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STUMMARY .

The work described in this thesis has been divided
into three parts :
Chapter One describes several unsuccessful attempts to
add dichlorocarbene to the enol-acetate derived from
bicyclo[3.3.l.]nonan-9-one. This was intended as a
new route to the relatively inaccessible bicyclo[h.3.1l
deca-2,10-dione system,
Chapter Two is concerned with investigationé into the
fragmentatioﬁs of L-tosyloxy bicyclo[3.2.1J and[3.3.ll
alkanones as.routes into specifically-substituted
medium ring compounds. Two new fragmentation reactions
are described, one of which has been studied in detail.
Also included is a discussion of the ractors aftecting
the hydrolysis of certain cycloheptene gem-diesters.
Chapter Thres outlines synthetic approaches to a poss-
ible intermediate in.the biogenesis of sesquiterpenes
of the carotane family. No sesquiterpene as such has
beaen isolated, but it is believed that with suitable
modification of the reaction conditions, such a synth-

esis might have been achiaved.
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Althouzh synthetic organic chemistry is well-
endoved vith methods for the marnipulation of functionsal
groups and well-supplied with a variety of acyclic and

5- and 6-membered cyclic starting materials, the synth-

n

2

t

is of medium and large rings is still underdeveloped.
During the past fifty years, the rapid expansion in the
fie"d of natural product chemistry has meant that the
organic chemist has had to devise many new synthetic
procedures in order to keep zbreast of the ever-
increasiné veriety of chemical structures which he

may be required to construct.

Thne earliest methods of synthesising an alicyclic
compound involved a ring-elosure reaction, the ease of
which depended on the strain of the ring formed and
the distance between the reacting centres, Three of
the most general of these methods were
1; Ruzicka's distillation of the calcium and thorium
salts of dicarboxylic acids, which was most successful
in the preparation of 5-, 6~ and 7-membered rings from
adipic, rimelic and suberic acids respectivelyl;

2) The Thorpe-Zisgler reaction involving an intra-
molecular condsrsztion of dinitriles under 'high
dilution conditionsz, and ’

’3} Prelog?s acyioin synthesis, introduced in l9h73,
which »rovided a good route to the larger rings.

Figure 1 shows tne depnerdence of yield upon ring size
for the sbove three ma2tnods,

Since ther, many additional ring-closures (such as

the Dieckmsrn cyclisation of diesters) hzve b=en
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devised, but if the alicyclic rings are required to
include particuiar substituents in particuler positions,
the methods presently available are less than adequate,.
One approach to this problem is a development of ring-
éxpansion rezactions, and this is the topic with which
this thesis is concerned.

Ring expansions which increase the ring size by
one carbon are well knownh. The Wagner-Meerwein
reaction gthe generai form of which is shown in Scheme
1} makes use of the fact that an intramolecular nucleo-
philic displacement may be accompanied hy an enlarging
of the ring éystem. The tendency for the intermediate
carbonium ion to rearrange is directly related to the
ring size and to the electronegativity of the leaving
group X. Therefore, electron-withdrawing groups in the
cycloalkyl portion will hinder the ring expansion,
whereas electron—ddnating groups wili facilitate it.

The reaction proceeds satisfactorily for the expansion
of rings from 03__’CH through to C7~—»08, and soma-
times even beyond, ’

Perhaps the most famous example of this type is
Meerwein's conversion of pinene hvdrochloride (1) to
borrnyl chloride (2)5, although simpler examples had
heen reported earlier - the nitrous acid deamination of
cyclobutyl carbinylamine (3) to cyclopentanol (4) is
oneé. More recent exanples of the kWagner-ieerwein shift
in the preparation of natural @roducts include Chapman's
synthesis of p-tropolone (7} from (5) via bromine

. . NN . - . .+
oxidation or (6)7, and Yoshikoshi's (-, -bulnesol
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synthesise. The key step in the latter, in which the
bulnesol skeleton is formed, involves the solvolytic
transformation of (&) into (9).

A very closely related ring-expansion method is
the Pinacol rearrangemeﬁt, whose general form can be
seen in Scheme 2.. This can be considered as a Wagner-
Meerwein shift in which the substrate molecule has a
hydroxyl group at C(l) on the ring. This nrovides an
even greater drivinglforce for the ring expansion, as
the produc£ formed is a xetone, which is likely to be
stable. lssentially the same factors govern the use-
fulness of the Pinacol as govern the Wagner-Meerwein.
The reaction is one of the most widely-used ring
enlargement techniques; as witnessed by Buchi's
synthesis of (-)-aromadendrene (12), which involves
the rearrangement of the‘hydroxy~tosylate (10) to the
ketone (11) in the presence of activated aluminag.
Similarly, Corey has utilised this transformation in
his total Synthesis of lorgifolene, an intrinsic part
of which is the conversion of (13) into (14) in the
presence of lithiun perchloratelo.

As e&n example of the plethora of named reactions
in the chemical literature, the Wagner-Meerwein
rearrangement begatvthe Pinacol rearrangewment which
in turn begat the TiffeneanFDamjanov rearrangement,
The last-mentioned is a Pinacol in which the leaving
grbup is molacular nitrogen, i.e. it is essentially a
nitrous &acid deamination., A simple example or its use-

in the homologation of cyclic ketones is shown in
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Scheme 3, in which cyclohexancne is condensed with
isocyanometnyllithium to eventually produce cyclo-
heptanone“.

Anotner widely-used orne-carbon ring enlargement
process is the treatmeﬁt of cyclic ketones with
diazoalikuanes., The overall efiect of this reaction is
to insert a one-carbon unit into the framework of the
ring, but the regiospecificity is low, and a mixture
of products will usually result when a non-symmetrical
cycloalkaﬁone is used as the substrate. The machanism
can be likened to thit of the above-mentioned
Tiffenaeu-Demjanov reaction, as described in Scheme .4,
This also demonstrates why an zlmost inevitable by-
product in a diazoalkune reaction 1s the epoxide
corresponding to the starting ketone.,

Most diazo ring enlargements involve diazomethane

or a monosubstituted diazomethane, such as ethyl

diazoacetate, N2CH-CO?E . Exceptions have been
reported, however, including the formation of the spiro-

ketorie (15) from cyclohexanone and diazocyclohexanel2,

butthese tend to give an even larger number of
products thzn usual. The expansion of larger rings
(07——*08, atc,) normally propeeds in low yield, but
presence o1 a Lewls acid catalyst can enhance this -
for example, using boron trifiuworide, cycloheptanone
plus diszomethane yields 50% cyclo-octanone and 16%
cyclononsnone, while cyclo-octanone yields 44 cyclo-
nonanone and 177 cyclodecanonel3. Thus the mathod has

its uses, but the multiplicity of products is a major
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drawback.

If a ring—sysfem contains a carbon-carbon double
bond, then it is possible that a dihalocarbene, :CX2,
may add across it, giving a dihalocyclopropane :zdduct.
Oﬁening of the three-membered ring will, under the
correct circumstances, lead to a ring-expanded product.
For instance, in Stork's synthesis of muscone (18),
dichlorocarberne generated by the thermal decomposition
of sodium trichioroacetate adds to a silyl enol-ether
(16) to give the homologous ™-chloro enone (l7)lh.

In & synthesis of longifolene., divromocarbene from
bromoform and potassium t-butoxide adds across the
double bond of (19) to give tha adduct (20), which
undergoes a silver-ion-assisted displacement to yield
the allylic alcohol (21)15. The above process generated
the dihalocarbene by means of strong base, and this
limits the applicability of the method to non-base-
labile systems, Howsever, Seyferth16 has discovared
that phenyltrihalomethyl mercury and related compounds
decompose thermally to phenyl mercuric halide and
dihalocarbene. This relatively mild alternstive has
reéently been utiiised in a preparation of i-methy1-3-
bromonaphthalenes from l-methyl indenes ((22}——a(23))17.

Turning our attention riow to expansions by two
or more carhons, we find thzt these w«re less common,
although several stardard methods do exist. An =legant
pathway to seven, eignt and nire membered rings

involves the bridge fission oif bridged bicyclic compounds,

For exampl~, a reaction develoned in this department
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which provides a practical route to Specificallyf
substituted medium rings is the fragmentation of 2-
substituted bicyclo[}.n.lJ alkanones, as exhibited by
the tosylate (24). The equatorial epinmer (24e) is
véry readily cleaved by.ethoxide ion to the cyclo-
octene diester (29}, while the axial epimer (24a) is
unaffected ®. The [3.2.1.] analogue, (26}, opens with
equal facility, giving the cyclcoheptene diester (27)
from the‘equatorial,'and (28) from the axial by a
retro—claisen ring-openingl9. This method-has two
major drawbhacks - (a; only the equatorial tosylate
will fragment in the desired manrer, leaving & high
prgportion of material unused, and (b) in the case of
[n.3.l.] systems where n 25, even the eguatorial
tosylate does not fragment, preferring instead to
undergo a p-elimination. For instance, (29) upon
treatment with ethoxide yields (30) rather than (31)20.
Tosylate nead rot be the leaving group in the above
frégmentation. Indeed, the reazction was first dis-

covered by Stork2l

who treated (32) with hydroxide

and obtained cycloheptene cirboxylic acid (23). There
are also examples of the fragmentation in which there
is no leaving group at all, but rather the driving
force is the release pf ring~-strain. Buchanan dis-
covered that the bicyclic ketone (34) orened to the
cyclohepternae acid (39) ander acid catalysisg2. Thé
synthetic utility of thisAﬁethod is exemplified by the

2
preparation of the sesquiterpene gnaiol (38)2“. A key

step is the opening of (36) to (37) either in dcidic
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methanol or in sodium methoxide,.

Sigmatropic rearrargements vrovide very useful
alternatives to the above ring enlargement techniques.
The intramolecular rearrangement of double bonds is
Qerykoften a facile process, resulting in the formation
of a larger rirg and hence relieving ring strain. For
example, the dihydrofuran (39) undergoes a [3,3]
sigmatropic rearrargement to the cyclonhepterione (41)
via the tetrahydrofufam isomer (HO)2H., The classical
cope rearrangementhas produced a wide variety of ring-
expanded products, including the cyclonexene (43) from
divinylcyclobutane (h2)25, and a four-carbon expansion
of (44) to (ﬁ5)26. The latter is an interesting
variant of the vinylcyclopropane rearrangement, By
an "oxy-Cope' rearrangement, the allylic alcohol (46)
is transformed into the bicyclic enone (h7)27 in
around 90% yield, and a high-yield analogue, the
"siloxy-Cope" is reputed to obviate any undesired by-
productszg.

These, then, are the main generalised methods of
ring expansion at the present time. There are count-
less other ways of enlarging a carbocyolicuring which
have not been discussed in detall, and some of these
are worthy of mention at this point. To correspond to
the above thermal rearrangements, there are a consid-
erable number of photochemical transformations which
can be usedzg. Trost's fesearch into cyclopropyl
sulphur ylids is developing a method which, althongh

young, has already found considerable useBO.
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The object of the work described in this thesis
was to explore further the possibilities of utilising
bridged bicyclic compounds as intermediates in ring
expansion reactions, and to develop new approaches to

ring expansions in general,
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CHAPTER ONE

'APPROACHES TO RING EXPANSION
VIA DICHLOROCARBENE ADDUCTS.
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The fragmentation - elimiration reaction of 2-
substituted carbonyl-bridged bicyclics is developing into
a usaful route to specifically-substituted medium-ring
compoundsl’z’B. A typical exarmpls is shown in Schemne 1.
However, the utilily of the reaction is réstricted by two
factors : firstiy, tnere is & limit to the size of the
ring which does not contain the leaving group (ring B in
(1) ) - if this is larger than 7-membered, the product of
alﬂ-elimination reaction is.observed. This 1s shocwn by
the preferential formation of (3) rather than (4) when

L

(2) is treated with hydroxide ion'. Secondly, by virtue

N

of the normal synthetic procedure by which the carboryl-
bridgedbicyclics are prepared, i.e. Aldol condersation
of a 1,5-dicarbonyl system, A has to be a six-membered
ring. Moreover, in a six-membered ring, the stereo-
chemistry oi the equatorial tosylate is ideal (see
Scheme 1 )} for a concerted fragmentation. If ring A is
five-membered, the geometry is less than ideal, and no
concerted fragmentation is ohbserved in either of the
tosylates tS)[X or Y = TSO] despite the increased ring
strain5; Similarly, Carruthers has fouhd6 tnat neither
of the tosylates (6) [X or Y = TsQl underwent fragment-
ation, Thus the reaction effectively works for
bicyclo[ﬁ.3.l.]alkanone systems, n<§5. It has never
‘been tested for keto-tosylates (1) in which rirg A is
seven- or eight-membered, although the flexibilify of
such systems should readily allow the anti-pariplanar
geomelry necessary for a concerted iragmentation., It

was proposed to atlempt to brozden the scope of the
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process by enlarging ring A by one or more cartons, and
thereby creating a route into largaer-ring compournds,

One of the more common methods of exparding a
cyclic ketone is to treat it with diazoalkanes, However,
this was regarded as iupractical due to the probvable
multitude of products. For example, Pietra7 has shown
’that treatment of biCyCIO[3.3.l{[nonan—2~one(7) with
diazomgthane léads to both bicyclo[%.}.l.]decan-2-
and 3-ones(8) and (9), together with a small amount of
the spiro-oxirane (10).

It was envisaged theét the desired ring-expansion
might be achieved by taking the known l-methylbicyclo
[3.3.1;]n0nan~2,9-dione (11)8, converting it to the enol-
acetute (12) amd then adding dichlorocartene across the
double bond to give the tricyclic compound (13}. An
arralogous bicyclic enol-acetate : dichlorocarbene adduct
(16) has been prepared by Krau59 and has been shown to
undergo a raductive openinrng of the three-membered ring to
eventually give the homologcus bicy:lic ketone (19, as
described in Scheme 2.

TbeAstérting dione (11 was prepared clearly and in
high yield from l»N-morpholin5~6—methyl cyclohexere and
acryloyl chlorideg. conversion to its enol-acetate (12)
by conventicnal means (isopropenyl acetiate in the presence
of p-toluene sulphonic acid) was found to be a very slow
process, btut it was discovered that if the dione (11) was
treated with refluxing acetic arhydride and one drop of
concentrated sulphuric acic, while slowly distilling ont

the acetic acid formed, the desired product could »e

1)
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obtained quickly and in reasonable yield (497 after
distillation). The enol-acetate was characterised by
the appearance of the acetite methyl (2.11 8, s) and
the olefinic proton (5.%55 S , ) in the NMR spectrun.
It was found that (12) coculd be purified by one or more
methods : it sublimed readily under vacuum, it could be
distilled (116-8°/0.15mm.) as a clesr oil wiich solicd-
ified at room temperature, or it could be recrystaliised
from aimixture of ether ard light petroleum.

The initial attempts to form the adduct (13) followed
the same procedursg as used vy Kraus9: chloroform ard 507
aqueous sodium hydroxide in the presence ol & phase-
transfer catalyst such as triethylhenzylammonium

lO‘ However, despite altering the catalyst,

chloride
the solvent and the rszte of stirring of the reaction
mixture, Xraus's achievement in avoiding hydrolysis orf

the enol-acetate could rot be acomplished in our hands,
and the only major product obtained from this series of
reagtions was the monocyclic keto-acid (20). This
presumably arises from the breakdown of the bicyclic dione
system formed upon hydrolysis of the enol-acetate (Scheme
3¢) If has already been shoﬁn by Hickmott that acid
hydrolysis of (11) leads to (20)8. The structure of (20)
was unambiguously assigned by TMR (methyl doublet at
1.00.8 and acid proton at 9,90 8 >, IR (strong 0-1

1)

stretch, with two carbonyl 'bands at 1711 and 1754% cm™
and microanalysis.
Attention was then turned to a well-established

technique for the generation of dichlorocarbene :
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treatment of chloroform with potassium t-butoxidell.

This has the advantage of employing a less-rucleophilic
base, thus minimising the possibility of attack on the
enol-acetate. However, despite prolonging the usual
reaction time, there was no evidence of any addition of
dichlorocarbene, and a virtually quantitative return orf
unreacted enol-acetate was observed.

It is well documented that sodium trichloroacetate
decomposes thermally tc produce dichlorocarbene adducts in

12,13

the presence of olefins Unfortunately, when the

enol-acetate (12) was trezted with freshly-prepared sodium
trichloroacetatelu, the product was neither the adduct
(13) nor unreacted starting material, but the precursor
dione (11) in 96% yield. This obviously arises from
hydrolysis of (12), either because the solvent,
dimethoxyethane, was not properly dried or, more likely,
because (12) was not stable to the agueous work-up
conditions.

Although such a reaction has not been recorded in the
literature, it was thought to be worth treating chloro-
form with sodium hydride to generate diéhlorocarbene, and
if the dione (1i) was present' in the form of its sodium
enolate (21), there would be the possibility that the
carbene might add across the double “ond to give the
adduct (22;., However, when the dione was treated with
sodium hydride and chliorofdorm in refluxing benzeﬁe, thie
product obtained was the monocyclic keto-acid (20},
presumably formed by hydrolysis of unreacted Adione in

the work-up, which involved 107 acetic acid. Faced with an
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evaer-growing mountain of evidence that the enol-acetate
(12) was extremely susceptible to hydrolysis and
fragmentation, the most obvious step was to protect it
in some fashion. The simplest way would be to ketalise
the ketonic carbonyl forming (23). Even if the enol-
acetate part of thi; molecule was hydrolysed, fragment-
ation to a monocyclic derivative would be most unlikely,
and the keto-ketal (2%) produced could te utilised in
another ring-éxpansion reaction.or sequence. All
attempts to form (24) by selective ketalisation of the
dione (11) were singularly unsuccessful, giving an
inseparable mixture of un-, mono- and di-ketalised
products. Disappdintingly, every effort to obtain (23)
in.reasonable yield from (12) also failed. Even when the
enol-acetate was treated with ethylene glycol/pTSA in
refluxing benzene for eight days, only a sm&ll amount of
ketal was formed, and the bulk of the starting material
remained unchanged.

