since Hammett o, values of the carboxyl and methoxy-
carbonyl groups are 0.36 and 0.32, respectively.'9)

Comparison of the above results with those of oxane
series is worthy of note. Methyl 5-i-butyloxane-2-car-
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boxylate (12) was equilibrated with a base catalyst to
show that the methoxycarbonyl-equatorial form (12e)
is predominant in the equilibrium mixture. The phenom-
enon has been referred to as reverse anomeric effect.

CO.CHs

—_
Wc& CH, «———
Y (¢)

12¢ 12a

However, owing to the short distance of the C-O bond
in oxanes, the 1,3-syn-diaxial interaction must be more
severe in oxane series.? This disfavors the axial confor-
mation. In trithianes and dithianes, the C-S bond is
much longer than the C-O and the 1,3-diaxial interac-
tion is surpressed to a great extent. Normal anomeric
effect thus becomes detectable as conformational equili-
brium constants.

Eliel et al. prepared ethyl 2,4-dimethyl-1,3-dioxane-
2-carboxylate (13) under the conditions of thermody-
namic control and found that the ethoxycarbonyl-axial
conformation (13a) is disfavored in less polar solvents.
The results are in line with the reverse anomeric effect,

CH: CO:CHs
7 _ A
CHa%% CO.CH: ~ — CHS%%%CH;
13e 13a

but the system may be too complicated to interprete in a
straightforward manner, as suggested by the authors.1®

s
- = X
stsf\c- CPh s

C=CPh
8e 8a X=S
9e 9a X=CH,

Finding the presence of anomeric effect in polythiane-
carboxylic acids, we were allured to investigate the case
of phenylethynylpolythianes. The results are shown in
Table 3.

TABLE 3. IDDATA CONCERNED WITH CONFORMATIONAL
EQUILIBRIA OF 2-PHENYLETHYNYLPOLY~
THIANES AT —80 °C

Chemical Shift

Compd. Solvent of 2-H (9) % (kcggx;ol)
e-Form a-Form
8' { CD,COCD, 6.00 5.68 1.18  0.07
ﬁ%zl‘)cDCIS 521  4.96 3.3 0.46
0 { CD,COCD, 5.62 5.21 1.57  0.18
CS,CDCl, 516 473 3.1 0.44

(1:1)

The data suggest the presence of small but distinct
anomeric effect in the phenylethynyl compounds: the
axial forms (8a and 9a) are preferred over the equatorial
forms (8e and 9e) in the solvents examined and the
preference bécomes less in more polar solvents. The
2-phenylethynyl group, providing a low-lying LUMO,
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seems to be effective in accepting the electrons from the
sulfur atoms in 1 and 3 positions.

Experimental

1H NMR Measurement. The *H NMR spectra were
recorded on a Hitachi R 20B spectrometer (60 MHz) equipped
with a temperature variation accessory. Temperature was
read by the difference in chemical shifts between protons of
methanol.

Preparation of Carboxylic Acids and Their Esters. A general
procedure of preparation of carboxylic acids will be described
by taking the case of 1,3-dithiane-2-carboxylic acid (4) as an
example. To a solution of 2.0 g (16.7 mmol) of 1,3-dithiane
in 100 ml of tetrahydrofuran was added 18.5 mmol of butyl-
lithium in 30 ml of ether at —20 °C and the mixture was
stirred for 1 h at that temperature under a nitrogen atmos-
phere. Dried carbon dioxide was introduced into the solution
for 3 h, during which time the temperature was allowed to
rise to 0 °C, and the mixture was left to stand overnight. The
solvent was evaporated and the residue was shaken with a
mixture of dilute aqueous sodium hydroxide and ether. The
aqueous layer was separated, acidified with hydrochloric
acid, and extracted with ether. The ethereal solution was
dried over magnesium sulfate and evaporated. 1,3-Dithiane-
2-carboxylic acid (4), mp 112—113.5 °C, was obtained in
1.8 g (66%) yield. Found: C, 36.48; H, 4.69; S, 39.11%.
Caled for C;HO,S,: C, 36.57; H, 4.91; S, 39.049%. IR:
16851690 cm™ (v4.0). H NMR: (6, CDCl,): 2.1 (m, 2H),
2.4—3.7 (m, 4H), 4.17 (s, 1H), ca. 9 (s, 1H).

The methyl ester (7) was prepared almost quantitatively
by treatment of the acid with diazomethane in ether. It was
purified by chromatography on silica gel with benzene, oil
(mp between 20 and 30 °C). Found: C, 40.53; H, 5.59;
S, 35.819. Calcd for CgH,,0,S,: C, 40.43; H, 5.65; S,
35.97%. IR: 1730 cm! (voo). H NMR (6, CDCl):
3.77 (s, 3H), 2.10 (m, 2H), 2.4—2.8 (m, 2H), 3.2—3.65 (m,
2H), 4.20 (s, 1H).

