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Stereoselective syntheses of cis-2-deuterio- (7b), cis-2-methyl- (4b), cis-2-phenyl- (4¢), and trans-2-deuterio-
(7a), trans-2-methyl- (3b), and trans-2-phenyl-1,3-dithiane 1-oxide (3¢) are described. Oxidation of 2-methyl-1,3-
dithiane and 2-phenyl-1,3-dithiane with either sodium metaperiodate or m-chloroperoxybenzoic acid is consistent-
ly 92% stereoselective and gives pure 3b and 3¢ in good yield after recrystallization. The cis isomers 4b and 4¢, as
well as the specifically deuterated compounds 7a and 7h, were prepared by a reaction sequence involving stereospe-
cific trimethylsilyl cleavage from C(2) of a 1,3-dithiane 1-oxide as a key step. Oxidation of 2-deuterio-2-trimethylsi-'
lyl-1,3-dithiane (5b) occurred trans to the trimethylsilyl substituent (cis to deuterium). Cleavage of the trimethylsi-
lyl group with methanol-sodium methoxide occurred with retention of configuration at C(2) to give 7b. An analo-
gous process starting with 2-trimethylsilyl-1,3-dithiane (5a) and using CH30D in the cleavage step gave 7a. The
trimethylsilyl group was used as a stereospecifically removable substituent capable of influencing the stereoselecti-
vity of oxidation in a similar manner in the synthesis of 4b and 4c. It is suggested that NMR provides a simple indi-
cator of sulfoxide stereochemistry in 1,3-dithiane 1-oxides in certain circumstances. The chemical shift of the C(6)
equatorial proton is in the range 6 3.2-3.5 ppm for trans-2-monosubstituted 1,3-dithiane 1-oxides. The applicabili-
ty of the method is illustrated for the diastereomeric 2-(diphenylhydroxymethyl)-1,3-dithiane 1-oxides 3d and 4d.

Reactions involving carbanionic species stabilized by ad-
jacent sulfur, sulfoxide, and sulfone have been the subject of
numerous stereochemical investigations.! Recent emphasis
on synthetic applications has served to stimulate interest in
compounds containing two sulfur atoms.? In particular, the
lithiation and subsequent reactions of 1,3-dithiane,? 1,3-di-
thiane 1-oxide (1), methyl methylthiomethyl sulfoxide,? and
related ~SCH2S(0)- species® offer certain advantages in
synthetic operations which require a nucleophilic carbonyl
equivalent. The conformational properties of 1 have also at-
tracted attention from a number of investigators interested
in the interactions between polar groups in heterocyclic
molecules.” The conformer having the sulfoxide oxygen
equatorial is 0.63 kcal/mol more stable than the sulfoxide
oxygen-axial conformer at —81 °C.
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The metalation of 1 and subsequent reactions of its 2-lithio
derivative with several electrophiles have been reported.* It
was not possible, on the basis of the information available at
the time, to determine the stereochemical ¢ourses of these
reactions. The present work seeks to answer these questions.
The approach which was employed is described in two parts.
The first part is the subject of this paper and concerns the
stereochemical relationships and stereoselective syntheses
of the starting materials and products central to the study.
The second paper®2 reports the stereochemical course followed
in the metalation of 1 and reactions of 2-lithio-1,3-dithiane
1-oxide with electrophiles. A subsequent paper will present
a complete x-ray crystallographic study of the 1,3-dithiane
1-oxide system and will include several of the compounds
described in this paper.5?

4

Results and Discussion

The preparation of trans-2-alkyl- and trans-2-aryl-1,3-
dithiane 1-oxides presents no difficulties because oxidation
of 2-substituted 1,3-dithianes is highly stereoselective (eq 1).
Sodium metaperiodate oxidation of 2-tert-butyl-1,3-dithiane
(2a) has been reported to afford a 9:1 trans/cis mixture of
sulfoxides.’2° When 2-methyl-1,3-dithiane (2b) was oxidized

