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ABSTRACT

The thesis consists of three parts, Part A describes
the attempts to produce cyclooctatetraenes from 2-pyrones
by photochemfcal dimerization and subsequent thermal
decarboxylation, Irradiation of 2-pyrone gave dimers,
however, pyrolysis gave only a low yield of cycloocta-
tetraene, Irradiation of 4-methoxy-6-methyl|-2-pyrone in
benzene gave no dimer, but instead a polymer consisting
of cyclobutene carboxylic ester groups, Irradiation in
water, however, led to the formation of B-methyl gluta-
conic acids and mono esters, A proposed mechanism and
the fntermediates involved are discussed,

Part B describes the photolysis of B=keto sulfones,
The purpose of these irradiations was to produce sulfenes
by a Norrish Type II cleavage, The formation of vinyl
sulfonates on irradiation seemed to indicate such an
intermediate, However, frradiation of t-butyl acetony!
sulfone was also found to produce vinyl sulfonates, thus
ruling out the sulfene as an intermediate, This fact
along with the lack of effect of radical scavengers on
the vinyl sulfonate formation indicated an intramolecular

or solvent cage rearrangement instead, The other products
fif



fv
formed could be rationalized by a homolytic cleavage of
the carbon-sulfur bond p to the carbony! group,

Part C describes the hfgh temperature pyrolysis of
several thfetane 1,1-dioxides in the gas phase at very
short contact times, Pyroiysis of thietane 1,1=-dfoxides
gave olefinic products derived from the extrusion of
sulfur dioxide, Similarly, the 3-thietanone 1,61-dioxides
gave olefins resulting from extrusion of both sulfur
di oxi de and carbon monoxide, The thiete 1 ,1-dioxides,
however, formed different products depending on the
temperature, Pyrolysis at low temperatures gave cyclic
sulfinates, while pyrolysis at higher temperatures pro-
duced carbony| compounds plus sulfur monoxf de, Both
products can be rationalfzed by a vinyl sulfene inter-
mediate,

Thietano! 1,1-dioxide gave a variety of products,
two of which, acetone and propionaldehyde, resulted
from extrusfon of sulfur dioxide, The acrolein was
formed by an initial dehydration to the thiete 1,1-dioxide
whi ch was further pyrolysed, It was proposed that the
formation of acetaldehyde which was found in high yield
was the result of an electrocyclic ring opening to give

acetaldehyde and sulfene,
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PART I, THE PHOTOLYSIS OF SOME 2-PYRONES

A, INTRODUCTION
The formation of photodimers is one of the oldest

known reactions, As long ago as 1867, Fritzsdw(I), and

later Elbs(a) among others, noted that anthracene formed

an insoluble dimer when exposed in benzene solution to

sunlight, Since then, photocycloaddition reactions

have been applied to the synthesis of such compounds as

cubane(3), caryophy|lene(4), and ek=caryophyl lene alcohol(sz

and have been used in the synthesis of tropolones(6),

(7’8), bi cyclic and polycyclic systems(9’1o)
(11)

cyclobutanes . Since several extensive reviews

oxetans , and

(12-15)
have recently appeared, only a short discussion of the
pertinent material will be given here,

The formal methods of forming dimers can be divided
into three groups: a) a 1,2 cycloaddition to give cyclo-
butanes, b) a Diels-Alder combination to form six membered
rings, and c) a 1,4 cycloaddition of dienes, A single
product is not obtained in most cases, however, since
the stereochemical possibilities can be extremely large,
For example, a 1,2 addition fnvolving two cyclic olefins
could give rise to a total of 12 possible isomers depend-

ing on whether the addition was head=-to-head or head-to-
i
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3
tail with either a syn or anti configuration and a cis
or trans ring fusion, In most cases though, not all of
the possible fsomers are observed, and usually one or
two fsomers predominate,

The reasons for this dominance of a small number of
i somers are not entirely understood, although two of the
most important factors involved are the electron multi-
plicity of the reactant states and the polarizabiiity of
the solvent,

The importance of electron multiplicity has been
recognized for some time, For example, an excited state
fntermediate can react in a concerted manner with a
ground state singlet, whereas an excited triplet must
proceed via a two step mechanism with inversfon of the
electron spin intervening, An example of the effect of
electron multiplicity has been reported by Hammond(16).
He has shown that direct irradiation of coumarin 1 gave
only the symetrical head-to-head dimer 2, as a result
of réaction through an excited singlet intermediate,
Irradiation using a triplet sensitizer such as benzophen-
one, on the other hand, gave none of the dimer 2, but
rather the head-to-head dimer 3 and a head-to-taf! dimer
4.

With respect to the second factor, some work has
been carried out by Schenck(17), among others, who found
a direct relationship between the molar polarizability

of the solvent and the ratio of isomers obtained from

the photodimerization of acenaphthylene,
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The photodimerization of unsaturated heterocyclic
compounds has been studied by a number of groups, Taylor

(18-21) as well as others(za) have reported

and coworkers
the dimerization of a number of 2-pyridones 5 and 2-
aminopyridines §, on irradfation, However, the products,
fn all cases, have been fdentified as the 1,4 dimers 7
and 8, both of which have the head=-to-tall configuration,
(23)

Padwa and Hartman have also reported a dimeriza-
tion of a heterocycle, 4, 65-di phenyl=2=-pyrone, They
found that irradiatléﬁ of 4, 5-di phenyl=2-pyrone 9 gave
the 1,2, 4 7-tetraphenyl-cyclooctatetraene 11, They pro-
posed that an inftially formed cyclobutene P-lactone
reacted with a second molecule of starting materfal to
give a dimer, Spontaneous loss of two molecules of
carbon dioxide followed by valence isomerfzation then
gave the observed product, |
Prior to the start of the work to be described {n

(24) yorking from their obser-

the discussfon, Mayo and Yip
vation that 1,4 dimers were obtafned from 2-pyridones on
frradiation devised a procedure to synthesize a 1,3,5, 7~
cyclooctatetraene, 1Irradfation of 4,6-dimethyl-2-pyroné
12 gave rise to four dimeric products, Two of these
were {dentified as the 1,4 dimers 13 and 14, and the
third as an unsymmetrical 1,2 dimer 15 which rearranged
thermally to the 1,4 dimer 13, As is shown in “the

diagram, the two 1,4 dimers are B, ¥ -unsaturated lactones

and such compounds are known to decarboxylate readily






on pyrolysis, In agreement with expectatfon, heating

of the dimers at a temperature above their melting point
for a short time converted them in twenty-five percent
yteld to 1,3,5 7-tetramethylicyclooctatetraene 16,

Since no other convenfent synthesis ofsymmetrical
cyclooctatetraenes is known, it was decided to explore
the possibility of extending this reaction to other 2-
pyrones with the same chromophore, In particular, 2-

pyrone and 4-methoxy-6-methyl=2=-pyrone were studied,



B, Discussion
Photolysis of the two pyrones, 4-methoxy-6-methyl-

2-pyrone and 2-pyrone however did not result in high
yields of cyclooctatraene as desfred, Rather they reac-
ted in different manners to give a polymer and dimer
respectively, The results and mechanistic implications
are discussed below,

_ The copper catalysed decarboxylation of coumalic

(25)

acid, described by Zimmerman , wWas used to prepare
2-pyrone 17, Irradiation through Pyrex of a concentrated
solution of 17 (65% w/v) in dry benzene with a 450 watt
medfum pressure mercury arc for five days gave a 40%
yield of crystalline products, Attempted separation of
these products by fractional recrystallization was unsuc-
cessful, and so the exact structures are unknown, The
fnfrared absorption was consistent with their being
dimers, since no strong absorption was observed at 1560
em~! which is characteristic of 2-pyrone,

The total crystalline product was then pyrolysed in
a twenty-five millilitre flask, connected to a standard
distillatfon apparatus, by heating the material with a
free flame, The products were distflled and separated
by thin Iayer’chromatography (tlec), Comparison of
thelr infrared and nuclear magnetic resonance (NMR)
absorptions showed the products to be 1,3,5,7-cycloocta~
tetraene 18 (2,4%) and 2-pyrone (33,6%) respectively,
the remafjnder being undistilled pot residue, The

yield of cyclooctatetraene was estimated by quantf tative
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10
vapor phase chromatography (vpc), whereas the 2-pyrone

yteld was calculated by fntegration of the double bond
absorption in the infrared,

Although, as stated before, the exact structures of
the dimersare not known, the low yield of cyclooctatetraene
obtained may be some indication of their type, Mayo and
v1p(3%) have shown that the formation of 1,35, 7-tetra-
methyl cyclooctatetraene from 4, 6-dimethyl-2-pyrone was
the result of decarboxylation of the 1,4 dimers and of
the unsymmetrical 1,2 dimer thermally converted into one
of the 1,4 dimers, The symmetrical 1,2 dimer character-
ised,regenerated starting material on pyrolysis, as
would, indeed, have been expected, since a decarboxyla-
tion mechanism was not available,

If this 1s generally true, then the low yield of
cyclooctatetraene and the correspondingly high yfeld of
starting material obtained from the pyrolysis of the
2=-pyrone dimers would fndicate that a high percentage
of thesymmetrical 1,2 dimers were formed fn preference
to the 1,4,

The other 2-pyrone studfed, 4-methoxy-6-methyl-2-
pyrone, was prepared by the method of Bu'lLock and
Smith(as), Treatment of dehydroacetic acid 19 with 90%
sulfurfc acid gave the triacetic acid lactone 20 which
was methylated with methyl sulfate and anhydrous potas-
sfum carbonate in refluxing ethyl! methyl ketone to give

the desfred 4-methoxy=-6-methyl-2-pyrone 21,
This pyrone was irradiated in a manner similar to
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that described above, but in lower concentration because

of its low solubility in benzene, The reactfon was fol=-
lowed by the disappearance of the ultraviolet absorption
of the 2-pyrone at 280 nm and continued to completion,
Careful evaporation of the solvent under anhydrous con-
df tions gave no dimeric material as hoped, but rather a
polymeric substance whose average molecular wefght was
near 510 or approximately five times the monomer weight
of the starting material,

The infrared spectrum of this product revealed an

1

ester carbonyl absorption at 1740 em~' and a double-bond

absorption at 1645 em”

1

, but no strong absorption in the
region of 1560 em~ ' which could be attributed to a 2-
pyrone, The NMR was characteristic of a polymer, having
a series of broad peaks at 1,75 (3), 3.30 (3), 5.30 (1/5),
6,00 (1/5), 6.55 (8,5/10)., The approximate relative
numbers of protons are given in parenthesis,

Hydrogenation of this polymeric material using pre=~
hydrogenated platinum oxide as catalyst in anhydrous
ethyl acetate gave an acid whose infrared carbonyl absorp-
tion showed a maximum at 1705 cm'1, Treatment of this
acid with diazomethane gave an ester which was purified
by tlc, On the basis of the infrared and NMR absorption
of this ester it has been assigned the structure of a
2-methoxy-4-methyl-cyclobutane carboxylic acid methyl
ester 22,

The fnfrared absorption spectrum showed an ester
carbonyl absorption at 1740 cm", while the NMR spectrum
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13
consisted of a broad three hydrogen doublet at 1.15 ppm

attributed to the methy! protons, a three hydrogen
multiplet at 2,19 ppm assigned to the two methylene
protons and the methine proton on carbon-4, a three
hydrogen singlet at 3,19 due to the methoxy group, a one
hydrogen multiplet at 3,26 ppm assigned to the methine
proton on carbon-1, a three hydrogen singlet at 3,665

ppm due to the carbomethoxy protons, and a one hydrogen
multiplet at 3,70 ppm due to the methine proton on
carbon=-2, The elemental analysis was also consistent
with an empirical formula of CBH14O3°

Corey has also reported the isolation of a cyclo-
butane carboxylfc acid as a result of hydrogenation of
the photoproducts of a 2-pyrone irradiation, He found
that irradiation of 2-pyrone 23 or N-methyl|=2-pyridone
24 in ether at low temperatures gave a high yield of
the {someric cyclobutene B-lactone 25 andg-lactam 26
respectively, Hydrogenation of 25 gave as expected a
mi xture of the saturated cyclobutaneB-lactone 27 and
cyclobutane carboxylic acid 28,

It would seem reasonable to assume, theeéfore, that
the 4-methoxy-6-methyl=2-pyrone undergoes a similar
photoisomerization to give the corresponding B -tactone
29, Hydrogenation of this would then give the observed
cyclobutane carboxylic acid 22 by hydrogenolysis and
reduction of the double bond, In view of the molecular
weight of the photoproduct and the fact that no satura-

ted B-lactone absorption was observed in the infrared
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spectrum, the exfstence of a monomer is ruled out, How-
ever, the same product could be obtained from a polyester
derfved from the fnitfally formed cyclobutene B -lactone,

Further fnsight into the structure of this polymer
was afforded by the observation that treatment of the
crude frradiation product with ei ther aqueous dioxane
or methano! gave a mixture of diacids and haif esters,
Separation of this mixture by tic gave two products which
were identified as a cifs- and trans- mixture of B-methyl-
glutaconic acfds 30 and 31 and a mixture of cis- and
trans- B-methylglutaconic acid monomethyl esters 32 and
2.

The mixture of diacids was fdentified by their infra-
red and NMR spectra which were fdentical with the values
reported by Jackman(zs), The mixture of mono esters was
also fdentiffed by their physical properties, the NMR
approximating that of the diacids with the addition of a
peak at approximately 3,6 ppm due to the carbomethoxy
protons, Treatment of either of these mixtures with dfa-
zomethane gave a mixture of diesters which was separable
by vpc into dimethyl cis-p-methylglutaconate 34 and
dimethy!l trans-p-methylglutaconate 25, each fdentical in
infrared and NMR with the values given by Jackman(zsa.

The B-methylglutaconic acid and fts half ester were
also isolated when 4-methoxy-6-methyl=2=-pyrone was irrad-
fated in water, In this case, however, only the cis
fsomers were formed as determined by comparison of the

phystical data with Jackman's(ae). Irradiation in meth-
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anol on the other hand gave only a very low yfeld of the
dimethy! B -methylglutaconate,

The position of the double=bond in the half esters,
not ascertainable from the spectral data, was determined
by ozonolysis of the cis-p-methylglutaconic acid mono —
methy! ester, Reduction of the ozonide by hydrogenation
gave methyl acetoacetate which was isolated as its 2 4~
dinitrophenyl hydrazone, indicating the correct struc-
ture of the half ester to be 33 rather than the alterna-
tive 33a,

Al though the position of the double=bond in the
products obtained by irradiation in benzene followed by
hydrolysis was not determined directly, this mixture of
half esters was virtually {dentical in infrared absorp-
tion with the material obtained from irradiation in water,
je. absorption at 1747 cm™! attributable to a saturated
ester carbony! and at 1698 cm™! due to an o, B-unsaturated
acid carbonyl, This similarity, although not conclusive,
gives strong support to the assumption that the position
of the double bonds §s itdentical in the two products,

The isolation of both cis and trans isomers of the
diacid from the benzene irradiation is in agreement with
the supposition of a polyester cyclobutane intermed-
fate 36 which does not hydrolyse stereospecifically, The
fact that only the cis {somer is obtained from the water

{rradiation, however, would argue against the polymer
being involved in this reaction, Rather theawitterion

29a, which is formed from the inftially formed B-lactone
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29 is immediately hydrolysed to the observed cis pro-
duct, It is not clear, however, why the polymer formed
in the benzene irradiation is hydrolysed with such ease
fn agueous dioxane to the glutaconic acids, or why ring
opening of the zwitterion 29a formed in the water irradia=-
tion is followed by protonation at carbon~32 rather than
carbon-1,as might be expected,to give the half ester 33
rather than 33a,

The formatfon of a ketene intermediate 40 in the
water irradiation analogous to that suggested by Mayo(29)
for the methanol irradiation of dimethyl coumalin 37
would be hard to rationalize, Mayo proposed that {rrad-
fation of 37 resulted in the formation of the ketene
38 which added methano! to give the observed keto ester
39. By analogy, a ketene 40 formed on {rradiation of 4-
methoxy-6-methyl-2-pyrone would be expected to give the
keto acid 41, none of which was observed,

Al though hydroiysis of the cyclobutene B=-lactone 29
would give the observed products,a third possibility also
exists, The inftially formedg-lactone could readily
rearrange to the isomericpg-lactone 42, This compound
is now the expected photointermediate of 6-methoxy=4-
methyl=2-pyrone 43, Since 42 is merely the methyl ether
of p~methylglutaconic anhydride, any isomerization of
the B=lactone 43 to the pyrone would be immediately fol-
lowed by hydrolysis to the observed cis-F-methyl gluta-
conic acid methy! ester 33, The 6-methoxy-4-methyl-2-

pyrone 43 was therefore synthesised and frradiated in an
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attempt to see if indeed the two pyrones were in equili-
brium,

(26,30) pave shown that enols will

Several authors
react rapidly with diazomethane to give the enol ether,
For example, the 4-acetate of acetone dicarboxylic acfd
44 readily forms the 4-acetoxy-6~-methoxy=-2=-pyrone 45 in
high yfeld on treatment with diazomethane(31). Therefore,
since the ultraviolet spectrum of B-methylglutaconic
anhydride fndfcates that it exists in solution mainly

(32), treatment with diazomethane seemed

as the enol 41
a reasonable route to synthesis of the desired 2-pyrone,
The B-methylglutaconic anhydride {tself was synthesised
as described by Wlley(33) and, indeed, on treatment with
di azomethane gave 6-methoxy-4-methyl=2-pyrone 43, This
compound showed infrared carbonyl absorption at 1755 cm™ !
and characteristic double bond absorption at 1640, 1595,
and 1560 cm~': the NMR consisted of two three hydrogen
singlets at 2,07 and 3,84 ppm due to the L-methy!| and
6-methoxy protons, and two one hydrogen multiplets at
5.14 and 5.44 attributed to the vinyl protons, The
ultraviolet absorption showed a maxima at 281 nm(§4,200).
Irradiation of this compound in benzene, as des-
cribed before, for 24 hours gave only starting materfial
and some hydrolysis products, cis- and trans-B-methyl=-
glutaconic acid and monomethy! esters, No indication
was found of any 4-methoxy-6-methyl-2-pyrone as would

be expected if 43 and the B-lactone 29 were fn equili-

brium,
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As expected, hydrolysis of 43 fn ethanol gave a
high yteld of a.mixture of cis=- and trans-f-methyl~
glutaconic acid ethyl methy!l esters 47 and 48, which were
fdentified by their infrared and NMR spectra, This was
in contrast to the 4-methoxy-6-methyl=-2-pyrone benzene
frradiation product which gave none of the dimethyl
ester on hydrolysis in methanol,

This fai lure to observe any reversal of the 6-
methoxy~-4-methy|-2=-pyrone to the 4-methoxy-6-methyl
fsomer coupled with the low yield of dimethyl ester
obtained on irradfation in methanol of the latter, would
fndicate that fhe'6—methoxy-4-methyI-2-pyrone plays no
part in the irradiation of the 4-methoxy=6-methyl isomer,

The tnitfal reaction of the 4-methoxy-6-methy!=2-
pyrone on frradiation is therefore a photoisomerization
analogous to that reported by Corey(27) for 2=pyrone,

The presence of a nucleophile at this stage, such as
water, traps the resultant cyclobutene B-lactone 29
resulting in the formation of B-methylglutaconates, How=-
ever, in the absence of a trapping agent, the B-lactone
polymerizes to the polyester 36, The polymerization of
(34)

B=lactones fs a well known reaction proceeding ef ther
spontaneously or catalysed by acid, base or salt, 1In

the case of the cyclobutane,ﬂ-lactdne above, the presence
of a strong electron donating group, the methoxy, at
carbon-2 facilfitates ring opening and thus polymeriza-

tion,
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The faflure to observe 1,4 dimers {n the frradiation
of 4-methoxy-6-methyl=-2=-pyrone may be attributed to a
number of causes, Conceivably the explanation {s no
more complex than that, because of solubflity problems,
low concentrations were used, However, the presence of
the methoxy substituent could modify the importance of
the various reaction pathways (as compared to the 4, 6-
dimethyl=2=pyrone) fn several ways,

First, the dimerization itself may be slow, Secondty,
there are two cyclic pathways available from the singlet-
cyclobutene and ketene formation, The rates of both of
these may be affected (as may the normal reverse processes)
and both may compete more effectively with dimerization,
Thirdly, it has not been established that a singlet pro-
cess is fnvolved, If dimerization proceeds through the
triplet, then the quantum yield of the triplet may be
affected by the substituents,

