3258

from acetone—ether furnished the analytical specimen, m.p.
102-104°.

Anal. Calcd. for CmH1sNzO4: C, 571, H, 64, N, 11.1.
Found: C, 56.9; H,6.4; N, 11.1.

B.—A solution of ITI (0.5 g.) in pyridine (3 ml.) and acetic
anhydride (3 ml.) was heated on the steam bath for 90 min. and
the reaction mixture was then evaporated to dryness under re-
duced pressure. Crystallization of the residual yellow gum from
acetone—ether afforded the title compound, m.p. 103-104°.
This did not depress the melting point of a specimen prepared by
method A, m.m.p. 102-104°.

3-Amino-2-cyanobenzyl Acetate.—The diacetate I1 (1.0g.)ina
25-ml. flagk fitted with a distillation apparatus was immersed in
an oil bath at 195°. A vacuum of 160 mm. was maintained in the
apparatus by means of a water pump, nitrogen being aspirated
through the system. The temperature of the oil bath was raised
to 215° and, during 25 min., acetic acid (0.87 g., theoretical yield)
distilled out. The pot residue, dark brown in color, crystallized
on cooling. This was taken up in methylene chloride (25 ml.)
and percolated through a column of silica gel. (25 g.). Elution
of the column with methylene chloride containing 209% ethyl
acetate afforded a pale yellow product which crystallized from
ether-petroleum ether (b.p. 30-60°) as yellow plates, m.p. 63—
64° (2.6 g., 839). Two further crystallizations from the same
solvent mixture led to the pure compound, m.p. 66°.

Anal. Caled. for ClonNzOzZ C, 632, H, 5.3; N, 14.7.
Found: C, 63.2; H, 5.2; N, 14.7.

7-Aminophthalide.—3-Amino-2-cyanobenzyl acetate (0.25 g.)
was dissolved in 6 N hydrochlorie acid (10 ml.) and the solution
was heated on a steam bath for 24 hr. The liquid was then evap-
orated to dryness under reduced pressure and the resulting
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solid was triturated with sodium hydrogen carbonate solution.
Removal of the solid by filtration gave an almost white product
(0.256 g.) which when recrystallized from ether led to 7-amino-
phthalide as small, white, diamond-shaped crystals, m.p. 122°.
One further recrystallization from ether gave the analytical sam-
ple, m.p. 122.5-123°.

Anal. Caled. for CsH;NO,: C,64.4; H,4.7; N,9.4.
C,64.3; H,4.8; N,9.3.

7-Hydroxyphthalide.—7-Aminophthalide (0.2 g.) was dissolved
in a mixture of sulfuric acid (3.04 g.) and water (20 ml.) and
diazotized at —5° with a solution of sodium nitrite (95 mg.) in
water (5 ml.) during 8 min. The mixture was then stirred below
0° for 1 hr. and excess nitrous acid was decomposed thereafter
by the addition of a small amount of urea. The liquid was then
heated on a steam bath for 1.5 hr. and filtered while hot to remove
a trace of a bright red precipitate. The filtrate on cooling de-
posited a crop of fine, needle-shaped crystals (0.153 g.) which
were removed, dissolved in methylene chloride (5 ml.), and per-
colated through a column of alumina (3 g.). Elution with
methylene chloride (40 ml.) gave white material which when re-
crystallized from ether-petroleum ether (b.p. 30-60°) afforded
pure 7-hydroxyphthalide as colorless prisms, m.p. 135-136°.
A mixture melting point of this material with an authentic sample
prepared according to Blair, et al.,' showed no depression, m.m.p.
135-136°. The infrared spectra of the two specimens were also
identical.
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The principal route for the stereospecific desulfurization of 2-butene episulfides with methy! iodide involves

the following sequence of intermediates:

episulfonium salt, g-lodosulfide, g-iodosulfonium iodide.

When

methyl bromide was used as the alkylating agent, the sulfide and sulfonium bromide could be isolated. These
were also converted to butene when treated with iodide ion or iodine under the original reaction conditions. All
elimination reactions were highly stereospecific except that between iodide ion and the g-bromosulfonium bro-

mides.