with either sodium metaperiodate in methanol-water or m-
chloroperoxybenzoic acid in dichloromethane, a 92:8 mixture
of diastereomers was obtained (analysis by liquid chroma-
tography using authentic samples to calibrate the detector).
The assignment of trans stereochemistry (3b) to the major
isomer follows by analogy to the oxidation of 2a to 3a, and by
the NMR spectra to be discussed later. An identical 92:8
trans/cis ratio was obtained on oxidation of 2-phenyl-1,3-
dithiane (2¢) with m-chloroperoxybenzoic acid. The config-
urational assighments to 3¢ and 4¢ were made on the same
basis as those of 3b and 4b and are further supported by single
crystal x-ray diffraction studies on each diastereomer.8? A
single recrystallization usually suffices to give 3b, mp 93-94
°C, and 3¢, mp 145-147 °C, in good yield.
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The identical direction and degree of stereoselectivity in
oxidation of 1,3-dithianes with sodium metaperiodate and
m-chloroperoxybenzoic acid contrasts markedly with that
observed in thianes.? In thiane oxidation, sodium metaper-
iodate gives primarily the more stable axial sulfoxide. Peroxy
acids give primarily equatorial thiane oxide, presumably
corresponding to oxygen transfer from the less hindered di-
rection. ‘

It was reasoned that entry could be gained to the cis series
of diastereomers (4b and 4¢) if C(2) bore a substituent which
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was sufficiently sterically demanding to direct oxidation trans
to itself, and which could be replaced by hydrogen stereo-
specifically with retention of configuration. A trimethylsilyl
substituent appeared a good candidate to meet both crite-
ria,'%!! and the scheme described by eq 2 was applied to the
synthesis of cis-2-methyl- (4b) and cis-2-phenyl-1,3-dithiane
1-oxide (4¢), as well as to the stereospecifically labeled cis- and
trans-2-deuterio-1,3-dithiane 1-oxides 7a and 7b.
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Oxidation of 2-trimethylsilyl-1,3-dithiane (5a) with sodium
metaperiodate in methanol-water (4 h, 5 °C) is highly ste-
reoselective, affording trans-2-trimethylsilyl-1,3-dithiane
1-oxide (6a) as a clear syrup in 92% vield. The stereoselectivity
of this reaction has been confirmed by x-ray diffraction
techniques using the corresponding 2-triphenylsilyl derivative
which is crystalline..12 Cleavage of the trimethylsilyl group
occurred readily on treatment of 6a with methanol-0O-d in the
presence of sodium methoxide (0.05 equiv, room temperature,
24 h) with complete retention of configuration at C(2) to give
trans-2-deuterio-1,3-dithiane 1-oxide (7a) cleanly in 71%
vield. The stereochemistry of deuterium incorporation can
be determined readily by NMR analysis.” The proton at C(2)
which is trans to oxygen, i.e., equatorial in the dominant
conformation, appears at lower field than the proton at C(2)
which is cis to oxygen (4 4.02 and 3.64 ppm, respectively). This
assignment can be made with confidence because it is the
low-field signal which is further split by long-range coupling,
and the required W orientation is met only when the proton
is equatorial. The product obtained exhibited a one-proton
signal (triplet, J = 1.8 Hz, due to geminal H-D coupling) at
3.6 ppm indicative of the C(2)-axial proton and showed no
signal for the C(2)-equatorial proton.

The analogous sequence beginning with 2-deuterio-2-tri-
methylsilyl-1,3-dithiane (5b) and using CH3OH in the
cleavage step gave cis-2-deuterio-1,3-dithiane 1-oxide (7b)
in 93% yield. NMR analysis confirmed its stereochemical in-
tegrity. Mass spectral analysis of 7a and 7b indicated that each
was >93% monodeuterated.

Application of the sequence to the synthesis of cis-2-
methyl-1,3-dithiane 1-oxide (4b) proceeded smoothly. Re-
action of 2-methyl-2-trimethylsilyl-1,3-dithiane (8) with so-
dium metaperiodate in methanol-water gave the sulfoxide 9
as a colorless oil in 85% yield. Analysis by NMR indicated that
9 was a single diastereomer. Treatment with methanol con-
taining ammonium hydroxide (8:1) at room temperature for
12 h gave 4b, mp 60-62 °C, in 77% yield.