Finally, 1t may be noted that the cyclobutene
F-lactone formation, though reversible to regenerate
pyrone, may, in fact, drain away the pyrone by the forma-
tion of polymeric ester, This would be expected to be.
much slower for the 2-pyrone ftself, In fact yet another
transformatfon,(BS) the formation of the tricyclic 49,

appears to be preferred although it, ftself, is slow,



Part Il: The Photolysis of P-Keto Sulfones,

A, Introduction,

The first reference to sulfenes as intermediates can
be found in the work of Zinche and Brune(37) who observed
that 2,6-di bromophenol-4-suifonyl chloride 1 lost hydro-
gen chloride when treated with agqueous sodium acetate,
The resulting intense yellow colouration was attributed
by them to the formation of semiquinone sulfene 2; and
the polymeric colourless product, to a dimer or trimer
of the sulfene, In 1966, Hall(38) reinvestigated this
reaction and reported that the yellow colour was due to
the phenoxide anion of the sulfonyl chloride rather than
a sulfene, and that probably this was converted to the

product, which according to an(39)

has structure 3,
without going through a sulfene fntermediate,

The first real evidence for the formation of a sul-
fene came with the discovery of Wedekind and Schenk(Ao)
in 1911 that triethylamine treatment of st =toluenesulfonyl
chloride 4 gave triethylamine hydrochloride, sulfur diox-
ide, and sti Ibene.5, They suggested that the latter pro-
duct was a result of the loss of sulfur dioxide from the
initially formed sulfene to give phenyl carbene, which

then dimerized, In a repetition of this work, King and
26
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(41)

Durst were able to isolate, in addition, triethyl-
ammonfum phenylmethanesulfonate and thiobenzoyl chloride
S=-oxide 6 (both cis and trans forms),

The latter type of product had also been observed
in the reaction of 10-camphorsulfony!l chioride 7 with
triethylamine which gave exclusively the thiocarbonyl
S-oxfde 9 and no olefin, The mechanism(hz) proposed
for this reaction involved a 1,3 addition of the inftially
formed sulfene to a second molecule of sulfonyl chlorfde
to give the intermediate 9, Subsequent loss of sulfonic
acid 10 resulted in the observed thiocarbony!l S-oxfide,
This mechanism was supported by the observation(43) that
reaction of 10-camphorsulfonyl bromide 11 in the presence
of tosy! chloride resulted in the exclusive formation of
thiocarbonyl chloride S-oxide 12, Although this neces-
si tates the intermediacy of a halogen-free intermediate,
a 1,3-addition reaction has not been proven, and in fact,
ft is the only presently known 1,3 reaction of sulfenes,

The exact structure of sulfenes is not entirely
clear at this time, since several canonical and 2 cyclic
form can be envisaged ranging from the 1,3 dipolar 13,
14 15 and through the non-polar 16 to the cyclic 17,
Clearly, in structure 13 the sulfur has assumed an oxi=-
dation state equivalent to a sulfonic acid, whereas in
the cyclic structure 17, it is equivalent to that of
sulfinfc acid, On the other hand, in the neutral form
16, the ability to react in either of these two directions

is concealed, Structures 14 and 15, however, are "carbonyl"
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in nature being stabilized by the highly electronegative

oxygen atoms, Since no conclusive proof is yet available
to di fferentiate among them, it may be advisable to con-
sider sulfenes as existing not just as one definitive
form, but rather as a combination of all of the above-
mentioned structures, with the ability to react accord-
fngly,

The formation of sulfenes in solution under basic
condi tions has been investigated, however, King and
purst have systematically argued(44) that the formation
of sulfenes in the reaction of base on sulfonyl chlor=
ides occursvia a concerted elimination of hydrogen
chloride, Their arguments were based on the observation
that «<-toluenesulfonyl chloride, when treated with base
in deuteromethanol yielded‘only undeuterated or mono-
deuterated methy! sulfonates, Any mechanism other than
that stated above would be expected to yfeld in addi-
tion a certain percentage of dideuterated material,
Their theory was supported by that of Truce and co-
workers(45,46) who studied a serfes of primary sulfonyl
chlorfdes, mesyl chloride, mesyl bromi de, 2-propene-,
and 1-propen-1-sulfony! chlorides, The production of
monodeuterated material could be rationalized by a sul-
fene intermediate, whereas the undeuterated products
could be explained by either a hydrogen abstraction by
the sulfene from the trialkylamine hydrochloride in the
solvent cage, or by an SN2 reaction of alkoxide on a

sulfony! triethylammonium salt, This hypothesis would
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explain the product distribution from t-propene-
sulfony! chloride which consisted of monodeuterated 2-
propene sulfonic acid methyl ester and undeuterated 1-
propene sulfonic acid methyl ester,

In 1916 Staudinger and Pfenninger(47) di scovered a
second method of producing sulfenes, They found that
the addition of sulfur dioxide to di phenyldiazomethane
18 gave tetraphenylethylene sulfone 19, But if the
reaction conditions were reversed, with the diazomethane
being added to sulfur dioxide, the isolated product was
benzophenone, The authors proposed an addition of the
inftially formed sulfene to a second molecule of starting
material which was in excess, giving a cyclic intermed=-
fate, In the first case, addition of the sulfene to a
molecule of di phenyldiazomethane would give the .42-
[i,2,3] thiadiazoline 20, which on loss of nitrogen would
give the observed tetraphenylethylene sulfone, 1In the
other case, addition to a second molecule of sulfur diox-
ide would result in formation of the cyclic intermediate
21, which could give benzophenone and 8504,

More recently, it has been proposed that the irradi-
ation(ae) of e« p-¥,6-unsaturated sultones 22 in methanol
proceeds through a sulfene intermediate 23, since the
product isolated is the methyl sulfonate 24, King and
Durst(49) have also found that irradiation or pyrolysis
of the sultam 25 in the presence of n-butylamine gave the
N-butylsulfonamide 27 and the pyrrole 28, They have

rationalized their results by assuming the existence of
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a sulfene intermediate 26, which gave the sulfonamide
product 27 by a "normal" addftion of n=-butylamine to the
sulfene, and the pyrrole 28 by a so-called "abnormal"
attack of the imine nitrogen on the sulfene carbon, with
a subsequent loss of sulfur dioxtde, "Abnormal" attack
has been defined as the nucleophilic attack on a sulfene
at the carbon or oxygen atom(50) resulting in the forma-
tion of a sulfinfic acid or derivative,

Charlton and Mayo(51) have restudied the photolysis
of unsaturated sultones using the flash photolysis tech-
nique, and were unable to observe an intermediate with
absorption greater than 320 nm and lifetime longer than
20useconds in cyclohexane, They therefore concluded
that participation of a sulfene in these reactions is
improbable,

The only reported isolated of a stable sulfene
complex fs that of Opitz(52) who claimed that a trialkyl-
ami ne adduct was formed by the addition of triethyl- or
trimethylamine to methanesulfony! chloride in acetoni-
trile at -40°, On the basis of its infrared and NMR
spectrum, he has assigned the structure 29 to this sul-
fene adduct, In support of this structure, he reported
that addi tion of enamines or vinyl ethers to this complex
resulted in the formation of the corresponding thietane

(53)

1,1 dioxides, 30, 31 which is characteristic of sulfenes,

’
After several decades, a resumption of interest in

(5
sulfenes was stimulated by the discovery that N=(1-

propeny | )-piperidine 32 was not C-alkylated by mesyl
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chloride/triethylamine as expected, but rather was con-
verted to 2-methyl=3-piperfidinothietane 1,1 dioxide 33,
Since that time, this reaction has been extended to a
large variety of primary sulfonyl chlorides and a wide
variety of enamines of aldehydes and ketones, The
reaction has also been extended to fnclude ketene O,N ,
N,N, and 0,0 acetals as well as vinyl ethers(54). A
full discussion of these latter reactions can be found
in the introduction to Part III,

The proposed mechanism for the formation of the
thietanes is as follows: the elements of hydrogen chlor-
fde are removed from the sulfony! chloride by the base
resulting fn the formation of a sulfene, The sulfene
is then immediately attacked by the nucleophilic enamine
to give the observed thietane 1,1-dioxide,

An alternative mechanism for these reactions could
involve initial formation of an acyclic immonium salt
34 which, after proton abstraction, rearranges to an
unstable cyclic immonium salt 33, Subsequent rearrange-
ment would yield the cyclic sulfone 36, However, this
possibility seems unlikely since, in the absence of tri-
ethylamine, reaction of an excess of enamine with
methanesulfonyl chloride produced only a trace of the cor-
responding methyl sulfonyl ketone(55). It was found also
that the enamine must be present when the sulfony!l chlor-
ide and triethylamine are initially mixed, In the

absence of enamine, rapid reaction between the amine
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hydrochloride and the sulfony! chloride took place to
give amine hydrochloride and polymeric sulfene, Subse=-
quent addition of enamine gave only a low yield of cycldc
sulfone,(ss)

Therefore, although considerable work had been done
and a large amount of evidence obtained to justify the
existence of sulfenes, there still existed a need for a
neutral aprotic synthesis of sulfene intermediates, It
was thought that photolysis of B-keto sulfones 37 which
contained a hydrogen ¥=to the carbonyl and o&~- to the
sulfonyl groups might resuit in such a route, Excitation
of the carbonyl could well result in a Norrish Type I1
cleavage by abstraction of the aforementioned proton to
give the enol 32 and a sulfene 38, Evidence for the
formation of this intermediate could then be obtained
by trapping it as the methyl ester by performing the

photolysis in methanol solution,
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B, Discussfon

(56)

Benzyl acetony! sulfone was irradiated in metha-
nol at 0° using a 450 watt mercury arc lamp through Corex,
The volatile product, acetone, was distilled from the
product mixture and analysed quantitatively by gas chrom=-
atography,

The rest of the products were separated by thin
layer chromatography (TLC) and identified as dibenzyl,

benzylacetone, benzylsulfinic acid, and benzylsulfonic

acid fsopropenyl ester, The yields are given in Table I,

Table 1
Yield (%: lsolated)
RSOACHACOR' RSO.H R-R ' RCH,COR' CH,COR' RSO c7cHe
2CHy 2 2 3 3

~R!
R=CgHg CH, 44 22 13 59 6
R'=Me

R=CgHg CH, 22 24 - 78 -
R=CgHs

R=(CHz) C 28 - - 56 16

R' =Me 162

(a) t-butyl sulfonic acid

The identity of the first three above-mentioned
products was determined by comparison of infrared and
nuclear magnetic resonance (NMR) spectra with authentic
samples, and by mixed melting point (the dini trophenyl-
"hydrazone of acetone being used), The infrared and NMR

spectra of benzylsulfinic acid were fdentfcal with a sam=
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ple prepared as described by Durst(57) by the reaction
of sodium bisulfite and¢=toluenesulfonyl chlorfde,

The more fnteresting benzylsulfonic acid §so~-
propenyl ester was identified on the basis of its infra-
red absorption at 1670 and 882 cm™' which is indicative
of an olefinic methylene, and at 1365, 1167 and 953 cm-1,
characteristic of a sulfonate ester, The NMR was in
agreement, showing a three hydrogen singlet at 1,87 ppm
of a methyl group on a carbon bearing oxygen, a two hydro-
gen singlet at 4,34 ppm attributed to a benzylic methy=-
lene group, a two hydrogen multiplet at 4,74 ppm due to
a vinyl group, and a five hydrogen singlet at 7,40 ppm
due to a phenyl group, The elemental analysis was cor-
rect for C,4H,50 8, indicating the compound to be fso-
meric with the starting material,

Contrary to expectation, however, no benzylsulfonic
acid methy! ester was observed either in the NMR of the
total product mixture, or in the isolated products,

Faf lure to observe this product, had it been formed,
cannot be attributed to secondary reactions, since the
sulfonate was shown to be stable under the photolysis
and separation conditions,

Irradiation of benzyl phenacyl sulfone in methanol
under conditions similar to those described above, gave
a similar set of products, which were jdentified as
dibenzyl, acetophenone, and benzylsulfinic acid, In

contrast with the previous case, however, no 1-phenyl=
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propiophenone nor vinyl sulfonate was obtained, This

faflure to observe any vinyl sulfinate was not unexpec-
ted, since the styryl moiety of the ester would be
extremely susceptible to hydrolysis and polymerization by
the numerous free radicals and acidic products produced
during the reaction,

The absence of 1-phenylpropiophenone seemed pecullar,
however; but may be the result of a faster rate of hydro=-
gen abstraction by the phenacyl radical relative to the
acetony! radical of the preceding reaction, Although no
I{ terature values for abstraction by this type of radical
could be found, the increase in the yield of acetophenone
(78%) over the yfeld of acetone (50%) more than compen-
sates for the yield of benzylacetone observed in the first
reaction,

It would appear, therefore, that all of the pro-
ducts have arisen from an initial cleavage of the carbon-
sulfur bond B to the carbonyl group, Subsequent loss of
sul fur dioxide and/or radical recombination, as well as
hydrogen abstraction, accounts for all the products
observed (see figure 1),

Such a cleavage is analogous to that recently rep-
orted by Hi11(32) for PB-keto sulfides, It was found that
{rradiation of 2-substituted tetralones 1 gave s-naphthol
2 and disulfides, These products are again a result of

an exclusive cleavage of the carbon-sulfur bond B to

the carbonyl group,

The formation of benzylsulfonic acid fsopropenyl

ester was of particular interest, both since syntheses
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of enolic esters of this type are rare(so'sa) and also

’
because the possibility existed that it may have arisen
as the result of a Norrish Type II cleavage giving the
sulfene and an enol, followed by cage recombination
before solvent intervention (see figure IJ reaction 1),

To distinguish between this possibility and the
alternative homolytic cleavage followed by radical recom=
binatfon (see figure IL equation 2), t-butyl acetonyl
sulfone was synthesised, This sulfone was readily pre-
pared from t-butyl acetonyl sulfide(63) by oxidation with
30% hydrogen peroxide in acetic acid, Since no hydrogen
atom Bto the carbonyl group is present in this molecule,
any vinyl sulfonate found on irradiation must by neces-
sity be formed as a result of homolytic cleavage rather
than a Norrish Type Il-sulfene mechani sm,

Irradiation of t-butyl acetonyl sulfone in methanol
as before gave the usual assortment of products, which
were fdentified as acetone, t-butylsulfinic acid, t-
butylsulfonic acid, and t-butylsuifonic acid i sopropenyl
ester,

The t-butylsulfinic acid and t=-butylsulfonic acid
were identical in infrared absorption and NMR with sam-
ples prepared as described by Barnard(64) from t-butyl
Grignard and sulfur dioxide, and from t-butylimercaptan
and 30% hydrogen peroxide as described by Zuffanti(65),
respectively, The structure of t-butylsulfonic acid

i sopropenyl ester was assigned on the basis of its infra-

-1
red absorption at 1668 and 870 cm characteristic of a
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terminal methylene, and at 1345, 1149 and 951 em™' attribu-

table to a sulfonate ester, The NMR consisted of a nine-
hydrogen sfnglet at 1,46 ppm due to the t-buty! group,

a three-hydrogen singlet at 2,02 ppm due to methyl group
on carbon-bearing oxygen, and a two-hydrogen doublet of
doublets at 4,80 ppm, J,,=2,0 cps, SA-SE=10.7 cps, due to
the terminal viny! protons, The elemental analysis indi-
cated a molecular formula of C7H1403S, isomeric with thé
starting materfal,

Again no ketone corresponding to benzylacetone, i.e,
4.4 dimethyl-2-pentanone; 6bserved among the products,
However, in view of the high steric hindrance of the
t-butyl radicals, it is not surprising that no radical
coupling occurs between it and the acetonyl radicals,

The formation of a large amount of sulfonic acid in
this reaction, a product not observed in previous reac-
tions, was probably a result of air oxidation of the
t-butylsulfinic acid during separation of the products,
This is a well-known reaction of sulfinic acfids and is
used for the preparation of both aliphatic and aromatic
sulfonic acids(66).

The mechanism of formation of the berzyl sulfonic
acid isopropyl ester would, therefore, appear to be at
least superficially related to the interconversion of

B-diketones, enol esters and lactones(67-71), and enol

ami{ des wi th #-keto enami nes(72),

The conversfion of nonenolizable B~diketones to enol

(70)

lactones has been studied by two groups, Both Cookson
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and Nozaki(71) have shown that irradiation of dimethyl=-
dimedone 4 results in the formation of the enol lac-
tones 5 and 6 ., The reversibility of this reaction
has also been demonstrated by the fact that irradiation
of 5 will give dimethyldimedone, Nozak{ has proposed
a diradical intermediate 7 for this reaction, which
readily explains the formation of the observed products,
although no proof for this intermediate is given,

Mazur has also studied the reverse reaction and

(69)

found that frradiation of exocyclic eno! lactones such
as 7 do in fact give B-diketone products 8., 1If, how-
ever, the double bond is endocyclic, a different set of
products is obtained as well, which involves elimination

of carbonmonoxide(7o) i

.. 9, 10, and 11 ., Again
the formation of a diradical by cleavage of the carbon-
oxygen bond is proposed, although no proof is given,
More recently, an analogous reaction involving the
nitrogen analogue has been reported(72), Yang has shown
that irradiation of the enamide 12 gave the two B-keto

enamines 13 and 14 , the latter arising from a second-

ary photoisomerization reaction,.

Mazur and co-workers have also carried out extensive

(73)

studi es on the rearrangement of enol and dienol

esters(74). Irradiation of these compounds is reported

to result in a photo Fries reaction to give B-diketonic

products,

(73)

Cyclohexen-1-y! benzoate 15 on irradiation n

cyclohexane at 254 nm gave inftially(75) 2=-benzoyl=cyclo=
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hexanone 16 , which, due to the fact that it is enolized

only to the extent of 25%, is further photolysed to 1-
benzoylcyclohex=5-en=2-one 17 by means of a Norrish

Type II cleavage, Cyclohexen=-1-yl| acetate 18
(68)

, on the
other hand, gives only 2-acetylcycliohexanone 19
since this product is completely enolized and so cannot
react further,

A radical process, involving recombfnation within a
solvent cage, rather than a four-centred concerted pro-

cess, has been suggested for these reactions(68)

. Mazur
based this proposal on the observations that substi tu-
tion at the two position, as in 2-methyl-cycliohexen=1=-yl
acetate 20 gives 2-methyl-cyclohexanone 21 and a 2-
methyl=-cyclohexanone dimer as well as 2-acetyl-2-methyl-
cyclohexanone 22 : products which can be rationalized
best by a radical mechanfsm,

This is further substantiated by the photolysis of
androsta-3,5-diene,3,17-B-diol 23 which on photolysis
gives not only the expected acetyl migration to the C-3
position 24 but also to the C-6 position 25 which
cannot be derived from a four-centered concerted reaction,

The formation of the enol sulforates, therefore, by
analogy could be considered as proceeding by either a
four-centered mechanism, or a radical recombin;iion within
a solvent cage of an initially generated radical pair,

The involvement of solvent cages for bimolecular

collisions in liquid media was first proposed by Franck

and Rabinowftch(76) in 1934, It was not until 1955, how=






52

ever, that Noyes(77)

developed a theory to explain these
effects, He considered three different possibilities;
the first, which he called "primary recombinations" were
those in which the initially formed diradicals were at
no time separated by more than one molecular diameter,
which necessitates that the recombination be of the order

of molecular vibrations, f.e, 107~ se

c, Thus interfer-
ence by the cage molecules could occur only when the mole Q.
fraction of the scavenger approached unity,

The second case called "secondary recombination"
covers recombination of geminal radicals which have dif-
fused to distances greater than a molecular diameter but
have not completely escaped the solvent cage, Since the
di ffusion rate s of the order of 10 sec”' in liquids
of ordinary viscosity, recombination must occur within
10.9 sec, Therefore in order to get scavenging, the
concentration of scavengers would have to be of the
order of 0,01 moles per litre or greater,

If the radicals escape both primary and secondary
recombination, they will have diffused far enough apart
to become "free", Scavengers could then compete on an
equal basis with other radicals in solution for these
nfree" radicals, Therefore, at low concentrations of
scavengers, most of the radicals would be expected to
combine with other radicals, As the concentration is
increased, the number of radicals trapped would also

increase up to a limiting value at which all radicals

escaping primary and secondary recombinations would be
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scavenged, This limiting value cannot be exceeded even

wi th pure scavenger solvents unless the rate of radical
trapping by the scavengers is greater than 107 litres
per mole sec,, i,e, a highly reactive material, If this
were true, then competition with secondary recombinations
could occur at scavenger concentrations greater than 0,01
moles per litre and the observed efficiency would be pro-
portional to the square root of the scavenger concentra-
tion,

This theory is supported by Rembaum and Szwarc(78)
who found that the addition of iodine had little or no
effect on the ethane/carbon dioxide product ratio from
the 1fquid phase thermal decomposition of peracetic acid
anhydride, but decreased the methane/carbon dioxide ratio
to zero, However, in the vapor phase, addi tion of {odine
vapour reduced both ratios to zero, These results are in
agreement with the theory of Noyes for a "secondary recom-
bination" in the liquid phase which is not possible in the
gas phase where all the radicals would be trapped by
scavengers,

