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SUMMARY

Part 1

The acid catalysed ring expansion reaction of
2-(3'-phenyl-3'—oxopropyl)-cyclopentanone to 4-phenylcyclo-
hept=3-cne carboxylic acid, has been extended to include
substituted aromatic and wholly aliphatic 1,5-diketones,
In the case of the latter, where tetrahydroindanones proved
to be the thermodynamically favoured product, modified con-
ditions have been developed to afford the alkyl substituted
cyclohepntene carboxylic acids, The synthetic applicability
of the rcaction has been studied as a potential roule to the

alkaloic. colchicine and to the guaianolide sesquiitcrpenes,

Part IT

The structure of Mannich bases arising frcm unsymm-
etrical ketones has been related to the dircction of acid
catalysed enolisation. A parallel n,mgar, study oi Mannich
basesand their quaternary salts revealed uscful in. ormation
regarding the chemical shift of protons in the proximity of
the quaternised centre.

The hitherto disputed existence of a mixturc of iso-
meric Mannich bases arising from unsymmetrical ketones (e.g.

isopropy mcthyl ketone) has becn unambiguously proved and



and subsequently related to the isomeric mixture of enols
formed under acidic conditions. B,B-Disubstituted Mannich
bases have been convincingly shown to be capable of rearrange-
ment under certain conditions (e.g. in the thermal Michael
reaction) thus causing them to behave as their isomeric

bases, The corresponding quaternary salts are not

involved in any rearrangement process.
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PART I

- A NOVEL RING EXPANSION
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INTRODUCT ION

Before 1945, apart from the well authenticated
examples of the tropane alkaloids [e.g. tropine (1) 1,
B-vetivone (2) and some naturally occurring azulenes, very
few netural products had been shown to incorporate a seven
membered ring., In 1945, Dewarl’2 invoked a tropolonoid
ring to rationalise the chemical behaviour of stipitatic
acid (3), an acid produced by the mould Penicillium Stipitatum,
and to explain the unusual reactions of ring C of the alkaloid
colchicine (4) isolated from Colchicum autumnale L, This
far reaching postulate was later to be confirmed by synthesis
of the tropolone ring by Cook3 and independently by Nozoe4
and by the syntheses of stipitatic acid5 and colchicine6.

That tropolone derivatives escaped recognition until 1945

must be attributed to their relative scarcity in nature., The
few naturally occurring tropolones can be conveniently divided
into three groups. The simplest are the isopropyltropolones
exemplified by the thujaplicins (5), first isolated from the
heartwood of Thujaplicata and identified as three new tropol-
ones by Erdtman7 in 1948, The second class are the hydroxy-
tropolonecarboxylic acids exemplified by stipitatic acid (3)

and the last group is made up of colchicine (4) and a few

closely related alkaloids isolated from the wvarious Liliaceae,
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Piesse in 1864, studying the blue fraction from the eil
of wormwood, introduced the name azulene for the compound
responsible for the colour, Later, Willstraed8 made the
discovery that an azulene was involved in the blue discolour-~
ation appearing on the cut surface of various mushrooms, and in
1936, Pla‘btner9 showed by synthesis that azulene (6) consisted
of a bicyclic system containing a five and a seven membered
ring with five double bonds in conjugation. Two examples of
naturally occurring azulenes are the red-violet lactaroviolinlO
(7), a guaiazulene from the mushroom Lactarium delicious L and
the azulenic acid chamazulene carboxylic acid (8) isolated
from Achillea millefolium by Stanl™.  Guaiol (9), kesyl
alcohol (10), patchouli alcohol (11) and a-chigadmarene (12)
are a few examples of naturally occurring sesquiterpenes
incorporating a cycloheptane ring which on dehydrogenation give
substituted azulenes.

The earlier methods of synthesising alicyclic com-
pounds involved a ring closure reaction, the ease of which
depended on the strain of the ring formed and the distance
between the reacting centres. Distillation of the rare
earth salts of dicarboxylic acids introduced by Ruzickal3 was
modified in 1928 to give moderate yields of cycloheptanone

derivatives (see Table I). The Dieckmamn reacticn, an
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intramolecular condensation, gives seven membered rings in low

yield, whereas the Thorpe—Ziegler14

reaction involving an
intramolecular condensation of dinitriles under high dilution,
affords cycloheptane rings in acceptablé yields. The intro-
duction of the acyloin synthesis by Prelog15 in 1947 provided
a good route to medium sized rings, Figure 116 shows the
dependence of yield on ring size for the three most general
procedures for the preparation of many membered ring com-
pounds involving a ring closure step.

During the period 1950 - 1960, much attention was
focussed on the synthesis of the alkaloid colchicine, and as
a result, a diverse range of new synthetic routes to cyclo-
heptane and tropolone rings was developed. Rappaportl7, in
1951, achieved a synthesis of trimethoxy-B-benzosuberone (13),
a fused cyclic ketone, by the intramolecular condensation of
the phenyl substituted dicarboxylic acid ester (14). Two

19 40 1961, obtained

years before this Caunt ‘gnd Lowenthal
trimethoxy-a~benzosuberone (15) by an intramolecular Friedel-
Crafts acylation of & -(3,4,5-trimethoxyphenyl) valeric acid(16).
Employing similar conditions, Gutschezo compared the yields of
cyclisation achieved for 2-phenylcyclohexane acetic acids

(17a, 18a) and for 2-phenylcyclohexane propionic acids (17b,
18b) thus substantiating the well known fact that six membered
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rings form with greater ease than their seven membered
counterparts. Gutsche found that the yield of the tricyclic
ketone (19), incorporating a seven membered ring, could be
substantially improved by cyclisation of the acid chloride
under standard Friedel-Crafts-conditions.

Yet another intramolecular cyclisation in this series

21 in the early stages of his colchicine

was achieved by Martel
synthesis when he successfully converted ethyly -(3,4,5-tri-
methoxyphenyl )-y-oxooctanoate (20} to the bicyclic ester (21)
under the conditions of paratoluene sulphonic acid., A synthesis
of a cycloheptane ring, of interest because of its novelty
rather than its practical application was that devised by
Scot't22 in 1965 and based on a biogenetic theory. It involved
an oxidative free radical phenol-tropolone coupling of the
B~(3-arylpropyl) tropolone (22) to desmethyldesacetamido-
colchicine (23),

The ring enlargement of carbocyclic ketones by means of
diazomethane was first discovered by Mosettigz3 but the
potential of this reaction was not realised until 1950 when

24 achieved a remarkable synthesis of tropolone (24)

Doering
by irradiation of a solution of diazomethane in benzene and
subsequent oxidation of the resultant cycloheptatriene with

aqueous potassium permanganate. Cycloheptadienones have
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proved to be valuable intermediates in the synthesis of
tropones and tropolones and to this end, a simple method of
obtaining 3,5-cycloheptadienone (25), involving a ring expansion,

25 in 1958 and later developed by Dodson26

was devised by Craig
in 1962, The reaction of l-ethoxycyclohexene with dichloro-
carbene gave l-ethoxy-7,7-dichloronorcarane (26) which
rearranged in hot quineline to afford l-ethoxy-l,3,5-cyclo-
heptatriene (27) from which the required 3,5-cycloheptadiensne
was obtained by hydrolysis. Birch27 used a similar procedure
for the conversion of 2,5-dihydroanisole to B-tropolone (28),
At about the same time as Craig's cycloheptadienone synthesis,
I\Telson28 introduced a third method of ring expansion employing
the solvolysis of 1,4-dihydrobenzyl alcohol tosylates with
formation of cycloheptatriene rings. This idea was developed
by Chapman29 in 1961 for the synthesis of B-tropolone (28).
Solvolysis of the tosylate of 3,5-dimethoxy-1,4-dihydrobenzyl
alcohol (29) in pyridine gave 1,3-dimethoxycycloheptatriene (30)
which on oxidation with bromine afforded B-tropolone (28) in
high yield.

Interest in this department, in the synthesis of cyclo-
heptane rings arose from the discovery31 that bridge fission

of a bicyclo[3,3,1]nonane afforded an eight membered carbo-
cycle, The mixture of epimeric tosylates (31), under

appropriate basic conditions, afforded the cyclooctene
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diester (32) together with unreacted axial tosylate; the
equatorial tosylate having reacted by a concerted B-elimin-
ation process (33). Application of this ring expansion
technique to the analogous bicyclo[3,2,1]octane system,
afforded the required seven membered carbocyc1e32. In this
case the epimeric tosylates could be separated and each

isomer subjected to basic conditions, The equatorial tosyl-
ate (34b) afforded the gem diester (35) by a concersed B~
elimination process, whereas the axial tosylate (34a) afforded
the unsaturated diester (36) by a retro-Claisen ester reaction
(37) followed by a B-elimination of the tosylate function,

33

Recent work by Buchanan in this departmeant has been
initiated by Cope'834discovery that the l,5—diketoné (38a)
cyclised under acid conditions to give the 2-phenylbicyclo-
[3,3,1]non-2-en~9-one (39a), Application of this reaction
by Buchanan33 to the corresponding cyclopentanone derivative
(38b) afforded not the expected bicyclo[3,2,1]octenone (39Db)
but rather a cycloheptene carboxylic acid (40) thus giving, n
one operation, a synthesis of a seven membered carbocycle by

a ring expansion of a cyclopentanone.

It is the object of this thesis to examine the scop: .

mechanism and synthetic applicability of this novel ring
expansion of 1,5-diketones (38b) to cycloheptene carboxylic
acids (40).
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PART 1
DISCUSSION

Work in t his laboratory on the synthesis of cyclo-
heptene carboxylic acids was initiated by the discovery that
acid treatment of 2-(3'-phenyl-3'-oxopropyl)cyclopentanone
(1) resulted in the formation of two isomeric cyclohept-
ene carboxylic acids (2 ) and (3 ) and a y-lactone (4-)20’35
Further investigation?o indicated that the reaction pro-
ceded via the intermediate 2-phenylbicyclo-(3,2,1)-oct-2-
en-8-one ( 5), isolable only under special conditions. The
course ofthis reaction was thus strikingly different from
Cope'é34 conversion of the analogous diketone 2-(3'-phenyl-
3! ~oxopropyl)-cyclohexanone (6 ) to 2-phenylbicyclo-(3,3,1)-
non-2-en-9-one (7 ) under similar acidic conditions. This
apparent anomaly can be readily explained in terms of the
inherent strain in bicyclo(3,2,1)-octenones. Strain is
ahsent in the related bicyclo-(3,3,1)-nonenones and bicycl-
(4,3,1)~decenones, thus accounting for the relative stab-
ility to acid. This strain theory is borne out by the
high carbonyl frequenc%5(1758 em. %) of bieyelo-(3,2,1)~-

13

octenones., For the same reason, Cope and independently
Footé36 experienced difficulty in converting the tetra-
hedral carbon at Cg in the alcohols (8 ) and (9 ) into a

trigonal carbon atom by oxidation.
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Onthis premise, the corresponding bicyclo-(3,1,1)-
heptenones (10) should be so strained as to inhibit form-
ation, or once formed should be so unstable as to undergo
facile fragmentation by bridge fission. Infact, chrysan-
thenone (11) is a stable naturally occurring bicyclo-(3,%,1)-
heptenone and fragments in-acid, base or on heating?7 to
give three different fragmentation species (Schemes I - III).
The acid catalysed fragmentation product from chrysanthen-
one was reported to be piperitenone (12) and not 2, 2,4-tri-
methylcyclohex-4-ene carboxylic acid (13) as would have
been predicted from t he analogous fragmentation of bicyclo-
(3,2,1)-octenones. It is possible that chrysanthenone
undergoes an alternative fragmentation (Scheme I) because
of the effect of the gem dimethyl group. Also, this effect
could account for the unexpected stability of chrysanthen-
one 11). To prove this, 2-(3'-phenyl-3'-oxopropyl)-cyclo-
butanone (14 ) was prepared for ring expansion studies from
cyclobutanone and B-dimethylaminopropiophenone @5 ).

The preparation of cyclobutanone proved trouble-
some despite the reported synthesis of cyclobutanone from
diazomethane and ketené%athe only isolable product was
found to be acetic anhydride arising from hydration of

ketene, However, a high yield of cyclobutanone was
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obtained by using a modification of t he methods reported
by Shand39 and Conia4o. Pentaerythrital (16 ) was con-
verted to pentaerythrityltetrabromide by treating the
benzene sulphonate with sodium bromide. The tetrabro-
mide was subsequently debrominated with zinc dust to give

a high yield of methylene cyclobutane (Scheme IV).
Ozonolysis of this hydrocarbon, with thermal decompoéition
of the ozonide, gave cyclobutanone as a colourless volatile
liquid, showing the characteristically high carbonyl
stretching frequency in the infra-red at 1780 em,”t,  The
required diketone 2-(3'-phenyl-3'-oxopropyl)-cyclobutan-
one (14) was prepared from the thermal Michael condensation

of B-dimethylaminopropiophenone and a 3 molar excess of

cyclobutanone, and isolated as a colourless oil analysing

for 013H1402, The infra-red spectrum showed carbonyl
absorption at 1783 cm._l (cyclobutanone) and 1693 cm.-l
(aryl ketone), The mass spectrum showed the parent ion

at 202 m/e with the base peak at 105 m/e corresponding to
the stable ion (19) which showed a loss of 28 m/e to give
the second most abundant ion at 77 m/e i.e. (20),
Treatment of the diketone (4 ) with hydrochloric
acid in glacial acetic acid gave a low yield (~ 10%) of

anacidic material isolated as a white solid analysing for
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013H1402. The same acid was obtained in a more accept-
able yield (= 40%) by using the more forcing conditions of
p=toluene sulphonic acid in ethylene glycol. The mass
spectrum gave the molecular ion at 202 m/e showing the
loss of 45 m/e fragment to give the base peak at 157 m/e
i.e. characteristic of carboxylic acids. The ultra-
violel spectrum showed characteristic styrene bands at

248 mp and 218 mu maxima and the vinyl proton resonated at
3.9 T as a sharp triplet in the n.m.r, spectrum. From
the spectral evidence, the acidic material was identified
bas 4-phenylcyclohex-3-ene carboxylic acid (21). The
structure of this acidic material was further established
by an alternative synthesis of the acid (21) from p-hydro-
xybenzoic acid as follows. Esterification and hydrogen-
ation gave 4-carbethoxycyclohexanol which was oxidised

and treated with phenyl magnesium bromide to afford the
alcohol (22), Dehydration and hydrolysis gave 4-phenyl-
cyclohex-3-ene carboxylic acid (21) as a white solid,
identical in all respects (mixed m,p. and spectral data)
with the acidic material'isolated from the ring expansion

of the diketone (14).
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Thus the formation of the acid (21) from the di-
ketone (14), albeit in low yield, signifies the exist-
ence of the bicyclo-(3,1,1)-heptenones (10) which undergoes
ready bridge fission. The low yield of acid probably
means that the dehydration of the bieyeclic ketol (23) to
the bicyeclic enone (10) is not favoured and hence isolat-
ion of the bicyclic enone (10) would be expected to prove
difficult, In fact all attempts to isolate 2-phenyl-
bicyelo-(3,1,1)-hept-2-en-7-one (10) by treating the di-
ketone (14) with p-toluene sulphonic acid in benzene,
toluene, or xylene, under anhydrous conditions, proved
unsuccessful,

The ring expansion reaction of 1,5-diketones
(e.g.24 ), under acidic conditions, can be interpreted in
terms of four mechanistic schemes (V - VIII - R = H); all
viable in that they satisfactorily explain the simultaneous
formation of both isomeric acids together with the corresp-
onding y-lactone, A protonation step, dependent on the
electron density in the double bond of the bicyclic inter-
mediates, and hence on the nature of the substituent R, is
common to three of these mechanistic schemes (VI ~ VIII).
The fourth scheme (V) involves the formation of a carbon-

ium ion from a bicyclic ketol, a step again dependent on
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the nature of R. Hence to establish that such proposed
steps do in fact intervene in the ring expansion reaction,
it should be sufficient to study the yield of ring expans-
ion products (acid + lactone), for a variety of substit-
uents R, to give a crude measure of the ease of pwtonation
or carbonium ion formation, The ring expansion sequence
from 1,5~diketone to cycloheptene carboxylic acid has been
postulated as proceeding through a bicyclic intermediatezg
and hence it will be our practice to relate the results
obtained to the starting diketone without isolating the
relatively inaccessible and unstable intermediate. To
obtain the maximum amount of information relating to the
mechenism and scope of the ring expansion reactions, it
will be necessary to investigate two classes of 1,5-Ci-
ketones of the type (24), where R is (a) aromatic and
(b) aliphatic. Of all the available routes to 1,5-di-
ketones (24), the most satisfactory method was found to be
the thermal Michaei4l condensation of the appropriate
Mannich base (25) with cyclopentanone,
2-(3'-g-Naphthyl-3'-oxopropyl)-cyclopentanone (27)
was chosen as the parent example for the aromatic class (a)
since it incorporates neither electron withdrawing nor

electron releasing substituents. Methyl~B-naphthy..
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ketone was prepared from naphthalene by a standard

Friedel Craft's acylation reaction, and separated from the
a-isomer by fractional recrystallisation. The correspond-
ing Mannich basez(25) was treated with a three molar excess
of cyclopentanone at reflux temperature to give the requir-
ed diketone (27) together with an impurity assumed to be
the di-addition producgO (28). Distillation and recryst-
allisation gave the diketone (27) as colourless necdles
analysing for 018H1802’ and showing the expected carbonyl
absorption bands in the infra-red at 1648 cm.nl (naphthyl-
ketone) and 1739 cm, + (cyclopentanone)., The u.v,
spectrum showed characteristic naphthalene absorption

bands at 248, 283 and 291 my maxima, N.M.R. studies
showed the methylene protons at Cot to resonate at 6.8 1

as a well defihed triplet, This splitting pattern of the
Cz,methylene protons in the n.m.,r,, and the doublet car-
bonyl in the infra-red, was used throughout this study as

a diagnostic test for 1,5-diketone formation,

Treatment of this diketone (27) with concentrated
hydrochloric acid in glacial acetic acid (standard frag-
metnation conditions) gave a neutral material, shown by
g.l.c. (1% Polymer Z at 200°) to be mainly unreacted

diketone; the other neutral component (~ 5%) was assumed
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to be the lactone (29) on the basis of its infra-red

—l). The acidic product (8C%) wus

spectrum (1780 cm,
isolated as a white solid analysing for 018H18O2 and
identified as the mixture of 4-f-naphthylcyclohept-3 and
4-ene carboxylic acids(30), The n,m,r, showed the -yinylic
proton as a complex region at 3,8 T, Had the ring 3Xpans-
ion given a single acid, the vinylic proton would haove
appeared as a clean trirlet, The formation of both a 5
and % isomeric acids (30) was corroborated by g.l.c.
examination of the corresponding methyl esters which con-
vi:.cingly showed a 1:1 nixture. The high yield of cyclo-
heptene acid (~/80%) is clearly consistent with the v»ro-
posed mechanism since the aromatic residue would pronote
protonisétion of the double bond to give a resonance
stab,iliséd carbonium ion,

This class of 1,5-diketones was extended to :ncor-
porate an electron releasing substituent [e.g. 2-(3'--0-
hydroxyphenyl-3'-oxopropyl)-cyclopentanone (33)] in
anticipation of an even higher yield of ring expansion
products under similar fragmentation conditions. Dzcause
of the amphoteric nature of B-dimethylamino-o-hydro:ypro-
piophenone (3b), this Mannich bage could not be liberated

from its hydrochloride, In an attempt to overcome this
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difficulty, the free hydroxyl in o-hydroxyacetophenone was
protected by acetylation, However, under the mildly
acidic Mannich reaction conditions, the protective acetyl
group was hydrolysed to give only B~dimethylamino-o-hydroxy-
propiophenone hydrochloride. It was thus essential to
select a protective group capable of surviving the Mannich
reacfion conditions, and to this end o-benzoyloxyacetophenorne
was successfully converted to B-dimethylamino-o-benzoyloxy-
propiophenone (32 ), Treatment of this Mannich base with
cyclopentanone gave a high yield (~w 90%) of a phenolic di-
ketone analysing for 014Hl603 i.e. 2-(3'-o-hydroxyphenyl-
3'—oxopropyl)-cyclopentanone (33), arising from hydrolysis
of the benzoate by the dimethylamine evolved during the
thermal Michael condensation, The infra-red showed the
aryl carbonyl frequency to have been lowered from 1695 om.’%

1 in the phenolic

in o-benzoyloxyacetophenone, to 1638 cm,
diketone. Dilution studics in the infra-red showed this
to be a direct consequence of intramolecular hydrogen bond-
ing of the free hydroxyl with the carbonyl at 03, . This
hydrogen bonding has been fully discussed by Gordy43 with

reference to o-hydroxyacetophenone,
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When the diketone (33) was subjected to standard
fragmentation conditions, there was a quantitative recovery
of unreacted starting material. Bven the more forcing con-
ditions of p-toluene sulphonic acid in ethylene glycol failed
to effect any reaction, This unexpected observation raises
the question - does the ring expansion reaction proceed by
an alternative pathway prohibited for the diketone (33),
thus invalidating the proposed mechanistic schemes, or is
the initial aldolisation step, proposed in the existing
mechanisms, inhibited by the strong hydrogen bonding ? To
answer this question, the analogous dikctone 2-(o-methoxy-
phenyl-3'-oxopropyl)-cyclopentanone (35) was prepared for
ring expansion studies.

o-Methoxyacetophenone, prepared from o-hydroxyaceto-
phenone by methylation with dimethyl sulphate, was converted
into the corresponding Mannich base (34) and identified as
its picrate. The methoxyl protons appeared in the n.m.r.
as a sharp singlet at 6.15 7, and the six N-methyl protons
as a singlet at 7.00 7, Treatment of the free base with
cyclopentanone, under standard thermal Michael conditions
gave the required diketone (35) as a colourless oil anal-

ysing for C The infra-red showed the character-

15H1803°



O

0

n° ocH
Sl

35, 36.

