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0 ~ ! ABSTRACT ' K3 o

-
»* w
‘'
-’ - !

The electrophilic substitution of aromatic. compounds
with sulphur trioxide has been known for 150 years. In the .
present.work this reaction is extended ,to include’a
detailed study of the reactlons of highly activated
aromatic compound$, such as N,N-~dimethylaniline, with
sulphene (CH,=S03) and with azasulphene (ﬁN=502) and
derivatives. Sulphonamides may be _synthesised in high .
yields, under mild conditions, by “the hydrolysis of the . ‘
aryl - carboalkoxy-azasulphene products. ‘ :

e~ A new, albe1t low-yield synthe31s of some biphenyls
with novel substltutlon patterns is also described.

‘A new series of [3- ketosulphones and some ‘; e )
deraivatives, espe01ally those sulphenylated « to the .| -
carbonyl group, have been prepared and identified. '

Alkylatlon of the dianion from a 6—ketosu1phone has

provided a new, facile high>yield synthesis of ‘substituted
thiane~1,1-dioxides. A detaile proton nmr study showed

that 2-chloro- and 2-benkoyl- fhiane-1,1-dioxide exist in  « -
deuterochloroform §b1ution pritarily with the 2- ' C -
substituent in the ax1a1 orientation. Such a

conformational preference in cyclic sulphones arlslqg f%om o

" polar rather than steric forces is quite unusual. . .

3

The carbonyl group in a "’ f8~ketosulphone shows
react1v1ty like that of a simple ketone whilst the same,
group in the monosulphenylated derivatives and their
oxidation products does not undergo such reactions.

‘The pK, values of nineteen ﬁ—ketosulphones have been
measured and these have been correlated with 07 as have .
other, carbonaaq1d data available in the chemlcal ) .
literature. . ‘ . g ’

‘ Sulphur-33 nmr chemical shifts and linewidths of
twenty~seven sulphones have been neasured; the data
obtained in this study -are consistent with those published
to date.’ There is a good correlatlon of sulphur—33 versus
carbon-13 chemical shift data for symmetrlcal -dialkyl
sulphones and correlatlons with two other structural ‘types
do exist, but are not as clearly defined. . ' .
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CHAPTER 1 '
GENEKAL TNTRODUCTION .

» + .~ a
»

-y

-

-~

Many chemists associate sulphur-containing organic

molecules with unpleasant smells. Notwithstanding this,

N

organosulphur chemistry has been studied for well over a

£
4

hundred years, there being a wide rangé of naturally

occurring and coal-tar-derived organic compounds that,

H

h; "t
contain sulphur, e.g. c&steine, thiophgene, etg¢. During

the last few decédes‘_an increasing volume of organic

syntheses involving the use of sulphur-containing

L]

compounds has been publi;shed. Much of this work concerns
the introduction of a sulpihu’r moiety as a control
element thich is then removed at a later stage.

In this thﬁesis some new aévances in the chemistry of
organosulphur ¢ompounds, principally concerning
sulphones, is prqsentgd and this first chaptér briefly

‘reviews the. established pro;;erties of sulphones. Since-

1-7

there are many excellent reviews on this subject,

L]

only the key points will be out:}gd here.

A sulpholne:-‘ is generally represented by structure 1,

a2y

.

4



where R and R! caﬁ'be a»hide;r&hge of- substituents

bonded through carpﬁh. There have been many studies,>

<

both theoretical and experimental, to try to establish
the nature of fhe boniing both within the sulphone group
itself and also with the attached substi%ueﬁts. In
former years there were two mutually exglusive bel@efs,

one assuming the involvement of d~orbitals in bonding,

" the other not. This dichotbmy was caused by the

aw

phenomeﬁon of 'octet expan51on" of third rqw—elements
believed by some*;o 1nvolve the use of d-orbitals.
Current1¥, it is generally believed that.the bondlng 1s,
somewvhere between the two e€xtremes although g flnal
agreement has not yet "been reached.® ' )
Sulphones are blessed w1th’hlgh thermal and
chemical stab111ty'but it 1s thlS fact.whlch has led to
their relative neglect until regent tlmes; stable
species do hot make godd versatile intermediates in
' organic synthesis. .
Although sgnfe sulphqnes occur‘natugally, _é.g. i
aimetﬂyl sulphone occurs in cows blood, most have to be

L

f/”Synthesised.'Sulphones érg normally prepared by one of

L]

-

three rou!:es i.e.
a) oxidation of sulphideélor sulphoxides
* 'b) reaction of alkyl halides with
» " sulphinates or sulphites:

c) Friedel-Crafts reactions. ,
. ) - —
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There are however many other methods used that lack
geﬁerality,? including additions to multigﬁe bonds, - -

s
‘ <

rearrangements, cycloadditions etg. .

’ E
’ A4 © a -

Oxiaation of -sulphides and sulphogfdes to sulphones}
-
is the 31mp1est preparat1ve method’ and can be bnought !

about by many bommon oxldlslng agents such”ﬁb\bydrogen f

peroxide and potassium permanganate. It~1s 1nterest1ng

LY - ’ o

- ¥ 5
‘ , .
* R—8—R" \\\
' T ox .
* o +=————— RSO,R .
R—-80—R ., |

L 3
L3
+

» e
to note that the reverse reaction, reduction of a

sulphone, is much more difficult but can be effected in

certain cases by using LiAlH,, amongst other compounds.

\ Alkyiation of sulphinate salts with alkyl halides-and

other related species is generally a high-yi&ld method
used especially to prepare aryl sulphones, g.g. -

k]
’ N . -
»

PhSOPN® + Mel ——> PRSO,Me . . .

N\ " (‘/
: ! A * - . \v,
TPe Friedel-Crafts .reactions of sulphonyl hloridqﬁ with
aromatic compo% héva been used to p epare mainly
diaryl sulphones, e.g. .
i - ’ . - s ' . ..
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Of the other methods used to prepare sulphones the» . . .

a
° t

reactlon of sulphenes with enamlnes and related !

\ T P

compounds is of 1mportance*to the current study, this -

will be‘discussed in some detail in the next chapter,

b

Sulphones are completely unaffected by all but the *
strongest ac1ds, their most 1mportant reactlon involves .
. thé use oﬁf a base to remove one (vor more) of the
ré’lative':’ly a'oidic ;;rot':on:s attached to a’ a-cagubon atom.

The cafba}lion‘ thus formed is stabilised’' by 'the electron-

w1thdraw1ng sulphOne group and undergoes all the regular .

Jw‘gg

catbanion reactions such as alkylation, halogenation

&.e‘j‘.'..\Qo “ . ¢ & m . '
1 - L4 -e
" .& [} 1
I
~ - R'X
o /" RSO(CR
| ‘ S
RSO, —CH »---B-—-» RSOz—c ~ . \
v l, —BH . x !
- AR T N
, | o RSO, CX
Y



. ~ Sulphlnac ac1ds are relatlvely good 1eav1ngrgroups and

\ . rhence many sulphones are prone to base-catalysed 1,2- -

. ¢

J st N .. eliminations. The sulphone group may also be exchanged
» vl o =3 Lot ) . . ! N
; , N * . v * - * g ¢ B ) M
' B H T ‘ oo
3 p{¥ / , . . et
] V4 / o'
: C— - C=C RSO b T
K . oL /1 e([- -BH® ° N\ 2 ,
- , v s@zR : i »
v, ) . N
’ for a hydrogen atom, by reductive eliminatien with
L. »
. various feagents and methods,-g.g. . SN
Bo . . &
: ' PhCH,SO,CH,COCH, =" » CH.COCH, '
29920 H M 3'ir]ij" 3 3
’ ® . B N [
! . "

LIS ) -

'Sulphones are\readily identified using‘iﬁfralred

-
. ‘ !

' spectrophotometry. They exhibit two strond bands in the

3 ¢

regions 1380-1300 em~1 and 1170-1130.cm™1, for
. asymmetrlc and symmetric stretching, respect1vely,9 and. ,
glven their lack of chemical react1v1ty this is the only

"available general method of identification.
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: ' CHAPTER 2° ' *
.INTRODUCTION - HETEROCUMULENES . !

~
» F -
@

1 ~
) r 4 N
Heterocumulenes are compounds which possess

»

. adjacent w-bonds where one or more of the atoms_ in the

L

w-system are heteroatoms, for example sulphur, nitrogen

2

or oxygen. These species command much general interest
from organic chemists since :they are commonly found to

v

be useful as reactive intermediates in synthesis. In the
present study sulphenes,* azasulphenes* and sulphur
trioxide (structures 2, 3 and 4 respectively) are the

tpree heterocumulenes of interest. .

-

-
» ) g .

’ "

* These names are the ones used throughout this thesis.
The current IUPAC and Chemical Abstracts Service
“nomenclatures are: thioformaldehyde dioxide and
methanethial, S,S-dioxide for sulphepe with N- .
sulphonylamine gnd sulphimide fog azasulphene. These
names are rather unwieldy especially when substituents

- -

are present and so are not used here.

“
.ﬂ

.
. -
.
\—/ .
R

.

k4
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Sulphenes 0

’ r * b ®
oy & »

| “ Sulphenes are well established as reactive

A8

L 4

électrophilic intermediates although to date no stable

monomeric sulphene hds beenwisolatéd, this is in mafked)
. > ' ) »
contrast ég the related species sulphine,5, for which Yo
- - 4 v

‘
R .
.
’.

: ™ =80

Cc
R/ S )
. . 55‘:5.

-
»
.
-

3y
. 4 .

- & s . : . -
several structural modifications have been isolated as
L

crystalline solids.10 .o,

zincke and Briinell fifgﬁspfoposed the existence of
a sulphene*type structure. They attribﬁted the yellow

4 a
colour of a reaction mixture, formed from.the reaction
\ = - *

\

of the corresponding sulphony} chloride, to a species

"

'with structure §. The term "'sulphene' was first- used

¢ ¥
. .
Myt
< .. \
N .
»
' : Br Br .
» »
, N -
i
' . SO, '
. w4 M
» . !
. . . . ‘ N . . 4 .
. 8
v ..

»
’

' . .

three years later‘in 1911 by Wedekind and sChenk.I% This
P

choice.of name was rather upfortunate, it jindicates a

.
»

— -4 - . \,
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-, [ I ' 0
formal relationship with ketene,1, rather than

+

R - . .
\b—c=0
R’/ ' ¢ U
~ 4 C

indicating the oxidation level of the sulphur atom. The
) #

,latter method is$ the generally accepted one for organic
- &, . > .
sulphur ndmenclature.?2, Wedekind and Schenk had

" planned to isolate the generated" sulphene but were

»

‘unﬂccessful. They were 1}owever able to identify the

¥

. produdts which yere assumed to ies’uit from the

. decomposition of phenylsulphene,8, .
PhCH,S0;C1 —Eill_ :-[Phcnz-s@,] ;
. ‘ PhH \ ‘ ]
¢ 9 ' ' _8— -
e ) "
' ) . ¥ o
PhCH=CHPh 4—-:-;—-—" PhCH SO, -t

, *
Since this initial werk, several groups of workers,

most notably those led by King, Opitz and Truce, have \(}
published much work regarding the generation and
reactions of gulphenes, mostly during the past two

\
decades. .
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Sulphenes are most often generated by the reaction

" °

of a sulphonyl ¢hlor1de posse351ng at least one a-
hydrogen atom with a base such as triethylamine. The
ureéulting‘dehydrochlorination of the sulphonyllchlo;ide

leads"eo‘th\production of a,fg}phene.xiz. N

' t:H,—--sc)2 —/-1:1 —> [cH,=50,]+ _81—1 & .

~
3 - - E hd 1
s
N -

-

.There are many other methods used, for the generation of

zo 0. _o° ?,@@
NN L%

-~ 4 -

sulphenes, including the reacdtion of diazoalkenes with
sulphur dioxide and the fragmentation of a-haloalkane
sulphinate anigns by photolysis or thermolysis.- These

methods and others have been eloquently discussed by
King14 and the ;eader is directed to this review for .

.
* LY
-

more details. oot .-
There are several possible canonjical structures for
* &
sulphenes and normally these are depicted by strUCture

-~

10. However, in general, sulphenes are probably .

»n
==

R, @CR, '@CR,

g
g

o
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best described by a canonical form which\ has only one

sulphur-oxygen double bond with positive charge-on:
sulphur and a nedative charge on oxygen, that is

structure ll, there being two such structures of equal

”

energy. Eurther possible canonical structures such as 12

. 13 I Y » ‘
and 13 may,also bedrawn where 1%shows carbonium ion
A . .

character on {:he o-carbon gtom whilst 13 shows

carbanion character’. Semi—empirical mglecular orbital

o

) calculatlons15 have shown that sulphene should have the

< f’ollow:.pg structure and charge distrlbutmn.

o . »

. - ® ;‘}
'

t

i .. 0. ,O-te
, N
S 12
21| '
i ' ) C -0
c A ' H/ \H
) f ~
-~ ' n v

»
i .

i.es that structures 11 and 13 are the main

.

contributors. These data are in concordance with ‘the

normal mode- of reaction of 'sulphene, i.e. that the

!

sulphur atom is-electrophilic. ..

. The most common reaction of sulphege and ‘its

4

derivatives is simply addition of nucleophiles to the °
formal carbon-sulphur double bond. This type of reaction
occurs for a wide raﬁge of riucleophiies and these

[ 13 N e
reactions are easy, clean methods of producing

" e
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, . : - 12
. B ® ) ,

P >
ROH :
o »\CH,S0,0R.
; - RNH,
[cH,=s0,] » CH,SO,NHR
-\ __RSH '
' 1 ‘ R : a - CH,SOZSR

1]

> 3 f

sulphonate and thiosulphonate esters and sulphoriamides.

Sulphenes also undergo 2+2 cycloaddition reaction with

I

-electrophilic keton&s and aldehydes e.g.

-
>
- a3 ?
N v

[CH;=s0,] + CLCCHO  ——» _—ioz‘ b
’ o c1,¢7\, .
.7 H,

. L - I

]

and 2+4 cycloadditions with aetivated dienes e.g.

1)
’

+

v NMe,

‘ [cuzr-soz] + . |

\

]

Probably the most useful reaction of sulphenes is the -
formation of thietan-S,S-dioxides whi’cp are’ ot:_herwise
relatively inaccessible. The reaction ihvo‘lves ’the.
combination of a compound which poSseéses an electroh-"'

. - a
rich carbon-carbon double bond, such as an enamine,iwith .

¥ L
% &
T . 1

-

S
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: sulphene as exemplified below.

»

Y. kwso] |
d

,= i ) »

¢

The reaction of sulphene with itself has been . |

!

v studied by Opitz and co-workers aﬁd by Grossért and -
Bharadwaj. Opltz and‘Mohl16 reported the isolation of a

cycllc sulphene dlmerhlihswhlle Opltz and ‘Blicher!’ - //
l - .
§ . 1solated a dlmer complexed w1th trlmethylamlne 1s.

-

° /

’ 'S0, w e 8
2_| 7 wsoﬁusoﬁm%" ?H3S°=§s°2"ﬂ= .
N ' ’ > ‘ M SOszspz Me ‘

Grossert and Bharadwaj 18 investigated the ) ,

v » -

! oligomerisation of sulphene in the absence'of

I 13
. . nucleophiles and found that a tetrameric species,l16, may

!

- [

s be produced as well as,a dimer withf; similar structure
f£o that of 15.

Sulphene has been shown by Grossertl? to be capable

. ¥
of addition to.pyridine and some of iths 3-,4- ande-



!
substituted dgrlvatlves to torm a 2:1 addnct contalnlng ’

a pyridodithiazine rlngyll. However, 1t appears that 2-

[N

ahd 2,6~ substltuged pyrldlnes elther do not undergo ,

,

&

reviewe

such a-reaction or that the product ogce formed, readlly

decomposes. Grossert has shown that 2,6-dimethylpyridine

(2y,6-1utidine) yields no useful products by reaction

with sulphene although a tarry re51due is producedr20

~

The chemistry of sulphenes has been regularly

d14'21"23 and the reader is directed to these

) * v

references, particularly the most recent of thesel? for

further details. One notable exception to rhe reactions
quoted in all these reviews is that of electrophilic
substitution by suléhene on aromatic compounds.-This
area is covered in the present study and ao reports of
such reactions have been published previously as far as

the author is aware. ’

/ , . R
Azasulphenes ‘ ' ‘
* »
.

Azasulphenes,3, have been much less studied than

P -

‘sulphenes. They are reactive electrophilic intermediates

A LN
- ¥

.
Y
i . ‘
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P

arMd have been invoked in order to explain‘the products
{
of several reactions, for example, the products of the

Curtius and the Lossen rearrangements of .compounds 18

‘and lﬂ,respectiveiy.24 Decbmposition of the nitrene;20

giving phenylazasulphene,21l, is followed by addition of
methano®producing methyl N-phenylsulphamate,22.

PhspzN3 * i
18 ‘
PhSO,N: ——> PhN=S0,
o .
Ko 20
PhSO,NOTs .
& 1 .