The exceptional situation probably involves a bromide ion induced racemization via a vinylsulfonium

intermediate or epimerization vie nucleophilic displacement of the secondary bromide.

In an earlier report on the desulfurization of 2-butene
episulfides, the mechanism was discussed in terms of the
observed stereospecific formation of 2-butene corre-
sponding to the starting episulfide.* The route proposed
by Culvenor, Davies, and Heath* for olefin formation
(eq. 1, 2, and 4) could be modified by substituting an
alternate iodide-induced elimination (eq. 3).

Attempts to isolate any of the proposed intermediates
2, 3, and 4, were unsuccessful, probably because of the
high reactivity of iodide ion as a nucleophile and iodine-
containing organic compounds as substrates. How-
ever, it seemed feasible to block the process and accu-
mulate one or more of the intermediates by using methyl
bromide in place of methyl iodide, for bromide ion
should not be expected to be involved in an elimination

(1) This work was supported in part by a grant from the Petroleum
Research Fund administered by the American Chemical Society and by
Grant GM 8185 from the National Institutes of Health, U. 8. Public
Health Service. Grateful acknowledgment is hereby made to the grant-
ing institutions.

(2) Abstracted in part from the Ph.D, Thesis of D. J. Pettitt, March,
1964.

(3) G. K. Helmkamp and D. J. Pettitt, J. Org. Chem., 25, 1754 (1960).

(4) C. J. Culvenor, W. Davies, and N. 8. Heath, J. Chem. Soc., 282
(1949).
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reaction of the type shown in the last step of either
mechanistic route. It would seem most likely that in-
termediate 4 should accumulate.

When cis-2-butene episulfide was allowed to react
with methyl bromide in acetonitrile at room temperature
(eq. 5), the threo-g-bromosulfonium bromide (6) slowly
precipitated as large, white crystals. After a reaction
time of 18 days the yield of solid was 479%,. Evapora-
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tion of the solvent left a colorless oil that was identified
as threo-2-bromo-3-methylthiobutane (5). A similar
reaction with trans-2-butene episulfide (eq. 6) gave the
corresponding erythro isomers 7 and 8. Optically
active (S8)(—)-2-butene episulfide®® yielded (RS)(—)-
2-bromo-3-methylthiobutane and (RS)(—)-2-bromo-
3-dimethylsulfoniobutane bromide.

il i
CH;Br Br—C—H Br—C—H

1 — + - (5)
H—-(l}—SCHs H_C]—S (CHa)zB).‘
CH3 CHS
5 6
CH, CH,
CH, , '
CH;3Br H—(T—Br + H—(|J—Br ®)
k ?C[ H, H—(‘J—SCHa ’H—CI—S+(CHs)zBr'
S CHs, CH,
7 8

Cyclohexene sulfide and excess methyl bromide (eq.
7) in acetonitrile produced frans-1-bromo-2-dimethyl-
sulfoniocyclohexane bromide (9) in 419, yield after 4
days. However, the sulfide precursor was not isolated.

Qgﬁ’ g

S S™(CHa):Br~

Evidence for the structure of the produets from the
reaction between the episulfides and methyl bromide is
provided by syntheses of the sulfides 5 and 7 from meth-
anesulfenyl bromide and cis- and trans-2-butene, re-
spectively. The stereochemistry of the products is as-
signed on the basis of kinetic and stereochemical data of
Kharasch, et al.,”® which indicates that the reaction of
sulfenyl halides with olefins is a irans, ionic addition.

In an attempt to isolate an episulfonium salt related
to 2, it was found that the use of methyl nitrate, methyl
sulfate, or methyl m-nitrobenzenesulfonate in the
alkylation of episulfides led to none of the characteristic
intermediates. In general, the major product was poly-
mer. Apparently, when the nucleophilicity of the anion
arising from the alkylating agent is reduced sufficiently,
the episulfide itself serves as an effective nucleophile for

(5) G. K. Helmkamp and N. Schnautz, Tetrahedron, 2, 304 (1958).

