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SUMMARY

This thesis descibes two related areas of chemiéal investigation, In
the first section pyrolytic and base-induced eliminations of 2,6-
digubstituted 9-thiabicy010[3.3.1]nonanes and 2-substituted 9-thiabicycl§
[3.3.1]non—6-enes are found to occur with skeletal rearrangement, Similar
rearrangenent has not been observed when substituents in these positions
undergo nucleophilic replacement even though assistance by the lone pairs
of elecfrons on the bridgingbsulphur atom has been proposed, The
rearrangemeht accompanying elimination is rationalised in terms of the
structural and stereochemical characteristics of these compounds,

In the particular case'of 0-alkyl dimethyl thiocarbamate pyrolysis
the expectéd.gig elimination, yielding an alkene, is not observed, Instead
a side-chain rearrangement to an S-alkyl dimethyl thiocarbamate occurs
which has previously been observed only for aromatic thiocarbamates, This
rearrangenent in an aliphatic situation could arise by a concerted process
involving the skeletal carbon-sulphur bonds and a mechanism is proposed,

_ The seéond section describes three synthetic approaches to 1,2- and
1,4-cyclooctatetraenojuinones, which are potentially pseudo-aromatic,
The first method is an extention of earlier attempts to obtain the 1,2-
quinone from monocyclic intermediates with protected carbonyl groups.
The second and third approaches employ sulphur-bridged bicyclic compounds
as synthetic intermediates to the 1,4-quinone, Appropriate functionalisation
of these stable systems followed by éxtrusion of sulphur was proposed in
order to overcome the transannular cyclisation which frustrated monocyclic

routes,
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THE SYNTHESIS AND PHOTOCHEMISTRY OF 9-HETEROBICYCLONONANES.

Bicyclic compounds have attracted the attention of chemists because
their rigid skeletons make them uniquely suited to the study of certain
chemical phenomena such as molecular rearrangement, neighbouring group
participation and stereo-chemical features. Bicyclononanes, especially
those possessing the [3.3.i] carbocyclic framework, are of particular
interest in conformational ana.l;yssis1-5 and are key intermediates in the
synthesis of adamantanes6’7. Derivatives of the bicyclo[3.3.ﬂ nonane
system héve been known since the early 1900's. The parent hydrocarbon

(1,XsCH2) was first synthesised8 in 1922, whereas the isomeric bicyclo-

[4.2.1]nonane (g,X:CHZ) was prepared9 at a much later date.

X=CH2 J
O, NHorS

The introduction of a 9~hetero atom into the bicyclic molecule
generally retains the overall geometry of the parent hydrocarbon but

the reactivity is modified since the bridging hetero atom allows new

functional group reactions and the possibility of neighbouring group
participation. In addition the 9-aza- and 9-thisbicylononanes in
particular exhibit a wide range of physiological1oand insecticidalll’lz-
acti&ity. |

13

9-Azabicyclononanes were discovered in the last century as
naturally occuring compounds; 9-azabicyclo[3.3.1) nonane (1,X=NH),
also known as granatanine, is the parent compound of an important

series of naturally occuring alkaloids. The 9-oxabicyclononanes have




2
been known for a much shorter time. In 1953 9»oxabicyolo[4.2,1] Nonae

. . / 14
2444 Ty=triene (3) was suggested

as the oxide formed on the tregtmeni
of cyclooctatbetiraene (é) with perbenzoic acid. However, the first
definite synthesis of a 9~oxabicyclo[4.2.1] nonane was accomplished in
1957 when the parent compound (2,X=0) and its [3.3.1] isomer (1,X=0)
15,16.

were prepared

3 4 5

Around the same time 9—thiabicyclo[3.3.1}nonane (1,X=S) was
isolatecly7 from Middle Bast petroleum and was also synthesised in
low yield, by the reaction of N-methylgranatanine (5) with hydrogen

sulphide.
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The 9—heterobioyolo[3.3.1]m and M .2.1] nonanes may be formally
considered as cqnsisting ofian eight membered carbocyclic framework
with the hetero atom bridging the ring either 1,5 (as in 1) or 1,4
(as in 2). In fact many syntheses of these compounds commence from
eight membered ring substrates. However, alternative synthetic approaches
have bheen made from condensation reactions involving smaller ring
or completely acyclic precursors, or by rearrangement from other

bicyclic systems.

i) Synthesis from acyclic and heterocyclic precursors:

The Robinson-Sohﬁpf18 synthesis of substituted pseudo pelletierines

(§) is one of the earliest examples of formation of the 9-=hete rohicyclo-

-

nonane skeleton starting from acyclic precursors. Treatment of glutar-
dialdehyde (£) with a primary amine and acetone dicarboxylic acid, or
esters thereof (1) followed by decarboxylation leads to a N~substituted

pseudopelletierine (Schems A)

Schemne As ‘ C02 R/

CHO CH, - 0
(CH ) +- RNH + ¢=0 —

|

CHO CH,

COZR

~




L.
It is pozsible to vary the substituents of this reaction, for
~ - ,,\,v“[ - 1 A 1,» P - 1 9 s 3 LRt
exannle 1,;5~diketones (2) have been used to give bridgehezad substit-
uted compounds (e.g. 10, Schene B). Because of its versatility and high
yield the reaction is still employed extensivelygo for the synthesis

of 9=azabicyclo[3.3.1]nonanes.

Scheme B

—CH3

O—O=0

N
p

-+ C}{3bﬂ%2 —f

O=0r—"—

C
COOH
' —-2CO
2
3
CHj,

10

Pseudopelletierine itself (Q,R:CH3) playedvan important part in
determining21 the structure Qf cyclooctatetraene and is the starting
material for the synthesis of the 9=thiabicyclononane system. In this
approach (Scheme C) reactioficof the methiodide of pseudopelletierine

with aqueous sodium sulphide results in the replacement of the

quaternised nitrogen by a thio-ether group.

2,6-Disubstituted~4~H-pyrans (11) lead, by a series of steps

(Scheme D) to a precursor (12) which on condensaticn with diethyl-

Mmglonate yields16 a substituted 9-oxabicyclo[?.3.1Jnonane (13).




(6]

Scheme C:

% NQZS ’
\&J - . '
j
Scheme D:
_ HOZC OZH
) , _ o Ts
| 12 OTs

Et(ch: C]DzEt '

13
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O
It ie noteworthy that this is the only product isolated even thoush its
formation requires the introduction by alkylztion of a t=carbon unit
into an intermediate (12) in which the two bulky substitueants occupy
the sterically unfavourzble axial positions,
T . . . 23 . .
he same hicyclic skeleton was obtained through the cyclisation
of the hemiacetal (14) in 90% formic acid (Scheme E).

Scheme Es

The 9-oxabicyclo [4.2.1:) nonane ring system has been prepared15
by ring expansion of the 8-oxabicyclo [3.2.1]ootane skeleton (Scheme F) .

Hydrogenation of nitrile (15) followed by treatment with nitrous acid
afforded alcohol (16) which on oxidation and Wolf-Kischner reduction

yielded 9-oxabicyclo @.2.1Jnonane (2,%=0).

L &O% HNOp
H

Scheme Fi
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ii ) Symithesis by oryymercuration of syclcooctene derivativass

This approach has been employed frequently in the synthesis of
9—0xabicyclo[3.3.1]— and [4.2.ﬂ nonanes. The oxymercuration of cig,cis-
145=cyclooctadiene (11) with mercuric acetate and subsequent reaction
with potassium iodide and iodine (Scheme G) yield824 a mixture of six
products -~ the three possible stereoisomers of 2,5-diiodo~9--oxabicyclo
[4.2.1]nonane (1@) and those of 2,6—diiodo-9—oxabicycio[3.3.1]nonane (19)

whose proportions vary with reaction conditions.

Scheme (@

o
HQ(OAC)2 - 0
KI/1, ' Ly

17 BT 9

- —

(a) €30, 0X0.
(b) exo,endo.

(¢) endo,endo.

Barlier results by Stet’cerz5 indicated the formation of only one
isomer, the exo,exo isomer of 19, which was dehydrohalogenated to diene

(gg), a useful reagent for the preparation of 2,6~diheteroadamantanes.

20

Addition of iodine to a mixture of 17 and mercuric oxide in chlorofor:

yields24’26 a mixture of iodides (i8¢ and 19c). That only the endo,emo
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stereoisomers of 18 and 19 are formed may be rationalised by the formation

in situ of I,0.

2

Monoepoxide (gl) on oxymercuration furnishes

27

a 1:3 mixture of the
endo,endo bicyclic diols (22) and (23). Treatment of cycloocten-5-ol

(24) with mercuric acetate give328 the 9-oxabicyclo[4.2.1] nonane (25)

as the major product with formation of the [3.3.1]isomer (gég) in minor
amount. However, reaction of 24 with mercuric nitrate exclusively produces

the 9-oxabicyclo[3.3.1) nonane (26b).

- - Ho. HO-._ __.~-OH
C= ",
" “OH
2 2 23
oH _HgOAc R
24 5 266)R=HgOAC
IR ~ BR=HgNO,

9-Azabicyclo[3.3.1]nonanes may be produced by oxymércuration of 17
performed29 in' the presence of aniline. Reduction of the mercury adduct
(27a) with sodium borohydride in the preseﬁce of aniline gives N-phenyl-
9-azabicyclo[3.3.1]nonane (glb). Howevér, reduction in the absence of

aniline affords a mixture of 27b and the ring opened product (28)..

NHPh

Ph—N

27@)R=HgOAC | 28
b)R=H
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iii) Synthesis via intra molecular condensation:

Transannular processes in eight membered rings, of which there
are numerous examples in the literature, have been used primarily for
the formation of  9-oxabicyclononanes. Cope report326 fhat 5=-hydroxy-—
cyclooctanone (29) exists in hemiacetal form and bromination of this
compound, followed by treatment with methanolic ﬁotassium hydroxide,

'gives ketone (30). The isomeric [3.3.1]) ketone (32) is obtained,
together with some of the [5.1.1) ketone (33) by similar reaction on
4-hydroxycyclo octanone (31, Scheme H).

Scheme H3

—
o” 4 | .

29 .
| O%O\OH @\O
c I 32 . 33

hY

30 the

Treatment of cycloécten—S—él (gi) with lead tetraacetate gives
sﬁbstituted 9-oxabicyclononanes (34 and 35). Reaction of (24) with iodine
'givesza a mixture of 9-oxabicyclo[4.2.1]- and[3.3.1) nonanes (36 and 37).
The stereospecific formation of ggggﬁgggé isomers may be explained by
" the intermediacy of thé iodonium ion (;&) which collapses by subsequent

intramolecular attack of the free hydroxyl group to give either the [3.3.1]

or[4.2.1]ske1eton



/‘ | o ,J\/JOAC | /,.I
kfo e O ’
h— OAc 4 .

34 35 36

——
——

37 38

31

The action of agueous acid on the gis,cis bisepoxide (39) gives
the bicyclic alcohols (22) and (23). Reacﬁion of 39 with sodium sulphide
affords the thia analogues (40a and Ai), whereas.treatment with ammonia
yields32 endo,endo-9=-azabicyclo] 3.3. 1} nona=2,6-diol (40b). The reactions
of 39 can be explained by initial solvolytic opén'ing of one epoxide group.
followed by transannular nucleophilic gubstitution on either carbon |

atom of the second epoxy group giving the endo,endo diols.

39 40 a) X=5 4
b) X=NH

Photochemical rearrangement of 1-methylcyclooctyl hypochlorite (_1_1,_2_),
33

performed in carbon tetrachloride, produces” the 9-oxabicyclononanes
(_/L@_ and .4.4.) by transanmular cyclisation and a similar rearrangement has

been :1:-epor‘c<~>c13Ar on irradiaticn of ¥echlorcamine (45) to give N-methyl-



11
granatanine (5).

C Hy
OCl

Chy

CH3
44 43

iv) Syntheses by intermolecular cyclisations involving cyclooctadieness

’

Reaction of borane (BHB) with cis,cis-1,5-cyclooctadiene (17)

resulis>” in the formation of 9-borabicyclo[3.3.1] nonane (46) and its

[4 2.1} isomer (47) (Scheme J). Such cycloboranes have proved useful

hydroborating agents, reacting rapidly and Quantitatively with other
alkenes and alkynes,

Scheme J3

BH'Z
BH3

Cycloocta~2,T~dienone (48) has been used in the synthesis of 9-hetero-

bicyclononanes. Kashman and Benary report36 that phenylphosphine adds to

48 to give 9-—phenyl—-9—phosphabicyclo[3.3.1] nonan~-3-one ( ‘42) and that
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reaction of primary amines with 48 yields3 1 9-~-azabicyclononanes. The
latter condensation is an extension of earlier work by Bottini and

Ga138 on the reaction of methylamine with 48 to give pseudopelletierine.

\

Hy CP

48 49

— —

32

Alternative approaches to the9-azabicyclononanes include the addition
of N,N-dibromo~p=toluene sulphonamide (BIZ—N-302—06H4—CH3—p) to 17,

the product being the dibromo compound 50.

~

Br

N
~

50, R=-50,~(_)—CH,

~
~~Br
~

39

Reaction of tetrabromide (51) with a primary amine gives™’ a 9-azabicyclo-
[3.3.1}nona~2,6-diene (52) whereas 53, a stereoisomer of 51 yields the

‘ ' 0
[4.2.1) diene (54). 56, the thia analogue of 52 s been prepared?’ by

treatment of dibromide}! (55) with sodium sulphide.

Br.. Br |
Bre—" \‘\,B»r

51
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wn

- 56

O

Br Vi —
In 1966 the transannular addition of sulphur dichloride to

cis,cis-cycloocta~1,5~diene (11) was described independently by three

42,43,44

research schools . This reaction gives gndo,endo=-2,6-dichloro=9-
thiabicyclo[3.3.1]nonane (jﬁ) in high yield,thus providing the first
Conrenient synthetio entry into the 9~thiabicyclo[3.3.1]nonane series

(Scheme K).

Scheme K:

Cl

The isomeric 7,8—dichloro-9-thiabicyclo[4.2.1]nonane (gg) was obtaihed

by the analqgous reaction of cycloocta—1,3-diene (59).

ClL.

N
N\
Y

Cl--~
59 60

——neme
—

For both dichlorides (58 and 60) the anti configuration of the carbon-

ctlorine bonds relative to the sulphur bridge is the result of trans

addition of a sulphenyl halide to the double bonds involved. Episulphonium
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species (il) has been proposed os an intermediste in the former ceBes
however, there is no evidence for formation of 2,5-dichlorowO-thiasbicycls
[4.2.1]) nonane in this reaction. It is expected here that thermodynanmic
control is operative, the resulting molecular framework comprising

two six-membered rings in the chair—chair conformation which allcows the

most favourable staggering of the carbon-hydrogen bonds.

\n

Treatment of 1,3,5-cycloontatricne (61) with sulphur dioxide produces”

9-thiabicyclo[4o2.1]nona—2,7—diene~9,9—dioxide (gg) whereas reaction of

61 62

—— —

1, 5-cyclo ctadiene (17) with sulphur dioxide in the presence of radical
initiators results46 in a polymer, the structurai unit of which is a
bicyclic sulphone (63). The formation (Scheme L) of this polymer may be
considered as involving attack of the growing radical chain (R') on

the diene to give the hydrocarbon radical (a) which reacts with sulphur
dioxide. The resulting radical (b) cyclises intramolecularly to give (c)
which reacts with sulphur dioxide and so the chain is propegated.