Hammond and co-workers have done extensive work on
the decomposition of azoalkanes which he has proposed
undergo primary and secondary recombination reactions(79)
because of their inefficiency as oxidation and polmeriza-
tion initiators, In support of this, Hammond has found
that radical scavenging occurs on addition of such things
as fodine and bromine to solutions of azoiosbutylnitrilef79)

although some dinitrile formation is still observed, Only



in liquid bromine solution was the formation of the
dinitrile completely eliminated(79),

Studies(so) on the effect of concentration of scav-
engers in solutions of azo-1-cyanocyclohexane do not,
however, conform with the theory of Noyes, It was found
that no scavenging occurred with either iodine or bromif ne
until the concentration was in excess of O,1 molar and
no dependence on the square root of the concentration
was observed, Hammond has interpreted these results as
meanfng that no distinction can be observed experimentally
between primary and secondary recombination reactions,
only between these and "free" radical reactions, 1In an
attempt to penetrate or modify the solvent cage of the
photochemi cal reaction which results in the formation
of the vinyl sulfinate, several free radical traps and/or
di fferent solvents were employed in order to distinguish
between the two types of radical recombination reactions,
Benzyl acetonyl sulfone was used and the results noted in
Table II,

As can be seen, the addition of i sobutylene and
oxygen, both well known radical traps, had pronounced
effects on the yields of all products except that of the
vinyl sulfonate, In the case of oxygen, the yields of
both dibenzyl and benzyl acetone are reduced to zero,
and the benzylsulfinic acid has been completely oxidized
to the sulfonic acid, These results are completely in
accord with the theory that the radical precursors of

these three products have escaped the solvent cage to
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Table I1
Yield (%: fsolated or by NMR)

Solvent Addit

olve ftive (@CHy), BCH,S0,H BCHa805C5Hy PCHLCH,COCHS
MeOH?2 - 31 182 11 12

MeOH® CyHg (208" /v) 9 - 11 5

MeOH?2 O2 - 8c 13 trace
MeOH® - 22 44 6 13

CsHsa - 40 - 10 32

Di f sopropyl- 6

etherd

a5% EtOHd

(a) VYields estimated by NMR (b) Minimum value doe to
insolubility of acid (c) Benzy!l sulfonic acid (d) Iso-
lated yields

become "free" radicals which are then scavenged,

Attempts to modify the solvent cage by changing the
nature of the solvent, i,e, from polar to nonpolar, from
hydrogen donating to non-hydrogen donating, also had little
if any effect on the yield of vinyl sulfonate, al though
in benzene the formation of benzylsulfinic acid was elim-
inated due to the lack of availablie hydrogens for abstrac-
tion,

It is clear then that the formation of several of
the products observed from this reaction are by a radical
mechanism, The complete failure to observe quenching by

ei ther isobutylene or oxygen, however, argues against a



secondary radical recombination process at least, since
the oxygen, {f not the {sobutylene, was of sufficiently
high reactivity and concentration(79) to interfere with
such a reaction, On the other hand, since Hammond

(81

found ) that something as reactive as Ifquid bromine
was required to completely arrest both the primary and
secondary recombination processes, one cannot unequivo-
cally rule out a radical process in favour of a four-
centered one, A four-centered concerted process involv-

ing expansion of the sulfur shell, on the other hand, fis

a distinct possibility for this reaction,

56



PART III, FLASH THERMOLYSIS
A, Introduction
It has been suggested(84) that a number of photo-
chemical reactions proceed from a higher vibrational
level of the ground state, That is, absorption of a
quantum of light by the molecule induces excitation to a
higher electronic level, By isoenergetic conversion,
the molecule may find itself in the ground state - neces=- ‘
sarily at a higher vibrational level, It is from this
hi gher vibrational level that the reaction is presumed
to take place, For instance, Srinivasan(85) has sugges-
ted that the gas phase photolysis of cyclohexanone takes
place in this manner, and not directly from the first
excfted singlet,

I1f these proposals be correct, then it should be
possible to simulate the photochemi cal reaction by pop-
ulating the higher vibrational levels by direct thermal
excitation from the ground state,

Reactions which proceed at high vibrational levels
are not necessarily the same as those which proceed at
lower levels, differing merely in the relative rates,
For example, the pyrolysis of propionaldehyde at low

temperatures gave exclusively ethyl radicals(86), but at
57
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hi gher temperatures, both ethyl and methyl radicals were

produced {n equai amounts, the methy! radicals not being
produced from the ethyl radicals but arising from a new
reaction which became important at the higher temperature,

In general then, at higher temperatures the possibil-
ity exists that a second pathway might cross the normally
observed one and subsequently new products would be found,

A study of these two probléms could be made by high
temperature flow pyrolysis, which we have called Flash
Thermolysis, Such a study would, of necessity, have to
be carried out on a simple system about which the back-
ground is well known, in order to interpret the results
successfully,

As is discussed in the introduction to Part II, con-
siderable evidence has been amassed which indicates the
intermediacy of sulfenes in certain reactions, Part of
this evidence is the formation of four-membered cyclic
sulfones as the result of reaction of enamines, acetals,
and aminails with sulfonyl chloride/triethylamine mixtures,

Since it has been proposed that the formation of
these thietane 1,1-dioxides proceeds via a sulfene inter-
mediate, it was felt that a sulfene might be regenerated
from them under the appropriate conditions, In particu-
lar, the thiete 1,1-dioxide 1 seemed likely to undergo
such a reaction, An electrocyclic opening of 1 would
give the vinyl sulfene 2, or alternatively a reverse

cycloaddi tion reaction would give sulfene plus acetylene,

The former possibility was given support by King and
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60
coworkers(87) who found that pyrolysis of thiete 1,61~

dioxide 1 at moderately high temperatures gave the ring
expanded product 1,2A3-oxathiole S-oxide 3, The forma-
tion of this compound could concefvably have arisen by
an "abnormal" attack of the initially formed vinyl sul-
fene 2 upon itself, 1In order to further substantiate
and extend this hypothesis, an attempt was made to pre-
pare several thietane 1,1-dioxides and their derjvatives,

The first preparative reaction for thietane 1,1~
(53)

dioxfdes was reported in 1960 by Opitz who found that
N=(1-propenyl)-piperidine 4 reacted with mesyl chloride/
triethylamine in cold ether to give 2-methy|l=3=piperidino
thietane 1,1-dioxide B, This reaction has since been
extended to a large number of sulfonyl chiorides reacting
with enamines of ketones and aldehydes using a wide
variety of solvents and temperatures,

The use of secondary sulfonyl chlorides in the form=-
ation of cyclic sulfones, however, 6 is limited, The
reaction has been found to proceed only in acetonitrile
at -400(53), Also, as the amount of substitution of
both the sulfony! chloride and the enamine is increased,
acyclic products begin to appear(88), the yield of which
increased in a direct relationship wi th the degree of
substitution, 1In general, cycloaddition is favoured by
high basicity of the enamine and by mild reaction con=
di tions, while the open=-chain sulfones are formed from

the reaction of sulfene or primary sulfene with enamines

of ketones, and secondary sulfenes with enamines of alde-
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hydes or ketones.(eg)

It 1s not known whether the cycloaddition step is
a concerted multicentered reaction (reactién path a),
or a two step addition (reaction path b), The latter
hypothesis is preferred, however, since it provides a
better explanation of why strongly electron rich olefins
are required, and why large amounts of acyclic sulfones
are produced from sterically hindered reactants, Although
route b should be stereospecific, assuming a sufficiently
short lifetime of the zwitterion intermediate, the fact
that only one product was obtained(54) from the trans-=N-
(1-propeny!) morpholine with sulfene reaction, whereas
two were found from the cis-isomer, should be viewed with

caution since cis enamines are known(89)

to be quite
labile with respect to cis-trans { somer{zation,

The products obtained from the reaction of enamines
with sulfenes are 3-amino thietane 1,1-dioxides 6. They
are generally weakly basic and can be reduced(go) to the
corresponding 3-amino thietane ] by reaction with Iithium
aluminium hydride, On the other hand, the amino group
may be eliminated via the quaternary salt(91), or through

pyrolysis of the amine oxlde(92) to give the correspond-
ing thiete i,1-dioxide 8.

The cycloaddition reaction of sulfony! chloride/
triethylamine has been extended(93) to inciude O,N and
N,N acetals 2 and 10 (called aminals), In both cases,

the initially formed cyclic sulfones 11 and 12 spontan-

eously lose a molecule of alcohol or amine respectively
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to give the corresponding 3-amino thiete 1, 61-dioxide 13

as the isolated product,

The use of N,N aminals is quite often accompanied
by the formation of acyclic sulfones(94), This is not
surprising, however, in view of the degree of stabflfza-
tion of the posftive charge of the intermediate zwitter-
fon by the highly electronegative nitrogen, This latter
reaction, i,e, the formation of acyclic sulfones, is
further facilitated by the use of R' groups such as
phenyl, which can stabilfze the negative charge of the
zwitterion as well, thus enhancing its stabi I ty,

The enamine sulfones resulting from these cycliza=-
tion reactions are readily hydrolysed to the correspond=
ing 3-thietanone 1,1-dioxides 14, Care must be taken,
however, since the resultant ketones are readi ly hydro-
fysed further with ring opening(93).

The more reactive ketene acetals have also been
found to form cyclic sulfones by reaction with sulfenes,

A large number of these 3,3-dialkyoxythietane 1,1-dioxides
have been prepared and characterized by Truce and cowork-

(95,96)
s L

er Although the structure of the intermediate

is not known with certainty, reaction of both 1=-propenyl
sulfonyl chloride 15 and 2-propeny! sulfony! chloride 16
with diethoxy ketene acetal to give the same 1,2 and 1,4
cyclic sulfones 17 and 18, would indicate a viny!l sulfene
intermediate 19.

The 3,3-dialk oxythietane 1,1-dioxides are easily

hydrolysed in most cases(gs) to the corresponding 3=



6

=9 . 033
— 013 HO=0_
| Le ~o\_w|_ 033
IDH-N 3 + ~ — I°OSOH +
SN0 NE13
— | L, 3N
ot [] O3N HO=0( .
20S OSN
013
gl || 033 - 5
L .
; 1D'0SHD-HD=JH
130 | - momnxu-xunu@T &l
013 ID'0S-HO=HD-OH

g
L&

HOH




65
thietanone 1,1-dioxides by reaction with concentrated
hydrochloric¢ acid, Further treatment with di borane
followed by hydrolysis gives the 3-thietanol 1,1-diox=

1des(96).

A large variety of olefinic compounds have been

unsuccessfully used in attempts to trap sulfenes as the

cyclic sulfones, These include cyclohexene ,

(98) (68)

di chloroethylene, diphenylketene viny! ethyl ether
and many others, In general,their inability to react is
probably a consequence of their insufficient nucleophil-
fcity,

On the basis of these and related sulfene reactions,
a number of thietane 1, 61=-dioxides were prepared for pyrol=-

ysis as described in the next section, ‘
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B, Preparation of the Thietane 1,1-Dioxides

The preparation of thietane 1,1-dioxide, 3-thietanone
1,1-dioxide, 3-thietanol 1,1-dioxide, and thiete 1,1~
dioxide are described below, To study the effects, if
any, of substituents, the 2-phenyl and 2,2=-dimethy! sub=-
stftuted derivatives of the above compounds were also syn=
thesised, The preparation of the 2,2~di phenyl derivatives
was unsuccessfully attempted, and the results di scussed,

The preparation of 3-thietanone 1,1-dioxide and 3=
thietanol 1,1-dioxide have been described by Truce(95),
Reaction of diethoxy or dimethoxy ketene acetal with
methanesulfonyl chloride/triethylamine in ether gave 3, 2=
df ethoxy and 7,3-dimethoxy thietane 1,1-dioxide 20 and 21
respectively, Hydroiysis(gs) of either of these com=-
pounds in concentrated hydrochloric acid at room tempera-
ture gave 3-thietanone 1,1-dioxide 22, The ketone 22 was
reduced with diborane in tetrahydrofuran to yfeld 3-
thietanol 1,1-dioxide 23, |

Thiete 1,1-dioxide could then be prepared from the
Alcoho! using the method devised by Smi th(99) . The 3-
thietano! 1,1-dioxide was treated with an equimolar
amount of pheny! sulfene, generated in situ from o=
toluenesulfonyl chloride and triethylamine in ether at
0°. The resultant tosylate 24 on treatment with trieth-
ylamine at 80° in benzene detosylated to give the desired
thiete 1,1-dioxide 22. Thi s compound was {dentical with

that reported by Dittmer(1oo), who synthesised it by a
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more tedious route, Hydrogenation of the thiete 1,1~
dioxide in 95% ethano! using 5% palladium on barium sul-
fate catalyst gave thietane 1,61-dioxide 26 as expected,
identical with the known trimethylene sulfone(101),

Using the same general method as described above,
the reaction of a-toluenesulfonyl chloride/triethylamine
wi th diethoxyketene acetal in ether gave the 3,3-diethoxy
thietane 1,1-dioxide 27 reported by Trudeeﬁ), He has
also reported(gs) that on treatment with sodium ethoxide
in ethanol, 27 loses a molecule of ethanol to give -
ethoxy-2-pheny| thiete 1, 1-dioxide 28, Acid hydrolysis
wi th concentrated hydrochloric acid, however, is reported
to give only a polymeric substance and recovered starting
material, Contrary to this report, compound 2] was found
to hydrolyse in concentrated hydrochloric acid at room
temperature to give a mi xture of 3=ethoxy=-2-phenyl thiete
1,1-dioxide 28 and 2-phenyl Z-thietanone 1,1-dioxide 29,
These two compounds were readily separable, since the
ketone was only sparingly soluble in chloroform, whereas
the enol ether was readily soluble,

The infrared absorption of the 2-phenyl 3=-thietanone
1,1-dioxide showed strong absorption at 1680 em™ ! attribu-

1 due to

table to a double bond and at 1265 and 1105 cm
a cyclic sulfone; the NMR in hexadeuteroacetone consisted
of a two hydrogen singlet at 4,55 ppm of a methylene

next to sulfur, and a five hydrogen multiplet at 7,92 ppm
due to a phenyl ring; and the ultraviolet absorption in

ethano! had a maximum at 265 nm ( € 13,200), On the basis
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of this data the structure of the 2-phenyl 3-thietanone

1,1=-dioxide was reassigned 3-hydroxy=-2-phenyl 2-thiete
1,1-dioxide 29a, This assignment was substantiated by
the observation that 29a reacted immediately with diazo-
methane to give the eno! ether 30, which exhibited infra-
red absorption at 1662 cm™! due to the double bond and
1307 and 1117 cm~! due to the cyclic sulfone, The NMR
consisted of a three hydrogen singlet at 3,90 ppm due to
the methoxy protons, a two hydrogen singlet due to the
methylene next to sulfur, and a five hydrogen multiplet
at 7.39 ppm due to the phenyl ring; and the ultraviolet
absorption had a maximum at 264 nm (€ 14,500),

This complete existence of the ketone as an enol at
room temperature is without precedent, Other four ring
analogues such as 2=phenyl cyclobutanone(102?and 2,2-

(103)

di methyi=3=-morpho | ine-4=-pheny| cyclo>utanone show
no noticable enolization, although 2,2-dimethyl 1,3-
butadione(104) does exist as the enol,

Attempted reduction of the 2-pheny! 3=-thietanone
1,1-dioxide 29a with diborane as described above gave
only a chloroform insoluble mixture which is presumably
an alkyl borane complex(105), The reduction of double
bonds with diborane is a well documented phenomenon

(105) These

resulting in the formation of alky!l boranes,
complexes in most cases can be decomposed to the corres-
ponding saturated analogue by refluking organic acids,
Although the above mi xture did decompose in refluxing

acetic acid, none of the desired 2-phenyl 3=-thietanol
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1,1-dioxide was observed, Milder treatment with organic
acids, mineral acids, or base had no effect,

To prevent enolization and thus allow reduction of
the ketone to the alcohol, 29a was treated with bromine
in an attempt to prepare the monobromo derivative .
Addi tion of 29a to bromine fn carbon tetrachlori de buf-
fered with sodium acetate, however, gave none of the
desired 2-bromo-2-pheny! 3-thietanone 1,1-dioxide 31, but
rather a compound which analysed for CgHsBrgo 8, and

showed infrared absorption at 2500 cm™ !

due to a hydroxyl,
and 1670 cm-'1 due to a double bond, The NMR consisted of
a five hydrogen multiplet at 7,50 ppm due to a phenyl
group and a one protonpeakat 8,50 ppm which di sappeared on
the addition of deuterium oxide, On the basis of this
evidence, this compound was given the structure 4 4=

di bromo=3-hydroxy=2=-pheny| 2-thiete 1,1-dioxide 32,

Only when 29a was treated with bromine in carbon
tetrachloride for a prolonged period was a four-membered
ring ketone {solated, The structure of this compound
has been assigned as a 2,4,4-tribromo-2-phenyl 3=
thi etanone 1,1=-dioxide 32 on the basis of its infrared
absorptions at 1800 and 1720 em~! attributable to a four-
membered ring ketone, and fts NMR which consisted of a
singlet at 7.45 ppm due to the phenyl protons,

This anomalous behaviour of 20a -would indicate that
the enol is of lower energy (more stable%although the

reason for this is not obvious, Thus the first two add-

itions of bromine were immediately followed by transfer
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across the ring to carbon-4, Only after the addition of
a third bromine, which occurred only after prolonged
treatment, was the 2-position blocked, thus forcing the
molecule to remain ketonized, No attempt to reduce 33
was made due to the difficulties which might be encount-
ered in attempting to completely remove the three resid-
ual bromine atoms,

Several attempts were made to hydrogenate the enol
29a using a wide variety of solvents ranging from ethanol
to acetic acid, with both palladium and platinum cata-
lysts at both atmospheric and higher pressures, All
attempts, as shown in Table Ivof the experimental were
unsuccessful, with nothing but starting material being
recovered in all cases, No apparent explanation for
this is obvious, other than steric hindrance by the
phenyl| group preventing approach by the catalyst,

The enol acetate 34 of 2-phenyl 3-thietanone 1,1~
dioxide was prepared by reaction wi th excess pyridine
in acetic acid, The infrared absorption showed peaks
at 1795 and 1665 cm~! due to the enol acetate and at
1315 and 1112 em~! due to the cyclic sulfone; the NMR
consi sted of a three hydrogen singlet at 2,38 ppm attribu-
table to the acetate protons, a two hydrogen singlet at
4_ a5 ppm due to the methylene next to sulfur, and a
five hydrogen multiplet due to the phenyl! group, Attemp=-
ted hydrogenation of this materfal in either ethy! acetate
or acetic acid over platinum oxide was also unsuccessfui.