O

37. R=H

39,
38 R =CH
) 3



- 17 -

istic carbonyl doublet at 1738 cm.-l (cyclopentanone) and
1695 om, L (aryl ketone). The n.m.r. showed tiae methoxyl
protons as a singlet at 6,12 T and the methylene protons
at sz as a sharp triplet at 6.9 . Thus with the struct-
ure firmly established, the diketone (35 ) was treated with
dilute acid (standard fragmentation conditions) tc¢ give an
acidic oroduct (60%) and a neutral fraction (25%), shown by
g.1,c, to contain a negligible amount of unreacied diketone.
The neutral material material analysed for 015H18O3 and was
skown by infra-red (1778 em. ™) to be 3-hydroxy-4-(o-meth~
cxyphen7l)~cycloheptane carboxylic acid lactone (36 ). The
acidic material refused to solidify and was subsequently
convarted into its methyl ester which, after distillation,
analysed for Cl6H2003 i.e. l-carbomethoxy-4-o-methoxyphenol-
cyclohept—~4-ene (3%8), The n.m,r, showed the single vinyl
proton as a sharp triplet at 4.07 T, suggesting the presence
of only one double band isomer, More convincingly, g.l.c.
analyzis on 1% F 60 and 1% P.%,G,A. demonstrated homogeneity.
It is probable that the 2 isomer exists solely as the y-
lactone (36) and the n.m.r. and g.l.c. results relate only
to the A% isomer (38).

Although the y-lactone is readily removable by acid-

base extraction, its formation could be regarded as dis-
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alvontageous in a syrthetic route to a seven mor rere” ool o-
cycle. To overcome this problem of lactone forration, and
to demonstrate that the AB isomer exists solely as lacton2,
the diketone (35) was treated with concentrated sulpiuri.
acid in methanol. Under these modified fragmertation cin-
ditions, a high yield (~~93%) of ring expansion product ias
isolated and identified by g.,l.c. analysis as a L:1 m xtire
of the isomeric esters (39). The n,m.r, of the mixture
showed a complex splitting pattern for the vinylic protcn.
Thus, when lactone formation is prevented, the correspord-

5 ester is isolated along with the A4 isoner, The

ing A
high yield of ring expansion products, fromt he concaat-ated
hydrochloric acid reaction (~85%), and from the concenbreted
sulphuric acid reaction (~ 93%), is in agreement with ~ae
proposed mechanistic schemes and demonstrates, moreover, Shat
the non-reactivity of 2-(3'-o-hydroxyphenyl-3 -cxcpron 1)-
cyclopentanone (33) was related to the hydrogen bordi: ;
inhibiting the initial aldolisation step, It is per:incnt
to note at this stage that the mechanistic schems for the
concentrated sulphuric acid-methanol fragmentation rezction,
can be regarded as proceeding via a similar path tc tie cne
proposed for the hydrochloric acid - glacial acewuic e:id

reaction (Scheme V - VIII, R = CHB)'
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To complete the mechanistic proof for the ring
expansion reaction, a 1,5-diketone with an electron with-
drawing substituent [e.g. 2-(3'—p—nitrophenyl—B'-oxopropyl)-
cyclopentanone (41)] was studied under standard fragment-
ation conditions, Here the electron withdrawing effect of
the nitro substituent should inhibit protonation and
destavilise the carbonium ion and hence a low yield of ring
expansion products would be anticipated, At first sight it
appeared that this diketone (41) could not be prepared by the
thermal Michael procedure since the Mannich base B-dimethyl-
amino-p-nitropropiophenone (40) has been reported on three

44,45, 46, as being so reactive that liberation from

occasions
the hydrochloride gave only polymeric p-nitrophenyl vinyl
ketone, Also, the alternative route via the condensation

of 2-dimethylaminomethylcyclopentanone and p-nitroaceto-
phenone gave no identifiable products.

However, by working at sub-zero temperatures and
under mildly basic conditions, the free base (40) was
successfully isolated from the hydrochloride as a pale yellow
solid m,p. 36—80. The infra-red showed three character-
istic N-methyl bands at 2810 - 2840 cm.—l, and nitro bands

at 1534 cm.":L and 1%43 cm._l. The n.m.r. showed the six
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N-methyl protons as a singlet at 7.7 T and the methylene
protons at C2 and C3 as a pair of triplets at 6.85 1 and
7.15 T respectively. This new compound was further char-
acterised as the picrate which analysed for Cl7Hl7N5010‘
Condensation of the free base (40) and cyclopentanone gave
an acceptable yield of the required diketone (41) as a white
solid analysing for Cl4Hk5NO4‘ The infra-red showed the
aryl ketone at 1697 em. ™t and the cyclopentanone carbonyl at
1738 cm.~l with characteristic nitro bands at 1534 Cm."l

(asym.) and 1343 cm.” > (sym.). The methylene protons at

C2' resonated as a sharp triplet in the n.m.r, Under
standard fragmentation conditions an acid was isolated as a
white solid in 20% yield and analysed for Cq4H 5O, i.e.
4-p-nitrophenylcyclohept~3 and 4-ene carboxylic acids (42),
The neutral fraction was shown by infra-red and mixed m,p,
to be unreacted diketone. Under the more forcing con-
ditions of p-toluene sulphonic acid in ethylene glycol, the
yield of acid (42) was raised to 40%. The absence of
lactone was regarded as being in accordance with the pro-
posed mechanisms since the electron withdrawing substituent

3

would inhibit isomerisation of the A4 to the A” acid.
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The final aromatic case to be investigated demon-
strates the synthetic applicability of the ring expansion
reaction, In the five synthetic routes to colchicine
(43), discussed in the introduction, the yield determining
step was the construction of the seven membered rings B or C.
From the encouraging results outlined above, the application
of this reaction to a suitably constructed 1,5-diketone
(e.g. 44 ) should afford a cycloheptene acid with the col-
chicine ring skeleton, Accordingly 4-(2'-cyclopentanonyl-
methyl)-3',4",5" ~trimethoxy-1,2-benzocycloheptene-3-one (44 )
was prepared from the dimethylamino Mannich base of tri-
methoxy~-a-benzosuberone (45 ) and cyclopentanone. The
n,m.r, spectrum showed the nine methoxyl protons as a sharp
singlet at 6,1 7 and the aromatic proton as a singlet at
3¢5 T Under standard fragmentation conditions the diketone
(44) gave a carboxylic acid with no vinyl protons and only
two methoxyl groups- the n.m.r, showed a 6 x H singlet at
6.1 T, The acid gave a positive test for a phenol (ferric
chloride). It is known that in substituted aromatic
systems containing three adjacent methoxyl groups the central
methoxyl is readily hydrolysed by acid due to the steric

47
congestion caused by the neighbouring methoxyls. On these
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grounds it might appear that the 04' methoxyl has been
hydrolysed to give the phenolic acid (48). However, later
work provides evidence for the hydrolysis of the 03' methoxyl.
Methylation of this phenolic acid, with alkaline dimethyl-
sulphate gave a 1:1 mixture of esters which were separated
by chromatography into polar and less polar fractions,

The non-polar component was isolated as a white solid
analysing for 021H2805; the molecular weight was determined
by mass spectrometry as 360, The u.v. spectrum showed char-
acteristic48 trimethoxy styrene absorption bands at Amax.

255 my and Kmi 243 mp (Table I ) and the n.m,r, showed no

n.
vinylic protons indicating a tetra substituted styrene double
bond, The aromatic proton resonated at 3.45 T as a sharp

singlet, and of the nine methoxyl protons, three appeared at

6.26 T as a singlet and six at 6,1 v as a singlet (Fig, I ).

1 and

The infra-red showed ester absorption bands at 1730 cm,
1240 cm.”l.,  From this spectral data, the non-polar material
derived from the diketone (44) was identified as the ester
(50),

' The polar ester was isolated as a pale yellow

viscous 0il for which satisfactory analysis figures vere

unobtzinable. However, mass spectrometry gave the
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molecular ion as 378 m/e which showed a facile loss of

18 m/e fragment to give the 360 m/e ion. The u,v, spec-
8

trum showed characteristic4 trimethoxybenzene bands at

A 270 mp and xmi

max, 249 mp (Table I ) i,e, no trimeth-

n,
oxy styrene chromophore, The n.,m,r, showed the nine
methoxyl protons as two superimposed singlets at 6.1 T and
one aromatic proton as a singlet at 3,62 © (Fig, III), The
methyl ester protons resonated at 6,35 T as a singlet and
two benzylic protons at 7.5 T as a multiplet, The infra-

red showed characteristic ester absorption at 1735 cm.-l

and 1240 cm.”t and methoxyl absorption at 1020 em, T,
From this spectral data, the polar material arising from
diketone (44 ) was tentatively identified as the ester (51)
i.e. identical to ester (50 ) except for a hydrated double
bond , However, the infra-red showed no hydroxyl absorp-
tion bands; it is possible that a hydrogen bond exists
between the T electrons of the aromatic ring and the
tertiary hydroxyl in the benzylic position. Such bonding
would perhaps be the explanation for the aromatic proton
resonating at a higher field in ester (51), (3,62 1) than
in ester (50), (3,4 ©), The structure of the polar

material was firmly established as (51) by dehydration to
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the unsaturated ester (50), This same unsaturated ester (50)
was obtained from the diketone (44) by using the alternative
conditions of concentrated sulphuric acid in methanol, thus
preventing the hydrolysis of the methoxyl group, which was
experienced by using the conventional ring expansion
conditions,

Fig,III and IV show the nine methoxyl protons in the
hydrated ester (51) and also the nine methoxyl protcns in
the diketone (44) as singlets at 6.2 7. However, in oxy-~
colchicine48 (53), (Pig. II) and also in the unsaturated
ester (50), (Fig. I ) six methoxyl protons resonate at 6.1 <t
as a singlet and three methoxyl protons at 6.2 7T as a singlet,
By comparing these n.m,r, spectra it seems probablz that the
difference in chemical shifts is due tothe double bond exert-
ing a shielding effect on the 03r methoxyl protons thus
causing them to rcsonate at higher fields than the C4r and
05f methoxyl protons. BExamination of the chemical chifts
of the methoxyl protons in the saturated ester shoulc con-
firm this, However all attempts to hydrogenate the hiniered
styrene double bond in the ester (50) proved unsuccessful.
The ester (50) was epoxidised as an alternative meth>d of

removing the double bond. The epoxide was isolated as a
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colourless oil shown by GC-MS (L,K,B.) to be an isomeric
mixture of epoxides (both showing molecular ions at 376 m/e
and having similar fragmentation patterns). Fractional
recrystallisation gave one of the isomeric epoxides as a
white so0lid analysing for C21H2806' The u.v. spectrum
showed only trimethoxybenzene absorption bands at A

max, 213 M

and A 251 mu (Table I )., The n.m.r, showed the methoxyl

min,
protons as a 6 x H singlet at 6,1 T and a 3 x H singlet

at 5.95 1t (Fig. V ). Removal of the shielding effect of
the double bond should have caused the 03. methoxyl protons
to resonate at the same field as the 04' and 05r methoxyl
protons as obscrved in the hydrated ester (51) and the di-
ketone (44)., Presumably the epoxide exerts a deshielding
effect on the 03v methoxyl protons causing them to resonate
at a lower field, By examining Fig. I - V it is evident
that the 031 methoxyl protons are affected by the nature of
ring B and hence it is now possible to ascertain which of
the methoxyl groups was removed during the ring expansion
of the diketone (44). The phenolic acid was assumed to
incorporate a styrene double bond since methylation gave an

ester containing the trimethoxy styrene chromophore, The

n.,m,r, of the phenolic acid showed 6 methoxyl protons
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resonating as one singlet at 6,1 T whereas methylation gave
an ester showing itwo singlets at 6.1 7t and 6,2 T; the latter
being assigned to the 03' methoxyl protons, Thus the 03'
methoxyl group is removed by acid hydrolysis. Work is now
in progress to tropolonise ring C of the ester (50) as the
final stage in the synthesis of colchicine.

With the mechanism of the ring expansion reaction
established, it remained only to investigate the scope of
the reaction by studying class (b) of 1,5~diketones i.e.
wholly aliphatic [e.g. (24), R = CHBJ. Here the fragment-
ation reaction is frustrated by the possibility of an alter-
native aldol condensation at 04', in the initial stagc, to
give the hydroindanone (54), In order to study the :ield
of ring expansion products for the aliphatic series, 't was
thus necessary to select a diketone unable to condensc at
04! e.g. 2-(3'—t—butyl—3'~oxopropyl)—cyclopentanone (55),
However, this diketone has been shownBO to be to> sterically
hindered to particpate in an aldol reaction at 05.

Bis-cyclopentanonyl methane (56), having a completely
symmetrical structure, can only aldolise to give a bicyclic
system (57) and hence this diketone will be used as the

representative example of the aliphatic series Jor ring
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expansion studies. Dauben49 has speculated that a complete-
ly aliphatic bicyclo-(3,2,1)-octenone is capable of fragment-
ation in the fashion described above for the aromatic series
and if this is the case, the carbonium ion intermediate should
be stabilised to a lesser extent than in the aromatic series
and hence a lower yield of ring expansion products is to be
anticipated. To test this theory, bis-cyclopentanonyl meth-
aneSO’Sl’S%SQ was prepared from 2-dimethylaminomethyleyclo-~
pentanone (58) and subjected to standard fragmentation con~
ditions, The only ring expansion product was the lactone
(59) isolated in 58% yield and identified by its i.r. spec-
trum, (1780 cm._l) and n,m.r, which showed no absorption
below 8.3 1. By 2 pplying the alternative conditions of con-
centrated sulphuric acid-methanol, an 80% yield of the methyl
ester (60) was isolated as a colourless o0il analysing for
012H1802' The n.,m.r, showed no vinylic protons and g.l.c.
showed homogeneity i.e. the double bond is located in the
tetra substituted position, witﬁ no isomerism.

Both of these ring expansion products, lactone (59)
and ester (60), have been assumed, from experience and mech-

anistic speculation, to incorporate a cycloheptene ring in

a bicyclo-(5,3,0)-decane system. Before applying the ring
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expansion reaction to a synthetic route to guaianolide
sesquiterpenes, 1t was considered necessary to have con-
crete rather than speculative, proof for the structures.
Treatment of the lactone (59) with an excess of
methyl magnesium iodide in ether, gave a high yield of the
diol (61) which was isolated as a white solid analysing for
013H2402. The infra-red spectrum showed hydroxyl bands at
3456 cm._l and 3302 cm._l which decreased in intensity on
dilution i.e. intermolecular hydrogen bonding. The n.m.r,
integrated for two hydroxyl protons which resonated as a
singlet at 8,1 7 (D20 exchange). The six methyl protons
resonated at 8.8 7 as a singlet i.e., one hydroxyl group
situated on the a position of the isopropyl group, and the
remaining hydroxyl group at ClO having been derived from
the Clo oxygen of the lactone. The mass spectrum showed no
parent ion but gave the M-18 ion at 194 m/e which lost the
18 m/e fragment to give the base peak at 176 m/e with a meta-
stable at 160 m/e (calec. 159.9 m/e). Scheme IX shows a
proposed fragmentation process based on the abundant ions
given in Fig. VI , Acid catalysed dehydration of the diol
gave a diene in which the positions of the double bonds were

eastablished by u.v. and n.m,r, spectroscopy., The u.v,
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spectrum showed a homoanular diene with an absorption band
at Amax'263 mp [cale, for (62) as 263 mu] and ths n.m.r.
showed one vinyl proton at 4,5 7 as a sharp sing.et, The
six methyl protons appeared as a doublet at 9,02 T (J =

6 c¢/s.) and the methine proton as a subsplit qua-tet at

6.55 © (J = 6 ¢/s.). From this spectral data, the diene
was identified as 5-isopropylbicyclo-(5,30)-decaliens~4,9
(62), The same diene was obtained from 5-carbornethoxy-
bicyelo-(5,3,0)~decene-9 (60) as follows. Treatmznt of
this ®ster with methyl magnesium iodide gave the tertiary
alcohol (63) isolated as a white solid analysing for C13Hp50.
The infra-red showed a non-bonded hydroxyl at 3615 '::m.-'l
which was observed to resonate in the n.,m.r, at 8.5 7 as a
singlet (D20 exchange). The position of the hyclroxyl was
established from the splitting pattern of the iscpropyl
methyl protons which resonated as a sharp singlct at 8.8 7
i.e. hydroxyl on the a-position of the 05 isoproHyl group.
Dehydration of this alcohol gave a diene which w'.s shown by
g.l.c, analysis on 1% OV 17 at 75° and 25% cyano B at 75° to
be identical to the diene (62),

Dehydrogenation of this diene (62) with ;ulphur53’54

at 280° gave an unidentifiable product shown by ‘ass spectrc-

.. D
metry to incorporate a molecule of sulphur. An alternative >
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method for dehydrogenation using selenium at 300° gave a
dark brown oil which was chromatographed on silica to give

a deep blue liguid, too volatile for analysis, The ultra-
violet spectrum showed maxima at 293 mp and 276 mu, and com-
pared favourably with the u.v. spectrum of an authentic
sample of 5-isopr0pyl‘azhlene‘(64§6’57(Fig; VII ), The
UV, spectrum was taken as adequate evidence for the orient-
ation of the synthetic azulene, since every isopropyl azulene

56’57(Fig. VII),

isomer has its own characteristic u.v. spectrum

Recent work by De May058 and independently by
Marshall5 , has cast doubt on the conclusions that can be
drawn from high temperature dehydrogenation experiments.
Pfau and Plattner6o sucessfully dehydrogenated a-vetivone
to vetivazulene (65) and hence assigned the bicyclo-(5,3,0)-
decane structure (66) to a-vetivone. However, De Mayo and
Marshall have now shown unambiguously that the terpene has
an eremophiloide structure (67) and that vetivazulene was
formed via a rearrangement. Hence an alternative degrada-
tive sicheme is required to prove the structures of the ester
(60) and the lactone (59).

Ruzicka6l and Plattner62 successfully degraded

29110

Guaiol (68) to l-oxo-2,5—dimethyl-S-isopropenyl— ~octalin
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(69) by ozmonolysis followed by a transannular aldol identi-
fying this product by dehydrogenation to l-hydroxycadalene
(70). Similarly, ozonolysis of the ester (60) gave a colour-
less oil, shown by g.l.c. to be homogeneous, and character-
ised as its 2,4 dnp derivative which was isolated as deep-
red needles analysing for 018H20N406' The infra-red of the
ozonolysis product showed an «,PB-unsaturated carbonyl at
1675 cm.-l, substantiated by the enone absoprtion in the u,v,
at 244 mp, Thus it may be concluded that the initial ozon-
olysis product (71) had cyclised to give a carbomethoxylated
2210 oetalin (73). Such a ring closure-dehydration step
can proceed in two possible directions (71.a.or b)but g.l.c.
analysis showed the presence of only one product and hence
one direction must be favoured from steric consiiéations and
(or) from the stability of the final enone, The direction
represented by (7la) would proceed via a sterically hindered
transition state resulting in the formation of the octalin
(75) with the carbomethoxyl group in the overcrowded Cg
position, On the other hand, the alternative cyclisation
(71b) would proceed via a strain free transition state to
give a thermodynamically stable enone (77), Hence on steric

grounds this latter direction of cyclisation would be pre-

ferred, However, t his proposal is not in accordance with
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Ruzicka's observatioglthat ozonolysis of guaiol (68) gave
the octalin (69) i.e. the least favourecd isomer on steric
grounds, Consideration of his intermediate diketone (79)
indicates that of the two possible directions for ring
closure, the one resulting in the thermodynamically fawvoured
cnone (69) i,e. direction (792) would be preferable, despite
the overcrowding at 08, to the altenative A »10 unconjugated
enone .(80),

To establish which isomer had in fact resulted from
our degradation of ester (60) the ozonolysis product (73)
was hydrolysed to the corresponding acid (74) which was isol-
ated as a white solid analysing for CllHl4O7' The infra-
red showed the o,B-unsaturated carbonyl at 1675 em, L iLe.
unchanged by hydrolysis. Thus the ozonolysis product can
now be assigned the structure (77) since hydrolysis of the
isomeric ester (75) would have given an acid (76) which would
hydrogen bond with the carbonyl thus lowering its frequency
from 1675 cm.—l to ~s 1650 cm.—l. Morewver, the same keto
acid (78), was obtained when the double bond in 2,3-cyclo-
pentenobicyclo-(3,2,1)-oct-2-en-8-one (57) was cleaved by

ozonolysis. The ozonolysis product was isolated as a
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white solid analysing for 011H1403 and shown by mixed m.p,
and g.l.c. of the methyl ester to be identical to l-oxo-
AA9’lo—octalin-6-carboxylic acid (78) derived from ester (60),
The initially formed 1,3~diketone (8l) was presumably opened
in acid to give the cyclodecane-l,5-diketone (72) which ring
closed as described above to give the 27110 oota1in (78)
(Scheme X ), Thus the proposed bicyclo-(5,3,0)-decane
structures for the ring expansion produets of biscyclopent-
anonyl methane has been proved and the reaction can now be
confidently used in a proposed synthesis of guaiol, It

can be seen that ring expansion of the bicyclic ketone (82)
would give a cycloheptene methyl ester with the two methyl
groups having the correct orientation of guaiol . Thus
2-methyl<5-(2'-cyclopentanonyl methyl)-cyclopentanone (83)
was prepared from 2-methylcyclopentanone and 2-dimethylamino-
methylcyclopentanone. The diketone showed the methyl
protons as two overlapping doublets at 8,95 7 (J = 6 c/s.)
and the infra-red showed the absorption at 1738 cm."l.
Thus the thermal Michael condensation had proceeded in the
predicted67 direction i.e. at the least substituted.cg

atom to give the diketone (83), It is relevant to note

that had the isomer (84) been required, it could have been
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readily obtained using the method of Ross681.e. by condensing
2-methylenecyclopentanone and 2-methyleyclopentanone under
alkaline conditions, The presence of the two overlapping
doublets in the n.m.r, of (83) arises from the existeonce of
both 02 epimers. This was convincingly shown by coiversion
to 2,3-(2'-methyleyclopentenc)6,7-dihydro~5H-pyrindie (85)
which altered the mecthyl signal to a sharp doublet ac 8,7 1
(J = 6 ¢/s). Treatment of this diketone (83) witi p-toluene
sulphonic acid in benzene, with removal of the wat:r formed,
gave a camphoraceous smelling liquid analysing for C12H16O‘

1 i,e.

