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SUNIZARY

The following original contributions
were made to the chemistry of limonins

1. The reactions of hexahydrolimoninie
acid with acids were elucidated (see section 6@)

2o The isomerization of tetrahydro-
limonin was examined (see section 2).

3« The reaction of tetrahydrodesoxy-
limonin with acetic anhydride and hydroiodic acid
was explained (see section 7).

4, Tetrahydrodesoxylimonin was degraded,
giving the substitution pattern at Cg and 09 (see
section 5).

5. Limonilic acid was degraded (see
section 11).

6. The structure of citrolin was deter-
mined (see section 12),.

The following original contributions
were made to the chemistry of obacunone and nomilin
(see section 15) :

l. The degree of unsaturation of

@ This , and all subsequent internal references, refer

to subsections of the main discussion section..



obacunoic acid was determined.

2. Some derivatives were prepared by
degradation of lactone D of obacunoic acid, showing
close analogy to limonin,

3. iso-Obacunoic acid was prepared.

4, The positive iodoform test given by
obacunoic acid was verified and interpreted by means
of model experiments.

5. A plausible structure for obacunoic
acid was postulated.

In addition , a number of model investi-
gations was carried out concerned with new methods
of decarboxylation (see sections 16 and 17).

The above results and all chemical reactions
of limonin , are discussed and interpreted in terms
of the structure which was proposed on the basis of
chemical evidence and fully confirmed by X-ray crystal-
lographic analysis. A plausible biogenetic scheme for
limonin, obacunone and nomilin is proposed on the

basis of accepted biogenetic schemes for triterpenes,



TWTRODUCTION

Limonin, CZGHSOOB , the chief bitter
principle of citrus fruit, was first isolated by
Bernayl in 1841 and has since been studied by
American, Australian, Pritish, German, Indian,
Italian, Jzpanese and Swiss workers who have descri-
bed their findings in over thirty publications. In
addition , the chemistry of limonin has been inves-
tigated by three teams working in collaboration and
headed respectively by Prof. D .H.R. Barton (Imperial
College , London), Prof. E.J. Corey (University of
Illinois) and Prof. O. Jeger ( E.T.H. ; Zurich).

The findings of the combined groups resulted in pub-
lication® of the full structure of limonin (I),
which was confirmed by the results of X-ray crystal-

E carried out by Prof. J.ll.

lographic analysis
Robertson, in collaboration with the tean at Imperial
college., The latter work also elucidated the stereo-
chemistry of the molecule, The full experimental |

details of the chemical work - including the contri-

bution of the present author - are awaiting publica-

tione.



(I)

In the present work an attempt has been

made 0 discuss all known chemical reactions of

limonin in terms of structure (I) , rather than to
deduce (I) rigidly on the basis of the chemical evi-
dence alone, It is hoped that the work has gained in
clarity and brevity what it might have lost in
subtlety.

Accordingly, following a brief éummary
of the published work, the main discussion section
is decvoted to the interpretation of the chemistry of
limonin, The order of presentation was chosen to
minimise the number of crossreferences to work yet
not discussed, After the various aspects of the
chemistry of limonin are described in the first

thirteen subsections, the chemical evidence is
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sumnarised in section 137 and the biogenetic im-
plications of the work are discussed in section 1l4.

Work dealing with the chemistry of the
two minor bitter principles of citrus fruit,
obhacunone and nomilin , is discussed in scction 15
which 21so contains a full description of published
work on this topic.

A number of model experiments is described
in the following %wo scetions , and the thesis
closes with the account of the experimental work

carried out by the author,



SUMIARY OF PUBLISHED WORK

The original aiscoverer of linonin,
Bernay, classified the¢ material as an alkaloidl
on the basis of a spurious test for nitrosen,
This error was rectificd by Schmidt4 who also
noted that while limonin was reslstant to oxida-
tion , it was degraded to low molecular weight pro-
ducts once oxidation started.

As carly as 1379 , Paterno and Oglio-

5

loro” interpreted their analytical results in tcrms
of the correct formula 026H3008 y but it did not
gain universal acceptance until much later. Hoffman6
isolated limonin among a number of plant products,
but did not investigate its constitution. He consi-
dered that it was probably a glycosidc. Another pre-
lininary investigotion was described by Peters and
Frierichs7 who carried out unsuccesful attwiapts to
methylate, oxidise and estimate the methoxyl groups

in limonin.

3

A great deal of confusion arose from the

G

fact that limonin isolated by numerous workers from

several sources was often descrivbzd as a separate
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hitter principle due to the poor characterisation

of the material, Thus Fujita and Wada8 isolated

(
"obaculactone" , Chen and Chen3 "evodin'" and

10

Feilst and Schulte "citrolimonin" , all of which

vere eventually proved o be identical with limonin

largely duc to the efforts of Schechter and ﬁallerll

12

wno in another contribution also investigatcd the

toxicity of limonin-containing extracts to insccts,.
The question was further complicated by the isolation
of similar , but genuinely different bitter principles

obacunone and nomilin from citrus frui+t, which have

13,14

since been investigoted by Emerson and Dean and

Geissmanl5.

Limonin was also isolated by Mookerjeel6,

Nolte and Loeseckol7 18

and Higby™ , but these authors
did not make any major contributions to the chemical
investigations.

Serious attempts to discover the structurc
of limonin date fron the work of Koller and Czernyl9’2o.
In spite of working with the wrong molecular fornmula,
023H2807 s these workers made important contributions
to limonin chenistry. 3y hydrogenating over palladium-

carbon they obtained tetrahydrolimonin and hexahydro-



8
limoninic acid to which they assigned wrongz formulae,
although they observed the correct hydrogen uptake.
They also obtained 1:2:5 trimethyl naphthalenc and
igophthalic acid by alkali fusion and benzene penta-
carboxylic acid by oxidation with mangancsc dioxide
and sulphuric acid,

In 1946 , Geissman and Tulagin2l sunula-—
rised all the previous work and prepared the novel
derivatives limonilic acid (by the action of alkaline
mangzanate) and citrolin (by the action of hydroiodic
acid). From the latter reaction they also isolated
a small yield of another inportant derivative, desoxy-—
limonin. They also showed that acetone was forned as
a result of alkali fusioa of limonin and that neither
of the th lactoncs present can be opened by methylation.

The optical, crystallographic and X-ray
properties of limonin were studied by Jones and

Palmer22. The X-ray data suggested that the molecule

o
was rather flat and the comparison of the calculated
and determined densities of limonin and its acetic
acid solvate gave an accurate check of its molecular

weighte

The hydrogenation of limonin was re-



9
23

investigated by Roscnfeld and Hofman®™", who confirmed

20 and 2lso

the earlier results of LKollsr and Czerny
Tound that the acidic product , hexahydrolimoninie
acid, could be decarbvoxylated by heating ot 240°¢
under nitrogen.

12% J1so obtaired totrahydro-

Brochvogst
lixonin by hydrozernstion over palladiun catalysits
and further obtaincd o compound 026H3008 s Which con-
tained one active hydrogen atows but was not acidic,
by hydrogenation over platinw: oxide., The latter was
most likely tetrah;drolimonol. She also producid an
independent proof of the degree of unmsaturation of
limonin by mecasuring the uptake of bromine. Brachvogel

fursher found 1:2:5 tri:cthyl naphthalene aomong the

products of zinc distillation and acetone and ortho-

cresol among the products of alkaline fusion of limonin.
The latter recaction also gave risc to an unidentified
Tlactone" 013H1402.

Chandler =and Kefford25’26’27’28

proved
that linonin had a ketonie function by preparing a
2:4 dinitrophonylhydrazone as well as an oxine , re-
ducing the ketone to an alconol (limonol) with

aluainiwa isopropoxide and assizgning the crrbonyl
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frequencies in the infrared spectrum. They also
isoleted another natural product , a bitter principle
obtainable from linonin by permanganate oxidation ,
and naned i1t limonexic acid.