(6) C. C. Price and P. T. Kirk, J. Am. Chem. Soc., 78, 2396 (1953).

(7) N. R. Slobodkin and N. Kharasch, tbid., 82, 5837 (1960).

(8) K. D. Gundermann, Angew. Chem., Intern. Ed. Eng., 8, 674 (1863).
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opening the episulfonium ring. Although polymer was
not detected in the products from 2-butene episulfides
and methyl iodide in acetone or acetonitrile solvents,
cyclooctene sulfide polymerized rapidly under identical
conditions. A report on the isolation of complex mix-
tures from the reaction of ethylene and propylene sul-
fides with methyl iodide* %1° suggests that these prod-
ucts resulted from polymerization of the substrate.
Through the use of a very active alkylating agent with
an anion of low nucleophilicity and a highly hindered
substrate, an episulfonium salt could be isolated. When
cyclooctene episulfide was treated with trimethyloxo-
nium 2,4,6-trinitrobenzenesulfonate, the stable cyclo-
octene S-methylepisulfonium 2,4,6-trinitrobenzenesul-
fonate (10) was obtained.!!

NO,
O.N 80,

IS NO,
CH,

10

Elimination Reactions.—Each of the intermediates
isolated from various alkylation reactions of episulfides
was subjected to the reaction conditions for methyl
iodide desulfurization. In addition, other conditions
were investigated because it was shown that iodine (a
product of the reaction) could be directly involved in
the desulfurization of the episulfide,!? and iodide ion
could attack sulfur in episulfonium salts.!3

Stereospecific desulfurization of 5 and 7 occurred
upon treatment with iodine, sodium iodide, or methyl
iodide in refluxing acetone or acetonitrile (Table I).

TasLe

ButeENE COMPOSITION FROM REACTIONS OF
2-BROMO-3-METHYLTHIOBUTANES WITH loDINE, SobpruM IopipE,
aND METHYL loDIDE

~—Butene composition—

Isomer Reusgent Solvent %% cis % trans
threo, 5 I, Acetone 99.5 0.5
I, Acetonitrile 97.7 2.3
Nal Acetone 98.6 1.4
Nal Acetonitrile 97.9 2.1
CH;I Acetone 98.5 1.5
erythro, 7 L Acetone 1.1 98.9
Nal Acetone 2.2 97.8
Nal Acetonitrile 3.5 96.5

The starting sulfides were prepared from methanesul-
fenyl bromide and 2-butenes that contained 0.4-0.59 of
the contaminating stereoisomer. Butene yields were
estimated volumetrically. When the reactions appeared
to be complete, indicated by a negligible rate of bu-
tene production, aqueous thiosulfate was added for
determination of iodine. A pentane extract was an-
alyzed by gas chromatography in order to determine
the nature of the products containing sulfur.

In the reaction of 5 or 7 with iodine, a quantitative
yield of butene was obtained. Although an iodine-
sulfide ratio of 0.5 was sufficient to carry the reaction to

(9) M. Delepine, Compt. rend., 171, 36 (1920).

(10) M. Delepine and P. Jaffeux, ibid., 172, 158 (1921).

(11) D. J. Pettitt and G. K. Helmkamp, J. Org. Chem., 28, 2932 (1963).

(12) G. K. Helmkamp and D. J. Pettitt, 1bid., 87, 2942 (1962).
(13) D. J. Pettitt and G. K. Helmkamp, ibid., 29, 2702 (1964).
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completion, an equimolar amount of iodine was gener-
ally employed because of the observed shorter reaction
periods. Considerable tar formation was noted in ace-
tone as the solvent, but none was observed when the
reaction was carried out in acetonitrile. The sulfur
appeared in the product as methyl disulfide. The
mechanism of the process probably involves the initial
formation of a sulfur-iodine complex similar to 11,
followed by nucleophilic attack of iodide ion (or iodine)
on bromine to yield butene, methanesulfenyl iodide, and
iodine bromide (eq. 8). Disproportionation of the last
two products would provide continuous regeneration of
iodine and formation of methyl disulfide (eq. 9 and 10).