19 ' 3 /
= { - PhNHSO,Me ™=
P . ‘o 22 -

‘R - [

¥ »

In a series of papers beginning in 1967, Burgess and

. ‘co-workers2® claimed to be the first to generate 'a new

class of electrophilic amine derivatives designated as

N-sulphonylamines’. This claim is quite erroneous since
26

1}

they‘failed to recognise'Ehe\earlien‘work of Traube

]

-y
w
¢

(3]

b
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{

~
*

who postulated the formation of @he p?rent azaSulphene,f
- A

23 from the reaction of sulphuryl chloride with ammonias

s

. Although Traube was unable to 1solate{azasulphene

L4

itself, a feat which still remains to be achieved, he’
claimed that the cyclice trimer,24, and its silver

salt,25 had been isolated from this reactiom. Later work

-

»

0,5* 50, - 058" "so,
AgN__. NAg
; g~ , S~ .
e 02 i &‘ 02 .
: <
24 . 25 '

-

by Hantzsch and co-—workergz"'28 indicated that the

.cyclic trimer could not be prepared in a pure state, but

'

. /
Unsubstituted azasulphene (HN = 50,) has been
commonly referred to as'sulphimide in the literature.. In

this work’ it will be named azasulphene to be consistent

with the nomenclature used for sulphene (CH, = S0,).

@

’

16

N



_could be isolated as the silver salt,25. Methylation of

this salt with methyl iodide yielded a trimethyl

derivative,26. Appel and co-workers?9r30 yere able to
S0O,=NMé
(S0,=NM&),

. 26

isolate 1ong—chgin-polymers of azasulphene from the
reaction of sulphuryl chloride with qmmonia: They were,
however, unsuccessful in attempts to obtain the cyclic
trimer,24. In 1967, Appel and Helwerth31 reported the

[} »
isolation of 2:1 adducts of azasulphene and tertiary

‘nitrogenous bases as exemplified by structure 27. The

3

adducts were obtained by thé/regction of these bases

with sulphamoyl chloride at -409C. The structure of

) o ®
'2NH,S0,Cl + 3NR, —» NH,SO,NSO,NR,
' . 27
these adducts is similar to that of the sulphene- *

tertiary amine adducts first reported by Opitz and
Blicherl7, Appel and Helwerth3! also suggested that they
had isolated a rather unstable 1:1 adduct 28 of
azasu%phené with pyridine having a structure
isoelectronic with that of the known pyridine-sulphur

trioxide adduct,28.

- . .

17 -
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e 18
a N .
‘. »
N
S0, -
|
4 x '
@ ! ® *
.28 X = NH
20 X = 0°

+
* < -

Synthétic work involving substituted azasulphenes
ke [N
was indeed pioneered by

9
urgess ‘and co-workers and most .,
reactions of these reactive electrqphiles have involved

N-alkyl, ﬁ-benzoyl and N-cafboalkoxy substdtutéd

) 3 u

derivataives. ‘

Simple N-alkyl substituted azasulpheﬁes have béen
prepared by dehydrochlorination of sulphamoyl

chloridesyiﬂ; These latter compounds hdve been v

I

synthesised either by reaction of sulphuryl chloride
with amine hydrochloriples32'33 or by the chlorination of

sulphamic acids with~ppospﬁorus,pentachl%nide.34 The

® ©
RNH,CI + SO,Cl,

H
N

RNKSO,CI
3_-@ N /\(

<&
Iy

. RNHSQH + PCl;




o

!

~

~ i ) 19

first' of these methods is limited to the preparation of - °

only a few different derliatives since the gmine

hydréchlorides are not readily available in'a pure

state. The procedure is also subject to raéher long

regction times and the J;e of large quantities of
“—reagents. The Fecond method does not suffer from these

limitations becaqse a wide-range of pure sulphamic acids

may be prepared by the high-yield réaction of organic i

isocyanates with fuming sulphuric acid in nitromethane

selution. ’
& ) ‘ﬂ

RNCO + H,S0O,.SO; ———>»  RNHSO;H

Carboalkoxyazasulphenes have also beeh generated by

two routes. Atkins and Burgess35 have reacted the

sulphamoyl chloride,3]l, with a base; this type of a
A . ’ .
RO,CNHSO,Cl + base —» ¢RO,CN=SO0, . -
31

sulphamoyl chloride is best prepared by careful reaction
of chlorosulphonyl isocyanate,32, with the required

alcohoi or phemol.36'37 Burgess ghd Williams38 on. the

¢

OCNiSO,Cl + ROH —» RO,CNHSO,CI
32
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!

L}

'othér hand have generated carbomethoxyazasulphene by the

"thermal fragpeqtation of the substituted 1,4,3,5-

oxathiadiazine ~S,S-dioxide,33. . ‘
. oz . 2 - [} ‘ ’
7S\ '

N N ' .
—>» MeO,CN=S0, .+ MeCN"
/[LOJ]\OMe ' 2

3 -

MeO

L33 * .

3

]

-

Ks with sulphenes, the most commoﬂ synthetic use of

¢ o~ v
azasulphenes is their reaction with nucleophiles such as
primary,amines25 and alcohols.35+39/40 the reaction with

primary amines is sfraightfqrward and usually produces

an unsfmmetrical sulphamide such as 34 in high yield.

w @

EtN=S0, + PhNH, —» EtNHSO,NHPh
. 34

/\\/ -

. The reaction with alcohols is more complgui Primary

]

- 'alcohols produce urethanes such as 35 in high yields.

@ > '
Et3N§0@§@00Me + uOH —» #-BUNHCOOMe

3 - 36
The reaction of secendary and tertiary alcehols whieh
possess a hydrogen atom on the a-carbon atom produces

an alkene by a stereospecific ¢is elimination

mechanism.41r42 ) T, -

Azasulphenes also react with a wide-range of
L]
L] “',‘f"’ . - .

‘
w

20

&
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activated alkenes producing 2+2 cycloaddition

products.2¢43r44 syuch ring systems are difficult to
. s .

S A

L4

RN=S0, -+ EtOCH=CH, —» * EORZ

Et0

prepare by other synthetic routes. Kloek and

Leschinsky45 have reported tHe formation of 2+4
|

cycloaddition produCES'erh the reaction of N-

“alkylazasulphenes with‘acti&étedﬁdiengf”such as 36.

‘ -~ OSiMe,, Oy .
RN=S0, -+ ‘ \ —_ ?0‘
- N ’ N NR
OMe .
36 37

[ ]

-

-

1,2-Thiazinone dioxides il,are»also difficult to
prepare by other methgds. Since 37 could ﬁot be isolated
p%ior to use of acidic work-up conditions, Kloek and
Leschinsky reported that the cycloaddition reaction

likely involved a step-wise mechanism. They have also

46 ’

shown that carboalkoxyazasulphenes react with

ynamines to produce novel heterocycles as exempliffed by

’

the following equation using 38. -

<
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'As far as the author is aware the enly report of;

.

.
" & L] . I3 L] [
azasulphenes under901ng an aromatic electrophilic

substltution reactlon is due to Atkins and Burgess,
<

thus: "

'"The inner salt (32)‘was capable of,
electrophilic aroma#jd‘subsgituéion of EQN—
dimethy%aniline and only the para isomer, N,N-

‘ d}methyl-N“cérbetﬂoxysulfanilamiae was
produced. N-Sulﬁqnylethylaﬁine generated in
the presence of N,N-dimethylaniline gave only )
N,N-dimethyl~N'-ethylsulfanilamide while -
sulfonylbenzamlde (40) gifordeg the

correspondfhg ortho- and pa;a—substltuted

£,
sulfanilamide in a ratio of 4:6 albeit in low '

-

yield. ! / . v

e ngeﬁsegm Hﬁm’%@@z

p 3@@ . “ 4“)

L] ——
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*They made no further comment on this imteresting

L

]
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. Shown by Raman spectroscopy48 to consist -of

important large-scale inddstrial process. -

A

reaction Y od
Frefhly distilled.sulphur t‘rioxide, a 'water-
white' liquid at room temperature ancl :‘pressure, has been
approximately ‘90% of the trimerirc'form,_{‘l, and onl% 10%
of the monomer its‘elf.*?On standing wito exposure to
moisture, long-cham polymers,_éz, with some degree of
cross-linking are spontaneously formed, although'
commercial ly available lii'quid su;Lphur tﬁoxlae is -

stabilised w},éx various addit iyes.

’ - A

- i "‘gﬂ x
L0 \ ®© o0 ‘
AUN . - :

o %s0; .*° -0 1 ' -

i e
\s: o . @: 0 {
02 - » K
' i N
41 42 " s

The reza-e*t ions of sulphur triexide, and lts‘
derlvatlves as reactlve electrophllac spec1es, are N
fairly well understood s%e they have been studied for
about 150 years. Sulphonatlon, ; intreduction of a

sulphonate group bond€ed to a carbon a;{:om' is a very

-

‘Sulphonation of benzene using sWlphuric acid was, untilde
x

a -

relatively recently, the first step in the industrial =

#

preduction of phenol.49 The introduction of a sulphonate

\ . Yom -
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group expands the usefulness of many organlc materials
since this type of polar hydrophlllc group greatly aids
water solubility. Tgis property has been exploited in

the devélopmént of défergents, water-Solubie dyestuffs,

flavouring and medicinal compounds.’®s31’

-

Sulphonation of organic compounds may be brought
aboﬁt under_g wide-range of conditions by several a
different reagents including sulphuric acid, oleum,
chlorosulphonic acid, sulphamic‘abid;.shlphur trioxide
gas‘and organ%p'cqpplexes of sulphur trioxide., These
methods aqd reagents have beeﬁ discussed by Gilbert®2
and the reader is dirgcted to’this source for in-depth
.information. Since s0 much has been written concerning
fhe sulphonation of organic compounds this.section'will
’degl only witﬁ ghe sulphonat;on of‘aroma;ic compounds as
is relevant to the present study. ‘ /

Nelson>3 has wrltten a good review of aromatic
sulphonation wh1ch covers the literature up to 1963. The
d literature abounds with claims that have not been

{ubstaﬁtiaﬁed to date. As early as 1892, Moo‘dys4

reported that a reiﬁvpstigation of some work due to

~oA ,
ekule showed that sulphonation of anisole (43,R=Me) anq

‘phenetole (43,R=Et) afforded only the para-substituted

sulphonic acid,44, and not a mixture of ortho and para

isomers as claimed by the original author.
4 ‘ .

Sulphonation with sulphur trioxige-Lewis base

. N ")

24
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adddcte has been reviewed by Gilbert®5 and is the

1

" ¢ 'R "bJ . ‘R ' ' s

A L3
————— o
H,SO,
SO,0H '
43 " 44 :

— —
3

reaction most relevant to tPe present work. ?he bases
commonly used in the formatioﬁ bf‘these adducts include
tertia{y amines such as triethylamine and pyridine and
\muéh weaker bases such as amides and ethers. Generally,
the most stable complex is formed with the strongest
base (whilst the most reactive’adduct is formed’with the
weaﬁest base). Hence an oraer of reactivity may be
established (i.e. S03.NR3 < SO3.pyridine < S0j.dioxane). :*
These complexes are all solids at roém tempe;ature and’
are generally prepaied by the careful interaction 6fvthe'
frée base with sulphu; trioxide or ch;orosu}phonic
acid.3> OA reaction of a sulphur trioxide compléx with
an aromatic compound a salt ot a sulp(honic acid is
produced. |

éenerally, sulphur trioxide complexes have been of
little practical use in the sulphonation of aromatic
rings. Owing to the reduced reactivity of the sulphur

.

trioxide moiety, only aromatic species that are highly



' [ “'a“ v
. Thus the use of sﬁlphu:,trid%ygljcomglexes in

activated towards electrophilic argﬁgtib substitution
s . : R ‘ ,
react and then only under rather forcing boqﬁitibns. For

”example, aniline reacts with su1phur-trioxide—pynidine
“complex at 170°C to givg/sulphanilic adid,45,%% whilst

anisole reacts under similar conditioms with sulphur

-

o trioxide-dioxane to ‘give Ju;57:5? .

A\

. NH, ' OMe

. .”'\‘w‘ | -

. ‘ ¢ o N .
A SO,0H | o S0,0H
B s e |

e ‘o 1

eléctrophilic aromatic substitution reaétiong hag
geﬁeraily been restricted Eb_feac?fgns’ihvoibing furan, ,
pyrrole, indole, thiophene apd their derivatives. |
Sulphonation of these rather rea hive aromatic species
still requireé the heating of reaction mixtures t§ 80- .

150°C in a sealed tube in ethylene dichloride usually
5

Q°

for many hours. 1,59 papie I gives a selection of such

reactions. Although these coﬁditions seem rather drastic
they are exceedingly useful for reactive heterocyclic
compounds since these species are usually thermally -

" st®le whereas the more acidic reagents, such as oleum,
generally indyce‘extensive decomposition-or

\ ° [1 U 0 -

. -
¥

b . .
LS ¢
e



Table I: Sulphonation or reactive heterocycles with
]1 /;,’.i- 1

L4
«

LA }
Substrate .Sulphonating Ppoduct (s) Reference
' agent (yields)
B T )
(/ \S P ’ ‘ @_yd 60
N N7
) Me Me
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polymerisation. Yields in the reactions vary widely,
from a few percent to nearly quantitative; di- and tri-

sulphonic acids are often produced.59

L3
» *
-

-

] \]
-
¥

I3 S" 4
In summary, the electrophilic'aromatic substitution

e

reaction of sulphur trio§idé with aromatic compounds is -
very well established whilst a similar reaction for the
related heterocumulenes sulphene and azasulphene and

their derivatives is unknown with the exception of one

-

1 - ™~ N N
cryptic’reference.47 The purpose of the current study is
to investigate such a reaction for the sulphenes‘and
azasulphenes and to draw the attention of chemists to

%

the simalarities of the chemistry of these three
- heterocumulenes.

-

¢

‘



» CEAPTER 3 & ° ° A
"RESULTS AND DISCUSSION

)

! The reaction of sulphene with electron-rich

aromatic compounds was best carried out .at 309 to'-20°C
in either dry acetonitrile or dry tetrahydrofuran under

a L]

an atmosphere of dry nitrogen. At temperatures

% ¥

-

appreciabiy higper than these, the oligomerisqtion'of
sulphene, as reported by Grossert‘énd Bhaggdwaj,1§'56
competed: significantly and halted the formation of'x
substitution’ products. Under moré hydrous conditions
there was usually little or no aromatic substitution
product obtained and the startiﬁﬁ sulphonyl chloride was
hydrolzged to the sulphonic acid. ‘ ‘
Theiéulphene used iﬁ these react%an was generated
in situ usually by the dropwise\addition of
triethylamine in a solvent to a solu;ion of the‘requgred
aromatic compound and methanesulphonyl chloride. It.’
should, be notgé ;ﬁat triethylamine was nééessary for- the
successful i§51ation of products. Addition of the .
'hucleoéhilic species (i.e. the aromatic compound ) éfter
first formiﬁé-the sulphene resulted in muéﬂ reduced
yieids, agéin due to comgetition by the oligomerisation

" ’ -t < [}
reaction. ; ! T

-

\.
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B Ic -I] 2 5-31 l] ’-iv ,

The initial nucleophile chosen was 2;6~ /

" .dimethoxypyridine,47, f£or historical reasons since'éuch

© 4 . » .
.
ad »

.-{“I .s / .‘
LR .
. .
\

* of the work concerning Eulphenes studied in this

laboratory has 1nvolve97pyrldlne and 1ts substltuted
. # ~
derlvatlves.,The use of 2,6-dimethoxypyridine’ in a
A W
reaction was novel since in*-depth 1nvestlgat10n of thé

literature revealed very lIttle reported chemlstrb
Although 2,6~ dlmethoxypyrld;ne is commerc1aL1y avallable '
(Aldrich # D 13, 700 6) 1t&.on1y apparent preparative- use
i§ in,ap early step in tye synthesis of some comgognds‘
~ with useful insecticidal properties.67 Very little basic °
' chehistry of 2,§—dimethoxypyridiné has’ﬁéen pug}ished;
known reactions invoive the brominatiogéof the N-
methylpyryllum 1on68 and nitration in strongly acidic
} nedia.®9 ‘ T
An excess of sulphene reacted with 2,6- .