29

In 13952, Enerson prepared and thoroughly
characterised tetrahydrolimonin, hexahydrolinoninic
acid; tetrahydrolimonin oxinme, limonilic acid, methyl
limonilate oxiue, tetrahiyydrolimonilic acid, a di-acid
with both limonilic und limoninic functions, citrolin
and variuwos derivatives of the zbove acids. He interpre-
ted correctly that hydrogenolysis opened one lactone
ring and liiionilic weid change the other one and in-
vestigated the cheuistry of citrolin by hydrogenation
and alkaline dceccouposition.

Fujita 2nd hiirose produced "dinydro-
limonin" (prokably 1linonol) by reducing livionin with
sodiwn amalgan and "dchydrolimonin" (probably desoxy-—
limonin) by action of iodine in acetic acid. They also
showed that liionin oxiiie could be converted back to
limonin , i.e¢. that it was a sinplc ketonic derivative,
and prepared ctiolinionic acid31 by ozonolysis.

Lvidence for the presence of a P-substi-

tuted , isolated, Iuran nucleus was produccd by
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Fujita and Akatsukajz and Xubota and Kotoro;\ffaur.l-zlj3
and finally confirmed by NilR measurments carried out

by Corey34. This

eave a rational explenation for the
hydrbgenution and hydrogenolysis behaviour of limonin
and explained the nature of limoncxic and etiolimonic
acids,

In 1957 , Jeger and his co—worker335 ’
re-investizated all the reduction and hydrogenation
products of linonin and carried out and interpreted
the complex reaction which linonol und:rgoes with
alkali., They also described an investigation into the
alkaline degradation of limonin which has since
yiclded a nwaber of intcrssting recsults.

However, cven in this work, only the

relation between the furan and the lactone ring D

could be deduced with zny dcegree of certainty.
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DISCUSSION

Note on spectroscopic results

As in the case of most complex molecules,
the infrared spectra of linonin and its derivatives
proved to be far too complicated for the interpre-
tation of the majority of the bands. A further compli-
cation arose from the comparatively large number of
carbonyl groups present which made the interpretation
of the frequencies occuring in the carbonyl stretch
region more difficalt than usual. Some spectra could
not e fully resolved and in others it appeared
possible that some displacement of peak frequencies
occured due apparently to purely "algebraic" ineraction.
Nevertheless, valuaols information was obtained from
the study of carbonyl frequencies because of often
remarkable consistincy in certain series of reactions
(ceg. acid isomerisation of hexahydrolimoninic acid,
hydroiodic acid degradation of limonin, limonilic acid
and its derivatives).

A further linitation on any generalisations
whicii could he derived IZrom the infrared spectra of

limonin and its derivatives iz due to the fact that
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most of the spectra were obtained by using tujol
rmalls. However, in all cases where spectra were
also obtained in solution (lirnonin,desoxylimonin,
-octahydroacetate of liwonin, cisoid diene acid,
methyl limonilyl ketonce) the differences from mull
spectra were neglisibnle. This may be due‘to the
Fact that intermolecular interactions in large and
conplex molecules way vz less important than it is
generally realiscd,.

U.less otherwise stated, all interpre-
tations of infrared spccira are nasced on the work
of Bellamy36 and of ultraviolet spectrs on Gillam

37 38

and 3tern or Ficser and Pieser” .

Wuclear nmonetic resonance spectra
were kindly deteruined by Dr L.li., Jackman and his

collaborators.
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1. THE FURAN AND ILACTONE FUNCTIONS OF LIMONIN

a. Reactions of the furan nucleus

The considerable evidence for the presence
of a p-substituted furan ring in limonin has already

299104 and only a

been reviewed in the literatur
brief summary is presented here. The furan ring is
the only unsaturated structure in limonin; no evidence
of other unsaturation has ever been obtained.

The ultraviolet absorption spectrum of
limonin shows a flat peak at zbout 208mu (e:7,000)
which is characteristic of a furan. Phillips® identi-
fied a number of bands in the Infrared spectrum of
limonin as due to the characteristic vibrations of
the furan group. The peaks at 1505-1502 cm"l(m) and
at 875 cm—l(s) have proved to be of diagnostic value.

>4

Corey interpreted the proton magnetic resonance
spectrum of limonin as showing the presence of a
B-substituted furan nucleus.

Hydrogenation of limonin over rhodium-

carbon4o

glves almost exclusively a neutral tetra-
hydro derivative (tetrahydrolimonin, 026H3408) whose
infrared spectrun shows tne absence of the characte-

ristic furan bands and vhich has no strong absorption
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in the ultraviolet. Formation of tetrahydrolimonin
can thus be interpreted as a straightforward hydro-
genation of the furan ring. | |

When limonln is hydrogenated over
palladium-carbon , it yields some tetrahydrolimonin,

20529 54 an acidic hexahydro

but the main product
derivative ,whose chemistry is discussed in sections
1b and 2c.

Hydrogenation in the presence of platinum

50 may cause the reduction of the ketone (section3)

oxide
to the alcohol, as well as the saturation of the furan
ring, but may also result in the uptake of four moles
of hydrogen to give a neutral , dihydroxylic compound
named hexahydrolimondiolBB. As this compound undergoes
the merolimonol change (see section 8) to give a pro-
duct identical with that obtained from limonol, it is
likely that the second hydroxyl group is genecrated by

a hydrogenclytic cleavage of the tetrahydrofurmm ring -
possibly while the furan is partially hydrogenated

to the unstable dihydro derivative. Hexazhydrolimondiol
was also obtained in the course of the present work

when limonin was hydrogenatcd over a rhodium-carbon

catalyst at about 125 atmospheres,
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The furan ring of limonin undergoes a
number of oxidation reactions. OzonolysisBz’35
yields two products ; aetiolimonic acid (I) and
trisnor acid (II) , both are the expected products

from a R-substituted furan nucleus,

\
@,

() ()
Oxidation of limonin with gaseous oxygen
in presence of ultraviolet light and eosin35, or alter-
natively oxidation with either performic acid or per-

26,28

menganate gives limonexic acid (III),

OH |

P
=3
(<<
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In accordance with the above structure,
the ultraviolet absorption spectrum of limonexic
acid shows a maximum at 209 mp (e:11,800). The
infrared spectrum shows bancs at 3255 cm._1 (hydroxyl)
and 1803 em™t (a-B unsaturated y-lactone) , but none
of the bands assigned to furan. An analogous
oxidation of menthofuran (IV) to the lactone (V)
by hydrogen peroxide in acetic acid, chromic acid,
or oxygen in the presence of ultraviolet light has

been described by Woodward and Eastman4l.

33

Kubota and Tokoroyama carried out the
followiﬁg series of reactions on a pentoal derived
from limonin by lithiuwn aluminium hydride reduction,
thus providing further evidence for the presence of
a furan ring unsubstituted in either of the o posi-
tions in limonin.
Ay

é‘\‘\ (’
/ C

R Ncooft

COOH D ol

T &

Q 3 OH
(OOH
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b. The lactone rings

The fact that limonin contained two
lactone rings was esitablished very early7. These
appear to be ® constituted from infrared data
(bunds near 1755 om—l in limonin itself and vorying
from 1760 to 1740 cm—l in various derivatives
retoining welitered lactore functions).

Hydrogenolysis of limonin (VI) to & hexa-
hydro acid , hgxahydrolimoninio acid 026H3608 (see
section la), suggests that the alcoholic oxygen of
one of the lactone rin:is is situated allylically
with respect to the furan ring. The fact that tetra-
hydrolimonin cannot be further hydrogenolysed confirms
this. As hexahydrolimoninic acid is abnorm:lly strong
(pK:3.2) 2n oxygen fanction has to »e placed o to the
carbonyl group. Further work described in scetions 3,
6 and 8 gave good evidencce tiiat hexahydrolimoninic
acid posseszes the part structure (VIi). An exactly
analogous situztion has been descrivbed in the chemistry

of oolumbin42. Other reactions of the lactone groups

. [ > e

; J
W‘) ( ’/Q,/ic /[/\b\/( CoH k\/ I )
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2. BACTIOES OF THy #POXIDE

o, neduction

Corey4o

obtained desoxylimonin , 026H3007’
by reduction of limonin ’026H3008 » With chrouous
chloride., This result: was comiirmed in the course

of the present work. Desoxylimonin had been previously
obtained®tr?d a5 a byproduct of citrolin (scction 12)
by the cetion of hydroiodic acid on limonin, rModifi-
cation of the latter procedure vy Praahan43, gave
desoxylimonin in good yield.

