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R - “.ABSTRACT

.. - v
.

Relatively few examples of cyclic sulfinate esters

(sultines) have been described .in the literature and the

-

methods usedato’ﬁrepare these” compounds ‘are not applicéble

to the synthesis of sultines of different ring size bearing
a variety of substituents. A general synthesis of sultines.
allowing variatiohs in ring size and substitution.pattern

was devéloped.dqring this work. The key step in this géneral

synthesis involves the carBon-sulfur bond cleavage reaction

of t-butyl alkyl sulfoxides upon treatment with positive ha?
logen species. This, reaction was succéséfﬁllf ap?lied to the

svnthesis cf five to e}ght membered ring sultines *bearing alkvl
o . - . .

and/or aryl substituents in various positions. o U

-

It was .observed that 18 -sultines . are thermally un-

stable,‘losing 502 verv readily to give the-eorresponalng ole-

fins. This apbroach was successfullv applled to the svnthesms
of 2 number of oleflns startlng w1th carbonvl comoounds. The
-1ntermedlacy-of/B-sultlnes in ‘these reacticns was lndlcated

when a’ﬁ ~hydroxy sdlfinate was isolated on adddition of metha-

~

nol durlng the course of the reaction.
S Durlng an attempt to isolate ajB—sultlne,ga seven-
membered sultlne, 3,4,6,7—tetraphenyl-l,S—dloxa-2—thlepane—2-

oxide, was isolated and its structure was established by

%



IX

spectroscopic methods and by ltS chemlcal reactlons. :

. . The photolvt1 behaviour of Bftsultlnes was studiég

and it was noticedjthat’

o
-

osition_ 5'(Carb0n{)\t vgen) successfullv led to the cor-

reSPOndlng cvclopropanes in: hlgh vield. Theumechanlsm of -
photolysis was briefly investigated..

Conformatlonal aspects of 5- -sultines were studled
by the 1nteroretat&on of proton and carbon—l; spectra. It

was concluded that the sultlnes examlned.eXLSt in the chair
conformation with in axial suifinyl oxvgen.
Scme of tﬂe,physical.and chemiéal properties of
‘various sultines were bfie v investigateéu ‘Mass spectral
fragmentation pathways for the various sultines have been
suggssted.. Attempted deéxvgenation of two sultihes with tri-
- Dhenvlphosphlne led to the formation of dichloro compounds.‘
Flnal}y, halogenatlon of benzyl methyl sulfoxlce
was studied in wvarious solyent systems.  The results suggest

that carbon-sulfur bond cleavage becomes more and ‘more prom—

inent as the polarity.of the medium is increased.
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CHAPTER 1

¢~ Introduction

Iﬁ'éontrast to the extensive literature oh the prepa-
_rétion of cyclic sulfonate ésters (sultphes)l only a few qyciic.
.suifinate este:s (sultines) havp so far bgen-;éported;\ The name?
"sultine", to describe a cvclic ester.ofVSulfinic acid, Was.sug—.
geéted by_Dittme;Q. ‘The word sultine is derived by replacing

the "o" in sﬁltpneawitﬁ an "i" to indicate that a sulfinic and

not 2z sulfonic ester is involved. The I.U.P.A.C. nomenclature.

and numbefing for these ring systems is as follows: 7
.. -L . .
4 10
1, 2 - Oxathietane - 2- oxide.
£5=0 |

1, 2-0xathiolane - 2 —oxide.

1 )
4 ZIS/O 1, 2 — Oxathiane — 2-— oxide.

1, 2 — Oxathiepane — 2 — oxide.



~

| 1,‘2—0201hiocdne ~2-oxide. |

-

Throughout the text the su;tine and 1,2-oxathia-

ﬂomenclature are used interchangeably. For clarity, only the

formal ‘designation is generally used in the Experimental.

The earliest preparition of this type of compound

was described by Baumann and Walter in 18937, Thése authors

reportéd the conversion of 1,3-dithiclane-1,1,3,3~-tetraoxide,l,

“into the hvdroxysulfinic acid 2 by warming with barium hydroxide

solution followed by acidification. Concentration of an aguecus

solution of this hvdroxysulfinic acid gave the cvclic sulfinate

ester, 1,2,4—0xadithiane—2,4,4—trioxide,'g,'as a crvstalline

. o : ) , i _
solid, m.p. 164 C. The sultine 3 could be reccnverted to the

hvdroxvsulfinic acid 2 by alkaline hydrolysis or oxidized to the

corresponding sultone, 1,2,4-oxadithiane-2,2,4,4-tetraoxide,4,

"with acidic KMnO4.

-

SO, ——CHj . /SO2H |
CH/ I 1. Ba{OH), o ~concentration
L 2,50, 2 ~Alkaline
SOz—CHz hyarO[ySiS
S0,=CH;~CH,OH
1 2
SOy =———0
cting &
n
3 : 4 2 P 2
SO, CH,

0
Il
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A)

No further éxamples'of sultinés wére repé;ﬂed uﬁtil‘
1966. Fields and Meyersoné reportea'that pyrolysis-of.dibenzo-
'thiophené-s,s—d%oxide,é, lgd only to dibenzofuran,§, and'diben—_
zbthiophéne,l, bdf noAbiphenylené.i The authors postulated_;pe
intermediacy .of the‘cyclic sulfinafe 8§ to accophﬁ'fér the for-_

mation of these products.

The mass spectrum of dibenzothiophene dioxide, 5,

provicded support fbr their postulate. The major primarv de-
composition prdéessg;fﬁere loss of SO and CQO, koth of which
required prior fé;mét;on 0f a C-0 bond, a cecndition .met by an
initial iSomefization of the sulfone to an internai sulfinate
ester.

Shortiy thereafter Hoffmann and Siebg:5 reported 'the
interconversion of na?htho (l,B-QQ)thieten—l,l-éioxide,g, to
.naphtho(l,sfggj (l,2)oxathiol-s—oxidg;£g. The sultine structure

-

was inferred from the infrared -spectrum of 10 which- showed the

———




characteristic sulfinate ester ahsorption, at J.:L.'SO-»::m“l and

- the absence of sulfone bands,

. 300° Vacaum - ‘
00 === QO
H®
S | 10

-

-

Dittmer,'Heﬁion and fakashinaz'found that pyro-
lvsis of 3,S—dipheny1-2ﬁ—naphtho(2,31g)—thiete—i,l;dioﬁide,
l;, in the é;égence of a twofeold .excess of 9,lq—dihydroan—'
thracene at 400aled to the sultine,4,9-diphenyl—3ﬁ-néphth
(2,312)—E,I-oxothiole—l-oxide,Lg,in 80% ?ield. Dittmér-and,.
céwquefs could not deciae'the exact mechanism of the rearran-
gement of 1l 'to I2. It was suggesteé thét pvrolysis of 11 in-
volved initigl scission cf the methgléne carbon-sulfuxr boné to
give an intermediate (dipelar lla, diradicel 1lb or sulfene ;;é)

which cvclized to the sultine 12 by formaticn of a carbon-oxvgen

bond. .

CeHs , .
' S0s 9,10 -dihydroanthracine _

O 400%N,




When the pvrolysis of the sulﬁohe‘ii was carried out
‘at 4000in the gbsence 65 dihydroaﬁﬁhtacene the pgiycyclic.ring.
'systems lg and 14 weré-obtainéd. The effect of dihydroanthracene
oﬁ the course bﬁ'the pvrolvsis is not ébvious. Heating the

‘sultine ig under similar conditions also gave 13 and 14.

| ——

—

| The thermolvsis of 4-membered ring sulfones, both
saturated and unsaturate&, has been studied in some détail b?
King ahd deMayoG,.utilizing the flésh'thermol?sis technique.
In this method a substance is ?olatilized and passed throuch a
hot (600-11000) quartz tube-under high.vacuum and the product
collected in a ccld trap. Because of the short contétt time
surprisingly ciean_reaction products are éenerally obtained,
deé?ite the very high temperatures. Thus the ﬁhieté—i,i—dioxi&es
15 and ;gnrearranged to the corresponding sultihés at GOOOin the

vielés of 85% and 27% respectively.



? - HCI
!.
= 0 1%
Hp0,
11
=
0 20
CeHs o
| . 600 5 C6H5_< ’/;O
. S
© It
16 O 18

N 600%, © _NaO >0 N¢
| l 600%, 4 N, _NaOH S

CH,OH

g

In contrast, flash thermolvsis of the cyclic sulfone

21 cgave only a small amount of the saturated sultine 22, the

major products being propvlene, cyclopropane

and sulfur dioxide.

' +

PN

4

S0,



Strdng‘evidencé-was preéented'té éﬁégest Eg;t‘the'
reérfangemenﬁ of 15 to 17 and 16 to lg'involﬁes the-interﬁe-'
diacy of a vinyi sulfene (rafﬁer than.ionic or diradical
intermediate) which undergoes “"abnormal" (nqcledphilic'attack
.on the sulfonvl Qxygén) adaitiﬁn of the double bond .to the sulfene.
A pyrolvsis of 15 carried oﬁﬁ in the presencé of pheﬁol.gave

phenyl—-2-propenesulfonate, 24, presumably via the sulfene 23.

S0, o E==50,. 50,-0 - CcH
I 2 | 2 CgHgOH 2"0 - CgHs
> e ]
15 23 04

r— — . —

The difference in.behaviour.between ié and 21 under
thermolviic conditions was also considered to be consistent with
ring apening to sglfené intermediate b? 15 and a diradical by 21.

rhermolysis of 3-hy§roxythietane—l,l—dioxide, 25, at
930—9600 gave a series of aldehﬁdes and ketones whose formation

-was again explained in terms of sulfene intermediates.



| S0, | =505 aeneame (CAA
. 966 l_l — L 400 s?o E/o
:HO\ “ : | .
“ | >900°
S0, - . )
25 | T |
. 25

[ o] =25 ch bHCHo
S '
0

[

THe intermediate du—sultine 6, which does noi\ form.

[

‘ o » -
below 600 , is proposed to form at temperatures greater than

[+]
800 . Loss of sulfurmoncxide from 26 woulc give acrolelw, one

. . s 7 4 < e :
of the observec products’ . rormaldehvde cobtained mav be pro-

a

duced from vinyl sulfene via the intermedidte sultine 27.

S0, - |
F----———r---——)-CH CHO +[CH2 soa] — [/ \ 3 a0
HO .

Very recently Hall and SmithlO have reported the results
of the photolysis of 2E-l-benzothiopyran-1,l-dioxide, 28, in
dichloromethane or methanol with light of 254 nm wavelength.

When the photolvsis was carried out in'methyleﬁe_chloride a

mixture of sultines 30, 31 and 32 together with smaller amounts

of indene, 33, and 2BE-l1-benzopyran, 34, were_,obtained. The

formation of these products could be explained by assuming



initial ring opening to a sulfene.

Ny hvu
MeOH
S0
28 - or L
CHoClp
XY e
.0
33 . 34 '
5 O/O, . - 5 O/o . - i

_ A base-catalvsed rearrangement of a cyclic sulicne
to the isomeric cvelic sulfinate has been described by Dodson's

11,12 . . ' e
group "'~ . These workers were able to achieve a stereospecific
into

o
4

rearrangement of the four-membered cyclic sulfones 35 an

£
W
o
.

36 an

the iscmeric five-membered cyclic sulfinate. esters
*

Z° e
\\O Mng’(O-:Bu)L




- The structures of 36 and 38 were confirmed by inde-

pendeﬁt syntheses f;om.l,3¥diphepyl-3-hydroxy propane thiol,i&,'
via controlled oxidation with chlorine in glgciai acétic acic
.and by.the oxidation of 36 and gﬁ w;th_gjchloroperbenzo;c acid
to the_éorresponding diRhQﬁX% sultones ;g.and'gg. Sincé dis-

tinctly different sultones 38 and 40 respectively, were obtained

1) Clz/HOAc .

5 GR——CH,=CH-C 36 +38

C_E
- sH OH 2) Pyridine

6

41

it was concluded that the difference between 36 and 38 was not

L)

due to the 5=0 geometry, bpt rather that one of these must have

the phenyl group cis while in the other they must be trans.

The rearrangement was found to bé.sﬁecific for t-
butoxymagnesiumbronide. ther cloéely related basés such as.
ethyl magnesium bromide or potassium t-butoxide in DMF did not
initiate the rearrangement of_tﬁese sulfones to sultines. Dodson
tentatively suggested this rearrangemént to occur vié a carbene
formed by base abstractibn of a benzylic pfot&n and (X ~elimina-

tion of a benzyl'sulﬁinyl group by cleavage of the C-S bondlz.



- {X=Br or_L-BdE))

The method of the controlled oxidation of a hyvdro-

xvthiol with chlorine in acetic acid was first applied by Givens
. : " 13 . . . :
and Hamilton to the synthesis of benz-fused cyclic sulfinate

1, 2-benzoxathian-2~-oxide, 42, from the phenolic thiol 41.
-/ - —— ) —re
Structural proof for the sultine 42 was provided by oxidation

to the known sultone 43 with hydrogen peroxide in acetic aciad.

—_— — ,
CHZCHgs.H CHzCOOH CH3COOH | '
41 42 - 43

B ] ——
—— -

Tﬁe formation 6f 42 was propoéed to proceed via the
cyclic sulfenate ester iﬁ" In principle, displacement of the
chloride ion from 48 with écetaée, followeé by loss of acetyl
chloride would lead éo the sultine ig.;rﬁowever, in view of our
recent experiments, hydroxy sulfenyl chlorides do not seem to
,cyclize_very readil§ to the cyclié éulfenates. Thus, it seems

more likely that in this reaction the phenolic sulfenyl chloride

11



Y
is oxidized to the corresponding éulfinYl.chloride'followed by

cyclization to the sultine.

RO (O Sl O SHI
7 TCHaCHpSH CHpCH2S 4 : CHyCHoSCI ®
, - |
® . ) 1]
Ns.cr Clp s AOH  +CHsCC
c1© ‘:’I ' : i -
Y - ~> CH,CHySCI -

-HCi

-

Chlorination ¢f 2H-1,2,3-benzothiadiazine-1l,l-dioxide,
49, with chlorine in dry methylene chloride afforged, probably
via the.sulfene 52, the sultine 50 as an ﬁnstableléroducts’g.

Treatment of 50 with water converted it to the pseudoacid 51.

SO2 | _soa 30,
@::r:m _Clz W -Np
. #N . N ' NCHCy
49 H CI . .52

- A Ho0 : \

. / | e e ,O

| C | / CH |

| o ' /\ o]

———

H OH 51 50



Several sultines have.been prepared by the reactlon

of thlonvl chlorlde wlth unsaturated alcohols. This novel re-—
l4a.

action was first encountered bv Dham1 . Reaction-of 2-methyl

-

but-l-en-4-0l1,53, w1th thlonyl-chlorlde in the presence of Pyri-

:dine at ice ba;h temperature afforded a 50% vield of the chloro-

’

sultine 54.

CHz S
l . - SOCi :
CHp = C= CHaCHoOH  ——— 2 | m-—-—>
Pyridine ~ S’O B
Ct”n
0
55 - - &
CHy -
cl &0
no
0 54

The chlorosultine was ¢oxidized to the chiorosultone
55 with H,0, in adetic acid. When heated with diethylamine in
benzene an unsaturated sultine was obtained which was assigned

b
the structure 56. In view of the recent work reported from

L]
this laboratorle, structure 57 does not seem likely to repre-
sent a stable sultine since 3,6-dihydro-1, 2-oxathiin-2-oxides

were found to fragment very rapidly to sulfv~ dioxide and 1,3~

. o '
dienes at temperature below 0 . The alternate structure 56

is mechanistically more reasonable and in much better agreement

with the given n.m.r. data.

13
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CHz
-
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54

‘Dhami also prepared some more sultines by varving
substituents on the caron X to oxvgen in the alcohcl Eé. How-
ever the vield of the desired sultihe was relatively low in
every case due-to the side reactions such as chloriée and sul-
fite formation.

Verv recently Dhami has reported the n.m.r. and ir
studies on sultine §£‘an& its derivatives and proposeé that 54
exists in a sincle conformation with both the chlorine and S=0

groupings in the axial configuration S4ﬁ4b.

A\
o..___‘_S Ci
CHs
54 |  54q . 54b
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The above route to sultlnes has been used very re-

centlv by the Australlan workers, Henrick . and-Johnsonls, who

obtalned a X;sultlne 53 ‘from thionyl chlorlde and exo-tricyclo.

(3*2‘,1,02 ) oct-6-en anti-8-ol, 58
O \- . T
SOci
2 of
. - ' H ~
58 : ‘ 59

The electrophilic exo gig addition to thé doubl; bond
‘in a (2;2,1) sysﬁem‘is sbhewhat unusual and surprisingly bicyqlo
(2,2,1)hept-2-en syn-7-ol, 60Q,and thionyl chloride éid-ndt.lead ;
to a sultine but only to the re?lacement of ?he OH by €l that is

60¢»6la.
OH Cl

SOcCIz

60a - 6B1a

The authors, on the basis of these findings, suggested

3.4 unsaturated alcohols, both a fixed geometric

that in cvclic A
svn relatlonshln and an optimal distance between the hyvdroxyl group
and the double boné, are reguired before +the sulflnate ester for-

mation occurs.
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It is however hore_reésonablé tqlsuégést that ﬁhg.'f
: key feature ﬁecesséry for su}tine‘formation is'the nu@leophi—
licity of the A bond. 1In §§Athe-intermédiateﬁbroaueed by'ﬁhe
interaction of the X g&stem with the chiorosulfite group can

be stabilized by the cvclopropane.

Such interactions would not be available for 60. In .

addition the cycloéropane interaction could explain the cis exo
addition by preventing attack_froﬁ the endo side. |

‘ Hérpp and his co-woi:kersl7 have used an altpgether
différent‘apprqach inyolving the reductive EesulfufizatiOn of
‘thiosulfonates.with trisu(diethylamino) phosphine. Thus the
parent compoundé in the five—membered ring systenm, l,z—dxaﬁhgof
lane-z—dxidé, 61, was prepared in 92% vield by the-iéduction
of 1,2-dithiolane-1,l-dioxide, .60, whereas 1,2-dithian-1,1-
dioxide, 521 affoéded a 62% vield of 1,2-oxathian-2-oxide, 63:
ﬁetrahydrothiophene-l,l—dioxide, 64, was a significant biproduct

in the latter reaction.

z0  + P (NEt,)z —> =.
-~ &( 2)s oo *S .P(NET?)3
60 81
929
=20 . : '
SEQ'-O } . . S:O .
i . v
N ' ' , ' 048\ | | i
=2 L3 ? 64

62 %



In each case the sultine was characterized #y its
séectroscopic daté and the ready oxidation tg the_corfegponding
sulténe. The authors pfo?bsed that the desulfurization :eaction.
proceeded via an ionic iﬁtefmediate of the tvpe ég which cyclized
through eithér‘sulfur or Qxfgen fdué-to thé'ambiéent mature of
the sulfinate anion) thus legding-eitﬁef to a .sulfone of a sultine.
Presumably 60 did not forxm a cyclic sulfone because of the dif-~

ficulty in cvelizing to a four-membered ring.

l' . (CHyp)n S
: S§8 =+ P (NET2)3—3-> ‘\O_@)*—"’ \ | /
)/, -S\eg 0
' 65a -
6_0_. - n=i ’ i — 63 n=2
J§E;\ A=2 - ’,z”\\\\ o \
' 0

&

~N
P(NEt,)g 64 n=2
65 b '

- - —

Harpp et al also studied the conformational aspects

of 1,2-oxathiane-2-oxide,63, by analvzing the n.m.r. spectrum
. ' - 18 . -

over a wide range of temperature ., The spectrum was inter-

" pretable only' in terms of a single conformational iscomer. A

strong preference for the axial S=0 configuration was indicated.

17
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Verv recently a new svntheszs of a metal comnle\ed

sultine” has been reportedlg based upon the reation of d’—bonﬁedf

cyclopropvl iron complex 66 with SO,. The sultine 67 and the

“metal allyl sulfone 68 were obtained as the major and minor

products respectively,

—3»

@ | | '. '
P T T N—
2 | y

68

Fp=(h°-CsHg) Fe(CO),

The routes td sultines discussed above are for the

. most part applicable to the synthesis 6f a limited number of
sultineé. For example, the thermol?sis apparently is not suit-
able for the preparation of saturated sultines and has not been
applied to the preparation of E;;sultlnes. Mixtures mav result
in the thermolysis of unsvmmetrical sulfones. The route from
unsaturated alcohols to sultines sﬁffers from geherally low
vields due o theﬂcomﬁé$ing side reactioﬁs.and severe struc-

tural requirements of’the unsaturated alcohol. Thus onlv a

18
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l;mlted number of substltutlon oatterns are access;ble Obﬁi»
ouslv the double bond 1n the unsaturated alcohol must be réla—.
tlvely_nucleophlllc ip order tonattack the chlorosulfite
intermediatea . ) 7 | N @
In the reductive quulfurizatién of thiosulfonates
only two examples have so far beén reporteé; Although. the
vields in these two specific éases are quite acceptablé the
success of the approach would geem to depend .on the ease with
_which specifically substituted starting materials can be pre-
zared. Furthermore, the methoé though prdbablv gquite useful
forh‘X—sultines is less so for S’—sultines; seven-m emberec
sultines would probably be obtainred only in very low vields
(if at all) due to the ease of formation of the isoméric sul-
fones; |
From this léboratorv it'was reportedzo that t-butyl
a;kyl or arvi sul oxides undergo, carbon—sulfuv bond cleavage
upon treatment with positive haiogen species such as N-bromo or
i-chlorosuccinimide. When the cleavage reactions were .carried
out in the presence of alcohols, the products were sulfina&e

esters and products derived from the t-butyl carbocatiocn.

O T : CHg)zC- 0
| M35c=chy
69 . 2 70

It was therefore felt that if a hydroxyl group were

part of R, or R

1 5 in 69 the Sulfur containing product should be

5
Yy



a.cvelic éulfinate ester. Thus E~bqtyl}’-hydroxyélkyl sulfoxides

should lead to'X—sultines: t—butvlé;—hvdroxvlalkyl éulfoxide_
could be precurscrs to é;—sultlnes and so on. An initial eﬁ-
sloratorv reaction by Dr. F. Jung gave an acceptable vield of
S—phepyl—l,2—oxathiolane—2-oxlde from the apprcprlate precursor
and N—chlérosuccinimide.. The present study wés undertaken tﬁ
determine whether the above was generally applicable and would
“allow a svnthesms of various sultines clﬁ-erlng in *1nc size
and the substitution pattern.

These_synthetic'goals} their achievements ﬁogether-
with tﬁe sterecchemical aspects and several new reactioné of

sultines will be described in the subseguent chapters.

20



CHAPTER TI

Haloqenatibn”of Sulfoxides

X, -Chlorination of sulfoxides withfsulfﬁryl chloride
in methyleﬁe‘chloride was described by Tin and Dursj:l in 1970.
This was an exanple of a number of facileX-chlorinations of
sulfoxides Qi*h pdsitive‘halogen spéciesl(such:és p-toluene-
suifonyl chloridez, nitrés?l\?hlofide3, iodésenzene dichloride4,
‘Efbutyl hypochlorites, N;chlorobenzotriazoles, N-chlorosuccini-

-

a7 ' ' ._ S t mvie: -
mide’, molecular chlorine”) repcrted during the years 1968-75.

The mechanism of the reaction has been studied by a number of
9-11

workers . Although there Still iﬁ?ains some disagreement, .
the more commbﬁly accepted mechanism is as-shcég'below:
0o - ' 0 _
s - CH R’ Lz 5, =r- %Gi CH,R' HZ
| i 2
0 . C

I S o
’/37//R - séi CHR' —— R - -CER
) a® | c

Durst and coworkers have attempted to gain informa-

‘tion regarding the mechanism by studving the chlorination of

2 number of phenyl hydroxy-alkyl sulfoxideslB’lé. It was found

that hydroxysulfoxides bearing the OH group in the ’B ’ }/ or g

position were converted in high yield to the correspogdingq
' | ) N E
L

"

e
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chlorosulfones. ‘In égntrast, those having the OH at a more
remote position gave only X -chloro-@-hydroxysulfoxides (Scheme 1)

-

SCHEME 1

Halogenation 'of phenvl hvdroxy alkvl sulfoxides

e .p H SQ2CH2(CH2)nCH2Cl

| 675
N : , S0,C1, . .2 (n=0-2)
CgHgSCH, (CH,) ; CH 0K - -
L ‘ S CgHgSOCH (CL) (CH ) CE 0K
- | oo _ (n = 3-4)
3
(n = 0-4) =

t was proposed that cvelic alkoxygxosﬁlfonium'salts,-

e.¢. 4, formed by intramolecular nucleophilic displacement of

chloride from sulfur by the terminal hydroxvl ¢group were inter-

medlates in the conversion ¢f these hydroxysulfcxicdes to chlore-

sulfones . (Scheme 2)



SCHEME 2

Foimation of chlorosulfones from hvdroxvsulfoxides

via alkoxvoxosulfonium salts

0 3 : : o
| S0.C1, - ﬁ@ . , . -HC1
1 I —_— ; v .
CHSCH, (CH,) CH,OH 3 CgHSSCH, (CH,) CB,0B
, CH.Cl,, O él @

-

[

———» C H_.S0,CHE, (CE,) CH,C1
] . : < n

675772772 2

[
|40

This mecharism was supported by the formation of

the cis-chlorosulfone 8 from the trans-hyvdroxysulfoxide 6, 2
reaction which showed the required inversicn of gonfiguration

at the carbon originallv bearing the hydroxyl group.

. i . .

CH,SPh H.SO.Ph
oH 2—+—> o — 2 2°7
e
. . @?O
. P

n cl
5 1 8

In contrast to 6 chlorination of the trans sulfoxide

9 resulted in a complicated mixture of products containing



little, if any, of the cis—chquosulfoﬁe 11. “This was ration-
alized in terms of'the required. intermediacy of Eg} a highly

strained trans-6;4 ring system and thus not readily formed.

jwo
-
o

AL C.l _
. The following'featﬁ&e of'the above reactions is
ngteworthy and pertinent “to the mechanism of sultiné'formati-_
oﬁ. :The displacemeﬁ£ of chloride ion frpm chloro-oxosulfonium

salts occurs with great ease. Sinmple sglfoxides such as‘phenyl
ethvl sulfoxide can bé converéed in excellent vield tozX -chloro-
derivatives within five minutes: at.—78oor Jjupon exposgré'ﬁo\
sulfuryl cﬁloridé%G However the replacement of a-ﬁthy&gﬁgén

: ) .
by a hvdroxvl group can completely suppress the rapid ¢atori-

nation reaction by intercepting the chloro-oxosulfonium ion

’

intermediate, despite the fact that such a reaction leads to the

formation of a2 4-membered ring intermadiate. Indeed, chlorc-

oxosulfonium ions can be effectively intercepted p;hexternal

_ T 1
nucleophiles such as water or methanol.6

24



In L§73, Jung and Durst‘observed that wﬁéreaé
o ~bromination and (X -chlorinatich of pheahyl éthyl-Sulfoxider
'proceedeé nof@ally'to the cprrespondihg 0<—5éiosulf§xide,c< -
- chlorinatidﬁ and eépgciaiiy D(;brominétidn of benzyl-ﬁhenyl"
sulfoxide,l2, iea to considerable.amounts of carbansulfurfboﬁd:
cleavage.l7 For exanple, when the brdﬁination was carrie& out
"in the prgsence of an alcohol alkylphénfl éﬁifinates}i&, and

benzyl bromide,l3, were isolated as the majer products.

Ol \ | ] - C Q
CHC}*!S[CH _N3S . 5 CPCHBI-}-C?EOR
: : : &
65725 6"s cre1,, mom 6750 675
12 13 14

Jung and Durst invesﬁigated the mechanism of the
fragmentation bf studying the stereochemical qourSé of the
cleavage reaction using the opticélly active sulfoxide ;ﬁ
prepared bf the oxidaticon of R-X-methvl benzyi phenyl.sulfide,
;g.. When 16 wa§ treated with N-bromosuccinimide in CHCl, con-
'taining 1% C.H_OE at o° for 90 minutes a mixture of X —phenethyl

275
bromide, 21, and ethyl benzene sulfinate,20, was obtained in

-

quantitative vield. The bromide was converted into the sulfide
15 by‘tréatment with potassium thiophenolate in methancl, a

reaction known to give complete inversion of configuration at

the benzylic carben. The optical'activity 0f the product 15

25
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was only 6% and the sign of the rotation same as that of the
starting sulfide.
Thus the fragmentation must have occured with net

inversion of configuration at the benzylic carbon. The low

optical purity of 15 is consistent with a transition state for

(93
—~+
~1

the cleavage reaction having considerable SNl‘Character.fiﬁcheme

- SCHEME 3

Stereochemical course of C-$ cleavage reaction

B L od ' - o
C.E.5-C-c.5. —2L » c.xm 1si;~<';—c 5 NBS > |C.E g—(%—c 5
6757 7T 6757 Y6 CHCL ,C 7 OF SEICHICEE
CH. | CH. > BrCH.,
= ) - 2 _
o . Su
1S ' 16 17
P L 0
=T | . Id
CH sCHECH , + C H _SBr K y.
-+ . ) é
/ | Sus | | 1— g _‘
: |
i 0 1 R
' ' : D ige S 5 : |
_ao \ Ho~Se-n02r e 4 |C_H_-S2-C-C_H5 |
CeisTETBr 4—— |CgHg Isg-ﬁf 675 RUIE TR
CH CH | l CH, y
OC2H5 ' OC2H5
- 21 - ) ! ) .
— . Br B BéD
' e .18
-i-
C_H_SOC.H

6 58 7275 o Su = Succinimidyl
0 .

pu




Carbon-sulfu:.bbhd éleavage is poséible at several
diffefeﬁﬁ stages in Scﬁeme 3. For example, cleavage-coﬁld‘také
plaqe in thé brqmo-oxosulfoniﬁm ion.lz to give phenyl sdlfinyl
b;omide, styreqe (by deprotonation‘of_CGQSCHcﬁs)zhandrsuccinimide.
Thqse'prbducts éould be converted into those observed by the
reactions shown be;ow.‘ Tﬁe observation that the X -phenethyl-~
_brdmiae obtained froﬁ the optically active sulfoxide lé.has soﬁe‘
residual fotatioh fules out tﬁé above és'the sole pathway.
Nevertheless cleavage at this stége is feasible as shown By the

fact that chlorination of benzyl methvl sulfoxide with SO&CI in

2
.Csziz‘leads to considerable carbon-sulfur boné cleavage. (ref

.16 and belbw)

o S | 0
. H ' 1l -

. - . I
CGBSSBI + CzﬂSOn ——> CGhSSOC2n5+ HBr
CgHgCH = CH, + HBr ——% CgH (CHCH,

' ) Br

<

In view of the great ease of displaéement of halide
ion from halo-oxosulfonium ions by suitably placed internal
hyéroxyl groups (e.g. the formation of 7) a similar intermo-
lecular displacement to form the alﬁ&xy—oxosulfonium bhromide-

18 was congidered highliy probabié. FPragmentation of this species
via a transition state such as indicated (structure 19) would

vield the reaction products directly. Net inversion of confi-

guration at the benzylic carbon would be expected on the basis

of the above scheme in agreement with the experimental‘results.

\



Finally it is conceivable that the succinimide anion

could displace the:bromide in 17 to form the intermediate 22, .

cleavage of which would, in a'manner analogous to 19, give the

_ o - . 18.
sulfinamide 23 andX-phenethyl bromide. Harpp and coworkers
"have shown that the analogous phthalimide derivatives 24 transfer

the sulfinyl group to wlcochols uznder basic and neutral conditions.

Su H
17 oy cml é@—CCH o S
17 fs” o Ceis — CH S-5u
o cH, 23
: _ ‘ C_H_CHBrCH.
Z_:_Z_ | 6 5‘ 3
21
0
| ‘ ‘
9 “R'OM 9
N—S-R _ R'OSR
or R'OH
0

Most of the results canﬁot be clearly explained by

g anyloné of the above routes. Prbbably the best point of view
'is that the first two are the most probable,the predo%inahce
of cne or the other beiﬂé dépendent on the reaction conditions.
From the pcint of view of the major synthetic éoal of this
thesis - the preparation of cyclic sulfinate esters - the dis-
tinction is not‘of critical importance. Nevertheless some

further experiments were conducted on the halogenation of

benzvlic sulfoxides in the hope cf gaining further insight into



-
-
-

- . .