Ll 3

dimethoxypyridine to yield a 3:1 adduct whose structure-

was shown to be as depicted by 48. .
}
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/ 2 \50,CH(S0,Me),
¢ N
MeO™ N~""OMe . -
1 * o
.- 48, : w

The structﬁre wag determined by variBus‘spectroscopic
and other téchniques. Since the formation-of bis(methyl-'
%suiphonyl)—3—(2,6—dimethoxypyridyl)—sulphonylmeth&ﬁe,ﬁﬁ,

was a novel reaction, a thorough characterization was

4

a ¢ , 0
‘required/ Infra-red spectroscopy indicated the presence
of a sulphone group or groups (1340cm~l and 1155¢cm—1)

and the presence of an aromatic residue. Proton nmr

A}

sugggstqd the presence-of two équivalent methylsulphonyl

L3 ]

groups, two different methpxyl groups, a methine proton

L

and two aromatic protons which exhibited an AB pattern.
-t

. ’/ I'e . ‘ ‘
Carbon-13 nmt showed that ere are nine different
carbon atoms present with one resonance being due to two

‘carbon atoms. Sihfce all the aromatic carbowr atoms are

different, the sulphene residue must be in the 3~ *

positionq%f the pyridine ring, a fact confirméd by the

proton and the carbon-13 nmr spectra which both showed
v e

two differénﬂ types of methoxyl group. The mass spectrum

of 48 showed a small peék at m/z-373(6%) which was
% . \

assumed to be due to the molecular ion, a fairly large -

peak due to+loss.of a methylsulphenyl-group at m/z

20 % !
~

s
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49 and 50 are the two plausible part-structures for the

32

e

294(M-79) and the base péak at m/z 202 which was
probably due to the pyridine residue with aq‘attacheé
50, group. A molecular weight determination by proton
nﬁr, using mesitylene as internal standard, gave a
molecular weight of 354120, which indicates that the
product contains three sulphene uniFs. Since sulphene

16-18

oligomerises in a head-to-tail fashion structures

sulphene residue, however, _4_9_ i5 ruled out by the nmr

evidence for two methylsulphonyl*groups.

*s5

~80,CH,SO,CH,SO,CH, —$0,CH(S0,CH,), -

v - b

L

, 49 - 80

Ve - ) S——

]

A CHS elémental‘ analysis was consistent with an
empirical formula of C;3H;5NOgS;. ’ '

All the evidence detailed thus fa.r indicated the
{;iven stru~cture,_4_8,, for the sulphene-2,6-dimethoxy- :
pyridine adduct. This was exam‘ined by X-ray diffraction

i
methods, but the structure céuld not be solved. Thus the

"synthesis of a heavy metal salt of 48 was attempted.

Although ps'gt proved impossible to prepare 'good' crystals
of the rubidium or barium salts, such a crystal of the

potassium salt (51, page 34) was made using a similar ?

N



®

- methodé that employed by Davoy _ej;a,l."’ X-ray
. ~
diffraction was successfully used to determine the ¥

structure of\this salt and a projection of the\structure
is presented in Figure I. It was alse determined that
there is one molecule of ,water per.molecule of 51
presént ¥n the structure; this does néf appear in the
figure. .

The structune‘of 21l is of‘particular interest sincg
it confirms the digficult-to-obtaﬁn but ﬁuch quoted
results of Hoogsteen,7l who found that the ammonium salt

of tris(methylsulphonyl)methane,32, possessed a trigonal

v

* o _SOMe
MQOQS"'"" c\

@ SO

Sn, oOMe :

g . 52

N »
planar C(SO,)3 unit with 5-C-8 bond angles close to
1209, The average C-SO,Me bond length in 51 is 1.718(8)A-
which is a little longer than the’corresponding bond
lengths in 52; however, this yalue is still shorter than
the carbon-sulphﬁn,single bond length in/éimethyl—
sulphone (1.%74(3)& 72y, mhe sdlphur—oxygen bond lengths
in 31 are close to the nérmal single ‘bond length

-

Uu439(14)873g the average being 1.436}5)3.

1

v

[y
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Figure I: Structure of the potassium salt of bis(methyl-

n

al.

‘
X -
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Complete X-ray diffraction data for thé potassium
salt of 31 are given in the Experimenta 1~ section and in
Appendix I of this thesis. .

Since it seemed that the reaction of sulphene with
2,6~dimethoxypyridine was an electrophilic aromatic
substitution, similar reactions were attempted on a
series of aromatic compounqs. The reactions of m-xylene
and aqisole with sulphene did not yield an isolable
amount of product howevgr, proton nmr spectra were run
on very small quantities of product and these indicated
that some reaction had occured. The aromatic region of
the product from m-xylene seemed to indicate the
presence of an ABX system and also two different methyl
groups attached to an aromatic ring: for anisole the
proton nmr indicated an AA'BB' system present in the .
aromatic region and a ratio of 2:1 for methylsulphon&l
to methoxyl protons. It is thus suggested that 53 and 54
are formed respectively, based on the proton nmr evidence

angk the known stryctures of the other aromatic compound-
s hene adducts.

~

@Sﬂzm(sze)z ~SO,CH(SO,Me),
Me ‘ MeO~; )

Me'
}% 53 i 54 .

] a——— w—

by
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The reaction of excess sulphene with 1,3-
dimethoxybenzene was much moré succeséful. A yield of

87% of the 3:1 adduct,55, was realised using similar

S0,CH(SO,Me), -

MeO OMe g

55

+3
conditions to those used in the prepération of 48.

Reaction times were typically twe hours ,and quenching

of the reaction after thirty minutes gave a much reduced

yield. This early quenching also yielded about 3% of a

1:1 adduct with structure 56. The two products were

-

I o

L

readily separable since 56 is sparingly soluble in base

whilst 55 is readily soluble. The 1:1 adduct has been
prepared previouéﬁy by Gilbeqt74 in 50% yield by the
reaction of methanesulphonic anhydride with 1,3~

dimethoxybenzene and the melting point obtaineh in the

b

36
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present study (101-2°9C) ‘cémpares.well with that repprted

L}

(103-5°C). The carbon-13 nmr spectrum:which wa's -
previously.unreported is also consistent with structure

26. Spectra obtained for the -3:1 adduct,55, ére also
v ®e i ¥y

] 8

consistent with the structure given however, in order to
: . -

establish this new reaction of .-sulphene 'firmly, the

, .
structure was also determined by X-ray diffraction. This
" n <

study was completed without having to resort to a salt
as for the 2;648ime§hoxypyridine ;déucﬁ. Figure II ,-

. \
presents a grojectiog of the.structure obtained for the

+

unit cell and all the X-ray diffraction data are’

recorded- in the Experi%en%al segtion*and in Appendix II

»

" of this fﬁksi§; .k
Attempté to obtain>proqucts;frgm the reaction of
sulphene with bromobenzene, thoibbehzené, nﬁphthaiene
and 2,6-dimethylp§ridine~ailnfailed, The result for zhe,

2;6-1lutidine is in concordaﬁcg with the results of

Gr:osservt.z0 ’ %, B

From the ease of reaction between sulphene and the

Sy

aromatic subsStrates so far reported, and the‘écbepted

o

order of substituent activation in electrophilic ° .

o

aromatic substitution, an order of reactivity can be

¢ - / 2 u
obtained (see below). At first sight 2,6-
dimethoxypyridine seems to be too reactive since it is

well known that pyridine rings‘are highly Qaactivated“

, towards electrophilic aromatic substitution and that~

-

®

~3
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Figure II: Structure of bis(methylsulphonyl)=4=(1,3-di-
methoxyphenyl) sulphonylmethane, 35. '
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anisole is highly acégbated. Fof example, pyridine is
10712 times as reactive as benzene for nitration with
nitric acid whilst anigole is 10° times more reactive
than benzene.’5,76 This much deéreased reactivit§ for
py;§dines is dye to complexation of the electrophilic.

species pgesent in solution with the nitrogen atom in

the ring forming a species with structure 37. With

¢

electrophiles larger than a piggon it seems reasonable
to asgume that 2- ;nq 6-substituted pyridines would tend
to complex electrophilés less than other p&ridine rings
due to steric hindrance and hence the deactivation due
to the quazernized”nitrogéh cation would be less likely.
Althoughjsuch an effgct is rarely obsetved fqr'é singlef
substituent, 2,6~disubstituted pyridines are known to be

much less able to coordinate electrophile§.77'78 This

effect has been referred to by some workers as the

“tortho éffect’.78s79,80,81 ,

»
.

a ‘&
,
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In .the case of 2&6—dimethoxypyridiﬁe ﬁhe
combination of two mgﬁ;—substltuted methoxyl grqus
which are hlghly'activatlng and the concomltant 2,6~
disubstitution of the pyrldlne ring by théé@ two groups X N\
effectlve;y enhances the reactivity of the ring towards 2
elébtrophilic aromatic substitution.coﬁfared with
benzene, and even anisole. However, the ring would be

expected Fo be somewhat less actfvatéd than 1,3- |
dimethoxybenzgne due to the electron-withdrawing
nitrogen. The isolation of the 1:1 adduct 5§,fromithis-
reaction and the fact that no 2:1 adduct has been formed ’
suggests that the initial reaction of the aromatic T
suSstrate is with monpﬁeric sulphene or su}phene
compleked.withythe.amine. ’

A suggested mechanism for the formation ofiﬁi and 55
is presented in Scheme §, which could also apply to the "
,Jformation of 48 with a different aromatic substrate.

The reaction of 1,3-dimethoxybenzené with a sulphene
monomer, eiéher complexed witﬁ triethylamine or not,
produces a l:1 adduct (step a) which on protonatioﬂ |
would give 56. The 1:1 adduct may--react further with %
monomeric sulphene to form a 2:1 addyct (step b) which
would ;apidly equilibrate to give the more stable
carbanion shown.' This adduct may also be formed by the $
«irect’ reaction of dimeric sulphene with the aromatic /

¢

¥
substrate (step c). Further reaction with monomeric /

\ AN !

‘ /
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)
sulphene (step d) would then give 55 on work-up.
Grossert and Bharadwaj18 has shown that with no
‘nucleophilesaddedsulphene is involved in a series of-

“ < equilibria. With: the addition of a relatively weak

nucleophile, such as 1,3-dimethoxybenzene, the reactions

-

are more complex as is shown in.the scheme. -
-» 4 - v

In the reaction carried out over two hours where the
", 3:1 adduct,was isolated, .all of the initially formed 1:1

adduct is obviouély consumed. With a short reaction time

\

some of this adduct remaing and is protonated on work—

-”

* up. It should be noted that initial attack by a sulphene

species on 1 3-d1methoxybenzene will give a non-aromatlc
1nterme61ate, this has not been g%ywn in the scheme |,
. ' % ’

51nce rearomatlsatb§n would 'be a facile reaction and
¥

%

would be assisted by any of the several bases present i

. 4

8

solution. , - ‘~,
fl [ ] .

mmmmmamwmmmmm

“
e
v

: ‘ One of the most actlvatlng substituents for‘ .
. electrophlllc aromatlc substltutlon 1s the dlmethylamlno

s group. Beld and Ramsden 82 and‘Robertson et al1.83 nave

PV

shown 'that N,N—dimethylaniline is 5 x 1018 times more
A\l T

*+
.

reactive than benzene towards halogenation reactions.

L)
AY

Such a difference in rates: implies diffusion control for
.- . most reactjons. Four arqﬁatic compounds with this
-~ ¢ . q° Y
) (
substituent were readily available for the present °

study, these were N,N-dimethylaniline, EpN—dimethyl—;:

-
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naphthylamme, N,N-c‘hmeth?l-—m—tolmdme and N,N—dlmethyl-

p-toluidine. On reactron with sulphene the major

“

products (>80% yleld) were found to be 2:1 adducts
_5_&, 29 and 60 for the first three amines reqpeétively )

whilst the last amine ‘did not form an isolab1e~pr\oduct.\ -

»
3 Y . “

. -
e

NMe, ‘ Iﬂmez ’
» - Me,
. SO, = ?02 S
- (ISHZ!Wg CH,Ms ’
) - . .o v, \
58 . B9 ' 60
: » - | )
B " |

There was ;Little‘ conclusive evidence for the formation
of a 1t1 adduct and a 3:1 adduct has never been
ob?servéd'. Proton nmr readily indicated the‘sti:uctures of
28 and 59 since/ the fox‘:mevr exhibits an AA'BB' pattern
whilst the Iatter shows an AB pattern as part of its'

. ] N
aromatic region. Proton resonances are also present for

+

the .rest of the structure and other gpectral téchnnfqges

L)

were used to confirm these structures. A CHNS analysis
of 58 was obtained and this was consistent with an

empi‘rical formula of CjgH;5NO4Sy as estpec_ted. g

[y
A

The structure of methylsulphonyl-4-(N,N,3~ ﬂ
. : A
trimethylanilino)sulphonylmethane,60, was more diffictult

. » ' «:‘\

»
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to establish as the'structures of the three substituents

f
\

were readily apparent but the substitution pattern was
' not. From a knowledge of the directive effects of the

o .,
dimethylamino and methyl groups it, can be assumed that

-

. C . .
there are only three possible structures for the
product, 11;{,51,.52 and 63 where R ¥ CH9SO,CH3.,Since
4 S i

. ¥ . .

7 ¢ B

Me NMe,

v '\‘
A I
\Nk%’ ) ‘Me |

: SO.R " .SO,R

both initial substituents are ortho and para directing,
substitution in the 5-position seems highly unlikely.

Structure 61 does not fit the coupling observed in the

[

aromatic région of the proton nmr spectrum ‘and no

Al -

product with the dimethylamino group ortho to the

sulphene residue has been isolated. Simu;ateé proton nmr
- o .
spectra of 62 and 63 were similar to one anog(h,ér and to

.

the actual spectrum obtained., Carbon-13 nmr shifts for

.
L]

the aromatic carbon atoms in each of the two structures

’

were calculated usiﬁg available data84'85'86 and the

° results are shown in Figure III. Structure 63 fits the

observed data much better than «£©2 and 63 is the expected .

+
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Figure III: Calculated carbon=13 chemical shifts for 62
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. withdrawing group exhibit very intense absorption at

isomer since steric hindrance wogld be much greater with the
dimethylamino and sulphene residues gortho to one

énother. Furthermore, no useful product was obtained

from N,N-dimethyl-p—toluidine and sulphene, which

suggests that reaction ,o_x_thg_ to the MeZN group is not
poss1ble. The uv spectrum of 63 is very 51m11ar to that .

of the N,N-dlmethylanlrxne adductkiﬁ and this adds
weight in‘favour'of structuré 63 over 62. If the

A -

dlmethylamlno and sulphene residues were ortho a shift s

td:%horter wavelength of some 65nm wquld be expected. 87 .

The,ultra-violet spectra of the three compounds,i&,

59 and 60 dre interesting since compounds such as these

‘ w@fh ah electfonﬁdonating group para to an electron-

¢
3

reldtively high wavelengths.nIn general, this is due to .
a significant coﬁtripution of a dipolar structure to the
overall structure“of the molecule produced by ‘through
conjugation'.. Such arguments hawe been advanced to

explain rotational energy barrier 8? and dipole
measurements 89 and have been confirmed by X-ray”
diffrgqtiom measu&ements 90,91 which indicate the

expected bond lengths for sgch a ;ystem. For example,

for p-cyano~N,N-dimethylaniline, structure 64 is an

important contributor to the actual structure of the

molecule. Buch structura

N4
important for the substituted molecules with
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LY

el

simllar substituents. . ‘u

It is a matter of continuing discussion as to

-

Q’m‘z 2

' c
.
Vepne

64

*

whether a sulphone group can directly interact by N

v
delocalisation in this way by the use of d-orbitals on

A}

the sulphur atom. However.a sulphga group is powerfully

electron-withdrawing and it is we known that such a
group is able to stabilise an adjacent negative charge
effectively. So sulphones with structures like 58, 592
and 60 should exhibit similar ultra-violet spectra,
perhaps with )‘max shifted slightly to shorter
wavelengths, compared with compounds containing group
such as cyano. This is indeed thé ca'tse and the results
obtained in the present study complement and compare
well with the results of Kumler®? who established any
order of el?ctron—withdrawing apility based on the

observed )‘max values in the-ultra-violet spectra of a

series of substituted N,N-dimethylanilines.

s

-4

4
LY

a



—NO,. —CHO —COCH, —COOH =—SONH, ',

. - >

) ‘
decreasing electron-withdrawing ability

From our results for compounds 58 and 60 we céari place
the sulphene re51d;e between the acid and sulphonamlde
groups. The molar extinction coefficients observed in
the present study (~2x10%) are of similar magnitude to
those obtained by Kumler (1.9-2.9x10%).

All of the diméthylamino-substituted aromatic
compounds produced highly coloured solﬁtions which N
developed as the reaction with sulphene progressed. The
colours were generally‘ggeen although some solutions
looked red-brown. It was thus decided to dnalyéc the
reaction involving N,N-dimethylaniline in detail.

Separation of the reaction products was éarried out
uélng a vacuum—ass1sted chtomatographlc t/é%nique as -~
described in the Experlmental section. Dependlng;15 the
ratio of sulphene to N,N-dimethylaniline five frdctions
were obtained in different amounts. In each separation
a %reen—coloq;ed component was isola;ea in extreme}y low
yield (1%); such residues have often been observed

during electrophilic aromatic susbstitution reactions of

N,N-dimethylaniline and have gsualiy been ,attributed to
93,94,95

+

the formation of crystal violet-type dyes.

