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for the equatorial CHs0 groups, and 6.48 (Jap = 10.8 cps) for
the apical CH30 group. The spectra were also examined in
CDCI; from 30 to —70°.
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Allylsulfenyl chloride and methallylsulfenyl chloride are proposed as reactive intermediates formed from the

chlorination of the corresponding disulfides.
(chloromethyl)-1,4-dithianes in good yield.

Simple aliphatic sulfenyl chlorides react with terminal
olefins to preferentially produce B-chloro thio ethers
with chlorine on the terminal carbon (anti-Markovnikov
addition, eq 1).2 This preferred direction of addition
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generally occurs in the absence of certain special sub-
stituents which reverse the direction of episulfonium ion
ring opening and tend to favor Markovnikov addition.?
Allylic sulfenyl halides are unusual in the sense that
they contain both a sulfenyl chloride group and a reac-
tive olefin site in the same molecule, and as such eould
exist only as transient reaction intermediates. How-
ever, both the sulfenyl chloride and olefinic portions of
such a molecule are analogous to the simple sulfenyl
chloride—olefin system and should behave in the ex-
pected manner. Under the proper conditions, there-
fore, reaction of allylic sulfenyl halides should produce
cyclic dithiane derivatives (eq 2).
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Results and Discussion

Chlorination of dilute ‘solutions of allylic disulfides
provides a convenient synthesis of 1,4-dithiane con-
taining CICHy— groups in the 2 and 5 positions of the
ring. The reaction of methallyl disulfide (1) with sul-
furyl chloride produced a dimer or methallylsulfenyl
chloride in good yield (eq 3) along with a minor amount

CH, CH,
SOCl, + CH=CCH,SSCH,C=CH, —>
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cis 2
trans 3

(1) To whom inquiries should be directed.
(2) W. H. Mueller and P. E. Butler, J. Amer. Chem. Soc., 90, 2075 (1968).
(3) W. A. Thaler, W. H. Mueller, and P. E. Butler, ibid., 90, 2069 (1968).

Subsequent reactions of these intermediates produce 2,5-bis-

of oligomer. Elemental analysis and molecular weight
determination were consistent with the molecular for-
mula CsH,S:Cla.  Because of a difference in solubility
in chloroform, enriched fractions of the 2,5-bis(chloro-
methyl)-2,5-dimethyl-1,4-dithiane (2 and 3) isomers
could be obtained and identified by nmr analysis.

The nmr spectra of 2 and 3 have peaks (in a 2:2:3
ratio) characteristic for isolated methylene groups next
to both sulfur and chlorine and for a tertiary methyl
group adjacent to sulfur.# The axial and equatorial
protons of the ring methylene groups are chemically
shifted (see Figure 1) owing to their different magnetic
environments and appear as a pair of AB doublets.
The methylene protons next to chlorine are likewise
nonequivalent owing to their proximity to the asym-
metric center and also comprise an AB system. The
isolated tertiary methyl groups are three-proton singlets
as expected. Taken together with the physical and
chemical evidence, the nmr data provide convincing
evidence for the isomerie dithiane structures for 2 and 3
(TableI).
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NMR DATA FOR 2 AND 3¢
Desig-
Chemical nation
shift, (Figure
Compd Protons & (ppm) 2) Multiplicity (J, cps)
2 CH; 1.46 (3H) ]
2.97 (1 H) He d(J, = 14.5)
CH.S {2.80 (1 H) H: d
3.56 (1 H) Hy, d(J,=10.8)
CH’C‘{3.98 (1 H) H, d
3 CH; 1.31(3H) S
CH.S ax 2.97 (1 H) H, dd (J,=14.54J = 1.3)
> leq 2.80 (1 H) Hy d
n 3.58 (1 H) H, d(J,=10.6)
CH:Cl\, 4 46 (1 H) Hy, dd

e g, singlet; d, doublet; t, triplet; n, endo; x, exo, ax, axial;
eq, equatorial.

(4) P. E. Butler, W. H. Mueller, and J. J. R. Reed, Environ. Sci. Tech., 1,
315 (1967).
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Figure 1.—The 100-Mcps nmr spectrum of cis- and trans-2,5-
dichloromethyl-2,5-dimethyl-1,4-dithiane.

The stereochemical assignment (cis for 2, trans for 3)
is based on the observation of a stereospecific long-range
coupling through four o bonds observed in the spectrum
(see Figure 2) of the {rans isomer which implies a pre-
ferred conformation with the chloromethylene groups
axial [this coupling is absent in the averaged (ea = ae)
cis isomer]. The 4/ coupling of 1.3 cps between the
methylene proton next to chlorine (H,) and the methy-
lene proton next to sulfur (H,) in 3 can only operate
when these two groups are in a frans diaxial arrange-
ment with the protons in an extended zigzag or “W”
conformation.® Furthermore, it is apparent from the
specificity of the coupling that the preferred conforma-

He

S

H
Ha B0l Ha

tion of the ero-methylene group is such that chlorine
atom is lined up so that the direction of its dipole mo-
ment is frans coplanar to the direction of the C—S bond.
In this position, stereospecific coupling with only one of
the methylene protons is possible (the magnitude of the
coupling is somewhat larger than that expected for 4J
coupling between a freely rotating methyl group and an
axial proton®), as indicated by the well-known depen-
dence of long-range coupling on the dihedral angle be-
tween the coupling protons.”