In another attempt to selectively protect one of the
carbonyl g?oups, the dione (11) was reduced with ome
equivalent of lithium aluminium hydride. However, this
gave the diol (25) as the major produc*%. Thus, since all
attempts at base-induced dichlorocarbene generation had
not been without treir difficulties, a non-basic technique
was tried., It has been known since 196215 that phenyl-
trihalomethyl mercury decomposas thermally to produce
phenyl mercuricz halids ard dichlorocarbenz. It has even
been shown16 that rhenylbromodichloromethyl mercury(26)

- and vinyl acetate(27) produce 2,2-dicnhlorocyclopropyl




- 16 -

acetete(28;., Initial attempts to synthesise the above
organomercurial were only partially successful, which
was not too unsxpected. since such synthesz2s are
notoriously difficultl7. To save time, phenylbromo-
dichloromethyl mercury was obtaired from a commercial
sourcel8, but all efforts to utilise this to effect
dicnlorocarbene addition were fruitless. When the enol-
acetate(l2) was treated with PhHgCBrCl, in refluxing
benzene, only ﬁnreacted (12; and PhlizBr were isolated.
Indeed, upon further investigation, our samnple of |
PhHgCBrCl2 would not even add dichlorocarbene across
cyclohexane to produce 7,7-dichioronorcarane(29):!
It was found that the melting point of the "PhHgCBrClz"
was not 108-110° as reported by Seyferthl7 but around
280°, very close to that of PhHgBr.

At this point, since no potentially-useful route

to the dichlorocarbene adduct could be envisaged, this

approach to ring-expansion was terminated.,




GENERAT, FPHRIMENTAL

All melting points were determined on a Kofler
hot-stage apparatus and are uncorrected. Routine infra-
red spectra of liquid films and nujol mulls were run on
a Unicam SP1000 instrument, while solution spectra were
recorded on Perkin-Elmer PE225 and PE257 spectroneters,
All solutions were madsa up in carbon tetrachloride
- unless otherwise statéd. Nuclear magnetic resonahce
were recorded on Varian T-60 and HA-100 instruments,
using approximately 0.3 molar soiutions with tetramethyl-
silane as internal standard. Mass spectra were recorded
on a ARI-GEC MS12 spectrometer.

Thin layer chromatography (TLC) was performed on
silica gel, using Kieselgel GF25M and HF25A for both
analytical and preparative purposes. Gas-~liquid chrom-
atography (GLC) was carried out on a Perkin-Elmer ¥.11l
chromatograph equipped with a flame ionisation detector,

Drying of all organic phases was with anhydroﬁs

magnesium sulphate, and petrol refers to that fraction

of petroleum ether which boils in the range 60-80°,
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-1-Methyl bicyclo [5.3.1.] nonan-2,9-dione(11),

| The above corpound was prepared by the method of
Hickrmott and Hargfeaves.8

A solution of 2.30g. (25.4mmoles) of acryloyl

chloride in S0ml. oI benzene was added dropwise, over
1 hour, to a refluzing solution of 4.50g. (24.%mmoles)
of l1-N-morpholino-6-methyl cyeclohexene in 75ml. of
benzene, and the mixturé nezted under reflux for 24
hours.- After cooling the reaction mixture, an eqral
volume of water w&s added, and the resulting suspension
stirred for 3 hours. The two layers were then
separated, and the aqueons layer extracted with 2 x
35Oml. portions of ether. The combined organic layers
were washed with brine and concentrated under reduced
pressure to yield 3.90g. (94%) of crude cione 2s a
reddish brown gum, whicn could be purified by
sublimation (100° /0.05mm. ), giving a white amorphous
solid, m.pt. 35-6 (lit. 37.9°). |
IR : V_ 17°3, 1708 cm™t,
NMR : 1.16 6 s 31,
M5 : MY 166, A
Fourid : ¢ 72.02, H 8§.48% (Cloﬁlh02 requirés Cc 72.26,
q 8.49%). ' ‘

l-Mathyl-2-scetoxy-bicyclo [3.%.1.] nor.an-2-en-¢-one(12).

6.78g. (40.Emmoles) orf dione (11) in 50mi. of

AnalaR ecetic anhydride was treated with one drop of
conc. H,S0) end the dark solution heated with partial

distillation to remove the acetic acid formed. After
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& hours, the excess acetic anhydride was removed by
azeotroping with toluene and the residue taXen up in
ether, washed with brine, dried, filtered and concen-
trated to yield & brown oil which was distilled (116~
8§°/0.15mm.) to give %.20g. (497) of a clear yellow oil
which selidified on standing.~ This solid could be
recrystallised fromn a mixture of light petroleum

~and ether, and further purification by sublimation
(80°/0.08mm./10 minutes) gave the enol-acetate as a
white solid, m.pt. MM—SO, with the following character-
istics :

IR : ))Co 1760, 1725 cm”
NMR = 1.0h~8 s 3H saturated mathyl;

1

2.11 6 s 3H OCOCHy;
5.55 & i(J:th) 17 olefinic proton.
MS : MY 208, base peak 43.
o - oA . -
Found : C 69.37, H 7.6 (012H16O3 requires C 69f21’
H 7.74%),

Treatment of enol-acetate (12) with sodium trichioro-
acetate, |

A solution of 500mg. (Z.ﬁOmmoles) of enol-acetate
in 10ml., of dimethoxyethane was treated with £20mg.
(2.80mmoles) of sodium trichloroacetatel% and the
solution heated at reflux fof 19 hours, cooled and
quenched with water. The pfoduct was extracted with
2 x 50ml, portions of ether, the combired ether layers

washed with brine, dried, filtered and concentrated to
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give 381mgz. (96%) of a pale yellow o0il which solidified
on standing.
IR : V1705, 1730cm™,

NMR : 1.05 8 S 3H bridgehead methyl,
no sign of any olefinic or acetoxy methyl

protons.

MS @ MT 166.

The above data, together with TLC comparison (20%
ethyl acetate-petrol), confirmed that the above

product was the bicyclic dione (11),

Treatment of ennl-acetate (12) with notassiunm

t-butoxide in chloroform,

A solution of 228mg. (2,00mmoles) or freshly-
prepared potassium t~butoxid%9ana HlSmg.v(2.uOmmoles}
of erol-acetate in €ml. of pentans,at 0° under Ny, was
trested with a solution of 286mg. (2.40mmoles) of dry
chloroform in 5ml. of pentane, over a period of 15
minutes. The solution was allowed to come to room
' temperature and stirred for 1Y hours. 25ml. of water
was added,then sufficient 6N HCl to bring to pH 7.
The layers were separated, and thae aqueous extracted
with 3 x 10ml. portions of pentane. The combined
organic layers were washed with brire, dried (HgSOu),
filtered and concentrated to give L06mg. of a yellow
0il which was identical by NMR, IR, MS ard TLC to the

startir; material.
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Treatment of enol-acetate (12) with 50% Na0H and CPCLl..
. _J—-

(a) In the precence of benzyltrimethvlammonium hydroxida,

To a solution of 500mg. (2.40Ommoles) of enol-
acetate (12), 298mg; (2.50mmoles) of alcohol-free
‘chloroform aﬁd 100mg. of benzyltrimsethylammonium
hydroxide ir 10ml. of methylere chloride was added 1Cml,
of a 50% aqueoué NaCH solution in a single portion, and
the resultant solution stirred vigorously with a
De Witt stirrer for 13 hours at roon tempereture,.

After dilution with water, the layers were separated,
the‘aqueous extracted with fresh methylene chloride, and
the organic pbrtions combined. Th=so were washed to
nevtrality with brine, then dried, filtered and
concentrated to yield 62mg. of a yetlow oil, which was
shown by TLC (5% ethylacetate-petrol) to consist of at
least four comDOﬁerts.

Careful neutralisation of the above aqueous layer
with 6N HCl, followed by the same work-up, led to 409ng.
(927) of & white solid, m.pt. 68-70° from benzene, the
unexpected monocyclic keto-acid (20},

IR : Vg, 3530cn™ (free), 2300-3450cm™F (bonded).

Vo 1711,1754cn™L, -

NMR : 1,006 d (J=7Hz) 3H saturated CHB'
3,508 g (J=7Hz) 1H. |
9.908 s(broad) 1H exchanges with D,0..
MS : MY 184, base peak 81,
Found : C 65.20,H 8.75% (C10H1603requires c65.19,
H 8.75%).
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(b) In the presence of tetra-n-butylammonium bromide,

To a solution of 1.00g. (4.80mmoles) of erol-
acetate, 5G6mg. (5.00mmolas) of alcohol-free chloroform
and 200mg. of tetra-n-butylamronium bromids in 20ml. of
methylens chloride was added 20ml. of a 507 aguaous
solution of NaOH in a single portion. This caussad
spontaneous refluxing of the solvent. The reaction
mixture was stirred vigorously, without external
heatiﬁg, for 2 hours. TFollowing the work-up described
in (a), the organic layer gave 110mg. of a multi-
component 0il which resisted all attempts at purification
and identification, while the aqueous layer, after
neutralisation and re-extraction, gave 783mg. (89%) of

the keto-acid (20).

(¢) In the presence of benzyltriethylammonium chloride.

When 1.00g. (4.8Cmmoles) of enol-acetate was treated
as in (b), with the exception that benzyltriethyl-
ammonium bromide, similar results were observed : the
organic layer yielded 203mg. of a multi-component oil,
while the ‘agqueous layer gave 72umg. (82%4) of the keto-

acid (20),

Treatment of the bicvyclic dione (11) with sodium hydride

in chloroform,

A mixture of 500mg. (3.0lmmoles) of dione, 253mg.
(10.5%mmoles) of NaH, as a 94%dispersion in oil, 1193mg.
(10.00mmoles) of alcohol-free chloroform and 15ml., of

dry benzene was stirred under reflux for 16 hours,then
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treatzad with 20ml. of 10% AcOH. The layers were
separated and the aqueous portion extracted with
benzene. Combination of the organic layers, followed
by brine washing, drying, filtering and solvent removal
yielded 3¢é5mg. of a yellow oil, purified by prep. TLC
(204 ethyl acetate-petrol). The solid thus obtained

~ was identical in all respects with the previously-

mentiorned keto-acid (2Q).

Attempted ketalisetion of erol-acetate (12),

A mixture of 970mg. (4,65moles) of l-methyl-2-
acetoxy bicyclo[3.3.l.] ncnan-2~en-9-one (12), 620mgz,
(10.CO0mmoles) of dry ethylene glycol and 10mg. of p-
toluene sulphonic acid in 125ml. of sodium-dried
benzene was heated under reflux in a Dean and sStark
water separator for 8 days. The reaction mixture was
cooled and washed with, successively, dilute sodium
hydrogen carbonéte, water, brine ané more water, After
‘drying (MgSOH), removal of solvent under reduced
pressure gave 908mg, of a clear oil. IR (thin film) |
showed the continued presence of bhoth the bridghead and
acetaté carbonyls., TLC confirmed that this product was
mainly unrescted starting matsrial, with a trace of a
more polar compound, possibly the desired ketal-enol-

acetate (23).

1-Methyl bicyelol[3.3.1.] nonan-2,9-4i0l (25,

A solution of 1.15g. (6.93mmclas) of bicyclic dione

(11 in 20ml. of sodium-dried ether was added dropwise
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-~

over 5 minutes to & stirred susnension of 190mg. (5.00
mmoles) of lithium aluminium hydride in 20ml, of ether,
vnder No. The reaction mixture was stirred for 2%
minutes at room temperature, then quenchac¢ with 30ml,
of water. The layers were separated (with di?ficulty),
the aqueous layer extracted with ether and the combired
ether layars washed with very dilute HCl, water and brine.
After’drying énd filtering, removal of solvent gave 607 mg.
(52%) of an oil which solidified of standing. Récryst- |
allisation from a mixture of ether and light petroléum
gave & fine white solid, m.pt. 155-6°, the dipl (25).
IR (KBr disc) : V,, 3080-3700 cm—l; Transparent iqt}
carbonyl region, o - .

NMR : 1.05§ s 3H sathfated methyl 3

2.288 m 1B CH-OH ;

3.4%2 86 m 1H <CHE-OH .
MS ¢ MY 170, base peak ul.
| Found : C 70.40, H 10.68% (ClOH1802 requires C 70.55,
H 10.668%). | |

Treatment of enol-acetate (12) with phénylbromodichloro-

methyl mercurye.

A suspension of 21lmg. (1l.0lmmoles) of enol-acetate
(12), Y43mg., (1.00mmoles) of ths orgaho—mercuriallBand
20ml. of Ne-dried benzene was stirred at reflux, under
nitrogen, for 15 hours. Deposition of & white &0lid on
the sides ol the flask was observed after 2 hours, The

reaction mixture was cooled, the white solid filtered

and found to be phenyl mercuric bromide (m.pt,. 28#0).'
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Concentration of the filtrate gave 206mg. of a brown
oil, identical with starting material by IR and TLC,
together with a gresn crystalline solid which decomp-

osed on heating.

Treitment of cyclohexene with phenylbromodichloro-

methyl mercury.

- 82mg. (1.00mmoles) of cyclohexene in 10ml, of
dry benzene was treated with 450mg. (1.02mmoles) of
organo-mercurial at 80° for 17 hours. Using the same
work-up as described above, the only identifiable
products obtained were phenyl mercuric bromide and

71lmg. of unreacted cyclohexene.
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CHAPTER TWO

RING EXPANSIONS UTILISING
BRIDGED BICYCLIC COMPOUNDS.



(6]

(5)
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The fragmentation of carbonyl-bridged bicyclics
has becomeg a useful route to specifically-substituted
medium- and large-ring compoundsl. Since most bicyclic
compounds are prepared from cheap and readily-avallable
starting materials, the method has obvious attractions.
Some examples of the fragmentation include the formation
of the cycloheptene carboxylic acids (3) from bicyclo-
octene (1) via the intermediate (2), upon treatment witn
acid2’3, and the conversion of dione (4) intu cyclo-
'heptanone carboxylic acid (5)4. It is worth noting
at this point that the bicyclo [ 3.3.1.] nonadione (6)
does not fragment in a similar fashion, but cleaves to
the keto-acid (7}5. This is an example of the import-
ance of ring-strain in the fragmentation. One of the
most interesting variants of this bridge-scission
reaction is the ability of 2-substituted carboryl-
bridged bicyclics to fragment in a concerted fashion.
This was first demonstrated by the transformation of (8)
to cyclo-octene carboxylic acid (68)6, but the reaction
has been sﬁudied more extensively on the analogous
tosylates. This has resulted in several restrictions
being imposed, which determine whether or not the
fragmentation will take place.

The first and perhaps major requirement is that the
o-substituent is in the equatorial position (see Fig. 1).
This geometiry is necessary because the reaction is a
heterolytic fragmentation eard, ir order to be a
concarted process, there must be complete overlap of

the orbitals ir.volved. Hence, as shown in Scheme 1,
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the lone pair orbital on oxygen of tne bridging

carbonyl and the C, - X tond shoula be anti-periplanar
to the CP - Cy bond. 1In this way, maximal orbital
overlap can occur, Rotation about the CF - Cy bond is
permitted, for example to give (97, as this doazs not
affect the overlap, but fotations about the Cy - CP and
Cy- O bonds lead to energetically less-favourable
transition states with the result th:t the synchronous
process is supprassed7. A typical fragmentation oi a
carbonyl-bridged bicyclic tosylate is shown in Schemé 2.
The tetrshedral intermediate (11) has the correct
geometry for corncerted breakdown, whereas its axiel
epimer (13) is unable to attain such a configuration

and is unaffected by socdium ethoxide8’9. This becones

a very important consideration whenever the raguired
tosylate is producnd from a mixture of epimeric

alcohols - very often the axial (i.e. wrong; epimer may
constitute 50% of such a mixture, and therefore one half
of the total tosylate produced is useless,

The synchronous nature of the Iragmentation of
equatorial tosylates can be deduced from the ease with
which such reactions occur : for exampls, as will be
demonstratsd later, when tosylate (33) is treated with
sodium ethexide in refluxing ethanol for 30 minutes, it
is completely converted to the gém-diester (34)

(Scheme 3). Similarly,vthe equatorial tosylate (14%)
fragments to give (15) in only 5 minutes, whereas its
axial epimer (16) slowiy eliminates the elements of

p-toluene sulphonic «cid to give the bicyclo[ 3.3.1.]
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8

vnon—2—en—9—one (177, in 20 hours (Schenme 4)".
If there is no substituent at ¢ (1), it is
possible that even the axial tosylates will react with
sodium ethoxide, This was shown by Buchanan ard MclLay,

whb treated the axial epimer of l-ethoxycarbonyl-h-
tosyloxy bicyclo[ 3.2.1.] octan-€-one (44tsa) with NaOEt
ard obtained the diester (13), presumably by a retro-
Clalsen ring-oper:ing foliowed by'F—elimination of the
tosylate function (Schems 5)10.

The final restriction on fragmentatior is that if
the ring which deces not cortain the leaving grcup is
larger than seven-membered, and there is no substituent
at ¢ (1), then even the equatorial tosylate will lead
only to the product of F—elimination, as exemplified by
the anti-Bredt enone (20}.formed from tosylate (19) by

treatment with hydroxide ionll.

The initial aim of this project was to exzamine the
possibility of utilising the ffagmentation orf
specifically-substituted bicyclo[ 3.2.1;] octanone
tosylates to cycloheptene derivatives with a view to
the syntheses of 2,2,S-trimethylcyclohept#M—enone,
karahanaenone:(Zl), a constituent of hop oillz, ar.d
2,5~dimzthyl-2-(4k-methyl pent-3-enyl) cyclohept-4-enone
(22); which could be used in a biomimetic syntheéis of
certain sesquiterpenes (see cChapter 3 oI this thesis),
The oroposed route t» (22} is described in Scheme €,
It was envisaged that the Michael addition of the

stabilised czarbdniion derived from Z2-etroxycarbonyl-9-
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methyl cyclo-pentanone (23] onto the N,F—unsaturated anone
system of citral (24) would lead to the bicyclic alcohol
(25), probably as an epimeric mixture, and thence to the
equatorial tosylate. This snould fraguent vith ethoxide
arnion to give the trisubstituted cycloheptene diester
(27), vhich after hy@rolytlc decarboxylation to the
cycloneptene acid (28), might lead to (22;.