The infra-red showed an absorption band at 1758 cn.
characteristic of the strained cyclopentanone carbonyl at

Og in a bieyeclo-(3,2,1)-octen-8~one, The n.m,r, showed the
methyl protons as a sharp singlet at 8.95 1 with no suggest-
ion of a doublet i.e. the aldolisation step had occurred

only in the required direction to give the bicyclic enone (86).
It was planned to introduce the C3 methyl by a selective63’64’65
allylic oxidation. However, this position proved so un-
reactive that all attempts to oxidise it with S'B'-O2 failed,
As an alternative route to this desired bicyclic diketone

(868), the model triketonc (87) was prepared as drncribed in

Part II p 141, for ring closure studies. However, all
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attempts to induce aldolisation were unsuccessful, Doubt-
less this is due to the fact that cyclohexan-1,3-dione
exists predominantly as the enol. Thus the synthesis of
guaiocl, based on these hitherto promising lines was abandoned.
To investigate the possibility, and the extent, of
the alternative aldolisation process in an unsymmetrical
aliphatic 1,5-diketone, 2-(2'-cyclopentanonylmethyl)-cyclo-
hexanone (88) was prepared from cyclohexanone and 2-dimethyl-
aminomethylcyclopentanone. The infra-red showed doublet
carbonyl absorption at 1720 em. ™t (cyclohexanone) and
1740 om.”t (cyclopentanone). Ring closure at 05,would
produce a bicyclo-(3,2,1)-octenone (91) capable of fragmen-
tation to the y-lactone (90) whereas the alternative aldol-
isation at Cg would give a bicyclo-(3,3,1)~non enone (92)
stable to further attack by acid. Thus, measurement of the
yields of (90) and (92) should give a rough indication of the
more favoured aldolisation path. Preatment of the diketone
(88) with concentrated hydrochloric acid in glacial acetic
acid gave a neutral product but no acidic material. The
neutral fraction, after removal of unreacted diketone, was
shown by g.l.c. to contain three compounds. Chromatography

gave the least polar material és a mixture of two closely
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related compounds (similar Rt on 10% P.1,G.A. at 175° and
identical R, in 25% ethyl ecetate-petrol)., Further elution
gave the most polar compound as a colourless oil analysing
for Cy,H;50, and identified as ll-hydroxy-bicyclo(5,4,0)-
undecane-6-carboxylic acid lactone (90) by its infra-red
(1778 cm.—l) and n,m,r, which showed no absorption below 8,3 T.
From experience and mechanistic speculation, the mixture of
compounds in the non-polar fraction was assumed to be the
bicyelo-(3,3,1)-non enone (92) (1727 cm.—l) and the bicyclo-
(3,2,1)=octenone (91) (1755 em. 1), By utilising their
differing stabilities to acid, the latter was converted to
the lactone (90). The bicyeclo-(3,3,1)-non enone (92) was
thus separated from the lactone by chromatography and isol-
ated as a colourless oil analysing for 012H16O. A quan-
titative g.l.c. analysis of the neutrals arising from the
diketone (88) showed peaks corresponding to returned diketone
(28%), lactone (48%), bicyclo-(3,2,1)-octenone (14%) and
bicyclo-(3,3,1)-non enone (10%)., Thus te aldol condensation
at 05' is more favoured than that at C6' It is most likely
that the fragmentation of the bicyclic ketol (93) proceeds

faster than the formation of the bicyclo-(3,3,1)-non enone

(92) (Scheme XI),
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It has been shown that the ring expansion reaction
proceeds by either a protonation step (Schemes VI-VIII)or by
the formation of a carbonium ion (Scheme V ), In the
ring expansion of the diketone (88), a high recovery of the
supposed intermediate bicyeclo-(3,2,1)-octenone (91) makes it
unlikely that this compound can act as an intermediate since
its isolation indicates relative stability to acid. On the
other hand the ketol (93) could both fragment via the carbon-
ium ion (94), and dehydrate to the bicyclic ketone (91),
Thus the ketol-carbonium ion -lactone mechanism appears to
operate in this particular example. An-additional piece of
evidence in favour of the carbonium ion mechanism is the
ability of 2-(3'-phenyl-3'-oxopropyl)-cyclobutanone (14) to
give 4-phenylcyclohex-3-ene carboxylic acid (21) whereas
the proposed intermediate bieyelo-(3,1,1)=-heptenone (10)
could not be isolated and could thus be regarded as too
strained to exist as an intermecdiate, On the other hand,
the ketol (23) would be more stable, and hence could readily
fragment to thc acid via the carbonium ion,

The remaining class of wholly aliphatic 1,5-diketones,
to be investigated under the standard fragmentation con-

ditions, are those &.g,24, R=0Hz) which can theorctically
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cyclise to give either tetrahydroindanone (54} or a bicyelic
ketol (95); the latter fragmenting further to give a cyclo-
heptene carboxylic acid (97), The preferred aldolisation
path for such a system can be predicted by a comparison with
the analogous cyclohexanone system (98) studied by Johnson.66
He observed that acid catalysed cyclisation of the diketone
(98) gave the thermodynamically favoured enone (99) and pro-
posed that the reaction proceeded via the kinetically
favoured bicyclic ketol (100), In support of this proposal,
Johnson obtained the conjugated enone (@0Ol) by base catalysed
dehydration of the bicyeclic ketol (102); thus demonstrating
the existence of an equilibrium between both aldolisation
products (Scheme XII), It appcars feasible that a similar
equilibrium between the ketol (L03) and the bicyclic ketol
(95) might arise from cyclisation of the 1,5-diketone (24,
R:CHB) and that dehydration would give the thermodynamically
more stable enonec (54).

To test this idea, 2-(3' —oxobutyl)-cyclopentanone
(104) and 2-(5'-methyl-3'-oxohexyl)-cyclopentanone (105)
were prepared from the appropriate Mannich bases (106 ) and
(107) and cyclopentanone.Under standard fragmentation con-

ditions, both diketones afforded negligible amounts of acid.
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The major component from the diketone (104) was isolated as
a colourless oil in 60% yield, The presence of an enone
system was effectively demonstrated in the u.v. spectrum by
a band at 240 mp and in the i.r. spectrum by absorption at
1680 cm._l. This enone was identified as 5—oxo-4§’9—tetra-
hydroindene (54) by comparing its 2,4-dnp with an authentic
samplg? Similarly, the neutral product derived from the
diketone (105) showed enone absorption in the u.v, at 247 mp
and in the i.r, at 1678 cm._l. The 2,4-dnp derivative was
obtained as red needles analysing for 018H22N4O4. On this
evidence the enone was identified as 4—isopropyl-5—oxo—4§’9-
tetrahydroindenc (109,

Thus it can be assumed that in the case of these two
diketones (104) and (105), the conditions used for fragment-
ation are precisely those favouring the formation of the
thermodynamically stable conjugated enone, Hence it should
be possible to alter the course of the reaction, to give a
cycloheptene acid, by either selecting a diketone unable to
cyclise to a conjugated enone or by employing conditions
more likely to favour a rapid formation and fragmentation

of the bicyclic ketol (95), To investigate the first of

these two possibilities, the diketone (110) was prepared
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from the Mannich hase (Ill)and cyclopentanone (Part II,
p.139). Standard fragmentation conditions gave an acidie
product (~ 25%) and a neutral product (~ 60%)., The acid
was treated with diazomethane and the resﬁltant esters anal-
ysed for C‘leZOO2 and identified as l-carbomethoxy-4-iso--
propylcyclohept-3 and 4-ene (112) which was shown by g.1,c.
to be a 1:1 mixture of isomers, The n.m,r, of the ester
(112) showed one vinylic proton as a multiplet at 4,07 <

and six methyl protons as a doublet at 8,9 T, The neutral
product showed end absorption only in the u,.,v. spectrum and

1 in the i.r. spectrum,

a non conjugated ketone at 1718 cm.
The n.m.r, showed six methyl protons as a single’ at 8,8 7,
The mass spectrum gave the molecular weight as 156, On
this evidence, the neutral material was identifisd as 4,4-
dimethyl-S-oxo-‘§’9—tetrahydroindene (114). Tre diketone
(110) was unable to cyclise to give a conjugated snone and
hence the yield of cycloheptene acid was improved from ~ 2%
for diketones (104) and (105) to~.25% for diketonc (110).

To examine the effect of experimental ccnditions om
the course of aldolisation, the three diketones (104),

(105) and (110) were subjccted to the more forcing conditions

of p-toluene sulphonic acid in ethylene glycol, Table II
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shows that in each case there was a high yield of cyclo-
heptene carboxylic acid with only trace amounts of the
corresponding tetrahydroindene, These results can be
interpreted as evidence for the equilibrium process illustr-
ated in Scheme XIII, Under the relatively mild conditions
of hydrochloric acid - glacial acetic acid, the ketol (a)
can be regarded as dehydrating to the thermodynamically
stable enone (54), thus causing the equilibrium to be mainly
in this direction. However under the more forcing condit-
ions, the kinetically favoured bicyclic ketol (b) appears
to fragment to the cycloheptene acid (}15) more rapidly
than isomerisation to the ketol (a),.

TableIIl demonstrates the scope of the ring
expansion reaction which, as can be seen, offers a route
to substituted cycloheptene compounds in high yield from

simple precursors,



EXPERIMENTAL

General

Melting points were recorded on aKofler micro-
scope hot stage and are uncorrected. Routine infra-red
spectra of liquid films and nujol mulls were recorded on a
Unicam SP.200 and SP,200G spectrophotometers, Solution
spectra were determined on a Unicam SP,100 double beam
spectrophotometer, equipped with an SP.130 sodium chloride
prism grating double beam monochromator operated unier
vacuum conditions. Ultra-violet absorption spectra were
determined on a Unicam SP,800 spectrophotometer in ethanolic
solution.

Nuclear Magnetic Resonance spectra were recorded on
a Perkin Elmer R.S.10 (60 megacycle) in deuterated chlcro-
form with tetramethylsilane as internal reference,

Gas-liquid Qhromatography (g.l.c.) was carried out
on Pye Argon and Perkin Elmer F.1ll Gas Chromatographs.
Chromatoplates, both for analytical and preparative use,
were made by the method of Stahl using Kieselgel G (Merk).
Column Chromatography was carried out using B.D.H. silica
referred to as 'fine silica',

High resolution mass spectra were recorded on the

AE,I. MS 9 mass spectrometer.
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EXPERIMENTAL

Methylene cyclobutanc (18)

This compound was prepared from pentaerythrityl-
tetrabromide82 {17) according to the method of Shand39 and
isolated as a colourless liquid in 80% yield, b.p. 40 - 2°/
760 mm,

Cyelobulanone

This ketone was prepared by ozcnolys:s of methylene
cyclobutane (18) according to the method of (oni%o in 70%
yield, ard isolated as a coloﬁrless liquid, t.p. 98 - 9%/
760 mm,

I.R, spectrum: v82%4 1783 «m,7T.

2-(3'-Phenyl-3'-oxopropyl)cyclobutancre (14)

(a) Cyclcbutanone (1.605 gm,, 0,023 n,) and B-¢imethyl-
aminopropiophenone (15) (1.239 gm., ( ,007 m,) were heated
at reflux temperature, with stirring, for 90 minutes. The
cooled reaction mixture was neutralis>d with gl:cial acetic
acid and d:luted with ether. The e-hereal so utlon was

brine washed, dried and evaporated to give a pa e yellow



oil (1.2 gm.). Chromatography on fine silica gave the
required diketone (14) as a colourless oil (720 mgs., 60%),
b.p. 125-30/0,05 mn.  Found: C, 77.3; H, 7.01, CyH, ,0,
requires €, 77.2; H, 6,98%.
Mass spectrometry gave the molecular weight as 202.
I1.R, spectrum: vggé4 1783 cm, ™t (cyclobutanone),
1693 cm, T (aryl ketone),
N.M.R, spectrum: 2,3 ©t (5 x H, complex),
6.8 1t (5 x H, multiplet) and
7.9 7 (4 x H, multiplet).

(v) Cyclobutanone (1.3 gm., 0.015 m.) was added to a
solution of B-dimethylaminopropiophenone (2,9 gm., 0,015 m,)
dissolved in petrol (120°) (6 ml.). The mixture was re-
fluxed with stirring for 3 hours and the cooled residue
acidified with glacial acetic acid and diluted with ether.
The ethereal solution was brine washed, dried, and evaporated
to give the required diketone (14) as a colourless oil,

b.p. 120-8°/0,02 mm, (0.8 gm., 40%),
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Acic treatment of 2(3'-phenyl-3'-oxopropyl)cyclobutanone (14)

(a) Hydrochloric acid - glacial acetic acid

The diketone (14) (500 mgs., 0.007 m.) was dissolved
in ;lacial acetic acid (2,5 ml,) and concentrated hydro-
chlcric acid (1 ml,). The mixture was refluxed for 24
hours and the solvent removed. The residue was dissolved
in ether ard the ethereal solution washed with dilute sodium
hydroxide, brine, dried and evaporated o give the neutral
fraction as a pale yellow oil (300 mgs.). This neutral
material was shown by t.l.c, and i.r., to be returned diketone
(14). The alkaline washings were acidified, e ther extracted
and e combined ethereal extracts brine washed, dried and
evapc -ated to give the acidic fraction as a pale yellow
solic¢ {43 mgs., 8%). Recrystallisasion from petrol gave
colov: .28 needles, m.Dp, 156-7°, The acidic material was
ident- 'ied as 4-phenylcyclohex-3-ene carboxylic acid (21)
by the following physical data.  Founi: C, 77.75; H, 7.08,

013H1402 I‘equlreﬁ q’ 77020; H’ 6.98%0

The mass spectrum gave the mol:cular weight as 202,

I.R, spectrum: vgg%4 1706 cm. T (acid),

U.V. spectrum: xﬁggH 210 my, £ 10,000, 218 my,

€ 9,000 and 248 mp, € 11,000, 1i,e.
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cheracteristic of a styrene chromophore.

N.M.R, spectrum: 3,9 t (1L x H, triplet) i.e.

vinylic proton.

(b) Parg toluerns sulphonic acid - ethylene glycol

The diketone (14) (300 mgs., 0,001 m,) and p-toluene
sulvhonic acid (300 mgs,) were dissolved in ethylene glycol
(500 mgs.) and the mixture refluxed for 2 hours. The
cooled residue was treated with a solution of sodium hydrox-
ide (500 mgs.) in water (12 ml,) and the mixture refluxed
for 2 hours. The cooled residue was extracted with ether
and the combined ethereal extracts, brine washed, dried and
evaporated to give returned diketone (30 mgs.) identified by
t,loc, and i.r. The alkaline solution was acidified and
extrazted with ethear. The combined ethereal extracts were

brin: washed, driec and evaporated to give <4-phenyleyclo-:

hex-¥-en= carboxylic acid (21) as a white solid (Zié ngs. ,
70%), identified a: (21) by mixed m.p. (157°).
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Attempted isolation of 2-phenylbicyelo-(31).)-hept-2-en-
7-one (10)

p-Toluene sulphonic acid (1 gm,) and dry toluene
(15 ml.) were refluxed in a 'Dean and S*ark' water separator
for 2 hours. The diketone (14) (700 mgs.) in dry toluene
(5 ml.,) was added to the cooled solution, and the mixture
refluxed for 4 hours. The cooled residue was neutralised
by standing over anhydrous potassium carbonate for 6 hours,
The ~oluene was evaporated to give a colourless oil (600 mgs.)
iden:ified as returned diketone by its infra-red and by t.l.c.
comp ison,

The reaction was repeated at a higher rzflux temper-
ature (xylene) and for an increased period of time (12 hours).

Work ip as above gave only returned diketone(t.l.c. pure).

Bthyl-p-hydroxybenzoate

This compound was obtained from p-hydroxybenzoic

acid i~ 80% yield and isolated as a white solid., m.p. 112-4°

CCl 1

Ve=0 (Aryl ester).

4 1690 cm,
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4-Carbethoxycyecl »hexanol

Hydroger.ation of ethyl-p~hydroxy.enzoate, in the
presenc: of raney nickel catalyst, according to the method

of Ungnade72

gave the required alcohol ac a colourless oil
b.p. 170-5°/15 ru. in 60% yield,

N.M.R, spectrum: 5.9 t (2 x I juvartet),
8,3 t (3 x H, triplet) i.e.
characteristic e¢thyl ester
resonance.
7.6 v (1 x H,singlet) i,e.
hydroxyl proton deterrined by D0

exchange,

4-Carbetl.oxycyclohexanone

A standard solution of chromiin srioxide in sul-
phuric azid (Jones' reagent) was adde:. Craopvise to a stirred
solutisn of 4-caibethoxycyclohexanol (5.7 gn.) in acetone
(200 m™..) at 0°C until a permanent brcwn colour persisted.
The mi: ture was diluted with water (3() ml.) and extracted
with ether (3 x 50 ml,). The combined ethereal extracts
were brine washed. dried (MgSO4), and “he solvent removed,

Disti: ~tion gave 4~carbethoxycyclohsxanone as & colourless
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oil (3.5 gun., 66%) b.p. 156720 mm -
I.R. spectrum: vggé4l726 em, ™t (eyclohcxanone) and”
1737 em, ™t (ester).
Th

(4]

2,4--dinitrophenylhydrazone was obtained as orange rods
m.t, 115-6° (petrol). Found: C, 51.29; H, 5,00; N, 15.88,.
0y gHy N, 0 requires C, 51.43; H, 5.18; N, 15.99%.

4-Phenyleyclohex-3-ene carboxylic acid(21)

Phenyl magnesium bromide, prepared from bromobenzene
(2.0 gm., 0.012 m.) and magnesium (300 mgs., 0,014 m.) in
dry ether (5 ml.), was added dropwise, with stirring, to an
ice-cold solution of 4-carbethoxycyclohexanone (1.13 gm.,
0,007 m.) in ether (5 ml.). The reaction mixture was
stirr:d at 0° for 15 min, and -at room temperaturc for a fur-
theor 3 hcurs and was then poured on to agueous ammonium
chloride in ice and extracted with ether. The combined
ethereal. extracts were brine washed, dried and evaporated
to give l-phenyl-4-carbethoxycyclohexanol-l (22) (1.74 gm.)
vgg%4 1735 cm.™ (ester).

The crude alcohol (1.5 gm.) was dissolved in 20%
sulphuric acid (10 ml,) and the mixture heated at reflux

temperature for 3 hours. The cooled residue was extracted
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wit: etker and the ethereal extracts washel wisi. dilute

god im 1 ydroxide and discarded. The alkz .ir sclution

was acilc ified and ether extracted, The «oml - 1ed ethereal
ext;actél were brine wached, dried and ova orc .ed to give
4-p. eny.cyclohex-%3-en2 carboxylic acid =3 « w .te solid

(1..6 g1., 80%) m.p. 157-8° (colourless ne:dl s from petrol).
The infra-red and n.m.r, spectra were identic:1 to those of
the acid obtained from the ring expansion rea:tion. Final

jdervification by mixed m.p. (158°).

=
D
o
Y

;=B -naphthyl ketone

This compound was prepared from naphthalcne and
7

acetyl ckloride as described by Vogei, and colzed as a

white sciid m.p. 50-3° (acetic acid) voond 169 sm.~t,

B=Dim gk ~iaminoethyl-B-naphthyl ketone hydr :ch: 1 'de

s

This Mannich base hydrochlorid: was pra;cred accord-
ing “c the method of Blicke?® and isolnted -s » write solid

m.p. 15%-6° (ethancl). The free base (20) was isolated

in th: -ornal manner by treatment of th: hi7drochloride with
alkal. . anc¢ used without further purifi:at .on vﬁ?%ﬁZ 2810 cmf%
l .

2780 cr.. .
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2-(3' —B-Naphthyl-3'-oxorropyl)cyclopentanone (27)
B-Dimethylaminoethyl-f-naphthyl ketone (26) (7.43% un.,

0.03 m,) was refluxed with cyclopentanone (8,32 gm., 0.09 1.),
with stirring, for 3C minutes, and the cooled reaction mixture
acidified with glacisl ccetic acid and diluted with ether.

The ethzreal solutior wecs brine washed, dried and evaporated
to afford a yellow oil (6,2 gm.). Distillation removed tie
remaining cyclopentarone and gave the required diketone (27)
as a colourless o0il solidifying on standing (3.5 gm., 50%)
b.p. 190--200°/0.02 mm ; m.p. 75-6° (petrol). R, = 33.5 min.
on 1% Polymer Z at 200°. Found: C, 80.93; H, 6,84,

CigHL( 0

18816 requires C, &1.17; H, 6.81%.

2
Mass spectrum : P = 266 m/e.

ceL - -
I.E. spectrum : vy 4 1739 cm.”t, 1684 cm, ™t
7.V. spectrum : xﬁggH 291 my, € 10,0003 283 my,

e 11,000; 248 my, € 50,000,
N.M.R.spectrum: 2,2 v (2 x H, multiplet), 6.8 7
(2 » H, triplet, 6 c.p.s.).

Acii treatment of diketone (27)
The diketone (27) (1.65 gm., 0,006 m,) was dissolvz1
in 2 mirture of glacial acetic acid (7.5 ml.) and concen-

trated kydrochloric acid (3 ml,) and refluxed for 24 hours.
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The solvsnt was removed at the water pump and the residue
flooled #ith water and extracted with ether (3 x 5 ml,).
The combined ethereal extracts were washed witl 4N sodium
hydroxics, brine, drizd and evaporated to give a yellow oil
(250 mge.) shown by g.l.c. to be returned diketone (90%) and
lactone “29) (10%). Tae latter being identified by its i.r.
at 1780 >m.”T. |

The alkaline rashings were acidified with concen-
trated hydrochloric ac:id and ether extracted. The combinzad
ethereal extracts were brine washed, dried and evaporated to
give 4-B-maphthylcyclonept-3-ene carboxylic acid (30) as a
white solid (1.2 gm., 80%) m.p, 100-2° (benzene-petrol).
Found: C, 81.56; H, 6.88, 018H1802 requires C, 81.17;
H, 6.81%

V354 1700 em, ™t N.MLR. ¢ 3.8 T (1 x H, multiplet)

The zcid was esterified with diazomethane for g.l.c. analysis.

Rt = 14,5 nin., 16.0 min. (1:1) on 1% Polymer Z at 200°,

B-Dimethylanino-o-hydroxypropiophenonehydrochloride (31a)

This compound was prepared from o-hydroxyacetophenone,

dimetryiamirehydrochloride and paraformaldehyde according to
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T4

the method of Padfield'" m.p. 199°

"N-CH, (Nujol) 2700 om.™* (3 bands)

Vo=0 (Nujol) 1650 om.™t

The hydrochloride was dissolved in water and made basic wii
sodium biecarbonate. The aqueous solution was extracted
with ether and the ethereal extracts briane washed, dried and
evaporated to give only a trace amount ¢f the required
Mannich base, i.e. the base was either vary soluble in water

or in the sodium bicarbonate.