Scheme Ls

—

. 0
R + . =% (b
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S04 | 0
R /Q R\ SOZ /}S 2
= e
b o

63

— —
——

v) Synthesis by addition to cyclooctatetraene:

Reactions involving addition to cyclooctatetraene (4) generally
‘ ) 7
result in a 1,2 adduct (64) or a 1,4 adduct (65). Reaction™ .of

dichlorophenylphosphine (él) with the dianion of cyclooctatetraane (66)

64 | 65

D —
b=

(Scheme M) gives intitially the 1,2 adduct (68) but this isomerises at
700 to 9-phenyl-9-phosphabicyclo[4.2.1) nona=-2,4,7-triene (69).

Scheme M:

69



A nemere comporison of 69 with the derived methiodide and P~oxide

suggests that only one of the two possible epimers (ég_ani lg) is
formed, viz. that which has the phenyl substituent lying towards the
four membered bridge. Howsver, isomerisation to the more siable epimer
(IQ) occurs readily on heating. The stereospecificity and the ease

with which 68 rearranges to 69, although 69 is the less stable

epimer, suggests an intramolecular process.

/ C6H5

70

Using the known reaction of alkyl nitrites with carbanions to
produce oximes, Okamura and céworkers reacted48 tﬁe dianion of
cyclooctatetraene with iscamylnitrite in an attempt to prepare 71
or 72 which are the bisoxime derivatives of cyclooctatetraenoquinones
13 and 74 respectively. However, the product obtained was a 9-azabi-
cyclo[4.2.1]nonatriene (lj) the result of formal 1,4 bridging of

the cyclooctatetraene ring.

NOH
V4 - NOH
7 72

NOH
N\
N OH

0
73 . 7

é(

@ EE— . 75
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DD

Schene I3

L)+ ngen
4

Reduction of 75 with zinc in acetic acid gave parent zmine (76)
which formed the N-cyano derivative (ll) on reaction with cyanogen

bromide (Scheme N). 77 had already been isolated??? "

as a minor

product of the reaction of cyanocgen azide (NBCN) (78) with cyclooctas
tetraene (&) at 780. At this temperature it is expected that cyanogen azids
fragments to nitrogen and cyano nitrene (NCN) (79) and hence ] is
probably the result of 1,4 addition of 79 to 4. This proposal is

supported by the observation that reaction ofvglwith cyanogen azide

at room temperature furnishes N—cyanoimine (80) which does not isomerise

to Il at 780'

NLCN .y f-C=N+ N,
78 79

NCN
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51

A one~to-one adduct assigned the structure 81 was obtained” from
the reaction of sulphur dichloride and cyclooctatetraens (4). The
endo,endo configuration is proposed since oxidation produces a

single sulphoxide which remains unchanged on attempted inversion with
triethyloxonium fluoroborate (Et’-30+ BF;). Alternative structures (82 and

§i) for this product have been ruled out on n.m.r. evidence.

82 _ 83
Sulphur monoxide, generated in_situ from the thermolysis of thiiran-

1=oxide has been found52 to add in a 1,4 fashion to 4 to give 84 in about

30% yield. Oxidation of»@i with m~chloroperbenzoic acid gave the correspond-

84 35

—
PSRN

ing sulphone (85) which has also been directly prepared53 from 4 in
95% yield by treatment with liquid sulphur dicxide in the presence of

antimony pentafluoride. Decoupling experiments excluded the possibility
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of the 1,2 adduct. The addition of sulphur dicxide to 1,3 dicrnes can
tzko o concerted pathway as a chelotreopic reaction. However, the lack
of a planer diene scystem in 4 probably prevents concerted sulphur dioxide

addition. The mechenism suggested (Scheme P) involves formation of an

0—SbF
5
o=s”

4+ 05D-SbFs — .
86 ~"H
On . O-SbF, 87
\£
SbFg /S0,

85
HZO T

electrophilic 1:1 complex of sulphur dioxide and.antimony pentafluoride
(Qé) which attacks 4 from the endo side to form a homotropylium species
(87) which undergoes ring closure. An analagous process is the treatment”t
of 4 with chlorosulphonyl isocyanate to give the 1,4 adduct (88) through

a homotropylium zwitterion species (Scheme Q).

Scheme Q3
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vi) Rearrangement from other bicyclic systemss

9—Thiabicyclo[4.2.1]nonanes have been reported55 as products of the
attempted Ramberg-Backlund56 rearrangement 6f unsaturated o{~halo.sulphones
such as 89. The alkaline reaction conditioné probably céuse initial
removal of the X=sulphonyl proton (Scheme R). It is postulated that
subsequent heterolysis of the C~Cl bond yields a zwitterion (a) which
rearranges to adicyclopropyl sulphone (b). Such a compound would be
under steric strain and therefore be expected to rearrange to 90.
The proximity of the diene function both to the developing olsulphonyl
carbanion centre and to the site of ultimate nucleophilic displacement
may explain why this rearrangement is favoured over the competing 1,3
elimination process normally observed for o~=halosulphones.

Scheme R3 - l

29

i"“’ A p
a — — |
s A

(@) B | 90

—
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B ¢ FHOTOCHWRMISTRY.
Photochemically indiced isomerizations of the 9-heterobvicyclo

. . . . . 8. 5¢
nonanes have been investigated by several different groups57’5(’))
Photochemically indiced isomerizations of the 9-heterobicyclow-

nonanes have been investigated by several different groups57’58’59.
The ultra~violet characteristics of ketothioethers have been shown to
be substantially different from those of other saturated.ketones and.
~this has been atiributed to interaction of & lone pair of electrouns
on the sulphur atom with the carbonyl group, the coupling being strongly
dependent on the orientation of the two groupsGoc Not suprisingly
therefore all the 9~thiabicyclononanes photolysed contain a carbonyl
group in a positicn B to the 9-sulphur atom. When comparison of the
irradiaticn products of the 9-oxa- and the 9~thiabicyclo compounds under
study has been made the resulis indicate that two photochemical processes
are operative - one of which is seen in both 9=oxa- and 9-thia~ compounds,
the other exclusive to 9=thiabicyclo compounds.

~Mellor and Webb studied the irradiation of Aione (21) in benzene
and in ecther and reported formation of only one monomeric product (92),
probably the result of a (1,3) shift by a concerted sigmatropic rearrange-

ment because the reaction does not appear to be influenced by solvent.

, CO
- Y

91 92

—

The E-keto sulphide (93) is founa®®

t0 rearrange on irradiation
in pentane solution to the o{~ketosulphide (2&). Using methanol as

solvent irradiation of 93 yields 95 as the major product, together with



gmall amounts of 94.

S
2] %
R
EE,R=H
CHy 96,R=D

Two different mechanisms may be proposed for the rearrangement of
93. The first involves formation of a charge-transfer complex (21)
which may undergo bond reorganisation to the observed products via an
ylide intermediate (98) (Schems S).

Scheme St

. — ,A . |
4 3
o Gf —
g7 / 98

94 95

RS

Alternatively, Norrish type I homolysis may be followed by diradical
reorganisation (Scheme T).

Scheme T:

93 —




94

Irradiation of 93 verformed in deuteriomsthanol gave 96, tﬁe position
of the deuterium atom being ascertained from the mass spectral fragmentatiocn
pattern of the molecule. The intermediacy of ketene (19Q) formed via
Worrish type I cleavage followed by internal hydrogen abstraction
should result in the deuterium atom being positioned A to the carbonyl
group, and for this reason the authors rule out Scheme T. However,
the results are in accord with formation of the charge~transfer complex
in Scheme S.

Nevertheless, 96 could conceivabiy be formed by reaction of deuterio-
methanol with 29 in Scheme Tj in addition these results do not indicate
which mechanism is operative in pentane solution.

The photochemistry of ﬁ-ketosulphide (191) was examined in methanol
and in deuteriomethanol, the two products (102 and 103) being formed in

approximately equal proportions. The formation of 102 may be envisaged
0 o

H(D)
101 H(D) 103

102



as procceding vis s charge-translfer complex anzlagous to 97 above.
Compound 103 may aricse by cleavage of the bond between the gulﬁhur atom
and the carbon atom Lte the carbonyl group (qwa fission), followed by
internal hydrogen abstraction and subsequent intramolecular cyclisation
of the transient intermediate (104) (Scheme U). This accounts for the
incorporation of deuterium and is in agreement with the results of

Ganter and Moser on the photolysis of 110. -

Schene Us

101

104

———

The 9-oxa compounds (105) and (107), analogues of 93 and 101, do
not show an excited state interaction between the oxygen lone pairs and
the carbonyl group. The products of the irradiation (106) and (108) can
be explained simply by Norrish type I cleavage and internal disproportion-
ation (Schemes V and W).

Scheme V:

' O . O o

105

O  H(D)
| 106
\ P
CO,CHy
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i

Ju ‘l'“.‘ )

ww\\c;O 0 N/O
O] —
107 - / | -
[ j - 0
H(D)
, |
H=C=0 »
« \A\COZCH3
108
0 H
RO-. R +,OAC
S 109,R=C-CHy 1
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The irradiation of 109 and 110 has been examined59 both in benzene and
me thanol solution. The initial step postulated is cleavage of the bond
between the carbonyl carbon and the carbon alpha to sulphur (cl-cleavage).

In this way 109 reacts to give 111, and 110 to give 112 and 113.

H H
:_OH = 0O

S CO,CH S

2 CH3 H

112 o 13

P
—

Two other compounds are also produced on irradiation of 110,
intermolecular reaction resulting in 114, and O«-S fission with intra-

molecular hemiacetal formation to give 115. The oxa analogue of 110 (116)



H
—OH

< TN U S

114

116

yields 117 by straightforward A cleavage.

0 ' Ose
SOH ““OH

118 ~ 119

Photolysis of the bicyclicsulphoxides.(11§) and (112) results
in photostereomutation which inﬁolves an inversion of the sulphoxidse
sulphur stereochemical configuration as a result of an internal energy
transfer from the excited carbonyl to ﬁhe sulphoxide group on direct

irradiation. Further evidence for this explanation was gained from the

0 0
H3C-C-O-..

~OH

120

——e

irradiation of 120 and its epimer which are no longer ﬁ—ketosulphoxides,

in whigh no stereomutation was observed.
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Photosteroomutation is invariably accompanied by formation of decompos
ition products which can be derived from a radical pair by scission of
the C*°'S bond*. Hence epimerisation on sulphur may operate by recombination
of such radical primary photoproducts» For 116 and a reformation
of the C”-S bond should be highly favoured because of the conformational
rigidity of the bicyclic skeleton. Prolonged irradiation, however, leads
to a desulphurised ketone (122, which may result from trans annular shift
of hydrogen after Q"-S cleavage. The resulting sulphine (121) would be

o

g
expected to decompose by loss of sulphur to ketone (122) (SchemeX ).

Sktheme Xt

118
or

117y

\ I"OH
121

122



28
RESULTS AJID 'DISCUSSION,
A
In continuation of our studies ~ of 9%Vthiabicyclo[ 3.3 *1] nonane

chemistry a three-step sequence (Scheme 1) was devised for the synthesis
of 4j8“&ichloro~2,6-dithiaadamantane (III). It was proposed that 2*6*
dichloro-9-thia'bicyclof3*3* 1] nonane (1), prepared by cycloaddition of
els.6is’1,5"cyclooctadiene with sulphur dichloride would dehydrochlorinate
readily to the diene (il) which would condense with sulphur dichloride

to give the dithiaadamantane (ill).

Scheme 1s

Cl 2

-2HCI

sci’?

Reductive removal of the chlorine substituents with lithium aluminium
hydride would be expected to yield 2, 6-dithiaadamantane (IV) itself. 1In
addition; functional group modification of III would produce a series
of 2,6-dithiaadamantane derivatives which it was hoped would be of
synthetic and spectroscopic interest or furnish a series of compounds for
pharmacological testing. The synthesis of the dithiaadamantane skeleton
5%

has been briefly reported in the literature using cyclooctatetraene as
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starting material but resulting in very small overall yield (ca. 6%).
However* attempts to reproduce these results have always proved unsuccess-—

ful.

nr
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The first stage of Scheme 1 is a reaction known”*” to proceed in
high yield and the third stage, being analagous to this, was not envisaged
to give much difficulty. Hence the key stage in the synthesis was the prep-
aration of 9“'thiabicyclo[ 303*1] nona-2,6-diene (II)*

12

Although II would appear to have been reported its structural
assignment has been shown to be erroneous (vide infra) & Tills chapter
describes synthetic approaches to this diene via elimination reactions
of 2,6-disubstituted 9-thiabicyclo[3.3« 1] nonanes. While this me thod has
not, in the event, furnished II, mechanistic rationalisation of the
products formed has indicated that it may not, after all, be possible
to prepare diene (ll) by elimination from a bicyclic precursor. However,
a successful preparation of II has subsequently been effected” by
addition of sodium sulphide to c is“3,7-dibromocycloocta-1,5~diene (V).
This is possible because of the cis. orientation of the bromine atoms which

allows addition of the sulphide dianion with concomitant expulsion of the

two bromide ions.

Br

Base Treatments of Hihalides (Vi) and (VIl)s

Dihalides (Vi) and (VI1) were expected to undergo a facile dehydro-
halogenation. The reason, for this expectation was two-folds firstly the
relief of the interaction between the endo hydrogen atoms ad C-3 and C—74$*
which Dreiding models indicate to be about 1f apa3?t, and secondly because

43 ,

of the halides in the 2 and 6 positions which have already been shown “

be extremely labile. Thus at first the d.ehydrochlorination conditioiio

employed were extremely mild.
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32X, R=Cl
YEL,R = |

Ym, R=0CZH5
JK; R-OCH3

Treatment of a chloroform solution of diiodide (VII) with basic alumina
at 60" resulted in formation of the diethoxy compound (VI1l) presumably
by nucleophilic attack on the diiodide by the ethanol stabiliser present
in analar chloroform. Similarly, reaction of VII with potassium carbonate
in refluring methanol yielded dirnethoxide (IX), whereas pyrolysis of an
intimate mixture of the dichloride (Vi) and anhydrous potassium carbonate
resulted in an intractable tarry mixture« In order to overcome the
facility of nucleophilic displacement of the halogen atoms of VI and VII
which is probably occuring” via a sulphonium ion intermediate such as X,
the dichlorosulphide (Vi) was first oxidised to the corresponding sulphone
(XIa) before being refluxed in methanolic potassium hydroxide. However,
in this case the halogen atoms were inert to elimination. Sulphoxide (Xlb),
which has only one lone pair of electrons available, was-also found to be
inert to base treatment both when refluxed in ne thanolic potassium hydroxide

and in 2,4?6-co'llidine.

