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INTRODUCTION

The Diels-Alder diene synthesis (11,12,13,14)
is very important in the realm of organic chemistry.
Numerous.acyclicl, alicyclicz, hydroaromatic,
aromaticB, polynuclear aromatic¢, and heterocyclic
compounds, can be synthesized either directly in
one step or indirectly in a few steps from a diene
and a dienophile. Recently, the simpler 1,3-dienes
have received much attention (15,16). One aspect
of this interest is that the adduct formed from a
simple 1,3~diene and a dienophile which contains one
or more hetero-atoms yields a heterocyclic compound.
Most of the recent examples of such reactions are
listed here for comparison. 1In the case of 1,3-buta-
diene (a), formaldehyde (17,18,22), cyanogen, and
related nitriles (24,25,26,27), nitrosobenzene (50},

1 For example, the reverse diene synthesis; see

ref. 38,39.

A great number of caged structures have been
prepared, an example being the synthesis of
1,4,5,8-bis(endomethylene?decalin from
cyclopentadiene and acrolein (21).

3 For example, Butz (40,41) synthesized chrysene
from an enyne and maleic anhydride.
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thionylamines (23), and sulfur dioxide (42) as
dienophiles would give dihydropyrans (b)l, dihydro-
pyridines (c¢), dihydro-l,2-oxazines (d), dihydro-

1,2~thiazines (e), and 2,5-dihydrothiophenes (f),

respectively.
CH,=CH-CH=CH,
(a)
HCH
]
0
C-R N-g
il I
N 0
N-#
| | |
0 -R 0
N
2
(b) {e) (d) (e) (£)
1

Other by-products isolated are 4-vinyl-l,3-dioxane
(20) and trioxaperhydronaphthalenes (19).

2 In the skeleton formula (b) (cyeclohexene) and for
other formulas which appear throughout this dis=-
sertation the hydrogen atoms necessary to complete
the covalency of four for carbon are not shown
except where special emphasis is desired.



At the present time relatively little information
is available concerning the chemical properties of the
heterocyclic compounds pictured above. The ease with
which each of the above-mentioned heterocyclic com=-
pounds might be dehydrogenated would, of course, vary.
However, it has been found that the structure shown
in (f) is highly resistant toward dehydrogenationl;
whereas, the other systems undergo dehydrogenation with
relative ease., Thus, it would be possible to study the
chemical reactions of the system shown in (f) without
the difficulty attending dehydrogenation., The 2,5-di-
hydrothiophene 1,l1-dioxides (h) obtained from the
dienophile sulfur dioxide and simpler 1,3-dienes (g)

would serve for such a study.

CRy R R
V4

C -R +802 =."

ton N
N\ R%S R

1 1t is extremely difficult to prepare thiophene
1,1-dioxide (43). 3-iMethylthiophene 1,l-dioxide
is still unknown.



The selection of the adduct from 2-methyl-
1,3~-butadiene (isoprene) (I) and sulfur dioxide,
namely, 3-methyl-2,5-dihydrothiophene 1,l-dioxide
(isoprene sulfone)(II) as a starting point has many
advantages. Both 2-methyl-l,3-butadiene (I} and
sulfur dioxide are readily available commercially.
The adduct formed is a crystalline solid, quite re-
sistant to polymerization. Few reactions of this
substance have been explored, except for the early
work of Ligenberger (3,L4,37) which in many aspects
was shown to be erroneous. It is also noted that
this type of sulfone easily undergoes thermal dis-
sociation. The resulting 1,3-dienes thus obtained
from the compounds derived from II will be of great
interest, sinée at present only a limited number of

the simpler 1,3-dienes is known.,

—CH,
+ 502 ——
CH, CH, ~

(1) | (II)



Structurally, 3=-methyl-2,5-dihydrothiophene
1,1~dioxide (II) is an unsaturated cyclic sulfone con-
taining a sulfone linkage, two Ol -methylene groups,

a carbon-carbon double bond, and a side-chained methyl
group adjacent to the double bond. A study of the
chemical properties of this multifunctional molecule
is of value, since the structure permits several pos-
sibilities for chemical attack. The presence of
double bond and the adjacent side-chained methyl
group will make possible reactions such as ionic

type of addition or free radical attack. The pres=-
ence of a sulfone linkage and two A-methylene groups
should facilitate reactions such as metalations or
condensations. In most such cases, compounds closely
related to 2,5=-dihydrothiophene 1,l-dioxide (II)
should result. Further reactions or treatment, viz.,
pyrolysis, Diels-~Alder type reaction, alkylation,

may yield a considerable number of compounds.