The conversion of 2-phenyl-2-trimethylsilyl-1,3-dithiane
(10) to cis-2-phenyl-1,3-dithiane 1-oxide (4¢), mp 163.5-165.5
°C, proceeds in substantially lower overall yield (39%), pre-
sumably because the oxidation step is both more difficult and
less stereoselective. The phenyl and trimethylsilyl substitu-
ents are comparable in their preference for the equatorial
orientation.1° It is reasonable to expect oxidation to produce
comparable amounts of sulfoxide 11 and its diastereomer. The
trimethylsilyl group in 11 is, however, very labile and the best
conditions found (sodium metaperiodate in methanol-ace-
tonitrile—water, 20 °C, 40 h) also led to cleavage of the tri-
methylsilyl group after oxidation. It should be mentioned that,
in spite of the low absolute yield of 4c¢ isolated, the crude
product contained only about 2% of the trans isomer. We be-
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lieve that the high apparent stereoselectivity, as evidenced by
product isolation, is a consequence of a rapid decomposition
which takes place when a 2-trimethylsilyl group is cis to
sulfoxide oxygen in a 1,3-dithiane 1-oxide (eq 3).

S
(CHa)gsi\%Sy
(CHs)asl\%sy + ‘(CHa)asl\%sy )

decomposition ‘products

The thermal rearrangement of trimethylsilylmethyl sul-
foxides has been observed several times and is presumed to
involve fragmentation of a four-center intermediate or tran-
sition state (eq 4).13 A marked stereochemical dependence has
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been demonstrated, with one diastereomer of 1-trimethylsi-
lylethyl phenyl sulfoxide being quantitatively converted to
rearranged product after 1 h at 60 °C, and the other to the
extent of only 7%.13¢ It is possible that the cis-2-trimethylsi-
lyl-1,3-dithiane 1-oxide series shown in eq 3 rapidly undergoes
this rearrangement reaction to Pummerer or other products
which are, as yet, unidentified. The cis-2-substituted 1,3-
dithiane 1-oxides which are isolated are derived from the more
thermally stable trans-2-trimethylsilyl series of 1,3-dithiane
oxides. It is noteworthy that the lability of silylmethy! sul-
foxides is such that 6a (and 6b) and 9 are the first examples
of such compounds reported to have been prepared by direct
oxidation of silylmethyl thioethers.

As mentioned earlier, the stereochemical assignments have
been made by analogy to the reported stereoselective forma-
tion of 3a on oxidation of 2a.72¢ In addition, the structures of
3c and 4c have been rigorously confirmed by single crystal
x-ray diffraction techniques.? It would be desirable to have
available a simple physical method for distinguishing cis- and
trans-2-substituted 1,3-dithiane 1-oxides. Nuclear magnetic
resonance spectroscopy can be applied to stereochemical as-
signments of cis- and trans-2-substituted 1,3-dithiane 1-
oxides on the basis of previous observations? and the present
results. The trans compounds 3a, 3b, 3¢, and 6a (as well as the
2-triphenylsilyl analogue of 6a), as well as 1, all exhibit a
one-proton multiplet centered between é 3.2 and 3.5 ppm. This
signal has been assigned to the C(6)-equatorial protonin 1 (¢
3.32)7¢ and in 3a (6 3.38).7¢ The corresponding signal appears
at higher field in the cis series and is usually not clearly defined
but overlaps with the other ring protons. The observation of
a signal at 3.2-3.6 ppm, then may be taken as indicative of a
trans-2-substituted 1,3-dithiane 1-oxide. The chemical shift
of the C(8)-equatorial proton is sensitive to the torsional re-
lationship between the proton and the sulfoxide oxygen, and
the addition of a second substituent at C(2) apparently pro-
duces sufficient distortion of the ring to cause a shift of the
signal to higher field. The generalization is therefore limited
to monosubstituted derivatives. As an example of the appli-
cation of the relationship, the case of the oxidation of 2-
(diphenylhydroxymethyl)-1,3-dithiane (2d) is informative.
Participation of neighboring hydroxyl in influencing the
stereoselectivity of peroxy acid oxidations is well known, so
while predominant equatorial oxidation is likely it is not as-
sured.! Indeed, the ratio of diastereomers produced on oxi-
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dation with m-chloroperoxybenzoic acid was 3:1 by NMR
analysis. Oxidation with sodium metaperiodate gave a 4:1 ratio
of diastereomers. The NMR spectrum of the major diast-
ereomer was well resolved in the region § 2.7-4 ppm. A one-
proton signal appeared as a doublet of triplets (Jgem = 13,
Jgauche = 3.5 Hz) centered at 3.4 ppm, allowing the trans
stereochemistry (3d) to be assigned to the major diastereomer.
The corresponding multiplet is centered at 3.0 ppm in the
minor diastereomer, which is accordingly assigned the cis
stereochemistry 4d.

