
iSomv ^ses of Cvcfio (Sufmones

ato

Orfonio (S^nwesis

by

Stephen G. Clarke

A Thesis 
presented for the Degree of 

DOCTOR OF PHILOSOPHY 
in the 

FACULTY OF SCIENCE 
of the 

UNIVERSITY OF LEICESTER

MARCH 1984



ProQuest Number: U344424

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest U344424

Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



■ ^ e s i s  

IS i\



To

My p o th e r & M y S iiter



f z a d  X£:ad

a n d  j-o u n d  fzim ujE:a(z in  (2 f is m i± tr i j.

H.G. WELLS,  The Lord of the Dynamos



STATEMENT

The experimental work described in  th is  thesis has been ca rried  out 

by the author, in  the labo ra to ries  o f the Department o f Organic 

Chemistry o f the U n ive rs ity  o f Le icester between October 1979 and 

September 1982.

No pa rt o f th is  work has been presented, o r is  cu rre n tly  being 

presented, fo r  any other degree.

S. CLARKE
March 1984



SUMMARY

The thermolysis and photo lysis o f a number o f c y c lic  sulphones has 

been studied, w ith  a view to developing these reactions as possible 

synthetic  processes.

Some substitu ted  dihydronaphthothiophene sulphones were prepared 

and those contain ing a pent-4-ene sidechain successfu lly  underwent 

in tram olecu lar D ie ls-A lder cy c lis a tio n s .

2-Phenylth ietan was prepared by a new route and the preparation and 

pyro lys is  o f some 2-phenylthietan 1 ,1 -d iox ide de riva tives  was stud ied.

Some 2 - (a lk a n - l-o l) 3 ,3 -d im ethy lth ie tan sul phones were prepared and 

the dehydration o f these, w ith a view to preparing a lk -l-e n e  d e riv a tiv e s , 

was stud ied. Phosphorus oxychloride in  pyrid ine  was the most successful 

o f those reagents t r ie d .  The a lk -l-e n e  de riva tives  were shown to 

have unusual thermal behaviour, when they ring-expanded to  th e ir  

respective su ltin e s  under flash  vacuum thermolysis cond itions.

The use o f 3,3-dimethyl th ie tan  1 ,1-d ioxide as a s ta r t in g  m ateria l 

fo r  a new route to  chrysanthemates has been stud ied. MethvV-trans-  

chrysanthemate was eventually id e n tif ie d  as one o f the products a f te r  

a 4-step synthesis from th is  sul phone.

A number o f c y c lic  sulphides were prepared using phase tra n s fe r

c a ta ly s is .



Certain abbreviations have been used in  th is  th e s is . They are -

g . l . c .  - ga s -liqu id  chromatography

t . l . c .  - th in - la y e r chromatography

DMSO - dimethyl sulphoxide

HMPT - hexamethylphosphoric triam ide

THF - tetrahydrofuran

LDA - lith iu m  diisopropyl amine

n .m .r. -  nuclear magnetic resonance

TBAB - tetrabutylammonium bromide

CTEAC - c e ty lt r ie th y l ammonium ch lo ride

BTEAC - benzyl t r ie th y l ammonium ch lo ride  
IMS - in d u s tr ia l m ethyla ted s p ir it
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CHAPTER ONE

PREPARATION AND PYROLYSIS OF SOME 1,3-DIHYDRONAPHTHOTHIOPHENE 2,2 DIOXIDES

1.1 In troduction  

Thermal fragmentations o f a 5 membered rin g  (1) (where Y is  a small 

molecule such as N2 , CO, SO2 ) to give a diene (2) have been known fo r  

many ye a rs l. Ring opening is  ty p ic a lly  d is ro ta to ry  eg, fo r  diazenes?.

o f l

Extrusion o f sulphur dioxide from a 2,5-dihydrothiophene 1 ,1 ,-d iox ide  

is  also a concerted d is ro ta ry  e lim in a tio n . Compounds (3) and (4) 

give the tra n s , tra n s -2,4-hexadiene (5) and the c is , tra n s -diene (6) 

respective ly  w ith greater than 99.9% s te re o s p e c ific ity ^ .

"3"
0.

0.
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This type o f concerted e lim in a tion  has been extended to the c is  and 

trans stereoisomers o f 2,7-dim ethyl 2 ,7 -d ihydro th iep in  1 ,1 -d iox ides, 

(7) and (8 ), which give c is ,c is , tra n s -2 ,4 ,6 -o c ta trie ne  (9) and tra n s , 

c is ,tra n s -2 ,4 ,6 -o c ta tr ie n e  (10) respe c tive ly *.

„ . a

1 JO

The s te re o s p e c ific ity  o f 97-99% represented a s lig h t  decrease but 

could be accounted fo r  by a change in  cond itions. The thiophene 

sulphones were pyrolysed a t nearer to equ ilib rium  cond itions, whereas 

the octa trienes were the products o f flash  thermolyses a t temperatures 

s ig n if ic a n t ly  above the minimum decomposition temperatures. The 

e lim ina tion  o f sulphur d ioxide fo r  2,5-dihydrothiophene 1,1-d ioxides 

proceeds su p ra fa c ia lly , but fo r  2 ,7 -d ihydro th iep in  1,1-dioxides an 

antarafacial che lo trop ic  cycloregression is  required to explain the 

stereochemistry o f the oc ta trienes.

-2 -



However, s te re o s p e c ific ity  is  lo s t  in  the photo lysis o f dihydrothiophene

1 ,1 -d iox ides. Photolysis in  benzene o f compounds (11), (12) and (13) 

gives a m ixture o f dienes^ (Scheme 1).

CH3

l ^ S O ;  — ► +

11 65% 35%

13

10%

Scheme 1

Cava and Deana^ were the f i r s t  to demonstrate the e lim in a tion  o f 

sulphur d ioxide from fused ring  aryl sul phones when they thermolysed

1,3-dihydrobenzo[c]thiophene 2 ,2 -d ioxide (14) to give benzocyclobutene 

(15) and benzocyclooctadiene (16) as the major products in  the gas 

phase and in  so lu tion  respective ly .

-3 -
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o

15

14

16

Whereas the extrusions o f sulphur dioxide from benzylic positions 

and subsequent reactions are generally regarded as proceeding via 

benzyl rad ica ls  ( th is  w i l l  be discussed in Chapter (2 ) ) ,  the behaviour 

o f 1,3-dihydrobenzothiophene 1,1-dioxides is  s ig n if ic a n t ly  d if fe re n t 

and hence a d if fe re n t type o f reaction mechanism is  proposed. These 

sul phones are regarded as g iv ing  ^-quinodimethanes as intermediates on 

loss o f sulphur d ioxide. Cava trapped the ^-quinodimethane from (14) 

w ith N-phenyl maleimide^ (Scheme 2).

14

Scheme 2

Thermolysis o f 1,3-dihydronaphtho[2,3-c]thiophene 1 ,1-d ioxide (17) 

in  so lu tion  gave the cyclobutene (18) ra ther than a dimer?. Because

-4 -



the o-quinodimethane would involve greater loss o f dé loca lisa tio n  

than in  the case o f (14), the interm ediate is  believed to involve 

greater d irad ica l character, re s u ltin g  in  a more rapid in tram olecu lar 

r ing  closure to the cyclobutene.

17 18

In con trast to acyc lic  benzylic sulphones (see Chapter 2) fused 

ring  benzosulphones and th e ir  po lycyc lic  analogues are unreactive on 

photo lysis (A =  220-280 nm) unless a fu r th e r aryl group is  introduced 

in  the 1 or 3 pos ition^ , (Scheme 3).

hv

hv

Scheme 3

Under id e n tica l cond itions, 1,3-dihydrobenzo[c]thiophene 1 ,1-d ioxide 

and i t s  naphtho analogue do not react. This ind ica tes an e xc ita tio n  

energy o f greater than 74 kca l./m o l. Further evidence fo r  the 

intermediary o f o^-quinodimethanes was comparison o f the photochemical 

behaviour o f (14) w ith tha t o f the pleiadene sulphones (19), which

-5 -



re a d ily  lose sulphur dioxide on irra d ia tio n®  ( X -  320 nm) to  give 

th e ir  o-quinodimethane pleiadene hydrocarbons, trapped as the dimers 

(20).

a) R = CHg—

R

20
a) R = CH j"

b) R = H b) R = H

This suggests th a t the ease o f extrusion o f sulphur dioxide 

photochemically corresponds to the s ta b i l i t y  o f the o^-quinodimethane 

interm ediate.

Cava e t al also pyrolysed l,3 -d ihyd ronap tho [l,2 -c ]th iophene  2,2- 

d ioxide (21)9. Although pyro lys is  a t 300° in  b o ilin g  d ie thy l phthalate 

fa ile d  to y ie ld  e ith e r the naphtho[a]cyclobutene (22) or a dimer, the 

o^-quinodimethane intermediate could be trapped w ith  maleic anhydride 

or N-phenyl maleimide. At 500°, gas phase pyro lys is  did indeed y ie ld  

the cyclobutene.

F.VT.

21 22

-6 -



Heating (22) w ith  maleic anhydride a t 200* fo r  1 hour gave the 

o-quinodimethane adduct (23) in  53% y ie ld .  Under the same conditions 

the naphtho[b]cyclobutene (18) gave the o-quinodimethane adduct (24) 

in only 2% y ie ld  ( th is  could be increased to  61% by heating a t 250* 

fo r  1 hour)9, (Scheme 4 ).

22
0

23

18

0

24

Scheme 4

The greater readiness o f (22) over (18) to undergo in term olecu lar 

c y c lis a tio n  re fle c ts  the greater benzenoid character o f the 

qui nodimethane interm ediate.

-7 -



Experimental work by OppolzerlO confirmed the hypothesis tha t these 

cyc loadd ition  reactions proceed concertedly. Compound (25) gave (26) 

and (27) on therm olysis a t 190°C. Compound (26) could then be 

converted c leanly in to  (27) in  b o ilin g  o^dichlorobenzene contain ing 

traces o f £-toluenesulphonic acid .

NCH

25

NCH

1

NCH

R2

27

Thus there appears to  be considerable stereochemical contro l o f 3 

ch ira l centres.

In the therm olysis o f compounds of general formula (28), compounds 

o f the s truc tu re  (29) were produced. Despite extending n to  3, none 

o f the meta-product (30) was iso latedlO  (Scheme 5 ).

-8 -



H

28 29

(CHJ

30

Scheme 5

In recent years benzocyclobutenes have been used in  the synthesis 

o f compounds incorporating the fused ring  system o f s te ro ids . A 

f u l le r  account than tha t re la ted here is  given in  a review o f Kametani 

and Nemotoll. The authors o f tha t a r t ic le  were in fa c t in  the group 

th a t were f i r s t  to report the synthesis o f a s te ro id  via a benzocyclo- 

b u t e n e l 2 , 1 3  (Scheme 6 ) .

MeO
31

SnBuj

MeO

MeO

Scheme 6

-9 -



Compounds (31) and (32) were synthesised in  4 and 2 stages respective ly  

from re a d ily  ava ilab le  m ateria ls and o-methyl-D-homoestrone (34) was 

derived s te re o sp e c ifica lly  in  95% y ie ld  from the benzocyclobutene 

(33). The reaction is  believed to proceed via the exo- tra n s it io n  

s ta te  (35) ra ther than the endo-tra n s it io n  state (36) in  order to 

give the co rrec t BC ring  ju n c tio n  stereochemistry.

MeO

35 36

Nicholau e t al 14 used (14) 1n the synthesis o f o e s t ra - l ,3 ,5 (10)- 

triene-17-one (38) (Scheme 7 ). The thermolysis step (37 —» 38) was 

again accomplished in  high y ie ld  (85%).

14
1) KH

OTs

+

37

Scheme 7

-10-
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Steroids however generally include a hydroxy o r methoxy substituen t 

a t the 3 -p o s itio n . The f i r s t  synthesis o f the fou r fused ring  system 

func tiona lised  in such a way via a benzosulphone was by Oppolzer and 

RobertslS, Their 6 step synthesis o f i t )  e s tra d io l (41) from (14) 

included the thermolysis o f the sulphone (39) to  give s te re o s p e c ific a lly  

the s te ro id  analogue (40).

HO

39 40 41

Important in  such syntheses is  the in trod u c tion  o f the appropriate 

double bond containing synthon in to  the benzosul phone, a t o  the 

sulphone group. This is  done by treatment o f the sulphone w ith a 

powerful base and the appropriate a lk y la tin g  agent. The groups o f 

N i c h o l a u l 4  and Oppolzer^^ have demonstrated th a t, in  the presence o f 

a powerful base, 1,3-dihydrobenzothiophene 2 ,2 -d iox ides are a lky la ted  

smoothly by a lky l iod ides, bromides, tosy la tes  and mesylates, in  

y ie ld s  generally in  the range 60-75%.

Addition o f a-sulphonyl carbanions, including(%-sulphonyl Grignard 

reagents, to  a ,jg -unsaturated carbonyl systems is  usually 1 ,2 . As 

such, a-sulphonyl Grignard reagents resemble conventional Grignard 

reagents in  th e ir  reaction w ith a ,^-unsaturated aldehydes (Scheme 8).

-11-



EtMgBr
p-MeCgH^SO.CHj — ► p-MeCgH^SOjCH^MgBr

iCH,CH = CHCHO

H3 PO4 
p-MeCgH^SOgCH = CHCH = CHCH, ^ —  p-MeCgH^SO,CHjCHOHCH =CHCHj

Scheme 8

The two diverge however in  th e ir  reactions w ith  a,^^unsaturated 

ketones. Grignard reagents such as ethyl magnesium bromide give a 

m ixture o f 1,4- and 1 ,2 -ad d ition , eg, w ith  4-phenyl-3-buten-2-one^^.

F o ra -su l phonyl Grignard reagents 1 ,2 -add ition  continues to  predominate; 

fo r  example, £-to ly lsu lphonylm ethyl magnesium bromide gave a 67% y ie ld  

o f the 1 ,2 -add ition  product w ith  tra n s -4-phenyl-3-buten-2-one w h ils t 

g iv ing no 1,4 -add ition^^ (Scheme 9 ). Dehydration gave (42) ra ther 

than (43).

ÇH.

pMeCH,SOjCH=C -CH=CHPh

X  42
pMeC;,H^SOpiC-CH=CHPh

OH \  CM

^  , =  .

2

\  ^ 9 ,

pMeCgM.SO;CĤ CH-CH,CCH, —

pMeCgH^SOzCH-C -CH=CHPh

Scheme 9

1,4- Addition o f a -su l phonyl carbanions is  rare and the products 

may undergo fu rth e r reaction . Reaction o f an a l l y l i c  a-sulphonyl

-12-



carbanion w ith  an a,|8-unsaturated este r gives the 1,4-adduct which 

however is  not generally is o la b  le but instead reacts fu r th e r to 

give the cyclopropylsystem. This has been exp lo ited  by Martel 

and Crombie e t a l l9  to  synthesise ethyl chrysanthemate (44)

(Scheme 11) and presqualene alcohol (45) respective ly  (Scheme 10).

?

ArSO CO,Et ArSO, 'OEt
CO, Et

44

SOjPh *

Me

Me

OH
45

Scheme 10

-13-



Condensation o f benzyl sulphonyl a-carbanions w ith i^^g-unsaturated 

carbonyl compounds has received no s ig n if ic a n t a tte n tio n .

D iv inyl ketone has been employed fo r  attempted Michael additions 

but w ithout success. B isa lky la tio n  has been the usual reported 

resu lt20 ,21 , leading to spiro-systems where the second step is  

intramolecularZO. The explanation fo r  b is a lk y la tio n  is  the probable 

greater e le c tro p h il ic i ty  o f the a lky l v iny l ketone over d iv in y l

ketoneZZ.

/5-chloroethyl v iny l ketone (46) has been used as a d iv in y l ketone 

equivalent?? (Scheme 11).

0

46

Scheme 11

I t  was envisaged th a t i f  compounds (47) and (48) could be prepared, 

these would g ive , on py ro lys is , compounds (49) and (50) and thus 

con s titu te  syntheses o f s te ro id  ring  systems. Should these be 

accomplished then such syntheses would involve fewer steps than those 

employed by the groups o f Nicholaul4 and OppolzerlG.

-14-



47 49

48 50

Using (21) as a s ta rtin g  m a te ria l, d iv in y l ketone or a d iv in y l 

ketone equiva lent would be required fo r  the preparation o f (50).

However, compound (17) was to be employed i n i t i a l l y  to investiga te  

the a lk y la tio n  and pyro lys is  steps because o f the greater cost and 

possible mixed a lky la tio n  products o f the naphtho [l,2 -c ]su lph o n e .

1.2 C orre la tion  Between Thermal, Photochemical and Mass 
Spectral Processes

Comparison o f the mass spectral breakdown o f a compound w ith i t s  

behaviour on thermolysis or photo lysis is  o ften  made because fo r  many 

compounds the fragmentations are observed to  co incide. Examples have 

been p u b l i s h e d ? ]  and the reader is  re ferred to these fo r  fu r th e r 

reading. The co rre la tio n  fo r  sulphones has not been thoroughly 

stud ied, although examples have again been published. For example 

F ie lds and Meyerson found th a t the major therm olysis product o f 

dibenzothiophene 1,1-d ioxide (51) was dibenzofuran (52), not biphenylene,

-15-



and study o f i t s  mass spectrum showed th a t (52) was also the product 

under e lectron impact?*.

51

However, many fragmentations in  the mass spectrometer do not 

correspond to observed thermal and photochemical processes. Thermolysis 

0 f  4 - t“ bu.tyl-o*phenylene sulphite(53) gives dimers o f t-b u ty l eyelopenta- 

d ienone (54) as a re s u lt o f loss o f carbon monoxide and sulphur 

monoxide. In the mass spectrum however the base peak corresponds to 

the [M-CHg]^ ion^s i t  is  suggested by way o f explanation tha t th is   ̂

ion is  s ta b ilis e d  by a p^-oxonium ion (55)

0

53

Me 'Me

5=0

Me Me

54

MS.
Me 

Me

55

-16-



The reasons fo r  the differences between mass spectral and pyro lys is  

behaviours are not d i f f i c u l t  to id e n t i fy .  A mass spectrum involves 

ion ic  processes which often have lower a c t iva t io n  energies than th e i r  

neutral thermal and photochemical counterparts. There is  also usually 

fa r  more energy available in a mass spectrometer than in  a thermal or 

photochemical reaction; a 3ev ac tiva tion  energy is  known to correspond 

to  a thermolysis at 800*C or a photolysis a t 400 nm?G. Thus the 

processes normally observed in  a mass spectrometer are fa r  less 

se lective  than thermal or photochemical reactions, and only the most 

intense peaks should be considered in any co rre la t io n  studies.

In a 'Mass Spectral Studies' section in th is  chapter and in  other 

chapters a study w i l l  be made comparing mass spectra with thermal and 

photochemical reactions in an attempt to id e n t i fy  common processes.

1.3 Preparation of Substituted 1,3-Dihydronaphtho[2,3-c]Thiophene
2,2-Dioxides

Treatment o f 1,3-dihydronaphtho[2,3-c]th iophene 2,2-dioxide (17) 

w ith n -b u ty l- l i th iu m  followed by an excess of a lky l halide gave, in 

the case of both compounds(57a) and (57b) a 59% y ie ld  o f the a lky la ted 

de r iva t ive , which is  in the general range o f y ie ld s  expected fo r  the 

a lky la t io n  o f benzosulphones^*»!^(Table 1 . t O .

Li

„  R -X

R

56 ^

a) R = Me

-17- b) R = (CHJ,CH=CHz



Table 1 .1 : -  Preparation o f Substituted 1,3-Dihydronaphtho 
[ 2,3-cJThiophene 2 ,2-Dioxides

Alkyl Halide Product mp°C Yield %

Mel 57a 198-200 59
H2C=CH(CH2 )2CH2 Br 57b 1 1 0 -1 1 1 59

Attempts to react (56) with d iv iny l ketone or/5 -ch loroethy l vinyl 

ketone were considerably less successful. Addition of a s l ig h t  excess 

of e i th e r  o f these two e le c t ro p h i les always led to the recovery o f 

some of the s ta r t in g  material (50-65% recovery) along with white 

so lids which were polymeric in character. No d iv in y l ketone or 

jg-chloroethyl v inyl ketone was ever recovered.

1.4 Preparation o f 1,5-Dihalopropan-3-one Ketals 

Since compound (61) could not be prepared from (17) using e ith e r 

d iv in y l ketone or/5-ch l oroethyl v inyl ketone, the 1 ,5-d ihalo ketals 

(58) and (59) were prepared, in  order to act as d iv iny l ketone 

equivalents and make possible the synthesis o f (61) via the naphtho- 

sulphonyl ketal (60).

A Cl

58

r \,A,
59
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60

x = a. I

J

61

Compounds (58) and (59) were prepared from the appropriate ketones. 

l,5-Diiodopentan-3-one is  i t s e l f  a compound not previously reported 

and was prepared in  72% y ie ld  from 1,5-dichloropentan-3-one by the 

F inke ls te in  reaction.

1.5 Attempted Preparation o f (60)

Attempts to react (56) w ith (58) or (59) were unsuccessful, s ta r t in g  

materia ls being the only id e n t i f ia b le  compounds recovered. While fo r  the
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d ich lo ro -e lec troph ile  th is  can be explained in  terms o f the u n re a c t iv i ty  

o f a lky l chlorides no such explanation is  possible fo r  the d iiod ide .

The successful preparation o f (57a) using methyl iodide

suggested tha t the a lky la t io n  should have been stra ightfo rward.

To investigate  the p o s s ib i l i ty  tha t ra ther than condensation between 

(56) and (59) proton trans fe r was occurring instead, the reaction was 

quenched with deuterium oxide. However work up and chromatography 

gave the 1 ,5-diiodopropan-3-one ketal and a mixture o f the undeuterated, 

the monodeuterated and dideuterated sulphones, where the undeuterated 

and dideuterated compounds were present in  approximately equal amounts; 

thus i t  seems un like ly  tha t proton tra ns fe r is  occurring, and the 

author is  unable to explain the n o n -re a c t iv ity  o f the carbanion (56) 

w ith  the d iiod ide  (59).

1 . 6  Photolysis and Thermolysis of l-(Pent-4 -eny l)- l ,3-dihydro- 
naphtho[2,3-c]thiophene 2,2-dioxide (57b~)

Ir ra d ia t io n  o f (57b) a t 254 nm in  methanol gave, a f te r  21 hours, a 

quan t ita t ive  recovery o f s ta r t in g  m ateria l.

Heating under re f lux  a solution o f (57b) in  1 ,2,4-tr ichlorobenzene 

(b .p. 213°C) also gave a quan tita t ive  recovery o f s ta r t in g  m ateria l. 

However thermolysis a t 300*C in  b o i l in g  d ie thyl phthalate produced 

the cyclopentatetrahydroanthracene (62), along with some o f (63)
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Compound (62), the product o f an intramolecular D ie ls-A lder 

c yc l isa t io n  and compound (63), the product o f a [1 ,5 ]  hydrogen s h i f t ,  

were in the ra t io  8 8 : 1 2  respective ly .

The conditions required fo r  the pyro lys is are consistent w ith the 

work of Cava e t a l6 ,7 as discussed in the In troduction . Oppolzer and 

Roberts successfully thermolysed a series o f benzosulphones in b o i l in g  

1,2,4-trichlorobenzene^^ and i t  should be noted tha t a higher 

temperature was necessary fo r  the thermolysis o f th is  naphtho [2 ,3 -c ]  

sulphone. This can be explained in  terms o f the fa c t  tha t the 

intermediate o^-quinodimethane generated from (57b) would involve 

lo c a lis a t io n  o f a l l  the double bonds; although resonance energies 

have not been determined fo r  benzo and naphtho sul phones, the d iffe rence 

between the two would probably not be d is s im ila r  to tha t between 

benzene and naphthalene, namely 25 kcal mol-1,27.

1.7 Preparation of Deuterated 1,3-Dihydronaphtho[l,2-c]Thiophene
2,2-Dioxide

Treatment o f (21) w ith one equivalent o f n -b u ty l- l i th iu m  a t -78°C 

gave r ise  to a mixture o f anions (64) and (65), which were quenched 

w ith deuterium oxide.
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The ‘ H n.m.r. spectrum of (21) shows two s ing le ts  at^fCDClg) 4.67, 

4.53, which have not as ye t been a tt r ib u te d  to spe c if ic  benzylic 

pos it ions . Deuteration of the mixture o f (64) and (65) led to a 

s l ig h t ly  greater reduction o f the in teg ra tion  o f the higher f ie ld  

s igna l, but there appeared to be no s ig n i f ic a n t  preference o f one 

carbanion over the other.

1.8 Preparation of Substituted l,3-Dihydronaphtho[l,2-c]Thiophene
2,2-Dioxides

A lky la t ion  o f (21) using the same conditions as fo r  the preparation 

o f (57b) gave a mixture o f substituted naphthosulphones (6 6 a) and 

(67a) in  poor y ie ld .

21 i) BuLi 

i i ) R B r

66 67

a) R=(CH,),CH = CH.

b) R=CH,Ph

Using l i th iu m  diisopropylamine (LDA) as base instead o f n -bu ty l-  

l i th iu m  resulted in  a s l ig h t  increase in  the y ie ld ;  however the
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in troduction  o f hexamethyl phosphoric t r i  ami de (HMPT) in to  the so lu tion  

o f (21) in  tetrahydrofuran (THF) before the addition o f LDA produced 

a very large increase in the y ie ld ,  g iv ing a nearly quan t ita t ive  

recovery o f substituted naphthosulphones. These resu lts  are summarised 

in Table 1.2.

Table 1 .2 : -  A lky la t ion  of l,3-Dihydronaphtho[l,2-c]Thiophene 2,2-Dioxide 
(21) with 5-Bromopent-l-ene

Base Additional Reagent Yield {%)

n-Buhi 25
LDA - 37
LDA HMPT 84

I t  would seem l i k e ly  tha t the HMPT was able to complex the l i th iu m  

cation and thereby increase the n u c le o p h i l ic i ty  of the sulphonyl 

carbanion. Indeed the complex between HMPT and l i th iu m  bromide has 

been iso la ted and characterised^^. D o o l i t t le  studied the reaction o f 

alky ny l anions with oxiranes in THF and found a dramatic increase in 

the y ie ld  o f the acetylenic alcohol when HMPT was present in the 

reaction mixture^S. Other complexing reagents were t r ie d  and were 

also found to increase the nucleophil i c i t y  o f the alky n y l  anion, 

although only N,N,N',N'-tetramethylethylenediami ne was found to be as 

e f fe c t iv e  as HMPT. HMPT has also been used as a co-solvent in the 

W itt ig  reaction , where i t  gives a high proportion o f  c is -o le fins^O , 

and i t s  use was recently reported in  the intramolecular condensation 

o f a sulphonyl carbanion with an epoxy groupai.
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Clearly the y ie ld  o f (6 6 a) and (67a) is  much lower than tha t Of 

(57b) when the a lky la t io n  is  performed under s im ila r  conditions. A 

possible explanation fo r  th is  is  the greater double bond character o f 

the naphtho [1 ,2 ]  bond compared to the naphtho [ 2 , 3 ]  bond. Crumbie 

and Ridley have shown tha t the a-sulphonyl carbanion o f 2,5- 

dihydrothiophene 1 , 1-d ioxide tends to undergo decomposition to r ing 

opened c o m p o u n d s 3 2  (Scheme 12).

Q e
O '' ''o

RI
0

// V'Q

OR

II
0

Scheme 12

Therefore i t  is  possible tha t a s im ila r  r ing opening (even thi/ough 

the double bond is  part o f an aromatic system) would reduce the y ie ld  

o f (6 6a) and (67a).

Treatment o f (21) with n -b u ty l- l i th iu m  followed by an excess of 

benzyl bromide also gave a mixture of a lky la t io n  products, in th is  

case (6 6 b) and (67b).

1.9 Isomer Ratios o f Substituted 1 ,3-Dihydronaphtho[l,2]Thiophene
2,2-Dioxides

In the mixture o f (6 6b) and (67b), p a r t ia l  p u r i f ic a t io n  has allowed 

the n.m.r. spectrum of one o f the isomers to be defined. Although 

th is  spectrum cannot be assigned to e ith e r o f the two s truc tu res ,
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(6 6 b) or (67b), i t  does allow the ra t io  o f isomers in the o r ig in a l 

mixture to be calcu lated.

As previously stated in  1.7, the n.m.r. spectrum o f (21) shows two 

s ing le ts  a t ô(CDCl3 ) 4.67 and ^(CDClg) 4.53 which have not been 

a tt r ib u te d  to e ith e r  o f the two pairs o f benzylic hydrogens. The 

mixture o f (6 6 a) and (67a) shows, amongst others, two d is t in c t  

m u lt ip le ts  a t ^(CDClg) 4.80-4.56 and ^CDClg) 4.53-4.20. I f  one 

m u lt ip le t  is  assigned to a l l  signals o r ig in a t in g  from hydrogens bonded 

to the benzylic carbon in  the ' 1 ' pos ition and the other m u lt ip le t  is  

assigned to a l l  those in  the '3 ' pos it ion , a ra t io  o f isomers can be 

calcu lated and is  included in Table 1.3. However such assignments 

are presumptious and may be inco rrec t . In te re s t in g ly  the ra t io  o f 

isomers changed when HMPT was introduced in to  the reaction mixture.

Table 1 .3 : -  The Ratio o f Isomers in Mixtures o f Substituted 
1,3-Dihydronaphtho[l,2-c]Thiophene 2 ,2 -D iox ides

E lectrophil e Ratio

D2 O
CH2 =CH(CH2 )2 CH2 Br 
CH2 =CH(CH2 )2 CH2 Br, w ith HMPT 
C6 HsCH2 Br

52:48
65:35
54:46
62:38

1.10 Attempted Separation o f Substituted 1,3-D ihydronaphtho[l,2-c] -  
Thiophene 2,2-Dioxide Isomers

Attempts were made to separate the mixtures o f (66a)/(67a) and

(66b)/(67b) in to  th e i r  ind iv idua l components using column chromatography
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These were generally unsuccessful, leading usually to a va r ia t io n  in 

concentration o f the two isomers across a range o f fra c t io n s . In the 

case of (66b)/(67b) th is  did give some c la r i f i c a t io n  of the n.m.r. 

spectrum of the i n i t i a l  mixture and enabled ca lcu la t ion  o f the ra t io  

given in Table 1.3.