Ll

*
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Indeed the coloured residue obtaimed in this study shows
similar proton nmr and ultra-violet spectra to tho§e
pbgained for crystal violet, however, it was not
possible to solve the structures of the compounds in .
this complex mixture. Table II details the isclated -
am%unts of each of the other four fractions obtainea in
the separation. Fraction A was'élways the major product
and is the 2:1 adduct already described with structure’

58, Fra’ion B was always in very low yield and its

-
-

meltirg point agreed with that reported for p-methyl-
sulphony1~-li,N-d:lrée1:l'1ylan;il:lx:xe.f.ﬁ_s_.96 The formation of

" 49

"
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Table II: Results of the study of the reaction of N.N-
i. I] ] I]n .Il ] ] o y

DMA: sulphene
molar ratio

A

yield of fractions

B

C

50

3

T 2:1
1:1
1:2.5
1:6

43
50
72
85

W o U1



" this compound is consistent. with the postulated pathway

for addition of sulphene to aromatic compounds, assshown
in ‘Scheme I. The spectroscopic properties of -fraction

C were-consistent with the sulphonamide,66 and the

L

%

structure was confitmed by a mixed melting point with an
authentic sample, prepa;éﬁ by the reaction of the mono
anion of N-methyXaniline with meEhanesuiphonyl chloride.

., The structure determination of fraction D was much .

_more complex. The proton nmr of this fraction indicated & .

.

two different types of dimethylamino group and a . ¥
methyléulphonyl group in the ratio of 2:2:1. The only °
other protons were in a complex aromatic multiplet, ¥

(ratio of aromatic to aliphatic protons ga 1:2). The

-

mass Spectrum required that the molecule contains two ~ °

e

dimethylaniline rings. The infra-red spectrum indicgted
both aliphatic and aromatic C-H groups: the usual ‘strong
bands for a sulphone and a band at 1605 em~ L due to

aromatic C-C stretching. The carbon-13 nmr spectrum also

indicated the presence of two different dimethylamino

"groups and two aromatic resonances, each being due



d \

~ v %

. ‘52
to two carbon atoms. A closer inspection of the aromatic
region of the proton nmr spectrum of fractioan at 360
MHz revealed that there‘gie two distinct systems: a "

AA'BB' pattern and a ABX pattern. This part spectrum is

given as Figure IV. The CHNS analysis was consistent

1

with an. mﬁirical formula of Cj7HHoN909S.

From the foregoinyg information, and chemigal intuition

4

there are o structures which reasonably éxplain these

data, v&zs 67 and 68. SihulXated spectra for the ABX part
¢
; NMe,
) NMe,
| MeO,S
67 68

of the spectrum of these two strudtures were obtained

usih; standard coupling constants and chemical shift
d%Qa.84'85'85 Although the positién of the lines aré met ")
precisely geproduced; the split;ing patterns are
coqs%j&ent only with biphenyl 68. g

~

The carbon~13 nm;’spectrum of this compound glso
. o T
indicates that 68 is the structure of the biphenyl.

e
Calculations of the carbon-13 chemical shifts fpr the

. N N
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Figure IV: Thgmmai;mx.egm'mgf:hgp.mt.on nmr
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tri-subst;tuted rihgs in structureé 67 and 68 vere’
carried out using standard chemical shift data84,85,86 °
and these are presented in Figure V. Since the data for
the p-dimethylaminophenyl substitueﬂt are not’available, -
da;glfor phen¥1 were used insteﬁd. The observid chemical
shifts of the biphenyl product in the aromatic regipn
are 112.67' (d,2C); 123.84 (d); 126.74 (d); 127.1 (s);
127.58 (d4,2C); 131.70 (d); £36.98 (s); 138.51 (s);
150;29 (s) and 151.50 (s). &f these the resonan’ce.s at
112.67, 127.58 and one of each of the pairs 150.29 and
151.50 and 136.98 and 138.51 are typical of a para

' subgtituted compound with dimethylamino and aromatip
sdbstitueﬁés. Thus the resonances left are:

123.84 '

126.74 .

127.10 (s) N

’ 131.70 7
136.98 or 138.51 (s)
. . 150.29 or 151.50 (s)

‘At‘first glaﬁcg neither structure 67 nor 68 fits these
data. In 68 however, there is a large group ortho to the
dimethylamino group which will tend- to*twist it out of
coplanarity with:the attaébed phenyl ring. The effects
of such twis%ing will reduce the importance of canonical
fogms like 64 to the overall structure and may have a

profound effect on the electron density especially on

I

’ -
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Figure V: Calcunlated carbon-13 chemical shifts for model

r

cvompounds to simulate 67 and 68. - S
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. v,
the carbon at?ms attached directly to the nitrogen atom
and thgse ortho .and para £o this group. Sﬁch\electron '
density change;“Will affect the carbon-13 chmacal
shifts and will tend to increase the calcu}atedavalues
in Figure V as indicqged with (1) and decrease other

values likewise (! ). These changes would make the

o

calculated data for 68 fit the observed data more ,

closely whilst no such £fit can be obtained with 67.

-

The ultra-violet spectrum of compouﬁd 68 is of some

& !

1nterest since, as has been mentioned above, there is the
p0551b111ty of a sterically 1nduced twist of the phenyl

rings relative to one another in addition to the

y

twisting of the dimethylamino group in the 2-position.

"Both of these kinds of steric effects have been stuadied

using ultra-violet spectrophotometry®’ and one or both
must surely occur in 'this compound. -
Lo ‘

Biphenyl itself exhgbits a A of 246nm and

max

dimethylamino and alkylsulpﬁonyl groups para to one

‘another have a'combined shift of 90nm to longer

-
1 &)

-

wavelength (data from this study) whilst an extra
dimethylamino group will have a shift of 20nm to longer

wavelength.87 Thus the expected \ for 68 is:'356nm

max

whilst the observed A

max 15 308nm i.e. a shift to

* ’

shorter wavelength is observed. In order for dipolar-
i

like structurgé, such as that shown in structuré 64, to

\
be important contributors to the overall:; structure of



. moiety must be nearly\coplanan with' the arom

! [T 4
& a Bog »

. “ T Such coplanerlty is however, prevented by the steric-
N i
' . effect'of a. large ortho group, the other b zene ring in
' "'v.'a $~§
his- case. a2 ", . N N

aw . a »

¥ »

‘“Thlevtw1st1ng%w1ll ‘tend to red%:e\the conjugatlon of

Q - “-E

nltrpgen lone® pa1r with the ring and will thus

-

. lengthen the C-§ bond and alter the electron density

N s o
a f
Q o o
- »
. - L]
. . . 2
v, "
v

. within the dlmethylamino group: The electron density

’ o\\ T w111 be increased about the nltrogen atom and by the

LI S

‘alternation effect! decreased around the two carbon

’

atoms, and iheneased around the six protons. The

ancteased electron density around the protons is also

«~

; evrdent'in the abnormal position (upfield shift) of one
. & ! ‘
K?\ of the dimethylami#no groups in the proton nmr spectrum

. © 7 T (at 2.80ppm'cf. 3.05ppm.in compounds 58 and 60). The
deéreased electron density around the carbon atoms
explains the downfield shift of oue of the'dimettylamino
groups—in the carbon-13 nmr spectrum (at 42.6ppm cf. ca.

40ppm in 58 and 60).

]

The above discussion thus proves that the structure

of the produceq biphenyl is €8, a structure contalnlng \

®

a relatively rare substitdtion pattern.
: _BAs can be ;een from the deteils above, no 3:1
adducts were formed-on reaction of-sulphene with T

- aromati¢ compounds conta&ning dimethylamino " -

. -
* & - (
<
* 4
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substituent$. Thus Scheme I does not fully explain the
re kon ééquence involved. In this case there must be

another reaction pathway with comparable energexlcs by

M
¢

which sulp@ene can be consumed. One pgssibility for such

L

a pathway is that the nitrogen atom in these aromatic

compounds can céordi?ate electrophiles. Such

-

coordinatioh is well known for N,N-dimethylaniline in

e * \ .

. otherisfstems 'and has been invoked to explain the
drastic reductien in reaction rates for some

N N ”
- + electrophilic gubstitution reﬁgtidns.gs The isolation of

N-methy1~N-methyl$u1phogylah114nen§§.f"%aken as "o
‘evidence 1n support of Ehls complexatlon of sulpheng by\

«the nitrogen atom and 31mllék products have been-

v

reported from seVeral }nvestlggtlons of the reaction 'of

e ¢

. N,N—dimethylaniline«wfih aromatic sulphdqylfc@}orides.gg
. T

Both. electrophilic aromatic’ substitution and’ »

-

complexation by the nltrogen of sulphene w111 lead to

-
A

formql carbanlons, &9 and Zn,reSPectively Wthh ‘can both

Y
“ .

- NMez A ’ ' *
'} L3
. - n
I
" 4 M " '
T
L) 3 . - X * ; -
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~ » A b
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coordinate more sulphene units. Unless N-demethylation
of‘lh occurs to form 66, the sulphene units coordifated

to tﬁe'nitrogen atom wg}l be hydrolysed off on work-up

. \

of the reaction mixture. -~

A suggested mechanism for the formafion of 58, 65

£

and 66 is presented in Scheme II. Species such as 69 and

group would not be exgected to coordinate sulphene at .

-

the nitrogen atom §inc ‘the electron density at this
atom is Significantly reduced by ‘through conjugation’
1

as described earlier. Species may be formed either by

step-wise addition of two“sulphgne units or by reaction

*+ with a dimeric sulphene speciés in one step. No 3:1°

»

adduct has ever beep 1solated for such compounds and so

11,does not react further with sulphene. The other

%erbanlons and other nucleoph11e§ present in the
b

Y
%

reaction mixture husﬁ be’ more reactive than this species
N »
and hence only a 2:1-adduct 1s.€crmed. « -

8
The reaction mlxture in' these reactions must contain

-

a complex serles of equ111br1awa11“cpmpet1ng with

’ -
_each other. The formation of the biphenyl 68%-is T
RN 4 [ M }

.’. \.n i -
discusged in detail in a subseguent section. -
> . L] ‘ ’
1 »“

The/f;actions of sulphene with pyrrole and N-

.

&
1

a

i , .
methylpyrrole were also attempted. With pyrrole itielf,

f
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.

the result was a reddish-brown tarfy mass whilst N-

methylpyrrole gave a 2:1 adduct,72. Pyrroles are highly

&

- @socum |
. N e

Me

2 . |
\ .
activated towards electrophilic aromatic substitution

dnd the reaction with sulphene was not surprising.

Pyrroie is very prone to polymerisation under conditions
where electrophiles are present.100

, For pyrroles, 2-suﬁstitution is generally the
preferred mode of-reaction and this can be explainéd
dJalitatively by the fact that there are three possible
resonance forms for the intermediate formed by 2-
substitution\%gmpaxed ;ith only two on 3lsubstitution.

L

‘Nejther a 1:1 or a 3:1 adduct. were isolated in this

e

r!ﬁcﬁion which is perh;ps surprising. Obviously the anion

73 does not react further with sulphene; perhaps this
‘ N

@SO:%HIMS = C—)( )

i . ‘ . v e Eﬁ?/ﬁnaz

»

- 3 'Y



o
dipolar species is stabilised by the formation gf a
rather tight ion-pair and equilibration to 74 would form
an ion-pair which is also a six-member;d ring. Such
species are generally favourable and work-up of thisv
SN

equilibrium mixture would produce the product 72.
" An alternative route to the biphenyl derivative 68 and
imil . . R ‘ . )
' Since p-*met}:x:ylsu lphonyl-N,N-dimethylaniline,65, had
been prepared én low yield as described above, its
\ synthesis by an alternative route was attempted. Dondoni
and Tadisco?0 had previously prepared the compound by a
circuituous route, alsolln 1ow yleld. It therefore was
attractive to attgmpt a new simple synthesis using a
Fr;edel-Crafts t§pe.reaction. Vriesenl0l angd Truce and
Vriesenl®2 have reported the sulphonylation of aroﬁatig
compounds using methanesuiphonyl chloride and a
Friedel biéx:s q'talyst. These workers found that the
introduction of a methylsulphonyl group info an aromatic
.ring was on%y suqussful for benzene OF other aromatic
compounds of similar reactivity such a% toluene and -
chlorobenzene. Resulﬁs Eor the more.re%cfive'aroﬁatic
compounds were not feported save for anﬁsole which gave
‘Ehg sulphonate. Many reports in the early 1900's -
concerned the'reéctioh of N,N-dimethylani}ine wi;h
arbma;ic sulphonyl chlorides to.form colourful dyes‘and

Gebauer-Fiulnegg and Schwarz?g have shown that depending

t
.

4

62
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e 63

on the reaction conditions, reaction of N,N-
dimethylaniline with tosyl chloride gives both

T
substitution,15, and N-demethylation,Z§.
t L]

e ! .

MeNC H, pMe

.
~
.
s

Py
-

Iy
.
i} .
bn -
i

The fact that 75 could be prepared in a reasonable

.Yield gave hope that 65 could be synthesised in a

- similar fashion by the reaction of'methanesulphonyl )

chloride with N,N-dimethylaniline. The synthesis was

T

.unsuccessful when aluminium trichloride was used as a

- catalyst. However, if antimony pentachloride was used, a

]

M) - ! h
deep-red coloured reaction mlxt}{re was formed and )

although 65 was not formed, a 21% j}ield of 68 was )
P

reali§ed. This yield could be in'creased to 41% by use of
an excess of the catalysta. Compound _6_8,‘was identified as
such/since’ it showed\ident}ical spectral préperties to !
the product-} oblc,ained previon::sllf and a mixed melting

[
’
. < -

SO, ¢ ¢
Me .

$

=\



* 64
point with the authentic sample was undepressed. It thus
seems likely that 68 was forﬁed in the sulphene reaction
by direct attack of the aromatic compound on
methﬁnesulphonyl chloride and that sulphene is not an®
intermediate in this process since no dimeric sulphene
residue on a biphézé;/ﬁas isolated., Further support for

this point is that™the yie'ld of 68 was much reduced

(<1%) if the methanesulphonyl chloride was added-t;ﬁa
mixture of triethylamine and N,N-dimethylaniline to form
sulphene. A poésible mechanism for the formation of<§§

is given in Scheme III. In orger for such a scheme to
work several conditions must be met. The electrophile

(X) must interact withﬁboth the methanesulphonyl -chloride
and the dimethylamino group to form complexes of

o

reasonable stability. .It must also have a relatively low
* reduction pot;ntial; i.e. it should be able to accept|a
pair of electrons readily. Of course, two different
species may be present each filling one of these roles.
Antimony pentachioride meets both of these conditions,
it is known to be a good Friedel-Crafts catalyst103 and
it is- able to accept electroﬁs by reduction of antimony
(V) to antimony (I11). When either antimony trichloride
or aluminium trichloride were used as cat s no
reaction occurred. Although both have been u§%d as

~

Friedel~-Crafts catalysts,103 neither is easily‘reduced.

Formation of 68 s ¥via a complex series of &

®

' '
»
4
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antimony pentachloride. I

-

¢ -

.

® -

Sy

not posmble in the present' work.

The formatlon of the baphenyl _6_8_ constltutes

2z

[ 4

It

"'17.

the formation of

B

\

enyls by s.:unllarA propesses. Such reaqtlons wo

% f

AR

¥

. v

-

are ually long ’ and result ;.n 1ow y;elds. The- rea.ctlen.

of N N—dlmethylanllme w1th antlmony pentachlorlde 1n ‘"

o

the presﬁnce of methyl 1od1de, sulphuryl chlorlde, SN

n‘

brom:me and‘ acei;yl chlor.lde ylelded no 1solable" :'W.

..\‘ "

products. The reactlon of N,N-dlmethylanl,lmg‘ w1th .

-
-

antlmony pentachlor:de with no added electrophlles

E §

.v

séparation was' not

' yzeldea a cofuplex m

Jﬁture oj:‘ ,product.s. Chromatograpplc

.

a&together successful althpugh a .,

¥ .

i

* v 1

g R . ; "
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yellow, oily solid with structure 17 wag isolated. Tgis

®

]
~

NMe, ‘

te

S/

structure was confirmed by its proton nmr and mass

3

4 -~

spectra only since i%s yield was very low. The aromatic

region of the 360 MHz proton nmr spectrum of 2,4'-

bls(dlmebhylammo)blphenyl,ll, is presented in Eigure VI
. and this 1s cons;.stent with avKéCD pattern and a AA'BB'
pattern’ ovexlapping, as expected for this structure.
Although 4 4'-b1s(dlmethylamlno)biphenyl was not

»
- 1solated it was presumably formed also.

.

~

- Other products formed in the reaction were fsolated

1-‘ et
™~ 5

"

irru“very 1ow yields and these were--tgntat»lvely 1dent1f1ed
,a

. M

. ‘254,\272, 274, 306 - and 308 Daltons‘were assigrfed, to

* W 'I

structures 1&-—_8;2 ;:espe?vely <and are shown in. Flgure !