The Dieckmann cyclisation of diethyl adipate,
foliowed by alkylatior with methyl iodide, gave &-
ethoxy~carbonyl;2—methyl cyclopentanone (29) in 714
yie1d13. This geve a negative ferric chioride test, and
showed the C(2)-methyl as & sharp singlet at 1.246 1in
the NMR spectrum, The 2,2-disubstituted cyclopentwnone
was converted readily into its 2,5-isomer (23] by
treatment with an equimolur amount of sodium ethoxidelq.
This product gaveva positive ferric chloride test and
showed the C(5)-methyl as a doublet (J=6}iz) at 1.07 &
in the IR. ‘

The attempted condensation of (23) with citral (24)
was unsuccessful, showing ornily starting meterisls, even
after four days. This result was not too unexpected,
sinrce it had been noted that in a lMichael feaction, if
the P—position on the enone has more than one substit-~
uent, then such a reaction proceeds either very siowly
or not at alll’, In view of tnis, it was decided that
one of the gem-substituents in (21) and (22, would be
introduced at a later stage; e.g, the zyntnetic approachnes
to karahanaenone (21) would not use 3,3-dimethyl

acrolein as the Michael acceplor, siice we siuspected that




o

H

C

(32)

0,Et

HO
COyE!

(31)

R" RI‘\ ;,.' _
COZE’c
(33)

a:R'=H, R'=0Ts
e:Rf'—'OTS, Rl=H




- 31 -

this would not react with 2-ethoxycarbonyl-5-rethyl
cyclopent-anonz for the same reason thst citral did not,
but rather that crotonaldehyde would be more suitable,
1eéding to the 2,5-dimethyl cyclohept-U-enone (30) which
might be methylated specifically in the 2-positior to
give ¥arahanaenore.

The conéensatioﬁ of (23) with crotonaldehyde in the
presence of sodium ethoxide went smoothly in 757 yield,
giving the bicyclic alcohol (31), presumably as a

product

O]

mixture of epimérs. The NMR spectrum of th
showed approximately 2% of the aldehyde (32), the
initial Michael adduct which undergoes an Aldol condenrs-
ation under the Miéhael conditions. The structure of the
alcohol was confirmed by IR, which showed a strong O-H
stretch at 3630 cm"l, plus the ester cartonyl at 173%
cnl and the bridging carbonyl at 1760 om’l, and NMR
which showed the C(2) methyl as a doublet (J=PHz) at
0.90 8 and the C(5) methyl as a sharp singlet zt 1.02 8.
The mixture of epimeric alcohols (31), purified by
small-batch flash distillation, was converted into a mix-
ture of epiﬁeric tosylates (33e) and (33a) by treatment
with p-toluene sulphoryl chloride in pyridirne. The
resulting crude vroduct was separéted by fractional
crystallisation from hot ethanol into eguatorial tosyl-
ate (33e}, m.vt. 81~2°, and the axial tosylate (33a),
m.,pt, 161-2°, The ratio of equatorizl to axial was
around 2:1 and the individusl epimers were identified
by the halif-bard width (w%) of the CH-0Ts proton in

the NMR spectrum. It is known that in molecules of this
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type, the axial proton (therefore eguatorial tosylata)
appears at higher field ard shows broader coupling, and
therefope a larger half-banud width16. The equatorial
"tosylate showed its C(4) protdn as a multiplet at 4,508
with w%=l6 Hz, whereas the epimeric nroton on the axial
tosylafe appeared at 4%.68 &, with wézé Hz, The remainder
of the spectral detalls were virtuaily identical for hboth
epimers, and the structural assignments made were con-
fdrmed by subseguent experimaents.

An additional piece of structural information
which could bs gleaned from the NMR 3pectra of the
tosylates was that the methyl group on C(2) was in the
equatorial positioh. This must be so, as the position
of the msthyl doublet in botn the axial and equatorial
tosylates is virtually thé same (around 0.906& ). If
this methyl group was axial, then its position in the
spectrum of the axial tosylate would be further down-
field than in the spectrum of the equatorial tosylate,
since the former would give rise to a 1,3-diaxial inter-
action between the c¢(2) and C(4) substituents. This
would rasult in the deshielding of an axial methyl
group, aac this is not observedl7.

Treatment of the equatorial tosylate (33e) with
NaOEt went smoothly and, as predicted, gave the cyclo-
heptene gem-diester (34), in 83% yield. This procduct
showed only one cerbonyl band, the esters, &t 1735 cm"1
in the IR, and its N'R showed an ester methyl (1.236 t
(J=7 Hz) €H), a saturatsd methyl (0.898 4 (J=7 Hz) 3H;,

an unsaturzted methyl (3,678 s 3H} and an olefinic proton
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(5.34 & s(broesd) 1H). It was originally intended to
hyérolyse this diester to produce the diacid. (39),

which would either be isoclated as such, or decarboxyvlated
to the mono-acid (37) under the hydrolysis conditions.
liowever, in the course of a large number of experiments,
whenever the diester‘(34) was treated with ar excess of
potassium hydroxide in ethanol, the product vas an
acid-ester (36), which was obtained as a yellow oil,
showing & carbonyl 0-HE stretch at 2hk00-3%00 em™L in the
IR, together with two carbonyl absorptions at 1708 and

417#0 em™t

, the acid ard ester respectively. Its MR
showed both an ester methyl (1.27 § t(J=7dz) 3H) and
an acidic proton (11.28 § s 1H which exchanges with
D,0). On only one occasion, the diacid (35) was formed
(under apparently identical reacfion conditions to all
other hydrolyses of diester (34)); it was obtained as a
white crystalline solid, m.pt.169-70%(dec.), which
showed no ester signals and an acid resonance which
integrated for two protons in the NMR, at 4.656&.
Similarly, its IR spectrum showed only one curbonyl
band, at 1710 cm“l. When the diacid was hewted in reflux-
ing pyridine for 4 hours, it readily decwrboxylated, prod-
ucing the cycloheptene mono-acid (37) as a yellow oil,
with V., 1708 cm™t in the iR, and a one-proton acid
resonance at 12,016 in the NMR.

Kevertnhless, such a hydrolysis could rot bhe
repected, and the normal route to the mono-acid (37)
was perforce through the acid-ester (36). “hen this was

decarboxylated irn rafiuxing pyridire, the cyclohenterne
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ester (3&) was produced in 729 yield. The IR of this
product showed no O-H stretch, and a single carbonyl
absorption at 1738 cm™ . The structure was confirmed by
the MR, which showed an esterAmethyl (1.238§ t(J=8Hz)

. 3H), a séturated methyl (0.7 § d(J=6}z) 3H), an unsat-
urated.methyl (1.70 & s 3H) and a virylic proton (5.508
m 1H), anc the mass spectrum which showed MY=196,

The mono-ester (38) was hydrolysed by potassiunm
hydroxide in aqueous ethanol, by overnight reflux, and
yielded the cycloheptene acid (37) (€3%) as a clear '
viscous o0il, identical to that produced by decerboxyl-
ation of the diacid (35), mentioned previously.

This discovery, that (34) could only he converted
to (37) via (36) and (38), was a new and inconvenient
limitation on the tosylate ring-expansion method, which
merited further investigation. It seemed likaly tnat
the origin of the difficulty was steric hindrance, so
the reaction of the diester (34) with a smaller nucleo-
phile (LiAlHu) was investigated, to discover whether it
would reduce (34) to the hydroxy-ester (39) or to the
diol (40). When the diester was treated with ore equiv-
alent of LiAlHu (i.e. a half-mole of hydride per mole of
diester), the product observed was & mixture of untouched
diester (34), hydroxy-ester (39) and diol (40). These
were.separated hy prep. TILC and characterised as follows:
the hydroxy-ester (39) showed 2hkCUO-360G et (bonded
0-H) ard 1735 et (ester carbonyl) in the IR, and an
ester methyl (1.238 1(J=7:z) 3H) together with = hydrgxyl

(3.07 § s {broad) 1I vhica exchanges vlth D,0) in the



(36)
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NMR. The diol (%0Q), a whits crystallins solid, m.pt.
89-90° frou berizere, showad no carbonyl absorption in

the IR, with a free O-H stretch at 3620 cm"l, and no
ester signals at all in the NiR. The hydroxyl protons
appeare¢ as a multiplet at 3.14% 8, and exchanged with
D,0. The nature of the latter.product was confirmed by
reduction of the dieéter (34%) with excess lithium alumin-
ium hydride, which gave a single product which was ident-
ical in all respects to the diol isolated by prep. TLC.
*hus, even under "competitive" conditiors, both ester
groups are reduced, and this seems to confirm the stereo-
chemical hypotiesis. The inertness inherent in the
systenm 1is probably'caused Dy the ol-methyl group, since

hydrolysis of a similar cycloheptene diester (45 with
no X-imethyl group hss been effected successfullylo.
Presumably the reactive site in the molecule must exper-
isnce an increese in steric hindrance ir going to the
tetrahedral intermediate (41, necessary for the second
hydrolysis, as shcwn in Schere 7.

Interestingly, the acid-ester (36 could also be
produced by'treatment of the equatorial tosylate (33e)
with potassium hydroxide in ethanol. Fresumably this
reaction follows the same path as the ethoxide-induced
fragmentation, and thus this enables ore to identify
where the carboxyl moiety in (36 is in relation to the
X-mathyl group. The course ci the fragumentation is snown
in 3cheme &, and, if followed, results in the methyl
group and the carboxyl group being trars to each other.

43 tne mcid-ester presered in this fashion is identical

\Y]




(83)




DIACID 7  MONOACID

DIESTER

ALDEHYDE  TOSYLATE

ALCOHOL

ENTRY

31)

(42)

(48)

(57)

(68)

(67)

(66)

~ (70)

69)

77)

(



- 36 -~

to tihet from the half-hydrolysis of diester (34) (by GLC
comparison of treir methyl esters), it seems reasonatle
to assume thet they both exist in the configuration shown
in Scheme 7, rather than in the epimeric form with the
carboxyl ard the ester interchanged. If we assume that
nucleophilic attack on the axinl ester (c.f. (W13 is
disfavoured by 1,3-interaction with the axial hydroguns,
we must also postulate that'ring inversion (which would
exchange the positions of the acid and ester functions)
is forbidcen j; otherwise (45) would resist total hydrol-
‘ysis. This in turn leads to the surprising ccnclusion
that the ring is conformationally "“frozen" with the
K-methyl function equatorial., This 1s a conclusion we
are reluctant to concede{

Wifh.a view to investigating the inmportance of
factors such «s relative positions of methyl groups and
ring size on the hydrolysis of the medium-ring gem-
diesters such as (3h4), it was decided to prepare a series
of such diesters from the corresponding ticyclic {3.2.1.]
and [3.3.1.]_precursors. A full list is given in Teble
1. A comprehensive review of the literature produced
the conclusion that the six-meubered ring analogues of
diester (34), such as (81310, (82319, (83)2° or (au)2,
were all readily hydrolysed with alcoholic potassium
hydroxide <o give the corresponding diacids, which were

isoclated and charactaerised. Of the saven- and eight-

i
W
W
o

n

mbered analogues, only diesters (45) and (72) had



Of &11 of the tosylate precursors, only one, 1l-
ethoxycarbornyl-bk-tosyloxy~-2-methyl bicyclo[}.B.l.]nonan~
9-orie (76, was not prepared, but this omission does
not affect any conclusions drawn. The parent alcohols
from which the tosylatas were derived; were synthaesised
from the appropriate 2-ethoxycarbonyl cyclo-pentarone
or ¢hexanone and either acrolein or crotonaldehyde,
as desired. The Michael addition was perforned using
either sodium ethoxide or triethylamine as base. In
three cases, entries 2,6 and 7 in Table 1, the inter-
mediate aldenyde was isolated as the major product, and
subsequently cyclised to the required alcohol upon
treatmerit with acid. The zlcohols were counverted to
a mixture of epimeric tosylates by treatment with p-
tolvene sulphonyl chloride ir pyridine, arnd it was found
that this reaction, although slow, proceeded satisfact-
orily at room temperature if given enough time. The
axial and equatorial tosylates were usually separated
by preparative TLC, although in certain instances fract-
ional crystallisation could be used. ,

Entry 2 - l-ethoxycarhonyl-t-tosyloxy bicyclo[B.Z.l.]
octan-B-one (44) was prepared &s ar epimeric mixture

(44e and Y4a) from the corresponding alcohsols (42) via
the aldehyde (L43). The epimers could be separated by
fractional crystallisation or, more conveniently, prep.
TLC, and they were both white crystalline solids with
very similar melting points. Kacih 2pimer was identified
by the positicn and half-band width of its CH-OTs proton,

as mentioned nreviously. Treatment of the ecquatorizl
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tosylate (kilie) with sodium ethoxide in ethanol produced
the expected diester (45}, characterised in the IR by a
sir.gle, sharp carbonyl ahsorption at 1735 cm"l rd in

the NMR by the appearance of ﬁhe estar (1.288 t(J=7Hz)
6H) and olefinic signals (5.4%0 8§ s(bro=d) 2H).

Hydrolysis ci the diester (4+8) by potassium hydroxide ir
ethanol at room tempsrature gave the corresponding diacid
(46}, in 82% yi=ld, as a white crystalline solid, m.pt.
154-7°%., Proof thit both ezter groups had been hydrolysad
was provided bybthe MR which showed no trace of the ester
triplet at 1.268, but did show a two-proton resonance wt
10.05 § which disappeared when shaken with D,0. The
diacid (46} decarbdxylated readily in refluxing pyridine,
producing cyélohept".—5»carboxylic acid (47), w.pt. 65-7°,
identical in sll respects to &an authentic samplelo.

Entry 3 - l-ethoxycarbonyl-k-tosyloxy-5-methyl bicyclo
'[3.2.14 octan-&-one (49, was prepared as z mixture of
epimers (49e and 49a),sepuarated by chromatography (ifhe
axial being the more polar), Neither epimer was isolated
in the crystalline state, but the preparations were perf-
ormed on a very small scale and the products were there-
fore not amenable to purification by recrystaliisation.
However, satisfactory spectral characterisation was
achieved, Sodium ethorxide treatment of the equatorial
tosylate (49e) furnished the expected l-methyl-5,5-dieth~
oxycartonyl cycloheptene (50) in 91 yield. Hydrolysis
of this diester by ethanolic KOH at reflux temperature
yielded the corresponding Jiacid (f51), which showed no

ester signals in the KMR, tut did show a two-protor acid
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rescnance at 12,218 . Decarboxylation in refluxing
pyridine gave the mono-acid (52 in virtually quantitative
yield.

Entry 4 - l-ethoxycarbonyl-b-tosyloxy-2-methyl bicyclo
[3.2.1.]octan-8—one (5%) Was prepared in the normal way
from its parent &lcohol (53). The tosylation product
proved to be a single epimer, the equatorial (Ske), and
there was no trace in the NMR of the axial tosylate (Ska).

Unusually, (S54e} was an oil at room temperzture ( although
it solidified at -70°), and tne fact thit it was a single
epimer was proved by complete conversion to the diester
(59) upon treatment with NaCEt. There was no trace of any
unreacted axial toéylate (5ka) in the sodium ethoxide
product. Hydrolysis of the gem-diester (55 was not easy,
as shown by the fact that the initial product was a
mixture of the acid-ester (56) and the mono-acid (57).
When this crude product was re-ireated with excess XOH

in refluxing etnanol for 40 hours, the mono-acid (57) was
isolated as the only product (477 overall). IR of (57)
showed ))og 3540 cm-l (frea) and 2300-3400 et (bonded),
with VY¢e 1705 cm—l and no ester carbonyl at 1735 cm-l.
The NMR confirmed the absence oI the ester group, and
showed a single acid absorption at 8,60 §.

The conclusion to be drawn from the above findings has

- to be that the only factor which innibits the compiete
hydrolysis of the gem-diester groups is the adjucent
methyl group. In the two instances in which such a

methyl was present, the hydrolysis gave acid-ester rather

than diacid, whereas its absence allowed tns compglete
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hydrolysis of both groups. This reinforces the idea
of an overcrowding of the transition state for the
second hydrolysis step (as depicted in Scheme 7). It
is doubtful if such a situation can arise in the six-
membered ring analogues quoted earlier from the liter-
aturé, since the cyclohexenevring is twisted out of
the "chair" configuration by a considerable amount22.
This means that the combined effect of the ®-methyl
group and the 1,3-diaxial interaction of adjacent
protons, as seen in (41), operates only in the cycld-
heptene case, The corresponding intermediate (85, for
the cyclohexene diesters is twisted in such a way as to
minimise such a steric crowding.