‘this'reactign‘"]Theée results are discussed in the following

pages. -

Halogenation of benzvlic sulfoxides:

When benzyl méthyl sulfoxide,25, was treated with |
N-chlorosuccinimide in methylenéchloride at room tempefature"
for thirty minutes the starting material completely disappeared
and the reactionmixture, after femoval'of succiﬁimide and solvent;
furnished oX =¢hlorobenzvl methyl sulfoxide,zgg as 4:1 d;astereo—
meric mixture in 91% vield. The n.m.x. of jthe product showed
singlets at 2.2,'2.6, 5.6 and 7.3 6 . Thé two high field singlets,
cresent in a 4?1 ratio, &ére ascribed to‘ﬁethyl protons in the
two diastereomeré. The singlet at 5.6 & is due to the remaining
bénzylic proton. The aromatic prdtoﬁs exhibited resonance'at 7.3%5%6

Bromination with NBS undeér these conditicns gave the

K -bromosulfoxide 27 as the major Pfoduct,15
! N ]
0 _ CH,CL, I
C ¥ _CHE_SCH -+ N-X —> CGnSC{Th-SCEB
6°5 2703
X
22 © - 26 X = Cl
‘ ‘X = Cl, Br 27 ¢ = Br

In sharp contrast, the use cof sulfuryl chloride instead
0f N-chlerosuccinimide resulted in the formation of a complex
mixture. The n.m.r. of the crude material indicated the presence

. o ,

of benzyl chloride and methane -sulfinyl chloride in addition to

X -chlorobenzyl ﬁethyl sulfoxide. The latter product was isolated



z

'/._

in ZQ% vield by column chromatography,‘a result in agreement
with the data reported by TinJ."16 B |
O". ' | . )
‘ 1 o C'£12Cl.) I} '
C_H_.CH,SCH, + S0.C1 —_— C_H.CHSCH,
65727703 272 o ‘ 67 5] 3 J
cl
23 : ' 26+

1 1
ChSSOC_ f-CSHSCHECl

When the reacticn of 25 with N-chlorosuccinimide was

conducted in CH7C12: CHBOH mixtures a complex mixture of products

resulted. It was observed that the vield of X -chlerosulfoxide
26 decreésed éﬁ'thé percentage of methanol in the sdlution.was
increased (see Table I). Other products formed in the réaction
and identified by n.m.r. peak matching and analgtical T.L.C..
behaviour were:

v

and benzvl methyl sulfide. A number of other peaks could be

seen in the n.m.r. spectra of the total crudes but the structures

which thev represent have not been identified. The above com-
pounds represent the major components in most of the spectra.

: . 16 ‘ . .
Contrarv to the report by Tin™, we were not able to see any

significant amounts of benzyl methvl sulfone. The formation of
methyl methanesulfinate, an expected cleavage product could not

be verified possibly due to its volatility. OQualitatively the

vield of benzaldehyde appeared to decrease slightly while that

‘0f benzyl methyl ether increased substantially in going from 3

benzvlchloricde, benzyvl methvl ether, benzaldehyvde

30

to 50 to 100% methanol. Very little bénzyl methyl ether was formed



b

when the méthanol.conbentration was_low. The peaks due to

ben"vl methvl sulflde were absent oxr weah 1L the n.m.xr. snectra

were taken 1mmedlatelv after evaporatlon of the solvents. They

increased 51gn1f1cantlv over a periecd of a few hours. When
the crude products were directly chromatographed on silica,

significant amounts of the sulfide were obtained.

31
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When benzyl phenyl sulfoxide,36, was used as sub-
strate the reactlon ‘'was verv slow in refluhlng methvlene
chloride, about 50% of starting materlal Was recovered after
refluxing for a period of 48 hours; the oX -chlorosulfoxide
37 wae isolated in 40% yield_"However with benzene'as the
.solveht/ﬁgp :eaction_waS'eomplete in one hour aﬁd 37 was iso-
lated in 94% v1eld. - In b;n’ene—methanol mixture the reaction
did no Droceed to comoletlon Dresumablv because of decomposi-
tlon of the N~chlorosucc1nlﬂlde in a competing reaction with

methangl.. Cleawage Droducts, among them DhCHO and PhCHzoc

" were 1 atifiable from the n.m.r. of the crude product.

NCS

C_H_CE.SOC . H —_— C _HE_CHSQOC_E
675772 65 benzene 6 SEL 675
36 37

(94%)

Finally t-butyvl methyl sulfoxide when treated with
either N-chlorosuccinimide or sulfurylchloride in methviene

chloride gave no c& -—chlorination products. Presumably only’
C-S boné fragmentation occured in both cases. (Scheme 4)

~
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SCHEME 4

Reaction of t—butyl'methg;'sﬁlfoxide with NCS

- or S0,CI,
0 . 0]
l . NCS o S
(CH )-,CECH.\ Sy (CH,).C = 5 - CH., .
3 or SO,CLy 3737 @) 3 NS
' - cL 4
O | | \
il ‘
(CE.).C -.§ = CH '
3'3 2
- <+ HX ' @
c1® (CE315C
, + CH.SOCL

(CE4) ,C = CH, .;—l EX

0

N-—

X = Cl or ) (/

o .
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The chlorination of 'benzyl methyl sulfoxide in pure
methvlene chloride allows a éOmpariséh of the reaction pathwayvs

when X_ is changed froﬁ_chlqride to sﬁccinimide anion. The
stecinimide - ion is fglatively non-nucleophilic an@ é:esumably
more basic than the-chlofide ion (pKa‘éf succinimide = 9.6,
that of HCl = —7,.a1thoﬁgh in agueous systems) and thus Qhen it
'is the counter ion the‘chlcrbmoxosulfonium'ioh is rapidly con-
verted to the oxo-sulfenium ion and hence to (X -chlorosulfoxide
- 26. When halide ion is present as the counter‘ion‘the elimina-
tion cf HCl teo the oxo—-sulfeniun ion is slower thereby allowing
the cleavage reaction to be dominant. Furthermore'éhloride icn
can act as a nuclecophile toward ﬁhe benzylic carbon thus giving
rise to the cleavagg via énZ liké processes.

- fhe adéition of methaﬁol allows alkexy oxo- sulfonium
ion fofmation t0o coﬁpete with the above two'proceéses. The
pfesence of methanol also changes the ionic strengﬁh of the
medéium thereby facilitating the C-S boné cleavage reaction
(carbonium ion formation). Methanol also competes effectively
with chloride ion in trapping the oxo-#ulfénium ion as judged
by +he benzaldehvde formation. This oxidation reaction is thought
to proceéd via the intermediacy of ¢X -methoxy benzyl methyl sul-
fowide. A similar decomp. of o(-alkox? sulfoxides to'aldehydes
has been observed by Hanessian and'coworkerslg. Benzyl methyl

ether can be formed -either as cleavage product of the intial

H

chloro-oxosulfonium salt 28 or the alkoxvoxosulfonium .salt 30.



Another p0551ble route whlch could account for some of the ether
formation is methanolysis of benzvl chlorlde. The routes to these
products_are‘summorlzed in Scheme 5.

| I .~ 'sCHEME S

- Reaction of benzvl methvl sulfoxide with NCS

rcn LA ik o
C _E_CH,5CH, e ‘ 3
TET5T2T 3 5

25°

—

CH.
._‘J

o
i @

L)

gi5Ho cl

.
»

L)

< |w

675

N

C H_CHE.Cl
cehs?uSOCLB
C'I

[#3]

+

CGHSCH20CH3 ‘ ‘ l —_— . 286

= Overall the results are in reasonable agreement
with the mechanism for +he O ~halogenation cgutlined abeve
It is evident that the fate of the jnitially formed chloro-

oxosulfonium ion 28 depends substantially on the reaction
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conditions. The highest vields of (X ~chlorination e obtained

in the presence of basic reagents NCS or a positive halogen -

species such as NCS7; Sozcl 16 or lodoben“ene dlchlorlde %1n the

presence of pyridine}. Products derived from carbon—sulfur'béhd

. . . ‘ : -
cleavage become the major products when either the structure of% £ -

b $ait

the sulfowide or the nature of the solvent are such that carbo-
cation formation lS Favourec.- The formatlon of benz aldehvce

presumably - via X -a‘koxv sulfoxlqe apparently &euresents, one

- R .
of the few examples™ ~, of the trapping of an oxo-sulfenium 10n

by an ion other than chlo%ide or_bromiée.
| The formation of benzyl methyl sulfide from benzyl

~methyl sulfoxide in the presence of an oxidizing agent is novel,
fo say the least. The formatioh of this unusual product was
proved by comparison of its n.m.r. anéd T.L.C. behaviour with
+hat of the commercial product ané by its oxidation o\ benzyl.
méthyl.sulfone. Tte - 5~ of formation is an unsolved prdblem
at this time. Presumably the isolation of some of the mincr

products of +he reaction will sheé@ soMe light on the situation.

- ‘-’"“



= ©7 ' CHAPTER III o :

Svnthesis of 5 to § membered sultines:

a) General Introduction.

. Aé has alreg?y beeﬁ.mentioneﬁ in the Chapter I
(Introduction), the svntheses of only a few cvclic
'sulfinate esters (sultines) had been fegorted orior to the
commencemen? of'thié work. No geﬁeral method for preparing’
sultines having different ring size and sﬁbStitution éattern
was avéilable., |
‘In Chapter Iz (HalogenétiOn of.sulfoxides) we have
séen that NCS or 802C12 treatment oﬁ t-butyl alkyl sulfoxides
in the presence of an alcohol led‘%p the formation of sulfi-
.nate esters. It was therefore rgasonablé to believe that 1f
a.hydroxyl group was part of the ébetYl sulfoxide, the clea-
vage products would be i?clic sulfinate esters (sﬁltings}.
Jung and Durst demonstrated that"thié hypothesis
was' correct by sho&ing tha+ the cleavage reacticn of B—Efbﬁtyl-
éﬁlfinyl—l-propanol with N-chlorosuccinimicde in methylene
chloride led to the formation of l,2-oxathiélane-2-oxide in

-

good vield.-

‘ 0 o . o
£-Bu-8-CH,CH,CH 08 — b N g=0

- 38



~Sultines véryiﬁg_;n ;;ng size and bearing a:variety_
of gubstituents should thus be xccessible bg this route;l

Lhe mechanlsm of the sultine formatlon from t-butyl
hvdroxvalkvl sulfgxldes should be sxmxlar to that of the c}clic
sulfinate esters discussed in the prevxous chapter. The
1n1h1allv formed chloro oxosulfonlum ions(la - 4a) could be -
sransformed into the obserwed products via one of the two
folldwing routes:

al Tneramolecular cvclization to the cyclic alkoxy-
oxosulfonium chloride (1p , 2b) followed by cleavage to the
sultine (3 , 4) and pfoducﬁs derived from the t-butyl carbo-
cation (E—butyl chlogide, isobptyieﬁe, ﬁCl)f or, e
b) 'carboﬁQSulfur hond cleavace at the chloro-

oxosulfonium chloride stage,,(gg', 42) to the hyvdroxy sulfinvl,

chloride (3b , 4b) followed by intramolecular cvclization.

o

v



£~Bu-S-CH, (CH,) CHyOH

' Cl-S-CH, (cz~2) CHp0H

o
I

L e |
s o o]

Y
3

O

Il

3
4b

n
n

)

3
4

SCHEME 1

Mechanism of Formation of Sultines .

0
i
Mt Su—q CH, (CH,) ca LOH
S0Cl, = @
et c1@
la-da
-
- —~CH2
g_—bu—s/
s\ (CEp) 1
O\CH2
' | ~lb n =
R
CHo
°x ™~
(CHz)

jun
]

o
jo
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.Based on ‘the results obtained bv DUrst and coworker52 -
it is highly probab;e that for 5 and 6 (formatlon of five and
six membered rings) route (a) is predominant, while_for the

larger menbered r~ngs, route (b) is in all llkellhood the

- . ) .’

correct pathwav
. _ A number of groups exlst which stabilize the carboql

caticns as well, oxr better than t-butvil, and thus couldé have
been used as “cleevwng croucs The t- butvl was . chosen as
the most userul because of the avallabllltv oF the thiol ne-
_cessary for +he svnthesis of che reguired sulfoxldes, the
possibility for the introducticn of substltuents c{ to the
sulfur via carbanion reactions and the ease of separation of
the desired productsg from the bygrdducts derived from the
-butvl carbocatlon. Occasionally throughout the thesis
other "cleaVLng" groups such as benzvl and phenethvl were

successfully employed.

b} = Svnthesis of unsubstituted sultines:

" according to scheme 2 shown below, the unsubsti-
tuted t-butviCl-hydroxvalkyl suilfoxides 1 - 4 should vield
‘the parent £f£ive to eight membered ring sultines 5 - 8

respectively.

©
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SCHEME 2

Svnthesis of unsubstituted sultines
2 . (S

S0,CL,. S0—-0 mepba - S02—O0O
t-Bu-S-CEj (CHjy) CH,OH —= | -\ _— |
) — CH, - CHj 'CH,  CH»
. N/
Ho \
(C 2)1'1 (CH?_:n
i, n =1 é) n =1 9, n=1
2 n=2 6 n =2 i0. n=2
-1 . -1 . . —_-?7 i ‘
3 n =3 7 n=3 Al n' =3
—_ - —_)
4 n =4 S § n= 4 12, n 4

'These.precu:sors necessary to prove the generality
of the sultine svnthesis were readily available by the reaciion
of potassium_gfbutyl +hiolate with the appropriate halohvérins

: _ « , 3
in methanol, followed by oxidation with t-butyl hypochlorite
The hydroxvsulfoxides thus obtained.were nondistillable,
hvgroscopic oils. The structure assignments were based on the
straight forward method of synthesis and were in agreement with
their.n.m.r; and it. spectra. (See Experimental -section)

Reaction of the hvdroxysulfcoxides 1 - é;with sulfurvl
chloride .in methvlene chloride at room temperature for approxi-

matelv 30 minutes led to the disappearance of the starting ma-

terial and formation of the sultines 5 - 8. AsS expected, the

-~
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vields of’ sultlnes, though good for the five and six membered
ring compounds, decreased somewhat in going to, the seven and
eight ﬁembered\ring homologs. The yields of.the sultlnes,
together with those of the required ihtermediotes, ore shm—

marized in Table I.

TABLE I
.HydroxySulfoxide vield & : Sultine vield §
1 75 5 83
2 75 ' 3 75
3 72 7 58
1 70 8 45

* Based upon hydroxysulfide as star+ing material.
A1l of the sultines were distillable colorless oils
which gave correct elemental analvses. They. were found to be
stable at room temperature but deteriorated to brown colored

liguids upon exposure to the atmosphere for several weeks.

. No decomposition was observed when the samples were stored

[v]

‘'in the dark at -5 for periocds of more than one year.

The structures of the sultines were based on *helt
soectroscoolc properties, mass soec._ra1 and analvtical data.
In particular, the -nfra*ed spectrum of each sultine showed a
strong absorption in tho 1100-1120 cm”™ -1 range, which was
dssigned to the S=0 stretching f*ecuencv4 There appears to

be less variatlon in the f*eouencv of the S=0 absorotlon in

43
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‘901ng from the five to six membered ring sultrnes than,there
is in the change 1n the C=0 frequencv of the corresnondlng
lactones. The small varlatlons noted appeared- to be related
'to the substltutlon oattern. |

The mass spectra of the unsubstlttted sultines 5«8,

]

sﬁoWeE small parent molecular ions. Major rragmentatlon path-
ways were the loss-of 805 (M-64) and SOzH (M-65). A more
detalled discussion of the mass . spectra of the sultines 1is
presented ih Chapter V.

The n.m.r.'spectrum of eompound 5 showed multiplets
from 1.7 ~ 3.2 S (45) and 4.0 - 4.78 (2H) in agreement with
the data obtained by Faroo ana cbworkers? ‘In'addition, 5 was
oxlclzec with excess m—chloronerbenzorc acrc to the known pre-
pane 1,3-sultone, g.s

The E;sultine 6 also gave an n.m.r. speetrum which
was essentially identical to that reported bv the'Harp? groups.
Again'exidation resulted@ in the formation of the known 1,4-

. .
butane sultcne,;g?

The n.m.r. of sultine 7 showed multiplets at &
1.2 - 2.'2 (6H), 2.6 - 2.8 (2H) and 3.8 - 4.2 (2H) which
is in agreement with its structure. The two protons in the
low rleld region \\fn\kxé 2 &) can be ascribed to the hydro-
gens on the carbon o o oxygen, Wh_le those attached to the
carbon o to sulfur resonated at 2.6 - 2.8 € . The sultlne

structure was supported by the strong infrared abserption at

1100 Cm"l. The isomeric sulfone structure, thiane-5,5-dioxide,



was ruled out due tb the lack of the sulfone bands around

1150 and 1300 cm l, Finally the structure was conflrmed bv‘

its oxldatlon to l S -pentane qultone 11, ‘which showed qtrong

o1 7a .
ln;rared absorbtlons at laaS, 1150 and 895 cm -1 oo

Sultine § was 51m113rlv prepared from the hvdroxy-

sulfoxide 4.. Its structure was established along. the samu

——

-

lines as for 7. The infrared spectrun showed the characte-
. : -1 .
ristic absorption at 1110 cm ~, while the n.m.r. spectrum
‘showed multiplets at 1.2 - 2.2 (SE), 2.5 - 3.0 (2H) and 3.8 -
4.2 {2E). Again oxidation resulted in the formation of 1,6-
) b
hexane sultone, 12, which showed strong lnfrared absorptions

2t 1340, 1150 ané 900 cm *.

c) Suliines bearing.substitutioncX to sulfur:

ultines bea ing alkyl sybstituents onlveX to
sulfur were prepafed as shown in Scheme 3.
/ _ SCHEME 3

Svnthesis of sul ines bearing SUbStluLeﬂ;S

~

eX +£o sulfur

-5 2CH,Li - 0
£-Bu-5-CH, (CH,) CH,OH ——2 p t-Bu-S~-CE(CH,), CH,OH
g1 -
On3... C..3
"1 n=1 = 13 n=1
2 n =2 2 n =
© 0
802C 2 Q§s \\1 mcpba 502
—_ _
,/l"“4CH2)n ' |~ - (cHn
B3C vaéc
n=1 17 n =1 )



Thus - thé unsubstituted sulfoxides Lland 2 were
converted to their dilithio salts upon reactiQn'with tﬁéA
equlvalents of CH., Ll in THF at O C. Subsequeﬁf reaction:
Wlth methvl iodide furnlshed the C—alkvlated oroducts lo and -
14 in B2 and 80% vields rLsoectlvelv No Q-alkylation was
detected under these condltlons despite the fact that the
alkvlatlnc agent was.usea in e\cess.-
| When l; was reacted wlhh sulfuryl chloLlcc in
methylene chloride’ it gave o—methvl -1, 2—0\ thlolane -2-oxide,
15, in 72% vield. Similarly S'—sultlne 16 was obtained Irom

”

14 in 78% vield.

-~

Sultine 15 showed infrared absorption at 1100 cm

and n.m.r. peaks at 1.22 & 1.3§, (&, J = 7Hz, 3H), 1.7 - 3.5
{m, 5H) and 4.2 - 4.9 (m, 2H}. It was oxidized with gfchlo:o-

pverbenzoic acié te the sultone 17, characterized by infrared

th

. - -3 :
ahgsorptions at 1323, 1130 and 880 em —. The n.m.r. of the

sultone displaved a doublet at 1.46 & (J = 7Hz,0-50,-

and
2

O—0
T, 0

"3

multiplets at 2.0 - 2.9 (2H), 3.2 - 3.6 (1K) and 4.2 = 4.6
(2H). - These were identical with thosé available in this labg—

10

‘ratorv.

-

Sultine 16 showed infrared abso*nbﬂon at .1120 cm

and n.m.r. peaks ét 1.08 (&, J = 6Hz, 3H), 1.1-3.0 (m, 5H),
3.3 - 3.8 (m, 1) and 4.0 - 4.8 (m, 1E).
It is noteworthy that the sultine 15 was obtained

as a diastereomeric mixture. In general ¥ -sultines were

46
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obtalned as nonseuarable dlastereomcrlc mlxtures whlle in

the case of‘S'—sultlnes only the most stable isomer was

isolated. (See figures 1 and 2).

- Althcugh onlv swo examples of this secucnce were

actually carried out it is quite obvious that the scheme is
plicable tec the oreparation of a wide variety of 3-substi-
positions

tuted sultines.Alkyl or aryl substituents in other

are compatible with this route.
T+ is obvious that a phenyl group cannot be in-
An attempt was made to synthesize

+roduced in this manner.
3 Dhenyl—l,2—oxathi01ane—2-oxide,'21, accoréing to the reaction

sequence depicted in Scheme 4.

SCHEME 4
svnthesis of -Dbewvl-l,2*oxathiolane-2-oxide

Attempied
1.X0H/MeQH . g :.,_an.;
£-Bu-S-CHCH CE,COCE, S

£-Bu-S¥ ——-———-—-9
. Ph

2. PhCH = CHCOOCH, 1
’ > ==
£-~Bu0C] %
-Bu-§-CH-CH,OH ————3 . t-Bu-S5- ?&c.zcnzo;
i
Ph h
13 20
NCS okbsf,,o
or 802C12
PH
21 :



- Michael 4ddition of E;bﬁtyl mercaptan t§ methvl
cinnémate gave the'sﬁlfidé ester 18 in'SO%'yield. This
compound was successively raduced %ith LiAlH4 (100%) .to 19
andlthen oxidized wiﬁh t-butyvl hypochlorite-to the hfdroxy—

o
, M. 94 - 96 , 7(50%). The n.m.r. spectrum of.

Im

sulfoxide
I L . ‘ : .
20 showed peaks at 1.03 (S,9H), 1.9 - 2.6 (m,3H), 3.3 - 4.2

{m,3H) and 7.2 - 7.5 {m,SH);
Attem?ted cycliiation of the abkove hydroxysulfoxide'

with SOZCI2 in the usual manner yieideﬁ'ﬁqne of the sultine

21l. The n.m.r. spectrum o the Crpce vroduct showed a2 cromi-

nent signal at s

1.33 assigned to a g-butyl group. Most

of the remaining peaks could be fitted to the cpen chain ester

ro
wa
et
ot
o
3
'y
rt
@
o}
'y
s
H

ification of the supposed 22.via column

chromatography leé only to further decomposition products.

In 2 subsecuent experiment SO Cl, was replaced by

2
NCS. Acain no pure substance was isclable by chromatography
of the crude reaction mixture.

These reéults are net altogether surprisiﬁg. The
sulfoxide group of 20°is flankeé on one side b? t-butyl group

-

anéd on the other by a substituted benzyl ¢roup. Becéuse of

the greater stability of the carbocaticn derived from the latterx

*
group, cleawvage of the C -S bend in 20b would be expected o

predominate.
= : . 4
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ve

rified

0 .
) —C-B-CH-CH.CH.OH (CHL) .-C 1%
3 poCHCH0H . 3/ 3701y THCHCH 00
Ph Ly Cl Ph
s ) a®
- ¥ 20a
0
e *
(CH) 5=C—S CH-Ph
ol ®
0 CH,
\‘ / “
5y
20b
0 T Ovg —— opt
D) S g —CE ~—Dh
) 5~C-S-0~CE,CH ,CHPh S
o ° CH
22 N,/ 2
z= C..'2
21

The cleavage resulis for 20 have recentlyv been

in this laboratery by Dr. . cdeReinach-Hirtzbach.

He was able to prepare the sulfoxide 20 accerding to the

ecuation shown b

(CH3

elow.
9 1. CH,Li 9
—(C=5-CH_D : I - ~-CBCE_CH.OH
)3 C cuz-h s (ca3)3 c-3 ghch2Ch20g
.\2--2 Ph
s
20

This is'based on a seguence developed for the

syntheses of ¥ -sultines substituted X to oxygen discussed

49



in the next section.

_a) ~Sultines bearing subs;itutioné&tc‘oxqun:

| Hydroxysulfoxides needed .as precuréors.fofzﬁsultings
bearing substitution X to okygen were svnthesized starting 
with a variety of t-butyl alkyl sulfoxides and epéxides. The
sulfoxide was métalated by treatmentlwitﬁ/;;e eguivalent of
methyllithium in tetrahydrofuraﬁ at OOC under nitrogen and

subsequently reacted with the appropriate epoxide for several

&) . = ~ _ =
hours at room temperature. These reactions afforded the

desired hydroxysulfoxides in excellent yields. With unsym-
metrical epoxides essentially complete reciospecificity was

- observed in the_epoxide ring opening; attack of thelX-lithio-
salts bccured; aé expected, at the least hindered position.

: Cﬁclization £ the hvdroxvsulfoxides afforded
suitineg bearing substitution at C-5. The method proveé to
be very Versétilé-for the preparation of ¥ sultines and a
number of them'were orepared according to the reaction se-
guence shown in Scheme 5. -Thé'yields of hvdroxvsulfoxides
and the sultines afe recorded in Table II. The spectroscc-
ol c-propérties {if. and n.m.r.) of these sultines are besn
presented in Table III, those-of the inte;mediates are given

in the Experimental Section of this thesis.
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SCHEME 5

51

.Svnthesis of C-5 substituted . ¥-sultines: =
Q 1.CH.Li | o |
£-Bu-$~CH,R  ——p t-Bu-S-CH-CH3-CR, R,
' < 2. R,R.C—CH L <
172 \ / 2 . R _OH:
- O . b :
§0,C1, \_/ :
_— .
TABLE IT )
Yields of C-5 substituted Y—sz‘:ltinesl and their precursors:
Hydroxy | ‘ s x
R Ry R, Sulfoxide | Yield $ Sultine’ Yield %
5 H CHy 22 88 23 80
H 5 P 24 85 25 96
CH, H Ph 26 - g8 &7 - 96 -
CH.. H CH 28 90 29 a0
3 ‘ 3 —_ . - i
ro. =< OKE 30 60 _ 31 88
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R

ASLE 11T o
Spectroscopié properties of C~5 substituted
Y-sultines
' - ir .
-~ Sultine Structure .(cm-l) _ - n.m.r. {(ppm}
Cf‘l}/ ) ~ -
23 h 1120 . 1.39 & 1.59 (d,J= 6H_,

3HL;
c2.2 - (f, ™) »

3.4
4.7 - 5.2 (m,1H).

0
d
SO
: . 5 . _ .
/- Ph o s
.25 , . 80 - 1110 2.5 = 3.5 {m,4H)}; 5.5
L and 6.0 (m,1lE); 7.2 -
: , ' ' S 7.5 (m,58). .

. o) T -
2N L S |
(// 7 © Fh 1105 1:25 &nd 1.31 (d, J=
T ¥ : " 65 ,3H); 2.0 - 3.0
5.C . o t i a s s
3. o {m,2H); 3.3 - 3.6
' Y (m,1H); 5.4 - 6.0 (m,1lH
_ 7.1 - 7.4 (m,3H).
/}/C _ 9
29 50 FCHy - 1105 1.1 - 1.6 (4 ds, 6H);
T . 1.7 = 2.7 (m,2H) ;.
5 & 2.8 - 3.5 (m,1H);
3 4.5 - 5.3 (m,lH).
— o
0 " | _ - .
31 ° . 50 ©1110. " 0.86 (S, 9E); 1.3 - 2.5 .

(m,11H); 3.0 - 3.2
(m, 2H).

‘ ’ o .8
Unfortunately this approach cannot be readily ex-
v tended to thé‘synthesis of & sultines. In principle the

reaction of e¢-lithio t-butyl alkvl sulfoxides with oxetapes

-
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would give the required'S-hydroxysulfoxides; Since” suitably
substituted oxetanes are not readily available ;helgenerglity

©of the approach. was considered too limited to warrant investi-

-~

'gatioh.
Use was therefore made of the radical addition of
-E-hytyl thiol to unsaturated alcohols. Addition of thiols

g

to carbon-carbon double bondsis well known and a variety of

“insaturated homoallvlic alcohols are either commercially
available or can be readilv synthesized from allvlic Grignard
reagents and carbonvl compounds. Thus the synthesis of the

appropriate &-hvdroxy t-butyl alkyl sulfides was readilv achie-"

ved. These were oxidizeé o the corresponding hydroxvsulfoxides

<@ )subsequently cygdized to the desired sultines. (Scheme 6)}.

-
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. = O RING :
CE., = CHGH.M :
p T CHERMgBr C=0 * ~—>» CH
/// ) 2
| R
2
OH |
EgBusH . . | mepba
———>  £-Bu~S-CH,CH,CH,C-R; ——>
- - N - = 2 l
AIBN . N !
®2
32, Ry % R, = CHy
| 33, R, = H , Ry = Ph
A
) 34, R, = CH; , R, = Ph
O R'
50,C1, so” 1
R2
B, R TR, T oE
39, Ry = H, R, = Ph
40, R, = CHy , R, ¥ PhS

oxathiane-2-oxide,
maticnal

some detail.

.8

CHEME 6

Svnthesis of C-6 substituted S-sultines

R

As an example

38,

a compound of

‘point of view (see Chapter IV)

]ﬂ

[}
wn

W)
(221

w
~1

the synthesis of

3 -
interest

= CHCH

0
H

-5-CH

=C-R

5

OH

CF CH C Rl

€,6=-dimethyl-=1l, 2~
from a confor-
will be discussed in

Thus addlblon of acetone to a solution of allyl-

magnesium bromide in ether afforded 4 Dentene—2 -0l in 60% vxeld.

'
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‘This alcohol)wﬁen refluxed with one equivalent of ﬁfbutyl

~.thiol in the presence of. AIBN was,converted into the sulfide

gg‘(so%jwy None 6f the isohe;ic (ﬁarkownikoﬁf aadition) pro-
' duét éouldhbe detéc@ed in ﬁhe n.m.r. of the crude.prodﬁct.
Oxidation of ggjwith m—chloropefpenzoié azid (70%) followed by
dvclization with sulfuryl chl@ride‘(fO%) compieted the synthesis
of 38. : i a . ‘ ’ _ ' *
| The 6-phenyi;isomer 39 was prepared‘in the anaiogous
.manne: in 45% bverall yie;d from allylmagnesium.ﬁromidé-and

_ benzaldehyde.

+

Similarly allylméénesium‘bromiae and aqetopﬁenone
served as the starting materials for'the preparation of 6-
?hényl—s-methyl;l,2;§xathiané¥2—oxidé. The ove;all vield was
45% ., | | | .
4,6-Dimethyl—l,2—oxathiane—240xide, 47, and 5,6-
‘ dimethyl—l,2—dxathiane—2-oxide, igg required for the con- -

formational studies of © sultines, were prepared as in

4 .
' Scheme 6aostarting with the commercially available alcohols ’f

-

/L.

41 and 42 respectively {7ee Experimental). )\
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.-  SCHEME 6a

Svnthesis of C-6 substituted § sultines

from homoaliylic alcohols

- AIBN

£-Bu-s# 4+ CH, = C - CHR,CHOHR,  ————P
41 R = CHy , Ry = H, R, = CHy
42 R =H, Ry = CHy , R, = CH
o 1
£-Bu-§-CH,CH-CHR, ~CHOHR,, t-Bu-5-CH,CHCER CHOER,
: L mcpba ' =1
- R R
—_—
43, R = CHy , Ry ¥H, Ry =CHy '~ 45 R T CHy, R = H R,
] .
44, R ® H, Ry = CH, , R, = CHg r Ry
S0.,C1, !
2772

W

|>t:-
(o]
jhe)
]
4y
v
]
0
s
o)
1
)
Il

6-Methyl-1,2-oxathiane-2-oxide, 52, althoucgh ob-

_viouslv accessible via Schéme 6, using allylmagnesium bromide

J

and acetaldehyde as starting materials, was,in fact, prepared
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by the alternate route outlined in Scheme 7.

SCHEME 7 ¢

. L]
‘Svnthesis af 6-methvl-1l,2-oxathiane-2-oxide

_ ROB/MeCH - 9 NaBH,
£-Bu~SH  —————p . £~Bu=§-CH ,CH,CH,CCH —_—
CH{COCH ,CH ,CE,C1
T i
| : . me pha' ﬁ .
t-Bu~S-CH,CH_CH, CHCH, '— - »  t-Bu-S-CH.,CH.CH.CHCH.
= 222 = AT
OE - ‘ I : OH
o
2

3

Reaction of t-butyl thiclate with 5-chloro-2-pentm-

none in methancl afforded 5-t-butylthio-2-pentanone in 45% vield.

This substance was reduced with sodium bhorchvdride (85%), and
the resulting hydroxysulfide oxidizeé with m-chloroperbenzoic
acié to yield S5—t-butylsulfinyl-2-pentanol,5k, (80%).

