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SUIMARY

Paxrt I : Synthetic approaches to allohimachalol

2-(5-formylbutyl)-2,6,6-trinethyleycloheptanone was
synthesised in six steps from tetrohydroeucarvone, Attempts to
effect aldol cyclisation to 1,5,5,8~tetramethylbicyclo (4.4.1)
undec~7-en-ll-one, whith has clready been related to the naturally
occurring sesquiterpene alecohol allohimachalol, were unsuccessful,
Other approaches afforded o variety of compounds, in particular,
a number of bicyclé (4.3.1) decanes derived from 1,5,5-trimethyl-

8-oxabicyclo (5.4.0) undec~6-en-9-one.

Part II ¢+ Studies in the 3-azabicyclo (3.3.1)noncne system

The reported procedure for the syntheses of a small number
of 6-substituted 1,5~-dinitro~3-methyl-3-azabicyclo (3.3.1)non-6-enes
was extended to provide a wide ronge of 6- and T-substituted analogues,
the structuresof which heve been rigorously proved by chemicel and
spectroscopic methods.

Initial difficulty in assigning certain NMR signels of these
compounds led to 2 study of the NMR shifts of protons & ond B to the
nitrogen atom in simple amines and amine picrates. Some correlation
between structure ond nagnitude of shift wos observed.

The scope of the renction sequence leading to these compounds



was thoroughly investigated, end n number of 3-unsubstituted, 3-othyl,
and 3-benzyl cnalogues prepored. In particulzr, this made available
several 3~substituted 1,5~-dinitro-3-nzabicyclo (3.3.1)nonzn-T-ones,
IR studies of which established the absence of interaction between the
amine and carbonyl functions.

Evidence was presented confirming reported findings of the

chair-chair conformation of the 3-azabicyclo (343.1)nonane system.
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PART I

SYNTHETIC APPROACHES TO ALLOHIMACHALOL



INTRODUCTION

Organic chemistry has gained much from the study of bridged
bicyclic molecules, but in the main, attention has been focussed on
the naturally occurring bicyclo (2.,2.1) heptane and bicyelo (3.1.1)
heptane systems; larger ring systems have received less attention,
owing to a scarcity of synthetic methods. In particular, there is
difficulty in constructing a bridge of more than three carbon atoms,
e.g» in the preparation of a bicyclo (4.n.l) alkane from a (n+3)—membered
cycloalkanone (1). Hence although closely related in structure,
bicyclo (4.3.1) decanes (2) and bicyclo (4e4.1) undecanes (3) differ
markedly in frequency of occurrence in the literature.

A survey of the methods available for preparations of bicyclo
(443.1) decanes and bicyclo (4.4.1) undecanes reveals that there are
four general routes, designated A4,B,C and D.

Method A involves ring expansion of a suitable fused bicyclic
system, of which there are three versions (a)-(c), as shown in Scheme 1,
The following examples illustrate ils application to the syntheses of
bicyclo (4.3.1) decanes and bicyclo(4.4.1) undecanes.

Vogel gj_g;,l have reported the synthesis of (4), which
behaves as the bicyclo (4.4.1) undecane aromatic compound
l,6-methanodecapentaenel (43). This is an example of the nopcaradiene-
cycloheptateiene equilibriun.  Also known is its negatively charged

. 2
bicyelo (4.3.1) analogue, the decatrienyl anion (5).° Analogues of



(4) occur in the steroid field. Treatment of 19-hydroxys
androgt-4~ene~3,17~dione (6) with the amine (7) afforded’ the two
5,19-cyclosteroids (8) and (9). The latter was converted into
the bicyclo (4.4.1) undecane steroid (10).

Likewise, Dauben and Laug4 observed that treatment of
trans-8-hydrindanylcarbinylamine (11) with nitrous acid produced a
mixture containing 6% bicyclo (4.3.1) decan-1-01(12). Similar
results were obtained with trans-9-decalylcarbinylamine (13).

445

Although in this case details were not given, one product would

be bicyclo (4.4.1) undecan-l-ol (14), probably in the cis and trans

forms, since Eliel® attributed both to Dauben and Westmen (via a
private communication).

A novel skeletal rearrangement in the steroid field has
recently been observed.! 6B-b rono-4B ,5-epoxy-5p~ cholestan-3p~ol(15)
when treated under reflux with lithium aluminium hydride in
tetrahydrofuran formed 92% of 4,5-seco—4,6-cyclo-6B—cholestan~
3B »5a-diol (16), a 6,10-cis~bicyclo (4.3.1) derivative with ring-B
constrained in the boat conformation.

In method B, a cyclodecane or cyclononane compound undergoes
a transannular reaction (Scheme 2). Westman and Stevens8 obtained from
the solvolysis of 6-methylene~cyclodecyl tosylate (17) a mixture of 93%
cis-bicyclo (4.4.1) undecan-l-ol (14), and 7% of an olefin fraction,

the main component of which had a GLC retention time identical with



bicyclo (4+4.1) undec-l-ene(18).  Comparison was obviously available
with work done by Dauben, Westman and Bpnd,5 which has not been fully
described.

Several transannular reactions of this type were observed
by Buchanan gj‘gl.9 (vide infra), e.g:, purification of the cyclononene
gen-diester (19) by chromatography caused partial conversion to the
bicyclo (4.3.1) ketoester (20).

The remaining two methods, C and D, may be considered
together. They have been applied to the syntheses of bicyclo=(4.3.1)
decanes, but not to the syntheses of bicyclo (4.4.1) undecanes,
Bagically, they consist either of attachment of a three carbon chain
to a cycloheptane ring and subsequent ring closure (method C), or the
opposite process, viz., condensation of a four carbon unit to a
cyclohexane ring (method D). In two examples of D, bis-1,3—
condensation to the cyclohexane ring yielded the bicyclo (443.1)
decane in one stemn.

The first example of methcd C was reported by Prelog et g];.lo
in 1949. Condensation of 2-~carbethoxycycloheptancnewith 1,3-dichlorobut~
2-ene afforded l~-carbethoxy-1-(3-chlorobut-2-enyl) cycloheptanone (21),
which was cyclised with concentrated sulphuric acid (with prior
formation of the 3-ketobutyl derivative, a reaction discovered by
Wichterlell) to 1-carbethoxy-T-methylbicyclo(4.3.1) dec~T-en~10-one (22),

Hydrolysis and decarboxylation led to 7-methylbicyclo (4.3.1)
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dec-T—-en-10-one (23), Removal of the carbothoxy group frem (21)
was found to cause cyclisation in the alternative way to form
the anane (24).

A method discovered in 1956 by Stork end Landesma.'nl2 for
preparing bicyclic aminoketones by condensation of acrolein with
the pyrrolidine enamines of cyclopentanone and cyclohexanone was
used by Gritter gj_gl.lB to prepare 7-pyrrolidinobicyclo (4.3.1)
decan-10-one (25) from the pyrrolidine enamine of cycloheptanone.

Later investigations on this reaction by Schut and Liul4 included
the preparation of the related 7—(4—phenyl—l~riperazyl) bicyclo (4.3.1)
decan-10-one (25a).

In 1963, Sandsls, using the Wichterle reaction, synthesised
bicyclo (4.3,1) dec~T-en-10-one (26) from 2-carbethoxy cycloheptanone,
or, more economically, from cyclcheptanone, and 1,3-dichlorupropene,
followed by cyclisation of the resultant 2-(3-chloroallyl)-
cycloheptanons (27, 27a) with concentrated sulphuric acid. The use of
1,3-dichloropropene ingiead of 1,3-dichlorobut-2-ene (vide infra) for the
preparation of bicyclic coumpounds offers the same advantages of an
allyl halogen for the alkylation of the carbethoxycycloalkanone, together
with a vinyl halogen, inert in the initial alkylation, but available
for the later sulphuric acid-induced cyclisation,  Furthermore,
2-(3-chloroallyl) cycloheptanone does not have a methyl group available

for reaction with the carbonyl group when the carbethoxy group
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(as in 27a) is absent, and the alternative mechanism of ring closure
is therefore not available.

The same authori® prepared l-carboxybicyclo (4.3.1)
dec~T-en-10-one (28) from 2-carbethoxy cycloheptanone by means of
the method used by Cope and Synerl'mlml7 to synthesise the analogous
bicyclo (3.3.1) compound from acrolein and 2—carbethoxycyclohexanone.
Hydrogenation converted (28) to l-carboxybicycle (4.3.1) decan~
10-one (29).

During their investigations on reactions involving bridge
scission of bridged ring systems, Buchanan et ;a_];;9 condensed acrolein
with 2-carbethoxy-T-nethylcycloheptanone (30) to obtain the bicyelic
alcohol (31), but 211 attempts to dehydrate this to (20) yielded the
tetralin acid (32) as the only recognisable product.

The preliminary stages of a stereoselective hydroazulene
synthesis by llarshall and Partridgele involved condensation of
2—-carbethoxycycloheptanone with methyl vinyl ketone, and ring closure
with sulghuric acid to yicld (22), the same compound prepared by
Prelog et 21.10. Elsboration to the saturated alcchol (33), followed
by solvolysis of the mesylate (332), afforded the hydroazulene (34)
in 80% yield.

Tre bridged ketol {35) was obtzined in 8% yield as a side-
product from the cyclisztion of the trione (36), (prepared by

condensation of methyl vinyl ketone with 2-metiylcycloheptane-k,3-dions),



with pyrrolidine and acetic acid to the enedione (57)19-

The first example of route D to bicyclo (4.3.1) decenes
was due to Opitz and Mildenbergerzo, who in 1961 prepared the
ketones (38; 15%) and (39; 31%) by refluxing 1,4~diiodobutane
and o-xylylene bromide respectively with the pyrrolidine enamine of
cyclohexanone and ethyldieyclohexylamine in acetonitrile. The
ketone (38) was very slightly contaminated with (40), and another
product in this reaction wes the dione (41). However, similar
treatment of cycloheptanone enamine yielded no bicyclo (4.4.1)
undecanones, only starting material being obtained.

Sa,nds16

reacted 2~carbethoxycyclohexanone with 1,4~
dichlorobut-2-ene to obtain crude (42) in low yield. Hydrolysis and
hydrogenation furnished the ketoacid (29), which he obtained by an
independent synthesis (vide supra).

As proof of the aforementioned steroid rearrangement,
Collins et al. T ireatsd the towrlate (43), prepered from cholest-
4-en-3~-one, with potassium t~butoxide to form in low yield the ketone
(44), the main product being the cyclic enol ether (45). Another
recent synthesis, due to Loewentha121 , involved the cyclisation of the
cyclohexcnone acid (46) by refluxing with 2-naphthalene sulphonic acid
in toluene to the bicyclic enedione (47) in only 8% yield, although

analogous bicyclo (3.2.1) octanes and bicyclo (3.3.1) nonanes were

formed in 80-91% and 70% yields respectively.



It can be seen from the above survey that there ie mo
preparative route to bicyclo (4.4.1) undecanes.

No bieyclo (4.3.1) decane has been isolated from natuml
sources. In contrast however, Bisarya and Sukh Dev22, investigat—
ing the alcohol fraction (15%) of the essential oil from Himalaya

deodar (Cedrus deodara, Loud.) found it to contain two new

sesquiterpene alcohols, himachalol (48) (41%) and allohimachalol
(30%), the latter possessing the bridged bicyclo (4.4.1) undecane
structure (49), & new type in sesquiterpenoids. It was postulated 22
to have arisen from the species (50)23, the biogenetic precursor of
himachalenes, lcngiborneol and related compounds. This was confirmed
by solvolysis of allohimachalol tosylate to yield a-himachalene

(51; 3%), p ~himachalene (52; 15%), himachalol (48; 24%) and
ellchimachalol (34%), (Scheme 3). The only possible structures for
allohimachalol were hence (49),(53) and (54). Spectroscopic and
chemical evidence ruled out (53) and (54). The solvolysis experiment
also permitted the unequivucal assignment of the configuration of the
hydroxyl group, and since the absolute configuration of the himachalenes

and himachalol have been established24

y allohimachalol must have the
absolute stereostructure (49).