Cl,

ct SO,



1,h-biafabicyclo[4*3*0] non-5-sfc® (D3H) and 1, 8-diasabioyclo[ 5®4*C>]
undeo-7-sne (.DBU) are repnted”'} to dohydrohaloganate readily at low temp-
eratures* Nevertheless, treatment of dichloridec (Vi) with either DBN or DBIJ
resulted in starting material only, even when refluxed in benzene for as long
as gb days»

Potassium t—butoxide is rapidly becoming a popular base. Its Dbase
strength 1is variable and dependent upon the solvent employed, being greatest
in dimethyl sulphoxide ('DM30) and least in benzene and other lion-polar solvent:
ventssﬁ» In addition, the sterio requirement of the t—butoxide anion makes
it a poor nucleophile. Hence a solution of the base in DM30 was added to a
solution of dichloride (Vi) in DMSO at room temperaturee The major product
isolated was an alkene as indicated by the presence of vinyl protons (T4*17+
4®51) in the n.m.r. spectrum. However, the'vinyl signal was due to two protons
as shown by integration of the spectrum, and a molecular ion of m/e 140 in
the my,ss spectrum confirmed that this was indeed a mono©no. N.m.d.r. experi-
ments showed that decoupling of the bridgehead protons (T6.79%7»10s 2H)
affected all the methylene protons (T7°33-8.3688H) hut had no effect on the
vinyl protons o Decoupling of the allylie methylenes sharpened the bridge-head
protons and collapsed the vinyl protonsd5 irradiation of the vinyl protons
sharpened the allylic methylenes only, leaving the bridgehead and other
methylene protons unaffected.

This evidence rules out the possibility of 9-thiabicyclo[3®3® 1] non—2-ene
or 9-thiabicyclo[4»2. 1] non-2-sno as the product of this reaction but does

not distinguish adequately between 9"*thiabicyclo[4*2.1l]lnon-3-ene (Xlla) or

T1Tb



Product formed on treatment of dichloride

with potassium t-hutoxide.



b
9-thiabicyclo[ 6.1.0] non-4-ene (xxﬁ:) .
Formation of either’XIIa or XIIb must involve a reduction step, i.e.
a dechlorination. Dehalogenation of aromatic bromides and iodides has been
reported66. The mechanism is thought to involve halogen abstraction by the
dimsyl anion ('CHQSOCH3) with the resulting anion gaining a proton from
dimethyl sulphoxide. However, in geheral such dehalogenatién has occured in
aromatic compounds at sites ortho to other halogen atoms.and dechlorination
has not been reportéd;
- Formation of XIIa is not immediately obvious, however absfraotion of
chlorine by the t-butyl anion may be followed by bond rearrangement to give

XIIb. Por this reason XIIb is favoured as the reaction product.

Attempted dehydrohalogenation of VI by refluxing in ﬁyridine resulted
in an ionic compound which has been ashc»wné7 to be the bis=pyridinium salt
(XIII).TO suppress the nucleophilic character of the pyridine nitrogen atom

the more hindered pyridine derivative 2,4,6-collidine was used.

\ . -
P 2

X

Refluxing VI overnight in collidine afforded a halogen-free alkene.
However, hydrogenation of this product over platinum oxide in ethyl acetate
did not result in formation of the desired 9—th1ab10yclc[ .3.1] nonane (XIV)

but rather its [ 4.2.1] isomer (XV)
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XY X

The collidine reaction product exhibits spectroscopic characteristics
- . . 1
closely similar to those reported for 9»heberob1cyolo[4.2.1]nonadnanes3
. 52 . - . L

and trienes” . The diene exhibits an intense albsorption in the u.v. spectrum
(see experimental p.75) characteristic of conjugated double bonds. The
65
n.m.r. spectrum of the diene shows a complex four spin (AA'BB') system
in the vinyl region, T'3.50~3.82 (29) and T4.13-4.40 (2H) and possessas

|
a H~C~S multiplet (2H) at T6.00. Double irradiation of the latter signal
simplified the lowsr—field vinyl envelope and the methylene multiplet

. h . ]

(T7.80) but double irradiation at T7.80 sharpened’ only the ggyms resonance.
Thus, a vinylic hydrogen and a e thylens group cannct be adjacent as in II

but must be separated by a bridgehead hydrogen atom,as in XVI.

XVL

In contrast chloroalkene (XVII) and hydroxyalkene (XVITI) which
have one double bond in a situation  identical to the alkene groups of
IT each exhibit a narrow vinyl multiplst (TK.OO and T 4.10 respectively)

and have an allylic bridgehead signal at considerably higher fielad CTG.QO
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anciT7eOO)69* As expected, double irradiation of the allylie methylene

multiplet of XVII collapses both the vinyl and the bridgehead resonance:

ll(j_ 'OH

Xyrrr

It is concluded,on spectroscopic evidence that the product of reaction of
collidine with dichloride (Vi) has structure XVI.

If this structural assignment is correct then XVI as a conjugated
diene should be expected to undergo a (4+2) cycloa.ddit.ion reaction
with a dienophile. However, attempted addition of maleic anhydride to
this diene failed, not only in refluxing benzene, but also when the two
reactants were mixed together in the absence of solvent and heated to
140'"" in a sealed tube, In both cases only the two starting materials
were obtained. Phthalazine-1,4-dione (XIX) has been described?0 as a
very potent dienophile, adding to 1,3-cyclooctadiene at ice-bath temperature
to give Diels Alder*adduct (XX) in good yield when previous attempts to
form an adduct with maleic anhydride had resulted71 only in polymeric

material.

jrx
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Fevertlieless, when diene (xv1) was treated with XIX only the two
starting materials were recovered from the reaction mixture. It appears
therefore that the dienophile may he hindered, perhaps by the sulphur atom,
as 1t approaches the diene system end that an even more potent dienophile
must he employed.

4-Phenyl-1,2,4-triazoline-3,5~dione”*2 (XXI), like XIX has f£ nitrogen-
nitrogen double bond constrained to a cis configuration and it is this
which greatly enhances their dienophilic activity over such compounds as
dimethyl asodicarboxylate in which the bond can adopt the trans
configuration. In addition XXI is inherently more strained than XIX
having this double bond in a five mernbered ring and the relief of this
strain renders it an even more potent dienophile than XIX. For this
reason the diene and XXI were refluxed together in dry benzene. The
course of the reaction could be observed by the gradual discharge of the
deep-red colour of XXI to give a yellow solution. Evaporation of solvent

afforded crystals of 3 1sl adduct assigned structure XXII*

XXT 33L

Addition of XXI to 1,3-cyclooctadiene to give XXIII has since been
reported 73 and desulphurisation of XXII to XXIII appeared to provide a
74
simple proof of structure. However, using Raney nickel prepared for
selective desulphurisation in the presence of double bonds, reaction wifecn

XXITI yielded a product which still exhibited S protons but no vinylic

protons in the n.m.r. spectrum, and was assigned s true oure XAI\T.h) -2



Raney nickel, deactivated by refluxing in acetone75 before addition of
substrate gave no reaction. However, usingu>~2 Raney nickel without deactiv-
ation, a product showing neither protons nor vinylic protons was
obtained. This product, which was identical to the hydrogenation product

of XXIII in all spectroscopic and chromatographic details, in melting point
and in mixed melting point was assigned structure XXV. This proves that

XXII is in fact the correct structural assignment for the lal adduct of the
diene and XXI and that this diene is in fact the conjugated diene 9™ thia™

bicyclo[4+2 .1l nona-2,4-diene (XVT).

XU, TXTV

Xz
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Dohydration of Diol (mi)

An alternative synthesis of diene (II) was sought '"by dehydration of

diol (XXV1) or by elimination reactions of derivatives of this diol.

Am
XXV1 has previously been obtainedT) from the base catalysed hydrolysis
of the corresponding dichloride (Vi). However, the melting point of
the crude reaction product was found to occur over such a wide temperature
range that come formation of the diol with the isomeric [ 47*2*1] skeleton
was suspected* Attempts to determine whether indeed this was a mixture
by a gd.c. analysis of the dibenzoate or of the bistrimethylsilyl ether
derivative met with no success when conditions for distinct retention
times of derivatives of the pure [3«3-1] and [4*2.1] compounds could
not be found.

For this reason an alternative procedure for the preparation of the
diol was found in the acid catalysed hydrolysis of VI, which proceeded
readily and in good yield. In acidic conditions the bridging sulphur
would be expected to protonate and hence be unable to utilise its lone
pairs to form an episulphonium intermediate. A species such as X,
which permits but does not require rearrangement, is a probable inter-
mediate in the base' catalysed reaction. As expected, the crude reaction
product melted over a relatively small temperature range Qca. 50> and
on recrystallisation afforded a sharp melting product identical to that
obtained from the base catalysed reaction after many recrystallisations.

Unfortunately, attempted dehydration of the diol with phosphorus
oxychloride met with little success, resulting in a variety of products
all present in too small a quantity to allow isolation and identification.
However, the compound is still a useful starting material for the corres-

ponding esters whose pyrolyses could provide an alternative method to the

dehydrohalogenabion of VI or VII.



HO._— CH3C-0~
‘\‘ N “
oH "0-C-CHy

XXVI | XXV

-

Pyrolytic Eliminations:

The readily available diacetate (XXVII) did not readily eliminate
on pyrolysis, requiring a high temperature and resulting in a mixture
of an alkene énd black decomposition products. However, this alkense
was identicél in all respects to the product of the reaction of VI with
collidine and hence was assigned structure XVI. It may be argued that
the initial product of pyrolysis was the desired [ 3.3.1) diene (II)
which isomerises at the high reaction temperature and hence a milder
method of pyrolysis was sought.

76

The Chugaev reaction’ involves the thermal decomposition of the
xanthate esters of an alcohol, containing a ﬁ hydrogen atom, to produce
an alkene. Because the reaction goes via a cis elimination process
(Scheme 2) and at a lower tempeiature fhan the corresponding acetates

it appeared ideally suited to the formation of diene (11).

Scheme 2:



However, attempts to synthesise the '"bis B-niethyIxanthate (XXVIII)
furnished, a mixture containing mainly the mono P-methyIxanthate (XX'IX)

although the latter was never isolated in a pure state.

S

i
XxXXxvnr, R~R. -C-S-CH3

5

, RfFH, R= —C—S-CH3

'OR.

s
XXX, R= R=-C-N(CH3)2

A report '"by Fewman/” indicated that Q-alkyl 1T,1T-dimethylthiocarbamates
were easily prepared in high yield from the corresponding alcohols and
more readily purified than xanthates. Pyrolysis of those with a hydrogen
atom are reported to give alkenes in high yield (Scheme 3)* Moreover,
the temperature required for the pyrolysis is somewhat lower than that
needed for the corresponding xanthates. Presumably, this is "because of
the electron donating effect of the nitrogen atom which increases, through
resonance, the electron density on the sulphur atom.

Scheme 3:

oC- Xc/

f COS -j-hn(ch3)2

S

RO-CAN(CH3)2* > RO—C—N(CI-i3)2
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Treatment of diol XXVI with sodium hydride gave the corresponding
alkozide salt which, on reaction with N,IT-dime thylthiocarbamoyI chloride
( (CIL, C3-Cl) gave XXX directly* Pyrolysis of XXX did not yield the
desired diene hub furnished a rearranged, product which exhibits a carbonyl

o4
absorption at lo“fvcrmn. Double irradiation of the bridgehead protons in
I

n.m.d.r. experiments collapsed the other II-C-S signal and sharpe net the
methylene resonances. This suggests that the product of rearrangement was
XXXI rather than XXXII in which decoupling of the bridgehead position would

produce an effect at the methylenes with- little or no effect on tho

other B-C-S signal¥*

CH

o 3XN-C~S"'

Me ?N—C—S". CH

S c-NMe?2

s.c.y/CH3

ECH3

Although there- are analogies for such a rearrangement in the liter-

78 , , ) , ,
ature these occur mainly for aromatic BjH-dimethylthiocarbamates and

. . 77 . . . .
with certain protected sugars " which give low yields of the corresponding
S U-alkyl Ib.N-dimethyIthi ocarbarnate s*

It is noteworthy that pyrolysis of unsymmetrieally substituted aromat-
ic thiocarbamates gives a rearranged sidechain attached to the same ring
position (Scheme 4). In a similar way the thieoarbamata sidechains at
positions 2 and 6 of XXX could rearrange on pyrolysis, maintaining their
site of attachment.

However, since this facile sidechain inversion is uncharacteristic

of an alkvlthiocarbamate the rearrangement .could be anchimerically assisted.
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Scheme 43

of\s
e ?
¢ll c=0
ENCHy), dicnp,

by the sulphur bridge (Scheme 5). Backside attack on_a'Briﬁgehead position by
the thione sulphur and fission of the C-2-0 bond can be accompanied by

C-1 to C-2 migration of the bridge. The thiocarbamate substituent at C~5

of the resulting 9-thiabicyclo[4.2.1)nonane (XXXIII) could undergo rearrangé—
bﬁent in a similar manner restoring the biéyclo[3.3.1]skeleton. The

feasibility of this mechanism is at present under investigation.

Scheme 53

0
MeZNéO 4 | (CH3)2N\ /&Q/\S S&INMQZ
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XXXI

N,N-dime thyldithiocarbamate (XXXIV) should either undergo pyrolytic
elimination by a method analogous to that of Scheme 3 or undergo a
;earrangement similar to that already observed for XXX to give only

starting material. Thus XXXIV was‘prepared43 by the reaction of dichloride

| (VI) with sodium dimethyldithiocarbamate and pyrolysed. Pyrolysis around

X 2 s . —
200 gave a quantitative yield of starting material and higher temper
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afcures afforued a mixture of starting material and tarry decomposition
products. of a small amount of* [4*2*1] diene XVX was observed
in the n.m.r* spectra of these higher temperature pyrolysis products but

no ev.idence of any other alkene could be detected*

5

Gov I
J)N-C-Ss / "x
/ i
chs s

'SCN
chs

A previously reported12 method for the preparation of diene (11)
involves pyrolysis of the diadipate ester (XXXV). This had not been
attempted because of the initial difficulty experienced in preparing
the intermediate chloroalkene (XVII) by the reported pyrolytic dehydro-

halogenation of VI and because this preparation involved several steps

(Scheme 6)*

Scheme 6;

Pyrolysis of VI in a cylindrical heated glass tube through which a

slow stream of nitrogen was passed, was found to he ineffective because

of
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the ready sublimation of VI from the pyrolysis boat. A more efficient
procedure was found to be overnight heating of VI in a partially evacuated
sealed tube totally enclosed in a pyrolysis oven at ca. lopO.

These conditions did not give complete reaction but XVII was easily
separaole .from unreac oced starting material by ether extraction and distill-
ation. Overnight pyrolysis of VI at slightly higher temperatures resulted
in the formation ot contaminating alkenes which were not readily separable
from chloroalkene XVII even after several distillations. These alkenes
identified as XVI1l and XXv'l* were thought to be the result of reaction
of XVII at these elevated temperatures with water adsorbed on the surface
of the glass tube and were formed to some extent even when the tube had

been rigorously flame-dried before reaction.

W "’\N .

\\loll

XXTVT

In addition* small quantities of dieno (XV1) could also be detected
in the n.m.r. spectrum of the distillation product of these higher
temperature pyrolyses, the proportion of this diene increased somewhat
with reaction time but was also accompanied by considerable tar formation.

Treatment of chloroalkene (XVI1l) with triethylamine and adipic acid
afforded the diadipate ester (XXXV) in good yield. Spin decoupling of the
bridgehead proton  6.90$4H) of XXXV collapsed both the allylic methylene
(T7.6bj4H) and the H-C-0 signals (t4*80;2H) whereas double irradiation
at the Hﬁ?—o affected the bridgehead proton and part cf the methylene

envelope (T7.60-8.50) but left the allylic methylene signal unchanged.

This indicates that the H-C-O must be separated from the allylic methylene
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by the bridgehead proton as in XXXV and that rearrangement to the isomeric

[4*d.i] pno.ltkm of JUai'Il has not occurred during this reaction.

ZXXV1I

Nevertheless, although pyrolysis of XXXV occurredsmoothly the product

was not 9~thia,bicyclo [3*3* 1] nona-2,6-diene (II) as reported but was the

isomeric 9%thiabicyclo[4,2.1l]nona-2,4-diene (XV1).