Compound 51 showed infrared absorption at 3360 and

1

1005 cm ~. In the n.m.r. spectrum there were peaks at 1.20and

-

1.26 (&, 5= 6Hz, 3H); 1.25 (S, 9H); 1.4 — 2.2 {(m, 4H); 2.3 -

2.9 (m,2H) and 3.2 - 4.0 (m,2H). Cyclization of 51 in the
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mass spectra and by oxidation-to the known 6-methyl-1, 2-

)
oxathiane-2,2-dioxide, '53. . ' '

e) Sultines bearing substituents ﬁg-to oxvgen or sulfur:
T 7 »

‘Substitution wés'mqre‘difficult_to aéhieve at
these positions than in the positions discussed eérlie:. In
the case of Y sultines the problem was solved by emploving
a Michael addition.reacticn_of E:butylthiélate Uafx;ﬁf;uhsa-
turated carbonyl compounds. Thus if-butvlithiolate was added
to methy%vmethacrylate and the sulfide ester 54 thﬁs obtained
in 90% vield was reduced guantitatively with l;fhium aluminium
hvéride to thé hvéroxysulfide 58. Oxidation of 55 with ;:Sutyl

hypochlorite aficorded 2-methyl-3-t-butvlsulfinyl-propanol, 56,

~1

in 70% vield. Cveclization of 56 with sulfuryl chloride in
methyvlene chloride gave 4—methyl—l,2—ogathiolane—2—oxide,gz,
in 75% yieid.. Thus the overall yield of sultiﬁé éz emploving
this route was 47%. (Scheme 8).

Sultine 57 -showed the characteristic S=0 infrared
absorption at 1110 cm—l and n.ﬁ.r. peaks at 1.07 & 1.18 (&,
J = 7Hz, 3H); 2.2 - 4.9 (m,ISH). It was Qxidized with m-

chloroperbenzoic acid to the sultone 58.



L | SCHEME 8

1

Svnthesis of 4-methvl=-1,2-oxathiolane-2-oxide .

1.. KOE/CH.OH Lo
/ 3 I.i:l.S\l!—I-41

t-Bu~SH —_— £~Bu-S-CH._CHCO.CH, «  ———tp
4 2. CE, = CCO.,CH, - e '
4 < - .
Lt . GH-,
CH., ?
- i .
33
| | ™ g-suocl 0
£-Bu-S-CH,CHCH,OH *  ~————F ' t-Bu-=SCH,CHCE,OF
, 2 2 . |-
ca, ‘ . .. CH,
55 | o 56 . ~
o 0
ped -
SOZClz . fo mePa 02 \
' CH . :
CH H3
27 o8

During the later part of this work it was realizeé
that the hydroxysulfide 35 could be prepared more conveniently :
and in hicher yield by the radical adéition of t-bButyl thiol.
to methallvl alcohol (vield 92%). Thus 57 is available in

three simple steps from methallyl alcchol.

ARIBN . _

- -SK H. .= ~-CH I | - ’ - —o—Lr I 1 E -

t-Bu-SH 4+ CH, ? CH ,OH —>» t-Bu-S ng?icgzo -
CHB « CH ‘

.{ 5
s o -



'The free radical addition to unsaturated alcohols

was successiully applied to the synthesis of the 4-methvl

-

cerivative in the Sisultine series. Radical addition of -

butvl hlol to the ccmmerc;allv available a—methyl—a-butene—
1-ol furnished 3-methyl-i-t-butylthio-l-butanol, 59 in 85%
vield. This substance was oxidized to the hvdroxvsulfoxide

€0 (8C% conversiecn) which was cveclized with sulfuryvl chloride

N

. in the usual manner o c¢ive 4=methvl-1, 2~oxathiane-2-oxide,

€1, in $0% ‘vield. (Scheme 9).

SCEE

5

9

Svnthesis ¢f 4-methvli-1,2-oxathiane-2-cxide -

- . ATIBN
+=Bu-SH <+ g = I CH_OE -Bu-SCE _CHCH CHF _OH
L-Bu-5E + ‘C"?. C{ZCth..ZO. ——--—-—) t-Bu SC.-2(|3..C-A2C..2O.
CH, - CH.
3 )
59
)
‘ o Lo
mcpba fn o, SOECIZ.Qy
—_—p t—Bu—S—CHz({.HCH2CH2{DH'- L —>
CHj RN
80 < 61

Application of the above sequence to the syvnthesis
of S-methyl isomer regquired 2—methyl-3-butene-l—ol as the

starting material. 2 patent claiming the synthesis of this
a .
alcohol from vinvlimagnesium bromide and propylene oxide in
: . -11
THF has been issued. Hewever in our hands only a low yield
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of 4-pentene-2-ol could be obtained from this reaction.:

. B - THF
CH, = CHMgBr -+'CH3—QS-CHj —_—

-

P : 0

CH., = CHCH,CHCH,
- <] -
CH
This route te S-methvl-l,2-cxathiane-2-oxide was
therefore abandoned.
The sultine 67 was successfully syvnthesized ac-
cording to whk® Scheme 10,

SCHEME 10

Svnthesis of S-methvl~l,2-oxathiane-X-oxide

Qo

- ECl/MeOH - ' 7 -
MeOH i e A
<6 ] . ClcH,CH,CH,COCH,
2
0, . L 99 0
T 2{Me,CH) ,NL1i {
£-BuSCH,CE_CH,COE = —=2—% £-Bu-SCE CH.CECOK
2 - CH,I - 22
' 3 cE
a3 : 3
& 62 ‘
LiAlHE iy mc?ba ICI) ;
i — T — (I 3 - = i i — 34 31 TOVEDS [
4, LBumS-CHCH)CHCE, 0 ———» £-3u-SCH,CH,CHCH,0%
cH o . CH,
5] ’ - 65 0
s0.C1 2
22, o7
=
cH,
67 H .



‘fFButyrolactoﬁe'waé converted to methyl 4—cﬁlofc—
butanocate, 62, by bubbiing HC1 gas through a solution of the
lactone'in methahol‘(§0%) d-t- Butvlthzobutanoxc acid, 63,
was obtained from 62 in 40% \leld by treatment of 62 with

t-butyl thiol in methanolic KQH. The acid'63 was converted
te its dlanlon by treatment with two equ;valents of lithium
dl‘lsoprOPylamlae In Tﬂﬁ.lz

This dianioﬁ‘uhderﬁent C-alkyviation upon—quenchiné
with methyl iodide to afford 64. From_here'thé synthesis
reguired_only rgduction'with-lithium aluminiumlhydride and
oxidation with §¥chloroperbénzoic acid to obtain the required
oxidation states Of 66. This hydroxysulfoxide showed infrared
absorption at 3340 and 1000 ;m—l. The n,m;r. spéct;um of 66
had peaks at 0.94 & 0.95 (Zd,xeacﬁ.with J = 6Ez, 3H;.'l.25‘
(s, 9H.; 1.6 - 1.9 (m, 33); 2,0 - 2.4 (m, 3H); 3.2 (d, SHz,

2H) . Cyclization of 66 with sulfuryl chloride gaﬁe 67 in 65%

vield. Sultine 67 was characterized by its infrared absorption

at 1105 cm—; and the'n m.r;:peaks at 0.87 (&, J = 6Hz, 3H); 1.3-

3.0 (m, SH); 3.3 - 4.5 m, 2E) .

f)} Synthesis of Benz~fused sultines:

Two unsubstituted benz~fused {-sultines are possible.

n
O

and_
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The' synthesis of 69 has been described by King‘"

. : 13 : ) .
and coworkers_ but’” that - of 68 has not been reported to

the best of this author's knowledge.

-

}'As part of this work 69 was synthesized as out-
lined i

Scheme 1l. D
SCHEME 11

————

Y

Svnthesis of 3H-2,l-benzoxathiole-l-oxide

0 Ph?HC

g

(18]

2
|

I\_;':l’:
N/
+

The dianion of g—merQaptobenzoic acid was alkvlated

{

with - phenethyl bYomide to give 70 in 85% vield.. The acid -
70 was reduced with lithium aluminium hydride to the sulfide
alcohol Z} {92%) which in turn was oxidized with g;chlbroper—

benzoic acid to the sulfoxide 72 (85%). This hydroxysulfoxide

 Lialy, | !
: 4 @/ CHy

1

- 65

mepba

on treatment with sulfuryl chloride gave the sultine 69 in 60%

vield together with -phenethyl chloride (60%).

.

LS

Py
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l\._, . . — ‘ o : - C s 13
A The .sultine 69 (m.p. 39-40 , llteraturerm.p.-39—40) :
showedgthe chacacterietic S=O infrared absorption at ll2D‘cmfl.
) _The.n.er. spectrum showed an AB guartet (6' = 5,42, Sé = 5.78,
jAB = 13.5 Hz) andmthe Lromatic protonsain 1: _ratic.
—The‘synthesiS'of §§_was attempted accogﬁing'to écheme.
fX-Bromo o—crcsvl acetate, prepared by the bromlnctlon of o-
creswl acetate wlth NBS was converted ulth E—butyl thiol in-
alkallne.meclum to the phenelic'sulfidé 11 (92%);‘ Oﬁidation of
73 gave tcE~réQui*ed sulfomide 74 in 80% vield. chever when
+ the phenclic sulfoxlce 74 was treeted with suflhr»rﬂﬁhlcrlce none.
of thE}deSLrec sultlne could ke obtalned .
: \
' SCHEME 12
Atteméted ﬁghthesie of 3H.- l,2-benzd£athiole—2-oxide
NBS | OCOCH; 1, t-Busk H
f "'AK' CHZBr., W’ CH,-S-t-Bu
' 3. B

Again it appedrs that carbop~sulfur bond cleavage

tcok place crefereﬁtially at the benzylic carbon-sulfur rather

——

than at the desired S—C(Cq ) bond.

-~ .&' py .' - ©
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-

' 79 ¥from the precursor hydroxysulfoxide in good yield.

-

16 - ST :
Jung et al have reported the synthesis of sultine

Thus the pre;enentlal cleav ge at the benzylic

carbdn;seleur bonq_ln the weaction of 74 gan be attrleuted
to the resonence stakilization of'ehﬁs formedTbenzyl cation
by the Dhenollc hvdroxyl group of 1_.e

‘It was 4'herefc:are decided to replace the—t Bu Group

in 74 by a ~meth0\\ benzvl group w1eq the hope that this

™

might lead to cleavage in the ceclrea GlIECelOH.

-

“

-

4 e 9

Reaction of the phenolic sulfoxide

/

quct

in the same manner as 74, with SOECl2 gave a crude p
whose n.m.r. wds interpreted in terms of an eguimolar mix-

ture &f 68 and p-methoxy benzvl chloride. -The spectrum (re-

—

produced in figure 3)- showed peaks at€;3 90 (S) and ‘4. 66 (S)

£

ih a¥:2 ratio attributed to the —OCH3 and -CH,Cl groups of

E-methoﬁybenzylchloride. The highfield.por;ion of the'AA'BB'

synthesized °
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_pattern'expeéted fof the_aromgti; protons of this substance

was.also &isibie at & = 7.0.' The remaining part of the n.m.r.
spectrum showed an AB quartet‘(sg = 4.16, 55.= 4.56, J = lGHz) 
together with a muitiplet caentred ét,7.4; These data are in -
agreement with the sultine stru@ture. Unfortunatelf, despite'
considerable attempts, the iéolation of the.sultine was not
‘successful. Chromatography ¢f the crﬁde feaction product on

silica gelrgaﬁe a number of fractiéns which contaihed-peaks-
not foundlin the crude thus in&icating decoméosition df the
initial p:oducts; Ih one fraction there appea;e& tec be an
eﬂrichment of the sultine poition asvjudged by a2 change iﬁ
:élétifeasize of the peaks ascribed to the sultine gg the -
Efmethoxy¥5enzyl'chloride (p-methoxy Senzyi alcohol). -The
only pure substance which was iéolated from the column was
p-methoxy henzyl alcohol gidentified by its n.m.r. ;pectrum)%4
This compound Qas presumably formed upon hydérolvsis qf the

chloride.

ed for é; :

The crude spectrum coulé also be accoun

the éster 77 formed by cleavage:in the, undesired

t

direction.
- - l N 3 -

The observation that p-methoxy benzyl alcohol is formed on

ceclumn chromatography. is however inconsistent with such a

hypothesis since ester hvdrolysis of 77 would be expected’ to

?}ve o-hvdroxv benzyvl chloride and eventually o~-hydroxy

benzyltalcohol. _ B \ : : .

& ) | g -
S | OfoCH:a‘@_Ocﬂ
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Y

The instability of 68 comquéd ﬁo 69 is not at
ail surprising. Sultines génerallyfundgrgo ring opening in
tﬁe ﬁ:esence of nucleéphiles by cleavagerof the S—0 bond.
In sultine 88 such a clea#age resulté.in ﬁhe_formation of the
relatively stable phenolic anion, compared to ah‘élkox;de'anion
in the cleavagé of the 68. Givens and'Hamiltonﬁ;ave repOrted )
that sultine 7§ completely deéomposed, when stofe& ovetnight-

at room temperature.

Three benzfused S-sultines can be envisaged.

3 80 -

: 3,4-dihydro-l,2-benzoxathiin-2-oxide

. 15 B . ,
has been prepared by Givens ané Hamiidbon via controlled

The sultine

7

c¢hlorination of ﬁg-(o-hydroxyphenyl)-ethyl mercaptan in acgtic

-1

agid. . - ' E {
. N - . o 3 *
The synthesis of 79, 1l,4-dihvéro-2,3-benzoxathiin-3-

oxidé and several of its methyvl and phenvl derivatives has
: ; 16 ., .qs: " : :
been described by Jung and coworkers™ utilizing the sulfoxide

cleavage "rogte as shown below.
. 0] ; _ _
- ) 1. t-BuS K/DMF - ) s 3
N - - ] o L

2. LiAlH,
3. mcpba

-g-t—Bu
2777k _nes_ . s
CHZOH ' : 0



. An altern&te'synthesis of'2§_basea'o ' the sulfoxide
cleavage route.was developed. Reactio of X -lithiomethyl E;

bdty;fsulfoxi@e_witﬁtx—bromo;gnéreSQlécetate'gave aireéﬁly
the hydrARysﬁlfoxide 81 in 50% yvield. The hydroxysalfoxide .
81 showed inf%ared.absorotionsat gSGO,and 1010 en” b, Its
n.m.z. showed péaks at 1.25 (s, 9H); 1. 6--]2.2;(ﬁ; 4H) ‘and

6.9 - 7.3 (m, SH);. When Sl was reacued with €02Cl the
sultine 78 was formed in a %rude’yield of > 95s. fhe n.m.r.
spectrum showed ﬁultiplets at 2.3 - 3;5.(4H} and 6.8 - 7.4
k4ﬁ).‘ ip agréement with the observation by Givens and Hamilton
zg was found tolbe uﬁgtable. The cfude product was therefore
directly oxidized to the sultone 85 (75% c0nver51on) The
spectx i p‘ r;ies Q; the sultone were in “g*eement wlbh those,

-

:eportec in the literaturer> (Scheme 13)

< : SCHEME .13

‘i\\ Svnthesis of 3,4-dihvdro-l, 2-benzoxathiin —2-oxide

iy e o _ |
OCOCE; 1. t-Bu-socH,Li —or
= » I .
CE.Br 2. H L CH,CH S-t-Bu
2% 3 — CHy
sl )
50,C1, O, =0 )
_.........__..—9 t
78 e 82

15
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The isomer 80 has not been prepared. A syr}'thesis
via the cyvclization of 84, (prepared from the known hyvdroxy-
' S o T : . .
-thiol 83), with-sulfuryl chloride can be easily .envisaged:

‘ P e o ‘
!

. . . . ] o o
CH ,CH ,0H . CH ,CH,0H
- | §-cack,

. | e 0 gl
83 '

Y — T i;_

 so,ql,

—— -

-



CHAPTER IV.

Conformaticnal aspects of six membered

1 ' . .
sulfur heterocvcles.”

a) Introduction:

Conformational equilibria’ in the alicvelic molecules

particularly the substituted cvclohexanes have been studtied
in great detail. In contrast to the wealth of information in

?

the cyciohexane area less is known regarding the conformational

' consequences of introducing one cor more heteroatoms into a.

ring. . The conformational analysis of ring systems containing

sul&ur is of jinterest because thesetheterocvecles provide an

int%restigg Sontrast ?9 the carbocvglic svstems. In addition
" - . . N I . -
a stucy of these gystems' is of considerablecvalue in the under-

standing o“*he c0nformétion§l behaviour of related heterocv-
‘cles such as tetfahydropyrans, piperidf;es and the six mem- '
bereé ring p@gﬁphbrus Neterocycles.

Because of the reIationship,with the sultines which
constlhuue the substance of this thésis, this-review will
consid n detail only the work on six membereé rings contain-

/{/ function;

Thianes and ‘their derivatives:
s ‘ 2,3
Lambert and coworkers on the basis o0f the vicinal

:.'-1“.

n.m.r. coupling constants between the hydrogens of C2 and C3

.. deduced that whereas piperidine and tetrahyvdropyran possess

conformation close to that of a "perfect chair", thiacyclo-

73



héxane,i, as well as‘selehacvclohexane and téllﬁracvclcheﬁane
are, sl;ghtlv dlstorted in such a manner that the equatorlal

orotons are Dushed more closelv togethe*.

L

In protonated thiacvclohexane,2, the acidic¢ hyvdrogen -

prefers the axial position (21500 cal/mole at -30°). Lamberk:

4

ang coworkers have shown bv low temperature n.m.r. that in

.-, - - . 3 L] + ’ ) -~ 0
the thiane~-l-oxide,3, the axial oxide is favoured at -90 by
5,6 .

175 cal/mole (62/3 However the iscelectronic thiane-1-

imide,4, was found to have a slight excess (55/45 at -85°) of

’ ' 7 ’ \
the imide functionality in the eguatorial position. The same
workers. observed that the N-tosyl,5, and N-benzenesulfonvl, 6,

derivatives of thiane-l-imide faver the axial imide conforma-

tion (145 cal/mole at -89°) .

o
|w

N-Tsg
|l

1
Jwn
=

Pravil



, \
Several explanations of this "uhusal® axial prefe-
rence for'the‘casé of ﬁhiane—l-cxiag havelbeen offered. Aiiinger
and co{vork_ers8 éﬁtributed this preference to an attractive -
interaction between the l-substituent and the 3,S‘axial prptons.
in cvclohexane this'inﬁeraction is a repulsive‘one. prpérently'
ﬁhe incfeaée‘ip the C-$ bond length compared to C-C moves thé
disténce hetween l,3~diax;éL sﬁbstituents from the repﬁlsivg
to the attractive region of the potenfiai energy well. The.

observation that in selenane-l-oxide,7, the axial oxvgen pre-

o |-

ference is even higher (84/16 at =102 ) than in thiane—S;Oxide-

(62/38-at-—85°)-suggests that the minimum in the attractive
| - 7
region had not been reached in the six membered ring sulfoxide.

/

Based on the above explanation, replacement of a

3-axial proton by a methyl grocup shoulé make the 1,2 interac-— ~
tion repulsive (or less attractive) and decrease the proportion
of the l-axial isomer. .To test this, Lambert and coworkers

prepareé the 3;§-dimethyl derivative of thiane-l-oxide,8,

- l‘;"

thiane-1- (N-tosyl)-imide,9, and protonated thiane,10, and .
noted that the oxide and imide become predominantly ‘equatorial
. " . i . ‘ \ ] . . .

(>95%) while the protonated compound still remffins in the

axial conformation. The corresponding 4,4-dihethy1 derivatives



.
. o
o

'(li, 12 and 13) maintain -the predominance of l-axial isomer

thereby supporting'the idea of an attractive interactiqﬁ'bet-
9,10 )

-

ween the oxygen and.the-3,5'axiql protonsg

2

¢) Dithianes, Oxathianes and their derivatives:

Conformational eguilibria in some 1,3-dithiane-1-
. . : 11
oxides were recently examined by Cook and Tong who observed
that the "normal" axial preference of the sulfinyl oxygen-is
reversed in this system. Using the acidity of the hvdrogen on
C, the conformational eguilibrium 14<=15 was examined? Thus

’

. <

14 and 15 were each treated with NaOD/DMSOKat 84 <for eighteen
hours, whereby hoth the structures underye1tHeD exchange at
the 2-position and vielded mixtures of similar ratio. The

isomer 14 was converted into a 68/32 mixture of 14 and 15

while 15 gave a 69/31 mixture (—A'G;4 = 0.5 keal/mole) .

E@

——

-
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In contrast,'l,3-oxathiane—3-q;ide;ls, was found

| - to possess an axial $=0 preference (84% at —QSQ, -AG = 570

cal/mole) whereas'l,B-dithiané-lhoxide}l7, contained only 15%

. F

of the-axial form in agreement with the results obtained by

11,12
Cook and Tong. These results have recently been verified
: .. 13 T ’ '
by Khan et zal. L e o “
O.

=

5,S—Qimethylil,3-oxathiane-340xide, 8, showed a

decrease in the proportion
" —NG = 730 cal/mole). The
l-oxide, 18, is exclusively

more than the 80% observed

)
of the l-axial‘isomer {10% at -102 ,

S=0 bond in 5,5-dimethyl-1l, 3-dithiane-

equatoria

fo; 2,2-¢
/,

1 which is significantly

imethyl-1l,3~-dithiane-l-

77
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- oxide,20. From the equilibration data for 16 and 18 the "axial-

§0-disfavoring effect" of a sfn—axial
" 12 '

. ‘ : | " Me '
- i
Mg § —— -

methyl. group was estima-

£ -

ted to be 1.3 kcalYmole

»

192 19
e
. O )
it -

/\/S — e~

. -~
/ 5’ Me 3

. 20a Me ) - 20b Me

It is fairly difficult to rationalize these obser-

° vations. The state of affairsscan perhaps\best be illustrated
- ‘ 12 g

by the following quote: N

\
-

"Rationalization of th above~observations
% 2 '

Jnay probably be found in terms of 'a balance 8

between attractive ané repulsive interacticons'

L4

with a-dynamic concept of the SO bond as basis . ~

v

' : (.
- v _ (1,10); that means that it is able to adapt its
E 7. : . ’

/ stereseelectronic features to those of. the . !

"

very molecule”.

B~ D
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Csizmadla;'J. Chem.,Soc. B., 136 (1971). , ) thq

(1) L. Van Acker in'“Some;aspects'Sf the

stereochemical investigation of sulfoxides"
. « : -

(a review in Dutch), Belg. Chem. Ind.

(in oress) - : RN

(10} a) S Wolfe, A. Rauk, L M, Tel, I. G.

p) S. Wolfe, Accts. Chem. Rés., 5, 102 T g

(1872).

-

The oxide function in trans—l,4fdithiane—l,4—dioxide,

21, has recently been shown to be axial.

U

—
_—

21

—

. O

14

 Szarek and coworkers have studied proton and carbon—

13 n.m.r.

spectra of 1,4-oxathiane derivatives including 1,4~

oxathiane-4-oxide,22, and showed that 22 exists in the con-
formation with axial S=0 oxygen. it was observed that, in
both the sulfoxidg 22 and the sulfone 23, C-2 and C—6 are |
shielded (9.5 and 2.S.nnm resnectivelv)-as compared'to'the
corresnonding carbons in 1, 4—oxath1ane,24 In 22; the axial
5=0 bond seemed to have a very large lnLluence on the Shlel”‘

dings of C- 2 and C-6 whlch was attrlbuted to the F-steric

~
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 effect. A somewhat lower shielding was observed in 23 which
according to the authors is due to the diminished anisotropy

of the axial S=0 bond 'in the sulfone 23 versus the $=0 aniso-,

tropy in the sulfoxide 22.

ﬁ 0
/\/ . ~0
22 23 24

d) Conkormatlonal studies of cvclic sulfltes-

onformatlonal studles of the cyclic sulfltes have
drawn the, attentlon of many workers and considerable contro-
versy existed untll recenulv regarding the Dreferrec shan
of these compounds. For example, de la Mare and coworker:;5
in 1956, using infrared technlcues, came to’ the conclusion
+hat trimethylene sulfite,26, and its cerlvatlves are chair-
shaped with an equatorially oriented S$=0 group. however,
Arbuzov;éin_l960 observed that the dipole‘moment of trimethy-
iehe sulfite,gg, is 3.60 and §3ggésted +hat it exists 1n so-
lﬁtion as a mixture of the two possible chair forms 26a and.

26bzhaving'calculated dipole moments equal to 1.8 and 4.9

respectively.



. S .
‘k’// = - NI
,O- ' - ) . .0\4 -l.'
26a : ' _ 26b

. . L 17
In 1963, it was observed bv‘Hellier and coworkers .

thRt the dlpole moment of 26 remalns unchanged in a varletvhaff?
of solvents and that in the infrafed, the number of bands,
thelr posxtlons and relatlve intensities remain unalte“ed in
widely dlfferent solvents lncludlng the Dure,llculd

The n.m.r. spectrum of 26 at room tenperature showed

mult lDletS in four reglons centred at & 1. 76, 2.50, 3.99 and

-
-~

4.,92. . These were assigned,‘frOm +he magnitude ef the couplinés,
to the eguatorial hydrogen at CS,’tﬁe axial hvdrogen at C5,
twe eqﬁivalent equatofiai hvdrogens a£ C4 and C6’ and the two
‘ . .
eguivalent axia% hydrogens at C4 and C6 respectiﬁely.

I£ weé strongly suggested that this molecule exiets
.exclusivel§_ae the conformer 262, which.is a‘figid chair'forﬁ
having the S=0 group in the axial position.

. The situation in a number of substituted sulfites
is less clear. The bulk of the eublished data comes from di-
. pole monent neasurements, i.r. snect*oscopv, and ultrasonic
: 18-22
relaxatlon studies.
Detailed proton and carben—lB magneﬁic resenance

: 23~25
studies by Buchanan, Stothers and Wood on a variety of
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alkvl substltuted trimethvlene'sulfites have led to the con-

_fclu51on that both the chair and the nonchair conformations are

possible for these compounds . depending upon the nature of the
substitution pattern. The. results supported ‘a large free ener-
gy difference between the two chair forms and lower free energy

dlfferences between the favored chalr and the hoat conformaolons.

The high preference for +he axial S$=C orleqﬁatlon was evident

- from the vaiious deshielding'parameters in the proton spectra

as well as the observed Eu (dom)n sthts.
It was concluded that trlmethvlene sulflte,26, and

derivatives such as 27, 28 and 29 should be regarded as chalr

forms with axial $=0 conformations. ‘ ' ' i
£l et
ks "";
0 o ”'_“ 0
| i ' _ n Tl
o L e LY
t-Bu
Me .
27 | 28 29

— — ——

with the increased steric interaction hetween the

syn-axial methyl groups and the exocyclic oxygen atom, nen-

chair forms become more prominent as in 30, 31, 32, 33 and gi)

—




Compound | . ,Substituenfs

-

30 - ®' = cx
= : . 3
31 IR ®? = ®° =_CH3
. "‘ . K 7 . "
32 , Rt = r% = r8 = CHg
33 rb = 82 = &% = cHy
34 - xt = r? = 8% = &% = cm,

Fo*'the tﬂbut\l derlvahlve 35 the molecule was sug-

gesteq to exist as a mixture oF a diaxial chair and a nenchairn

—

conformation rather than a diegquatorial chair.

P

0]
{f
// —— Non chair form
o ‘
C(CH3)3
35

T oA

The barrier in 5, S—diﬁééhvl‘triméthvlene sulfate is
8.3 keal/mole and-if-5,5- c;meuhvl _1,3,2-dioxathiane is 12.5
kcal/moié,fTAécordingly, the chalr‘,chal? barrier £or the sul—_
fites is likely in the accessible n.m.r. range and the lack

of observed coalescence phenomena for comoounds thought to be_.

T
o

chairs w;th axial §=0 functlons was attrlbuted to the low’oo-
/

e

pulation of the highe* energy form with ecuatorlalfs =0 (_455 o

2.1%0.5 kcal/mole). | 7
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'In general the results obtalned in the protgh n.m.xr. ih
study were verlfled by the carbon-l3 n.m.xr. study results (See'
also section e of thls chapter) with the e\ceptlon that for 32
the chair conformatlon haVLni;EBg“s =0 bond axial was now sug-

‘ . . / .
gested to predominate in contrast to the coriclusions based

on lH n.m.r. and dipole studies.

O

n=

32

i,

e) Conformational aspects of S-sultines:

1, 2—d~caﬁhiene?2-oxides (S;sultines) fall bet-
ween the CVCllC sulfites and cvclic sulfoxides and it thus
seemed worthwhlle to study the conformational asnects of

fthese compounés using the spectroscopic techniques employed'

for the sulfites and sulfoxides.

O

[z L

-gulfite sultine sulfoxide

n>:

26 ‘
Harpp and Gleason have reported & detailed analysis

of the 100 MHz n.m.r..spectrum of 1,2- oxathiane-2—oxides,§§,

and found it interpretable in terms of a single conformational



isomerx havrng axlal s= O function. ﬁe n.m.f. spectrum'wae
unchanged over a wide range of temperatures (- 90 to:.15§ )
therebv 1nd1cat1ng its conformatlonal purltv. The energy .
~difference between the two chalr con.ormatlons was estlmated
to be "in excess of 2000 cal/mole.‘

| This strOng preference for an axlal 8=0 conforma—
tlon was attrlbuted to a dlpolar interaction analogous to the

ancmeric effect observed in carbohvdrates.

- /4
0 b
. X' Pl
~X/§é / \S/O
2 b
36 X =0

s
w
1
n

The c0nfiguratlon of 5 0 bonéd could not be assigned
definitively in the analogous 1,2—a1th1ane-2—ox1de,37. How-
ever it was noted by the authors that this ring was not unéer-
going ipterconversion. 7 .
Very recently n.m.r. and infrared studies on 4-chloro—
é-meehvl -1, s-oxathiane-2-oxide,38 and eome.of its derivetiées
have been reported bv Dham:f7 Again the results are consistent

with a single conformation having the $% 20 group in tEe axial

configuration.
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Since we had avéilable the 1,2-6xa£hiahe-2-oxide,
gg,'and ;eﬁeral of its monomethyl and éimethylfderivatives
(for the synthésis see Chapter III} it was decided to'exam;ne
the proton and carbon-ls'n.m.f. spectra of these compounds in
detail with the hope to gain insight into the conformational
behaviour of these heterocvcles, especially the extent of
+he axial preference by the sulfinyl oxygen.

The proton n.m.r. shielding for 1,2-oxéthiane—2*'
oxide,36, its four possible monomethyl derifatives 39-42 and
the G,G—diﬁetﬁyl derivative 43 are recorded with the structures
on paée 92a and 93a.

The n.m.r. spectrum of 36 is iﬁ complete agreement
with;that reported'£§'ﬁarpp ané Gléason. The multiplet at

$4.42 @ is assigned to the axial proton attached to Cg and that
centred at5§.72 8 to the cofreéponding equa;priai hydrogen.
Similarly the‘multiplet at £2.87 is aséigned to the axial pro-
ton a;tached to C3. I+ is seen that the axial ﬁrotons at 63
and Cs'are deshielded by about 0.8 ppm compared to their
"eguatorial counterparts. This is in contrast to the carbo-
cyclic systems in which the axial protons are displaced to

high field relative to the equatorial‘p;otons. - The deshielding

‘86
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inrluehce the axial S o) group on 1, 3~d1ak1a1 protons in

various cvy lic systems‘(sulfltes, sulfoxides etc) is well doﬂ

24,28,29 ’
cumented. . ‘
The above agsignments were supported by Eu (fody
shift‘studies. Many reports, including those deéling'with

- 30 . 24 \’

sulfoxldes and sulfites, of the app\icatlon of lanthanrde )
‘reagents to spread out and srmplrfv the proton spectra can bo
'seen in the literatur;% The origin of the induced shift 1is
belleved to be due to a pseudo«conta;t rnteraction. Accordin-
gly., the observed shlfts in fixed svstems are found to be
proportlonal to l/I 3 where }Q is. the lanthanide- proron'dls-
tdnoe.:

Ipcremental addition of Eu(foo), uo‘Eo oa-o S‘eoui-
valent caused a downfield shift‘of the order of.§ ppm for the
axial oroton\at éG in the sultine 36. The corresponding axrgl -
proton at C4 was also oeshleldec bv a similar amount thus\in— ‘
dicating that H4; and He, are closest, to ohe lanthanlde atom.
This observation is similar to the resuiss obrained for sulfi-
tes and'supports a chair'structure for the sultine in which the
$=0 group is in the axial configuration. .