Desoxylimonin is a neutral dilactone
rctaining the ketone function (oxime39’43) and the
furen ring (bands at 1503 and 375 om—l in thz infra-
red spectrum). The ultraviolet spectrum of desoxylimo-
nin shows a nmaximum at 2135 nu (8:15,800) ¢ ofter sub-
tracting the spectruin of limonin o maxdnum remains
at 218 mp (€:10,500), churccteristic of an a-f unsa-
turated lactone or e¢stc.,. The infrared spectrum of
desoxylimonin gives furtier evidence for the presence
of such grouping; the carbonyl bunds veing situated
at 1746 em~t (% lactone) and ot 1715 en~t (a=p unsa—
turated ® lactone =@wid ketone), the second hand being

nuch stronger than the first. In contrast , the infra-



20
red spectrum of limonin itself shows the major band
near 1755 cm—l (two & lactones) and the minor band
at 1709 cm'l (ketone ),

As a confirmation, the tetrahydro
derivative of desoxylinonin wus prepared43, boti
by the action of hydroiodic acid on tetrahydrolimo-
nin and by hydrogen.tion of desoxylimonin (see also
section 7). As expected, the ultraviolet spectrum
of tetrahydrodesoxylinonin, 026H34O7’ shovs a maxiwmun
at 218,5 my (e:10,600) and the infrared spectrun
shows carbonyl bands at 1752 Cm"l (& lactone) ..nd
at 1720-1707 cm_l (a-8 unsaturated lactone and ketone),
but no bands characterisitic of the furan.

Yetrahydrodesoxylimonin was also prepared
oy Coroy49 by the action of chromous chloride on
tetrahydrolimonin, who also converted it to 2 dihydro
derivative by nydrogenting over o rhodiun caltalyst
and oxidising the dihydro-it.trahydrodesoxylimonol
forred with chromic .cid in pyridine.

The following ovidence ecan he advaanced
to shovw that it is the lactione ring D which is invol-
ved in the reduction of limonin to desoxylimonin, rather

than the lactone ring A:
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(1) The low pK value of hexahydrolironi-
nic acid29 (section 1b) requires the presence of
an a-negative suabstituent in the lactone D . It is
the reduction of suen a group which could e expected
to give rise to an a-rRunsaturated lactone function ,
in particular if the a-oxysen was a part of an epoxide
ring (see below).
(ii)Emerson29 nas shown that a dicarboxyl-
ic acld could be formed eitner by hydrozenolysis of
limonilic acid (where lactone A is involved, see
section 11) or by ilodine/alkali oxidation of hexahydro-
limoninic acid thus proving that different lactones
were involved in hydrogenolysis and in limonilic acid
formation. As lactone D has the a-oxygen function,it
is unlikely that lactone 4 is involved in the formation
of desoxylimonin.

~

(1ii) A desoxylimonin analogus of limon-

r::AE; ilic acid was prepared by
Fi:/ Pradhan43 and showed the same
\,_//\\W spectroscopic propertics as

Cﬁ//ig\\ l //J desoxylimonin itself. That is
/{\/\/ \ o

it is an a~R unsaturated lactone,

O
>( P Mgyt 2134 mu (£:15,400). This
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also indicated that the carboxyliec group of lactone
a4 , which had been opened by the limonilic acid re-
action , was not involved in the formation of decsoxy-
limonin.

(iv) The fact that desoxylimonin does
not zive any acidic product when hydrogenated over
palladium carbon (sce preparation of tetrahydro-
desoxylinonin) , also indiicates that lzctone D was
altered in some way in the transformation of limonin
to desoxylimonin,

The degreoe of substitution at the double
bond of the a—-pPunsaturated lactone in desoxylimonin
is indicated by the nature of the transformation
products of tetrahydrolimonin with acid (sece section
2b) and the nature of decarboxyhexahydrolimoninic
acid (sce section 2c¢). The position of the maximum
in the ultraviolet spectrun of tetrahydrodesoxylimonin
(page 20) is also consistent with the presence of a
trisuostituted double bhond.

On the vasis of the above evidence ,
structure (I) was assigned to desoxylimonin.

Besides cvidence discussed in sections

2b ana 2c¢, tie following evidence can be advanced



23
to show that the unsaturated lactone in desoxy-
limonin has been derived from a reduction of an
epoxide a~R to the carhonyl group of lactone D in
limonins

(i) The occurence and course of the
merolimonol reaction (sce scetion 8) requires that
an 2poxide of the postulated degree of substitution
be present in the lactone D of limonin.

(ii) Chromous chloride is a spceific
reducing agent for epoxides a—-f to a carbonyl group44,

the following mechanisn being postulated for the reaction:

N G
N, 4// C— G N,
(T0 // C =0
\ /& Y= N /
L SR
\o & om / h
G-'H

(iii) Epoxide¢s are also known to be

reduced by hydroiodic acid®’

. H.Z. 1t was shown that
cholesteryl benzoate R-oxidc (II) may be converted to
the iodohydrin (III) and thence to cholesteryl benzoate

(IV) by treatment with hydroiodic zcid in chloroform,




24
From the structure (I), it would appear
possible to epoxidise desoxylimonin (or its tetra-
hydro derivative) back to limonin (or tetrahydro-
limonin) respectively. Numerous attempts to react
tetrahydrodesoxylimonin with either perbenzoic or

43 and in

peracetic acids were made both by Pradhan
the course of the present work, but in 211 cases the

starting material was recovered unchanged.

b. Isomerisation of tetrahydrolimonin with acid

Treatment of tetrahydrolimonin (V), 026H3408
with a mixture of concentrated hydrochloric acid and
acetic acid, yielded45 an isomeric substance, which
will be referred to as iso-tetrahydrolimonin. The ultra-
violet spectrum of iso-tetrahydrolimonin showed a
maximum at 257 mu (£25,500) which shifted to 290 mp
(£¢4,200) in the presence of alkali.The neutral mono-
acetate showed a maximum at 218 mu (e2ll,000),
iso-Tetrahydrolimonin is an enolic substance,; i.ec. it
is soluble in dilute alkali but not in sodium carbonate
solutions and gives a positive ferric chloride test.
The infrared spectrum of iso-tetrahydrolimonin shows

a band at 3250 cm T (enolic hydroxyl).
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In the coursc of the present work, iso-
tetrahydrolimonin was ozonised and treated with
alkali to give oxalic acid and an amorphous acldic
material containing two carboxylic (and/or lactonic)
JTOUPS e

7radhan43 denonstrated that the reaction
leading to iso-tetrahydrolimonin involves the cpoxide
beeause desoxytetrahydrolimonin (where the cpoxide
had been reduced to a double bond, sce scction 2a)
can be recovered unch nged from a mixture of concentru-—
ted hydrochloric and acetic aclds.

On the basis of the¢ apbove dwta, iso-
tetrahydrolimonin was assigned the structure (VI).
The amorphous acidic product of ozonolysis and hydro-
lysis of (VI) is probably a mixture of (IX) and (X)
which are likely hydrolysis products of an intcrmediate
R-diketone (VIII), the expected major hydrolysis product
of the primary ogonolysis product (VII).

The acid isomerisation of tztrahydrolimo-
nin provided cvidence for the presence of an epoxide
a-£ to the carbonyl of lactone D and for the prescnce

i

of = hydrogen at 015 (sce scetion 2:).
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farlier work39 indicated that limonin
itself undergoes an analogous reaction in the pre-
sence of concentrated hydrochloric acid and acetic
acid. An amorphous product was isolated whose ultra-
violet spectrum showed a maximum near 212 mp (e:
7,000 , furen) and at 258 mp (€:9,700)+ The latter
maximum shifted to 291 mp (e:8,000) in presence of
alkali. The infrared spectrum showed bands at 3400mn-l
(hydroxyl), 1743 en™l (& lactone) , 1712 o™t (a~B
unsaturated lactone and ketone) , 1607 o™t (conju~

gated system) and furan bands, Unfortunately no

crystalline derivatives could be obtained,

c. Decarboxylation of hexahydrolimoninic acid

Hexahydrolimoninic acid (XI) , 026H3608

(see section 1b) loses carbon dioxide on heating

d%3, Bis-

40,46

to about 240°C to give a neutral compoun
oxime and bis-dinitrophenylhydrazone derivatives
of this compound have been prepared, showing that
a new carbonyl group has been generated.