Mechanism of Rearrangements

In replacement reactions at C-2 and C-6 of 9~thiabicyclo[3*3*1] nonane
derivatives;, the observation that skeletal rearrangement to 9~thiabicyclo
[4*2 *]1] nonane products does not occur has been rationalised in terms of
the favourable thermodynamic stability of the twin-chair conformation of
the former and the increased angle strain in the latter* It is the more
suprising that 9“thiahioyclo[4*2 *1] nonane products are not observed,
even as the products of kinetic control when episulphonium ions such
as X have been proposed as reaction intermediates.

For the intermediacy of a fully developed episulphonium ion,
elimination of a good leaving group must precede interaction with a
nucleophile. In the absence of a nucleophile an episulphonium ion such as
X must eliminate a positively charged grouping (e.g. H'’) to proceed to
a neutral product. As for rex>lacement reactions this elimination can con-

ceivably occur with retention of the [3*3*1] skeleton or with rearrange-

ment fay the [4.2.I] structure.
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Iﬁ now appears that both the pyrolytic and base induced eliminations

of 2~-substituted or 2,6-disubstituted 9—thiabio&clo[3.3.1]nonanes can

indeed occur with skeletal rearrangement. The structural features which

promote rearrangement in the present cases are an activated (e.g. allylic)

¢-H bond and a good leaving group both of which are trans and anti-periplanar

to a C=S bond of the bridge and both flank the bridgehead position. (see

Scheme 7). The pyrolytic and solvolytic eliminations of these bicyclic

compounds differ only in sequence of events. In the former case (Schem 7)

an electron rich site on the leaving group induces elimination of the

quasi equitorial hydrogen atom at C-4. A[&4’5 double bond is. formed with

C-5 to C~6 migration of the C-~S bond and expulsion of the leaving group.

Scheme 71

b
Hey o
\R

In the latter case (Scheme 8) the polar solvent promotes ionisation
of the C-Cl bond, this cleavage being anchinerically assisted by a sulphur
bridge lone pair. The resulting episulphonium ion collapses by elimination

of the anti C-=4 hydrogen atom. It now seems clear that the synthesis of

diene (II) by stepwise elimination reactions of 2- and/or 6-substituted

9~thiabicyclo[3.3.1) nonanes will not succeed because of the activating

influence of the first formed double bond and the alignment'of the leaving

groups.
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in the transformation of 2, 6~dichloro~9~thiatoc¥clo[ 3.3.1] nonano (VI) to
9~thiabioyclo [4*2. i non-p-2,4-cltene (XV1), reaction of dichloride (VI) with
254 ,6«~00llidine was studied as a function of reaction time, HF.m.r. spectra,
(pp [6~'7>9) aliquots taken as the reaction progressed indicated that chloro
alkene (XVI1) is produced before formation of diene (XV1). Hence it appears
that rearrangement to the bicyclo[4*2,1] skeleton does not occur until after
formation of the double bond*

The reaction of chloroalkene (XVI1l) with 27?4>6-collidine was studied
in a similar manner. In this case the only product detectable by n.m.r. was
diene (XV1)e Thus chloroalkene (XVI1l) is a definite precursor of XVI.

The possible pathways for the rearrangement of dichloride (Vi) to XVI
were considered. The most direct route would involve monodehydrochlorination

of VI yielding XVII wri.th subsequent rearrangement to diene XVI, vies

YL 321 A

This route, in which sulphonium species X, arising by sulphur assisted

elimination of chloride, would probably participate was considered to be

the most 1likely?



J., (biic.i pa uwways may be envisaged. For example, the dichlori.de
(VI) may initially icrm chloroalkene (XVI1l) and each may yield diene (XV1)

¥ separate reaction pathways?

YE - Route 1

1VI

Route 2

Vt. may conoeivaoly go to diene XVI via an intermediate such ass

That there is no n.m.r. evidence for such a sjjecies could be explained if
it were reactive and hence short-lived. Nevertheless such a route was consider-
ed to be unlikely.

A third possibility involves a reversible reaction between the dichloride
and chloroalkene with subsequent rearrangement of the dichloride to diene

(XVI)s

However, this possibility was excluded when TV11l was found to rearrange to
XVI with no appearance of VI in the n.ra.r* spectrum. Therefore ins lirst

mechanism was considered to bo the moot probable.
It was assumed that the rearrangement involved sulphur—participation.

For this reason methods were sought to observe the episulphonium ion speoj.es a

directly.
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A) Ultra=Violet—Methods

A study of the rearrangement using a u.v. method would be complicated

by the presence of 2,4,6~collidine in the spectrum,

To eliminate this by "working up" aliquots before examining spectra would

reduce the possibility of observing the sulphonium species directly.

B) G.L.C.=Kinetic Methods

The kinetics of the reaction XVII—XVI may be studied conveniently
by analysing aliquots from the réaction using g.l.c. techniques. Because
the reaction was carried out using 2,4,6-collidine as solvent as well as
the dehydrochlorinating agent the reaction was assumed to be first—order.
The decrease in concentration of XVII with reaction time may be determined
from the g.l.c. trace of the aliquot and thus a plot of -log[XVII], against
time (t) can be obtained.

A typical plot of afirst order reaction is given in figure 1. However,
if episulphonium species (X) is an intermediate it is reasonable to suppose
that as the concentration of chloride ion increases then the back reaction,
X + C1— XVII, is favoured, causing the forward reaction to slow down.

The plot of —log[XVII] against time (t) expected in this case is given in

t
figure 2.

Figure 1. Normal First-Order Reaction

N

time (1)



Figure 2.

Initially, experiments were carried out using a known initial concentrat-
ion of XVII in excess 2, 4,6-collidine (b.p. 175-178°). Nevertheless, as the
reaction proceeded no flattening of the straight-line obtained could be observ-
ed (e.g. p 62 ). However, during the course of the reaction a precipitate
of collidine hydrochloride was seen to collect and hence no build up of chloride
ion was able to occur. For this reason a solvent, nitrobenzene, was added to
the reaction mixture, 2,4>6-collidine still being present in excess (b.p. of
solution 195°)« Nitrobenzene was used because it is a good solvent for
collidine hydrochloride, it is inert to the reactants and it did not interfere
with the g.l.c. trace of the ILlworked up" aliquots. However, a plot of
—logIUfXVLH 5 against time (p. 63) again gave a straight line without any
decrease in rate constant with time. Indeed an enhancement in rate was ob-
served, which is probably due to an increase in the reaction temperature.

The reaction was repeated a further time with added collidine hydrochloride
as a source of excess chloride ion, and additional nitrobenzene. However,
once again no decrease in rate constant with time was observed

Unfortunate].;/, these results are inconclusive. Although they do not
prove the existence of sulphonium species X, neither do they disprove it.
Perhaps, under reaction conditions which allow the build-up of chloride ion
concentration without an increase in reaction temperatuxij;, a u.”cné&”e

constant with time would have 'been observed. On the other hand it may he that
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INITIAL

ADDED ADDED " RATE
REACTION| CONC, |NITROBENZENE C1” CONSTANT
(min=')
1 0-22 M none none - | 8:8 x 10°¥
2 0:39 ¥ none none 9.1 x 104’
3 0-23 M none none 9.4 x 107%
-3
L 019 4 3 ml none 164 x 10
. L,
5 0-13 M L5 ml 0-8 1-7 x 10

m,m0le




X 1is ve.iy sUox-u—lived and so the reverse reaction will not he favoured

giving no change in ohe kinetics of the reaction as it proceeds*

Qtbev Methods of Qbtaining x {

Addition of an acetone solution of silver perchlorate to an acetone
solution of monochloride XVII was found to give a dense colourless precipit-
ate? assumed to he silver chloride« Performing this reaction in d%—acetonA
and filtering off the precipitate allowed a nOm.re spectrum of the bright
yellow filtrate to he obtained* The spectrum recorded when silver perchlorate
was added to XVII in a molar ratio of 1sl is shown on p.67* Although this
spectrum contains intense methyl resonances, arising hy hydrogen-deuterium
exchange 1in solvent, it could 'ee reasonably explained by formation of sulphon-

ijura ion X in this reactions

//

s B Iy v Af]

Vinylic resonances at T3*9 and 4.0 (2H) may be attributed to protons
on C-2 and C~3. Similarly the resonances, between and 6*0 (1H) andT 6*1
to 6,7 (2H) may be assigned to protons on C-1 and Crespectively.
Allylic methylenes on 0-4 resonate between T 7.3 and 7*5 (2?I) t11G remain-
ing methylen® protons on C-7 and C-8 occuring between 17®° and 8*p (fv-) e
The presence of the intense methyl signals, showing deuterium coupling, 1is
to be expected since an ion such as X would readily exchange hydrogen atoms
with deuterium from the solventx*
When dg-toluene was added as solvent no spectrum was obtained after

filtration. In a qualitative experiment water was added to the precipitate
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producing a yellow aqueous solution together with undis solved silver

chloride. Thus this product is obviously polar and hence insoluble in a

hydrocarbon solvent*

An acetone solution of the product darkened considerably within an
hour, .even when stored in a refrigerator, the final product being hydroxy-

alkene (XVIII), presumably formed by reaction with water from the solvent*
That chloroalkene (XVII) reacts to form hydroxyalkene (.XVIII) at

room temperature witli precipitation of chloride ion, is strongly indicative

of a resonance-stabilised ionic reaction in which episulphonium species é)

has a finite but limited existencex»

4—-72
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gXPERIygr?TA, La

Jd n.m.r. spectra were recorded on Vardan T~*60 and HA-100

ins truments wi tn CDCl” as solvent and tetramethylsilane as internal -
reference standard. Ultra-violet spectra (in ethanol) and mass spectra
were measured on Unicam SPSOOA and A.3.1.-G.E.C. MSI2 spectrometers
respectively. Infra-red spectra were recorded on pressed discs or on
solutions in chloroform or carbon tetrachloride on Perkin-Elmer 225
and Unicam SP1000 instruments, G.l.c* measurements were made on a
Perk.in-Ulmer F11 chromatograph using a 12 foot helical glass column
containing OV—1 (1%) or 812-30(1%) adsorbed on laschrome Qs

T.l.c. was carried out using Kieselgel G (Merck) for analytical
purposes and Kieselgel HP" for preparative work. Neutral alumina
(Woelm) grade I was used for column chromatography unless otherwise stated

Petroleum spirit refers to the fraction boiling between 60 and 807,
unless otherwise stated. Special solvents, e.g. 2,4?6-collidine, pyridine
and dimethyl sulphoxide, were purified by distillation and stored over
potassium hydroxide pellets, Methylene chloride was passed through
basic alumina and stored over 4$ molecular sieves, Haney Nickel for
desulphurisation was prepared by the method described in Fieser and
Fieser.7

Pyrolyses were performed in flame-dried glass tubes (43cm long,
internal diameter 22mm~ wall thickness 4mm), flushed out with nitrogen
and sealed, under vacuum (ca. O0.lmm). The tubes were heated in steel insert
in a Gallenkamp pyrolysis oven. Small-scale pyrolyses in glass tubes of
17cm length, internal diameter of 7mm, external diameter 10mm, were

heated in a Gallenkamp sublimation block.

Organic solutions were dried over anhydrous sodium sulphate oi

magnesium sulphate. Solvents were removed on a rotary evaporator under

reduced pressure.
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Melting points were determined on a Kofler hot~stag® apparatus*

using microscope slides with cover slips* and are uncorrected.

Abbrevi ationsi b. broad

do doublet
mo multiplet

a* quartet

S. singlet (in n.m.r.)
s. strong intensity absorption (in i.r. )
vs. very strong intensity absorption

she shoulder
t. triplet

W. weak intensity absorption
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ffeatmept oc (/11 ) with basic aJuminium oxide s

2,6-Dliodo-9” thiabioyolo [3.3.1] nonane (VII) (293mg| 0.74m.mole) and
alumina (Joelinj basic} 3®5g) were refluxed in analar clirloroforra (10ml)
for 3 hr . and stirred at room temperature for a further 16 hr. Filtration
and evaporation of solvent yielded a yellow oil (200mg). T.l.c. investigat-
ion indicated formation of one product and a considerable proportion of
starting material.

Refluxing the diiodide (VII) (5?8mg} 1,47m.mole) overnight in
chloroform (50ml) with alumina (FoelIra5 basic5 20g) followed by filtration
and evaporation of solvent again afforded a yellow oil. Purification by
prep, t.l.c. (solvent - 1sl ether/petroleum spirit) yielded a pale yellow

oil (271mg} 1,18m.mole} 80/).

n.m.r. (CAiCl.,) sT5*9%6.7 (complex m.s 6h)| 7*2 (m.? 2I1)|] 7*3-8.3 (complex
nu, 8H) and 8.8 (t«| 6H) indicates this product to be

2 ,6-die thoxy«”9“ thiabicyclo[ 3 *3 *1] nonane (VIII).

Treatment of j[V11l) with potassium carbonate in methanol solutiont

2 56--Diiodo-*9"' thiabicyclo( 3*3*1] nonane (VITj (296 mg} 0*75m»m°Te)
and potassium carbonate (654 mg} 4*73 m.mole) were refluxed in methanol
(18ml) for 19 hr. After filtration the solvent was removed in vacuo. The
crude reaction product was extracted with ether and the washings passed
through a short plug of acid alumina* Examination of the product on t.l.c.

indicated the presence of one product which was identiiied by n.jui,

as the diraethoxy compound (ix).
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..ction

v Aocaloro»*9~'niabicyc 1o [3*3* 1] nonarie (VI) (195mg; O.hm.mole )
and anhydrous potassium carbonate (2921Tig 2.l11lm.mole) were intimately
mixed, using a mortar and post&L and then heated at 120° for two hours,
and at 5(’)00 for 30 inin*, in a sublimation tube® The black residue was
extracted wiih chloroform, the solvent evaporated off and tho residue
was tested for solubility in both boiling petroleum spirit and boiling

ether, and was found to be insoluble in both*

296" pichr! oro-97tbl, gbic,yclo £f3 *3«1l nonan-9*9-dioxide (XI) %

m-Chioroperbeazoic acid (9»5g> 55m«mole) in dichioromethane (50ml)
was added dropwise over 30 rain, to a solution of 2,6~dichloro-9"*thiabicyclo
[3«3 *1] nonane (VI) (5*27g* 25m*mole) in dichiorome thane (20ml). The
reaction mixture was left to stir at room temperature for a further
4 hr., during which a heavy colourless precipitate was observed* After
filtering, the filtrate was washed with sodium sulphite (1M, 1x50ml),
with sodium carbonate (3x70ml, 111) and dried* Evaporation of solvent
afforded a colourless solid (5»59g] 23m.mole; 92y)* Hecrystallisation from
chloroform/ether gave sulphone (X1) ra.p. 176-177 (lit. 10>-176 )>
m/e 242424 47246 (MY
n.m.r. ((IDCl-,) «7 4*97™5%43 (211, m«); 6*63—6.96 (2r.i,nu)5 7¢20—8.06 (8n,m*"|
i.r, (CCl4) 1v3000,2981,2952,2939>2894,2861,1484(3),1448,1439?1323(e),

1261,1183 (s), 1123 (vs), 1072 cm""1*

Treatment of sulphone (X1) with mettgguoji c ©

2,6%iohloro~3-thiaMcyclo[3.3.1]lnonan-9,Mioxide (X1) (248mgi 1— W
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in 1lojo (w/v) me tha.nolie potassium hydroxide (15ml) was refluxed for 4hr
The reaction mixture was cooled by addition of ice/water and extracted
with aicnlcromo uh&ne (4x50m.i) to give a quantitative yield of starting

material (ar) from n.m.r* and t.I.e. comparison.