Because of the novel structure of allohimachalol (49), the
absence in the literature of a planned synthetic route to a bicyclo (4.4.1)
undecane, and the interest in this department in bridged bicyclie system325,

a synthetic sequence from carvone (55) aimed at allohimachalol was undertaken.
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DISCUSLION

The readily uvailable monoterpene esrvone (2) was
selected as the stariling material for s synthetic route to
allohimachalol (1), the only known naturally occurring bicyclo
(4.4.1) undecane. The long-known conversion of carvone (2) to
eucarvona (3) could then be utilised, followed by hydrogenation to
the saturated .cyslonepinnone, tetrohydroeucarvone (4), (Scheme 4).
The sequence then required would be essentially the attachment of a
four-carbon bridge to this ketone in the 247-positions (Scheme B).
It was anvicipated tnat this would ve a difficult task, for all
syntheses of the anclegeus ticyoslo {4.3.1) decnne systen by elaboration
of a cyciohexanoue heve proveedsd in low yieid (see introduction).

1% was therefore decided ©o use as aa intermediate the
1,5-dione (10), the proposed sequence to which involved the facile
attachment of o three-corbon side chain to the 2-position of tetrahydro-
eucarvens {Scheme C). Condensation of (4) with acrylonitrile and
hydrol;sis ofths resultmt ketouitrile (5) wonld afford the ketoacid
(6), cyelisation aand concomxbsit dehydration of which would then yield
the § —enol lactone (7). By cnalogy with other enol lactones, it was
thought that (7) would reazct with a methyl Grignerd reagent to form the
bicyclicketol (9), convertible to the desired dione (10) by a retro-
aldol process. Since the side chain carbonyl group uf (10) would
be less hindered than the ring carbonyl, treatment with the Wittig

reagent methoxymethylenetriphenylphosphorane would furnish the enol
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ether (25) of the ketoaldehyde (48). By cyclisation of the side
chain of (48), the required bicyelic skeleton would be obtained,

in the form of the enone (60), (Scheme D), which was prepared by

Bisarya and Sukh Dev2 Q'by oxidation of allohimachalol.

An alternative route to the key intermediate (48) envisaged
elaboration of the enone (L3), an aldol product of (10), Treatment
of the enouc (13) with methylenetriphenylphosphorane would produce
the diene (A1), It was hoped that advontage could be taken of the
higher reactivity of the exocyclic double bond to reduce (41)
selectively to the oleiin (44) o oxidative cleavage of which, by
czonoliysis or by osmiva vetroxide and godivm periodate, would tuen

yj_eld_ (118) . (.fcheme E) N
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Carvone (2) was brominated ag%’dehydrobrominated to yield

cucarvone (3) by the method of Wallach. Hydrogenation to
tetrehydroeucarvone (4)by the rethod of Barnes and Houlihangé%roceeded
in a higher yield than that reported. Tetrahydroeucarvone, a
colourless, volatile oil, with a strong characteristic odour; had v
35%4-1704 eme™L A feature of its NMR spectrum useful for structural
confirmation of certain compounds derived from it was an AB quarted
at 7+550 (2H, J = 11.5 ¢/s) due to the tw%E?on—equivalent C7 protons.

Under strongly basic conditions, tetrahydroeucarvone
underwent smooth cyanoethylation to afford 57% of a single product,
vhich when purified was obtained as a colourless crystalline solid,
CIBHZION’ MePe 445 - 46°. Its mass spectrum confirmed the molecular
weight of 207, i.e. monocyonoethylation had occurred to form B).

The IR spectrum had peaks at 1703 (C=0) and 2255 cm.”™™ (C = N), and
in the MMR spectrum, an AB quartet at 7+55 T (2H, J=11.5 c/s) demonstrated
the absence of substitution at Cy.

Hydrolysis of the ketonitrile (5) by prolonged reflux with
dilute hydrochloric acid in dioxan proceeded in almost quantitative
yield to the ketoacid (6), a colourless solid, C13H2203. Its
structure was rigorously confirmed spectroscopically as for (5).

Treatment of (6) with refluxing acetic anhydride, in the
presence of sodium acetate3()’25 afforded the §-enol lactone (7), a

distilled sample of which, a colourless yiscous ligquid, exhibited
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absorption at 1758 (enol lactone G=0) end 1662 om.™* (C = C) in
the TR, A sharp singlet in the NMR spectrum at 4¢73 T was
assigned to the olefinic proton. The material appeared to be
hygroscopic, and a satisfactory analysis was not obtained., fThe
mass gpectrum however showed a molecular weight of 208,

The enol lactone (7) remained unchanged on exposure to
a 0«5 M excess3 of methyl magnesium iodide for one hour. VWhen
subjected to a 5 M excessBE%or three hours, at either room or
reflux temperature, however, (7) was converted completely into a
mixture of three compounds. Chromatographic separation afforded
the most polar, predominant component, as a viscous colourless oil
after distillation. NMR and mass spectroscopy showed it to be the
ketol (8), and not the desired bicyclo (4.3.1) decanclone (9).
The material haed IR absorption at 1696 and 3610 cm.™t, and weak,
brvad, concentration dependent absorption at 3530 and 3370 cm.‘l,
assigned to an intermolecularly bonded hydroxyl. In the NMR spectrum,
a quartet at 7-58 T (&, J = 10°5 ¢/a, C7 protons) excluded the
bicyclic structure (9); also observed were a singlet at 8432 T
(hydroxyl proton), removed on adding D0, and a singlet at 8+.80 T
(6H, side chain methyl protons), as well as the signals due to the
Co~- and Cg-methyl protons. The mass spectrum had no molecular jon,
but contained strong peaks at 222 (P-18, less of Hy0) and 154 (P-86,

loss of side chain) M/g. This latter peak was found to be common to
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all compounds of this type, arising by loss of the side chain
(table5 ). These data fully confirmed structure (8).

That the desired 1,5- diketone (10) was an intermediate
in this reaction was proved by its isolation from the above chromatogram
in very low yield. Physieal data were assembled later, when more
material beceme available ( vide infra).

Since the preparation of (LO) from (7) was cleariy impractic—
able, attempts were then made to find an alternative route from the
ketonitrile (5) and the ketoaeid (6). Considerable starting material
wag recovered by treatment of (5) with methyl magnesium bromid.e:jj
A complex mixture containing only a trace of unchanged (5) resulted
when methyl magnesium iodidejsgs used. VWhen reacted with methyl
1:;thium,33 the ketonitrile (5) yielded, on removal of acidic material,
a mixture of three compounds. Separation by preparative TLC afforded
the dione (10) in 29% yield. Unfortunately, the course of this
reaction was not reproducible, and later runs gave distinctly lower
yields (ca. T%) of (10). This route to (10) could not therefore be
regarded as suitable for inclusion in a synthetic plan,

Methyl ketones may al$o be prepared by the action of methyl
lithium on acids.34 Accordingly, the ketoacid (6) was refluxed for
two hours with a 3M excess of this reagent. The product consisted
almost entirely of unchenged acid, the small neutral fraction being a
mixture of three components.

Another method which was considered was the reaction between
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dimethylcadmium and an acid chloride. However, attempts to prepare
the acid chloride (11 ) by reacting the acid (6) with either thionyl
chloride or oxalyl chloride led to mixtures of (11) and the enol
lactone (7), the latter predominating. An odour of acid chloride
was detectable in the product, which had IR absorption at 1700
(cycloheptanone C=0), 1800 (acid chloride C=0) and 1760, 1660 cm. T
(enol lactone absorptions), Also, the MR spectrum was similar to
that of pure (7).

Certain esters ame convertible to P-ketosulphoxides by
reaction with two equivalents of the sodium salt of dimethyl
sﬂphoﬁde (dimsylsodium). Hydrog%ﬁolysis results in the formation
of the corresponding methyl ketone.3 Treatment of the acid (6) with
diazomethane gave in high yield the ester (12), which analysed for
C14li2403, had y§C%4 1698 (ketone) and 1742 cm,™t (ester), and & NWR
singlet at 6+33 T (34, methyl ester protons). Only a low yield of
neutral product, accompanied by much ketomecid (6), was obtained on
reaction of (12) with dimsylsodium. It eontained = two compounds, and
its IR spectrum was transparent in the carbonyl region.

A successful route to (10, practicable on & large scale, was
finally achieved by condensation of tetrahydroeucarvone (4) a.;x;%d methyl
vinyl ketone, with ethanolic potassium hydroxide as catalyst. A
40% yield of (LO) was realised, after distillation to remove unchanged
(4), and chromatographic separation from a small quantity of the enocne

(13), formed by cyclisation of () in the basic medium. The



-14-

diketone (10) formed a mono-2, 4~dinitrophenylhydrazone,
C20H2eN40g, which had a single carbonyl peak in the IR at 1699 om, "1
Since the present dione-hadvggé4l695 (cycloheptanone C=0) and
1721 cm.~1 (Sidechain C=O), the more hindered ring carbonyl group
had therefore been unaffectod by 2,4~dinitrophenylhydrazines The
side chain methyl group gave rise to a singlet in the NMR at
789 T (¥H). Te molecular weight of 224 was confirmed by mass
spectrome try,

With a practical ronte to (10) uvailsble, its elaboration
to (48) could now be studied. However, simultaneously, it appeared
of interest to investigate the potential of the readily obtainable
enol lactone (7). This was prompted by the discovery in this
department that compounds of this type, €.g., GLA), undergo reductive
rearrangement with lithium aluminiug tri-(t-butoxy) hydridéBBto form
bridged bicyclie ketols, e.g., (15). Similar treatment of the enol
lactone (7) in THF at -70° afforded a mixture (in decreasing polerities)
of the ketoacid (6), the bicyclic ketol (16), unchanged (7), and a small
amount of a compound of unknown constitution. Chromatographic
separation furnished 39% of the desired bicyelic ketol (16), obtained
after distillation as a colourless crystalline solid, m.p. ca. 71-76°,
which was not recrystallisable, Chromatography (TLC and GLC) indicated

the presence of only one compound, later shown to be the axial alcohol

(vide infra). Some later runs of this reaction gave material with
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IR absorption identical to that of the axial ketol, but consisting of

two compounds, the axial and equatorial epimers. The nass spectrun

of axial (16) showed a molccular ion at P=210 ®/e, with a peak at

192 /e (P-18; loss of H,0). IR bands were observed at 1698,

3615 and 3445 em.™}, the last being the centre of broad, concentration

dependent absorption, due to the intermolecularly hydrogen bonded

hydroxyl group. The NMR spectrum showed a broad multiplet at

5¢50 T (1H, half-band width ca. 9c¢/s, C7 carbinyl proton, i.e.,

the C7 hydroxyl group must be axia139 ), a doublet at 7.78 T

(1, J=3.5¢/s, Cg proton), a singlet at 8:1 T (hydroxyl proton),

which disappcared on addition of D0, as well as the signals due to

the ring methylene protons, and the C] and C5 methyl protons (Table7 ).
The ketol (1&) was further characterised by the preparations

of the diol (L7) and the ketotosylate (18). The diol was aveilable

in rather low yield by prolonged treatment of (16) with lithiun

aluiinium hydride or lithiun aluminium tri~(t—butoxy) hydride,

followed by chromatographic renoval from unchanged (16), which was

always present., This reflected the lack of reactivity of the ClQ

carbonyl group, which is discussed below. The diol (I?), C12H2402,

with m.p. 91-97° (C1p epimeric mixture), hadvggi4 3625 (free

hydroxyl) and 3550-3200 cm.”% (intermolecularly bonded hydroxyl).