In an effort to discover whether this congestion
of the reaction site can be reduced by énlarging the
ring, and thus making the whole system more flexible,
it was decided to prepare the [3.3.1.] analogues of
entries 1-%, viz, entriss 5-8. Unfortunately, lack of
time prevent preparation of the compounds mentioned in
entry 8, but as will be seen, this omission is not too
vitai;'and in fact the products for this series of
reactions can be predicted fror the remainder of the

results. The alcohols were prepared by condensation
of either acrolein or crotoraldehyde with 2-ethoxy-
carboryl cyclohexanone (with or without a 6-methyl
group) in the normal way.
Entrx 5 - 1-ethoxycarbonyl-k-tosyloxy-2,5-dimethyl
‘ bicyclo[B.B.lJ nonan-9-orne (59, was prepared from

alcohol (58) as a single epimer, the equatorial (59,.
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The tosylate, a white crystailine solid, m.pt. $9-
1000, showed CH-OTs as a broad multiplet (w%=l8Hz)

at 4.508 in the NMR. There was no trace oflany of the
axial epirer (5%a) in the NMR of the recrystallised
reaction produect, and prép. TLC of the mother liguors
provided only additional equatorial tosylate and
unreacted alcohol (5&) in roﬁghly equal proportionc,
As anticipated, (59@) fragmented readily with ethoxicde
ion to form 5,5-diethoxycarbonyl-1,4-dimethyl cyclo-
octene (60) in 98% yield. This diester showed a shafp
carbonyl absorption at 1735 em™t (ester; in the IR,
with an ester methyl (1,186 dt(J=8Hz) 6H), saturated
methyl (0.858 4(J=7Hz) 3H) unsaturated methyl (1.608
s 3H) and an olefinic proton (5.45& 1(J=7Hz) 1H) in
the NMR, As with its cycloheptene analogue (34, the
diester put up a strong resistance to hydrolysis,
However, the initial overnight reflux in alcoholic KOH
solution did not produce the acid-ester (61) cleanly,
but seemed to be a mixture of (61) and the decarboxyl-
adted-hydrolysed derivative, the mono-acid (62;. When
this mixture was subjected to further treatment with
base, the cyclo-octene mono-acid (62 was isolated as a
éingle compound, in 77% yield overall, a white, cryst-
alline solid, m.pt. 127-8°. IR showed a free O-H at
3515 cm”l, and NMR confirmed that all ester groups had
been removed. The acid proton showed as a one-proton
signal at 11.288 which exchanged rapidiy with D2O.
"Entry é - following published procedures23’2u, l-ethoxy-

carbonyl-4-hydroxy bicyclo{3,3,1J nonan-9-one (63) was
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prepared from 2-ethoxycarbonyl cyclohexanone. The
tosylate, prepared from (63} in the normal way, was
isolated as an epimer mixture of (f5e) ard (65a), in

the ratio 2:1, which was separated by prep. TLC,. the
axial epimer being the more polar. NMR characterisation
of the individual epimers was straightforward : (65e)
showed CH-0Ts as arvery broad multiplet at 4.70 & (wy=
18Hz), whereas (65a) showed the corresponding proton”as
a broad singlet at 5.06& (wy=6Hz)., Both epimers were
crystalline white solids (frém athanol) with signific-
antly differing melting points : €8-9° for (65e) and
$9-100° for (65a). The expected diester (66} was Tormed
in 87% yield when (65e) was treated with sodium ethoxide,
(66) showed a sharp carbonyl band at 1735 gm'l, and

its NMR featured the ester methyl (0.926 dt(J=7Hz) 6H)
and the near-equivalent olefinic protons (5,638 m 2H).
Hydrolysis of (66) in alcoholic XOH solution yielded 8L
of a product which showed no ester signals in the NMR,
but it was not possible to irtegrate the acid protons,
it can only be assumed thet this product was the cyclo-
~octens geﬁ—diacid (67 (a fairly safe guess under the
circumstances). Indeed, when (67) was treated with
refluxing pyridire for 3 hours, the single product
obtained could be unambiguously assigned the structure
(68), cyclo-octene-5-carboxylic acid. Its IR spectrum
showed a broad O-H stretch between 2450-3340 cm-l, with
Vo at 1705 cm™t (acid), while its KMR had only two

~distinctive features : a two-proton olefinic signal

at 5.708 anda broad singlet at 6.863§, 1H, which
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exchunged 1in the presence ol DQO.
Intry 7 - the precursor alcohol (69 was prepared, via
aldehyde (7C}, by the method of Parkergs. The tosylate
was prepared as a mixture of epimers, (7le, and (7la},
which were separated by chromatography, and identified
by the half-band width technique mentioned previocusly.
Fragmentation of (§le) has already besen performedg, and
gave the diester (72, which hydrolysed readily to the
diacid (73). This was then decarboxylated to (74) in
the usual way;
Entry & - due to insufficient time being available,
this entry counld not be completed, but to judge by
the earlier results, the products of the hydrolysis of
(77) can be predicted. It seems clear from entries
5-7 that increasingthe size of the ring does not zllev-
iate sufficiently any steric crowding which srises from
havirig a methyl group X to the gem-diester. In similar
fashion to their [3.2.1J homologues, the diesters
without this adjacent methyl hydrolysed quite readily
to their diacids, but diester (60), like diesters (34)
and (59), proved more troublesome and required consid-
erable encouragement before both ester groups werse
removed, Therefore, it seems reasonable to predict for
entry 8 thht the diester (77) would hydrolyse initially
to ‘acid-ester (7€) rather than diacid (79) and subsequ-
ent treatment with base would almost certainly lead to
mono-acid (&0).

As can be seen from the experimental details of

trieir preparation, the tosylates are usually formed
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as an epimeric mixture, and since only the equatorial

is used, a large proportion of the product, in the shape
of the axial epimer, is wasted. Therefore, efforts were
directed at means whereby these axial tosylates could
also be utilised, preferably to give similar products

to the equatorial fragmentations, in a bid to reduce
this wastage. As Has been stated, the axial tosylate
has the "wrong" configuration to eliminate in a con-
certed process, but we envisaged that it might be poss-
ible to perform the fragmentation in a two-step manner,
by initial bridge-scission followed by elimination. The
bridge-scission reaction would use the electrdn—attract—
ing properties of the eéter group at C(1l) as the alter-
native to a straigﬁtforward elimination of TsO , and

if the attacking nucleophile was HO , rather than Et0O ™,
the initial product would be a carboxylic acid which
might decarboxylate with concomitant expulsion of the
leaving group (Scheme 9.

First attempts to induce such a fragmentation were
performed of the axial epimer of l-ethoxycarbonyl-l-
tosyloxy-é,5-dimethy1 bicyclo[3.2.lJ octan-8-one (33a).
When this was treated with a seven-fold molar excess of
potassium hydroxide in dry ethanol, the reaction went
exactly as planned and the cycloheptene mono-acid (37)
was isolated as the major product (91%), with the corres-
ponding ester (38) present in trace amounts (5%).
Obviously the reaction as depicted in Scheme ¢ has not
stopped &t the mono-ester (3&), but this has been

hydrolysed to form (37)., The acid vas identical in
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every respect to thal produced eventually Irom the
equatorial tosylate t33e), and marks a substantial
increase in the yield : axial tosylate—— mono-acid

in 91% in one step, comparedeith equatorial tosylate
__—+gem—diester~——aacid;ester-_,ester__,acid in 35%
overall, using four distinct steps. This is a new

and potentialliy valuable; extension of tThe tosylate
ring-expansion route, if it can be shown to be general.

Encouraged by this success, it was decided to use
the axial epimers prepared in the previous synthetié
sequences to investigate whether this novel reaction
could be applied to axial tosylates in general. The
result of these ihvestigations are shown in Table 2,
This reveais immediately that the reaction is not |
genaral, and that we had been very fortunate in choosing
the only compound which followed the preaicted
sequence of events exactly! The remaining four
examples give products which must arise by alternative
pathways to that described in Scheme 9, and this we
now attempt to rationalise,

In the bicyclo[3.3.lJ ‘cases in Tablie 2, there are
two initial reactions which are equally feasible :

1) a retro-Claisen reaction, where the bridging
carbonyl group is attacked by hydroxide ion and the
resulting negative charge.is fed through to the ester
carbonyl (Scheme 10)j or

2) a F—elimination of p-toluene sulphonic acid

with retention of the basic bicyclic skeleton, as seen

in Schame 11,
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The fact that, for exawmple, (90; is isolated from
(65a) proves that the p-elinination step depicted in
Scheme 11 actually takes place, but the question still
remains of the origin of thé cyclo-octene diacid (89).
Again, there are two possibilities : the first is via
a stfaightforward elimination of tosylate from inter-
mediate (92) (Scheme 12), while the second involves
attack at the C(9) carbonyl of (93) by hydroxide ion
to open up the bhicyclic system, giving (95), which
then shifts the double bond into conjugation (Schemé 13).
There are precedents for this type of process in the
“literature : Cope has shown that treatment of (93) with
sodium ethoxide results in the formation of diester
(96)26. It is noteworthy that base-catalysed epimer-
isation of (92) to (97) does not occur, as this would
be perfectly set up for a decarboxylative elimination
to yield cyclo-octene carboxylic acid (68) (Scheme 1k4),
but this product is not observed.

Still in the [3.3.1.] series, when a methyl group
is preseﬁt on C(5), only the product of F-elimination
is observed. The fact that in the presence of OH  (98)
does not produce (99) (Scheme 15) is not surprising, as
such a retro-Claisen is known to require a better
" nucleophile than HO™ (eg. IH, or BuO")g. Overall then,
in.this series of axial tosylates, it seems that the
F—elimination of tosylate (eg. (65a)—-=(93)) is faster
than the retro-Claisen ring opening (eg. (65a)——(G2)).

Turning to the [3.2.1.] series of axial tosylates,

here we cannot guarantee that the same reaction paths
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will be preferred; this is principally due to the fact
that the carbonyl bridge is more strained in the five-
membered ring casae, as manifest in the IR.Stretching.
frequency: bicyclo[}.Q.lJ octan-8-one appears at

1750 cm'JL 27 whereas bicyclo[3.3.lJ nonan-9-one appears
at 172k em™t 28. Chemical evidence for this increased
strain includes the‘fragmentation of (&) to (5) via
attack at the bridgehead carbonyl, whereas (6) cleaves
to (7) under similar basic conditions, via attack at the
more accessible C(2) carbonyl. Similarly it is known -
that both the equatorial and axial epimers of (&h) sT0
opened with equal facility by ethoxide ion (Scheme 16).
This suggests that the rate of attack on the bridging
carbonyl is at least comparable with, if not greater than,
the rate of F»elimination.

Indeed, this is borne out in the case of tosylate
(44a), which, when treated with potassium hydroxide in
ethanol, gave principally the retro-Claisen product (86),
and a small amount of the F—elimination product (87).
Again it should be pointed out that there has been no
epimerisation leading to a situation where the carboxyl
group and the tosylate are trans-antiparallel.(Scheme 175 .
The product from thre decarboxylative-elimination, (47) is
not obsarved. How then can we account for the unique
behavior of axizl tosylate‘(33a)?

When tha C(5) position carries a methyl group, as in
(33a2) and (49a), the elimination of TsO with an anti-
periplanar H ffom the intermediate (100) in the retro-

(laisen opening becomes impossitle (Scheme 18).
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Instead, the losylate is arguably displaced by an
internal nucleophile - the C(1) carboxylate anion.
Presumably the ester originally in this position is
readily hydrolysable, and molecular models show that the
transannular reaction is physically possible. The inter-
mediete lactone (10l) is perfectly set up for a decarb-
oxylative~eliminatién of the 1,2-trans diaxial
substituents, and the breakdown to produce the cyclohep-
tene carboxylic acid (37)‘must proceed quite readily.
Therelare several points wbrthy of note in connection
wiih the above reactions:

(a) wheﬁ sodium ethoxide is used as the bhase, no
carboxylate anion (COE) could be formed, and hence
no transannular cyclisation. This explains why
Buchanan and M%Lay found that (44%a) yielded:
straightforward retro-Claisen product (18)10.

(b) In the [3.3.1.] series, since p-elimination seems to
take precedence over bridge-scission, there is very
little or no chance of the above reaction taking

‘place.A . '

(c) If the-C(S) position carries a hydrogen, then the
straightforward 1,2-elimination of P-toluene
sulphonic acid appears to be more rapid than the
transannular attack of the carboxylate anion.

Hence (4h4a) gives the diacid (86, rather than the mono-

acid (47). On this mechanism, the reaction would not bse

applicable to bicyclo[3.3.lJ nonyl tosylates, nor to
bicyclo[3.2.lj octyl tosylates lacxing a bridgehead

substituent. It is therefeore of little general value,
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It 1s now possible to predict that the product from
treatment of (49a) with KOH in ethanol would be the cyclo-
heptene mono-acid (52). It is a [3.2.1.] system, so
it will fragment rather than merely F-eliminate the
tosylate; and there is aAC(S) substituent which results
~in transannular ring-closure beinz the only available
method of displaciné the leaving group after the retro-
Claisen has taken place. TUnfortunately, when this
reaction was pérformed, the spectral details of the
product were ambiguous. The product is definitely an
acid, since it is soluble in base and shows a carboxyl
0-H stretch in the IR. The acid proton(s; show up
readily around 7.08 in the NMR, and exchange rapidly
with D20. The same spectrum shows a sharp singlet at
1.2386 , presumably the one methyl group on the molecule,
but its chemical shift does not fit for & straightforward
saturated CH3 ( 1,046 ) nor an unsaturated CH3(1.6—1.8 §).
The olefinic region shows only a very broad signal(s) sat
5.408 , and the integration of this region against the
acid protohs would seem to suggest thet there are more o}
the latter than the former in the product. Believing
the product to be possibly one of two things, (52) or
(€8), the mass spectrum was run, but this gave no pos-
itive peak which could be identified as the molecular
ion, but did show significant signals at 226 (rermoval of
07H7502H from the starting material?) and at 180 (mole-
cular weight of the unsaturated keto-acid (86)). As
yet, this product has not been identified, but there also

exists the possibility that it is in fact more than one
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single compound. 1In the course of our investigations
into the unusuval fragmentations of bridged bicyclic
systems, we realised that it is not always necessary to
have a carbonyl on the bridgehead if the reaction path-
way follows that described in Scheme 2. For example,
the hydroxy derivative (102) should, upon treatment with
alkoxide, fragment in a simiiar fashion, as in Scheme 19.
This would provide an alternative route into the cyclo-
heptene ring system, and would eliminate any problens
that might be encountered over hydroiysis of a gem-
diester, as experienced in earlier routes involving
ethoxide-induced fragmentations. The initial product in
this case would né the non-enolisable Fnaldehydonester
(103) which seems set up to.lose t~butyl formate,
yielding the cycloheptene mono-ester (10W4).

There are two possible configurations for the
hydroxyl group on the bridgehead carcon: there is the
transoid arrangemént whereby the hydroxyl hangs over the
ring not containing the leaving group (Scheme 19), or
there is the cisoid configuration (Scheme 20 in which
it.overshaAOws thut ring. Both possibilities are amen-
able to a concerted fragmentation process - Scheme 19
merely shows an analogy to the original fragmentation of
the carbonyl-bridged system described in Scheme 2, while
the intermediate (105) in Scheme 20 is effectivély a
conformer of the intermediate from (102, produced by a
rotation around the Cg-Cy bond. As mentioned earlier,
this is aliowed under Grob's requirements for a

-

concerted process’.
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When the equatorisl tosylate (33e) was treated with
sodium borohydride in aqueous methanol at room temper-
ature, the product (in 964 yield) was the hydroxy-
tosylate (106) a white.crystalline solid, m.pt. 135-6°
(ethanol). This reduction product almost certainhly has
the configuration shown, as attack on the bridgehead
carbonyl occurs over the face of the five-membered ring,
minimising 1,3-diaxial interactions, and producing the
eisoid arrargement shown, The IR spectrum of (106)
showed no trace of the bridging carbonyl previously
appearing at 1765 cm”l in (33e), and the appearance of
an 0-H stretch at 3350-3630 cm—l. The NMR revealed
the hydroxyl group as a one-proton singlet at 3,008
which exchanged with D,0, and the carbinyl CH-OH proton
as a broad singlet at 4,008,

Treatment of (106} with an excess of potassium t-
butoxide in Fefluxing benzene for 21 hours gave a mixture
of startirg material and a less polar product, separable
by prep. TLC. When isolated, this product was shown to
be identical to the mono-ester (38), prepared by decarb-
oxylation of the acid-ester (36). The yield (39%) was
not particularly high, but was by no meaﬁs optimised,

' and a longer reaction time would probably have improved
it. However, the fact that the reaction had not gone
to completion in 21 hours would seem to indicate that
it is not a concerted procéss, but more likely a ring-
opening followed by an.elimination (Scheme 21). The
alternative explenation could he that insufficient base

was used, for as can be secen from the scheme, at least



two moles of base are required for each mole ol substrete,
The reaction pathway makes use of the (C(l) ethoxycarb-

onyl group as a electron-acceptor (recall the axial tosy-
iate retro~Claisen), giving aﬁ intermadiate aldehyde (107)

t to form the tetrahedral] inter=-

which is attacked by ~0OBu
mediafe (108) which‘eliminates t-butyl formate and the
tosylate leaving group, leevihg the cyciocheptene mono-
ester (38)., It seems important from this pathway that
the base used should not be HO , as this would almost
certainly hydrolyse the ethoxycarbonyl group and render
it useless as an electron-acceptor.

In a similar manner to its equatorial counter-
part (33e), the axial tosylate (33z) could be readily
reduced at the bridgehead cartonyl, producing the
hydroxy-ester (109). This was achieved in virtually
quantitative yield, and gave (109) as a white cryst-
alline solid of m.pt. 139-140°., This compound now
posed an interesting question: would base treztment
produce eny ring-opened material, as the equatorial
epimer had done? 1In this case it is impossible to
fulfil Grob's requirements for 2 concerted reaction. No
amount of visual twisting and rotating can achieve a
configuration in which all of the orbitals involved in
fragmentation overlap. Therefore any fragmentation
products which do arise mﬁst do so in a stepwise
faéhion.

When (10%) was treated in the same way as (106),
i.e, with potassium t-butoxide in refluxing benzene, the

product isolated after prep. TILC was zgain the cyclo-
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heptene mono-ester (3&), in 474 yield. The identity of
this material was verifisd by comparison with an
authentic sample of (38), and the pathway.by which it is
produced 1is very 81miiar to one of the possibla path-
ways by which its equatorial epimer breaks down (see
Scheme 22). As described in the scheme, the final step
is the syn-eliminat{on of the tosylate with simultan-
eous loss of t-butyl formate, and the necessary cis-
coplanar configuration necessary for such an elimination
can be readily attained in the flexible cycloheptane
ring system., Syn-elimination promoted by potassium t-
butoxide in benzene are well-known in medium- and
large-ring chemisty29’30.