Another unusual feature of the spectrum of the trans
isomer 3 is the rather large paramagnetic shift (~0.9
ppm) experienced by one of the methylene protons (Hy)
of the axial chloromethylene group. From a study of
the Dreiding model of 3 it is seen that this proton lies
under the plane of the ring in close proximity to both

(5) (&) J. Meinwald and A. Lewis, J. Amer, Chem. Soc., 88, 2760 (1961);
(b) K. B. Wiberg, B. R. Lowry, and B. J. Nist, tbid,, 84, 1564 (1962);
(¢) A. Rassat, C. W. Jifford, J. M. Lehn, and B, Waegell, Tetrahedron Leit.,
233 (1964).

(6) M. Barfield, J. Chem. Phys., 41, 3825 (1964).

(7) (a) M. Karplus, J. Amer. Chem. Soc., 88, 2870 (1963); (b) K. L.
Williamson and W, 8. Johnson, tbid., 83, 4623 (1961).
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Figure 2.—Partial 100-Mcps nmr spectrum of the methylene
proton region.

sulfur atoms. Compared with the frans isomer 3, a
similar downfield shift but of smaller magnitude (~0.2
ppm) is observed for the methyl group of the cis isomer
2, one of whose methyl groups resides in the axial posi-
tion (in reality an average chemical shift is observed for
this methyl group so that the magnitude of the down-
field shift is reduced).

As a result of the rapid flipping of the ring between
the two most stable conformations (ae = ea) in the cis
isomer, an averaged spectrum results. In this situa-
tion spectral features peculiar to axial substituents such
as the long-range coupling and the low field shift of pro-
tons under the ring are “‘averaged out” by ring inver-
sion. No long-range coupling is resolved although the
line widths of the pertinent protons are somewhat
broad. It is apparent from the low field shift of one of
the chloromethylene protons (Hg) that the chlorine
group when in the axial position opposes the C~S dipole
in analogy to the trans isomer.

The proton assignments and long-range couplings
were confirmed by several frequency sweep decoupling
experiments. Irradiation of H, collapsed Hy to a
singlet and also eliminated the long-range coupling with
H, which produced an AB doublet of equal intensity to
H,y. Conversely, irradiation of H, eliminated the long-
range coupling in H,. In regard to the cis isomer,
mutual coupling between the AB systems of the ring
methylene protons (He and H;) and between the chloro-
methylene protons (H; and H,) were confirmed by spin
decoupling experiments.

Treatment of allyl disulfide with sulfuryl chloride
leads to a mixture of the isomeric dithianes (4). The
60-Mcps nmr spectrum of the mixture is quite compli-
cated owing to the overlapping of the two ABCXY sys-
tems. This problem isnot resolved at 100 Mcps. How-
ever, in analogy with assignments to 2 and 3, the low field
absorptions for a chloromethylene proton are in the axial
position and are not intense which is good evidence that
the major isomer has both chloromethyl groups in the
equatorial positions (trans-2,5-bis(chloromethyl)-1,4-
dithiane). At 100 Meps, the minor low field absorp-
tion appears as a double quartet consistent with a vir-
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tually coupled proton next to chlorine in the (ea = ae)
cisisomer. Thisisomer mixture was converted into the
corresponding diacetate derivative (eq 4) whose 100-
Meps gave additioual support to the above assignments;
however, it should be pointed out that these assign-
ments are tentative.

/[ j/ + 270COCH; —
CIH,C S

S _CH,0COCH,
g
CH,0COH,C~ S

Although the chemistry observed from the addition of
S0,Cl; to dilute solutions of allylic disulfide can be ade-
quately explained by the dimerization of two allylic sul-
fenyl chloride molecules (eq 1), it is more likely that the
allylic sulfenyl chloride reacts with the allylic disulfide
which is present in higher concentrations under these
reaction conditions (eq 5a and 5b). Subsequent chlo-

(CH,==CHCH,S), + SOCl, —
CH=~CHCH,SCI +

2CH,~=CHCH,SCI (5a)
(CH;==CHCH,S), —

__SCH,CH=CH,
cicH,CHZ (5b)
CH,SSCH,CH=CH,
_ H,CH=CH,
CICH20H<SC ’ + 0,0, —

CH,SSCH,CH==CH,
SCH,CH==CH,
CH / 2 2

CICH,CHT_ + CH=~=CHCH,SCl + 80, (5¢)
CH,SCl
CICH,\[zW Sj/cmm
== /E (5d
| CH=CH, con,” S )
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rinolysis of the disulfide followed by intramolecular addi-
tion of the sulfenyl chloride intermediates to the double
bond would produce the 1,4-dithiane system (eq 5¢ and
5d). Conditions such that both the sulfuryl chloride
and disulfide were added simultaneously to the reaction
medium were not tried, but could conceivably have
favored reaction by two molecules of the allylic sul-
fenyl halide. However, distinction between the two
possible pathways (eq 1 or eq 5) would not be possible.
The longer lifetime of the allylie sulfeny! chloride under
these conditions would, however, enhance the possibil-
ity of unimolecular reaction (eq 6). If such episulfides