In an attempted separation o f (6 6 a) and (67a), s i l i c a  gel impregnated 

w ith s i lv e r  n i t ra te  was used. This is  a technique f i r s t  reported by 

De Vries33 and well documented in the 1 i te ra tu re ^^ .  However, in  th is  

p a r t ic u la r  case no improvement in p u r i f ic a t io n  was shown over ordinary 

s i l i c a  gel or alumina.

1.11 Thermolysis of a Mixture o f 1,3-Dihydro l-(pent-4-enyl)naphtho- 
L1,2-cJThiophene 2,2-Dioxide (67a) and i t s  3-(Pent-4-enyI)
Isomer (6 6 a)

Thermolysis o f a mixture o f (6 6 a) and (67a) was accomplished under 

the conditions used fo r  (57b); a lower temperature would probably 

have suff iced but a shortage o f material did not allow fo r  experimental 

divergence. The products were a mixture o f (6 8 ) and (69) and a 

mixture of what were presumed to be the styrenes (70) and (71). The 

mixture o f (6 8 ) and (69) could only be id e n t i f ie d  as two compounds by 

gas- l iqu id  chromatography, and was not found to be separable in to  i t s  

two components.
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1.12 Mass Spectral Studies 

The mass spectrum of (57b) (Figurel.D shows the base peak to be 

222, representing loss o f SO2 . At 22ev th is  process is  even more 

dominant, with other peaks representing less than 10% o f the base 

peak, the only exception being the molecular ion m/e 286 (59%).

57b

The ions a t m/e 179 and 181 are generated by loss o f C3H5 * and 

C3 H7 * respective ly from ion m/e 222, ra ther than by loss o f much 

la rger fragment from the molecular ion. Evidence fo r  th is  comes from 

the presence o f metastable peaks a t m/e 144 and 147. The processes 

g iv ing r ise  to ions m/e 165-168 are ra ther less c lea r. Possibly ions 

m/e 166 and 165 have in turn been derived from ions m/e 181 and 179 

respective ly ; both steps would be expected to give a metastable peak
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at m/e 152, which is  indeed present. The metastable peaks expected i f  

they had been derived from ion m/e 222  are absent.

The behaviour o f (57b) in a mass spectrometer can be seen, there fore , 

to correspond with i t s  behaviour on thermolysis, w ith loss o f 'SO2 ' 

predominating in both. Dougherty has suggested tha t a spectrum 

showing few or small metastable peaks w i l l  correspond to the 

photochemistry of a compound, while the occurrence o f large metastable 

peaks in  a spectrum w i l l  ind icate how the compound w i l l  behave on 

thermolysis^^. However, th is  is  not backed up by the spectrum of 

(57b). The dominant mass spectral process o f (57b), loss o f SO2 , was 

observed on thermolysis a t  300°C,but not a t a l l  on photo lysis a t 254 

nm. This is  despite the fa c t  tha t the mass spectrum contained only a 

few small metastable peaks.

The mass spectrum of (62) (Figure 1.2) shows many s im i la r i t ie s  to 

tha t o f i t s  sulphone precursor, with peaks a t m/e 165, 166, 179, 181 

and 222. That is  not to say however th a t those peaks are derived by 

common processes since there is no reason to presume tha t (62), or i t s  

p o s it iv e ly  charged analogue, is  formed during the electron bombardment 

o f (57b). The ions observed are present in d i f fe re n t  proportions and 

Figure 1.2 shows two ions not previously seen in Figure 1.1, m/e 193 

and 194. However, both the mass spectra involve the generation o f 

s im ila r  submolecular fragments, which must therefore have re la t iv e ly  

high degrees o f s t a b i l i t y  associated with them. Indeed, to lose what 

is  presumably an a l ly l  radical C^Hg" (g iv ing  the common ion m/e 181)

(62) may need to f i r s t  under go a reverse D ie ls-A lder reaction in
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order to  generate the necessary term inal double bond.

62

The mass spectrum of a mixture (6 6 a) and (67a) shows, not s u rp r is in g ly , 

close s im i la r i t ie s  to tha t of (57b). The only d iffe rence worthy of 

mention is  tha t the ions m/e 222 are less dominant, indeed a t 30ev 

the molecular ions form the base peak and by quite a large margin, 

the combined occurrence o f these ions being f iv e  times tha t of ions 

m/e 2 2 2 .
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FIGURE 1.1 222
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Mass spectrum of (62) at 70 eV.
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CHAPTER TWO

PREPARATION AND PYROLYSIS OF 2-PHENYLTHIETAN 1,1-DIOXIDES

2 . 1  In troduction 

Whereas the extrusion o f sulphur dioxide from benzo- and naphtho- 

deriva tives involves o-quinodimethane intermediates, non-cyclic benzylic 

sulphones can only lose sulphur dioxide via a d i f fe re n t  mechanism. 

Leonard found tha t flash vacuum thermolysis o f dibenzyl sulphones 

gives d i b e n z y l s ^ G  (Scheme 13).

H - ch.-so.-ch.-A 2

i
K K

Scheme 13

He proposed tha t the reaction occurs via the homolytic f is s io n  of 

the sulphur-carbon bonds to give benzyl rad ica ls , which then couple. 

This type of reaction was exploited by Staab and Haenel in the 

synthesis o f c y c l o p h a n e s ^ ? .  Vapour phase thermolysis a t 500*0 and 

0.1 mm/Hg o f sulphones (72) and (73) gave [2 ,2 ] (4 ,4 ‘ )biphenylophane 

(74) and 5 ,6 ,17,18-te trahydro[2 ,2 ] (2,7) phenanthrenophane (75) 

respective ly .
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72 74

73 75

The extrusion o f two sulphur dioxide molecules from bis-sulphones 

need not be simultaneous. For example Sherrod e t al found tha t in  

the flash vacuum thermolysis o f the bis-sulphone (76), the monosulphone 

(77) could be iso lated as well as the cyclophane (78)38,

OCH

500*C 

z 15mm/Hg

OCH OCH

76 77 78
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Thus the 'double' extrusions may occur in two d is t in c t  steps. 

However ethene is  eliminated in the thermolysis o f (7 9 ) 3 9  (Scheme 14) 

and th is  means tha t a f te r  the extrusion o f the f i r s t  sulphur dioxide 

the second must be lo s t  before the i n i t i a l l y  generated d ira d ica ls  can 

recombine; hence they must be lo s t  v i r t u a l l y  simultaneously.

-2S0,

-C :H +

79

Scheme 14

Thermolysis o f 9,10-dihydro-ll-th ia-9,10-ethanoanthracene 

11,11-dioxides (80) when R2 =H a t 300°C in  a sealed tube a t 0.5 mm/Hg 

gave the substituted anthracenes (81)40.

(a)R ,=  H

(b )R ,=  CH,

80

When R2 is  methyl th is  reaction is  blocked, and the appropria te ly  

substitu ted dibenzocycloheptene (82) is  formed. Dibenzocycloheptenes 

were also the products fo r  a l l  the compounds pyrolysed under f lash  

vacuum thermolysis conditions (600°C, 3x10-3 mm/Hg).
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80

82

s ta t ic  thermolysis o f (83) a t 300*C gave the dibenzocycloheptene 

(84)41. 1 ,4 ,5 ,8 ,9 -Pentamethylanthracene was not formed, presumably

due to severe p e r i- in te ra c t io n s  between the 1 ,8  and 9 methyl groups.

83 84

The s ta t ic  thermolysis o f the disulphone (85) a t 138*C fo r  s ix  

hours gave a mixture o f bibenzyl (8 6 ) and dibenzylsulphone (87)42

^ )-C H ,-s o rs O rC H ,-0 >  —  ^ - ch. - ch. H ^ )

85

41%

8 6
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The is o la t io n  o f (8 6 ) and (87) ind icates the formation o f benzyl 

rad ica ls in  the thermolysis, but whether they are derived from the 

disulphone d ire c t ly  or by loss o f sulphur dioxide from PhCH2 S02 is  

unknown. K inetic  studies c le a r ly  indicated th a t the rate determining 

bond f is s io n  was again homolytic.

Some c yc l ic  sulphones behave in a s im ila r  manner to chain sulphones. 

Pyrolysis of a cyc l ic  sulphone with appropriate aryl su b s t itu t io n  

generally gives r ing contraction via loss o f sulphur dioxide and 

recombination o f the benzyl rad ica ls . Thermolysis o f 2 ,4-d iphenylth ie tan 

1,1-dioxide (8 8 ) a t 250*C fo r  0.5-1 hour gave a mixture o f the c i s- 

and trans-d iphenylcyclo p r o p a n e s ^ ^  (Scheme 15).

Ph Ph

^  / ^ ^ P h  *
Ph'

88 Scheme 15

The c i s -diphenylsulphone, the tra n s -di phenylsulphone and a mixture 

o f the two a l l  gave a c i s /trans ra t io  o f the diphenyl cyclopropanes of 

approximately 0.135. Hence the benzyl rad ica ls  formed e x is t  fo r  a 

s u f f ic ie n t ly  long enough time to e xh ib i t  no memory.

Thermolysis o f trans -2,4-d iphenylth ietan 1,1-d ioxide under f lash 

vacuum conditions a t 400-500*0 gave a c i s /trans ra t io  o f 0.30-0.34*4 

and thus the isomer product ra t io  appears to be thermodynamically 

con tro lled .
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Flash vacuum thermolysis o f a sulphone incorporating benzylic 

s ta b i l is a t io n  o f the intermediate d irad ica l also gives extrusion o f 

sulphur dioxide. Fin lay pyrolysed 2-phenylthietan 1,1-d ioxide (89) 

and a number o f 2 ,2 -d isubs titu ted  deriva tives under flash vacuum 

conditions44; a t 450*C (89) gave, apart from unreacted s ta r t in g  

m ateria l, exclusive ly phenyl cyclopropane. At 600*C phenyl cyc lo­

propane represented 70% of the product m ixture, the remainder consisting 

o f ^-methyl styrene and allylbenzene, while a t 800°C these alkenes 

were the only compounds detectable in the product mixture. Thus a t 

higher temperatures hydrogen migration competes successfully w ith 

recoupTing o f the rad ica ls .

Ph

Ph

2-Alky l-2 -phenylth ie tan 1,1-dioxides gave s l ig h t ly  higher y ie ld s  

than (89) o f the appropriate cyclopropanes a t 600*0. The importance 

o f the phenyl group being O'to the sulphone group is  i l lu s t ra te d  by 

the fa c t  th a t 3-phenylthietan 1,1-dioxide gave a 49% recovery o f 

s ta r t in g  material fo r  f lash vacuum thermolysis a t 800*0. The remaining 

material was made up o f phenyl cyclopropane and a-methylstyrene.

c i s-2,3-Diphenylthiirane 1,1-dioxide (90) decomposes s te re o sp e c if ica l ly  

a t 25*0 to give c is - stilbene45. Likewise the trans isomer gives 

tra n s -s t i lbene . The rate o f thermolytic decomposition o f (90) was 

observed to increase markedly with increasing ion is ing  power o f the
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solvent and th is  led to the consideration o f an ion ic  intermediate, 

The authors however were in favour o f a polarised t ra n s i t io n  state 

but w ith a d irad ica l intermediate which would lose sulphur dioxide 

before bond ro ta t io n  (Scheme 16).

A
Ph Ph

90

Ph

. A
r— V

PhJ

polar transition 
state

» ; r \
.Ph f

H 
PhJ

singlet diradical 
intermediate

1
H H

P h H h

Scheme 16

However an ion ic  mechanism has been proposed in the thermolysis o f 

2-methyl diphenylsulphone (91) and re lated c o m p o u n d s ^ G  (Scheme 17). 

None o f the biphenyl which would be expected from a radical mechanism 

was observed.
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0=S=0 CH

91

0= S*OH ÇH2 0 = S

/

Scheme 17

A m u lt i-cen tre  t ra n s it io n  state has been proposed fo r  the e lim ination  

o f sulphur dioxide from some acyc lic  a l l y l  sulphones, fo r  example 

from 3-benzylsulphonylbut-l-ene (92) which gives 5-phenylpent-2-ene 

on thermolysis*? (Scheme 18).

/ C H 3

H.C
„CH -  CM

Ph

so.
210»C

-,

CH—-CM
/ y

so,
H3C 

Ph

PhCCHjjjCHzCHCH.

92

Scheme 18

-38-



Sul phones may also extrude sulphur dioxide on photo lys is , but owing 

to the in a b i l i t y  of saturated sulphones to strongly absorb u l t r a v io le t  

l i g h t ,  a chromophore such as a phenyl group is  needed. As with 

thermolyses, the presence of a radical s ta b i l is in g  group in the ex­

position causes the extrusions to occur more e f f i c ie n t l y .  I r ra d ia t io n  

o f (89) a t 2 5 4  nm gave exclus ive ly  phenylcyclopropane^^. I r ra d ia t io n  

o f 3-phenylthietan 1,1-dioxide under s im ila r  conditions gave recovery 

of s ta r t in g  material on ly. Photolysis o f sulphone (93) gave extrusion 

of sulphur dioxide only when R was an aryl g r o u p 4 8  (Scheme 19). When 

R was a lky l no reaction occurred.

h v ^  

300 nm

93

Scheme 19

Schultz and Schlessinger observed the loss o f sulphur from the 

analogous sulphoxide when i t  was d ire c t ly  ir ra d ia te d , y ie ld in g  the 

appropriate pyran de riva t ive . When the i r ra d ia t io n  was sensitised, a 

ketone was the product^^ (Scheme 20).
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6 ' ' 5

c 4i/

CeHs

Scheme 20

Ir ra d ia t io n  o f diphenyl sulphone in benzene gives a mixture o f 

biphenyl and benzenesulphinic acid, a radical mechanism via i n i t i a l  

(3-cleavage being p r o p o s e d ^ O  (Scheme 2 1 ) .

^  •  ' O

o  •  o

"  •  ^ S O .

Scheme 21
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The 1,8 bridged naphthalene sulphone (94) gives a dimer on photolysis 

w ith the d i radical species (95) the probable i n t e r m e d i a t e ^ ! .

2 2

95

SO. SO

94

A phenyl group a  to a sulphone group has been shown to s ta b i l is e  

not only the formation o f rad ica ls but also a-sulphonyl carbanions. 

Thus treatment o f (89) with a powerful base, such as n -b u ty l- l i th iu m , 

followed by addition o f an a lky l halide gives the appropriate 2 , 2 - 

d isubs titu ted  th ie tan sulphone in reasonable y i e l d * 4  (Scheme 22).

Ph   ^Ph

nBuU

Ph

□  
I—  SO, L— so,

R -X rso.

Scheme 22

The a b i l i t y  o f th ie tan sulphones to both a lky la te  a  to the sulphonyl 

group and r ing contract to cyclopropanes led to th e i r  inc lus ion in 

Scheme 23. This is  a Scheme tha t both exp lo its  these a b i l i t i e s  and 

which is  considered to be a plausib le re trosyn the tic  analysis o f 

(96), an analogue o f chrysanthemic acid esters.

Ph

CO,R

96

CO.R

Scheme 23 
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The incorporation o f the o le f in ic  sidechain was envisaged as possibly 

being accomplished by the reaction o f ana-sulphonyl carbanion with 

isobutyraldéhyde, followed by dehydration and, with a view to these 

two steps, the condensation o f (89) w ith aldehydes in  general was to 

come under study.

Compound (89) has previously been prepared by the method described 

by S c h a a l 5 2  and summarised in  Scheme 2 4 .

0 AI Cl, LiAIH.
♦ BrCH,CH,COCI — ► BrCH,CH,COPh — ► BrCH,CH.CHOHPh

| hci 

Ph
89 I T  V  ' ~rhiourea BrCĤ CĤ CHCI Ph
~  L  s ii)  NaOH

97

Scheme 24

The synthetic u t i l i t y  o f th is  route fo r  a bulk or commercial 

preparation o f (89) would tend to be l im ite d  by the expense of 3- 

bromopropanoyl ch loride and in view of the potentia l synthetic 

importance o f the sulphone, a new route was desired.

1,3-Dichloro-l-phenylpropane (99) was studied as a possible 

intermediate fo r  such a route. This compound has previously been 

prepared by Shorygina^^ from 4-phenyl-m-dioxane (98), which in  turn 

has been prepared by Shortridge54. Both these preparations were
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reported as being in exce llen t y ie ld  and using read ily  ava ilab le 

m ateria ls .

.  2CH.0 ^  r r ^
P" 8 4 -8 8 %  0 — 0 95%  ci Cl

98 i ?

However, the cyc l isa t io n  o f d ich lorides in to  thietans does not 

appear to have previously been studied. F id le r  e t al reported tha t 

the conversion of dibromides in to  thiacyclopentanes and thiacyclohexanes 

can be accomplished in  very good y ie ld s  using sodium sul phide^^.

However when l-bromo-5-chlorohexane was used in  such a preparation, 

the y ie ld  was only moderate (Scheme 25).

Me

Scheme 25

Synthesis o f the more strained th ie tan ring  under s im ila r  conditions 

has been accomplished by Fin lay: use of sodium sulphide in  the 

cyc l isa t io n  step o f Scheme 24 led to an increased y ie ld  o f 2-phenyl 

th ie tan (97) from 30% to 73%4 4 ,

2.2 Preparation of 1,3-Dichloro-l-phenylpropane (99)

4-Phenyl-m-dioxane (98) was prepared by heating a mixture o f styrene 

and excess aqueous formaldehyde solu tion under re f lu x  in the presence 

o f a c a ta ly t ic  amount o f sulphuric acid, in  a y ie ld  consistent with
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those observed by Shortridge54. This dioxane was then used in the 

preparation o f  1,3-dichloro-l-phenylpropane (99) by methods described 

by Shorygina53. However the y ie ld s  quoted by th is  author were not 

found to be reproducible. Maintaining a s t i r re d  so lu tion of (98) in 

th iony l ch lo r ide  a t 70-80*C fo r  four hours gave, on work up, a viscous 

dark ta r ,  from which only a ne g lig ib le  amount o f the desired compound 

could be iso la ted . Following the reaction by g . l . c  showed tha t a f te r  

90 minutes the quantity o f the dioxane (98) exceeded tha t of the 

d ich lo r ide  (99), rendering a 50% y ie ld  (quoted by the author fo r  th is  

reaction time) impossible.

The reaction o f (98) w ith phosphorus pentachloride was found to be 

extremely le th a rg ic .  A reaction mixture o f the two compounds in  

carbon te trach lo r ide  was s t i r re d  a t room temperature fo r  a to ta l o f 

approximately s ix  weeks and a t 40-60°C fo r  a to ta l o f approximately 

s ix  days. At the end o f th is  period, the reaction was shown by g . l . c  

to be incomplete.

The method eventually adopted fo r  the preparation o f (99) was to 

allow p a r t ia l  ch lo r ina t ion  o f the dioxane (98) by treatment w ith 

phosphorus pentachloride and, a f te r  work up, to complete the step by 

heating and s t i r r in g  the product in  th iony l ch lo r ide  a t 70-80*C. A 

y ie ld  o f 61% was achieved by th is  procedure.

A lte rn a t iv e ly  the reaction o f (98) w ith phosphorus pentachloride, 

followed by frac t iona l d i s t i l l a t i o n  o f the p a r t ia l ly  ch lorinated 

product mixture was observed to give a 47% y ie ld  o f  (99).
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2.3 Preparation o f 2-Phenylthietan (97)

The c y c l ic  sulphide (97) was prepared by heating the d ich lo r ide  

(99) under re f lu x  in an aqueous a lcoho lic  so lu tion o f sodium sulphide. 

Over a series o f experiments y ie ld s  were in  the range 45-53%. This 

is  lower than tha t quoted by F i n l a y 4 4  with respect to the preparation 

o f (97) from 3-bromo-l-chloro-l-phenylpropane but th is  is  not su rp r is ing  

in  view o f the fa c t  tha t the d i f f i c u l t  step o f the nucleophilic  

displacement of the primary halide by a sulphide ion was accomplished 

using a ch lo ride  ra ther than a bromide. Certa in ly  the y ie ld s  compare 

favourably w ith tha t observed fo r  Scheme 25. 2-Phenylthietan 1,1- 

dioxide (89) was obtained by oxidation o f (97) with m-chloroperbenzoic 

acid.

A summary o f the new procedure fo r  the preparation o f th is  sulphone 

is  given in  Scheme 26.

H * PClj/SOCl,

0 , ^ 0  ^  Cl Cl

98 99

Ph ♦2C H ,0

I— so, I— s

89 97

Scheme 26 
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2.4 Preparation o f 2 -(1 -Hydroxyalkyl)2-pheny1thietan 1,1-dioxides 

Treatment o f a dry ethereal suspension o f 2-phenylthietan 1,1-dioxide 

(89) w ith a s l ig h t  excess o f n -b u ty l- l i th iu m  a t -78*C, followed by 

the addition o f an a l ip h a t ic  aldehyde afforded the respective alcohol 

in a y ie ld  o f 30-35%, as shown in Table 2.1.

C / P h
■j n-BuLi 

SO, □f
Ph

RCHO

—  so, OH

89 100
a) R =CH,
b) R=CH(CHJ3 ' 2

Table 2 .1 : -  Preparation of 2-(l-Hydroxyalkyl )2-phenylth ietan 
1,1-dioxides (10Û), Using n-BuLi

A1dehyde Product Y ie ld %

CH3CHO 100a 30
(CH3)2CHCH0 1 0 0b 35

Repeating the preparation of (100a) using dry THF, but otherwise 

keeping reaction times and conditions the same, led to a s l ig h t ly  

reduced y ie ld  o f 23%.

The use o f THF in  metalation reactions became increasing ly 

popular in  the 1960's when Gilman e t al showed th a t generally compounds 

were metalated more rap id ly  and gave higher y ie ld s  o f the desired 

product when th is  solvent was used instead o f  d ie thy l ether56-58. 

However carbanions often have a lower s t a b i l i t y  in  THF than in d ie thy l
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ether and th is  has led to the development of the mixed solvent system 

THF-diethyl ether which can fu r th e r  improve y ie ld s .  For the dimetalation 

of diphenyl ether, fo r  example, a THFiether ra t io  o f 1:1.3 was 

recommended^®. In view o f the f ind ings o f  Gilman's group, i t  would 

appear tha t the lower y ie ld  o f (100a) using THF can be accounted fo r  

by the lower s ta b i l i t y  o f the sulphonyl anion in  th is  solvent than in 

d ie thyl ether. However, owing to in s u f f ic ie n t  time, no e f f o r t  was 

made to maximise the y ie ld  o f the reaction in e ith e r solvent.

2.5 Attempted Preparation o f 2-(2-Methylprop-l-enyl)2-phenylthietan 
1 , 1-d iox ide (1011

Attempts were made to prepare 2-(2-methylprop-l-enyl)-2-phenyl th ie tan

1 , 1 -d iox ide ( 1 0 1 ) from the corresponding alcohol ( 100b).

Ph

so ,

101

In order to avoid a carbonium ion a  to the 4-membered r in g ,  which 

may have fa c i l i t a te d  r ing expansion, dehydration procedures not 

thought to involve carbonium ions were used.

The i n i t i a l  attempt used the reagent HMPT. Monson and Priest®^»®® 

reported the dehydration o f primary and secondary alcohols with th is  

reagent a t 220-240*0, and took the absence o f rearrangement products 

( in  reactions where rearrangements are known to occur when a carbonium 

ion intermediate is  involved) as proving an E2 mechanism. This, 

however, was disputed by Dubois e t a l61. A f u l l e r  discussion o f the 

mechanism here is  unwarranted since heating (100b) in HMPT fo r  two
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hours a t 220-240*0 led to a number o f decomposition products, none of 

which could be id e n t i f ie d .

Appel and Wihler reported the dehydration o f alcohols using 

tr iphenylphosphine and carbon te tra ch lo r id e  in  ace ton itr i le® ^.

However heating a mixture o f the alcohol (100b), carbon te trach lo r ide  

and tr iphenylphosphine in a c e to n it r i le  under re f lux  overnight led to 

a nearly quan t ita t ive  recovery of the s ta r t in g  alcohol. The desired 

o le f in  was not iso lated from, or id e n t i f ie d  in ,  e i th e r  the crude product 

mixture or in the small quantity  o f products not corresponding to 

( 1 0 0b).

2.6 Preparation of 2-Alkoxycarbonyl-2-phenylthietan 1,1-dioxides

F i n l a y  44 reported tha t the anion generated from the sulphone (89) 

did not react with ethyl chloroformate and tha t only s ta r t in g  materia ls 

were recoverable. However, th is  was not found to be s t r i c t l y  tru e .

In one experiment, treatment o f (89) w ith  n -b u ty l- l i th iu m  followed by 

addition o f ethyl chloroformate gave, a f te r  chromatography on alumina, 

a low y ie ld  o f 2 -ethoxycarbonyl-2 -phenyl th ie tan 1 , 1 -d ioxide ( 1 0 2 ) .

Some of the s ta r t in g  sulphone (89) was also iso la ted but curious ly  i t  

was recovered from the chromatography column a f te r  ( 1 0 2 ).

I n-BuLi I ClCOjEt p *

I—SO, ^ I— SO, ^ I—SO,

89 102
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A series o f fu r th e r  attempts a t the preparation o f (102) was made 

using a s im ila r  procedure to tha t which had proved successful.

However none o f the desired sulphone este r was ever iso la ted . The 

s ta r t in g  sulphone was always recovered, despite the fa c t tha t by 

n.m.r. spectroscopy i t  always appeared to be absent in the crude 

product mixture. The method o f attempted p u r i f ic a t io n  was always 

column chromatography, since attempts a t c ry s ta l l is a t io n  always 

fa i le d .  Indeed when (102) was obtained in  the pure form, i t  proved 

very d i f f i c u l t  to recrystal l i s e .

Attempts at the preparation 2-methoxycarbonyl-2-phenylthietan 1,1- 

d ioxide (104) proved more successful. The anion generated by treatment 

o f (89) w ith n -b u ty l- l i th iu m  was quenched with carbon dioxide and 

ac id ic  work-up afforded the carboxylic acid (103) in  89% y ie ld .  

E s té r i f ic a t io n  with diazomethane could be accomplished in 59-66% 

y ie ld .

Ph Ph

89 1) n-BuLi
—  ►

CO,H CH,N, I A  

^ S O -  I— SO
CO,Me

2) CO, ^^2 —  ^“ 2

^ j03  104

A sample o f (104) was eluted through alumina while another was 

eluted through s i l i c a .  In both cases the time spent on the column 

was in the order o f 20  minutes and in both cases the material recovered 

was a mixture o f (89) and (104). This suggests tha t the major 

d i f f i c u l t y  associated with the preparation o f ( 1 0 2 ) is  the in s ta b i l i t y  

o f such sulphone esters on chromatography packing. S im ila r sulphone j
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esters were eluted through chromatography columnsduring the course o f 

the work fo r  Chapter 3, and a discussion of th is  phenomenon w i l l  

appear in  tha t chapter.

2.7 Photolysis o f 2-Alkoxycarbonyl-2-phenylthietan 1,1-d ioxides 

Photolysis o f the methyl ester (104) a t 254 nm fo r  10 hours gave, 

a f te r  chromatography on s i l i c a ,  an 82% y ie ld  o f the cyclopropane 

(105) which was id e n t i f ie d  by comparison w ith 'H n.m.r. data previously 

published®3.

Photolysis o f (102) a t 254 nm fo r  2-3 hours gave only one compound 

by t . l . c . ,  the n.m.r. spectrum of which corresponded to tha t antic ipated 

fo r  ethyl 1-phenyl cyclopropane carboxyl ate (106). The mass spectrum 

also corresponded to tha t expected. This compound has previously 

been prepared by the groups o f Kondo®* and Lauger®^.

Ph 

COjMe

1— so.

r 4

104 

Ph

CO,Me 105

CO,Et A<"’
^ C O . E t

—" SO
2 102 'L U ,tT  106

These resu lts  are consistent w ith the observations o f F in lay*^  in  

the photolysis o f 2 - a lk y l - 2 -phenylthietan 1 , 1 -d iox ides, which gave 

the appropriate cyclopropanes as the only products by g . l . c .  No 

comment can be passed on the a b i l i t y  of an alkoxycarbonyl group to 

act as a chromophore or as a radical s ta b i l is e r  in  these photolyses, 

as the fa c i le  extrusions o f sulphur dioxide tha t were observed can be 

accounted fo r  by the presence o f the 2 -phenyl group.

-50-



2 .8  Attempted Preparation o f 2-Methoxycarbony1-4-(2-methy1propan-
l-o l)-2-pheny1th ie tan 1,1-dioxide (107)

The t i t l e  compound was o f in te re s t  because i t  was a possible

intermediate in Scheme 23, but attempts to prepare i t  from (104)

proved unsuccessful.

Ph

104
CO,Me

107

Treatment o f a suspension o f (104) in  dry ether w ith an equivalent 

amount o f IDA a t -78°C fa i le d  to produce a so lu t ion , instead a 

p rec ip ita te  remained even when warmed to room temperature ( th is  

contrasts with the behaviour o f a suspension of (89) in  dry ether 

which gives a solution when treated w ith a strong base). Addition of 

isobutyraldéhyde a t -78°C and a gradual warming to room temperature 

caused the suspension to give way to a so lu tion . On work up, the 

crude product mixture appeared to consist o f a considerable number o f 

compounds by t . l . c .  Flash chromatography fa i le d  to y ie ld  any 

id e n t i f ia b le  compounds.

When the experiment was repeated, but w ith THF replacing ether as 

solvent, treatment o f a so lu tion  o f (89) a t -78*C with an equivalent 

amount of IDA gave a green so lu t ion . S t i r r in g  at -78*C fo r  a fu r th e r  

h a l f  an hour was followed by addition o f isobutyraldéhyde. Work up 

again revealed a large number o f compounds present in the crude 

product and, a f te r  flash chromatography, a trace amount o f the s ta r t in g
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sulphone was the only id e n t i f ia b le  compound. The bulk o f the product 

mixture appeared to consist o f a l ip h a t ic  hydroxy compounds. None of 

the desired product was isolated or detected.