The pyrolytic decomposition of an a-—oxy
acid to give a new carbonyl function has been inter-~

preted as evidence for the presence of an a-glycidic
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47

system in lactone D of limonin, The sourse of

the reaction is envisaged as follows:

o)

The only evidence for the presence of
an aldehydic funcition in the decarboxylated hexa-
hydrolimoninie acid (XII) was obtained from its

46 but this result has been diSputed4O.

NIMR spectrum
It is possible , however that group migration may
have taken plaee to give a ketonic rather {than an

aldehydic carbonyl function47.
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5., THE REACTIONS OF THE CARBONYL GROUP

The presence of a ketonic carbonyl in
limonin is indicated by the band at 1709cm™t in the
infrared and a maximum at 285mp (e:33%) in the ultra-
violet spectrum. These suggest that the ketone is pre-
sent in a six membered (or larger) ring,

Although the typical derivatives of the
ketonic carbonyl group proved difficult to crystal-

26 26,29

lize, the dinitrophenylhydrazone and the oxime

were eventually prepared. The carbonyl group can also

26

be reduced with aluminium iso-propoxide or with either

sodium borohydride35 or sodium amalgamBO to give two
igomeric alcohols limonol and epi-limonol , thus com-
firming that the ketone group of limonin was present
in a ring., The eagse of acetylation of epi-limonol and
the choice of the reagents used for its preparation
indicate that epi-limonol is the equatorial and
limonol the axial derivative. Both can be oxidised

35

back to limonin with chromic oxide in pyridine” -,
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4, DESOXYLIMOWIC ACID

The reaction of desoxylimonin with alkali
described below, gave an indication of the relative
position of the ketonic carbonyl group with respect
to the lactone D . This was also independently com=
firmed by the merolimonol reaction (see section 8).

Treatment of desoxylimonin (I), 026H3007’
(see section 2a) with aqueous alkali, gave a dilactone
carboxylic acid43 (1), C26H32O9 waich no longzer po-
ssesed a ketonic function. The ultraviolet spectrum
of this product, which wazs named desoxylimonic acld,
showed no maximum near 214 mp but had instead a strong
end absorption indicating the presence of an isolated

double bond. The course of the reaction may be envisaged

as follows:
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It can be seen that the reaction is in
fact an "acid" hydrolysis of a vinylogue of a p-keto
ester. The mechanism , which requires both the presence
of a carbonyl and an a-f unsatureated lactone, is con-
firmed in that neither limonin nor desoxylimonin oxime
undergo the above rcaction in the presence of alkali43.

It is well known that the occurence of
an "acid" hydrolysis of a P-keto ester is governed by
the relative ease of attack of the hydroxyl ions on
the carbon carrying the ketonic function and the hydro-~
lysis of the ester group. In the case 0f the desoxy
derivative of limonilic acid (see section 11), the
¢ .rbon carrying the ketonic function appears to be
sterically hindzred by the presence of the a-oxygen,
and thus desoxylimonilic acid was recovered unchanged43
from treatment with w=lkali.

In the course of the present work, the
tetrahydro analogue of desoxylimonic acid was prepa-
red by the action of alkali on tetrahydrodcsoxylimonin,
by hydrogenation of desoxylimonic acid and by the
action of zlkali on tetrahydrodesoxyiodoacetate (see
section 7). The properties of this compound were in

full agreement with the structure expected (III), i.e.
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it was a dilactone carboxylic acid and its ultra-
violet spectrum showed no maximum but a strong end-
absorption (e:10,000 - 11,000) at 202mp. The infrared
spectrum showed diffuse bands in the 3500-3000 cm™t
region (carboxylic hydroxyl), 175501’11"l (& lactone A),
1725 cm‘l-l715 em™ Tt (& lactone D and carboxylic acid)

and no furan bands,.
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5o DEGRADATION OF TETRAHYDRODESOXYII: ONIC ACID

Pradhan43 proposed that the position 08
in the structure of limonin (I) could not have a
hydrogen suvbstituent ; as such a molecule would be
xpectzd to undergo R-elimination in the manner indi-
cated below on treatment with alkali to give a y~hydroxy-
o-3 unsaturated ketone , while limonin was known to

be stable to refluxing 6% methanolic potassium hydroxide%3

In tixe course of the present work, it was
shown by degradation of tetrahydrodesoxylimonic acid
(see section 4) that Cy s in fact, bears a methyl
substituent.

2. Ozonolysis

Ozonolysis of tetrahydrodesoxylimonic acid

(11), C26H3608 y yielded an amorphous product whose
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ultraviolet spectrum showed a maximum at 272mp in
the presence of alkali (e:5,500) and which gave an
immediate iodoform test. These properties are entirely

consistent with structure (III):

Sy O
!/[ 9 A / Q/ﬁ o
»/Aﬁ &| > o N
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N\ \\\///LIDOF\ \\//,i\\\w//xlucwl

K 0 A ()

b Chlorination and dehydrochlorination

i

Although tetrahydrodesoxylimonic acid
can be recovered unchangsed from solutions of bromine
in eithier carbon tetrachloride or acetic acid , chlo-
rination by a solution of chlorine in acetic acid
followed by heating under modirate vacuum at lOOOC,
yielded two isomeric products , the cisoid (IV) and
transoid (V) diene acids , 026H3408'

No chlorine containing material could be
isolated in pure state , but a study of the ultra-

violet spectra of the material during the course



, 35

»f thermal dehydrochlorination indicated that the
double tdnd conjugated with the corbonyl group of
lactone D was formed first. The ultraviolet spectrum
of the cisoid diene acid showed a broad maximum at
255 mp (e:7,800) while that of the transoid diene
acid had a maximum at 284 mp (€:16,400) and a subsi-
diary maximum at 230 mp (e:6,300). The infrared
spectrum of the cisoid isomer showed two bands at

1620 and 1603 cnt » that of the transoid isomer had

a single band at 1594 cm T,

v | (V)
L“\ COOH ’ COO K
Y/ The ultraviolet spectra of the methyl
esters of both isomers were nearly identical with
those of the parent acids. The relative intensities
and positions of all the relevant spectroscopie

features agree well with the structures (IV) and (V).

Ozonolysis of (IV) yielded significant
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quantities of formaldehyde in confirmation of the
presence of an exocyclic double bond. The method of
estimation of formaldehyde was checked by using
blanks and pyrethrosin48. The main ozonolysis product
could not be obtained in a crystalline form, but its
ultraviolet spectrum in the presence of alkali
( XmaX:384 myu , £:2000) indicated that the expected
enolisable product (VI) could be responsible, although

the position of the maximwa was at a somewhat high

wave length,

COH ]\ CHo

(Vl) COOH (\/Il) COOH (\/Ill)

Treatment of the cisoid diene acid (IV)
with peracetic acid, gave an oxide 026}{3409 s vhose
ultraviolet spectrum had a maximum at 217-8 mp (e:9,000)
showing that an a-~p unsaturated lactone system was

present, i.e. that the epoxide formed on the exocyclic
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double bond in accordance with the structure (VII).
On treatment with boron trifluoride, (VII) yielded
an amorphous material whose ultraviolet spectrum
showed a maximum at 390 mp (e$2000) in presence of
alkali.This material could be an enolisable aldehyde
of structure (VIII).

Chlorination of the cisoid diene acid
(IV) resulted in the uptake of one mole of chlorine
to give an amorphous product containing an a-p unsa-
turated lactone grouping.

Further evidence for the presence of
a methyl group at 08 was obtained from proton magnetic
resonance spectra. It was found that while tetrahydro-
desoxylimonic acid (II) had no peaks in the region
associated with vinylic hydrogen , the cisoid diene
acid (IV) had three such peaks (tau :4.60,4.38,3.97 ppm)
in this region.