%

>

« VII; thelr 1‘sot0pe peaks were cons\lstent. mth the e .

s
» v W

“’“structures withln exger,;mental error (n.h'. some of t-hese .

' gt

r0verlappeﬂ). 2,4'—Bis(dlmethylam1no‘$ *S-methayl- , )
SR R -
’ . T Y i - et . ty
\ - ey « '\ o . ! s »
f rl - ’ b R ~ . . 0 .
’ ¥ % . B ’b * \U‘ i e v
® % [
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< using a mass spectrum of the\ crude mifture. The peaks ét )
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methylbiphenyl,78, was likeyy'formed by reaction 6f.N,N~ e
dimethylaniline with methyl chloride formed by a N-

demethylation reaction such as depicted in Scheme FI. \
N \

~

Compound 78 was also prepared as part of a qomplei(

pet

impure mixture from the reaction of N,N—dimethylaﬁilige‘.
and N,N~dimethylfp-t61gidiné with antimony bentachloride ¢

(evidence from mass. spectrum). Since antimony
pentachloride is also a fairly powerful chlorinating
agent, and has been used for manynyears“as such,103 B Y -
several of the. products contained chlo§ine; §hese atoms
are located solely on the basis of the ékpecged
directing powers of the dimethylaﬁigp éroup. Coppqugds
29 and 8] are tricyclic.and are pr‘oba‘b]:y formed via the

" 'coupling of radicals. . . o {

Reaction of 1,3—¢iﬁethoxybenzgne ;ith ;ntimuny . .

pentqchléiide produced no biphenyl products. The éimple

dichlorinated compound 83 was produced in 55% 9%&16‘ The

i .
- - L)
. OMe ~ .
o
Cl . .
A - o
v " ¢
4
"
-
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- e ' ’ 4
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»
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- PO
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reaction mixture was again highly colouxed suggesting ‘.

v . » . , . * . ﬁ Y
. the existence of radical ions but no coupling ptoducts -
g Lt »
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_were observed in the mass sgeetrum indlcatlng that such

1, .

species are ‘not 1mportant»1n this case. Compound 83 had

4
L T

been prepafed prev1ously,106 the meltmng point and
spectral data obtalned in the present study agree well T
w1th the reported data and that expected. The fact that
biphenyls were produced in the reaction imvolving

dimethylamino substltuted aromatic compounds 1s

L4

undoubtedly due to the great activation of_this group., ’

\
A . Foon i
. o Y

L 5 .
»Bsammsnisuhs_tmmsnlﬁhsnss b . :

. A study oﬁ the llterature indicates that substltuted

- e ) «
e

- 5ulphenes haveebeen llttle studiedﬁin comparison w1th

B sulphene itself (see for example the rev1ews of Kingl4 ,
. and Opitzzz).-Of these substituted species | ’ X
. methylsulphene and pheﬁylsulphene have been the most

R

studied probably beaause the correspondlng sulphonyl ~ 1

chlqudes are relatively cheap and,ea811y obtalnable.
o L] i ‘“‘ * At
" * However, both have problems associated with their

\
¥ 1

A} ¢

. chemistry.‘ . ’ ” . ’

£

. Phenylsulphene has a propen51ty to decompose to form

;zang—stllbene by 1oss of sulphur ledee although Hamid

"

and. Trlppett1°7 have shown that 1/;undetgoés o *

cycloaddltlon reactlons w1th enamines and ynamines. On .«

A b
. b

the ,0ther hand methylsulphene reactlons generallyhoccuru

[

in {ower yleld than do equuf”leht neactions u*saing» "
[ B ’}' » 1

P sulphemé.JForxeXample Opltz et al. hdve shown that the

. Yo’ . ", . & - N
» Ps ’ > . . 4 ° 1 " 4

-
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: as suggestedtby'glng.and Hardxnglll mugt be a mudh more

L

1
LS

: cycloadditlon reactions of metqgﬁﬁylphene with

enamines108 angd ketene—N,N-acetals109 proceed in yields
of less than 10% whilst sulphene reaefg—ao“glve products

1]
* ¢
N

in 70% and 50% yields tespectlvely. -
In the. present study -the reactlons of aromatic

L

compounds activated towards electrophileswand
methyléulphene'and phenylsulphene were investigated' and

the results indicate similar problems to those outlined

>
r ¢
)

above. '
+ . S

FORY
i
[
v

. Attempts to obtain electrophlllc aromatic
substltutlon products from phenylsulphene with both N,N-

dlmethylangline and 1,3-dimethoxybenzene both failed

»
- *

48 »eVen though a varlety of reaé¢tion conditions
’,"‘\ ) - )
) .~

(temperature and solvent) were used. In all reactions

-

the aromatic compound -was recovered nearly

) quantitatively and‘L;anﬁ—stilbene was the only product.
King’ and Durst!10-have shown that decreasing the

polarity of:tﬁe=SOIVent decreases the formation of the

trans-stilbene however this had no observable effect in
# o

-
.
.
«

the present, study. .

~

It is- concluded from‘these results tha} dlmerlsatlon

~

Lo
of phenylsulphene formlng the eplsulphone fgllowed by a
RamberghBacklund-type reaction’ to:form txana-Stmlbene,»

L

.
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favourable route than electrophilic aromatic

. substitution. - | L o '
3 ot R A
' The reactlon of methylsulphene, formed from the -
7 ‘D 3
S . reactlon of ethanesulphonyl chlorlde, with 1 37‘ik < N
° 14
, dlmethoxybenZene ptoduced ethanesulphonlc acid as the X
P Y . .
. . X ', major p;oduct af;er work-up of the reaction; no adducts ,
I‘ . > . b .' ] .
arising from electrophilic aromatic substitution were. - Lo
"\ - - s
> 3
. isolatéd. With the more activated N,N-dimethylaniline,
< can ana1y515 of the dlchloromethane~solub1e products
‘.t , . 1ndlcated‘that less than 5% ef these contained a Q&f&; . «
’ B . N C * . ] * .
. “substituted aromatic ring although there were . .
. spggestiogefef such substitution. The'major organically )
) * + ) . ‘h . . . _ ) P , N
///~ . soluble product is 84. . - ., . .-
£ . . . : r - /' S . - 4
¢ > ) P, ag A n [ *
[ 7 . ° o i .
. . . »N\\\\w_ ) ‘
- , . '\'—"qu ‘ " 3 ‘e
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. - N ~ 1 Lo “‘, ; . * . ! L
T e LY As has been discussed above,'sgzh a product is likely = . - -
. 'formed by coordination of the alkyl ulphene followed by , . . .
” 4+ v :
‘ nucleéphlllc attack éausingtN—demethylatlon. Thls . . ‘
W > 1 ": ! s’ Y “ )
o7 T prodggf was only obEalned in 9% yield.~t cor A S
v y . ) : R
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- + Various conditions .were used in order to coax

. methylsulphene inio an electrophilic aromatic . .

." . substitution’ react'ion but these all failed. King-and-

"
-

Hardlnglll have’ shown that thb.use of trimethylamine as-

.
’
v
)

. ' ' “the base in-the foxmatlon of methylsulphene o, _
A . L significantiy increaseé~¢he_yield of ﬁ-sultones in
‘ o , reactions with electrophilic ga}bonyl compounds, d
. however, the use éf t}ihethylﬁmine had no such effect
' . .

here.- .

0y ~ s

It 1s als;jterestlng tonote that no dimeric

e o Aot oo o PSS 4

species of type ls_are apparently farned in the reaction

¢ . . .
CTe 4 g ﬁE{ § "y
- ) Hk!:FEﬂ?ZIEﬂJ' 3 ' 5 i
T . : Me . 3
(] \ . N .
) on ¢ ' - LR ., -
' L} . : & ’ . ” ) o,
N Y v . \ .-, .
% v . R , ggi . . . .
, S ) : #
. ’ ) b4 L ]
L ; ° < . .
a
cee 81nce they would produce readily 1dent1f1ab1e sulphonlé
S acids on work-up of the reaction.18 19 ' f ‘.
© ' ] ‘ rd ! :' * v
Y Since.&d methyl group is electron donatlngqthls will °
) ,uﬂt f; o N l'\v‘:f ! : .
é‘! y /1 AR tﬁnd "t6 stablfgse a sp201es which’ is overall,electron
I3 o [ 1(

) ‘? S }f& ﬂﬁmM ieflclent such” as sulphene.‘Howeverh ‘this electron -
' P A '
- S donatmon WOuld arso tend to destabllise the negatlve .
. ey i ! *, .
T charge in the lnkely intermediate,&ﬁ for elqptrophillc S

a s . R aroﬁatlc substatutlon. These two‘effgcts would both'

\ % s
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. serve to increase the activatioﬁ{energy for such a

- \

75

Pedction and here this is sufficient to direct tlie gsth ‘

\

. of the reaction to the N-demethylation process. Of

. course, steric effects are likely also to inhibit

L]

reaction. .

) -

\ 4+

Reactions of azasulphenes . -

. . Ingthis study the reactlons of a few azasulphenes

with N,N—dlmethylaniline, 1,3-dimethoxybenzene and
. |
anisole have been investigated‘ Azasulphenes were .

usually éenerated ;n,sltu under dry conditdons by the

reaction of a sulphamoyl shlorlde with triethylamine in'

- +

an inert solvent such as benzene or tetrahydrofuran at .
100 to 20°C. Acetonltrlle was not used'as a solvent :

since it is known to form adducts with carboalkoxy- 2 4

T

azasulphenes.38 Reactions attempted at the lower" .,
.1

temperatures used for sulphene reaci;:l.ons (l,g. -30°
{
products which would be in

£0.-200C) yielded no

gccordance with an t1c1pated 1ower react1v1ty,of

'azasulphenes as compared to sulphepe. ! ‘

.

The carboalkoxysulpbambyl chlorides.useﬂ to generate

L
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together With an algbst Quantifative yield of

4r 76

the corresponding azasiulphenes were prepared by the o
careful reaction of chlorosulphony\i isocyanate with the.
relevant hydroxyl-containing compound.36'37 Preparation
of ethylsulphamoyl chloride was attempted, using the ‘

“method of Hansen,”‘2 by the reaction of ethylamine

¢

»

hydrochloride with a.large excess of sulphuryl chloride.

This reaction is reported to proceed in 42% yield on
-

-ref'luxin'g for eighteen hours; however, 20% was the best

kY

yield obtamed in the present study, the major product
being N,N'-*diethylsulphmide,ﬂ The method of Kloek and

’

EtNHSO, NHIEt . :

&

- -

Less:hinsky,:"4 although a two-étep preparation, produced . .

ett‘xylsﬁlphamoyl chloride in 71% yield after

distillation, with no sulphamide as side-—produét.'
Anisole gave nojuseful products with either - !

i

eéhyla/%asulphene or carboethoxyazasulphene,88. The

® d / ¥ »

1
.
- .-‘
*
’ L *
1 [ &
) ” &
.o ¢ N - -,

. starting aromatic coinpg'und was recovered giigntitatively

*
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ethylsulphamic acid, the latter being forméd by reaction

'w_ith water on work-up ©of the reaction mixture. :

v /
- .

N,'N-Di;netf)ylaniline reacted with ethylazasulphene to

‘produce 'N,N—éimethyl'—H'-'ethylsulphanilamider.ﬂ.ﬂp in 55%

L4
'

NMe,

© SONHEt - . ‘

.
v 89
4
" ] .
.

- 3
4

yield aftoer‘ recrystal li‘sation from methylene chloride-
petroleum eth'er.. This compound was also prepared
51m11ar1y by Atkins and Burgess47 who realised a 47.4%
yield. The melting point and the :mfra-red and proton
nmr spectra agreed well with those reported save that
the aromatic regién exhibited a AA'BB' pattern typical
of a compound of structure 89 and not g miilltiplet as

reported.47 1,3-Dimethoxybenzene also reacted with

ethylazasulphene, in this'case ,N-ethyl-2,4-

dlmethoxybenzenesulp onamlde.S_Q. was produced in 54%

A

J

i
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OMe

. 90

—

78

‘also included two different methoxyl si?nals at 3.92 and

*,

3.99 ppm. Ehe methy}ene group at 2.18 ppm showed a
broadéned quartet due to coupling with the adjaceqt NH
group, this broadening was removed on shaking with D,0.
The carﬁon-lB nmr spectrﬁm confirmed the structure sf
90; this spectrum also ind@céted two sépa}ate resonances
for the-methoxyl éroups:

- As was indicated above, Atkins and Burgess47 hayq
brieffy mentioned the reaction of- N,N-dimethylaniline
with ethylazasulphene. Thé last paragraph, of the
discussion in their paper simply indicates'that a
‘reaction takes place without an§ comment on its
significénce. Unfo;tunately anisole does not react with
ethylazasulphene and so it seems that on}y very highly
activated aromatic compounds can be expected to react

2

with this potent electrophile.
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Reactions of carboalkoxyazasulphene
(ﬁhN—Dimethylaniline reacted with carboethoxy-
azasulphene,88, to produce N,N-dimethyl-N'- .
carboethoxysulphanilamide,91, in 61% yield (Atkins and
: S |
14 ,’/
<
" ‘4*~ \p
, * &

a

) ’

Burgess4% repgfted 36%). The melting peint and the

infra-red and proton nmr spectra obtained in the present

a »

- study compare well with those reported except that again

-

"a AA'BB' pattern was clearly evident in the aromatic

'

region of the proton nmr rather than the fépogfed

multiplet. The carbon-13 nmr spectrum was also recorded

r
7

and”confirms the structure’of the product.

© N,N-dimethylsulphanilamide,92, may be prepared in
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‘nearly quantltatlve yleld by the hydroly81s of 9] in
aqueomsf'hcldlc methanol. 1 3-D1methoxybenzene also .

> . -
reacts with carboethoxyazasulphene to produce a

31m11arly substltuted product,93, whlch is readily .

hydrolysed to 2? in quantitative yield. Lo .
. SO,NHCO,Et . SO NH,
OMe , OMe
L] ¥ . i *
' OMe, _ ] OMe |
A . I ¢
93 : 94

N
v

Thus a new synthesis of aromatic sulphonamides~from

highly activated aromatic compounds is presented. éuch

v

spe01es have been prepared in earlier years by other
routes in relétlvely low y1e1dﬁ'113
Carbomethoxyazasulppene and carbophenoxyazasulphene

f
also react with N,N-dimethylaniline and 1,3~ |

dimethoxybehzene in a similar fashion. Carbo-(2,4- 7/

dinitro)phenoxyazasulphene,ii on the other hand yieldﬁ
the sulphonqmidg direcily on work-up, i.e. no separate -

hydrolysis is required. This latter reaction also occurs )

in much lower yield than with the other azasulphenes
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Wthh tends to suggest that S_S“decomposes readlly. ’

~%

. The fact that the electrophlllc aromatic

- . » L3 4
- sulgstitution reaction with azgsulphenes requires a°

L

higher temperature ‘than with sulphenes themselves ’

indicates that the activation-energy for the former ‘

-
1

<3 redctfon is higher than %:hét for the latter. om0 )

*
{

- - -
» -
- . . \ ’
-t ) )

: Beac_tj.nnsofaulphutugxme E ”

- In th15” study the sulphur trioxide complexes with -

»

trlmethylam:me and with pyrldlne which were used, ‘Were

- ° % ’
-

those whlc-h are commerc‘ially available (Aldrich # ”

d 13 58%~9 and S 755-6 respectively), As was discussed in

tl‘ie prevmous chapter‘the pyrldlne complextis the more -

meactlve of the two. Table I shows the yields of the =~ - )

PN U

sulphOnJ.c acld,s 96, 97 and 98 produced in the reaction ’

of ‘anlsole, 1 3—dlmethoxybenzene apd N,N—dlmethylannlme

‘respectively Wlth the sulphur tl’.‘lOdee complexes. It A ' ’

ron
“« wye
f . - & "’ . “
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V
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Table III: :L:.e_lds Qb_taung_d in the aromatic sulphonation

Aromatic

Compound?

<

-Anisole

1,3-dimethoxy-

, benzene

[
X

N,N-dimethyl- S T,

aniline
L 3

Sulphur Trioxide

1

»

'505.NMey

-

F3p§géx:
N

50°

, .0

-

T

O

Reactioh temperature

- - . -

50°

0

80°

trace

1200 *

208 °

F
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96 « 97 - 98 .
L4 t a
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should be noted that ea’c‘h_‘ reaction carried out using &

s
*

. tworfold excess of the sulphur trioxide-complex in a
/,sealed tube for six hours‘at the temperature stated. No

reaction occured at room temperature' for any of the

.
® [ -

aromatic compounds. N :

-

-‘Anisole gives no useful éield of 96 under any of the
* ! c . }

' A\

& A

conﬁi‘tions‘used_here although a trace of such a product

$ o, - , - N .
was [indicated by a possible AA'BB' pattern in.the proton
nmr spectrum of the reactdon wi‘:h the sulphur trioxide-

pyridine complex at 120°C, The reactions of the other

[

two aromatic compounds wit‘h:sulph'ur trioxide have not

Ad -

been reported earlier as far as the author is aware.