Further support‘regarding the shape of the hetero-
cycle comes_from carbon-13 n.m.r. shieldings offgé_which are
given in wable I. As model compounds, chemical shifts for
g_g and trans 4- .t-butyl thlane -1- oxlde 44 and 45 are shown

32
below.
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A7 5 ppm  shielding at c, g Of 44 relative to 45 .
has been interpreted in terms of the "gauche ‘U" steric shif; |
51nce C 5 of 44 are gauche to the exocyclic oxvgen whereas in
45 they are anty. Accountlng for the/B —effect of t—butvl group
in 44, the C4 resonance of 36 at 13. 6 ppm clearly suggest that
the sulfinyl oxxgen in this compound is in axial conflguratlon.
Comparlson 3f the C4 resonance parameters in the
.J

sulfoxides 5§ ‘'and 47 and the sultlne 36 further ‘supports ‘the

idea of axial sulfinyl_oxygen in 36

13.6 pem . L. 23,3 ppm
. 48 : 36 ' '

Iin tetrahvdropvran Y effect of the oxygen has been
34
found to be -2.7 ppm. If a similar effect is assumed: to be

operative in the sultine 36 versus the sulfoxide 46, the re-
sonance value of C4 woulc be expected to be 12:8 ppm. which is
in excellent agreement with the obse?vea value.

Cg of 36 resonates at 58.5 pp which is again in
.0 =

v "2 _
agreement with the observed 57.1 ppm for-C6 of trimethylene

sulfite,26.
The proton n.m.r. spectrum of the dimethvl derivar
tive 43 can also be reconciled datisfactorily in terms of &

51ngle conformer with the axial S=0 funetion. Two methyl



groups abs,brb 6*;6_1.25 and 1.57 assigned to the equatorial

\\and-gxial methyls (at CG) respectively. Iﬁ the modelréompounds,

sulfites 32 and 33, the resonance parametersgfb: such methyl

groups are as shown.

Me

' Mé.ﬁt\ 0

)

, o Me
| . /4\ . o/
Me , Me
32 33
6-CH.(a) = 1.7086 6-CH. (a) = 1.508
3 3=
6-CH3(e) = 1.285 GwCHB(e) = 1.459

1+ can be seen that in the isomex 33, in which the
] . . )
sulfinvl oxygen is-mainly in the equatorial position, the axial
methy15resohates at a)lower field as compared to its equatorial

: % - ‘
counterpart, the shift difference being-0.05 ppm. In the iso-

mer 32 (axia} sulfinvl oxygen} the corresponding shift a
"is 0.42 ppm. | |
Comparison of these data with those for the sultine
43 (the axial methyl reéénating lower field with a shift dif-
ference of 0.32 ppm) iﬁdicates that the sulfinyl oxygen in the
sultine 43 1s ﬁainly in thé axial configurafion.
sddition of ca.0.3 equivalents of Eu (£0d), caused
shifts of 3.0 and 1.5 ppm for CH, groups originally at&1.57

and 1.25 respectively. This confirms that the methvl group

89
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‘models, sulfites 32 and 33 su

a0

-atE;l 57 is closer to the 1anthan1de atom and thus further.

supports the idea of an;al configuration ‘of the sulfinyl oxy-

gen.
'In the carbon—l3 n.m.xr. soeétrum, the axial and

quatorlal methvl groups resonate at 31.8 and 28.4 ppm res-

pectively. These a551gnments were conflrmed by selectlve pro-

ton deéoupking. " Again a compafison with the closest available:

ppd:ts the assigned conformation

in the case of 43.

- Me ‘ | ’ Me . . '.. .
M - . , S
=7 LT
| ] -
| | Mé <

T6-CH,(2) = ‘ 6-CH,(a) = 31.5 ppm

|w

i

(¥}

™

N

(s

d

5]

!

48]
o3
o
(o}
&
=

js)ial 6—CH3(e)

1
()
o«
®
'0

6- Ch3(e)

5

6-CH3(a) = 31.8 ppm

6-CH. (e) = 28.4 ppm

3



" TABLE I

Ll

Carbon-13 n.M.T. chemical shifts for S-sultines

. .-
B

%

-~ -

Compound “ Structure’ SQ ( 0".1 ppm from TMS)

‘6.3  C-4 C-5 C=6 ° CH s

_~S 9.5 13.6 ~-24{5 58.5 -7

- " e, . 'I [
E%Zfé;::i::;i;;;s‘ s6.4 20.1 33.1 59.1  2L.9
Me .
0
| P - | -
41 o) | 50,0 17.6. 29.8  63.7 21.8
M | '
4g.7 14.3 32.0 65.2  21.5
. ™~
1\.
49.6 - 11.4 36.0 81.3 28.4 (e)
31.8 - (2)
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For the four monomethvl Asomers 39 - 42 only the

most stable 1somer could be isolated in each case. In gene—

‘ral the proton n.m.r. spectra support the conformatlons w1th
axzai‘ﬁ</gen as ev;denced by the deshielding of axial protons

at CG and C4 relative to‘their equatorlal counterparts.

Further support comes from the carbon-lj séeégra. The " .
méthyl carbori-of the isomer 39 resonates at 15.1 ppm. Com- |
parison of this value with those observed in fhé cther isomers
lndlcates that 1t‘ is shielded by ca. 6.6 ppm suggesting thereby
that C- CH bond is gauche to the $-0 bond. Shielding values
for Cs'and C6 are within ©.5 pem pf those for the-cgr;esponding
carbons in 36.

In the 4-methyl isomer 40 the shielding for C6 is

5¢,1 ppm which 1s again in agreement with the idea of a con-

 formation with axial S=0 oxygen.

In the S—methyl isomer C, and Cé cannot be compared

with the correspending carbons in 36 because of,Beffect of the
\ v

methvl group. .However in the 6-methyl isomer 42 the shielding

value for Cy (14.3 ppm) is in reasonable agreéﬁEEE"With+thew,Lhu
vaiue for corresponding carbon in 36 (13.6 ppm);

Thus it appears that in general rhe six sultines
renresented in Table 1 exist at least predominantly (if not
exclusively) in the chalr conformation with theﬁs =0 bond in the

. ~
axial position. It 1is somewhat unfortunatg that nobt. enough

~ . [
model ccmpounds are available for comparison.™ Qur recent en-
couraging results in effecting the epimerization at qglflnvl

\
\ -



92a

L'y - bV "Iy
0t = SL'€E 9y
8z - €£°¢ Ty pue 2fn "tn
6°7 ~ €1 Sy pue ®5H
“go- = £’p) 01 to
9°p - 0V “Iy
g'g - £°¢ °y
0°€ - 2°2 ®Vy pue "ty
sz -yt 2% pue SSn 7Vn
(*Hg = £ 'P) BO'T t1o
99°y - 8Z°V I
8¢ -~ 9°¢ %y
og - zz  Ywopue %8y %tw
sz - go1 %y pue 7 Bhy

Hd

mm:ﬂuazmlmw 103 mm:ﬂwﬁmﬂzm “xruwru uojoad Iyl




53 a’

L'z --5E°¢
6°T ~ 9°1

LS 1

¢ T '

0"z - SP°T
. ’

(“H9 = £ 'P) CT'T

S'p - 0
. g€ - 9°¢€
0°€E - 9°¢2
vre - 9°T

z 5
("H9 = L ‘P) L8O

~

e2e .Mvz

Ly pue " th

.. 9
29y pue ZSg 7Y

H
(e) Yo

(2) "HOD

HO



sulfur by using trzethvloxonlum tetrafluoroborate (qoe cha-
‘pter V) should allow the 1solatlon of the less stable épimers
of 39 - 42 a nd thus throw more light on the conformatlonal
aspects of these compounds.-

- Cis and Egggg 4-t-butyl- -1, 2—oxath;ane*°—0\1des 44
and 45 appear to_bé suitable model compounds for comparlng

the n.m.r. shifts in various sultines. & simple and conveni-

ent svnthesis of these isomexrs has been .envisaged and is shown

below.
= @ .
. ‘ 1. (MeZCH)ZN,Li L
£-Bu-CH,CO,CH, —» t-Bu-CH . — CO
ot 2. CH, — GH, . '
\\*o//
H 0
<./
C CHy
: . : & @
HC1/MeOk t-Bu-CH - CO,CHj +-BuS K
CH,= CH2C1
EfBu - CH - q02CH3 .l. .LlAlhé
2. - mcpba
CH. - CE.-S-t-Bu 3. 80,CL,
2 27 =
- a4
& ©
1. (cHg CH.) O BF
2°3 4 /S‘\\.
. o)
2.  NaOE
: e
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-CHAPTER V

Reactions of Sultines

a) Introduction:

- - Slnce not manv sultlnes were known prior to the

commencement of this work, the propertles {phvsical ‘and che-

4

mical) of this class of comoounds have not been adecuatelv

" described. Several useful reactions of DOSSlble interest fron

synthetic pomnt of vlew, partlcularlv the thermal and photo-
chemical extrusion of 802 Teadlng to the olef;nsl or cyclopro-
panesz, were explored during the course cf this work. A

description of these follows in the subseguent .pages.

b) Phvsical Characteristics:
. o
all the new sultines, except E_(m;p. 114-116 C),
prepared during +his work, were found to be colorless dis-—

tillable liguids. They were stable at room temperature for a

few davs but gradually deteriorated to vellow oxr brown materials.

”

_0=—S0

L

In chloroform solutions the 5 - and 6 —membered

L. »
sultines showed S=0 band in the 1100-1120 range>? The band is

somewhat broad in character ané is the most intense in the whole

gpectrum and thus somewhat-difficult to position precisely

under normal conditions. Some tentative correlations can

94
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however be suggested from the limited data.

Generallv sneaklng it apoears that the S=0 abqorptlon
in the S—membered.speCLes occurs at the lower end of the 1100-
1120 range and in the & -sultines toward the higher ramge. Harpp,
‘Gleason and Ash‘)b report 1105 and 1125 for the parent Y anda §

sultines respectively. Thig trend is opposite to that observed

for the analogous lactone§4; Y -lactones generélly'abscrb3%§51750-.
-3

-

1760 cm T while forES—lactonés the range is 1735-1740 cm

The data alsc suggést thét in theffasefies, substi-
tution at'C3 (X = to S=C) causeé a slight lowering of the S=0
fregquency. In thé.six membereé ring seriés the results are teo
_sCattered +to make even tentative ccrreiations.

The chloroforim spectra all showed significant OH
bands in the'3400—3500 cm-l reglon suggesting - ;bat +he sultines
are significantly hygroscopic.

c)- Mass spectra of sultines:

Baarischers and Krupays have recentlv reported what.
" appears to be the first mass spectral study of the-sulfinatg
'esters. It was observed that.the mass spectra of alkyl arene
sulfinates were dlStlnCth dif e*ent from the spectra of the
isomeric arvl alkane sulfinates. Both classes of compounds in
turn could easily be disﬁinguiShgd mass soect,osconlcallv from

the sulfones with which they are isomeric.

trj

or example in phenyl methane sulfinate,2, the pre-

dominant peak was due to the loss of CHZSO from the parent
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molecular ion. In methyl‘phényl suifinate,3, the loss of OCH3
gave rise to the base peak while in 'phenyl methfl sulfone, 4,
the base_peak represéntéd the loss of SO.,CH3 from the molecular

ion. (Scheme'1l) - e _ o . - "

»

SCHEME 1

Mass spectral fracmentation of phenvl methyl sulfone

and isomeric sulfinates
[ ]

S0 s £ 30 m/e = 94
CHg CH,
2
=
+ + %
=, . O , @ |
sz Foz - so, m/e = 77 )
CH, CHy .
4 a‘if
. +



Since we had available a number of E’and S'sultlnes
as a result of our»new svnthes;s of these comoounds and the fact

that only a llmlted amount of mass soectral data on sulfinate
. \'/
esters of any tvpe was avallable we decided to carry out a sys-

o

tematic studv of the mass soectra of the cveclic esters.

The mass spectrum of lxz—oxathlolane—7—oxlde,5,15
recorded in flgure 1. The soectrum was guite 51mole show1ng
only five oeaks (including a p:omlnent molecular ion}. above
‘m/e = 41 having an intensity greater than 5% of "the base 'peak;

the genesis of each ‘peak 1is easily understood._ The molecular

'
* . "

ion (m/e = 106) appeared to decompose by two Or oossibly three

pathways.a)Loss of SO2 gives rlse 0 the base oea\ at m/e = 42

—f: ! » . . +

6 from which H c¢an be expelled to vield C3h5 at m/e = 41.Db)
: -+ '

Slimination of the elements of ethylene to form Cﬁzso7 (m/e = 78)

(C.H
3

1

which can'furthe: decompose by‘the loss of CHZO Lo Sdt at m/e
48. Alternatively the Sdt fragment can be formed directly from
the parent ion by a %ormal cleavage of both the C-$ ané $-0-
bonds (M - CBHGO) I+ is also possible to arrive at m/e = 41
bv the loss of 502H from the molecular ion. Unfortunately no
metastable ions were apparent in the mass SPectrum which might

have allowed us to corroborate some of the above alternatives. The

possible pathways of fragmentation are summarized in Scheme 2.
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e SCHEME 2

Fracmentation of 1,2—oxathiolahe—2—oxidgL'g.

-+
C.H_
3 2

.
2
- o + . m/e = 42 (100) m/e = 417 (65)
\SO ‘\SO \ . ' o
=\ ] 2 ol B
CH2502
E} -C.,H.O + 2.
L "3 6 » o}

m/e = 48 (18)

The important fragments observed in the mass spectra
of the isbmeric_monomethyl'Y—sultines (6 - g) are recorded in
~Table I. The mass spectrum of 3—methyl—l,2-oxathiolane—2-cxide,
6, is recored in figﬁre 2.

The fragméhtations of these sultines can be explained
using the same general pathways discussed for'the un;ubstituted
sultine 5 discussed above. All three sultinés displa}ed promi-
nent molecular ions at m/e = 120. Loss of ethyléne from the
molecular ion was again obgserved in each case t©C give m/e'= 92.
The m/e = 91 peak, probably due to the loss cf 5 . from 92, was
also a significant peak. Tﬁis fragmentation 1s easy +to ration-

alize for both the 3- and S—meﬁhyl isomers (6 and .8) but must

-

99



100

(p9) 16 (00T) SS (s1) 95 (zz) 8L (ve) 16 (0¢) €6
(00T) v . (€€) 5§ (LE) 95 (e1) 8L (ST) T6 (0T 26
[
-1 .
\MNHV 9g (62) 8L (veg) 16 (91) C¢6

(T9) T (00T) SS

—_—

{"qe*i1sa) a/u

82 -1

A.nm.amuw o/u
6¢ -4

qe .
to1) o/u (~qe-1e3) o/u

(‘qe-1ex) o/w ("qe’iox) |/u

6L~V 59-W ¥9-M AR’

.moaﬂuazmﬁ;h X3 ououcy 76 Ta300ds 65UM

T IV

8
(1) 021
oS
o
7
{zzZ) 021 om;/o
. .9,
. |w... m mﬁo
(1T) 02T
: o
_ m/o
PUTITN

(*qe*ox) 8/w

W
3+



181

o9l

]

pyXO-g~ouBT0TUFeX0~Z * [-TAYISU-S

ohl

heaet.

" go unxjoods S8BR 3T aanbTd

08 o9

_ |

]

| 5Y

.mmir_

og

- GL

por



;esult from a prior reorganizationlof the carb6n~skeletoh'in
4~methyl—l,2:oxathiane—2?oxide:z. The-related léss‘bf propy-
léne resulting‘in a peak at m/e =‘?8‘is surprisingiy low in 7
"compared to 6 and gjconsidering.that two possibilities exist in
the‘fbrmer'coméound for the loss of this spécies and only one

in the latter two.

“CBHG 1' . -i_-- .
| > CH2802- -

m/e = 78

In the parent compound 3, M-64 vielded the‘base
oeak,‘M-GS being aooboxlma_elv +rwo thirds of that intensity.
In contrast, in the isomers I3 and 8, M—GS (base peak) ‘was

i :

founé to be eight to ten times larger than M-64. The difference

can be attributed tc the greater inherent stability of CSH
+

COmuavec to C4 g * For the 4-methyl iscmer 7,

6
the base peak

was observed at n/e = 41 corresoovdlnc to uhe loss of CH3.from the

. - = +-
C4h8 (M 64) tradmenc.

-

Thermass specﬁrum of 3,SQdimethyl-l,z—oxéthiolane-
2—6xide,9, (Table IIj displayveé a small peak at M-15 corres-
Dondlng to the loss of CH 3 ther prémihent peaks were observed
at M-42, M—64, M-65 and M#79. The genesis of these peaks can

be explained using the gsame pathways suggested for the parent’
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and'moanefhyl derivatives. .
Finally, for the S-phenyl (10) and S-phenyl-3-methyl
(11) derivatives the initial extrusion of SO, followed by.the‘
. loss of H for 10 and CHg (mainly) or B for 1l constitut¢d almost
all.of the ion current. The alternate routes e.g. loss of C2H4
or C3H6 are completely suppressed by this facile fragmentatlon
ascribed to the weakening of the CS-O bond due to the presence
of the phenyl group. There is a strong relationship between
the mass soectrai and photeéhemical behaviour of. the 5—phenyl
X—sultlnes. ‘ |
The mass spectrum of 1, 2-oxathiane-2-oxide, 12

(figure 4) like‘its five membered ring analdgue also showed a
significant molecular jon. Thé_spectfa of these compounds show
ca strong-sinilarity. As in 5, the loss of SO, (ané 802+-H'5
are ver§ iméoitant Ehough not the'bang peakéml Elimination of
propylene, M-42, producing a peak'at-m/e = 78 (9% of the base-
peak) was comewhat less important than that of ethylene (20% of
.base peak) in 5. The péak_at m/é = 78 was observed in a number
of five and six menbered ring sultines suggesting that this
frégment can be consmdered as the molecular -ion of sul‘ene

+ A
(CH,SO ). The base peak in the mass spectrum of 12 occured

2
‘at m/e = 41; it is presumably formed from the molecular ion by
the sequential loss of SO2 and CH; or, less likely, by the .10ss

of CH2802 ard H . These" ~ragmentatlon pathwavs are summarized

in Scheme 3.
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SCHEME 3 -

Fragmentation of 1,2-oxathiane-2-oxide, '12.

~C.H, ~ &

CH2802

m/e = 78 (9)

+  o-n +
C4H8 . C4H.}.
n/e = 56 (33) m/e = 55 (89)

_ \ ~CH. SO _—CH,
12 . o : 2772 \\\\\\:

C.K - ¢ H’+
376 : 375

m/e = 42 {(18) m/e = 41 (100)

The data for monomethyl & -sultines 13-16 are sum-
marized in Table IIT. TIn each case there was 2 signific%nt

molecular ion ané the spectra of the isomers were virtually

ijdentical. It is noteworthy that +rhere was little loss oI 28
. ’ ’ r
or 42 mass units, an important pathway in the fragmentation of

analogous'ﬁ—sultines. There was however observed .a loss of 56
(C4H8) fyom the molecular ion giving rise to the ion £fragment

T .
Chzuo2

either H ™ (M-65) or Cﬁg (M=79) was again significant. The base

: + .
peak in all Zour . isomers was due to C3H5‘representing loss of
502' g and C2H4 or a combination thereof. Scheme 4 illustrates

the various pathways encountered in the fragmentation of isomeric

(m/e = 78). The elimination of $0, (M~64) followed by

107
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- monomethyl & -sultines.

SCHEME 4

‘Fragmentation of mOnomethvl‘S -sultines

-, 8 +
478 -
cazsoz
m/e = 78
+ - -+
-50 : -5
2y I, —
* Cs¥ip Csfg
CH; m/e = 70 n/e = 69
2 - -— i 3
‘ -CI—E3'\CZES Coly
.+ = .+
C4h7 = C3n5
m/e = 35 m/e = 41

For the 6,6—dimethyl—l,2—oxathianew2—oxide,£i, the
peak resulting from the loss of 302 is relatively small.
Further decomposition of the M-64 fracgment by the elimination

of Czﬁi(:§7?/combinatibn there-of (H2+C2H4) vields the base

= 35. The peazk at m/e = 42 could have arisen via

The 6-phenyl derivative 18 (figure 6) behaved quite
similar to the 5,5-dimethyl sultine, 17 under electron impact.

The initial ‘ion formed by the loss of S0, appeared to fragment

further via elimination of ethylehe)thereby resulting in the

—

-

base peak at m/e = 104. Compound 19 is the onlv sultine studied

110
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which did not give a molecular peak._‘The base peak at m/e = 104
can be arrived at most simpiy by sequentidl losses of S0, and
. . ' ’ - ' LN ’ =

CSHS'

.The mass spectra of the seveﬁ.and'eiéht membgréd
ring sultines are relatively predictable; that of the seven
membered ring‘séeéigs was‘remarkably similar to ﬁhe monomethyl
E;-sultines-showing fragment ions at m/e = 134 (16), 78 {(6) .

70 (9), 69 (78), 55 (58), 42 (74) and 41 "(100). For the e_ight'
membered ring compound the pattern wés similar to the se§en
membered ring species, the peaks being di;piaced by‘requireé 14

mass units.

@) Thermal loss of s0., from 1, 2-oxothietane-2-oxides ( B-sultines)
7

syntheses.of.five to'éight membered ring sultines
from the ?recdrsor Efbutyi.g?hydrdxyalkyl'sulfoxides have been
deséribed‘in detail in Chapter IIITI 21l imitial attempts to
syntﬁesize/B -sultinesfrom)B’~hydroxysulfoxides.by treatment
with positive halogen species failed. It was found thatyBﬁsul—
tines (1l,2-oxathietane-2-oxides) have only limited thermal
stability. They readily lose sulfur dioxide, in most'cases within

a2 few minutes at room temperature, to ¢ive olefins (Scheme 5).
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SCHEME 5

Svnthesis of olefins from carbonvl compounds

7
Q : o - .
i S CH i ' 49 R2CR3
£-Bu-SCH Ry ———} £-Bu- S—CHR _>)
: @
20 o2
1l 502Cl , 0——30
£t-Bu-§-CH-CR,R —_— i : e
or. NCS ' ) R
R, OH R, R ; -
gz 273 1

_RlCH = CRzRB-?- 502

28’

The werk on the svnthesis of olefins via}B -sultines
described in this section was carried out in collaboratiocn with
Dr. F. Jung whe made the initial observations. The author’'s
contributions were concent:ated +owaré the isolation anéd/or cha-
racterization of a,B -sultine, determination of the stereoche=-
mistrv of the ﬁy—sultine decompositien and the svnthesis of
.mono-substituted.olefins dtiliziné the,@»—sﬁltipe route. For
the sake of completeness sSOme ef‘the results obteined by Dr
Jung are included in +he discussion.
| The vields of olefins Lrom/B ~-hydroxysulfoxides were

generally found to be good to excellent. The %3—hvd*oxvsul‘ox1des



" the ca?bonvl comnonenhs.

used in‘this study.wererprepared'in one of the foiloﬁing twd ways:

i) Metallatlon of t—butvl alkyl sulfoxides followed by the

condensatlon with an apDrODrLate carbonvl compound6 a
: , _ | e
. o ' . 0 li
. CHjLL IRS) R CR3
£-Bu~S=CH,R; ———%  &£-Bu-S-CHR, —p
| ®
20 S R &
o

:fsu—s-c3n1c32n3oa

22

As shown in Table V the vields for this route were
good +to excelient with a variety of both the sulfoxide and
* oy .
i) Reactlon of & -bu_vl thlolahe with an epoxide followed by

S, ' . . )
—chloroaerbenzozc acxd oxlaatlon Of thus formed hydroxysulfides.

- @ & i .

,Efggs K + RICE::ZS;CRzRB S — EfBu—SCthCR 5OF
mcpba ' ﬁ Z \“

[CPP2,  £-Bu-S-CHRCR,R0H

pecause of the stereospecific nature of the epoxide
ring opeéning by the rhiolate anion this was the me+hod of choice
- ’

for the preparation of/g—hydroxysulfoxides (and thus the/B -sul-

tine intermediates) of known stereochemistry.
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-~

The sequence comnrlslng the condensatlon of the

oA - llthlo-t butvl sulfoxldes w;th carbonyl comcounds followed

by the decompos;tlon of the resultant ﬁ —hvdroxvsulfon;des

(Scheme S)has a close analogv to the Wlttlg olefin synthesis

in which sulf er olavs the role of heteroatom. Further consi-
»deratlon shows ehat thejB -sultlnes, theEX lltth sulfoxides N
and t- butvl alkvl sulfoxldes could be cons;dered the equlvalents

of the oxaphosphetanes, phqsphonlum yllces'and triphenvl alkyl
phosphonium halides respectively. | |

An earller raeher limited Wittig like olefln synthesis

based on sulfur as the hetercoatom involved the ehermal decom~

'position of -hyqroxy sulfmnam;des?
i ‘ SONRR
Cg ' 1. RyCOR, o\
R1R2 ~ SCONER - > ngzc—,.(l:R3R4
L 2. B0 7 ' O

A number o; olefin svntheses have been reported in

the last few vears; seve*al reviews on the subject are aval-

9,10,11,12
lable.

rmable V surmarizes the vields of olefins together

“. .- .

with those of the'precursorxhydroxysulfoxides.
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TABLE V
‘ vield (#)%
‘ Carbonvl compound : _ ‘
‘ - : Hydroxy : .. b
alkvl Y Y
k - sulfoxide  Orefin
Methvl ’ . N Benzaldehyde" 85 - g§2°
Methyl ' . Cinnamaldehyde 95 75
N 3 . N ’ . -
Methyl N-Cvclohexene carboxaldehyde 75 62%
Methyl ‘ _Benszhenone 98 -8z
3 B
- Methvl N\ -Cholesten-3-one - 77 62
Isopropyl ~ Benzophenone 97 ' 53
Ethyl =~ : .Benzophencne 97 | 92

a. All vields refer to the isolated vields except those
noted bv the superscript a; these arxe vpc v;elqs.

"b. Based on hvéroxvsulfoxide.
c. ZEntries IV, VI ané VII taken from Dr. Juﬁg'g work.

As is evident from Table V, high vields (based on
tﬁe precursor hvdroxvsulfoxides) were obt ained when trlsubs**—
“tuted olefins were formed. The yields were more variable for .
the production of monc and. disubstituted olefins. In the only

'.exammle sbucled a tegrasubstluuted o1e&1n was obtained in 55%
yleld. This relablvelv noor v;eld is not sumprlsing s;nce the
sulfoxide bond in the ﬁ?-hydroxysuIEOXLde 25 is flanked by two
tertiary carbon atoms and cleavage of either C-5 bond can occur’
one leading to the B -suyltines (olefins) and the other to

sulfinate esters.



—
-' il ' SO.Cl ' . 2o
o - 50
37§ s> C—=C—{CgHg) 5 2 | 2
CF3 CHy OF - - (CE3)C = GRS,
a5 b

_ ) . —————"" t-Bug—O—C ;CGHS') >
Cl—C—(CH3)2
‘Although the overall vields of oclefins via the
ﬁ,-sultine route is in many instancés ;omparable.to the Wittig
synfhesis a serious drawback of the_sultiﬁe rpu£e is that it -
is necessarily a two step process requiring the isolation pf-
the lntermeclate,B -hydroxysuli oxides. -This,howevér,in some
1nsbances mav be acvan;ageous. The clas*ereomerlcﬁg hVGIOhV-
sulfoxides formed by condensation of an aldehyde or 2 unsym-
metrical ketone and 20 (R = alkyl or éryl) can usually be
separated by chioﬁatography. Decomposition of the separat§§
' o]
isomers'has_been shown to legd +o isomerically pure olefins.
| another advantage of the sultine route 6ver the
wittig route is the ease of separaticn of the clefin from the
ﬁyproducts, SO, ané t-butyl chléride (or iéobutylene) in the

sultine synthesis Vs triphenvl-phosphine oxide in the Wittilg

reaction.

- One aspect which mayv édissuade others from utilizin
the sultine route is rather unpleasant odours associated with

sulfur chemistry. This aspect in reality is greatly reduced .
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N
if one utilizes the_gfbuﬁyl sulfides (many of'wﬁ;ch are avai-
lable cpmmercially): rather fﬁan Efﬁutyl thiollas the starting
material. The pure sulfo;ides have-ﬁo pe;ceptible odour.

For éuite some time the attempts to isolate}B—sﬁltines
proved futile. However in several instances these species

were found to have a sufficient liié—tiﬁé to allow the Jeter-

mination of some spectroscopic properties and interception by

nucleophilic reagents. Thus the reaction of 26 {prepared by

the condensation of t-butyl methvl sulfoxide yith benzaldehyde)
with sulfuryl chloricde in methvlene chleride at room temperature
for fifteen minutes £followed by the evaporation of the solvent

in cold gave a crude product having n.m.r. spectral properties

which could be ascribed to the ﬁg-sultine 27.

4— 5.2 - 5.5 (m, 1lH)
a— 7.2 - 7.5 (m, SH) ///

4— 3.5 - 3.9 (m, 2H) /

1

7

Wh%n rhe scolution was allowed +to stand at rood tem-

perature for several hours, the above peaks were replaced by
+hose belonging to styrene. addition of methapol +0”" the re-
action mixture prior to evaporation gave'theﬁ3-hydroxysulfinate

ester 28 formed by the attack of methanol on the sulfur in 27.

The n.m.r. spectrum of ester 28 displayved the following features:



a multi'piet atSl'.Q --'2.6 {38); a singlet- at £3.83 (3K); a
multiplet atS;S 3 - 5.7 (1H) and a mﬁltinlét ét.57.4 (5H) .

This ester was further characterl ed b\ its owidatioh to the
corresponding ;:—hvdroxv sulfonate ester 29 uhlch in turn was
also svnthesized from theX-lithio der;xatlve of methyl methang

sulfonate and benzaldehyde. (Scheme 6)
SCHEME 6

Interception of a B-sultine bv nucleophilic reagent

0

27
\ CHBOH
¥
2
CSHSCEOHCJz OCh3
’ 28
mcoba
A CGH_CHO . o " ]
LlCFZSO OCh3 > > CsnSChOnCh25020Ch3
29

——

The loss of 802 from ﬁ%—sultines was shown unambi-
o .

guecusly to be stereospecific cis-elimination. Thus reaction
of 31 with NCS in benzene at reflux temperature resulted in

the formation of cis-stilbene, 3.in 50% isolated vield. No

—

g ' 0——50 :
o o 50,C1, s cm = cu.
£~ Su-5~CH ,~CHOHC (H it 38 i /s CgHGCE = CHy
- , -50
CCUE 2
= C6"s

- 120
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trace of trans-stilbenme could be detected either by T.L.C.
analysis or n.p.r.'spectroscopy of the total crude product.

(théme )
SCHEME 7

. Stereochemistry of the decomposition of B ~sultines.

1. t-Bus K '
/° - & 1 1
S\C \ . _»  CgEgC— C—CgH;
// \\C 5 2. mcpba o { [
B ‘ 675 H S0 :C:'Bu‘
38 3%
H [':
. C_E - H .
NCS : 675 CGHS ~30... . N . /h
? ‘ . o 2 //Q.ZZ:C\\
o T & .
o= C6"s Cets

Iw

Since the stereochemistry at the two benzylic
carbons of theﬁB ultlne is known, being relahea by a stereo-

specific ring opening to tvans—stllbene oxide, tbe}B sultlne

formgd by'the:cyclization of éi.must necessarily have the two
phenyl groups in a.relationship as shown in 32.

The exclusive formation of gggfstilﬁene,gg, despite
the fact'that it is thermodynamically much less stable than

(-4

the trans-isomer underscores the stereochemical integrity of



the $0, elimination nrocess.
The decomposxtlon of ﬁ%-sultlﬁes is reminiscent of
“the StLrEOSpeClLlC cis-elimination of Co, 'and 1socvanates
from 3 lactonei4and,5 iactamé% respectively. These decom-
DOSlthnS generallv occur at a considerably hlthr temperature
(about 150 C for the;s Lac;ones anéd above 450 o *orfg lactams)

-

than the §0, loss from hhe;: sultlnes. The loss 6% €0, and

R-N = C =0 have been deSLgnatec by Daquetlz as examples of
?S+7x°a cvcloreverSLOn with the cumulative svstem being the!

- R2a component. Slmllar ces;gﬁatlon could per haps be made for

+he sultine cecom9051t101 although no orblbal correlations

have as vet been made.

0
N :
p: 2~ x =Cor S
4/’f47 // T\\> ’ v = 0 or NR
>§:=::=\?

Several alternative mechanisms For the sult*ne
GECONDOSL;*O“ can be considered. FoOr example homolytic
cleavage of the C-0 hond could lead to a2 Giradical, intermediate
from which the loss of sz would furnlsh the clefin. In such
a case the SO, loss wculé have to be c0nsideréblg faster than

+he C—C bond rotation te account for the sterecspecificity.

o—30 - ,0——s0 2

—_— ’ +

o
%]

’“\\



The fact that B. Glmbar-evskv has been able to‘isolate

the sultine‘éi_as a relatlvelv stable material argues agalnst
this.mechanism since cleavage of the C-0Q bona in 34 would lead
to a relatively.stable'diradical. Slmllar cons;deratlons can
also be used to discriminate againsp‘a dipolar intermediate

such as 35.