The above evidence leaves l1little doubt
about the presence of a methyl at 08 and of at least
one hydrogen atom at Cg.

The predominant formation of the energe-
tically unfavourable cisoid structure can be readily

explained by postulating that the intermediate chloro-
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compound is either wholly or partially in a confi-
guration where the chlorine at 08 and the hydrogen
at C9 are in relative positions unfavourable to de-
hydrohalogenation.
| Tetrahydrodesoxylimonic acld remained
unaffectd by selenium dioxide,perphthalic acid .
peracetic acid and strong mineral acid. Some of this
indicates a high degree of hindrance in the region
of the tetra-substituted double bond, which is

quite apparent on construction of a model,
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6. SOME TRANSFORMATIONS OF HEXAHYDROLIMONINIC ACID

The reaction of hexahydrolimoninic acid
with hydroiodic acid and acetic anhydride in acetic
acid and also with hydrochloric acid in dioxane was

43

first described by Pradhan'” and was repeated and
extended in the course of the present investigation.
Hexahydrolimoninic acid (I) , 026H3608 ’
yields a neutral iodo-monoacetate (II) , 028H39O9I R
by the action of hydroiodic acid and acetic anhydride
in acetic acid., The infrared spectrum of this compound
indicated that it contained a y lactone and a hydroxyl
group , as well as a displaced ketonic carbonyl (bands
at 1789,1755,3300 and 1677 cm™ Y. The ultraviolet spectrum
showed a peak at 290 mu (e£:26) , showing that the
ketonic function was retained and that no a-f unsa-
turated carbonyl group had been introduced. On treatment
with zinc , the iodo-monoacetate (II) gave a desiodo
compound (III) , 028H4OO9 ; whose infrared spectrum
was very similar to that of (II). By the action of
alkali , (II) lost iodine and acetyl to give a neutral
isomer of hexahydrolimoninic acid (IV) whose infra-

red spectrum retained bands at 1789,3300 and 1686 em™L,
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The action of concentrated hydrochloric acid in
dioxane on (I) gave (IV) directly. The presence of
free hydroxyl groups in (III) and (IV) was confirmed
by active hydrogen determinations and by oxidation
with chromic acid and pyridine , when analogous
a-keto vy-lactones (V), 026H3408’ and (VI)9028H3809’
were obtained. The infrared spectra of (V) and (VI)
no longer showed any bands in the O-H stretching
region , but had bands near 1790 cm'l(Y lactone),
1775 cm_l (non enolised cyclopentanone a-to lactone
carbonyl) and 1720cn™ 1 (non hydrogen-bonded ketone).

The lack of evidence for an enolic
grouping in (V) and (VI) requires Ci4 tO be tertiary
in these compounds , and by implication also in (II),
(ITI) and (IV), as a-keto-y-lactones with a hydrogen
in the B position are fully enolised49’50.

The fact that limonin does not undergo
an analogous reaction with acids indicated that the
hydrogenolysed ring D lactone and/or the tetrahydro

furan ring were participating,.
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The introduction of iodine and acetate
is considered to be an opening of the tetrahydrofuran

Om

ring, which may be reversed with alkali:
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An analogous reaction takes place with
tetrahydrodesoxylimonin (see section 7). The relative
positions of the acetate and iodine in (II) were not
investigated and the order shown in (II),(III),(VI)
and (IX) is arbitrary.

The principal reaction (I) to (IV) was
postulated to involve an opening of the epoxide by
protonation , followed by methyl migration from 013

to C,, and the closing of a y lactone on the 013

14
carbonium ion. No exact analogy could be found in
the literature.

The abnormally low carbonyl frequencies
in (ITI),(ITI) and (IV) are probably due to intra-
molecular hydrogen bonding with the hydroxyl group

at 015. Although a seven membered ring is involved,
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this hypothesis receives strong support from the
observation that the abnormally low carbonyl band
does not appear in the spectra of (V) and (VI)
where the hydroxyl group is oxidised to a ketone,
or in the spectrum of an acetate of (IV) which was
also prepared. The bands near 1680 en™l cannot be
due to an a-p unsaturated carbonyl function as neither
(III) nor (IV) show any strong absorption in the
ultraviolet. Intermolecular hydrogen bonding is
unlikely , as the infrared spectrum of (IV) was the
same in chloroform solution as in Nujol mull. An ana-

logy for a strong hydrogen

bonding effect involving a

[iii:]L\ I//\\W 7 membered ring can be

\ " 4\\[

X N7 found in the infrared
|

%)°L, which

1

- spectrum of (
. ‘ shows bands at 1709cm™
(AJ Ot -1
' (ketone) and 1695 cm
(hydrogen bonded ester). The abnormzlly low ester band
cannot be due t0 an enolic structure, as a crystalline
enolic form of (X) was isolated independently.
The a-keto-y-lactones (V) and (VI) react

with alkali to give amorphous acidic products with
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very similar ultraviolet spectra. The acid derived
from (V) shows a maximum at 244 mp (e: 3%,800) in
the ultraviolet and bands near 1755 (d lactone),
1715 (carboxylic acid) and 1670 o™t (a-f3 unsatu~
rated ketone) in the infrared. The nature of the
products could not be established as no crystalline
derivative was obtained, but the structure (VII)
derived from (V) via the intermediate (VIII)
offers an interesting hypothesis ,apparently in full
agreement with the facts available and involving a
plausible mechanism. Some support for the structure
(VII) can be derived from the fact that the intensity
of the band near 250 mp can be considerably reduced
by boiling with zinc in acetic acid, while the ultra-
violet spectrum was unaffected by the action of alkaline
hydrogen peroxide , indicating the absence of an a-keto
carboxylic acid.

Structure (IX) represents the analogous

product obtained by treatment of (VI) with alkali,
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7. IODOACETYLATION OF TETRAHYDROLINONIN

Pradhan43 obtained a neutral iodo-
acetate by the action of hydroiodic acid and acetic
anhydride in acetic acid on either tetrahydrolimonin
(I) or tetrahydrodesoxylimonin (II) (see section 2a).

In the course of the present work it was
established that this iodomonoacetate (III),C28H37OBI,
could be converted to a dilactone carboxylic acid,
tetrahydrodesoxylimonic acid (IV)(see section 4).

The ultraviolet absorption spectrum of (III) shows

a maximum at 219 mu (e:12,700), which , together with
the fact that it was also obtained from tetrahydro-
desoxylimonin (II), indicates that it contains an
oa-fB unsaturated lactone system in the ring D.

The structure of the acid (IV), was
established independently (see section 4) and thus
it becomes apparent that (III) differs from (II)
only by the opening of an oxide ring to give an iodo-
acetate,; the oxide being regenerated by the action
of alkali. By analogy with the reactions described
in section 6, the tetrahydrofuran is probably
involved. Again , the relative positions of iodine

and acetyl are arbitrary.
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8 JEROLINONOL AND IT3 DLRIVATIVES

The work summarized in this and the
following section was performed almost entirely

46, although contributions to

by the Zurich group
the chemistry of merolimonol were also made by
Corey40. Some of the earlier results in this series
have already been publishedBS.

Timonol(I) (see section 3), but not the
epimeric epi-limonol, reacts with alkali to give
merolimonol (II) and o smaller fragment identified
as furan-3-z2ldehyde (III). lierolimonol, which was
further characterised by its monoacetate, can be
easily dehydrated to a doubly unsaturated conjuga-
ted lactone (IV) which may be converted to a tetra-
hydro derivative (V) .ierolimonol is cleaved by ozo-
nolysis to give the keto-acid (VI), characterised
by its methyl ester,methyl ester acetate and metnyl
ester oxime. (VI) Gives a positive iodoform test,
thus proving the presence of a methyl substituent
at ClB' Oxidation or merolimonol with manganese
dioxide in benzene solution gives the expected ketone

(VII) and a decarboxylated derivative (VIII), whose
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infrared and ultraviolet spectra show the presence
of a & lactone and of an a-f unsaturated 4 lactone.
Hydrogenation of (VIII) gives the saturated + lactone
(IX) which could also be obtained by hydrogenating
merolimonol to dihydromerolimonol and oxidising
with pyridine/chromic oxide. Ozonolysis,or alter-
natively hydroxylation followed by leadtetraacetate
cleavage, of (VIII) affords the a-keto-vy-lactone (X)
which is a methyl ketone, thus confirming the presence
of a methyl group at 013. Furthermore, () is a non-
enolisable a—keto—y—lactone49’5o, thus showing that
08 cannot have a hydrogen substituent (see sections
5 and 6).