1) B »

* Howeverfuneither .0f these compounds give good yigl‘c\is of
their respective sulph?nic acids. All spectral data
obtained for the two products were in agreement with .
,'structures 97 and 98. ' ’ .

L, [rs

From these results it can be inferred that the .

-
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" v
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activation bnerg& for the réaction of the sulphur

tr10x1de-t;1méfhy1am1ne adduct, wh;ch is the reaction
J ..

most relevanﬂbto the sulpheqe and azasulphene reactions, ’

4

is higher than for both of these dther ‘reactions. N

-
. \
- v " . v

'
2 - s o
.

The-wo}k described in this chapter has shown that .
the three spécies considered i.e. sulphenes, -

azasulphenes and sulphur tr10x1de are 51m11ar in, their

-t A
4

oelectrophlllc aromatic substitutidn reactlons. Such
51m11ar1t1es extend to much of the other chenistry of .
these spec1es as shown in Chapter 2. Altheugh ‘such

4 2

‘ 51m11ar1t1es have been allfided to bylgeveral groups of

" workers, for example Williams énd'co-workers,114'115-f
the author is unaware of any prev1ous direct, detgiled

comparison of the~spe01es. IL 1s hoped tQat the present ‘'

-

work makes such a d;rect comparlson and hence puts the
¥ . ]

7

chemistry of these species in a better perspective. Y

o
- - ’
Y

Q

+

\

Sy

°

.

A new method for the 1ntroduct10n of an -802X group

v Ld

- (where X is carbon or nifrogen) into aromati® compounds"
’ *

L]

LIS

activateawto electrophilic substitutioﬁ has been, k
Y & ‘\S
presented and has been shown to, be of some- synthetic

ParY

utility. The preparatipn of aromatic sulphonamides by
the hydrolysis of the carboalkoxyazasulphene products

, ) ' - . ’ }
occurs under rather mild conditions and such products
» .

£116.

are’ used in a wide variety.of application

:g‘ .‘

¥
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Sérendipity has provided a new, albeit low-yield

EY

-

synth951s of-some novel substltuted biphenyls. '

"“

' v . -

)

Snggestlnns for further nnxk | )

L -

>
One-to—ohe adducts*of _sulphente with aromatlc

-

compounds.may possibly be—obtalned by the use of

dtfﬂlrent condltlons to those emplpyed here, for .
o

example, generation qf sulphene in a medium where 1t is

more feactlve has been descr1bed,1;7 erhaps use of thas

- system w111 allow rapid reactlon %of aromatic comppunds ‘

w1th a 51ngle sulphene unit; quenchlng of the reactlon
would thus produce 1‘f adducts. ‘ - .

Another‘lnterestlnq "study ‘would be the invéstigation

"' of, the vleavage of C+50, bonds ih the 2:I and, 3:1 .

7 » s
A »

adductss obtained in the current work in order to -

\ r

1nVestlgate selectlve cleavage reactions. There are

. ,

Ve
‘several methods.fon such cleavage reactfons and these

»eo .

have been described eISewhere.3 ’ : T,

Although Snyder has reported calculatlons of the
strilcture and electron den51ty of sulphene;5,no such °*
data are avallable for azasulphenes whilst the structure. °*
of sulphur tr10x1de is well kndn. quh calculat1ons for

azasulphenes WOuld/he interesti g,andwpotentlally useful

since extensions of,these results may provide more.

inforﬁation aboht the relatiﬁe'reactiVities of the three

. L™ - ‘.
a 1 ) +

" species.with qucleop%lles such as aromatic compunds. :
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INTRODUCTION, - [3-KETOSULRHONES . <L
o ) - R T co o Yy
- ,B—Ketosulphldes, 29_, sulphomdes, 100 and ;'~

K

o &

sulphones,]101, all czontaixr a lethylene group which ig -
. s p\ﬁ\ o . . b N

- rd

v ' - .
» . 8 >
» = -~ R .

. RCOCH,SR’ ~ RCOCHSOR’ ' RCOCH,SOR’ RS

_, doubly actlvated owing to the e1ectron-w1thdraw1ng a0 >

properties of the carbonyl group and the sulphlde, ) ..

o

—

sulphox1de or sulphone moiety re'spectlvely. The

. , eIectronlc effects of these groups s{:ablllse a carbanlon ’ :
/< > .
N4

G formed on the’central carbon atom and this allows " “

- .- | % -
" several rather facmle reactioens, for example alkylatlon S

-
Y ¥

and halogenatlon, to occur in a similar manner t‘o the
typ1ca1 reactlons of 1 3-dlcarbony1 con;pounds'118 The
stabi;,‘lty of the monoarion spec1es(22, 100 and lO.l o N

- L

1ncreases as the sulphur ox1dat10n 1eve1 increasés .

! . .

L4

‘ . whllsr‘)/ﬁlr réactivity 1r\creases in the converse order.

¥

. . ~e

ves ..
las~

‘ The famllty,of the reaction mentioned apove giv
B—ketosulphldes, sulphox:.des and sulphones poten ‘ia
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§ FV/’ synthetic 1ntermediates and this usefq}n 1s ,
- . ~ ) .
. . 1ncreased by several methods that have*been developed L. e 0
v Lay oy »
« ' - . N 4
- . - . for the sa sequent clead%ge of the C-8 bond. .. FE
N \ ’ a Forma Yon of ﬁ-ketosulphldes 1s’usua11y by the ‘ L.
o , B 'sulphen latlon of”ketones using .a dlsulphldé,,sulphenyi °L*. - .
. de., . \ *
“ K - 4
- halide or similar reagent, 120,121 for exdample: .’
... : . . -~ a . - /" "
g ’ ) L » ) ¢ ¢ v ' ’ - ’ ‘(

/ « o+ 7 yeai A ‘B [} 2 ‘;
. RSCH,COR + R'SSR” —=p. RSCH(SR')COR “
N - ~ . - . -
. ‘ v N e N -
T
L) ]

-

-

e “-n € "
. - P

- ¢ v & L4

* &
-

' However, B—ketosulphéx1des and sulphones are normally';

w

- ‘ prepared elther b{é:he ox1datlon of the correSpondlng . .
1

- - ﬂrketOSQ;phide,l 122 or more usually from the s

a ) &' reaction of the anioﬂ of an’ alkylmethylsqlphoxiﬂe or

‘ ; ? sulphone with 'an ester 123,124 tﬁps: e ) . 1 L

2

- -
- 4
4

. - * ]
' ’ ‘ Pl - ~ ° ! ’ -
. " . N
-~ . .
B ‘. . .
~ > ¥ v . .

b -rsod, . ¥ Reomr > BooomsoR ..

‘)r .
l;:l -‘I . R , N hd

¢ ¢ \ [

A ]

ot & v i “ Y - . . ' s
~This reaction” is geherally.only synthetically useful if ) G

. ‘ '
» .-« L I

' N _ the sulphox1de ‘or sulphone is symmetrical and is K

s normally'carrled out with dimethyl sulphoxide or .

" hd ¢ . N

. z" sulphone. B-ketosulphpxides have also been-prepared in -

m',J,
~N ﬂ falrly good yields-(60~-90%) by the reaction of an |, ,

P enolate.aqlon'w;th'an ester of a suilphinic acidl25,126 i .
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* Other methods for thé preparation of these compounds .
. = 7 i d

. Ld .
:

“have been"reviewedelsewhe;ell9 and will not be

\

. discussed further here.

@
e ?

’ ¥ +

3

. The reactions of (-ketosulphides and ' (- ™
. - ketosulphones have not been investigated to the same ‘
'ﬁ depth as for those of ﬁ-ketosulphqﬁides.‘Thié is

E, » probably because ‘ﬁ—ketosulpﬁéxides are of intermediate,

reactivity between the other two species. Most studies

ofsthese species are concerned with the use of the

L Y -
'sulphﬁﬁﬁde, or other\group, as a control element which
% [ -

is reﬁogsd @ﬁring:@ Jater step in the synthesis.

14

ﬁ Copsequently the removal of such a group Qas been- :
. extensively studied and has resulted in two alternative
. routes to such removal: ’

-
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“ PhSOCH(MbX)COR + MeCO' —»p PhSOCHCOR

K
4

Russell g:_a1,127'128 have been particularly active -

)

in the usg of ﬁ:gétpsulphoxiéeé and have produced a

W1de—range of 1,2-dioxygenated compounds by vﬁrmous

workvup“prOCedures as detalled -in.Scheme.IV. v

.7

The thermal ellmlnatlon of RSOZH hég also been used

1nk@rder to.remove the sulphur—contalnlng m01ety, the

*

result of such a reaction belng the 1ntroduct10n of o

t

y

unsaturatlon a,B toa ketone; such species serve asw;7’

major 1ntermedlates for the ciaboratldn of organlc

4 .
-

structures. . R
\ - N " “

A potentially very useful reaction of (- !

ketosulphox1des 1s thelr reactlon with Grlgnard

S

reagents.;l30 ThlS produces' a staoge organometa111c ,

reagent Wthh unéergoes facile reaction w1th _" T
| .

electrophiles such as ketones: ‘ ¢ ‘

v
»® . 4
-

| , ) | c@”’)"‘a
’-

As was’'mentioned above thé alkylation of g- ° :

)

ketosulphoxides ‘is a very facile process, reactions -

usually being carried out in DMF ot 'THF sSolufions or )

-under phase-transfer conditions 131 a major advantage of

L)

this approach is that monoalkylation can readily be

achieved4'123 whilst alkylation of thé more reactive B-
L4

v - N
» .
’ . P

.

+
.
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#  Scheme IV: Preparation of 1,2-dioxygenated compounds after Russell et al.
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119 118°
ketosulphldes and 1 3-—d1ketoxres %evltably results'« ® )
.“in the product:.-bn of a mlxture of mono--and dlsalkylated g o
" ! © . ﬂ,: 'm o ¢
products. . . Y - . by v .
] 4 N . o% 2 .
1 * 2 ’ . “ “ . P -
The best C-S bond cleavage reaction reported for B- : s
-t . ?
ketosulphones is that due to Lamm and Samuelss’onl32 K ‘ .

1nvol~vmg the aleavage of aryla,lkyl and arylary], g~

ketosulphones LY the use’df elec"f:rochemlcal methods. *Hae,\ . ’ (]

overall reac‘t‘lon may be represented By the follow:.;{_t

.»"\" “3 . -~
. vy ! ‘ :
equatlon: < ., M s " &;& .
. - N * b - v . \ 24 _,
i N ' . 3 o . . A
’ : s - ~ . . R
- 1 + L3 L L]
S‘ "
RCOCH ,SO,R’ + Hzo —-> RCOMe + R‘so3 S
. o -7 . : p) L 2T .f‘ Yooy
tdl .' . * -u‘
« N - ~ ld . P . (S . . I
Cleavage with zinc and acetic acid has also beén used * ’
! v + a » 2 - N
succedsfully.123,133, ' N .
> i : teo. A ¥
. Most réactions of pB-ketosulphones so far reported e
v . v . ,o . -~
have used ¢hem as synthetic intermediates, as for the « Py
A o i PO
1]
B-ketosulphoxides. For example Cannon et 31.134 have .-, - J" el
) . . s
uased 102, synthesised from the corresponding ester and~ Boaoeo%
- . - .
¢ S . w, " t
. L
% p 4 - o+ i ;‘ .
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. the ca,rbar{ion of dimethylsulphone, to introduce a 5-

L4

alkyl group, in high yield;‘ in the syntffesis of 5-n-
“ o ‘ N J -

N o ¢
., alkyl resorcinol dimethyl ethers. Alkylation of f-

g ¥

ketosulphones has been carried ‘out by both conventional’

)
methoq‘s123 1135 ana underr phase-transfer condlt10n7/136

< | > ! '
although .the latter is probably preferable. / -

QA partmularly 1nterest1ng react;on of B~ /,
t o

ketosulphones 1s “the reaction of the d~1a'n10n,19_3_ with,
‘, '
1 3—dlpromopmpane to give” elther the substltuted

¢),.

cyclohe;(ane,m or the cycl‘lc enol ether,]._o_s,/ ;dependmg

;

on the reactlon eond1t1ons,. in up to 90% yleAd 137 B
au

Similar reactions have also been investigated .mvdlv:tng

&

5—-l§e.tosulphoxides.'119 . ) . ¥
v ' ' ] .
4 Ph 'th
PhCHcecHs'gh' —3 C. ot
A
‘ ' . B : .. ,105
e - 104, ) =
. -The redljct;ion of' the 3~ketosu1phone moiety has been

‘studied by several groups; “in particular, Crumbie et

al.13% have used-the novelsreagent yeast ip order to

" prepare optically active 6—hydroxyshi§hones in high:

-

~ L4 M . 3

> -

~

.
- - A
*
* L]
b
- S
.

~ L]
% ' o~

~



" studied in some detail.

)

L4 -
- y//rﬂg ] .

yield and optical purity. Other morg conventional

94

methods include the use ,0f sodium borohydride which

127,139

yields (-hydroxysulphone and lithium aluminium

hydride which produces’ the corresponding B- -

ketosulphide.127 .

[

»
’

.
! ?

Sulphenylation of compounds with active methylene groups
Sulphenylation followed by oxidation of 'the sulphur:

atom to the sulphoxide-followed by thé thermal *
v >

elimination of a sulphinic agid is an important,

method for the introduction-of a carbon-carbon double

bond into organic¢ molecules. The reaction has been

L3

-4 “

ngfb are four published sulphenylation routes which

are well established; theseiare discussed below. ’

-

1) with disulphides.

Trost has reviewed this area in some deta:1140 ang
50 ;ittie will be said here. The reaction involving
disulphides gives a mixture of mono and Bissﬁlphenylated‘
products, if-both’are ééss%ble. The amoﬁh 5 &f each
formed is very dependgn% on +the reaction conditions.’
Grossert and-Dubey 141 - have shown thaﬁ arylalkyl-f3 -.
ketosulphones, sucP as 106, do not react with
disulphides in the pregence of a base strong enoughito

i 1
H

remove one of the methylene protons.

+

¥
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, PhCOCH,S0,CH, 3
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,2) Hith sulphenyl halides y ’ |
Kiihle has written an in-depth review on the : .
?’/ !

“

v

This review contains a short section: on reactions with

Al L}

compounds containing active methylene and methine

groups.14§

- 11

+ N t

.
Sulphenyl chlorides, which are the most accessible .

of the.halides, 'are dsually produced either by bubbling. .
N ¥ .4 (\ [
chlorine gas into a_carbon t§trachquide solution of a .

dlsulphlde or by the reaction of sulphuryl chlorlde with .

-

the d1su1phlde under basic condltlons. Normally this

-

b
procedd%e is ,carried out at reduced temperatures

N

. RSSR + Cl, «=» RsCl . ~ '

« 3
« 4 .

»

-

' MSSR + SO, —»> RSCl

¢
5

since the sulphenyl chloride. is a very reactive species;

disulphides, it is normally rather difficult to halt the .

~

it is usually used without purification. As.with

“« L]
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sulqpénylation at the monosulphenylated product and so a’
™ . mixture of products is often the regult. Grossert and

Dubey141 have shown that arylalkyl ﬁ-ketosulphones -

-
4 v a
1

- [ 4
Y -~

& ’ # 1t wb kcoc" (SR” ) R’
RCOCH,R '+ RSCI ey +
' S Rcoc(s )R

" Tike 106 always react with sulphenyl halides to give.‘

. bissulphenylated products. : R
-

/3)'With sulphenamidés” <
Mukaiyama et al.144 have reported tHe sidcessful use
of sulphenamides to prepare selectivelyj

m3n05ylpheﬁylated products from active methylene

»containihg compounds, for example 2-phenythio-
ﬁalononitr%le,lﬂﬁ,can be prepared in 55%‘yield with no

bissulphenylated side products. “Bo

: *
N

¥

S
CHJCN), + EtNSPh —> (Mc)z?bmzvst2 —> PhSCH(CN),
. ~ SPh -
- 107 - 108

——
A

- 1
r

This reaction is apparently accomplished under mild,
neutral conditions i.e. room temperature for five hours

in CHyCl,. Other examples using N-phenylthio-

L]

L3 -
R - ‘\' . .
N 1
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diethylamine,107 gave 37-77% yields of the

. monosulphenylated addgpts.If N-phenylthiopyrroldine,109

e
-was used in place of 107 then higher yields were -
A 0 '
~realised. . i
¢ ' » ' l s K]
¥ l i N 3
SPh « '

Grossert and Dubey141 have used 107 to effect

)
monosulphenylation of 106 in 90% yields under mildly

L

basic conditions.

97-

) L}

* ) 4) i s‘ .ulpllexli]ni des.
, Several, groups of wprkersl44'145'146 haveipioneered

the use of sulphenimiaes for the sulphenylation of

\

active methylene containing compounds. The sulpﬁenimides )

used have mainly béen N-alkylthiosuccinimides,]l1l0 and N-

alkylthiophthalimides,111, together with the

(o} (o]
. —SR —SR
o . .0 ,
110 LN m
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corresponding N-aryl compounds.