B-Dimethylamino-o-acetoxypropiophenorehydrochloride

o-Acetoxyacetophenone (4.2 gm., 0.023 m.) was dis-
solved in ethanol (5 ml.) and treated with dimethylamine-
hydrochloride (7.5 gm,, 0.032 m,) and paraformaldehyde
(900 mgs., 0.01 m.) at reflux temperature For 2 hours, The
cooled residue was poured into acetone (20 ml.) and a white
solid (3.4 gm.) isolated. m.p. 199-200° v<§gg°1> 1640 cm.”T
and blank at 1748 cm, ™+ (acetoxy carboayl). Idsntified by
mixed m.p. as B~dimethylaminOéo—hydroxypropiophenonehydro~

chloride (mixed m.p. 199-199.5°),
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o-Benzovloxyacetopheionsz

o-Hydroxyacetcpaenone (5 gm,) was diss lved in 5%
sodium hydroxide (100 ml,) and cooled to C°. Redistilled
benzoyl chloride (10 ml.) was added dropwise aad t he mixture
shaken for 30 minutes and left overnight at room temperature.
The required benzoat: (6.1 gm., 70%) was filtered, washed

with water and recry;tallised from ethanol m.p, 82-40.75’76

Vaoo (Fujol) 1728 em.™t (benzoate), 1690 em, ™+ (acetophenone)

f-Dimethylamino-o-~benzoyloxypropiophenone (32)

o-Benzoyloxyaczetophenone (7.5 gn., 7.03 m.,, para-
formaldehyde (4.05 gm., 0.04 m.) and dimethylam:nehydro-
chloride (3.6 gm., 0.045 m.) were dissolved in jgoamyl
alcohol (18 ml.) and the mixture refluxed Tor 3 hours, cooled,
dissolved in water and extracted with ether. Zhe ethereal
extracts were discarded and the agqueous solution basified
with 4N sodium hydroxide and ether extracted. The com=-
bined ethereal extracts were brine washed, dried and evapor-
ated to afford the required Mannich base (32) as a colour-
less oil (4.5 gr.., 55%) used without furthcr purification,

VE11B  5900-2820 em.™t (3 bands) viIi® 1728, 1660 cm. .
N-CH, C=C
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2~(3'-0-Hydroxy: :nyl-3'-oxopropyl)cyclopentanone (33)

Method (i)

B-Dimst. iLamino--o-benzey¢xypropiophenone (32) (4.2 gm.,

0,014 m.) was ¢. solved in cyclopentanone (3,53 gm., 0.04 m.,)
and the nmixtvr. sirred under reflux for 2 hours, The
cooled residue 3 neutralised with glacial acetic acid and
diluted with ¢ v, The ethereal solution was washed with
dilute sodium .. .roxide (4 x 5 ml.) and discarded. The
alkaline washi i : were acidified with concentrated hydro-
chloric acid za- ecther extracted, The combincd ethereal
extracts werec brine washed, dried and evaporated, The
excess cyclopentanone was removed leaving the required
diketone (33) as a white solid (3.2 gm., 95%) recrystallised
from petrol ac > lourless needles m.p. 105-6° R, = 22.0 min,

on 1% P.E.G.A. : 175°, Foundt C, 72.64; H, 6.65,
014Hl602 requir~~ G, 72.40; H, 6,94%,

Infra-red: ‘3534 1740 cm."l (eyclopenwanone),

.38 cm‘"l (hydrogen bonded acetophenone

carbonylf?

The extinctinr - efficient of the hydroxyl band showed no

change on dili % 2.
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gzgé 213 mp, € 11,0005 255 mp, £ 9,000;

299 mp, € 2,700 (with bathochromic shift to

U V.: A

360 mu on addition of alkali).

Method (ii)

2-Dimethylaminomethylcyclopentanone (10 gm,, 0.07 m,)
and o-hydroxyacctophenone (28 gm., 0.21 m,) were heated at
reflux temperature for 90 minutes, Standard work up pro-
cedure gave a mixture of the required diketone (33) and
o-hydroxyacetophenone, The excess ketone was removed by
distillation (b.p. 98-100°/14 mm.) leaving 2-(3'-o-hydroxy-
phenyl=-3'-~oxopropyl)cyclopentanone (33) as a white solid
(8 gm., 50%) (mixed m.p, 104°) R, = 22,0 min. on 1% P,E.G.A,
at 175°.

Acid treatment of 2—(3'—o—hydroxyphenyl-3'—oxopropyl)qxclo—

pentanone (33)

(a) Hydrochloric acid - glacial acetic acid

The diketone (33) (500 mgs.) was dissolved in a
mixture of glacial acetic acid (2,5 ml.) and concentrated
hydrochloric acid (1 ml.) and heated under reflux for 24

hours. The solvent was evaporated and the residue flooded
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with water and extracted with ether. The combined ethereal
extracts were washed with sodium bicarbonate (4 X), brine,
dried (Mg.SO4) and evaporated to a white solid (400 mgs.)
m.p. 105-6° shown to be returned starting material by mixed
m.p., (105°) and g.l.c. analysis: Rt = 22,0 min. on 1%
P.E.G,A. at 175°,

The alkaline washings afforded no acidic broduct.
Extension of reaction time to 3 days gave only returned

starting material (33).

(b) Para-toluene sulphonic acid - ethylene glycol

The diketone (33) (600 mgs.) was dissolved in ethylene
glycol (1 gm.) and treated with p-toluene sulphonic acid(0.5gm)
under reflux for 2 hrs. The cooled residue was treated with a
solution of potassium hydroxide (1 gm.) in water (5 ml,) and
refluxed for 2 hours, The cooled mixture was ether extract-
ed and the combined ethereal extracts brine washed, dried
and evaporated to afford no neutral product. The alkaline
solution was acidified and ether extracted (5 x 5 ml.).

The combined ethereal extracts were washed with aqueous
sodium bicarbonate, brine, dried and evaporated to give a
white solid (350 mgs.) which was shown by g.l.c. apd mixed

m.p. to be returned diketone,
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The sodium bicarbonate washings were acidified and ether
extracted and the combined ethereal extracts brine washed,
dried and evaporated to afford trace amounts of acidic

material (6 mgs.).

o-Methoxy acetophenone

This compound was prepared from o~hydroxyacetophen-
83
one by methylation with dimethyl sulphate and isolated in
80% yield as a colourless oil b.p. 116-20°/10 mm, vgoo

1680 cm.-l.

B-Dimethylamino-o-methoxypropiophenone (34)

o-Methoxyacetophenone (4.7 gm,, 0,015 m,), dimethyl-
amine hydrochloride (3.3 gm,, 0.02 m,) and paraformaldehyde
(1.2 gm., 0.007 m,) were dissolved in ethanol (15 ml.),
acidified with concentrated hydrochloric acid (10 drops),
and the mixture heated at reflux temperature for 2 hours.
The cooled residue was diluted with water, extracted with
ether and the ethereal solution discarded. The aqueous
solution was basified with 4N sodium hydroxide and ether
extracted, The combined ethereal extracts were brine

washed, dried and evaporated to give the required Mannich
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base (34) as a pale yellow oil (4.5 gm,, 75%) and used

without further purification.,

CCl

ooot 1685 em,”t

cc -
vN_éﬁz 2800 cm,”t (doublet), v

The picrate was recrystallised from ethanol as yellow
needles m,p., 138-9°. Found: C, 49.54; H, 4.62; N, 12,84,

CygHpoN,0g Tequires C, 49.37; H, 4.80; N, 13,09%.

187207479

N,M,R.: 2,7 7 (4 x H singlet), 6,15 t (3 x H singlet),

key 1

7.00 © (6 x H singlet) VC=O4 1678 cm. .

2=(31-0-Methoxyphenyl-3'-oxopropyl)cyclopentanone (35)

The Mannich base (34) (4.3 gm,, 0,02 m.) and cyclo-
pentanone (5,04 gm,, 0,06 m,) were heated at reflux temper-
ature, with stirring, for 1 hour. Standard work up pro-
cedure gave a pele yellow oil (6 gm), Distillation
afforded the required diketone (35) as a colourless oil
(4 gm,, 80%) b.p. 150-5/0.15 ma, R, = 21 min, on 1% P.E,G.A,
at 175°, Found: C, 72.5; H, 7.10. 015H100’ requires

C, 73.15; H, 7,37%.

I.R.: vgg%4 1738 cm.™T (cyclopentanone), 1695 em. ™t

(acetophenone).
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N,M,R, : 6,1 7 (3 x H singlet), 6,9 © (2 x H triplet,
J = 6 Coptsn)n

Acid treatment of 2{(3'-o-methoxyphenyl-3'-oxopropyl)cyclo=~

pentanone (35)

(a) Hydrochloric acid - glacial acetic acid
The diketone (35) (5gm.) was treated with concen-

trated hydrochloric acid (10 ml.) and glacial acetic acid
(25 ml.) in the usual manner, Standard work up gave a
neutral fraction (1.2 gm.) and an acidic fraction (3.5 gm.).
The acidic material was esterified with ethereal diazo-
methane, and distillation gave l-carbomethoxy-4-o-methoxy-
phenyleyclohept-4-ene (38) as a colourless oil (3.3 gm.,
60%) b.p. 145-870.25 mm. R, = 6.0 min. on 1% P.E.G,A, at
175° and 10,75 min. on 1% F 60, at 150°.  Found:

¢, 73.02; H, 7.63, C requires C, 73,82; H, 7.63%.

16720%3
I.R.: vgogh 1735 cm.™.
N.M.R.: 4,07 © (1 x H, triplet, J = 6 c.p.S.)

6.16 © (3 x H, singlet) and 6.25 7 (3 x H,

singlet).

The neutral material was recrystallised from petrol as

colourless needles (1.1 gm., 24%) m.p. 123-4°. R, = 28,5
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min, on 1% P,BE.G.A. at 175°, Found: C, 73.07; H, 7,33.
015H1803 requires C, 73,15; H, 7.37%.

I.R.: 1778 cm.” T (lactone).

N.M.R.: 6.15 7 (3 x H, singlet)
i.e. 3-hydroxy-4-o-methoxyphenylcycloheptane carboxylic
acid lactone (36),

(b) Sulphuric_acid - methanol

The diketone (35) (2 gm.) was dissolved in methanol
(40 m1.) and acidified with concentrated sulphuric acid
(4 ml.). The mixture was heated at reflux temperature for
2 days and most of the solvent removed by evaporation, The
cooled residue was flooded with water and extracted into
ether, The combined ethereal extracts were brine washed,
dried and evaporated to give a pale yellow oil (2,0 gm.).
Distillation gave pure l-carbomethoxy-4-o-methoxyphenyl-
cyclohept-3{4)-ene (39) 1.95 gm., 93%) as a colourless o0il
b.p. 140—570.3 mm, ani identified as (39) by g.l.c. analysis.
Ry = 6.0 min,, 5.5 min, on 1% P.L.C.A, at 175°; 10.75 min.,

10,55 min., (shoulder) on 1% F 60, at 150°,

[oox] 1
V=0

N.M.R,: 4.1 t (1 x H, multiplet), 6.16 © (3 x H,

I.R.: 4 1736 cm.”

singlet) and 6.25 T (3 x H, singlet).
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B-Dimethylamino—p-nitropropiophenone hydrochloride

This compound was prepared according to the method
of Ginsberg and isolated as a white solid in 80% yield
m.p. 186-8° (ethanol).

1 1

I.R (Fujol) 2750 em.™™, 2800 cm.™t, 2840 em.™T.

« V
N-CH2

B-Dimethvlamino-p-nitropropiophenone (40)

B-Dimethylamino-p-nitropropiophenone hydrochloride
(3 gm.) was dissolved in water (10 ml.) and cooled to 0°,
Ether (5 nl.) was added and the mixture made basic with
so0lid@ potessium carbonate added portionwise with swirling.
The ethzreal layer was separated and the aqueous solution
extracted with ici-cold ether (2 x 10 ml.). The combined
ethereal extracts were washed with ice-cold brine (5 x),
dried and evapcrated under reduced pressure at room temp-
erature o affori the required Mannich base as a pale

yellow solid (1.6 gm., 60%) m.p. 36-8° (petrol).

(Fujel) 26810 em.”L, 2840 cm.™.

T.Re: Vo,
N.M.R.: 1.8 v (4 x H, doublet), 7.15 7 (2 x H, triplet)

6.85 1 (2 x H, triplet) and 7.7 © (6 x H singlet).

The picrete was obtained as yellow needles from T .HF. -
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o - 1 d
petrol m.p, 160-1", Found: C, 45,19; H, 3,89, Cl7H17N5010

requires C, 45.24; H, 3,80%.

2-§§'—Q-Nitr09henvl-§'—oxoprogzlzozclopentanone §412

(a) B-Dimethylamino-p-nitropropiophenone (40) (10 gm.,,
0.05 m.) was dissolved in cyclopentanone (15 gm., 0.15 m,)
and the mixture refluxed,with stirring, for 1% hours.
Standard work up procedure gave the required diketone (41)
as a white solid 7.2.gm., 65%). m.p, 75~7° (petrol).
Found: C, 64.36; H, 5.79; N, 5.36. Cl4H15NO4 requires

C, 64.07; H, 5.58; N, 5,20%.

CC1 1

V=0
(cyclopentanone), 1534 cm.'l (nitro) and

I.R.: 4 1697 cm.,™” {acetophenone), 1738 cm,
-1 .
1343 cm, — (nitro)
N.M.R.: 1.7 © (4 x H, multiplet), 6.8 v (2 x H, triplet).

(b) B-Dimethylaminomethyleyclopentanone (5 gm., 0,032 m,)
and p-nitroacetophenone (4.28 gm., 0.032 m,) were dis-
solved in petroleum ether (10 ml., 100°) and the mixture
heated under reflux for 1% hours. The usual work up pro-
cedure yielded a brown gum (6.8 gm.) which was absorbed

on to silica and eluted with benzene-chloroform. No

identifiable products could be isolated.
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Acid treatment of 2-(%'-p-nitrophenyl-3'-oxopronyl}eyelo—

pentanone (41)

(a) Hydrochloric acid - glacial acetic acid

The diketone (41) (500 mgs.) was dissolved in
glacial acetic acid (3 ml.) and concentrated hydrochloric
acid (1 ml.) and %the nixture refluxed for 24 hours.

Standard work up procedure gave a neutral fraction (300 mgs.)
and an acidic fraction (130 mgs. 20%).

The neutral material proved to be returned diketone

CCly
C=0

The acidic material was recrystallised from benzene-petrol

(41) (mixed m.p., 75=7° and i.r. v 1695 cm.‘l, 1738 cm, .

as colourless needles m.p, 116-8°. TFound: C, 64.,62; H, 5.91;

N, 5.20. C NO, requires C, 64.36; H,5.79; N, 5.36%.

14580,

VCCl
C=0

1343 cm."l (nitro)

4 1700 cn.” " (ecarboxylic acid), 1534 and

i,e, 4L-p-nitropienyleyclohapt-3(4)-ene carboxylic acid (42),

(b) p-Toluene su'.phonic acid -~ ethylene glycol

The diketone (41) (500 mgs.) was dissolved in
ethylene glycol (5 ml.) and treated with p-toluene sulphoni:
acid (500 mgs.). ‘'he mixture was heated under reflux for
2 hours, cooled, treased with a solution of potassium
hydroxide (1 gun.) in wacer (10 ml.) and heated under reflux

for 2 hours.
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Standard work up procedure gave a neutral fraction
(120 mgs.) (shown to be returned diketone (41) by mixed
m.p. 75°) and an acid fraction (210 mgs., 40%) which was
shown to be 4-p-nitrophenylcyclehspt~3(4)=-ene carboxylic
acid (42) by mized m,p. 116-7°,

4-Dimethylaminomethyl-3',4"',5'~trimethoxy-1l,2-benzo-~

cyclohepten=-3-one hydrochloride (46)

This compound (46 ) was prepared from a-trimethoxy-
benzosuberoné19 (47), dimethylamine hydrochloride and para-
formaldehyde according t¢ the method of McCrae77 and isol~

ated as colourless needles m,p. 160-2° (ethyl acetate-petrol).

N_cH, (Nujol) 2500-2800 cm.”® (3 bands) and

Voo (Nugol) 1690 cm.™t (aryl ketone).
The free base was isolated inthe usual manner, by treat-
ment with sodium hydroxide, and used without further purifi-

cation,

4=(2* «Cyclopentanonylmethyl)-3',4',5'-trimethoxy-1,2-benzo=

gycloheptene-3-one (44)

This 1,5-diketone was obtained from the Mannich base
(45 ) and cyclopentanone in the usual manner, as described

by McCrae'77 . It was isolated as a colourless oil
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b.p. 200-5%/0.3 mm. The infra-red showed absorption at
1740 crn."l (cyclopentanone) and 1685 em, "t (aryl ketone)and
1020 cm, "t (methoxyl). The N,M,R, showed: 3.5 7t (1 x H,
singlet), 6.1 v (9 x H, singlet).

Treatment of diketone (44) with acid

(a) Hydrochloric acid - glacial acetic acid

The diketone (44) (5 gm.) was dissolved in glacial
acetic acid (50 ml.) and treated with concentrated hydrochl-
oric acid and heated under reflux for 24 hours. Standard
work up procedure gave a neutral fraction [identified as
diketone (44))and an acidic fraction (4 gm.,) isolated as a
brown viscous o0il. The infra-red showed acid hydroxydl
absorption at 3540-2800 em.”.  The acid gave = +ne ferric
chloride test i.e. hydrolysis of a methoxyl had occurred to
afford a phenolic carboxylic acid (49). The n.m,r. showed

the remaining six methoxyl protons as a singlet at 6,2 t.

Methylation of phenolic acid (49)

The crude acid (49) (3.3 gm., 0.01 m,) was dis-
solved in aqueous sodium hydroxide (0.5 gm. in £ ml.) and
cooled to 10°, Purified dimethyl sulphate (3.4 gnm.,

0,022 m,) was added portionwise with stirring and the
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mixture refluxed for 2 hours, The alkaline s»lution was
cooled and ether extracted, and the combined ethzreal ex-
tracts brine washed, dried and evaporated to yield a pale
yellow oil (3 gm.) shown by t.l.c. and g.l.c., to coni:ist of
two components, R, = 17.0 min, and 9.0 min, (1.5:1° o2 1%
SE 30 at 200°, The mixture was separated by choma;ography
into a non-polar component (900 mgs.) and a pola- coaponent

(1.1 gm.).

(1) Non-polar

This component was isolated as a white s-l1id m.p.
86-7° (colourless needles from petrol). Rt == 9,0 min, on
1% SE 30 at 200°, Found: C, 70.08; H, 7.95, Cp;Hpgls
requires C, 69.98; H, 7.83%.

Mass spectrometry gave the molecular weight ax 360.

N.M.R.: 3,45 7 (1 x H, singlet), 6.1 7 (6 x H, singlet),
6.2 7 (3 x H, singlet), 6.26 © (3 x H. singlet),
7.5 © (8 x H, multiplet) and 8.1 7 (7 x H,

mulfiplet).
. 1 Bt0H EtOH
U, v,: xmax. 255 mp, € 7,700 and A - 243 mu.,

1 1

I.R.ﬁ yooL4 1730 em,”* (ester), 1600 cm,”— (aromasic),

max .
1240 cm.™t (ester), 1020 em, ™t (methoxyl).
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From the preceding evidence the compound was shown to be
desorxydesmethoxydesacetarida~5,_,10 11,12-hexahydrocol.~

chicine-9-carboxy ic acid methyl ester (50).

(i1) Polar

Tris component was isolated as a viscous oil b.p.
180-5°/0.1 mm. R, = 17,00 min. on 1% SE 30 at 200°, Mass
spectrometry gave the molecular ion as 378 m/e showing a
facile loss of 18 m/e fragment to give the 360 m/e ion.
Ultra~vioiet spectroscopy showed absorption at ngg? 27C .

BtCH
€ 3,000 and A . = 249 mp, (i.e., no trimethoxystyrene absor: -

tion bands).

N.M.R, showed 5.6 = (1 x H, singlet),6,17 © (9 x H,
singlet), 6.75 7 {3 x H, singlet), 7.5 7 (2 x H,

mu]tiblet)and 3,0 - 8,5 1t (14 x H, broad multipleb).

C\l
ma

1240 sm. L (ester) and 1020 cm. & (methoxyl).

I.R.: 4 1775 cm, L {¢ster), 1600 cm, -1 (aromatic),

The above spectral data suggesied the poler ring expansion

product to be tuc ester (51).

Dehydrahbior of :ster (51)

e esvor (91) (520 mgs.) was dissclved in methancl

(20 m1.) and ac’dified with concentrated sulphuric acid



(1 ml.). The mixture was heated at reflux temperature
for 2 hours and the cooled residue flooded with water and
ether extracted. The combined ethereal extracts were
brine washed, dried and evaporated to afford a colourless
0il (450 mgs.).

G.l.c. analysis on 1% SE 30 indicated a 20% con-

version to the ester (50)

(a) ester (51) : Ry = 24,50 min,
24,50 min., 13,00 min. (©:1).

I

(b) dehydration product : Ry
(¢) ester (50) 5

Il

13.00 min,

The minor component from the dehydration of ester
(51 ) was isolated by prep. t.l.c. as a white solid, m.p.

85-7° (mixed m.p. with (50) : 86-7°). R, = 13.00 min,

241 .,

Ultra violet spectrum: Kma 258 mp, € 1400 and hm

X in.

(i.e, trimethoxystyrene).

Treatment of diketone (44) with acid

(b) Goncentrated sulphuric acid - methanol

The diketone (44 ) (1 gm.) was dissolved in methanol
(20 ml.), treated with concentrated sulphuric acid (2 ml.)
and the mixbture refluxed for 24 hours. The methanol was

evaporated and the cooled residue flooded with water and



- 69 -

extracted with ether, The combined ether:al extracts

were brine washed, dried and evaporated to give a yellow
0il which solidified on stonding, m.p. 86-7°(colourless
needles from petrol). Thiss ring expansion product was
identified as *he ester (50 by mixed m.p.(86-7°) and g.l.c.
comparison (R, = 9.0 min, on 1% SE 30 at 200°) with the

authentic sample obtained from (a).