The above series of reactions provide
independent evidence (see also section 4) for the
relation between 014,015 and 016 with 07 and 08’ and
also for the relation of 012 and Cl3 with C14 etc,

When merolimonol is treated with barium
hydroxide under thé conditions of formation of
limoclastic acid (section 9), it yields an amorphous
acid which has been characterised by its crystalline
methyl ester (XI). This acid cannot be lactonised, in

contrast with the behaviour of limonin. This phenomenon
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can be explained by postulating that an inversion can
occur at Cl in the course of a reversible p-elimination
and addition of the ethereal oxygen of ring A°.(see
section 9), Oxidation of (XI) with manganese dioxide
gives a y-lactone (XII) which may also be obtained by
baryta cleavage of (VIII) followed by esterification
with diagomethane. The hydroxyl function of (XII) can
be converted to an aldehyde (XIII) thus showing the
position of the terminus of lactone A (see also sections
9,10 and 11).

Two mechanisms have been suggested to
explain the formation of merolimonol from limonol.

In mechunism (i) belows

the epoxide is opened by a displacement effected by

the oxygen of limonol.
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In the alternative mechanism (ii):

/ ~N\

\‘_, ~. (00 _‘_ \
|
Qn
OH

the eﬁoxide is opened by hydrogen bonding with the
hydroxyl of limonol. In both cases alkaline cleavage
results in the loss of a five carbon fragment and
the production of a hydroxy acid which lactonises

on acidification to give merolimonol.

Of the two mechanisms , (i) appears pre-
ferable , as a study of a model reveals that an
axial hydroxyl group at 07 is well positioned for
this type of displacement , while the formation of
a strong hydrogen bond between the epoxide and the

axial C7 hydroxyl appears unlikely.
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9. AIKATINE DEGRADATION OF LIMONIN - THE LIMOCLASTIC

ACID SERIES

When limonin is treated with barium
hydroxide solution under relatively vigorous con-
ditions, an acidic substance is formed of the mo~
lecular formula 020H2806 ; which was designated as
limoclastic acid.,

As limoclastic acid appeared to_undergo‘
all the reactions characteristic of merolimonol and
its derivatives (see below and sece section 8) , a
change analogous to the nerolimonol transformation
was considered as having taken place during the for-
mation of limoclastic acide. The stoichiometry of the
reaction then requires that formic acid must be lost
as a minor fragment besides furan-3-aldehyde,

As a reduction of the ketone group of
limonin (I) to an alcohol is necessary before a mero-
limonol type of change could occur, and as the carboxyl-
ic acid group of limoclastic acid was considered to
be derived from lactone A, it was reasonable to
52

suppose that an intramolecular hydride transfer

between the alcoholic group of lactone A and the ketone
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has taken place, aided no doubt, by favourable ste-
reochemical configuration. This gives a limonol-
type compound (II) , in which the ether ring A°
could be reversibly opened to provide an elcctron
sink for a conventional deformylation in the form
of an a~R unsaturcted acid (III)e. Such a compound
could also undergo the merolimonol change to give
(IV) and finally , a re-closure of ring A’ was postu-
lated (see sections 11f,and 15b) to give limoclastic
acid formulated as (V). Support for the above scheme
was Obtained when an aldehyde corresponding in all
its properties to (VI) was also isolated as a minor
product of the reaction.

Limoclastic acid undergoes the following
series of reactions which confirm structure (V)
assigned to it and are closely anzlogous to the re-
actions of merolimonol (see section 8).

The methyl ester of limoclastic acid (V)
may be dehydr:ted to an anhydro-dcraivative (VII) ,
which on hydrogenation followed by hydrolysis
furnishes the tetrahydro acid (VIII). The monoacetate
of methyl limoclastate also furnishes an analogous

dihydro derivative.
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Alkaline hydrolysis of limoclastic
acid and esterification prior to lactonisation
gives a diester (IX) , characterised as a mono-
acetate, and capable of being converted to methyl
limoclastate on gentle pyrolysis. Hydrogenation
of (IX) yields a saturated dihydro derivative (X),
characterised as a diacetate.

Oxidation of methyl limoclastate
with manganese dioxide gives the nor compound (XI),
which can be converted to the saturated y—lactone
(XII) by hydrogenation. Ozonolysis of (XI) gives
an a-keto-y-lactone (XIII) which gives a positive
iodoform test , but does not enolise.

The chemistry of limoclastic acid con-
firms all the conclusions reached on the basis of
the chemistry of merolimonol and in addition pro-
vides independent evidence for the nature of the
alcoholic group of lactone A (primary) and - if
the genesis of limoclastic acid is considered as
proceeding by the mechanism outlined above - also
gives a unique relationship between 01,02,03 and ClO

and the ether group of ring A'.
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10. THE METHYILNE GROUP ADJACENT TO THE KETONE

CARBONYL - THE DIQSPHENOLS AND THEIR DEGRADATION

Limonin, tetrahydrolimonin and desoxy-
limonin have been shown53 to undergo analogous re-
actions with oxygen in the presence of potassium
tertiary butoxide , resulting in the uptake of
one atom of oxygen and the loss of two atoms of
hydrogen. The ultraviolet spectra of the products
54

are characteristic of diosphenols , e.g. limonin
diosphenol has Kmax at 282 mp (£:10,400) , which
changes to xmax’ 335 mp (£:5,000) in the presence

of alkali, The infrared spectrum , which shows bands
at 3480 cm™t (hydroxyl) 1748 cm™+ and 1736 cm™ T

(5 lactones) and at 1689 em™t and 1661 on~t (the
system -CO-C(-0H)=C ), also agree with the presence
of such a feature. The diosphenols derived from
limonin dissolve in sodium hydroxide solutions but
not in scdium bicarbonate solutions and give positive
colour tests with ferric chloride., Neutral mono-
acetates of the diosphenols were prepared in the

usual manner and showed no hydroxyl bands in their

infrared spectra. The ultraviolet spectrum of the
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acetate of the diosphenol derived from limonin itself
showed a maximum at 244 np (e: 11,200).

The following mechanism has been postula-
ted for the formation of diosphenols under the con-

ditions described aboves

By
\\/
[ - ? K 4
e ~0 ~ |
Ho Sy bl O
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This novel reactions has since been ex-

53

tended to other systems containing a methylene
group adjacent to a ketonic c:irbonyl.

The occurence of this reaction provided
evidence for the presence of a methylene group at
06 , &= to the ketone in limonin, and of at least
one (from the position of the maximum in the ultra-
violet , of only one) hydrogen in the B- position
at 05. Thus on the basis of the above evidence, and

considering the nature of desoxylimonic acid (see

sections 4 and 5) , limonin should have two hydrogen
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atoms activated by the presence of the xetonic
carbonyl , which is in agreeument with early
deuturation studi8539’40.

The diosrthenol derived from tetrahydro-
limonin , which on the basis of the above was assigned
the structure (I), yields a keto-acid on ozonolysis,
which analyses well for (II) and is accordingly =
dilactone monocarboxylic acid. The infrared spectrum
(bands at 1760,1735,1725(sh)an™ 1) and the ultraviolet
spectrum (xmaxz296mu , £€235) of this substance also
agree with thce structure assisned. The infrared spectrum
of the tri-sodiwa szlt of (II) shows a single band
at 1748 o™t as compzred with a band at 1690 ot
for the di-sodium salt of liwmonin. This can be inter-
preted as indicating the presence of a kKetone group
in a five membered ring with a nezative (oxygen) sub-
stituent in the o position.

As expected, (II) reacts with zinec and
acetic acid , but no crystalline derivative could
be isolated.