The presence of two hydroxyl groups was shown by the NMR spectrum,

in which the C7 and Cjg carbinyl protons absorbed as a triplet at



6:32 T (J=5c/s) and o doublet at 6-45 T (J=2:5¢/s) respectively.
Treatnent of the ketol (16) with tosyl chloride in

pyridine produced the ketotosylate (18), m.p. 111-115°, which

analysed for CpoHpg0gS.  Spectral data were completely compatible with

structure (18). In particuler, the IR spectrum contained a broad

multiplet at 4+80 T (1H, helf-band vidih ca. 8c/s, 07 carbinyl

. ) 39
proton, i.c., the C7 tosyloxy group must be axial ) and the mass

spectrum, although contvaining no molecular ion, showed a peak at
192 ®/¢ (P=172, loss of p-toluenesulphonic acid).

The C7 —axial conformation of (18), end therefore (16, was
confirmed by the conversion of (18) by refluxing ethanolic sodium
ethoxidedvgu);o the wccnjugated enone (L9) in good yield. This
compound, ain cextrenely volatile oil with a camphoraceous odour, had
a mass spectral moleculer weight of 192. The vinylic protons gave
rise to a MR nultiplet at 4+13 T (,-?H, half-band width 50/ s), showing
that, ag expected by Bredt's rule, the double bond was unconjugated,
Also observed were two unresolved doublets at 745 % (05 proton) and
Te72 T (C9 protons, J ca. 20/s). v Sg;lcdr were obgerved at 3030

(=C-H str.) and 1708 — (C:'O‘), and gi% at 764 and 694 cm,

, . g z .
(=C-I def.), The TV specooin hnﬂxmg(zH 220?11)%, falrly typical
70

absorpiion for a p,K-'l;msaturated ketone,
Oridation of the ketol (1€) by chromium trioxide in sulphuriec

42
acid gave the dione (20) in high yield, A twin carbonyl band was
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observed in the IR spectrum (in CCl,), st 1722 ond 1696 em L
Although this doublet is explicable on the basis of cyclohexsnone and
cycloheptanone carbonyl freguencics respoctively, compounds similar
to (20), incorvmorating a non-cnolisable cyclic F—diketone moiety
are known %o exhibhit o twin IR carhoayl Lt')i‘_:f_w,}:,A“O’“43 JT the two
explrnations of this puenomcnow, Fermd resonence aad vibratiional
coupling, the latter hos beon preferred. In the case of the dione
(20), the possibility that Fermi resonance might be the cause of the
doublet carbonyl was excluded by the observation that the pesk
scparation (Bv= 25 cm.'l) was virtually unchanged in a series of
solvents of diffeving polaritiecs (Table3 ). The Jdione formed a
mono-2, 4~dini trephonylividrazons, C1gFo4N,05, which had\?§£8°1 1695 cm."l,
due to the unrveacsed buldige carboayl sroup. In the MR spectrum, the
Cg bridgshesd proton gove rise to ¢ singlet ot 7.00 T (1), very
slightly split, possibly by loug rowege couvprilg with the C4q protons
or the (g maibyi provons. Compiex abzorphion at 7-2-7.5 & (2H)
was atiributed to the Cg protois. ass spéctxometry confirmed the
moleculaxr vizighs of 203,

Two avtempts were made to effect. . o shorter route to

- g ~ 3 RPN R sy fan PO B o et NPT N 3

(20) froam the readily avealable ketoaoid o) and ths ketoester (12),

A miwtore of the acid (0, andp -tulasiesulphonre acid in teirzlin was
A

-

heated at reflux in o Dean-Stark watcr separator. The product,

although almost entirely non-acidic, consisted of a complex mizture.
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45
Marshall and Scanio prepared the bicyclo (5.3.1) undecone dione

(21) by cyclisation of the ketosster (22) with sodium hydride in
refluxing 1,2-dimethoxyethene. FHowever, similar treatment of
the ketocster (12) afforded mainly the acid (G), and none of the
dione (20) was detectoble in the neutral fraction,

Before a practicable route to (LO) had been discovered,
it was realised that thc bicyclic dione (20) could be of use in the
preparation of (LO). The Cj carbonyl group of (20), known to be
unreactive, should remain unaffected by a mcthyl Grignard rcagent,
and the resultant ketol (9) convertible to (10) by a retro-aldol
process. In the event, cxposure of (20) to cxcess methyl magnesium
iodide furnished a mixture of unchanged (20), the two epimeric ketols
(9), end the diol (23). The formation of this complex mixture mede it
apparent that the synthesis of (10) by this method was not feagikle,
and with the - IR and MR spectral charactorisation of the crystalline
diol @3) completed, attention was turned to the behaviour of (20)
under the following conditions, Reaction with methanolic base
gave only the ketoacid (6). The alternative cyclononanone acid
(24), which would result by attack at the bridge carbonyl, was not
formed, Sodium borohydride reduction of (QCD furnished a mixture of
the C7 epimers of (16), the composition being 1:1 (estimated by
integration of the GLC pecks)., Furthermore, the epimer with the

lover retention time was shown by GLC to be identical to the axial
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ketol (16) obtained by complex hydride reduction of the enol ketone
(7).

Cyclic ketones, particularly cyclohexanones, are known to 46
undergo ring enlargement with diazomethane or substituted diazomethanes,
Lowever, rigorous exanination (by IR, NMR, TLC and GLC) of the products
obtaincd by treatment of (20) with nitrosaﬁ;hy%yrethan in ethanolic
ether in thezﬁ;esence of sodium carbonate, ’: or with ethereal
diazomethane, or with ethereal diazoethane,4 revealed only the
presence of unchanged dione (20),

Hence although the studies of these bicyclo (4.3.1) decanes
made no tangible contribution to the synthesis of the bicyclo (4.4.1)
undecane (1), it was felt that the chemical and spectroscopic information
derived from them would be invaluable when the desired analogous bicyclo
(4.4.1) undecone gystem come to be investigated.

As planned, (10) was reccted with methoxymethylenetriphenyl~
phosphoranéag’Bci initially at -70°, then at room temperature; the
product was largely unchenged (10), with small amounts of triphenyl-
phosphine oxide (PhBPO) and two compounds, one slightly less polar, the
other more polar, than (L0). Removal of unchanged (LO) by distillation,
and of Ph3PO by chromatography, left material in which no enol ether
(5) could be detccted, Several attempts under more forcing conditions

gave similer results, and it became evident thot this route to (48),

(Scheme D), would hove to be abandoned,
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Consequently, severcl alternative sequences to (48
were exploreds  Theoreticully, a four carbon side chain could be
constructed by Amdt-Eistert homologationBlof the ketoueid (6) to
the ketoucid (26), but, in practice, the required ucid chloride
(1) could not be prepared pure. (vide supra).

Ring-opening ~ddition rcactions between various nucleaphilic
reag nts and cyclopropine compounds substituted ot the same ring carbon
by two electron - withdrcwing groupes (Scheme F)y , have long been
known.5 e It was envisaged that alkylation of (27) with the 2-carban~
ion of tetrahydrocuctrvone would yield the ester @8) with the
requisite four corbon side chain, However, attempts to synthesise
(27) by condensation of ethylene dibromide and diethyl malonate jc::::'
ethyl cya.noace*t;a’ce5 4gave in every case only the unreacted active
methylene compounds, the boiling points of which ore similar to those
reported for the desired cyclopropanes. The products were identified
by their IR spectra, and by the absence of signals in the NMR spectra
at ca. 8+7 and 8+4 T, characteristic of the cyclopropyl protons
of(27’R=002E‘b) and(27,R=CN) respectively.

Claisen ester condecnsations have been reported56between
dielkoxyacetate esters (29) und esters to form dialkoxy-B-ketoesters
(30), which have been hydrolysed by buse to a-ketoacetdls (31).  An
analogous reaction betwern the ketoester (32) and ethyl diethoxyccetate

(29,R=Et) would produce the B-ketoester (33), convertible by base to
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(34), which possesses a four carbon side chain. Accordingly,
esterification of the ketoacid (6) gave the ethyl ester (32),
which hadvggé4 1699 (ketone) and 1737 em, L (estex), ond the
folloving signals in the NMR spectrum: a quadruplet at 5.830
(eH, J=7c/s,carbethoxy methylene protons), a triplet at 8,760
(3H, Jé7c/s, carbethoxy methyl protons, and a quartet at 7-54%
(2H, J=1lc/s, C7 protons). Exposure of (32) =nd ethyl diethoxy-
acetate (29, R=Et) to the forcing conditions deseribed for { 29,R=Me), 56
afforded a product, the neutral fraction of which consisted of
unchanged (32), The fractions soluble in bicarbonate and hydroxide
solutions were both acidic, none of the P-ketoester (33) being present.
Attention was then focussed on the second projected sequence
to the ketoaldechyde (48), (Scheme E). The enone (13) was prepared
in veiy high yield by aldol cyclisation of the 1,5~dione (10) with
methanolic potassium hydroxide. In larger scale preparations, however,
the crude product from condensation of (4) with Wpedl (vide supra)was
heated at reflux overnight with base. Distillation separated
unreccted (4) from the enone (13), obtained in 65% yield as a viscous
pale yellow oil, which usually slowly solidified, and could be
recrystallised only with some difficulty. Its 2,4~-dinitrophenyl-
hydrazone, CpoHogN40Oys was obtained as red ncedles. ThedB— unsaturated
double bond in (13) gave rise to IR absorption at 1671 (C=0) and

1613 om.~1 (c=C), and to UV absorption atAESH 245 m (€15000).
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A singlet in the MMR spectrum at 4:26 T (1H) wes ascribed to the
vinylic proton.

Reduction of (13) with sodium borohydride afforded the
allylic alcohol (35), distillation of which gencroted a small amount
of a much less polar compound, probably the diene (36) (vide infra).
Separation from (36), followcd by cold recrystallisation, furnished
(35) as colourless necdles with welting pts 83-85°, Principal IR
peeks were at 3610 (frec hydroxyl), 1670 (C=C), 1024 (C-0) and 782
and 761 cme™l (=C-E def.). The 60 Mc/s MMR spectrum exhibited
a singlet at 8¢25 T (hydroxyl proton), removeable by Do0O exchange,
and a broad multiplet at 57 T (1H, Cg carbinyl proton). In their
synthesis of thujopsene, Dauben and AshcraftS7 obtained the two
allylic alcohols (372) and (37°) by reduction of the enone (38).

The 07 olefinic proton, by coupling with the adjacent Cg carbinyl
proton, gsve rise to doublets at 4¢63 T (J=1+3 c/s) and 4°48 T

(J=4+5 c/s) for the B-elcohol (373) and the« -alcohol (37b)respectively.
In agreement with this, Pinnegan and Bachman58found that the pertinent
signal in the allylic alcohol (3%) at 4455 T appeared to be only

very weakly split (3 = 1-2 ¢ofs). On this basis, (¥) was confidently
assigned the quasi-equatorial configuration. In the case of (35),
the 60 Mo/s spectrum contained a very slightly split (J ca. 15 ¢/s)
doublet for the Cg olefinic proton at 4+67 T (1H), suggesting that the

hydroxyl group was quasi-equatorial, i.e., P. This was confirmed by the



100 Mc/s spectrum, in which the broad maltiplet at 5-81T due to the
Cg corbinyl proton became a triplet (J=8c/s) on irradiation of the

Cg proton signal. The value of J was of the order expected for

=

diaxial coupling betwcen the Cg proton cnd the Cjp protons. ”
The olefinic proton signal in this spectrum was a broad singlet
(half-bend width 50/5) at 4+76B, which was distinctly narrowed
(helf-bend width 3c/s) by irradiation of the Cg proton signal,
The mass spectrum of (35) showed no molecular ion, but a peak at
190 /e (P-18) indicated facile dehydration.