S
AR
CH;=~=CHCH,SC| —» CICH.CH—CH, 6)

were formed they would undoubtedly be consumed by
subsequent reaction with sulfuryl chloride and sulfenyl
chloride. A third alternative, the addition of disulfide
to sulfuryl chloride, also presents difficulties, since chlo-
rination of the double bond by the excess chlorinating
agent can also take place.

Dilute solutions were used throughout this work to
favor cyclization over polymerization, and no attempt
was made to ascertain the influence of concentration on
the relative yield of dithiane and oligomer.
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Dithianes produced in this study contain reactive
chlorine substituents 8 to a thio ether group and are
useful for the preparation of difunctional products via
nucleophilic displacements (eq 4).

Experimental Section

2,5-Bis(chloromethyl)-2,5-dimethyl-1,4-dithiane —Sulfuryl
chloride (64 g, 0.5 mol) was added dropwise to a stirred solution
of 87.2 g (0.5 mol) of methallyl disulfide in 2500 m] of methylene
chloride containing 1.0 g of CaCO;. The reaction was main-
tained at —20° during the addition and stored at —15° over-
night. The solution was filtered and the solvent was removed by
means of a rotary evaporator, yielding 118 g (96%) of crude
product. Sublimation at high vacuum (diffusion pump) gave a
73% yield of a semisolid product.
Anal. Caled for C:H,S:Cl: C, 39.18; H, 5.75; 8, 26.15;
mol wt, 245. Found: C, 38.88; H, 5.62; S, 26.62 mol wt, 268.
A small quantity of the crude product mixture was filtered
to obtain solid product and the liquid filtrate was then distilled
giving a solid distillate and a clear glassy residue. The liquid
filtrate is apparently composed of dithiane and higher oligomer.
Analyses are given in Table II.

TaBLE II
rr—— -Analyses, 7p—
(o} H S Cl1 Mol wt
CsH148:Cl, 39.19 5.75 26.15 28.92 245
Filtered solid 39.11 5.80 26.23 29.13 239
Filtrate 39.07 5.90 26.22 29.30 360
Distilled filtrate 39.01 5.91 241
Glassy residue 38.43 5.75 462

2,5-Bis(chloromethyl)-1,4-dithiane.—To a stirred solution of
73.1 g (0.5 mol) of allyl disulfide in 2500 m! of methylene chloride
containing 1.0 g of CaCO;, 87.5 g (0.05 mol) of sulfuryl chloride
was added dropwise while the temperature was maintained at
—20°. The reaction mixture was stored overnight at —15°
at which time the solution was colorless. The solution was
filtered and methylene chloride was stripped off yielding 108 g
(999%,) of erude product.

Anal. Caled for CgH,S:Cle:  C, 33.18; H, 4.64; Cl, 32.66;
S, 20.53; mol wt, 217. Found: C, 33.47; H, 4.68; S, 29.98;
mol wt, 288.

A portion of the crude product (19.5 g) was distilled at 0.025-
mm pressure. The first fraction (bp 103-110°) weighed 12.35 g,
the second fraction (bp 110°) weighed 1.01 g (699, yield), and
the remaining residue weighed 3.38 g.

Anal. Found for fraction 1: C, 33.59; H, 3.65; Cl, 32.58;
S, 29.43; mol wt, 220. Found for fraction 2: C, 33.06; H,
4.78; Cl, 32.54; 8, 29.05; mol wt, 225.

2,5-Bis(acetoxymethyl)-1,4-dithiane.—A solution of 10.9 g
(0.05 mol) of 2,5-bis(chloromethyl)-1,4-dithiane in 25 ml of acetic
acid was stirred with 12.3 g (0.15 mol) of sodium acetate for 20
hr at 60°. The acetic acid was removed on a rotary evaporator,
and 2 N NaOH solution was added to the cooled product until
the excess acidity was neutralized. The aqueous solution was
extracted with methylene chloride, dried, and filtered, and the
solvent was evaporated yielding 10.9 g (829,) of crude product.
Distillation [125-130° (0.01 mm)] gave a 769, yield of product.

Anal. Calcd for CmHmO‘SzZ C, 45.45; H, 610} S, 24.22.
Found: C, 45.86; H, 6.21; S, 24.41.

Registry No.—2, 21273-20-1; 3, 21273-21-2; 4
(cis), 21273-22-3; 4 (trans), 21273-46-1; 2,5-bis-
(acetoxymethyl)-1,4-dithiane (cis), 21273-23-4; 2,5-bis~
(acetoxymethyl)-1,4-dithiane (frans), 21273-47-2.
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