The object of this investigation is the study of
the chemical reactions of 3-methyl«2,5-dihydrothio-
phene 1,l-dioxide (II} and its closely-related de-
rivatives. Different reactions such as ionic addi-

tion, free radical initiated reactions, Diels-Alder



reactions, retrogression, metalations and condensa-
tions, oxidation and reduction reactions, elimina-
tion reactions, salt formations, etc., will be
investigated. Such a broad approach should make
nunerous contributions to both theoretical and syn-
thetic organic chemistry. In view of the paucity
of data concerning the unsaturated cyclic sulfones,
such a fundamental investigation is obviously nec~
essary. The new compounds related to 2,5«dihydro-
thiophene 1,l~dioxide (II) obtained from these
studies may be of practical value. To cite a few:
derivatives from 2,5-dihydrothiophene 1,l-dioxide
have been employed as selective solvents (28,29),
therapeutic agents (30,31), plasticizers (32,33),
curing agent (34), dielectric material (35), and

as intermediates in the purification of unsaturated
hydrocarbons (36).

It is also to be noted that the nomenclature
adopted here is that suggested by E. J. Crane, editor
of Chemical Abstracts and chairman of the Nomenclature,
Spelling and Pronunciation Committee of the American
Chemical Society. Several names describing the same
compound have appeared in journals and patents. Some

are given in the following table.
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LITERATURE REVIEW

A patent (47) granted in 1910 disclosed that
crude 2-methyl-1l,3~butadiene (isoprene) when shaken
with a solution of sulfurous acid gave a white,
flaky solid. At that time this compound was known
as the sulfurous acid adduct of isoprene; however,
no other property was given. de Bruin (48) in 1914
was the first person to obtain a pure sample of
3-methyl-2, 5«-dihydrothiophene 1,l1-dioxide. This
compound resulted when equal amounts of sulfur di-
oxide and 2-methyl-l,3-butadiene were allowed to
stand in a sealed tube for 2 to 3 days. The molec~-
ular formula, C5H8802, proposed for this monomeric
sulfone, was supported by both elementary analysis
and molecular weight determination., The presence
of a double bond was indicated by the familiar
potassium permanganate test. There are three pos-
sible structures for this adduct, two of the 1,2«
addition type (ii,iii) and one of the 1l,4-addition

type {(i).



CH
3 CH3 ?H3
"" l \—7L CH=CH, CHp=C ~7
S S S
0» 0o 05
i ii iii

Eigenberger (3,4,37) reviewed the early work in this
field (51,52,53) and reported the isolation of an
isomer of 3-methyl-2,5-dihydrothiophene 1,l-dioxide
which melted 16° higher than the previously reported
sulfone. This new sulfone which is generally referred
to as the & —forml, was produced when the original sul-
fone, the & -form, was irradiated with ultraviolet
light or treated with a base. 1In 1931, Eigenberger
(37) reasoned that these two compounds were cis-trans

(geometric) isomers (iv,v). As a matter of fact,

CH H_
¢c=c¢ ° C~C

\ // CH3

H CHZ
/
\Z\\\

iv B ~-Form v & -Form

1 In Gigenberger's original article it was recorded
as B-form, ref. 37.
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Eigenberger ruled out the proposed formulas (ii) and
(iii) on the basis of this cis-trans isomerism indi-
cated by structures (iv) and (v).