Using a modification of a procedure reported by Wells
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and Abbott(go), thiete 1,1-dioxide was prepared, The
reaction of 2-phenyl=N N-dimethylethyleneamine in ether
wi th methanesulfony! chloride/triethylamine gave 3=(N,
N-dimethy|)amino-2-phenyl thietane 1,1=-dioxide 33,
Treatment of this amine with excess methyl fodide in
methanol at room temperature gave the trimethylamine
salt 36, which lost trimethylamine when reacted with
si lver oxide in water, The resulting 2-phenyl 2-thiete
1,1-dfoxide 37 was fdentical in infrared and NMR absorp-
tion with that prepared by Wells and Abbott using the
amine oxide pyrolysis method,

The required 2,2-d1methyl derivatives were prepared
from 2,2-d1methyl 3-thietanone 1,1-dioxide which was syn=

(1054

thesised as described by Martin, The reaction of
2,2-dimethy|=1-(N,N-dlmethyl)amino-1-ethoxyethylene 328
wi th methanesulfonyl chloride/triethylamine gave 2=(N,N=
dimethyl)amino-2,2-dimethyl thiete 1,1-dioxide 39,
Hydrolysis proceeded smoothly in water using a
cation exchange resin (Dowex 50-X2) as catalyst to give
the desired 2,2-dimethyl 3-thietanone 1,1-dioxide 40,
Reduction of this ketone wi th diborane, as described
above, gave 2,2-dimethyl 3-thietano!l 1,1-dioxide 41, m.p.
107-1080, whose infrared showed absorption at 3600 cm-1
due to the alcohol and at 1310 and 1195 em~! due to the
cyclic sul fone, The NMR was also in agreement with the

assigned structuré having two three hydrogen singlets at

1,52 and 1,56 ppm attributable to the two methyl groups,
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a one hydrogen peak at 2,96 ppm, which df sappeared on
addi tion of deutetium oxide attributable to the hydroxyl
proton, and a broad multiplet at 3,7 to 4,6 ppm which
integrated for three hydrogens, attributable to the
methylene and methine protons,

Using the method of Truce(91), 2,2-dimethy| 3-thiete
1,1-dioxide was prepared from 1= (N,N=dimethyl)amino-2-
me thyl=-propene and methanesulfony! chloride/triethylamine,
The 3—(N,N-dimethyl)amino-2,2-dimethyl thi etane 1,1~-diox~
fde 42 thus obtained, was treated with excess methyl
iodide and the fodide salt 43 which formed, deaminated
with silver oxide to give the 2,2-dimethy! 3-thiete 1,1=
dioxide 44, Hydrogenation of 44 in 95% ethanol using 5%
palladium on carbon as catalyst gave 2,2-dimethyl thietane
1,1=dioxide 45, m,p, 61-62°. The infrared was consistent
with this structure having absorption at 1323 and 1128
cm"1 due to the cyclic sul fone, The NMR consisted of a
six hydrogen singlet at 1,57 ppm due to methyl protons,
and an AxX, pattern due to the methylenes at SA = 4 14
and SX = 6.57 with coupling constants of Jppr = =18.59

cps, Jyyi =-17.70 cps, J,y = 6.48 cps, Jpyr T 10.43 cps,

Jary = 10,43 cps, and JA'X! = 6,48 cps, The spectrum was
obtained using an HA 100 spectrometer and calculated
(106)

with a LAOCOON II1 computer program,
Since the pféparation of the O,N acetal 38 used in

the preparation of the 2,2-d1methyl 3-thi etanone 1,1-
dioxide 40 was long and gave only low yieids, the pos-

sibility of preparing 3-(N,N-dimethyl)amino Z-thiete
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1,1-dioxide 39 by means of mercuric acetate oxidation of
the saturated analogue 42 was investigated, Leonard(107)
has employed mercuric acetate extensively Iin the prepara-
tion of enamines from cyclic tertiary amines, i,e, 46 to
47. Reaction of 42 with mercuric acetate in 5% acetic
acid, however, gave none of the desired enamine 39, but
rather a secondary amine 49, The structure was based on
the infrared absorption at 3340 em™ ! (NH), 1310 and 1105
em~! attributable to a cyclic sulfone and its NMR which
showed two three hydrogen singlets at 1,48 and 1.58 ppm
due to the geminal methyls, a three hydrogen singlet
at 2,40 ppm due to the amine methyl protons and an ABX
pattern at §, = 3,80 ppm, §5 = 3,25 ppm, §, = 3.25 ppm,
Jag = -13,0 cps, Jpy = 6.0 cps and Jgy = 8.0 cps due to
the methylene and methine protons, It would appear,
therefore, that one of the amine methyl groups has been
preferentially oxidized rather than the ring methylene
as desired, The initially formed imine 48 was then
hydrolysed to give the observed secondary amine 49,

One of the earliest discoveries of a preparation

(108), who found that sul-

of sulfenes was by Staudinger
fur dioxide treatment of diphenyldiazomethane gave tet-
raphenylethylene, He suggested that this reaction
involved a sulfene intermediate which reacted with a
second molecule of starting material to give the observed

product on loss of nitrogen, It was consi dered possible,

therefore, that the sul fene, so. formed might also react
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with a nucleophiifc olefin, such as a ketene acetal, to
give a 2,2=-df phenyl-3,3~-dialkoxy thietane 1,1-dioxide,
Addi tion of sulfur dioxide to an ethereal solution of

diphenyldiazomethane"“”

and dimethoxyketene gave a
crystalline precipitate of 2,2-diphenyl-3,3-dimethoxy
thietane 1,1-dioxide 50, m,p. 155.5-156.0°, The struc-
ture was confirmed by its infrared absorption at 1330 and
1110 em~' due to a cyclic sulfone and by its NMR which
showed a six hydrogen singlet at 3,17 ppm attributable
to the methoxy protons, a two hydrogen singlet at 4,41
ppm due to the methylene next to sulfur, and a ten
hydrogen singlet at 7,35 ppm due to the two phenyl
groups,

When di ethoxyketene was used, the jsolated product
was 3, Z-diethoxy~2,2-diphenyl thietane 1,1 dioxide 51,
Its infrared showed absorption due to the cyclic sul-
fone at 1235 and 1005 cm™', and the NMR was composed of
a six hydrogen triplet at 0,95 ppm (J = 7.0 cps), a four
hydrogen multiplet at 3,35 ppm attributed to the two
ethoxy qroups, a two hydrogen singlet at 4,29 ppm due
to the methylene group, and a ten hydrogen singlet at
7.30 ppm due to the two pheny! groups, The multiplicity
of the absorption due to the two methylene protons of
the ethoxy aroups, whi ch was more complficated than two
overlapping quartets, is probably an indication of res-
tricted rotation due to steric interference with each

other and the phenyl groups, resulting in non-equal

environments for the methylene protons, A similar type
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of spectrum is reported by Truce(94)
(109)

Wasserman and Dehmlov found that hydrolysis of
the monoenol ether of cyclobutadione could only be accomp-
Ifshed successfully in cold 90% sulfuric acid, Any other
reagent which was tried resulted in the isolated of ring-
opened products only, When the dimethoxy ketene acetal
50 was treated with cold 90% sulfuric acid, however, none
of the expected 2,2-diphenyl 3=thietanone 1, 61-dioxfde 52
was {solated, Instead, 2, 2-diphenyl=3-methoxy 3-thiete
1,1=-dfoxide 53 was formed, The structure of 53 was based
on fts olefinic infrared absorption at 1615 cm™', its NMR
which had a three hydrogen singlet at 3,81 ppm due to the
methoxy protons, a one hydrogen singlet at 5.8t ppm
attributed to the olefinic proton, and a ten hydrogen
multiplet at 7,41 ppm due to the two pheny!l groups, and
fts ultraviolet spectrum which showed end absorption with
an extinction of 10,000 at 205 nm,

Attempted hydrolysis of the dimethyl ketal 50 in a
manner analogous to that used for the other ketals, that
is in 50% hydrochloric acid in dioxane at 70° for 15
hours, again gave none of the desired ketone 52, Rather
a mixture of 1- and 3-chloro-1,1=-diphenyl=-2-propanones 54
and B5 was isolated, The ketones were separated by tlc
and jdentified by comparison of literature values for
(110,111).

their m,p,, infrared, and NMR spectra The use

of concentrated hydrochloric acid at room temperature
gave similar results, although the hydrolysis was not

complete, with the NMR of the total product mixture show=-
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fng some starting materfal as well as the two chloro-
ketones, This was also the case when less severe con-
di tions were employed, i.,e, 50% hydrochloric acid in
dioxane at 60° for foar hours, In this case, as well
as starting material and the chloroketones, the NMR
showed a quantity of 2,2-diphenyl=-2-methoxy 3-thiete
1,1-dioxide 23,
The appearance of 53 was not unexpected since it
could well be an intermediate in the hydrolysis of 50
to 2.(112) It would appear, however, that the ketone
52 is extremely labile, and once formed is immediately
attacked by chloride fon with ring opening and subsequent
loss of sulfur dioxide to give the observed chioroketones,
Both the intermediate anions of this reaction would be
stabi lized, the one by the two pheny! groups, and the
other by the carbonyl, The latter, 24, would be in the
majorfty, however, due to the ease of attack of chloride
at carbon-4 over the sterically hindered carbon=2,
Brannock(113) has shown that under very mild con-
di tions such as stirring with an ion exchange resin in
water labile ketones, such as 2,2-dimethyl 3=-thietanone
1,1 dioxide, can be formed from the corresponding ena=
mine, Therefore, the morpholine enamine of 2,2~di phenyl
3-thi etanone 1,1-dfoxide 52 was synthesisea!''®) from
the dimethoxyketal 50 by heating it in morpholine at 95°
for 6 hours to give the desired 2,2-diphenyl-3-morpholino

Z-thiete 1,1-dioxide 56, The NMR consisted of two four



85
hydrogen quartets at 3,05 ppm and 3,49 ppm J = 2,5 cps
due the morpholine groups, a one hydrogen singlet at
5.34 ppm due the olefinic proton and a ten hydrogen
multiplet at 7,50 ppm attributed to the two phenyl pro-
ducts,

Attempted hydrolysis of this compound in water with
a cationic fon exchange resin as catalyst had no effect,
Treatment with concentrated hydrochloric acid for 24
hours, however, resulted in complete destruction of the
enamine with only morpholine hydrochloride and a material
which showed no carbony! nor sulfone absorption in its
infrared, being recovered,

The attempted preparation of 2,2-dipheny! thiete
“1,1-dioxide 57, in a manner analogous to that used for
the 2-pheny! derfvative 37, using 1=(N,N-dimethyl)amino-
2,2-dipheny|ethylene(115) and methanesulfonyl chloride/
tfiethylamine in ether at 0%, was also unsuccessful,

The only materfal recovered from the reaction mixture
was unchanged enamine,

Those compounds successfully prepared therefore
were 3-thietanone 1,1-dioxide, 2-thiete 1,61-dfoxide,
thietane 1,1-dioxide, 3-thietanol 1,1-dioxide, the 2,2~
dimethy! derivatives of these, 2-phenyl 3-thietanone 1,1-"

dioxfi.de, and 2-phenyl 2-thfete 1, 1-dioxide,
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C, Pyrolysis

The compounds prepared as described in the previous
section were pyrolysed in the flash apparatus at 950°
and at approximately 1 micron pressure, These conditions
corresponded to a contact time in the hot zone of the
reactor of 1 millisecond, All condensable products were
trapped immediately after formation by a lfquid nitrogen
cooled cold finger placed 2,5 centimeters from the end
of the hot tube, In certain cases this cold finger was
inftfally covered with methanol to trap any reactive pro-
ducts such as ketene or suifene, The products were i den=-
tified and then analysed quantitatively by gas chroma-
tography (vpc), The results and a discussion of the pro-
posed mechanisms follow,

The pyrolysis of thietane 1,1-dioxide 26 gave three
product which were identified by infrared, NMR, and vpc
retentfon times as cyclopropane, propylene and sulfur
dioxide, Similarly, 2,2-dimethyl thietane t,1-dioxide
45 was found to gfve Z-methyl=1-butene, 2-methyl=2-
butene, 2-methyl=-1=-butene, and sulfur dioxide, The
initial process would appear, therefore, to be the fnitial
loss of sulfur dioxide to give the diradical 58, Sub-
sequent ring closure to the cyclopropane or hydrogen
migration would give the observed products, The forma-
tion of cyclopropane and propene froma 1,3 diradical is
proposed by Flowers and Frey for the gas phase photoly-

(116)

sis of cyclobutanone,



88

A large number of examples of the thermal and photo-
chemical extrusion of sulfur dioxide are known, Several
workers(117) have studied the thermal and photochemical
extrusion of sulfur dioxfde from sulfolenes 59 which res-
ults in the formation of dienes, Although this reactfon
has been known for some time, only recently has the
stereochemi cal aspect been examined, McGregor and Lemal(118)
and also Mock(119) in 1967 examined the thermal reaction
of substituted sulfolanes, while Saltiel and Metts(120)
studfed the photochemical one, In both cases, the results
indfcated a concerted elimination of the sulfur dioxide
with the reaction ebeying the symmetry rules of Woodward
and Hoffmann£121)

Thiirane 1,1-dioxides §0 have élso been reported to
lose sulfur dioxide on heating to give the corresponding
olefins, although a two step process may be occurring in
these casesf122'123) The only reported cases of extrusion
of sulfur dioxide from four membered rings are those of

(125) Karish and

Karish and Pirkle(12%) and Di ttmer,
Pirkle found that sulfur dioxide was extruded, along with
nitrogen, from the diazothietane 1,1-dioxide 61 to give
the olefin, while Di ttmer has reported that the pyrazo-
line 62, prepared from:thiete t,1-dioxide and phenyldiazo-
methane, loses sulfur dioxide thermally to give the 5-
methyl-3=-phenylpyrazole 63.
The ratio of methyl butenes formed in the pyrolysis

of the 2,2-dimethy! thietane 1,1-dioxide parallels the

findings of Flowers and Frey(126), who found that on
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pyrolysis of dimethylcyclopropane at 441° to 5119, 3-
methyl-1-butene and 2-methyl!=-2-butene plus 2-methyl-1-
butene were formed in the ratios of 1,0/0.96. This
compares to a value of 1,0/0,77 obtained from the thie-
tane pyrolysis, Although the formation of polymer was
not reported by Flowers and Frey, its formation in the
thi etane pyrolysis is no doubt a result of acid polymer=-
jzatfon by the sulfurous acid, the latter being formed
on the cold finger from sulfur dioxide and water,

The isolation of cyclopropane and sul fur dioxfde, as
well as the agreement of the methylbutene ratfos with
those of Flowers and Frey, all support the hypothesis
fnvolving the inttial extrusion of sulfur dioxide fol-
lowed by cyclopropane formation or hydrogen migration,

The 3=thietanone 1,1=-dioxides were found to follow
a somewhat parallel reaction path, Pyrolysis of 3-
thietanone 1,1-dioxide 22 gave only ethylene and sulfur
dioxide as fsolable products, The 2,2-dimethy!l 3-
thietanone 1,1-dioxide 40 gave isobutylene and sulfur
dioxide, and 2-phenyl Z-thfetanone 2,2-diokxide 29 gave
styrene and sulfur dioxide in virtually quantitative
yields, Extrusion of sulfur dioxide would again seem
to be the initial reaction to give the corresponding
cyclopropanone after ring closure, Subsequent loss of
carbon monoxide results fn formation of the observed
olefins,

The intermediacy of a cyclopropanone in these reac-

tions is only speculative since no one has reported the
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pyrolysis of cyclopropanone in order to examine the pro-

ducts, Several authors have invoked thelir intermediacy,
however, to explain the formation of the observed ole-
finic products., Kistiakowsky and Sauer('27) while study-
ing the photolysis of ketene, found, among other products,
ethylene and carbon monoxide, They proposed that the
attack of carbene from the ketene photolysis reacted with
a second molecule of ketene to give cyclopropanone, This
then decomposed to give the observed ethylene and carbon
monoxide, Simflarly, Leermakers and coworkers(128)
invoked a tetramethylcyclopropanone to explain the forma-
tion of tetramethylethylene from the photolysis of 1,63~
tetramethylcyclobutadione 64, Doerr and Skell(129) on

the other hand were able to provide more direct proof,
They reported that debromination of 1,3-dibromoacetone

65 gave ethylene, which they proposed arose by the spon-
taneous decomposition of an intermediate cyclopropanone
66, This was supported by their observation that if the
dimethyl ketal 67 was used instead of the ketone, some
cyclopropanone dimethy! ketal 68 was recovered from the
product mi xture,

Whether sulfur dioxide or carbon monoxfde is elimina-
ted first is not known, The isolated products would be
expected to be the same in either case, however, since
the loss of sulfur dioxide from ethylene sulfones is an
equally well known reaction, as was mentioned above, On

the basis of bond strengths alone, one would expect that

the sulfur dioxide would be extruded first, since the
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bond energy of the C-S bond is only 65 kilocalorfes ver=-

sus 82,6 ki localories for the C-C bond,

In both the thietane 1,1-dioxide and 3-thietanone
1,1-dioxfdes no evidence for the existence of a sulfene
was found, It was expected, however, that thiete 1,6 1~
dioxide would be more likely to give a sulfene on decom-
posftion, This was based on the observation of King and
co-workers(13o) that the pyrolysis of thiete 1,6 1-dioxide
25 at moderately high temperatures in the gas phase or
at lower temperatures fn solution gave a good yield of

a3 b |
1,2 oxathiole S-oxide (an e, punsaturated sultine £9),

’
At about the same time, two similar reactions were repor-
ted by Dittmer(131) and Hoffman(132) respectively, The
former involved the ring expansion of a substituted

thiete 1,1-dioxide JQ0 to the corresponding sultine 11,
while the latter was the ring opening of the diaryl

thiete 1,1-dioxide 72 to 73.

King and coworkers have proposed an electrocyciic
ring opening of the thiete 1,1-dioxide to the vinyl sul-
fene 74 which then closes by an "abnormal addition"
mechanlsm(11o) involving attack of the sulfonyl oxygen
on the end of the vinyl group, to give the «, Bunsaturated
sultine 69, This theory is supported by their observation
that trapping'with phenol gave a low yield of 2=-propenyl-
sulfonic acid phenyl ester,

The pyrolysis of thiete 1,1-dioxide 25 was repeated
in the flash apparatus at a temperature of 600°, The

sultine 69 was isolated and shown to be {dentical with
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the materfal obtained by King, Similariy, pyrolysis of
2-phenyl| 2-thiete 1,1-dioxide 37 gave 2-pheny|=2~-ene-
sultine 75, This compound was fdentffied by its infra-

red absorption at 1140 and 1025 cm™ "

characteristic of
sulfinates(133) and by its NMR which showed an ABX pat-
tern at 5,32, 5,72 and 6,81 ppm with coupling constants
of Jyg = =15,96 cps, Jpyx = 2,21 cps, and Jax = 1.95 cps
and a five hydrogen multiplet at 7,47 ppm, The excellent
agreement of this data with that of the parent sultine
69 proved the structure to be 75 rather than the alterna-
tive possibility 76,

A possible alternative method of preparing the «, 8-

unsaturated sultines might be the reaction of 1-

propenyl= or 2-propenylsulfonyl chlorides with triethyl
amine, Truce and coworkeré(46) have shown by their deuter-
ation experiments that such a system generates viny! sul-
fene or its equivalent, which is also the proposed inter-
mediate fn the formation of sultines,

King and coworkers(134) have attempted to prepare
a sultine by such a route with negative results, The
importance of this result is not certain, however, since
the stabilfty of sultines in the presence of bases is
unknown, Also, in view of Opitz's report of the isola-
tion of triethylamine hydrochloride-sulfene adducts, it
is not clear if in fact the same intermediate is involved
in solution as fn the vapor phase reaction where the sul-
fene is necessarily "free",

An alternative mechanism involving efther a zwitter=-
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fon or diradical intermediate J7 for the formation of the
o¢ B-unsaturated sultines was deemed unifkely on the basis
of the low temperature pyrolysis of the thietane 1,1~
dioxides, If efther a zwitterion or diradical was involved,
then the thietane 1, ,1=-dioxides should undergo a simflar
reaction via the corresponding intermediate 78 to give
saturated sultines 79, However, pyrolysis of thietane
1,1-dioxide 26 at 465°, 595°, and 765°_gave starting mat-
erial as the only nongaseous product in 92,5%, 78,6%,

and 36,5% ylelds respectively, Similar results were
obtained with 2,2-dimethyl thietane 1,1-dioxide at 465°
and 610°,

No corresponding o, Bunsaturated sultine could be
{solated from pyrolysis of 2,2-dimethy!l 3-thiete 1,1~
dioxide 44 at 450° to 710°, This is probably a result
of sterfc hind rance by the two methy! groups on the
double bond preventing attack by the sulfonyl oxygen,

This formation of cyclic sulfinates is analogous
to the rearrangement of the allyl sulfinate 80 to the
allyl sulfone 81 observed by Cope(135). Such an intra-
molecular rearrangement also appears to be occurring in
the electron bombardment of cyclic suifones, Fields and
Meyerson(136) have reported the formation of a cyclic
ether 84 on pyrolysis of the sulfone 82 which they sug-
gested occurs via the sulfinate intermediate 83, This
is supported by the mass spectrum of 82 which shows in
addi tion to peaks corresponding to the loss of atomic

oxygen, molecular oxygen, and sulfur dioxide, a series



o8

-
o 3
\
I ﬁ 1
a
0 &
O
AV
d
2
A
W



99
of peaks corresponding to the loss of sulfur monoxide,
carbon monoxide or both, as expected from a rearrangement
to the sulfinate 83,

These results are paralleled in the spectrum of 2=-
pheny!l 2-thiete 1,1~-dioxide, As well as the parent peak
at m/e 180, peaks were observed at m/e 106 and 105 cor-
responding to the loss of SO, and 802H respectively, at
m/e 132 due to the loss of sulfur monoxide and at m/e
135 from the loss of CO,H (with a metastable peak at m/e
156 for the loss of CO), This breakdown pattern and the
possible structures of the charged species are shown
below,

Pyrolysis of thiete 1,1-dioxide 25 at 950°, however,
gave none of the previously observed sultine but rather
a 84% yield of acrolein, No sulfur dioxide was found
among the products efther, but rather a yellow polymeric
materfal which was presumed to have come from sulfur mon-
oxide, This was supported by the observation that a
bright red-coloured material formed on the cold finger
during the pyrolysis and that this material changed to
the yellow polymer on warming, Such a colour and colour .
change are indicative of disulfur monoxide(137)_which is
known to form spontaneously by the gas phase di spropor-
tionation of sulfur monoxide, Disulfur monoxide is
unstable in the condensed phase, readily forming poly-
sul fur oxides,

Simitarly, 2,2-dimethyl 3-thiete 1,1-dioxide 44 gave

Z-methy|-2-butenal and some sulfur dioxide, while 2~
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phenyl 2-thiete 1,1=-dioxide 37 gave phenyl vinylketone,
acrolein, and methyl phenylacetylene, All the products
were identified by comparison with authentic samples,