Experimental Section

Nuclear magnetic resonance (NMR) spectra were recorded on
Hitachi Perkin-Elmer R-20, Varian HA-100, and JEOL PS-FT
spectrometers in CDCls, and chemical shifts are reported in parts per
million () from internal tetramethylsilane. Infrared spectra (ir) were
obtained on a Perkin-Elmer 337 grating spectrometer as KBr disks
and were calibrated with either the 1601-cm™~1 or the 1028-cm™~! band
of polystyrene. Melting points are corrected and were measured on
a Thomas-Hoover apparatus. Boiling points are uncorrected. Mass
spectra were obtained using a Hitachi Perkin-Elmer RMU-6E spec-
trometer at an ionizing potential of 70 eV (15 eV for isotope analyses).
Liquid chromatography (L.C) analyses were performed on a Waters
Associates ALC-100 liquid chromatograph with a differential uv de-
tector (254 nm). In all experiments a microporasil column was used,
the solvent was 5% 2-propanol/methylene chloride, and the flow rate
was 1.0 ml/min. Relative peak areas were determined by weighing of
peaks cut from photostatic copies. The detector was calibrated using
authentic samples of pure isomers prepared as described in this paper.
Microanalyses were performed by Atlantic Microlab Inc., Atlanta,
Ga., and by Alfred Bernhardt, Engelskirchen, West Germany.

Oxidation of 2-Methyl-1,3-dithiane (2b). A. Sodium Meta-
periodate. Assolutionof 5.615 g (26.3:mmol).of sodium metaperiodate
in 52 ml of water was added dropwise to a solution of 3.3565 g (25.0
mmol) of 2-methyl-1,3-dithiane!® in 200 ml of methanol at —7 to 0 °C.
The resulting white slurry was stirred at —5 °C for 1 h, then refrig-
erated at 0 °C overnight. The precipitated sodium iodate was removed
by filtration and washed with chloroform, the chloroform being
combined with the filtrate. The solvent was removed in vacuo, and
the residue extracted with chloroform (2 X 100 ml). The combined
organic layers were washed with brine (2 X 100 ml) and dried over
potassium carbonate. A yellow-hued solid, 3.25 g, mp 81-88.5 °C, was
isolated. LC analysis of the material showed it to contain 92% trans-
(3b) and 8% cis- (4b) 2-methyl-1,3-dithiane 1-oxide.

Recrystallization from dichloromethane-ether gave 2.44 g (65%)
of 3b: mp 92-94 °C (lit. mp 93-94 °C);4 ir (KBr) 3400, 2910, 1430, 1410,
1294, 1270, 1236, 1190, 1170, 1116, 1050, 1010 (vs), 914, 870, 830, 750,
715, 688, and 650 cm~; NMR (CDCls, 100 MHz) 5 3.55 (q, 1,J = 7 Hz,
HCCHjy), 8.2-3.5 [m, 1, eq H at C(8)], 2.2-2.9 (m, 5, ring protons), 1.60
(d, 3, J = 7 Hz, CHy).