In an e f f o r t  to establish i f  th is  behaviour was general fo r  th ie tan  

sulphones where there is  no phenyl group present to s ta b i l is e  any 

carbanion formed, a s im ila r  condensation was attempted using th ie tan

1,1-d ioxide (108). A suspension o f (108) in  dry ether a t -78*C, w ith 

a small amount o f hexamethylphosphoric triam ide added, was treated 

w ith an equivalent amount o f n -b u ty l- l i th iu m , re su lt in g  in a reaction 

mixture tha t was gelatinous in appearance. Warming to room temperature 

produced no apparent change. However, a f te r  recooling to -78°C, the 

addition o f isobutyraldéhyde caused the immediate disappearance o f 

the ge l. Work up and chromatography did not y ie ld  any id e n t i f ia b le  

products, although a number o f a l ip h a t ic  alcohols appeared to be 

present.

When a suspension o f (108) in  ether was treated with a 1.1 equivalent 

amount of LDA a gelatinous suspension again appeared. Dry carbon dioxide 

was bubbled through the reaction mixture but only a t in y  amount o f 2 - 

carboxythietan 1,1-dioxide (109) was iso la ted .

C]  1) BuLi
C(SO,

108

2) (CHJzCHCHO

1) LDA

2) CO,, H* Cl
CO.H
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I t  would seem, therefore, tha t the in a b i l i t y  o f the th ie tan sulphones 

(104) and (108) to give successful condensations with isobutyraldéhyde 

is  not the re su lt  o f non -reac tiv ity  o f the sulphones with strong 

base, but the dominance o f one or more undesired reactions which give 

r ise  to decomposition products.

Kotin has reported s im ila r  d i f f i c u l t i e s  in the reaction of a Grignard 

reagent prepared from ( 1 0 8 )  with a series o f carbonyl c o m p o u n d s ^ G .

The desired hydroxy compounds were obtained in two cases, namely the 

cyclohexanone and benzaldehyde de r iva tives , but in generally poor 

y ie ld s .  No desired products whatsoever were obtained when the Grignard 

reagent was treated with a substitu ted benzaldehyde, acetone or 

formaldehyde.

A possible explanation fo r  the lack o f success experienced in the 

condensations invo lv ing (108) and (104) is  given in Scheme 27. In 

the absence o f a phenyl group to s ta b i l is e  any a-sulphonyl carbanion 

formed i t  would seen p lausib le tha t the base could remove a ^rhydrogen 

thereby allowing ring opening. The product of such a step could then 

undergo fu r th e r  fragmentation or rearrangement.

H

—so, so.

Scheme 27
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Subjecting a th ie tan sulphone containing no /5-hydrogens to s im ila r  

reaction conditions would be helpful in attempting to corroborate 

th is  suggestion. I f  Scheme 27 is  correc t then such a sulphone should 

be protected from th is  type o f attack, allowing the desired a lky la t io n  

products to be obtained. 3,3-Dimethylthietan 1,1-d iox ide, a th ie tan 

sulphone containing no/5-hydrogens, was studied during the work fo r  

Chapter 3, and i t s  reaction with strong base and a series of aldehydes 

is  reported there in .

2.9 Mass Spectral Studies

This chapter has included the photo lysis of two compounds, (102) 

and (104), and th e i r  mass spectra a t low ev are given in  Figures

2.1 and 2.2 respective ly . On photolysis (104) extrudes sulphur 

dioxide and th is  is  also the dominant mass spectral process a t 30 

ev, g iv ing the ion m/e 176. Competing with th is  is  loss o f the 

methoxycarbonyl group, giving the ion m/e 181. Not only does th is  

la t t e r  ion have a s ig n if ic a n t  level o f occurrence (50% of the base 

peak) but the ion m/e 176 i t s e l f  loses i t s  methoxycarbonyl group to 

give the ion m/e 117. A metastable peak a t m/e 78 substantiates 

th is .  Strangely, there is  no evidence th a t the la s t  step of the 

reverse series o f extrusions 250 -* 181 117 occurs, owing to the

absence of a metastable peak a t m/e 176. A summary is  given below 

(Scheme 28).

At 70 ev generation of the ion m/e 117 is  by fa r  the most commonly 

occurring process, with the next major ion a t m/e 105 having a re la t iv e  

22% occurrence. I t  is  not c lea r how th is  la t t e r  ion, believed to be 

C_H +, is  derived.
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Ph

C hCO,Me -e 
SO, — '

104

Ph 1 '  

I ko,Me C„H„0 - 
— SOj

m/e 176 m/e 117
m/e 240

-COgMe

C ,H ,0 ,S  

m/e 181

Scheme 28

The mass spectrum of (102) (Figure 2.2) shows great s im i la r i t y  to 

tha t o f the methyl ester. At 25 ev the dominant process is  again 

loss o f SO2 , corresponding, as previously, to the photochemical 

behaviour of the sulphone in question. However, two processes are 

observed tha t were absent in the mass spectrum of (104). The f i r s t  

o f these is  the loss o f [CO2CH2 CH2 ]  to give ion m/e 182, a fragmentation 

possibly best explained by Scheme 29.

1 Ph 1
— so,

H

 SO.

♦ CO,

♦ CH.: CH.

102
Scheme 29
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The second is  the loss o f [SO2CH2 CH2 ] ,  a process which occurs in 

two stages, namely i n i t i a l  extrusion o f sulphur dioxide to give base 

ion m/e 190, then loss o f ethene. A metastable peak a t m/e 138 

provides good evidence fo r  th is  order o f events. At 70 ev ion m/e 

117 is  again the base peak.

Ion m/e 117 also forms the base peak in  the spectrum o f (100a) 

(Figure 2 .3 ). However, in th is  case loss o f the sidechain from the 

benzylic posit ion predominates over loss of sulphur d ioxide, the 

la t t e r  g iving a small but d is tinguishable  peak a t m/e 162. For (100b) 

(Figure 2.4) unaccompanied extrusion o f SO2 is  almost non-existant, 

the ion m/e 190 g iv ing only a minute peak. The base peak is  ion m/e 

147, corresponding to loss o f sulphur dioxide and the sidechain 

isopropyl group. A metastable peak a t m/e 114 indicates tha t the 

loss o f the isopropyl group occurs f i r s t  with subsequent loss o f SO2 . 

Indeed unaccompanied loss of the isopropyl group occurs to only a 

very small extent, w ith the peak i t  gives a t m/e 211 even smaller 

than tha t a t m/e 190.
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CHAPTER THREE

PREPARATION AND PYROLYSIS OF SOME 3,3-DIMETHYLTHIETAN 1,1-DIOXIDES

3.1 In troduction 

The absence o f a double bond in a 5-membered r ing  sulphone 

makes the extrusion o f sulphur dioxide more d i f f i c u l t  than fo r  the 

dihydrothiophene sulphones discussed in Chapter One. The extrusion 

o f sulphur dioxide from ( 1 1 0 ) proceeds only at a much higher temperature 

and in a lower y ie ld^?  than in the case of ( 1 1 1 ) where the reaction 

presumably proceeds via the enol form^B. The authors proposed a 

d irad ica l intermediate fo r  the thermolysis o f (1 1 0 ) ra ther than a 

concerted 1,5 che lo trop ic  e lim ination^^.

520® C

110 ~  60%

c 3 f °  ^  0 °  • 

111 100%

so.

Dimethylsulpholanes c le a r ly  show a lack o f concertedness in giv ing 

a mixture o f c is -  and trans-but-2-enes69 (Scheme 30).
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lO>500* 

-C,H, 
-SO,

/ = \

1) 95%  cis 36 ± 6%  53 ♦ 3%

2) 90%  trans 51 ± 6%  40 ± 3%

Scheme 30

I t  seems feas ib le , therefore , to suggest d ira d ic a ls ,  (112) and 

(113), or zw itte r ions as intermediates in a mechanism where in te rna l 

ro ta t io n  competes with bond cleavage.

112 113

Thermal extrusion o f sulphur dioxide from th ie tan sul phones also 

proceeds via a d irad ica l mechanism; homolysis of the carbon-sulphur 

bonds to give the 1 ,3 -d irad ica l is  followed by r ing closure or hydrogen 

m igration. Flash vacuum thermolysis o f (108) a t 950*C afforded a 

mixture o f cyclopropane and propene^O.

□so, -  A • ^
108

In the thermolysis o f  2,2-dimethyl th ie tan 1,1-dioxide (114) a t the 

same temperature only a mixture o f alkenes was obtained.
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CH,
1
SO.

CH, 

114

However th is  does not exclude formation of cyclopropane a t some 

stage because the ra t io  of methylbutenes was not d iss im ila r  to tha t 

found by Flowers and Frey in  the pyro lys is  o f 1 , 1 -dimethyl cyclopropane?! 

Curiously in the flash vacuum thermolysis o f (114) a t 800°C a small 

amount o f the su lt in e  (115) was recovered along with a l i t t l e  o f the 

s ta r t in g  m ateria l.

s=o

115

Trost e t a l?2 studied the thermolysis o f c is -  and trans-2,4- 

dimethylth ietan 1,1-dioxide, (116) and (117) respective ly .

CH, CH,

SO,

CH.

n
J  SO;

CH,
’2 ^

■3 116 ^ ^ 3  117

These give mixtures o f c is -  and tra n s -cyclopropanes and c is - and

tra n s -pent-2-enes. The ra t io  o f products is  given in Table 3.1, and

the mechanism proposed exemplified by the trans isomer (117) in  Scheme

31.
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Table 3 .1 :-  Hydrocarbon Products from the Thermolysis o f (116) and (117)

trans­ c is - trans- c is -
Sul phone cyclopropane cyclopropane pent-2 -ene pen-2 -ene

{%) {%) (%) {%)

116 40.1 33.8 16.3 9.8
117 32.9 39.2 16.4 11.5

pent-2-enes

CH,
CH,

•so.
CH,

117

H

conrotary^

CH, H CH. CH.

118

n ti
CH;

H SO.

.H

CH,
CK CH

'’ s

H H

CH, ^  A
conrotary /  \

119

\
pent-2-enes

Scheme 31

These thermolyses were carried  out a t 350°C with contact times much 

less than one minute.
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Table 3.1 shows tha t there is  some degree o f memory exhib ited in 

these reactions, and th is ,  combined with the fa c t  tha t there is  no 

loss o f stereochemistry in recovered sulphone, suggests tha t 

interconversion o f (118) and (119) is  slow re la t iv e  to i t s  decomposition.

Flash vacuum thermolysis o f (120) a t 770°C gave exc lus ive ly  the 

diene ( 1 2 1 ); th is  is  consistent w ith a d irad ica l trimethylene 

intermediate, although a sulph in ic acid intermediate cannot be 

completely ruled out73.

120 121

The presence o f a n d o u b l e  bond w ith in  a 4-membered r ing  sulphone 

has a dramatic e f fe c t .  Thiete 1,1-dioxide (122) rearranges to the 

su lt in e  (124) on heating e ith e r  in  the vapour phase, in  so lu tion or 

under f lash vacuum thermolysis con d it ion s '^ .

r
900®C, FVT

SO,
SO,

122 123

0
II

0
124

A vinyl sulphene (123) was proposed as an intermediate and e f fo r ts  

were made to trap i t .  However only phenol gave the desired sulphonic 

ester (125).
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122 123
C.H.OH /SO,C;Hs

6 ' ' 5

125

Other attempts to prove the existence o f ( 1 2 3 )  were also la rge ly  

unsuccessful. The absence o f sul t ines in  the thermolysis products of 

( 1 0 8 )  was proposed as evidence th a t the mechanisms in the thermolysis 

o f ( 1 2 2 )  and ( 1 0 8 )  are d i f fe re n t  and tha t a d irad ica l intermediate in 

place o f ( 1 2 3 )  is  inappropriate. Later, however, Dittmer e t al did 

successully trap the intermediate ( 1 2 3 ) ,  with n o r b o r n e n e ^ G  (Scheme 

3 2 ) .

122 123
norbornene

Scheme 32
Vinyl sulphene has also been implicated in the reaction of propene- 

3-sulphonyl ch loride (126) with t r ie th y l  amine and methanol 75.

CHzzCHCHzSOzCl
126

Flash vacuum thermolysis o f (122) a t 950°C gives propenal”̂ '̂ ; the 

mechanism proposed is  shown in Scheme 33.

P o .
122

SO.
Q o

II

0

I

so
0

Scheme 33
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The preparation o f suTtines and unsaturated aldehydes was found 

to be general fo r  many substituted th ie te  s u l p h o n e s 7 0 , 7 7 , 7 8  and a 

fu r th e r  example is  given below (Scheme 34). I t  has been found tha t 

higher temperatures generally favour the aldehyde product.

Ph
a

,x.
Scheme 34

In the thermolysis o f benzo(b) th ie te  1,1-dioxide (127), a su lt in e  

is  again obtained, with a vinyl sulphene again the proposed 

intermediate^^ (Scheme 35).

127

Q O
II

0

Cope e t al heated the a l l y l  sulphone (128) such tha t p a rt ia l 

decomposition was observed (150-250*0, 7.5-1.5 hours)®^, but 

despite th is ,  (128) was the only compound iso lated from the reaction 

mixture and no sulphinate ester was iso la ted or detected.
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P h -s o ,-CH,-CH =CH, P h - S - 0 - C H ,- C H  = CH
I, *

128 129

However the reverse reaction, converting an a l l y l  sulphinate ester 

to the sulphone, was observed. Heating (129) a t 100*C fo r  29 hours 

afforded a mixture o f (128) and the s ta r t in g  m ateria l.

Heating (130) or (131) under re f lux  in  toluene fo r  6.5 hours gave 

the sulphone (132) in  low y ie ld .  Remaining sulphinate ester was 

not quantif ied  but instead destroyed by sapon if ica tion .

P h -S -0 -C H ,-C H  = CH-CH
II 

0

110
y ' 132

P h -S -0 -C H -C H = C H ,
" I
°  CH3 131

The authors were unsure how to in te rp re t  these re su lts .

The f lash vacuum thermolysis of some substitu ted 7 -s u lt in e s  have 

been undertaken by F i n l a y 4 4  and H a l l 77. The extrusion o f sulphur 

dioxide from 3-phenyl-l,2-oxath io lane 2-oxide (133) was observed, 

followed by r ing  closure o r , a t higher temperature, hydrogen s h i f t ^ l .

Ph-SOz-CHz-CHzCH-CHs
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600® C 
0   ^  

Ph
Ph'

0

—  *  / = \  ♦
Ph 'ph

In the pyro lys is  o f 1-phenyl-l,2-oxath io lane 2-oxide (134), formation 

of the cyclopropane r ing was found to be more favoured^^.

36% 37% 27%

In the absence o f a radical s ta b i l is in g  group such as phenyl, higher 

temperatures were generally required, o le f in ic  products more dominant, 

and y ie ld s  reduced, with white polymeric material usually observed 

in the crude product**. An example is  given below (Scheme 36).

CHa

n  ^  ■ y
0 0

70% 30%
Scheme 36 
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For a l l  these pyrolyses a two step mechanism is  generally supposed, 

w ith i n i t i a l  cleavage of the carbon-oxygen bond g iv ing r ise  to a 

d irad ica l s im ila r  to tha t proposed fo r  the pyrolyses o f th ie tan 

sulphones.

A concerted mechanism is  however proposed fo r ,g -s u l t in e s .  In the 

room temperature thermal decomposition o f (135), Durst e t al observed 

the re tention o f stereochemistry, c i s - s ti lbene being the product^?.

P h .

135

The pho to ly t ic  behaviour o f th ie tan sul phones has already been

described in Chapter Two; sul tines behave in a s im ila r  manner requir ing

a chromophore such as phenyl on the carbon bonded to oxygen to allow
83

photochemical decomposition

Although th ie te  sulphones also appear to require an a-chromophore, 

the photochemical products contrast markedly with those o f th ie tan  

sul phones. De Schryver has described the photolysis o f a number of 

phenyl substituted th ie te  sulphones (136)8* which reacted analogously 

to Scheme 33.
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3 v  I
R2 hv

SO.
R.

R,̂ -^SQ

136

a) Ri=Ph, RgzRg = H , R̂  = Ph

b) Ri =Rg = CHg, Rg= H , R*= Ph 

cl Ri =Rg = Rg = H, R^:Ph 

d) Ri=R2=H, RgzOH, R,=Ph 

el Ri zRgsH, R3 = OCgH , R^= Ph

-SO

3 .2  The Synthesis of Chrysanthemates 

Of considerable in te re s t  in recent years have been the methods o f  

synthesis o f trans-chrysanthemic acid (137), owing to the in se c t ic id a l 

a c t iv i t y  o f some ester de r iva t ives , known as pyrethrins (138).

COgH

137 138 R= a CIS-olefin 
chain

A c lose ly  re lated group o f compounds based on pyretheric acid 

replace the tra n s -vinyl methyl group on the isobutene sidechain w ith 

a methoxycarbonyl group. Acids which contain vinyl halide atoms in 

the isobutene sidechain (139) have also become important synthetic 

ta rge ts , owing to the increased p h o to s ta b i l i ty  o f the resu lt ing  

pyrethroids.
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COJH

139
a) X = Cl

b) X = Br

The cyciopropyl r ing  has tended to be the main focus o f a tten tion  

in devising synthetic  routes. One o f the most common methods has 

been the add it ion  o f a carbene across a double bond, a technique 

exp lo ited by Aratani e t al in the synthesis o f o p t ic a l ly  active trans- 

chrysanthemate estersBS (Scheme 37).

Br Ph,P— -5—► PPh- DBuLi  + -------------
2) CH,COCH.

N,CHCO,R

Scheme 37 CO,R

For fu r th e r  synthesis the reader is  re ferred to other publications8 6 .

The a b i l i t y  o f th ie tan sulphones to undergo pyro lys is  to cyclopropanes 

invoked the idea they might be possible synthons fo r  the cyclopropyl 

r ing in chrysanthemate esters, and studies based on th is  idea are 

described in th is  chapter. An i n i t i a l  re trosyn the tic  analysis tha t 

ignores stereochemistry is  shown in  Scheme 38.
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X
CO,R

X

X = CHj or Cl

f

COjR

K

— SO,

140

^ S O ,

141

u

f
CO,R

^ _ S 0 ,  

X OH

1

X OH

SO.

Scheme 38

I f  such a reaction scheme was to be brought to f r u i t io n  then i t  was 

envisaged tha t the research would incorporate pyro lys is  studies of

2 -a lkoxycarbonyl-th ietan sul phones and 2 - (a lk - l -e n e )  th ie tan sulphones 

before the attempted pyro lys is  o f (140). The condensation of 3,3- 

dimethyl th ie tan 1,1-dioxide (141) w ith various aldehydes to form 

hydroxy deriva tives would also be studied.

Several methods of preparation o f 3,3-d im ethy lth ie tan (144), the 

precursor to the sul phone (141), are described in the l i te ra tu r e .  

These include the preparation o f 5 ,5-dimethyl- 1 ,3-dioxan-2-one (143) 

from the d io l (142)87 and the treatment o f th is  c y c l ic  carbonate with 

potassium t h i o c y a n a t e 8 8 ,  in  an overall y ie ld  from d io l to th ie tan o f 

29%.
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lEioiiCo, y s

OH OH 0 > yX )

0
142 143

KSCN 
 ►

A more e f f ic ie n t  method involves the dimesylate (145), which a f te r  

heating in  a dried solution of sodium sulphide in  ethanediol gives an 

overall y ie ld  fo r  d io l to th ie tan o f over 60%89,

142 MsCI  ̂ I I na,a ^
OMs OMs 

145

3.3 Description of Flash Vacuum Thermolysis P rinc ip les and 
the Apparatus

Flash vacuum thermolysis involves passing a gaseous stream o f the

compound under study through a hot tube a t low pressure and then

trapping the products formed. O ccas iona lly  an in e r t  c a r r ie r  gas

is  used, although the pressure is  s t i l l  reduced, ty p ic a l ly  less than

1 mm/Hg90. Contact times are very short, usually in  the order o f 1-

20 ms, and are given by Equation 3.1.

C.T = 273 X V X P X t  (3.1)
T 22.4 76 m

C.T = Contact Time 
P = Pressure (mm/Hg)
V = Volume o f Hot Zone ( l i t r e s )
T = Reaction Temperature (*K) 
t  = Reaction Time (seconds) 
m = No o f Moles o f Compound
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These short contact times allow a s ig n i f ic a n t  f ra c t io n  o f the 

intermediates to emerge from the hot zone, to be condensed onto the 

cold tra p . Hence the cold trap should be s ituated as close as possible 

to the end o f the hot zone in order to quench any excess energy o f 

surv iv ing intermediates and prevent fu r th e r  reaction. The number o f 

c o l l is io n s  in the hot zone can be minimised by keeping the pressure 

as low as possible, using a small hot zone, and subliming or vapourising 

the compound in to  the hot zone at a slow steady ra te .

For preparative reactions the temperature o f the hot zone should be 

kept as low as possible, consistent with a reasonable y ie ld .

The apparatus used in th is  work is  shown in Figure 3.1. The hot 

zone is  10 cm long, the end o f which is  approximately 1.3 cm away

from the surface of the cold f in g e r ,  which was cooled with l iq u id

nitrogen. The whole apparatus is  made o f quartz with the exception 

o f the cold f in g e r.

In a typ ica l run, the apparatus was connected to an o i l  d i f fu s io n

pump and evacuated to 5 x 10-3 mm/Hg, as read by a McLeod gauge positioned

between the trap and the pump ( th is  did not therefore give an accurate 

measurement of the pressure in  the hot zone). The temperature o f the 

hot zone was contro lled w ith a variac and monitored using a thermocouple 

connected to a d ig i ta l  thermometer. The thermocouple was inserted 

between the wall of the furnace and the quartz tube, such tha t i t  

ju s t  reached the mid-point o f the hot zone. The sample ( ty p ic a l ly  

about 120  mgs), was contained in a round bottom f lask  f ixed at 'B '
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and was sublimed through the apparatus a t a rate o f about O.lg h-1, 

using a Kugel oven placed around the f la sk .  The products would 

condense in the dimple of the cold f in g e r.

When sublimation was complete the furnace was switched o f f  and 

the system flushed with dry nitrogen. The cold f in g e r was turned in 

i t s  j o i n t  such tha t the dimple was facing in le t  port 'A ' ,  and, when 

the trap had nearly warmed to room temperature, a solvent was introduced 

to wash the products in to  the n.m.r. tube below.

3.4 Preparation of 3,3-Dimethylth ietan and i t s  Dioxide

The d ito sy la te  (146) can be prepared almost q u a n t ita t iv e ly  from the 

d1ol (142)91.

Heating (146) in  a dried so lu tion o f sodium sulphide in  ethanediol 

afforded the th ie tan in y ie ld s  ranging from 60-68%. This does not 

represent an improvement in the step from disulphonate ester to 

th ie tan (Newman et al recorded a 69% y ie ld  fo r  the dimesylate^^), but 

the d itosy la te  was found to be easier to prepare and gave a purer 

product. This t r i v i a l  change was adopted fo r  a l l  preparations o f 3,3- 

dimethyl th ie tan .

TsCl Na,S
—  pyridine 

146

► I I — "  1U  
OTs OTs

The sulphone was prepared in high y ie ld  from the th ie tan  by oxidation 

using m-chloroperbenzoic acid.
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3.5 Preparation o f 2 -( l-H ydroxya lky l)3 ,3 -d im ethy lth ie tan  1,1-dioxides 

Treatment o f (141) in  THF with a s l ig h t  excess o f n -b u ty l- l i th iu m  

at -78°C followed by addition o f an aldehyde gave the a lky lated 

de riva t ives  (147).

n-BuLi
■— so,

H I

Li
. *

RCHO
^ S Q ,

CHOHR

147 a) R =(CH,);CH

b) R = CCI,
c) R = CHCl,

Table 3 .2 : -  Preparation of Substituted 3,3-Dimethylthietan 
1,1-dioxides (147), using n-BuLi a t 78*C

A1dehyde Product Y ie ld  {%)

(CH3 >2CH0

CCI3CHO

CHCI2CHO

147 (a) 

147 (b) 

147 (c)

34

30

15-33

Also along with 34% y ie ld  o f 147 (a ) ,  the d io l (148) was also 

iso la ted in 9% y ie ld .

OH

148
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Separation of the two compounds (147a) and (148) from each other 

was d i f f i c u l t  and could only be achieved by the use o f a precise and 

e f f ic ie n t  chromatography column. No d io l was iso la ted in the 

preparation o f (147b) and (147c).

Incorporation o f HMPT (see Section 1.8) in to  the reaction mixture 

gave no improvement in y ie ld ,  and indeed served only to reduce i t .

The use of ether as the solvent instead o f THF (see Section 2.4) 

led to a s l ig h t  reduction in the y ie ld  o f (147a) (23-27%). In th is  

case the fa c t  tha t the sulphone was reacted mainly as a suspension 

in ether but e n t i re ly  as a solute in  THF may have influenced the 

d ifference in y ie lds  but too many unexamined variables existed to 

allow d e f in i te  conclusions to be drawn.

Although y ie lds  are not good, c le a r ly  a lky la t io n  o f (141) can be 

successfully accomplished, in contrast to  the behaviour o f th ie tan

1 , 1 -d iox ide (108) and 2 -methoxycarbonyl-2 -phenylthietan 1 , 1-d iox ide 

(104) which gave only decomposition products under the same conditions 

This la t t e r  phenomenon was discussed in Section 2.8, and the proposal 

made tha t in the attempted a lky la t io n  o f (108) and (104), ^-hydrogen 

attack occurs. The fa c t  tha t (141), which contains no ^-hydrogens, 

can be successfully a lky la ted lends considerable weight to th is  

proposal.
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3.6 Preparation o f 2-(2-Methylpropan-l-o1)3,3-dimethylth ietan
1,1-dioxide Derivatives

Wendler e t a l92 prepared the dimesylate o f a d io l ,  where both 

hydroxy groups were secondary, by tre a t in g  a so lu tion o f the d io l in 

pyrid ine with excess methanesulphonyl ch lo ride  and allowing to stand 

a t 0-5*C fo r  16 hours. S im ilar treatment o f (147a) fa i le d  to y ie ld  

any o f the desired mesylate (149). I t  was found th a t (149) could be 

obtained by tre a t in g  a so lu tion o f (147a) in  pyr id ine with a large 

excess o f methanesulphonyl ch loride and allowing to stand a t s l ig h t ly  

higher temperatures (room temperature i n i t i a l l y  then 30-40°C).

I
OSO.Me 0

— SO

149

+ T '
SO,

150

The silyT ether (150) also proved d i f f i c u l t  to prepare. O rd ina r ily  

s i l y l  ethers can be prepared under f a i r l y  mild conditions. A reaction 

mixture o f t -b u ty ld im e th y ls i ly l  ch lo r ide , imidazole and an alcohol in  

dimethyl formamide kept a t 35*C fo r  ten hours was found to give the 

s i l y l  ether in  very high y ie ld ^^ .  The conditions required fo r  the 

preparation o f (150) were found to be more vigorous and prolonged.

The reaction mixture was s t i r re d  i n i t i a l l y  a t room temperature fo r  

approximately nine days and then a t 50-60°C fo r  a week. At the end 

o f th is  period the s ta r t in g  hydroxysulphone was s t i l l  detectable; 

work up afforded a 48% y ie ld  o f (150).
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Clearly  (147a) is  a very hindered a lcohol, w ith a secondary hydroxy 

group flanked by two te r t ia r y  carbon centres. However a fu r th e r  

fac to r  could help explain the u n re a c t iv i ty  o f th is  hydroxy group. 

Kotin found tha t the hydroxy group in  (151) was also considerably 

unreactive, and proposed tha t the compound was adopting a six-membered 

r ing  geometry tha t involved hydrogen bonding between the hydroxy 

hydrogen and the sulphonyl o x y g e n G G .

Compound (147a) could adopt a s im ila r  geometry. However spectral 

evidence fo r  th is  is  poor. The in fra red  absorbtion band fo r  the 

hydroxy group was a t 3600 cmrl, suggesting tha t hydrogen bonding was 

e ith e r  very weak or non-existent. A ll n .m .r. spectra o f (147a) showed 

a doublet fo r  the hydroxy function , but th is  probably ind icates high 

sample p u r i ty  ra ther than intramolecular hydrogen bonding.

3.7 Methods of Preparation of 2 - (a lk - l-eny l) th ie tan  1,1-dioxides 

Using the alcohol (147a) as s ta r t in g  m ateria l, a number o f dehydrating 

agents were used in an e f f o r t  to prepare the alkene (152), whose 

thermolysis behaviour was expected to be o f in te re s t .

147a

152
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I n i t i a l l y  i t  was believed tha t generation o f a carbonium ion a. 

to a four-membered r ing might bring about r ing expansion or opening, 

and a method w ith a mechanism as close as possible to E2 was desired.

The e lim ina tion  o f methanesul phonic acid from a sulphonate ester is  a 

method generally recognised as such; however, treatment o f the 

sulphonate ester (149) w ith l,5-d iazabicyclo[5,4,0]undecene-5 in  THF, 

heated under re f lu x ,  afforded a mixture of two compounds. Both had 

very s im ila r  physical properties. They were inseparable by d i s t i l l a t i o n  

and had very s im ila r  reference values on t . l . c .  In frared spectroscopy 

suggested the presence o f sulphonyl and possibly o le f in ic  groups, but 

no other functional groups were implicated. I t  was therefore suspected 

tha t the product was a mixture o f the alkenes (152) and (153), but i t  

was necessary to synthesise one or both o f these alkenes to confirm 

th is .  CHCH(CHg|,

- S O 2 

153

On the supposition tha t an 'E2' mechanism had given a compound with 

a double bond fused to the r ing , a series o f dehydrating agents tha t 

involved the generation o f a carbonium ion were t r ie d .

Heating (147a) in polyphosphoric acid gave a mixture o f the s ta r t in g  

material and decomposition products.

Potassium bisulphate has also been previously used as a dehydrating 

agent94. The hydroxy sulphone was mixed and ground w ith excess potassium 

bisulphate and heated a t 220*C fo r  e igh t hours; work up gave only the 

s ta r t in g  m ateria l.
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Anhydrous copper sulphate has been found to be a more e f fe c t iv e  

dehydrating agent, w ith a recommended reaction temperature o f  160- 

180°C fo r  secondary alcohols^G. However, when (147a) was mixed and 

ground with anhydrous copper sulphate and heated to e ith e r  170*C or 

220*C, a black so lid  was recovered which was id e n t i f ie d  as s ta r t in g  

material by n.m.r. spectroscopy. Once again (147a) appears to have a 

very unreactive hydroxy group.

Treatment o f a s t i r re d  solu tion of (147a) in pyrid ine w ith th ionyl 

ch lo ride  a t 0**C followed by s t i r r in g  overnight a t room temperature 

afforded a mixture o f two compounds. The major component was iso la ted  

in low y ie ld  by d i s t i l l a t i o n  and id e n t i f ie d  as (152). The n.m .r. 

spectrum of the residue was consistent w ith the s tructure (154), 

although other ana ly tica l methods were unable to confirm th is .