Br
I, CH; \"'H I- CH3\ CHs
N CHa N
H H
| CHS-p_ ;|
1 CH.SI + IBr (8)
2CH;SI —> CH,SSCH; + I (9)
21Br '\;‘:‘- I, -+ Br, (10)

As noted in Table I, sodium iodide was also effective
in quantitatively converting 5 and 7 to 2-butenes by an
over-all trans elimination. Yields of iodine, determined
by thiosulfate titration, were nearly quantitative,
and methyl disulfide was the only suifur-containing
product detected. The stereochemistry of the olefin
product is consistent with that expected for an iodide-
induced elimination resulting from nucleophilic attack
on sulfur (eq. 11) or bromine. However, it may also be
possible that an episulfonium salt 12 is involved, for

(Br

CH
CH; \\H CHQ\ / 8
HYN .~ o /‘C=C\ +
) 8 H H
CHaSP’?_
5 CH,SI + Br~ (11)

ring opening by iodide ion followed by elimination (eq.
12) or direct displacement of iodide ion on positively
charged sulfur (eq. 13) is also consistent with the data.
Nucleophilic attack at sulfur in the reaction of cyelo-
octene S-alkyl episulfonium 2,4,6-trinitrobenzenesulfo-
nates with iodide ion and mercaptide ion has been pro-
posed.!?

CHs; CHs CHs CHs
I"‘ I" AN /
53 = " = 3 /C=C +
3 Br H }{
|
CHs -
12 CHSI + I (12)
CHs CH,
CH, CHs
+ N/
s = o=( 4+ CHSL  (19)
&, T BoOH
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When the g-bromosulfide 5 was treated with methyl
iodide, cis-2-butene was formed in moderate yield.
Methyl bromide, methyl sulfide, and methyl disulfide
were also detected. Initial alkylation of the sulfide
with methyl iodide, followed by attack of iodide ion on
bromine, would yield olefin, methyl sulfide, and iodine
bromide Furthermore, iodine (from iodine bromide)
may react directly with 5 as described in eq. 8. DMethyl
bromide could arise through the reaction of bromide ion
with an S-methyl group of the sulfonium salt or from
iodine bromide and methyl iodide.

When the sulfonium bromides 6 and 8 in acetone were
heated under reflux with sodium iodide, high yields of
butenes were isolated. However, iodine was formed in
only 50-609; yield based on an attack of iodide on bro-
mine with concomitant loss of methyl sulfide. How-
ever, only a trace of methyl sulfide was found, but a
large quantity of methyl iodide was present. Nearly
all of the sulfur was present as methyl disulfide. The
data are rationalized in terms of a mechanism that in-
volves conversion of the sulfonium bromides 6 and 8 to
the corresponding sulfides prior to desulfurization. If
such a process was slower than an elimination reaction
illustrated by eq. 3, the major sulfur-containing mate-
rial would be methyl sulfide. Unlike the desulfuriza-
tion of sulfides, the reaction between iodide ion and the
sulfonium salts was not highly stereospecific. The
butene products invariably contained 10-209, of the
contaminating stereoisomer. Under the reaction condi-
tions, bromide ion may act as a moderately strong base!*
in bringing about dehydrohalogenation of the 8-bromo-
sulfonium compounds®®® (eq. 14). Michael addition

{CH,)8 CH,
Br- /
8 —> Cc=C (14)
/ N\
CH, H
13

to the vinylsulfonium salt 13 would yield diastereomeric
adduets whieh, in turn, would lead to isomeric butenes.
Alternatively, bromide ion is also a sufficiently good
nucleophile in acetone that it might cause epimeriza-
tion by SN2 displacement at the §-carbon atom.

Mechanism.—A great variety of routes are available
as potential mechanistic pathways for the desulfuriza-
tion of episulfides with methyl iodide. On the basis of
available data, a theoretical mechanistic sequence can-
not be assigned with a great deal of confidence. How-
ever, certain reactions can be excluded on the basis
of product analysis.