B. m-Chloroperoxybenzoic Acid. A solution of 1.34 g (10 mmol)
of 2b in 50 ml of dichloromethane was cooled in an ice bath while 2.03
g (10 mmol) of m-chloroperoxybenzoic acid in 75 ml of dichloro-
methane was slowly added. After standing for 12 h, the solution was
washed with two 50-ml portions of 10% sodium carbonate solution
and dried over magnesium sulfate. Evaporation of the solvent left 1.25
g of white solid, mp 77-88 °C, which on recrystallization from hex-
ane—dichloromethane gave 790 mg (53%) of trans-2-methyl-1,3-di-
thiane 1-oxide (3b) as white needles, mp 91-95 °C.

In a separate experiment, carried out at —15 to —20 °C, analysis
of the crude product by liquid chromatography showed a composition
of 92% 3b and 8% 4b.

Oxidation of 2-Phenyl-1,3-dithiane (2¢). A. Sodium Meta-
periodate. The procedure used was similar to that employed for the
oxidation of 2b described above. The reaction was carried out on a
10-mmol scale and the solvent used was 100 ml of methanol-dioxane
(9:1). The crude product (2.0 g), mp 139-142 °C, was recrystallized
from dichloromethane—cyclohexane to give 1.98 g (94%) of 3c: mp
140.5-142.5 °C; ir (KBr) 3400, 2900, 1490, 1440, 1420, 1290, 1270, 1175,
1060, 1030 (S==0), 750, 695, and 495 cm™~!; NMR (CDCl3) 6 7.35 (s,
5, aromatic), 4.5 (s, 1, C-2 H), 3.7-3.3 (m, 1, C-6 eq H), and 3.0-2.2 ppm
(m, 5, ring H); mass spectrum (70 eV) m/e (rel intensity) 212 (M*,
100), 196 (7), 163 (14), 135 (24), 122 (35), 121 (70), 106 (17), 91 (23),
90 (77).

The analytical sample, mp 145-147 °C, was obtained by recrys-
tallization from dichloromethane—cyclohexane.

Anal. Caled for C10H1208,: C, 56.57; H, 5.70; O, 7.52; S, 30.20.
Found: C, 56.52; H, 5.66; O, 7.37; S, 30.22.

J. Org. Chem., Vol. 41, No. 25, 1976 3977

B. m-Chloroperoxybenzoic Acid. A similar procedure to that
employed for 2b was followed, using 4.91 g (25 mmol) of 2¢'% and 5.08
g (25 mmol) of m-chloroperoxybenzoic acid in 210 ml of dichloro-
methane at —15 to —25 °C overnight. The crude product (5.56 g) was
a white solid, mp 123.5-134 °C. Liquid chromatographic analysis
showed it to consist of 92% trans- (3¢) and 8% cis-2-phenyl-1,3-di-
thiane l-oxide (4c). After recrystallizing from dichloromethane-
cyclohexane, 8.37 g (63%) of 3¢, mp 143.5~145 °C, was obtained.

Oxidation of 2-(Diphenylhydroxymethyl)-1,3-dithiane (2d).
These oxidations were performed on a 2-mmol scale.

A. Sodium Metaperiodate. The sodium metaperiodate was added
as a solution in 45 ml of water to a solution of 2d in 20 ml of 3:1
methanol-dioxane at 5 °C. Workup was as described for previous
periodate oxidations to give 661 mg of crude product, mp 141-144 °C
dec which appeared from its NMR spectrum to be a 4:1 mixture of 3d
and 4d. After recrystallizing from chloroform-cyclohexane, 537 mg
(84%) of white crystals, mp 131-133.5 °C, was obtained. This material
was dissolved in warm acetonitrile, allowed to cool, and applied to four
preparative TLC plates (silica gel). After allowing the acetonitrile to
evaporate overnight, the plates were developed twice with 9:1 carbon
tetrachloride-2-propanol to yield 3d (289 mg), mp 150-155 °C dec,
and 4d (127 mg), mp 159-160 °C dec. The melting points are highly
variable, and decomposition to a deep blue melt occurs for both dia-
stereomers.