That the contominant in the distilled sample of the alcohol
(35) (see p22) was indeed the diene (36) was proved by the dehydration
of (35) to (®) in high yield by polyphosphoric acid. The diene (30)
exhibited identical TLC behaviour to the distillation contaminant.
Fur'bhcrmore,UV absorption ai;AE:gH 273 my.(ElOBOO) confirmed the
presence of & homoannular diene., In the IR spectrum, there was weak
obsorption at 3025(=C-H), 1645 and 1590 cm, "t (C=C), and strong absorption
at 700 emt (=C-H def.).
| Since under basic conditious, only the enone (13) was formed
by cyclisotion of (10), it was decided to attempt the preparation with
acidic reagents of the altcrnative product, the bicyclo (4.3.1)
decenone (40)., A mixture of unchanged dione (10 and enone (L3),
together with a trace of a less polar compound, Was obtained on treatment

60
of (10) withp -toluenesulphonic acid (PTSA) in refluxing benzene, or
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toluene, (in this case no starting matericl remained),or with
concentrated sulphuric acid.61 The least polar compound was isolatud
in the first two cascs, but IR spectroscopy demonstrated that

- neither was the desired enone (40),  Only the enone (13) was found

to be present after prolonged reflux with boron trifluoride etherate?z
These attempts to cyelise (10) served however to provide valuable
experience in the later cyclisation experiments on the ketoaldehyde
(48).

The next step in the route to @8), (Scheme B), wes the
preparation of the diene (4l), This was obtained ns a colourless,
mobile liquid in 69% yield after chromatography, by reaction of
@&3) with me'l:hylenetr:‘t.phenylphosphora,neflg’63 Initially, the crude
reaction products were chromatographed on silica, which achieved good
separation. owever, one sample was completely isomerised during
chromatography to matcrial with only very veak double bond absorption
in the IR, and later runs were purified on neutral alumina, The
diene (42), synthesised in a similar manner by Sondheimer and
Mechoulmn?d was isomerised by concentrated hydrochloric acid to
the diene @43). Similar treatment of the pure diene (41) furnished
material with IR absorption identical to that of the isomerised
chromatography product. The diene (41) appeared to undergo very
gradual atmospheric oxidation to the enone (13), and was not obtained

analytically pure. Its mass spectrum howcver indiecatced the correct
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molecular weight of 204, whileUV pbeorption aﬁkiéﬁH 243 m (¢
17800) and IR absorption at 3075, 1632, 1598, 894 and 865 cm.-l

proved the presence of the diene grouping. Olefinic proton signals
in the NMR spectrum were observed as a sharp singlet at 4170

(1H, Cg proton), and a broad singlet at 530 T (2H, exomethylene

protons),

Hydrogenation conditions were next required to accomplish
selective reduction of the exocyclic double bond of (41). In their
synthesis of patchouli alcohol, Buchi and MacLeodCﬁzmployed a
similar sequence, viz., cnone (45a2) to olefin (45¢) via the diene
(AEb). The hydrogenation step was carried out with Raney nickel
W2 in ethyl acectate.s De Graward Bonne£56converted (46a) 4o (46e)
via (46b), the last stage being achieved with 10% palladium on
charcoal in ethyl acetate., After testing a variety of catalyst-
solvent combinations, smooth hydrogenation to the olefin (44) wes
found to occur in 93%% yield with 5% palladium on charcoal in ethyl
acetate, The resultant colourless, volatile o0il was shown to have the
requisite Al double band by its NMR spectrum, which showed a doublet
at 4+77 T(1H, J=3.5 ¢/s) for the Cg olefinic proton, and no signel
due to a vinylic methyl group, This latter fact ruled out the
AB isomer. The C9 methyl signal appeared to be at 8.93L, but its

splitting pattern was not clearly visible due {0 neighbouring peaks.

The IR spectrum was transparent in the 1650 cm._1 region (C=C str.),



but weak absorption at 875, 855 and 733 cm.-l vwae assigned to the
trisubstituted double bond (=C-H deformations). The molecular
weight of 206 was confirmed by mass spectrometry.

Ozonolysis of the olefin (44) yielded a complex mixture,
spectroscopic examination of which did not detect the presence of
the desired ketoaldehyde (48). Recourse was then taken to an
alternative cleavage procedure., Treatment of (44) with osmium
tetroxide in pyridine, followed by decomposition of the osmate
ester with an aqueous pyridine solution of sodium bisulphite,67
furnished 94% of the cis-7,8-diol (7).  The purified diol, a colour—
less crystalline solid, C15H0og02, had two sharp bands in the IR
spectrum at 3580 and 3637 cm.'l, which were attributed to the C7 and
Cg free hydroxyl groups respectively. Important features of the MR
spectrum were a doublet at 6+59 T (1H, J=9c/s,*08 carbinyl proton), a
ginglet at 8.20 T (2H, hydroxyl protons), removed by addition of D0,
and singlets at 8¢83, and 9+01, 9.08 T(12H, C1, Cg9 and C5 methyl
protons respectively). The doublet expected for the Cg methyl group
probably coincided pertially with the Cg methyl signal,

The diol (47) was resistant to cleavage by excess sodium
metaperiodate, in dry or aqueous nmethanol, even with long xreaction
timeg, When lead tetraacetate was employed, the diol was smoothly
cleaved to give (after removal of a trace of acidie naterizl) 93% of
2 neutral, pale yellow oil, which comprised mainly one compound,

*  Thig value of J indicated that both the Cg hydrexyl group
and the Cg methyl group are equatorial.
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the ketoaldehyde (48). It exhibited IR carberyl ~be.rptlc. &b 1560
(ketone) and 1727 cm.”t (aldehyde). In addition, the C-H sir. of
the formyl group was responsible for a weak band at 2700 cm°—1 i
doublet in the NMR spectrum at 0.37t (1H, J=20/s) confirned the
presence of a formyl group with one adjiacent proton, cnd a quartes

at 7.597 (J=11lc/s), caused by the two C, prctons,was also presert.

T
The small acidic fraction was not investigated, but prohably ccraist-
ed of the ketoacid (49).

Cyclisation conditions were then requiied to convert the
ketoaldehyde (48) to the known bicyclo(4.4.1)undecensne (50). I% was
considered that acidic reagents would accomplish this more readi'y
than basic reagents, since the latter would tend to promote undesirzi
condensations involving the aldehyde grcup. Indeed, ftreciment of e
ketoaldehyde (48) with base furnished a complex of ncutrael compounds.
Similar aldol cyclisations to form bridged bicyclic compounds huve
been executed by use of PTSA in refluxing benzene6o, or cocacentrated

17’61’71. Theee reagents afforded the dehydrated eldol

17,71 o
)

sulphuric acid
product. Others, such as acetic/dilute hydrochloric acids ove
only the first-formed alcohol.

After several hours reflux with PTSA in benzene, (48) was
only partially cwnverted into three much less polar compcunds. Tho
incomplete reaction, and the complex product formed under these cond-

itions, turned attention to the use of concentrated sulphuric acid.

Under these more drastic conditions, similar complex mixtnres were
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however obtained, although no starting material was present.

The failure of this cyclisation step to afford smoothly the desired
bicyclic skeleton could be attributed to three main factors. Steric
hindrance by the C6 gem-dimethyl group would discourage the desired reaction
at C7. The alternative mode of cyclisation to form a bicyclo(5.3.0)decane

compound (SchemeG) mizht also eccur. Lastly, several other side reactions

would be possible owing to the reactive nature of the formyl group.



Table 1 Absorption frequencies in CC1"
compounds

compound

tetrahydro-

eucarvone

4)

CN

COpH

COpEt

COpMe

COCH5

CMepOH

Me
CHCHO

* weak, broad absorption,

hydrogen bond)

str.

1704

1703

1701

1699

1698.

1695

1696

1698

C-H def.

CH?
C-Me

1458

1466

1466

1464

1464

1464

1464

not

C-Me

17BO

1380

1380

1389

1388

1388

1388

CMe?2

1373,1367

1578,1367

1375,1365

1375,1366

1376,1366

1374,1365

1374,1365

meas ure

??55 (CaN) str.

absorption due to R

of some trimethylcycloheptanone

H = U

3300-2?500 (bonded OH),
1710 (0=0)

1737 (0=0),

1742 (0=0),

1721 (0=0),

3010 ( free OH),
(bonded OH)

d

decreasing on dilution

1727 (0=0),
of CHO)

1186 (0-0 str.) |

1198 (0-0 str.) ;

1352 (0-11 def.)

3530,33"" I

2710 (C-E str.'

(intermolecular



Table 2 Absorption frequencies in CC1,

decane compounds

compound R

OH

OTs

CH

a. 1in CS?

b. centre of broad,

C=0 str. CcH

1698

1702

1722
1696

1708

weak absorption,

C-Me

1454

1452

1456

1453

1466

1468

C-H tef.

C-Me CMe?
1389 1376,1368
1390 c
1391 1378,1371
1390 1376,1365
1385 1363

1382 1367

dilution (intermolecular hydrogen bond)

c. masked by SO*

absorption

of some bicyclo(4.3.1)

1
other absorptions

(o}

3615 (free OH),3445
(bonded OH)

1598,1494 (ar.C=C),
1372,1340 and 1167,
1174 (3=0 str.), 906,
894 (=C-H def.)

3030 (=C-H), 764, 694a (
def.)

3625 (free OH),3200-
3550 (bonded OH)

3015 (free OH),3470b
(bonded OH)

intensity decreasing on
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Table 5 Solvent dependence of the carbonyl stretching absorptions

of the < ;e (20)

Solvent \Y, e e v (V1-V2)
Chloroform 1716 1691 25
Acetonitrile 1717 1692 25
Carbon tetrachloride 17727 1696 26
Cyclohexane 1724 1699 25

* concentrations: ca. 0-015M in O0*5mm. cells

Table 4 Absorption frequencies in CCl1” of some bicyclo(5.4.0)
undecane compounds

-H f.
compound R ¢ de other absorptions
C-Me and CMep
(13) =0 1462,1386,1377,1364 3020 (=c-r),1671 (0=0) ,1613 (0=0)
CH 1458,1380,1359 3610 (free OH) ,1670(C=C) ,782
f C) -55> v and 76la (C-H def.),1024(C-0)
- =CH2 1461,1384,1362 3075 (=C-H) ,1632,1598 (0=0) ,
\/ f <41> . 894 and 865 (C-H def.),
~ (44) CH” 1457,1376,1359 875,855,733 (C-H def.)O0
enol lactone (7) 1460,1389,1382,1358 1758 (C=0),1662(C=C),1260
(=C-0) ,also 1213,1174,1099,1065
diene (36) 14.62,1385,1365 3025 (=C-H), 1645w, 1590w (C=C),
700s (C-H def.)
Y diol (47) 1463,1382,1368 3637 (free 2y0OH), 3580 (free 370H)

a. in CS?

b. thin film

-—



Table 5 Mass spectra of some compounds derived from tetrahydroeucarvone

actual and

compoun obs. mol.

ketonitrile (5)

ketoacid (6)

ketoester (32)

ketoester (12)

diketone (10)

ketol (8)

enone (13)

allylic alcohol (55)

diene (41)
olefin (44)

enol lactone (7)
diene (36)

diol (47)

bicyclic ketol (16)
ketotosylate (18)

bicyclic diketone (20)
bicyclic enone (19)

bicyclic diol (17)

a. no molecular ion observed.