Epoxidation of ester (50)

The ester (50) (60 mg., 0.0002 m.) was dissolved -
dry chloroform (5 ml.) and treated with a solution of m-
chlorg§énzoic acid (150 mgs., 0,001 m.) in chloroform
(10 ml.). The mixture was stirred for 36 hours at room
temperature in the absence of light. The excess peracid
was removed by washing with sodium bisulphite and sodium
sodium bicarbonate. The chloroform solution was brine
washed, dried and evaporated to afford a pale yellow oil
(55 mgs.), G.l.c. evamination indicated the presence of
two components: Ry = 11.25 nin., 14,00 min. (2:1) on 1%
SE 30 at 200°., Examinati-n by G.C.-M.S, showed the two
components to be isomeric (inoecular weight: 376).  Thc
crude mixture solidificd on standing and recrystallie~tion

from ethanol gave the major isomer as colourless needles,
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m.p. 126-7°, R,= 11.25 min, on 1% SE 30 at 200°, Found
C, 66.60; H, 7.10; C,-Hyg0p requires C, 67.00; H, 7.50%
The trimethoxystyrene chromophore bands were absent in

the u.v, (only an unconjugated trimethoxybenzene band at

xEtOH

nax. 27% mu, € 3,000 and Xﬁgg% 248 my. The infra-red

1 1

showed ester absorpticn bands at 1730 cm. — and 1240 cm, .

N.M.R.: 3,45 © (1 x H, singlet), 5.95 v {3 x H, singlet),
6.1 © (6 x E, singlet), 6.2 v (3 x H, singlet),
7.3 1 (2 x H, multiplet), 7.8 - 8.2 © (1% x H,
broad unresolved multiplet).

The above spectral evidence is consistent with the
required B-epoxy ester (52).

Attempted hydrogenation of ester (50)

The ester (50) (100 mgs.) was dissolved in glacial
acetic acid and the solution hydrogenated over Adam's cata-
lyst for 4 hours with stirring., The catalyst was filtered
off and the solvent removed under reduced pressure to give
a colourless oil (90 mgs,) which solidified on standing,
m,p. 86-7°. Ultra-violet spectrum: Aizgg 258 mu, € 14,000
and Aﬁ;g? 241 mp, i.e, returned ester (50),

2~(3!=0xobutyl )-cyclopentanone (104)

This compound was prepared from dimethylaminobutan-

%~one (106) and cyclopentanone according to the method
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41
described by Gill. It was isolated in 60% yield as a
colourless o0il, b.p. 140-5/14 mm. vggé4 1738 en. "t (cyclo-

pentanone) and 1720 cm, T (chain ketone),

Acid treatment of 2-(3'-oxobutvl)eycloventanone (10.)

(a) Hydrochloric acid - glacial acetic geid

———

The diketone (104 (2 gm,) was dissolved in glacial
acetic acid (20 ml.) and concentrated hydrochloric acid
(3 ml.) and the mixture refluxed for 10 hours. Standard
work up procedure gave a neutral component (900 mgs., 55%)
and an acidic fraction (100 mgs., 3%).

The neutral material was purified by distillation,
b.p. 100-5°/14 mm. and identified as 5-oxo—A'"~tetra hydr-

indene (54).

I.R,: vggé4 1680 om. ™t (e uwisaturated cyclohexanone).

U.V,: xgggﬂ 240 mu, € 10,000 [calc. for (54) as 243 mu].

The 2,4-dinitrophenylhydrazone was obtained as deep red

needles from dioxan-ethanol, m.p. 198-9° (lit78 197.5-99).
The acidic component was esterified with ethereal

diazomethane. Distillation gave @ure 4-carbomethoxy-

cyclohept-3(4)-ene (96) as a colourless oil, b.p. 60°/
0.8 mm, R, = 6 min. and 7.2 min, (1:1) on 5% Q.F.1. at
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100°, Found: C, 70.99; H, 9,42. clOHl602 requires

0, 71.39; H, 9.59%,
I.R.: vggé4 1739 cm.”t (ester)

N.M.R.: 6.2 7 (3 x H, singlet), 4.1 7 (1 x H multiplet).

(b) p=Toluene sulphonic acid - ethylene glycol

The diketone (104) (3 gm.) was treated with p-toluene
sulphonic acid (3 gm.) in ethylene glycol (5 gm.) at reflux
temperature for 3 hours. The cooled residue was treated
with potassium hydroxide (5 gm.) in water (120 ml.) anc the
mixture heated at reflux temperature for 2 hours. Sta:dard
work up procedure gave a small amount of returned diketone
(104) together with an acidic material (1,9 gm., 66%)
isolated as a pale yellow oil. Esterification with diazo-
methane and distillation gave 4-carbomethoxycyclohept—3(4}~One
(96) as a colourless oil and identified by its i.r.(vgzé4

1739 em.™ ) and g.l.c. [R, = 6 min., 7.2 min, on 5% 2.F.L.
at 100° (1:1)].

2-(4'-Methyl-3'—oxopentyl)cyclopentanone (110)

This 1,5~diketone was prepared under modified

thermal Michael conditions as described in Part II, pd39.
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Treatment of diketone (110) with acid

(a) A mixture of the diketone(110,” (2.6 gm.), concen-
trated hydrochloric acid (6 ml.) and glacial acetic acid
(20 ml.) was heated at reflux temperature for 18 hours.
Standard work up procedure gave the neutral product as a
yellow oil (1.7 gm.) and an acidic product as a pale yellow
0il (450 mgs., 25%). The neutral material was purified
by chromatography on fine silica. Elution with 4% ethyl
acetate-petrol gave a colourless oil (1.5 gm., 52%) purified
by distillation b.p. 130-5°/14 mm, and identified as 4,4-
dimethyl—S—oxoéﬁ’9—tetrahydroindene (114 by the following
physical data, R, = 9.0 min, on 10% A.P.L..a% 130°,

I.R., spectrum: vg2%4 1718 cm, ™t (unconjugated

cyclohexanone).
U.V, spectrum: end absorption only i.e. no enone
absorption at 240 mp.
N.M.R,spectrum: 8.8 t (6 x H, singlet), no vinylic proton
Mass spectrum: parent ion at 164 m/e [required for

CiqH 0 i.c. 114 : 164].

The 2,4-dinitrophenyl hydrazone was obtained as yellow

plates (ethanol) m.p. 142-4°, TFound: C, 59.61; H, 5.36;

: 3 . %
N, 16,62, Cl7H20N4O4 requires C, 59.29; H, 5.78; N, 16.27%.
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The acidic material w7as esterified with ethereal diszo-
methane and the resultant e¢cster isolaced as a colourless
0il b.p. 60-2°/0.1 mm. R, 11.5 min. acd 13.4 min. on 5%

BN 0 . ’ . 3
Q.F.I. at 100~ (1:1). Found C, 72.63; H, 10.1l. Cy 5Ho005

requires C, 73.43; H, 10.27%.
I.R. spectrum: vgg%4 1740 cm,” ! (ester)
N.M,R,spectrum: 4,07 v (1 x H, multiplet), 6.16 <t
(3 x I singlet) and 8.9 1t (6 x H,
doublet; J = 6 c.p.s.).

The above physical data is consistent with 4-isopropyl-1l-

carbomethoxycyclokept-3{4)-ene (112),

(b) p=Toluene sulphonic acid - ethylene glycol

The diketone (110) (3 gm.) was dissolved in ethylene
glycol (5 gm.) and the mixture treated with p-toluene sul-
phonic acid (3 gm., under the usual conditions. Standard
work up procedure gave an acidic product (2.2 gm., 65%) with
a negligible amount of neutral material. The a cid was
distilled b.p. 98°/0.1 m1. and esterified with ethereal
diazomethane. The resultant ester was purified by

distillation b.p. 60°/0.1 mm. and identificd as 4-isoprojyl-

l-carbomethoxycyclohcpt~3(4)-ene(112) by g.l.c. comparison
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with the authentic sample obtained in (a) Ry = 11.5 min.,

13,4 min, on 5% Q.F.1 at 100°.

1-Dimethylamino-5-methylhexanone-3 (107)

This Mannich base was prepared according to the

method of MousseroﬂYg. The physical data is discussed

in Part II, pazg.

2-(5'-Methyl-3'-oxohaxyl)cyclopentanone (105)

The Mannich base (07) (4.5 gm., 0.03 m.) and cyclo-
pentanone (7.5 gm., 0.09 m,) were heated together at reflux
temperature for 2 hours. Standard work up procedure gave
a yellow 0il from which the required diketone (05) was
obtained, by distillation, as a colourless oil (5 gm., 75%)
b.p. 102-4°/0.3 mm.  Found: C, 74,00; H, 10.36, Cq,Hyy0,
requires C, 73,50; H, 10.27%,

1 (cyclopentanone) and

I.R, spectrum: vggé4 1738 cm.
1714 om, ™1 (chain ketone).

N.M.R.spectrum: 9.1 t© (6 x H doublet, J = 6 c.p.s.).

Treatment of diketone (105Jwith acid

(a) Hydrochloric acid - glacial acetic acid

The diketone (105 (4.2 gm.) was dissolved in
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glacial acetic acid (24 ml.) and concentrated hydrochloric
acid (8 ml.) and the mixture heated ac reflux temperature
for 24 hours. Standard work up procedure gave a neutral
fraction (3.6 gm.) and an acidic fraction (90 mgs, 3%).
Distillation of the neutral material gave the major
product as a colourless o0il b.p. 90-4°/1 mm. (3.2 gm., T70%).

Ry = 21.2 min, on 10% A.P.L, at 130°, - -,

-

The following spectral data identified the product

4,9

as 4-isopropyl-5-oxo-A'’“-tetrahydroindene (108).

I.R. spectrum: vggé4 1678 cm.—l(aﬁrunsaturatod ketone),

EtOH
max.

for (108)3 Npox . 253 mu) .

U.V. spectrum: A 247 mp, € 10,000 (caleculated u.v.
N.M.R.spectrum: 8.85 t (6 x H, doublet).
Mass spectrometry g ave the molecular weight as 178.

[C,,H, o0 i.e. (1C8)requires 178].
12718

The 2,4-dinitrophenylhydrazone was recrystallised from .ta-
anol as deep red plates m.p. 155-7°. Found: C, 60,22;
H, 5.98; N, 15.73. CygH,,l,0, requires C, 60,32; H, 6.19,
N, 15.63%.

The acidic material (90 mgs.) was esterified with

ethereal diazomethanes and the resultant ester distilled
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b.p. 90°/0.8 mu. as a colourless oil. Ry = 13.5 min,,
15.0 min. on 5% Q.F.1 at 100° (1:1). Found: C, 73.81;
H, 10.66, 013H2202 requires C, T74.24; H, 10,54%,

I.R. spectrum : vgié4 1738 cm, ™t (ester).

N.M,R.spectrum: 6.2 v (3 x H, singlet) and 8,96 =
(6 x H, doublet).
The above physical data is consistent with 4-isobutyl-1-

carbomethoxycyclohept-3(4)-ene (109,

(b) p-Toluene sulphonic acid - ethylene glycol

The diketone (105 (1.5 gnJ, was dissolved in eth-
ylene glycol (2.5 gms.) and treateu with p-tcluene sulphon-
ic acid at reflux temperature for 2 hours. Standard work
up procedure gave an acidic material (1.1 gm., 72%) and a
neutral f raction (150 mgs.). The neutral material gave
4—isopropyl—5-oxo-[§4’9tetrahydroindene(108)as a colourless oil
(110 mgs.,~T%) on distillation b.p. 91-6°/1 mm. and ident-
ified by i.r. and u.v. comparison with t he authentic sample
obtained in (a). The acidic material was esterified and
shown to be identical tothe ester (109 obtained in (a).

R, = 13.5 min. and 15.0 min. on 5% Q.F.l at 100°,

t
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Bis—cyclopentanonylmethanéx%52(56)

2-Dimethylaminomethylcyclopencanone41 (58) (30 gm,,
0.19m.) was dissolved in cyclopentanmone (47 gm., 0.57 m.)
and the mixture heated at reflux temperature for 90 minutes.
Work up as usual gave the desired diketone (56 ) as a white
solid (25 gm., 65%) b.p. 90-2°/0.1mm. m.p. 71+2° (colourless
needles from petrol). Ry 34.5 min, on 10% A.P.L. at 150°
and 16.25 min. on 10% P,E.G.A, at 170°.

I.R.: vggé4 1741 cm, 7t (cyclopentanone).

10-Hydroxybicyclo-{5,3,0]-decane~5~carboxylic acid lactone

(59)°°

This lactone (59 ) was prepared by treating the di-
ketone (56 ) with concentrated hydrochloric acid and glacial
acetic acid and isolated as a colourless ¢il, b.p. 157°/
12 mm, in 60% yield.

I.R. spectrum : vggé4 1775 em.”t (lactone).

N.M.R.spectrum: no absorption below 8,3 7.

5-(q-Hydroxyisopropyl )=10-hvdroxybicyelo[5,3,0]decane (61)

Methyl magnesium iodide, prepared from magnesium
(30 gm.), methyl iodide (70 gm.) in ether (500 ml.), was

added portionwise, with stirring, to a solution of the
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lactone (59) (23 gun.) in ether (50 ml.) at 0°.  The
mixture was stirred for 30 minutes at 0° and mt room
temperature for a further 12 hours. The Grignard com-
plex was decomposed by pouring the reaction mixture on to
a saturated solution of ammonium chloride and ice. The
organic phase was separated and the aqueous solution extrac-
ved with ether (4 x 50 ml,). The combined ethereal ex-
tracts were washed with brine, dried and evaporated to give
tke required diol (61) as a white solid (24 gm., 90%) m.p.
87-9° (colourless needles from petrol), Found: C, 74.40;
H, 11.26. Cy,H,,0, requires C, 73.54; H, 11.39%. The

infra-red spectrumshowed intermolecular hydrogen bonding
at 3617 cm.”T, 3456 cm,-l and 3302 cm, ™t (dilution studies
showed a decrease in extinction coefficient). N.M,R.
spectrum: 8.1 1 (2 x H singlet) and 8.8 7 (6 x H, singlet)
(D20 exchange removed the signal at 8.1 ). The mass
spectrum showed no molecular ion but gave an M-18 ion at
194 m/e. A further facile loss of the 18 m/e frequent
gave the M-36 ion at 176 m/c with a metastable at 160 m/e
(calculated as 159.9 m/e). The base peak at 136 m/e

arose from loss of acetone and water (66 m/e). For a

complete fragmentation see Scheme X.
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§~Carbomethoxybicyclo—[5,3,0114§2110-decene (60)
Bis-cyclopentanonylmethane (55) (3 gm.) was dis-
solved in methanol (60 ml.) acidified with concentrated
sulphuric acid (6 ml.), The mixture was refluxed for
two days and the solvent evaporated, The residue was
flooded with water and extracted with e ther, The com-
bined ethereal extracts were brine washed, dried and
evaporated to give a palc yellow oil (2,9 gm.). Dis-
tillation gave the required ester (60) as a colourless

0il (2,6 gm., 75%) b.p. 85-90°/0,25 mm. Ry = 7.75 min.

on 10% A,P,L. at 175°, Found: C, 74.18; H, 8,89,
Gy 5H, g0, requires C, 74.19; H, 9,24%

I.R, spectrum : ng%4 1738 cm._l (ester)
N,M,R,spectrum: 6,30 t (3 x H, singlet). No vinyl
proton signal.

9,10

5--(a-Hydroxyisopropyl )bicyclo-[5,3,01-& " -decane (63)

Methyl magnesium iodide, prepared from magnesium
(8.4 gm., 0,14 m.), methyliodide (19.9 gm., 0.14 m.) in
ether (180 ml.) was added dropwise, over 30 minutes, to o
solution of the ester (60) (6.7 gm., 0.035 m.) in dry
ether (10 ml.) at 0°. The reactior mixture was stirrc.

for 15 minutes at 0° and for a further 3 hours at room
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temperature. The Grignard complex was decomposed by pour-
ing the reaction mixture on to a satuiated solution of amm--
nium chloride at 0°, Fhe organic pahse was separated an”
the aqueous layer extracted with ether. The combined
ethereal extracts were brinc washed, dried and evaporated tc
afford the required alcohol (63) as a white solid (6 gm..
90%) m.p. 54-54.5° (colourless needles on sublimation).
Found: €, 80.28; H, 11,31. 013H220 requires C, 80,35,

H, 11,41%.

I.R. spectrum : v . 3500 em. ™t (hydroxyl non bonded.
no change in extinction coefficient on
dilution).

N.M.R.spectrum: 6 x H singlet at 8,85 1, 1 x H singlet

at 8.3 t.

5-Isopropyl-1,2,3,6,7,8~hexahydroazulene (62).

(a) From the diol (61)

The diol (61) (1 gm.) was treated with 20% sulphuric
acid (15 ml.) and the mixture heated at reflux temperature,
with stirring, for 30 minutes. - The cooled residue was
poured on to ice and extracted with ether. The combined
ethereal extracts were brine washed, dried and evaporated

to give a pale yellow oil (900 mgs.). Distillation gav.:
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the required diene (62) as a colourless oil (800 mgs.,
85%) b.p. 95-6°/1 mm. Ry = 14.50 min. on 1% 0.V, 17 at
75° and 5.90 min. on 25% dyano B at 75°.

N
max,

for (62) as Mo

U.V. spectrum : 263 mp, € 4,500 (calculated
x. 263 mp).
N.M.R,.spectrum: 4,5 tv (1 x H, singlet), 9.02 <
(6 x H, doublet, J = 6 c.p.s. and
6,55 © (1 x H, subsplit quartet,

J =6 ¢.p.s.).

(v) From the alcohol (63)

The tertiary alcohcl (63) (1 gm.) was treated witk
20% sulphuric acid (20 ml.) at reflux temperature for 30
minutes. Work up as in (a) gave a pale yellow oil (900
mgs.). Distillation gave the required diene (62) as a
colourless oil (750 mg.; 80%) b.p. 88-90°/1 mm. Rt =
4.25 min, on 1% 0.V, 17 at 75° and 5.90 min. on 25% cyano
B at 75°.
U.V, spectrum: Kﬁ;g? 263 mu, € 4,500
N.M,R,spectrum: 4.5 © (1 x H, singlet), 9.02 © (6 x ¥
doublet, J = 6 c.p.s.) and 6,55 17 (1 x
H, subsplit quartet, J = 6 c.p.s.).

i.e. spectral data identical to diene obtained in (a).
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5-Isopropyl azulcne (64)

5-Isopropyl-1,2,3,6,7,8-hexahydroazulene (62) (1 gm.)
ans selenium powder55 (1.5 gm,) were heated together at 300°
in a Wood's metal bath for 15 minutes. A deep blu: oil
condensed on the condenser and hydrogen selenide was evolved.
The cooled residue was dissolved in ethanol, filtercl and
evaporated to give a dark green oil (800 mgs.). (hromato-
graphy on silica and elution with petroleum ether geve
unreacted dienc (62) (600 mgs.) followed by a deep blue

volatile liquid (8 mgs,) w.v. spectrum: KﬁggH 239 my,

E4O0H '56;57J
max.
characteristic of 5-isopropylazulene.

e 3,000, and A 276 mp € 7,000 (see Fig.VII

Ozonolysis of ester (60)

The ester (34) (1 gm.) was dissolved in ethy.:
acetate (15 ml.) and the solution cooled to -70°. A slow
stream of ozone was bubbled through the solution for 4
hours whichwas then brought to room temperature. The
ozonide was decomposed by treatment with zinc (2 gm,) in
acetic acid (5 ml.,) with stirring at room temperature for
12 hours, The zinc was removed by filtration and the
solvent evaporated under reduced pressure to give the crude
ozonolysis product as a yellow oil (950 mgs.). Distill-

ation gave the major component as a colourless oil (750 mgs. ).
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b.p. 120-5°/0.5 mm, R, = 5,48 min. on 1% Q,F.1 at 150°,

I.R, spectrum : vggé4 1735 cm, ™t (ester) and

1670 cm.™t (a,p-unsaturated ketone).

» BtOH
m

U.V, spectrum : ax.

245 nu, € 12,000,
N.M.R.spectrum: 6.3 t (% x H, singlet) (no vinylic
protons).
The 2,4-dinitrophenyl hydrazone was obtained as deep red
needles m.p. 192-4° (ethanol). Found: C,,55.90; H, 4.96;
N, 14.55. CygH, N0, requires C, 55.67; H, 5.19; N, 14.43%.
U.V. spectrum: Aiéi? 257 mp, € 14,000 and 367 my, € 20,000,

9,10

The above physical data is consistent with a A -keto-

octalin carbomethoxylated at either 06 or C8 (73),

Hydrolysis of t he octalin (73)

The keto octalin (73) (300 mgs.,) was dissolved in
methanolic potassium hydroxide (500 mgs. in 10 ml,). The
mixture was stirred at room temperature for 12 hours and the
methanol removed under reduced pressure. The residue was
dissolved in water and the agueous solution extracted with
ether and the ethercal cxtracts discarded. The agueous
layer was acidified and extracted with ether and t he com-

bined ethereal extracts brine washed, dried and evaporated
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to give a white solid (200 mgs.). Recrystallisation frcm
benzene gave the acid as colourless needles, m,p. 145-6°,
Found: C, 67.85; H, 7.27. CllHl403 requires C, 68,02;

H, 7.37%.

Mass spcctrum : Molecular ion at 194 m/e showing a
facile loss of 45 m/e to give the
base peak at 149 m/e.

I.R, spectrum : Carboxylic acid absorption bands at

1

2800 - 3300 cm. L and 3530 cm.™t (non-

CCL
VC=04l710 cm."l (carboxylic

acid) and 1670 cm.—l(a,B-unsaturated

bonded).

ketone ),

max.
(74) as A, . 249 mp).

U.V. spectrum : ASOF 247 mp, e 11,200 (calculated for

The above spectral data is consistent with l-oxo-6-carboxy-

9,10

bH —octalin (78).

2,3-Cyclopentenobicyelo-[3,2.1]-oct-2~en-8-one (57 )

p-Tolucne sulphonic acid (2 gm.) and anhydrous tol-
uvene (5C .11) were refluxed in a Dean and Stark water separator
for 2 hours. Bis-cyclopentanonyl methane (56) (2 gm.) in

dry toluenc (% .'ml,) was added to the cooled solution anc. tl=z
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mixture refluxed for 2 hours. The cool.d residue was
neutralised with anhydrous potassium cartonate overnight.
The toluene was evaporated under reduced pressure (0.5 mm.)
to give a brown oil (1.8 gm.). Chromatogsraphy on silica,
and distillation gave the required bicyciic ketongo (57) as
a colourless oil (1.6 gm.) b.p. 80-5°/0.5 mn. Infra-red

spectrum: v8§%4 1758 em.”™t (svrained carbonyl).

Ozonolysis of the bicyeclic ketone (57)

2,3-Cyclopentenobicyclo-[3,2,1]-oct-2-en-8-one (57)
(2.2 gm.) was dissolved in ethyl acetate (25 ml.) and the
solution cooled to -70°. A slow stream of ozone was
bubbled through the solution for 4 hours and work up as
before gave the ozonolysis product as a white solid (2 gm. )
m,pP. 146—70 (colourless needles from benzene), The ozon-
olysis product was identified as l—oxo—6-carboxy-g¢9’lq-
octalin (40) by comparison of spectral data with that of the

authentic sample obtained from the ozonolysis of the ester

(60), (mixed m.p. = 145°).