The reaction must be initiated by the formation of
an episulfonium salt because no other reasonable alter-
native seems feasible. Such a salt could be isolated only
in the special case of the cyclooctene derivative 10 but
that salt did lead to a conventional 8-bromosulfonium
compound (eq. 15) identical with that obtained from
the episulfide (eq. 16). The formation of cyclooctene
from the reaction of 10 or 14 with sodium iodide in
acetone excludes the possibility that 10 is a transan-
nular product.!!

(14) A.J. Parker, Quart. Rev. (London), 16, 175 (1962),

(15) W. von E. Doering and K. C. Schreiber, J. Am. Chem. Soc., 17,
514 (1955).

(16) G. Cilento, Chem. Rev., 60, 147 (1960).
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Q (1) HBr (15)
@ CH;Br
+
i?‘ st (CHa)gBr
CH,;
CH,Br (16)
S*(CH,);Br~

The sequence illustrated by eq. 2 is excluded because
there is no accumulation of 2,3-dibromobutane in the
analogous series with methyl bromide as the alkylating
agent. Consequently, the steps given in eq. 1 are fol-
lowed by those in eq. 3 and 4 until an appreciable
amount of iodine is formed. Subsequently, iodine may
bring about decomposition of the g-iodosulfide, 3, or the
B-iodosulfonium salt, 4, with formation of methyl di-
sulfide. The detection of the latter as a product of the
methyl iodide desulfurization supports the proposal
that at least one competing process is in operation.

Desulfurization of unchanged episulfide by iodine pro-
duced during the reaction appears to be negligible in the
butene cases, since elemental sulfur was not detected as
a reaction product.

As stated before, polymerization via interaction of
starting material and intermediates is a competing
processin certain instances. This competition, however,
is not related directly to desulfurization.

Experimental”

Butene Episulfides.—The meso, di, and optically active
butene episulfides were prepared by the thiourea method of
Bordwell and Andersen,® previously reported.®® The active
isomer had a specific rotation of {a]?*p —134.8° (neat) com-
pared with [a]®Dp —129.0°, the highest value previously re-
ported.’

Cyclohexene Episulfide.—The same procedure as that re-
ported!® was used except that a reaction time of 56, rather than
36 hr., was found necessary.

Cyclooctene Episulfide.—The method of Youtz and Perkins®
was used with modifications as described in a previous paper.!?

threo-2-Bromo-3-dimethylsulfoniobutane Bromide.—An am-
poule containing 6.0 g. (0.088 mole) of cis-2-butene episulfide
and 10 ml. of acetonitrile was cooled in a Dry Ice-acetone bath.
To this was added 20 g. (0.21 mole) of methyl bromide. The
ampoule was resealed and stored for 18 days at room tempera-
ture in the absence of light. The white solid that formed was
isolated by filtration and washed successively with ether and
petroleum ether (b.p. 60-80°): yield 8.8 g. Addition of ether
to the acetonitrile solvent precipitated an additional 1.2 g.
The crude salt was crystallized from 959 ethanol and air dried:
yield 8.9 g. (47%). Upon heating, the solid volatilized without
melting at 164-166°. Its analysis agreed with that expected
for the g-bromosulfonium salt.

Anal. Caled. for CeHBroS: C, 25.91; H, 5.08; Br, 57.48;
S, 11.53. Found: C, 26.20; H, 4.93; Br, 57.43; S, 11.39.

As an alternate method of preparation, a solution of 11.0
g. (0.060 mole) of threo-2-bromo-3-methylthiobutane and 20
g. (0.21 mole) of methyl bromide in 15 ml. of acetonitrile was
sealed in an ampoule. After 1 week at room temperature,
the white solid was collected by filtration and washed suc-
cessively with two 25-ml. portions of ether and one portion
of petroleum ether: yield 11.4 g. (689%). Crystallization

(17) Analyses were preformed by F. Geiger, Ontario, Calif., and A. Elek,
Los Angeles, Calif.

(18) F. G. Bordwell and H. M. Andersen, J. Am. Chem. Soc., 78, 4959
(1953).

(19) E. v. Tamelan, Org. Syn., 83, 39 (1952).