It could also be prepared by treating the corresponding
acid with thionyl chloride in carbon tetrachloride-chloroform
(9: 1) at reflux temperature for 5 to 7 h followed by treatment
with methanol.

1,3,5-Trithiane-2-carboxylic acid (3), mp 273 °C (decomp.),
was prepared similarly from 1,3,5-trithiane. Found: C,
26.65; H, 3.35; S, 52.57%,. Calcd for C;H,0,S;: C, 26.37;
H, 3.32; S, 52.77%. IR: 1690 cm=! (vg_o). H NMR (6,
acetone-dg) : 4.02 and 4.77 (q, J=14.5 Hz, 4H), 4.83 (s, 1H).

The methyl ester (6) melted at 96—97 °C. Found: C,
30.83; H, 4.34; S, 49.229%,. Calcd for C;H0,S;: C, 30.59;
H, 4.11; S, 49.00%. IR: 1715 em™?! (vo_o). H NMR (4,
CCl): 3.78 (s, 3H), 3.46 and 5.06 (q, J=15 Hz, 4H), 4.22
(s, IH).

Treatment of ¢is-2,4,6-trimethyl-1,3,5-trithiane with butyl-
lithium followed by carbonation gave 2,¢-4,¢-5-trimethyl-1,3,5-
trithiane-r-2-carboxylic acid (le), mp 137—138.5°C, as a
sole product. Found: C, 37.72; H, 5.14; S, 42.77%,. Calcd
for C;H,,0,S;: C, 37.48; H, 5.39; S, 42.87%,. IR:1703 cm-!
(¥¢=0). H NMR (6, CDCl,): 1.59 (d, 6H), 2.07 (s, 3H),
4.39 (q, 2H), ca. 9 (s, 1H).

The methyl ester (5e) melted at 53—54 °C. Found: C,
40.25; H, 5.72; S, 40.35%. Calcd for CsH,,0,S;: C, 40.31;
H, 5.92; S, 40.35%. IR: 1737 cm! (vo_o). H NMR (4,
CCl,): 1.54 (d, 6H), 1.95 (s, 3H), 3.82 (s, 3H), 4.29 (q, 2H).

Treatment of ¢is-2,4-dimethyl-1,3,5-trithiane with butyl-
lithium followed by carbonation afforded ¢-4, ¢-6-dimethyl-
1,3,5-trithiane-r-2-carboxylic acid (2e), mp 165—166 °C
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(decomp.), as a sole product. Found: C, 34.35; H, 5.03;
S, 45.519,. Calcd for CgH,,0,S;: C, 34.26; H, 4.79; S,
45.73%. IR: 1695 cm™ (v5.o). H NMR (4, acetone-dg):
1.53 (d, 6H), 5.26 (s, IH). The carboxyl proton was obscured
because of the presence of water in the solvent.
t-4,t-6-Dimethyl- 1,3, 5-trithiane-r- 2-carboxylic Acid (2a).

¢-4,c-6-Dimethyl-1,3,5-trithiane-r-2-carboxylic ~ acid  (2e)
(0.2 g) was dissolved in 5 ml of dry acetonitrile and heated
at 80 °C with 0.1 ml of boron trifluoride etherate for 3 h.
The solvent was evaporated and the residue was shaken with
a mixture of 20 ml of ether and 10 ml of 1M hydrochloric
acid. Evaporation of the ether layer afforded a mixture of ca.
3: 2 2a and 2e which was extracted with carbon tetrachloride.
Concentration of the carbon tetrachloride solution followed
by standing afforded ca. 0.05 g (25%,) of 2a, mp 114—115 °C.
Found: C, 33.99; H, 4.76%. Calcd for C¢H,0,S,: C, 34.26;
H, 4.79%,. IR: 1685 cm™ (vo_o). H NMR (8, CCl,): 1.50
(d, 6H), 4.76 (q, 2H), 4.58 (s, 1H), ca. 11.5 (s, 1H).

2,c-4,c-6- Trimethyl- 1,3, 5-trithiane-r- 2-carboxylic Acid (1a), mp
135.0—135.5 °C, was similarly prepared by heating 2.0 g
of 1le with 10 ml of boron trifluoride etherate at 60 °C in
75%, yield. Found: C, 37.32; H, 5.12; S, 42.44%,. Calcd
for C,H,,0,S;: C, 37.48; H, 5.39; S, 42.87%. IR:1690 cm™!
(voo). H NMR (4, CDCl,): 1.55 (d, 6H), 1.78 (s, 3H),
4.69 (q, 2H), ca. 10 (s, 1H).

The methyl ester (5a) melted at 33.5—34.5 °C. Found: C,
40.52; H, 5.84; S, 40.41%,. Calcd for CgH,,0,S;: C, 40.31;
H, 5.92; S, 40.35%. IR: 1728 cm™! (v.,). H NMR (6,
CCl,): 1.51 (d, 6H), 1.70 (s, 3H), 3.70 (s, 3H), 4.66 (q, 2H).