Bt
ma

I.R, spcctrum : vggé4 1710 cm.

U.V. spoctrum : A gH 247 ny, € 11,200,

-]
l, 1670 cm. ,

Mass spectrum : Molccular ion at 194 m/e and base

peak at 149 m/e.
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The 2,4-dinitrophenyl hydrazone was obtained as bric --red
needles m,p, 245-7° (dioxan-methanol). Found: C, 54 28;
H, 5,01; N, 14,80, Cl7H18N4O6 requires C, 54,54; H, ..85;
N, 14.97%. U,V. spectrum: xEtOH 250 my, € 14,000 and
AEtOH 368 mu, € 17,000,
The acid obtained from ozonolysis of the bicycli . kesone

(57) was esterified with diazomethane and identi:iec. as
l-oxo-6-carbomethoxy—A?'lo—octalin (77) by compa:isoa with
the authentic sample obtained by ozonolysis of t-e ester (60).
Ry = 5.48 min, on 1% Q,F,1 at 150°, The 2,4-d:nitrophenyl-
hydrazone was obtained as a decp red solid, m.p. 195-6o
(ethanol). Found: C, 55,71; H, 5.09; N,14,00. C1 gHooN 406
requires C, 55,.67; H, 5.19; N, 14.43% U,V, spectrunm:

AEtOH 257 mu, € 11,000 and 366 mu, € 17,000,

2-(2'=Cyclopentanonylmethyl )eyclohexanone (88)

2-Dimethylaminomethyleyclopentanone (58) (9 gm.,,
0.06 m,) was dissolved in cyclohexanone (24 gm., 0,25 m.)
and the mixture heated at reflux temperature, wi'h stirring,
for 2 hours. Standard work up procedure gave a colourless
0il from which the required diketone was obtaine by dis-
14,0 min,
.63.

tillation (6 gm., 45%) b.p. 120-5°/1.5 mm. Ry

O

on 10% P.E.G.A, at 175°. TFound: C, 73.68; H,

0; g0, requires C, 74.19; H, 9,34%.
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80
2.3=Cyclohexeno-6,7-dihydro, SH, pyriddine  (89)

-a
-

Th> diketone (88) (500 mgs.) was dissolved in
absolute ethanol (5 ml.,) and the solution treated with
hydroxylamine hydrochloride (500 mgs.) a%t 50° for 15
ninutes, The warm solution was poured on to dilute
sodium hydroxzide and the alkaline solution extracted with
ether, Tac comdired ethereal extracts were brine washed,
drica and evaporatzd to give the pyrindine.(B9) as a pale
yellow oil (300 ngs., 60%). The picrate was obtained as
bright yollow needles, m.p. 155-7° (ethanol). Found:
¢, 53.67; H, 4.55; N, 13,78. C,.H N4O7 requires C, 53,73;

18718
H, 4,51; N, 13.,92%, F,M.R, spectrum: 2,8 © (1 x H, singlet),

Acid treatment of diketone (88)

The diketone (88) (4 gm,) was dissolved in glacial
acetic acid (25 ml.,) and concentrated hydrochloric acid
(8 ml.) and the mixture refluxed for 24 hours, Standard
work up proccdure gave a neutral fractionas a yellow oil
(3,6 gm,) and a negligible amount oi acidic material.
G,l,c, investigation showed the neutral material to contain
starting diketons (Ry = 4.0 min. on 10% P.E.G.A. at 175°
mo 5%) together with three other components (Rt = 4,25 min.,

7,25 min., and 17.0C min. (~1:2:5), The crude neutral
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mixture (2 gm.) was adsorbed on to silica and elution with
ethyl acetate-petrolecum ether gave the non-polar component

as a colourless oil (900 mgs.), (v8§%4 1758 cm. ™t

and
1722 cm.-l), the starting diketone (88) (50 mgs.) and the

polar component as a colourless o0il (750 mgs.).

(a) Polar component

b.p. = 80°/0.5 mm. R, = 17.00 min, on 10% P.B.G.4,
at 175°, Found: C, 74.37; H, 9.60. 012H1802 requires

¢, 74.19; H, 9.34%.

1 (lactone).

I.R. spectrum : 1778 cm,

N.M.R.,spectrum: Dbroad unresolved region at 7.8 -
8.2 T, No signal at«5.0 © i.c.
Y-lactone at a ring junction.

The above physical data is consistent withll-hydroxy-bicycl-

[5,4,0)]-undecane~6~carboxylic acid lactone (90).

(b) Non-polar component

G.l.c, analysis showed this material to be a mix-
ture of two similar compounds. Ry = 4,25 min,, 7.25 min,
on 10% P.&.G.A. at 175°.  The mixture (900 mgs.) was dis-
solved in dilute acid and refluxed for 3 days. Standard

work up procedure gave only a neutral product, shown by
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g.l.c., to be a mixture of two components (Rt = 4,25 min,
and 17.00 min.). The mixture was adsorbed on to silica
and elution with ethyl acctate-petrol gave a non-polar com-

ponon® (c) (250 mgs.) and a prl-r component (d) (400 mgs.).

(e¢) Non-polar componen’

Tsclated as a colourless oil, b.p. 60°/0.01 mm.
R, = 4.2% min. on 10% P.E.G.A, at 175°, Found: C, 81.17;

H, 9,65. 012H16O requires C, 81..7; H, 9.15%.

Mass spectrum : parent ion at 176 m/e.
I.R. spectrum : vggé4 1722 cm,” T,
N.M.R.spectrum: 7.5 © (2 x H, multiplet); 8,2 T (6 x H,

multiplet and 8,5 © (8 x H, multiplet).

The above physical data is consistent with 2,3-cyclopenteno-

bicyclo-[3,3,1]-non-2-ene-9-one (92).

(d) Polar component

Isolated as a colourless oil, b.p. 85-90°/0.7 mm.
R, = 17,00 min. on 0% P,L.G,A, at 175°. Infra-red spectrum:
1778 em.” L (lactone). i.c.ll-hydroxy-bicyclo-[5,4,0]-undccoze
~6=carboxylic acid lactonc (90). Thus the non-polar com-
ponent from which this was derived must have been 1,2

cyclohexenobicyclo~[3,2,1]-oct-2-en~8-one (91).
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2=Methylcyclopentanone

This compound was prepared by cyclisation of
diethyladipate and subsequent alkylation of the 2-carb-
ethoxycyclopentanone as described by Nicolg} It was
isolated in 70% yield as a colourless oil b.p., 140°/760 mm.

I.R, spectrum : vggé4 1740 em,~t

N.M.R,spectrum: 8,73 v (6 x H, doublet).

2-Methyl-2-(B-dimethylaminomethyl)cyclopentanone {(16)

This compound was prepared as described in Part II,

P.13% and used without further purification,

2-Methxl-§-§2'~cxclopentanonzlmethzlQCMClopentanone (83)

(a) Fromthe Mannich base (d16)

The Mannich base (116 (9.9 gm., 0.07 m,) was re-
acted with eyclopentanone (17.64 gm., 0.2lm.) as described
in Part II, p.d4l. The required diketone (83) was isol-
ated as a colourless oil, b,p. 105-8°/0.5 mm, R, =
12,05 min, on 10% A,P.L, at 175°.  Found: C, 73.98;

H, 8,98, 012H1802 requires C, 74.19; H, 9.34%.

CCl 1

I.R, spectrum: vg g4 1740 cm, — (cyclopentanonc)

The N,M,R, spectrum showed the methyl protons as two over-

lapping doublets at 8.95 t (6 c.p.s.).
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(b) From the Mannich base (58)

The Mannich base (58) (6.5 gn., 0,06 m.) and
2-methylcyclopentanone (18 gm,, 0.18 m.) were heated at
reflux temperature for 90 minutes. Standard work up
procedure gave a pale yellow oil from which the required
diketone (83) was obtainecd as a colourless oil (5,2 gnm.,
50%), b.p. 110°/0.5 mm. R, = 12.05 min. on 10% A.P.L.
at 175°,

2,3-(2'-Methylcyclopenteno)=5,7-dihydro~5H~pyrindine (85)

et ——— bk, -

The diketone (83%) (500 mgs.) in ethanol (10 ml,)
was treated with hydroxylamine hydrochloride (500 mgs.)
and the miztuie heated at 50° for 15 minutes, The warm
solution was poured on to dilute sodium hydroxide (5 ml,)
and extracted with ether (3 x 5 ml.). The combined
ethereal extracts were brine washed, dried and evaporated
to give the required pyrindine derivative as a pale un-
stablec oil. The mass spectrum gave the molecular weight

as 173,12026 m/e (C N requires 17%.12044 m/e).

12M5
N.M.R, spcctrum: 2,7 T (1 x H, singlet), 8.7 7 (6 x H,

doublet, J = 6 c.p.s.).
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1-Methyl-2,%-cyclopentenobicyclo-[3,2,1]-0ct-2-en-8-one (86 )

p-Toluene sulphonic acid (500 mgs.) was dissolved in
dry toluene (20 ml.) and the mixture refluxed for 2 hours in
a Dean and Stark water separator, The diketone (83)
(500 mgs.) in dry toluene (2 ml,) was added to the cooled
solution and the mixture refluxed for 3 hours. The cooled
residue was neutralisced by standing over solid potassium
carbonate for 12 hours. The solid was filtered and washed
with hot benzene. The solvents were evaporated to give a
pale yellow oil (480 mgs.). Chromatography on silica with
30% benzcne-petrol gave the required bicyeclic ketone (86) as
a colourless oil (260 mgs., 60%), b.p. 82-4°/0.9 mm. R, =
2,9 min, on 1% A,P,L. at 150°. Found: C, 81.49; H, 8,39.

C 0 requires C, 81.49; H, 8,15%.

12H16

I.R, spectrum : vous4 1758 cm., ™ (strained cyclo-

pentanone) .,
U.V. spectrum : xggg? 208 my, € 6,000
N.M.R.spectrum: 8,95 T (6 x H, singlet).

The above physical data is consistent with the bicyclic

ketone (86).
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Treatment of bicycle (86) with selenium dioxid£§)’65

The bicyclic ketone (86) (100 mgs,) was dissolved
in e thanol (5 ml,) and treated with freshly sublimed selen-
ium dioxide (80 mgs,.,), The mixture was heatec at reflux
temperature for 3 hours and the precipitated sclenium
removed by filtration through glass paper. Tl.e ethanol
was evaporated to give a pale yellow oil, U,V, ard g.l.c.
investigation showed this to be returned starting material,
Also the allylic oxidation was unsuccessful by wsing the
recommended64 higher boiling solvents (benzen:z, 3oluene,

xylene or acetic anhydride).

2-(3'-Methyl—Z'—oxocyclopenty;methyl)cyclohoxanmle—

dione (87

Cyclohexane-1,3-dione (11 gm., 0.1 m.) wes dis-
solved in 2—methyl—2—dimethylaminomethylcyclogennanonell6
(4.65 gm.,, 0,04 m.) and the mixture refluxed with stirring
for 6 hours. Standard work up procedure gave ihe required

triketone (87) as a white solid, m.p. 115-6° (petrol).
For the spectral data see Part II, p. 141,
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Attempted cyclisation of the triketone (87)

p-Toluene sulphonic acid (1 gm.) was dissolved
in dry toluenc (40 ml,) and the mixture refluxed in a
Dean and Stark watcr scparator for 3 hours. The tri-
ketone (1 gm.) in toluene (5 ml.) was added to the cooled
solution, and the mixture refluxed for 4 hours. The
cooled residue was neutralised with anhydrous potassium
carbonate, filtered and evaporated to give a white solid
identified as returned triketone (87) by mixed m,p.

(116°).
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PART 1II

STUDIES IN THE MANNICH REACTION
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INTRODUCTION

Although it is over fifty years since the Manaich
reaction was first discovered, it still continues to provide
much challenging chemistry and despite the simplicity of the
reaction, it has been the subject of a lengthy reviewl, a
book2 and a great many controversial articles published as
recently as 1967,

When a compound containing an active hydrogen atom is
treated with formaldehyde and ammonia, (or a primary or
secondary amine), the active hydrogen is replaced by an amino-
methyl group, thus providing a satisfactory method for the
introduction of a single carbon atom, The first observation
of a condensation of this type, now known as the Mannich
reaction, was made by TollensBin 1903, when he isolated the
tertiary amine (1) from the reaction of acetophenone with
ammonia and formaldehyde. This reaction was also studied
by Pe‘t:renko4 in 1909, but it was not until 1912 that it was
recognised as a general reaction when Mannich5 undertook a
detailed systematic study of the raaction following his
discovery that antipyrinesalicylate (2), formaldehyde, and

ammonium chloride reacted to form a tertiary amine (3).
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The range of active hydrogen containing compounds, that
take part in the Mannich reaction, is vast and includes
ketones, aldehydes, acids, esters, phenols and acetylenes.

The mechanism of the Mannich reaction has been the
gsubject of considerable discussion and during the period
1930 to 1960, four mechanistic schemes were proposed, In
1933, Bodendorf and Korelewski6 concluded from their experi-
ments that neither the condensation of the formaldehyde with
the amine, nor with the active hydrogen compound, to yield the
corresponding methylols, showed the true course of the reaction:

]Z.iebe:r'ma.nn'7

presented an attractive mechanism involving the
formation of a carbonium ion (4), from the amine and formalde-
hyde, and a carbanion (5), formed by removal of a protom from
the active hydrogen compound;.and then proposed a final
irreversible step involving the combination of the carbonium
ion and the carbanion with formation of the Mannich basce (6),
This mechanism was shown to be erroneous by Alexander and
Underhill8, who carried out a kinetic study of the Mannich
reaction. Their experiments showed third order kinetics with
no primary salt effects, thus contradicting the mechanism.of

Liebermann which postulated the final and rate controlling

step as the reaction between two ions which should show a
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primary salt effect. Cummings and Sheltong, in 1960,
showed that under the usual slightly acidic reaction con-
ditions, the mechanism of the Mannich reaction involves an
electrophilic attack by an imihuim salt on the enol of an
active methylene compound as shown in (7).

Although symmetrical ketones (e.g. acetone, cyclo-
hexanone and cyclopentanone) form Mannich bases with pre-
dictable and indisputable structures, ambiguity regarding
orientation in the Mannich reaction can arise with unsym-
metrically substituted ketones (e.g. isopropylmethyl ketone,
2-methyleyclohexanone and 2-methylcyclopentanone). Thus
the Mannich base of isopropylmethyl ketone (8) has been
described with conviction as 5-dimethylamino-2-methylpent-
anone-310(9), 3—dimethylaminomethyl—3—methylbutanone—2ll(lO)

and as a mixture of bothJ.'2

Only the structure (9) explains
the findings of Mousseron et g;%o who, in 1956, isolated a
homogeneous picrate from the Mannich base of isopropylmethyl
ketone and assigned this structure on the evidence that
condensatioi of the methiodide with ethylacetoacetate gave
I~isopropyleyclohex~l-en-3-one (11). These findings were

supported by Lions13 who used the same process in his

10
carvenone synthesis and moreover by Mousseron™ , when he
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showed the Mannich base to react with butadiene under Diels-
Alder conditions to furnish the diketone (12). This
structure (9) was accepted until 1962 when Brown>t presented
NMR. spectral evidence (3 H singlet) at 7.9% 1 and a(6 H
ginglet at 8,9 t) inconsistent with structure (9) but com-
patible with the isomeric structure (10), Four years later,
Haynes and Timmons12 investigating the homologous diethyl-
amino Mannich hase presented evidence in favour of a mixture
of isomeric h»ases [ (13), 75% and (14) 25% ]. Although
Mannich bases are not particularly heat stable, these workers
separated the isomers by distillation (with confirmation by
GLC.) and assigned structure by infra-red spectroscopy
(e CH3/€N4CH2). The impressive chemical evidence of
Mousseryn coiild only we compatible with the spectral evidence
of Brown, if either a rearrangement were occurring during the
classical Michael condensation, or if such chemical evidence
related to the minor component of an isomeric mixture undetect-
able by NMR. spcctroscopy. However, the occurrence of a
mixture has been proved in only one case12 and the question of
an intervening rearrangement has never been settled.

With respect to cyclic unsymmetrical ketones (e.g.

2=-methylcyclohexanone and 2-methylcyclOpentanone), the
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situation is equally confusing with chemical evidence in
favowr of one isomeric Mannich base and spectral evidence

in favour of the other. Robinson14

and his co-workers
isolated 3-keto-5-methyl-af'10-octalin (15) from the alkyl-
ation of ethylacetoacetate with the methiodide of the Mannich
base of 2-methylcyclohexanone and thus proposed the structure
of the base to be 2-dimethylaminomethyl-6-methylcyclohexan-
one (16) with further proof offéred independently by Frank’>
who, in his octahydro coumarin synthesis, successfully alkyl-
ated ethyl malonate with the Mannich base methiodide, This
combined proof, together with the successful conversion of
the Mannich Wase into 2,6-dimethylphenol by Robinson®”, was
recognised as sufficient evidence to assign structure (16),
until in 1964 Housel6 re-investigated this base using NMR,
spectroscopy. The NMR, spectrum showed a singlet methyl
signal at 8,9 7 and a doublet methyl signal at 8,95 v and

by measuring the areas under C-methyl peaks he proposed the
Mannich base of 2-methylcyclohexanone to be a mixture of
2-dimethylaminomethyl-6-methylcyclohexanone (16) [30%] and
2-dimethylaminomethyl-2-methylcyclohexanone (17) [70%] which

could explain the findings of Robinson as being related to the

minor component of an isomeric mixture, However the subject
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is still open to doubt because House failed to separate the
isomeric bases and hence the extraneous methyl doublet at
8,95 T, which was interpreted as being evidence for structure
(16), could be due to traces of 2-methylcyclohexanone formed
by decomposition of the Mannich base. Although the mixture
hypothesis explains the chemical evidence of Robinson and
Frank, it is possible that a rearrangement could intervene
during the alkylation reactions or during the purification
of the base.

This ambiguity arising from conflicting chemical and
spectral evidence is not restricted to isopropylmethyl ketone
and Z2-methylcyclohexanone, The Mannich base of 2-methyl-
cyclopentanone was shown by Robinson14 to be 2-methyl-5-
dimethylaminomethyleyclopentanone (18) on the basis of
chemical evidence, whereas Housel6 proposes a mixture of
isomeric bases (18) and (19) from NMR, studies, The iodoform
reaction has been used with conviction to assign the structure
of the Mannich bases of isobutylmethyl ketonelO and 3-methyl-
pen‘t:anone-Zl7 as (20) and (21) respectively. Structures
have been assigned to the Mannich bases of isobutylmethyl
ketonel® and ethylmethyl ketone'® Wy hydrogenolysis to and

comparison with the known alcohols (22) and (23) respectively.

A
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However, in view of the doubtful status of chemical evidence
as cited above, these assignments require verification
spectroscopically,.

The most useful property of B-amino ketones, and in
particular their hydrochlorides, is their ability to decom-
pose on heating, on steam distillation or on treatment with
alkali, to form the corresponding vinyl ketone, The use of
such vinyl ketones is limited by the disadvantage of ready
Polymerisation in the presence of catalysts, To offset
this disadvantage, Robinson14 found that the methiodides of
f-amino ketones liberated the corresponding «,Bf unsaturated
ketones in minimal concentrations when treated with sodium
ethoxide in the presence of a nucleophilic substrate thus
allowing a clagsical Michael condensation to occur in
acceptable yields, Although much of the credit for this
reaction goes to Robinson, it was Abawllan™® in 1935 who
first reported that B-dimethylaminopropiophenone (24) took
part in a classical Michael condensation with ethylaceto-
acetate in the presence of sodium ethoxide to give 3-carbeth-
oxy-6-phenylhexanedione-2,6 (25) which further reacted to

. 19
give 3-phenylcyclohex-2-enone (26). More recently, Wilds™~,

20

Downes®™, and Novello21 have employed the Mannich base
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hydrochlorides and quaternary salts to overcome the
experimental difficulty of instability of the free bases.
Gi11%? extended this reaction in 1952 when he discovered
that a ketonic Mannich base (e,g. 24) heated in excess of
a substrate incorporating a keto methylene system (e,g. 27)
underwent B-acylethylation by a thermal Michael reaction
with formation of a 1,5-diketone (e,g. 28) in acceptable
yield.

Because of our extensive use of Mannich baseé in
the thermal Michael reaction (Part I), we felt a need to
clarify the structure situation still further and one of

the objectives of this work is to re-examine the structures

of Mannich bases of unsymmetrical ketones.
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DISCUSSION
CHAPTER (a)

Recent n.m.r, evidence presented by House16 has
indicated that a mixture of isomeric bases arises from the
Mannich reaction of 2-methylcyclohexzanone. Infra-red
studies by Haynes12 on the diethylamino Mannich base of iso-
propyl methyl ketone has provided positive proof for the
existence of a mixture of isomers., Such combined evidence
raises the question ~— is an isomeric mixture always formed
in a Mannich reaction involving an unsymmetrical ketone, and
if so why ? To answer this question, and to substantiate
the findings of House and Haynes, attempts have been made to
separate and examine, by n.m,r., the isomeric bases arising
from a Mannich reaction.

A chromatographic technique was developed to effect
this separation, thus offsetting the disadvantage of thermal
instability of Mannich bases implicit in a separation by
distillation or preparative g.l.c. The mixture of bases
derived from isopropyl methyl ketone, paraformeldehyde and
diethylamine hydrochloride separated into a non-polar
component (75%) and a more polar component (25%); both show-

. CCl1
ing amino-ketone functionalities in the infra-red (VC=O4

171% cm. ™t and vﬁf%ﬁz 2800-2900 cm.”t, 3 bands).
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The picrates were examined by n.m.r, indicating {the non-polar
component to be 3-dimethylaminomethyl-3-rethylbitenone-2 (1 )
(6H singlet at 8,6 tT) and the polar componcnt to bz 5-dimethyl-
amino-2-methylpentanone-3 ( 2 ) (6H doublet at 8.85 1 and 2H
triplet at 6.7 1). Application of this sepuzraiion tecknique
to the mixture arising from the Mannich reaction ¢f 2-methyl-
cyclohexanone, failed to effect a complete separation because
of “he similarities in R, values (t,1.c.) of the :someric
bases. Hawever, a separation into one pure isorer was
achieved by sacrificial recrystallisation of a quzternary salt.
The crude ( 1 recrystallisation ) methiodide showcd 2-dimethyl-
aminomethyl-2-methylcyclohexanone methiodide (5 ) (3H singlet
at 8,5 1) together with the isomer 2-dimethy’amrinomethyl-6-
methyleyclohexanone methiodide (7 ) (3H doublet at 8,9 7)
(~~20%), whereas repeated recrystallisation gave (5 ) as a
homogeneous methiodide (3H singlet at 8,5 T). Similar success
was achieved with the picrate; the crude picrate ( 1 recryst-
allisation) showed both isomers (3H singlet at £,7 T and 3H
doublet at 9.1 1) whereas repeated recrystallisation gave &
homogeneous picrate (3H singlet at 8,7 7).