The major diastereomer, trans-2-(diphenylhydroxymethyl)-1,3-
dithiane 1-oxide (3d), was recrystallized from chloroform-cyclohexane
to afford 250 mg of pure material: mp 123-125 °C dec; ir (KBr) 3360,
3050, 2940, 2910, 1500, 1450, 1425, 1390, 1290, 1270, 1230, 1185, 1030
(vs), 1120 (vs), 1000, 930, 905, 820, 790, 760, 740, 700, 685, and 635
cm~!; NMR (CDCls, 100 MHz) 6 7.9-7.5 (m, 2), 7.5-7.1 (m, 8), 5.85
(s,1,OH), 4.38 (s, 1, C-2 H), 3.6-3.1 (dt, 1, J = 13, 3 Hz, C-6 eq H),
3.1-2.7 (td, 1, J = 3.5, 13 Hz, C-6 ax H), 2.7-2.2 (m, 4, C-4, 5 ring
H). :
Anal. Caled for C17H130282: C, 64.12; H, 5.70; 8, 20.14. Found: C,
63.94; H, 5.55; S, 20.26.

The minor diastereomer assigned cis stereochemistry 4d had ir and
NMR spectra identical with those of the compound reported pre-
viously by Carlson:416 ir (KBr) 8400, 2920, 1500, 1450, 1050 (s), 1020,
990 (s), 970, 900, 780, 750, 735, 700, and 650 cm~!; NMR (CDCls) 6
7.7-1.1 (m, 10, aromatic), 4.80 and 4.68 [each a one-proton singlet, C(2)
H and OH], and 3.2-1.5 ppm (m, 6, CHy).

B. m-Chloroperoxybenzoic Acid. The oxidation was carried out
at —15 to —25 °C in 75 ml of dichloromethane. The crude product (450
mg), mp 123-129 °C, was a 3:1 mixture of 3d and 4d. Recrystallization
from ethanol gave 104 mg of white crystals, mp 134-136 °C dec, which
were at least 85% 3d by NMR.

Oxidation of 2-Trimethylsilyl-1,3-dithiane (5a) with Sodium
Metaperiodate. T'o 1.92 g (10 mmol) of 2-trimethylsilyl-1,3-dithiane
(52)17 in 90 ml of methanol was added a solution of 2.14 g (10 mmol)
of sodium metaperiodate in 20 ml of water while maintaining the
temperature below 10 °C, After 4 h at 4-6 °C the solution was allowed
to warm to room temperature and filtered. The methanol was removed
by evaporation and the residue partitioned between brine and chlo-
roform. Drying (sodium sulfate) and evaporation gave 1.91 g (92%)
of trans-2-trimethylsilyl-1,3-dithiane 1-oxide (6a) as a light yellow
oil: ir (neat) 2970, 2910, 1430, 1250, 1172, 1040 (S=0), 880, 850, 770,
730, 700, and 650 cm™~1; NMR (CDCl;) 6 3.4-3.2 (m, 1, C-6 eq H), 3.19
(8,1, C-2 H), 2.6-2.2 (m, 5, ring H), and 2.8 ppm (s 9, MesSi); mass
spectrum (70 eV) m/e (rel intensity) 208 (5), 193 (14), 165 (11), 199
(66), 87 (34), 83 (18), 75 (100), and 73 (59).

The analytical sample was obtained by preparative TLC on silica
gel using chloroform-ethanol (95:5) as the developing solvent.

Anal. Caled for C7H1608,8i: C, 40.34; H, 7.74; S, 30.77. Found: C,
40.17; H, 7.51, S, 30.72.

Cleavage of 2-Trimethylsilyl-1,3-dithiane 1-Oxide (6a) in
Methanol-O-d. A solution of 390 mg (1.87 mmol) of purified 6a in
25 ml of CH30D (Diaprep, 99%) containing sodium methoxide (5 mg,
0.09 mmol) was stirred under nitrogen at 25 °C for 24 h. The solvent
was removed and the residue was dissolved in chloroform (50 ml),
washed with water and brine, and dried with sodium sulfate. The
crude product was purified by preparative TLC on silica gel using
chloroform—ethanol (95:5) to afford 182 mg (71%) of material, mp
88-89 °C. NMR analysis showed the product to be trans-2-deu-
terio-1,3-dithiane 1-oxide (7a). The NMR spectrum was consistent
with all the deuterium being at the C-2 equatorial position. Recrys-
tallization from dichloromethane-cyclohexane gave 160 mg of white
crystals: mp 89-90.5 °C; ir (KBr) 2175 cm~! (C-D); mass spectral
analysis (15 eV) indicated 93.5% d 1, 6% do, and 0.5% d material.