O——s0 630 -—s0
H,C CH4 D .
o CH )
Cets 3
34 22

Another possible mode of decompositicn under certain

' : 17
conditions was suggested bv the work of vilsmaier ané ccoworkers
who converted episulfones to olefins via the intermediacy cf
ﬁs—halo sulfinates, a reaction which re?resents an overall
stereospecific ¢is elimination. Thus chloride ion which is
preseht to a considerable extent under the usual deeomposition
conditions could conceivably attack 'at C, to vield thefﬁ -chloro-
sulfinate 36 which would, based on the ebo&e result,form the

olef;n.



! 52 Ether. }:15‘ 'C{_R.3 e
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.This possibility 1s however considered unlikely in

view of the usual attack of nucleophiles on the sulfinyl sulfur
18,19
in the sulfinate esters. In particular, as shown akbove,

methanol cpens theﬁ?-sultine by-S-0 rather tharn C-0 bond clea-
vage.

jB-Sultines, in contrast tolg-sultones, especially

polyvchlorinated and polyfluorinated}3-sultones, have not been
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prevlouslv isolated. A polvfluorihated/g -sultine has been
20

suggested as an 1ntermed1ate in the following ‘reaction:

S - WY o
CF, = CF, + S0, — szs(O)Fcto)F'

“~

As referred to above, a-stable ﬁ'—sultine‘has been
isclated in this laboratory during the past vear. Thus reac-
tion of the;B ~-hyvdroxysulfoxide 37. prepared fromc& -lithio—

-butwl isg-propyl sulf0\1de and benuophenone, gave the sultine

gi in 50% vield.. . . //’”

o

ﬁ ? ,‘ ' ‘ | A ﬁ ?33 TGHS.
t-Bu~-S- ? e +  (C EL),C0 -———f—qr_t—su—s—e — e-oa
CH3 ‘ " CHg ASGHS
.i?zclz ' ‘O————SO
CGHS'I CH, < . .
CHs CF3 38
34

_The crvstalline sultine showed a strong ST0:absorp-

tion in the infrared at 1150 cm -1 and n.m.r. singlets.ats;l.BOi

and 1.43 due o the two “OPeculvalent methvl grouos At 1its

- -

the sultine decomposed to the expected
: - o

melting'point, 92-94- ’

olefin 38 (100%) and SO,.



The sultine 34 is in all likelihood‘nonplanar,al;

lowing for‘optimum diétance:between the bulky substituénté

LN

on C-3 and C- -4. In the trauﬂxion state due to the shorte-
ning of the C-C bond and the necessmtv for bringing all the

carbon substltuents into the same plane,there is expected to
. 3 .
be a significant increase‘lin steric hinderance. This in effect

raises the transition‘state ené%gy relative to the ground state
thus increasing the thermal stability of the sultine..

While -the thermal elimination of sulfur dioxide from
ﬁ -sultines was being studied, it was also found’ that 3,6—
dlhvdro 1,2-oxathian-2-oxides 3% fragment into SO2 and 1,3- -
dienes 40 below 0 C?l This stereospecific transformation ap-
‘?eérs o be the first exaﬁple_of the fgrmation of Sb2 and 1,3-
d%enes via a R 4 +-7;2s cycloreveﬁsi;n.

s
‘R
7 £ 0°. Z -
_—) ) + 502
N

39 ‘ 40
The suereospec1&1c nature of this decomposition was
shown by the conversion of the cis-hvdroxysulfoxide 41 to iso-

merically pure trans-l-phenylAl,3-butadiene,ig-

[

CH,SO0t-Bu

?H-CGHS
OK

126
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The benz—fused sultlne 4; has presented some novel-
and svnthetlcailv‘lnterestlné results. -When heated ln reflu\-‘
ing ben”ene it cleanlv isomerized to 1, 3~drhvdro benzo (c)—‘
thiophene-2, 2—d10\1de, 44 (t =8 hrs) That thls iscmeriza-
.tion represented a cvcloreversion to o-quinodimethae 7%2 and'
SO followed by a typical SOZ+-l,e-a1eﬁe cvcloaddltlo;u was
shown bu carrving out the “thermolvsis 1n presence of a very
reective dlenoph}le,such as maleic anhyarlde. Undexr these
codditions tetrehydronaphthaiene derivative 46 was obtained

in over 95% vield.

S

46 o ’ 44

o

This route reorese“rs a very mild and effective
approach to these reacelve dienes ané has been used to pre-
pare several derivatives bearlng substltuents in the exocyclic

methylene group?l
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e} Svnthe51s and characterization of 3,4 6 7= tetraohenvl -1,

5-dioxa~2-thiepane-2- -oxide. (Attempted lsolatlon of
3,4-diphenyl-1, 2-oxathietane-2 -oxlde)

Encouraged by the isoclation -and characterl etlon
of the %3-sultine 34, the sulfurvl chlorlde reaction wmth the -
hydroxysulfoxide 31 was repeated at low temperature with the
hope of isolating theﬁ%—sultln _33. Based on the rationali-
zatien gi#en for the stability of 34, theﬁ?—eultine 32 having
two ehenvl groups cis to each other was expectedrto have rea-
sonable thermal Stabllltv

Treatment. of 31 with 1 l equlvalents cf sulfurVI;
chleride in dichloremethane at _70° resulted in the comple-
te disappearance of the staeting'material within fifteen
minutes (as evidenced by TLC)- The solvent was carefﬁlly
removed in cold under vacuum and the crude eesiduelsubjected
+o column chromatography on silica gel. Elution with methylene
chloride furnished iniﬁially diphenyl—acetaldehyde,gzj'eﬁd sub-
seguently a colorless solid to wﬁich'the stryucture 48 was as-
signeé bhased on‘the evidence outlined below. Thi vields of 47

and 48 were 30% and 60% respectively.- i \

Similar results were obtained.when the above -
reacition was carried out with NCS at zroom temperature. These
results are completelv dlf‘e*ent than tﬁose’described in the
érevious'section regarding the stereochemlstrv of the 5L1 :ine
decomposition in which it was clalmed that 31 and NCS ln re-

. . .
fluxing benzene gave pure cis-stilbene in 50% yleld.

.
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Both sets of reaction conﬁitions.were repeated se-_.
veral times to ecsure their validity. Eéaminaticn of the
‘crude reaction products obtained under both conditioné showed
- that there was no cross-over i.e. ne gig—stilbéne waé obtained

at -70° dor was any.of igfobserved whén the reaccion was caxr-
‘ried out in. refluxing benzene. Furthermore 48 was elimincte@
as a possible intermediate'in.thé cis-stilbene formation by
the observation thét‘no cis-stilbene was obta;ned whcp the NCS
reaccloﬁ was first carrled.out at room—temberature and then,
after'the dlsancearance of the starting sulfoxlde, the reaction
"mixture was *e;lu\ea for a con51cerablv longer cerloc cf time-
chénlwés require&-to produce cis-stilbene under the initial
reflux conditions.
Compound £§_wa; cryvstallized £rom methyvlene chloridc/

. ' (=]
pentane td furnish a colorless powder {m.p. 160-162 ), homo-

© . . R . . ; .
geneous on T.L.C. The infrared spectrum showed absorption

. at 1125 cm l, characteristic of the 0-5=0 ¢rouping. The proton

n.m.r. spectrum sh wec the Follow;ng features:

£3.49 (&,3.0Hz, 1H); 4.53 (&, 3.0Hz, lH); 6.17
(&, 3.0Hz, lH); 6.67 (4, 3.0Hz, 1H) and 6.7-7.4 (m, 20H).
- o ﬁecoupiing ekperiments establisheé that the protons

at E;B 49 and 4. 53 were cocolec with those *esonaclnc at 6.17
Q

and 6.67 respectlvely. The carE;:SlB n.m.r. saect*um showed

—

four aliphatic carbons at 55.3, .3, 73.9 and 94.3 ppm 1in

2
-

addition to ythe aromatic absorption at 132-136 ppm.

-,
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At flrst 51ght these spectra could be 1nterpreted

in terms of a 1:1 mlxture of the dlastereomermc f3~sult1nes

49 and

wi
o
»

s
()]
o

Hﬁweve: thé unusual thermal stability of Ehe-compound
{ no change was observed when thé compound'ig was refluxed in
benzene for 48 hours) caé£ doubt upon this explanation. ?ur—
thermore repeated recrystallizations'failed‘to give anyv change
in the relative size of the inéegrals for‘the various protons.
Thus the unknowﬁ'compound 48 cannot be accoquated by the
ﬁ-su‘tlne st*uctures. i

Elemental analvszs bore out the above fact. The
found analytical values for gg'are shown in Table VI. They
are in good agreemen; with the molecular formula C28 24 3
but rather far from the values calculated for thgfe'-sulh;n
formula (C14“12 S). & molecular weight det efmlnatlon by
osmometrv, 416 £13, was not far from the value 440 *ecul*ed
for C28H24035‘

Rased on the above results, and on some of the che~

‘mistry described on the following pages, the 7-membered sultine

structure, 3,4,6,7-tetraphenyl-l,5-dioxa-2-thiepane-2-oxide,

130.
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‘was assmgned to the unknown 48 ' ‘ s

For e\amole the structure 48 reguires. four allohatlc
Drotons each couoled to one other proton as lS obse“ved. The
required four different aliphatic ca*bon atoms: were Dresent in
the carbon-lS-spectrum.' Selective proton decoupling of the
carbon-13 spectrum showed that the hydrogens rescnating at

E’;‘3.49, 4.53, 617 and §.67 were attached *o the. carbons ap-

pearing at 66.3, 55.3, .9 anéd %4.3 ppm respectively assuming
that the highest field hydrogen (S = 3.49) is attached toc the

\

carbon X to the sulfinvl group and the lowest flela hydroge

(S = 6.72) to the carbon bearing the ester oxygen.

: - . B -
Although- there are a number of unusual features, for
example, an 18 pem difference in the chemical shifts of rather

.

similar C, ané Cg and a 1.64 ppm Gifference between the hvdérogens

. . L ) N ' . . .
attached to these carbons, the above assignments-are much more

reasonable than any of the alternatives. The chemical shift

difference referred to above appears to be at ledst gualitati-

.wvely in the right direction. If the C, hvdrogen is.in a syn

4

1,3-"diaxial" relaticnship with the sulfinate oxygen a large

. ’ 1

/A%eshielding, similar to that observed for the 6-axial hydrogen,

in the § -sultines (0.8 ppm), 1is possible. Under these condi-

tions the C4 resonance would be
r/cme,to the Y-steric effect (See
Based on the relative

.groups in the starting material

48 is one with the geometry of

expected to pe shifted upfield

Chapter IV}.
stereochemistry of the phenyl
the most likely structure for

the two bibenzylic units
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:etained i.e. either 48a or 48b.

could more readilyv take up a conformation which -would allow

the rétioﬁalizétion of .the large shifts observed in the proton
ané carbon-13 n.ﬁ.r. spetira. r"hese conclusions are obviousiv
extremelyv tentative. An X-*av suruchu*e cebe*ﬂlnatlon woulé:
seem to be the best way to resolve the problem.

Since the structure of 48 had a phenvl group X to

the sulfinate oxygen and, experience had indicated that such



esters are phptochemically labile (see. next section) it was
decided';o carry-out a photolysis of 48. In the event, ir—
radiation of 48 in benzene-acetone soluﬁion wi;h a mediunm
pressure mercuéy lamé, using COrex'filter, for thirty. minutes
resulted in the.formatign of an isomer of 48§, compoﬁnd él.
(ﬁ.p. 162-164") in quantitative yield.  The analytical and
spectroscopic data of 51 are listed in Table VI.

The n;m.r. spectrum of 351 <dike that of 48 showed
four sets of doublets at S 4.02, 4.4_3, 5.86 and 6.67. The
4.02 and 5.86 peaks were relatéd by an 11-0Hz coupling cons-
tant; thgt'beﬁween +he other two protons was 4-0HZ. Thus-thg

protons were assigned to positions‘3,6,4 and 7 in order of

inéreasing‘é -values. - - - ' v
Since the photolysis of the other sultines_bearing a

phenvl group & to oxvgen proceeds via' the cleavage of C-0

boné it seems reasonable to believe that in this”Eé%e the

isomerizaticn occured in a similar‘manneﬁ. Thus the sultine

51 may be assigned the structure (using 48a as Precursor)

shown belcw.

"y 0
Hu ““Csns
CGH'SW - C6:-5
H o 0_s{ H
\O
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TABLE VI

Properties of sultines 48 and 51

51

a8 sl
) : e - : o
n.o. 160 - 162 162 - 164
ir. 1125 cm + 112@%em T
n.m.r. 3.49 (&, J = 3.0Hz, 1E); 4.02 (4, 3 = ll.0Hz, 15) ;
— 4.53 (&, J = 3.08z, 1H); 4.43 (&, J = 4.0Ez, 1H);
6.17 (3, J = 3.0Hz, 1H); 5.86 (3, J = 11.0Hz,lE);
6.67 (4, J = 3.0Hz, 1H); 6.67 (d, J = 4.0Hz, 18);
6.7 ~ 7.4 {(m, 208B) 6.7 — 7.4 (m, 20H).
Analvsis c, 76.72; H, 5.66;'S, 7.15 C, 76.57: H, 5.45; 8, 7.15
Cog80403S c, 76.35; H, 5.45; S, 7.2
requires: : .
C148120,5 .
“{or C283240482) .
reguires: Cc, 68.84; H, 4.95; S, 13.10

Molecular weight

i+

416 ¥ 13 418 13.
(Osmometrv) Co ‘

CogEp4035

. . 440
reguires:



In ardef to explain the .chemical ﬁhift differences
between the hydrogens on C, andlcs, a syn l?3-“d%axial" ar-
rangement would still be néeded‘thus lEading to ékg. It muét
be admitted .that it is difficult to enulsage a conho*matlon of

.

Sla which coulc explain the 11<0Hz coupling constant between
the protons at C3 and C,. A structure which would be in
"agreement" with beoth. the observed chemical shift differences
and the coupling constants is EEE; The Sormation of this
structure L;cn 48a is however difficult to rationalice chemi-

cally. Again x-ray structure determination might resolve the )

problem.

0

6°5

The gross ring structure of 48 and 51 was supported
bv the reduction of both substances with lithigm_éluminium—

hydride.” Reduction of either 48 or 51 gave rise to a mixture

—

’

of two products whose spectroscepic data were consistent with
t¥eir designation as 2,3,5,6—tetraphenyl dioxanes.  The two
compounds were'separated by preparative thin layer chromato-

. graphy using methylene chloride as the developing solvent.



They were obtained as waxy oils which could not be crystallized.
Because of the relatively small amounts of pure materials avai-

lable no analvses have as vet been obtained.

The infrared spectrum of each isomer showed a strong

:

band at 1095 attributable to the eﬁher function of the dioxane
ring. 1,4-Dioxane itself has its ether band at 1100 cm—l.4
The n.m.r. speétrum.of the major isomer (more polar) showed
two singlefs at S = 4.20 and 7.30 in a 1:5 ratio. These were
attriﬁuted to the hydroéens on carben bearing phenvl ané oxygén

nd the arcmatic hydrogens respectively. The spectrum of the

o

minor iscmer had absorption at § = 4.70 (S) and a multiplet
. ” -
centred at & = 7.3 in the integral ratio 1l:5. The mass spectra

of both isomers were identical. Unfcrtunately the molecular

ion, expected at m/e = 382 was not visible. The only intense
peaks at m/e 100 in the spectra occured at m/e = 167 due t
the (CGHS)ZCH,~a reasonable fragment based on the tetrarghenyl-
23 ‘

1,4-dicxane structure. £ the five possikle isomeric '2,3,5,6~

tetraphenvl-1l,4-dioxanes only one (52) is not svmmetrical and

‘ra

ol

fhus could not be accomodated by the n.m.r, istinction

3
.

between the other strucctures 53.- 56, based on the cata avai-

lable is not possible.

Ph

Ph
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Ph o o
Th 7 O/J Ph'/‘/\ o ~Nor PR /Jh
fﬁf’ox“‘xx\wgf;h | waéi/vo~\\EH\*’Ph PQ¢5£;'
Ph Ph
54 55 56

The lithium aluminigm’hydréde feduétions were donel
with théﬂexpectatidn of.obtaininé the hyvdroxy mercaptan 57
so as to coﬁfirm the order in which Ehe ring atoms are joined
+o each other. The formaticon of the dioxanes is sﬁrpriSing g
but ﬁay-bé rationalized in-the following manner. 'Complekétion
of the thiol with an aluminium species may‘sufficiently weaken -
the benzylic carbon-sulfur bond to allow formation of the cyclic

ether structure.

)

C B 0 C.H ‘ . : ) . @]
&3 6°5  Lials, |c.m ° o Ces 675
c o ———— 675 £°5 .
6" 6°5 - - ' . C_E C B _-
0—s0 CePsN.. ./ C6¥s 6750 63
. K 0¥ . EHS | J .
48 or 51 : 7

The formation of trans-stilbene in approximately
- [

85% vield upon refluxing either 48 or 51 in benzene contalning
. /"_‘\._. . VA - ’ = ) .
a trace of p-toluene sulfonic acic for twenty four hours 1S
Ao .. . ) .
again rather surprising.’ » %
~. . :



[ - S : : .
. The .mechanism of this transformation is by no means

obvious. Thé'fbrmation of ‘stilbene in 50% or less-yield,to-
‘gether with an equimolecular amount offstilﬁene oxide or diphenyl
acetéldehyde could have\beén easily explained. The mass spectra
of 48 and 51 cbtained undexr low voitage {15 évf,condi;ions

| — i

14 17)'

A tentative, as vet unproven,route to 48 from 31 is

showed prominent peaks at m/e = 244 (C 143170 s) and 180 (C

shown in the scheme below:

¢
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f) Photochemical extrusion of S0 (cyclopropane synthesiS){

In contrast to thé/8 —sultines, Y -sultines were’
found .to be thermall» stable. Photdlvtic'éﬁtrusiOn of sulfur-

dioxide. was therefore e\amlnec with the hooe of obtalnlng e

-~

*

cvclopropanes.

~

.24
It has heen shoun bv Cava and couorkers that u%_,//-

traviolet 1rrac1at10n of benzene solutlons of ben-vllc sulfones
(undex nlgroqen at lS ) causes loss of sulfur dioxide, oresu-

mably via a diradical intermediate.-

CGHS .
SO, + hy —
C6H5
/Csﬁs
—_— -+ dimer
Neom €
4 65

LN

- I
-

‘Our hopes of obtaining cyclopropénes‘were rgwarded
in the case of the 5—phengI—l,2-03a;hiolane~2—o£i&e,;g, which
produced phenyl cvclopropane in 95% vield. 'Similérly l-phenvl-
2-methyl cyvclopropane was obtained in 98§gyleld Erom S—phenylf'

3-methyl-l,2-oxathiolane-2—oxide,g;.

g . .. ‘ " (95%)
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1.]_ .. . B ) (980) .

Unfeortunately the photolysis of'sultines-wﬂigp did

r

1ot have a phenvl group ok te oxXygen v;elded no cvclopropanes.

This was very discouraging smnce we had hoped ehat the ? -sul-

“tines might be generally useful for the preparatlon of cyclo—"

propanes. Prof. D.J.H. Smith of the Universityv -of Leicester,
Engiénd, has thérmolv*ed at Sbop using flash‘vacuum pyrqusis
. technlaue, a sample of 5- phenvl l 2= oxathlolane -2-oxide, - sup-
nlled by us, and obtalnea phenvl cvclopropane in hlgh vield.
Thus a fa}rly genéral synthe51s of.cyclqpropanes_;s stiil
possible. | I |
IE appears,there ore, thae the nhenyl grouo plavs a
special'rele in the photolytlc cleavage. In all llkellhOOd !
it faciliyates the cleavage of the C-0 bond by seablllzlng
lZMe intermediate diradical 58, from which loss of so,

leads to a second diradical 59. Cyclopropanes would form as .

A} . . . .
a result of intramolecular ring closure of this diradical.

']

140
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10 58
6 S_Cﬂ ] A \- ) .
- —_—D
CI—’—-——-—C.H ﬂﬂ
2 2. Cng—CH

5
59 ~_
The low wavelength (,%max 230) coupled with-a 1ou

éitlncthﬂ coeff1c1ent {é; 300) obserwed for the parent‘
Y -sultine suggests the p0551b111tv that the llgh* may be
y.- o

absorbed bu ‘the pheqvl group and not by the sultine function.

-~

The cleavace of the ¢X C=0 bond maw'be similar to +hat obse*ved-

_ 25 .
for arvl substituted epoxides. $uch an ehplanatlon wqulc be

in agreement with tge observation that the S,S-dialkyl sub-.
stituted sultine 1 did not undergo ready photolysis despite
+the fact that the intermediate diradical 60 would be expected

to have comparable stability with the initial diradical 59 .

formed in the photolysis of 10.

o
\‘so 4,<:::><r/\i7

‘ 0—= SO

|+
[+)}
o

141



A phenvl group at position 4 does not promote the

cvclopropane formatmon. Thus- 4- phenvl 1,2- oxathlolane-°—oxlde, N
61, under photolvtlc condltlons (which suffice for the forma~
$ion of phenvl cvclopropane “from 10) was recovered unchanged. . .;

As UsSUaal, prolopged photolysis led to intractable materials. .

. ) o . . -
NG, WY i
' E ;o s Cels
CgH )
< .-'; -

Somewhat surpriqinglv tRe benzfuséd’suitine 62,

having the necessarv arvi functlon O( to oxvgen, &id not

-

undergo any reaction under the standa:o ohoto1vt1c conoltlons.
i

¢ b ) . ' ‘
/presumably the diradical formed in this case prefers
to recyclize to the s-membered ring rather than isomerize to

a 4-membered ring sulfone orx lose S0, .



. . TN - .-‘\' - L o
~ ] 0 : . - .
Ty o _ ‘. ‘ 143
P . 7 . . .

Photolvsxs of 6- phenvl l,2-oxath1ane—2 -oxide, 18
\
Sin benzene acetone, for Sl\tV minutes, resulted into the
_formatlon of a very polar compound 63 in BS% vield. It was

a551gned the Lnsaturated sulfinic acid structure on the basis

foa lts n.m.r. spectrum whioh showed the follow;ng features.
£a: 5 < 3.0 (m, 4K); 5.3 - 5.6 (m, 28): 7.2 (m, SE):
,;%18 kbs, e;changeable w1th D O, 1H) .

- The'sulfinic acid structure ;or 63 was supported by
+he conversion of 1ts potassium salt to the sulfone "64 (82%)
on trea;ment ulbh methwll@dlde. The sulféne 64 (m.p. 12)
showed oharacterlstlc sulfone absorpticn at é;;% and 1300 &F l;

The n.m.r. spectrum had singlets 2t £2.9 and 3.0 (total arek 3H):

‘multiplets at 3.0 - 3.4 (4H); 5.3 - 6.6 (2H) and 7.2 (SH).

-

— . ———

o 1. KOH/CH,OH
— b  CHCE = CHCH,CH,SOH
2. CH,I

83 . 2

CSHSCH = CHCH2FH2502CH3

64
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It appears that the diradical 18a produced from 18
undergoes 1ntramolecular hvdrogen transfer (rather than the

loss of SO } resulting into the formatlon of the observed

unsaturated sulfinic acid 63. T

g) Nucleophilic Dlsplacement on sulfur:

King et allS have shomn that in dlluee sodium hvdro-
'\lde soln, sultines can be cleaveu to the correspondlng hvdroxu—

sulflnates whlch when ac;alfled with HCl recvcllee to the start—'

ing sultlne.,

=0

- ONa.

Ch Oh

Somewhat simiiar behaviour waslobserﬁed with S-phenyl—
l,2—oxathiolane-2;oxide,;g:i When the sultine was freated with 0.1
equivalent‘pf dil- sodium h@drbxide the starting material al-
ﬁost'compleeely disappearégi ;The pfeduct-appeared‘to be the -~

" hvdroxy sulfinic, acid 65 as indicated by.n.m.r.LS'z.l_--z.s
’(m,2H); 3.3 - 3.6 (m,2H); 4.8 (t,J = GHQ,V;H);'G.S (be, 2H)}
7:3 (S,SH)]Cf{%éoweﬁe; the material dia-not recyclize to ‘the
sulitine in good-vield. .Most of the hydroxy.sulfinate remained

~

in the aqueous solution.
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SO o CGHS
—_—
NaOH

No reaction was observed when the sultine 10 was
" V - . - R . ‘ &
i _refﬂuxec with aniline for twenty four hours. Only the un-"

reacted starting material was isolated.
: - . ) : . »

' The reaction of Grignard reagents with sulfinate

Coe 26 - :
esters was studied by Anderson and has :eceﬁtIy been explored
. © 27
in more detail by Mislow and COWOIrkers. o
. o - ’
. ' i > R—g—R'
R'MgX 4+ R-S — OR™ _— -

4|-.
i

Very recently Harpp et gg have extended the reaction
' 28 ~ =

+o include sultines. Thus the' reaction of l,2—oxathiane-2-

oxide,1l2, with Grignazrd - reagenﬁ has been shown‘to give the

hvdroxysulfoxide 66 together with reduced and rearranged products
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such as 67 and 68.

‘. . CGgSSO(CH2)4OH

.|-

* ) ‘ C6 SS(CH2)4OH

e - 67
+ ¢6h5Mg§ '5\\ B

H_CH(CE.,) .OH
l 2°3

Cells
Ce¥s.
ss

In an effort to improve the scope of thls reaction, .

: the use’ o; orgaﬁocouper reagents was explorecd. It was ,ound
N .

that these reagenus act as an effectlve reolacement for the

Grighard in theo-nucleophilic displacementzréactlon in ‘that
' |

the number ané amount of b¥-products is greatly reduced.

- ® @ . -
E | (CE,) ,Cu Li 9 .
CGHS - S - OMen — CG ?
CHg

The copper reagents appeared to react with inversion

of con flguratlon at sulflnvl sulfur
44
Johnson et al showe@ +that the hvdrolysis of alkoxy
sulfonium salts, obtained by the O-alkylation of sulfoxides,
prodeeds with invefsion—of configurétion of the sulfur atom.
The method was successfully employed.to interconvert the cis .

and trans sulfoxides derived from a series of 4~-substituted

thianes.
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Recently Fraser and Schuber  have emploved this

me&hod for.the inversion of the sulfoxide in l,ll—dimethyl—
5,7-dihydrodibenz-%Eﬁfg—thiepin S-qxide.

Prelimihary results_suggest thaf this method can
be extended to éiltines ag-well. Dr. F. de Reinach has re-
, cént;;'been apléyﬁa\separate the two isomers of the sultine 63
: > L .
by column c;fomaﬁbgraphy over silica. On the basis o n.m.r.,
more polar 4scmer was tentatively aqsigﬁed +he structure a 1in
which the_g&s&yz group and sulfinvl oxygen are trans to each o

other. Thus the less polar isomer b should have these two

groups cis.
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0
~69a 69b
n.m.r. 3.0 = 3.5 (m,2E), ' - Cnm.r. 3.0 - 4.0 (m,4H):
4.0 - 4.5 (m,28); 5.0 = 5.2 (m,1H) © 4.6 - 4.9 (m,1H);
7.2 - 7.4 {m,5E) o 7.3 - 7.4 {m,SH)

Sultine €92 was used as the starting material for.

~studying the epimerization. Triethyloanium'fluoroborate

(5.190 g, 1 mmole) was added to 2 solution of 69a (lmmole)in
5 ml of ﬁethylene chloride and stirred for- twenty four héurs
at room temperature.’ TLC of the feaction mixture indicated
disappéaréncé of the startiné maierial. Addition of anhydrous-
‘e;h‘l ether at 0o dié not result. into the. precipitation of a
white solid but produced a'gummy mass. instead. Hence 0.1N
aquedﬁs sqdiumrhydroxiée (10 ml) was added to it and the reaction
mixture was stirred for anéther twq'hours. f+er workup the
reaction product appeared to be a 50:50 mixture of the isoﬁers
hégg and 69b as judged by n.m.r. |

At this point it is very difficult to séy énything

-

about the mechanism of the reaction. It does seenm appropriate
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to point out that epimérizationg if successful in general,
should help in understanding the stereodhemical aspects of

‘/‘and 8 éultines .
I

‘h) . Oxidation of Sultines:

The sultines were readily oxidized to the corres-
ponding sultones {cvclic sulfonate esters). In fact many of
_the sultines were characterized by the comparison of the oxi-

" dized materials with the known sultones.

“.
~ ' Q '
\ 0 — S0,
NN
rncpba :

ii Attempted Deongenatidn of Sultines:

Sulfoxides can be reduced to sulfides by lithiﬁm
o 29 : _ .
aluminium hydride and a variety of other reagents {(e.g.

| 30 31 ﬁ) .
sulfur, sodium borohydride, cobalt chloride , saturate .
o ' 32 33
aqueous sodium hydrogen sulfite , bromine-hydrobromic acid
oo 34 :
iron pentacarbonyl  etc.).

The very method of éhoice, however, seems to be:
R 35
-the'oné‘reﬁorted by Kaiser and coworkers employing stannous

ch ide - acetyl chloride in acetonitrile: dimethyl forma-

‘mide at 0%,

In addition trivalent phosphorus compounds have been
= ' o ‘ 36-38
extensively emploved for the reduction of sulfoxides to sulfides.

et



very recently dgoxygehation of sulfoxides using 2-phenoxy-l,3.
. . ‘ . ] 39 . .

s-benzodioxaphosphole has been reported. The reaction was

fpund to be catalvsed by a trace of iodine and generally com-

plete within three hours in refluxing benctene. ‘

‘Trace of .
RiR,80 1 /ccl,
RiR,S

+ was of interest to examine the behavicur of
sultines towards the mild deoxygenatiné reducing agents. The
expeéted prodﬁcts, ;yclic sulfenate esters, have not been
reporteé in literature thus £far.

When the sultine- 10 was tréated with'acetyl'chlor?de
in methvlene chloride no apparent reéction was obserféd for.

several hours. When left overnight the material decomposed
‘_D ) - .

presumaﬁly via Pumerer type rearrangement.

~ ‘ ‘ ' Decomposition
3 __.-——-P - .
Ph : 50 -+ CH3COC1 ‘ ' products.’
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when the reduction was attempted with stannous chlo-
;ride-acetxl chloride in - CH CN — DMF no transformation ap-
peared to take place at least for twenty:four hours. Starting

material was recovered

Finally uSing triphenvl—phosphine in refiu\ing carbon
tetrachioridé the starting material did disappear after ?S.
hours. .The product was identified as l—phenyl—l,B—dichioro
propane from jts n.m.r. and mass spectral cath: [.n.m-r.
2.3.—‘:.6 (m, 28), 3.3 - 3.8 (m, 2H), 5.0 = 5.2 (m, 1B}, 7.3 =

+ ) .
.5 (m, SH); m.s. M 188, other peaks at m/e 183,.125, 117,

115 and 91 ] . The yield of the dichloride was 45%.

PREAS

' cet, .

+ (CgEg) P __i_;i__, ®h-CHCH,CH,
: \ (45%)

€1 Cl

gimilarly n.m.r. of the erude material“obtained
—

from‘iﬁiiiidii/aégtement with the. structure C6H5$HCH2CH2?HE,
‘ : ‘ c1 L.
The acvlic sulfinate CQEIQS-O'CH3 led to the for-—
mation of 09H19C1 (30%) .
//O
30 Dh

s PhCHCH2CH2T52

Cc1 Ccl
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H

Cy

19sto)ocn e C H. .C1

919"

~The v1elds in-these reactlons have not been optlmi—

-ed. Tt is to be noted that two equlvalents of trlphehvl—
1_phosphine were needed to ensure complete dlsappearance of the
‘startlng sultine. Wlth a 1:1 ratio of trlphenvl-phosphlne
‘and the sultlne, some unreacted sultlne W3S alwa\s isolated.
No attempt was made to 1solate the reactlon products contaln—
ing phosphorus. N
| With these limited data it is rather difficult to
‘suggest a mechanism for the reaction. Two'poéSiple pathways
ere-showﬁ‘below: | | .