Treatment -1gl) ...with potassium t-butoxide in P.M.3.0, i

A suspension ox potassium t—butoxide (I»07gi} 9 °5m*moIs) in
dimethyIsulphoxide (10ml) was cautiously added over 30min. to a stirred
solution of sulphone (X1) (460mg$ 1.9m.mole) in DM30 (10ral) and stirring
continued at room temperature for 18hr. The brown reaction mixture was
poured onto ice, extracted with diohloromethane, dried and evaporated.

The residue was shown by t.l.'c. and n.m.r. data to be the starting sulphone-

(XI) .

29 iohloro-9-thiabicyclo [3*3*1lnonan-9-oxide

m-Chloroperbenzaio acid (1*90g) lira,mole) in diohloromethane (20ml)
was added dropwise over 15min. to an ice cooled,, stirred solution of
dichloride (Vi) (2.11gj 10m.mole) in diohloromethane (25ml). After stirring
at room temperature for 30min. the thick colourless precipitate was
filtered off. The residue was washed with sodium sulphite (1M, 1x30ml),
with sodium carbonate (1M, 3x50ml) and dried. Removal of solvent in :
vacuo afforded colourless plates (2.23g] 9«8m,molef 98/) m.p. 119-121
(chloroform/petroleum spirit) (lit. m.p. 121-122 )s m/e 22k ,222, 230 (MHJ
n.m.r. (C'DOl_.V) *T4«73-5*23 (1H,m.)j 5=36-5-50 (l1H,m>)$ 6.46-6.83 (2H,m.);

7,10-8.20 (8H,m.)$

i.r, (CC1 ) $) 3000,2978,2952,2929 r2893,2878,2852 51487 (s), 1448 ?1436,1338.

4
1283,1277,1248,1082(vs) ,1063 (vs) cm-1
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fl~aMeht. of 2,6- diohloro”-thiabio.Y¥Glo[3*3.1) nonan-9-oxide with 23 f -

coll idine s

A solution of 2,6~4ichloro-9-thiabicvclo[3.3.1] nonan-9-oxide (500mg;
<»2m*moled) in  ,4?0—eollidino Ji2ml) was refluxed in a nitrogen atmos*-
phere for 24-hr. After filtration, the filtrate was taken up in ethyl
acetate (30ml), washed with aqueous copper sulphate (4x30ml) and dried.
Evaporation of solvent afforded a crude product (450mg) which appeared
to be predominantly starting material from n.m.r. and t.l.c. data.

Similar treatment of the sulphoxide with collidine for 1 week gave starting

material only.

Treatment of @, 6~diohlor0”9~thiabicyclo[ 3.3 «J]lnonane (V1) wit]g T)BEN)

DBS' (620mg| 3nmc.mole) in benzene (5ml? sodium dried) was added to a
stirred solution of (VI) (238mgj 1.13m.mole) in benzene (3ml). After
stirring at room temperature in a nitrogen atmosphere for 1?hr. the reaction
mixture was poured onto an ice/dilute sulphuric acid mixture (5ml. HpScC”
and 2g« 1ice) and extracted with ether-petroleum spirit (1 *9)- extract
was washed with brine to neutrality, dried and evaporated to. yield a colour-
less crystalline solid. (235mo)° Vhe n.m.r. of this solid was found to be

identical to that of starting material (Vi).

Treatment of (Vi) with DBlTs

BBU (675mgj 4 .38m.mole) in sodium dried benzene (5ml) was added to a
stirred solution of (VI) (220mg| 1.04m.mole) in benzene (3ml). The solution

turned light brown and was left stirring under nitrogen at ro®rn tempera

for 4 days. Work-up as in the treatment of (VI) with DBH yielo”~d a
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colotirless crystalline solid (210mg) whose TMYLWY. was found to he dabttcal

to ihat ot (¥l }Jc The reaction was repeated, using* refluxing henzene as

solvent, for 24 hr. and for days. In 'both cases starting material was

returnsd imchanged.

Treatment of (VJ.)iwith potassium t--hutoxide in dirne thyl sul@&xide%

A solution of potassium t-butoxide (6.2g$ 55m,mole) in dimethyl
sulphoxide (50ml) was added to a stirred solution of 2?2.,6~dichloro~~
9—thiahicyclo[3*3*ij nonan® (VI) (5*%8g| 27m.mole) in dimethyl sulphoxide
(70 ml) over 25 min during which the solution turned dark brown* After
stirring at room temperature for 2 hr* the reaction mixture was poured
on to ice and extracted with ether- (2x250 ml). Excess dimethyl sulphoxide
was removed by washing with saturated brine (4x200ml).. The ether layer
was dried and solvent removed in vacuo to afford a viscous red oil (3.25g)
which was chromatographed over alumina (neutral, 30g). Elution with ether-
petroleum spirit (1*9) yielded a colourless oil (470ragj 133)«@ Found?
0.68.825 11,8 .48. CgH”"S requires? C,68.54» H,8.63S.

n.m.r. (CDCl,) ?T4 ¥%17~4-51 (2H,m); 6<79-7.10 (2H,m)j 7*33-8.36 (8H,ra)
(see spectrum page 33 )*
l.r. (CO0lz]) ¢))3017,2972 (2984sh),2940,2896,1653 (w)dand *1648(w),1478,
1465,1442,1431 cm™ .

mass spec, s m/e 140 (M+),107 (M+~ HS).
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9=Thiabicyclo{4.2.1]nona=2,4-diene (XVI):

A solution of 2,6-dichloro~9-thiabicyclo{3.3.1] nonane (VI) (10.72g;
5im.mole) in'2,4,6-collidine (23ml) was refluxed for 14 hr. The Teaction
mixture was filtered to remove precipitated collidine hydrochloride and
‘the filtrate was taken up in ethyl acetate (50m1), washed.with aqueoué
~ copper sulphate (5x60m1) and dried. BEvaporation of solvent afforded a
brown oil which was chromatographed over alumina (acidic, 250g). Elution
with ether-petroleum spirit (40-600) (1:119) gave diene (XVI) as a clear
colourless o0il (4.2g; 30i4m.mole; 60%). Alternatively, excess collidine
may be removed by washing with 0.1M sulphﬁric acid (2x50m1), with water
until neutral, and dried.
Amex(Ethenol) : 257n.m.(Llogé& =3,56);262n.m.(3.57);273n.m, (sh.,3.45) ;297n.n. (3'.01;)
'm/e 138 (¥"); Found 1 C,69.38; H,T7.22. CgH, S requires 1 C,69.53; H,7.29%.
Nem.r. (09013) tT3.50-3.82 (2H,m); 4.13-4.40 (2H,m); 5.94-6.17 (2H,m);

| | 7.70-7.98 (4H,m) (see spectrum page 36 ).
i.7. (cci4) :‘Q3024(sh),3015,2962(sh),2940,2894,2850,1610(w),1470?1450,

1400,1325(sh), 1310 cm™ .

Hydrogenation of 9-thiabicyclo[4.2.1) non-2,4~diene (XVI)

9-Thiabicyclo[4.2.1] nona-2,4-diene (XVI) (180mg; 1.3m.mole)»and
Adam's catalyst (19mg) in ethyl acetate (10ml) were stirred in a hydrogen
atmosphere for 24hr. The reaction mixture was filtered and removal of
solvent afforded 75mg. of a yellow oil which comprised two products (t. 1.c)
Purification by prep. t.l.c. (1319 ether/petroleum spirit) yielded a
orystalline product (17mg) and starting material (50mg). The crys talline
product was redissolved in ether and filtered thréugh a small cotton wool

plug. Evaporation of solvent affored 9-thiabicyclo[4.2.1] nonane (XV) as
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~ colourless plates (m.p. 125—127O: lit. m.p. 127-1280 )5 m/e 142 (M)
nemer. (CDCLy) +7 6.16-6.53(2H,n); 7.73-8.70(12H,n);

i.r. (0014) :{>2912(s),2895(sh),2858,2844,1463,1442,1434 em™ T,

Treatment of diene (XVI) with phthalazine~1,4~-dione (XIX):

\

" To an ice~cooled, stirred solution of N”N'phthaloyl hydrazine (810mg;
5ﬁ.mole) and 9-thiabicyclo[4.2.1]nonae2,4-diene (xv1) (650mg;4.Tm.mole)
in dichloromethane (50ml) was added lead tetraacetate (2.08g3 6m.mole)
in one portion. The light green reaction mixtﬁre was left to stir for
16hr. in the dark before being filtered. Evaporation of the filtrate
yiélded a crude solid smelling strongly of acetic acid. This was purged
with benzene under vacuum and passed through a small plug of basic alumina.
Nem.r. and t.l.c. data on the reaction product (980mg) indicated ohly

the two starting materials.

Treatment of diene (XVI) with N-phenyl maleimide:

A.  N-phenylmaleimide (346mg; 2m.mole) in benzene (30ml) was added to

a solution.of the diene (XVI) (235mg; 1.7m.mole) in benzene (15ml) and
refluxed for 48 hr. Nem.r. and t.l.c. data on the yellow oily solid
gbtéined after evaporation of solvent showed it to be a mixture of the two

starting materials.

B. Dieme (XVI) (200mg; 1.45m.mole) and N-phenylmaleimide (495mg; 2.83m.mdle)
0

were mixed in the absence of solvent and heated in a sealed tube at 140

for two hours. The product ﬁas taken up in chloroform and t.l.c. and n.m.T.

dats showed the presence of the two starting materials only.



Adduct (XXII):

4-Phenyl-1,2,4~triazoline-3,5-dione (370mg; 2.1m.mole) was added
to a stirred solution of the diene (XVI) (220mg; 1.6m.mole) in benzene °
(20ml). The solution was stirred at room temperature overnight during
which the red colouration was discharged. Bvaporation and crystallisation
(chloroform/ether) afforded colourless needles (350mg; 1. 12m.mole $ 70%)
MeDo 241-243 . | . |
Found : C,61.58; H,4.80; N,13.64. C;6H15N3923 requires : C,61.33; H,4.83;
N, 13.41%.
.z, (CDC1, ) :T2.45~2.72(58,m)5 3.77-3.85(2H,d.d.,J=3Hz); 4. 58-4.82

(2H,m); 6.04-6.24(2H,m); 7.28-7551 and 7.56-7.94(4H).
iere (0014) : v 3020,2995(sh),2980,2950,2865,1763(s),1703(s), 1598, 1501,
1410 em™ .

mass spec. 1 mfe 313 (M), further peaks at m/e 280 (M-HS), 236,(M—06H5)

and 136 (M-08H7 3 2)

Adduct (XXIIT):

‘4-pheny1—1,2,4—triazoline—3,5—dione k280mg; 1.6m.mole) was added
to a solution of 1,3-cycloctadiene (137mg; 1.3m.mole) in benzere (éOml)
with stirring, and the original red colour of the solution faded over
3 hr. Removal of solvent in vacuo gave a yellow residue whichwas washed
with a little ethyl acetate and crystallised from chloroform/ether to
yield XXIII as colourless needles (270mg; 0.95m.mole;75%) meDe 204—206O
(1it. m.p. 203.5-206.5 )
n.m.r. (09013) :T2.36-2.73 (5H,m); 3.83-3.89(2H,d.d. ,J=2Hz.);4.89-5.10

(2H,m); 7.58-8.0 and 8.06-8.48(8E,m);

for. (001,) +1)3045,2930,1765(<),1704(vs), 1500, 1415 on”
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mass spec. 3 m/e 283 (M'), further peaks at 206 (M-céﬂs)»and 106 (1-CgH, N,0,).

Treatment of adduct (XXII) with Raney Nickele

A. Adduct (XXII) (60mg; 0.19m.mole) in acetone (40m1) was added to a
stirred suspension of Raney nickel (~200mg) in réfluxing ethanol (10ml).
Aftér 3 hr. the supernatant liquid was decanted, the nickel washed with
boiling acetone (5x25ml) and solvent removed under suction. The grey
residue was taken up in chloroform, filtered fhrough a celite plug and
evaporated. The product (XXIV) crystallised from chloroform/ether

as colourless needles (52mg; 0.1Tm.mole;89%) m.p. 264-2650.

Found s C,61. 12;H,5.27. C,y6H S requires:C,60.94; H,5.43%.

1773% }
NelMeTe (CD013) 1 T2.28-2.75(5H,m); 4.90-5.22(2H,m); 5.85-6.20(2H,m);
7.20~-8.06(8E,m); _ |
iz, (C01,) 1V 2970,2950,1775(sh), 1761(s),1707(vs), 1598, 1500, 1409 om .
mass spec. t m/e 315 (M'), further peaks at m/e 282(M-HS), 238 (M—C6H5)

~

~and 138 (M-08H7N302).

B.  Adduct (XXII) (4Omg; O.13m.mole) in ethanol (40ml) was added to a
suspension of Raney~nickel (~200mg) in reluxing ethanol (10ml). After 20
hr. at reflux the reaction mixture was worked up as in method A. to yield
(XXV) as colourless needles (26mg; 0.09m.mole; 71%) m.p. 177—1790 (éhloro-
form/ether). All spectral data were identical to the product formed on

hydrogenation of adduct (XXIII).

Bydrogenation of (XXIII):

Adduct (XXIII) (190mg; 0.6Tm.mole) in ethyl acetate (15ml) was

hydrogenated over 10% palladium-charcoal for 1 hr at atmospheric pressure.
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Filtration and removal of solvent gave a colourless solid (180mg; 0.63m.mole;
94%) which erystallised from chloroform/petroleun spirit as plates. m.p.
179-180°.
Found:C,67.34; H,6.71; N,14.73. Cy 619530, requiie C,67.17; H,6.72; ¥, 14 52%.
NeMeTe (CDCl ) $T72.16-2.63(5H,m); 5.03-5.40(2H,m); 7.47-8.53(12H,n);
i.r. (0014) :i’2965(sh),293o,2862,2850,1761(s),17oo(vs),1599,1501,1412 .

mass spec. 1 m/e 285 (M), further peaks at 208 (M-06H5) and 108 (M;08H7 3 2)

Acid hydrolysis of 2,6-dichloro-=9—thiabicyclo[3.3.1] nonane(vT):

Hydrochloric acid (6M, 1.21) was added over 30 min to a solution
of 2,6-dichlo£o-9-thiabicyclo[3.3.1]nonane (Vi) {350g; 1.66mole) in
acetone (21) and the reaction mixture was refluxed for 2 hr. On cooling
a:saturated solution of sodium carbonate was added until neutrality
was obtained. The reaction mixture was reduoed in volume under suction
untii'the organic material precipitated out. After filtration 2,6—dihydroxy-
9;thiabicyclo[3.3.1]nonane (XxvI) (218 g; 1.25 mo le;75%) was crystallised
from methanol/ethyl acetate as coléurless plates (m.p. 234—2390, lit. 249-

-

2500). Recrystallisition from methanol/ethyl acetate increased the m.p.

to 247-249°. |

Nem.T. (a6;nmso):”r5.05 and 5.15 (ZH;d;, exchangable with D20); 5,80~
6.26(2H, t. with further splitting,J=6Hz);6.70-6.85
(2H,t.,J=8Hz); 7.36~7.80 (4H,nm) and 7.86-8.46(4H,m);

i.r. (KBr disc) @ Y 3370(vs),2990,2942,2915,2890(sh),2848,1485,1455, 1433,
1350,1035(sh),1023(vs) cn™ 1.

mass spec. 3 m/e 174 (n*) also 141 (M-HS).
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Attempted dehydration of diol (XXVI):

Phosphorous oxychloride (6m1) was added to 2,6—dihydroxy-9-ﬁhia—
bicyclo[3.3.1] nonane (XXVI) (224mg; 1.29m.mole) in pyridine (25ml).
The reaction mixture was refluxed for 54 hr., allowed to coél and then
added dropwise to ice. The aqueous layer was extracted first Vith ether
(3x75ml) and then with ethyl acetate (2x100ml). Each extract was washed
with a saturated solution of copper sulphate, dried and evaporated to
afford a brown 0il-(37mg, in total). T.l.c. investigation of this oil

indicated the presence of many compounds, and separation was not attempted.