(20) M. A. Youtz and P. P. Perkins, J. Am. Chem. Soc., 81, 3508 (1929).
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from ethanol gave white crystals: yield 9.1 g. (54%), m.p.
164-166° (volatilization without melting).

erythro-2-Bromo-3-dimethylsulfoniobutane Bromide.—The pro-
cedure described for the threo isomer was applied to trans-2-
butene episulfide. The salt was crystallized from isopropyl
alcohol: yield 11.4 g. (60%). The product melted, turned
red, and immediately volatilized at 143-144°.

Anal. Caled. for CHyBrsS: C, 25.91; H, 5.08; Br,
57.48; S, 11.53. Found: C, 26.04; H, 5.21; Br, 57.60; S,
11.38.

The same product was obtained from the reaction of methyl
bromide with erythro-2-bromo-3-methylthiobutane. A solution
of 11.0 g. (0.060 mole) of the erythro sulfide and 20 g. (0.21 mole)
of methyl bromide in 15 ml. of acetonitrile was sealed in an am-
poule. After 1 week at room temperature, the white solid was
collected by filtration and washed successively with two 25-ml.
portions of ether and one portion of petroleum ether: yield 14.6
g. (87%), m.p. 137-139° dec. The salt was crystallized from
isopropyl alcohol, washed with pentane, and dried at reduced
pressure: yield 12.0 g. (72%), m.p. 142-144° (melted, turned
red, and volatilized).

(2R :3R)-2-Bromo-3-dimethylsulfoniobutane Bromide.—
Freshly distilled episulfide (5.2 g., 0.059 mole) was mixed with
13.0 g. (0.14 mole) of methy! bromide and 10 ml. of acetonitrile
in an ampoule. After 12 days the ampoule was opened and the
white solid was collected by filtration, washed successively
with ether and pentane, and air dried; crude yield, 8.4 g. (51%).
After two recrystallizations from propyl alcohol-ether, the prod-
uct melted at 134-136° with decomposition and had [«]?*p —58.3°
(c 0.0222, absolute methanol).

threo-2-Bromo-3-methylthiobutane.—A solution of 10.3 g.
(0.110 mole) of methyl disulfide in 250 ml. of methylene chloride
was placed in a dry, 500-ml., three-necked flask protected from
moisture. The flask was kept in a cold bath at —20 to —25°
and was protected from light during the subsequent reaction.
A solution of bromine (16.0 g., 0.100 mole) in 75 ml. of methylene
chloride was added dropwise over a 2-hr. period with moderate
stirring. The mixture was allowed to warm to —15° during a 1-
hr. period; then a slow stream of dry c¢s-2-butene was passed
into the solution with stirring. After about 0.5 hr. the complete
disappearance of the red color indicated completion of the re-
action. Most of the solvent was earefully removed by distilla-
tion through a vacuum-jacketed Vigreux column without allow-
ing the pot temperature to exceed 45°. The residual material
was distilled under reduced pressure: yield of colorless product,
32.6 g. (89.0%); b.p.43-44° (2 mm.); n®Dp 1.5140. The prod-
uct showed no decomposition after several weeks in an ampoule
kept at 5-10°.

Anal. Caled. for C;H; BrS: C, 32.77; H, 6.06; Br, 43.66.
Found: C, 32.34; H, 5.98; Br, 43.39.

erythro-2-Bromo-3-methylthiobutane.—The procedure de-
scribed for the previous synthesis was applied to trans-2-butene.
Distillation gave 29.9 g. (81.5%) of product: b.p. 41-42° (0.5
mm.), n%*p 1.5147. The structure of the product was verified
as described earlier by conversion of the compound to erythro-2-
bromo-3-dimethylsulfoniobutane bromide with methyl bromide.
threo-2-Bromo-3-methylthiobutane from cis-2-Butene Episul-
fide.—After the sulfonium salt was removed from the products
of the reaction of cis-2-butene episulfide with methyl bromide,
the residue was distilled under reduced pressure. A colorless,
viscous oil was isolated that had boiling point, refractive index
and infrared spectrum similar to those of the threo-2-bromo-3-
methylthiobutane prepared from cis-2-butene and methane-
sulfenyl bromide: yield 3.1 g. (25%), b.p. 48° (3 mm.), n®Dp
1.5142.