. a) Nﬁcleophilic attack of oxygen on 2 triphenyl-;poephq

nium,salt followed by the attack of.chloride on benzylic_oar— i

bhon.
- N . - - " @ N @
- . T »
. 70
(o)
N . C.E
CHeg SO . 6 S=0-P(C Eg) 4
: + 70 J
30 RS | o
: ¢ ' ccl,
{
4
—
0 0D (CH.)
Cets P S
57T e .
— ﬁ,j ccl
cl _ T3



. as3
‘ . ) c o _ ,
: . i s . -
.- C_H.CH-CH.-CH )
- 651 2 |2 &+ SO, + (CgHg) 4P T,
A cle &7t B
I3 } »
",J.‘: . . ,

b) 'Nucleophilic _at:taék of ‘phosphorus on s'ulf-inyi sulfuz.

LY ‘.‘ ‘V\' -. .' ’ ) . . @ .‘ ‘
. G\ ) . ) ,. -O . 0
CcHe SO " l !
' . + (¢ H.).p — C_H.CHCH,CE;S
eS8 3 . &5 24 2‘ .
. . -_‘ cl (CGHS)3PEL
08 -, L.
CGHSCHCHZCH2C1 | - (CGHS)BP =g =0. s
) ' . ‘ -. : v " "' ’ R
(C6H573P
- - ——r
» v
- I T =
CGHSTHCHZ?HZ | (C6H§)3~ 0 -

c1 C1 o <:.

X _ .

(CGHS)BP S }

T
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T ‘
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3) Solvolv515 reactlons. (Isomerlsatlons)
: 20 .

Cope and coworkers e\amlned the thi rmal stabllltv
of allvlic arene sulflnates and observed that allvl ben*ene

‘sulflnate and some of its gerivatives on heatlng_nnderwent
rearranqement to sulfones in.low v1elds. Sulfinates'in-ge-
neral undergo solwolvsrs Wlth relatlvelv little sulfone

T formatlon%l‘ Tne solvolxsrs of : arene sulflnates may proceed
elther bv sulfur—oxvgen or bv carbon—oxvgen bond flSSlon;- It

“has been observed that the sulfur oxugen bond flS n-ﬁgcha-:

_nism preva;ls for benzvl arene sulfrnates whereas -a carbon-

oxyvgen bond f1551on by an lonlzatlon'mechanlsm proceeas in

H 42 :
the case of the correso ding :hmethorvﬁbenzvl ester. Very
43 -
recentlv Bravermén anorj?oberman_ observeo that under buffered

non—solv lvtxc conoltlons, furfurvl benzene sulflnate undergoes
thermal arrangement to” a mlnture of. furfurvl ohenvl sulfeone

.'and 2= 3 -furvi phenvl sulrone.,-,'

S so Ph
. a
) H208Ph CH SO Dh

O

I+ was therefore hoped that S -sultines with a \

'ohenyl group on C6 (carbonc( -to oxygen) mlght rearrange to
the isameric sulfones. However no such 1scmerlsatlon was

obServed in the case of 6- phenvl 1,2- oxathlanefz oxlde and

S

only the starting Séltlﬂe could be recovered. 4

i
-



- and the re51au
=

b2
. % 7
CZHSOH . g
[, P —<
/ /-
, : CR L
}.g » ‘\"\“_‘.‘_

When the S-sultine lS was heated strongly (distilled‘

uﬂder vacuum w1th a small flame) .most of ‘the compound decomposed

e appeared to be mainly the sulfone 'z&las,ex—

. ' 3 . :
amined by n.m.r. _ ) oy
. . . 1 ™
R .
Iy
.
-
-
g
- .
: ﬁ [
A, .
- N “/’ )
' .
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Experimental.

-

Meltlng 'points were determlned wlth a Thomas Hoover

\\\ "apparatus and are uncotrected. Slmllarlv all bomllng po;nts

4)}4-

repofted arefuncerfected: All,;%’.r. spectra were-recorded .
on a Varian HA-100 or T=-60 spectrometers using CDCl3 as‘splr
vent (unless pthefwise specified). The peak pOSitioﬁsrare
given in ppm downf;eld from T.M.S. Infrafed spectra were.
obtalned using a Beckman IR—20 or IR'ZO—E spectrophotometer.
“The spectra of SOlld compounas were obtalned u51ng CHCl as
solvent; 1i§uids r oils were generallv used neat. 3355
»spectra wereqobﬁgéned using elthe* a H;tachl RMU-6 spectro— ;o0
meter or an AEI MS-9 spectrometer. Uult rav1olet spectra were
recorded on‘'a Perkin Elmer 202 ultraVLOlet visible snectro—
- pﬁptbmeter. Carbon-13 n.m.r,-epeetra were Qp aﬂﬂed at 25.2°
MHZ, most commonly under'con@itions of compiete proton noise

-~ &

decoupling, using & varian XL 100 saece*ometer opera

the Fourier Transform mode. Carbon-13 chemical s
- .0 . . _'|
given in ppm downfield £rom TMS. L i
Elemental énalyses were carried out by National
-

rResearch Councll o_ Canada‘,Otxawa, Chemalytics, Inc. Tempe,

Arizona or Hoffman La Roche "Inc. Nutley, New Jersey. . <

. ’ The chemicels used duvlng the cou*se of this work
' e
were suonlled bv Ald*lch ch ical Co., FPisher Scientific,
Chemlcal samples] Co. and Caﬁ%?b_Ltd. The solvents used meet

.

"A.C.S. .specififations. Alkyllithiums were supplied by theé

- (f —
, . . -
. . '

-



qP Footemlneral Co., or. Venfron Cbrp., Alfa Products. The silica
gel used for T. L C. was supolled bviﬁaChereQ-Nagel and'Cé;,
Duren (Germany) Slllca gel 60., Supplled by Brinkmann Ins-
tfuments (Canada) Ltd.was used for column chrOmatog*aphv.
Usual workup refers to partlt;onlng the reaction mixture bet-
ween water and an organlc solvent, gene*allv nethvlene chlorlde,
drfing the organic extract with anhvdrous magnes;um sulfate

and evaporating the solvent using a'rotary evaporator.

\l’—‘--.__,:
i -
Il
- ! - L%
e . & -
. ‘ ~
-‘ ’
' -
Eel \‘
2
— N W
)
-
~
A g
.
~
g
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CHAPTER II (Experimental)

o

Preparation of benzvl methvl sulfoxide, 25

From 13.7 g of benzyl methyl sulfide (0.1 mole)

and 20.0 g (0.1 mole) of m—chlorope*ben°01c acid, 1l2.5 g (82%)
' » 16 :
of sulfoxlde, m.p. 52753 (llt m.p. 53-54 ), were obtained.

B

The sulfoxide sublimed rapidiy at 50%/5t- - . o
IR.  ~ 1030 (S=0} cm L
NMUR. 2.44 45 3H)7 3.98 (asq, S = 4.05, 55 = 3.9

'J = 13 Hz, 2E); 7.43 (g, SE)

L]

Reaction of 25 with NCS in methylene chloride

NCS (670mg, 5 mmole) was added to a solutlon con-
talnlng 77Dmg (5 mﬁole) of 25 in 10 ml of methvlene chlorlde.
The reaction mixture was stlr*ed at room- temperature ng thlrt;
minutes. after removing the solvent,‘the residue was chroma—.
tographed on silica using ethvl adetate as- the eluent. Thef

eld of & éﬁlorobenzvl methg} sulfoxldz 26, was 990mg (91%)°

N.M.R. 2 20 and 2. SS\Q? 51nglets in the ratio 4: l
o

38); 5.6 (e, 18); 7.3 (m, SH). N

Regction of 25 with'NBS in methvlene chloride

NBS. (890mg, 5 mmole) ‘was added to a. SOluthn con-

talnlng 770mg (5 mmole) of 25 in 10 ml of methvlene chloride.

i‘

The reactlon mlxture was stirred at room“temoerature Ebr thlrtv
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| | S
minutes. After removing Qge.solvent, the residue waé chroma--

' : o e
tographed on silica using ethylacetate as the. eluent. The

vield of X ~bromobenzyl methyl sulfoxide,27, was 870 mg (75%).

N
.

IR. 1005 (§=0) em .

NML.R.  2.42 (s, 3H); 4.89 (s, 1H); 7.2, 7.5 4m "

S5H) .

~

Reactlon of 25 Wlth S0 Cl in methvlene chloride

Sulfurvi\chlorlde (280 mg) was added tg. 2 solutLOn
of- 25 {300 mg) in methyvlene chlorlde (10 ml). The reactlon
product was a complet mlxture from whlchC£-chloroben¢vl methv
sulfowlde,ZG, (95 mng, 25%) was lsolated by column chromato-

graphy over silica using ethvl acetate as the eluent.

Reaction of 25 with NCS in methvlene ch&éride: methanol (95:5) -

. The reaction was carried out as above deing 462 mg_
(3.0 mmole) of beﬁzvl methyl'sulfoxide.and 400 mg (3.0 mmole)
of NCS in 10 ml of 5% CH OH/CH Cl2 The total product was
chromatographe@'on 25 g. of silica gel uszng 082C12 as eluent
and eollecting 25 m) fractions. The first two fractlons were
found to contaln 32 mg- (9%) of PhCH Cl and- 22 mg {5%).of benzyl
meﬁhyl sulfide. From later fractions there was lsolated 36 mg
(12%? oﬁ‘benzaldehyde.and 340 mg {60%) of o ~chlorobenzyl me-

. thyl sulfoxide,26. ) . . . &

\:l.
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Reactlon of 25 wmth NCS 1n 1:1 methvlene chlorlde: methanol

The reaction and product analvsrs were carrled out
as abowe. The relatrve yields of products were. benzyl methyl
ether (lZ%);'benzyl methyl sulﬁide (8%), benzaldehvde (108%), .

‘ benzvl chloride (5%) andX-chloro sulfoxide (50%).

. S s

" Reaction of 25 with NCS in methanoi

This reactionlwas carried out on 912 mg‘is.o'mmoleﬁ
of the sulfoxlde. The relative vields'of the various prodpcrs
T as estlmated by n.m.r. were: bepzvl methyvl ether {33%), benzyl
methvl sulfrde (18%), benzaldehvde (12%), benzvl chlorlue (6%)
and o( chlorobenzvl methvl sulfoxlde , 26, (9%) - The ratlo of
.*he first four products. were also verlfled by vpc (6-£t, 10%‘
cqﬁ?gfax, 180 ). The retention tlmes of the components matcheo
those of authentic. samples. .

In a second experiment (products analvzed by column
chromatography) the yields of products were w1th1n_';5% of

the values quoted above.

Reaction of benzyl phenyl sulfoxide, 36, with NCS. in Cﬁ2C12

4GS (334 mg, 2.5 mmole) was added to a solution of
benzyl phenyl sglfoxide'(sooomg, 2.3 ‘mmole) in methylene chlo-
‘ride (25 ml). The reaction mixture was refluxed faor 48 hours.
Crude reaction product showed the presence of unreacted start-

 ing'material and the desired & ~chloro sulfoxide’ {ca. '50:50).

- .
. \
1 ) ‘ )
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Reactlon of ben’vl Dhenvi sulfoxlde with NCS 1n benzene.

- . \'
L

NCS (334 mg, 2.5 mmole) was added to a solutlon

benzvl Dhenvl su‘foxlde (498 mg, 2. 3 mmole) in- benzene

(RS

(20 ml). The ‘reaction mlxture was reflu\ed for one hou:.

Usual workup af £ orded C( chlorobenzul Dhenwl sulfO\lde,
h J .

(Sﬁj,mgﬁ in 94% vield m. .p..38-39° (1it. m.g. 38.5 - 39.5)

IR; .. I0ls- (5=0) ent.

.o .
o

"% N.M.R. 5.52 (s, lH): 7.0 - 7.5 (m, 108)

R
-

™y

~ + ‘Reactioh of 36 with NCS. in benzene: methanol (95:5)

Q . . : ' - ’ -

¢ nCs (EBA*mé, 2.5 mmole) was added tc'a solution of -
beﬂzwl phervl SulLOYide (500 mg, 2.3 mmd}e) in benzene: metha-
nol (20 ml, 95.5). The reaction mixture was *exlu\ec.eor 24
*hou*s. C*uce reactLOn cfocuct showed the presence-of unreacted
ea*tlng mater1a1 (’“50%) in additicn to the desired &k —chloro-

sulfutlae and several other oroducts. :

"Reaction of t—bdéﬁ% methyl sulfoxide with NCS in CHétlz'
- - L

- —"'\
‘ Reaction of t-butyl methyl sulfoxide (360 .mg, 3.0.

LY

mmole) with NCS {400 mg, 3.0 mmole) in CEH Cl2, after usual
workuo,‘gave 40 mg of a bad smelling liquid whlch could not

be characterlzed proce.ly.

16l

[ 4]
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Reaction of Efbu£yl methyl sulfoxide with'sozclé in CHéClé

Reaction of t-butyl methyl sulfoxide (360 ng, 3.0
mmole) with SO,Cl, (410 mg, 3.0 amole): in CH,Cl,, after usual
workup, gave 60 mg of a vellow liquid which could not be cha-

racterized.

[



CHAPTER III (Experirental)

-

Svnthesis of Sulfides:

General Drocedure-

To. a solutlon of the appropvlate ‘thiol (1. 0 equl—
valent) iﬁNmethgnol (25 ml)lcontaining KOH (1.2 equlva;ents)‘
was added in a dropwise fashion a solution of alkvl halide ..
(.1 equivalents) in.methanol (15 mi). The reaction mixture
was stirred overnight and the Prec1plhate formed was filtered.
The flltratg was diluted w1th'h20 (50 ml) and extracted wlth
C32C12 (4 x‘SO ml) . The combined orggnic‘ex;ract was washed
with‘IO% aquecus KOH (2 x 25 ml), éried, and the solvent re-
moved. The crude préducts werg generally purified by distil-

lation under reduced pressure,

Synthesis of Sulfoxides:

General procedure:

Oxidaticn of sulfides was carried out .with one of
the following reagentis:

a)"m—chlorooerbenzoic acid._
"~ b) t-butvl hypochlorite.

c) H202 - acetic anhydrlde.

—

163



The ecrude sulfoxides were purified as in (a) .

a) Oxidation with m~chloroperbenzoic acid: The appropriate

'sulfide (1.0 eg) was dissolved in‘methylene-éhloride and the

solution cdéled in ice. To tﬁis Faé added slowly (over two

to four hours depending on the scale) with stirring a ld%'sb-
lution of gfchloroperbenzoic acidé (L.l eq,-Aldrfch.chemical2'
§5% purity)~ in meth¥lene chloride. A colorless precipitate ap-
peared after adéition ﬁas complete. The mixture was Stirfed
for one hour at‘room teméeraiure, washed with dilute sodium
sulfite sélution and then with-‘;lute KOH solution. The or-
ganic layer waé drieé and the solvent évaporated‘to give the
crude sulfoxide. Purification was.achievéd by distillaﬁion,_
recrvstallization or columﬁ chromatograéhf. o

. .3
b) Oxidation with t-butvl hvpochlosite: To the sulfide

(1 eg.) dissolved in methanol at -70° was added dropwise t-

-

butylfpypochldrite (1.2 eqg.} (freéhly'prepargd from t-butanol,’
comme;cial bleach and acetic acid). When the temperature of
the bath reached-éﬁ’anhyd. sodium carbonate (0.5 g) was added.
After stiriing at -room tempenéture for.qne hour the reactiocon
mixture was stfipped of methanol.by evaporation on a rotary
evaporaﬁor. The residue was dissolved in water and extracted

several times with CH2C12' The organic extracts were dried

over MgSO4 and the solvent evaporated on 2, rotary evaporator. .

-
. * L

r

' ' ., 18 .
c) oOxidation with H,0, - acetic anhydride: + room temperature,

with stirring, 30% H, 0, (1.1l eq) was added dropwise, to sulfide
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N, R
+ . .

-

{1.0 eqg) in acetic anhydride (30-100 ml depehding onbtbe scale).

Stirring was continued for 5-% hours or until the test for -

peroxide was negativé. ‘The reaction mixture was diluted with .
- L i '
methvlene chloride and the acetic anhvdride was removed with

a saturated agueous sclution of potassium carbonate. The CH.’,Cl;EZ

solution was dried and the solvent evaporated. . The crude sul-

foxides were purified as .in-(a).

Cvclization of Hvéroxv Sulfoxides to 'Sultines:

General Procedure: -

Sulfurvl chloride (1.1 eq) was added@ to a solution

of hydroxy sulfoxide (1.0 eg) in methyvlene chloride at roocm

temperature (some of the later syntheses were carried out at
(=4 . ; . -
-70° ). THe progress of the reaction was followed by thin

laver chromatography., After the éisappearance cf starting

-

material (fifteen minutes to one hour), the volatile matter
was removed on a rotary evaporator. The crude product was

examined by n.m.r. and purified by cclumn chromatography over

trf

" silica gel. urther purification was done by distillation

under reduced pressure.or by crystalltization. Because 6£ the

-
.

instability of some of the new sultines, & number of them

<
could not be analvzed. Thelr structures wer% assigned on the

basis of their mode of preparation, their n.m.r., ir and mass

spectra, and by Qxidétion to the corresponding sultones.



O\ldatlon of Sultlnes to Sultones: 'Excess of m—éhloro?er-

ben701c acid (ca. 2 equlvalents) was added to. the solution of

~

]
.the pertinent sultlne in methvlcnu:chlo*ldc. The reaction

mixture was stxrrec at Toom tempe*ature unfil disappearance

of the sultlne (TLCY . Afte; stripping the ml\ture of the

e,

solvent Lhe resxdue was subjected to column‘“h:omaﬁbcrashv
over silica. The sultones werg‘generally’known compounds and
characterized by, comparison of +their IR. and/or N.M.R. spectra

with those reported in the literature.

. hod
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/ | " . . .
B ' - Parent Sultines

1) Svnthesis of 1,2-oxathiolane-2-oxide,5. o

L

i e '
i) SPEfButylthio—l-prOPanol.. .

This compound was prepared in 90% yield from t-butvyl
) ’ - P . .
;E}ql ang 3-bromo-l-propancl. The hyéroxv-suifide beiled at <
o M : ) - - . D * .
-55°/5 4. : ) : L.

IR. " (OH) U

L)«
L)
8]
w

[P h
L)

N.M.R. 1.33 (s, 9H); 1.87 (my 2H); 2.70 (t,'J% 6Hz, .

J= 6Hz, 2H); 1.93 (bs, exchange-

N 2H)7 3.8 (ttp
. oA
o r able with D,0, 1H) . . ‘ -
ii) —Bubwlsulﬁlnvl~l-o&ouanol 1.

From 14.8 g of above hvdroxyssulfide (0.1 moles) and

- . - E . N
13.0 ¢. of Efbutyl-hypochlo:ite (0.12 moles) wexre obtained 12.4-

/S _ . ~
g. (75%) of the hydroxy sulfoxide 1. C 5
o .. 3325 (0F) 2nd 1000 (§=0) om . B
. . ’ he .

NoM.R. 1.30 ($, 9E); 1.83.- 2.4 (m, 2H); 2.33 -

I

.5 86 (m, 28); 3.75 (t, J% 6Hz, 25)s 4.5

({bs, exchangeable with Déo, 1H) .

iii) l 2-0Oxazthiclane-2-0xide,5. . T\\\\

vd,omv—sul‘dklce 1‘0.48 g.) was dissolved in

methvlene chloricde (25 ml) at room’ tenaera;ufe ané a sc‘utlon

-
of sulfnryl chlor&de'(l.4 g., 1.15 equlvalents) in methvlene
" chloride (5.0 ml) was added to.it. The crude product was pu-"
- ) {
J - . .
/ rified by column_chromatography over silica {ethyl acetate:
> ’ . \
4- - ‘ v
- \!
\ '»



hexanes 2:1) to give 730 mgi(SS%) of-the sultine 5.

TV, Amex 225 (360). "

IR. 1110 (S=6)‘cmfl. .
N.MLR. 1.66 - 3.15 (m, 4H); 4.0 - 4.7 (m, 2H).
M.S. Calculated for C_H O é:'ld6 - >

37672
Found: 106

iv) 1,2-Oxathiolane-2,2-dioxidey 9

w N . ‘
Sultine 5 (220 mg) was oxidized with 400 mg. of m-
- chloroperbenzoic acid in mekhylene chloride té give 192 mq.

{94%) of the sultone 9.

IR. 1320, 1130 and 890 (SO,) em™ T,
N.M.R. 2.3 5 2.9 (m, 2H); 3.07 - 3.46 (m, 2H); -
4.43 (t, J= THz, 2H). -
) & '
»
2) Synfhésis of 1,2-oxathiane—2-oxide,6. o -
i)..4-EfButylthio-l-butanol: . This hydroxy sulfide was obtained

-

in 70% vield from t-butyl thiol.and'4—chloro—l-bu£anol, The

J
liguid boiled at 70 /.0l mm.
. L
IR. - 3290 (OH) cm *.

N.M.R.  1.26 (s, 9H); 1.3 — 2.0 (m, 4H); 2.0 - 2.6

Q

(m, 2H); 3.2 - 3.7 (m, 3BF.

ii) 4-t-Butylsulfinyl-l-butanol,2. Oxidation of 4-t-butylthio-1-

' . o
butanol with t-bu. hypochlorite in methanol at -70 afforded
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the desired hvdroxy sulfoxide in 75% vield.
' 1

TR:" 3300 cm L. (0H) and 1000 cm ~ (S=0).

N.M.R. 1.23 (s, 9H); 1.6 ~ 2.3 (m, 4H); 2.3 - 2.8

(m, 2H); 3.3 - 40(m, 3H).

iii) .l;Z—Oxéthiane—2—Oxide 6. When 1.35 g. of hydroxy-sulfoxide
2 wgre';eacted with.l.28 g. of sulfuryl chléride in methvlene
chloride, the reaction miﬁturé afforded 670'mg. {75%) of 1,2-
oxathiane-2- oxide.” (b. p. 59-60"/ 0.5 mm, Lit: 60-61 / 0.5 mm)
IR, 1120 (s=0) cmt. o
N.M.R. 1.5 ~ 2.2 (m, 38); 2.2 - 3.0 (m, 3H); 3.6 -
3.8 (m, 1H); 4.28 - 4.66 (m, 1H).

M.S. Calculated for C,H.O S 120.0247

Sie0 . 47872
Found: 120.0245
Analvsis Calculated‘for C4HSOZS: C,39;98: H, 6.71;
S,726-6?/.

Found: C, 39.86; H, 6.75: S, 26.42.

iv) - 1,2~0xathiane-2,2-dioxide,l0, - sSultine 6 (120 mg.) on oxida-

tion with 200 m%,of m-chloroperbenzoic acid in methylene chlo-
ridé gave 126.ﬁ%. (90%) of butane sultone.

IR. 1335, 1150 and 920 (S0,) o ',

N.M.R. 1.5 - 2.4 (m, 4H); 3.1 (f, 6Hz, 2H)} 4.33

(t, 5.5Ez, 2H).

3) Svnthesis of 1,2-oxathiepane-2-oxide,7.

i) S5-t-Butylthio-l-pentanol:  This hydroxv—sulFlde was obtained

169
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in B5% yieid-from Efbﬁﬁyl.thiol qnd'Suchloro-l-pentanql.: The
hydroxy-sulfide boiled It 68-70°/SAL. | -
IR. 3340 (OH) cm<t. | o R
N.M.R. 1.33 (s, 9H); 1.5 - 2.0 Eif M) 2.3 - 2.6

(m, 2H); 3.5 - 3.7 (m, 2H).

ii) S5-t-Butylsulfinyl-l-pentanol,3. The above hydroxy-sulfide
(17.6 g., 0.1 moles) on oxidation with t-butyl hypochlorite
(13.0 ¢., 0.12 moles)-afforded‘l3.6 g. (72%) of the hydroxy-

1

sulfoxide 3. 1“
| IR, " 3330 (0H) and 1005 (S=0) em™t.
N.MLE. 1.30 (s; OH): 1.4 - 2.0 (m, 7H); 2.3 = 2.6
(m, 23);.3.5'-‘3.7 (m, 2H).

S iii) l,2,0xathiepane—2—oxide{1." Reaction of 3 (1.9 g., 0.01 moles) ~

with sulfuryl chloride (1.4 g., 0.0l moles) in cﬁ2c12 {25 ml)

afforded 796 mg. (58%) of the sultine 7. -

IR. 1100 (s=0) s

N.M.R. 1.2-2.2 (m, 6H); 2.6 - 2.8 (m, 2E); 3.8 -

4.2 (m, 2H).

: _ . )
- @.S. ‘ Calculated for CSHlOOES’ 134

. FPound : 134 .

-~

Analysis Calculated for CSHlOOES: C, 44.75; E, 7.51;

S, 23.89.
%

Found : C, 44.84: H, 7.41;
' S, 23.04.

-
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iv)y 1,2- Owathlepane 2y 2 le\lde,ll

Sultlne 7 (134 mg., ) was O\ldlZEd with 200 mg. of
m-chloroperben901c acid ln methvlene chlorlde to give 130 mg.

. (908%) of the sultone 1l. : K : ' 2

‘ a -1 -
IR. 1338, 1»50 and 8§95 (0=S0,) cm ~.

N.M.R. 1.6 - 2.2 (m, 6H): 3.2 3.6 (m, 2H);
4.2 - 4.5 (m, "2H). ) |

e
-

-

4) Synthesis of l,21£kathiocane—2—oxide,§..

i) 6 t-Butvlthio=1l- hehanol. This hvarowv;shlfide was obtained

in 80% yield from t- butvl thiol. and 6-chloro l-he\anol The
hydroxy sulfide boiled at 74 - 76 /5;1. - - <

IR. 3325 (OH) cm . .
N.M.R. 1.33 (s, 9H); 1.5 - 2.0 (m, 9H); 2.4 - 2.7
| (m, 2H); 3.5 - 3.7 (m, Zﬁ).

ii) 6=-t-Butvlsulfinyl -l-hexanol, 4. The above hydroxyv-sulfide

(19.0 g., 0.1 mole)} on dxidation with t-butyvl hypochlorite
(13.06 g., 0.12 moles) yielded 14.0 g. (70%)} 0f the hydroxy

sulfoxide 4. ~ |
tr. 3380 (om) and 1005 (5=0) em ..

N.M.R. 1.32 (s, 9H); 1.4 - 2.0 (m, 9E); 2.3 - 2.7

(m, 28); 3.5 - 3.7 (m, 2H). ’
. . | ' TN
iii) _1,2-Oxathiocane-2-oxide,8.  Reaction of-4 (2.0 g., 0.01

moles) with sulfurvl chloride (1.4 g., 0.0l moles) in CH2C12

(25 ml) yielded 670 mg (45%) of the sultine 8.

>
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IR, 1110 (S=0) cm ‘.
N.M.R. 1.2 = 2.2 (m, 8H):; 2.5 - 3.0 (m, -28); -
. e ‘ :

3.8 - 4.2 {m, 2H).

1272
Found: 148

M.3. Calculated for CH 0.8: 148

‘analvbis  Calculated for CgH;,0,8: C, A8.64; H, 81.6;

]
-

s, 21.60. : , :
: | Found + C, 48.21; H, 8.04;

F |
\\\ . . ‘ . s, 22.12.

-

-1
.
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Sultines bearing gubstituents

X to sulfur | é%ﬁ;

-

1)  Svnthesis of 3-Methvl-1,30xathiolane-2-oxide, (15).

i) '3—;;Bu£ylsulfinyl.-l-ﬁhtanol, (135.‘ Methyl—lithium'(is;B
ﬁl, 2.2 equivalents) was introduéed via syringe into a solu—_
tion of the hfdroxy—suifoxide 3-(2.46 g., 1 equivalent) in
25 ﬁl of dry THF (uﬁdéf‘hitrogen} at 0 . éfter stirring for .
five minutes 2.5 g.; of methyl iodide was added. Stirring
was continued for an additional hour aftér which the conténts .
were poured into water Sﬁd extracted with 3 x 50 ml of methy-
lene chloridejworkup gave 2.13 g.,'(éi%) of .the deéifed hvdro-
xf«sulfoxide as a slig tly;yéllowish 0il which was purified

. . : .
'by column chromatogr pﬁ% (silica, ethy;’écetatef.

IR. 333 (OE) and 1000 (5=0) em *. .

N.M.R. 1.3 (e, 98); 1.3 - 1.34 (2d, 3#); 1.6 - 2.3

(m; 2H); 2.7 - 3.35 (m, 1H); 3.4 - 4.0 (m, 2H).

-

ii) 3-Methyl—i,2—oxathiolane-2-0xide, (13) . From 1_55 a. of
. hydroxy—sulfoxide 13 and 1.35 g. of sulfu:yl chloricde were
obtained, after purification via silica gel chromatography,
720m§\£zi%5lof sultine ;gy' | o
2 IR. 1100 (570) em™* . o o
 NMLR. 1.22 and 1.38 (4, 5= 7Hz, 3H); 1.75 - 3.5
(m, 3H); 4.2 - 4.9 (m, 2H).
M.S. : Calcglatgd for C4H8025: 120 .
Foﬁnd : 120 .
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" Calculated for C Hg0,S: C, 39.38; H, 6.71.
Found : .C, 39.67; H, 6.37.

: : 10
Tiid) -methvl -1, 2-o\athlolane—~,-—dloxlde (17) .

Sultlne 15 (120. mg) was O\ldlged with 240 mg of
-chloroperben:olc*aCLd in methvlene chlorlde to glve 110 mg

(80%) of the sultoné 17
IR, | 1325,.1136 and 880 (SO, em ..

-

N.M.R. 1.46 (&, J = 7Hz, 3H); 2.08 —-2.9 (m, 2H);
3.2 — 3.6 (m, 1H); 4.24 - 4.6 (m, 2H).

" P

2) Synthesis of B—methyl—l,2—oxathiane—2-oxide;£§.

i) 4-t-Butylsulfinyl—l-pentanol,ld.

Methvl lithium (141 ml, 0.02 moles) was introduced
into.a solution of 4-t-butylsulfinyl—l-butanol,2, (1.78 g,
. . o
0.01 moles) . in anhvdrous THF (30 ml) at 0 under nitrogen.

rd

After stirring for flve minutes icdomethane (1.56 g., 1.1 eqg.)
was addeds On usual workup the reactlon|ﬁlxture afforded
the desired hvcroxy-sulfoxlde 14 (1.5 g., 80%) as a v1spous oii.
IR. . 3300 (OH) and 1005 (S50} om "
N.M.R: 1.1 - 1.3 (m, 12H); 1.3 - 2.0 (m, 4H);"
2.2 -:2.9 (m, 1H); 3.4 - 3.6 (m, 2H); 4.0
(bs, excha;geable with D,O, 1H) .

 ii)153—Methyl—l,2—oxathiane42—oxide,;§.

Suifufyl chloride (950 mg, 1.1 eg.) was added to a

solution of the hydroxy-sulfoxide 14 (x.2l g., 0.006 moles)

+



175

e

~

- . - .

in methylene chloride (30 ml) at room temperature. The' reaction

“mixture after usual wéfkup and'purification afforded -the de-

sired sultine 16 (640 mg., T8%) .

.Bi Attempted Synthesls of 3¥Phenyl—l,2—0xathiolane—2~0xidé,gi.

-

i)  Methyl 3¢§henyl 3-t-butylthio propanoate,18 .

ﬁetﬁyl cinnamate (;4.8 G-, 0.1 moles) was added to
‘a solution of 9.0 g. (0.1 moles) of t-butyl thiol and 6.0 g. -
of'KOH'}n 25 ml of methanol. The reaction ﬁikture was.stirred
overnight, stfippéd of methénol, poured intb water and egtraéted
several times with 50 ml of metﬁylene chloride. The combinea‘
organic extracts were dried and e&aporatéd to éive 12.0 g.

(50%) of crude methyI 3—phenyL—2—t-butylthic prppaﬁoate, 18,

N.M.R. 1.22 (s, 9H): 2.8 (d, J = 7.5 Hz, 2H);

3.6 (S, 3H); 3.75 (&, J 7.5 Ez, 1lH):

7.1 -~ 7.6 (m, SH).

ii) 3—Phenyl—3—gfbutylthio;—l-propanol,(;g).
* . N : :
The crude ester 18 (6.0 G.) was'redjted with 0.9 g.

of lithium aluminium hydride in 30 ml of anhy 9u§ ether to

. give 5.2 g. {gquantitative) of the recuired hyd%sxy—Sulfide.
1R, 3400 (0H) em L.

s g, 1.%(s, 9H); 1.7 - 2.35 (m, 2H); 2.5 (bs,
—. 5 . .

pet ¥

~

2

exchangeable with D,0, 1H); 3.3 - 4.5 (m, 3H) ;

7.0 - 7.3 (m, SH).
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iii) 3-Phehylr3-t-butylsulfinyl— l-propanol,(20) .