2, 6-Diace toxy=9-thiabicyclol3.3.1] nonane (XXVII):

Acetyl chloride (3.16g; 40m.mole) was added dropwise to a stirred
solution of 2,6-dihydroxy-9—thiabicyclo[3.3.1]nonane (1.75g; 10m.mole)
in pyridine (20m1). A considerable heating effect was observed and the
feaction mixture turned light'brown.‘After.stirring at room temperature
for 14 hr. the.preoipitated pyridine hydrochloride was filtered off
and excess pyridine removed by evaporation in vacuo to give 2.98g of
an orange semi-solid. Purification by prep. t.l.c. (131 ether/petroleum
spirit) yielded 2,6-diaoetoxy-9—thiabiéyclo[3.3.1]nonane (2.17g; 8.4m.mole;
84%) as colourless needles m.p. 101=102° (1it. 100-1010); m/e258 (M )3

n.m.r. (CDCL,) :+7T 4.66 (2H,t.J=10Hz, with further splitting,J=4Hz);

)
3
7.06=7.33 (2H,m)3 7.46-8.16 (m); 7.93 (s)(14H);

i.r. (KBr disc) 1Y 2985,2950(sh),2920,2843,1724(vs),1485,1450,1430,1380,

-1 »
1355, 1240,1225(d;v.s.),1022 cm .
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Pyrolysis of 2,6-diacetoxy-9—thiabicyclo[3.3.1]nonane (XXVII):

2,6=Diace toxy~9-thiabicyclol3.3.1) nonane (XXvII) (200mg; 0.78m.mole)
was pyrolysed (2100) for 19 hr in a glass tube sealed at 1 atmosphere.
After cooling, the contents of the tube were extracted with chloroform
and found to be starting material only, obtained in quantitative yield.

The experiment was repeated at 2400 for 24 hr. The slightl blackendd
product was extracted with chloroforﬁ and filtered through a small plug
of cotton wool to yield a brown oil (180mg) which was chromatographed
over alumina (basic; 10g). Elution with etﬁer/pétroleum spirit (115)
gave 9-thiabioyclo[4.2.1]pbna-2,4-diene (xvI) (21mg) in the earlier

fractions, followed by starting material (XXVII) (132mg).

Attempted preparation of bis xanthate (XXVIIT) of;9-thiabicyclo[3.3.1]-

nona-2,6-diols

Dimethyl sulphoxide (23ml) was added to sodium hydride (1.44g éf a
60% dispersion in benzenej 36m.mole) and the solution was stirred ét
750 (bath temp.) for 45 min. Diol (XXVI) (1.65g; 9.48m.mole) in DMSO
(5m1) was added at room temperéture and stirring continued for 1 hr.
Carbon disulphide (4g3 52.6m.mole) was added dropwise with external
cooling (ice). Whilé stirring for thr. the reaction mixture gradually
became homogeneous and a red colouration developed which was dispelled
on addition of methyl iodide (3.41g§ 24m.mole). The pale yellow solution
was stirred for a further hour before being pdured onto ice and extracted
with ether (3x200ml). The ether extracts wére washed with water (4x200ml),
with brine (1x250ml), dried and solvent was removed to yield a crude
product (3.2g) of which 1.5g was found to be soluble in petroleum sbirit.

This fraction was placed on alumina (neutral; 75g) and eluted with ether/
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petroleum spirit (1:9). A yellow oil (1.3g) was obtained, which appeared,

on n.m.r. data, to be the mono xanthate (XXIX).

N,N~-dime thylthiocarbamate (XXX)3

Sodium hydride (480mg; 20m.mol§) was added over 30 min to a stirred,
cooled solution of the diol (XXVI) (870mg; 5m.molé),in dry dimethyl
formamide (7ml) and the reaction mixture was heated at 600 forar.
N,N-dimethylthiocarbamoyl chloride (1.53; 13m.mole) was added to the
cooled solution over 30 min and the reaction mixture was stirred over—
night. After heating at 60O for 2 hr it was cooled, poured on to ice
and extracted‘several time s with chlo:oform. The combined extracts were
dried and evaporated affording a colourless solid (1.14g; 3.27 m.mole; 66%).
Crystallisation from chloroform/ether gave (XXX) as colourless needles
(mep. 148-1500)5 m/e 348 (M"). Found ¢ C,48.02; H,7.06; N,8.11.

14 24N20253 requires 3 C,48.27; H,6.945 ¥,8.04%.
n.m.r. (0301 ) 1T3.90-4,33(2H,m); 6.62 (6H,s); 6.85 (6Hys); 6,93 = T.15
~(2H,m); 7.43-8.10 (8H,m);
i.r. (KBr disc) 1Y 2983(sh), 2930 2888,2872,2848, 1510 1490,1311,1292, 1180(s),

1152(sh) cm~ ,

Pyrolysis of (XXX)s

N, N~dime thylthiocarbamate (XXX) (300mg; Q.86d.mole) was pyrolysed
at 200O for 24 days in a glass tube sealed under vacuum. After extraction
"with chloroform and filtration the two main componentsof the crude reaction
products were separated by prep. t.l.c. (111 chloroform/petroleum spirit).

The more mobile band contained starting material (194mg). Te less mobile



83
band (42mg; O.12m.mole;14%) orystallised from chloroform/ether as colourless
needles (m.p. 133-1340; m/e 348 (M*)). Found 1 C,48.52; H,7.09; N,8.24.
c14H24N20233:;equires Cy48.27; H,6.94; N,8.04%. 4
NeMeTe (00013) 1T 5.36=5.83 (2H,m); 5.83-6.23 (2H,m);’7.o (12H,8 )3
7.40-8.36 (8H,m);

i.rs (0014) :‘?2995(sh),2918,2880(sh),2838,1645(vs),1475;1430,1400,1360(s),

1253(s),1090(s) om™'.

N,N-dimethyldithiocarbamate (XXXIV)s3

N,N~dime thyldithiocarbamate (XXXIV) was prepared by the reaction
of dichloride (VI) with an aqueous solution of sodium dimethyléithiocarbam-
ate as reported43. The product (XXXIV) crystallised from benzene/heptane
as colourless needles, m.p. 211-212° (1it. 210—2110); m/e 380 (Mh).
nem.r. (0DC1,) T 5.05-5.50 (2H,m); 6.50 and 6.60 (12H,d); 6.73 (2E,m);
7.30-8.0 (8H,m);

i.r. (oc14) 1y 2920,2841,1486,1477(sh),1442,1430,1369,1252,1138,978 e T,

~

Pyrolysis of (XXXIV)s

N,N-dime thyldithiocarbamate (XXXIV) (200mg; 0.53m.mole) was heated

0 for 18 hr. in a glass tﬁbe sealed under reduced pressure.

at 217-220
On cooling, the opened tubes were washed out with chloroform armd the
extract was filtered through a small plug of alumina..Evaporatibnrof so lvent
vgave a slightly blackened product which was purified by prep. t.l.c.

(131 chloroform/petroleum spirit). Nm.r.; telec. and mixed melting point

determination showed the product to be starting material.
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6—Chlorof9—thiabioyclo[3.3.1]non—2—ene (XVII)s

2,6~dichloro-9~thiabicyclo[3.3.1] nonane (VI)F(13g; 61.6m.mole )

was pyrolysed at 173—175p for 24 hr in 4 sealéd tuﬁes.'The tubes were

cooled to -700 before being opencd and the tarry reaction mixture was

extracted with ether. Filtration and removal of solvent afforded a dark

brown oil from which unreacted dichloride (V1) (3g) precipitated out.

The residue was distilled (69~720; 0.15mm) to give chloroalkene (XVII)

(5.8g5 33.2m.mole; 70% from reacted dichloride).

Found C,55.18; H,6.40, CgH, 4501 requires:c;54.99; Hy6.35%.m/e 176,174 (M*);

Nem.T. (09013) $T3.98 and 4.06 (2H,d,,J=hHz); 5.36 (1H,t.with further
. splitting, J=4Hz); 6.70-7.0 (2H,m); 7.23=7.50 (2H,d.

with further spitting, J=2Hz); 7.66-8.12 (4H,m);

i.r. (0014) zi’3027,2963,2937,2908,2846,2821,1651 (w) em 1.

Adipate (XXXV):

<

To a refluxing solution of adipic acid (2.48g;1Tm.mole) in acetone
(30m1) was added a solution of triethylamine (3.99g;40m.mole) in acetone
(15m1) and of chloréalkene (xxvI) (5.92g3;34m.mole) in acetone (50ml) and
réfluxing was continued for a further 16hr. After cooling the colourless
precipitate was filtered off and the residue was evaporated to dryness
to furnish a colourless oily solid which was chromatographed over alumina
(neutral; 42g). BElution with ether/petroleum spirit (213) gave adipate
(XXXV) (4.2g;10m.mole; 60%) as colourless plates from chloroform/petroleum
spirit, m.p. 112-114° (lit. m.p. 109-111°); m/e 422 (1*).

Found C,62.21; H,T.26. 0223300432 requires C,62.545 H,T7.16%.
Nem.Ts (cn013) + T4.0 and 4.06 (4H,d.,J=4Hz); 4.57-5.0 (2H,t}J=7Hz, with
further split%ing, J=3Hz); 6.76=7.10 (4H,m); T.46-

8.23 (20H,m);
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iere (0014) ) 3026,2940,2909,2894(sh),2875(sh),285o,2820,1736(&5),

1650(w),1448,1430,1415,1160,1132 om™ .

Pyrolysis of adipate (XXXV)s

Adipate (109mg; 0.26m.mole) in a glass tube, sealed uhder vacuum,
was heated at 247—2550 for 2 hr. The contents of the tube were extracted
with ether and filtered to yield diene (XVI) (42mg; O.31m.mole;66%).

Unreacted starting material (XXXV) (10mg) was also obtained.

-~
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CYCLOOCTATETRAENOQUINONES.

The advent of Hiickel's rulg, which relates the aromaticity of
a planar cyclic compound to the number (4n+2) of M-electrons in the
system, and its empirical extension1 to polycyclic compounds, has
brought about widespread interest2 in the synthesis and properties
of various cyclic M-electron species.

Systems in which a carbonyl group is in conjugation with double
bonds have frequently been used in designing potentially aromatic
molecules. In compoundssuchas 1,2,3,4 and 5 the function of the carbonyl
group is to attain the reéﬁigggé hﬁmber of:ﬁ>electrons while maintaining
complete conjugation. If molecules of this type are to exhibit pseudo
aromaticity the polarised canonical forms (1a to 5a) must contribute
appreciably to the resonance hybrid. Moreover, the stability achieved in
becoming (4n+2)M-electron sytems must more than compensate for the increase
in energy due to the assumption of a planar conformation and to thé
separation of charge required by these structures. Thus the ultimate
properties of these compounds are controlled by the gain in resonance

energy set agaiﬁst the various energy requirements of the polarised

forms.
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For the small-ring compounds cyclopropanone (1) and cyclobutadieno-~
quinone (2) the canonical forms (1a) andr(gi) involve no increase in
angle strain and indeed these molecules are found3 to exhibit unusual
stability. Conversely, tropone (;) has only a minor contribution from
its resonance form (;3J4 presumably because of the high angle strain
and charge separation involved in 3a. ngever, in this case, charge
separation has been eliminated by protonation and the resulting hydroxy-—

5

tropylium ion (;g) shows” appreciable aromatic character.

/

Q N O N O

¢ )

5 - 5a

The cyclooctatetraenoquinones (4) and (5) are of considérable
interest becaiss their canonical forms (gg and jé) embody the cycloocta=-
tetraene dication (6) (4n+2,n=1) which has not been observed directlyé.'
By comparison, cyclooctatetraene dianion (7) is well known and exists as
a planar aromatic molecule indicating that the angle strain involved in this

'planar configuration is more than compensated for by the stabijity conferred

by the 10m—-electron system (4n+2,n=2).



92
However, as in tropone, there is a separation of charge implied in species
4a and Jaj in 4a there is an additional coulombic interaction between
the negative charges on the oxygens of the adjacent carbonyls. These
factors will tend to raise the energy of 4a and 5a and hence decrease their
resonance contribution. Thus it is not known whether the cyclooctatetra-
enoquinones are likely to exhibit pseudoaromatic charactér or exist as
non-planar and therefore non-aromatic molecules. Again, as for tropone,
there exists the-possibility that if 4 and 5 are not aromatic then their
protonated forms could be. Such protonate@ species may still embody
dication (6) (e.g. 8 and 9) or involve a homotropylium ion such as 10
analogous to that observed8 (by-n.m.r.) on protonation of 2,4,6-cyclo-
. octatrienone  at low temperature.

~
‘l\
N
\

—

C{\

= (®

The first derivative of a cyclooctatetraenoquinone to be mentioned
in the 1lierature was a compound assigned9 structure 11 in 1940.
. 10 . .
However, this assignment has since been revised and this product is

now believed to be the tetracyclicpyrone (1g). Attempts to obtain the

A

1 12
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: 11 ' '
trione (11) were made ' by selenium dioxide oxidation of the dione (13)
(Scheme 4). Compound 14, a hydrate of 11, was obtained but attempts

to dehydrate 14 gave only 15, an intramolecular condensation product of

the elusive trione.

Scheme A:

In 1962 the formation of the halodibenzo-1,4-cyclooctatetraenoquinones
(1§ and 11) from the sodium dichromate—acetic acid oxidation of the
corresponding biphenylene derivatives (18 and 19) was described .
However, this was a reinvestigation of the oxidation of these biphenyl~
bnes and no mention was made of the possible aromatic nature of the

quinone derivatives.

0 16,XBr 18, %=Br
17)X:I ‘ 1&X=I



9L

The first deliberate attempts to obtain cyclooctatetraenogquinone
derivatives reported in the literature were made by Proctor and coworkers
in 1966, who attempted13 to oxidise diketone (20) to the tetraketone
(21 or 22) with a view to obtaining the quinone derivative (23). However,
attempts to obtain the tetraketone failed and the several methods used
(selenium dioxide or sodium methoxide with or without ethyl formate) led

only to transannular aldol condensation products of the type 24.