This interesting conversion of an axial tosylate to
a monocyclic ester is a potentially useful extension of
the tosylate ring expansion method. Unfortunately, at
the time of writing, the above two compounds (106) and
(109) are the only substrates which have been subjected
to this new fragmernitation, and it would be very inter-
esting to discover the importaﬁce of, for example, the
C(S)'méthyi group. |

- Towards the end of this piece of work, several

attempts were made to prepare karahanaenone (21) frém
the cycloheptene moro-acid (37). Overall, such a process
requires an oxidative decarboxylation of (37) to . give
the cycloheptenone (30), wﬁich may be methylated
specificaliy «t the C(2) position to give the desired
natural product. The initial attempts to bring about

such a manipulation of the carboxyiic acid were
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designed to follow the route described in Scheme 23.
The important features of this route are the Curtius
rearrangemert of the acyl azide (113, to the isocyanate
(114%), and hydrolysis of this to the amine (115).

The acid (37) was converted to its acid chloride
(112) by treatment with thionyl chloride in benzene, and
wag confirmed by the disappeararice of the carboxyl O-H
stretch in the IR, and the &ppearance of the acid
chloride carbonyl at 1785 cm™®. The acid chloride in
acetone was treated with aqueous sodium azide at roon
temperature, and after 3% hours, the IR showed no trace
of the carbonyl at 1785 cm—l. Instead, the azide absorp-
tion at 2130 cm—l had anpeared, as well as traces of
the isocyanate peak at 2250 em™L, Clearly the azide,
once formed, was rearranging, even at room temperature.
The rearrangement was completed by refluxing the azide
in dry toluene for 12 hours, and gave a single compound
which showed only the isocyanate band at 2240 em™! in
the IR.

However, the route ran into diffiqulties when the
hydrolysié of the isocyanatg was attempted. It is

known31

that isocyanates are hydrolysable by heating
with aqueous or alcoholic base, giving initially the
metal carbamate, RNHCOO"M+, which is liberated as the
free carbémic acid by treatment with HCl. This is
normally accompanied by sbontaneous decarboxylation to
the amine, RNH,. when isocyanate (114%) was trexted with

.potassium hydroxide, a brownish-white solid with a very

high melting point ( 230°) was isolated. The IR (¥Br
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disc) of this seemed to confirm that it was the potas-
sium carbamate (118). Wnen this was acidified with
dilute HCl, extraction with ethyl acetate gave only

a trace amount of material, so the free carbamic acidv
must lose CO,, liberating the amine (115) which
remains in the acidic portion. Therefore this solution
was taken to pH § with L4l sédium hydroxide and re-
extracted with ethyl acetate to give a yellow-brown oil,.
However, this'was not the desired amine (11i5), as its
IR spectrum snowed ro N-H stretches, and there was a
broad absorption in the carbonyl region, centered on

l. It would seem that the hydrolysis of the

1720 em”
isocyanate (114} was not as straightforward as expected,
and this rendered the above route to cycloheptenone
(30} impractical.

In the time avsilable, one final effort was made
to convert acid (37) into ketone (30). Trost32 has
shown that the dianion of a carboxylic acid carrying a
proton on the X-carbon can be thiomethylated with
dimethyl disulphide in this «-position, If the «-
thiomethyl acid is then dissolved in base and treated
with N-chlorosuccinimide, a decarboxylative-elimination
occurs, leading initially to the ketal and eventually
to the ketone, as shown in Scheme 24, This seemed o
suitable type of reaction to perform in (37), as the
corresponding sequence would lead to (30)., As a test
of the method, diphenyl acetic acid (120) was taken
fhrough the sequence in Schere 25, vielding benzo-

phenone eventually. However, despite varying tie base
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used, the solvent system end the reaction temperature,
it was not possible to accomplish the conversion of (37)
to the -thiomethyl derivative (121). “he only

isolable reaction proéuct in all cases was unreacted
starting material. A

At this point, the sands of time had run out, and
further investigatibns in the line were impossible.

In conclusion, the original objectives, (21) and
(22), have not bheen achieved, but this study has
uncovered two new fragmentation processes, one of
which has been examined thoroughly. It has also shown
that the stereochemical factors associated with the

cycloheptene ring‘system are worthy of further study.
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- 2-Ithoxycarbonyl-2-1aethyl cyclopentanone (29

10.1g. (0.05mnles) of diethyl adipate was added to
a solution of l.4g. (0.0bgram-atoms) of sodium metal in
72ml, of dry toluene, and the solution stirfed at reflux
for two hours. The ethanol formed was removed by azeo-
troping with excess toluene. The residue (100ml.,) was
cooled to 0° and treated with e single portion of 16.0g.
(0.113moles) of methyl iodide. This mixture was stirred
under reflux overnight (15hours). Aftér cooling, excess
water was added, the layers separated and the aqueous
portion re-extracted with toluene. The combined toluene
leyers were washed to neutrality,dried, filtered and
concentrated to give a yellow oll which was distilled
(136-8°/24mm. ) yielding 6.01l4g. (71%) of.a clear oil,
the 2,2-disubstituted cyclopentanone (29), which gave
a negative ferric chloride test.
IR : V) 1755, 1735cm™ L.
NMR : 1.24§ s 3H saturated methyl;

1,108 t(J=7Hz) 3H ester methyl;
4,068 g(J=7Hz) 21 ester -CH,-.

MS : M* 170,

2-FEthoxycarbonyl-5-methyl cyclopentanone (@)%,

4,689¢g. (27.58mmoles) of 2—ethoxycarbonyl-Z-méthyl
cyclqpentanone (29) was added dropvwise to a solution of
0.635g, (27.60mgram-atoms) of sodium metal in 10@1. of
dry ethanol and the solution heated uﬁder refluxz for 7
hours. After cooling, the solvent was removed under
reduced pressure and the residue taken up in 50ml. of

toluene, poured onto 100ml, of 10% acetic acid and the
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layers separated, The aqueous lsyer was extracted with

ether, the organic portions combined, washed to neutral-

ity with brine, dried, filtered and concentrated. This

gava 3.094g.(665%) of a pale yellow o0il which was éistill-

ed (115-8°/20mm.) to yield the 2,5-disubstituted cyclo-

pentanone (23) as a clear oil, which gave a positive

FeCl3 test,

IR : V., 1760, 1735cm™t,

NMR ¢ 1.078 d(J=6Hz) 3H C(5) methyl;
1.238 1(J=8Hz) 3H ester methyl;
4,108 g(J=BHz) 2H ester methylenes.

Ms : Mt 170.

Attempted condensation of 2-ethoxycarbonyl-5-methyl

cyclopentanone (23) with citral (24),

A solution of 353mg. (2.08mmoles) of the keto-
ester and 350mg. (2.30mmolaes) of citral in 5ml. of dry
ethanol was added dropwise over 10 minutes to a stirred
solution of 500mg. of sodium in 25ml. of ethanol at -78°,
The reaction mixture was stirred at room temperature for
4 days them brought to pH 7 with glacial ace:ic acid.
The solﬁent was removed under reduced pressure and the
residue taken up in ether, weashed with brine, dried,

' filtered and concentrated to yield 573mg. of a brown—
yellow oil. Infra-red analysis showed no O-H stretch,
and three carbonyl bands at 176Ocm"1(cyclopentanone),
1730cm"1(estar) and 1680cm-l(a1dehyde). NMR showed both
an aldehyde proton and the appropiate ethyl ester multi-
plets, and TLC confirmed that this product was merely &

mixture of starting materials, and that no rew compound



had been formed,

l-Tthoxycarbonyl-b-hviroxy-2,5-dimethyl bicyclof%.Q. l

octan-8-one (%1)35.

A mixture of 13.3z. (7.8mmoles) of 2-ethoxycarb-
onyl-5-mathyl cyclopentarone (23) and 6.0g. (8.6bmmoles)
of freshly-distilled crotonaldehyde, cooled to OO, was
added dropwise over 1 hour to a solution of 0.lg. of
sodium in S0ml, of dry ethanol (containing a few cryst-
als of hydrogquinone) at -78°, On completion of addition,
the cooling bath was removed, anc stirring continued for
two hours. The solﬁtion was neutralised with glacial
acetic acid and the solvent removed under reduced press-
ure. The residue was taken up in ether, washed with
brine, dried, filtered and concentrated to yield a brown
oil which was distilled (165—70/O;Mmm.), furnishing
1%.0g.(75%) of the bicyclic alcohol (31) as a clear,
viscous oil.

IR : ), 363Ocm"1(free), 3%00-3570cm'l(bonded);.
xQol760, 17350m'1.
NMR : 0.9068 d(J=8Hz) 3H C(2) methyl;
1.028 s 3H C(5) methyl;
1.268 t(J=7Hz) 3H ester methyl;
4,138 g(J=7Hz) 2H ester methylenes;
9.6086 s(broad) aldehyde proton.
Integration indicated that .the product consiéted of 2%
aldehyde (32) and 987 bicyclic alcohol (31).
Ms @ MY 240,
Found : C 64.75, H 8.u46% (ClBHZOOH requires C 64,98,
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1-thoxycarbonyl-b-tosyloxy-2,5~dinetnyl bicyclo[},Z.lJ

octan-G-onae (3%)35.

12.48g. (5.2mmoles) of the epimeric alcohols (31)
was treated with 14.70g. (7.8mnoles) of p-toluene suiph-
onyl chloride in 50ml, of dry pyridine at 0%, The
mixture was stirred at room temperature for 4 days, then
poured onto ice-water, extracted with three portions of
ethyl acetate, and the combined organic layers washed to
neutrality with dilute HCl, brine and water. The last
traces of water were removed by azeotroping with benzene
and the solvent removed under reduced pressure (cool
water-bath), giving 19.52g.(95%) of a reddish-brown gum,
Trituration with hot ethanol gave a first crop of a white
crystalline solid. The mother liquors were further

recrystallised with the results shown (Table 3)

Crop Weight M.Pt. NMR (CH~OTs position and Epimer
. o half-~band width)
1 1.53g. 161-2 4,68 w%=6Hz Axial
2 2.21g. 74-6° 4,52  w,=15Hz
e Mixture
3 4.,39g. 81-2° 4,50 w,=16Hz Equat-
2 : orial.
Table 3

Crop 2 was further recrystallised to give 1.00g.
identical to crop 1 and 0.60g. identical to crop 3.
The assignment of stereochemistry is based on reference 16.
IR : Identical for both epimers, as follows -
Veo 1765, 1735cm™;
Vg, 11€0, 1373ca™T.
NMR : Identical for both erimers, with the exceptions

noted in Table 3.
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0.0%6 s 31 C(9) methyl;
0.91 6 d4(J=6Hz) 3H C(2) methyl;
1.256 t(J=7Hz) 3H ester methyl;
2,44 8 s 31 aromatic methyl;
4,18 & g(J=7Hz) 2H ester -CH,-j;
7.40 8 g(J=8Fz) 4H sromatics.
'Found : Crop 1 - C 60.88, H 6.51%
Crop 2 - C 61,06, H 6.44%
(CooHpg0¢ requires C 60.89, H 6.64%).

Treatment of the equatorial tosylate (33e) with NaOEt35.

A solution of 5.,00g. (12,70mmoles) of equatorial
tosylate in 50ml. of dry ethanol was added dropwise
over 10 minutes to a solution of sodium ethoxide (from
0.5g. of sodium in 60ml. of ethanol) at 60°. The mixt-
ure was stifrad at reflux for 30 minutes, then cooled
and poured onto 50g. of ice-water. After neutralisa-
tion with 6 HCl, the bulk of the solvent was removed
on the rotary evaporator., The residue was extracted
with 2 x %Oml, portions of ether and the usual work-up
gave 2.81g.(83%) of the gem-diester (3#5 as a yellow oil.
An aliquot was distiiled (110-20/0.3mm.) and had the
following characteristics :

IR : Hydroxyl region transparent; )Qol735cm'l(sharp).
NIR : 0.85& d(J=7Hz) 3H safurated CH3 $

1.23 8§ t(J=7Hz) 6H esters CHy s

1.67 § s 3H olefinic CHy;

h:%;g}m(‘j:’}'}-}z) LUH esters -L:Hz-;

5.34 & s(broad) 1H olefinic proton.
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MS @ MT 268,
Found : C 65.88, H 8.83% (015H2u04 requires C 67.1k4,
H 9.01%).

Hydrolysis of the gem-diester (34)

A solution of 2.108g; (7.87mmoles) of pure diester
in 10ml. of ethanol was treated with 1,120g. (20.00mmoles)
of potassium hydroxide, and the solution heated under
reflux‘overnight(lé hours). After cooling, the solvent
was removed undcer reduced pressure and the residue was
taken up in 30ml. of water. Any unreacted diester was
removed by washing with ether, and the agueous layer was
neutralised with 6N HCl, extracted with 2 x 50ml, port-
ions of ether, the combined organic layers washed with
brine, dried, filtered and concentrated to yield 1.339%g.
(71%) of the acid-ester (36) as a yellow oil (133-6°/
0.25mm, ). |
IR : Vou 2400-3HOOcm_l(bonded),'Vco.l708, 1740cem™ L,

MR = 8:8%%%_@9_(J=7Hz) 3H saturated methyl;

1.278§ t(J=7Hz) 3H ester methyl;
1.706 s 3H unsaturated methyl;

t:g%g}g_q(u*ﬂ}{z) 2H ester -CH,-;

5.37&§ s(broad) 1H olefinic proton;
11.28%6 s 1H exchanges with D,0.
MS

e

pt 196(M+~002), base peak €l.
Found : C 65.01, H 8.14% (C13H200h raquires C 64,98,
H 8.39%).
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Decarboxylation of the acid-ester (36).

1.095g. (4.96mmoles) of acid-ester was dissolved
10ml, of pyridine (distilled from KOH) and the solution
refluxed for 4 hours. The solvent was removed and the
residue taken up in ether, washed with 4 NaOH to remove
any starting material, then with brine and water, dried,
. filtered and concentrated to give 0.640g.(72%) of mono-
ester (38), b.pt. 85-90°/0.25mm.
IR : No O-H stretch, V., 1738cm™t,
NMR : 0.878§ d(J=6Hz) 3H saturated methyl;

1.23§ 1(J=8Hz) 3H ester methyl;

1.70 § s 3H unsaturated methyl;

4,138 q(J=8Hz) 2H ester methylenes;

5.508 m 1H olefinic proton. |
MS : MV 196.

Found : C 72.83, H 10.16% (CleéOO2 requires C 73.43,

H 10.27%).

Hydrolysis of the ester (38).

A solution of 61%mg. (3.1'tmmoles) of ester in 19ml,
of methanolnwas treated with 287mg. (5.12mmoles) of XOH
in 1Cml, methanol/ 3ml. water, and heated under reflux
overnight(16 hours). After cooling, the solvent was
reﬁoved under reduced pressure and the residue taken up
in water, washed with ether, neutralised with €N HCl and
re-extracted with ether. The ether extracts were washed
with brine, dried, filtered and concentrated to yield

433mg. (83%) of the acid (37), b.pt. 120-4°/0.35nm.
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1

IR : Vg 2340-34%00cm™—, YVeo 17080m"1(dimer), l?MOcm"l

(shoulder, monomer),

NMR : 0.938 d(J=6Hz) 3H saturated CH

33
1.706 s 3H unsaturated CH3;
5.43 § m 1H olefinic proton;
12,015 s 1H exchanges with D,0,.

2
MS : MY 1€8, base peax 43.

Found : C 71.42, H 9.48% (ClOH1602 requires C 71.39,
H 9.59%).

Reduction of diester (34) with one equivalenf* of LiA1H)
(a) Over 16 hours :
A solution of 100mg. (0.37mmoles) of gem-diester

(3%) in 5ml. of sodium-dried ether was added dropwise,
under N,, to a slurry of 8mg. (0.21lmmoles) of lithium
aluminium hydride in 5 ml. of ether. The heterogeneous
mixture was stirred at 150 for 16 hours, then the reacts<
ion was stopped by the sequential addition of 1ml,., of
water, lml. of dilute HCl and 5ml, of water. The granul-
ar solid thusformed was easily removed by filtration,

and the filtrate washed until neutral, After drying,
evaporation of the solvent gave 92mg. of an oil which
showed three distinct spots oh TLC(15% ethyl acetate -
petrol), the least polar of which corresponded to thne
starting material. The other two cowponents of the
nixture were separated by prep. TLC, and the middle band
jk'Note : equivalence is based on the assumption that one
mole of lithium aluminium hydride will reduce two moles"

of a carboxylic ester.
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shown to be hydroxy-ester (39), 22mg., by the following
IR : ‘Vm12400-36000m-l(bonded), Vo l?35cm'l(sharp).>
NMR : 1.23%6 t(J=7Hz) 3H ester methyl;
4,206 g(J=7Hz) 2H ester methylenes;
5.498 m 1H olefinic proton;
6.42& m 1H hydroxyl proton, exchanges with D,0.
The most polar component from the product mixture
was shown to be the completely-reduced product, the diol
(%0), ; white crystalline solid, m.pt. £9-90°(benzene).
IR : VOH36250m'1(free), 3260-37400m'1(bonded);'
transparent in the carbonyl region.
MR : No ester signals; 3.12 8§ m 2H hydroxyls, exchange
with D503 5.308 m 1H olefinic proton,
For analysis, see later, |
(b) Over 4 hours
Using the same experimental procedure as in (a),
145mg, (0.54mmoles) of gem-diester was treated with llmg,
(0.29mmoles) of LAH for 4 hours to give 117mg, of a clear
oil, identical on TLC, IR, etc. to the product from the
16 hour reaction - i.e. a three-component mixture of

starting material, hydroxy-ester (39) and diol (40).