From 5.3 g. of hvdroxy-sulfide ;2‘(0.55 moleﬁ) and‘
2.9 . g. of Efbutyl hypochlorite’(0.27 moles) were obtained 2.7 g:,
.(Sd%zlbf the hyérquésulfg;ide 20 as a thte solid, -which #as
récrystallized from ethyvl aﬁetate} hexane. (m.p. 94j96é').
' IR. 3360 (OH} and 1005 (S=0) am —.
N.M.R. 1.03 (s, 9H); 1.9 = 2.6 (m, 3H); 3.3 - 4.2
(m, 3H); 7.2 - 7.5 (m, SH).

Analvsis . Calculated for C13H20028:‘C, 64.98; H, 8.397

\\_ -8, 13.32. N
| . \ _ }

Found + C, 64.95; H, 8.42;

s, 13.65.

»

iv) Reacticn of 20 with N-chlorosuccinimide:

Arsdlution, containing 2.4 g. of hydroxy—sulfoxide
20 and 1.4 g; of'NCS in 50 ml of-CCl4, was refluxed for thirty
‘rinuteé. \?f;er‘cooling, the insoluble material was removed by
filtration aﬁd the solution stripped of solvent, to give 2.0 g.
of a crude, light yellow oil.
N.M.R. 1.33 (s, S9H); 2;0 - 2;3 (m, 2H); 3.7 - 4.0

[ ,
(m, 2H); 7.2 (s, S5H). D | X

»Attemoted purification of this resxdue via column
chromatographv led onlv to further decompostlon of the material.

v) Reaction of 20 with sulfuryl chloride.

sulfuryl chloride (2.7 g.) was added to a solution

of 4.8 g. of 20 in 100 ml of ﬁethylene.chloride. The resultant




I . - ///177
7 . o :

solutioﬁ-was stirred at room témperéture for 30 minutes and | L
then stripped of;vdlatélé mate:ial bf evéﬁorating on a rotary
evaporator ﬁo.give 4.0 g.fﬁf crude,material.
| N.M.R. 1.33 (s, 9HF; 2.0 ~ 2.3 (m, 2H); 3.7 - 4.0
Cm, 20); 7.2 (s, SH). o
' Y

Attempted purification of this residue via column

chromatography did not give any pure substance.
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- Sultines bearing substitution o to‘dxyqen

1)} Synthesis of S5-methvl-l,2-oxathiolane—2-axide, 23.

i) 4-g-Butylsulfinyl—2-butanol,22.

Methyl lithium (18.4 ml, 1.1 eguivalents) was in-
tro%g;e%ﬂfnto a_solution'of 3.6 g. of E—Butyl méthyl su}foxide
(1 eguivalent) in anhydrous THF under nitrogen at 0% , fol-

. lowed. after 5 minutes by 1.8 .g. (1 equivalent) of prépyiene o

oxide. The reaction mixture was stirred for another three‘
wours, poured into water.and extracted with 4 x 50 ml of methy-

lene chioride. The combined ofganic extract afte£ drying'ahd
evapération follpweé,Q§F;£;Bmatograbhy of the crude residue
afforded 4.7 g..(SS%é of the required.hgdroxyysulfoxide:'
;g%a_.sszﬁ“(oéi and 1000 (§=0) om '
,N.Q?R. 1.3 = 1.4 (m, 125); 1.6 - 2.9 (m, 4K); 3.4
(bé, exchangeaﬁie with D20, 18): 3.7 - 4.25

(m, iH).

ii) 5-Methyl-1,2-oxathiclane-2-oxide, 23 .

Sulfuryl ch;dride (1:8 g.) was added to a solution
of 2.24 g. of the hfdroxyasuifoxide gg'in,loo ml of méthylene
chloride. Workup followed by.chromatograpﬁy afforded 1.05 g.
(70%) of the sultine 23.

' Iz, 1120 (5%0) cm o.
N.M.R. 1.39 and 1.59 (4, J = 6Hz, 3H); 2.2 = 3.42

(m, 38); 4.7 - 5.2 (m, 1H).

L
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M.S.  Calculatéd for C4H8028:-120

Fqund ¥ 20a

alvsis: Calculated for, C #z0,S: C, 39.98: H, 6.71;

"8, 26.68.

_ Found  : C, 40.00; H, 6.4

~]
~

S, 26.01.

. 5
iii) 5-Methvl-1,2-oxathiolane—2,2-dioxide.

Oxidation of 500 mg.of the above sudltine with 900 mg.
i o

of m-chloroperbenzoic acid in methylene chloride afforded 442

-

-

mg. (80%) of the sultone.
IR. - . 1160.and 1350 (S0,) cm .

N.M.R. 1.5 (&, J = 6Hz, 3H); 2.0 - 3.35 (m, 4H);:

4.5 = 4.9 (m, 1H).

-
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2) Svnthesis of S-phenyl-1, 2-oxathiolane 2-oxiae,(2§).

i) 1-Phenvl 3-t-butvlsurfinvl —l-propanol, (24).
‘ * . . ! . ! -
Methvl lithium (18.4 ml, 1.1 egquivalents) was in--

troduced into a solution of 3.6 g. ofééfbutyl methyl sulfoxide
| (1 equivaient) in anhydrdus THF under nitroggn ét 0° ; fqliowed
after 5 minutes by 3.6 g. (i equivalent) ofbstyrene éxide. The
reactioﬁ mixture was stirréd for another tﬁrée hours, poured
into water and extracted with 4 x 50 ml of methylene chloride.
The cembined organic extract after drying and evaporation fol—‘
lowed by chrqmatqgraphy'of the crude residue affo;ded 6.15 g.
(85%) of the required hvdroxy-sulfoxide. |

-1

IR, 3325 (QOH) and 1000 (S=0) cm
N.M.R. 1.25 (s, 9H}; 2.02 ~ 2.7 (m, 4H): 4.3 - 5.0
(m, 2H); 7.0 - 7.35 (m, S5H).

ii) 5-Phehvl—1,2-oxathiolane-2-oxide, 25 .

Sulfurvl chloride (3.78 g.) was reacted with 6.2 g.

of the above hydroxy—sulfoxide in "500 ml of methvlene .chloride
£

Lo{'flteen minutes. The reaction mixture after usual workup

folllowed by purificaticn via chromatssedphy on silica afFordea

4,5 g. (96%) of the sultine 25 .

IR. 1110 (S=0) —

/2__;/) ‘ N.M.R. 2.5 - 3.5 (m, 4H); 5.45 and 6.0 (m, lH); _ \

7.2 - 7.5 (m, 5H).

v

M.S. Calculated for cghloozs . 182. /’f“\\
- g

A Found = 12,



- | ' _," ‘u'f Kllgl

Analysis: Calculated for CgHy 0,8: C, 59.31; H,

5.53; S, 17.59.
" Found  : C,'§9.60: Hr‘

'5.75; S, 17.40-

-

iii)}) S~Phenvl-l,2-oxathiolane-—2,2-dioxide.

The above sultine (300 md) was oxidiza2d with 650 mg

4

'of m-chloroperbenzoic acid in methvlene chloride to yield 300 mg

L

©4%) of, the desired sultone.
) 1

IR. 1350, 1160 and 900 (SO,) cm
N.M.R. 2.5 - 3.0 (m, 28); 3.3 - 3.7 (m, 2H);
5.56 (4 of 4; J = 6Hz and 9Hz; 1H); 7.2 - 7.5

(m, 5H) .

-

v

3) Synﬁhesis of 3-Methyl—5-phen§ —1,2-oxathiolane—2-oxide,27.

i) l—Phenyl—B-t—butylsulfinyl:—l—buﬁanol,(Zﬁ).
=

"This hydroxy-sulfoxide was prepared in 88% vield
from 3.6 g. styrene oxide and 4.0 g. of t-butyl éthyl sulfoxide
(cf syntheses of 22 and 24).. The crude product was recrystal-
lized from ether: pentane to a white crystalline solid (m.p.

o .
€7 - 69 C) ~

IR. 3330 (OE) and 1000 (S=0) cm . .

N.M.R. 1.23 (s, 9H); 1.3 (&, J = 4#z, 3H); 1.6 - 3.3
(m, 3H); 3.8 (bs, exchangeable with D,0, 1K) ;

4.9 - 5.0 (m, 1H); 7.1 - 7.4 (m, 5H).

N



Analvsis: Calculated ﬁor C14H22802; C, 55.87;
t H, 8.62.
- found: . C, 65.66; H,
B8.49.

‘11) 3-Methvi-5-phenvl~-l, 2-oxathiolane—2-oxide,27.

The reaction of 2.3 Q. of sulfurvl chloride and
4.0 g. 5f the hvdroxy-sulfoxide 26 afforded after chromato-
g:aphy (elution §ith ethyl acetaﬁe) 3.1 g. (96%)rdf the |
sultine 27. |

IR. 1105 (S=0) om —.

¥.M.R. 1.25 and 1.31 (4, J = 6%z, 3H); 2.0 - 3.0
(m, 25): 3.3 - 3.6 (m, 1H); 5.36 - 6.04

(m, 1E); 7.1 - 7.4 (m, SH).

. - ) .
M.S. Calculated for C10H1202S' 196
Found : 196

Analvsis: Calculated for Cloﬁlzozs& c, 61.79; E,

y o | . 6.16; S, 16.03

i . ‘ . ‘ Eoundf .+-C, 61.95; H, 6.44;

15.41.

iii) Oxidation of-27.

Attempted oxidation oi 27 with m-chloroperbenzoic

s

< acid led to the complete decompositionh of the materizl. None

0f the desired sultone could be isolated.

182



"4) Svnthesis of 3,S-diméthyl—lLz—oxaﬁhiolane—z—oxide;22.

i) 4—ﬁéButg;sulfinvl-zﬁpentanbl,gg.

_£-Butyl ethyl sulfoxide (3.45 g.) was dissolvéd.in 
THF and treated with 15.7 ml of me;hyl lithium {l.l'equivalents).
"~ Propvlene okide (1.64 g, 1 equivalent) was_added anéd the re-
action mixture was stirred overnight. Workup followed by pu-
rification via column chromategraphy over silica (eluted with
ethyl acetate) afforded .45 g. (90%) of the required hydroxy—
sulfoxide as a viscous oil. S , .
| IR. . .3340 (OH) .and 1010 (s=0) em .
SOLR. 1.0 - 1.4 (m, 1SE); 1.5 - 2.4 (m, 38);

2.9 - 3.4 (m, 1lH); 3.2 - 4.1 (m, 1H) .

ii) 3,5-Dimethyl—i,2-oxathiolane—2-oxide,29.

From 2.0 g. of the above hyéroxy-sulfoxi¥e and 1.55 ¢g.
of sulfurvl chloride, were obtained, after chromategraphy on

silica gel (eluted by ethvl acetate),‘l.34 g} (90%) of the

desired sultine. N

IR. 1105 (8=0) cm ~.

N.M.R. 1.1 - 1.6 ( 4 &'s, 6H); 1.7 - 2.7 (m, 28);
2.8 - 3.5 (m, 1H); 4.5 - 5.3 (m, 1E).
M.S. Caiculated for C_H,, S0, : 134; Found: 134.

5710772
" Analvsis. calculated for C_H,.S0,: C, 44.75; H, 7.51;
U ) - 57107727 s

et S, 23.98.
Found : C, 44.71; H, 7.56;

S, 23.37.

18
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iii) 3,5-Dimethyl-l,2-oxathiolane-2,2-dioxide,

-

oxidation of 400 mg. of the sultine 29 with l.2-§."

‘of m-chloroperbenzoic acid in methylene chloride afforded

360 mg. (80%) of

- IR,

N.M.R.

- 1325, 1140 and 900 (SO,) om

the deéited sultone.
-1

1.43 and 1.45 (3'S, J = 6H:; 6H); 1.7 - 2.85

(m, 28}); 3.3 - 3.7 (m, 1E); 4.5 - 5.0 (m, 1lH).

'i‘

5) Swvnthesis of

i) Epoxidation of

sultine 31;
" — Y

—

Sodium

4-t-butvl cvclohexanone. _ S

»

W

hvdride (0.54 g.) was washed with 4 x 10 ml

- of anhydrous ether. .It was placed in a 100 ml two.necked- flask

and 4.4 . of trimethyl oxosulfonium iodide (0.02 moles) was

-2 . . s < < . o
added to it. The suspension was stirred under nitrogen at 0

for fifteen minutes.- Dry DMSO (20 ml) was carefully added

via 'a hvpodermic

syringe and the stirring continued for an

additional ten minutes. The ice bath was then removed and the

vlide solution stirred for further thirty minutes at room tem-

perature.

A solution of 3.1 g. of 4-t-butyl cyclohexanone

10.02 moles) in 15 ml of anhvdrous THF was added to the vlide

sclution and_t€;

contents allowed to stir overnight. The

. !
_reaction mixtude was poured into 100 ml of water and extracted

with 4 x 100 mMNof methvlene chloride. This organic extract,

IS

\
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when dried‘aﬁ& stripped_ef-the;soiﬁent, affor&Eﬁ"?LQ gk of
the crude epoxide which was further pufified by ceeemato—f
g;aph on silica (eluted‘ﬁith ethvl acetate: hexanes\l:2).-
The vield of purified epoxide was 2.42 g. (75%). |
 N.M.R.: 0.9 (s, SH); 0.92 - 2.0 (m; oH); 2.43 (S, 2H).

ii) Svnthesié of 30.

Methyl-lithium (9.5'ml, .017 moles) was added to a
soluticn of 1.8 g. of t-butyl methyl sulfoxide (.Dls'moles)
in'anhydrous THF undé?rgI;;Bgen at 0°C, followed after five
minutes by 2.4 g. of the above epoxide (,015 moles). The |
reaction mixture was stirred for enother ﬁwo'hoursé poured
into wefer;and extracted with 4 x 350 ml of methylene chleride.

. The'combiﬁed organic extract, after dryigg and evapqration,
furnished a brown solid which Qas recrvstallized from ethyl-
.aceta;e: hexanes. The vield of fecrystallfzed material was
2.6 g. (60%, m.p. 140 . &)
IR, 3370 (0H) and 1010 (§=0) om . |
G M.R. 0.8 (s- 9H): 1.28 (5, 9H); 1.0 - 2.9 (m, 138);
' 3.1 (bs, exchangeable with D,C, 1H) .

iii) Svnthesis of 31.

Hydroxy—sulfoxide 30 (1.4 ¢.) was dissclved in 25 mi
. ha— - ]

of methyvlene chloride at room temperature and a solution of

800 mg of sulfuryl chloride tl.1 eguivalents} in 5 rl of methyl-

ene chloride was added to it. The crude product was purified



by column chromatography over silica (eluted with ethvl ace-~ V'

tate) to give 1.0 g. (SS%f of the sultine 31 as a white sdlid \
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(m.p. 114-116 ) - T 7

-1 S <
IR. 1110 ($=0) em ~.- =~ . ' , . '

N.M.R. 0.86 (s, 9H); 1.3 - 2.5 (m, 11H); 2.95 ~ 3.15.

(m, 2E). ) | e

>

M.S. Calcu;ated for ClZHZZSOZ: 230.

Found . 230. 7

e . .
?knalvsis. ‘Calculated for C,,E,,50,: C, 62.58; H, 9.63;

: 12722
R . S, 11.40.

Foundé : C, 62.46; H, 9.54;
s, 11.82.

" iv) Oxidation of Sultine 31.

Sultine 31 (100'mg) was oxidized with 200 mg.f of

-~ chloroperbenzoic acié in 20 ml of methyvlene chloride

R. 1140 and 1330 (S0,) cm

N.M.R. 0.88 (s, SH); 1.3 - 2.5 (m, 11H); 3.3.

(t, J = 8Hz, 2H) ///

| S 7

i)’ 2=-Methyl-4~bantene-2-ol: ,,//{

Allyl bromide (24.2 g, 0.2 moles) was added drop-

wise to 9.6 g. of magnesiup'(o.ﬁ moles) in ether. After

4 _-/

6) Synthesis of 6,6-dimethylEIT;:;;éthiane—2-oxide,;ﬂ., (,f~



refluxlng for ong’hour the reactlon mlxtuzé was cdéke& and-
:ll 6 g. {0.2 moles) of acetone was added. _Usual w&fkhp afm
-forded %2.0 g. of 2—methyl—4—pententf2—ol {60%). The product
boiled at 115-116. -
N.M.R. 1;13 (5,.6H); 1.2 (bs, 1H); 2.2 (&, 6Hz, 2H);

4.6 el 6-0 (mf BH)r

ii) 2-Methvl 5-t-butvlthio g 2-pentanol,j2.

A mixture of 4.5 g. of &-butyl meréaptqn (0.05 moles)
and 5.0 g. of 2-methyl-4-pentene-2-01 (0.05 mole) kith tﬁabe
~ | 76f AIBN was refluxed for four hours. The reaction mixture was
] N disti}ggd.to obtain 7.5 g. (80%) of the'hydroﬁy—sulfide 32
(b$.85290 /2mm). .
| N.M.R. 1.13 (s, 6H); 1.3 (s, 9H); 1.4 - 1.68
" {m, S5HE); 1.9 - 2.4 {m, Z2H).

iii)  2-Methvl S5-t-butvlsulfinyl 2-pentancl,35.

Hydroxy-sulfide 32 (5.0 g., 0.025 moles) on oxidé—
tion with 5.5 g. of Efchldroperbenzoic acid (0.027 moles) in
methvlene chloride (60 ml) af€orded 3.6 g. (70%) oé the re-
guired hydréxy—sulfoxide 35 (m.é. 47-4§’) ané '0.65 ¢. (10%) -
of the corresponding sulfone (m.pi 66—6%3.

Hvdroxv-sulfoxide: _ -

’ -
R. 3340 (OH) and 1010 (8=0) cm .
N.M.R. 1.14 (%, 6H); 1.18 (s, 9H); 1.4 - 2.2
\ : o (m, 4H); 2.3 - 2.6 (m, 2H); 3.76 (bs, ex-

' ' ’ , _ 'changeéble with D,0, 1EX,

.

I .

187
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Hydroxv-sulféne:

IR, 3325 (0H); 1300-and 1160 (SO,) em L.

. N.ML.R. 1.2 (g, 6H); 1.38 (s, 9H); 1.4 —2.3 (m, 4H);

2.5.- 3.1 (m, 3H).
Analysis. Caleulated fox C)gH,.0:S: ¢, 54.02;
" H, 9.97.
Found : C, 54.38;

H, 10.37 -

iv) 6@6-Dimethg;—l,2roxathianeé2-oxidEy§§.

When 2.06 g. of hydroxy—sulfoxidé 35 (0.01 noles)
were treated with 1.4 g. of sulfuryi chloride (1.1 equivélents),
the reaction mixture afforded 920 mg. (70%) of the expected

sultine.

IR, 1135 (s=0) om T.
N.M.R.) 1.25 (s, 38); 1.57 (5, 38); 1.6 - 1.9 (m, 3H);
2.35 - 2.75 (m, 3E}.. -
M.S.  calculated for C6H12025 148.056
| Found : 148.056
analysis. Calculated forLcshlzozs - ¢, 48.64; H, 8.16.
Found  : C, 48.14; H, 8.3l
v)  6,6- Dlmethvl -1,2- oxa;hlane-Z 2-dioxide | ﬁ!

: SuTtlﬂe 38 (100 mg) on oxlaa;lon thh 200 mg. of m-
chloroperbenzoic acid in methvlene chlo*ﬂde produced 25 mg.

{90%) of the desired sultone.
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IR, 1380 and 1165.(0-S0,) em o
N.M.R. 1.58 (S, 6H): 1.5 = 2.9 (m, 4H); 3.2 = 3.5

(m, 2H) .

-

7) Svnthesis of 6-phenvl-l,2-oxathiane-2-oxide,39.

1) 1-Phenvl-3-butens-1-ol.

Allyl bromide (12.2 g., 0.1 moles) was added drop-
wise to a suspension-cf 4.8 g. {0.2'ﬁoles)‘of‘magnesium‘in
;100 ml of anhydrous ether. After-reflhxing for one hour, the-
reaétion‘mixture was coolé@ and 10.6 g. (0.1 moles) of benzal-
dehyvde was added dropwise.qsual_workup afforded 11.8 g. (80%)°
of l—phenyl—S—butenc—E-ol..aThe product béiled at 60-62° ANy 2
N.M.R. 2.3 (bs, exchangeable with D,0, 1H); 2.4 = 2.8
(m, 2H); 4.6 - 4.9 (m, 1H); 5.0 - 6.0-(m, 3H);
7.3:(m, 5E) .

¢ | >
ii) 4-t-Butvlthio -l-phenvi-l-butanoi, 3.

2 mixture o0f 4.5 g. of t—ﬁutyl mercaptan (0.05 moles)
and 7.4 g. (0.05 moles) of l-phenvl-3-butena-1-ol with a trace
cf AIBN was.refluxed for six hours. The reactio; mixture wés
distilled to remove the unreacted starting material (3.0 g. L
of homo aliylic alcohol). The residue (7.0 g., 95% based on

.the useéd alcohol) was characterized as the required 4-t-butyl~

thic-l-phenyl-l-butanoi,33, from its spectral properties.



U S %0

IR. - 3300 (OH) cm .

NOMLR. 1.25 (s, 9H); 1.5 - 2.2 (m, 4H) 2.3 = 2.6~
(m, 3H); 4.5 - 4.6 (m, 1H); 7.3 (s, SH).

_iii)  4-t-Butvlselfinyl ~1-phenvl-l-butanol,36.

Oxidation of 9.2 g..of the hydroxy—suiﬁidé 33 with
.gfchloroperbgnéoic acid (8.0 g.) in methylene chloriae (200 ml)
vielded the hy@ro#y—sulquide 36 (7.0 g., 70%, m.p. 56- 59°)
.together with the corresponding hvdroxv-sulfone (1.5 g., 13%
m.p. 94-95°). C ) -

Hvdroxv-sulfoxide:

IR. 3320 (0H) and 1010 (S=0) cm ».

- N.M.R. 1.20 (s, SH); 1.6 - 2.0. (m, 4H); 2.1 - 2.7
Qn,-3H); 4.5 - 4.7 (m, 1H); 7.15 (g,'SH).

'Hvdroxv-sulfone:

IR. 3350 (QH); 1300-and 1155 (SO,) em
N.M.R. 1.36 (s, 8H); 1.6 - 2.0 (m, 5H); 2.6 - 3.0
 (m, 2E)% 4.5 - 4.7 (m, 1H); 7.2 (s, SH).
Andlvsis, Calculated for CpE,,0.8: C, 62.19;
' H, §.20-
- : round  : C, 62.63; H, 8.46.

iv) 6-Phenvl-1l,2-oxathiane-2-oxide,39.

Reaction of sulfurvl éhlorid@ (270 mg.) with the
hydroxy-sulfoxide 36 (510 mg.) in methvlene chloride (20 ml) -

vielded the sultine 39 (288 mg., 72%) as a colorless liguid.
R, 1125 (520) em .
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N.M.R. 1.2 = 2.2 (m, 3H); 2.5 = 2.9 (m, 3#);
. °5.37 (& of d, J = 9Hz and .6Hz, 1H); 7.3
(m, 5H).
M.S. . Calculated for clOHIZOES: 196.05¢6.
Found .+ 196.056.

Analvsis: ’ Calculated‘for ClOHIZOZS: ¢, 61.19: B, €.\

Found. : C, 61.07 H, 6.26.

4

§) Svnthesis of g-methvl-6-phenvi~l,2-oxathiane-2-oxide,40.

i) 2-Phenvl-4-pentene-2-cl.

This alcoholiwas obtained in 92% vield by thg réaction.
of allyl magnesium broﬁide with acetophenoﬁe in ether. The
product boiled at 52-55 /104L. o

| N.%;Rt 1.53 (s, 3H); 2.3 (bs exchangeable with Dzé,
1H); 2.4 - 2.9 (m, 26); 4.9 - 6.2 (m, 3H) ;
7.i - 7.6 {(m, 5E).

ii) S—Q-Butylthio-Z-Qhenyl-z—nentanol,1&.

A mixturé of£ 4.5 g. of E:butyi mercaptan (0.05 moles)
.and 8.1 ¢. {(0.05 mbles) of the above unsatufated alcohol with
a trace of AIBN was refluxed-for on hour. The reaction ﬁixtu- g
re was distilled to give 10.5 g. (83%) of 34 boiling at 120- |
125°/15 4. '
IR. 3300 (08) cm L.

N.M.R. 1.25 (g, 9H); 1.53 (S, 3H); 1.6 - 2.3 (m, 3H);

2.4 - 2.7 (m, 2H); 7.2 = 7.3 (m, SH) .
. - y

PO



iii) 5—t—ButvlSUlfinY}.—2~phenyl-2—pehtanol,§z.

Oxidation of 13.0 g. of 34 with m—cﬁloroperbenzoic
- . '“ -
acid@ (11.0 g.) in methylene chloride (200 ml) yielded the
hydrdxy-sulfoxide Ez_(T;S q., 60%, m.p. SO—SlDJ together with
the corresponding sulfone (2.5 g., 20%, mM.pP. 104—105d).

Hvdroxv-sulfoxide:

IR. 3320 (OH) and 1005 (S=0) cm *.

N.M.R. 1.13 (s, 9H); 1.53 (s, @H); 1.6 - 2.1 (m, 2H);

- 2.7 (m, 28); 3.3 (bs, 1H); 7.1 - 7.5

bJ

2.
(m, S5H).
Analvsis. Calcula;ec‘for C15H24025: C,'67.1?; H, 9.01%1;
o . . s, 11.95,
~Found : ¢, 66.73; E, $.59;

S, 11.82.

. Hydroxy-sulfone:

IR, 3340 (OH); 1300 and 1160 (SO,)em ..
N.MLR. 1.33 (s, 98); 1.53 (s, 3H); 1.6 - 2.1.(m, 4H);

Q&aable with D.0, 1H); 2.6 - 3.0
(m,” 2E); 7.1 - 7.5 {(m, .5E).

e P
Analvsis. Calqulated foﬁ\C15524035: C,'63.34{ ?, 8.51;

/ s, 11.27.

2.3 (bs, excha

Found : C, 63.47; E, 8.74;

s, 11.11.

iv) 6-Methyl-6-phenyl-l,2-oxathiane,2-oxide,40.

Reaction-gf.sulfuryl chloride (270.mg.) with the
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- . "

o . . "'.' _ ‘ .
hyvdroxy-sulfoxide 37 (536 moy) in methylene ch oride (25 ml)
' yielded the sultihe 40 (380'mge) in 90% yield. |

A . ' ey

IR. 1125 (5=0) em .
CN.M.R. 1.89 (s, 3H); 2.0 - 3.2 (m, §H);

(m, SE). .

. .\J i )
[ ]
o
1
~J
. .
~J

147255,

T
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Analvsis: Calculated for CilH 0.8:. C, 62.82; H, §.71.~
| 6

FOwRdS-C, 62.96: H,

Tt
. . \
9} Svnthesis of 4,6-dimethvi~l/2-oxathiane-2-oxide,47.

- 0~

i) 5-t-Butvlithio —4-methvl-2-pentanol, 43.

This hyvdroxyve-sulfide.was obtéine& in 90% yield (b.p.
101-104°/4 mm) by';he'raéical‘additiéﬁ of t-butvl ;hioi to
.4—methyl—4épéntene—2:ol. -

N.M.R. 0.98 (&, J = 6z, 38); 1.03 (d, J = 6Hz, 3H);

t

1.26 (s, 9H); 1.3V 2.0 (m, 4H); 2.2 - 2.5

-+

m, -28); 3.6 - 4.0 (m, 1H).

ii) S5-t~Butvlsulfinvl —4-methyl-2-pentanol,4s.

Hydroxy-sulfide 43 (7.6 g., 0.04 moles) on oxidation

‘with 8.0 g. of m-chloroperbenzoic acid yielded 5.2 g. (65%)
~ .. . . .
of the hvdroxy-sulfoxide 45.
1

- IR, 3380 (0H) and 1010 (5=0) cm .
N.M.R. 0.9 - 1.2 (15H); 1.3 - 2.0 (m, 4H); 2.2 ~
2.5 (m, 2H); 3.6 - 4.0 (m, LH).
ra
& .
Sy \'J;‘,
e L
- o s
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$ii) 4,s-nimethvl-lg2éoxathiane-2-oxide,47.

~—

Hvdroxv—sulfoxlde 45 (2 0 g.) on treatment w&th
sulfuryl chlorlde (1.5 g.) in methvlene chloride (40 ml) i "

‘vielded 1.04 g.'(?@%) of the sultine 47.

(( IR, 1120 (8=0) em ™t

S N.M.K. 0.94 (4, J = 6uz, 3H); 1.28 (&, 7 = §uZ;3K) ;
1.4 - 2.4 (m, 58); 3.8 - 4.2 (m, 1H).
. ’ ‘ .
10) Svnthes;s of 5, 6~clmethxl -1, 2—0\ath1ane-2-0\i e e,48.

. b . '
i} € 5-t-Butvl thic—3-methvi-2-pentanol, 44

This'hydrdxyasulfide was obtained/ in 82% vield .
(b.p. 85-8¢°/4 mm) by the radical addition of g-butyl thiol
to 3-methyl-4~-pentena-2=ol.

éHzr SH)?

N.M.R. 0.86 (4, J = 6Hz, 3H); 1.08 (&, J
1.26 (s, 9H); 1.3 - 2.0 (m, 4H); 2.2 = 2.5
(m, 2H); 3.4 - 3.7 (m, 1E). ‘

ii) S5~t-Butvlsulfinvl -3-methvl-2-pentanoi 46. ' -

ﬁydroxy-sulfide 44 (7.6 g.,‘0.0% molei) was oxidized -
with 8.0 g. of m-chloroperbenzoic acid to ‘obtain 5.0 g. (GSQ) of
the hydroxy-sulfoxide 46. _ '

IR. 3360 (OH) and 1000 (S70) et <
N.M.R. 0.9 — 1.2 (15H); 1.3 - 2.0 (m, 4E); 2.2 = 2.5

(m, 2H): 3.5 - 3.8 (m, 4H).



iii)

5,6-Dimethyvl-1,2-oxathiane-2-oxide, 48.

Hydroxv-sulfoxide 46 f2.o g.) on treatment with

sulfuryl chloride (1.5 g.) in methylene chloride

ded .1..02 g. (69%} of the sultine 48.

i)

.tracted with 4 x 50 ml of methyléne chloride. Methylene chlo-

ii)

IR, 1125 (8=0) em t.

(25 ml) viel-

N.M.R. 0.93 (&,.J = gz, 3¥); 1.28 (4, J = 6Hz, 3H);

1.5 - 2.9 (m, 5H); 4.2 - 5.0 (m, 1H).

11) Svnthesis of 6-methy1—l,2—oﬁathiane—2-oxidé,5g.

5-t-Butvlthio—2—jpentanone,49.

5-Chloro-2~-pentanone (6.0 g+, 0.05 moles) was added

to solution containing 4.5 g. of t~butyl thiol (.

05 moles)

ané 2.8 g. of 'KOH in 25 ml of methanol. After stirring

overnight the reaction mixture was poured into water and ex-

F=1

ride extract was dried and stripped of the solvent. Crude

S o
ketone was purified by distillation {b.?ilo /4 mm) to.obtain

4.0 g. (45%) of the product.
© N.M.R. 1.3 (%, 9H); 1.6 - 2.1 (m, 2H):
2.33 - 2.7 (m, 4H).

S—ErButvlthio-Z-pentanol,Sg.

-

When 3.2 g. of above keto~su1f1de was
excess of sodium borohydrlde in methanol }3 0 g

sulfide 50 (95%) was obtained.

2.13 (s, 3H):;

1'ec:n.lcec:t with

of hvdroxy-—

195
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N.A////,l .21 (4, 6Hz, 3H); 1.3 (S, 9H); 1.4 - 2.2

{m, 5H); 2.3 - 2.7 (m, 2H); 3.6 - 3.8 (m, 2H).

iii) S—Q:Butylsulfinvl—-2-pentanol,§_.

O\Ldatlon of 5Q with n-chloroperben401c acid in

' CH,CL, vielded Sl in 80% vield. i
IR. 3360 (OH) and 1005 (S30)- cm .
N.M.R. 1.2 and 1.26 (&, J = 3Hz 3H); 1.25 (s, 9H);

1.4 - 2.2 (m, 4H); 2.3 = 2.9 (m, 2H);

3.2 - 4.0 (m, 2H). B

iv) 6-Methvl-1l,2-oxathiane—2-oxide 32.