The formation of the side product methyl phenyl=-
acetylene is probably a result of a sulfur dioxide
extrusion reaction similar to that observed previously,
since cyclopropenes are known to rearrange to acetylenes
on heating, The acrolein, on the other hand, must have
arisen by thermal cleavage of the phenyl-carbon bond
wi th subsequent hydrogen abstraction, possibly from the
solvent,

The extrusion of sulfur monoxide, as proposed above,
is a well=known reaction, Hartzwell and Paige(138) have
found that episulfoxides 85 lose sulfur monoxide at 100°-
150° in a nonconcerted manner to give a cis-trans mixture
of the corresponding olefins, The loss of sulfur mon-
oxide has also been postulated by Fields and Meyerson(139)
anhd Chambers and Cunningham(140> for the formation of
cyclic ethers from diarylsulfones as previously described,
Simmons and coworkers(141) have found as well that the
di thiosulfite 66 loses sul fur monoxi de spontaneously to
give the four-membered ring disulfide 87, The possibility
that these products might have arisen from the previously
observed sultine was considered, In fact, pyrolysis of
2-phenyl=2-one sultine 12 under similar condi tions gave

the same products in the same ratios as observed from

the pyrolysis of the 2-phenyl 2-thiete 1,1 dioxide 37,



101

0
S
LT :
__ s | ‘0s
% | ~— L
B >N > 7
L
78 38
_mMmuz _ os- onm\mg\uz
S—\9N v YS—NON
CF)
H OH
..Il\ ) OWI €
/N S T IULANFI




102

Phenyl vinyl ketone, however, is not the product
expected from the loss of sulfur monoxide from 2-phenyl=-
2-ene sultine 75, but rather 3-phenylacrolein should be
observed since the oxygen is attached to the carbon three
away from the phenyl group, rather than the one bearing
phenyl, It is proposed that rather than 75 being an
fntermediate in the high temperature pyrolysis, it is
only the lower temperature product formed from the vinyl
sulfene 88, which is readily reversed at higher tempera-
tures, At the higher temperature a second reaction pat-
tern becomes accessible to the sulfene which because of
the loss of sulfur monoxide, is now irreversible,
"Abnormal" attack of the sulfene upon ftself to give the
cyclic structure 89 followed by loss of sul fur monoxi de
thus accounts for the observed aldehydes and ketones,

A three centered representation of sulfenes was con-
sf dered previously by King and Durst(142), It was rejec-
ted at that time, however, since the more familiar
representation 88 explained the deuteration results more
satisfactorily, Such an intermediate as 89 could con-
ceivably be involved in the reaction of sulfur dioxide
wi th di phenyldiazomethane as reported by Staudinger(47).
He found that if diphenyldiazomethane was added to sulfur
dioxide, the isolated product was benzophenone which he
proposed was formed by the loss of 8203 from the cyclic
intermediate 2]. An intermediate 90, however, could
explain the results equally well,

The formation of carbony! compounds on pyrolysis of
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thiete 1,1=dioxide, in conjunction with the formation of
sultines at lower temperatures, provides further evidence
for the existence of sulfenes as chemical {ntermediates,
The exact structure of sulfenes is still debatable, how-
ever, and may best be represented by a series of canonical
forms rather than a single structure,-

The pyrolysis of 3-thfetanol 1,1-dioxide 41 appears
to be more complex than observed for the other compounds,
When pyrolysed with no trapping agent on the cold finger,
only a small percentage of chloroform soluble material
was recovered and a large amount of polymer was formed,
When methanol was placed on the cold finger prior to
pyrolysis this problem was overcome, with the reactive
products befng trapped by the methano!, The products
isolated consisted of ethane, ethylene, acetaldehyde,

di methoxymethane, propionaldehyde, acetone, 1,1-dimethoxy
ethane,acrlefn, and sulfur dioxide as shown in Table
I11,

Some of the products are readily explafned on the
basis of previously observed mechani sms, Extrusion of
sulfur dioxide from the 3-thietanol 1,1-dioxfde would be
expected to give acetone and propionaldehyde ef ther dir-
ectly by hydrogen migration or via rearrangement of
cyclopropanol,

It is also conceivable that under these reaction
condi tions, dehydration of the Z-thietanol 1,1-dioxide
might occur tc give the thiete 1,1-dioxide, As shown above,

this compound could then be pyrolysed to acrolein and sul-
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fur monoxide,

The formation of acetaldehyde and its dimethyl
acetal, on the other hand, would indicate a third mech-
anism is operative, which is in fact the one ofiginally
desired; i,e, cleavage of the thiete 1,1=-dioxide to gfve
acetaldehyde and sulfene, The fate of the sulfene mofety
is not certain although thgiobservgd ethylene and forma+t-
dehyde acetal could be some indicatidn.

The formation of stilbene from pheny! sulfene
fs a well known reaction(ao) and would explain the form-
ation of the observed ethylene, Disproportionation of
the sulfene would give methlyene which could then dimerize
to give ethylene, The sulfene could also undergo a reac-
tion analogous to that observed for the vinyl sulfene to
give formaldehyde and sulfur monoxide by an "abnormal™
attack upon ftself,

If these supposftions be true, then the yield of
sulfur dioxide should approximate that of the acetone and
propionaldehyde (47%), which it does, Although the yield
of formaldehyde and ethylene are not as high as the
acetaldehyde, as they should be, this is accountable for
by polymerization of both the sulfene and the products
as well as inefficient acetal formation,

The two purposes of this study would appear there-
fore to have been fulfilled, Evidence was obtained to
indicate the presence of a sulfene fntermediate in the
therma! reaction of thietane 1 ,1-dioxides and secondly,

a general reaction of sulfenes in the gas phase was dis-
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covered, the formation of carbonyl compounds, a reattion

previously unobserved at lower temperatures,
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EXPERIMENTAL

A, The Photolysis of Some 2-Pyrones

Preparation of 2-Pyrone:

Coumalic acid was decarboxylated over a copper cat-
alyst at 650° as described by Zimmerman(25) to give 2~
pyrone, b,p, 94°/15 mm, AEYOH = 217 nm (€2,720), 289 nm
(¢ 7,500).

Jrradiation and Pyrolysis of 2-Pyrone:

3,2 g of the pyrone were dissolved in 5 ml of dry
benzene fn a 9 mm pyrex tube, the solution was degassed
for } hour with oxygen-free nitrogen, the tube sealed,
then strapped to the outside of a water-cooled immersion
well containing a Pyrex filter and a 450 watt Hanovia
medfum pressure mercury arc lamp, The whole apparatus
was immersed in a four Iftre beaker and wrapped with
aluminum foil, which acted as a reflector, The solution
was irradiated for 120 hours, then the crystalline pre-
cipitate filtered, 1,28 g (40%)., The infrared absorp-
tion of the solid showed little if any absorption at
1560 cm~ ! due to 2-pyrone, Attempted separation of the
crystalline products by fractional recrystallization was

unsuccessful,
109
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The crystals, 300 mg, were pyrolysed fn a Pyrex dis-
tillation apparatus with a free flame by heating to above
their melting point for 10 minutes, The resultant mater-
fal was distilled under water pump vacuum into a dry
jfce-acetone cooled receiver, The products were a mix-
ture of cyclooctatetraene, fdentified by infrared and
vpc retention time, and 2-pyrone, identified by infrared
and NMR,

The cyclooctatetraene was determined by adding a
known wefght of cyclohexanol to the distillate in chloro-
form. The mixture was then analysed by vpc (20% Carbo-
wax 20M on Chromsorb P, 6'x&", 120°, 40 cc/min of helfum)
and the ratio of the peaks determined by fntegration,

The yield calculated was 2,4%,

The amount of 2~-pyrone produced by reverse cleavage
of the dimers was calculated by making the distillate to
a specific volume with chloroform and measuring the areas
of the infrared absorption at 1546 and 1626 em™! on a
Beckman IR7 using 0,1 mm cells, The amount of 2=-pyrone
was obtained by comparison with a graph of area versus
concentration prepared by using pure 2-pyrone, The yield
calculated was 36,6%.

83.3 mg of cyclooctatetraene were pyrolysed under
similar condftions and distilled to gfve back 83,0 mg
(99.5%) of the starting material,

Preparation of 4-Methoxy-6-Methyl-2=-Pyrone:

The 2=-pyrone was prepared as described by Lock and

smi th(26) by the reaction of dehydroacetic acfd in 90%
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sulfuric acid to give triacetic acid lactone (48%), which

was then methylated with dimethyl sulfate and anhydrous
potassium carbonate in refluxing ethy!l methyl ketone,
Recrystallfzation from benzene gave the desired 4-methoxy-
6-methy |~2-pyrone, m,p, 87-89° (lit.(aé)m,p. 89-90°),
pEel4 = 1710 (C = 0), 1650, 1570 (C = C) em™', §(CCly) =
2,17 (3H,s), 3.78 (3H,s), 5.28 (1H,m), AEXOH = 280 nm
(€6,380), 1t was found necessary to sublime the materfal
before use to ensure dryness, as the compound is hygro-
scopic,

Irradfation of 4-Methoxy-6-Methyl-2-Pyrone:

In general, a solution of the 2-pyrone (100-300 mg )
was dissolved in 5 ml of dry benzene (distilled from
calcium hydride and stared over sodium wire) in a 9 mm
pyrex tube which had been flamed out, The solution was
degassed and irradiated as before, The reaction was
followed by taking alfquotes with a hypodermic needle
through the septum and observing the disappearance of
the ultraviolet absorption at 280 nm, (approximately 24
hrs),

The {rradiated solution was transferred to a 100 ml
flask, and either a) an equal volume of water with enough
df oxane to make a homogeneous solution, or b) methanol
was added, After standing at 50° for 12 hrs, the solvent
was removed under reduced pressure and the products sep=-
arated by thin layer chromatography (tic) using 50/50
ether/benzene to give a mixture, Rg=0.6, of cis- and

trans:p-methylglutaconic acid monomethyl esters, m,p,
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71-73°, 8%, ¥CC4 = 147 (c = 0), 1697 (c =€) en”',

Analysis: Cale, for CqH 0, C 53,16%, H 6,37%, OMe 19,62%;
C 53,29%, H 6,59%, OMe 20,02%,

Also a mixture, Rf= 0,3, of cis- and trans=pg-methyl-

Found,

glutaconic acids, m,p, 153,5-54,5°, was fsolated, {den-
tical with that reported by Jackman(ae).

Treatment of efither of these mixtures with ethereal
di azomethane gave a mf xture of cis- and trans=-p-methyi-
glutaconic acfds dimethyl esters, which were separated
by vpc (10% Carbowax 20M on Chromosorb P, 20'x&“,'15o°,
60 cc/min) to give dimethyl cisfp-methylglutacénate,
§(cCly)= 1,97 (3H,s), 3.70 (6H,s), 3,75 (2H,s), 5,82 (1H,
s).and dimethyl trans-g-methyiglutaconate, 5(CCly)= 2,22

(3H,8), 3.12 (2H,s), 3,70 (6H,s), 5,80 (1H,s). Both
these compounds gave infrared and NMR spectra fdentical
with those reported by Jackman(ae).

Hydrogenation of Jrradiation Products:

387 mg of 4-methoxy-6~-methyi-2-pyrone were di ssolved
in anhydrous benzene, which had been passed through active
neutral alumina, and the solution placed in a 10 mm Pyrex
tube, After degassing by the freeze-thaw method on a
high vacuum pump, the tube was strapped to an immersion
well and irradiated as described above, The solvent was
then removed at room temperature with a trolley pump to
yield a polymeric material whose average molecular
weight was 510 (vapor pressure osmometer in benzene),

wCCl4 < 1740 (C = 0), 1645 (€ = C) e, §(CCI4) = 1.75
(3H,m), 3.30 (1H,m), 3.65 (3H,m), 5,30 (1/5H,m), 6,00
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(1/5H,m), 6,55 (8,5/10H,m),

The product was hydrogenated in anhydrous ethyl
acetate with 150 mg of prehydrogenated Pty0 for 24 hours,
the catalyst filtered off, and the solvent evaporated to
give 290 mg of a materfal which disttliled at a bath
temperature of 130°/30 mm, This material was treated
with ethereal diazomethane and separated by tlc using
204 ethyl acetate/petrol (60-80°) to give a mixture of
tsomeric esters, »CCl4 = 1740 em™1, g(cCly) = 1,15 (3H,
d,J=6 cps), 2,19 (3H,m), 3.19 (3H,s), 3,26 (1H,m), 3,65
(3H,s), 3.66 (1H,m),

Analysis: Calc, for CBH1403, C 60.74%, H 8,92%;
Found, | _ C 60,36%, H 8,95%.
Irradiation of 4-Methoxy-6-Methyl|-2-Pyrone in Methanol:

100 mg of the 2-pyrone were irradiated as before

in 5 ml of spectral grade methano! for 3 hours, The
solvent was evaporated and the products distilled under
vacuum (1300/750 mm) to give a low yield of a mixture
of cis=- and trans-dimethylﬁ-methylglutaconate, as fden-
tified by comparison of the vpc and tlc retention times

with authentic samples,

Jrradiation of 4-Methgxy-6-Methy]-2-P¥rgne:

A solution of 100 mg of the 2=-pyrone was di ssolved
in 200 ml of water and jrradiated in an immersion appar-
atus with a 450 watt medium pressure mercury arc through
Pyrex after degassing with oxygen-free nitrogen, The
reaction was followed by the disappearance of the ultra-

violet absorption at 280 nm (2.5 hrs), Solvent was
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removed under vacuum and the products separated by tilc
using 50/50 ether/benzene to gfve cis-P-methyl glutaconic
acid monomethy! ester, Re=0,6, 50%, m,p., 77-78°,)/ggi4 =
1747, 1698 (C = 0), 1651 (C = C) em ', §(CCl,)= 2,00
(3H,d,J=1,5 cps), 3,67 (2H,s), 3,71 (3H,s), 5.87 (1H,

m), 11.71 (1H,s),.A5::H = 217 nm (£8,000),

Analysfs: Calc, for C;H,,0,, C 53,16%, H 6,37%, OMe 19,62%;
Found, C 53,08%, H, 6,36%, OMe 19,12%,

Also, cis-P-methylglutaconic acid was isolated, Re = 0,3,

50%, m.p. 152-53°,)J;:i°| = 1715, 1688 (C = 0), 1642

(C =€) em™', §(CF5C00H)= 2,13 (3H,d,J=2 cps), 3,90 (2H,

s), 6.11 (1H,m), AEIOH = 2,17 nm (€13,100), 1dentical

with that reported by Jackman(28),

A solution of the 2-pyrone was dissolved in water
for 24 hours at room temperature, The water was then
removed under vacuum to give back the 2-pyrone unchanged,
as shown by infrared absorption,

Qzonolysis of cis=B-Methylglutaconic Acid Monomethyl

Ester:

20 mg of cis-pP-methylglutaconic aci d monomethyl
ester from the water irradiation were ozonized at -70°
in chloroform for one-half hour, The excess ozone was
removed with a stream of nitrogen and the reaction mix~
ture hydrogenated at-=70° for 5 minutes over 54 Pd/C
catalyst, The catalyst was filtered off and the pro-.
ducts treated with an excess of 2,4=-dinitrophenylhydra=
zine-hydrochloride, then separated by tic using 5%

ethyl acetate in benzene to give 10 mg of methyl aceto-
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acetate 2,64=dinftrophenylhydrazone, m,p, 120-21° (mi xed
m, P. 119.0-19.5°_w1th an authentic sample(as) m,p, 119~
20°).

Hydrogenation of 4=Methoxy=-6-Methyl=2-Pyrone:

A solution of 284 mg of the 2-pyrone over 73 mg of
5% Palladfium on Carbon in 5 ml of dry dioxane was hydro-
genated for 7 hours at atmospheric pressure, The cata-
lyst was filtered and the solvent removed under reduced
pressure to give a 45/55 mixture (by NMR integration) of
5-hydroxy-3-methoxy-2-hexenofc acid §-lactone and 5~
hydroxy=3-methoxy-hexanofc acid§ -lactone which were
separated by tlc (% ether/benzene), The former showed
the following physical propertfes: yggl4 = 1722 (C = 0),
1635 (C = C) em ', §(CCl,) = 1.40 (3H,d,J=6.5 cps), 2,28
(1H,s), 2.81(1H,8), 3.75 (3H,8), 4,47 (1H,m), 5,08 (1H,
s), Analysis: Calc, for CqH 403, C 59.14%, H 7.09%;
Found, C 58,96%, H 7.06%; and the tatters ¥ CCla = 1747
(C=0) em!, §(CCI4) = 1.35 (3H,d,J= T cps), 2.41 (4K,
m), 3.25 (3H,s).

Analysis: Calc, for CoH 0, c 58.31%, H 8,39%;
Found, c 58,69%, H 7.97%.
Hydrogenation of B-Methylgiutaconic Acjd:

40 mg of ci s=B-methylglutaconic acid were hydro-
genated with 33 mg of 5% Pd/C fn 5 ml of absolute ethanol
at atmospheric pressure for 24 hours, The catalyst was
filtered off and the product treated with ethereal dia-
zomethane to give B-methylglutaric acid dimethyl ester

pCClu = 1740 (C = 0) em™ ', §(CCly) = 1,01 (3H,m), 2,28

(28

)

?



116
(SH,m), 3.62 (6H,s),

Preparation of 6-Methoxy=-4=-Methyl-2-Pyrone:

B-methylglutaconic acid was prepared as described
by Wiley and Jarboe(31) via the base catalysed hydroly=-
sis of ethyl isodehydroacetate, The anhydride was then
formed by heating with acetic anhydride to give p-methyl-
glutaconfc anhydride, The anhydrfide was treated with
ethereal diazomethane and the products recrystallized
from ether-petrol (35=-60°) to give 6~methoxy-4-methyl-2-
pyrone, m.p. 53,0-53,5°, »SCl4 = 1755 (C = 0), 1640,
1595, 1560 (C = C) em ', §(CCly)= 2,07 (3H,s), 3.84 (3H,
s), 5.14 (1H,m), 5.44 (1H,m), ).522** = 281 nm (€4,200),
315 nm (€4,150),
Analysis: Calc, for CqHgOs, C 59.99%, H 5.75%;

Found, C 59.45%, H 5.29%,

Irradiation of 6-Methoxy=-4-Methyl=-2=-Pyrone:
140 mg of this 2-pyrone were irradiated in dry

benzene for 24 hours under conditions fdentical to those
used for 4-methoxy=-6-methyl=-2-pyrone, The solvent was
evaporated to give materfal of average molecular weight
152 (vapor pressure osmometer in benzene), NMR examina-
tion of this material showed only peaks attributable to
starting materfial, cis- and trans- B-methyliglutaconic
acid and 1ts monomethyl esters,

Hvdrolysis of 6-Methoxy=4-Methyl-2-Pyrone:

150 mg of the pyrone were dissolved in 40 ml of 95%
ethanol and left at room temperature for 24 hours, The

solvent was then removed under reduced pressure and the
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products separated by tic with 50/50 ether/benzene to
give a mixture of cis- and trans-B-methylglutaconic acids
ethy! methyl esters, bCC!4 = 1740, 1720 (C = 0), 1660
(c=2¢)em ', §(CCl,) = 1,24 (3H,t,J=T cps), 1,92 (3/2H,
d,J=1,5 cps), 2,20 (3/2H,d,J=1,5 cps), 3,07 (2/2H,s),
3.62 (3H,s), 3.78 (2/2H,8), 4.09 (2H,q,J=T cps), 5.75
(1H,m),
Analysis: Calc, for 09H1404, C 58,05%, H, 7.58%;

Found, C 58,15%, H, 7.22%.



B8, Photolysis of B-Keto Sulfones
Preparation of Benzyl Acetonylsulfone:

Benzy! mercaptan was condensed with chloroacetone
using sodium ethoxide as described by Wahl(sa), to give
benzy! acetonyl sulfide, This sulfide was then oxi df zed
with potassium permanganate to give the benzyl acetonyl-

sulfone, m,p, 88-89° (1it, m,p. 890(58)).