On action of mild alkeli, (II) undergoes

a retro-aldol reaction 25 by the mechanism shown

below, t0 give sirnificant gquantities of Tormaldehyde
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and an amorphous acid, presumably (III).
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The de-formylation reaction of (II)
provided evidence for the nature (primary hydroxyl)
and mode of attachment of the alcoholic oxygen of
lactone A (see also sections 9 ,11 and 12), zlthough

it did not exclude C4 as a possiblé position for

attachunent of the —CH2OH group.
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1l, LIMONILIC ACID AND ITS DERIVATIVES

a. The structure of limonilic acid

Oxidation of limonin with potassium

21 29

nanganate or with iodine and alkali ; yields
11mon11;o acid , 026H3009 , which is a monolactone
monocarboxylic acid and retains the ketonic function

of limonin21

o A tetrahydro analogue has also been
prepared , either by hydrogenation of limonilic
acid or by the action of iodine and alkali on
tetrahydrolimoninZI’29’40’43.

No hydroxyl groups, additional unsatu-
ration or new carbonyl groups have been generated
by the transformation of limonin into limonilic
acid, as shown by the following evidence:

(i1). The infrared spectrum of methyl
limonilate shows no bands attributable to hydroxyl
groups43.

(1i). There is no evidence for the
presence of double bonds in tetrahydrolimonilic
acid ; i.e. 1t does not take up hydrogen in the

presence of palladium-carbon and its ultraviolet

spectrunm shows only very small end absorption,
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while its infrared spectrum shows no bands between
1690 and 1500 cm™T 43,

(iii)+ The ultraviolet spectrum of -

methyl limonilate oxime shows no carbonyl band43
and the NMR spectrum of nethyl limonillhte46 shows
no aldehyde protons.

29

The behaviour of methyl limonilXate
on hydrogenation was analogous to that of limonin
(see section 1) , a neutral tetrahydro and an
acidic hexahydro derivative being formed, showing
that the furan ring was not involved in the limoni-
lic acid transformation and that the carboxylic
acid group of limonilic acid was derived from
lactone A rather than from lactone D. This was con-

29, who showed that hexahydro-

firmed by Emerson
limoninic acid reacted with iodine and alkali

to give a diacid identical with the acidic product
of hydrogenation of iiethyl limonilate followed by
hydrolysis. The formation of a desoxy compound from
limonilic acid®? (see sectio 2a) provides further
evidence that lactone D was not involved in the

formation of limonilic acid.

The ketonic group of limonilic acid is
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of a different type than that present in limonins
The ultraviolet spectrum of limonilic acid43
showed a maximum at %09 mp (e:37) as compared with
limonin (N, 2285 mp , €:33 ). In the present work,
the comparison of the infrared spectra of limonilic
acid, tetrahydrolimonilic acid, limonilyl chloride
and nethyl limonilyl ketone (see below) with those
of limonin and its sinmple derivatives tetrahydro-
limonin and hexahydro-
linoninic acid, indica-
ted that the carbonyl
absorption band due to
the ketone carbonyl in
limonilic acid and its

sinple derivatives occurs
1

/\ near 1722 cm
U) with 1709 cm”

as compared
1 for limonin
and its simple derivatives. The nature and magnitude
of these spectral changes 1s in accord with the pre-
sence of an a-negative (i.e. oxygen) substituent in
limonilic acid ketone. The sodium salts of limonin

and limonilic acid , where only the ketonic absorption

remains in the carbonyl region, also showed marked
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differences in the frequency of the carbonyl band ,

1 ang 1717cm™t

which occured at 1690cm” respectively.
Failure of desoxylimonilic acid to undergo the des-
oxylinonic acid change (see section 4) also indicates
that the environnent of the ketone was altered by the
limonilic acid transformation , while the failure of
desoxylimonic acid and of epi-limonol to react with
iodine and alkali indicates that the presence of the
ketonic carbonyl group is essential for the reaction43.
Furthermore, it was shown43 that the oxime of limonil-
ic acid was nuch more difficult to prepare than that
of limonin and that limonilic acid does not not
undergo the diosphenol reaction (see section 10).

The above evidence indicates that the 1li-
monilic acid transformation involves the condensation
of the hydroxyl group derived from hydrolysis of
lactone A with a carbon o to the ketone group, to
form a new ether ring. In view of the structure of
limonin ; limonilic acid nay thus be represented by
structure (I). Strong confirmation of this was ob-
tained ;, when it was found that limonilic acid could
be reduced back to limonin by the action of aluminium

46 53

amalgan or lithiunm anmalgam””.
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This formalation of the limonilic acid
transformation placed obvious steric restrictions
on the structure of lisonin, thus excluding nany
possivle structures.

The limonilic acid change appears to
be a novel reaction without prccedent in the lite-
rature, probably mazde poussible only by the unusual
steric arrangement present in limonin. The recction
mechanism may involve either an initizl iodination
of the ketone (path I) or a carbanion displaceiment
at the "alkyl hypoiodide™ (path II). The latter
mechanism is supported by the extrewme rapidity of

the reaction.
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b. Rate of hydrolysis of methyl limonilate

The rate of alkaline hydrolysis of methyl
limonilate relative to those of the methyl esters of
sone model primary, secondary and secondary a-oxygen
substituted acids was neasured by Templeton53,
sufficient precautions for complete hydrolysis of
lactone D being taken. The hydrolysis rate of methyl
limonilate was found to be close to those of secondary
and secondary a~oxygenated esters but considerably
slower than that of a primary ester. This nisleading

result may be due to steric hindrance by more removed

groups in limonin.

Cce Decarboxylation of limonilic acid

29

Emerson observed that linmonilic acid

lost carbon dioxide at its melting point. Templeton53
isolated two crystalline conpounds from the action
of heat zalone or boiling quinoline on limonilic acid.
One of these has been characterised as 025H3007 ,y Q

neutral monolactone retaining the ketone and furan

functions and in addition containing a hydroxyl group.
(Bands in infrared at 3340,1742,1715,1500 and 875cm T,

kmaX:306—l2 y, €243 and Kmax:208 s €3 T,000).
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The unsaturated alcohol (II) was postu-
lated as the structure of this conmpound , which
could be derived from limonilic acid (I) in the

following manner (see also section 16):

Although no direct evidence of unsatu-

ration could be obtained (negative TNM test, lack

of absorption larger than that due to furan in the
ultraviolet) , the conpound gave a dihydro derivative
on hydrogenating over palladium carbon , which re-
tained the furan function. The hydroxyl group of

(II) proved unreactive to acetylation and oxidation

with chromic oxide in pyridine.

d.Preparation and properties of methyl-limonilyl ketone

A Bayer-Villager degradation of limonilic

acid via methyl-limonilyl ketone (see below) was
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envisaged in the course of the present work, but
the difficulty of obtaining the tetrahydro analogue
of methyl-limonilyl ketone caused the project to be
abandoned.,

MethleIimonilyl ketone itself was pre-
pared successfully and its properties can be shown
to fit in with the accepted structure of linmonin and
limonilic acid.

The acid chloride of limonilic acid

(limonilyl chloride) was prepared in the usual manner
-1

-1

and its infrared spectrun showing bands at 1791 cnm
(acid chloride), 1740 cn™l (& lactone) and 1722 cm
(ketone bearing an a-oxygen substituent), as well as
its reaction with methanol to give methyl limonilate
were accepted as proof of its structure.