Hydroxy-sulfoxide 50‘(200 mg.) and N—chié*osuccini-
mide (140 mg.) in 30 ml of carbbntetrachlorlde were refluxed
-for fifteen minutes. The reaction mixture was filtered and
the -1ltrate evamoratea ‘to give 120 mg. of the desired sultine

whlch was purified by chromatog*anhw to obtaln 115 mg. (85%)

of the pure material.

TR. 1110 em © (0-s0) - -

r— -

N.M.R. 1.22 (&, 6Hz, 3H); 1.45 - 2.0 (m, 3H);

2.3 - 2.8 (m, 35); 4.5 - 4.9 (n, 18).

57102 ‘ ' -
Found  : 134.040 £ .003.

M.S. ‘Calculated for C.H..0.S: 134.035.

v) 6- Methyl 1 2—oxathwane-2 2-dioxide,53.

50 mg. of the sultine on oxidation with lOO mg. of

m~chloroperbenzoic acid furnished 48 mg. (95%) of tﬁé,sultone.



o

IR.

N.M.R. "

1350, 1150 and 920 ($0,) cm .

1

1.45 (&, .6Hz, 3B); 1.5 - 2.2 (m, 4E);

5.8 - 3.3 (m, 2H); 4.4 - 5.0 (m, 1H).

!
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Sultines bearing substituents B to .-
: ; ]

- oxvgen or sulfur

3

-

1) Svnthesis of 4~-wethvl-l,2-oxathioclane 2-oxide,27.

1) Meéhylf2—methyl—3—;?butylthio propanoate, 54 .

Methyl methacrvlate {(10.0 g;, O.l.moles) was.added
to a soluticn containing 9.0 g. (0.1 moles) of t-butyl thiol
aﬁd 6.0 g. of KOH lﬁ 25 ml of methanol. The reaction mixture
was stirred overnight, stripped of methanol, poured in;o water

. anéd extracted several times with SD‘ml-Qf methvlene chioride,
The combined o;ganic extracts were dried and‘evgporated.ﬁﬁ
givé 2.2 g. of.methyl Z—methyl—a—g—bﬁtylthio propénoaﬁe, 54 .
The agueous layer.was acidified with HCl ané again extracted
with methylene chloride. Turther workup gave 14.4‘g. of 2-
methyl-—3~t-butylthiopropanoic acid (combined vield 90%).

ii) 2—Methyl—3-t-butylthio—l—proPénol} 35 .

L

The acid and the ester obtéined above were‘combined
and reduced with lithium aluminium hydride in ether.  The
vielé of 2—methyl—B—Efbutylthio—l-propanol was 75%.

IR. 3325 (0H) cm .

N.M.R. 0.8 (d, J = 7Hz, 38); 1.3 (S, 9H};

1.5 - 2.3 (m, 28); 2.3 - 2.8 (m, 2H); 3.5

(d&, J = 6Hz, 2E}.

198



i1fi) 2-Methvl-3-f-butylsulfinvl Ll-propanol,(56).

8.5 g. of the sulfide alcohol 55 was oxidized

with 5.8 g. of t-butyl hypochlorite in methanfl to vield

6.6 g. (70%) of hydéroxy-sulfoxide 356 -

iv) 4

IR, . 3325 (OH) amd 1005 (S=0) cm .

-

N.M.R. 1.0 = 1.35 (m, 128); 1.9 - 3.0 (m, 3H):

3.1 - 3.9 (m, 2H); 4.5 (bs, exchangeable
with D0, 1H). |

~Methvl—1,2-oxathiolane—2-oxide, 57 .

of

From 2.5 g. of the hvdroxyv-sulfoxide 56 and 2.1 g.

sulfuryl chloride, 1.3 g. (708) of sultine 37 was obtained.

1

IR. lllb cm — (S=0).

N.M.R. 1.07 and 1.18 (&, J = 7€z, 3H); 2.24 - 4.9
(m, 5H).

M.S. Calculated for C,Eg0,S: 120-

‘Found : 120.

Anaivsis: Calculated for C,H.C s- ¢, 39.98; H, 6.7L.

47872

Founéd : C, 39.76; H, §.7S.'

v) 4-Methy1—1,2—oxathiolane—2,2—aioxiae,(5&).

Sultine 57 (100 mg.) fig/oxidized with 220 mg. of

gfchloroperbenzpic acid in methylene chloride to give 96 mg.

(89%) of the sultone 58.

<

-1
IR. 1340, 1160 and 950 “(SOZ) em .

N.M.R. 1.3 (&, J = 68z, 3H); 2.5 - 4.5 (m, S5H).
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2} Svnthesis of 4-methvl—l,2?okathiéne-2-oxide,si.

1)  3-Methyl- 4-t-butvithio-l-butanol,53.
3 .

A mixture of 9$.0 g. (0.1 moles) of t-butyl thiol
and 8.6 g. (d.l moies) of 3—methyl—3—butene—l—§l was refluxed
 with trace of AIBN for_twenty ﬁou:‘hours. Volatile matter
was removed in vacuo ané the residue was distilled teo fur-
nish 15.0 g. (85%) of the hydrosy-sulfide 59 (b.p. 95-98%/
0.4 mm).
, 1n. 3330 (0R) eml.
| N.M.R. 1.0 (&, J = 6Hz, 3H); 1.3 (s, 9H); 1.35 - 2.2
(m, 38); 2.2 - 2.7 (m, 2H)+ 2;8 (bs, 1H):
3.56 (&, 6Hz, 2H).

ii) 3—Méthyl~4—$—butylsulfihvl;-i—butanol,gg.

When 7.0 ¢. éf'the hydroxy-sulfide 59 (0.04 moles)
were oxidized with §.0 ¢g. of mcpba (lpo_equivalent) in methy-
lene chloride; the crude reaction product after chromatography
afforded 4.0 g. (60%) of the hydroxy-sulfoxide 60 and 1.0 g.
(15%) of sulfone.

Sulfoxide:
IR. 3340 (OH) and 1010 (S=0) cm™
N.M.R. 1.0 —1.3 (m, 123j; 1.3 - 2.7 (m, 58);
3.3 - 4.0 (m, 3H)
Sulfone:

rx. 3420 (OH): 1260 and 1090 (S0,) cm .

200 -
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. . « . v
N.M.R, 1.20 (&, J = 6Hz, 3H); 1.38 (S, 9H); 1.4 -
1.85 (m, 2H); 2.15 - 3.3 (m, 4H), 3.6 (& 6Hz) .

$1i) 4-Methvl-l,2-oxathiane-2-oxide,61.:

~When 3.8 g. of'hydroxy—sulfoxide 60 was allowed to

-react‘with 2.7 g. of sulfuryl chloride in methyvléne chloride

the reacticn mixture afforded 2.0 g. (80%) of the.sulting.-

IR, 1105 (8=0) em .

N.M.R. 1.0 (4, J = 6z, 3H); 1.2 - 1.8 (m, 28);
‘2,3 - 2.8 (m, 3H); 3.75 - 4.0 (m, 1E);

4.

e

- 4.7 (m, lH).
B 4-". - . . 113
M.S. Calcula%ea for C5n1092s' 134..040

Analvsis:
Calculated: C, 44.75; H, 7.51.

round . C, 44.89; H,.7.72.

3) Svnthesis of S—methvl—l,2—oxathiane—2-dﬁide,§l.

i} 4-f-Butvlthio . butancic acid,63.

. Methvl 4fchlorobutanoatg,§g, (13.6 g:) was added
to a sﬁlution EOntaining‘S.Q g. oflﬁrbutyl thiol and 6 g. of
potassiﬁm hydroxiée iﬂ 30 ml of methanol. The reaction mix-
ture was stifred overnight after which another equivaleni of’
potassium hydroxide.was added. The reaction mixture was

. washed with ether and the agueous laver after acidification

with HC1 was.extracted with methylene chloride. Methylene
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chlorlde e\tract was  dried (anhvarous MgSO, ) and evauorated

Crude Droduct was iJstllled to obtain 6.0 g. (4D%) of acid

sulfide (b.p. 110-115%\ 2 mm) .

N.M.R. 1.{i4; L 9H); 1.6 - 2.2 (m; 28); 2.4 - 2.7
! N :
(mN¥) ; 11.2 {bs, 1H). A -

{i) 2-Methyl-4-t-butvithio butanoic acid §i.
: Ve

A solution of Iithium di-isopropyl amidé in THF was

prepared by introducing 20 ml of methyl lithium (.04 moles)
into a solution of 4.04 g. of di-isopropyl amine ( 04 moles)

“in 40 ml of TEF undex hitrogen at -20 °c. To the well stirred

solution was added 3.52 §. £ 4-t-butylthio butanoic acid,
.63, (.02 moles). After stirring for five minutes, 3.0 g. of

merhvl iodide (2.04 moles) were intrcduced. The reaction

mixture was allowed to stir for thirty minutesg Workup
gffo ded 3.45 g. (ég&g of the crude-alkyzated'aC1d which was

Vurification for tﬂe subseguent reaction.
© MR, 1.2/ (a, 3 = 7.0z, 3E); 1.3 (S, 9H):

used without further

104/~ 2.8 (m, 4H); 3.3 - 3.6 (m, 1E); 11.3
(bS, 1E) |
iii) 2-Methvl-4-t-but lthio -l-butanol;63.

~/

Crude acid 64 [(3.45 g.} on reduction wlth lithium

aluminium hvéride in ether afforded 2.8 ¢. of required a}co-
~hol 65 (vield 85%). |
IR, . 3368 (bH) em . |
N.M.R. 0.95 (&, J = Hz, 3H); 1.33 (g, 9H); 1.46 -

2.1 {(m, 4H); 2.76 (t, J = 7.0 Hz, 2H); 3.5
(@, J = 5H3, 2H) .
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iv) 2—Methvl—4—t~butvlsulfinyl;—lvbuténolrﬁﬁ.

Pwdroxv—sulflde 65 (L.6 g.) was oxidized with 1.9 g.
of m-chloroperben”01c aczd in methxlene chleoride to obta;n' '

0.92 g. {60%) of 2-methyl—-i- t—butvlsulflnvl l butanol.
_1 .

IR. 3340 (0H) and- 1000 (S=0) cm ~.
N.M.R. 0.94 and 0.95 (2& each with J = 6Hz, 3H):

.25 (s, 9H); 1.56 - 1.88 (m; 3H); 1.9 =

1
3.4 (m, 3H); 3.2 (4, SHz, 2H}.

. v) 5-Méthvl-l,2-oxathiane-2Z-oxide,8l.

When 770 mg;of hydroxy—sulfo#ide 66 were allowed to
react with 550 mg. of sulfuryl chloride in methyleﬁe chloride
the reaction migture gave 320 mg. (65%) of the required'sultiﬁe.

IR. 1105 (S=0) om .

< M.R. -0.87 (&, J = €z, 3E): 1.3 - 3.0 (m, SE);

3.6 - 3.8 (m, 15); 4.0 - 4.5 (m, 1H).

M.S. calculated for CS l0025- 134.040

Found «+ 134.040

Analvsis: . '
Calculatec for Cshloozs e, 44.75; E, 7.51

. 1Founc : C, 44.64; H, 7.42.
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svnthesis of ben:zfused sultines

1) Svnthesis of 3H-2,l-benzoxathiole-l-oxide, £2.

i) 2~ {X-Phenvl-ethvl-thio)~benzoic acid,’7Q.
. The sulfide acid was prepared in §5% vield from o-
mercaptobenzoic acid and X -phenyl ethyl bromide. Crude acid

was used as such for the next step.

N.M.R. (crude) 1.7 (& J = SEz, 3H); 4.5 (g, J = SEz,
1); 7.1 - 7.7 (m, 8E); 7.8 - 8.0 {(m, 1H);
11.5 (bs, 1 '

o

).

i1) 2 (%-phenyl-ethvi-thio)-benzyl alcohol,7l.
Reduétion of the sulfide acid 70 with lithium alu-
Sy

minium hvdride in ether affordeé the desired sulfide alcchol

in 92% vielc.

Ix. 3360 (0E) cm L.
NM.R. 1.6 (&, J.= 7Hz, 3H, 1E exchangeable with D,0)
4,25 (g, THz, 1E); 4.9 (5, 2H); 7.0 = 7.4

(m, 9H).

iii) 2*(aFPhenyl—ethyl-sulfinyl)—benzyl aicohel,72.

Oxidation of 4.9 g. of the hvéroxy-sulfide 71 {0.02
moles) with 4.5 g. of m-bhloroperbenzoic acid (0.0225 mcles)
in 100 ml of methylene chloride afforded 4.4 G. (852} of the

required nydroxy-sulfoxide.
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% 3360 (o) and 1005 (S=0) em .
CN.M.R. 1.55 (a, J = 7-0Hz, ZH):'S.S (bs, exchangeablé

with D,0, 1H); 3.9 - 4.7 (m, 3H); 6.9 = 7.9
(m, SH). .

iv) 3H—2,l—ben:oxathiole-l-oxide,52.

Sultine 68 was orepared in 60% vield by the reaction . .

of sulfurvl chleride with the nvdroxy-sulfoxide 72 in the usual
manner (m.p. 39-40 , literature m.p. 39-40 1} .

IR. 1120 (S=0) em L.

N.M.R. 5.60 (AB guartet,$, = 5.42, S 4= 5.7,

. . 1
- 71 B S T XN BT
Ty = 13-3Hz 2m); 7.2 (m 4E).

2) 'Attempteé svnthesis of BH-l,Zﬂbenzoxathiole-z-oxide,ﬁﬁ.

i) 2-t-Butvlthicmethyl vhenol,73.

X-Bromo o-cresyl acetate (6.3 g.. 0.03 moles) was
added to a solution containing 2.7 ¢. o% t-butyl thiol (0.03
moles) and 1.7 g. of KOE in 25 ml. of methanol. After thirty

minutes another equivalent of KOE was intsroduced ané the re-

n
43
th
rr
[
H

action mixture stirred £or an adéitional £hirty minute

v
acidification with HCL the organlic-matter was extracted witl

ether. The ether extract was dried and evaporated to_furnish
5.4 g. (92%) of the phenol sulfide 73.

A

N.M.R. 1.33 (s, 9:); 3.76 (s 28); 5.5 (bs, 1H);

6.5 - 7.3 (m, 4H).
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2-t-Butvlsulfinwimet! vl phenol ,74.

phenolic sulfide 73 was oxidized with m-chloropern-

_ benzoic acid in methylene chloride to obtain the phenclic

iii)

) 2~(D—Methovaenzgéthiomethvl)

culfoxide 74 in 508 yield (m. 154-156).
SR, 1.4 €, 9H); 4.16 (AB quartet, SHy = 3.86,

A

,E;HB = 4.46, 3,5 = 128z, 28); 6.7 - 7.4 (m, SH)..

Analyvsis:

N . Calculatéd for C, H,0,8: C/ 62.25; H, 7.60:
~~ - _ .
- s, 15.08
Found s C, 62.14; H, T.62;
) s, 15.84

Reaction of 74 with sulfurvl chloride:

(Vi
Reaction of 74 with sulfuryl chloride in CH,Cl, gave
a crude material which appeared to be 2 mixture of 3H-l,2-beﬁz-
oxathiol-2—oxide,§§, ané gfchloro_methyl phenyl ester cf -

butvl sulfinic acid. However the product deteriorated rapidly
and, coulé not be separated into its constituents.

Reaction of 74 with N-chlorosuccinimide:

Reaction of 74 with N-chlorosuccinimide in CCl, was
carrieé out until-the s arting material had Gisappeared. The
products however deteriorated too rapidly and couléd not he

identified.

This phenol was prepared in 92% vield from p-methoxy

06
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-
-~

s ‘benz§i thiol anq0<—bfomo o-cresyl acetate in the same mannex
as 73. : : ' \ »
2 f - | ,
N.M.R. 3.6 (s, 2H); 3.7 s, 2H); 3.8 (s, 3H):

6.7 — 7.5 (m, 9}, .

viT 2-(D—Methoxybenzvlsulfinvlmethvll;.,bhenol,lﬁ.

Phenolic sulfide obtained above was- oxidized with
mfchloroperbenzoic acid in methylene chloride to obtain & 60%
. - - - - « = .-.c ‘ V
vield -of the requirec chenolic sulfoxide (m. 103-107 ).

N.M.R. 3.8 (s, 3H): 3.6 - 4.2 (m, 4H); 6.7 - 7.5

. I/—""--.
(m, 9H).
" rSis: ted : :
. | Analu51§. palcula L? for clSHISOBS c,
< H,
Found : G
S
vii) Reaction of 76-with sulfurvi chloride:
Wwhen 310 mg. of sulfurvl chloride was added to 2 {

solution of 600 mg. of 76 in methylene chloride the reaction
product appeared to be 2 mixture of the expected sultine (AB
quartgt, E;HA = 4.16, HB = 4,56, JAB = 16524_23) ané p- -
methoxyv benzvl cﬁloride_[_3.90, g (3E); 4.66, s/ (25)] . \\‘

However on column chromatography only p-methoxy benzyl chloride

. ané p-methoXy benzyl alcohol were isclated.

viii) Reaction of 18 with N-chlorosuccinimides,

! Treatment of hydroxyasulfoxide 76 with N-chlorosucci-
. - *

g nimide in carbon tetrachloride gave the game mixture as obtained

-

*

e
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withisulfuryl,chloride. However in this case also the_required

sultine decomposed prior to isolation. .

In a second attemnt, the reactlon mixture was oxidized

with m—chlorooerben“01c acid. The crude reactlon Droduct showed

a singlet at 4.6;E;suggest1ng the presence of 3H- l,2-ben_0\a—

' thiole-z,z-dioxide. Unfortunately it

“its pure state.

i)

could not be lsolated in

II) Svnthesis of 3,4—dihydro—l,2-benzoxathiin—2—oxide41&.

N

b

2- (2-g-Butylsulfinyl ethvl) chenol S1.

-

»

Phenol 81 was obtained in 70% vield by the reaction

of X-lithiomethyl t-butyl sulfoxide withCX -bromo g-cresyl ace=

~tate in THF

ii)

iii)

.

IR. 3360 (OH) and 1010 ($70) om .

N.M.R. 1.25 (ls,‘ BH)‘; 1.6 -

(m, SH).

5.2 (m, 4H); 6.9 - 7.3

Reaction of 81 with sulfurvl chioride. ' ? -

Reaction of 81 with 1.1 edulvalenes ‘0of sul;urvl

chloride in methylene chloride gave the sultine 78 in 2 crude

vield of 95%.

'N.M.R. 2.3 - 3.5 (m, 4E); 6.8 - 7.4 (m, 4E).

oxidation of 78.

Without isolation Zﬁ was oxi

dized with m-chloroperbenzoic
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acid in methyle‘ne-chioride' to the sultone 82 -(75%) (m.p. 108-
: 15 . - T : -
¥ - .o
110, lit. m.p. 108-10% ).

rR, 1360, 1140 and 900 (0-SO,) e L.

"N.M.R. 3.3 - 3.6 (m, 4H); 6.8 - 7.5 (™ AH) .
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CHAPTER .V- (Experimental)

olefin synthesis:. (Thermal Extrusion of 50, from’ -sultines)

" 1) gis-stilbene:

a) Epoxy £rans- stllbene 30.

trans.-?tllbene (1. S g.) and m-chloronerben*ozc acid
(2.25lg., l eculvalents) were allowed to "react in 25 ml of
‘methylene chloride at room temperature fox four rs. The
usual work up yielded'l.9 g; (Quantitétive vield) of the_epb-
xide, m.p. 69-70 - |
N.M.R. 4735'(5, 2K): 7.2 (5, LlOH)

b) ‘egg;h;gri,2-Diohenyl“2?;rbutvlthio ethanol:

' g;ggg..Stllbene epoxide (1;96.g.), £-butyl mercap-
tan (0.99 g., 1.1 eg.) and KOH {0.6 g. 11 eq. ) were allowed
to refiux in 20 ml. of n-propanol for eicht hours. The reaction
mixturé was cooled, poured into water and e\b*actec with 50 %
3 ml. of methylene chloride. Organic exhracy was drlea and
evaporated. The crﬁde_product was distilled at 150- 160
(0.05 mm) to give 2. 2 g. (75%) of a pale yellow oil which so-

1idified to a pale vellow solid (m.p. 59- 61 ) .

H
i

) 3350 (0H) o .

|

N.M.R. 1.2 (3 9g); 2.5 (bS, 18): 4.2 (&, 6HzZ, 1H) s

.0 (4, 6Hz, lH); 7.2 (m, 108



2

A

v - 'C)l

~

_ergthro~1,2-Dipheny1-2-;¢buty1ethanol, 31.

r&thro 1, 2—Dlphenwl 2-t-butvlthio ethanol (5 6 g.,

0. 02 moles) was O\ldl’ed w1th 3. 4 g. of m—chloroperbenaOLC

ac;d in 200 ml, of methulene chlorlde o obtaln 4.5 g. (758% -

vield) of the hydrqu—sulfoxide L.

IR. 3340 (OH) and 1010
N.M.R. 1.;2 (S, 9E); 3.95
18); 7.0 (m, 11H}
~N . |
L ~Analvsis:. Calculated for
[
&) cis-Stilbene,33. . .

-

Hyvéroxy-sulfoxide

(280 mae) were reklu\ec in 100 ml. @

The reaction mixture was cooled and stripped

a rotary: evaoorahor. The crude

31 (604 mg.) and

£ benzene

(S=0) em L.

(d, 3Hz, 1lE):
18szozs ~c = 71.50,

H o= 7.33, S = 10.68
Found : C = 71.27,

g - 7.03, S =10.24

N-Chlorosuccimide
for sixty minutes.

of the solvent on

residue was subjected to

column chromatoc*aohv on silica gel using methylene chloride:

hexanes(l:1}.

_stilbene (899% pure from n.m.r.)

First fraction aLfo*dec 185 mg.

(51%) .0f cis- .

10H).

N.M.R. 6.55 (s, 2H); 7.2 (s,
2) Stvrene: -t
4
a) l—Phenyl¥2—ﬁ—butylsulfln 1 hanol, 28..

" g-butyl methyl sulfoxide

(6 Gur 0.05 mole) was diluted



J

S 1T

in-IGO ml of TH? and cooled at ~78° . Methvl llthlum (30.5,
ml, 0. 05 mole) was added followed flve minutes 1ater by the
addltxon of 5.3 g. {(0.05 mole) of ben"aldehvde. After thirty’
minutes, the reactlon mixture was hvdrolvsed and the oroduct
e\traoted with methvlene chloride. _A white crvstalllne solid
(9. 8 g.; 87%) was obtalned and recrystallized from methylene

chlorlde hexane (m T. 94~60 Y.

—

IR. 3320 (OH) anéd 1005 (S=0) cm

rats

N.M.R. 1.3 (s, 9H); 2.3 (m, 2H); 4.2 (m, 1H);

5.5 (bS, 18); 7.5 (s; 5H).

analysis: caiculated for CppH; 0,87 G 63-707 & §.02.

Found : Ci 63.64; H, S.21.

.

- b)) Stvrene

A.mixture of ébove hydroxy—sulfoxide (452 mg.) and
N-chlorosuccinimide (28&§mg.} in 50 ml of benzene was refluxed
far fifteen minutes. Usual workup afforded 145 mg. (70%) of
stvrene (vpc. vield 82%} .

N.M.R. 5.0 - 5.8 (2H): 6.4. - 6.9 (1H); 7.2 {5H).

3) 3-vinvl-l-cyclohexene. \

- a) 2—t—Butylsulfinyl—»l—{2-cyéiohexenvl) ethanol:

This hydroxy sulfoxide was prepared in 75% yield’

. , _ 3
from t-butyl methyl sulfoxide and S -cvclohexene carboxal-

o
dehyde in the usual manner (m.p. 72-75 ).
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IR, 3280 -(OH) and 1015 (s=0) em T,

N.M.R. 1.26 (s, 9H); 1.3 - 2.6 (m, OH); 3.8 - 4.2

(m, 1H); 4.3 (bs, exchangeable with D,0, 1H);

5.6 - .7 (bs, 2H).
‘Anaivsis: Calculgtedifor C|Hy,0,8% Cr £2.58: H, 9.63

found : C, 62.36; y," 9.59

~ b) 3-vinvl-l-cyvclohexene.

when the above'hydroxy‘sulfoxide (460 mg.) was re-

£luxed with 280 mg. of NCS in carbontetrachloride, 3-vinvl-1-
25 - _ T
cvclohexene was obtained (vpe vield 62%) .

IR.. . 890 (C = CH,) and 705 <:? = ?")_ cm L.
H

N.M.R. 1.5 to 2.0 (m, 6H); 2.75 (broad signal, 1H);

4.2 to 6.1 (oleﬁinic protons, S5H).

4) {-Phenvl-1l,3-putadiene:
i

a) l—t—Butvlsulfiﬁvl_—4—pheny1 but—-3-en 2-0l.

This hydroxy-sulfoxide was prepared in 95% vield
from t-butyl methyl sulfoxide and cinnamaldehyde in the usual
: . _
manner. (m.D. 125=-127 ).

. IR. 3280 (0H) ané 1010 (S=0) .

———

N.M.R. 1.23 (s, 9H); 2.6 - 5.8 (m, 26); 4.7 - 5.0

e ————

. (m, 1B); 3.7 - 7.0 (m, 3H); 7.2 (m, S5H).

xnalvsis: Calculated for C14H20025: C, 66.64;lh, 7.99.
Found ¢ C, 66.48; H, 7.89.



' 8) —Phenyl-l, 3-butadiene:

rReaction of the above hydroxy—sulfo;ideldith NCS
in refluxing CCl, afforded 1—phenyl,l,3-butadiene in 75% iso-
lated vield.

N.M.R. 6.4 = 6.8 (2H); 7.2 < 5.6 T7H); 9.66 (&, I =

T ‘ SH:' lH).

_ o - _
5) 3-Methviene- /N -cholestene.

S" .
a)l S—Q—Bptvlsulfinvlmethvl—— £1—cholesten—3—ol:

This hydroxy—sulﬁoxidé was prepared in 77% vield
from Efbﬁtyl methfl sulfoxide and ‘Qf—cholesten“S—one. (m.p.
163-166°) . |

1n. 3320 (OH) and 1015 (S50) en T

N.M.R_.i.23 (;;bgtyl single;); 5.1 - 5.3 (olefinié

proton at CS).

b) J-methvlene 'u&?— cholestene:

Reaction of the above hydroxy-sulfoxide with NCS
. . ]
in refluxing carbon retrachloride gave B—methylene-ll—-cho-
1estene in 62% isolated vield.
N.M.R. 5.1 - 5.3 (olefinic proton at C y; 5.3 — 5.6
—_ 5
( = CHE, protons) .

. . f.
- - - \
Characterizatlon of P-sultine 27. _ AN
: 1 :

\.
-~

i) 2-Hvdroxy—2—phenvl ethané sulfinic acid methvl ester,28.




. , o
. \ ) .

. .

Hvdroxy—sulfoxide 26 (130 ng.) was dissolved in
ethvlene chloride (lO ml) and sulfurvl chioride {90 mg.} was
added to it. After stirring at room temoeraggru for fifteen

mlnutes, methanol {5 ml) was added and the reactlon mlxture

stlrred for another 51\tv mlnutes. The solvent was remove

i1}

iii)

in vacuo and the ;CSldue was e\amlned by n.m.r.

N.M.R. 2.9 - 3.6 (m, 3H): 3.83 (8, 3H):

~

5.3 - 5.7 (m, 1¥); 7.4 (m, SH) .

Oxidation of 28. : .

Oxidation of 2§ with Efchloroperbenzoic acid af-
forded 29 which was examined by n.m.I. -

N.M.RE. 3.2 - 3.4 (m, 3H); 3.90 (s, 3H};

-

5.3 - 5.7 (m, 1H); 7.4 (m, 5HE).

Svnthesis of 28 from methvl methane sulfonate:

ﬁ%—hydroxy-sulfonate ester 29 was grepa:eé in 60%
: 7

vield from ﬁebhvl methane sulfonate and benzaldehyvée. 1Its

spectral precper tries were identical to uhose of 23 obtained

by the oxidaticn of 28.

LN
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Svnthes1q of ;,4 6, 7 tetranhenvl -1, S-dioxa-z—thiepane-2-6xide,38.

Sulfurvl,*hlorlde {1.35 g., 0.01 mole) was added to

a solution of 31 (2.7.Ger 0.009 mole) in methylene chloride

© (100 ml) at —;0 . Afteh ten mlnutes the volatile mattrlal

was remoxed ‘in vacuo and the crude residue was subjected to

column chromatography over silica ysing methvlcne chlo;mde as

eluent. Diphenyl acetaldehvde (580 mg. 30%) and 48 (1.25 G..

-

60%) were obtained as the major products. ‘48 had m.p. 160 -
o _ ’ | _ .
162" | -
IR. 1125 ($50) om . | .
N,M.R. 3.4% (¢, J = 3_.0Ez; 1H); 4453 (¢, J =.3.08z,

~Analvsis: . . ' . ! .

1

‘Calculateé for C28 24O .8: C, 76.33;.H, 5.45; S, 7.2.

\\\ Found =: C, 76.72; E, 5.66; S, 7.1C

Photolvsis of 48.

2 solution containing sul tine a8 (300 mg.) in benzene:
acetone (40 ml 410 ml) was irradiated for thlItV minutes using
a 508 watt Hanovia lamp and 2 coreﬁ £ilter. The solvent was -
removed 1in vacuo and_ﬁhe regsidual sultjine 51 was crystailiéed

£rom methvléne chloride-pentane O vield 285 mg. of a fluify

=}
white material (m.p. 162-164 ).



TR, 1120 (820) em i, d

11.0Hz, 1H);

4,0Hz, 1H); °
11.0Hz, 1H);
4.0H=z, 1H);

6.7 — 7.4 (m, 20).

N.M.R. 4.02 (4, T

3 J
. | 5.86 (&, J
' J

Analvsis:

Calculated for C28H2403S: S} 76

N -
2 3

Reduction of 48 with lithium aluminium hyvdride.

Sultine 48 (60 ng.) in ether (5 ml) was added to a

suspension of lithium aluminium hvdride (10 mg.) in ether (20 ml).

Usual workup afforded the dioxane mixture (42 mg. 75%) .. Spectral

properties have already been described in the text.

Reduction of 51 with 1i+hium aluminium hvdride.

-

2 similar reduction 0f 51 with lithium aluminium

hvgrice vielded the same dioxane mixture 1n 80% vield.

'

Photolvsis of S-phenyl—l,2—oxathiolane—2—oxide,;g.

2 solution containing sultine 10 (300 mg.) in ben-
sene : acetone (40 ml+10 nl) was i{i?diated for three hours
using a 500 watt Hanovia lamp and a corex £ilter. The solvent’

was removed in vacuo and the residual chenyl cyclopropane (185 =2

mg., 95%) was characterized spectroscopically.



-

"N.M.R. 0.5 - 1.0 {m, 4H); 1.6 - 2.2 (m, 1H);

5.9 = 7.2 {m, 5H). | .

-

Photolvsis. of s-methvl-5-phenvl-1,2-oxathiolane-2-oxide,1L.

—

Similar photol?sis of 11 vielded l—methfl—2~phenyl
- cyclopropane in 98% vield. ' co
N.M.R. 0.5 - 1.6 (m, 6H); 1.6 - 2.2 (&, 18) ;

7.0 - 7.2 (m, SH).

(28]

Photolvsis cf L.

when 1 (300 mg.) was shotolvzed for three hours ‘and the
reacticen mixture worked ugp, only +he unreacted sultine was
recovered. Prolonged jrradiation resulted into the formation

of brown deccmgosition material. :

Photolvsis of £2. !

L4
When 62 was photolyvzed feor periods up to 24 hours,

'no change in the spectrum of recovered material was noted.

Eodaa
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Claims to original research. =

Halogenation of benzyl methyl sulfoxide was studied in se=

. ' - _ .
veral svstems. The effect of various nucleophiles on the

yis reaction was Giscussed.

*

The of the sultine synthesis based upon C-$ bond
cleavage of t-butvyil alkyl-sulfoxides was established. The

: . s ! s
reaction was used to synthesize a variety of sultines diffe-

ring in ring size and substitution pattern.

-4
Thermal decomposition,of R -sultines leading te ¢lefins was
j :
explecrecd. Several ronosubstituted olefins were svnthesized.
y . £ SN SR - ‘3 .
The stereochemistiIy OX the reactlon was investigated.
Conformaticnal aspects of é;a%Eltines were studied.

Mass spectra of various sultines were studied in detail.

-

Important £racgmentation pathways were .sugcested.

Tsolation and characterization of a seven membered sultine,

-

3,4,6,T—tetraphenyl—l,S—dioxa—2-thiepane-2—oxide was described.
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