207

226

254

240

224

240a

206

208a

204
206
208
190
240

210
364b

208
192
212a

b. do., except P-172 peak.

loss of
sidechain

154 (loss of
53)

154 (loss of
72)

154 (loss of
100)

154 (loss of
86)

154 (loss of
70)

154 (loss of
86)

loss of
chb

192

239

225

209

207

191

175

189
191
193
175
225

195
177

193
177
179

(15)

other
peaks

174 (P-33)

208 (loss of Ko0)
209 (loss of OH)

193 (P-33)

221 (P-33)
209 (loss of OEt)
236 (P-18)

209 (loss of OMe)

207 (P-33)
222 (P-18)

191 (P-33)

189 (P-33)
222 (loss of HpO)

178 (loss of
CH?=CH2 or CO)

190 (loss of HpO)
91 (c?h7+)

91 (c?u7+)
91 (c7h ?+)
175(P-33)
91 (C?H7)

222 (loss of H?0)
207 (P-33)

192 (loss of HpO)

192 (loss of PTSA)
172 (PTSA)

194 (loss of H90)

Losses were calculated xrom tne P—Id pear”.
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Pable O MR spectral assignments of tetrahydrosucarvone and some

2-substituted-2,6,6-trinethyleycloheptanones in CDCL.
B

compound type of »roton
C7 Cé—Me C?~Me ring and
23 o cnain CH2
] 7°55q 9-00s  8:90d 845"
6 J=llc/s 9-05s J=Tc/s
R signals due
: a to R
CN T+55q 9:03s 8.94s 845
J=11-5¢/s 9.10s
COH  T-57q 9.035 8.98s 8.48%
J=1llc/s  9.13s
COEt  T-54q 9.025 8+98s 8.48% 5.48q,8+76%
: J=llc/s 9-12s both J=Tc/s
CoMe  7-57q 9-035 8.98s 8.48% 6.33s
J=1llc/s  9.13s
COCH, 7554 9.0%s 9.0ls 8-48% 7.89s
J=1lc/s  9.16s
CMe,OH  7:58q 9025 8.97s 857 8-5?sghydroxy1 H)
J=1lc/s 9.12s 8.80s(methyl H)
CH.MeCHO 7.59q 9.0%35 8+97s 8+49% 0.37a(J=2¢/s,
J=1llc/s 9.12s formgl )
' 8.86°(methyl H)

a. broad singlet centred on broader absorption
b. possibly a doublet with J=7-5¢/s, since a peak at 8.98, overlapped

by the C_-methyl resonance, was detectable

2
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IR spectral assignments of some bicyclo(4.3.1)decane

compounds in CDC1

5
compound type of proton |
, ring

R methyl nethylene others

OH  8.90s 8+48% 5+50m°(C., carbinyl H)
8.92s 7-804(J=3.5¢/s, CcH)
7°00s 8-15%(hydroxyl H)
7-58s(aromatic) g+55% 2-22dd, 2+66d(both J=8¢/s)
8-91s(C,) 4~80mb(c7 carbinyl H)
9:13(¢y)

=0 8-80s(C,) 8.40% 7.00se(06H)
8'958(05) 7.2-7+5 complex (CBH)

enone (19) 6.90s 8.52% 4+13m(olefinic H)
9+00s 7-45% (CH)
7.72F (7 ca. 2¢/5,Cq H)
9.03s 8466 6.3?t(J=5c/s,c7 H)
9-09s .
9-16s 6.45d(J=2-5c/s,010&)
8.33s(both hydroxyl H)®

8+755,6+77s 8.56% 8+3s(hydroxyl H)®
(07 and Clo)
9+00s
9+04s
Qe13s

a. singlet centred on broad absorption

b. half-band width value proved the axial configuration of the group R _
(see discussion)

c. signal disappeared on addition of DQO

d. two protons ortho to the oxygen atom in the Ts group; the other

’ doublet due to the remaining two aromatic protons

e. vexry slightly split, possibly by long range coupling with C4 or C¢
Me protons

f. poorly resolved doublet



9.01s,9+08s

Table 8§ NMR spectral assignments of some bicyclo(5.4.0)undecane
compounds in CD01§
compound type of proton
R methyl ring olefinic others
methylene
=0 8~84s(01) §.57% 4+26s
8+985,9+17s
(C5)
8- 8.67* 446 . -
\ R OH 973(01) 7 ; 2Zd1.5c/sb 5 7m(c9 carb
9:075,9+17s : inyl H)
(CS) 8+25s°%( hydrox-
yl H)
=0z, 9-00s(C;) 866 4-17s(Cg)
5¢30 broad s
?6033’9.175 (exomethylene H)
5
CH, 9.00s(C.)  8-72% 4+77d
3 . J=3+5¢/s
9+07s,9+15s B
<C5>
d d/
8+93(Cy)
enol lactone (7)  8-77s(C,) 8.28% 4+T3s
8'9?5(05)
diol (47)  8°93s(C; 853" 6+59d(J=9¢/s)
and C9d) 8+20s°(hydrox-
y1 H)

a.
b.

discussion)

other methyl resonances

. signal disappeared on adding D,0

broad singlet, centred on broader absorption

value of J showed the hydroxyl group to be quasi-equatorial (see

the other sismal of the expected doublet was probably obscured by the
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EXPERIMENTAL

Melting points were determined on a Kofler microscye
hot stage end are uncorrected, Boiling points are uncorrected.

Routine infra-roed spzetrs of liquid films and nujcl
mills wers racorded on Unican S.P. 200 and S,P, 200G instrumeris,
and solution spectra on a Unicam S.P., 100 double-beam spectro-
photorster equipped with an S.P. 130 sodium chloride prism-grabing
doable menochromator operated under vacuum conditions.

Ultra-violet absorption spectra were determined on a
Unicam S.P. 800 Spectrophotometer. Nuclear magnetic resonance
spectra were recorded on a Perkin-Elmer R.S.10 (60Mc/s) spectroneter,
using solutions in deuterochloroform with tetramethylsilane as
internal reference.

Gag-liquid chromatography was carried out on Pye-'rgon and
Perkin~Eluer Fll Gas Chromatographs. Mass spectra were recorded on
an L.B.I. M.S5.9 spectrometer.

Routine and preparative thin layer chromatography (TLC)
employed Kieselgel G (Merck) silica, with 20% or 30% ethyl acetate
in light petroleum as the solvent system. Chromatoplates were
developed with iodine wvapouxr.

A1l organic extracts were dried over anhydrous magnesium

sulphate, and unless otherwise stated, previously washed with brine.



Eucarvone (3)

Eucarvone was prepared from carvene (vie carvons hydxro-
’ 27
bremide ) by the mothod of Wallach . Yield 62%, b.p. 44°/0+05tm. ,
T2

‘ R {
nD27 145050, (Iit. 65% , b.p. 82-84°/8mn., nD251'5056).

Tetrahydroeucarvone (4)

Dlgy’drog*enﬂftion of cusaivone by the method of Barmes and
Houl:ihem%j@rielded totrahydroeucarvone,  Yield 84%, bepe 390/0.4mm.,
nn% 1+4585, semicarbazone m.p. 171-173° (3x agueous EtCH).

(Tit. 74%, b.p. 42-43°5°/O.4 MP2. , nD251‘4548, semicarbazone m.p.
185-187°).

-IR, tablel ; NMR, tablef .

2-{ B~cyanocethyl)~2, 6, 6~trimethylcycloheptanone (5

A solution of tetrahydrveucarvone (30+8 gm.; 0*2M) and
Triton B (40% agueous solution; 4 ml.) in ethanol (150 ml.) was warmed
to 50°, and aorylonitril?E;(ZI‘ng'; 0+4M) wes added dropwise with
stirring over 1% hr. After being stirred for 5 hr. at the same
temperature, the dark yellow mixture was acidified (dilute HC1l) and
extracted with ether. The organic extracts were washed (brine),
dried, and evaporated, and the residue distilled, yielding unreacted
tetrahydroeucarvone (8+4gm.), and (5) as a colourless oil which slowly
solidified (17+2gm.; 57% based on consumed tetrahydroeucarvone),
bepe 104°/0+3mm., m.p. 445-46.0° (light petroleum 40-60°),
Found: C,75+13 ; H,10°18 ; N,6+75. C13HopON requires C,75-32; &,

1021; N, 6°76.



Semicarbazone, mvp. 46+046+5° (aguecus Et0H).

IR, tablel; NMR, table6 ; mass spectrum, table5 ,

2=(B-carboxyethyl)~2,6, 6~trimethyleyeloheptanone (5)

The ketonitrile (5), (16°56 gm.; 0+08M), dissolved in
dioxan (200 ml.), was added to concentrated hydrochloric acid (80 ml.)
in water (80 ml.), and the mixture stirred under reflux for 3 days.
The ether extract was washed with saturated sodium bicarbonate solution.
Ether extraction of the acidified bicarbonate layer yielded (6) as a
brown oil which usually slowly solidified (17°7 em.; 98%). The very
pale yellow oily b.p. ca. 125°/0°4 mm., obtained by distillation,
solidified, and was recrystallised from pentane as a colourless solid,
m.ps 57-58°,
Found: C, 69+40; H,9+31. C13Hp203 requires C,68°99; I, 9-80.

IR, tablel; NMR, table6; mass spectrum, table5.

1,5,5~trimethyl-8-oxabicyclo(5.4.0) undec=6~en=-9-one (7)

Sodium acetate (500 mg.) was added to a solution of the
ketoacid (6), (11¢3 gme; 0°05M), in acetic anhydride (500 ml.) and the
mixture refluxed for 4 h:c.3 0,25 Excess acetic anhydride was removed
by distillation under reduced pressure and the residue dissolved in
ether. Distillation of the filtered, evaporated ether solution afforded
(7) as a colourless oil, b.pe ca. 130°/0:8 mn., (80 gy T7%H). A
sample was redistilled (b.ps 70-80°/0+05mm.), and on standing beceme
a colourless crystalline solid, too soluble to be recrystallised even from

the less polar solvents. It also appeared to be hygroscopie, and
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satisfactory analysis figures could not be obtained.

IR, table4; NMR, table 8; mass spectrum, table5.

Attempted preparations of the 1,5-dione (19)

Treatment of the enol lactone (7) with methyl magnesium iodide

i) 0°5 M excess of Grignard reagent added to enol lactone (75%

A suspension in dry ether (5 ml.) of MeMeI (3+75mM),
prepared from magnesium (91 mg.) and methyl iodide (533 mg.) was added
dropwise with stirring to a solution of the enol lactone (7)(520 mg.;25mM)
in dry ether (25 ml.)., After 1 hr, stirring, the mixture was acidified
(10% dilute HCl), and extracted with ether. The ethereal layer was
washed with saturated sodium bicarbonate solution to separate neutral
material (184 mg,) from ketoacid (335 mg.). The former was shown by
IR and TLC to be unreacted (7).
ii) enol lactone (7) added to & 5 M excess of Grignard reagent .3 °

An ethereal solution of (7), (520mg.; 2+5 uM), was added over
1 hr. dropwise with stirring toMeMgI (15mM). After being stirred
at reflux for 3 hr., extraction as in (i) yielded acidic material
(52 mg.), and a neutrel pale yellow oil (445 mg.), vhich exhibited strong
carbomyl (1700 cm.'l) and hydroxyl (3500 cm.-l) absorption in the IR, and
contained three compounds, in amounts decreasing with polarities (T10).
Repetition of the reaction without heating to reflux, yielded an identical
product (435 mg.). Chromatography of both products on silica (30 gm.),

eluting with light petroleum/EtOAc mixtures afforded: the least polar



b)

c)
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component (21 mg.; eluted with petrol), which showed weak IR
carbonyl absorption; the middle component, (121 ng.; eluted with
petrol/ 1 and 2% EtOAc), identical (IR,TLC) to 1,5-dione (10) from
the reaction between MVK and (4); and the most polar component,

& yellow oil, (587 mg.; eluted with petrol/ 5-10% EtOAc).
Distillation of the laet gave a colourless oil, b.p. 90-95°/0*5mm.,
shown to be 2-(¥-hydroxyisocamyl)-2,6,6~trimethyleycloheptanone (8)

from its IR, NMR and mass spectra (tablesl,5 , and5 respectively).

Treatment of the ketonitrile (5) with methyl Grignard reagent

A mixture of the ketonitrile (5), (2¢07 gm.; 10 mM), and
MeligBr (20 mM) was refluxed for 2 hr.33 Extraction as in (a) yielded
acidic material (30 mg.) and 2 neutral yellow oil (1*7 gm.), which
contained considerable unchanged (5), (IR, TLC), together with a
compound of similar polarity and another much less polar (TLC).
This material was not further examined due to the small extent of
reaction.