erythro-2-Bromo-3-methylthiobutane from trans-2-Butene Epi-
sulfide.—After the sulfonium salt was removed from the products
of the reaction of {rans-2-butene episulfide with methy! bromide,
the residue was distilled under reduced pressure: ‘yield of clear,
viscous oil, 1.8 g. (14%,); b.p. 43-44° (3 mm.); n2p 1.5150.
The boiling point, refractive index, and infrared spectrum were
comparable with those of erythro-2-bromo-3-methylthiobutane
prepared from frans-2-butene and methanesulfeny! bromide.

(2R:38)-2-Bromo-3-methylthiobutane from (SS)-2-Butene Epi-
sulfide.—An optically active product was obtained from the
residue of the reaction between the active episulfide and methyl
bromide: b.p. 40-41° (2 mm.), n%p 1.5160, d? 1.3571, [«]%D
—59.8° (neat).

trans-1-Bromo-2-dimethylsulfoniocyclohexane Bromide.—A
mixture of 3.0 g. (0.026 mole) of cyclohexene sulfide, 10 g. (0.10
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mole) of methyl bromide, and 10 ml. of acetonitrile was sealed in
an ampoule. After 4 days, the solid product was collected by
filtration, washed with ether and petroleum ether, and air-dried.
The yield of white needles was 3.3 g., m.p. 140-143°. One crys-
tallization from propyl alcohol-ether gave 2.9 g. (36.69;) of
purified product. The salt volatilized without melting when it
was heated in a capillary tube at 145-147°.

Anal. Caled. for CgH;¢Br.S: C, 31.60; H, 5.30; Br, 52.58.
Found: C, 31.34; H, 5.31; Br, 52.41.

Trimethyloxonium Trinitrobenzenesulfonate and Precursors.—
The oxonium salt was prepared by the diazomethane procedure
previously described.

Cyclooctene S-Methylepisulfonium 2,4,6-Trinitrobenzenesul-
fonate and Precursors.—The episulfonium salt was prepared
from trimethyloxonium trinitrobenzenesulfonate and cyclooctene
episulfide by a procedure previously described.!t

Elimination Reactions Using Iodine.—The reaction of threo-
2-bromo-3-methylthiobutane with iodine will serve as a model
for the various substrates as listed in Table I.

A 100-ml., three-necked flask was fitted with a glass stopper,
condenser, and nitrogen inlet tube reaching nearly to the bottom.
A delivery tube from the top of the condenser led to a 10-ml.
calibrated ampoule immersed in a Dry Ice-isopropyl alcohol
bath. The condenser was cooled with water at 10-15°, and the
reaction flask was heated with an oil bath at 3-5° above the boil-
ing point of the solvent.

To 3.66 g. (0.0200 mole) of sulfide in 20 ml. of acetone or aceto-
nitrile, 5.1 g. (0.020 mole) of iodine was added. The mixture
was heated under reflux for 5 hr. while a slow stream of nitrogen
was bubbled through the train. Although less iodine was ef-
fective in bringing about quantitative desulfurization, the
reaction period was longer. The volatile fraction (about 5 ml.)
was distilled into a second tube kept at —75°. The distillate
contained mostly butenes (yields, 1.4-1.8 ml., 75-989,). The
butenes were analyzed by gas chromatography on a 15-ft. column
of 259 G. E. “‘SF-96” silicone oil on firebrick at room tempera-
ture.

The solvent residue remaining in the reaction flask was diluted
with 100 ml. of 59, aqueous sodium thiosulfate and extracted
with 10 ml. of pentane. The pentane extract was analyzed for
the presence of methyl disulfide by chromatography on a 10-ft.
column of silicone oil on Fluoropak at 100°.

Elimination Reactions Using Sodium Iodide.—The apparatus
described for the iodine-induced eliminations was employed,
and the same general procedure for analysis was applied.