Irradiation of Benzyl Acetonylsulfone:

360 mg of the sulfone were dissolved in 40 ml of
spectral grade methanol in a 2.5 x 20 cm quartz tube,
fhe solution was degassed with oxygen-free nitrogen for
one hour, then sealed with a rubber bulb and strapped
to the side of a water-cooled immersion well containing
a Corex filter and a 450 watt Hanovia medium pressure
mercury arc lamp, The apparatus was immersed in a cold
bath at 0° and frradiated for 3 hours,

The solvent was removed under water-pump vacuum
at room temperature and the products separated by tle
using 50/50 ether/benzene to give:

a) R= 0.8, dibenzyl, m.p, 51,5-52,0°, (mixed m,p, 51.5-
52,0° with an authentic sample m.p, 51-520), 22%, infra-
red and NMR identical with an authentic sample,

b) sz 0.7, benzylsulfonic acid isopropenyl ester, 5,8%,
vCC4 = 1670 (C = C), 1365, 1167, 953 (505R) cm™',
s(ccl,) = 1,87 (3H,s), 4,34 (2H,s), 4,74 (2H,m), 7.40

EtOH
(59,9, €510~ 1,80,

118
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Analysis: Calc for CyqoH,5058: C 56.60%, H 5,70%;
Found: C 56.52%, H 5,58%,

¢) Rf = 0,65, benzyl acetone, 13%, 2,4=dinitrophenyl-
hydrazone m.p, 127-29° (mixed m,p, 127-29° with authen-
tic sample m.p, 127-29°%), infrared and NMR fdentical
with an authentic sample,
d) Re = 0.2, benzylsulfinic acid, m,p, 108=-12°, 32,17,
infrared and NMR fdentical with those of a sample pre-
pared as described below,
e) acetone, 59%, 2,4-dinitrophenylhydrazone m.p, 125-27°
(mixed m,p. 126-7° with authentic sample m.p. 126-27°).
The yield of acetone was determined by distilling the
volatile products and solvent into a carbon dioxide-
isopropyl ether cooled recefver, The distillate was then
made up with methanol in a 50 m! volumetric flask and
aliquotes analysed by vp¢ (2.5% Carbowax 20M on 60-80
mesh firebrick, 25' x 3/16", 60°, 40 cc/min of helium)
on a varian HiFi vpc with flame ionization detectors,
The apparatus had been previously calibrated with acetone
in methanol solutions,
f) No benzylsulfonic acid methyl ester was observed by

examination of the product mixture by NMR or tlc,

Preparation of Benzylsulfinic Aci d:
25 g of sodium bisul fite were added to 18 g ofec~-

toluenesul fonyl chloride in 100 ml of water, in a manner
analogous to the method described by Durst(57) for the

preparation of sulfinic acids, The mi xture was acidified
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with HCl, and the resultant white precipitate filtered,
The acid was cpystaliized from chloroform/petrol (60-80°)
to give pure benzylsulfinic acid, m,p, 1i0-12°,112:i°'=
3400 (OH), 1070 (SO,H) cm™!, §(CDCIz)= 4,02 (2H,s), 7.3
(5H,s), 10,41 (1H,s),

Part of the acid was treated with diazomethane to
give methyl benzylsulfinate, pg':‘:'3 = 1110, 995 (SO,R)
em!, §(cCl,) = 3.60 (3H,s), 3.89 (2H,s), 7.29 (5H,s).
Preparation and Irradiation of Methy! Benzylsulfonate:

One gram of e¢-toluene sulfonyl chloride was reacted
with 5 ml of anhydrous triethylamine {n 40 ml of methanol q
for one minute as described by Durst(57). 50 m! of methy-
lene chloride were then added and the solution washed
with 50 ml of 5% HCl, and 50 ml of water, The hydro=
carbon layer was dried over MgSO,, filtered, and the
solvent evaporated, The product was recrystallized from
CHeclz/petrol (35-60°) to give methyl benzylisulfonate,
m.p. 61-62° (1it. m.p, 61-62°), ¥CC A= 1335, 1150, 990
(505R) em™!, §(CCly)= 3.65 (3H,s), 4.24 (2H,s), 7.30
(5H,s).

122,2 mg of the ester were irradiated in 40 mi of
methanol, as described above, for 4 hours, NMR and tlc

examination of the products showed only methy! benzyl-

sulfonate,

Attempts to Increase the vield of Viny!l Sulfonate:

various changes were made in the solvent, tempera-

ture, filter, and/or irradiation time in an attempt to
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increase the yield of the fsopropenyl benzylsulfonate,

The results are given in Table Il of the discussion,

Preparation of Benzyl Phenacyl Sulfone:

Benzyl mercaptan was reacted with chloroacetophen=-
one as described by Wahl(ss). The resultant benzyl
phenacy! sulfide was then oxidized with KMnO, to give
the desired benzyl phenacy! sulfone, m,p, 111=-12° (lit,
mp. 1130560 »CHC3 1730 (c = 0), 1235, 1125 (50,)
em™!, §(CDCI5)= 4,38 (2H,s), 4.52 (2H,s), 7.2-8,0 (10K,

m),

Irradiation of Benzyl Phenacyl Sulfone:

260 mg of the B-keto sulfone was irradiated in 40
m! of spectral grade methanol, as described above, for 7
hours, The solvent was removed under reduced pressure,
the products treated wi th excess diazomethane, then sep-
arated by tlc, using 50/50 ether/benzene, to give:
a) Re = 0,8, dibenzyl, m.p. 51-520, 24%, infrared and
NMR identical with an authentic sample,
b) Re = 0.7, acetophenone, 77.5%, 2, 4-dini trophenylhydra-
zone m,p, 246-47° (mixed m.p, o45-46° with an authentic
sample m,p, 245-47°), infrared and NMR {dentical with an
authentic sample,
c) Re = 0.5, methyl benzylsulfinate, identical with the
material synthesised previously,
d) Re = 0.4, an unidentified ketone, 32%, which by com=
parison of infrared and NMR spectra is not 2=-phenyl-

propiophenone,
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e) No vinyl_sulfonate was isolated or observed in the

product mixture,

Preparation Qf t-Butyl Acetonyl Sulfone:

t-Butyimercaptan was condensed(83) with chloroace-
tone as described above, using sodium ethoxide to give
t-butyl acetonyl sulfide, b.p, 95-96°/30 mm (1it, b,p.
103,5-104,5°(83)), »CCla = 1717 (c = 0) em™!, s(cct,) =
1,33 (9H,s), 2,22 (3H,s), 3.38 (2H,s).

7.8 g of the sulfide were dissolved in 25 ml of
acetfc acid and 22,5 ml of water, To this was added slowly

12.5 ml of 20% and the solution stirred for 18 hours,

Ha05
The mixture was extracted twice with 100 ml portions of
ether and the combined ether layers then washed with sod-
jum bisulfite solution until neutral as indicated by pH
paper, The ether solution was then dried over MgSOy,
filtered, and distilled to give t=butyl acetony! sulfone,
b.p., 106-108°/1,2 mm, ucc'4 = 1720 (C = 0), 1313, 1112
(805), §(CCly) = 1.36 (OH s) 2,38 (2H,s), 3.96 (2H,s),
et0M= 2,000,
Analysfs: Calc, for C7H1403S: c 47.18%, H 7.092%;
Found: c 46.90%, H 7.81%,
2, 4-dini trophenylhydrazone, m.p. 171-72°, )ﬁli” = 355
(¢16,000), 253 (¢4,100), 227 (e11,700) nm,
Analysis: Calc, for C,sHig 4068 c 4%,57%, H 5.06%, 8 8.97%%;
Found: c 43,88%, H 5.85%,S 8,67%.
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Jrradiation of t-Butyl Acetonyl Sul fone:

360 mg of t-butyl acetony! sulfone were irradiated
in 40 m! of methano! for 4 hours as described above, The
solvent was removed under reduced pressure at room temper-
ature, the products treated with diazomethane, and sep-
arated by tlc using 50/50 ether/benzene to give:
a) Re= 0.8, t-butylsulfonic acid isopropenyl ester 15,5%,
wOClh = 1668 (3 = C), 1345, 1149, 951 (SO3R) em 1, 6(CCI)=
1,46 (cH,s), 2,02 (3H,8), 4.80 (2H, doubliet of doublets,
Jag= 2.0 cps, 85g-§, = 10.7 cps).
Analysis: Calc, for C7H14038: C 47.18%, H 7.92%;

Found: C 46,46%, H 8.13%;

b) Re= 0.7, t-butylsulfonic acid, methyl ester, 11,5%,
infrared and NMR jdentical with the material prepared as
described below,
c) Re= O, 5, t-butylsulfinic acid, methyl ester, 28,4%,
infrared and NMR jdentical with material prepared as des=-
cribed below,
d) Re= 0.2, unf dentified ketone which is not t-butyl=-2-
propanone,

e) acetone, 55,8%, estimated by vpc as described previously,

Preparation of t-Butylsulfonic Acid Methy!l Ester:

9 g of t-butyImercaptan in 10 ml of glacial acetic

acid were oxidized with 60 ml of 0% Hy0p for 10 hours as

(65)

described by Zuffante The resultant white precipi-

tate was filtered of f and tréated wi th di azomethane to

give t-butylsulfonic acid, methyl ester,ug§;4 = 1325,
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1140, 990 (805R) em §(cCl,) = 1.37 (9H,s), 3.97 (3H,

s).

Preparation of t-Butylsulfinic Acid, Methyl Ester:

1,0 g of magnesium metal turnings were added to 5 g

of t-butyl bromide in 50 ml of anhydrous ether, After the
reaction had ceased, anhydrous SO, was bubbled into the
solution for 2 minutes as described by Barnard(sa), The
ether was removed under reduced pressure and 20 ml of 95%
ethanol, followed by 50 mi of water, were added, The
aqueous layer was extracted with 50 ml of chloroform, the
chloroform layer washed with 20 ml of water, dried over
MgSO,, filtered, and the solvent evaporated, The residue
was treated with diazomethane to give t=butylsulfinic
acid methyl ester,sCCl4 = 1130, 998 (S05R) em™!, §(cCl4)=
1,18 (9H,s), 3.76 (3H,s).

Attempted Trapping of any Radical Intermedjates:

various free radical inhi bi tors were added to the

frradiation mixture of benzyl acetonyl sulfone before
irradiation, The solutions were then irradiated as usual,
the solvent removed under reduced pressure, and the pro-
ducts treated with di azomethane, A known quantity of
dimethyl maleate was added to the product mi xture and

yi elds obtained by integration of the NMR spectra of this
mi xture,

a) 251 mg of benzyl acetonyl sulfone were irradiated in
40 m! of spectral methano!l at o° for 3 hrs through Corex,

The solvent was removed and the residue treated as above
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except that no diazomethane was added,
b) 263 mg of benzyl acetony! sulfone in 40 mi of spec-
tral methanol and 9,25 g of isobutylene (20% w/v, 1/35
sulfone/olefin were irradiated at 0° through Corex for
3 hrs, The solvent was removed and the products treated
as described above,
c) 323 mg of benzyl acetonyl sulfone were di ssolved fn 40
ml of spectral methanoi, The solutfon was heated to
boi ling, then siowiy cooied io 0° with oxygen bubbliing
through it, The solution was then irradiated at 0°
through Corex for 4 hrs, with a continuous stream of oxy-
gen bubbling through it, The solvent was removed and the
products treated as described above,
d) 206 mg of benzyl acetonyl sulfone were dissolved in
40 ml of thiol free benzene and irradiated at 10° through
Corex for 10 hrs, The solvent was removed and the pro-

ducts treated as described above,

e) 347 mg of benzyl acetonyl sulfone was irradiated in

40 m! of spectral methanol at o° for 6 hrs, The solvent
was removed under reduced pressure and the products sep-
arated by tlec (50/50 ether/benzene) to give 16,6 mg (9.2%)
of the viny!l sulfonate,

£) 207 mg of benzy! acetonyl sulfone were dissolved in

100 ml of distilled isopropy! ether and frradiated in two
lots at 15° through Pyrex for 2 hrs, The solvent was
removed under reduced pressure and the products separated

by tlc (chloroform) to give 17.9 mg (6,0%) of the vinyl
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sulfonate,

The products are tabulated in Table II of the discus-

sfon,
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c, Flash Thermolysis:

All melting points were obtained on a Kofler hot
stage and are uncorrected, The gas IR spectra were
obtained using a 100 mm NaCl cell and the ligquid spec~-
trum in a pafr of O,1 mm NaCl cells on a Beckman IR
5 or 10, The NMR spectra were done on a Varian A60 in
CCly or CDCIB, using TMS as finternal standard, The UV
spectra were run on a Cary Model 14 spectrophotometer
in 95% ethanol in 1,0 cm quartz celis, The vpc traces
were obtained from a Varian Model 1520-18 gas chromato-
graph using helfum as the carrfer phase, with thermal
conductivity detectors, and coluhns as indicated, The
apparatus was calibrated with the various compounds over
a range of concentrations of approximately the concen-
tration of the samples to be anaiysed. The samples were
injected into the machine efther in solution with a 10
ul syringe or through a gas inlet port with helium
pressurization, The vpc traces were integrated with a
planimeter to obtain the peak areas,

The pyrolyses were carried out in the apparatus as
described below by placing a known weight of materfal
in the first section of the furnace, The material was
then slowly sublimed through the hot zone with a small
stream of nitrogen to minimize back sublimation, Any
starting material which di d sublime backwards was washed
out, weighed, and the weight of pyrolysed material cor-
rected for, All collection traps were cooled with liquid

nitrogen, All materials pyrolysed were found to be sub-
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limable unchanged under reduced pressure,

An slternative: method of sulfur dioxide analysis was
carried out by adding a known volume of N/10 fodine solu-
tion to the pyrolysis products in methanol, then titrating
with N/10 sodium thiosulfate solution to a starch end
point, The sodium thiosulfate was standardi zed by
titrating 25 mi aliquotes of a potassium fodate solution,
made from 1,0017g of anhydrous KIO3 dissolved in 250 ml
di

= -
ous Ge,

-=be

of water, plus 1g of potassium

Normality of the KIO3 = 0,1123

Normality of the N328203 = Q,112%x10 = 0,106
10,

The jodine solution was then standardized by titrat-
ing 5,00 ml of fodine solution with the standardized

sodfum thiosulfate solution to a starch end point,

Normality of the I, = Q,1Q§5xo4,11g = 1,00
.00

The contact time was calculated using the following

formula:
7= (WRd(P)(t)
(m)(0.082)(1,)(760)
where P, = vapor pressure of the materfal (mmHg)
Ve = volume of the reactor (1)

T = reaction temperature (OK)
t = time of reaction (sec.)

m = moles of material passed

—
1

contact time (sec)

A sample calculation is shown below:

T = 15,53 x 1073 (1071 (7.2 x 10%)
(76~ 3) (0.082) (1,22 x 107)(760)
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= 5,2 x 10~> seconds
It should be noted that this ts an upper limit of the
contact time since the pressure used is that of the
inlet, and may not be the true pressure within the
reactor itself, A more accurate esfimation of the con-
tact time is probably about one millisecond,
Pyrolysis Apparatus:

The pyrolysis apparatus consisted of two basic
uni ts; the furnace, and the collector(s),

A, The furnace unit was made up of a brass cylinder
11 inches long by 2} inches in diameter and 1/8 inches
thick, which was wrapped with about nine coils of &
ifnch copper tubing through which cold water was circula-
ted, To the ends of this cylinder were attached two 3/8
fnch brass flaﬁges five inches in diameter, An end plate
which had a ¥ inch O ring connector, a Hastings gauge,
and two pairs of metal to porcelafn through connectors
attached, was bolted to one end of the cylinder, A
second plate with a one inch O ting butt connector was
bolted to the other end, Both end plates were sealed
vacuum tight to the flanges by means of 1/8 inch Vviton O
rings,

A reactor tube was inserted through the 3 inch O
ring connector into the cylinder, This tube consisted
of an inner 1/8 inch ID porcelain thermocouple well and
an outer } inch 0D porcelain tube, The two tubes are
fused to Pyrex gléss of the same diameter which are

joined together at the inlet end outside the end plate,
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whereas the oppésite end of the inner tube is closed and
the outer tube open, A 1/8 inch stainless steel shielded,
MgO insulated chromel-alumel thermocoupie was placed
inside the thermocouple well and attached to a Barber-
Coleman Model 471 temperature controller,

The first four inches of the outer tube were wound
with six feet of 22 gauge Nichrome wire spaced between
turns of 1/8 inch asbestos rope and covered with a layer
of asbestos sheeting, The last four inches within the
cylinder were loosely wound with an additional four feet
of the same wire, The end of both windings were attached
to separate pairs of through connectors whi ch were in
turn attached on the outside to separate variacs that
regulated the temperatures,

At the end of the reactor tube, which was outside
the cylinder, was attached a Teflon needle valve through
which could be introduced a stream of nitrogen and/or
calibrating compounds, solvents, and trapping compounds,

The pyrolysis tube was fnserted into the outer
cylinder through the 0 ring connector at one end, which
was vacuum tight, and extended through the O ring butt
connector at the opposite end by about ¥ fnch,

B8, Several types of traps were employed depending
on the nature of the material being collected,

For liquids, either a Pyrex cold finger attached to
the 0 ring butt connector, with the cold face 2,5 cm
from the end of the pyrolysis tube, or a U tube cooled in

a Dewar of liquid nitrogen, was employed,
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For gases, a combination of the cold finger and
efther a 75 ml stainless steel bomb, filled with 3/16
inch stainless steel balls, or a stoppered Pyrex U tube
was employed,

C, The whole apparatus was evacuated using a
Welch Model 1403 mechanical pump and a Consolidated
Vacuum Corporatfon Model VMF=20 water cooled oil di ffusion
pump, The vacuum was moni tored at both the furnace and
the pump, using a Hastings gauge with several stations,

A typical pyrolysis was carried out as follows, The
solid sample was wefghed out and placed tn an aluminium
foi | package into the pyrolysis tube under the first
heater and the apparatus assembled, When the operating
vacuum had been attained, the traps were filled with
1fquid nitrogen and the furnace heated to the desired
temperatureé, The compound was then sublimed through the
hot section by controlled heating of the first section
with a slow stream of nitrogen passing through, During
this time the pressure at both the pump and furnace were
moni tored,

In the case of liquid products, a calibrating com-
pound of known wieght was added to the products and the
mi xture washed out for vpc analysis, For gases, a calf-
brating compound was added through the inlet valve and
the gases then distilled from the cold finger into the
second trap, This trap was then removed and the gases
distilled from it into an evacuated 250 ml stainless

steel bomb by cooling the latter in liquid nitrogen,
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When the transfer was complete, the bomb was warmed and
pressurized to about 30 psf with heltum,

Preparation of 3=-Thietanone 1, 1-0Oioxide:
A, To 10g of ketene dimethoxy acetal ("3) {n 150 mi

of anhydrous ether containing 19,5g of triethylamine at

0° were added 13g of methanesulfonyl chloride in 50 ml

of anhydrous ether dropwise, The solution was stirred an

addf tional 3 hrs, then the solvent removed under reduced
pressure, The product was df ssolved in 200 mil of CH2CI2 ﬂ!
and washed with 100 ml of 10% HCI, twice with 100 ml

portions of water, then dried over MgSQ,, filtered, and

the solvent removed to give t4g of crude product, Two

recrystallizations from CHyCl, gave 8.5q (45%) of 3,32~

CHCl % _
max

1335, 1092 (505) em™', §(CDCI5) = 3,25 (6H,8), 4.15 (4H,

dimethoxy thietane 1,1-dfoxide, m,p, 159-60°, U

s).
Analysis: Calc, for 05H1OO4S, C 36.15%, H 6,07%:
Found, C 36.24%, H 6.01%,
(144)
B, The reaction of ketene diethoxy acetal in

an analogous manner(‘qs) with triethylamine and methane-
sulfonyl chioride gave 3,3=diethoxy thietane 1,1-dioxide,
m.p, 49-50° (1it, m.p. 49-50°(95)),

Hydrolysis of either of these ketals was carried out(gs)
by dissolving 8g of the ketal in 40 ml of concentrated HCI
with stirring at room temperature for 12 hrs, The result-
fng preci pitfzte':msfilterea and recrystallized from diox=
ane to give 6g (85%) of 3-thietanohe 1,1-dioxide, m,p.

217-19° (1it, m,p. 219-21°(95)), 5(CD3coco3) = 5,08 (s).
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Preparation of 3=Thietanol 1.1-Dﬂgxid H

= 4,79 of 3=thietanone 1,1-dioxide were rediuced with
an excess of biborane in anhydrous tetrahydrofuran as
described by Truce(96), The solvent was evaporated to
dryness after 10 ml of water had been added, and the
product recrystallized from ethanol/pentane to give 3,59
(74%) of 3-thietanol 1,1-dioxide, m,p, 98-99° (Ift, m.p,
09,5-1020 (96},
Preparation of Thiete 1,1-Djoxide:

Using the method of smith, (99) 4 5g of 3-thietanol

1,1=-dioxide plus 8,09 of ot-toluenesulfonyl chloride were

dissolved fn 100 ml of anhydrous tetrahydrofuran at 0°

and 8g of triethylamine in 25 ml of tetrahydrofuran added

dropwise, The mixture was stirred overnight, then 100 ml

of 104 HCl added and the solution extracted twice with

100 ml portions of CHyCl,, The combined CHyRI, layers

were dried over MgSOy, filtered, and the solvent evapor=-

ated to give 3,09 (27%) of Z-thi etanol 1,1-dioxide benzyl-

sul fonyl ester after recrystallization from CHCIB/petro

(60-80°), m,p. 183-840,;;g23'3 = 1318, 1115, 977 (80,

and SOBR) cm'1, ,

Analysis: Calc, for C1OH120582, C 43,48%, H 4,38%, S 23,.17%;

Found, C 43,47%, H 4,13%, S 23,15%.