20 21
Q R .
D H
d OH
22,R=0H 24,
23,R=H |

st

The first successful synthesis of a cyclooctatetraenoquinone
derivative was described14 by Yates, Lewars and McCabe who prepared
dibenzo (a,e)cyclooctene=5,6-dione (25). The hydrocarbon (26) on
bromination with N-bromosuccinimide followed by oxidation gave enone
(27) as onme of the products, formed in 20% yield (Scheme B). Subsequent
oxidation of 27 with selenium dioxide furnished quinone (25). A study
of the infra-red and n.m.r. spectra of 25 indicates that any participation

‘ 3 03 t «
by the canonical form 25z must be very small indeed. A large contribution
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Scheme Bg

25

from this structure should cause the carbonyl stretching frequency to
occur at an appreciably longer wavelength than the corresponding bands

in enone (27) or ketones (28 and 29). That the carbonyl adsorption occurs
at shorter wavelength than these compounds may be accounted for by dipole—
dipole inferaction between the adjacent carbonyls in 25 which may be
accentuated by the relatively small dihedral angle between them. Models
indicate that in structure 25 this angle would be of the order of 00—400.
In addition the two protons on the eight—membered ring resonate at T3.17

in the n.m.r. spectrum. The corresponding protons in enone (gl) and

hydrocarbon (;g) occur at T3.12 and T 3.30 respectively. If 25 were indeed

aromatic the W—electron system should be capable of sustaining a diamagnetic
ring current which would significantly deshield these protons. The n.m.r.
spectrum of 25 recorded in trifluorocacetic acid is essentially the same

as that obtained in deuteriochloroform and hence there is no evidence of

special stability in the mono- or di~ protonated forms of 25 ana lagous:

to structures 8,9 and 10.
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30

However, aromaticity in the monocyclic syétems 4 and 5 or their
protonated derivatives is not excluded by the absence of aromaticity from
25. The two benzene rings fused to the eight-membered ring may tend to
a.pp"rojpriate w—electrons for their individual aromatic systems and hence
suppress aromaticity in the eight-membered ring15.

Synthetic approaches to the monocyclic system (i) were ma.de16
starting from cis,cis~1,5~-cyclooctadiene (31). The trans diol (32),
obtained from the diene by performic acid oxidation followed by hydrolysis,
was oxidised to the corresponding dione (33) (Scheme C). However, attempted
allylic bromination of this comi)ound was unsuccessful. Treatment of 33
Scheme C:

I

HQ  OH Q 9
—O—0

31 . 32 ‘ 33
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with N~bromosuccinimide led to intractable tarry mixtures and bromination
with bromine in carbon tetrachloride was accompanied by transannular
bond formation to give keto ether (i& or ;2). The formation of this

Br.. 9 Br.,

.

’ )
. .

Br : Br
34 . 35

—re ———e
“

bicyclic compound is thought to occur via the bromonium ion (;g) (Scheme D).

Scheme Di

Br-l

_3_3_ . . ' S 34
.
36
Br< —
) 0

To protect the carbonyl functions 33 was treated with ethylene glycol
and p-toluene sulphonic acid. Three ketals were produced, diketal (37),

monoketal (38) and the crossed ketal (39). The proportions of these products

varied with reaction time and a two-week reaction optimised the yield of

37 at the expense of the other two products.. Bromination of diketal
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37

39

—_—

(37) with bromine or with pyridinium bromide pe rbromide resulted in
transannular cyclisation producing 9-oxabicyclo[3.3.1] - or[4.2.1] nonane
derivatives (41 or 42). The postulated mechanism (Scheme E) again involves

formation of a bromonium ion (40) followed by nucleophilic attack by the

ketal oxygen.

Scheme B1 c{/\\7

) B \
+

BT 4
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Small-scale bromination of diketal (;l) with N-bromosuccinimide or
1y3-dibromo-5,5-dime thylhydantoin gave an allylic bromide (43a or 43b).
The yield of this reaction was very variable and large scale bromination
was found to give low yields of 43 as well as the two bicyclic dibromides
(41 and 42). The low yield of the bromination step has so far prevented
the accumulation of sufficient bromide (43) for this synthesis of 1,5—

cyclooctatetraenoquinone to be completed.
) B3

Br
Br
43a 43b

————

Alternative routes to quinones 4 and 5 through the valence tautomers

(44 andlgﬁ) have been investigated by several groups. Attempts to obtain

» d%i;;jfi — /Aa
T No

4 4b
O, =
—
No
5 | 45
a substituted derivative of 44 were reported17 by Pappas and coworkerst /

The proposed reaction sequence (Séheme F) involved photo-addition of an

alkyne to me thoxy-p-benzoquinone to give a substituted bicyclo[4.2.0]ootene
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(46) which could be converted to a derivative of 1,2=-cyclooctatetraeno-
quinone (47) by a series of steps. The only previous reports18 of alkyne

Scheme Fs¢

0 oH R | OH
3 & R\ OCH3
+ ] - —
C = R
R
46
R R |
R ;fi) R /,C) F&\ Y
. AR ,
— “—
\o, O
41

addition to a p-benzoquinone had given (Scheme G) an adduct (49) formed
by addition to the carbonyl group presumably occuring via the oxetans

intermediate (ﬁ§). However, although Pappas found that addition of an

. Scheme Gt

CeHs
? CeHs 0 CeHs
C 48
4 I hy %
l
c | HeC C-CeH
8 | 5 6\c/ 615
| CgHs \ |
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alkyne to methoxy-p~benzoquinone did not occur at the carbonyl groupj the
addition invariable took place at the methoxyl side of the guinone to give

50 and hence the reaction sequence given in Scheme F was inapplicable.

O

| OCH3 _ : .
| o)) R=R;=CH3
_{.5_9. R b) R.—"-‘ Rz“: CGHS
2
’ C”%=CH3,REC6H5

0

dR=CgHe, R=CHs

| In 1973 Yates also reported19 on the photoaddition of an alkyne to
i p~benzoquinone and to 2,5-dimethyl-p-benzoquinone. Addition to the carbonyl
group was again found to occur. In order to overcome this problem Yates
gsought to modify the quinone chromophore to favour reaction at én ethylenic
bond. He found that reactiongo of p-benzoquinone with anthracene gave
enedione (51) which underwent photoaddition at the ethylenic bond to give
adducts (j@, 53 and 2&), in good yield, with but-2-yne, with phenyiacetylene
and with dimethylacetylenedicarboxylate respectively. The stereochemical
assignment of thése molecules was based on the assumption that addition

N
occurs at the less hindered side of the double bond. Adducts (52 and 53)

R,

51 52, R=R,=CHj

53, Ry=CgHs , R=H

54, R=R=C0,CHs



, 102
fragmented thermally by a retro-Diels Alder reaction to give 55 and 56

in good yield, but the valence tautomerism of these products was not

discussed.

55,R=R=CHj

56,R=CgHs,R=H

Véry’recently, the preparation of 45 itself has been described21
(Scheme H). Photooxygenation of trans-T,8-dibromobicyclo[4.2.0]octa=2,4=
diene2? (58), a bromination product ofcyclocctatetraene (57), gave mainly
epidioxide (jg) accompanied by small amounts of diepoxide (60). Reduction
of 59 with lithium aluminium hydride yielded diol (1) which was converted
to diacetate (62). Debromination of 62 with zinc dust to give 63 with
subsequent reductive deacetylation afforded diene diol (éA). Oxidation
- with Jones reagent led to bicyclo[4.2.0]octa—B,?—diene-Z,S—dione (4§Q
in 41% overall yield from cyclooctatetraene. Valence tautomerism of 45

to quinone (5) is now under active investigation by this group.

Scheme H:

Br r
. “Br ~~Br -

: —
P

OR |
Br 60
59 ; 61,R=H
...Br ?Z)RzCOCH:B
OR |
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Scheme H (cont)s

OCOCH3 OH

62

OH

I 45 |
0 —_—
o A : ‘
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RESULT3 AND DISCUS3ION.

Because of the considerable interest in the cyclooctatetraeneoquinones,
as detailed ‘in the introduction, we sought to synthesise either cycloocta~-

345y T~triene-1,2-dione (I) or cycloocta-2,5,7~triene-1,4~dione (II).

Oy

I s

‘Three synthetic approaches were undertaken. The first (Scheme 1),
an adaptation of the route to (I) attempted by Yates et al16, involves

the formation of enone moieties by the established23

allylic bromination
of enol acetates. It was felt that the bromination step should be particul-

arly facile since both methylene groups of V are doubly allylic.

Schene T:
" HQ  OH o
o : N/

" —
B /

AcQ Ac Ac Ac

\
T — —
Br— r
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The other two routes utilise ‘bicyclic precursors (Schemes‘2 and 3)

for the synthesis of II. It was expected that these bicyélic compounds
would allow 1,4~difunctionalisation of the 8-membered carbon skeletén

while their conformational rigidity would prevent the transannular cyclis-
ation reaétions which have impeded the monocyclic routes already attempted.
The Pummerer reaction of VII (Scheme 2) or the electrophilic attack of
disulphides on the o&sulphonyl anions of IX (Scheme 3) represent two pbssible

me thods of introducing substituents at the bridgehead positions.

Scheme 2:

_ —_— T
— Ac O OAc H
Scheme 3:
/ 1

AN | .

N _ R, + 2RS

— g RS/ =" \SR

RV “\cH-
T RS SR 3 i
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The lMonocyclic Routas

This route involves formation of transdiol (III) from the performic

hydroxylation24 of 1,5~cyclooctadiene. Although this was reported 6,25 t
go smoothly, in our hands the mono- and di-formate esters of IIT were
formed as by=-products. Steam distillation of the crude reaction mixture
afforded diol (III) but in greatly reduced yield. However, reduction of
the formate ester mixture with lithium aluminium hydride gave III in an
overall yield of 52%.

Because of the known tendency of 1,2-diols to undergo ready oxidative
cleavage the mild oxidising system dimethyl sulphoxide-acetic anhydride26
was used to effect the oxidation of III to ene-dione (IV).

As discussed earlier, attempts to introduce double bonds into 8-
membered carbocyles by the technique of bromination and dehydrobromination

had resulted either in'tarry mixtures or in transannular condensation

products, both with ene-dione (IV) and the corresponding diketal (XIII).

83 €7 g

XTI

An alternative intermediate is the bisenol acetate derivative (V) which

has two advantages over the dione and diketal. Firstly, the conformation

;f this bisenol acetate is such that the acetate oxygen (7Q¢g—CH3) cannot
interact with the A5,6 double bond (see diagram) and in any case the

—g-¢H3 group will have an electron withdrawing effect and therefore this
acetate oxygen will not have such good nucleophilicity as either the carbonyl
or ketal oxygens in IV and-XIII respectively. Secondly, positions 4 and 7

are doubly allylic in V and therefore allylic bromination with N~bromo-

succinimide may reasonably be expected to be more facile than bromination of
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IV and XIII and to compete in rate with any transannular-reactions (c.f.
allylic bromination was previously very sluggish16). Decomposition of
dibromide (VI) either spontancously or by mild base treatment should give

the desired 1,2-quinone (I).

Formation of bisenol acetate (V) proved more difficult than at first
expected. IsoprOpeﬁvl acetate, with p-toluene sulphonic acid as catalyst
reacted sluggishly with dione (IV) and only starting material could be
isolated from the reaction mixture. Again, using acetic anhydride with sodium
acetate, mainly stariing material ﬁas isolated although the n.me.r. spectrum
obtained on tﬁe reaction product showed some change in the vinyl region,
and the appearance of an acetate methyl signal indicated some formation
of at least monoenol acetate.

Using acetic anhydride with a catalytic amount of concentrated

sulphuric acid gave the most hopeful results with definite changes in

the n.m.r. spectrum of the reactionproducts which appeared to be a mixture
lof starting material and monoenol acetate (XIV). 4 broadening 1in the
vinylic resonances fromT4.43 to T4.56 was cleafly visible and may be
‘accounted for by the new vinyl proton present in XIV. In addition, a
multiplet observed between T6.73~ 7.06 may be due to protons which are i
doubly allylic and hence resonating downfield of the allylic methylene

protons in IV. A sharp singlet atT7.86 indicated the presence of the

acetate methyl group.



However, attempts to improve the reaction either by using more acid

catalyst, or by longer reaction time resulted only in intractable tarry

!
‘

mixtures. |
Attempts to form XV by treatment of IV with sodium hydride in dimethyl
sulphoxide and subsequent reaction with diethyl carbonate did not result

in XV but gave only starting material.

R

XY

From the above discussion it appeared that protection of dione IV
as bisenol acetate (V) or carbonate (XV) was more difficult than anticipated.

In consequence, this synthetic approach was not further investigated.

The Bicylic- Routess

a)The Pummerer Reactions

Trénsformations of sulphoxides to &~acetoxy sulphides using acetic
aﬁhydride were obgerved by Pummerer as early as 190927.,Thus it was i
proposed to react acetic anhydride with sulphoxide‘VIIZS, prepared by the
reaction of cyclooctatetraene and sulphur monoxide, generated in situ by
the thermolysis of ethylene sulphoxide29. The desired product VIII {Scheme 2)

would be a key intermediate in the formation of 1y 4=quinone . (II).
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Reaction of VII with excess acetic anhydride lead to a non-polar
product, the n.m.r. spectrum of which showed resonances only in the T 2.6-2.8
region. This indicated that the product contained neither a sulphide bridge
nor an acetoxyl function. Repeating this reaction for a shorter time led
to a complex mixture of products. The least polar compound in this mixture
showed spectroscopic characteristics identical to those of the previous
single product. The several products of intermediate polarity observed
on t.lecs were present in quantities too small to allow identification
but the major, and most polar, component was unreacted starting material.
Varying the amount of acetic anhydride employed again gave only a non-polar
product or starting material and using sulphuric acid as a catalyst in the
reaction resulted in a black oil from which no products could be isolated.
Reaction of VII with a mixture of acetic anhydride and acetyl chleride gave
a product with two bridgehead signals in the n.m.r. spectrum, attributed to
a mixture of starting material and hydrogen on carbon bearing‘sulphur.
However, no incorporation of acetate was observed.

‘There have been several mechanisms proposed30 for the Pummerer rearrangs-—
. ment but the one most generally accepted involves formation of an ylid

intermediate (Scheme 4). loss of acetate from such an ylid would give a sul-

phide salt such as a.

Schene L:

C R | OAc R OA R
I | / A | | / l C

Y TR RN L Y RN A
I \R’ ' \R ! I+ \R'
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The transformation of a to b was suggested by Johnson and Phillips31
who found that when mofe than one reaction pathway was available then subs
stituents (R) which favour a carbonium ion favour the production of Pummerer
products, and also that highly polar solvents capable of stabilising
carbonium ions facilitate the reaction. The possible intramolecular
rearrangement of XVI was excluded32 on studying the feac£ion using18 O-
labelled acetic anhydride. |

Hdwever, formation of an intermediate such as a would involve structure
XVII which contains a strained double bond (c.f. Bredt's Rule). Alth§ugh
the formation of certain bridgehead double bonds has been observed33 in
the 9-thiabicyclo[3.3.1]nonane series, it may be that the energy of form—
ation of a suiphur—free product is lower than that of XVII and hence reaction
of VII with acetic anhydride will be expected to give this product rather |

than the normal Pummerer product.

OAc

XVIT

b) Bridgehead Anion Method:

In’view of the fact that functionalisation of the bridghead positions
did not appear to be possible by the Pummerer reaction, the feasibility
of introducing bridgeheé,d o ~sulphonyl carbanions was examined. Dianion
(X), on reaction with a disulphide and subsequent reduction should give
XII, a bisthickebal of 1,4-quinone (II). (Scheme 3).