Reduction of gem-diester (34) with two equivalents of LAH

To a slurry of 15mg. (0.39mmoles) of lithium alumin-
ium hydride in 5ml. of sodium-dried ether was added a
solution of 100mg, (0.37mmoles) of 5,5-diethoxycarbonyl-
1,4-dimethyl cycloheptene (3%) in 5ml. of etner, and
stirring under W, continued at room temperature for 4
hours. The reaction was workec-up as in part (a) of the

previous experiment, and yielded 6élmg.(85%) of the
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expected diol (40), m.pt. 89-90%(benzene).

Spectral details were identical to those of the diol

isolated in the previous experiment.

Ms : MY 184,

Found : C 71.50, H 10.60% (C11Hyq0, requires C 71.70
_H 10.94%).

Treatment of the equatoriul tosylate (33e) with a molar

equivalent of potassium hydroxide in ethanol,

2.652g. (6.73mmoles) of equatorial tosylate was
dissolved in 4Oml., of dry ethanol and treated with 377mg.
(6.73mmoles) of KOH under reflux for 3 hours. The white
precipitate of p-toluene sulphonic acid formed on cooling
was filtered off and the solvenﬁ renoved from the filtr-
ate under reduced pressure., This gave more unwanted acid
which was also filtered off after trituration with ether.
The ether was evaporated off to leave a white oily
residue which was dissolved in water and extracted with
two portions of ether., The usual work-up of the organic
layers gave 290ng. of a colourless o0il, shown by TLC to
be a mixture of the unreacted tosylate (33e) and the
mono—estér (38), thelatter being formed presumably by
decarboxylation of the acid-ester (36). The presence of
both of these species was confirmed by KMR, which showed
an olefinic proton at 5.308 &s well as an AB quartet at
7.605. The ratio of mono-ester to tosylate was 3;4 by
NMR integration.

The aqueous layer from the above worx-up was care-
fully neutralised with 61 HCl and re-extracted with ether.

After washing and drying, removal of the solvent yielded
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360mg. (22%) of the acid-ester {3f) =zs a viscous yellow
0il which wes spectroscopically and chromatographically
identical to the acid-ester produced by the hydrolysis

of the gem-diester (34%) earlier.

Treatment of the axial tosylate (23a) with potassiunm

hydroxide in ethanol.

A solution of 3.995g. (10.lWmmoles) of axial tosyl-
~ate in 150ml. of dry ethanol wes treated with 3.920g.
(70.00mnoles) of XOH and then heated under reflux for 16
hours. When cooled, a white precipitate had formed,
Most of the solvent was removed under reduced pressure
and the residue taken up in 100ml. of water, Extraction
with 2 x 50ml, portions of ether, then combination of the
extracts, followed by washing, drying and evaporation of
-solvent yielded 99mg.(5%) of H-ethoxycarbonyl-l,4-dimeth-
vyl cycloheptene (38).
IR : Ve 1735cm™ L,
NMR : Identical to that of the ester obtained by decarb-
oxylaticn of the acid-ester (36).

MS : MY 196.

The aqueous layer from the above work-up was cafef-
ully neutralised with €N HCl and re-extracted with ether.
The usual work-up yielded 1f“hhg.(9l%) of the acid (37).

IR :. VOH3MOOcm_l

, \)c01705cm-1(dimer), 1750cm™! (mono-
mer, shoulder). '
NMR : 0,906 d(J=7Hz) 3H saturated methyl;
1.70 & s 3H unsaturated methylj;
5.47 & s(broad) 1H olefinic protor;

11.308 s 1H acid proton, exchanges with D,0.

2
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MS : MY 1686, base peak 2.
Found : C 71.44, H 9.62f (Cy,H;0, requires C 71.39,
H 9.59%).

1-Bthoxycarbonyl-bk-hydroxy bicycloj3,2_1J oetan-8-one(u2)lo

- A solution of 10.00g. (64.10mmoles) of 2-ethoxycar-
bonyl cyclopentanone36 and 1ml, of freshly-distilled |
triethylamine in 50wm1, of sodium-dried benzene, stirred
at OO, vas treated with 3.08g. (55.00mmoles) of redistilled
acrolein and then stirred for 18 hours at room temper-
ature. The reaction mixture was neutralised with acetic
acid, washed with 2 x 100ml, portions of brine, dried,
filtered and concentrated to yield é yellow oil which, on
distillation (120-4°/0.3mm.) gave 9.10g.(67%) of a clear
0il, tha aldehyde-ester (43). INMR showed the aldehydic
proton at 9.704.

A mixture of 8.00g. (37.74%mmoles) of aldehyde-ester,
8ml, of triethylamine and 80ml., of dry benzene was
heated under reflux for 24 hours., After cooling, the
solvent was removed under reduced pressure and the
raesidue ﬂakeh up in CHCl3, washed with Lu HaOH, then
brine, dried, filtered and concentrated to give 5.96g.
(75%) of a yellow 0il which was shown by NMR to be a
mixture of unreacted aldehyde-ester(10%) and the desired
biecyclic alcohol (42). The latter was separated by prep.
TLC (15% ethyl acetate - pefrcl) to give the pure alcohol
as a mixture of epimers.
o 3640cm™(free), 3300-3¢50cn™t (bonded);

Veo 1760, 1735cn™T,

MS : Mt 212, base peak 4l.

IR Y
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1-jithoxycarbonyl-b-tosyloxy bicyclo{E.Q,l.]octan-8-one

() 10,
4,00g. (18,87mmoles) of bicyclic alcohol (W42) was

treated with a solution of 4,75g. (25.00mmoles) of p-
toluene sulphonyl chloride in 15ml, of anhydrous
pyridine at OO, and the reaction mixture stirred at room
temparature for 4 days. It was then poured onto 50ml,
of ice-cold éN HCl and extracted with 2 x 100ml. portions
‘of ether, The combined ether layers were washed with
dilute sodium hydrogen carbonate solution, and then brine
until neutral., After drying, removal of solvent gave
L,55¢.(66%) of a brown gum., The epimeric tosylates
contained therein were separated either by fractionél
crystallisation from hot ethanol or by preparative TLC
(40% ethyl acetate - petrol), the axial epimer being the
more polar. ' |
The equatorial tosylate (4kte), a white crystalline soiid,
m.pt. 95-6°, showed - |
IR : No O-H stretch, V.,1765, 17350m-l,
Vg, 1375, 1175em™".

NMR : 4,66 &6 m wy=18Hz CH-OTs.
Found : C 59.26, H 5.85% (CléH2206S requires C 59.16,

H 5.80%). |
The axial tosylate (4k4a), also a white, crystalline
solid, m.pt. 96-7°, showed -
IR : Identical to that of the equatorial epimer.
NMR : 5.058 n w%=9Hz CH-CTs.
Found : C 59.25, H 6.05% (C1gHs5045 requires C 59.16,

H 5.80%).
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Treatment of the eguatorial tosylate (hhe) with llaOnt.

A solution of 2.88g. (7.87mmoles) of equatorial
tosylate in 10ml. of ethenol was added dropwise to a
warm solution of 200mg. of sodium in 20ml. of ethanol,
and heated under reflux for 45 minutes. The reaction
mixture was cooled, poured onto ice, acidified with 6U
HC1l and extracted with 2 x 50ml. portions of ether. The
combined extracts were washed with brine, dried, filtered
and concentrated to yield 1.73g.(92%) of the cyclohept-
ene gem-diester (45) as a yellow oil (120-4%°/0.5mm.).-
IR : Vcol735cm—l.

NMR : 1.28 8§ 1£(J=7Hz) 6H ester methyls;
hu1£§5 q(J=7Hz) Y4H ester methylenes;
5.40 § s(broad) 2H olefinics, |
Found : C 64,55, H &,05% (Cl3H2004 requires C 64.98,
H 8.397). |

Hydrolysis of the cycloheptens diester (L45),

1.46g. (6,08muoles) of diester and 2.80g. (50.00
mmoles) of potassium hydroxide in 25mi, of dry ethanol
was allowed'to stand at room temperature.for 16 hours
before the solvent was evaporated off and the residue
quenched with water. After washing with ether to remove
‘any unreacted starting material, the aqueous layer was
neutralised with 6N HC1, re;extracted with ether and
worked-up as usual to give 905mg.(827) of the gem-diacid
(46) as a white crystalline solid, m.pt. 154-7°(ethanol).
TR(CHC1,) : v, 3620cm™(free), 3300-3550cm™ ' (bonded);

v, 1705em™t,
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NMR : 5.40 6 s(troad) 2H olefinic protons;
10.05¢% s(broad) 2H acid protons, exchange with D,0.
Found : C 58.82, H 6.69% (CoHy o0y, Tequires C 58.69,
H 6.57%).

Decarboxylation of the gem-diacid (46).
| A solution of 502mg. (2.73mmoles) of diacid in 10ml,
- of dry pyridine was heated under reflux for 2 hours,
cooled, and the pyridine removed under reduced pressure,
The residue was taken up in water, neutralised with 6N
HC1l and extractedrwith ether. Usual work-up gave 35lmg.
(92%) of the cycloheptene mono-acid (47) as a wnite,
crystalline solid, m.pt. 65-7° (lit. 65-7° ©y from pet.
ethar.
IR(CHCl3) : Identical to that of gem-diacid (46).
NMR : 5.70§6 s(broad) 2H olefinic protons;

12,036 s(broad) 1H acid proton? exchanges with DZO‘
Found : C 68.71, H 8.72% (CgH, ,0, requires C 68,55,

H 8.63%).

Treatment of axial l-ethoxycarbonyl-Lk-tosyloxy bicyclo

[3.2.1.1octan—8—one (44a) with ¥OH in ethanol.

210mg, (0.57mmoles) of axial tosylate and 224mg.
(4.00mmoles) of potassium hydrokide in 10ml, of dry
ethanol were heated under reflux overnight(16 hours).
The reaction mixture was coéled, flooded with 100ml, of
water and washed with ether (washings discarded). The
aqueous layer was taken to pH 7 with 61 HC1 and extracted
with 2 x 50ml. portions of ether. The combined sther

layers were washed with brine, dried, filtered and
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concentrated to yield €9mg., of a white solid. This was
shown to be a mixture of cycloheptene-l,5-dicarboxylic
acid (86) and the unsaturated bicyclic keto-zcid (87),
in the ratio of 9:1, by its NMR spectrum.
IR : Vgy 3600cm"l(free), 3320-36200m-l(b0nded),

Vo 1710cm™t (broad), V. 1600cm™t.
NMR 1.0-3.0 § broad methylene envelope;

5.806 m(broad)
) ratio 2:9

7.208 t(J=6Hz)
The higher field of these signals is due to the olefinic
protons of (87); whereas the enone-type signal at low;
field is due to the single unsaturated proton in (86).

This was confirmed by comparison with the spectra of

authentic samples of (8€) and (87)10.

1-Ethoxycarbonyl-4-hydroxy-5-nethyl bicyle[3.2.lJ

octan-8-one (48).

A solution of 450mg. (2.65mmoles) of 2-ethoxy-
carbonyl-5-methyl cyclopentanone (23) and 0.5ml. of
triethylamine in 15ml. of dry benzene was treated with
168mg. (3.0Qmmoles) of freshly-distilled acrolein at
room temperature, and the mixture heated under reflux.
After 44 hours, TLC showed that all starting material
had baen consumed and a more podiar product formed, The
reaction mixture was coolad to room tempergture, neutral-
ised with glacial acetic acid and'the solvent removed
under reduced pressure., The residue was taken up in
ether; vwashed with brine and water, dried, filtered and
concentrated to give 513mg.(86%#) of a yellow oil, the

desired alcohol (48).
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IR ¢ Vg 3635cm~l(free), 3&00~36600m—1(bonded);
Vo 1760, 1730cm T,
NMR : 1.128 s 3H C(5) methyl;
1.27 § QgﬂJ=7Hz)'3H ester methyl;
3.778 m 1H hydroxyl, exchanges with D20;
4,20 8§ dg(J=7Hz) 2H ester methyleneé.

Downfield sweep showed no trace of an aldehyde H,

MS : MY 226,

_ 1l-Ethoxycarbonyl-k-tosyloxy-5-methyvl bioyclo[3.2.lj

octan-8-one (49),

198mg, (0.88mmoles) of l-ethoxycarbonyl-Y-hydroxy-
S5-methyl bicyclo[3.2.lJ octan-8-one (48) at 0° was
treated with a solution of 250mg. (1l.31mmoles) of p-
toluene sulphonyl chloride in 15ml. of dry pyridine and
the reazction mixture stirred at room temperature for 7
days. 1t was then poured onto ice-cold dilute HCl and
extracted with 2 x 50ml. portions of ether. The comb-
ined extracts were washed with dilute sodium hydrogen
carbonate solution, water and brine, dried filtered and
cohcentiatéd under reduced pressure at 250 to yield
_173mé. of a viscous yellow oii. TLC (30%.ethyl acet-
ate - petrol) showed the presence of three compounds,
which were separated by prep.TLC. The least polar
component (4lmg.) corresponded to unreacted alcohol
(48) by IR, TLC and IR coﬁparisons. The middle band
from the plate (62mg. of a clear o0il) proved to be ths
equatorial tosylate (49e) by the appearance in the NMR

spectrum of a broad multiplet (w%=20Hz) at 4,70 8 ,due
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'to‘the CH-0Ts proton, The most polar component (29mg.
of a white solid) was the axial tosylate (49a), the CH-OTs
proton appearing at 4.80 as a multiplet, W%=6Hz.
IR : Identical for botﬂ epimers - no O0-H stretch, and
Vco 1760(shoulder), l735¢m-1.
NMR : 5imilar for both epimers -
0.92% s 3H C(5) methyl;
1.27 § 1(J=7Ez) 3H ester methyl;
2.45§ s 3H aromatic methylj;
4,22 § g(J=7Hz) 23 ester methylenes;
7.57 & g(J=8Hz) 4H aromatics.
The carbinyl proton for eacﬁ epimer appéared as
stated above.

MS : MY 380 (both epimers).

Treatment of the equatorial tosylate (4%e) with HaOEt.

Using the same technique as described previously
for the preparation of 5,5-diethoxycarbonyl-l,4%-dimethyl
cycloheptene (34), 85mg. (0.22mmoles) of equatorial
tosylate (49e) was treated with sodium ethoxide (from
100mg. 6f sodium in 10ml. of ethanol) té produce the
cycloheptene gem-diester (50) in 91% yield.

IR : V., 1735cm T,

CNMR : 1.23§ %(J=8Hz) 6H ester methyls;
-1.70% s 3H olefinic methyl;

%,30% g(J=8Hz) L4H aster methylenes;

5.508 m 1H olefinic proton.
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‘Hydrolysis of the gem-diester (50).

51mg, (0.20mmoles) of (50) was treated with 56mg.
(1.00mmoles) of KOH in 10ml., of ethanol overnight under
reflux. Normal work—ub-yielded 33mg.(85%) of the gem-~
diacid (51) as a semi-solid yellow oil.
l705§m-l.

co

IR(CHCL,) & Vg, 2400-3550em™; U
NMR : No ester signals; 1.68 § s 3H olefinic methylj
5.458 m 1H olefinic proton;
12,318 s(broad) 2H acid protons, exchange with
D20.

Decarboxylation of the gem-diacid (51),

30mg. (0.15mmoles) of diacid was heated in reflux-
ing dry pyridine (5ml.) for two hours. The solvent was
removed under reduced pressure and the residue taken up
in ether, washed with 6N HCl and brine, dried, filtered
and concentrated to yield 23mg.(98%) of the cyclohept-
ene mono-acid (52) as a yellow oil,

l; )]Qo 1705cm_1.

IR : Vg, 2400-3400cm”
NMR : 1.67& s 3H olefinic methyl;
5.44 § m 1H olefinic proton;

10.9%§ s(broad) 1H acid protdn, exchanges with

D,0.

2

Treatment of the axial tosylate (49a) with XKOH in EtOH.

60mg, (0.1l6mmoles) of axial tosylate in 12ml. of
dry ethanol was treated with 116émg. (2.07muoles) of
potassium hydroxide, and the solution heated under reflux

for 13 hours. The reaction mixture was cooled, poured'
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6nto 100ml, of water and washed with =ther to remove

any starting material. The aqueous layer was neutral-
ised with dilute HCl and extracted with ether. The
extracts were worked-up.in the usual manner to give 18mg.
of a yellow-brown semi-solid oil, which as yet huis not

been identified beyond doubt.

1 1

IR : Vg, 2420-3240cm™ 3 V., 1705(shoulder), 1740cm™ .
NMR = 1.23§ s 3H(?) methyl group;

5.40 § m(v.broad) olefinic signalj;

7.00 8§ s(broad) acid proton, exchanges with D20;

MS : MY unclear - gradual tailing oif after 200; parent

ion could be either 226 or 180,

1-Ethoxycarbonyl-2-methyl-L-hydroxy bicyclo[3.2.lJ

octan-8-cne (53).

The above alcohol (120-50/0.2mm.) was prepared in
78% yield from 2-ethoxycarbonyl cyclopentanone and crot-
onaldehyde at -78° in the presence of sodium ethoxide,
using the method for the preparation of the 2,5-dimethyl
counterpart (31) described earlier, Distillation of the
crude reaction product was found to be most efficient if
performed on a small scale (5-10g.), as this minimised
the possibility of thermal decomposition.
IR : VY, 3605cm-1(free), 3250—368Ocm'1(bonded);

Vo 1750, 1720em™ .
NMR : 0.948 d(J=7Hz) 3H €(2) methyl;

1.24 6 £(J=8Hz) 3H ester methylj;

4,16 § g(J=8Hz) 2H ester methylenes;

%,30 8§ s(broad) 1H hydroxyl, exchanges with D,0.