Cl

1W  
 SO2

S t i r r in g  a solu tion o f the crude product mixture in  pyrid ine fo r  a 

fu r th e r  two days caused no change in the n.m.r. spectrum, therefore 

ind ica ting  tha t e lim ina tion  occurs from the ch lorosu lph ite  intermediate 

on ly, and not from (154), assuming the la t t e r  to be present.

In an attempt to obtain (152) in  be tte r y ie ld  a s im ila r  reagent, 

phosphoryl ch lo r ide , was t r ie d .  Treatment of a so lu tion o f (147a) in 

dry pyrid ine with a s l ig h t  excess o f phosphoryl ch loride a t 0°C, 

followed by s t i r r in g  overnight a t room temperature gave the alkene 

(152) in  41-44% y ie ld .
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The Iso la t io n  o f (152) allowed the mixture suspected o f being (152) 

and (153) to be studied In greater d e ta i l .  The n.m.r. spectrum o f 

pure (152) In deuterochloroform Is described In Figure 3.2.

6477,d,J=10Hz

as 3S.d 
JrlOHZ

<
CH,ai-81,s 

CH^ai 62.S

a i 2B.S HjC 

Ô1-37.S HjC

03-78,d,J=13Hz H

03-58 ,d .J=13H zH

Figure 3 2

These peaks were present in  the n.m.r. spectrum of the mixture in 

question, although th e ir  in teg ra tion  c le a r ly  showed tha t (152) was 

the minor component. Subtracting these peaks from the spectum, 

the remainder approximated to: GfCDClg) 5.57 (H,d,J=12Hz), 3.67 

(2H,s), 3.00-2.65 (lH,m), 1.34 (6H,s), 1.10 (6H,d,J=7Hz).

These peaks appear to be consistent with the s tructure (153), with 

each I r n.m.r. signal a t t r ib u ta b le  to a p a r t ic u la r  hydrogen or group 

(Figure 3 .3 ) .  The fusion o f the double bond to the ring produces a 

symmetry about the plane o f the r ing which resu lts  in the two r ing  

methyl groups being equivalent, as are the two r ing  hydrogens. These 

were not equivalent in any other 3 ,3-d im ethylth ietan sulphone de r iva tive  

containing one extra group bonded to the ring  in addition to the two 

ring  methyls.
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Ô1 3 4 ,s,CH

Ô3 -67, s,H

63 67, s,H

Figure 3 3

CH36V10,ô,J = 7Hz 
H 6 3 00-2-65. m

CHgôMO.d. J =7Hz 

Hô557.d.J=12Hz

Froemsdorf and McCain^^ studied the e lim ina tion  o f ^.-toluene- 

sulphonic acid from 2 £-toluenesulphonyloxy substitu ted alkanes In 

dimethyl sulphoxlde (DMSO) and found tha t 1-enes predominated. Taking 

Into account other data which elim inated the p o s s ib i l i t y  o f c ls -  

e l Im ination, they concluded tha t the data were 'consis tent with a 

t rans -el Im ination, w ith a t ra n s i t io n  state tha t Involves a great deal 

o f he tero lys is  o f the carbon-hydrogen bond and a lesser amount o f 

he tero lys is  o f the carbon-oxygen bond'. Hence the a c id i ty  of the 

hydrogen lo s t  In th is  reaction becomes a more Important fac to r than 

In other e lim inations and the competition between the formation o f 

(152) and (153) re f le c ts  the Influence o f the a c id i ty  o f the r ing 

hydrogen and the s te r ic  s tra in  the ring  Imposes on the t ra n s i t io n  

state In the formation o f (153).

Treatment o f a so lu tion o f (147c) In pyrid ine with phosphoryl 

ch lo ride  gave the expected product (155).
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147c
I—  SO

155

In order to  prepare (155) from (147b) an attempt was made to  prepare 

the epoxide (156).

.0

SO,

156

The use of a-chlorohydrins in the preparation o f epoxides is  well 

reported^?. The reaction o f alkoxides with chloroform to form t r ia lk y l  

orthoformates is  known, the reaction almost c e r ta in ly  proceeding via 

dichlorocarbene^B; the analogous reaction o f chloroform with phenoxides 

gives t r ia r y l  orthoformates in poor y ie ld ^ ^ .  Benzotrichloride and 

substitu ted benzotrichlorides have been reported as reacting with 

a lcoholic  alkoxides to form t r ia lk y l  orthobenzoateslOO and other 

tr ihalomethyl compounds lacking an a-hydrogen may also give ortho 

esters on s im ila r  treatment; fo r  example hexachloropropene has been 

converted to trielhyl-2 ,3 ^trichloroorthoacrylate on reaction with ethoxidelO l. 

However, in the case of t r ich lo roh yd r in s  the preparation o f 

dichloroepoxides by th is  or any other method has remained unreported.
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Treatment o f a so lu tion o f (147b) in  dry ethanol w ith sodium 

hydroxide and gradual warming caused p re c ip ita t io n  when the b o i l in g  

po in t was reached. No s ta r t in g  material or desired product was 

iso la ted from the reaction mixture. Treatment of (147b) in dry DMSO 

w ith sodium hydride followed by a very gradual warming to 90°C afforded 

s ta r t in g  material and a number o f decomposition products. Incorporation 

o f s i lv e r  n i t ra te  in to  the reaction mixture caused no appreciable 

change in the behaviour of the reaction.

In an attempt to dehydrate the d io l (148), the previously successful 

reagent, phosphoryl ch lo ride , was used. However when a so lu tion  o f 

(148) in  pyrid ine was s t i r re d  overnight a t room temperature w ith 

phosphoryl ch lo r ide , the only product was the ch lo ride  (157), iso la ted 

in  low y ie ld .  The presence o f ch lorine was c le a r ly  indicated in the 

mass spectrum by peaks a t m/e 255 and m/e 253, representing loss of 

an isopropyl group from (157). The n.m.r. spectrum, though complex, 

was consistent with s tructure (157). None o f the expected alkene was 

detected.

OH

148

157

Clearly in the above reaction the second hydroxy group in te r fe red  

in the reaction o f  the f i r s t .  Evidence fo r  the a b i l i t y  o f these two 

groups to in te ra c t  comes from the I.R . spectrum o f (148). This shows 

two sharp bands, inc lud ing one a t 3540 cmrl, thus ind ica ting  

intramolecular hydrogen bonding. The 1h n.m .r. spectrum was also 

unusual in tha t i t  showed a broad s in g le t  fo r  the hydroxy hydrogen, 

as opposed to the doublets observed fo r  (147a), (147c) and (157).
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3.8 Preparation o f 2-Methoxycarbonyl-3,3-dimethylthietan 1,1-dioxides 

The anion o f the sulphone (141) was generated by tre a t in g  a so lu tion 

o f (141) in  THF with n -bu ty l- l i th iu m  at -78°C. When dry carbon 

dioxide was bubbled through, a p rec ip ita te  was immediately formed, 

which was iso la ted and a c id if ie d  to give the crude acid (158). 

R ecrys ta l l isa t ion  gave the pure acid in only 18% y ie ld  but considerable 

crude acid remained which, although i t  could not be re c ry s ta l l is e d , 

was considered su itable fo r  e s té r i f ic a t io n .  Treatment o f the pure 

acid w ith diazomethane gave the methyl ester (159) in 72% y ie ld .  The 

reaction Scheme is  summarised in  (Scheme 39).

-L i* ,CO,H /CO,Me

141 — ► 1 ^ 1
^ s o . ^ s o . >— SO,

158 159
Scheme 39

E s té r i f ic a t io n  of the crude acid with the same reagent gave the 

same crude methyl ester (159) but which could not be re c ry s ta l l is e d .

Flash chromatography, while removing some im pu rit ies , gave r ise  to a

mixture o f (159) and (141). The presence of (141) is  c le a r ly  the

re s u lt  o f decomposition o f (159):none was present in the crude acid 

product, and the pure methyl ester gave one spot on analysis by 

t . l . c . ,  with a reference value corresponding to tha t o f (141). The 

mixture o f (159) and (141) also gave one spot, again with the same 

reference value. The presence o f only two compounds, both known, 

allowed the ca lcu la tion  o f th e i r  re la t iv e  amounts by n.m.r. spectroscopy, 

and th is  in  turn gave a f ig u re  fo r  the overa ll conversion o f  (141) to

(159) in  Scheme 39 o f 60%.
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A so lu tion o f (147a) in THF a t -78°C was treated with a 2.1 equivalent 

o f n -b u ty l- l i th iu m . Dry carbon dioxide was bubbled through, causing 

an immediate p re c ip ita t io n ,  and acid work up gave the crude acid 

(160). R ecrys ta ll isa t ion  was unsuccessful but treatment w ith 

diazomethane f o i l  wed by re c ry s ta l l is a t io n  gave the ester (161).

OH

147a
so,

CO,H

160

OH

SO.
CO, Me 

161

Compound (161) gave one spot on analysis by t . l . c .  with a reference 

value corresponding to tha t o f (147a).

Repeated attempts to carboxylate the sulphone (147c) were unsuccessful 

Addition o f n -b u ty l- l i th iu m  to a so lu tion  of (147c) in  THF a t -78*C 

caused immediate p re c ip ita t io n  and, a f te r  bubbling through carbon 

d ioxide, only decomposition products were found. None o f the desired 

compound (162) was iso la ted . The use o f l i th iu m  diisopropyl ami ne 

instead o f n -b u ty l- l i th iu m  did not cause p re c ip ita t io n .  However 

a f te r  bubbling dry carbon dioxide through the reaction m ixture, 

followed by acid ic work up, the only compound iso lated or id e n t i f ie d  

was the s ta r t in g  alcohol.
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CHClCH Cl

I— SO
CO,H

147c 162

3.9 The S ta b i l i t y  of a-A1koxycarbonyl Sul phones During Chromatography

All the a-sulphonyl esters prepared in the course o f th is  research, 

(102), (104), (159) and (161) were observed to lose th e i r  alkoxycarbonyl 

group during th in  layer or column chromatography and revert to the 

non-carboxylated sulphones from which they had previously been 

prepared. This is  not a phenomenon tha t appears to have been previously 

reported.

The fa c t  tha t the esters (159) and (161) gave spots on t . l . c .  tha t 

corresponded to those o f the analogous non-carboxylated sulphones ie ,  

(141) and (147a) respective ly , suggests tha t th is  is  a rapid process.

In e lu t in g  crude (102) through a column of alumina, i t  was observed 

tha t the ester was co llected from the column before the non-carboxylated 

sulphone (89). This can be explained by the suggestion tha t the 

decomposition involves an intermediate which is  more polar than the 

ester.

The decomposition also necessitates a reaction scheme where the 

rate determining step involves the cleavage o f the carbon-carbon bond 

tha t is  broken in  order to  explain the fa c t  tha t while the al koxycarbonyl
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group is  lo s t  here, esters are usually stable to chromatography.

Only th is  cleavage is  l i k e ly  to be influenced by the presence o f the 

sulphonyl group. One possible reaction mechanism could be nucleophilic  

attack at the a lky l group of the este r. This would also involve 

extrusion o f carbon dioxide and possibly a sulphonyl anion intermediate 

(Scheme 40).

Ri
so. Nu

-CO,

-NuCH.R
'  J l *

SO,

H

SO.

Scheme 40

3.10 Preparation o f Sul phone (163)

The alcohol (161) and phosphoryl ch loride (0.6 equivalent) in 

pyrid ine were mixed together a t 0®C and s t i r re d  fo r  four hours a t 

room temperature. Work up gave an o i l  which would not c ry s ta l l is e ,  

even a f te r  d is t i l l a t i o n .

Allowing fo r  im purit ies the n.m.r. was consistent with tha t expected 

fo r  (163).

so.
CO,Me

163
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In order to conform with the behaviour o f  other sulphonyl esters, 

(163) was expected to correspond on t . l . c .  with i t s  decarboxylated 

analogue (152). This proved to be the case, with the only other 

detectable compound corresponding to the su lt in e  (164), a compound 

tha t was being prepared simultaneously in  a separate experiment.

II
0 

164

The temperature needed to observe any peaks on analysis by g . l . c .  

proved too high and resulted in decomposition. The mass spectrum 

showed a peak a t m/e 246, the correct molecular weight, but with the 

dominant peak a t m/e 182, corresponding to loss o f sulphur dioxide.

3.11 Pyrolysis o f 3,3-Dimethyl-2-methoxycarbonylthietan 1,1-d ioxide 

Flash vacuum thermolysis o f the sulphone (159) a t 750°C gave the 

corresponding cyclopropyl ester (165).

f

COzMe

L - S O ,

159
CO,Me
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Analysis by n.m.r. spectroscopy and t . l . c .  revealed tha t none of 

the s ta r t in g  material was present in the crude product, and g . l . c .  

analysis showed tha t there was one dominant v o la t i le  compound. 

However, d i s t i l l a t i o n  caused decomposition in to  a second un iden t if ied  

product. A sample o f the cyclopropyl ester was eventually obtained

in  much reduced y ie ld  by preparative g . l . c .  and was id e n t i f ie d  by

comparison with a published n.m.r. s p e c t r u m l O Z ,

Flash vacuum thermolysis o f (159) a t 675°C gave a mixture o f (165) 

and the s ta r t in g  m ateria l. Calculation o f the amounts present by 

n.m.r. spectroscopy gave a 69% y ie ld  o f (165) from reacted s ta r t in g  

m a te r ia l.

Photolysis o f (159) a t 254 nm resulted in  a nearly quan t ita t ive

recovery o f the s ta r t ing  m ateria l. None o f the cyclopropane (165)

was detectable.

—so.
M2

0

152 164

3.12 Pyrolysis of 2 -(A lk - l-eny l)-3 ,3 -d im ethy lth ie tan 1,1-dioxides 

Flash vacuum thermolysis of the a l l y l i c  sul phone (152) a t 700°C 

gave a mixture of the s ta r t in g  sulphone and the su lt in e  (164), which 

were separated by column chromatography.

The su lt in e  (164) was in  turn a mixture of diastereoisomers, g . l . c .  

analysis ind ica ting  the presence of two compounds. The n.m.r. spectrum 

was consistent with two diastereoisomers o f  (164), showing four peaks 

fo r  both the ring methyl and vinyl methyl groups. The average chemical 

s h i f t  of the ring methyls was approximately Ô1 . 1 , representing a drop
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in comparison with the sulphone (152) o f about Ô0.2, which would be 

consistent w ith a r e l ie f  in r ing s tra in .  The two r ing hydrogens 

adjacent to the sulphur form doubletsof doublets In both diastereoisomers, 

w ith coupling approximately 12Hz. In the minor isomer the chemical 

s h i f t  values fo r  these two hydrogens are very close together at 63.10 

and 62.90 and e xh ib i t  the fa m il ia r  pattern associated with doublets of 

doublets. However, in the major isomer the l in e  perturbation is  less 

pronounced owing to the hydrogens being much more widely s p l i t  a t 

63.50 and 62.72.

The presence o f a strong band in the in fra red  spectrum a t 1120 cm"l 

with none between 1350 cmrl and 1310 cm"l confirmed tha t a sulphinate 

ester was present ra ther than a sul phone and the only other fu n c t io n a l i ty  

implicated was o le f in ic  by a band a t 1674 cmrl. mass spectrum 

gave m/e 189 as the molecular ion, presumably due to protonation 

of the ring  oxygen.

The y ie ld  o f the su lt in e  was low, but a considerable amount of 

white polymeric material was also present in the crude product.

Flash vacuum thermolysis a t 900*0 resulted in the is o la t io n  o f no 

id e n t i f ia b le  compounds, the vast m a jo rity  o f the crude product 

consisting o f insoluble blackened m ateria l.

Photolysis o f (152) a t 254 nm gave a mixture of s ta r t in g  material 

and decomposition products.

Flash vacuum thermolysis of (155) a t 700*0 gave a mixture o f s ta r t in g

material and the su lt in e  (166).
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155 166

The y ie ld  was again poor w ith a considerable amount o f white 

polymeric material iso la ted , along with products tha t remained on the 

baseline during t . l . c .  analysis. The re la t iv e  amounts of sulphone 

and su lt in e  are given in  Table 3.3.

Table 3 .3 :-  Products from the Thermolysis o f (152) and (155)

Sul phone Temp. "C % Sul t ine % Sul phone

152 700 72 28

152 900 - -

155 700 74 26

The iso la t io n  o f su lt ines as the major products and the non-iso la tion 

o f cyclopropyl derivatives must be regarded as a surpris ing  re s u lt .

The p y ro ly t ic  behaviour o f (152) and (155) was expected to im ita te  

tha t o f other th ie tan sulphones which normally extrude sulphur d ioxide. 

However precedents fo r  the is o la t io n  o f a su lt in e  from thermolysis o f 

a r ing sulphone do e x is t ,  and the in troduction  to th is  chapter 

included the examples given by King et a l74, whose research concentrated
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on the thermolytic preparation o f 5H-1,2-oxathiole 2-oxide (124) from 

th ie te  1 , 1 -d ioxide ( 1 2 2 ).

C learly the mechanism fo r  formation o f (164) and (166) necessitates 

i n i t i a l  cleavage of the a l l y l i c  sulphur-carbon bond to give the 

d irad ica l resonance structures (167) and (168), w ith subsequent r ing 

closure to the su lt in e .

a) 152

b) 154

0
5 - 0
II

a) 164

b) 166

alXzCH,
b)X=Cl

0

a) XrCHg

b) X = Cl

The lower y ie ld  o f (166) compared to (164) can be explained in 

terms o f the lower s t a b i l i t y  o f the appropriate resonances s truc ture  

(167b) and (168b) owing to the presence o f two ch lorine atoms.

In discussing the thermolysis behaviour o f (122)70 (described 

previously in the in troduction  to th is  chapter). King e t al argued 

against homolytic cleavage o f the carbon-sulphur bond and against the 

p o s s ib i l i t y  o f d irad ica l intermediate. Instead they proposed an 

e le c tro cyc l ic  r ing  opening and a sulphene intermediate, while admitting 

in doing so tha t th e ir  evidence was mainly c ircum stan tia l.
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900®, FVT

SO,
SO, O

122 123 124

The obvious im plica tion  o f s tructures (167) and (168) in the 

thermolysis o f (152) and (155), where no sulphene intermediate is  

possible and where i n i t i a l  cleavage must be homolytic, casts considerable 

doubt on these arguments.

The d irad ica l resonance structures (169) and (170) should have 

s im i la r ,  i f  not higher, s t a b i l i t ie s  to  (167) and (168) and thus they 

can now be proposed as intermediates in  the thermolysis of ( 1 2 2 ) .

5 = 0
II
0

169

5 - 0
II
0

170

That is  not to say tha t a sulphene intermediate d e f in i te ly  does not 

p a rt ic ip a te : the higher y ie ld  involved in the thermolysis o f ( 1 2 2 ) 

compared to those fo r  (152) and (155) provides evidence fo r  the 

p o s s ib i l i t y  of a d i f fe re n t  mechanism in  the two cases.
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The is o la t io n  only of products which have retained the sulphur 

dioxide fragment in the thermolysis o f (152) and (155) implies tha t 

the reaction conditions are in s u f f ic ie n t ly  vigorous to cause the 

cleavage o f the second sulphur carbon bond before recombination of 

the rad ica ls . Yet the complete extrusion o f sulphur dioxide from a 

cyc l ic  sulphone can be accomplished under less vigorous conditions;

Fin lay reported that phenyl cyclopropane was the only product in the 

flash vacuum thermolysis o f (89) a t 450*c44 and th is  re su lt  was 

checked and found to be correct in experimental work undertaken by 

the present author.

The second sulphur-carbon bond cleaved in the thermolysis of (89) 

(assuming the benzylic bond to be broken f i r s t )  appears to be very 

s im ila r  to tha t which remains unbroken in  the thermolysis of (152).

Since therefore the temperature is  s u f f ic ie n t ly  high fo r  the cleavage 

of th is  second bond, i t  would seem tha t the l i fe t im e s  o f the d ira d ica ls  

(167) and (168) are in s u f f ic ie n t ly  long and tha t the step (168) to  (164)/ 

(166) is  fa r  too rapid, even in f lash vacuum thermolysis terms, to  

allow th is  second cleavage to take place. The author is  unable to 

f u l l y  explain why th is  should be so, although the a l l y l i c  radical is  

obviously less delocalised, and therefore more read ily  ava ilab le fo r  

recombination, than fo r  the benzylic radical produced in the thermolysis 

o f (89).

3.13 Thermolysis o f Sul phone (163)

Flash vacuum thermolysis of a sample o f crude (163) a t  750°C afforded 

a product mixture containing a number o f products, which were analysed
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by g . l . c .  The two major products were also analysed by g . l . c .  mass 

spectrometry. The g . l . c .  analysis o f the crude product mixture is  

given in Table 3.4.

Table 3 .4 : -  Analysis by g . l . c .  o f the Thermolysis Products of
(163) (10% 0Vl7 Column, 162^C, 10 psi Flow Pressure)

Compound A B C D E F

Retention Time 
(mins;seconds)

1;30 1;45 2 ;2 0 4;48 6;42 7;24

Compound (E) corresponded exactly with an authentic sample o f trans- 

methyl chrysanthemate, both by g . l . c .  and g . l . c .  mass spectrometry 

(major peaks m/e 182, 167, 151, 139, 123). The y ie ld  o f th is  compound 

(calcu lated by comparing an average g . l . c .  spectrum with tha t o f a 

trans-methyl chysanthemate so lu tion o f known concentration) was poor, 

approximating to 10% from the crude sulphone.

Compound (D) also had a molecular ion o f  m/e 182, but i t s  mass 

spectrum was otherwise s ig n i f ic a n t ly  d i f fe re n t  in i t s  peaks and peak 

in te n s i t ie s  (m/e 182, 150, 139, 123). This, combined with i t s  much 

higher v o la t i l i t y  would seem to ru le out the p o s s ib i l i t y  o f i t  being 

the ci^s-isomer. A possible a lte rn a t ive  is  the ring-expanded compound 

(171), which has ye t to be reported in the l i te ra tu r e .

>rv
COjMe

121
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Compound (D) and trans-methyl chrysanthemate were the two major 

products, but w ith (D) in excess; by g . l . c .  assuming very s im ila r  

ca l ib ra t io n s , the ra t io  (D):(E) was 2:1.

3.14 Mass Spectral Studies

On thermolysis (159) was observed to lose sulphur dioxide to give 

methyl 2 ,2 -dimethyl cyclopropane carboxyl ate as the dominant product. 

In the mass spectrometer the corresponding ion m/e 128 gives a 

su rp r is ing ly  small peak (Figure 3 .4 ). However, i t  does appear to be

involved in the generation of the base peak ion m/e 97, w ith a

metastable peak a t m/e 73 providing good evidence fo r  th is .  One 

would presume tha t loss o f a methoxy radical a f te r  i n i t i a l  extrusion 

o f sulphur dioxide accounts fo r  th is  ion, w ith loss o f methanol 

accounting fo r  i t s  near neighbour m/e 96. Loss o f 'SO2 ' is  also 

involved in the appearance of the second most prominent peak a t m/e

113; a metastable peak a t m/e 72 (d is t in c t  from tha t a t m/e 73)

suggests tha t th is  ion is  derived from ion m/e 178.

So although unaccompanied extrusion of sulphur dioxide is  poor, 

loss o f sulphur dioxide is  nevertheless the most frequently  occurring 

process observed in the mass spectrometer.

The loss o f 'CH2 ' to give the ion m/e 178 and the loss o f the 

methoxy group to give ion m/e 162 is  su rp ris ing , especia lly  as no 

such processes were observed in  the case o f  (104). Another major 

d ifference between (159) and (104) is  tha t in the case of (159) no 

e lim ina tion  o f  'CO2CH3 ' is  observed. This is  understandable however,
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because in the case o f (104) cleavage o f the carbonyl carbon-benzyl 

carbon bond can give e ith e r  one of two re la t iv e ly  stable species, a 

benzylic carbonium ion or a benzyl ra d ica l.  In the case o f (159), 

the absence o f a s ta b i l is in g  group such as phenyl added to the 

des tab il is ing  inductive e f fe c t  of a sulphone group means tha t any 

such cleavage is  disfavoured.

The tendency of the sulphones described in  th is  chapter not to 

cleave bonds involved in ,  or ad jo in ing , the r ing is  h igh lighted by the 

mass spectrum of (147a) (Figure 3 .5 ) .  The i n i t i a l  fragmentation is  

loss o f the isopropyl group, to give the base peak m/e 163. This 

process shows complete dominance over extrusion of 'SO2 ' ,  which is  

not observed a t a l l .  This domination is  also apparent in the spectra 

of (148), (157) and (161). In the case of (100b), loss o f the 

isopropyl group was followed by extrusion o f 'SO2 ' .  However th is  is  

not observed here; c le a r ly  the absence o f the carbonium ion or radical 

s ta b i l is in g  phenyl group means such a process is  disfavoured.

One might have expected tha t the presence o f a methoxycarbonyl 

group in (161) would have led to other processes competing with loss 

o f the isopropyl group. However a peak a t  m/e 200, corresponding to 

loss of 'SO2 ' is  not apparent, while loss o f 'OMe' and 'CO^Me' to 

give ions m/e 233 and m/e 205 respective ly give peaks tha t are only a 

very small percentage o f the base peak (Figure 3 .6 ).

The jS,7un saturated sul phones (152) and (155) also give mass spectra 

worthy o f note (Figures 3.7 and 3.8 respec tive ly ). Both on thermolysis
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gave th e i r  isomeric su lt in es , w ith no products from extrusion o f 

sulphur dioxide ever iso la ted . In con trast, peaks in the mass spectra 

representing molecular weight ions are small. Instead both compounds 

appear to lose 'SO2 ' read ily  (both a t 70 eV and 30 eV), w ith the 

resu ltan t pos it ive  charges presumably s ta b il ise d  by th e i r  a l l y l i c  

pos it ions. In ne ither case however does the resu lt ing  ion give the 

base peak. For (152) th is  is  reserved fo r  ion m/e 109, formed when 

loss o f 'SO2 ' is  followed by subsequent loss o f a methyl group (a 

metastable peak a t m/e 96 confirms th is ) .  The question as to which 

methyl group is  lo s t  is  more d i f f i c u l t  to answer, because the mass 

spectrum of (155) suggested tha t loss from two d i f fe re n t  posit ions is  

possible. The ion m/e 129 forms the base peak fo r  (155) and th is  is  

formed by loss o f 'C l '  a f te r  i n i t i a l  extrusion o f 'SO2 ' :  peaks a t m/e 

129 and m/e 131 give the fa m i l ia r  pattern fo r  compounds containing 

only one chlorine and a metastable peak a t m/e 101 ind icates the 

order o f fragmentation. On the other hand the mass spectrum (155) 

also contains the peaks m/e 149, 151 and 153 ( in  the proportions 

9 :6 :1 ) ,  representing loss o f a methyl group from the quarternary 

carbon. Thus (155) shows tha t a group can be lo s t  from th is  pos it ion  

or from a v in y l ic  pos it ion , and hence the exact composition o f the 

ion m/e 109 observed fo r  (152) is  unclear.

Possibly the most in te res t in g  aspect o f the spectra o f  (152) and 

(155) is  the observed loss o f 56, representing the loss o f an isobutene 

group. This probably occurs via a re tro  (2+2) addition (Scheme 41) 

and means th a t,  apparently, the ion observed is  a conjugated sul phene.
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The peaks are very small but prompt the question: could a s im ila r  

process take place on thermolysis?

152

Scheme 41

SO,

-101-



97100
113

178

96

162

128

192

200100

FIGURE 3.4
Mass spectrum of (159) at 70 eV.
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FIGURE 3.5
Mass spectrum of (147a) at 75 eV.
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221FIGURE 3.6
Mass spectrum of (161).
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Mass spectrum of (152) at 70 eV.
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CHAPTER FOUR

SOME PHASE TRANSFER PREPARATIONS OF CYCLIC SULPHIDES

4.1 In troduction 

This chapter investigates the preparation o f some c y c l ic  sulphides 

using the p r in c ip le  o f phase tra ns fe r ca ta lys is ,  a l l  the sulphides in  

question having been previously prepared by some other method. The 

most common method previously employed has been to t re a t  the appropriate 

halogeno compound with sodium or potassium sulphide in water or an 

alcohol-water mixture a t about 70*C. F id le r  e t al reported very 

good y ie ld s ,  often 90%, fo r  crude sulphides using th is  méthodes,103, 

Generally the group used primary halides but found tha t fo r  isopropyl 

bromide the reaction was considerably slower (Scheme 42).

Na.S
CH3I — ^  CH3SCH3

Na.S
CH,CH,CH,Br ------^  CH3CH3CH3SCH3CH3CH3

( C H 3 ) , C H B r  ■ > ( C H , ) , C H S C H ( C H 3 l ,

Na^S
BrCHjCHjCHjCHjBr ----------► CH3CH3CH3CH3S

Scheme 42

Exemplifying benzylic bromides, 2,3-bis(bromomethyl)naphthalene 

(172) heated under re f lu x  with excess sodium sulphide in  a mixture o f 

water and IMS gave l,3-dihydronaphtho[2,3-c]thiophene (173) in good 

y ie ld  (65%)^. The y ie ld  o f  l,3 -d ihydronaphtho[l,2-c]th iophene (175) 

from 1,2-bis(bromomethyl ) naphthalene (174) was reported as being 

s i ig h t ly  lower (58%).
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CH.Br

CHoBr

172 173

CH,Br

CHgBr

174 175

The preparation o f strained r ing  structures tends to lead to lower 

y ie ld s ;  th ie tans fo r  example are generally prepared in 30-55% when 

th is  method is  employed^^^.