Ketonitrile (5), (1035 gm.; 5 mM), on treatment with
MeMg133%4O mM) formed a neutral product (952 mg.) showing a doublet

-1
in the IR carbonyl region at 1720 and 1700 cm. . TLC analysis

indicated only a trace of starting material, and four or five other less

polar components. This complex mixture was not further investigated.

Treatment of the ketonitrile (D) with methyl lithium




Following the procedure used in the following experiment,
methyllithium (60 mM) and the ketonitrile (5), (1.55¢ gm.; 75 mM),
;urere stirred under reflux for 3 h::'.33 The neutral product (1275 mg.)
exhibited strong carbonyl (1710 cm."l) and weak hydroxyl (3500 cm.-l)
absorption in the IR, and consisted of three main compounds (TLC).
Separation by preparative TLC (thickness 1 mm., eluant light petroleu.m/
30% EtQAc) yielded from the predominant centrsl band, reasonably pure
1,5-dione (10), (492 mg.; 29%), identical (IR, NMR) with that obtained
by condensation of MVK with (4), (vide infra). Later runs however gave
lower yields of material containing much less (10), and more of a less
polar compound. For example, the product (1¢34 gm.) from the
ketonitrile (2458 gm.; 125 uM) afforded after chromatogregyhy only
0+18 gm. (6°5%) of (10).

Treatment of the ketoacid (6) with methyllithium

Methyl iodide (2.84 gm.; 20 mM) was added dropwise over
30 mindo astirred suspension of lithium (280 mg.; 40 gm. A) im dry
ether (10 ml.)., The mixture was stirred under reflux for 1 hr., by
vhich time almost all the lithium had dissolved. The colourless cloudy
solution was filtered through glass wool into a pressure-~equilibrated
dropping funnel and added over 5 min. to a stirred solution of the
ketoacid (6), (1+13 gm.; 5 mM), in dry ether (15 ml.).:54 (W2 atmosphere
throughout), After being heated at reflux for 2 hr., water was added
carefully to the cooled solution., The ether extract was washed with

saturated sodium bicarbonate solution tov separate unchanged acid (1046 mge )
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from neutral material (50 mgi), shown by TLC to be a mixture of three
compounds. PFurther attempts at this reaction gave similar results.
Owing to the low yield, and complexity of the product, the material

was not further examined.

e) Attempted preparation of pure ketoacidchloride (11)

a) thionyl chloride.

The ketoacid (6), (11°3 gm.; 0+05 M), and thionyl chloride
(12°1 gm.; ca. 20 ml,; Oe1 M) were heated to reflux for 3 hr, Excess
thionyl chloride was distilled under reduced pressure (water pump).
Distillation affgrded a pale red viscous oil vhich partially solidified
(7-7'gm.), b.pe 120-122°/0¢15 mm. The distillate contained the title
compound (odourg IR 1700, 1800 cm.—l) » but the predominant component

was the enol lactone (7), (IR 1760, 1660 cm.-l

) TLC also indicated

the presence of two compounds, the less polar being (7).

b) Oxalyl chloride (5ml.; 0.06 M) was added to a solution of the

ketoacid (6), (2¢26 gm.; 0°01 M), in dry benzene (20 ml.). The

mixture was siirred for 8 hr., and left overnight. Benzene and excess
oxalyl chlozide were distilled under reduced pressure (water pump).

The residue tvas shown by IR and TLC to be a mixture similar to that

obtained in (a).

2-(B-carbome thoxyethyl)-2,6,6~trimethylcycloheptanone (12)

fhe ketoacid (6), (2°26 gm.; 0-01 M), dissolved in dry Eto0
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(20 ml.), was treated dropwise with ethereal diazomethane until a
yellow colour persisted. The solution was left overnight, filtered
to remove polymer, and evaporated, yielding (12) as a pale yellow
0il (2424 gm.; 93%). Distillation afforded a colourless oil,

bepe 106-107°/3mm,

Found: C,69+21; g, 9+40. C14Bp403 requires C, 69+96; ®,10-07.

IR, tablel; NMR, table$ ; mass spectrum, table5.

Treatment of the ketoester (12) with dimsylsodium

A 50% mineral oil dispersion of sodium hydride (1°2 gm.; ca.
25 mM) was washed thoroughly with light petroleun 40—600, and the wasghings
decanted. The flask was then filled with nitrogen, and dimethyl-
sulphoxide (IMS0), (25 ml.; distilled from calcium hydride) was added
dropwise with stirring. After heating the mixture at 70--75o for 1 hr.,
and cooling, there was obtained a pale grey solution of the sodium salt

of IMSO.B6

To 15 ml. of this solution (ca.l5 mM) was added dry THF

(15 ml.),and, with cooling in an ice bath, the ketoester(1n), (2 gm.;

8+3 mM), dropwise over several minutes. After being stirred for 30 min.
at room temperature, the solution was poured into water (90 ml.,), acidified
to tH 3-4 (dilute HCl), and extracted with chloroform. The organic
extract was washed (3 x water), dried, and evaporated, leaving a yellow
0il (2436 gm.). The large amount of acid present (1+8 gm,) was removed

by washing with saturated sodium bicarbonate solution, leaving neutral

material (473 mg.). This consisted of two compounds, both less polar
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than the ketoester (12), Since the material showed no carbonyl

absorption in the IR, it was not further examined.

2-(3'-ketobutyl)=2,6,6-trimethyleycloheptanone (10)

Treatment of tetrahydroeucarvone (19°86 gm.; 129 mM) in
dry ether (100 ml,) with potassium hydroxide (0°84 gm.; 15 mlM) in
dry ethanol (15 ml.) and methyl vinyl ketone (4°90 gm.; 70 mll) by
a method.BLimila.r to that for the preparation of (13) (vide infra),
yielded on distillation unchanged (4), (10-01 gm.), and a fraction
(7+40 gm.) with b.p. 120-124°/0+8 mm. This material contained mainly
(10), with small amounts of (4) and (13), and was chromatographed on
silica (370 gm.). Tetrahydroeucarvone (0+3 gm.) was eluted by light
petroleum/5-50% benzene, the enone (13), (0+82 gm.),by benzene, and
(19, (5°48 gn.; 39+5% based on consumed (4)), by berzene/10-~50%
chloroform. The dione (L Q) was obtained as a colourless oil by
distillation, b.ps 117-120°9/0¢3 mm.
IR, tablel; NMR, table6; mass spectrum, table5.
The mono~2,4~dinitrophenylhydrazone was crystallised from ethanol as
a yellow crystalline solid, m.pe. 113-114°,
Found: C, 5958; H, 6:92 ; N, 13+95. CoqHgl405 requires C,59+39; H,6+98;
N, 13485 VgBy,: 1699 em.~l

~trimethylbicyclo (4.3.1) decan-7-ol-10-one
A suspension of lithium aluminium hydride (256 gm.; 67 m)

in dry THF (100 ml,) was added dropwise to a stirred solution of



t-butanol (14.94 gm.; 201 ™). This misponsion of 1ithinm aluminium
38
tri~(t-butoxy) hydride was added dropwise over 1°5 hr, in a nitrogen

atmosphere to a stirred solution of the enol lactone (7), (10°0 gm.;
S

“~

48 mM), in THF (100 ml.) at -70° (acetone - vy ice bath).  The
mixture was allowed to warm to room temperature while being stirred
overnight. After addition of brine, acidification (dilute HCl), and
ether extraction, the ether layer was washed with saturated sodium
bicarbonate solution, brine, and dried and evaporated, leaving a pale
yvellow oil (7+30 gm.). Ether extraction of the acidified bicarbonate
layer afforded ketoacid (6), (2'39 egm.). The neutrals consisted of
three compounds, the most polar being (15), and the next most polar,
which varied in amounts in different runs, probably being unchanged (7)
(similar Rf). Chromatography on silica (360 gm.), eluting with light
petroleun/EtOAc mixtures, afforded (16) as a pale yellow oil (3.9 gm.;
39%), eluted with light petroleum/20-30% EtOAc. Distillation furnished
axial (16) as a colourless oil, b.p. 80=90°/0+1 nm., which slowly
solidified to a colourless crystalline solid, m.p. 71-76°. Later runs
afforded axial-equatorial mixtures which became colourless liguid-solid
mixtures on distillation, final m.p. ca. 70°.

IR, table2 ; NMR, table7, mass spectrum, table5.

1,5,5-trimethylbicyclo (4.3.1) decan-7,10-diol (7)

A solution of the ketol (6), (210 mg.; 1 mM), in dry THF

(7 ml.) was stirred 24 hr. under reflux with lithium aluminiumhydride
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(114 mg.; 2 M excess). Acidification (dilute HC1l) and ether
extraction gave a viscous pale yellow oil, consisting of diol (17),
unchanged (16),* and traces of a less polar compound. Separation

by preparative TLC (thickness 0.8 mm., eluant: light petruleum/60%
EtOAc) afforded pure diol (62 mge; 29%), mep. 91-97° (petrol 60-80Y).
Found: C,73+45; B , 11+50. Cy3Hp40p requires Cy13°54; B, 11.39.

IR, table2; NMR, table7; mass spectrum, table5 .

The products from reductions carried out under several
different conditions always contained unchanged (16). After a
45 hr. reflux with excess lithium aluminium tri-(t-butoxy) hydride,
the product contained only a trace of (16), and also several less

polar compounds in small concentrations.

1,5, 5=trime thyl-7-tosyloxy-bicyeclo(4.3.1) decan~l0-one (18)

To the ketol (16), (420 mg.; 2 mM), dissolvcd in dry
pyridine ( 2ml.), was added a solution of tosyl chloride (400 mg.;
slight excess of 2 mM) in dry pyridine (2 ml.). After being left
at room temperature for 14 days (the product after 4 days contained
an appreciable amount of unreacted (16)), brine was added, the mixture
acidified (dilute HCl) and extracted with ether. The ether extract
was washed (brine), dried, and evaporated, leaving (18) as a yellow
0il which slowly solidified (437 mg.; 60%). A colourless crystalline
solid, m.ps 113-115°, was obtained by recrystallisation from ethanol.

Found: €, 66+12; H., T+58. CogH2804S requires C,65:91;B ,7-74.
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IR, table2; NMR, table 7; mass spectrum, tableS .

1,5,5~trimethylbicyclo (4.3.1) dee¢=T=en-10-one (19)

a) from ketotosylate (18)

The ketotosylate (18), (91 mg.; 0¢25 mM), was added in smell
portions over 5 min. to a stirred solution of sodium (7 mg.) in dxy
ethanol (2 mli). The mixture was stirred under reflux for 2 hr.,
cooled, neutralised with acetic acid, diluted with water and
extracted with light petroleum 60-80° (BX)?'O Ether extraction of
the aqueous layer afforded unchanged (18), (5 mg.). The petrol
extract was washed with saturated sodium bicarbonate solution, brine,
and dried. Evaporation of solvent under reduced pressure yielded
(19) as a volatile colourless oil with a camphoraceous odour (33 mg.;
73% based on consuwed 8 ) UV A §3232 06mp (e3600 ).

IR, table2; MNMR, table7 ; mass spectrum, table5 .

b) attempted preparation from ketol (6)

A solution of the ketol (16), (105 mg.; 0+5 mM), in dry
bengene (2 ml.) was refluxed on the steam bath for 2 hr. with excess
poly-phosphoric acid (treatment at room temperature caused incomplete
reactivn)., Addition to ice, follewed by ether extraction, afforded
a volatile yellow oil (75 mg.), containing a rather non-polar compound
(large Ry in hexane), and several more polar components (T1.C).

Routine IR showed carbonyl absorption at 1705 cm.-l. Chromatography

on gilica (eluant:pentane) afforded the predominant component as a
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colourless volatile oil (18 mg.), exhibiting no carbonyl absorption

in the IR.