2,79 of this ester were di ssolved in 100 ml of dry

benzene at 60°, then 8g of triethylamine were added in 30

ml! of benzene dropwise over 30 min, The solution was

cooled in the refrigerator overnight and the crystalline

sulfonamide filtered off, The solvent was then evaporated
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from the ffltrate and the product pecrystalilized from
ether to give 0,90g (95%) of 2-thiete 1,1=-dioxide, m.p,
47-46° (11t, m,p, 48-5000%%)  s(cociz) = 4,74 (2H,4, =
1.5 cps), 7.02 (1H,d,J = 4 cps), 7.45 (1H,d of d,Jpy =
1,5 cps, Jyy = 4 cps).

Preparation of Thietane 1,1-Dioxjde:

0.493g of 5% palladium on barium carbonate were
prehydrogenated in 20 ml of 954 ethano! for one-half hour,
To this was then added 0,800g of thiete 1,1-diox{de and
the material hydrogenated until 170 ml (1 equivalent) of
hydrogen taken up, The catalyst was filtered off and
the solvent removed under reduced pressure to give 0.,7909
of crude thietane 1,1-dioxide, Recrystallization from
ethyl acetate gave 0.400g of pure materfal, m,p. 73—74°,
(tit, m,p, 75.5—76.O°(101)). The mother lfiquors were
evaporated and the residue sublimed at 70°/0,02 mm to
give a further 0,.100g of materfal, m,pP. 72,5—73.50,
yCHCI3 = 1235, 1135 (S0p) em™!, §(COCI5) = 1.24 (2H,m),
4,30 (4H,m),

Preparation of 2,§:Q]ethgx¥-2-Phenyl Thietane 1, 1= joxide:
18g of ketene di ethoxy acetal and 179 ofttriethyl-

amine were dissolved in 100 mi of anhydrous ether at o°
anc 259 of st=toluenesulfonyl éhloride in 500 mi of ether
dded dropwise with stirring as described by Truce(%5),
The solution was stirred overnight and the precipitate
fi{ltered off, The solvent was removed under vacuum and

the products recrystallized from hexane to give 209 (52%)

of 3,3—d1ethoxy-2-phenyl thi etane 1,1-dioxide, m.p. 90-

o :‘."‘iv*‘i\’ﬁfpﬁ
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919 (I1ft, m,p, 89-900(95)).

Preparation of 2-Phenyl 3-Thietgnone 1, 1-Dioxide:
10g of this ketal were dissolved in 100 ml of con-

centrated HC! at room temperature and stirred for 18

hours, The crystalline precipftate (8,2g) which con-

tained two compounds, was filtered off and titrated

with 50 ml of chloroform, then crystallized from benzene/

dioxane to give 5,69 (71%) of 2-phenyl 3-thi etanone 1,1~

dioxide, m,p. 172-74°,1/;gi°' = 1680 (C = C), 1265,

1105 (80,) em™!) §(CD5C0CD5) = 7,92 (5H,m), 4.55 (2H,s),

;EZS‘E 265 nm (€ 13,200).

Analysis: Calc, for CgoHg®3S, C 55.10%, H 4,11%, S 16.31%;

Found, c 55.11%, H 4,13%, S 16,23%.

The chloroform soluble portion was separated on 20g

of silica gel with CHCl, as eluent to give 0,5g (6%)

of Z-ethoxy-2-phenyl 2-thi ete 1,1-dioxide, m,p, 122,0-

52.5°, (111, mp. 132°(98)), s(cociz) = 1,40 (3H, 1,0 =

7 cps), 4.15 (4H,q,J = T cps), 4,57 (2H,s), 7.40 (5H,m),
Some of the 2-phenyl 3-thietanone 1,1-dioxide was

treated with diazomethane giving an fnstantaneous reac-=

tfon which yfelded on recrystallization from CCI4/petrol

(60-80°), 3-methoxy-2-phenyl 2-thiete 1,1=-dioxide, m,p,

132.0-32.5°,Jjﬁ:S|3 - 1662 (C = C), 1307, 1117 (80,)

em™!, §(CDCl3) = 3.90 (3H,s), 4.59 (2H,8), 7.39 (5H,m),

L EtOH _ 264 nm (e 14,500).

max

Analysis: Calc, for C,oH;n08, C 57.14%, H 4,80%, 8 15,22%;

Found, c 57.69%, H 5.02%, S 15.%1%.
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Attempted Reduction of 2-Phenyl 3-Thietanon 1 1-Dioxide:
2,09 of 2=-phenyl 3-thi etanone 1,1=-dioxide were di s=
solved fn 20 mi of anhydrous tetrahydrofuran and an excess
of diborane added, After 3 hrs, the reaction was quenched
with 10 ml of water and the solution extracted with CHaCla.
The hydrocarbon layer was dried over MgSO,, filtered,
and the solvent evaporated to give 2.2g of white CHCI3
insoluble material, m,p. 110-2o°,1133i°' = 3400 (OH),
1340 (C-B) cm-!, Attempted decomposition of this material
with cold HCl, NaCOs, and di lute acetic acid were unsuc=
cessful, however, when refluxed in concentrated acetic
acid for 3 hours; it partially decomposed, None of the
desired alcohol was found, however, as determined by the

infrared absorption,

Bromination of 2-pPheny| 3-Thijetanone 1,1-Digxide:

a) 242 mg of 2-phenyl 3-thietanone 1,1-dioxide plus
306 mg of sodium acetate were treated with a slight excess
of bromine, The solution was immediately filtered and
evaporated to dryness, The product was recrystallized
from CCl, to give 250 mg (58%) of 4,4-dibromo-2—pbenyl
3-thietanone 1,1-dioxide, m.p. 117-18°, melts and recrys-
tallizes, melting at 142-43°,;:g23'3 = 3500 (OH), 1670
(c=c) em ', §(CDCI5) = 7.50 (5H,m), 8,50 (1H,m, which
di sappeared on the addi tion of DQO),
Analysis: Calc, for 69H6Br2038, ¢ 29.70%, H 1.65%, S 9.06%;

Found, ¢ 30,49%, H 1.81%, S 8.92%,

b) 140 mg of 2-pheny | 3-thf etanone 1,1-dioxide were

W

B
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treated fn 50 ml of CHCl3 with an excess of bromine for
12 hrs, The solvent was removed under vacuum to give 321
mg of 2-phenyl=2, 4 4=tribromo 3-thietanone 1,1=-dfoxide,
yCHCl3 = 1790, 1800 (C = 0), 1370, 1165 (805) em

S(CDC|3) = 7,45 (m),

c) 72.7 mg of 2-phenyl 3~thi etanone 1,1-dioxfde in
50 ml of CHCI3 were treated with an excess of bromine
for 5 minutes, The solvent and excess bromine were
removed under vacuum to give a mixture of 4,4-dibromo
and 2,4, 4-tribromo-2-pheny! 3. thi etanone 1,1-dioxide as
{dentiffed by infrared, NMR, and tlc, |
Attempted Hydrogenation of 2-Phen { 3=-Thietanone 1,1=
Dioxide:

Several attempts were made at hydrogenating this
compound at atmospheric and higher pressures with a
variety of catalysts and solvents, The condi tions and

results are listed in Table IV below,

Table IV

Catalyst Solvent Pressure Time Products

5% Pd/C EtOH 50 psi 20 hrs PhCH,S0,CHaCOoE
5% Pd/C HOAc 50 psi 24 hrs  starting material
5% Pd/C EtOAc 50 psi 22 hrs starting material
+ BaCO3

Pt,0 EtOH { atm 2 hrs  PhCH,SOoCHpCOREL
Pt,0 HOAc 1 atm 48 hrs starting material

Pt,0 HOAC 50 psi 3 hrs starting material
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Prepgration of 3-Acetyi-2-Phenyl 2-Thiete 1, 1-Bioxfde:
179 mg of 2-pheny! 3-thfetanone 1,6 1-dioxide were

reacted with 2 ml of acetic anhydride and 2 ml of pyri-
dine at room temperature for 18 hours, The pyridine and
excess acetic anhydride were removed under vacuum, then
20 ml of water was added, The solution was extracted
twice with 40 ml portions of CH,Cl,, the combined methy |-
ene chloride layers dried over MgSO,, filtered, and the
solvent removed under reduced pressure, The products
were separated by tlc using ethyl acetate to give 49,2
mg (23%) of 3-acetyl-2-phenyl 2-thifete 1,1-dioxide, m,p,
145-46° after recrystallization twice from CHZCI2/petrol
(60-800), ¥CHC13 = 1795 (c = 0), 1665 (C = C), 1315, 1112
(802) em™!, §(CDCl3) = 2,38 (3H,s), 4.95 (2H,s), T.47
(5H,s).
Attempted drogenation of the Enol Acetate:

Attempted hydrogenation of the 3-acetyl=2-phenyl
2-thiete 1,1-dioxide in either ethy| acetate or acetic

acid at atmospheric pressure over Pt20 gave no reaction,

Prepagation of 2-Phenyl 2=-Thi ete 1,1-Qigxide:

10g of 2-pheny|-N,N-dimethyl ethyleneamhme£145)
in 100 ml of anhydrous ether containing 12,2g of triethyl=-
amine were cooled to 0° and 7.3g of methanesulfonyl chlor=-
jde in 20 ml of ether added dropwise, The solutfon was
stirred overnight, the triethylamine hydcochlorlde was
filtered off, and the solvent evaporated to give 14.,4g
of 3-(N,N-dimethyl)amino-z-phenyl thietane 1,1-dioxide,

after recrystallization from CHzclz/petroI (60-80°), m,p.
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124-240 (11t, m.p, 116-170(90)),
1g of this amine was dissolved fn 50 ml of methanol!l/
chloroform mi xture and 0,85 ml (3 fold excess) of methyl
{odide added, After 24 hours, the white crystals which
formed were filtered to gfve 1,039 (64%) of 3-(trimethyl)-
amino=-2=phenyl thietane fodide, m,p, 212°j
3g of the salt were dissolved in 120 ml of water and
3g of Agao added, The resultant trimethylamine was
removed under reduced pressure with warming as neéded,
then the aqueous solution filtered and extracted twice
with 50 ml portions of CH,Cl,. The combined CH,Cl, layers
were dried over MgSQ,, filtered, and the solvent removed,
The product was recrystallfzed from CHchE/petrol (60=
80°) to give 1.1g (74%) of 2-phenyl 2-thiete 1,1-dioxide,
m.p. 94.5-95,0° (lit. m.p, 960(90)y, yCHCI3 = 1310, 1140
(50,) em!, S(cCCl) = 4,50 (2H,d,J = 2 cps), 7.02 (1H,
t,J = 2 cps), 7.46 (5H,s8).
Analysis: Calc, for CgHgO,S, C 60,00%,H 4 ,48%, S 17.77%;
Found, C 60.87%,H 4.41%, s 17,98%,
This material was jdentical in physical data with

(90) ' who prepared it

that reported by Wells and Abbott
by a di fferent method,

Preparation of 2,g-Dimethvl 3-Thi etanone 1,1-Dioxide:

12g of 2,2-dimethyl-1-(N,N—dimethyl)amino-1-ethoxy
cthylene(1%6) and 9g of triethylamine were dissolved in
100 m! of ether at 0° and 10g of methanesulfony!l chlor=

ide in 30 m! of ether added dropwise as described by
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Martfn(147). The mi xture was stirred overnight, then
filtered, and the solvent removed under vacuum, The res-
i due was dissolved in 50 ml of water and 10g of 50=-X2
(H*) added, After being stirred overnight, the mixture
was filtered and the water evaporated under vacuum; The
product was recrystallfized from benzene to give 1g (7%)
of 2,2-dimethyl 3-thi etanone 1,1-dioxide, m.p. 110,0-
10.5° (11t, m.p. 108-10°(147)) s(coci3) = 1.67 (6H,s),
4,90 (4H,s).
Preparation of 2,2-Dimethyl 3-Thietanol 1,1-Dioxides

180 mg of 2,2-dimethy! 3-thietanol 1,1-dioxide were

treated with an excess of diborane in anhydrous tetra-
hydrofuran in a manner analogous to that usedvby Trucefgs)
The excess was quenched with 20 ml of water and the so lu-
tion extracted twice with 20 ml portions of CH20|2, The
combined CH5Clj layers were dried over MgSO,, filtered,
and the solvent evaporated to give 112 mg (62%), after
recrystallization from CHaclz/petrol (60-80°), of 2,2~
dimethy! 3-thietano! 1,1-dioxide, m,p. 1o7-oa°,1/g:f'3
- 3600 (OH), 1310, 1195 (80p) em™!, §(cOCI5) = 1.52 (3H,
s), 1.56 (3H,s), 2.96 (1H, broad singlet which disap-
peared on addition of 0,0), 3.7 to 4.6 (3H, series of
multiplets). ‘
Analysis: Calc, for C5H10038, C 40.00%, H 6.71%, S 21 ,34%;
Found, C 40,02%, H 6,24%, S 21, 30%.
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Preparation of 2,2-Dimethyl 3-Thiete 1,1-Dfoxide:

10g of 1=N N-dimethyl)amino-z-methyI-propene(148) and
12g of triethylamine were dissolved fn 100 m! of anhyd-
rous ether at 0° and 6g of methanesulfonyl chloride in
50 ml of ether added dropwise as described by Truce(gs),
The mi xture was stirred overnight, then the precipi tate
filtered off and the solvent removed from the filtrate
under vacuum to give 18,79 of crude 3-(N,N-dimethy|)-
amino=-2,2-dimethy| thietane 1,1-dioxide,

11,2g of the crude amine was di ssolved in 120 ml of
me thano! and 20 ml of methyl {odide added, After 24
hours, the resulting white crystals were filtered, yield-
ing 10.3g (30%) of 1—(N,N,N-trimethyl)amino-2,2-dimethyl
thietane 1,1-dioxide {odide, m.p. 215° (lit, m,p. 210-

o(91),

8.4g of the salt were dissolved in 60 ml of water
and 10g of Agy0 added, The resulting trimethylamine was
removed under reduced pressure with warming as necessary,
The solution was filtered, extracted 3X with 50 ml por=
tions of CH20|2, The combined CH2012 layers were dried
over MgSO4, filtered, and the solvent evaporated, The
product was recrystallized from ether/petrol (60-80°) to
give 2,09 (53%) of 2, s-dimethy! 3-thiete 1, 61-dioxide,
m.p. 39-40° (11t, m.p, 41-42° (91)y, §(ccl,) = 1.61 (64,
s), 6.78 (1H,d,J =4 cps), 7.09 (1H,d,J =4 cps).
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Preparation of 2,2-Dimethyl Thiete 1, 1-Dioxjde;

640 mg of 2,2-dimethyl thiete 1,61-dioxide were dis-
solved in 50 mi of 95% ethanol and 100 mg of Pd/C added,
This mi xture was hydrogenated:at atmospheric pressure
unti! 125 ml of hydrogen had been absorbed (1 equivalent),
The catalyst was filtered off and the solvent removed
under reduced pressure to give 625 mg of crude product,
m.p. 61-62°, This material was sublimed at 60°/0.2 mm
to yield 580 mg (90%) of 2,2-dimethyl thietane 1,1-dioxide,
m.p. 70-71°, y SCla = 1323, 1128 (S0,) em™!, §(CCly) -

1,57 (6H,8), A%, pattern at §, = 4,14, &4 = 6.57, Japr=
~18.592ps, Jyyr =~17-70 cps, Jax = 6.48 cps, Jpy1 =
10,43 cps, JA'X = 10.43 cps, and Jpiyr = 6.48 cps,.
Analysis: Calc, for CgHi0,5, C 44,77%, H 7.52%, S 23.85%;
Found, C 44,81%, H 7.36%, S 23.76%.
The NMR spectrum was calculated using a LAOCOON 111

computer program wi th iteration.(1°6)

Attempted Qxiggt]gn of 3—(N-N—dimeth¥|)Amlng-2,2-Dimeth!l
Thiet 1 1=Digxjde:

853 mg of 3-(N,N-dimethyl)amino-2,2-dimethyl thietane
1,1-dioxide were dissolved in 30 ml of 5% aqueous acetic
acid and 6,99g of mercuric acetate added, The solution
was heated to 70° in an of I bath for 14 hours, then cooled
and the crystalline mercurous acetate filtered off, The
fi1trate was neutralized with NaHCOs, then extracted 3X

with 50 ml portions of CH20|2, The combined CH20I2 tay-

ers were dried over MgSO,, filtered, and the solvent
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removed to give 607 mg of a material whose infrared
showed it to be a salt, This material was dissolved in
20 ml of water and stirred at room temperature for 15
hours with 10g of Dowex 1-2X (OH ), The resin was

fi ltered off and the solvent evaporated under vacuum,
The resfdue was recrystallized twice from ether/petrol
(60-80°) te give 326 mg (45%) of 2,2-dimethyl=3=(N-
methy | )amino thiefane 1,1-dioxide, m,p, 49-50°,1/322'3
= 3340 (NH), 1310, 1105 (850,) cm™', §(CDCI3) = 1,48 (ZH,
s), 1.58 (3H,s), 2,40 (3H,s), and an-ABX pattern at 5A=
3,70, 5= 4.15, §y= 3.16, J,g= 12,91 cps, J,,= 5,66 cps,
JBX=8.42 cps,

Analysis: Cale, for CgH, 5NOS, C 44,16%, H 8,03%, S 8,58%;

Found, C 44,.31%, H 8,05%, S 8,52%,
Preparation of 2,2-Qjgehnvl-B-B—Dimethgxx,Thietane 1,1-

Dioxide:

2,0g of diphenyldiazomethane(149) and 2,09 of dimeth=-
oxy ketene acetal were dissolved in 50 ml of anhydrous
ether at 0°, The system was flushed with nitrogen, then
anhydrous sulfur dioxide bubbled into the solution until
the red colour of the diazomethane had completely disap=-
peared, The crystalline white precipitate which formed
was filtered to give 1,89 (49%) of pure 2,2-di phenyl=3, 3=
dimethoxy thietane 1,1-dioxide, m.p, 155-56.0°. The
solvent was evaporated and the resfdue recrystaliized
from CCl, to give an addi tional 350 mg of product (total

CHClz _ 1

yietd 68%), ¥ - 7 = 1330, 1110 (80,) em ', 5(CDCH4)=
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3,17 (6H,s), 4,41 (2H,8), 7,35 (10H,s),
Analysis: Calc, for Cy4H g0,S, C 64,14%, H 5,70%, S 10,05%;
Found, C 64.21%, H 5,44%, s 10,00%,

Preparation of Z-Df ethoxy=2,2-Di phenyl Thietane 1, 1~
Dioxide:

4q of diphenyldiazomethane and 4g of diethoxyketene
acetal were dissolved in 100 ml of anhydrous ether and
sulfur dfoxide bubbled through as:before until the red
colour was completely gone, The mixture of crystals and
iiquid was evaporated to dryness under reduced pressure
and the product recrystallized from CHacla/petrol (60~
80°) to give 2,6g (32%) of 3,3-diethoxy-2,2-d1phenyl
thietane 1,1-dioxide, m,p. 128-29°,.y3§i4 = 1335, 1095
(50,) em™', §(CCl,) = 0,95 (10H,t,J = 7 cps), 2,35 (4H,
m), 4,29 (2H,s), 7.30 (10H,8).,
Analysis: Cale, for C qHy50,8, C 65.88%, H 6,40%, S 9.24%;

Found, C 66.09%, H 6.35%, S 9.26%.

Hydrolysis of 2.Dj ethoxy=-2,2=Df pheny! Thietane 1,1=

Dioxfde:
746 mg of the diethoxy ketal were dissolved in a

50/50 mixture of HCl/dioxane at 70° and heated for 15
hours, The solvent was removed under vacuum to give 726
mg of material whose infrared had absorption at 1710

1

to 1730 cm  and no SO, absorption, The products were

separated on 20g of silicic acid using benzene as efuent
to give 372 mg (70%) of Z.chloro-1,1-di phenyl=2-propanone,

m, p. 70.5—71.0° after recrystallization from ethano! (Ilit,
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m.p. 710(150), )}g:l‘t = 1745, 1735 (C = 0) cm~ ', § (CCl,)=
4,04 (2H,s), 5.43 (1H,s), T7.2% (10H,s); and 70 mg (13%)
of 1=chloro-1,1-di phenyl=-2-propanone, m, P. 65-66° (1it,
n.p. 65-66°(151) WCClA = 1720 (C = 0) en™!, §(CCI,) =
2,18 (3H,8), 7.30 (10H,s).
Hydr f Dimethoxy=2,2=Di phenyl Thietane 1,i=
Dioxide:

270 mg of the dimethoxy ketal were dissolved in 10
ml of cold 90% sulfuric acid, The solution was kept cool
for 2 hours, then poured onto 40 ml of ice water and
extracted 3X with 25 mli portions of CH20|2. The combined
CH,CI

272
solvent evaporated to give 207 mg of product whi ch was

layers were dried over MgSOy, filtered, and the

separated Hy tlc using 50/50 ether/benzene, The product,
Re= 0,3, was recrystallized from CH2CI2/petro| (60480°)
to yield 85 mg (37%) of 2,2=-di pheny I-3-methoxy 3-thiete
1,1-dioxide, m.p. 164-66°, yCHS!3 = 1615 (C = c) em™?,
8(CDC|3) - 3,81 (3H,s), 5.81 (1H,s), T.41 (10H,m),
eSLH = 10,100,
analysis: Calc, for CygHis038, © 67.12%, H 4,93%, S 11.18%;
Found, c 67.11%, H 4,91%, S 11.07%.