Yields fo r  th is  general method are l im ite d  owing to the formation 

o f polymeric th ioe thers. Bost e t al reported tha t polymerisation was 

greater w ith a 2 0% excess o f sodium sulphide instead o f a s to ich iom etric

quantitylOS,

A s l ig h t  va r ia t ion  on the method was made by Newman e t a l89 the 

preparation o f a cyc l ic  sulphide when using a dimesylate (145) instead 

o f a dihalo compound and ethanediol as solvent instead of a monohydric 

alcohol-water mixture. The d ito sy la te  (146) was found to be equally 

e f fe c t iv e  in the course o f the work described in Chapter 3. Also 

described in  Chapter 3 was the treatment o f a c y c l ic  carbonate (143) 

w ith potassium thiocyanate to give the appropriate cyc l ic  sulphide 

(144).
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A lka line  aqueous solutions o f mercaptans mixed with a lky l halides 

have also been used previously, p a r t ic u la r ly  i f  the sulphide in

question is  unsymmetricallOS,

Other less commonly employed methods o f sulphide preparation are 

exemplified by the syntheses described in  Scheme 43, namely treatment 

o f a hydroxyalkyl halide with thiourea followed by aqueous potassium 

c a r b o n a t e l O G  a n d  a lka line  hydrolysis o f a chloromethyl t h U r a n e l O ? ,

HO

S. "OH
A X  Cl HO

S"

Scheme 43

A primary d i f f i c u l t y  in  the reaction o f a s a l t  and an organic 

substrate tends to be s o lu b i l i t y ,  the sa lts  being less soluble in the 

solvent used than in water and the organic substrate less soluble 

than in hydrocarbons. D ipolar apro tic  solvents such as dimethylformamide 

(DMF), DMSO and HMPT have been u t i l is e d  and these often help overcome 

such s o lu b i l i t y  problems. They are esse n tia l ly  cation solvators and 

th is  often has the benefic ia l side e f fe c t  o f leaving the anion 

re la t iv e ly  unsolvated and therefore more reactive . However such 

solvents may be expensive, hard to p u r i fy ,  and d i f f i c u l t  to keep 

anhydrous.
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A non-polar solvent w ith a cation solvating add it ive  may also be 

e f fe c t iv e ,  fo r  example beta diamines help solvate organolithium

c o m p o u n d s l 0 8 .

Phase tra ns fe r ca ta lys is  is  a f a i r l y  recent development. Jarousse 

f i r s t  recognised the p r inc ip le l09  and the term 'ion  p a ir  e x tra c t io n ' 

was la te r  coined by Brandstrom^lO. The la t t e r  went on to introduce 

the term 'phase trans fe r c a ta lys is ' which is  the expression now in 

general use.

The process generally allows a large number o f a lte rna tives  fo r  the 

choice of solvent to dissolve the organic substrate (the main 

re s t r ic t io n  being tha t fo r  a l iq u id - l iq u id  system i t  must be immiscible 

w ith water).

The s a l t  can be present in the so lid  phase or dissolved in water.

A choice of phase trans fe r ca ta lys ts  ex is ts : quaternary ammonium or 

phosphonium s a lts ,  crown ethers, cryptands or te r t ia r y  amines. For a 

l iq u id - l iq u id  system, quate rnary  sa lts  are generally used, while fo r  

a s o l id - l iq u id  phase trans fe r system an uncharged ca ta lys t generally 

must be used.

The phase trans fe r ca ta lys t complexes with the s a l t  or anion e ith e r  

in  aqueous phase or a t the phase in te rface . The new complex then 

becomes resolvated in the organic phase. So fo r  a quarternary s a l t  

(represented by Q+X-) the process can be summarised in  Scheme 44.
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Q X (orgi ^  Q X (og) ♦ M A ^  Q A (agi ♦ M X  (ag)

jr

Scheme 44 Q'*‘A“ (org)

The anion A" is  thus made ava ilab le fo r  reaction with the organic 

substrate in the organic phase. Conditions fo r  a successful reaction 

tend to be less vigorous than when a h y d ro p h i l ic / l ip o p h i l ic  solvent 

is  used.

The best qua te rna ry  sa lts  fo r  phase tra ns fe r  ca ta lys is  have been 

proven by experiment to be those containing b u lk ie r  a lky l g r o u p s l l l ,1 1 2  

This is  believed to be because the pos it ive  charge is  more hidden and 

the anion consequently more reactive. For crown ethers i t  is  high 

1 i p o p h i l i c i t y ,  leading to high s o lu b i l i t y  in  the organic medium, tha t 

is  regarded as being the most important fa c to r  in producing an 

e f f ic ie n t  ca ta lys t^ lZ ,

Phase tra ns fe r ca ta lys is  has been extended to incorporate the 

synthesis o f sulphides. Landini e t al have successfully prepared 

d ia lky l and aryl a lkyl sulphides by th is  methodll3,114j g two phase 

system of a lky l ha lide , aqueous sodium sulphide (0 . 6  equivalent) and 

hexadecyltr ibuty l phosphonium bromide was heated to 70* to give high 

y ie ld s  o f the symmetrical d ia lky l su lph ides ll3 . No organic co-solvent 

was used. Secondary a lky l halides also give the appropriate sulphides 

in high y ie ld ,  although a longer reaction time is  requ ire d ll3 .  A lkyl 

aryl sulphides were prepared under s im ila r  conditions using an 

appropriate sodium mercaptide instead o f sodium sulph ide ll2 ,115.
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Using the appropriate aryl ch lo r ide , b is (n itropheny l)su lph ides have 

also been prepared using th is  general method, although in only mediocre 

y i e l d l l 6 .

The stra ined th ie tan ring  can also be synthesised by th is  technique. 

Lancaster used 1,3-dibromides and mild conditions to prepare th ie tan  

and some substitu ted thietans in y ie ld s  much improved over those o f 

previously used methods^l. A secondary dibromide again reacted much 

more slowly than a primary bromide, ( th is  time by one order of 

magnitude), but again represented a considerable improvement over 

previous methods.

However, many 1,3-dibromides are not re ad ily  ava ilab le  and they 

include a t the time o f w r i t in g  1,3-dibromo-2,2-dimethyl propane (176), 

the bromide used fo r  the preparation of 3 ,3 -d im ethy lth ie tan (144), 

which has been shown to be synthetica l ly  useful in  Chapter 3.

f l  —  m
Br Br 

176

Attempts were to be made therefore , to achieve th is  cyc l isa t io n  

using the more read ily  ava ilab le disulphonates (145) and (146).

The use o f phase-transfer ca ta lys is  to prepare d ia lky l or cyc l ic  

sulphides from disulphonate esters has not been previously reported, 

although i t  has been shown tha t a sulphonate group can be displaced 

by a range o f nucleophiles using th is  m e t h o d l l * .  This was achieved
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using crown ethers and f a i r l y  vigorous conditions. No organic solvent 

was employed and the reaction temperature was always 100*C, higher 

than tha t used fo r  the same reaction o f the corresponding a lkyl 

ha lide .

In the ensuing descrip tion o f some new reactions invo lv ing phase 

tra ns fe r ca ta lys is ,  various ca ta lys ts  were used, namely b e n z y lt r ié th y l­

ammonium chloride (BTEAC), c e ty l t r ie th y l  ammonium ch loride (CTEAC), 

tetra-n-butylammonium bromide (TBAB) and dicyclohexyl-18-crown-6. I t  

has been recognised tha t some cata lys ts  are more e f f ic ie n t  than 

others, such e f f ic ie n c ie s  being dependent on conditions used, size 

and shape o f the a lkyl groups attached to the cation e tc^ lZ , However, 

no studies invo lv ing comparison o f the various ca ta lys ts  were made 

here. For each o f the reactions described a reasonably su itab le  

ca ta lys t was used. For the preparation o f (144) from disulphonate 

esters (145) and (146) both a q ira ternary ammonium s a l t  and a crown 

ether were t r ie d .  I t  is  not believed tha t the choice o f ca ta lys t was 

the m it iga t ing  fac to r  fo r  any o f the reactions which u lt im a te ly  fa i le d .

4.2 Preparation o f 1,3-Dihydronaphthothiophenes 

S t i r r in g  a solu tion o f (172) in  dichloromethane with an aqueous 

sodium sulphide solu tion in the presence o f TBAB at room temperature 

gave the c y c l ic  sulphide (173) q u a n t ita t iv e ly .  This represents a 

considerable improvement in  y ie ld  over the previous method of 

conversion, when a b o i l in g  water-ethanol reaction mixture was used?.
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CHjBr 

CHjBr

172 173

The preparation o f (175) from (174) under s im ila r  phase trans fe r 

catalysed conditions, was not so s tra ightforward. The i n i t i a l  product 

was a so l id  which had low s o lu b i l i t y  in organic solvents, gave broad 

in d is t in c t  peaks in i t s  n.m.r. spectrum and had a high melting 

po in t and was therefore concluded to be a polymer. Heating th is  

so lid  under vacuum in  a sublimation apparatus resulted in the 

condensation o f (175) onto the cold f in g e r .  Thus the polymer is  of 

such a s tructure as to allow thermal rearrangement in to  the monomer 

sulphide.

I t  would seem safe to assume tha t i n i t i a l  subs titu t ion  o f the 

sulphide dianion is  taking place a t one o f the aryl methyl positions 

in  the same way as i t  did fo r  the formation of (173). However to 

subsequently form a polymer means tha t there must then occur an 

intermolecular reaction, in  preference to an intramolecular one.

This implies tha t the re a c t iv i ty  o f one o f the aryl methyl positions 

is  considerably higher than at the other.

CH,Br

CH.Br
polymer

174 175
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K ine tic  studies o f 5^2 reactions invo lv ing 1-halomethylnaphthalenes

(177) and th e i r  2-isomers (178) are very sparse. Considerably more, 

though by no means comprehensive, work has been done on th e i r  S^l 

reactions. SCF-MO ca lcu la tions c le a r ly  show tha t a (177) type compound 

should be more reactive than i t s  2 -isomer: considering the pure or 

l im i t in g  Spl case the energy d iffe rence between the arylmethyl cation 

and i t s  parent is  between 68 and 329 eV (depending on the exact method 

used) more favourable to the l - i s o m e r l l 7 .

Early experimental work showed tha t the rate o f so lvo lys is  o f 2- 

(chioromethyl) naphthalene (178, X = C l))  corresponded to tha t 

th e o re t ic a l ly  predicted but tha t the so lvo lys is  o f (177, X = Cl) 

appeared to be slower than expected, although i t  was s t i l l  the more 

reactive o f the twollB . Dewar and Sampson i n i t i a l l y  a tt r ib u te d  th is  

to s te r ic  h indrance in ions o f the 1 -methyl naphthalene type re su lt in g  

from peri in te rac t io ns , but Dewar h imself la te r  stated tha t the 

deviation from theory was the re su lt  o f crude experimental technique^ 

Indeed G le icher's  ca lcu la tions would appear to show tha t the in troduction  

o f an allowance fo r  s tra in  e ffec ts  in th is  case ac tua lly  impairs the 

co rre la t io n  between the calculated energy o f ion isa tion  and experimental 

resultlZO. Nevertheless, p e r i- in te ra c t io n s  are s t i l l  blamed when 

the reaction rate o f a (177) type compound is  slower than expected^Zl.
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The ca lcu la tions and k in e t ic  studies mentioned so fa r  have involved 

mechanisms approximating to Spl. In the case o f displacement o f 

bromine by a sulphide anion from (172) or (174) we are considering a 

mechanism much c loser to Sn2. Studies in  th is  area s p e c i f ic a l ly  

re la t in g  to (177) and (178) are v i r t u a l ly  non-existent. In the case 

o f  (177) Dewar and Sampson stated tha t a greater involvement o f the 

nucleophile leads to a less planar and consequently less stra ined 

t ra n s i t io n  s ta t e l l 8 (b ), por example, so lvo lys is  in moist formic acid 

would lead to a s tra in  energy fo r  the t ra n s i t io n  state which is  

33 kcal m o l' l  greater than fo r  displacement by Iodide in anhydrous 

acetone. However, as already mentioned, Dewar and B e n t le y l l^ ,  along 

w ith GleicherlZO^ la te r  disputed the f ind ings o f th is  pub lica tion .

While the p ic tu re  remains ra ther confused, what is  c lear is  tha t

(177) can be solvolysed up to 15 times quicker than i t s  2-isomer

(178) in a number o f polar solvents. Extrapolating th is  in to  Sn2 

reactions may not be s tra ightforward, but i t  would seem reasonable to 

suggest tha t polymerisation in the reaction o f (174) w ith sodium 

sulphide is  caused by subs titu t ion  a t the 1 -pos it ion  occurring in  

preference to subs titu t ion  at the 2 -p o s it io n , even when the former is  

intermolecular and the la te r  intramolecular.

Conducting the reaction at higher temperature ( re f lu x in g  chloroform) 

led to the detection o f (175) in the crude product (although the 

polymer was s t i l l  present and the iso la ted y ie ld  o f (175) was s t i l l  

considerably less than tha t obtained from a re f lux ing  water-ethanol
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reaction m ixture^). This suggests tha t e i th e r  there was a considerable 

energy b a rr ie r  to the intramolecular step or th a t the ac t iva t ion  

energy d iffe rence between the in tramolecular and in termolecular steps 

has been reduced. However i t  would be dangerous to draw any fu r th e r  

conclusions than tha t from th is  one re s u lt .

4.3 Preparation o f Thiacyclohexan-4-one 

Preparation o f thiacyclohexan-4-one (180) was achieved in  good 

y ie ld  under phase trans fe r conditions from the d ich lo r ide  (179), 

although the y ie ld  was probably reduced by loss o f the water soluble 

(180) in to  the aqueous phase during work up. The conditions required 

were m ilder than those normally needed fo r  primary ch lo r ides, probably 

because o f ac t iva t ion  o f the 1 ,5 -pos it ions by the ^ -ke to  group.

0 0 

Na,S
BTEAC

179 180

C r 'Cl ^

4.4 Preparation of 3,3-Dimethylthietan 

Although 3,3-dimethyl th ie tan (144) has previously been prepared 

from the 1,3-dibromide (176) under mild conditions using phase trans fe r 

ca ta lys is ,  attempts to prepare (144) from the 1 ,3-disulphonate esters 

(145/146) under s im ila r  conditions were unsuccessful. Both the 

dimesylate and d itosy la te  fa i le d  to give any o f the desired product, 

even when the reaction temperature was raised from room temperature 

(used fo r  the dibromide) to 61*C. Although the dimesylate may have
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been preferable as a substrate to the d ito sy la te  fo r  reasons such as 

greater water s o lu b i l i t y  o f the leaving group, i t  tended to decompose 

at th is  temperature, and a l l  experiments invo lv ing higher temperatures 

were conducted using the d ito sy la te .

Benzene was then used as the organic co-solvent and the temperature 

o f the l iq u id - l iq u id  reaction mixture was raised to 80*C, but again 

(144) was not detectable. However, when th is  temperature was employed 

fo r  a s o l id - l iq u id  system, with the sodium sulphide having been 

previously azeotroped dry, (144) was both detected and iso la ted .

This suggests th a t,  even when in an organic medium, the sulphide 

dianion is  s t i l l  shielded by water molecules when water is  present in 

the reaction mixture.

144

OSOjR OSO2R 

R = CH3 

146 R=

Unfortunately the s o l id - l iq u id  phase trans fe r system proved unsuitable 

fo r  the preparation o f (144) in  any sizeable q u a n t it ie s , owing to the 

close proxim ity o f the b o i l in g  points o f the product and the solvent. 

However th is  method may prove su itab le  fo r  the preparation o f less 

v o la t i le  sulphides.
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EXPERIMENTAL

Instrumentation

Infrared spectra were recorded on a Perkin-Elmer 237. Mass spectra 

were determined using a V.G. Micromass 16B instrument, w ith a gas 

chromatograph attachment. The molecular ion, i f  seen, is  given 

f i r s t ,  followed by peaks o f s truc tu ra l s ign if icance .

n.m.r. spectra were recorded on e i th e r  a Varian T60, an EM390 or 

a Brucker 400 instrument, using deuteriochloroform as solvent and 

tetramethyls ilane as in te rna l standard, unless otherwise stated. 

n.m.r. were recorded on a Brucker 400 instrument.

Melting points were determined on a K o f le r  heating stage and are 

uncorrected. Gas-liquid chromatography was carr ied out on a Pye-Unicam 

series 104 chromatograph. Preparative gas- l iqu id  chromatography was 

carried out on a Pye-Unicam series 105 chromatograph, using a 10%

0V17 column.

General

Solutions in organic solvents were dried over magnesium sulphate, 

unless otherwise stated. A ro tary  evaporator was used fo r  the removal 

o f solvents a t reduced pressure, unless the v o la t i l i t y  o f the products 

was considered too great.

Petroleum ether was o f b o i l in g  range 60-80*C unless otherwise 

stated. Super-dry d ie thyl ether and THF were obtained by s tor ing  over
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sodium wire and then d i s t i l l i n g  from l i th iu m  aluminium hydride 

immediately p r io r  to use. Methanol was re fluxed over and d is t i l l e d  

from calcium hydride. A ll solvents used fo r  re c ry s ta l l is in g  were 

d is t i l l e d  p r io r  to use.

Photolyses were carried out using a Rayonet Photochemical Reactor, 

f i t t e d  with lamps em itting l i g h t  o f the required wavelength. The 

solutions were contained in a quartz tube and a l l  solvents were 

deoxygenated immediately p r io r  to use.

Column chromatography was carried out using one o f four types of 

packing:- alumina (UGl), s i l i c a  M.F.C., t . l . c .  grade s i l i c a  or s i l i c a  

su itab le  fo r  f lash chromatography.
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CHAPTER ONE

Preparation o f 2,3-bis(bromomethy1 )naphtha1ene (172) 

2,3-Bis(bromomethyl)naphthalene was prepared in 59% y ie ld  by the 

reaction o f 2,3-dimethyl naphthalene w ith N-bromosuccimide in b o i l in g  

carbon te trach lo r ide  in the presence o f benzoyl peroxide, as described 

by Bodem and RiedlZZ, R ecrys ta ll isa t ion  was omitted, m.p. 158-160*0 

( l i t .  122 m.p. 164-165*0.

1.3-Dihydronaphtho[2,3-c]thiophene (173)

For the preparation o f th is  compound, see Chapter 4.

1 .3-Dihydronaphtho[2,3-c]thiophene 2,2-d ioxide (17)

The sulphone (17) was prepared in  55% y ie ld  from the sulphide (173) 

using peracetic acid, as described by Cava and Sh ir ley? , m.p. 250- 

252*C ( l i t . ?  m.p. 251-255*0.

1.2-Bis(bromomethyl)naphthalene (174)

The dibromide (174) was prepared in 77% y ie ld  from 1,2-dimethyl naphthalene 

using N-bromosuccinide and benzoyl peroxide in b o i l in g  carbon 

te tra ch lo r id e , as described by Bodem and Riedl22, m.p. 151-152*0 

( l i t . 122 m.p. 153*0 .

1.3-Dihydronaphtho[l,2-c]thiophene (175)

The sulphide 9175) was prepared in  64% y ie ld  from 1,2- 

bis(bromomethyl)naphthalene using sodium sulphide in  a b o i l in g  water-

-121-



ethanol so lu t ion , as described by Cava e t a l^ , m.p. 72-78°C ( l i t . 9 

m.p. 70 -78*0 .

1.3-Dihydronaphtho[l,2-c]thiophene 2,2-d ioxide (21)

To a s t i r re d  so lu tion o f l,3-d ihydronaphtho-[l,2 -c ]th iophene (4.9g, 

26.3 mmole) in  dichloromethane (30 ml) a t 0*C was added a so lu tion o f 

85% m-chloroperbenzoic acid (11.7g, 57.7 mmole) in  dichloromethane 

(100 ml) over 0.5 hours. The ice bath was removed and the reaction 

mixture s t i r re d  overnight. The mixture was d i lu ted  with dichloromethane 

(50 mis) and f i l t e r e d ,  washing well the collected p re c ip ita te .  The 

f i l t r a t e  was eluted through alumina (80g) using dichloromethane as 

e lu ta n t.  The solu tion was co llected as one f ra c t io n ,  from which the 

solvent was evaporated. R ecrys ta ll isa t ion  from chloroform gave 1,3- 

dihydronaphthoCl,2-c]thiophene 2,2-d ioxide (2.4g, 60%) m.p. 163-164*0 

and 169-171°C ( l i t . ®  m.p. 165-166'C and 170.5-171'C) ^ ( 0 0 0 1 3 ) 8.13- 

7.22 ( 6 H,m); 4.67 (2H,s); 4.53 (2H,s).

1.3-Dihydro-1-methylnaphtho[2,3-c]thiophene 2,2-dioxide (57a)

To a s t i r re d  solution o f 1,3-dihydronaphtho[2,3-c]thiophene 2,2- 

dioxide (0.75g, 3.44 mmole) in dry THF (120 ml) a t -78*C under an 

atmosphere o f dry n itrogen, n -b u ty l- l i th iu m  ( 1 .1  equivalent) was 

added dropwise over 10 minutes and the reaction mixture was s t i r re d  

fo r  a fu r th e r  40 minutes to give a brown so lu t ion . Methyl iodide 

(2 ml, 32 mmole) was added and the reaction mixture warmed gradually, 

w ith s t i r r in g ,  to room temperature and s t i r re d  overnight. The reaction 

was quenched with saturated brine so lu tion  (1 0  ml) and s t i r re d  fo r  2 

minutes. The organic layer was separated and the solvent removed. The

-122-



residue was redissolved in dichloromethane (1 0 0  m l), washed with

water (2 x 50 m l) and dried. Removal o f the solvent and re c ry s ta l l is a t io n

gave 1,3-dihydro-1-methylnaphtho [2,3-c]th iophene 2,2-d ioxide (0.47g,

59%) m.p. (ch lo ro fo rm -petro l) 198.5-200*0, ^max (CH2 CI2 ) 1315, 1125 

and 1115 cm-l.g lCDClg) 7.9-7.3 (6 H,m); 4.53-4.23 (3H,m); 1.75 (3H,d,J =

8 Hz) m/e 232, 168, 138, 123. C13H12O2 S requires C, 67.22; H,

5.21, Found: C, 67.41; H, 5.26.

1 ,3-Dihydro-1-(Pent-4-enyl)naphtho[2,3-c3thiophene 2,2-dioxide (57b) 

n -B u ty l- l i th iu m  ( 1 .1  equivalent) was added over a period o f 10 

minutes to a s t i r re d  so lu tion of 1,3-dihydronaphtho[2,3-c]thiophene

2,2-d ioxide (0.58g, 2.66 mmole) in dry THF (140 ml) a t -78*C under an 

atmosphere of dry nitrogen. The mixture was s t i r re d  a t -78*C fo r  10 

minutes then warmed gradually to room temperature over a period o f 30 

minutes to give a brown so lu t ion . A fte r  recooling to -78*0, excess 5- 

bromopent-l-ene (0.8g, 5.37 mmole) was added and the reaction mixture 

was then allowed to warm to room temperature and s t i r re d  fo r  a fu r th e r  

24 hours. Brine (60 ml) was added, the reaction mixture s t i r re d  fo r  

a few minutes and the organic layer separated and evaporated. The 

residue was redissolved in dichloromethane (2 0 0  m l), washed with 

water (2 x 50 ml) and dried. Removal o f the solvent and chromatography 

on alumina (18g), e lu t ing  w ith dichloromethane, gave (57b) (0.45g,

59%), m.p. (chloroform-petrol ) 110-111*0, n̂iax (CH2CI2 ) 1310 and 

1125 cm 'l,  0 (0 0 0 3 ) 7.93-7.36 (6 H,m); 6.10-5.50 (lH,m); 5.20-4.91 

(2H,m); 4.50-4.20 (3H,m); 2.42-1.60 (6 H,m), m/e 286, 222, 181, 179,

165, C17H18O2 S requires C, 71.30; H, 6.33, Found: C, 71.29; H, 6.27.

-123-



1,5-Dich1oropentan-3-one (179)

1,5-Dichloropentan-3-one was prepared in  70% y ie ld  from the reaction 

o f 3-chloropropionyl ch loride with aluminium ch lo ride  and ethylene in 

dichloromethane, using the method described by Baddeley e t a l ,123 

b.p. 60-62*0 a t 0.15 mm/Hg, ( l i t . 123 b.p. 78*0 a t 0.8 mm/Hg).

Pi v iny l Ketone

Quantities o f th is  compound were obtained by d i s t i l l i n g  1,5- 

dichloropentan-3-one from excess anhydrous sodium carbonate under 

reduced pressure and r e d is t i l l i n g ,  b.p. 40*0 a t  25 mm/Hg ( l i t . 124 

b.p. 30*0 a t 16 mm/Hg). The y ie ld  was not optimised ( l i t . 124 90%).

ff-Ohloroethyl Vinyl Ketone 

/?-Ohloroethyl v inyl ketone was obtained by d i s t i l l a t i o n  from a 1.0 

equivalent of anhydrous sodium carbonate, as described by Danishefsky 

and M i g a d a l o f 2 2 ,  and re d is t i l le d  b.p. 2 6 - 3 2 * 0  at 0.1 mm/Hg. The

y ie ld  was not optimised (no l i t .  y ie ld  g i v e n 2 2 ) .

Attempted Reaction of the 1,3-Dihydronaphtho[2,3-c]thiophene
2,2-dioxide (17) Anion with D iv inyl Ketonïï

Using the method described fo r  the preparation o f (57b), the anion

of the sulphone (17) (0.5g, 2.3 mmole) was generated in THF a t -78*0 

and d iv in y l ketone (0.28 ml, 2.86 mmole) was added. The mixture was 

allowed to warm to room temperature and s t i r re d  fo r  a fu r th e r  2 hours, 

by which time the so lu tion s t i l l  had a brown co louration but had also 

become cloudy. Work up as before gave the s ta r t in g  sulphone (0.25g) 

and a white so lid  tha t was polymeric in behaviour.
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Attempted Reaction of the 1 ,3-Dihydronaphtho[2,3-c ]thiophene
2,2-d ioxide (17) Anion with ^-Ch loroethyl Vinyl Ketone

Using the method described above, the anion o f the sulphone (17)

( Ig ,  4.6 mmole) was generated in  THF a t -78*C using n -b u ty l- l i th iu m , 

and ^-ch loroethy l vinyl ketone (0.75g, 6.4 mmole) was added. The 

reaction mixture was allowed to warm to room temperature and s t i r re d  

fo r  a fu r th e r  2.5 hours, a f te r  which time the reaction mixture was 

yellow and cloudy. Work up as before gave the s ta r t in g  sulphone 

(0.65g) and a white so lid  tha t was polymeric in behaviour. None o f 

the e le c trop h ile  was recovered.

2 ,2 -B is (2 -ch lo roe thy l) - l,3 -d ioxo lane  (58)

A so lu tion o f 1,5-dichloropentan-3-one (4g, 25.8 mmole) and p- 

toluenesulphonic acid (0.3g, 1.74 mmole) in  benzene (100 ml) was 

mixed with ethanediol (25 ml) in a f lask f i t t e d  with a Dean-Stark 

apparatus and condenser. The mixture was heated under re f lu x  with 

vigorous s i t r r in g  fo r  1.5 hours and then allowed to cool before 

pouring in to  water (200 m l). The organic layer was separated, the 

aqueous layer fu r th e r extracted with ether (50 ml) and the organic 

layers combined, washed with water (50 ml) and dr ied . Removal o f the 

solvent and other v o la t i le  compounds under vacuum, followed by 

sublimation gave 2 ,2 -b is(2-ch loroethy l)1 ,3 -d ioxo lane (3.9g, 76%), 

b.p. 72*C a t 0.2 mm/Hg, m.p. (p e tro l)  32-33*0, ^^ax (neat) 2950, 2880, 

1355, 1190, 1170, 1120, 1100, 1030, 890 and 730 cm‘ L  ôfCDClg) 3.90 

(4H,s): 3.53 (4H,t,J=7.5 Hz); 2.11 (4H,t,J=7.5 Hz), m/e 135, 91, 63, 

C7 CH12CI2O2 requires C, 42.23; H, 6.08, Found: C, 42.16; H, 6.04.
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1,5-Di1odopentan-3-one 

To a solu tion o f l,5-dichloropentan-3-one (5g, 32.3 mmole) in  dry 

acetone (50 ml) was added sodium iodide (20g, 133 mmole) and the 

suspension was heated under re f lu x  fo r  1 hour. On cooling the solvent 

was removed under vacuum and the residue taken up in a mixture o f 

water (50 ml) and ether (50 m l). The organic laye r was separated, 

washed with water (50 ml) and dried. Removal o f the solvent and 

re c ry s ta l l is a t io n  gave l,5-diiodopentan-3-one (7.8g, 71.5%), m.p. 

(e th e r-p e tro l)  48-48.5*0, ^^ax (CH2 CI2 ) 1720, 1408, 1360, 1230, 1172 

and 1075 cm 'l,  ^(CDCl]) 3.46-2.97 (8H,m), m/e 338, 210, 182, 155, 

C5 H8 I 2 O requires C, 17.77; H, 2.39, I ,  75.11, Found: C, 17.49; H,

2.28; I ,  74.72.

2 ,2 -B is (2 - iodoe thy l)- l,3 -d ioxo lane  (59)

A solu tion o f 1,5 -d i iodopentan-3-one (4.5g, 13.5 mmole) and p- 

toluenesulphonic acid (0.5g, 2.9 mmole) in  benzene (100 ml) was mixed 

with ethanediol (25 ml) in a f lask  f i t t e d  with a Dean-Stark apparatus 

and a condenser. The mixture was heated under re f lux  with vigorous 

s t i r r in g  fo r  2.5 hours, then allowed to cool and poured in to  water 

(150 m l). The organic layer was separated, the aqueous layer fu r th e r  

extracted with ether (200 ml) and the organic layers combined, washed 

with water (50 m l), dried and evaporated. The residue was dissolved in 

hot petrol and the so lu tion decanted from the inso luble dark o i l  tha t 

remained. R ecrys ta ll isa t ion  gave 2 ,2 -b is (2 - iodo e thy l) - l ,3 -d ioxo la ne  

(3.15g, 61%), m.p. (p e tro l)  53-53.5*0, ^^ax (CH2 CI2 ) 2950, 2890,

1332, 1208, 1172, 1110, 1070, 1034, 940 and 855 cm-1, ^(CDClg) 3.97

(4H,s); 3.11 (4H,t,J=8.5 Hz); 2.23 (4H,t,J=8.5 Hz), m/e 254, 228,
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155, 110, C7H1 2 I 2O2 requires C, 22.01; H, 3.17; I ,  66.45, Found: C, 

21.95; H, 3.12; I ,  66.21.

Attempted Reaction o f the 1 ,3-Dihydronaphtho [2,3-c]th iophene
2.2-dioxide (17) Anion with 2,2-bis-(2-ch1oroethy1)1,3-dioxolane (58)

To a s t i r re d  so lu tion o f the sulphone (17) (0.3g, 1.37 mmole) in 

dry THF (100 ml) a t -78*C under an atmosphere o f dry nitrogen was 

added n -b u ty l- l i th iu m  (1 equivalent) over a period o f 10 minutes.