...7’7_

Downfield sweep revealed only a trace (19) of
aldehyde.
Ms : MY 226, base peak 41,

1-Ethoxycarbonyl-L-tosyloxy-2-mathyl bicxclo[3.2.l]
octan-8-one (54),

3.3%4g. (15.02mmoles) of the bicyclic alcohol (53)
was treated with a solution of 3.813g. (20.00mmoles) of
p-toluene sulphonyl chloride in 25ml, of dry pyridine
at Oo, and the reaction mixture stirred at room temper-
ature for 96 hours., It was then poured onto 80ml., of
ice~cold 6 HCl and extracted with 2 x 100ml, portions
éf ether. The combined ether layers were washed with
'brine until the washings were neutral, dried, filtered
and the solvent removed under reduced pressure at 250
to yield 3.637g.(64%) of a red oil. This was purified
by prep. TLC (307 ethyl acetate - petrol) to give a |
single compound as a clear, pale yellow oil,

IR : No O-H stretch; Y, 1760,173%cm™t,
NMR 3 0.92 6§ d4(J=6Hz) 3H C(2) methyl;
| 1.22 & £(J=8Hz) 3H ester methylj;
2,43 % s 3H aromatic methyl;
4,18 § g(J=8Hz) 2H aster methylenes;
4,828 g(w%_=22Hz) 1H CH-OTs proton;
- 7.578§ g(J=8Hz) LH aromatics.
MS : M 380. '
The o0il, a white solid at -70° which melted on reaching
room temperature, seemed to be a single epimer, the equa-

torial tosylate (54%e), to judge from the half-band width
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"of the carbinyl proton signal. This was confirmed by the

following experiment.

Treatment of the equatbfial tosylate (S54e) with NaOEL.

A solution of 220mg. (0.58mmoles) of the tosylate
produced iIn the preceding reaction in 10ml. of dfy ethan-
oi was added dropwise over 10 minutes to a stirred
solution of O.lg. of sodium metal in 10ml. of ethanol
at 600, and the reaction mixture stirred under reflux
for 30 minutes. It was poured onto 50ml, of ice-water,
neutralised with 6N HCl and extracted with 2 x 30ml.
portions of ether. The combined extracts were washed
with brine, dried, filtered and concentrated to yield
123mg.(83%) of a yellow-brown oil which was purified by
prep. TLC (30% ethyl acétate - petrol) giving the gem-
diester (55) as a clear yellow oil.

IR : 1%1)1730cm"l(sharp).

NMR : 0.98 & d(J=6Hz) 3H saturated methylj;
1.27 § t(J=8Hz) 6H ester methyls;
4,19 § g(J=8Hz) L4H ester methylenes;
5,705 m 2H olefinic protons. |

MS : MY 254, |

Hydrolysis of the gem-diester (55).

_A solution of 76mg. (0.30mmoles) of Y-methyl-5,5-
diethoxycarbonyl cycloheptene (55} in 1Cml. of ethanol
was treated with 109mg. (1.94%mmoles) of KOH in 3ml, of
water and the solution heated under reflux overnizht

(20 hours). After cooling, the soivent was stripped orr
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on the rotary evaporator, the residue taken up in t0ml,
of water and washed with ether (washings discarded).
The aqueous layer was carefulily neutralised with dilute
HCl, re-extracted with ether a.ud the organic layers were
combined, washed with brine, dried, filtered and concen-
trated tc yield 46mg.of a yellow oil, NMR showed the
presence of an ethyl ester, olefinic protons and a carb-
oxylic acid proton(s), but integration indicated that
this pfoduct was a mixture of the acid-ester (56) and
the mono-acid (57). TILC confirmed that there were two
components, so the entire reaction product was treated
again with excess KOH in ethanol for 40 hours to decarb-
oxylate and hydrolyse (56) to (57). A similar work-up
to the first one yielded 21mg.(h7ﬂ overall) of the pure
cycloheptene acid (57) as a clear yellow .0il.
IR : Vg, 3540cm™(free), 2300-3400cm™ (bonded);

Vo 1750cm™F (shoulder, monomer), 1705cm™(dimer).
NMR : 0.95 % dd(J=5Hz) 3H methyl;

5.72 % m 2H olefinic protons;

8.60 § s(broad) 1H acid proton, exchanges with D20.

Ihere were no signais corresponding to an ethyl

eéter.

MS : MY 154, base peak 39.

2-lithoxycarbonyl-6-methyl cyclohexanone.
| The above compound was prepared from 2-methyl
cyclohexanone and diethyl oxalate using the literature

method37 and gave satisfactory spectral analysis.
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1-pthoxycarbonyl-4-hydroxy-2,5-dimethyl bicyclo[?.3,lj

nonan-9-ona (58).

The above alcohol (220-5°/0.7mm.) was prepared (in
7249 yield after distillation) from 2-ethoxycarbonyl-6-
methyl cyclohexanone and crotonaldehyde at 0° in the
presence of sodium ethoxide, using the method for the
préparation of the [3.2.1J analogue (31), described
.earlier, ©Small-batch distillation was agéin thé pref-
erred purification technique.
IR : Vo 3610cm™ (free), 3300-3700cn™t (bonded);
Vo 1710-1740cm™ " (broad).
NMR : 1.05 d(J=€Hz) 3H C(2) methyl;
1.13 s 3H C(5) methyl;
1.30 | £(J=8Hz) 3H ester methylj;
L.23 vg(J:SHz) 2H ester methylenes;
4,85 s(broad) 1H hydroxyl, exchanges with D50,
Downfield sweep showed no trace of‘an aldehyde H .
Ms : M* 254, | |
‘Found : C 66.27, H .76 (C11,H,50), Tequires C 66.12,
H 8.72%). | |

1-Lthoxycarbonyl-L-tosyloxy-2,5-dimethyl bicyclo[3.3.lj

nonan-9-one (59).

21.36g. (112mmoles) of tosyl chloride in 90ml. of
dry pyridine was added dropwise to 18.72g, (75.5mmoles)
of bicyclic aleohol (58) at 0° and the resulting solution
was left standing for 1 week in the refrigerator. The
reaction mixture was poured onto 100g, of crushad ice
and worked-up in the normal méenner to give 17.72g. of 4

golden-yellow oil. This was shown by IR and NMR to be
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257 tosylate and 79 starting alcohol, and so it was
re;subjected to a further 20g. of tosyl chloride in
90ml, of pyridine for 72 hours at room temperature.
Work-up as before gave 19.25g. of a red oil which, on
standing at room temperature for several weeks, yielded
four crops (6.4lg. in total) of a white crystalline solid
which proved to be the eduatorial tosylate (59e), m.pt.
99-100° (ethanol).
IR : No O-H stretch, Ve 1730cm™t(broad).
NMR : 0.908 s 2H ¢(9) methyl;

1.00 § d(J=8Hz) 3H C(2) methyl;

1,25 % t(J=7Hz) 3H ester methyl;

2,405 s 3H aromatic methyl;

4,20 & g(J=7Hz) 2H ester —CHZ-;

4,50 $ ij%=18Hz) 1H CH-OTs;

7.55 8 g(J=8Hz) 4H aromatics.
Ms : M' Lo8.
Found : ¢61.87, H 6.90% (021328068 requires C 61l.7%,

H 6.907). o

That the equatorial tosylate (5%e) was the only epimer;
‘formed was confirmed by prep. TLC of an aliquot of the
mother liquors from the recrystallisation. This gave
more equatorial tosylate and a large amount (about 50%)

of untosylated alcohol (58), but no axial tosylate.(59a).

Treatment of the equatorial tosylate (5%e) with NaOEt.

LoUmg., (0.99mmoles) of the equatorial tosylate in
10ml,., of dry ethanol was added dropwise, over 10 minutes,
to a stirred solution of 100mg. of sodium in 10ml. of

ethanol at 60°. The reaction mixture was stirred at
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-reflux temperature for a further 30 minutes and then '
allowed to cool. It was poursd onto 50g. of ice-water,
neutralised with 6K HCl and extractad with 2 x 50ml.
portions of ether. The combined extracts were washed
with brine, dried, filtered and concentrated to yield
275mg.(98%).of the cyclo-octene gem-diester (60) as a
pale yellow oil, used without further purification,
IR ¢ VYo 17350m—l(sharp).
NMR : 6.85 & d(J=7Hz) 3H saturated methyl;

1.18 § dt(J=€iz) 6H ester methyls;

1.60 5 s 3H unsaturated methyl;

4,17 8 dq(J=8Hz) 4H ester methylenes;

5.45 & £(J=7Hz) 1H olefinic protén._
Ms : MY 282, base peak Wl.

Hydrolysis of the cyclo-octene gem~diester (60).

A solution of 270mg. (0.96mmoles) of diester and
300mg.’(5.36mmoles) of potaséium hydroxide in 10nml, of
ethanol was heated under reflux for 48 hours, allowed to
cool and the solvent removed under reduced pressure,., The
residue wasvtaken ur in water and washed with ether
(which éave 8mg. of a yellow'oil identical to starting
material on TLC). The aqueous portion was carefully
neutralised with dilute HCl and extracted with 2 x 50ml,
portions of ether, which were worked-up in the normal
way to furnish 17fmg. of a yellow-brown oil. NMR
showed the continued presence of an ethyl ester function
as well as the appearance of an acidic proton at 9.2ppm.

Believing this product to be a mixture of the acid-ester

(61) and the mono-acid (62), it was redissolved in 1lOml.



- 83 -

of ethanol, treated with 30Cng. of XOH and the reactioﬁ
mix£1re heated under refiux for a further 45 hours. The
above work-up this time yielded 134mg.(77% overall) of a
brown oil which solidified on standing at room temperat-
ure. Recrystallisation from benzene gave the cyclo-
octene carboxylic acid (62) as a white crystalline solid,
m.pt. 127-8°,
IR(CHCl3) : Vou 35150m'1(free), 2300—3400cm"1(bonded);
Veo 17350m_1(dimer), l700cm"l(monomer).
NMR : 0.90§ d(J=7Hz) 3H saturated methyl;
1.728 s 3H unsaturated methyl;
5.37 § t(J»8Hz, poorly resolved) 1H olefinic H j
11.28 § s(broad) 1H acid profon, exchanges with D,0.
Ms : MV 182, base peak 4l. |
Found : C 72.50, H 10.10% (C;,H;q0, requires ¢ 72.49,
B 9.95¢). |

1-Zthoxycarbonyl-4-hydroxy bicyclo[?.3.lj nonan-9-one(63)

This was prepared in a two-step process: the keto-
aldehyde (64) was prepared by the method of Cope23 and

24, giving the bicyclic

cyclised by the method of Horii

alcohol as & clear viscous oil (138-140°/0.03mm.).

IR ¢ Voyu 3620cm~l(free), 3270-36000m"1(bonded);
Veg 1740, 1720cm™t,

NMR : 1.3086 t(J=7Hz) 3H uster methyl; L
3,708 s 1H hydroxyl proton, exchanges with‘DQO;
4,208 g(J=7Hz) 2H ester methylenes.

Ms : MY 226, base peak Ul.
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l-lthoxycarbonyl-H-tosyloxy oicyclo[¥@3.1j nonan~9—one{65)
| 1.19g. (5.,09mmoles) of the alcohol (63) at 0° was
treated with 1.43g. (7.4dmmoles) of p-toluene sulphonyl
chloride in 10mi. of dry pyridine and the resulting
solution was stirred at room temperature for 8 days.
The work-up employed for previous tosylate preparations
was used to give 1.11g.(57%) of the epimeric tosylates
as a colourless oil. The epimers were separated by prep.
TLC (30% ethyl acetate - petrol), the axial being more
polar.,
The equatorial tosylate (6%e), a white crystalline
solid, m.pt. 88-9°(ethanol), showed -
IR : No O-H stretch, Yeo 1760, 1725cm™*
NMR : 1.26% 1(J=CHz) 3H ester methyl;
2.4 % s 30 aromatic methyl;
4,20 § g(J=8Hz) 2H ester methylenés;
%.70 % _rg(w%=18Hz) 1H CH-OTs |
7.56 % g(J=9Hz) 4i aromatics.
Found : C 60,16, H 6.44% (clgquoés requires ¢ 59.98,
H 6.36%). "
The axidl tosylate (65a), also a white crystalline
solid, m;pt. 99-100°(ethanol), showed -
IR : Identical to that Qf the equatorial epimer.
NMR : Very similar to that of the equatorial epimef,
- exceplt that the Cﬁ—OTs‘proton appeared as a broad
singlet at 5.065(w%=8Hz). \
Found : C 59.€1, H 6.457 (019H2h068 requires C 59.9¢&,
H 6.36%).
MS : MY 380 (both epimers).
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Ireatment of the equsatorial tosylate (65e) with 11aOBt,

A solution of 33%5mg. (0.38mmoles) of the equatorial
tosylate in 10ml. of dry ethanol was added.dropwise to a
stirred solution of 100m3. of sodiun in 10Oml. of ethanol
at 65°, The reaction mixture was stirred at reflux for
45 minutes, allowed to cool to room temperature and the
solvent evaporated off under reduced pressure. The
residue was taken up in water, washed with ether, neut-
ralised'with dilute HCl and extracted with ether. The
usual work-up of the exfracts yielded 195mg.(87%) of the
cyclo-octene gem-disster (66) as a yellow oil, which was
used without further purification.

IR ¢ Vo l735cm'l(sharp).
NMR : 0.92§ dt(J=7Hz) 6H ester methyls;
4,20% dg(J=7Hz) Ui ester methylenes;

5.638 m 24 olefinic protons.

Hydrolysis of the cyclo-octere gem-diestar (66).

50mg., (0.20mmoles) of diester in 20ml. of dry EtOH
was treated with 1llmg. (2.0%mmoles) of potassium hydr-
oxide, and hested under reflux for 18 hours. The react-
ion mixture was cooled, quenched with water, neutralised
with 6N HCl and extracted with ether, The usual wvork-
up gave 39mg. of a darx-brown oil whose NMR showed no
signals from an ethyl ester. Assuming that this product
was tﬁe gem-diacid (67), the oil was heated in reflux-
ing pyridine for 3 hours, cooled and the solvent taken
of f under reduced pressure., The residue was dissolved
‘ih ether, washed with dilute HCl and brine, dried, filt-

ered and concentrated to yield 26mg.(EWY) of cyclo-



- 86 ~

octene-S~carboxylic acid (£3) as a yellow oil,
SRt Y 2450-3340cn™l; V¢, 1705(dimer), 1745cm™ T
(monomner).
NMR : 0.86- 2,68 broad methylens envelope containing
a singlet at 1.27§;
5.706 m 2H olefinicsy |
6.838 s(broad) 1H acid proton, exchanges in D,0.
MS ¢ MY 154, base peak Wl.

Treataent of axial tcsylate (€%a) with ¥OH in ethanol,

120mg. (0.32mmoles) of the axial tosylate in 10ml,
of dry ethanol was treated with 125mg. (2.24mrmoles) -of
potassium h&droxide and the mixture heated under reflux
for 16 hours. After quenching with water and washing
with ether to remove any unreacted tosylate, the aqueous
layer was carefully neutralised with 6§ HCl and re-extr-
acted with two portions of ether. The combined extracts
were worked-up as usual to yield 4Omg. of a semi-solid
0il, which proved to be a combination of the unsaturated
bicyclic keto-acid (90) and the cycloheptene-1,5-dicarb-
oxylic acid- (89). . |
IR : 1)og35HOcm"l(free), 2300;3H00cm_1(b0nded);

V1710, 17%0ca™t,

NMR : Broad methylere envelope from 1.1§ - 3.06; \
5.68 s(broad) olefinic protons from (90); ‘
7.08 t€J=8Hz) d,F—unSaturated system in (89);
.38 s(broad) acid protons, exchange with D,0.
From the integration of the unsaturatied proton peaks in

the above spectrum, the ratio of bicyclic keto-acid to -

cycloheptene-1l,5-diacid is approximately 1:2.
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1-Ethoxycarbonyl-t-nyiroxy-5-methyl bicyclo[Boi.l.Lnonan~
9-one (69).
This was prepared by the published procedure25 from

2-gthoxycarbonyl-6-methyl cyclohexanone and acroleiﬁ,
via tho aldehyde (70). A clear yellow oil (125-7°/0.06mm),
it gévg a negative ferric chioride test.
IR : Vou36l0cn ™ (free), 3010-3410cm *(bonded);
Veo 1760, 1735em™t,
NMR : 1.058 s 3H C(5) methyl;
1.28 § t(J=7Hz) 3H aster methyl;
4,238 g(J=7Hz) 2E ester methylenes;
4,90 § s(broad) 1H hydroxyl, exchanges with D,0.
Ms : M' 240,

1-Ethoxycarbonyl-4-tosyloxy-5-methyl bicyclo[i.i.lj nonan-
9-one (71). '

This was prepared as an epimeric mixture from the

bicyclic alcohol (69) using the published procedureg.
The epimers were separated by prep. TLC (40% ethyl acet-
" ate - petrol) and identified by the usual NMR technique.
The eguatorial tésylate was not treated with NaOEt, as
the prodﬁct from this reactioﬁ has already been ident-
ifiedg. The axial tosylate, a white, feathery crystal-
line solid m.pt. 122~3°, possessed all the expected

spectral characteristics.

Treatment of uxial tosylakte (7la) with KOH in ethanol.

A solution of 53mg. (0.l3mmoles) of axial tosylate
énd 50mg, (0.90mmoles) of potassium hydroxide in Sul, of

dry ethanol was refluxed overnight, allowed to cool and
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the solvent strippecd off., Th2 residue was taken up in
water, washed with ether (washings discerded) and neutr-
alised with dilute HCl. Re-extraction of the agqueous
layer followed by the usual wori-up gave 23mg.(93%) of a
white solid, m.pt. 138—1HOO, the unsaturated bicyclic

keto-acid (9l).

1 1

‘IR(CHClB) : Yoy 3520cm™*(free), 2400-3600cm™ " (bonded);
Vl)cO l760cm'l(broad).,
NMR : i.2‘8 s 3H C(5) methyl;
5.% § d(J=10Hz) 1H C(3) olefinic protonj
6,085 m 1H C(4) olefinic proton;
9.4 § s(broad) 1H acid proton, exchanges with D,0.
This spectrum was identical to that of an authentic

sample of (91)9.

Reduction of equatorial 1-éthoxycarbonyl—H—tosxloxy—Z,5-

dimethyl bicyelo[3.2.1.] octan-8-one (33e) with Ka3d .