98

These compounds are usuyally made by the reaction of the
B ’ 7

parent imide with a sulphenyl halide under basic

conditions147

of the imide, such ‘as N-chlorosuccimide, with a‘
disulphide by a radical mechanibm.l48 ‘ 7

.
J »

Sulphenylation with sulphenimides can be used to
produce selectively mono or‘bissulphenylated products

e
depending upon the reaétion conditions for example:

)

. base X
XCH,Y™ + 2phtsR —> (Rs),cC . + 2phtH.
. L Y

3
&

.

Grossert and Dubeylu'“gfls0 hav; used N-dlkyl and ﬁ-
arylthiophthalimides (lll, R=Me, Et dhg Ph) to
sulphenyléte”arylalkyl4[3—ketosulphones.

Another route to a-sulphenylated [(-ketosulphones
has been attempted by Grossert éhd co-workers.1?l This
reaction initiall& involves the introduction of a -
halogen atom using either sﬁlphuryl chléride or
pyri@inium bromide perbromide £ owed by éttempted
nucleophilic di§plécement of this group with a sulphur

nucleophile g.g.

-

én,so,a’ ~-h'so,m, —p RCOCH(CI)SO,R

¢

L]

C\\\*//j

-RCOCH(CI)SO;R)’ + RS® —» RCOCH(SR')SO,R

u ' v

or by the reaction of a N-halo derivative

3
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’Although it is established that -a-halosulphones undergo
nuc1eophi%ic\§é?st1tution reactions with thiolate .

-

anions152 it is more cg?mon for a-halosulphones to be

reduced undepvsuch conditions. For examplé Bordwell and

'

Doomes153 have shown that the 1atte§ rejgtibn occurs

readily for a w@@e‘range of nucleophiles, for example

L}

f;’gg‘, PhMgBr, RS™, 5032~ and PhzP. - .
L * -

Gros%ert and co—worker5151 have studied the reactlon
of- 2~chloro- 2—methy1su1phonyl 1~pheny1ethanonehLLZand

the corregponding bromo compound, 113, with

4 L]
i

0 ' 12 X=ci
Ph/lg(so,cua f13 X=Br
H X S 114 X= SEt

¢
¥

ethanethiolate to form 2—ethylthio—2—methy1sulphog}l—l—
phenylethanone, ]l4. However, they found that a mixture

of products was formed and the reaction was deemed not»
to be synthetically useful.
5 A - '
EtS® '
112 — 106 + 114 + EtSSEt

, 57% 3% 66%

~
-

- « -
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: Thené has bgen much effort devoted to the synthesis:

,

of substituted methanes with multiple electron-

a

withdrawing groups. -@/tosulphides, sulphoxides and ., . -

]

sulphones are members of thls group of compounds and »

%ave some viery interesting properties Eue to the aetive
_methylene group whiclw'x‘—they contain; see discussion -- -
abov'e. However, more highly substituted methanes are \]
available sy t‘hétipally and several workers have. studied
substitutéd m thanes with tilree electron-withdr.awing

groups attached, 115, where EWG can be -NO,, —CO- and -

505~ amongst pther group's. Then‘inter'est in these

compound? is mainly due to “the highly activated methine’

protc;n which |is usually easily removed by- weak bases:

wwd “

1 (‘_/{ *
In 1944 Bohme and Huangls‘?j reported that their

) attempts to pxi'eparé a methane substitut} with four
electron-withd ng groups had failed., They were,

however, able to make 116 By reaction of
bis(alkylsulpho;fyl)methangs with benzoy{. chloride and a

\ -
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. Another route to this type of complex»fun tiqnality .

is outlined below: * v - _ o
‘ ’ base »” 1
RCOCH,SR' . +. R'SX —» RCOCH(SR")SR" ~
' ' # v o ‘e | N m '

°D

LM S RCO(|:H802R'
' SO,R" , . .

EY .

“ v . - . )
This épproack has been used by Grossert and Dubey155
and is the one used bzhthe author in the current work.

s ¢ -

The example shown above depicts the preparation of oa--"

ketomercaptai, 1lI; such compounds may also be prepared

» -
by reaction of a-haloketones with a thiol under basic
cpnditi&ns.lzo'%54 0

In the present study concerning the reaction of

sulphéhe with activated aromatic compounds (Part I of

-

. \
S N ;

\J
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this thesis) other examples of trisubstituted methanesu

w1th thnee sulphonyl groups have been prepared -

v

”(compounds,jﬂ and,53) . . : ’

[N *
5 'y L2 h g *

-

]
.

: ’ . % o 1
Carbon acids.

- -..rrn/lﬂ’“’

The ac1dlty of a hydrogen—contalnlng functlonaln o

& - a

grpup is one of its fundamental properties and much & "

oy

effort has been exgended in the gathering of data ow

such important info;mation. These data may be obtained

.
* A -

»

N
by a wide variety of different teghniques which include

-

conductance, optical, electrometric and other

* L]

measurements. There are many standard works which® -

describe the relevant techniques and the reader is “
) -0

directed to these for further information.156,157,158

® fy
159,160

Two compilations of the values of ionisation*

-

constants for about 5500 a01ds in aqueous solution have
been publlshed and a cursory glance at these volumes
will convince the reader that the majority of the
compounds 1ncluded are oxygen and nltrogen ac1ds.
However carbon acids are not‘prominenh in these
compilations. In the last twenty years there haue‘beeﬁ a
number of reviews' concerning carbon acids and these have
especiallyt been concerned xgith:the weaker acids,i.e.
thpse aci%%*weaker»than a pKy; value of 20.1.51'1'62

Particular interest has centred around the correlation

6f Hammett tyge barameté&s with,pKa values and the

’ ’ ~

. L I} 1

A

Y
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interpretation of these results.

v

Noéwithsténding the above, tﬁere have been some

1

‘studies concerning strong,carbon acids (pK, < 20) and _

103

these will be discussed in turn. .

In order to obtain stronger carbon .acids,  the ]
attachment of electron-withdrawing groups adjacent to
the ion&ging C-H group is required; the cyano, nitrp,
carbonyl and sulphonyl gréups are all goodlcandidates
for this reguiremént. ‘

Cyano ;foups ﬂave produced the mo§t dramatic effects
and simp}le structural mohification broduces a range of

ng values from —8.5 for pentacyaqopropene,163 118 to

° !

Y CN

approximately 25 for acetonitrile.164 The"introduction
of a cy;no group idjacént to the ionising proton in a
carbon acid generally increases its acidity by more than
10 PK, units as is showp by the dd#ta in Table IV for’
compou?ds of strucgure CH, (CN) 4+ .

Nitro comégaﬁds have been the most studied carbon

acids (it should‘be noted that there is some question as

' (
™

LY



Table IV: , Qﬂammgﬁsgmﬁgarbpnamé

Compound: , . pKa ref..,

CHD (CN) 4-n?

CHy . ~46 165
CH3CN , ~25- " 166
CH, (CN) 5 11.20 i 167

. CH(CN) 3 . -5.13 162

4
§ . .

CHn (NOz) 4-1’1:‘ . -t S

CHy ~46 “ 165 -
CH4NO, 10.2 : 168
CH, (NO,) 5 3.63 160
CH(NO,) 5 0.14 160
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to whether nitro'groups are carbon or oxygen gtids ) R

with the exception of hydroaarbons théms@l{;es and Table .
IV also shows the PRy value‘é for the series C,,Hn(Noz) 4-n*
As can *beteen from this table the introduction_ of‘the . .

first natro group has a much\arger effec.t than in the

* »

case of a .cyano group whilst introduction of further

nitro groups has progressively less effect ag@'in in v o~

-

contrast to that observed for the cyaﬁ/o group. In the

case of the nit'rd group this has been termed a
ot 4 -

'saturatiort effect'186 ang is due to sterié crowding - «»7 *s
around the central carbon atom with ser:"t-&us 0-0 .
non-bonding intca;iéctions, %\m For cyano groups this .
crowding is Inot evident since the cyano group is linear,

iy
. 3 A
.

<

/
\

\
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The ac«iwditiés of the éinitroalkanes, 121 have been
¢ 4 - 1

«

" RCH (NO z)z w ‘ )

. 2
121 T N
- " . >
i . )
.

L 4

have atteﬁptgd to correlate‘the pK, values Jf these
ég%pohndssvith the‘TafE 0*'parameters for the

- substituent R: Similar correlaéipns have been successfql
f~fo@a ser_ies of ;ﬁines, RNHg where a plot of pK, vs o*

" for Rgives a straiight lﬁi‘ne with a slope in the range

2.6-3.3.172 Tselenskii et .a.l.168'17é have used the pK,

* *values of eighty-one compounds of type 121 to obtain a

good linear rela’tionsh’ip,, viz: pK; = 5,23 - 3.29 a*'. *

The slope of 3.29 fiﬁs within the range for the éeriés
of amines where ghe sub§pitue2t js directly attached to
the atom bearing the ionising .proton and.is apparen}ly
in the range éxpected”4 for any such series of
“compounds. Some of the dinitromethane; do not, £it this
correlation well and this has been explained in terms of

‘steric effects which decrease corﬁﬂgation in the
14

\%\/\J . anion.l73 ,

]
»

The acidities of ketones have been studiéd in much&&

- lesgdetail than nitro and cyam™rontaining compounds

one reason fo¥ this being that ketones often exist in

o

two forms, enol and kefo, which pave—d;amaticélly.

P
e
¢ . . .
. * .

-

-

studied in déta}l by several <_qrcn.ips.169",,171 These workers

L ]

[}

-t o ——

. : " 106



d-:i:f}‘.-‘erent. pK, values. For example, the enol form of
cy;:lopentanene in water has a ‘pK value of 11.8 whilst
‘t"he keto form has a pK, of 16.4.175 mowever, smce B-
diketones are important bidentate ligands to the

* organometaldic chemist their pky values have been

‘_.winveetigated.ln'bl”‘ These compe%mds exist as both
k‘eto and 8mol tautomers and most of the pK, values of
these lie in the range 8-12, witl; the enol tautomers .
(oxygen acids) being more acidic as expected. 'ljhe‘ -

~

- variation of ﬁhe suﬁstitueng:, R in 122 as well as R' (

.- ‘affeets thne PK, values in a predictable manner.: 178 mhe

A}
. -
. * Ao , ’ \ v
3 A -
L] k] 23 LI x
Yo L
B -
TR 4 ‘o, ¥ -
N .
.
" L4
M v

Pk, resialts obtained for the keto form of six L

substituted acetylacetoneg (i.e. 119 with R'=Me) by.

. Schwarzenbach ‘and Feléer”? and by Rumpf and La

180

o

Riviere correlate with 0*'; viz. PKy =‘10.53'—_
1.62 6*. The correlation coefficient is 0.977 which is

. very ,good by Jaffersl®t critekria. Note that the slope of
the. 11ne is outside the expedted range (see above
dlSCUSSlOl’l) .. . . ¥

, For substltuted ethy1-3—oxobutanoates, 123. the pK
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*is 0.75183 and not 0.6 as used in that'study.

also give a good straight line, wiz. pK,

aSove equation differs from that reported in the
. ‘m“"f.’
giiterature

S 123 :’

= 12,57~

¥

3.21¢ %, with a correlation coefficient of 0.979. The

L

<

174 gince the o walue for"phenyi'substituent

1

'Y »

“ ' . s
1,3-Disulphones are lgss acidic ,than -1,3-diketones;

for example, bistmethylsulphonyl)methane has a pK, of

*\lwhilst the:keto form of acetylacetone has a

5 180 under similar.conditions. The pK, values

L L

of three»bls(ethylsuiphonyl)methanelei (R=H, Ph and Br)

Bt %ﬁﬁ?ﬂ%@qﬁ’t
R Co

124 - .

~ 1
»

'

"dive the excellent correlation with o* *J..Z. PK,. =

2.55-0.65 o*, with & correlation coefficient of 0.999, .

using® the data of Bell and Cox.185

and Lee186 have also reported the*pK v&lues of four
stituted dlbenzylsulphonyl methanes, 125,(R-H Ph,

PCN-CgH, and pNO,-CgHy) and these results

( L3

»
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P*‘hCHzSOz\?H SO,CH,PH * -/
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narunds PR L

~

, 128

\
Ly a

again correlate well with the o* parameters of the
substii;uents in thé form PK, = 14.48-5.11 a*

(correldtion coefficient = 0.979).

ﬂ-—f(etosulphones, as‘'would be expected, show PK,

@*

values intermediat“e between 1,3-diketones and l,_3-'
disulphones. For example, the pK, value of 126 is

9.9 187 in water at 25°C and this falls between the

&

MeCOCH,SOMe

: +

" values quoted above for bis(methylsulphonyl)methane and

™

acetylacetone under similar conditions. Holst and

Fernelius 188 have reported the pK, values of three (-

ketosulphones in dioxane-water'mixtures and these

[l

results are presented in Table V. Truce-et a.'L'187 have

also studied the pPK, values of ~B-ke.tosulphones and

their results for tén compounds of this type are also

. Y \ -
presented in Table V. No study has been reported which_

:
&

109

¥

considers the effects of a rapge of substituents on the "

v
L3

/ %
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Table V:

"
L

pRa values for some B=ketosulphones after

" Truce et 314;§l-unlesa g:hezwiﬁe\indigatgd&

Comipound:
PhS0O,CH,COPh
lﬂe&ﬂjJﬂHQQ£lPM
PhSO,CH,COMe -
M’SO .CH ZGOI\_M

i)

-2
1 ‘ N \
*75% dioxane~25% water 188, 1-50% dioxane-50% water 1

150% ethanol — 50% water,

A s

.10.09 + 0.02%; 10.9T

pKas:
9.83 + 0.02%; 12.97

10.01 + 0.02%; 10.7, 12.9%

.10.48 + 0.01%*

5.83 + 0.04"

- {
L
- * " * ‘
9.01 % 0.02

-

10.46 +-0.02*

y .

»

ba

.10.70 + 0.03%

11.62 + 0.03*

3

. \‘w‘p {;
¥
.

7.65%F

* gater, “fref 189

#

.02

»A

[

-

4

+
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. , pK, values of [-ketosulpHones as is the case for 1,3- : L

- | i

diketones and other species as discussed above. \‘

- Y ¢ v !

1 v » K . - ’ )
\ Y -
“ “  In'thé current work the initial aim was to preparea .
N .

!

. new range of sulphenylated ﬁ-ketosulﬁhbn_es
characterise them using the usual teshniqups. It wa;s
~also,an aim to investigate some reactions of these =~ °
compounds, in p\articular', réactions leading to a-

Y . - sulphenylated~ 8 ~ketosulphones (S-oxidised a- . .

L

. , ketomercaptals) and to derivatives at'the keto group‘. In

v \

adc‘litior{, reactions of 1,3-dianions across the sulphonyl

group were of interest. Finally,- since these compounds

}

. “ ‘are strong caipon acids (pK; < 20) the pK, values for a

- series of such compounds ‘were to be measured and

o interpreted. :

° »
™ 1
44
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CHAPTER 3 )

o RESULTS AND DISCUSSION -
X .

» .
In this chapter the preparation and properties of a

new range of [(-ketosulphones and their ‘derivatives are
discussed, One o§ the reasons for preparing these .

compounds was that they are potentially useful

[ RN

biolog%gally active coméounds. '

3

Many organic sulphur-containing compounds have been
synthesised which are natural product analogues. For

example, natural product analogues of nucleotides,{90

sugars191 and proteinsl92 have been prepare@ and some"o

these have considerable biological activity;}gl Also it

P

has long been known that soaps have some insecticidal

@

properties, for example, the o0ld practise ofvthrowing
spent dish-water on roses to kill aphids. 193 RecentAy,
‘research in this area by Puritch 194,195 has show; that
fatty acidé‘and.tgeir potassium salts have useful .
insecticidal activity against the galsam woolly aphid.u
Fat'ty acids and their:esters (,e.gi.'those of sucrose and
sorbitan) have been shown by Ando g£ a1,196'197 to have
some anti-tumbr activity. Dthéx useful properties hate
also been attributed to such\gpmpouqu, for example

- Kabaral?® has shown that«g}¥F§rol monolau{gte has hight

anti-microbial activity against gram-positive org§nisms

v

!

I

t’ -

~



‘contain lopg-chain fatty'residues and pyridine and

o

113
. ’ﬁ' »
All the compounds prepared in the current study are

relatlvely strong carbon acids (the measurement of thelr
pK, values will be dlSCH ed later in thls chapter) and

they all have some natural product character since they =
, ‘ v .,

!

‘pyrrole rings. The long~-chain compounds. can be thought

of as carbon acid analogues of regular fatty acids.