The reaction mixture was s t i r re d  at -78*C fo r  a fu r th e r  40 minutes to 

give a l i g h t  brown so lu tion . The d ich lo r ide  (58) (0.4g, 2 mmole) was 

added and the reaction mixture allowed to warm gradually to room 

temperature. I t  was s t i r re d  overnight. On work up, the only 

id e n t i f ia b le  compounds were s ta r t in g  m ateria ls . In a separate 

experiment, the inclusion o f a few drops o f HMPT in  the reaction 

mixture gave the same re su lt .

Attempted Reaction o f the 1 ,3-Dihydronaphtho[2,3-c]thiophene
2.2-dioxide (17) Anion with 2 ,2 -b is(2-iodoethy l) l,3-d ioxoT¥ne (59)

This reaction was attempted several times using the general method 

described above. The anion o f the sulphone (17) was generated in  THF 

a t -78*C using n -b u ty l- l i th iu m  and the d iiod ide  (59) introduced, 

e ith e r  in a THF, or benzene, so lu tion or as a s o l id .  The reaction 

mixture was allowed to warm to room temperature but usually w ith in  15 

minutes o f the e lec troph ile  being introduced i t  had assumed a reddish 

brown colour instead of the brown colour of the sulphone anion.

However on each occasion work up gave s ta r t in g  materia ls as the only 

id e n t i f ia b le  compounds.
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When the reaction was quenched with deuterium oxide 15 minutes 

a f te r  the in troduction  of the d i iod ide , work up and chromatography on 

s i l i c a  M.F.C., e lu t ing  with dichloromethane, gave 2 ,2 -b is (2 - iodoe thy l)

1,3-dioxolane and a mixture o f 1,3-dihydronaphtho[2,3-c]thiophene 2 , 2 - 

dioxide and i t s  mono- and dideuteriated deriva tives m/e 220/219/218, 

153/154/155/156.

Deuteriation o f the 1 ,3-Dihydronaphtho[l,2-c]thiophene 2,2-Dioxide
~T2TT

To a s t i r re d  solu tion of the sulphone (21) (0.19g, 0.87 mmole) in 

dry THF (60 ml) a t -78°C under an atmosphere o f dry nitrogen was 

added n -b u ty l- l i th iu m  (1 .1  equivalent) over a period o f 10 minutes.

The reaction mixture was allowed to warm to room temperature, then 

recooled to -78°C and s t i r re d  fo r  a fu r th e r  20 minutes to give a dark 

green so lu t ion . Deuterium oxide (1 ml) was added. Work up and 

chromatography on alumina (2 g) gave a mixture of deuteriated sulphones 

(O . lg ) ,  6 (CDCl3 ) 7.97-7.24 (6 H,m); 4.67 (1.33H,2); 4.53 (1.15H,s).

1-Benzyl-l,3-Dihydronaphtho [ 1 ,2-c]thiophene 2,2-dioxide (6 6 b ) 
and i t s  3-Benzyl Isomer (67b)

To a s t i r re d  solution of 1 ,3-dihydronaphtho [ 1 ,2-c]thiophene 2,2- 

dioxide (0.75g, 3.44 mmole) in dry THF (120 ml) a t -78*C under an 

atmosphere o f dry nitrogen was added n -b u ty l- l i th iu m  (1 .1  equivalent) 

over a period o f 10 minutes. The reaction mixture was s t i r re d  fo r

1.5 hours a t -78*C to give a dark green so lu tion . Benzyl bromide 

(1.5 ml, 12.6 mmole) was added. The mixture was allowed to warm to 

room temperature and s t i r re d  overnight. The reaction was quenched 

with saturated ammonium ch loride so lu tion  (1 0  ml) and s t i r re d  fo r
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a few minutes. The organic layer was separated and the solvent 

removed. The residue was redissolved in  dichloromethane (100 m l), 

washed with water (2 x 25 ml) and dr ied. Removal o f the solvent and 

column chromatography on alumina (60g), e lu t in g  w ith dichloromethane, 

chloroform and eventually chloroform-methanol, gave an o i l  which was 

a mixture o f the two sulphones (6 6 b) and (67b) (0.4g, 38%), ^max 

(CH2 Cl2 > 1315, 1125 and 815 cm 'l,  ^(CDCl]) 7.95-6.75 ( l lH ,m ); 4.97 

(0.62H,t,J=5.25 Hz); 4.70-2.90 (4.38 H,m), m/e 308, 244, 243, 229.

Attempted Separation o f Sul phones (6 6b) and (67b)

The mixture (0.4g) was eluted through a chromatography column of 

t . l . c .  grade s i l i c a  (18g), e lu t ing  with petrol-dichloromethane and 

co l le c t in g  20 ml fra c t io n s . 15 Fractions containing the products 

were co llected but a l l  were mixtures o f the two isomers. However, 

the f i f te e n th  fra c t io n  contained a considerable excess of one isomer 

and gave the fo llow ing ^H n.m.r. spectrum to a close approximation: 

ô(CDCl3 ) 8.10-7.30 ( l lH ,m ); 5.17 ( lH , t , J =6 Hz); 4.03, 3.77 (2H, d of 

J=15 Hz); 3.46 ( lH ,d ,J =6 Hz); 3.33 ( lH ,d ,J =6 Hz).

1,3-Dihydro l - ( prop-4-enyl)naphtho [ 1 ,2-c]thiophene 2,2-Dioxide 
(67a) and i t s  3-(prop-4-enyl) Isomer (6 6 a)

(a) Using n -Bu ty l-L ith ium : To a s t i r re d  so lu tion of 1,3-dihydro- 

naphtho[l,2-c]thiophene 2,2-d ioxide (0.5g, 2.29 mmole) in dry THF 

(60 ml) a t -78°C under an atmosphere o f dry nitrogen was added n- 

b u ty l- l i th iu m  (1.1 equivalent) over a period o f 10 minutes. The 

reaction mixture was s t i r re d  fo r  1.5 hours a t -78*C to give a dark 

green solu tion and the 5-bromopent-l-ene (0.35 ml, 2.96 mmole) was
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added. The mixture was allowed to warm to room temperature and 

s t i r re d  overnight. Saturated sodium ch lo ride  so lu tion  (10 ml) was 

added and the mixture s t i r re d  fo r  a few minutes. The organic layer 

was separated and the solvent removed. The residue was redissolved 

in  dichloromethane (100 m l), washed with water (50 ml) and dried.

Removal o f the solvent and chromatography on s i l i c a  M.F.C. (23g), e lu t ing  

with dichloromethane gave a mixture o f the sulphones (6 6 a) and (6 6 b) 

(0.15g, 23%), y^ax (n u jo l)  2910, 1305, 1118 and 805 cm 'l,  0(0001]), 

7.97-7.16 (6 H,ro); 6.00-5.50 (lH,m); 5.20-4.82 (2H,m); 4.80-4.55 

(1.35H, m); 4.53-4.20 (1.65H, m); 2.80-1.40 (6H,m), m/e 286, 22, 181.

(b) Using IDA: Using the general method described fo r  (a) the anion 

o f the sulphone (21) (0.5g, 2.29 mmole) was generated using LDA (1.1 

equ iva lent). The mixture was warmed to room temperature to  ensure 

complete conversion to the anion, then recooled to -78°C before 

addition o f the 5-bromopent-l-ene (0.6 mol, 5.07 mmole). Work up and 

chromatography on alumina (lOg) gave a mixture o f the a lky la t io n  

products as before (0.25g, 37%), Analytica l data approximately as 

fo r  (a).

(c) Using LDA and HMPT: The general method described fo r  (a) and 

(b) was used, but with the addition o f HMPT (0.06 ml) to the so lu tion 

o f the sulphone (0.27g, 1.24 mmole) before addition o f the base. LDA 

(1 equivalent) was added over 15 minutes and the reaction mixture 

s t i r re d  a t -78*C fo r  40 minutes to give a dark brown so lu tion before 

add ition  o f the 5-bromopent-l-ene (0.6 ml, 5.07 mmole). Work up and 

chromatography on alumina (2 0 g), e lu t ing  with petrol-dichloromethane
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gave a mixture o f the a lky la t io n  products (0.3g, 84%), ô(CDCl3 ) 7.97- 

7.16 (6 H,m); 6.00-5.50 (lH,m); 5.20-4.82 (2H,m); 4.80-4.56 (1.46H,m); 

4.53-4.20 (1.54H,m); 2.80-1.40 (6 H,m).

Attempted Separation o f Sul phones (6 6 a) and (6 6 b)

A mixture o f these two sulphones was eluted through a chromatography 

column o f t . l . c .  grade s i l i c a  (lOg) using petrol-dichloromethane as 

e lu tan t and taking 10 ml fra c t io n s . This procedure fa i le d  to separate 

the two compounds.

E lu tion with dichloromethane-petrol through a chromatography column 

of s i l i c a  M.F.C. (lOg), impregnated with 10% s i lv e r  n i t ra te  so lu tion 

and dried at 1 0 0 *0  also fa i le d  to separate the two sul phones.

The mixture gave one spot o r, a t best two overlapping spots, on a l l  

t . l . c .  systems t r ie d .

Thermolysis o f 1 ,3-dihydro-l-(pent-4-enyl)naphtho[2,3-c]thiophene
2,2-Dioxide ( 57b!

(a) A so lu tion o f the sulphone (57b) (0.125g, 0.45 mmole) in  1,2 ,4- 

trichlorobenzene (5 ml) was heated under re f lu x  in  an atmosphere of 

argon fo r  3 hours. On cooling the solvent was removed by warming 

under vacuum. R ecrys ta ll isa t ion  o f the residue from chloroform-petrol 

gave a nearly qu an t ita t ive  recovery o f the s ta r t in g  m ateria l.

(b) A so lu tion o f (57b) (0.048g, 0.17 mmole) in dry diethyl) phthalate 

(4 ml) was heated under re f lu x  fo r  20 minutes in an atmosphere o f
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nitrogen. On cooling the so lu tion was poured in to  2M sodium hydroxide 

(40 ml) and warmed gradually w ith s t i r r in g  in  a d i s t i l l a t i o n  apparatus 

u n t i l  the temperature of the vapour reached 100*C. The mixture was 

cooled to room temperature and extracted with dichloromethane (3 x 

20 m l). The organic layers were combined, washed w ith water (30 ml) 

and dried. Removal o f the solvent, chromatography on alumina (5g), 

e lu t ing  with p e tro l,  and sublimation at 0.05 mm/Hg (oven temperature 

100-120*0) gave l,2,3,4-tetrahydro-l,2-cyclopentenoanthracene (62), 

(0.02g, 54%), m.p. (sublimed) 70-74*0, ^max (CH2 OI2 ) 2930, 2880,

1495 and 895 cm 'l,  5(C0C1]) 7.76-7.02 (6 H,m); 3.38-0.68 (12H,m), m/e 

222, 194, 193, 181, 179, 166, 165, C1 7H18 requires C, 91.84; H, 8.16,

Found: C, 92.02; H, 8.14.

(c) Using the method described fo r  (b) above, a fu r th e r  quantity  o f 

sulphone (0.12g, 0.42 mmole) was thermolysed. P u r i f ic a t io n  by 

preparative t . l . c .  on s i l i c a  gave l ,2 ,3 ,4 - te trahyd ro - l,2 -cyc lopen teno- 

anthracene (0.0174g, 19%) and a con s titu t io na l isomer, believed to be 

2-(hexa-l,5-diene)-3-methylnaphthalene (2.4 x 10"^g) 6(0001g) 7.78-

7.10 (6 H,m); 6.30-4.65 (5H,m); 2.40 (3H,s); 2.38-1.70 (4H,m), m/e 

222, 181, 166, 165. This compound was also detectable by t . l . c .  in  

the crude product from (b) above.

Attempted Photolysis of 1,3-Dihydro-l-(pent-4-enyl)naphtho 
[2,3-c]th iophene 2,2-Dioxide (57b)

A so lu tion o f the sulphone (57b) (O .lg , 0.35 mmole) in  deoxygenated

methanol (40 ml) was ir ra d ia te d  a t 254 nm fo r  21 hours. Removal o f

the solvent and analysis o f the residue by t . l . c .  and iH n.m.r. showed 

only s ta r t in g  material to be present.
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Thermolysis o f a Mixture o f 1 ,3-d1 hydro-1-(pent-4-enyl)naphtho 
L I,2 -cJ th io | ~  ^ ^
Isomer ( 6 6 a
LI,2-cJthiophene 2,2-dioxide (67a) and i t s  3-(pent-4-enyl) 

[)

A so lu tion o f a mixture o f the t i t l e  sulphones (67a) and (6 6 a), 

(0.25g), in d ie thy lph tha la te  (5 mis) was heated under re f lu x  fo r  15 

minutes. On cooling the solu tion was poured in to  2M sodium hydroxide 

(50 ml) in  a d i s t i l l a t i o n  apparatus and heated gradually w ith s t i r r in g  

u n t i l  the temperature of the vapour reached 100°C. The mixture was 

then cooled to room temperature and extracted w ith  dichloromethane (3 

X 25 m l). The organic layers were combined, washed with water (40 

m l), dried and evaporated. Chromatography on s i l i c a  (8 g) impregnated 

with s i lv e r  n i t ra te  (0 .8 g), e lu t ing  with petrol-dichloromethane, 

followed by fu r th e r  chromatography on t . l . c .  grade s i l i c a  (6 g), 

e lu t in g  w ith p e tro l,  gave a mixture o f two compounds, believed to be 

the hydrocarbons (6 8 ) and (69), (0.06g, 31%), b.p. 65-70*0 a t 0.1 

mm/Hg, 6 (0 0 0 1 3 ) 8.15-6.97 (6 H,m); 3.70-0.90 (12H,m), m/e 222, 193,

165, 141. Analysis by g . l . c .  (3% OV 17, 209*0, flow pressure 9 psi) 

showed two overlapping peaks (re ten tion  times 27 minutes, 24 seconds 

and 29 minutes 48 seconds). A fu r th e r  product was co llected from the 

f i r s t  chromatography column; th is  product may have been a mixture o f

l-(hex-l,5-diene)2-methylnaphthalene (70) and 2 - (h e x - l ,5 -d ie n e ) - l -  

methylnaphthalene (71) (0.04g, 21%), 6 (0 0 0 1 3 ) 8.20-7.16 (6H,m); 6.65 

(lH,d,J=16 Hz); 6.20-5.50 (2H,m); 5.30-4.75 (2H,m); 2.62-2.10 (7H,m).
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CHAPTER TWO

4-Phenyl-m-dioxane(98)

4-Phenyl-m-dioxane was prepared in 90% y ie ld  using styrene, aqueous 

formaldehyde and sulphuric acid, as described by Shortridge54, b.p. 

98°C a t 1.0 mm/Hg ( l i t . ® *  121-123°C a t 11 mm/Hg), 6 (0 0 0 ) 3 ) 7.29 

(5H,s); 5.11, 4.74 (2H,d o f d, J=6 Hz); 4.65-3.50 (3H,m); 2.25-1.40 

(2H,m).

1,3-Dichloro-l-phenylpropane (99)

The fo llow ing reaction conditions have been previously described in 

whole or in  part by Shorygina^^:

(a) A so lu tion o f 4-phenyl-m-dioxane (130g, 0.79 mole) in carbon 

te trach lo r ide  (2 0 0  ml) was added slowly to a suspension o f phosphorus 

pentachloride (340g, 1.63 mole) in carbon te trach lo r ide  ( IL ) .  The 

reaction mixture was s t i r re d  a t room temperature fo r  approximately 6 

weeks and at 40-60°C fo r  approximately 6 days. At the end o f th is  

period analysis by g . l . c .  indicated tha t the reaction was incomplete.

(b) 4-Phenyl-m-dioxane (50g, 0.3 mole) was added slowly to a s t i r re d  

suspension o f phosphorus pentachloride (200g, 1.13 mole) in carbon 

te trach lo r ide  (500 ml) and the reaction mixture s t i r re d  a t 50-60°C 

fo r  32 hours. The solvent was removed and the residue taken up in  

chloroform (500 ml) and water (500 m l). The organic layer was 

separated, washed with d i lu te  sodium bicarbonate so lu tion (500 ml) 

and water (200 ml) and dr ied. Removal o f the solvent gave a yellow 

o i l  (70g), containing s ta r t in g  material and products by g . l . c .  

analysis.
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This o i l  was added slowly to a s t i r re d  suspension o f zinc chloride 

(15g, 0.11 mole) in th ionyl ch loride (160g, 1.34 mole). The reaction 

mixture was s t i r re d  overnight a t room temperature and then heated at 

70-80*0 fo r  1.5 hours. A fte r  most o f the excess th ionyl ch lo ride  had 

been removed under reduced pressure, i t  was d ilu ted  w ith ether (500 ml) 

and poured in to  water (500 m l). The organic layer was washed with 

d i lu te  bicarbonate solu tion (500 ml) and water (200 m l), and dried. 

Removal o f the solvent and d i s t i l l a t i o n  gave l,3-dichloro-1-phenylpropane 

(22g, 50%), b.p. 92-95”C a t 0.4 mm/Hg ( l i t . 53 l l l - H 3 ° C  a t  3 mm/Hg)6 

(CDCI3 ) 7.33 (5H,s): 5.12 (lH ,t,J=6Hz); 4.00-3.28 (2H,m); 2.68-2.05 

(2H,m).

(c) To a s t i r re d  suspension o f zinc ch lo r ide  (51g, 0.37 mole) in 4- 

phenyl-m-dioxane (300g, 1.83 mole) was added th ionyl ch lo ride  (544g, 

4.57 mole) and the mixture s t i r re d  at room temperature overnight. I t  

was then heated gently under re f lu x  fo r  4 hours. The reaction was 

followed by g . l . c .  and the appearance o f another compound o f greater 

re tention  time was observed. A fte r 1.5 hours o f heating under re f lux  

the reaction appeared to be less than h a l f  complete. Work up as 

described fo r  (b) gave a black ta r  which on d i s t i l l a t i o n  gave a very 

small amount o f the desired product (<5g, <2%).

2-Phenylthietan (97)

1,3-Dichloro-l-phenylpropane (45.3g, 0.24 mole) was added dropwise 

over a period o f 1.5 hours to a re f lux ing  so lu tion o f sodium sulphide 

nonahydrate (8 6 g, 0.36 mole) in  water (80 ml) and ethanol (100 m l).

The reaction mixture was heated under re f lu x  overnight. On cooling
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i t  was d ilu ted  with water (200 ml) and extracted with ether (3 x 20 m l). 

The organic layer was separated, washed with water (200 ml) and dried. 

Removal o f the solvent and d i s t i l l a t i o n  gave 2-phenylthietan (19g,

53%) b.p . 74°C a t 0.1 mm/Hg ( l i t . 5? 6 6 °C a t 1.5 mm/Hg), gfCDCl]) 7.60-

7.10 (5H,m); 4.88 ( lH , t ,J = 8 Hz); 3.53-2.74 (4H,m), ( l i t . 5? 6(001*) 7.3 

(5H,m): 4.78 (lH,t,Jax+Jbx " 15.2Hz); 2.75-3.3 (4H,m)).

2-Phenylthietan 1,1-d ioxide (89)

To a s t i r re d  solution o f 2-phenylthietan (13.7g, 0.091 mole) in  

dichloromethane (100 ml) a t 0*C was added, dropwise over 1 hour, a 

so lu tion o f m-chloroperbenzoic acid (40 .7g, 0.20 mole) in dichloromethane 

(500 m l). The reaction mixture was allowed to warm to room temperature 

and s t i r re d  fo r  a fu r the r 2.5 hours. I t  was f i l t e r e d  and the f i l t r a t e  

eluted through alumina (130g), e lu t in g  well w ith chloroform.

R ecrys ta ll isa t ion  gave 2-phenylthietan 1,1-dioxide (12.5g, 75%), m.p. 

(ch loroform -petro l) 82-84°C ( l i t . * *  m.p. 82-84°C) 6 (0 0 0 3 ) 7.33 

(5H,s); 5.43 (lH ,t,J=10Hz); 4.25-3.90 (2H,m); 2.70-2.20 (2H,m) ( l i t . 44 

6 (0 0 0 3 ) 7.57-7.40 (5H,m); 3.52 ( lH ,t,J=9.5Hz); 4.40-3.92 (2H,m); 

2.86-2.17 (2H,m)).

2-Carboxy-2-phenylthietan 1,1-dioxide (103)

To a s t i r re d  suspension o f 2-phenylthietan 1,1-dioxide (3g, 16.5 

mmole) in  dry ether (150 ml) a t  -78°C under an atmosphere o f dry 

nitrogen was added n-butyl l i th iu m  ( 1 .1  equ iva lent), dropwise over 20  

minutes. The reaction mixture was s t i r re d  fo r  a fu r th e r  40 minutes 

a t  -78*C to give a green so lu t ion , then dry carbon dioxide was

-136-



bubbled through, immediately causing a white p re c ip i ta t io n .  On 

warming to room temperature the mixture was f i l t e r e d ,  and the 

p re c ip ita te  washed with ether (50 ml) to  give the l i th iu m  s a l t  o f 2- 

carboxy-2-phenylthietan 1,1-dioxide (3.4g, 89%). Treatment w ith 

d i lu te  sulphuric acid, extraction  in to  dichloromethane, drying and 

removal o f the solvent gave the acid (103) q u a n t ita t iv e ly ,  m.p. 

(ch loro form -petro l) 158-166*0, 0(d6-DMS0) 7.38 (5H,s); 4.40-3.93 

(2H,m); 3.20-2.37 (2H,m); 5.50-3.50 ( IH ,s ,b road), tmax(CH2 Cl2 ) 3060, 

1750, 1715, 1335, 1175 and 1135 cm 'l,  m/e 181, 162, 117.

2-Methoxycarbonyl-2-phenylthietan 1,1-dioxide (104)

To a so lu tion o f 2-carboxy-2-phenylthietan 1,1-dioxide ( Ig ,  5.49 

mmole) in  absolute methanol (8  ml) a t 0 * 0  was added dropwise an 

ethereal so lu tion o f diazomethane u n t i l  the reaction mixture became 

pale ye llow . Removal o f the solvent and re c ry s ta l l is a t io n  gave (104) 

(0.7g, 6 6 %) m.p. (chloroform-petrol ) 92-94*0, 6 (0 0 0 1 3 ) 7.35 (5H,s); 

4.43-3.83 (2H,m); 3.75 (3H,s); 3.35-3.00 (lH,m); 2.87-2.40 (lH,m), 

"maxfCHzCTz) 1735, 1430, 1330, 1240, 1215, 1172, 1135 and 800 cm 'l,  

m/e 181, 176, 117, 105, C11H12O4 S requires 0, 54.99; H, 5.03; S, 

13.34, Found: 0, 55.04; H, 4.99; S, 13.35.

2-Ethoxycarbonyl-2-phenylthietan 1,1-dioxide (102)

n-Buty l-1 ith ium  (1.1 equivalent) was added dropwise over 10 minutes 

to a s t i r re d  suspension o f 2-phenylthietan 1,1-dioxide (1.14g, 6.26 

mmole) in  dry ether (40 ml) a t -78*0 under an atmosphere o f dry
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nitrogen. The reaction mixture was s t i r re d  a t -78*C fo r  a fu r th e r  10 

minutes then allowed to warm to room temperature. I t  was recooled to 

-78*C to give a green so lu t ion . Ethyl chloroformate (1.05g, 9.68 

mmole) was added over 10 minutes and the reaction mixture allowed to 

warm gradually to room temperature, then s t i r re d  fo r  a fu r th e r  2 

hours.

The reaction was quenched with water (20 ml) and s t i r re d  fo r  a few 

minutes. The organic layer was separated, washed with water (20 ml) 

and dried. Removal o f  the solvent gave a c lear o i l .  Attempts at 

c ry s ta l l is a t io n  fa i le d ,  but chromatography on alumina (24g), e lu t ing  

w ith dichloromethane (contact time 30-60 minutes) gave (102) (0.21g,

18%), m.p. (ch lo ro fo rm -pe tro l) 71-72°C, *m#x(CH2 Cl2 ) 1730, 1339,

1240, 1210, 1170 and 1132 cm 'l,  ôCCDClj) 7.33 (5H,s); 4.57-3.81

(4H,m); 3.43-2.34 (2H,m); 1.33 (3H,t,J=7Hz), m/e 190, 181, 162, 144, e.

117, 115, C12H14O4 S requires C, 56.68; H, 5.55, Found C, 56.72; H,

5.50.

Numerous other attempts to prepare (102) by the above method gave, 

a f te r  chromatography on e ith e r  alumina or s i l i c a ,  seemingly inseparable 

mixtures o f the desired compound and 2 -phenylth ietan 1 , 1-d iox ide .
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Chromatography o f 2-Methoxycarbony1-2-pheny1thietan 1,1-d ioxide (104) 

E lu tion o f a sample of (104) through s i l i c a  with a contact time o f 

greater than 20 minutes gave, on analysis by t . l . c .  and n.m .r. 

spectroscopy, a mixture o f the s ta r t in g  ester (104) and 2-phenylthietan

1 , 1 -d iox ide .

Photolysis o f 2-Methoxycarbonyl~2-phenylthietan 1,1-dioxide (104)

A so lu tion o f (104) (150 mg, 0.62 mmole) in  deoxygenated dichloromethane 

(25 ml) was ir ra d ia te d  at 254 nm fo r  10 hours. Removal o f the solvent 

and chromatography on s i l i c a  (2 g), e lu t in g  w ith dichloromethane, gave 

methyl 1-phenyl cyclopropane carboxylate (0.09g, 82%) which was 

id e n t i f ie d  by comparison o f i t s  n.m.r. spectrum with tha t published, 

6 (0 0 0 1 3 ) 7.67-7.13 (5H,m); 3.55 (3H,s); 1.77-1.50 (2H,m); 1.33-1.13 

(2H,m), ( l i t . 62 ^(so lvent not given) phenyl protons, 3.65 (3H,s); 1.65 

(2H,m); 1.24 (2H,m)).

Photolysis of 2-Ethoxycarbonyl-2-phenylthietan 1,1-dioxide (102)

A so lu tion o f (102) (100 mg, 0.39 mmole) in deoxygenated dichloromethane 

(20 ml) was ir ra d ia te d  a t 254 nm fo r  2.5 hours. Removal o f the 

solvent gave crude ethyl 1 -phenyl cyclopropane carboxylate in quan tita t ive  

y ie ld  (74.2 mg), 6 (0 0 0 1 3 ) 7.50-7.07 (5H,m); 4.02 (2H,q,J=7.5Hz); 1.70- 

1.37 (2H,m); 1.33-0.93 (5H,m), m/e 190, 162, 144, 117, 115.
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2-(2-Methy1propan-l-o1)2-pheny1thietan 1,1-d ioxide (100b)

n -B u ty l- l i th iu m  (1.1 equivalent) was added dropwise over 10 minutes

to a s t i r re d  suspension o f 2-phenylthietan 1,1-dioxide (0.98g, 5.38

mmole) in dry ether (50 ml) a t -78°C under an atmosphere o f dry

nitrogen. The reaction mixture was allowed to warm gradually to room

temperature and then recooled to -78*C to give a brown so lu t ion .

Isobutyraldéhyde (0.5g, 6.93 mmole) dissolved in dry ether (10 ml)

was added dropwise over 10 minutes. The reaction mixture was allowed

to warm gradually to room temperature and s t i r re d  fo r  a fu r th e r  1

hour. The reaction was quenched with saturated ammonium ch lo ride

solu tion (10 ml) and s t i r re d  fo r  a few minutes. The organic layer

was separated, washed with water (30 ml) and dr ied. Removal o f the

solvent and re c ry s ta l l is a t io n  gave (100b) (0.48g, 35%), m.p. (chloroform-

p e tro l)  98-130°C? 3550. 2955, 1302, 1173, 1125 and 690 cm 'l,

6 (0 0 0 1 3 ) 7.62-7.13 (5H,m): 4.47-3.70 (3H,m); 3.42-2.30 (3H,m); 1.55-

1.08 (lH,m); 1.03-0.67 (6H,m), m/e 190, 182, 162, 147, 116, 115, 103,

91, C13H18O3 S requires C, 61.39; H, 7.13, Found: C, 61.66; H, 7.10. 
(*djastereoisomers present)

2-(Ethan-l-ol) 2-phenyl th ie tan 1,1-dioxide (100a)

(a) n -B u ty l- l i th iu m  (1.2 equivalent) was added dropwise over 10 

minutes to a s t i r re d  suspension o f 2-phenyl th ie tan 1,1-d ioxide (0.96g,

5.27 mmole) in dry ether (50 ml) a t -78*C under an atmosphere o f dry 

nitrogen. The reaction mixture was s t i r re d  a t -78°C fo r  a fu r th e r  30 

minutes, then acetaldehyde (1 ml, 18 mmole) was added dropwise. The 

reaction mixture was allowed to warm gradually to room temperature 

and s t i r re d  overnight. Saturated ammonium ch loride so lu tion  (20 ml)
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was added and the mixture s t i r re d  fo r  a few minutes. The organic 

layer was separated, and the aqueous layer extracted fu r th e r  w ith 

ether (30 m l). The organic layers were combined, washed w ith water 

(30 ml) and dried. Removal o f the solvent and chromatography on 

alumina (60g), e lu t ing  with chloroform-methanol, gave (100a) (0.35g, 

30%) m.p. (chloroform pe tro l)  88-95*0, ^max(CH2 Cl2 ) 3560, 3050, 1310, 

1260, 1180, 1130 and 1100 cmrl, the n.m.r. spectrum showed two 

diastereoisomers, ô(CDCl3 ) 7.50-7.03 (5H,m); 4.70-4.33 (lH,m); 4.30- 

3.70 (2H,m); 3.40 (lH,d,J=4Hz, broad, exchangeable D2O); 2.93-2.28 

(2H,m); 0.93 (3H,d,J=7Hz) and 7.50-7.03 (5H,m); 4.70-4.33 (lH,m); 

4.30-3.70 (2H,m); 3.10 ( lH ,d ,J= 6Hz, broad, exchangeable D2 O); 2.93-

2.28 (2H,m); 1.06 (3H,d,J=6Hz), m/e 182, 162, 144, 134, 133, 118,

117, 105, 91, C11H14O3 S requires C, 58.40; H, 6.24; S, 14.14, Found:

C, 58.22; H, 6.21; S, 13.96.