This unambiguous proof of the existence of isomeric

Mannich bases arising from isopropl methyl ketoie and from
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2-methylcyclohexanone suggests that most Mannich bases, from
unsymmetrical ketones, are mixtures, the major component of
which can be obtained pure via a crystalline salt, The
chemical proof offered by B’Iou.sseroril'O and Robinsoril'4 in
favour of structures (2 ) and (6 ) respectively, must there-
fore relate to the minor component of an isomeric mixture or
involve a molecular rearrangement. This question will be
discussed later (Chapter b), The existence of a mixture

of isomeric Mannich bases, arising from the Mannich reaction
of unsymmetrical ketones, can be interpreted in terms of
Cummings‘9 mechanistic scheme for this reaction, which
involves the combination of an imminium salt with the enol form
of the ketone. A study of acid catalysed enolisation by

23
Caxdwell produced a general rule for predicting the

predominant direction of enolisation, ' In the acid catalysed

enolisation of an unsymmetrical ketone (acyclic or monocyclic),
the proton will be lost most readily from the carbon whose

adjacent carbon atom carries the largest number of hydrogen

atoms'', From other investigations, isopropyl methyl ketone,
and 2-methylcyclohexanone “are known to enolise predominantly

at the more heavily substituted carbon atom and this is in

agreement with the orientation found in the Mannich reaction,
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The existence of both enol forms, in acid, explains the
formation of an isomeric mixture in the Mannich reaction. By
application of Cardwell's 'Rule', it should be possible to
predict the predominant isomer produced in the Mannich
reaction of an unsymmetrical ketone. However, since the
chemical evidence presented in favour of (2 ) and (6 ) is now
known to be misleading, we have re-investigated the structures
of a number of Mannich bases using n,m,r., and Table I shows

a comparison of the predominant Mannich base formed with the

experimentally determined predominant direction of enolisation,

Thus the Mannich bases prepared from methyl ethyl ketone,
methyl n-propyl ketone, phenyl acetone, and methyl iso-anyl
ketone are as predicted by theory and have been correctly
formulated by Mousseron as (10) - (13). Both the bases
and their picrates show 3H singlets in the range 7,72 - 7.9 7
together with other expected signals. The Mannich bases
derived from iso-butyl methyl ketone and laevulinic acid (14)
are (15) and (16) respectively; neither showing a 3H :singlet,
and the 7.7 to 7.9 7 region being blank in each case. These
struectures are as expected from enolisation studiesz,6 if not
from Cardwell's rule, and are in agreement with the literature

formulations.lo'27 3-Methylpentanone-2 (17) gave the



Mannich Basc Free Base Picrate A /t
() (T)
ook X A X o oKX’
o [NCHS),
H3C COCH, 7.0 | 760 | 7705 660 | 075 ] 1:00
3 -
2
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CH(CH3)2 80 | 75 7-00
3
q
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N
3
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o~ CHTOCHCRNCH),
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G N(CH),
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HC 2
3
CH_N(CH
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CH_CHCOCH 7-83 7.45 1 7.09| 6.80| 074 | 0.65
3 3
CI~12(NCI-L3)2 . .
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372 3
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Mannich base 3-dimethylaminomethyl-3-methylpentanone-2 (18)

(3H singlet a% 7,8 v and 2H singlet at 7.35 t) as would be
predicted from enolisation studies® thus the existing
structure (19) by Reiche,rtl7 is erroneous, Cyclopropyl
methyl ketone gave the Mannich base (20) (blank region at 7.7
to 7.9 t; 2H triplet at 7.3 1), No enolisation data is
available for this ketone and, as it does not conform to enol-
isation theory, it can be regarded as a special case because
of steric factors. The most distinguishing feature in the
n,m,r, of the Mannich base, for assigning a structure, is the
presence or absence of a Cﬂ300 signal at 7.7 t0o 7.9 1, but in
many cases such a signal was found to be enveloped by a
stronger N-~C_}_I_3 signal at 7,8 to 7.85 7. A comparative n,.m,r.
study of a series of bases and their salts, in the same medium
demonstrated a known28 but little studied phenomenon,

Table II shows that the formation of the picrate causes a down-
field shift of 0,66 - C.87 ppm. for the aCH3 proton signal and
0,55 - 1.1 ppm. for the aCH2 proton signal. Protons more
remote from the nitrogen suffered smaller shifts (8t 0.1 - 0,3

ppm, ), the effect becoming less marked with distance from the

quarternised centre. A similar study of other salts (hydro-
chloride and methiodide) could not be used comparatively, with
the free bases, because of their insolubility in a common

organic solvent.
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CHAPTER (b)

B,B-Disubstituted Mannich bases, unable to suffer
amine elimination, have been observed in several instances to

enter into alkylation reactions by substitution29’30

(quater-
nary salt) or by transaminOme‘(‘.h;yla‘(‘.ionﬂ-34 (free base),
-Snyder and Brewsterjo found that the B-amino ketone a,a-di-
methyl-f-dimethylaminopropiophenone (21) failed to react with
diethyl malonate in the presence of solid sodium hydroxide in
boiling xylene but under acid conditions, they observed a
reverse Mannich reaction with regeneration of a,u~dimethyl-
acetophenone and proposed mechanism (4), In hot aqueous
sodium hydroxide they found the corresponding quaternary salt
gave benzoic acid by mechanism (B). The same workers also
found that the quaternary salt of the B,B-disubstituted
Mannich base N-methylgramine (22) entered into a substitution
reaction with aqueous potassium cyanide giving the products (23
and (24); both arising from the intermediate carbonium ion (25) .
Hellman's synthesis of glutamic acid (26) involved a successful
alkylation of diethyl malonate with the Mannich base piper-
idinomethylformamido malonic ester (27) in boiling Xylcene
catalysed by solid sodium hydroxide. Hellman introduced the

term 'transaminomethylation' for the rearrangement of this
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Mennich base (27) with formation of diethylpiperidino methyl
malonate (28) and diethylformamido malonate (29).  Proof for
such a rearrangement was provided by his synthesis of trypto-
phan32 (30), where tre Marnich base (27) reacted with indole
with the initial fornation of P-piperidino methyl indole (31)
and diethylformamido malonate (29) which then reacted by
amine elimination to give the substituted indole (32).
Hellman found this transaminomethylation reaction to be most
successful with 8,B-disubstituted Mannich bases which, under
alkaline conditions, gave rise to an anion stabilised by
several resonance forms (mechanism C). An attempt to extend
the reaction to include quaternary salts was found fo give no
identifiable products.

The transaminomethylation experiments of Hellman were
restricted to non-ketonic Mannich bases and were always catal-
ysed by solid sodium hydroxide at elerated temperatures. We
chose to examine the possibility of an analogous rearrangement
in ketonic B,B-disubstituted Mannizh bases under milder
conditions, Indeed we had observed that attempted distill-
ation of 3-dimethylaminomethyl-3-methylbutanone-2 (1) gave
a product which showed a new 6H doublet at 8.85 T (~v 10%).

Such a signal could arise from the isomeric base (2), formed
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by a rearrangement, or from isopropyl methyl ketone, the
reverse Mannich reaction product. That a rearrangement was,
in faet, possible was demonstrated by thermal conversion of
4-phenyl-3,3-dimethyl-4-methylaminobutanone-2 (3% ) into
5-phenyl-2-methylpent-4-enone-3 (34) identified by its infra-
red (vooo4 1670 cm, ™) booH £27

AiggH 288 mu, € 24,000) and by comparison of its 2,4-dinitro-

, u.v. (A 289 mp, € 23,000; 1i
phenylhydrazone derivative with an authentic sample, An
attempt to isolate isopropyl vinyl ketone from ( 1), by heat,
was unsuccessful; only polymer was formed. To offset this
disadvantage, the possible scope of the rearrangement was
examined by employing the thermal Michael reaction in which
vinyl ketones, produced from Mannich bases with labile
B-hydrogens, react with active methylene components to give
stable 1,5-diketones, This reaction has been more fully
discussed in section I, 4-Phenyl-3,3-dimethyl-4-methyl-
aminobutanone-2 (33) reacted with cyclopentanone giving 2-
(1'-phenyl-4'-methyl-3'-oxopentyl)cyclopentanone (35) in 30%
yield. The infra-red showed carbonyl absorption at 1735cm._l
(cyelopentanone) and 1712 cm.-l (chain ketone).  This 1,5-
diketone was further characterised as its pyrindine derivative

(36), The picrate was isolated as yellow needles analysing
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for 023H22N207 i,e. 2-isopropyl-~4-phenyl-6,7-dihydro-
5H-pyrindine picrate, The n.m.,r, showed a 6H doublet at
8.85 T (isopropyl methyl protons); a 5H singlet at 2,2 1
(aromatic protons) and a 1H doublet at 2.4 © (aromatic proton
at Cz on pyrindine ring),

Treatment of the Mannich base of isopropyl methyl
ketone with cyclopentanone under reflux gave three products
(g.l.c. on 1% P.£,G.A, at 135°) which were separated by
chromatography on fine silica, The non-polar material (~v 6%)

was identified as cyclopentylidene cyclopentanone (37) by its

l) (hthH

nax. 258 mp, € 28,000, mass

i.r, (vggé4 1690 cm,

spectrum (m/e 150) and by comparison of its 2,4-dinitrophenyl-

y U.V,

36 X
hydrazone derivative with an authentic sample. The major
component was isolated as a colourless 0il analysing for

CllH1802 and ghown to be 2—(4lmethyl-3'—oxopentyl)cyCIOpenth

anone (38) by its n,m,r. (6H doublet at 8.9 t), its infra-red

col
(veso

mass spectrum (m/e 182), The polar component was isolated as

4 1714 cm.”l and 1738 cm.—l) and by the parent ion in the

a white so0lid (~5%) and identified as bis-cyclopentanonyl-
methane (39 ) by comparison with an authentic sample (Rt = 34,5
min, on 10% A.P.L. at 150° and 16.5 min, on 1% P,E.G.A. at
135°), The isolation of cyclopentylidene cyclopentanone (37)
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can be interpreted as a self-condensation produzt of cyclo-
pentanone, catalysed by dimethylamine, and not related to any
rearrangement process. The second minor ccmupo.ient, bis-
cyclopentanonyl methane (39), is an important c msequence of

a rearrangement of the B,B-disubstituted Mannica base (1) with
formation of 2-dimethylaminomethylecyclopentanon:(47) which then
undergoes a thermal Michael condensation with c clopentanone
giving (39). Such a sequence could only arise if an inter-
molecular rearrangement intervened, wherecas the formation of
the major product 2-(4'-methyl-3'-oxopentyl)cyc:.opentanone (38)
could be interpreted in terms of either an irter- or an intra-
molecular rearrangement.

To distinguish between intra- and int srm>lecular
mechanisms, cyclopentanone was alkylated with 2-carbethoxy-
2-dimethylamine methyl cyclopentancne (44), The product was
isolated as a colourless oil analysing for 01432004 ( i.e.
bis-cyclopentanonyl methane carbethoxylated at eisher 02 or
05). The infra-red showed bands at 1733 em. ™ (ester) and
1738 cm.—l (cyclepentanone) but the ultra-violet spectrum
showed bands characteristic of an enolisable B-zeto ester
system (xﬁgg{{ 219 mu, € 12,000; with a bathochromic shift in

alkali), Although the u,v. suggests the prod.ict of
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rearrangement to be 5—carbethoxy—2—(2'—oxocyclopentylmethyl)—
cyclopentanone (45), the diketone failed to give a C—benzoatS?
an O—benzoatggor to form a pyrinding? i.e. more characteristic
of the isomer (46). Authentic 2-carbethoxy-2-(2'-oxocyclo-
pentylmethyl )cyclopentanone (46) was prepared by a base cata-
lysed Michael condensatioﬁoof 2-methylene cyclopentanone with
2-carbethoxy cyclopentanone, and compared with the product of
rearrangement, The retention times on three g.l.c, columns
were found to be identical (R, = 5.5 min, on 5% Q,F,I at 2259,
14.25 min. on 10% P,&.G,A, at 175° and 13.12 min. on 10% A.P,L.
at 1750). To explain the anomolous u,v. results the diketone
was treated with alkali under the conditions used in the u,v.
determination — i.e. standing for 3 minutes in cold ethanolic
sodium hydroxide — and the acidic and enolic products isolated,
The acidic material was decarboxylated to bis-cyclopentanolyl
methane (g.l.c. comparison). The enol was shown (i.r,, u.v.
and g.l.c.) to be 2-carbethoxycyclopentanone (Ry = 2,25 min.
en 5% Q.F.1 at 225°; 2.75 min. on 10% P.i.G.A, at 175° and
8,01 min. on 10% A,P,L. at 1750)., Thus the rearrangement
product (46) undergoes rapid hydrolysis and cleavage to an
enolisable B-keto ester. This experiment accounts for the

1
anomolous u.v. data. The formation of 2-carbethoxy-2-(2 -
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oxocyclopentylmethyl )cyclopentanone (46) can be interpreted as
unequivocal evidence for intermolecular rearrangement; had
intramolecular rearrangement occurred, the product would have
been 5-carbethoxy-2-(2'-oxocyclopentylmethyl)cyclopentanone (45).
A possible mechanistic scheme (D) for the rearrangement,
based on the above findings, incorporates the imminium ion (50)
used by Cummings in his mechanismsfor the Mannich reaction and
by Hellman in his transaminomethylation reaction mechanism,
The scope of this rearrangement has been examined by applying
it, under the above conditions, to a series of B,B-disubstituted
Mannich bases and active methylene compounds, The results
are shown in Table III together with alternative routes, where
possible, to the 1,5-diketones obtained by rearrangement.
Having firmly established a rearrangement of f,B-di~
substituted Mannich bases under thermal Michael conditions,
the question arises — can we account for the chemical evidence
presented by Mou.sseronlo and by Robinsonl,4 in support of
structures ( 2) and ( 6), by postulating a rearrangement ? Or
are their products derived solely from trace amounts of (2)
and ( 6) present in the crude Mannich bases ? This poses the
question — do quaternary methiodides of B,B—disubstituted

Mannich bases rearrange under alkaline conditions ? To examine
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this last possibility, the crude Mannich base methiodide from
isopropyl methyl ketone [i.e. (1) + (2)], was treated with
the sodium salt of Z2-methylcyclohexanone, in ether, under
reflux'> This reaction gave the diketone 2-methyl-2-(4'-
methyl-3'-oxopentyl)cyclohexanone (3 ) in 10% yield. The
n.,m,r, showed 6 methyl protons as a doublet at 8.94 T and 3
methyl protons as a singlet at 8,96 7, The reaction was
repeated using the homogeneous methiodide of (1) (i,e, no

6H doublet at 8,7 v) and in this instance no diketone
correspondiﬁg to (3 ) could be detected by g.l.c, This
resistance to alkylate, together with the findings of
Hellman on quaternary salts, is sufficient to establish that
a rearrangement by transamino methylation does not intervene
during the reaction of a quaternary salt under Robinson-
Michael conditions and hence, the findings of Robinson and
Mousseron retain their validity as far as the minor component

is concerned.
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EXPERIMENTAL
Part II

3-Methyl-3-dimethylaminomethylbutanone~-2(1 )

This compound was prepared from isopropylmethyl ketone,

paraformaldehyde gnd dimethylamine hydrochloride according te
%he method of Mousseroni® and isolated in 60% yield as a colour-
less oil, The methiodide was recrystallised from ethanol as
white plates m.p, 184-5°, The picrate was recrystallised

from ethanol as yellow plates m.p, 145-7°, |

- SNt S
C —C—CH,
HBC/l c d '
: Hz-——N(C H3)2
1,

Free base Picrate Methiodide(in D,0)
Ha 8,9 1 (6H, s,) “Ha 8,6 < (6H, s.) Ha 8.6 = §6H, g,
Hb 7,81 © (3H, s. Hb 7.78 © (3H, s. Hb 7.54 © (3H, s,
He 7.6 =t (2H, s. He 6.6 T (2H, s. He 6,1 =t (2H, sa.
H4a 7.80 t (6H, s, Hd 7.05 © (6H, s. Hd 6.78 v (9H, s,
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Separation of S5-dimethylamino-2-methylpentanone-3 (2 ) and

3~dimethylaminomethyl-3-methylbutanone-2 (1 ).

The isomeric mixture of bases (1) and (2) (180 mgs.)
was separated by adsorption on to a preparative chromato-
graphic plate and developed in 14% diethylamine-benzene, into
a non-polar component (1) (130 mgs,) and a polar component (2)
(30 mgs.). Both isomers showed N-CH, bands in the infra-red

1 2na 2850 cm.™L. The picrate of the non-polar

at 2800 cm,”
component was recrystallised from ethanol as yellow plates
m.p. 145-7° and the N.M.R, showed a 6H singlet at 8,6 t., The
picrate of the polar component was recrystallised from ethanol
as yellow needles m,p. 143-5° and the N,M.R. showed a 6H

doublet at 8,85 T and a 2H triplet at 6.7 7.

2-Methyl-2(4 -methyl-3'-oxopentyl)cyclohexanone ( 3),
(a) 2-Methylcyclohexanone (22,4 gm,, 0,2 m) in dry ether

(25 ml,) was added portionwise with stirring to a suspension
of sodamide (7,8 gm., 0,2 m.) in dry ether (25 ml.). A
suspension of unpurified 3-dimethylaminomethyl-3-methylbutan-
one-2-methiodide (57 gm., 0.2m.) in pyridine (30 ml.) was
added at room temperature to this preformed sodium salt and

the mixture stirred at room €mperature for 12 hours and
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refluxed for 1 hour. The cooled residue was flooded with
water and acidified and the organic phase separated. The
aqueous layer was extracted with ether and the combined
ethereal extracts were washed with dilute hydrochloric acid,
brine, dried (Mg.2804) and evaporated to a yellow oil which
yielded the required diketone (3 ) as a colourless oil

(3.2 gm., 8%) on distillation b.p. 100-4°/0,6 mm, (R, =
04 1712 em.™t,  The

N.M.R, showed 6 methyl protons as a doublet at 8,94 T and

45,3 min, on 10% P.E.G,A, at 125°) v

%3 methyl protons as a singlet at 8.96 T.

The bis- 2,4-dinitrophenylhydrazone wes recrystallised
from chloroform-ethanol as an orange powder m.Dp. 198-200°
0.12,41
(1it. 200-17).

The bis-semicarbazone was recrystallised from methanol

as white plates m.p. 210-2° (Pound: G, 55,25; H, 8,53.
CysHogNg0, requires: C, 55.53; H, 8.70%).

() The experiment was repeated using recrystallised
methiodide (28 gm.), 2-methylcyclohexanone (11,2 gm.) and
sodamide (3.8 gm.). The resultant gum showed no identifiable
products on G,L,C, examination (10% P.5.G.A, at 1250).
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2-Methyl-2(B8-dimethylaminomethyl )cyclohexanone (4 ) and

6-methyl-2(B-dimethylaminomethyl)cyclohexanone ( 6).
This isomeric mixture was prepared from 2-methyl-~

16
cyclohexanone according to the method of House and isolated

in 50% yield as a colourless oil. vggéﬁ 2800 cm, ™t and
2
2850 om,™L.

The methiodide was recrystallised from ethanol as
white needles m.p, 198-200°.
The picrate was recrystallised from ethanol as yellow

needles m.p, 124-5°,

b He
) CH i
2 N(CH) “H
CH)
CH 32
3
4 6.
Free base Methiodide (D,0) Picrate
Ha 8,9 71 (singlet) Ha 8,5 <t (3H, s.) Ha 8,6 7 (3H, s.)
Ha! 8,95 © (doublet - -
Hb 7.5 = (2H, s, Hb 6,15 7 (2H, s.) Hb 6,7 v (2H, s.)
He 7.8 =1 (6H, s. He 6.75 © (9H, s.) He 7.00 t© (6H, s.)
Measurement of areas under Ha (singlet) and Ha' (doublet) gave

ratio of (4 ) and (6 ) as 4:1.
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2-Methyl-2(B-dimethylaminomethyl)ecyclopentanone ( 8 ) and

e

5-methyl-2(B-dimethylaminomethyl)cyvelopentanone ( 9 ).

This isomeric mixture was prepared from 2-methyl-

cyclopentanone according to the method of Housel6

CCL

as a colourless oil in 60% yield. vi 54 1735 cm. —;

2800 and 2850 cm.” T,

1

and isolated

VCCl
N-CH,

The methiodide was recrystallised from ethanol-

retroleum ether as white needles m.p. 216-8°,

The picrate was recrystallised from ethanol as yellow

necdles m,p, 152—4°

015H20N4O8 requires:

O
11

8.

IF'ree base

Ha 9.08 =
Ea'8.9 =
Hb 7.62 1
HEe 7,81 =

A measurement of the areas under the

Esinglet
doublet
(2H, s.
(6H, s.

CH

ERE

a
CH

3
)

™~

¢, 46,88; H, 5.25; N, 14,58%).

c
‘ N(C H3)2

Methiodide (Dggl

a/

Ha 8,70

Hb 6,3%2
He 6.70

T
T
T

(3H,

(2H,
(9H,

4

b

9.

(Found: C, 47.08; H, 5.24; N, 14,60.

o)
HC ' CH c
3 \g e
32

Picrate
S.) Ha 8.89 t (3H, s.)
s.) Hb 6.63 t© (2H, s.)
s.) He 7,15 7 -(6H, s.)

C~-methyl peaks

Ha (singlet)

ard Ha' (doublet) gawve the ratio of (8 ) to (9) as 9:1.
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1-Dimethylamino-5-methylhexanone-3 (15),

This compound was prepared from isobutylmethyl ketone
according to the method of Mousseror]iO and isolated as a
colourless oil in 55% yield,

The picrate was recrystallised from ethanol as yellow

plates m.p, 127-9°.

a

HC\ d 8 c e f

3 > C—CH~C~CH-CH-N(CH.)