1,5,5-trimethylbicyclo (4.3.1) decan~7,10~dione (20)

A solution of ketol (16), (2¢10 gm:y 001 M), in acetone
(50 ml.) was treated for 30 min. with excess Jones reagentAQat 0°.
Methanol was added to destroy excess oxidant. After addition of
brime, extraction with ethyl acetate furnished (20) as a colourless
0il (1+89 gm.; 91%), bep. 60-70°/0*0p2mm.
IR, table2; NVR, table 7; mass spectrum, table5.
GIC column: 1% PEGA., Temp. : 125°. F.R. 48 ml./min. R.T. : 5 min.
Mono~2,4-dinitrophenylhydrazone, m.ps 188-191° (Etom).

Pound: C, 5880 ; I, 7-03. 019H24N4O5 requires C,58+75; 1, 6.23.

Attempted cyclisation of k&wgdﬂéﬁo dione ggoz

Tetralin ( 5ml.) and p-toluene sulphonic acid (100 mg.) were

heated together to reflux for 1 hr. in a Dean and Stark water
se;pa:r:a.torcf]'Ar The ket®acid (6), (113 mg.; 0-5 mM), was added, and the
mixture was refluxed for 2 hr, Brine was added, and the ether extract
wag washed with saturated sodium bicarbonate solution and brine, and
dried. The neutral product (11l mg.), a brown oil, had IR absorption
at 1680 cm,™! (C=0), and exhibited marked streaking in TLC, After
distillation however, TLC showed it to be & mixture of four compounds.

The most polar of these had an Rf value similar to that of (€0), but the
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mixture was not further investigated.

Attempted cyclisation of the ketoestér (12) to the dione (20

45

The procedure was based on a reaction by Marshall and Scanio.
A 51% dispersion of sodium hydride in mineral oil ( 0.6 gm.)
was washed with dry benzene and dry 1,2-dimethoxyethane (IME) and
added to a solution of the ketoester (12), (780 mge; 3°25 nl), in
DME (10 ml.). After 14 hr. reflux, acetic acid (1¢5 ml.) and dry
ether (10 ml.) were added carefully to the cooled solution. The
ether extract was washed with saturated sodium bicarbonate solution
to separate neutral material (72 mg.) from ketoacid (6), (571 mg.).
The former contained some unchanged ester, but none of the desired

dione.

Treatment of the dione (20) with methyl magnesium iodide (MeMgI)

A solution of the dione (20), (104 mg.; 0¢5 mlM), in dry
ether (3 ml.) was added dropwise with stirring to an ethereal suspension
of MeMgI (0.65 mM). After being refluxed for 1 hr., water was
carefully added. Ether extraction yielded a pale yellow oil (99 mg.),

containing mostly unchanged (20), and two more polar compounds,
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probably the C7 epimeric ketols (9), (TLC). Repetition of this
procedure with a larger excess of MelMgI (2.5 mM) gave a product

(95 mg.) containing in addition to the above, a highly polar compound,
probably the diol (22). The products were combined and stirred under
reflux for 16 hr, with MeMgI (2.5 mM), affording material (174 mg.)

of largely unchanged composition (TLC). Chromatography on silica

(9 gm,) using light petroleum/EtOAc mixtures, afforded unreacted dione
(20), (48 mg.; eluant petrol/l and 2% EtOAc), a mixture of two
compounds, probably the epimeric ketols (9) (66 mg.; eluant petrol
/5-10% EtOAc), and the diol (22), (40 mg.; eluant petrol/20~30%
EtOAc), which after distillation (b.p. 85-959/0«1 mm.) and re=
crystallisation from light petroleum 60-80° became a colourless

crystalline solid, m.p. 85-114°.

IR, table2 ; NMR, table 7,

Conversion of the dione (20 to the ketoacid (8)

A solution of the dione (20), (52 mg.; 025 n}M), in methanol
( 5ml.) was heated to reflux on the steam bath for 30 min. with excess
methanolic potassium hydroxide. Methanol was then allowed to
evaporate from the straw-coloured solution, and the residue was
acidified (dilute HCl)e The ether extract was washed with brire, and
saturated sodium bicarbonate solution. Ether extraction of the
acidified bicarbonate layer gave an acidic yellow oil (54 mg.; 96%).

The gistilled product was identical (IR, NMR, TLC) to the ketoacid (6).
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Sodium borohydride reduction of the dione (2O

The dione (20), (52 mg.; 0425 uM), dissolved in methanol
(3 mli) was treated with sodium borohydride (105 mgi; 0275 nM),
and the mixture was stirred overnight. Water was added, and ether
extraction yielded a pale yellow oil (50 mge; 95%) which consisted
of two components (TLC). GLC Column: 1%. PEGA Temp: 1259,
FuRe 40 ml./min. R.T, 16+0min. (identical R.T. to axial (16) from
reduction of enol lactone (7)) and 37¢6 min. (hence equatorial ketol
(16)). The composition of the mixture (by integration of the peaks)

was 1:1,

Treatment of the dione (20) with diszoethane
47,48

8) N-nitroso-N-ethylurethan method

inhydrous sodium carbonate (3 ng.) was added to a solution
of the dione (20), (104 mg.; 0+5 mif), in ethanol ( 1 ml.) and ether
(1 ml.). Nenitroso-N-gthylurethen (C2235 mg.; 2 ndi; prepareé7§rom
N~ethyl oarbamatéra) wes ndded dropwise over 5 min., and the mixture
stirred for 30 hr.  After acidificetion (dilute HpSOp), and 26 hr,
stirring, brine was added, and the solution extracted with ether,
The ether extract was washed (brine), dried, and evaporated. Distillation
of the residue gave a colourless oil (73 mg.), beps 65-75°/0¢1 mm.,

which consisted solely of unchanged (20, (IR, TLC, MR and GLC).

b) N~nitroso-N-¢thylurea methog

Fxcess N-nitroso-N-sthylurea was added to a mixture of 40%
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aqueous potassium hydroxide (7 ml.) and ether (7 ml.) The resultant
yellow organic layer was separcted and left for 3 hr. over solid

KOH with cooling. It was then added dropwise with stiriing to a
solution of the dione (20), (52 mg.; ko-25 md), in dry cther (2 ml.).
After being stirred for 24 hr., the ether solution was washed (brine),
dried, and evaporated, affording a pale yellow oil (52 mg.).

IR, TLC and GLC showed it to contain only (20).

Treatment of the dione (20) with diazomethane‘i?

The dione @0), (31 mg.; 0415 mi), dissolved in dry ethoer
(1 ml.) was treated with excess ethereal diazomethsne., After being
stirred for 21 hr., the solution was evaporated, yielding a pale

yellow o0il (30 mg.) consisting only of starting dione (IR, TLC, GLC).

Trcotment of the dione (10) with triphenylphosphinenethoxymethylene

The method used was that for the preparation of methoxy-
methylenecyclohexane,

A suspension in dry ether of phenyllithiu;r6(5 m) -
prepared from bromobenzene (0.78 gn.) and lithium (70 mg.) - wos
added dropwise with stirring in a nitrogen atmosphere to a suspension
of tfiphenyl methoxymethylphosphonium chloride (1+70 gm.; 5 mM) in
dry ether (15 ml.). The rusultant cloudy red solution, consisting of

50

a suspension of methoxymethylenetriphenylphosphorane, was stirred

for 10 min., cooled to-70° (dry ice- acetone bath) and the dione (10),



~46-

(896 mge; 4 mil), in ether ( 2 ml.) was added dropwise. The mixture
was stirred for 15 min. at -70%°, and 19 hr. at room temperature.
The cloudy off-white solution was filtered, the filtrate evaporated,
and the residue dissolved in acetone, diluted with a large volume of
light petroleum 40-60°, and carefully filtered. Repetition of this
process removed nost of the triphenylphosphine oxide, and yielded a
yellow o0il (cz. 1 gm.), which was freed from starting dione (10) by
distillation. The residue (220 mg.) consisted of a trace of
unchanged (10), Ph3zPO, o compound slightly less polar than (10),
and another highly polar (remoining on baseline in TIC).  Removal
of PhBPO by chromatography left a brown oil, IR exzmination of which
did not detect the presence of the desired cnol ether,

Similar products were obtaincd by adding the dione at room

temperature, or heating the mixture to reflux for 2 hr.

Attempted preparation of 1,l-dicarbethoxycyclopropane (27, R=COsEt)

The method of DoxandeonESBafforded on distillation in the
range 200-220° a colourless oil. (Lit. title compound b.p.
214-216°/748 mm.; 40%). Both its IR and NMR spectra showed it to
be unchanged diethyl malonate (b.p. 199°). In particuler, the NMR

spectrum showed no signal due to cyclopropyl protons.

Aitempted preparaetion of l—carbethoxy—l—cyano—cyclopropane4127, R=CN)

The method of Perkinfsa' modified by Jones and Scott,S‘1
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yielded from ethylcyanoncetate (100 gm.; bip, 206°) after steam
distillation a colourless oil (13¢5 gm,). Troctional distillation
(Lit. title compound, b.p, 212-216°; 6444 gm.; 76%) afforded one
main froction; b.p. 206-210°, shown by its IR =nd NMR spectra to

be unreacted ethyleyaonoacetate.

2- Lp—o arbethoxyethyl)=2,6,6-trime thyleycloheptonone (32)

A mixture of ketoacid (6), (6*78 gm.; 0+031), ethrnol
(100 ml.) and dilute sulphuric =cid (60 ml.) were stirred for 1 hr.
After addition of brine, the ether extract was washed with saturated
sodium bicarbonate solution, (ether extraction of the acidified
bicarbonate layer affording unchonged (6), (16 gm.)), brine, dried
and evaporated, yielding (32) 2s a pnle yellow oil (56 gm.; 88%
based on consumed 4). Distillation gave a colourless oil,
b.p. 96°/0.08 mm,

IR, toblel ; NMR, table §; mass spectrum, tablebH.

Attempted condensation of ketoester (32) and ethyl diethoxyacetote

The forcing conditions described for condensationg with
ethyl dimethonacet&tc;éwere employed.

A nmixture of the ketoester (R), (2+54 gm.; 10 mi), =nd
ethyl diethoxyrcetate (29,R=Et), (176 gm.; 10 mM) in dry benzene

(10 ml.) was cdded to o suspension of sodium ethoxide (from 240 mg.

sodium and 7+5 ml. dry ethanol, followed by evapor-tion of solvent)



in dry benzene (10'ml.). The benzene-ethanol azeotrope was

removed over 5 hr. from the refluxing, stirred solution via a
fractionation column, Cold dilute scetic acid (5 ml.) in water (5 ml.)
was added to the cooled mixture. The ether extract was washed with
saturated sodium bicarbonate solution, saturated sodium hydroxice
solution, and brine, and drieds Removal of solvent left o yellow

0il (1+3 gm.) consisting of unchanged (), (IR, TLC). Ether
extraction of the acidified bicarbonate and hydroxide extracts gave

in ecch case acidic moterial (IR, TLC; 0+6 gm. in all),

1,5,5-trime th_ql:‘}jicyclo( %e4+0) undec~7-en~9-one (1%)

a) from tetrahydroeucarvone.

Potassium hydroxide (455 mg.; 8+12 mi) in dry ethanol (5 ml.)
wes added to tetrahydroeucarvone (16:69 gm.; 1083 rlf) in dry ether
(100 ml.). The mixture was cooled to 0°, and freshly-distilled
methyl vinyl ketone37'(3°79 gm.; 54°15 mlf) in ether (25 ml.) was
added over 1 hr, dropwise with stirring. The ice-bath was removed,
and after being stirred for 1 hr., the pale rcd solution was poured
on to ice, neutralised (concentrated HCl), and extracted with ether,
The product, 2~ dark yellow oil (ca. 19+5 gm., comprising tetrahydro-
eucarvone, 1,5-dione, ond (13)) was dissolved in methenol (100 ml.)
and refluxed overnight with potassium hydroxide (5 gn.) in methenol
(50 ml.). Ether extraction (assisted by the addition of brine),

removal of solvent, rnd distillation afforded tetrahydroeucarvone
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(9+87 gm.), bep. cae 35°/0+15 mm., and (13), (596 eme; 657

based on consumed tetrahydroeucarvene) as & pale yellow oil which
slowly solidified, b.p. 92-94°/0+15 mm. Recrystallisation and

celd filtration from pentane furnished with difficulty a colourless
crystalline solid, m.p. 67+5-68+5° TATLE 245 mp (€ 1500 )

The 2,4=-dinitrophenylhydrazone was crystallised fram ethylacetate

as red ncedles, m.p. 210-213°,

Found: C,62°27; H, 6°79; N, 14+58. CogllpgNq0yq requires C,62:16; H,
6+78; N, 14+50.