(b) With other reagents and conditions remaining the same as described 

above, a so lu tion o f 2-phenylthietan 1,1-dioxide (0.67g, 3.68 mmole) 

in dry THF (50 ml) gave (100a) (0.19g, 23%).

Attempted Dehydration o f 2-(2-m ethy lpropan-l-o l)-2-phenylth ie tan
1,1-d ioxide (lOObl

(a) Using the general method described by Monson and Priest^O, a 

solu tion o f (100b) (O.lg, 3.39 mmole) in  HMPT (4 ml) was heated under 

re f lux  fo r  2 hours. Work up gave an o i l ,  which by t . l . c .  analysis 

consisted o f a large number o f compounds, most the them very polar.
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(b) This general method has been previously described by Appel and 

W i h l e r G Z .  To a so lu tion o f (100b) (O .lg , 0.39 mmole) and tr iphenylphosphine 

(0.13g, 0.49 mmole) in  a c e to n it r i le  (10 ml) heated under re f lu x  was 

added carbon te trach lo r ide  (0.075g, 0.49 mmole). The reaction mixture 

was heated under re f lux  overnight. Removal o f the solvent and 

chromatography on alumina (4g), e lu t in g  with e th e r-p e tro l,  gave a 

nearly quan tita t ive  recovery (0.08g) o f the s ta r t in g  m a te ria l.  None 

o f the desired o le f in ic  product was iso la ted .

Attempted Preparation o f 2-Methoxycarbonyl- 4 - (2-methylpropan-l-ol )
2 -phenylth ietan 1 , 1 -d ioxide (107)

(a) A so lu tion of LDA (1.1 equivalent) in  dry ether was added dropwise 

over 10 minutes to a s t i r re d  suspension o f 2 -methoxycarbonyl-2 -phenyl- 

th ie tan 1,1-dioxide (104) (0.4g, 1.67 mmole) in  dry ether (60 ml) a t - 

78*C under an atmosphere o f dry nitrogen. The reaction mixture was 

s t i r re d  a t -78°C fo r  10 minutes, then allowed to warm to room 

temperature and s t i r re d  fo r  15 minutes. The mixture remained a 

suspension but with a yellow tinge . I t  was recooled to -78*C and 

isobutyraldéhyde (1 ml, 11 mmole) was added. The mixture was allowed 

to  warm to room temperature to give a green so lu tion and s t i r re d  fo r  

a fu r th e r  3 hours. The reaction was quenched with saturated ammonium 

ch loride so lu tion (10 ml) and s t i r re d  fo r  a few minutes. The aqueous 

laye r was extracted fu r th e r  with dichloromethane (50 ml) and the 

organic layers were combined and dried. Analysis by t . l . c .  showed a 

large number o f compounds, none o f which were id e n t i f ia b le .

Chromatography on s i l i c a  (16g), e lu t ing  with petrol-dichioromethane- 

methanol (contact time less than .5 hour) fa i le d  to iso la te  any 

id e n t i f ia b le  compounds.
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(b) Using the general method described above, a so lu tion o f  the 

sulphone (104) (0.5g, 2.08 mmole) in  THF gave a pale green so lu tion 

a f te r  treatment w ith LDA (1.1 equ iva len t). Isobutyraldéhyde (0.6 ml,

6 . 6  mmole) was added and the reaction mixture allowed to warm to room 

temperature and stood overnight.

Saturated ammonium chloride so lu tion (10 ml) was added and the 

mixture s t i r re d  fo r  a few minutes. The organic layer was separated 

and the solvent removed. The residue was taken up in dichloromethane 

(50 m l), washed with water and dr ied. The solvent was removed and 

the residue kept a t 0.1 mm/Hg fo r  3 hours. Chromatography on s i l i c a  

M.F.C. (lOg), e lu t ing  with petrol-dichloromethane-chloroform-methanol 

(contact time less than .5 hour) fa i le d  to iso la te  any id e n t i f ia b le  

compounds.

Attempted Preparation of 2 -(2-M ethy lp ropan- l-o l) th ie tan  1,1-dioxide

n -B u ty l- l i th iu m  (1.1 equivalent) was added to a so lu tion o f th ie tan

1,1-d ioxide (2g, 18.9 mmole) and HMPT (0.1 ml, 0.6 mmole) in  dry 

ether (60 ml) a t -78*C under an atmosphere o f dry nitrogen to give a 

gelatinous reaction mixture. The reaction mixture was allowed to warm 

to room temperature, s t i r re d  fo r  25 minutes, then recooled to  -78°C. 

Isobutyraldéhyde (7 ml, 77 mmole) was added, g iv ing  a pale green 

so lu t ion . The mixture was allowed to warm to room temperature and 

s t i r re d  fo r  5 hours. Saturated ammonium ch loride so lu tion (10 ml) 

was added and the mixture s t i r re d  fo r  a few minutes. The organic 

laye r was separated, washed w ith water (60 ml) and dried. Removal
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of the solvent gave an o i l  which consisted o f a considerable number 

o f compounds by t . l . c .  analysis. Chromatography on alumina (lOOg), 

e lu t ing  w ith dichloromethane-chloroform-methanol, fa i le d  to y ie ld  any 

id e n t i f ia b le  compounds apart from HMPT.

2-Carboxythietan 1,1-dioxide (109)

A so lu tion o f LDA (1.1 equivalent) in THF (10 ml) was added dropwise 

over 5 minutes to a suspension o f th ie tan 1,1-d iox ide (0.88g, 8.30 

mmole) in  dry ether (60 ml) a t -78*C under an atmosphere o f dry 

n itrogen. The reaction mixture was s t i r re d  a t  -78*C fo r  35 minutes 

to give a gelatinous suspension. Dry carbon dioxide was bubbled 

through and the mixture warmed to room temperature. IM Sulphuric 

acid (30 ml) was added; the organic layer separated and the aqueous 

laye r fu r th e r  extracted with ethyl acetate (40 m l). The organic 

layers were combined and dried . Removal o f the solvent and chromatography 

on s i l i c a  M.F.C. (lOg), e lu t in g  with chloroform-methanol, gave a 

few mgs o f (109) ô (d6-DMS0) 5.40 ( lH ,t,J=9H z); 4.50-3.95 (2H,m); 2.60- 

2.00 (2H,m).
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CHAPTER THREE

2 .2-Dimethy1-l,3-ditosylpropane (146)

Preparation o f the d ito sy la te  (146) was accomplished in y ie ld s  o f 

91-97% by the reaction o f 2,2-dimethyl-1,3-propanediol w ith tosy lch lo r id e  

(2.3 equivalent) in pyrid inelZS, m.p. 108-114*C ( l i t . 125 m.p. 124*C; 

an a lte rna t ive  l i t .  m.p. value has been given as 66-67*cl27).

3.3-Dimethylthietan (144)

3,3-Dimethyl th ie tan was prepared using the method described by 

Newman e t a l89 except tha t the d ito sy la te  (146) was used instead o f 

the dimesylate (145).

In a typ ica l procedure a so lu tion o f sodium sulphide nonahydrate 

(173g, 0.72 mmole) in ethanediol (400 ml) was azeotroped dry by 

heating in a f lask  f i t t e d  w ith a Dean-Stark apparatus u n t i l  the 

b o i l in g  point o f ethanediol was reached.

On cooling, th is  so lu tion was added to a warm suspension o f the 

d ito sy la te  (150g, 0.36 mmole) in ethanediol (300 ml) and the reaction 

mixture was heated gradually w ith continuous s t i r r in g  in a d i s t i l l a t i o n  

apparatus over a period o f 2 hours, u n t i l  no more th ie tan appeared to  

be d i s t i l l i n g .  The mixture o f 3,3-dimethyl th ie tan  and ethanediol 

co llected was separated in to  i t s  two immiscible components and the 

th ie tan was dried over the minimum amount o f magensium sulphate,

(25g, 67%), b.p. 115-117"C ( l i t .® ®  b.p. 115-117°C) ^(CDCl*) 2.93 

(4H,s); 1.27 (6 H,s).
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3.3-Dimethylthietan 1,1-dioxide (141)

A so lu tion o f 85% m-chloroperbenzoic acid (130g, 0.64 mole) in  

dichloromethane (1 2 0 0  ml) was added w ith s t i r r in g  to a so lu tion o f

3 .3-d im ethylth ietan (31.Ig , 0.3 mole) in  dichloromethane a t 0*C over

2 hours. The reaction mixture was allowed to warm to room temperature 

and s t i r re d  overnight. I t  was f i l t e r e d ,  f i r s t  through f i l t e r  paper, 

then through alumina (2 0 0 g) washing w e l l ,  on both occasions with 

dichloromethane. Removal o f the solvent and re c ry s ta l l is a t io n  afforded

3.3-d im ethylth ietan 1,1-d ioxide, (38.6g, 94%), m.p. (ether-40/60 

p e tro l)  52-53*0 ( l i t .  m.p. 54 -55*0 , 5 (CDCI3 ) 3.87 (4H,s); 1.47 (6 H,s).

2t (2-M ethylpropan-l-o l)3 ,3-d imethylth ie tan 1,1-dioxide (147a)

(a) n -B u ty l- l i th ium  (1.1 equivalent) was added dropwise over 15 

minutes to a s t i r re d  suspension o f 3 ,3-d im ethylth ietan 1,1-dioxide 

(lOg, 75 mmole) in  dry THF (125 ml) a t  -78*C under an atmosphere o f 

dry n itrogen. The mixture was s t i r re d  fo r  a fu r th e r  15 minutes a t 

-78*0 to give an amber so lu t ion . Isobutyraldéhyde (14 ml, 150 mmole) 

was added dropwise over a few minutes. The reaction mixture was 

allowed to warm to room temperature and s t i r re d  fo r  a fu r th e r  2 hours.

Saturated brine (10 ml) was added to quench the reaction and the 

mixture was s t i r re d  vigorously fo r  a few minutes. The organic layer 

was separated and the solvent removed. The residue was redissolved 

in dichloromethane (200 m l), washed with water (2 x 50 ml) and dried. 

Removal o f the solvent gave a gummy s o l id .  Successive chromatography 

on s i l i c a  (360g) then t . l . c .  grade s i l i c a  (360g), e lu t in g  through
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both with chloroform-methanol gave (147a) (5.26g, 34%) m.p. (chloroform- 

p e tro l)  104-114°C, >'max(CH2 Cl2 ) 3600, 2960, 1310, 1265, 1185 and 

1105 c m - l6 (CDCl2 ) 4.26-3.65 (4H,m); 2.68 (lH,d,J=7Hz); 2.10-1.62 

(lH,m); 1.50 (6 H,s); 1.15 (3H,d,J=7Hz); 1.05 (3H,d,J=6Hz), m/e 206,

163, 134, 119, 107, 99, CgHigOgS requires C, 52.40; H, 8.79, Found:

C, 52.32; H, 8.61.

Also iso la ted was 2 ,4-b is(2 -m ethy lp ropan-l-o l)-3 ,3 -d im ethy lth ie tan

1,1-dioxide (1.95g, 9%), m.p. (ch lo ro fo rm -pe tro l) 144-145*0 ^max(CH20l2) 

3605, 3560, 2970, 1468, 1398, 1176, 1102 and 992 cm'^, 6 (0 0 0 ) 3 ) 3.97 

(2H,d,J=6Hz); 3.78 (2H,d o f d ,J i= 6Hz,J2 =4 Hz); 2.18 (2H,s,broad,exchangeable 

D2O); 2.03-1.57 (2H,m); 1.41 (6 H,s); 1.05 (6H,d,J=3Hz); 0.97 

(6H,d,J=3Hz), m/e 278, 235, 217, 189, 163, 153, 111, O13H26O4 S requires 

0, 56.08; H, 9.41, Found: 0, 56.10; H, 9.30.

(b) Sul phone (147a) was also prepared by the general method described 

above, using ether as solvent. In a typ ica l procedure n -b u ty l- l i th iu m  

( 1 .1  equivalent) was added dropwise over 10 minutes to a s t i r re d  

suspension o f 3,3-dim ethylth ietan 1,1-dioxide (6 g, 45 mmole) in dry 

ether (150 mis) a t -78*C under an atmosphere o f dry nitrogen. The 

mixture was s t i r re d  a t -78*C fo r  20 minutes, warmed gradually to room 

temperature, then recooled to -78*C to give a pale yellow so lu t ion . 

Isobutyraldéhyde (12 ml, 130 mmole) was added dropwise over a few 

minutes. The reaction mixture was allowed to warm to room temperature 

and s t i r re d  fo r  a fu r th e r 3 hours. The reaction was quenched with 

water (50 mis) and the organic layer separated, washed w ith water 

(50 ml) and dried. Removal o f the solvent, chromatography on alumina
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(160g), e lu t in g  w ith dichloromethane then increasing concentrations 

o f methanol in chloroform, and re c ry s ta l l is a t io n  afforded (147a)

(2.5g, 27%).

(c) Using the general method described fo r  (a) and (b) above, the 

add it ion  o f HMPT a f te r  tha t o f n -bu ty l- l i thum  gave a depressed y ie ld  

(7%) o f (147a); the addition o f HMPT before th a t o f  n -bu ty l- l i thum  gave 

no improvement in  y ie ld  over the o r ig ina l method (23%).

3 ,3 -D im ethy l-2 -(2 ,2 ,2 -tr ich lo roe thano l ) th ie tan 1,1-dioxide (147b)

n -B u ty l- l i th iu m  (1 equivalent) was added dropwise over 10 minutes 

to  a s t i r re d  suspension o f 3 ,3 -d im ethylth ietan 1,1-d ioxide (5.6g, 42 

mmole) in dry THF (100 ml) a t -78*C under an atmosphere o f  dry 

n itrogen. The mixture was s t i r re d  fo r  a fu r th e r  30 minutes a t -78*C 

to give a brown so lu tion . Anhydrous ch lora l (5 ml, 52 mmole) was 

added dropwise over a few minutes to give a dark brown reaction 

m ixture. The mixture was s t i r re d  a t  -78*C fo r  a fu r th e r  1 hour, then 

allowed to warm to room temperature and s t i r re d  fo r  a fu r th e r  1.5 hours.

The reaction was quenched with saturated brine (30 ml) and the 

aqueous layer separated and extracted fu r th e r  w ith ether (2 0  ml) and 

chloroform (20 m l). The organic extracts  were combined and dried. 

Removal o f  the solvent and chromatography on s i l i c a  (180g), e lu t in g  

w ith  dichloromethane then increasing concentrations o f methanol in  

chloroform gave (147b) (3.5g, 30%), m.p. (ch lo ro fo rm -pe tro l) 195- 

200"C, (Nujol) 3410, 1310, 1190, 1155, 1130, 1075, 815 and 

755 cm-1, 6 (0 0 0 3 ) 4.65, 4.23 (2H,d,d o f d,J=10Hz); 3.83, 3.60
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(2H,d o f d, J=12Hz); 3.30-2.70 (IH ,broad,s, exchangeable D2O); 1.60 

(3H,s); 1.50 (3H,s), m/e 281/283/285, 245/247/249, 163, C7H11CI3O3 S 

requires C, 29.86; H, 3.94, Found: C, 29.89; H, 3.97.

2.2-Di chioroethanal

2,2-Dichloroethanal was prepared in overa ll 25% y ie ld  from tr i iso p ro p y l 

phosphite and c h lo ra l ,  via acid catalysed decomposition o f d iisopropyl

2 .2 -d ich lo rov iny l phosphate, as described by Pi 1 gram et a l  128^ b .p . 

83-85°C ( l i t . 128 b.p. 84-86°C).

2-(2 ,2 -D ich loroethano l)-3 ,3-d im ethy lth ie tan 1,1-d iox ide (147c) 

n -B u ty l- l i th iu m  (1.1 equivalent) was added dropwise over 10 minutes 

to a s t i r re d  so lu tion o f 3,3-dimethyl th ie tan 1,1-d ioxide (1.22g, 9.1 

mmole) in dry THF (50 ml) a t -78*C under an atmosphere o f dry nitrogen. 

The mixture was s t i r re d  fo r  a fu r th e r  25 minutes a t -78*C to  give a 

yellow so lu t ion . 2,2-Dichloroethanal (1.5g, 13.3 mmole) was added 

dropwise over a few minutes. The reaction mixture was allowed to 

warm to room temperature and s t i r re d  fo r  a fu r th e r  1 hour, to give a 

dark brown so lu t ion . Saturated brine (5 ml) was added to quench the 

reaction and the mixture was s t i r re d  fo r  a few minutes. The organic 

layer was separated, the solvent removed and the residue redissolved 

in dichloromethane (100 m l). This was washed with water (2 x 50 ml) 

and dr ied . Removal o f the solvent and chromatography on s i l i c a  (20g), 

e lu t in g  with dichloromethane then increasing concentrations o f  methanol 

in  chloroform, afforded (147c), (0.75g, 33%), m.p. (ch lo ro form -petro l) 

93-102“C, y^ax ( " " j o l )  3490, 1315, 1195, 1135, 1082, 758 and 738 cm 'l.
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Ô(CDC13) 5.95 (lH,d,J=2Hz); 4.57-4.27 2.57 ( IH ,broad d,J=6Hz);

1.49 (6 H,s), ô(CDCl3 /D2 Û) as above except 4.57-4.27 (lH,m) becomes

4.50 (lH ,d o f d ,J i= 10Hz,J2 =2Hz); 2.57 (lH ,d) disappears, m/e 

247/249/251, 211/213, 193/195, 169/171, 162, 133, 129. Successive 

re c ry s ta l l is a t io n  afforded c rys ta ls  m.p. (ch lo ro fo rm -pe tro l) 135- 

137°C, C7H12CI2O3 S requires C, 34.02; H, 4.89, Found: C, 34.05; H, 

4.78.

3 ,3-Dimethyl-2-(2 -m e th y l- l- (dimethyl- t-bu ty ls i lo xy )p ro p a n e )
Thietan 1 ,1 -d ioxide (ISOl

To a s t i r re d  solu tion o f 3 ,3-d im ethy l-2-(2-m ethy lpropan-l-o l) th ie tan

1,1-dioxide ( Ig , 4.9 mmole) in  DMF (10 ml) were added, in rapid 

succession, t -b u ty ld im e th y ls i ly l  ch lo ride  (0.77g, 5.1 mmole) and 

imidazole (0.69g, 10.1 mmole) and the mixture was s t i r re d  at room 

temperature fo r  1 week. Further imidazole (0.33g, 4.9 mmole) and t -  

bu ty ld im e thy ls i ly l  ch loride (0.37g, 2.4 mmole) were added and the 

mixture s t i r re d  fo r  a fu r th e r  2 days. Then the mixture was warmed to 

50°C and s t i r re d  fo r  3 days, before being warmed to 60°C and s t i r re d  

fo r  a fu r th e r  4 days. On cooling the mixture was poured in to  water 

(50 ml) and extracted with ether (3 x 20 m l). The organic layers 

were combined and dried. Removal o f  the solvent and recrystal 1isa t io n  

afforded (15) (0.75g, 48%) m.p. (p e tro l)  78-88*0, ^̂ max (CH2 CI2 ) 2695, 

1314, 1190, 1110, 1052 and 838 cm‘ L  6 (0 0 0 1 3 ) 4.10 (2H,s); 3.70,3.47 

(2H,d o f  d,J=12Hz); 1.85-1.57 (lH,m); 1.37 ( 6 H,s); 1.15-0.85 (15H,m); 

0.23 (3H,s); 0.15 (3H ,s ,),  m/e 320, 305, 277, 263, O1 5H32O3 S Si 

requires C, 56.13; H, 9.82, Found: C, 56.20; H, 10.06.
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3.3-Dimethy1-2-(l-mesy1-2-methy1 propane)thietan 1 ,1-d ioxide (149)

To a so lu tion o f 3 ,3 -d im ethy l-2-(2-m ethy lpropan-l-o l)th ie tan 1,1-

dioxide (0.53g, 2.57 mmole) in  dry pyrid ine (8  ml) was added 

methanesulphonyl ch lo ride  (0.6 ml, 7.75 mmole) and the mixture l e f t  

to stand a t room temperature fo r  5 hours. Further methanesulphonyl 

ch lo ride  (0.2 ml, 2.59 mmole) was added and the mixture l e f t  to stand 

a t 40*C fo r  2 hours. The mixture was f i l t e r e d  and the solvent removed. 

The residue was redissolved in  ether (30 m l), washed with water (15 ml) 

and dr ied . Removal o f the solvent and re c ry s ta l l is a t io n  afforded 

(149), (0.43g, 59%) m.p. (ch lo ro form -petro l) 108-114*0, f^^ax (CH2 CI2 ) 

1350, 1172 and 715 cm 'l,  glCDClg) 5.08 (lH,d o f d, J i= 1 0Hz,J2<3 Hz): 

4.24, 4.10 (lH,2d,J=10 Hz); 3.86, 3.64 (2H,d o f d,J=13Hz); 3.17 

(3H,s): 2.001.53 (lH,m); 1.43 (6 H,s); 1.19 (3H,d,J=7Hz); 1.00 (3H,d, 

J=7Hz), m/e 241, 189, 177, 163, 135 and 124, C10H2 0O5 S2 requires 

C, 42.23; H, 7.09, Found: 0, 42.00; H, 6.90.

3 .3-Dimethyl- 2 - (2-methylprop-1-enyl)thietan 1 ,1-dioxide (152)

A so lu tion o f phcysphoryl ch lo r ide  (0.09 ml, 0.97 mmole) in dry 

pyrid ine (1 ml) was added to a s t i r r e d  so lu tion o f 3 ,3 -d im ethy l-2 -(2- 

m ethy lpropan-l-o l)th ie tan 1,1-dioxide (0.5g, 2.4 mmole) in  dry pyrid ine 

(3 ml) a t 0*C under an atmosphere o f dry n itrogen. The mixture was 

s t i r re d  overnight and then poured in to  d i lu te  sulphuric acid (2 0  m l). 

The aqueous mixture was extracted w ith  dichloromethane (2 x 40 ml) 

and the organic layer separated and dr ied. Removal o f the solvent 

and d i s t i l l a t i o n  afforded (152) (0.2g, 44%), b.p . 120-124*C/at 0.1 mm
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Hg, m.p. (p e tro l)  67-68'C, (CH2 CI2 ) 2960, 1305, 1182 and 1098 cm 'l ,  

6 (0 0 0 1 3 ) 5.35 (lH,d,J=10Hz); 4.77 (lH,d,J=10Hz); 3.78, 3.58 (2H,d o f 

d,J=13Hz); 1.82 (3H,s); 1.81 (3H,s); 1.36 (3H,s); 1.28 (3H,s), m/e 

188, 132, 124, 109, C9H16O2 S requires C, 57.41; H, 8.56, Found: C,

57.30; H, 8.44.

E lim ination of Methanesul phonic Acid from the Mesylate (149)

To a so lu tion o f 3,3-dimethyT-2-(l-mesyl-2-methyTpropane)thietan

1,1-d ioxide (0.2g, 0.7 mmole) in  dry THF (10 ml) under an atmosphere 

o f dry nitrogen was added 1,5-diazobicyclo[5.4.0]undecene-5 (0.12 ml, 

0.79 mmole) and the mixture heated under re f lu x  overnight. Further

l,5-diazobicyclo[5.4.0]undecene-5 (0.35 ml, 2.3 mmole) was added and 

the reaction mixture heated under re f lu x  fo r  a fu r th e r  10 hours. I t  

was then s t i r re d  overnight a t room temperature. The solvent was 

removed and the residue redissolved in dichloromethane (30 m l), washed 

with d i lu te  hydrochloric acid (2 x 40 ml) and water (40 m l). The 

so lu tion was dried and the solvent removed. Chromatography on s i l i c a  

M.F.C. (8 g) e lu t ing  with dichloromethane, and d i s t i l l a t i o n  gave a 

mixture o f 2 compounds (0.061g), b.p. 125-135*C/0.2 mm Hg.

Analysis by t . l . c .  and n.m.r. spectroscopy showed the f i r s t  o f  

these to be 3 ,3-dimethyl- 2 - (2-methylprop-l-enyl) th ie tan  1,1-dioxide 

( t . l . c .  r f  (CH2CI2 ) 0 .6 ). The second gave t . l . c .  r f  (CH2 CI2 ) 0.55, 

0 (CDCl3 ) 5.57 (lH,d,J=12Hz); 3.67 (2H,s); 3.00-2.65 (lH,m); 1.34 

( 6 H,s); 1.10 (6H,J=7Hz). The ra t io  o f the f i r s t  compound to the 

second was 1:4 by iH n.m.r. spectroscopy.
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Attempted Dehydration of (147a) w ith Polyphosphoric Acid

The alcohol (147a) (0.5g, 2.43 mmole) was dissolved in polyphosphoric 

acid (6 g) and heated at 90*C, with occassional s t i r r in g  fo r  3 hours.

On cooling the mixture was hydrolysed w ith water (20 ml) and extracted 

w ith  chloroform (20 m l). The organic laye r was separated, washed 

with water (20 ml) and dried. Removal o f the solvent gave a brown 

o i l .  Analysis by t . l . c .  showed considerable s ta r t in g  material to be 

present, along with a large number o f other products.

Attempted Dehydration of (147a) w ith Potassium Bisulphate

The alcohol (147a) (0.05g, 0.24 mmole) was mixed with dried potassium 

bisulphate (0.05g, 0.36 mmole) and the mixture f in e ly  ground. I t  was 

sealed in  a glass tube and heated a t 220*C fo r  8 hours. On cooling 

the mixture was taken up in ether (10 ml) and water (10 m l). The 

organic layer was separated and dried. Removal o f the solvent gave a 

quan t ita t ive  recovery o f s ta r t in g  m ateria l.

Attempted Dehydration o f (147a) w ith Anhydrous Copper Sulphate 

The alcohol (147a) (O.lg , 0.49 mmole) was mixed w ith anhydrous 

copper sulphate (O.lg, 0.63 mmole) and the mixture was f in e ly  ground.

I t  was sealed in a galss tube and heated a t 170°C fo r  10 hours. Work 

up (as described fo r  the above reaction with potassium bisulphate) 

gave only s ta r t in g  m ateria l.

Repetition o f th is  experiment a t 220*C and work up gave a black so l id .  

Analysis o f th is  so lid  by t . l . c .  showed tha t i t  contained mainly s ta r t in g  

material plus some decomposition products which remained on the baseline.
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Reaction o f (147a) w ith Thionyl Chloride 

Thionyl ch lo ride  (0.35g, 2.94 mmole) was added dropwise over a few 

minutes to a s t i r re d  solution o f the alcohol (147a) (0.35g, 1.7 mmole) 

a t 0*C. The mixture was warmed to room temperature and s t i r re d  fo r  

20 hours. The mixture was then poured in to  2M hydrochloric acid (20 ml) 

which was then extracted with dichloromethane (2 x 20 m l). The 

organic layers were combined, washed with water ( 2 0  ml) and dried. 

Removal o f the solvent gave a crude o i l ,  consisting mainly o f two 

compounds. One o f these was id e n t i f ie d  as 3 ,3-dimethyl-2-(2-methylprop-

1-enyl) th ie tan 1,1-dioxide (152). The mixture was redissolved in 

pyrid ine (5 ml) and s t i r re d  at room temperature fo r  2 days. Work up 

as before gave an unchanged crude product. D is t i l la t io n  gave (152) 

(0.07g, 22%) b.p. 120-124*0/0.1 mm Hg. The residue was re c rys ta l l ise d  

and may be 2-( l-ch loro-2-m ethylpropane)-3,3-d im ethylth ietan 1,1- 

dioxide (0.04g), m.p. (ch loroform -petro l) 219-240*0 ^max (n u jo l)  1305 

and 1110 cm'l 6 (0 0 0 1 3 ) 5.05-4.62 (IH.rn); 4.48-4.20 (IH.rn); 3.82, 3.53 

(2H,d o f d,J=13Hz); 2.02-1.52 (lH,m); 1.42 (6 H,s).

2-(l-Chloro-2-methylpropane)-3,3-dimethyl- 4 - (2-m ethy lpropan-l-o l) 
th ie tan 1,1-dioxide (157)

To 2 ,4 -b is(2-m ethy lp ropan-l-o l)3 ,3-d im ethy lth ie tan 1,1-dioxide 

(0.5g, 1.8 mmole) was added phosphoryl ch lo r ide  (0.1 ml, 1.1 mmole) 

in  dry pyrid ine (5 ml) and the mixture s t i r re d  overnight at room 

temperature. I t  was poured in to  a mixture o f concentrated hydrochloric 

acid ( 2 0  m l), water (2 0  ml) and ice (2 0  ml) and extracted w ith 

dichloromethane (2 x 60 m l). The organic layers were combined and 

dr ied. Removal o f the solvent and chromatography on s i l i c a  (lOg),
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e lu t in g  with dichloromethane-petrol afforded (157), (0.12g, 23%), 

m.p. (p e tro l)  84.5-85.5°C y^ax (n u jo l)  3535, 1398, 1174, 1155, 1102 

and 1065 cm 'l,  6 (0 0 0 ) 3 ) 4.27 (lH,d o f d ,J j= 12Hz,J2 =lHz); 4.22 (lH ,d 

o f d ,J i= 1 2Hz,J2 =2 Hz): 3.67 (lH,d o f d ,J i= 2Hz,J2 =lHz); 3.62-3.34 

(IH,broad m); 2.69 (IH,broad d,J=9Hz); 2.16 (lH,d o f septet,Jd=2Hz, 

Js=7Hz); 1.89 (lH ,octet,J=7Hz); 1.48 (3H,s); 1.44 (3H,s); 1.02 

(3H,d,J=7Hz); 0.98 (3H,d,J=7Hz); 0.96 (3H,d,J=7Hz); 0.93 (3H,d,J=7Hz), 

ô(CDCl3 /D2 0 ) as above except 3.62-3.34 (IH,broad m) collapses, 2.69 

(IH,broad d) disappears, m/e 255/253, 145/143, 111, 109, n.m.r.

(CDCI3 ) 85.05 (d ), 84.98 (d ), 73.77 (d ), 62.08 (d ), 33.29 (d ), 31.92 

(d ) ,  31.82 (s ) ,  23.92 (q ),  23.79 (q ), 20.45 (q ),  19.61 (q ), 18.29 

(q ) ,  15.13 (q ), C13H2 5 CIO3 S requires C, 52.60; H, 8.49, Found: C,

52.64; H, 8.35.