Formation of compounds such as XI, by the addition of carbanions to
disulphides, has an analogy34 in the addition of o{-carbonyl carbapions to
dialkyldisulphides and to diphenyidisulphide. BEvidence that the sulphényl

group is capable of stabilising an adjacent bridgehead carbanion was gained
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some years ago35 in the bioyclo[2.2.2]octane series and more recently in
the 9-thiabicyclol3.3.1 nonane3%737, and the 8-tuisbioyclo[3.2.1] octane3®
series. In addition, the electronicinteractions of bridgehead of=sulphonyl
carbanions in the 9-thiabicyclo[4.2.1)nonane series have been studied38 as
a function of the unsaturation in the carbon framework.

Addition of excess n-butyl lithium to a solution of the sulphone (IX)
in anhydrous tetrahydrofuran at -70o in ahdry nitrogen atmosphere resultéd
in formation of dianion (X), exhibited by an intense purple colouration.
Because XIiI (R=Ph) was expected to be a good leaving group the solﬁtion of
the dianion X was quenched with an excess of diphenylvdisulphide dissolved
in tetrahydrofuran. However, this resulted in\a mixture of the starting
sulphone (IX) and n-but ylphenyl sulphide, even after varying reaction time
and temperatufe.

Possibly the very bulky anion experiences too much steric hindrance
in its approach to the large molecule of diphenyldisulphide and for this
reason dimethyldisulphide was employed. Unfortunately, preliminary attempts
with dimethyldisulphide appear to be unsuccessful, t.l.c. data indicating

the formation of a large number of compounds.
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EXPERIMSNTAL,

For general experimental detail, see page 68

Trans-5 ~cyclocten—1,2-diol (IIT):

To 1,5-cyclooctadiene (114 ml; 100g; b.92moles), stirred in an ice
bath, was added a mixture of hydrogen peroxide (33% solutiony 100ml; 110g;
1.0moles) and 99% formic acid (620ml) over 1hr., maintaining the teﬁperature
at 40-450; The ice-bath was removed, and the temperature rose to 550 when
the mixture became homogenous. The reaction was stirred for a further 5min.
and then heated at 65° on the steam bath for 2hr. after which no peracid
was observed (starch-iodide). On removal of formic acid and water under
vacuum the residue was stirred and cooled in an ice bath while a solution
of sodium hydroxide (5623 1.2mole) in water (240ml) was cautiously added.
The aqueous mixture was extracted with chloroform. After drying and evapor-
ation of solvent, the crude product was distilled through a simple stillhead
collecting the product {74g) between 116 and 14001(0.8—1.Omm). |

Because the n.m.r. spectrum indicated the presence of formate esters,
this product was treated with lithium aluminium hydride (LAH). A sluiry
of LAH (4.8g; O.13mole) in ether (300ml) was added carefully to a stirred
solution of this mixture (27.5g) in etﬁer (300m1). Stirring was continued
at room temperature for 50min. after which an aliquot indicatéd the presence
;f only one product by t.l.c. Excess LAH was destroyed by cautious addition
of saturated sodium sulphate solution. Filtrétion and evaporation of»solvent
 afforded trans-S-cyloocten~1,2-diol (III) as a colourless mobile oil in
90% yield, b.p. 86°/0.35mm (lit.39 153-155°/16mm); m/e 142 (M');

NeMeT (coc13) i T 4.10-4.56 (2H,m); 6.13 (2H,s,exchangeable with D20);

6.20-6.48 (2H,m)3 7.46;8.47 (84,m);

i,i. (cc14) 1 ¥ 3400(b),3018,2976 (sh),2932,2860,1650,1045(sh),1036(s) cm

-1
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5=Cycloocten—1,2~dione (IV)s

Diol (III) (7.5g; 52.8mmole), dimethyl sulphoxide (75ml) and acetic
anhydride (38ml) were allowed to sbtand at room temperature for 24hr. in
a stoppered flask. The light-green reaction ﬁixture was poured into dilute
hydrochloric acid (18ml of conc. hydrochloric acid in EOOml of water) while
cooling with an ice bath, in order to hydrolyse acetic anhydride and acetoxy

methyl methyl sulphide32

to water soluble compounds. The mixture was stirred
at room temperature for 30min. before being extracted with dichloromethane
(4x50m1), washed with water and dilute sodium bicarbonate and dried. Evapor-
ation of solvent furnished a yellow-green liguid (10.5g) which was distilled
through a simple stillhead to give enedione (IV) (3.65g; 26.5mmole; 50%)
as a light yellow liquid (b.p. 40-569§o.2mm). Redistillation (45-56"/0.25mm)
furnished IV as a light yellow oil (2.85g) which crystallised from pentane
at -20° as pale yellow crystals (m.p. 32-34°). (1it. 35-36% m/e 138 (M"));
namer. (CDC1y) #7T 3.97-4.33 (2H,m); 7.20-7.93 (8H,m)3 |
i.r. (0014) 1V 3024,2965,2946,2911,2870,1719(v.s),1708(vs), 1463, 1429,
1413,1330,1317,1300 o™ .

'Amax(hexane) t 281nm (log€=3.5); 290nm (sh., 3.1); 346nm (1.7).

Attempted bisenol acetylation of (IV):

Method A?

Diketone (IV) (158mg; O.15mmole) in isopropenyl acetate (6ml) was
heated in the presence of p-toluene sulphonic acid (9mg) for 18hr. at
118° (bath temperature) allowing acetone to distil off . After removal
of excess isopropenyl acet@te by distillation, the dark brown residue was

taken up in ethyl acetate and washed with saturated sodium bicarbonate
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solution. On drying and evaporation of solvent, the crude product was
treated with boiling petroleum spirit. The extract contained a single
compound. (t.l.c.) which was shown by n.m.r. and i.r. to be the starting
material.

The reaction was repeated at a bath temperature of 107o for 1 week.
In this case, the p-toluene sulphonic acid was neutraliséd by the addition
of solid potassium carbonate and the reaction mixture extracted with boiling

vetroleum spirit. The extract again furnished starting material.

lethod B:

A solution of diketone (IV) (138mg; 1mmole) in acetic anhydride
(1ml) with anhydrous scdium acetate (6mg) as catalyst was refluxed for 3hr.
at 1480 (bath temperature). Excess acetic anhydride was removed by azeotropic
distillation with benzene and the dark brown residue was extracted with boil-
ing petroleum spirit. On evaporation the'extract gave mainly starting
material., However, mono-~enolacetate characteristics were evident in fhe n;m.r.
spectrum, e.g. a definite broadening of the vinylic resonances from’?4.33-

4.55; a multiplet at T6.73=7.06 and a sharp singlet at"T7.86.
Me thod Ct

Diketone (IV) (400mg; 2.94mmole) was dissolved in acetic anhydride
(30m1) and concentrated sulphuric acid (2 drops) was added cautiously, when
the solution was seen to turn dark brown. The solution was heated at 1404
150° (bath temperaturs) for 5 hr. allowing acetic acid to distil over.
After azeotropic distillation with benzene the black residue was extracted
with boiling petrbleum spirit furnishing 250mg..of a product which consisted
of at least two compounds (t.l.c.). Attempted separation by prep. t.l.ce
tsolvent, 1¢1 chloroform/petroleum spirit) afforded pure starting material

(IV) as the major compound (200mg) and 12mg. of a mixture of starting
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material and monocenol acetate (XIV).
On repeating thié reaction procedure for longer reaction time (44nr)
similar results were obtained, with no noticeableincrease in acetate fofmat-

ion.

Attempted preparation of bisenol carbonate (XV)i

a). Chloromethyl formate (1ml) was added dropwise at room temperature to

a solution of dione (IV) (450mg; 3.26mmole) in pyridine (1ml). The colourless
solid which first formed redissolved on addition of pyridine (5ml). The react-
ion mixture was heated overnight at 110o (vath temperature) allowing methanol
.to distil. over. Excess pyridine was ditilled out and final traces removed

by washing with aqueous copper sulphate, after the residue had been taken

up in ethyl acetate. Drying and evaporation of solvent yielded mainly

starting material as shown by t.lec.y i.r. and n.m.r. spectra.

b). Sodium hydride (186mg. of 60% dispersion in benzene; 4.65mmole) was
placed in a 50ml, round bottomed two necked flask equipped with a drying
tube and septum cap. Dimethyl sulphoxide (5ml) was added by syringe and
sonme effervescence‘wés obgerved. After stirring for 1hr. at 750 (bathv
temperature) a solution of dione (IV) (302mg ; 2.19mmole) in dimethyl
sulphoxide (3ml) was added by syringe. Stirring was continued for 2hr. at
room temperature. The flask was fitted with a stillhead and heated to
.900 (bath temperature) allowing ethanol to distil over. After 20hr. the
regction mixture was poured on to ice, extracted with chloroform and washed
with brine, to remove excess dimethyl sulphoxide. After evaporation of
the chloroform extracts the crystalline product was shown £o be startiné

material from i.r. and n.m.r. spectra.
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Preparation of Thiiran-—l-oxide:

A solution of sodium periodate (23.5g; 0.11 mole) in water (240m1) in
a 500ml conical flask was cooled in an ice bath. A suspension of ethylene
sulphide (6g; O.10mole) in methanol (60ml) was added dropwise with stirring.
After thr. at ice bath temperature the solutioh was filtered and extracted
with dichloromethane (3x200ml). Evaporation of solvent under suction afforded
thiiran-1-oxide (3.8g;0.05mole; 50%) as a coloﬁrless oils m/e'76 (rty;
Nnem.r. (CDCl3) t T 7.23-7.56(2H, complex m); 7.63-8.10 (2H, complex m)s

i.r. (liquid film): 93092,2995,1110,1050(v.s.);1012(sh)vcm—1.

Preparation of;9-thiabigyclo[4.2tﬂ nona—2,4,7=triene=9-oxide (VII)s

* Cyclooctatetraene (4.6g; 44.2mmole) and thiiran-1-oxide (3.56g,
46.8mmole) were refluxed in xylene (130ml) for 30min. After cooling, the
light-brown reaction mixture was passed through a filtration column (20g
of neutral alﬁmina), eluting first with petroleum gspirit to remove most
of the xylené, then with ether and finally with chloroform. Those fractions
containing polar material (t.l.c) were recombined and purified by chromato-
graphing on an alumina column (80g) made up in chloroform/ether (1:14) and
eluting with chloroform/ether (1:3). 9-Thiabicyclol4.2.1] nona~2,4,7-triene~
9-oxide (VII) (2.02g,13.2Tmmole,30%) was obtained as colourless needles
from chloroform/petroleum spirit (m.p. 122-123%; 1it.120-121°); m/e 152 (%),
Found:C,63.05; H,5.43. CgHgSO requires 3 C,63.15; H,5.30%. |
n.m.T. (CDCIB) t T 3.2-3.4 (2H,m. protons on Cy and 04);

.3.83-4.26 (2H,m. protons on C, and 05);

2
4.46 and 4.52 (2H,d. J=4Hz , protons on ¢, and 08);
5.75 (2H, d.d., J=4Hz, J=8Hz, bridgehead protons);

i.r..(KBr disc) 3 93024(w),3016,3010,3ooo(w),2968(w),2943,1487,1078(vs),-

1065 om™ .

Amax (ethanol) 1 223nm (logE =3.6); 281 (3.39).

’



pem.r. (6D01,) + 7 4.35-4.55 (28, at, J=5Hz, J=10Hz. protons on Cy and C,);
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Attempted Pummerer reaction on 9-thiabicyclo[4.2.1]nona—2,4,7-triene—9-oxide:

9-Thiabicyclo[4.2.1] nona=2,4,7-triene- 9-oxide (VII) (65mg; O.41mmole)
and ﬁcetic anhydride (2.5m1) were refluxed for 5hr., after which time excess
acetic anhydridé was removed by azeotropic distillation with benzene. T.i.c.
performed on the product indicated that it was much less polar than starting
material. Purification by prep. t.l.ce. (ether/petroleum spirit, 1:4) afforded
a pale yellow oil (11.4mg.) as the main product. Its i.r. spectrum indicated

that neither sulphexide nor carbonyl adsorptions were present.

Preparation af9-Thiabicyclo[4.2.1]nona—2,4,7-triene-9,9—dioxide (IX):

To a solution of 9-thiabicyclo[4.2.1]nona-2,4,7—triene-9—oxide (VvII)
(458 mg.; 3.01mmole) in chloroform (20ml) stirred in an ice bath was
added a solution of m~-chloroperbenzoic acid (570mg, 3.3mmole) in chloro=-
form (30ml). After stirring at room temperature in the dark for 24hr. the
reaction mixture was washed with sodium sulphite (50ml), sodium carbonate
(4x50ml) and dried. Bvaporation to dryness yielded 9—thiabicyclo[4.2.1]
nona=2,4,7~triene~9,9.-dioxide(IX) (500mg; 2.98mmole; 99%), colourless
needles from chloroform/ether, m.p. 188-190° (1it. 192-193° (dec));

m/e 168(1");

4.61-5.11 (4H, m. protons on Cz,Cgshand 08);
6.85-6.98 (2H, d. J=8Hz, with further splitting,

bridgehead protons);

.

i.r. (KBr disc) : V 3030(w),3021,3010,3000(w),2975,1481,1302(v.s.),1118(v.s.)

-1 f
cm .
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Preparation of the dianion (X) of 9—thiabicyclo[4.2.1]nona—2,4,7-triene~

9,9~dioxides

f-Butyl lithium (O.le, approx. 1mmole) was added by syringe through
a septum cap into a flask containing 9~thiabioyclo[4.2.1]nona-2,4,7-triene-

9,9-dioxide (IX) (63mg; 0.375mmole) in dry tetrahydrofuran (7.5ml) stirred

"in a dry nitrogen atmosphere at -700. The solution turned red instantaneous-—

ly , and on complete addition had become a deep purple colour.

a)e Quenching of the dianion with diphenyl disulphides

After formation of the dianion, as detailed abové, a solution of
diphenyl disulphide (175mg; O.8mmole) in tetrahydrofuran (3ml) was added
over 3 min. and left to stir for 45 min., during which time the reaction
mixture was allowed to warm at room temperature. Excess n-butyl lithium
was destroyed by cautious addition of a little water until no more effer-
vescence could be seen and excesgs tetrahydrofuran was reduced in volume.
by evaporation under suction., The resulting solution was éxtracted with
chloroform (4x50m1) and dried. Removal of solvent afforded a crude product
(195mg) which consisted of three compounds (telece). Isolation by prep. t.l.ce
(119 chloroform/petroleum spirit) gave, in order of polarity: n-butylphenyl

gulphide, diphenyl disulphide and the starting sulphone (1%).

5). Quenching of the dianion with dimethyl disulphide:?

The deep purple solution formed by addition on n-butyl lithium to
9—thiabicyclo[4.2.1]nona~2y4s7~triene—9,9-dioxide (IX) and assumed to be
a solution of the dianion (X) of“the sulphone was quenched by addition of
dimethyl disulphide (140mg§ 1.3mmole) in tetrahydrofuran (2ml) over 30sec.

i j . ked u
at ~70°. The reaction mixture was then left to stir for 20hr. and wor P
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as in a) above. '

Alternatively; a solution of the dianion (formed as above) in dimethyl
formamide (7m1) at -700 was quénchéd by addition of a vast excess of dimethyl
disulphide (1.3g; 13.8mmole) in tetrahydrofuran (10ml). After warming to
room temperature the reaction mixture was stirred for 1hr. and again worked
up as in a) above.

In both cases t.lec. analyses of the crude reaction mixture indicated

the formation of a large number of products.
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