Soon, this latter interpretation was found to be
falsel. Boeseken and van Zuydewijn (49) in 1934 first
reported that the ozonization product from the c| -sul~
fone (vi) contains an acetyl group. On this basis,
they proposed that the X -form (vi) is actually a
position ismoer of the r3~form (i). This relationship

was demonstrated as follows (54)., Ozonization of the

S

0y 0,

i P—Fom vi A ~-Form

For instance, 3-methyl-f-methoxy-2,5-dihydrothio-
phene 1,l-dioxide was reported as the dehydrobro-
mination product from 3-methyl-3,4-dibromotetra-
hydrothiophene 1,l-dioxide with methanolic sodium
methoxide. There is good evidence now that this
assignment of structure is inadequate due to the
migration of the double bond in the presence of

a strong base.
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ol~form (vi) would be expected to yield a keto
sulfonic acid (2-butanone-4-sulfonic acid, vii).
Its barium salt was isolated and the estimation of
the molecular weight of the acid was based on the

barium content of the salt. Further evidence for

CH CH
> o 2
3 CHy, - C = 0
. — |
5 fi2
2
803H
vi vii

the presence of this acetyl group was obtained by

the conversion of vii to the diacid viiil by the

?H3 0
2 ?H2 - C =20 2 ?H2 - g - 0
vii viii

+ 2 CHBrg + Ba(OH)a + 2 Hp0

1 The elementary analysis of this diacid viii did not
agree too well with the calculated value. The
author, ref. 54, attributed this fact to an im-
purity in the sample. The odor of bromoform was
detected.



haloform reaction using barium hypobromite. Further-
more, the presence of an acetyl group in the barium
salt of 2-butanone-if-sulfonic acid is supported by
the negative Schiff's test. In the presence of
Tollen's reagent the barium salt of vii showed
slightly reducing properties. This result has been
attributed to the presence of a small amount of the

aldehydosulfonic acid (ix) from a suggested third

CH, H
“ l 03 CHy = CH = C = 0
- l
s CH
0, 803H
b4 ix

isomer (x). The third isomer (x) should also be a
tautomer of both thecX - andf9 -forms; however, it

has not yet been isolated (55). A conclusive

CH CH CH
ll|3‘_—_,i_13:_—_’||l3

S S S
0, 0, 02

X i vi
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evidence for structure vi was obtained when Backer,
Strating, and Zuithoff (56) synthesized 2-butanone=-
L-sulfonic acid and compared its barium salt with
that obtained from the ozonolysis of vi. They found
that crystallographically these two barium salts were

identicall.

KO,SCH,0H + CH2(003?255)000H3
KOBSCHECH(60002H5)GOCH3

3772

KOBSGH20H2000H3

Ba (0330H2032000H3)2

Although there was evidence that the 3-methyl-
2, 5=dihydrothiophene l,l-dioxide has a 5-membered
cyeclic structure, yet it was short of conclusive

proofg. One difficulty in this respect, of course,

They also synthesized other isomeric four-carbon
ketosulfonic acids for comparison, e.g., 2-buta=-
none-3-sulfonic acid and 2-butanone-l-sulfonic
acid,

2 Backer and Blass (2) in 1942 indicated that the
ozonization product from 3-methyl-2,5-dihydro-
thiophene 1,l~-dioxide was acetonylsulfonylacetic
acid but no experimental work was given.
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was the lack of a simple procedure by which the 2,5~
dihydrothiophene 1,1-dioxides could be converted to a
known ring system. In general, sulfones are quite re-
sistant to reduction. The reduction of 2,5-dihydro-
thiophene 1,l1~-dioxide to the corresponding sulfide
results in the formation of polymeric substances (57).
The oxidation of 3-methylthiophene to the correspond-
ing sulfone has not been reported (58). However, it was
reported in 1932 that a thiophene derivative was sup=-
posedly obtained from 3,A~dimethyl-2, 5-dihydrothiophene

1,1-dioxide according to the following scheme (59).

CH, CH, OH OH
e [0] CHy CHy  2n  CHj CH,
— — ll ||
s s s
02 02

In 1953, the following reactions, which definitely
established the ring system, were reported (60,61).

Br Br

CHy CHy ¢co H CHjy 033 KOH CHj CHs
h ” Zn/HCl | l

5 s
0,



















































































































































































































