2 - (2 ,2-Dichloroprop-l-enyl)-3,3-dimethyl th ie tan 1 ,1-dioxide (155)

To 2 -(2 ,2 -d ich lo rop ropan- l-o l)3 ,3 -d im ethy lth ie tan  1,1-dioxide (0.3g,

1.2 mmole) was added phosphoryl ch loride (0.22 ml, 2.4 mmole) in  dry 

pyr id ine  (18 ml) and the mixture s t i r re d  a t room temperature fo r  2 

days. I t  was poured in to  3M hydrochloric acid (50 ml) and the aqueous 

mixture extracted with dichloromethane (2 x 40 m l). The organic 

layers were combined, washed with saturated sodium bicarbonate so lu tion 

(20 ml) and water, and dr ied. Removal o f the solvent and re c ry s ta l l is a t io n  

afforded (155) (0.14g, 50%), m.p. (p e tro l)  47-50*0, ^max(CH2Cl2 )

2970, 1615, 1320, 1190, 1160, 1128, 1100 and 925 cm'^, 6 (0 0 0 ) 3 ) 6.16 

(lH,d,J=9Hz); 4.90 (lH,d,J=9Hz); 3.88, 3.68 (2H,d o f  d,J=13Hz); 1.46 

(3H,s); 1.32 (3H,s), m/e 176/174/172, 168/166/164, 153/151/149, 131,
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129, C7H10CI2O2 S requires C, 36.70; H, 4.40; C l, 30.95, Found: C,

36.67; H, 4.34; Cl, 31.24.

Attempted Preparation of 2 - (2 ,2-dichloroepoxyethane)-3,3-dimethyl- 
th ie tan  1,1-dioxide (156)

(a) A so lu tion of 3 ,3 -d im e thy l-2 -(2 ,2 ,2 - tr ich lo roe tha no l) th ie ta n  1,1- 

dioxide (147b) (0.2g, 0.71 mmole) and anhydrous sodium acetate (0.2g, 

2.4 mmole) in  dry acetone (4 ml) was heated under re f lu x  fo r  4 days.

At the end o f th is  period, analysis by t . l . c .  showed the s ta r t in g  

sulphone to be the only in v o la t i le  compound present, besides sodium 

acetate.

(b) 50% Sodium hydride in o i l  (0.022g, 0.46 mmole) was washed with 

dry ether (3 ml) and to the remaining so lid  was added a solu tion o f 

(147b) (O .lg , 0.36 mmole) in  dry DMSO (3 m l). The reaction mixture 

was warmed slowly to 90*C over a period o f 6 hours. By t . l . c .  

analys is , i t  was observed tha t as the temperature increased a number 

o f spots appeared near to the baseline. S tart ing  material was s t i l l  

present but nothing displayed a reference value s im i la r  to tha t 

expected fo r  the desired product. At room temperature the s ta r t in g  

sul phone was the only compound observed to be present.

(c) Repeating the procedure fo r  (b ), but using a c a ta ly t ic  amount 

o f s i lv e r  n i t ra te ,  gave the same re s u lt .

2-Carboxy-3,3-dimethyl th ie tan 1,1-dioxide (158) 

n -B u ty l- l i th iu m  (1 equivalent) was added dropwise over 10 minutes 

to a s t i r re d  solution o f 3 ,3-d im ethy lth ie tan 1,1-d ioxide (2.5g, 18.7 

mmole) in  dry THF (60 ml) a t  -78*C under an atmosphere o f dry n itrogen.
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The mixture was s t i r re d  fo r  15 miutes a t -78*C to give a yellow 

so lu t ion . Dry carbon dioxide was bubbled, causing the immediate 

p re c ip ita t io n  o f a white s o l id .  The reaction mixture was allowed to 

warm to room temperature while carbon dioxide was continuously bubbled 

through and then f i l t e r e d .  The so l id  was washed with ether and then 

dissolved in  IM sulphuric acid (90 m l). The aqueous so lu tion  was 

extracted with ether (1 0 0  ml) and chloroform (1 0 0  ml) and the organic 

extracts  combined and dried. Removal solvent and re c ry s ta l l is a t io n  

gave (158) (0.61g, 18.4%), m.p. (ch loro form -petro l) 128-136*0, ^max 

(n u jo l)  2640-2320, 1710, 1320, 1190, 1155 and 1098 cm’ L  ^(dg-DHSO) 

5.11 (S,1H); 3.75, 3.65 (2H,d o f d,J=13Hz); 1.38 ( 6 H,s); 5.70-2.70 

( lH ,s ,v .b ro a d ) .

Considerable crude (158) remained which could not be re c rys ta l l ise d  

but was considered su itable fo r  e s té r i f ic a t io n .

3 ,3-Dimethyl-2-methoxycarbonylthietan 1,1-dioxide (159)

To a so lu tion o f 2-carboxy-3,3-dimethylthietan 1,1-dioxide (0.4g, 

2.25 mmole) in  absolute methanol (10 ml) was added dropwise an etheral 

so lu tion o f diazomethane u n t i l  the methanol so lu tion became tinged 

ye llow . Evaporation o f the solvent and re c ry s ta l l ia t io n  afforded 

(159) (0.31g, 72%), m.p. (dichloromethane-petrol) 77-78*C, ^max 

(CH2 CI2 ) 1745, 1335, 1195, 1150, 1130, ^(CDCls) 4.70 ( lH ,s ) ;  3.97-

3.62 (5H,m); 1.53 ( 6H,s), m/e 192, 178, 162, 128, 113, C7H12O4S 

requires C, 43.74; H, 6.29, Found: C, 43.64; H, 6.21.
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The above procedure was repeated using the remaining crude acid 

previously prepared. Attempts at re c ry s ta l l is a t io n  o f the product 

fa i le d .  Analysis by t . l . c .  showed one spot to be dominant, but flash 

chromatography on s i l i c a  (30g), e lu t in g  with dichloromethane-petrol 

then chloroform, gave an o i l  (1 .6 g), id e n t i f ie d  by n.m.r. spectroscopy 

as a mixture o f 3,3-d im ethylth ietan 1,1-dioxide (141) and the ester 

(159). This mixture gave only one spot on t . l . c . ,  w ith a reference 

value corresponding to tha t o f (141). Calculation o f the re la t iv e  

amounts by n.m.r. spectroscopy gave values o f  1.83g o f (159) and 

0.53g o f (141), corresponding to a y ie ld  o f 60% in the two steps from 

(141) to (159).

2-Carboxy-3,3-dimethyl- 4 - (2-m ethy lpropan-l-o l)th ie tan 1,1-dioxide (160) 

n -B u ty l- l i th iu m  (2.1 equivalent) was added dropwise over 15 minutes 

to a s t i r re d  suspension o f 3 ,3-d im ethy l-2-(2-m ethy lpropan-l-o l)th ie tan

1,1-dioxide (0.77g, 3.74 mmole) in dry ether (75 ml) a t -78*C under 

an atmosphere o f dry n itrogen. The mixture was allowed to warm 

gradually to room temperature, then recooled to -78°C and s t i r re d  fo r  

a fu r th e r  15 minutes to give a colourless so lu t ion . Dry carbon 

dioxide was bubbled through, causing the formation o f a white 

p re c ip ita te .  The mixture was warmed to room temperature while carbon 

dioxide was continuously bubbled through and then a IM sulphuric acid 

(50 ml) was added, d isso lv ing the p re c ip ita te .  The organic layer was 

separated and the aqueous laye r fu r th e r  extracted with ether (60 ml) 

and dichloromethane (60 m l). The organic layers were combined and 

dr ied. Removal of the solvent afforded a white so l id  (160) (0.37g,
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40%) which was d i f f i c u l t  to re c ry s ta l l is e  but was considered su itab le  

fo r  e s té r i f ic a t io n ,  max (n u jo l)  3380, 2730-2280, 1715, 1320, 1310,

1170 and 1092 cm-1, m/e 250, 207, 189, 163, 114.

3 ,3-Dimethyl-2-methoxycarbonyl-4-(2-m ethy lpropan-l-o l) th i  etan 
r,r-? fox ic fe  T m i ------------------- -----------------   

To a so lu tion o f crude acid (160) (0.245g), prepared above, in

absolute methanol (5 ml) a t 0*C, was added dropwise an etheral so lu tion

of diazomethane u n t i l  nitrogen evolution ceased and the methanol

so lu tion  became tinged yellow. Evaporation of the solvent and

re c ry s ta l l is a t io n  gave (161) (0.2g, 77%, 31% from (147a)), m.p.

(ch lo roform -petro l) 103-110*0, î'max (CH2 CI2 ) 3605, 2970, 1745, 1465,

1435, 1325, 1210 and 1150 cm 'L  6 (0 0 0 ) 3 ) 4.67 ( lH ,s ) ;  4.25-4.03

(2H,m); 3.79 (3H,s); 2.70-2.47 (lH,m); 2.00-1.56 (lH,m); 1.46 (3H,s);

1.39 (3H,s); 1.05 (3H,d,J=6Hz); 0.93 (3H,d,J=6Hz) m/e 264, 249, 221,

203, 171, 115, n.m.r. (CDCI3 ) 164.l ( s ) ;  163.0(s ); 86 .4(d); 85 .1 (d );

84.6(d); 81.2(d); 72.8(d); 71.1(d); 52.4(q); 52.35(q); 32.95(s)

32 .0 (s ); 31.9(d); 30.7(d); 29.25(q); 24.85(q); 23.9(q); 19.6(q)

17.8(q); 16.4(q); 14.4(q), C11H20O5 S requires C, 49.98; H, 7.63; S,

12.13, Found: C, 50.02; H, 7.52; S, 12.08.

Attempted Preparation o f 2-Carboxy-4-(2,2-d ich loroethanol)-3,3- 
d imethylth ietan 1 , 1 -d ioxide (162)

(a) n -B u ty l- l i th ium  (2.2 equivalent) was added dropwise over 10 

minutes to a solution o f 2 - (2 ,2-d ich loroethano l) - 3 ,3-d imethylth ietan

1,1-dioxide (147c), (0.4g, 1.62 mmole) in  dry ether (60 ml) a t -78*C 

under an atmosphere o f dry n itrogen, causing the rapid formation o f a
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white p re c ip ita te . The mixture was s t i r re d  fo r  15 minutes a t -78*C, 

warmed to room temperature, recooled to -78*C and s t i r re d  fo r  a 

fu r th e r  20 minutes. Dry carbon dioxide was bubbled through and the 

mixture allowed to warm to room temperature. However no change in  

the reaction mixture was observed during any o f these manipulations.

On the addition o f saturated ammonium ch lo ride  (30 ml) the p re c ip ita te  

dissolved. The aqueous layer was extracted fu r th e r  w ith  dichloromethane 

and the organic layers were washed with water (2 0  m l), combined and 

dr ied . Removal o f the solvent gave a very small amount o f a gum. 

Analysis by t . l . c .  and n.m.r. spectroscopy did not show any id e n t i f ia b le  

products. The aqueous layer was also evaporated and analysed but 

also did not contain any id e n t i f ia b le  compounds.

(b) LDA (2.2 equivalent) was added dropwise over 5 minutes to a 

so lu tion  o f (147c) (0.5g, 2.02 mmole) in  dry THF (40 ml) -78°C under 

an atmosphere of dry n itrogen. The mixture was s t i r re d  fo r  35 minutes 

a t  -78*C to give a yellow so lu t ion . Dry carbon dioxide was bubbled 

through while allowing the mixture to warm to room temperature. 2M 

Sulphuric acid (5 m l), saturated with sodium ch lo r ide , was added and 

the mixture s t i r re d  fo r  a few minutes. The organic laye r was separated 

and the solvent removed. The residue was dissolved in  chloroform 

(100 m l), washed with 2M sulphuric acid (50 m l), water (20 ml) and 

the aqueous layers reextracted with ether (40 m l). The organic layers 

were combined and dried and removal o f the solvent gave a residual 

o i l .  Analysis by t . l . c .  and n.m.r. spectroscopy could only id e n t i fy  

the s ta r t in g  sulphone, which was the major compound present.
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3,3-D1methy1-2-inethoxycarbony1-2-(2-methy1 prop-l-enyl) th ie tan
1.1-dioxide (163)

A so lu tion  o f phosphoryl ch loride (0.15 ml, 1.61 mmole) in  dry 

pyr id ine  (1 ml) was added with s t i r r in g  to  3 ,3-dimethyl-2-methoxycarbonyl 

2 -(2 -m ethy lp ropan-l-o l)th ie tan 1,1-d ioxide (0.614g, 2.33 mmole) at 

0*C over 1 minute. Further dry pyrid ine was added (1 ml) and the 

mixture was s t i r re d  a t room temperature fo r  4 hours. IM Sulphuric 

acid (30 ml) was added and the mixture extracted with dichloromethane 

(2 X 20 m l). The organic layers were combined and dr ied. Removal o f 

the solvent and d i s t i l l a t i o n  afforded an o i l  (0.247g), b.p. 120*C 

0.02 mm/Hg, 6 (CDCl3 ) (approximated in teg ra tion  values) 5.35 (lH,m); 

4.80-4.36 (2H,m); 3.80 (3H,s); 1.83 (3H,s); 1.73 (3H,s); 1.53, 1.43,

1.40, 1.33 (6H,4s), m/e 246, 221, 182, 167, 151, 139, 123, 110.

Attempts a t recrysta l 1isa tion  fa i le d .  The mixture decomposed during 

analysis by g . l . c .  but t . l . c .  showed i t  to contain two major compounds, 

w ith  reference values corresponding to those fo r  3 ,3 -d im ethy l-2 -(2 - 

methylprop-l-eny.l)thietan 1,1-dioxide (152) and 4 ,4 -d im ethy l-5 -(2 - 

m ethylprop-l-enyl)- l,2-oxath io le  2-oxide (164).

Flash Vacuum Thermolysis o f 3 ,3-dimethyl-2-methoxycarbonylthietan
1.1-dioxide (1591

The sulphone (159) (100 mg) was sublimed through the apparatus a t 

5 X 10-3 mm/Hg with the furnace temperature a t 750°C. Analysis by 

g . l . c .  showed one v o la t i le  product to predominate, re tention  time 5 

minutes 50 seconds (3% 0Y17, 80*C, flow pressure 10 p s i) .  D is t i l la t io n  

gave a c lear o i l  (29 mg) b.p. 140-146*0. However analysis by g . l . c .  

now showed a second v o la t i le  compound to now be present, re ten tion
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time 10 minutes. Preparative g . l . c .  10% 0V17, 80*C flow pressure 

15 p s i,  iso la ted a sample o f methyl 2,2-dimethyl cyclopropane carboxylate 

corresponding to the f i r s t  g . l . c .  peak and id e n t i f ie d  by comparison 

o f i t s  n.m.r. spectrum with tha t published ^fCDClg) 3.65 (3H,s);

1.20 (3H,s); 1.15 (3H,s); 1.70-1.40, 1.10-0.72 (3H,m), l i t . ! ® ?  gtCCl*)

3.63 (3H,s); 1.19 (3H,s); 1.14 (3H,s); 1.50 (lH ,d o f d,Jcis=8.1Hz, 

Jvic=5.1Hz); 0.79 (lH ,d o f d,Jgem=4.0Hz,Jcis=8.1Hz); 1.05 (lH ,d of 

d,Jgem=4.0Hz, Jvic=5.1Hz).

Using an iden tica l procedure to tha t described above, but w ith the 

furnace temperature a t 650-700*0, gave a product mixture (67 mg) o f 

the s ta r t in g  sulphone 9159) and the cyclopropyl ester (165) which, by 

n.m.r. spectroscopy, were in the molar ra t io  1:0.64 respective ly .

Thus the y ie ld  o f (165) from unrecovered s ta r t in g  material was 69%.

Attempted Photolysis o f (159)

The sulphone (159) (50 mg) was dissolved in deoxygenated dichloromethane 

(30 ml) and ir ra d ia te d  fo r  24 hours a t 254 nm, g iv ing a brown so lu tion . 

Removal o f the solvent and analysis by n.m.r. spectroscopy and 

g . l . c .  showed s ta r t in g  material to be the main and only id e n t i f ia b le  

compounds present. The cyclopropyl ester (159) was not detected.

-162-



Flash Vacuum Thermolysis o f 3 ,3-dimethy1-2-(2-methy1 prop-l-enyl)
th ie tan  1,1-dioxide (1521

The sulphone (152) (145 mg) was sublimed through the apparatus a t 

5 X 10-3 mm/Hg with the furnace temperature a t 700*C. Chromatography 

o f the crude product on s i l i c a  (4g), e lu t in g  with dichloromethane- 

petro l afforded the s ta r t in g  material (15 mg) and 4 ,4 -d im ethy l-5-(2 - 

methylprop-1-enyOoxathiole 2-oxide (164) (38 mg, 29% from unrecovered 

s ta r t in g  m a te r ia l) ,  ymax(CH2 Cl2 ) 2970, 1675, 1468, 1388, 1120, 1068, 

920, 900 and 825 cm-1, m/e 189, 188, 154, 139, 132, 124, 109. 1h n.m.r 

ind icated the presence o f two diastereoisomers - ^(CDClg) 5.41 

(lH,d,J=9Hz); 5.33-5.10 (lH,m); 3.52, 2.72 (2H,d o f d,J=13Hz) 1.90- 

1.65 (6 H,m); 1.15 (3H,s); 0.97 (3H,s) and 5.55-5.35 (lH,m); 4.82 

(lH,d,J=10Hz); 3.07, 2.94 (2H,d o f d,J=13Hz); 1.90-1.65 (6H,m); 1.30 

(3H,s); 1.12 (3H,s), in the ra t io  3.6:1 respective ly . The crude 

product had also contained considerable white polymeric m ateria l.

The above procedure was repeated with the furnace a t 900*0. The 

crude product consisted mainly o f inso luble black ta r .  Analysis by 

g . l . c .  (10% 0V17, 98*0, flow pressure 10 psi) fa i le d  to detect e i th e r  

the sulphone (152) or the su lt in e  (164), although a small quantity  o f 

v o la t i le  compounds was present (re ten tion  times 1-3 minutes).

The above procedure was also repeated with the furnace a t 450*0. 

Analysis by t . l . c .  indicated the presence o f both the sulphone (152) 

and the su lt in e  (164), but no attempt was made to quantify  the re la t iv e  

amounts.
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Attempted Photolysis o f (152)

The sulphone (152) (80 mg) was dissolved in deoxygenated dichloromethane 

(30 ml) and ir ra d ia te d  a t 254 nm fo r  20 hours. Analysis by t . l . c .  

indicated the presence only o f s ta r t in g  material and one or more 

compounds which remained on the baseline.

Flash Vacuum Thermolysis o f 2 -(2 ,2-D ich loroprop-l-eny l)-3 ,3-d im ethy l- 
th ie tan 1 , 1-d ioxide (1551

The sulphone (135) (78 mg) was sublimed through the apparatus a t 

5 X 10-3 mm/Hg with the furnace temperature a t 700*C to give a very 

dark o i l .  Chromatography on s i l i c a  (4g), e lu t in g  with dichloromethane 

gave s ta r t in g  material (3.5 mg) and 5-(2 ,2 -d ich lo roprop-l-eny l)-4 ,4 - 

dimethyloxathiole 2-oxide (166) (10 mg, 13% from unrecovered s ta r t in g  

m a te r ia l) ,  (neat) 2970, 1610, 1135, 955 and 860 cm"^, m/e 176/174/ 

172, 168/166/164, 153/151/149, 131, 129. ^H n.m .r. ind icated the 

presence of two diastereoisomers - 6(0001]) 6.28, 5.00 (2H,d o f  d,J=9Hz); 

3.22, 2.97 (2H,d o f  d,J=14Hz); 1.35 (3H,s); 1.25 (3H,s) and 5.90,

5.47 (2H,d o f d,J=9Hz); 3.50, 2.78 (2H,d o f d,J=14Hz); 1.28 (3H,s);

1.03 (3H,s) in the ra t io  1:2.5 respective ly .

Flash Vacuum Thermolysis o f 3,3-Dimethyl-2-methoxycarbonyl 
4 - (2 ,methyl prop-l-enyl)thietan 1,1-dioxide (163)

The crude sulphone (163) (124 mg) was sublimed through the apparatus 

a t 5 X 10 cm“ 3 mm/Hg with the furnace temperature a t 750*0. Analysis 

o f the crude product by g . l . c .  (10% 0V17, 162*0, flow pressure 12 psi) 

showed 6 main peaks (re ten tion  times: 1 minute 30 seconds, 1 minute 

45 seconds, 2 minutes 20 seconds, 4 minutes 48 seconds, 6 minutes 42

seconds and 7 minutes 24 seconds).
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An authentic sample o f methyl-trans-chrysanthemate gave a re tention  

time o f 6 minutes 42 seconds under iden tica l g . l . c .  conditions and a 

mixture o f the crude product and methyl-tra ns -chrysanthemate gave only 

one peak in the region 6-7 minutes, also under iden tica l g . l . c .  

cond itions. Two o f the compounds shown in  the crude product g . l . c .  

trace were analysed by g . l . c .  mass spectrometry. The f i r s t  ( g . l . c .  

re tention  time 4 minutes 48 seconds) gave m/e 182, 167, 150, 139,

123. The second g . l . c .  re tention time 6 minutes 42 seconds gave m/e 

182, 167, 151, 139, 123. The la t t e r  mass spectrum was iden tica l w ith 

the mass spectrum o f the authentic sample o f methyl-trans-chrysanthemate

The quantity  o f methyl-tra ns -chrysanthemate in the crude product 

was estimated by making a so lu tion o f crude product to a known 

concentration and measuring the area o f the g . l . c .  peak in  question 

(re ten tion  time 4 minutes 48 seconds) fo r  a series o f in je c t io n s .

This was then compared to the area o f the peak fo r  a series o f 

in je c t io n s  o f a so lu tion of known concentration o f  methyl-trans- 

chrysanthemate. This gave a value o f approximately 9 mg o f methyl- 

trans-chrysanthemate in the crude product.
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CHAPTER FOUR

1.3-Dihydronaphtho[2,3-c]thiophene ( 173)

A so lu tion  o f 2,3-bis(bromomethyl)naphthalene (3.25g, 10.4 mmole) in 

dichloromethane (1 0 0  ml) was added to a so lu tion o f sodium sulphide 

nonahydrate (7g, 29.2 mmole) and TBAB (0.25g, 0.78 mmole) in  water 

(100 ml) and the mixture was s t i r re d  in  the dark overnight. The 

organic layer was separated, f i l t e r e d ,  washed w ith water (7 x 200 ml) 

and dr ied . Removal o f the solvent gave (173) (1.92g, 99%) considered 

su itab le  fo r  ox idation , m.p. 145-162°C ( l i t . ^  m.p. 154-163*0) 6 (CDClg)

2.05-2.75 (6 H,m); 5.61 (4H,s).

1.3-Dihydronaphtho [ l,2 -c ]th iophene (175)

(a) A so lu tion o f 1,2-bis(bromomethyl)naphthalene (3.15g, 10 mmole) 

in  dichloromethane (1 0 0  ml) was added to a so lu tion o f sodium sulphide 

nonahydrate (7g, 29.2 mmole) in water (150 m l). An aqueous 50% 

so lu tion o f CTEAC (1 ml, 1.38 mmole) was then added and the mixture 

s t i r re d  in  the dark overnight. The organic layer was separated, 

washed w ith water (5 x 200 ml) and f i l t e r e d  through phase-separation 

f i l t e r  paper. Removal o f the solvent gave a so l id  (1.6g), m.p. 190*- 

240*0, ô(CDCl3 ) 1.70-2.90 (broad m); 5.20-6.60 (broad m), m/e 372,

223, 218, 186, 185, 184, 154. The so lid  was only very sparingly 

soluble in  most organic solvents. A sample (74 mg) was sublimed 

(temperature o f the o i l  bath was 100-150*0, pressure 0.05 mm/Hg) to 

give 1,3-d ihydro [l,2 -c ]th iophene (36 mg, 49% from the dibromide (174)), 

m.p. 50-60°C ( T i t . 9 70-78'C) ^(CDCI]) 1.72-2.88 (6 H,m); 5.35-5.45 

(2H,m); 5.53-5.63 (2H,m), m/e 186, 185, 184.
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(b) A so lu tion o f 1,2-bis(bromomethyl )naphthalene ( Ig ,  3.18 mmole) 

in chloroform (140 ml) was added to a so lu tion o f sodium sulphide 

nonahydrate (3g, 12.5 mmole) in water (120 m l). An aqueous 50% 

so lu tion  o f CTEAC (0.5 ml, 0.69 mmole) was then added and the mixture 

heated under re f lu x  with s t i r r in g  fo r  2 hours. The organic layer was 

separated, washed with water (4 x 120 ml) and dried. Removal o f the 

solvent gave a so l id  whose n.m.r. spectrum included the 

c h a ra c te r is t ic a l ly  shaped m u lt ip le ts  o f 1,3-d ihydronaphtho [l,2 -c ]- 

thiophene (175) a t ^(CDClg) 5.35-5.45 and 5.53-5.63. Sublimation 

gave (175) (0.08g, 14%) m.p. 52-62°C.

Thiacyclohexan-4-one (180)

A so lu tion  o f 1,5-dichloropropan-3-one (4.7g, 30.3 mmole) in  

dichloromethane (80 ml) was added to a so lu tion o f sodium sulphide 

nonahydrate (18g, 75 mmole) in  water (120 m l). An aqueous 50% solu tion 

o f BTEAC (0.85 ml, 1.87 mmole) was added and the mixture s t i r re d  a t 

35*C fo r  90 minutes, monitoring the reaction by g . l . c .  The mixture 

was cooled to room temperature and d i lu ted  with dichloromethane (150 ml) 

The organic layer was separated, washed with water (6  x 250 ml) and 

dr ied . Removal o f the solvent gave (180) (2.55g, 69%), su itab le fo r  

ox ida tion . A sample was sublimed m.p. 64-65*C ( l i t . 129 65-66*0), 

6 (0 0 0 1 3 ) 3.10-2.84 (4H,m); 2.82-2.57 (4H,m). When the same reactants 

were mixed and s t i r re d  at room temperature, the reaction was incomplete 

a f te r  3 days.
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Attempted Preparation o f 3,3-d im ethylth ie tan (144)

(a) A solu tion o f 1,3-dimesyl-2,2-dimethyl propane (3g, 11.5 mmole)

in dichloromethane (30 ml) was mixed w ith a so lu tion o f sodium sulphide 

nonahydrate (lOg, 41.7 mmole) and TBAB (0.4g, 1.24 mmole) in  water 

(30 ml) and the mixture s t i r re d  a t room temperature, monitoring the 

reaction by g . l . c .  A fte r  1 week the mixture was heated under re f lux  

fo r  3 days. On cooling to room temperature the organic layer was 

separated and dried. The solvent was removed by d i s t i l l a t i o n  a t 

atmospheric pressure to give a quan t ita t ive  recovery o f the dimesylate.

The reaction was repeated but using chloroform as organic solvent.

The mixture was heated under re f lu x  fo r  4 days. Work up as before 

gave a 33% recovery o f the dimesylate. The remainder of the s ta r t in g  

material could be accounted fo r  by decomposition and no desired 

product was iso la ted .

(b) A solu tion o f 2 ,2-d im ethy l-l,3-d itosy lpropane (3g, 7.28 mmole) 

in chloroform (50 ml) was added to a so lu tion o f sodium sulphide 

nonahydrate (6 g, 25 mmole) and TBAB (0.3g, 0.93 mmole) in  water (60 ml) 

and the mixture was heated under re f lu x  with s t i r r in g  fo r  2 days. On 

cooling to room temperature the organic layer was separated, f i l t e r e d ,  

washed with water (4 x 100 ml) and dried. Removal o f the solvent

gave a quan t ita t ive  recovery o f the d i to sy la te .

(c) A suspension o f sodium sulphide nonahydrate (9.3g, 38.8 mmole) 

in  benzene (250 ml) was heated under re f lu x  in a Dean-Stark apparatus 

u n t i l  a l l  the water had been removed. On coo ling, 2 ,2 -d im e th y l- l,3 -  

ditosylpropane (8 g, 20.8 mmole) and dicyclohexyl-18-crown-6 (0.35g,
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0.94 mmole) were added and the mixture was s t i r re d  and heated under 

re f lu x  fo r  10 days. On cooling the mixture was f i l t e r e d ,  washed with 

water (2 x 250 ml) and dr ied. Analysis by g . l . c .  (3% 0V17, 6 6 *C, 

flow pressure 10 ps i) showed 3,3 -d im ethylth ie tan to be present 

(re ten tion  time 2 minutes 30 seconds), but only a small amount ( 0.2g) 

could be iso la ted by d i s t i l l a t i o n  owing to the proxim ity o f i t s  

bo il in g  po int to tha t o f benzene.

This experiment was repeated but using an aqueous sodium sulphide 

solution instead o f sodium sulphide tha t had been azeotroped dry.

The mixture was s t i r re d  and heated under re f lux  fo r  3 days. Work up 

gave an 8 8 % recovery o f the d ito sy la te .  No 3,3-d im ethy lth ie tan was 

e ith e r detected or iso la ted .
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THE ŒND



SUMMARY

The thermolysis and photo lysis o f  a number o f  c y c l ic  sulphones has 

been studied, w ith a view to developing these reactions as possible 

synthetic  processes.

Some substitu ted dihydronaphthothiophene sulphones were prepared 

and those containing a pent-4-ene sidechain successfully underwent 

in tramolecular D ie ls-A lder c yc l isa t io n s .

2-Phenylthietan was prepared by a new route and the preparation and 

pyro lys is  o f some 2-phenylthietan 1,1-dioxide deriva tives  was studied.

Some 2 - (a lka n - l-o l) -3 ,3 -d im e th y lth ie ta n  sulphones were prepared and 

the dehydration o f these, w ith a view to preparing a lk - l-ene  de r iva t ive s , 

was studied. Phosphorus oxychloride in pyr id ine was the most successful 

o f those reagents t r ie d .  The a lk - l-ene  deriva tives were shown to 

have unusual thermal behaviour; they ring-expanded to th e i r  respective 

sul t ines under flash vacuum thermolysis conditions.

The use o f 3 ,3 -d im ethylth ietan 1,1-dioxide as a s ta r t in g  material 

fo r  a new route to chrysanthemates has been studied. Methyl-trans- 

chrysanthemate was eventually id e n t i f ie d  as one o f the products a f te r  

a 4-step synthesis from th is  sulphone.

A number o f  c y c l ic  sulphides were prepared using phase trans fe r 

c a ta ly s is .