IR, table 4; NMR, table 8; mass spectrum, tableb .,

b) from 2-(3!'-ketobutyl)-2,6,6-trimethylcycloheptanone (10)

Potassium hydroxide (260 mg.) in methanol (3 ml.) was added
to a solution of the 1,5~-dione (10), (224 mg.; 1mM), in methanol
(2 ml.), and the mixture refluxed for 4 hr. on the steam bath. Drine
was added, and the ether extract was washcd (brine), dried and
evaporated, yielding L 3) as a pale yellow cil (198 mg.; 963%)

identical to that from (a), (IR,TLC).

1,5,5-trimethylbicyelo(5,4.0)undec~T=cn=9 B~ol (35)

A solution of the enone (13), (206 mgs; 1 mM), in ethanol
(15 ml.) was treated with sodium borohydride (38 mg.; 1 mM), and
refluxed 13 hr., with stirring. VWater was added to the cooled solution,
and the ethcr extract was washed (brine), dried and evaporated to yield

(35) as a pale yellow crystalline solid (208 mg.; 10055).  This



material was soluble in pentane at room tempsrature, but colour-
less (35) obtained by distillation was recrystallised and filtcored
cold from that solvent, affording colourless needles, mMm.p. 8%-85°,
Some diene (formed by dehydration) was present in the distilled
semple (TLC), and was removed by preparative TLC (eluant: light
petroleum 40~60°).

3
From its NMR spectrum (table8) the hydroxyl group was seen to be
quasi-equatorial (P) 5 7,58

IR, tabled; mass spcctrum, table5 .

1,5, 5-trimethylbicycle(5.4.0)undeca~7,9~diene (30)

The unsstursted alcohol (39, (208 mg.; 1mi4), dissolved in
dry benzene (3 ml.) was stirred for 1% hr. with excess polyphosphoric
acid. Addition to ice, followed by cther extraction, yielded

. E+0H
(39 as a colourless oil (178 mge; 94%). AMax 273 . (€10300)
IR, table 4; mass spectrum, table5.

Attempted cyclisation of the dione (10) 4o 1,5,57-tetramethylbicyclo
(4.3.1) dec-T-en-10-one (40)

60

a) refluxing with p-toluenesulphonic acid (PTSA) in bemzene

A solution of PTSA (500 mg.) in dry benzene (15 ml.) was
heated at reflux for 2 hr. in a Dean and Stark water separator, The

dione (10, (448 mg.; 2mM), dissolved in dry benzene (3 ml.) was added
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to the cooled solution, and the mixture refluxed a further 2% hr.
after neutralisation with solid potassium carbonate, the solution
was left overnight, and filtered. The filtered solid was washed
with benzene, and the coubined benzene extracts were washed, dried,
and evaporated, yielding a brown oil (434 mg.). The product
contained mainly unreacted dione and the enone (13) (IR,TLC), and

a very small amount of a less polar compound (TLC). Chromatography
on silica using petrol 40-60°/ benzene 2/1 as eluant firnished 6 mg.
of the latter component, which had no carbonyl absorption in the

IR spectrum, and hence was not the desired compound.

b) refluxing with PTSA in toluene

A solution of PTSA (500 mg.) in toluene (10 ml.) was
refluxed for 5 hr. in a water separator. After addition of the
dione (10), (112 mge; 0-5 mM), in toluecne (1 ml.), followed by
2 5 hr. reflux, the extraction procedure used in () yielded a
brown oil (112 mg.). The product contained only the enone (13),
(IR, TLC), and & small amount of a less polar component (TLC), the
latter probably causing a band at 1740 cm.-1 in the IR, Chromatography
on silica using light petroleum 40-60°/ benzene mixtures gave a
fraction (8 mg.) with no cerbonyl absorption in the IR, and a
fraction (5 mg.) with IR absorption at 1740 ema~L, which, because
of lack of material, was not further investigated. Elution with

benzene, and benzene/chloroform, yielded reasonably pure enone (13 ,(83mg.).



c) concentrated sulphuric acid

Concentrated sulphuric acid (1 ml.) was added dropwise
to the dione (10), (448 mg.; 2 mM), and the mixture stirred for
72 hr. in a stoppered flask. Careful addition of saturated sodium
bicarbonate solution and ether extraction furnished a yellow oil
(386 mg.), containing mainly unchanged (10) and a little of the
enone (13), (IR, TLC), and, as in (a) and (b), a trace of a lcss
polar component,

d) Boron trifluoride etherate

62

The method used was based on that of Corey and Nozoe.

A mixture of boron trifiuoride etherete (3 ml.), dione (L Q),

(224 mge; 1 miM), and methylene chloride (6 ml.) was heated at reflux
for 4% hr., and then allowed to cool.  Addition to water, and ether
extraction, yielded a yellow oil (216 mg.) containing approximately
equal amounts of unchanged (10) and the enone (13), (IR, TLC).

Only the enonec (13), (207 mg.), was present when this
material was refluxed for 9 hr. in benzene (6 ml.) with boron trifluoride
etherate ( 3ml.).

1,5, 5~trimcthyl=-9-methylenebicyclo (5.4.0)undec~T-ene (41)

s

76
To a suspension in dry ether of phenyllithium (20 mM) -
prepared from bromobenzene (312 gm.) and lithium (278 mg.) - was
added dropwise over 5 min., with stirring in a nitrogen atmosphcre a

63
suspension of triphenylmethylphosphonium bromide (7214 gme; 20 uM)



in dry ether (40 ml.). The resultent cloudy yellow mixture, cone
taining a suspension of the Wittig reagent, methylenetriphenyl-
phosphorane, was stirred under nitrogen for 3 hr. A golution
of the enone (13), (2+06 gm.; 10 mM) in ether (30 ml.) was added
dropwise under nitrogen, destroying the yellow colour, and rendering
the solution much cloudier. The mixture was stirred overnight undex
reflux (without nitrogen), allowed to cool, filtered to remove most
of the finely-divided solid, and cvaporated under reduced pregsure.
The yellow oily solid residue was extracted thoroughly with hot light
petroleum 40-600, The pelrel extracts were filtered undser suction
several times to remove colourless triphenylphosphine oxide (PhBPO),
washcd with water(3x), dried and evaporated. The residual yellow
0il consisted mainly of (4L), with & small amount of PhzPO, end a trace
of unchanged (13), (TLC). The products from most runs were diromabo-
graphed on silica (eluant: light petroleum 40-60°), giving good
separation of (41) from its closest chromatographic contaminant,
PhzPO. However, on one occasion, total rearrangement of (4L) ocourred,
and later runs were purified on neutral alumina grade 3, which gave

a less satisfactory but adequate separation. The diene (4L) was
eluted first as a colourless volatile oil (1°402 gm.; 69%), which
underwent very gradual atmospheric oxidation to the cnone (13).
Despite repeated distillation, satisfactory enalysis figures were not

obtained. | IL::?CH 243 mp (£17800)
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IR, tabled; NMR, table 8; mass spectrum, table 5.

1,5,5,9-tetramethylbicyclo(9.4.0)undec~T~ene (44)

The diene (41), (3423 gm.; 15°83 nM) dissolved in
analar ethyl acetate (15 ml.) was hydrogenated in the presence of
5% Pd on charcoal (15 gm). Uptake ceascd after about 45 min.
Filtration and evaporation of solvent(with minimal hecating) under
reduced pressure furnished (44) as a colourless, volatile oil
(3-00 gnu.;  93%).

IR, tabled4; NR, table 8; mass spectrum, table5,

Attempted ozonalysis of olefin (44)

10% ozone in oxygen was passed for 15 min. through a solution
of the olefin (44), (43 mg.; 0+21 nmlf), in ethyl acetate (5 ml.)
at -70° (acetone~dry ice bath). Glacial acetic acid (2 ml.) and
zine powder (60 mg.) were then added. After being stirred at room
temperature for 1 hr., the mixture was filtered, and the solvents
evaporated, The residue was dissolved in ethyl acetate, and washed
with saturated sodium bicarbonate solution, to separate acidic matcrial
(6 mg.) from neutral material (29 mg.). The latter showed IR
absorption at 1700 cm.”t (0=0), but none at 2650-2880 cm.~t

(C-H str. aldehyde), and consisted of a mixture of several components

(TLC). The NMR spectrum showed no aldehydic proton signal,
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1,5,5,9-tetramethylbicycle (5.4.0)undecan~7,8-=diol (A7)

The hydroxylation procedure used was that of Baran§57

Osmium tetroxide (3+5 gm.; 13+79 ml) was added portionwise to a
solution of the olefin (44), (28 gm.; 13+60 rli), in dry pyridine
(50 ml.). After 3 days, the dark brown solution was stirred for
1 hr. with a solution of sodium bisulphite (63 gm.) in water
(105 ml.) and pyridine (70 ml.). The mixture was extracted with
chloroform (5X), and the orgenic extracts were washed, dried, and
evaporated, with the addition of dry benzene to effect azeotropic
removal of pyridine. The residual diol (47) was a viscous brown
oil (3°O5 am, 93-5%) which on distillation was obtained as a
colourless crystalline solid, which slowly solidified, m.p. 86¢5-
88.50,

Found (mass anal.)240+20752; Cisflpg02 requires o40.20892

IR, tabled; NMR, table8 ; mass spcctrum, table5.

2—( ¥-formylbutyl)-2,6, 6-trinethylcycloheptanone (48)

a) Attempted cleavage of the diol (47) by sodium metaperiodate

The diol in dry or aqueous methanol was stirred at room
temperature undcr nitrogen with excess sodium metaperiodate for
periods up to 35 hr., but in all cases the diol was recovered
unchanged.

b) Cleavage of the diol (47) by lead tetraacctate

Pure diol (47), (102 mg.; 0+425 rM) in dry benzene (3 ml.)
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was stirred fer 4 hr. with lead tetrascetate®?(150 mg.). The

mixture was filtered under suction, the filtered solid washed with
benzene, and the filtrate washeébwith water, saturated sodium bicarb-
onate solution, and brine. ZEvaporation of the dried benzene layer
afforded a meutral pale yellow oil (95 mg.) consisting mainly of (48),
with a small amount of a more polar compound (TLC).

IR, table 1 ; NMR, table 6.

Attempted preparation of 1,5,5,8-tetramethylbicyclo(4.4.1)undec-7-en-
ll-ene (50

a) treatment of ketoaldehyde (48) with base
A solution of the ketoaldehyde (48),(25 mg.), in methanol (3 ml.)

was heated for 15 min. on the steam bath with methanolic potassium
hydrexide. Addition of brine, and ether extraction afforded a small
acidic fraction, and neutral material which contained at least four

components (TLC). This cemplex mixture was not further examined.

b) p-toluenesulphonic acid in refluxing benzene on ketoaldehyde (48)

A mixture ef PTSA (70mg.) in benzene (4 ml.) was heated for two
hr. in a water separater. The ketoaldehyde (48), (65 mg.), dissolved
in benzene (4 ml.) was then added. The deep red solution obtained
after 4% hr. reflux was coeled, peutralised with excess solid
potéssium carbonate, and left overnight. The benzene solution
ebtained on filtration was washed (2 X saturated NaHCOB, then 2 X brire)
éried, and evaporated. The residual yellow oil contained unchanged

(48) and three much less polar compounds. The routine IR spectrum was

..
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