Preparation of cis-2-Deuterio-1,3-dithiane 1-Oxide (7b). A
solution of 1.0 g (5.2 mmol) of 2-trimethylsilyl-1,3-dithiane (5a) in
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20 ml of tetrahydrofuran was cooled to —25 °C and metalated with
2.7 ml (5.8 mmol) of n-butyllithium (2.2 M in n-hexane). After 45 min
D70 was added, the solvent evaporated, and the residue taken up in
50 ml of ether and washed with water. The aqueous extracts were
washed with ether and the combined ether extracts dried over sodium
sulfate. The ether was evaporated to leave 855 mg of 2-deuterio-2-
trimethylsilyl-1,3-dithiane (5b) as a colorless oil. NMR analysis in-
dicated complete exchange of protium by deuterium at C(2).

Oxidation of 5b with sodium metaperiodate in methanol-water was
carried out as described for the conversion of 5a to 6a, and the re-
sulting sulfoxide dissolved in methanol and allowed to stand over-
night. The solvent and volatile products were removed under vacuum
to leave 563 mg (93%) of 7b, mp 84-86 °C. The product was recrys-
tallized from dichloromethane-cyclohexane to give 465 mg (76%) of
material, mp 89-90 °C. The NMR spectrum of 7b indicated exclusive
and complete deuterium incorporation at C(2) cis to the sulfoxide
oxygen. Mass spectral analysis (15 eV) gave an isotopic composition
of 1.3% do, 98.3% dy, and 0.4% d.

A similar reaction using 2-triphenylsilyl-2-deuterio-1,3-dithiane
1-oxide (319 mg, 0.79 mmol) afforded 95 mg (88%) of cis-2-deuterio-
1,3-dithiane 1-oxide (7b), mp 89-90 °C; mass spectral analysis indi-
cated 94% d and 6% do material.

Synthesis of cis-2-Methyl-1,3-dithiane 1-Oxide (4b). A. Oxi-
dation of 2-Methyl-2-trimethylsilyl-1,3-dithiane (8) with Sodium
Metaperiodate. Sodium metaperiodate (2.25 g, 10.5 mmol) was
dissolved in 22 ml of water and added to a solution of 2.06 g (10 mmol)
of 2-methyl-2-trimethylsilyl-1,3-dithiane!” (8) in 90 ml of methanol
while maintaining the temperature at —6 to —8 °C. A heavy white
precipitate formed rapidly. After stirring overnight at 10 °C, the so-
lution was allowed to warm to room temperature and filtered and the
methanol removed by evaporation. The residue was partitioned be-
tween brine and dichloromethane, dried (Na2S0,), and evaporated
to leave the sulfoxide 9 as a colorless oil (1.89 g, 85%): ir (CHClg, 5%)
3000, 1420, 1250, 1030 (s), 1020 (s), 880, and 850 cm™! (s); NMR
(CDCl3) 6 8.0-2.0 (m, 6, ring CHy), 1.70 (s, 3, CHa), 0.25 (s, 9,
SiMes).

The analytical sample was obtained by preparative TLC on silica
gel using 95:5 chloroform-ethanol.

Anal. Caled for CgH;308,8i: C, 43.20; H, 8.16; S, 28.83. Found: C,
43.05; H, 7.96; S, 28.63.

B. Methanol Cleavage of 9. After standing for 12 h, a solution of
9(2.60 g, 11.7 mmol) in 40 ml of methanol containing 5 ml of con-
centrated ammonium hydroxide was evaporated and the volatile
materials removed by vacuum pump to leave 1.78 g of soft, yellow-
ish-white solid. The crude product was recrystallized from ether
containing a trace of dichloromethane to give 1.36 g (77%) of cis-2-
methyl-1,3-dithiane 1-oxide (4b): mp 60-63 °C; ir (KBr) 3400, 2910,
1450, 1410, 1280, 1260, 1250, 1200, 1170, 1125, 1060, 1030 (vs), 1000,
900, 865, 830, 670, and 630 cm™!; NMR (CDCLs, 100 MHz) 6 3.86 (q,
1,J = 7 Hz, HCCH3;), 1.9-3.0 (m, 6, ring protons), and 1.63 ppm (d,
3,J = 7 Hz, CHjy).