To a warm solution of 9.0 g. (0.060 mole) of sodium iodide in
60 ml. of acetonitrile, 3.7 g. (0.020 mole) of the g-bromosulfide

KinagsBURY

Vor. 29

was added. A large quantity of sodium bromide precipitated
immediately and the color of iodine appeared. Within 5 min.
the reaction mixture was black. The mixture was heated under
reflux with a slow stream of nitrogen flowing through the system.
After 1 hr., a 1.0-ml. sample of the solution required 5.5 ml. of
0.10 N sodium thiosulfate (829, of theory) to titrate the iodine
to a visual end point. After 4 hr., 5.7 ml. (849,) was required.
Todine yields varied from about 85-987 after 4 hr. Yields of
butenes were 1.8-2.0 ml. (97-101%,).

Methyl disulfide was detected by the extraction-chromatog-
raphy procedure described before.

Elimination Reactions Using Methyl Iodide.—To 3.7 g. (0.020
mole) of the B-bromosulfide in 25 ml, of acetonitrile, 5.7 g. (0.040
mole) of methyl iodide was added, and the solution was brought
to reflux temperature. The reaction mixture turned dark red
within 10 min. After 3 hr., the yield of iodine, determined by
thiosulfate titration, was 58%,. Lower yields of iodine (30-409})
were found with acetone solvent. Yields of butenes were 0.5-1.0
ml. (28-559%,).

A trace of methyl sulfide was detected in the volatile fraction.
Since methyl bromide and cis-2-butene were not adequately
separated by the ehromatographic column used for butenes, the
presence of methyl bromide in the butene fraction was verified
by adding a small excess of bromine to volatile products and
observing the disappearance of the frans-2-butene peak in the
chromatogram. The adjacent peak (in the position correspond-
ing to cis-2-butene and methyl bromide) remained strong.

Analysis by extraction—chromatography showed the presence
of a small amount of methyl disulfide.

trans-1-Bromo-2-dimethylsulfoniocyclooctane Bromide.—An-
hydrous hydrogen bromide (1.0 g.) was passed into 10 ml. of
acetonitrile containing 0.45 g. (0.0010 mole) of cyclooctane
S-methylepisulfonium 2,4,6-trinitrobenzenesulfonate. After 5.5
hr. the solvent and excess hydrogen bromide were removed
with a rotary evaporator and water aspirator. The residue was
washed with two 10-ml. portions of pentane. Evaporation
of the combined pentane washings at reduced pressure left a
clear oil. ’

A solution of the oil in 5 ml. of acetonitrile and 2 g. of methyl
bromide was placed in an ampoule and kept in the dark at room
temperature. After 5 days the ampoule was opened and the
white solid precipitate was isolated by filtration. After one
crystallization from isopropyl alcohol, the product had a melting
point of 147-148°; yield 0.11 g., 339,. A mixture melting point
of the product with a sample of frans-1-bromo-2-dimethylsulfon-
iocyclooctane bromide from cyclooctene sulfide and methyl
bromide!! was undepressed.
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Kinetic data on nucleophilic aromatic substitution in several systems are reported which have bearing on

the mechanism of catalysis by dimethyl sulfoxide and other dipolar aprotic solvents.

Significant rate increases

oceur even at low dimethyl sulfoxide concentrations where desolvation of the nucleophile is not an important

effect.

The rate increase per mole of dimethyl sulfoxide is due to changes in AH*; changes in AS* are slight.

Using substituted phenoxide molecules as nucleophiles, dimethyl sulfoxide concentration has little effect on p of

a Hammett p—o plot, although striking rate increases occur.
The rate increase per mole of dimethyl sulfoxide is relatively independent

the charge the nucleophile bears.

Dimethyl sulfoxide catalysis is independent of

of nucleophile or solvent system. The mechanism of dimethyl sulfoxide catalysis is thought to involve polari-
zation of the substrate by a random dimethyl sulfoxide molecule and rapid nucleophilic attack upon this species.
The change in solvent structure is thought to allow more rapid reaction rates where hydrogen-bond aceeptors

are present.

The dramatic increase in rates of nucleophilic or basic
attack by certain anions in aprotic solvents has been
the subject of considerable interest in recent years.!-*
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