Egquilibration. Either of the equatorial or the axial
form of the substrate (0.2 g) was dissolved in 2 ml of an appro-
priate solvent, mixed with 0.031 ml (ca. 1/3 equivalent) of
boron trifluoride etherate, and allowed to stand at 2342 °C.
The progress of equilibration was followed by TH NMR spectra.
It took ca. 60 days for equilibration of 1 in acetonitrile which
required the longest time among the solvents used.

The analyses of the products were performed with integra-
tion of the TH NMR signals and the error is estimated to be
+29,. The esters were analyzed with vapor phase chromato-
graphy and the results are believed to be accurate within the
error of +0.5%,.

2-Phenylethynyl- 1, 3-dithiane (9). To a solution of 2.2 g
(18.5 mmol) of 1,3-dithiane in 20 ml of sodium-dried benzene
was added 2.7 g (20.3 mmol) of N-chlorosuccinimide during
a 15 min period at 20 °G under a nitrogen atmosphere. The
mixture was stirred for 15 min under the same conditions and
filtered. To this solution was added phenylethynylmagne-
sium bromide in ether which was prepared from 2.55 g (25
mmol) of phenylacetylene and isopropylmagnesium bromide
(from 3.25 g of isopropyl bromide, 0.7 g of magnesium and
50 ml of ether) at 35 °C. The mixture was stirred for 2 h at
room temperature and treated with dilute hydrochloric acid.
Extraction of the mixture with chloroform afforded 2.6 g of
crude 2-phenylethynyl-1,3-dithiane, which was purified by
chromatography on silica gel. Elution with benzene-hexane
(8:2) gave a pure compound, mp 54—55.5 °C in 359, yield.
Found: C, 65.40; H, 5.549,. Calcd for C;,H,,S,: C, 65.41;
H, 5.49%. IR: 2220 cm™ (vg=¢). H NMR (4, CCl,):
1.8—2.3 (m, 2H), 2.5—3.5 (m, 4H), 4.63 (s, 1H), 7.3 (m, 5H).

2-Phenylethynyl- 1,3, 5-trithiane (8), mp 66—67 °C, was similar-
ly prepared from 1,3,5-trithiane. Found: C, 55.17; H, 4.03;
S, 40.19%,. Calcd for Gy H,(S;3: C, 55.42; H, 4.23; S, 40.359%,.
IR: 2205 cm™! (vo=c). 'H NMR (6, CDCl,): 3.91 and 4.83
(q, J==14.5Hz, 4H), 5.04 (s, 1H), 7.39 (m, 5H).



November, 1975]

References

1) M. Fukunaga, K. Arai, H. Iwamura, and M. Oki,
This Bulletin, 45, 302 (1972).

2) A. A. Hartmann and E. L. Eliel, J. Amer. Chem. Soc.,
93, 2572 (1971).

3) E. L. Eliel and C. A. Giza, J. Org. Chem., 33, 3745
(1968) and references therein.

4) M. Oki, T. Sugawara, and H. Iwamura, This Bulletin,
47, 2457 (1974).

5) C. B. Anderson and D. T. Sepp, J. Org. Chem., 33,
3272 (1968).

6) E. Campaign, N. F. Chamberlain, and B. E. Edwards,
ibid., 27, 135 (1962).

7) J. M. Jackmann and S. Sternhell, “Applications of
Nuclear Magnetic Resonance Spectroscopy in Organic
Chemistry,” 2nd Ed., Pergamon Press, London (1969), p. 334.

8) E. L. Eliel, N. Allinger, S. J. Angyal, and G. A.

Anomeric Effect in Sulfur Heterocycles

3323

Morrison, ‘“Conformational Analysis,” Interscience Publishers,
New York (1965), pp. 439—441.

9) E. L. Eliel and M. C. Reese, J. Amer. Chem. Soc., 90,
1560 (1968).

10) This means that the inversion-barriers of these 1,3,5-
trithianes are about 11 kcal/mol, which is the standard value
for the exchange between two chair forms.

11) M. Fukunaga, Ph. D. thesis, The University of Tokyo
(1971).

12) J. Barrett and M. J. Hitch, Spectrochim. Acta, 25A, 407
(1969); L. K. Dyall and S. Winstein, ibid., 27A, 1619 (1971).

13) A. Sweigart and D. W. Turner, J. Amer. Chem. Soc.,
94, 5599 (1972).

14) S. David, O. Eisenstein, W. H. Hehre, L. Salem, and
R. Hoffmann, ibid., 95, 3806 (1973).

15) H. H. Jaffé, Chem. Revs., 53, 191 (1953).

16) W. F. Bailey and E. L. Eliel, J. Amer. Chem. Soc., 96,
1798 (1974).