The analytical sample, mp 60-62 °C, was obtained by recrystalli-
zation from ether.

Anal. Caled for CsH1908,: C, 39.97; H, 6.71; 8, 42.68. Found: C,
39.84; H, 6.77; S, 42.72.

Synthesis of cis-2-Phenyl-1,3-Dithiane 1-Oxide (4¢). 2-Phe-
nyl-2-trimethylsilyl-1,3-dithiane!? (10, 10.0 g, 37 mmol) was dissolved
in a mixture of 200 ml of acetonitrile and 200 ml of methanol. It was
necessary to heat on the steam bath to effect complete dissolution.
A solution of sodium periodate (8.4 g, 39 mmol) in 100 ml of water was
added dropwise at ca. 40 °C over a 10-min period. Midway through
the addition, a white precipitate (NalQg) formed. After stirring at
room temperature for 40 h, the reaction mixture was filtered, and the
white precipitate washed with chloroform. The chloroform washings
were combined with the yellow filtrate and the solvent removed in
vacuo. The residue was partitioned between 150 ml of brine and 150
ml of chloroform. The layers were separated, and the aqueous layer
extracted with 100- and 50-ml portions of chloroform. The combined
organic extracts were dried over sodium sulfate; evaporation of solvent
yielded 7.75 g of yellow solid, which was chromatographed on a column
containing 90 g of silica gel 60. Elution with n-pentane and carbon
tetrachloride gave 2.46 g of starting material. Further elution with 5%
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2-propanol/carbon tetrachloride afforded 727 mg of a cloudy, pale
yellow oil believed to be polymeric propylene disulfide!® on the basis
of its NMR spectrum. Elution with 8% 2-propanol/carbon tetra-
chloride gave 3.46 g (44%, 58% based upon recovered starting material)
of crude 4¢ as a white solid, mp 154-157.5 °C. The NMR spectrum
indicated the presence of approximately 2% trans-2-phenyl-1,3-di-
thiane 1-oxide. Recrystallization from dichloromethane-cyclohexane
afforded 3.06 g (39%, 51% based on recovered starting material) of
pure 4c¢: mp 163.5-165.5 °C; ir (KBr) 3400, 3030, 2900, 1500, 1450,
1420, 1050, 1040 (s), 1005, 910, 760, and 695 cm~1; NMR (CDCl;) &
2.2-3.4 (m, 5, ring H), 4.72 (s, 1, PhCH), and 7.2-7.5 ppm (broad s, 5
aromatic); mass spectrum (70 eV) m/e (rel intensity) 212 (77), 173
(14), 146 (14), 145 (24), 132 (40), 131 (79), 101 (40), and 100 (100).

Anal. Caled for C;oH1208s: C, 56.57; H, 5.70; S, 30.20. Found: C,
56.66; H, 5.78; S, 30.20.

The same product was obtained in 24% yield when the oxidation
was carried out with m-chloroperoxybenzoic acid in ether at reflux.

Registry No.—2b, 6007-26-7; 2¢, 5425-44-5; 2d, 5849-23-0; 3b,
60349-75-9; 3¢, 60349-76-0; 3d, 60349-77-1; 4b, 60349-78-2; 4c,
60349-79-3; 4d, 60349-80-6; 5a, 13411-42-2; 5b, 60349-81-7; 6a,
60349-82-8; 6b, 60349-83-9; 7a, 60349-84-0; 7bh, 60349-85-1; 8,
13411-43-3; 9, 60349-86-2; 10, 13411-45-5; sodium metaperiodate,
7790-28-5; m-chloroperoxybenzoic acid, 937-14-4; 2-triphenylsilyl-
2-deuterio-1,3-dithiane 1-oxide, 60349-87-3.
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