Attempted Hydrolysis in Hydrochloric acid: |

1g of the dimethoxy ketal was suspended in 40 mi of
concentrated HCI and stirred at room temperature for 72
hours, The solvent was removed under aspirator vacuum
to give a mixture of starting material, Z.chloro-1,1-
df pheny|=-2-propanone, and 1-ch|oro-1,1-dipheny|-2-propan-

one, as fdentified from the NMR of the product mi xture,
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{n the ratio of 0,4/1.7/1.0,

Simi larly 240 mg were heated in 50 ml of 50/50 mi x=
ture of HCl/dfoxane at 60° for 4 hours, The solution
was cooled, then extracted twice with 40 ml portions of
CHZClz, the combined CH20|2 layers were dried over MgSO4,
fi itered, and the solvent evaporated to give a mi xture
of starting material, 2,2-di pheny | -3-methoxy 3-thiete 1,1-‘
di oxi de, 3-chloro-1,1=-df phenyl=2-propanone, and 1-chloro-
1,1-di pheny|=-2=-propanone, as determined by NMR, in the
ratios of 0,5/1.1/1,6/1.0,
Preparation of 2,2= heny l=3=Morpholing 3-Thiete 1,1=

Dioxide:
1.5g9 of 3,3—dimethoxy-2,2-diphenyl thietane 1,1~

dioxide were dissolved in 20 ml of freshly distilled mor=
pholine and heated to 95o for 6 hours, The solvent was
removed under vacuum and the product recrystallized twice
from CCl, to give 1,23g (76%) of 2,2-di pheny |=3=morpho=
lino Z-thiete 1,1-dioxide, m.p. 166-67°, Y CHS!3 = 1345,
1180 (80,) cm ', §(CDCIZ) = 3.05 (48,9 = 2.5 cps),
3 49 (4H,q,J = 2.5 cps), 5.34 (1H,s), 7.50 (10H,m).
Analysis: Calc, for C19H1903S.H20, c 62.75%, H 5.89%,

s 3.90%;

Found, c 63.75%, H 5.87%,
s 4.33%.

Attempted Hydrol s{s of 2,2-Di henyl=3=Morpholine Fm

Thiete 1, 1-Dioxides

a) 217 mg of the thiete 1,1=dioxide were di ssolved
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in 40 m! of a 50/58omixture of dioxane/water and 4,59 of
Dowex 50-2X (H+) added, The mixture was stirred for 20
hours at room temperature, then the resin filtered off
and the solvent removed under vacuum to gfve 127 mg (58%)
of starting material as the only recovered product, This
materfal was fdent{fied by fnfrared and tlc comparison,

b) 236 mg of the thiete 1,1-dioxide were di ssolved
in 20 ml of concentrated HCI for 24 hours at room tempera-
ture, The solvent was removed under vacuum, and the res-
idue dissolved in 20 mi of CHaClg and washed with 20 ml
of water, The CH2C|2‘Iayer was dried over Mgsoa, fil=
tered, and the solvent evaporated to give 44 mg of mat-
erial whose infrared showed no C=0 or S0,, only aromatic
absorption,

gEvaporation of the water layer under vacuum gave
107 mg of morpholine hydrochloride, {dentical (infrared)
with a sample prepared from morphaline and di lute HCU,
Attempted Preparation § 2 2=Diphenyl Thiete 1 1=-Djoxide:

25g of 2,2-dipheny|acetaldehyde were dissolved in
200 ml of anhydrous ether at 0° and 10g of dimethylamine
added slowly, 1009 of anhydrous CaCly were then added
and the mixture left at room temperature for 24 hours,
The solid materfal was filtered off and the solvent evap-
orated to give 15¢ (56%), after recrystatiization from
ether, of 1-(N,N-d|methyl)amino-2,2-d1phenyl ethylene,
m.p. 75-78°, ugg:} = 1615, 1590, 900 cm"‘, §(CCly) =

2,58 (1H,s), 7.05 (S5H,s), T.21 (BH,s).
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5.0g of the enamine plus 4,7g ofttfiethylamine were

dissolved in 100 ml of anhydrous ether at 0%, and 20g of
methanesulfony!l chloride in 25 ml of ether added dropwise,
The mixture was stirred for 8 hours at room temperature,
then filtered off and the solvent removed to give 4,69

of enamine as the only product, m,p, 74-77°_

Pvrolysis of Thietane 1,1-Dioxide:

a) Approximately 80 mg of thi etane 1,1-dioxide were
pyrolysed at 465, 595, and 765° at about 100 u pressure
with a U tube trap, The products were washed out with 1
ml of chloroform and the infrared absorption examined,
The only non gaseous material observed was starting mat-
erial in 92.5%, 78.6%, and 36,5% yields respectively.

b) Approximately 90 mg of thietane.1,1-diox1de were
pyrolysed at 950° at 100 u pressure with a cold finger
and gas U tube traps, On completion of the pyrolysis,
the reactor was allowed to cool, the 5,0 ml of propane
added with a gas syringé to the products, The mi xture
was analysed by vpc (5'x3/16", 10% Ethofat on Chromsorb
b at 100° and S0cc/min,) The products were identified
by infrared and vpc retention times as ethylene, propy-
lene, and sulfur dioxide by comparison with authentic

samples, The yields are given in Table 1 of the discus-

sion,

Pyrolysis of 2,2-Dimeth¥l Thi etane 1,1-Dioxide:
a) Approxlmafely 100 mg of this material were pyrol=

ysed at 950° and 120 u pressure using a U tube trap, On

completion of the pyrolysis, a known weight of methy |
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formate (approximately 40 mg) was added and the products
washed out with 1 ml of ethyl acetate, The products were
analysed by vpc (5'x3/16", Porapak § at 150° and 50 cc/
min,) The products were identified by infrared, NMR,
and vpc retention times as 2-methyl=2=butene, Z=methyl=1~
butene, 2-methyl-1-butene, and sulfur dioxide by compari-
son with authentic samples, Consi derable amounts of
whi te polymer were also found in the U tube,

b) Approximately 90 mg of 2,2-dimethyl thietane 1,1=-
dioxide were pyrolysed at 465o and 610° at 180 p pres-=
sure with a U tube trap, The products were washed out
with chloroform and the infrared absorption taken, The
only recovered material was starting materfal in 71% and
40% yields respectively,

Pyrolysis of 3-Thietanone 1,1=-Djoxide:

Approximately 180 mg of 3-thietanone 1,1=dioxide
were pyrolysed at 925° and 200 u pressure using a U tube
and stafnless steel gas traps, After the pyrolysis was
complete, the apparatus was allowed to cool and 5.0 ml
of propane added, The products were analysed by vps
(5'x3/16", Porapak S at 83° and 50 cc/min,) Examination
of the infrared, NMR, and vpc retention times showed the
products to be ethylene and sul fur dioxide, The sulfur
dioxide analysis was checked by trapping the products in
a U tube, adding 25 ml of N/10 fodine solution and titra=

ting to a starch end point with N/10 N328203 solution,
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Pyr f 2 2=-Dimethy! 3=Thjetanone 1,1-Dioxide:

Approximately 180 mg of 2,2-dimethy| 3-thietanone
1,1-dioxide were pyrolysed at 040° at 100 u pressure
using a U tube tfap. A known weight (approximately 75
mg) of n-pentanol was then added to the trap, the pro-
ducts washed out with 1 ml of methanol, and analysed by
vpe (20'xi" 10% FFAP on Chrombsorb P at1110° at 40 cc/
min, ). Tﬁé products were {denti fied by infrared and
vpc retention times as i sobutylene and sulfur dioxide
by comparison wi th authentic samples,

Pvrolysis of 2-Phenyl %= Thi etanone 1,1-Dioxfide:
Approximately 210 mg of this compound were pyroi-

ysed at 930° and 100 M pressure using a U tube trap, A
known weight of n-propanol was then added to the trap,
the products washed out with 1 ml of methanol, and anal~-
ysed by vpc (20'x&", 10% FFAP on Chrombsorb P at 110°

and 60 cc/min, ). The products were identified as siyrene
and sulfur dioxide by infrared, NMR, and vpc retention
time comparison with authentic samples, The sulfur diox-

ide analysis was checked by the fodine/NayS,03 method,

Preparation of 1,2 3_oxathiole S-0xide:

146,6 mg of thi ete 1,1-dioxide was pyrolysed at 615°
and 10 u pressure using a U tube trap. 55 mg of unpyrol=
ysed material was recovered from the pyrolysis tube and
64,4 mg (70%) of 1,2‘3-oxathiole g-oxide from the trap,
yCCl4 = 1135, 985 (SOoR) em=1, §(CCl,) = 5.11 (2H,d,J =

4 ¢ps), 7.10 (2H,m).
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Pyrolysis of Thiete 1 1=-Dioxjde:

Approximately 120 mg of thiete 1,1-dioxide were
pyrolysed at 950° and 150 p pressure using a U tube trap,
The chloroform soluble products were washed out with 1
mi of CHCI3 after a known weight (approximately 40 mg)
of acetophenone had been added, The products were anal-
ysed by vpc (6'x&" 10% Ethofat on Chrombsorb P at 100°
and 60 cc/min,). The only non-gaseous product was acro-
lein as {dentified by infrared, NMR, and DNP, m.p. 164~
65° (1it, m.p. 1650(152))  puring the pyrolysis a red
coloured material formed fn the U tube whi ch changed to
an insoluble yel low polymer on warming, When a cold
finger and gas U tube traps were used, the gaseous pro-
ducts were analysed, after the addition of 5,0 ml of
propane, by vpcC (5'x3/16", Porapak 8 at 83° and 50 cc/
min,).) The product was identified by infrared and vpc
retention time as acetylene, '

Pyrolys is s of 2,24Qjmethvl 3. Thi ete 1 1-Dioxide:
Approximately 100 mg of 2, s-dimethyl 3-thiete 1,1-

di oxi de were pyrolysed at 950 and 150 u pressure with a
U tube trap. A known weight of acetophenone (approximat-
ely 35 mg) was added on completion of the run, the pro- |
ducts washed out with 1 mi of ethyl acetate, and analysed
by vpc (6'xl" 10% Ethofat on Chrombsorb P at 100° and

60 cc/min,), The only isolated products were Z-methyl=
2-butenal, fdentical in jnfrared, NMR, and vpc retention
time with an authentic sample prepared as described below,

NP m.p. 183-840 (I1t, m.p. 182-83°(153))  and sulfur
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dioxide as fdentified by infrared and vpc retention time,

As before, a red coloured material formed in the
tube which changed to a yellow fnsoluble polymer on
warming,
preparation of 3-Pheny] 1,28%-0xathiole S-0xide:

200 mg of 2=-phenyl 2-thiete 1,1-dioxide were pyrol=
ysed at 455° at 50 u pressure fn the usual manner with a
{iquid nitrogen cooled U trap, The product consfisted of
two compounds: a liquid whose infrared was identical with
pheny| viny1 ketone as prepared below, and a solid which
was separated by tlc using CHCl3 as eluent to give 55 mg
(27%) of 3-phenyl 1,2%7-oxathiole S-oxide, m.p. 74, 5-
75.5%, v °
at SA = 5.32, 68 = 5,72, SX = 6,81, Jyg = -15,96 cps,

l“: 1135, 1028 (SOQR) cm", and an ABX pattern

Jax = 2,21 cps, Jgy = 1,95 cps and a five proton singlet
at §= 7.47.
Analysis: Calc, for C9H8028, C 60,00%, H 4:48% 8 17,77%;
Found, c 60,18%, H 4.,57%, S 17.87%.

Pyr is of 2-Phenyl o-Thiete 1,1=Digxide:

approximately 150 mg of 2=-pheny| o-thiete 1,1-dioxide
were pyrolysed at 940o and 80 u pressure with a U tube
trap, After the pyrolysis was complete, a known weight
(approximately 50 mg) of acetophenone was added, the pro-
ducts washed out with 1 ml of chloroform, and analysed
by vpe (6'x:", 10% Ethofat on Chrombsorb P at 100° and
60 cc/min.); The products were separated by vpc and shown
to be: acrolein, DNP m.p, 163-64° (mixed m,p. 164-165°

with an authentic sample m,p. 164=65°); methy! phenyl
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acetylene, infrared, NMR, and vpc retention time fdentical
with an authentic sample; phenyl!l vinyl ketone, infrared,
NMR, and vpc retention time {dentical with a sample pre=
pared as described below, DNP m,p, 153-54° (1it, m,p.
152-53°(15%),

As before, a red coloured material formed in the
tube during pyrolysis which turned to a yellow polymer
on warming,
vrolysis of 3-Phenyl-1,22°-0Oxathiole S-Okide:

Approximately 20 mg of this compound was pyrolysed
2t 925° and 100 u pressure with a U tube trap, On com-
pletion of the pyrolysis, a known wefght of acetophone
was added, the products washed out with 1 mi of chloro=
form, and analysed by vpc (6'xa", 10% Ethofat on Chromb-
sorb P at 100° and 60 cc/min.); The product mixture was
the same as that found for the 2=phenyl 2-thiete 1,1=diox-
fde,

Attem d Tr ing of 2-Propenyl! Sulfene:

a) 87.5 mg of o-thiete 1,1-dioxide were pyrolysed
at 600° and 10 u pressure with a lfquid nitrogen cooled
cold finger trap whi ch had been previously covered with
liquid ammonia, On warming, the cold finger was washed
wi th CHClB, and the solvent evaporated, The product was
an fnfrared opaque solid which reacted with frothing on
addf tion of concentrated HCI,

b) 144,4 mg of o-thfete 1,1-dioxide was pyrolysed
at 600° and 20 p using a Ifquid nitrogen cooled finger

~onto whi ch had been placed 1.5 ml of methanol, The cold
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finger was allowed to warm up after the pyrolysis was
complete and the products washed off with more methanol,
The solvent was evaporated to give 47.0 mg of 3=-phenyl-
1,243-oxathiole S-oxfde, fdentiffed as the only product

by infrared and tlec examination of the products,

Pyrolysis §f 3-Thietanol 1.1-Dioxide:

a) Inftially 0,5 ml of methano! was placed on the
U tube trap, then approximately 200 mg of 3-thietanol
1,1=dloxide were pyrolysed at 935° and 110 u with a U
tube trap, On completion of the pyrolysis, a known
wei ght of methyl formate (approximately 20 mg) was added,
the products were washed out with 0.5 ml of methanol, and
analysed by vpc (20'x&", 10 FFAP on Chrombsorb P at 50°
and 60 cc/min,), The.products were separated by vpc
and fdentified as: acetaldehyde, identical in NMR and
vpc retention time with an authentic sample; dimethoxy
methane, {dentical in infrared, NMR, and vpc retention
time with an authentic sample; propionaldehyde, DNP
m, P. 153-54° (mixed m,.p. 152-53° with an authentic sam-
ple m,p. 152-53°); acetone, infrared, NMR, and vpc ret-
ention time jdentfcal with an authentic sample, DNP m, P.
125-27° (11t, m.p. 126°); methyl acetate, finfrared, NMR,
and vpc retention time identical with an authentic
sample; acrolein, DNP m, P. 163—65° (tit, m,p. 1650),
infrared jfdentical with an authentic sample,

b) Approximately 180 mg of 3-thi etanol 1,1-dioxide
were pyrolysed at 940° and 100 y pressure using a cold

finger and gas U tube traps, On completion of the pyrol-
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ysis, 5,0 ml of propane were added and the products
analysed by vpc (5'x3/16", Porapak S at 83° and 50 cc/
mhn,)., The products were jdentified by vpc retention
time and infrared absorption as ethane, ethylene, and
sul fur dioxide,

The sulfur dioxide analysis was checked by the
jiodine method,

Prepagation of thyl=-2=-Bytenal:

Thi s compound was prepared from {=bromo=3-methyl=2-
butene by the trgatment with hexamethylenetetraamlne as
described by(155),llggl4= 1675 (C = 0), 1635, 1615 (C =
c), §(CCl,) = 1,99 (3H,d,J = 1 cps), 2,19 (3H,d,J = 1
cps), 5.80 (1H,d,of q, JAX = 1 cps, JBx= 8 cps), 9.83
(1H,d,J = 8 cps), DNP m.p. 184-85° (11t. m.p. 182-830(155)),

Prgggrat]gn of Phenyl vinyl Ketone:

Thi s compound was prepared from diazoethane and

156
benzoy! chloride followed by treatment with Agao( 5 Z

b.p. 115-17°/18 nm, ¥ G4 = 1675, 1660 (C = 0), 1610,

1597, 1580 (C = C), DNP m.p. 153-54° (1it, m,p, 152-
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APPENDIX 1
PREPARATION OF 1,3,5,7-TETRAMETHYL CYCLOOCTATETRAENE

A, Discussion

1t has been shown by de Mayo and Yip(za) that
irradiation of 4 6-dimethyl-2-pyrone 1 results in the
formation of four photodimers 2=5. Pyrolysis of three
of these dimers caused decarboxylation, resulting in
rearrangement to 1,3,5,7-tetramethyIcyclooctatetnene 6,
a previously ynknown compound,

Since no other synthesis has pbeen reported for this
compound, the reaction was repeated in order to obtain
a method applicable to preparative synthesis of this
cyclooctatetrene. No attempt was made to jsolate the
photodimers, but rather the starting material was {rrad-
fated unti!l less than 10% remained, The total product
was then pyrolysed to give a yleld of 0,135 moles (17%,
or 25% based on 2-pyrone consumed) of 1,3,5,7-tetramethyl-
cyclooctatetnene.
B, Experimental

Preparation of % Dimethzl-z-ﬁyroné:

The 4,6-dimethy|-2—zpyrone was prepared by the copper

chromite (2g) catalysed decarboxylation of 4, 6-dimethyl

coumalic acid (30g) at 230-35° as described by Wiley ¢33)
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The desired pyrone was distilled out of the reaction mi x-
ture at 144-6°/35 mm and recrystallized from ethyl acetate
to give 13,59 (61%) m,p. 49-50° (1it, m,p, 50-51°),

)iiﬁ” = 205 nm ( € 6,200).

Preparation of 1,3, 5 7-Tetramethylcyc Iggctgtetnene~

20,09 of 4,6-dimethyl- 2-pyrone was dissolved fn 15 ml
of dry benzene, placed in three 9 mm Ryrextubes, and
degassed with oxygen free nitrogen for % hour, The tubes
were sealed with rubber stoppers, taped to the side of a
water cooled immersion well containing a Pyrex filter and
a 450 watt Hanovia medium pressure mercury arc lamp, then
frradiated for 72 hours,

The reaction was followed by monitoring the infrared
absorption at 1565 em~1, After 72 hours, a preci pi tate
had filled the tube and the reaction had ceased, The
contents of the tubes were filtered to give 4 5q of crystal-
l{ne materfal, and the mothers returned to clean tubes,
Further irradiation for o4 hours reduced the infrared
absorption to less than 10% of its original value,

The total products were placed in a 50 ml flask with
a side arm and vacuum distillation assembly, The benzene
was removed and the residue pyrolysed with a free flame
for 15 minutes taking care that none of the material dis-
tilled over, The vacuum was applied and the cycloocta-
tetrene distilled at 85-90°/15 mm, On completion of the
distillation, the vacuum was released and the pot material
pyrolysed for an addi tional 10 minutes, The distitlation

was then continued to give a total of 2,669, m,p, 55=63-
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67°.

Further distillation at 95-100°/3 mm gave 7,053 of
4, 6-dimethyli-2=-pyrone, whi ch ®hen recrystallized had m,p,
47-49°, 6,18q.

The cyclooctatetrene was puri fied bydpassage down
a column of 25g of silicic acid using 35-60° petrol as
eluent, to yfeld 2,179 (17.3%) of pure 1,3,5,7-tetra-

methylicyclooctatetrene m,p, 65-69-70° (1it, m,p. 69-T70)3

Ugg)l(A = 1650 cm"‘; S(CC”A.) = 1,68 (12H,s8), 5.35 (4H,8);

Ag;g“ = 285 nm (€ 470).
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