» 1t is thu; 1ntendeg that the prepared compounds
should be screened for p0351b1e biological act1v1ty.
Initial results indicate that aqueous ethanol solutions
of some of these compounds, especially tﬁe more acidic_
ones, and their potassium salts show some .activity
towards the bacterlum 5;\%u:ga Further testing of |
these ¢ompounds is underwvay. :

Since the long-chain conteining Beketosulphones.g%a
their derivative@ have structures similar to detergents
they may be usefully employed in such a capacity. Work-
up procedures invglving these compounds have often led
to emulsioms being formed indicating that the above '
suggestlon may prove useful. ‘%‘should be noted that N
simple B—ketosulphox1des have bﬁgﬁ patented by Proctor .

and Gamble ih the United States as depergents.lgg

B

)
-

* The author wisﬁes to thank Dr.:A. Taylor and his
. ¥ 14

staff, 'of ARL-NRC, Halifax, N.S. for these results.
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on and . ‘ . les of f- . .
'The' proposed sequence of reactions to be undertaken
are presented in Scheme V starting from a general ester,
RCO,R". Grosse!:t and Dubey ha;re employed a similar
}_;rocedure using e!:hyld benzoa;te as the star'ting )
ester.141r150/155 guon a scheme has not been exploited*
for other esters a;ld so was investigated in the present
study for a series of: long-chain fatty esters amongst
others. {
» Step a, in t:he scheme, has geen used previously by
House and Larson!?3 for R=al!<y\l and by Grossert et a_l.73
for R=Ph. This step proceeded in high yield for all
Q' esi':ers,with R=alkyl by the reaction of. the anion of
dimethyl sulphone with an éstex; :'m dimethyl sulphoxicjle‘
# o; tetrahydrofuran under a dry nitrogen ;tmosphere. In
order to obtain\hlgh yields of these cafipounds it was
necessary tom carefully control the temperature of the
reaction mixture since those. in é.xé:ess of 55°C produge.d\
significant decomposition. ’
Step b, th\e monosullphenyla'tion of a
, B-ketosulphone usiny a sulphenimide, J._ll (where
R=Me,11la, Et,11lb or ‘?f,;].llg) in the presence of
Qriet’hylamine is a pathway unique to this" 1aborat@ in
which ‘the author has worked. Grossert and Dubeyl®%h

ave

used a similar route to sulphenylate arylalkyllﬁ-.
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Scheme V:

[}

RCO,R” + MeSngHz 25 RCOCH,SO,Me

- | | L .biﬂ base

?) phtSR’ teq.

-~ ’ )eqr. ; ‘ . .
: Rco<|:H302Me Egg——'% Rcox‘:ﬂsozme
SRl

| 1) base

(-

1) phtsR’ ,14q.

RCOCHSO,Me RCOCSO;Me
B - ¥ { RS SR
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)

ketosulphones such as 106 producing 127 in good yield.

-

»

0 .
.PhCé(?HzSOzMe + . .NSR] —>» Phco?ns;one
1 SR
106 m o 127

i
«
\]

¢ L
It should be noted that the phthalimide-derjved
sulphenylating agents ll1 are used in preference to the
related succinimide derived compounds 110 since the
phthalimide remaining, after %;he reaction is complete, is

much less soluble in organic solvents than'is

i

succinimide. .

Thle monosulphenylation of 128 with 111 producing 129
proceeded in high yield whilst a similar reaction ' -,
involving the long-chain B—ketosulghonés, 130 and 1lla

" and 11llb produc‘ed a mixture of monosulphenylated, 131

and bissulphenylated 132 products in abeut 40% and 30%

°

EtCOCH;SO,Me + 11 =» EHCOCHSO,Me
o 'SR



Me(CH,) COCH(SR]SO,Me

: Ly : . . 131
Me(CH,) COCH,SO,Me "+ 111 —» L )
10 Me(CH,). COC(SR),SO,Me

- 182

1

yields respectively. These mixtures could be separated

.with considerable difficulty by shaking with a series of )

buffers or by khe use of column chromatography. This
approach was therefore abandoned in favour of that
described below.
C g Combination of steps b and ¢ in Scheme V to produce
. the bissulphenylated :B-ketosulphones,:'132 directly,
- groceéded in yields greater than 90%. The
monosulphenylated products 131 were the@.easily obtained
4 ‘ * by the reaction of the bissuphénylated compound with
gthanethiolate in dry £etrahydrofuran in the presence
\ of excess sodium hydride;  this method was iniéially
developed Qg Grosggrt and Dubey.141'150
The mechanism of this reaction, which yielded
exclusively monosulphenylated (-ketosulphones,
presumably involves d}rect attack by the thiolatg anion
on the sulphenyl sulpﬁur atom in 132 to yield the

stabilised anion. ( page 118) which cannot be protonated

e
-
X

=5

N
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under fhe reaction coenditions of excess sodium hydride.

& ! .
mecH oo m. " melow,) collsmseme
F& R

¢ i”@
©
EtS *

Hence the anion does not undergo further reaction with
ethanethiolate and one‘methyléhio group is selectively
removed from 132 in highﬂ§ield.

Monosulphenylations qsinb N-phenylthiophthalimide,
11;g,progegded clean1§ in high' yields with nb control
problems; hence‘recoufse to thé route described above
was not required. ‘

Thé‘monosulphenyla{ed compounds, 129 and 131
decompose if kept at room’temperature and so they were
stoted under refrigeratien. The following gcheme is

suggested for this"deceyposition: .

r 3 V4
Oxidation of 129 (R=Me) to the sulphoxide 133 using

m-chloroperoxybenzoic acid (step d) was undertaken and

W

118

&
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EtCOCHSO0;Me ———>  FXCOCHSO,Me

AN
.. SOM
. SMe ¢ 50Me 4

: 120(R=Me) -

the’produét was realised in only about 40% yield. Thié
produét decqmposed rapidly. and was identified only bi;

its proton nmr spectru;n. Ggﬁqfsert and Dubeyl‘55 have |

found s::Lmilar problems (vith the corresponding

phenylsulphoxiée, prepared by the sulphenylation of 106

I19

\ *

with 11llc followed by.oxidation, so in the current study

»

the isolation of this type of compound was abandoned. A

»

‘ sim‘flar mechanism tf’ that described above for 129 and
“ 13] can be used for the decomposition’ of 133.
Step e, the oxidation of the monosulphenylated (-
ketosulphones, 129 and 131 to tfxe c\:orres:ponding S,S-
dioxides 134 and 133, using twe melar eguivalents of m-

SSHEME
‘ - | : .
SR 1 . “ SO:QR' %l‘.f-

129 B
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ch}oroperoxybenzoic acid’in meth?}ene chloride uider ‘a
dry nitrogen,atmesphere proceeded'}eadif§ in high yield.
Oxidation of sulphides to selphones is generally carried
out by tﬁe use of hydrogen p;roxide-acetic acid mixtuies
and although this method was atﬁemptedy tte reactlen was
not found to be useful since the Efg%ﬁcts are falrl?
water soluble and could only be 1solated with some
difficulty. e .

'Preperation of 134 (R=Me) was also attempted in one
step from 128. This involved the formation of the anion
of 12§‘u51ng sodlum hydrlde followed by attempted

reaction- with sulphane and was expected to proceed thus:

\ P - .
¢+ “\ . u'\ N
% " ,
” N
. L]
" L »
» N 1
- ; v - -«
S ~ \ N
! * ‘ -
Y
Fl ’ .
. mefcH Q)rfogﬂ‘SﬂéM@Z - ,r,/m(emz)hgo?usmm
"/ - oA e <
SR~ . . SO,R
»
- ¥ N ~ L '
*
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. .
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ﬂngrstzoo has shown that 1,3-diketones undergo a similar

‘e

. : . . 2
reaction; however, no useful products could be

" jdentified fiom this reaction in the preseﬁt study.

) The'ﬁ?«ketosulphones contalnlngaa N—methylpyrrole

115 and pyrldlne rlngs (111 and .138) were also

prepared 1n the‘presemE.study by reactlon of the
correspond1ng=es€%r as 1n Scheme V. The reactions *to
form 137 and 138 did nbt proceed in very high yield.
These compounds are sllghtly water soauble and also “

. sffemed to hydrolyse much more readlly than the other (-

etosulphohes. The ester, 2-carboethoxypyrrole did not

ield an isolable product but *instead polymerised under

reaction conditions. In addition, reactions with the
L . ,!-;r - -
anion of dimethyls sulphone and.the N-oxides of ethyl

nicotinate and ethyl.isonicotinate failed and starting
Y L]

materials were recovered quahtitatively in both cases.

Presumably the'ester group in these molecules is

' ~ . . 9 n * - -, *
deactivated. by the pyridyl ring. o

- &
N

’\ »

121
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Monosulphenylation of 136 with either N-methylthio-

. . wJ . K
or N-phenylthiophthalimides (llla and lllg¢) yielded the

products 139 and 140 with no trace of the corresponding

bissulphenylated co;npounds. These compounds could be

i\ O.
@l\r”‘s | @\r’”s
e . SMe %e SPh

»

139 "

i
|
4

easily Sxidi‘sed witfl m—chl‘oroperoxybenzoic acid to
produce the corresponding S,S-dioxides. )
Sulphenylation of either 137 or 138, even with
excess sulphenylatlng reagent, did not yield the usual
products. The reactlons of 137 and 138 with llla both

yielded oils whlchh could not be fully characterised

salts 141 and ]42 respectiwvely.

. 122

v

"whilst the reactions with 1Ile gave the triethylammonium
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The proton nmr spectta of:these, compounds fit with '

®
+

the strucéLres giveﬁ, however, the carbon-13 nmr spectra
qere rather novel. Most,of the resonances in thls&
spectrum, run in é‘~#3 /at ambient xemperature’on the
CFT-20 spectrometer, were brosd and broad lines in a . -
carbon-13 spectrum are rare. “An investigation of the

trlethylamlne salt of the correspondlng phenyl compound .

. .- W

j.e. 343 made ln‘sltg by addltlonlof one equ1va1ent of

N
T B -

r
» v

ttiethylamine to the sulphenylated (-ketosulphqpe in an -

nmr tube also produced a simila?’ﬂ}oadened‘spectrum.An% .

- \

Addition of excess triethylamine sharpened all the lines

of this'spectrum thus 'suggestin that different
components of an equilibrium mixture were preSeng. This .

was confirmed by addition of excess triethylamine to the <

@

solutions of 141 and 142. ‘ '
‘This hypothesis could be tested by codling the
" solution which yould be expected to preduce a carbon-13
nTr spectrum showing resonances for both species ;

pﬁﬂkeht} rather than an average spectrum as described -y
\ ’ [\1

‘above. For exper1menta1 reasons it was preferable to run "

3y 0

- the carbon 13 spectrum at a hlgher field as well as at a

’Q 3 { ¢

?

- q
N ’
° \
¥ .4 - . ~
‘ «
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lower tehpe;pturé. This combination enabled the spectra

to be interpreted more easily,and was carried out using

(R} “ .‘
143 since it.was more easily handled and was available
]

.in large quantities. A carbon=-l1l3 nmr spectrum of the

N
1

124

parent. compound 144 was obtained at ambient temperature

‘ -
. pamcoc{:nsa,m -
) SPh
‘ "

t

(18" +°1°C) and this exhibited normal width resonances

°
JR—

" which were 'unchanged on cooling to:.~60°C (the aromatic

region of thig spectrum is reproduced in Figure VIII).
{ 1

*

The mepﬁylsufphonyl peak at 37.79 ppm was sharp. On

addition of one equivalent of triethylamine and after

!

one hour to allow equilibration, the carbon-13 nmr

spectr;m was %gain obtained at ambient temperaturg.
Figure IX shows the aeratic region of this spectrum; as
can be éeen-the resonances are all broadened and the ‘
number ‘of ines is increased. The aliphatic regionwn?w
showed two peaks due tg'aéthyisulphohyl groups at 37.84
and 42.45 ppm plus a peak at 91.49 ppm. The 'carbényl .
region' also showed two peaks at 186.84 and 189.95'ppm,
the 1atEeF.being ideﬁtical in poéition ;o the carb&hylt
peak of 144. Cgpling this saméle down té:—GOOC

dramatically sharpened ali the~resonanceé in the

¢
» -~
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Figure VIII: Aromatic region of the carbon-13 nmr
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spectrum of 144 at 18°C '
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Figure IX{ Aromatic region of the carbon-13 nmr spectrum

v of 144 + 1 eguivalent of triethylamine at 18°C
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lines, as shbwh in Figure .X. - L . ‘

aromatic region and caused the appearance of two mfre *
. Add1t1on of a 1arge,excess of trlethylamlne (3 molar
equﬁValents) again- altered the spectrum dramatlcally. )

Only about half the peaks remained- in thé aromatic:
. ., , *

region (see‘Figure XI), there yas only.one . '

-5

methylsulphonyl peak, .at 41,83 ppm and only onég peak in
the 'carbonyl' reglon at 186,65 ppm.' The peak at

9=

approx1mately 90 ppm also remalned. This last spectrum_

was changed-vegy 11tt;e by running at a lower |

- *
. "

temperature., - .
’ ' L
This series of spectra shows the equilibrium:, .4

. .
-

e
5 -

L
‘ 4 o+ BN e W -

ihe iﬁitial spectrum with no triethylamine present'éhows,
the resonances of 144 whilst.the flnaﬂ'spectrum sh;ws
those for 143; the ihtermediate spectfa are for an
equilibfium mixture of the two with the low tempetature~
spectrum (Figure X) showing the resolved spectra for the
two species overlapping. Of course 143 is an enolate .
anion and so the structure shown above is o ' one 6f) .
the possible canonlcal forms. The above discussion also,
applies tp the interpretation of the spectra of the o

salts 141 and 142.
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Figure X: Aromatic region of the carbon-13 nmr spectrum
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of 144 .+ 1 eq‘t.;ivalént of triethylamine at ,—GOQC
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Figure XI: Arofmatic ‘region of the carbon-13 nmr spectrum

3
of 144 + 3 equivalents of ftriethylamine at -60°C
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The mass spectrum of 141 run at 70eV showed no ions

above m/z 307. This ion corresponds to C14H13NO3Sy,
‘) ~

.l.éé‘l"'. However, careful control of the probe temperature
and ionisation voltage enabled triethyldamine to be
dgteeted‘@at an ionisation voltage of 20eV and a probe

temperature of 60°C. This was also true for 142 and t\ms -

PR

‘'suggested a way of 'obtaining the monosulphenylateé G-

4

ketosulphones 145 and 146. Such a method would involve

*

‘ o )
0O
/I Ms - ‘ Ms
N SPh N& SPh
N o
145 - 146 *

careful ‘yarming” of the salts ul‘*and JA_; under vacuum,

§

as was done in the mass spectrometer. THis was attempted

and triethylamine was indeed collected 1in an ice-cold

*

trap, but unfortunately the r;asidue decomposed and no

useful lquantlties of 145 or 146 could be isolated. -
The §tructure of 141 was determined usgr;g X-ray

rdiffractlon' methods and a projection of t’ée structure w,

.obtained is presented in Figure XII. The complete

¢ el
) » e /]
’ -

crystal data and bond tables are givén in the . ot

Experimental, Section and 1n Appendix III together with a

P e
\ }‘&‘1

oo
stereoscopic projection of the unit cell. . p 7 ,”_‘;w Lt e
\ [ e
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Figure XII:

-
.
»
'
SN
-~
s
»
8
b -
o
»
.
4 -
* W ‘
©
NS
w
. R
®
»
LR
- -

X~-ray

[N

structure for 141

.

——— O o,

131



°
- - ——— = R U P RO R e ek e s Akt
.
. .

- 132

-

The C-S bond lengths in compound 143 are, 1.744(3)3
(C7-81) and 1.755(3)R (C8-S1) for the sulphoné-bonded
carbon atoms and 1.734(3)4 (C7-S2) and’1.770(3)& (C9-52)
for the sulphide bonded garbén atoms. These data should

£

be compared with the C-S bond length in dimethyl ‘
sulphone (1.7743)872) and the typical C-S bond in‘a
sulphide (1.817(5)8201), A11 thede bond lengths in 143
are shorter than the literature values éiven,’thus

imﬁlying some additional double-bond character in each

w
tn

case. |

The S-0 bond lengths in the sulphone group are
slightly different, put’haye an average value of
1.440(4)& which is very close to the aéerage accepted
'fpr such bonds (1.439(4)R73), It is not clear why the
two S-0O bond lengths are apparehtly different.

The C6-C7 bond length is 1.396(4)R which should’ be
compared with 1.537(5)% for a carbon-carﬁon single
bond201l and 1.335(5)R for a carbon-carbon double

201 phys thé bond has an appreciable aﬁount of ‘
double bond character. The C6-01 bond (1.263(3)8) is
longerlthan the usual carbon-oxygen double bend length
(1.215(5)8201)" put is appreciably shorter than the
typicgl cagbon-oxygen singdle bond length (1.426 (5)8201), .

The central unit, around C-7, is nearly planar with
bond angles close to 120°. From inspection of the ' 1
stereosagpic projection of the unit cell (given in

° - L3