5.8

15
Free bage Picrate

Ha 9.15 1 (6H,doublet 6 cps.) Ha 9.1 = E6H, doublet 6 cps.)
Hb 7,98 © (1H, multiplet) Hb 7.90 © (1H, mult}plet)
He 7.5 = gZH, multiplet) He 7,5 7 (2H, multiplet)
Hd 7.5 <t (2H, multiplet) Hd 7.6 < (2H, doublet
He 7,75 v (2H, multiplet) He 6,8 +t (2H, multiplet)
Hf 7,88 © (6H, singlet ) Hf 7.01 © (6H, singlet

3-Dimethylaminomethyl-5-methylhexanone-2 (13)

This compound was prepared from isoamylmethyl ketone
42 . . .
according to the method of Mannich and isolated in 60% yield
as a colourless oil, The picrate was recrystallised from

ethanol as yellow needles m.p, 127-9°.
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13
Free base Picrate
Ha 9,1 <t (6H, doublet ) Ha 9.1 =t (6H, doublet )
Hb 8.1 = €6H, multiplet) Hb 8,1 =t (&H, multipletg
Ho 8.65 1 (2H, multiplet) He 8.6 1 (2H, multiplet
"Hd 7.9 < (3H, singlet ) Hd 7.8 =t (3H, singlet ;
He 7.45 © (2H, multiplet) He 6,8 7 (2H, multiplet
Hf 7.82 1t (6H, singlet ) Hf 7.08 © (6H, singlet )

3-Dimethylaminomethylbutanone-2 (10 )

This compound was prepared from ethylmethyl ketone
42
according to the method of Cardwell and isolated as a
colourless oil in 55% yield. The picrate was recrystallised

- from ethanol as yellow needles m,p. 145-7o

O
b il a
CH— —C —CH
S CH 5

c d
CH —N
5 (CHB)2

10,
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Free base Picrate

Ha 7.89 t (3H,singlet ) Ha 7.74 7 (3H, singlet )
Hb 8,95 1 (3H,doublet ) Hb 8,72 7 (3H, doublet )
He 7.45 7 (2H,multiplet) He 6,8 = EZH, multiple’cg
Hd 7.8% 1 (6H,singlet ) Hd 7.09 T (6H, singlet

3-Dimethylaminomethylpentanone-2 (11),

This compound was prepared from n-propylmethyl ketone
2
according to the method of Mannich4 and isolated as a pale
yellow oil in 70% yield. The picrate was recrystallised

from ethanol as yellow plates m.p. 123-5°,

O

e b oo @
CH3—C H2—C H-C—C H,3
C d
C H2-N(C H3)2
11,
Free base Picrate.
Ha 7.8 v (3%H, singlet ) Ha 7.72 © (3H, singlet g
Hb 8,5 =t (2H, multipletg Hb 8.3 v (2H, multiplet
He 7.35 1t (2H, multiplet He 6,8 = €2H, multiplet)
Hd 7,75 © (6H, 4.,1 cps.) Hd 7,05 © (6H, 4.,1 cps.
He 9,1 = (3H, triplet ) He 9.1 < (3H, triplet
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3=-Dimethylaminomethyl-3-methylpentanone-2 (18)

This compound was prepared from 3-methylpentanone-2
17
by the method of Reichart and isolated as a colourless oil

in 60% yield.

d
£ o
c b I a
CHB—CH2—'C'—C —C H3
| e f
CHQ_N(CHB)Z
18.
Free base
Ha 7.81 © (3H, singlet )
Hb 8,6 = §2H, quartet g
He 9.15 7 (3H, multiplet
Hd 8.85 Tt (3H, singlet )
He 7.35 t (2H, singlet g
Hf 7.75 v (6H, singlet

6~Dimethxlamino-4-oxo-n-caproic acid hydrochloride (16 )

Levulinic acid (11.6 gm., 0.1 m,) and dimethylamine
hydrochloride (8 gm., 0,1 m.) were heated together at 110°
wntil a homogeneous solution was obtained. Paraformaldehyde
(3 gm,) was added and the mixture heated at 110° for 1 hour
under a reduced pressure of 14 mm, The cooled residue was
poured into ethanol (10 ml.) and acetone (40 ml,) added

gradually to precipitate the lMannich base hydrochloride
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(12 gm., 60%) as white needles m.,p. 112-2C (ethanol)
b Q

HOC ca CH cc d C
—— — _C — _C —
s . L FE H2 NK}BE

16,

Hydrochloride (in D20)

U

Ha 7,05 v (2H, multiplet)
Hb 7.5 71 (2H, multiplet
He 6,65 1 (2H, triplet §
Hd 6,45 % (2H, triplet

He 6,95 t (6H, singlet )

2=Dimethylaminoethylcyclopropyl ketone (20)

This compound was prepared from cyclopropylmethyl

45 and isolated as a

1 and 2850 om ™,

ketone according to the method of Smith

colourless oil in 90% yield. vg ok 2800 cm.”
~CH,

The picrate was recrystallised from ethanol as yellow needles

m.p. 120-2°, 3
H H
o)
H ; ﬂ ch r«ca)
a c-c 2 H2 32
Hp
20.
Free base _ Picrate
Ha 9.0 71 (4H, multiplet) Ha 8,95 v (4H, multiplet)
Hb 8,0 1 (1H, multiplet) Hb 8,0 = §1H, multiplet )
He 7.5 <t (2H, multiplet) He 6,8 1 (2H, multiplet)
Hd 7.3 =t (2H, triplet Hd 6.65 © (2H, triplet )
He 7.75 © (6H, singlet He 7.04 © (6H, singlet
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4-Dimethylamino-3-phenylbutanone-2 (12)

This compound was prepared from phenylacetone using

the method of Wilson.46 and isolated as a colourless oil in

55% yield. The picrate was recrystallised from ethanol

as yellow needles m.p. 155-6°,

d d
H H
d I a
H CH—C —CH
l 3
AN N
CH —
H H CH, N(CHB)2
12,
Free base Picrate
Ha 8,0 <t (3H, singlet) Ha 7.91 © (3H, singlet)
Hb 7.7 t (2H, doublet) Hb 6,6 =+ (2H, doublet)
He 7.84 © (6H, singlet) He 7.04 1 §6H, singlet)
Hd 2.88 © (5H, singlet) Hd 2.6 <t (5H, singlet)

2=(4'-Methyl-3'-oxopentyl)cyclopentanone (38)

3-Dimethylaminomethyl-3-methylbutanone-2 (1) (5,5 gm.,

0.04 m.) was treated with cyclopentanone (10 gm,, 0,12 m.)

under reflux with stirring for 4 hours. The cooled residue
was acidified with glacial acetic acid, extracted with ether
and the ethereal solution brine washed, dried and‘evaporated

to afford a yellow oil (3,5 gm,) (after removal of excess
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cyclopentanone), T.l.c. and g.l.c. analysis showed one major
and two minor components [Rt = 8 min., 16,5 min (major) and
51,2 min, on 1% P.E.GyA, at 135°].

. The mixture (3 gm,) was adsorbed on to fine silica
and elution with ethylacetate-petroleum ether gave cyclo~-
pentylidenecyclopentanone (37) as a colourless oil (100 mgs.).

80%4 1690 cm, -1 (a,B-unsaturated carbonyl); ﬁ;gH 258 mp
€ 28,000 (predicted KEtOH 258 my). Mass spectrum showed a
parent ion of m/e 150, R, = 8.1 min. on 1% P.E,G.A, at 135°,
The 2,4-dinitrophenylhydrazone was recrystallised from ethanol
as red needles m,p. 227-9° (mixed m.,p. 228-9°3 ).
Further elution gave 2-(4'-methyl-3-oxopentyl)cyclo-

CCl4 1714 cm, -4

pentanone (38) as a colourless oil (2,2 gm,) Vv
(chain ketone) and 1738 cm, (cyclopentanone). Mass
spectrum showed a parent ion of m/e 182:R, = 7.2 min, on 10%
P,E,G.A. at 125°, 16.5 min. on 1% P.E,G,A. at 135° and 11,6
min, on 5% Q.F,I. at 150°, (Found: C, 72.36; H, 9.92.
C,,H, g0, requires: C, 72,42; H, 9,95%), N.M.R, showed 8,9 7
(6H, doublet 6 eps.) and 7.4 T (2H, triplet). The second
minor component, bis- cyclopentanonylmethane (39), was

isolated as a white solid (50 mgs.) on further elution with

ethylacetate-petrol. The diketone (39) was recrystallised
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from petrol as white needles m.p., 71-2° (mixed m,p. 70-72037).
R, = 34.5 min, on 10% A.P.L., at 150° and 16,5 min. on 1%

P,E.G.A, at 135°.  v3O%4 1740 om. ™ (eyclopentanone),

5-Methyl-2(2'-oxocyclopentylmethyl)eyclopentanone (40)

2-Methyl-2~dimethylaminomethylcyclopentanone ( 8)
(9.9 gm., 0.07 m,) was dissolved in cyclopentanone (17.64 gm,,
0.21 m,) and the mixture refluxed with stirring for 3 hours,
Standard work up procedure gave the required diketone (40) as
a colourless oil (2.5 gm,, 40%) on distillation b.p. 105-8°/
0.5 mm. R, =12.05 min, on 10% A,P.L, at 135°, (Found:
C, 73.98; H, 8.98. C,,H,50, requires: C, 74.19; H, 9.34%).

ccl
Ve=0

lapping doublets J = 6 cps.).

4 1742 cem,”t (cyclopentanone), N,M,R, 8,95 1 (2 over-

2-(3'-Methyl-2'-oxocyclopentylmethyl)cyclohexan-1,3-dione (41 )

Cyclohexane-1,3-dione (11 gm., 0,1 m.,) was dissolved
in 2-methyl-2~-dimethylaminomethylcyclopentanone (4,65 gnm,,
0,04 m.) ( 8) and the mixture refluxed with stirring for
6 hours. Standard work up procedure gave the required
1,5-diketone (41l) as white solid (5 gm., 55%) on distillation,

b.p. 140-5°/0.1 mm, m.p, 115=6° (petrol). (Found :
¢, 70.58; H, 7.70. 013H18O3 requires: C, 70.24; H, 8.10%).
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The mass spectrum showed a parent ion at 208 m/e. vgg%4
1738 cm. ™t (eyclopentanone) and 1710 cm. ™+ (dione).

EtOH
max.

AgggH 291 in alkali.  N.M.R, showed 8,85 v (3H, doublet).

U,V, showed A 263 mp € 22,000 with bathochromic shift to

2=Carbethoxy-2-dimethylaminomethylcyclopentanone (44)

This compound was prepared from 2-carbethoxycyclo-

50

pentanone according to the method of Mannich48 and isolated
as a colourless oil in 50% yield, N.M.,R, showed 6,5 7

(2H, quartet); 7.8 v (6H, singlet) and 8.8 1 (3H, triplet).

2-{B-Indolemethyl )-2-carbethoxycyclopentanone (42)

(a) Prom 2-carbethoxy-2-dimethylaminomethylcyclopentanone (44)

The Mannich base (44) (2,13 gm., 0.01 m,) and indole
(3.51 gm., 0,03 m.) were heated at 130° with stirring for
2 hours. Work up as before gave the required ketone (42)

as a white solid (2 gm. 65%) on distillation b.p. 220-5°/

0.8 mm., m.p, 74-5° (aq. ethanol). vggé4 1720 em,” T (ester)

and 1742 cm. T (cyclopentanone), ULV, : xﬁzg? 283 my

+0H
e 6,000; Aﬁgg% 201 mp € 5,000 and xigg. 225 my € 18,000,

N.M.R. showed 2.91 1 (4H, multiplet); 3 © (1H, multiplet;
5.8 © (2H, quartet); 6.5 7 (2H, singlet) and 8.8 7 (3H, triplet).
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(Found: C, 71.25; H, 6.91; N, 4.90. Cl7H119NO3 requires
¢, 71.56; H, 6,71; N, 4.91%).

(») From 8-(dimethylaminomethyl)indold'? (43)

The Mannich base (3.4 gm., 0,02 m,) was dissolved
in carbethoxycyclopentanone (9.3%6 gm., 0.06 m,) and the
mixture refluxed with stirring for 2 hours., Work up as
before gave the required ketone (42) as a white solid (4gm.,
70%) b.p. 220-5°/0.8 mn. m.p. 74-5° (mixed m.p. 74-5°).

voot4 1720 and 1742 cm. 7L,

2-Carbethoxy-2-(2'-oxocyclopentylmethyl)cyclopentanone (46)

(a) From 2-carbethoxy-2-dimethylaminomethylcyclopentanone §44)

The Mannich base (44) (2,13 gm., 0.01lm,) was

dissolved in cyclopentanone (2,52 gm., 0.03 m.) and the

mixture refluxed with stirring for 2 hours. Work up as
before gave the desired diketone (46) as a colourless oil

(1.5 gm., 48%) b.p. 115-9°/0.1 mm. R, = 5.5 min, on 5%

Q.F.1 at 225°; 14.25 min. on 10% P,E.G,4. at 175° and 13,12 min,
on 10% A.P,L, at 175°.  (Found: C, 66.28; H, 7.68. Cp,H,30,
requires: C, 66.65; H, 7.99%). vggé4 1733 cm,”t (ester) and
1740 em,™t (cyclopentanone). N,M,R, showed 5.8 7 (2H, quartet);
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8,75 1 (3H, triplet). The U.V. showed characteristic
B-keto ester bands at xﬁtgﬂ 219 my € 12,000 with a batho-

chromic shift to xﬁng 284 my in alkali.

(b) From 2-dimethylaminomethylcyclopentanone (47)

The Mannich base (47) (3 gm,, 0,021 m,) was dissolved
in carbethoxycyclopentanone (5.3 gm.,0.063 m,) and the mixture
refluxed for 90 minutes, Standard work up procedure gave the
required diketone (46) as a colourless oil (2.5 gm., 45%)

b.p. 155°/1 mm, R, = 5.5 min. on 5% Q.F.1 at 225° and
14.25 min. on 10% P.E.G.A, at 175°, ADYOH 219 mp, & 9,500

with a bathochromic shift to AﬁggH 284 my in alkali.

(e¢) Prom 21methxlenecxclopentanoneSl (48)

Recrystallised 2-f-~dimethylaminomethylcyclopentanone-
hydrochloride (5 gm.) was heated gradually under reduced
pressure (12 mm,) to 200° and the required ketone (48)
distilled at 60°/12 mm. (2.5 gm., 88%).

The vinyl ketone (48) (2 gm., 0.02 m,) was dissolved
in 2-carbethoxycyclopentanone (9 gm.,, 0.06 m.) and the
mixture basified with triethylamine (1.18 gm,, 0,02 m.) and
refluxed with stirring for 90 minutes, The cooled residue

was treated with glacial acetic acid and extracted into ether,
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The ethereal solution was brine washed, dried and evaporated

to afford the required diketone (46 ) as a colourless oil

(3.2 gm., 60%) on distillation b,p. 150-2°/1 mm. R, = 5.5 min,
on 5% Q.F.1. at 225° and 14,25 min. on 10% P.E.G.A, at 175°,
U.V. s Aﬁ;ﬁ? 219 mp € 11,000 with a bathochromic shift %o

AOH 284 in alkali.

Hydrolysis of 2-carbethoxy-2-(2'-oxocyclopentylmethylcyclo-

pentanone (6 )

(a) In Acid

The diketone (46) (1 gm,) was treated with concentrated
hydrochloric acid (2 ml.) in water (3 ml.) under reflux with
stirring for 24 hours. The cooled residue was extracted with
ether and the combined ethereal extracts washed with 4N sodium
hydroxide, brine, dried and evaparated to a pale yellow oil
(800 mgs.) which gave ¥-hydroxybicyclo[5,3,0]decane carboxylic
acid lactone (49) (Part 1, pp ) as a colourless oil (750 mg,)
on chromatography (silica and elution with 5% ethyl acetate-
petrol) b,p, 157°/12 mm, R, = 16,12 min, on 10% P.E.G.A. at
175° and 14,49 min,on 10% A,P.L, at 175%, vico4 1780 cm.™

{Lactone).
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(b) Alkali

The diketone (46) (100 mgs.) was dissolved in ethanol
(10 ml.), treated with 4N sodium hydroxide (5 drops) and the
mixture shaken under u.v, irradiation for 5 minutes, The
ethanol was evaporated and the residue diluted with water
and ether extracted, The combined ethereal extracts were
disecarded and the aqueous solution acidified, ether extracted,
and the combined ethereal extracts washed with sodium bicarbon-
ate, brine, dried and evaporated to afford a colourless oil
(20 mgs,) identified as 2-carbethoxycyclopentanone by g.l.c.
retention times (2,25 min, on 5% Q.F.I at 225°; 2,75 min.
on 10% P,E,G.A, at 175° and 8,01 min, on 10% A.P.L. at 175°)

EtOH . . EtOH
and by u,v, (hmax. 218 mp € 8,300 with shifts to Kmax.

284 mp in alkali),
The acidic material was isolated from the bicarbonate
washings as a colourless oil (70 mgs.) which wag decarboxyl-

ated, by heating at 200° for 10 minutes, to bis-cyclopentan-

37
onylmethane (39) m.p. 71-3° (mixed m,p, 71~3°" ). Ry = 16.25

min, in 10% P.E.G.A. at 170° and 34,5 min., on 10% A,P.L, at

150°, vggé4 1742 cmit (eyclopentanone).
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Q—Phenxl—B.3—Q;Qethg;—4-methylaminobutanone-252 (33).

An ice-cold mixture of isopropylmethyl ketone (8.6 gm.,

0.1 m.) and benzaldehyde (10,6 gm., 0,1 m.) was treated droﬁ~
wise with stirring with 33% ethanolic methylamine (10 ml,).

The mixture was warmed to room temperature, stirred for 24
hours and then acidified with concentrated hydrochloric acid
and ether extracted. The aqueous solution was basified and
ether extracted and the ethereal solution brine washed, dried
and evaporated to afford the required Mannich base (33) as

an unstable yellow oil (2.5 gm.,, 20%). The i.r, showed

cel 1
YN-C

(3H, singlet), Distillation gave S-phenyl-2-methylpent-4-

ﬁ 2800-2850 cm, — (% bands) and the n.m.,r, showed 7,8 T
2

53
en-3-oné (34) as a colourless oil b.p. 100-5°/0.5 mm,

Vggé4 1670 cm.-l (a,p-unsaturated carbonyl). kgzgﬂ 289 mp
e 23,000 (calc. A2TOH 288 my),

max,

The 2,4-dinitrophenylhydrazone was recrystallised
from ethanol as red needles m.p. 157-9° (mixed m,p. 156-7°)
EtOH EtOH
kmax. 269 mp € 10,000 and hmax. 364 my € 10,700, The
semicarbazone was recrystallised from petrol as white plates

m,p. 164-6° (mixed m,p. 166-7°),
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5-Phenxl-Z-methylpent-4-en—j-on653 (34)
Isopropylmethyl ketone (860 mgs., 0.01 m.) and

benzaldehyde (1,06 gm,, 0.0l m,) were dissolved in ethanol

(3 ml.) and treated with 4N sodium hydroxide (3 drops) and
allowWed tt stand at room temperature for 3 hours. The ethanol
was evaporated and the residue flooded with water and exgracted
with ether., The combined ethereal extracts were brine washed,

dried and evaporated to give the required ketone (34) as a

AETOH
max.,

4 1670 cm,”l. The 2,4-dinitrophenyl-

colourless oil (1.6 gm., 88%) b.p. 147-9°/14 mm, ,

cCl
Ve=0

hydrazone was recrystallised from ethanol as red needles

EtOH
max,

The semicarbazone was recrystallised from petrol as white

288 mp e 23,000,
m,p. 154-6° (A 269 mp € 10,000 and 364 muy € 10,000).

plates m.p, 166-7°,

2-(1'-Phenyl-4'-methyl-3'-oxopentyl)cyclopentanone (35)

Undistilled 4-phenyl-3,3-dimethyl-~4-methylamino-
butanone-2 (33) (4 gm., 0.02 m.) was dissolved in cyclopentan-
one (5,04 gm., 0,06 m.) and the mixture refluxed for 3 hours,
cooled, acidified with glacial acetic acid and extracted with
ether, The ethereal solution was brine washed, dried and

evaporated to give a pale yellow oil from which the required
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diketone ( 35) was isolated as a colourless oil (1,2 gm., 25%)

by distillation b.p. 130-5°/0.1 mm. Vg g4 1735 cm, ™t

(eyclo-
pentanone) and 1712 cm, ™t (chain ketone). The diketone was

further characterised as its pyridine derivative ( 36).

2-Isopropyl-4-phenyl=-6,7-dihydro-5H~pyrindine  (36)

The diketone (35) (500 mgs.) was dissolved in ethanol
(5 ml.) and treated with hydroxylamine hydrochloride (500 mgs,)
under reflux for 10 minutes. The warm solution was poured
on to dilute sodium hydroxide and the alkaline solution
extracted with ether, The combined ethereal extracts were
brine washed, dried and evaporated to afford the required
pyrindine derivative (36 ) as a colourless oil (200 mgs., 50%).
The picrate was recrystallised from ethanol as yellow needles
m.p. 175-6°. (Found: C, 59.65; H, 4.,45; N, 12,31,
023H22N4O7 requires: C, 59.22; H, 4,75; N, 12,01%).

Ar€
H b
A a
N CH
nt 3
o]
o 3
OQN NO2
d
H Hd
NO2

36.
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Ha 8.85 1 (6H, doublet)
Hb 2.4 =t (1H, doublet,10 cps.)
He 2.2 1 (5H, singlet)
Hd 0.8 1t (2H, singlet)

Effect of heat on 3-dimethylaminomethyl-3-methylbutanone~2 (1 )

(a) The Mannich base (1) (1 gm,) was heated to 120° for
1 hour with stirring and the residue treated with ethanolic
picric acid. The n.,m,r, of the uncrystallised picrate

showed 8,6 1 (6H, singlet).

(v) The Mannich base (1 ) (1 gm.,) was dissolved in ethanol
(5 ml.) and the mixture heated under reflux with stirring for
1 hour and the cooled residue treated with ethanolic picric

acid, The n.m,r, of the uncrystallised picrate showed 8.6 7

(singlet) [~ 90%] and 8.85 t (doublet) [~ 10%].

(c) Steam distillation and heating (180°)of the recrystall-
ised Mannich base (1 ) hydrochloride gave no identifiable

products.
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