R

373mg. (0.95mmoles) of the equatorial tosylate was
treated with a solution of 38ug. (1.0lmmoles) of sodium
borohydride in 20ml. of 109 aqueous nethanol and stirred
at room temperature for 50 hoprs. The bulk of the solv-
ent was‘femoved on the rotary'evaporator, leaving & 5ml,
residue which was quenched with water and extracted with
2 x 50ml, portions of ether, The combined extracts were
washed with brine, dried, filtered and concentratgd to
give 361lmg.(S6%) of the hydroxy-tosylate (106) as a
white solid, m.pt. 135-6°(ethanol). .
IR(CHC1;) & Vou 3350-3630cm™; Voo 1716em L (broad).
LMR : Similar in appearance to that of the parent xeto-

tosylate (33e), with the addition of two signals -
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3.0% s(broad) 1H hydroxyl, excnanges with D503
4.0§ s(broad) 1H CH-OH proton. |
s : MY 396, base peak 91.
Found : ¢ €0.58, H 7.14% (.020H28068 requires ¢ 60.59,
H 7.128).

Treatment of the hydfoxy-tosylate {106) with KOBut.

A solution of 150mg. (0.3cmmoles) of l—eihoxycarb-
onyl-4-tosyioxy=-2,5-dimethyl bicyclo[}.Q.lJ octan-8-0l
(106) in 10ml, of sodium-dried benzene was treated with
90mg. (0.80mmoles) of potassium t-butoxide and the
reaction mixture was heated under reflux for 21 hours.
It was then cooled, quenched with water and the layers
allowed to separate. The aqueous layer was extracted
with ether, and the organic portions combined, washed
twice wita brine, dried, filtered and concentratad to
give 93mg. of a clear oil which solidified at room temp-
erature. TLC (L40% ethyl acetate - petrol)} showed the
presence of both starting material and a less polar
product. The latter wés isolated by preparative TLC,
.yielding.29$g.(39% overall) of the cycloheptene ester
(38) as a clear oil, identical by chromatography and by
IR and HMR spectrosccpy to the product of decarnoxylation

of the acid-ester (36).

Reduction of the axial tosyiate {23a) witn NaBr, .

s45mg. (1.38mnoles) of the axial tosylate was reduced
with 53mg. (1.40mmoles) of sodium borohydride in the
menner described for the equatorial epimer atove. 'Thié

produced 539mgz.{(98%) of the hydroxy-tosylate (109) as
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& white, crystalline solid, m.pbt. 139-14%0%(ethanol).

IR : Vou 3600em™>; Vo 1715cm™F(sharp).

NMR : Similar in appearance to that of the parent keto-
tosylate (33a), with the addition of two signals -
2.325 s(broad) 1H hydroxyl, exchanges with D,0;

| 3.938§ s(broad) 1H CH-~OH proton, ‘

MS : MY 396, base peak 91.

Found : C 60.80, H 6.93% (CooHy30.S requires C €0.59,

H 7.12%).

Treatment of the axial hydroxy-tosylate (109) with KOBut.

A solution of 98mg. (0.295mmoles) of (109) in 10ml,
of dry benzene was treated with 56mg. (0.50mmoles) of
potassium t-butoxide, and the reaction mixtare heated
under reflux for 17 hours. Using the same worx-up as
~ employed in the reduction of (106), the product was 5lng,
of a yellow oil which partly solidified at room temper-
atuare, NMR indicated that this was a mixture of cyclo-
heptene ester (38) and p-toluene sulphonic acid. The
latter was removed by washing an ethereal solution of the
crude prodﬁct with dilate sodium hydrogen carbonate,
leaving, after the usual work-up, 3bmg.(477) of pure
cycloheptene ester (38), identical in all aspects to that

.produced’earlier by decarboxylation of the acid-ester (35).

Conversion of the cycloheptens scid (37) to the corresp-

onding isocyanzte (11k4).

A solution of 506mg. (3.0lmmoles) of the acid and
1.631g. (12.71lmmnoles); of thionyl chloride in 20ml, of

sodium-dried benzene was heated under refiux for 18 hours,
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cooled and the excess thionyl chloride removed rinder
reduced pressurc to yield an unweighed brown oil, thse
acid chloride (112). IR(thin film)} showaed no trace of
the carboxyl O-H stretch ané¢ the appearance of an acid
chloride carbonyl band at 17850m’l. This material was
used without further purification.

The acid chlorids in 10ml, of acetone was treated
with 325mg. (5.00mmoles) of sodium azide in 1l.2ml, of
water (09, dropwise addition over 15 minutes, with
stirring),and the solution stirred at room temperature
for 3% hours. The reaction mixture was then quenched
withwater and extracted with benzene. Tie extracts were
washed with brine until the washings were neutral, then
dried thoroughly, filtered and most of the solvent remov-
ed under reduced pressure at 250. This gave the azide
(113), 2130cm™*
(114), 2250cm”

in the IR, plus traces of the isocyanate
1. The azide was cdnverted completely to
the isocyanate by refluxing in dry toluene for 12 hours,
When the solvent was stripped off, the brown oil which

remained showed a very strong isocyanate peak in the IR

(2240cm™t), “and only a trace of azide at 2120cum™t.

Attempted hydrolysis of the isocyanate (11%3,

The isocyarate (114%) prepared as above was di§sol-
ved in 10ml. of AR dioxan and treated with 560mg. (10.CO
mmoles) of potassium hydroxide iniOml, of water. The
reaction mixture was healed under rerlux for 2% hours,
cooled and concentrated under reduced pressure. The
last traces of water were reuoved by azaotroping with

bernzene, leaving & drown oil wiich, on trituration with
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etiianol, geve & whitish-brown solid. The melting point
of this compound wus found to be greater than 2300,

which points to its being a salt. IR(XBr disc) showed

a very broad 0-H at 2500-37%Ocm-1, and a broad carbonyl
centred on 165Ocm—1. NMR was impossible as the product
would not dissolve in any of the common organic solvents,
MS showed no molecular ion, only a gradual tailing off
of peaks.,.

This product is postulated as being the potassium
carbamate (118). However, when it was treated with dil-
ute HC1l to liberate the free carbamic acid, extraction
with ethyl acetate yielded only Umg, of material. Pres-
uming that the carbamic acid had been decarboxylated to
the amine (115) in situ, the aqueous layer was basified
with 4N HaOH and re-extracted with ethyl acetate to give
18mg. of a yellow-brown oil. However, the IR of this
compound exhibited no N-H stretches, but did show a very
broad carbonyl absorption centred on 1720cm-;. Hence

this cannot bte the desired amine.

Treatmant of the cycloheptene acid (37) with dimethyl

disulphide.

A solution of 909mg. (9mmoles) of di-isopropylamine
in 5 ml. of dry THF, under N,, was treated with 8mmoles
of n-butyl lithium and stirred at'OO for 10 minutes. A
solution of 593mg. (2.53mmoles) of the acid (37) in Lml,
THF/1ml ,HMPA was added, and the solution stirred at 0°
for 1% hours. It was then poured onto an ice-cold
solution of W470ng. (Smmoles) of dimethyl disulphide in -

Sml. of TIF, then stirred for 40 minutes at 0°, The
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reaction mixture was poured onto 1CCz;. of ice-water,
acidified with 6N HCl and extracted with ethyl acetate.
The usual work-up of the extracts gave 638mg. of a brown
0il. Prep. TLC (30% ethyl acetate - petrol) gave 10lmg.
of unreacted startingAmaterial as the only identifiable
product. No trace was found of the «~thiomethylated

aecid (121).
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CHAPTER THREE

APPROACHES TO AN INTERMEDIATE
IN SESQUITERPENE BIOGENESIS.
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In recent ysars, whenever the cnemical synthesis or

a natural product is planned, one of two major pathways
is normally used. The first, snd for many years the
more important, road i1s through total synthesis, using
the classical techniques of functiornal group
manipulation to bring about structural and stereo-
chemical control. This method has resulted in many
elegant synthetic sequences producing such important
natural products as cortisonel, onocerinz,
longifolened, strychnine® and colchicine?. The moder;

igifolene”, strychnine’ and colchicine”’, The modern
variation of tne "grand synthetic scheme® involves
viewing the final product es a "jigsaw" of two, three
or more pieces, each of which is synthesised
indeperdently, with the components being put together
in the final step(s)}. Examples of this convergent
approach include tetrodotoxin by Kishié, Erytoron-~

7,8 and, perhaps

olide B and prostaglandin E1 Py Corey
the ultimate in natural product Synthesis, Vitemin B12
by Woodward, Eschenmosar and a nhost of others9. The
second road, which is becoming more and more widely
utilised téday, is that of the biogenetic-type or
biomimetic synthesislo.

Biogenetic-type synthesis can be defined as an
organic synthesis designed to follow in at least its
ma jor aspects, either a biosynthetic pathway proved or
presumed to be used in the natural construction of the
end-product, or chemical analogusas of such a pathway.

Thus non-biological or non-enzymic substrates and

eaction conditions can be used in such a synthesis.



SCHEME 2



(17) (18)  (19)



SCHEME 1 (11)



The biosynthesis of the vast majority of sesqui-
terpenes can be understood in terms of cyclisations of
the carbornium ions derived from either cis,trans-

farnesyl pyrophosphate (1) or trans,trans-fuarnesyl

pyrophosphate (2), as shown in Schene 111’12 (for the
sake ol clarity, classical carbonium ions are shown in
preference to non-cléssical). vFor example, carbonium

ion (€) is the biogenetic precursor of monocyclic sesqui-
terpenes such as § -bisabolene (12) and lenceol (13), as
well as the bicyclic counterparts ®X-cadinol (14) and
32~cadinene (15). Similarly, carbonium ion (9}, in
which the endocyclic double bonds are not held closely
enough together to permiﬁ an internal cyclisation, leads
to caryophyllene (16), as shown.

In this area, the principal subjectAof interest to
the Buchanan group has been the synthesis of biéyclo
[5.3.0.]-type sesquiterpenoids, such as guaiol (17)13.
The specific aim of this work was to investigate the
possibility of the intermediacy of the cation (7) in
the biogenésis of sesquiterpenes with the unusual
carotane sﬁeleton, for example carotol (18)14,
daucol (19)luand jeeschkanadiol (20)15. Evidence for the
participation of (7) in the biosynthetic pathway was
.provided by Souceklé, who degraded carotol produced from
[l—lkc] -acetate and showed that C-6 and its attached
methyl group had one-sixth of the total activity |
incorporated, which is consistent with the pathway shown
iﬁ Scheme 2., This result is not consistent with the
‘alternative pathway, described in Scheme 3, which

involves a [1,3] hydride shift in cation (&) to give
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(21), which then would have to undergo cyclisation to
(22) and subsequent methyl migration and hydroxylation
producing carotol with the label in the positions
indicated.

Generation of the carbonium ion at the correct
‘position on the cycloheptene ring should be possible via
the solvolysis of tﬁe appropriate tosylate (25),
derived from the cycloheptenone (23) and its corres-
ponding alcohol (24%). In theory at least, it should be
feasible to synthesise the cycloheptenone (23) by a
bridge~scission reactior of the tosylate of the alcohol
.produced by condensation of 2-ethoxycarbonyl-5-methyl
cyclopentanone and citral, with subsequent modification
of the gem-diester. This is describad in Scheme L4,
Howaever, as mentioned in chapter 2 of this thesis, the
above condensation failed and the sequence could not
be put to the test. It was fortunate that an alternative
route to (23) was available,

Using a completely different approach, Demolel7
prepared (23) by a two-step process (Scheme 5) from
nerolidol {28), utilising an -allylic bromination-
dehydrobromnination technique first developed on-linalool
(26) to produce karahanaenone (27)18. In our hands,
initial attempts to repeat this procedure met with

only partial success, since GLC indicated that while

the desir=d ketcne (23) waé being produced, it wes
éontaminated witn two impurities of shorter retention
.time. careful hizh vacuum distillation was insufficient

to separate these impurities, whose presence was
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confirmed by the appearance in the 1H NMR spectrum of a
series of signals similar to those found in a terminal
vinyl system (—CH=CH2). The identity of the contaminants
was brought to light using gas chromatography / mass
spectrometry (GCMS), which showed that eacn impurity had
Mt=20% and base peak = 43, but slightly differing break-
down pé&atterns. A survey of the literature confirmed
that these spectra fitted for &- and F—farnesene, (29)
and'(30), previously isolated from the natural coating
of Granny Smith appleslg. The farnesenes almost .
certainly arise from unreacted nerolidcl being dehyd-
rated at the refluxing collidine stage (Scheme 6).
Although the impurities had been identified, it still
remained necessary to remove them in order to have

pure cycloheptenone with which to work.» This was
achieved using the technique of dry-column chromato-
graphy and gave ketone of purity >98% by GLC.

Prior to investigations into the possibility of
cyclisation of the carbonium ion (7), an attempt at a
purely che@ical ring-closure was made. .Coreyzo has shown
that vinylic &- and €-halo ketones can be cyclised to
form pentenols and hexenols respectively, using lithium
di-n-butyl copper to bring about tae intramolecular
reaction. It was belisved that if the &-halo cyclo-
heptenone (31}[ X=Br or I].could‘be prepared, using the
route described in Scheme 7, it would serve as & suitable
cyclisation precursor, giving dehydrocarotol (32) upon
treatment with a lithium dialkyl copper. Reduction of.

the ketone (23} to its corresponding alcohol (24%) with
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lithium aluminium hydride proceeded cleanly and in
virtually quantitative yiesld. However, attempts to
selectively add the elements of Br2 across the exocyclic
double bond gave only a multi-component product from
which no single species could be isolated cleanly. It
was believed thut this might have arisen from interfer-
ence by the lone paif of eleqtrons on the hydroxyl
oxygen, as shown in Scheme 8. In an attempt to reduce
the nucleophilicity of the oxygen, the alcohol was
converted to its acetate (23) by treatment with acetic
anhydride and pyridine, but the acetate also failed to
give a dibromide, even at low temperazture.

Returning to the original idea, attempts were made
to convert the alcohol (24%) to its tosylate (25), but
this only gave 10% tosylate at best, the remainder of the
alcohol being unchanged, This can be attributed to a
comparative lack of acidity of the hydroxyl proton ( in
which case a stronger base than pyridine would have been
more successful) or the relative ease with which the
tosylate may dissociate to alconol (24%) and tosic
acid folloQing initial formation. Efforts to prepare
other substituted benzene sulphonate derivatives of (24)
ware equally unsuccessful.

Although the benzene sulphonates are probably the
most suitable substrates for solvolysis, alternatives
have been used in the past. These include nitro-

o : 22 .
2l and dinitrobenzozate gsters, and since wve

benzoate
had basen able to prepare the 3,5~-dinitrobenzoate (34)

as & characteristic derivative of alcohol (24), this
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was chosen as the subject for a solvolysis study.
Prepared in the normal way from (24) and 3,5-dinitro-
benzoyl chloride in pyridine, the dinitrobenzoatzs was
stirred in 70% aqueous acetone at 43° for 190 hours.
However, work-up produced only starting material, amnd
TLC showed 1o trace pf any othar products. Raising the
solvolysis temperature did not encourage the reaction
to proceed, as shown by a quantitative return of
sterting material from 75% aqueous dioxan at 130° for
66 hours. |
It is well-known that carbonyl compounds contairning
"rgmote" ethylenic double bonds are capable of under-.
going a thermal cyclisation23. For example, Conia and
co-workers have shown that both spiro compounds (e.g.
(36) and (37) from (35)%) and Cal‘bonyl*‘bridgéd bicyclic
compounds (e.g. (39, fron (38}25)can be produced
thermally from the appropriate substrates., With this
in mind, it seemed reasonable to subject ketone (23)
to the thermal conditions, hoping that it would cyclise
either through its enol form to produce a bicyclo
[H,M.lj' undecenone (40) or through its keto tautomer
to form a dehydrocurotol (41), as seen in Scheme 9,

25

First attempts to utilise Conia's technique of
introducing the unsaturated carbonyl compound into a
pre-heated and evacuatied cystem pfoduced no change in the
starting raterial, but this may well have beern due to
technical difficulties, principally the inability of

the system to maintain a sufficiently high vacuum.

This was unfortunate, as this method minimises the arount



(23) H
{OH - 3 OH
18)
SCHEME 10

(42)
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'ofhpolymerisation which inevitably occurs in such a
reaction, since the substrate is effectively-introduced
ir the wvapour phase. When the ketone (23) was heated

in a pyrolysis tube at.3300 for 4 hours under high
vacuum, the major part of the product was unreacted
startirg material, but both GLC and TLC showed the
presence of an additional, less polar component.
Clearly, this could not be the alcohol (41), which one
would expect to be more polar than starting ketone, and,
after purification by preparative TLC, infra-red
analysis confirmed this, showing no sign of either
hydroxyl or carbonyl functions., The lH NMR spectrum

of this non-polar product was not particularly helpful,
showing only that the original vinyliproton signals around
5.4 § had been replaced by an almost symmetrical signal
at 7.0 §. The product also siiowed MY = 202 in the mass
spectrum, This corresponds to a loss cf 1& mass units
from the parent ketone (23) and suggests a "dehydration"
product. However, no structure can be drawn which
accommodates this loss of H20 and at the same time
explainé,thé 4 MR signal ¢t 7.0 8. We are therefore'
unable to formulate this thermolysis product.

In a final attempt to bring about a satisfactory
cyclisation of the unsaturated side-chain in (23) onto
the carbonyl group, a series of experiments were
corrductad, designed to procéed &s descrited in Scheme 0.
Demolel7 has shown that the cycloheptenone can undergo
cyclication in the presencs of a Lewis acid catalyst,

SnClh in nitromethare, to give the "carotol-ether" (42),



ACID TREATMENT OF (23]

PRODUCTS (%]
CONDITIONS A B C D

BFy EtpO/RT |70 30 - -
HCO9H/100° L - 10 86
conc.H2SO./RT | 80 10 - .

TABLE 1






































