Linonilyl chloride was then converted to

nethyl-limonilyl ketone by the following series of

reaction856’57:
lN ( {-4 n ﬂ?'
RCDLL—*RCQHNM—————)RCQHNN
OHI 0%‘9
1\ -
/

- _ . z HJ - _ L
R-( LH; Hl, —— R% c_uz_l
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The properties of methyl-limonilyl ketone, 027H3208’
agree with structure (III). Thus its ultraviolet
spectrunn shows an extended low intensity (e: approx.50)
peak between 288 and 310 mp and a high intensity peak
at 207 np (e:7,000 , furan). Its infrared spectrun
shows discrete bands at

SN 1735 cn~1(3 lactone),
]
L::y> 1722 cn”L(ketone with an

,3§!i7 . a-negative substituent) and
lQQﬁ 1712 ca~t (methyl ketone).
/T -0 The position of the new
CK>L,, Zo maxinun in the ultraviolet
\

k“|) and the new carbonyl band
in the infrared (1712 cm~t
both in Nujol and in chloroform) agree with the absence
of an €- oxygen substituent at 02 (see derivation of
structure, section 13b).
Methyl-linonilyl ketone gives an instant-
:aneous iodoform test 3 the main acidic product could
not be crystallized but its infrared spectrum is very
sinilar t» that of the expected limonilic acid. As
expected, methyl-limonilyl ketone failed to react with

zinc and acetic acid in accordance with the absence
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of a new, o oxygen substituted ketone (see above).
However, this piece of negative evidence is of very
doubtful value , as linonilic acid itself also failed
to react with zinc and acetic acid43.

Although (III) would be expected to under-
go P-elimination with alkali , methyl-limonilyl
ketone was recovered unchanged from 1N agueous
sodium hydroxide solution after several hours heating.
This can he easily explained , when the position of
equilibrium between obacunoic and iso-obacunoic acids
is considered (see section 15.b.iv).

The formation of a monobenzylidine deri-
vative was indicated by the developmnent of absorption
at 293 np (€:3,000) in an alkaline solution of methyl-
limonilyl ketone and benzaldehyde,

An alternative nmethod of preparation of
methyl-limonilyl ketone via a malonic ester synthesis
was also investigated with partial success (see rele-

vant experimental section).

€e. Pyrolysis of limonilyl chloride

In the course of the present work, it was

found that limonilyl chloride (see above) lost hydrogen



71

chloride on heating to about 230°¢ s 8iving rise %o

a neutral , amorphous dilactone which could be con-
verted to an amorphous acid by mild alkali. On more
prolonged treatment with alkali , limonilic zacid was
obtained. The ultraviolet spectrun of the crude lactone
showed a peak at 207 - 10 nu (e:13,000) and on sub-
traction of the spectrun of methyl-limonilyl ketone

a peak remained at 210-15 np (e:6,500). The infrared
spectrum of the crude lactone showed bands at 1750,

1715,1505 and 875 cn™+

thus possibly indicating the
presence of a & lactone, an unsaturated lactone and
ketone and of the furan ring. No hydroxyl bands were

present,

) ™ \
4 Q/\ %/ f\@/
\/ \\O

Although the failure to obtain orystﬁ%ﬂlne
products makes accurate interpretation of the results
impossible, the formation of a seven membered, oa-f
unsaturated lactone (IV) by the mechanism illustrated

above agrees with the experimental results available.
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The lactone (IV) could then be converted
to limonilic acid under the influence o>f ulkali in

the followinrg monners

®
Q"2
>
\/
J
{

W) o

The close analogy of this reaction to
the mechanism proposed for the formation of limo-
clastic acid (sec section 9) and iso-obacunoic acid
(sec section 15) , nckes this nechanism very attrac-

tive,
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12, THE STRUCTURE OF CITROLIN

Citrolin has been obtained by.the
action of hydroiodic acid on 1imonin21’29’39’40
and by the action of hydroiodic acid on desoxy-
1imonin39. In the course of the present work,
it was shown that citrolin may also be obtained
by the action of hydrobromic acid on desoxylimonin.

Although the analytical data published

29,39 indicate

are conflicting, the best results
that citrolin has the formula 026H2806 s le€e
that it is formed by the loss of a molecule of
water from desoxylimonin C26H3007' The validity
of the above formula received further support
when citrolin was prepzred by the action of hydro-
bronic rather than hydroiodic acid i.e. under con-
ditions which would not normally lead to a reduction
of the type which is involved in the formation of
desoxylimonin from limonin (see section 2a).

Citrolin is a neutral dilactone retaining
the furan and ketone func‘cionszl’zg’Bg° Emerson29

showed that citrolin contains at least four double

bonds on the basis of hydrogenation experiments , but
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no crystalline derivatives could be isolated.Citrolin
has been shown to contain all the four methyl groups

40

present in limonin as determined by NMR measurments
(present work).

The ultraviolet spectrum of citfolin
shows a maximum at 213.5 mp (e:25,200) and a shoulder
near 240 mp (e:18,500). When the spectrum of desoxy-
limonin is subtracted from the spectrum of citrolin,

two maxima appear at 213.5 mp (£:9,500) and at 241lmp

(e213,700). The infrared spectrum of citrolin shows

a large band at 1724-16 en™t and a smaller band at
1670 cn™t as compared with bands at 1746 et and
1715 em™t for desoxylimonin.

The above data indicate that citrolin
has two a-fB unsaturated lactones and an a-p unsatu-
rated ketone. Having regard for the structure of
desoxylimonin (section 2a), structure (I) was pro-
posed for citrolin , which may be formed from desoxy-

limonin by the following mechanism:
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Hydrogenation experiments carried out

in the course of the present work further confirm
structure (I). A neutral dihydro derivative ,
026H3006 was isolated following hydrogenation of
citrolin over palladium-carbon. The ultraviolet
spectrum of this substance (kmaX:216 my., 217, 200
and shoulder near 231-43% mp , €:14,700) together

BANMDS -
with the presence of/at 1757,1713 and 1668 cm 1

AN
in the infrared and the furan bands, indicate that
one of the two ao~-f unsaturated lactones has been
hydrogenated. In confirmation , when the ultraviolet
spectrum of desoxylimonin was subtracted from that

of dihydrocitrolin, only a single peak remained at

248 mu (e:10,600).
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The o-B unsaturated lactone of desoxy-
limonin was not hydrogenated .under similar condi-
tions (see preparation of tetrahydrodesoxylimonin)
and the ultraviolet spectrum of dihydrocitrolin
remained unaltered in the 280 mp region on heating
with 2N alkali (see below) , indicating that it
was the lactone A which was hydrogenated.

A further neutral crystalline substance
was isolated as a minor product of hydrogenation
of citrolin . The infrared spectrum of this material
was similar in the carbonyl region (bands at 1753,
1698 and 1663 cm™T) to that of dihydrocitrolin,
but the furan bands were no longer present. The
ultraviolet spectrum showed a maximum at 238 my
(e213,700) and a shoulder between 222 and 230 mu
(e213%,000). These features indicate that this pro-
duct differs from dihydrocitrolin only in the satu-
ration of the furan ring , i.e. that it is hexa-
hydrocitrolin. Unfortunately insufficient sample
was available for elementary analysis.

Citrolin is unstable to alkali®® yielding

40

:fi‘ormamldehyde5.5 and acidic products which retain

the ultraviolet spectrum of citrolin and analyse
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for "deformylated'" materials 025H2806' Two such

40. Under more severe

acids were obtained by Corey
conditions (heating with 2N alkali), citrolin gave
rise to an acidic compound whose ultraviolet spectrum
showed a maximum at 286-8 mp53 but which could not

be obtained in a crystalline form. Phillips>> iso-
lated an acid of this kind, which showed two maxima
in the wltraviolet spectrum (at 214 mu,e:14,000

and at 280 mp , €35,000) and had bands in the infra-
red spectrum near 1720,1687,163%0 and 1608 em™ L, The

formation of all these products can be adequately

explained by the scheme shown belows
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Thus , depending on the position of
protonation of the transition state (II) one can
obtain either a dienone (III) or an a-B unsaturated
ketone not conjugated with an a-8 unsaturated
acid (IV). The structure (IV) which should co-

rrespond to the acids isolated by Corey40

would
be expected to show isomerism depending on the

configuration at ClO°
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13A. MISCELLANEOUS REACTIONS OF LIMONIN AND ITS

DERIVATIVES

a. Potassium hydroxide fusion

Potassium hydroxide fusion of limoninZO’24

yielded iso-phthalic acid (I) and a"lactonééz4 of
composition 013H14O2 or 013H12O2 which is pro-

bably identical with l:5dimethyl-2-naphthoic acid (II%
also obtained from potash fusion of columbin42.

Acetone, in yields of up to 0.7 mole , was also
identified as one of the products of potassium hydroxide

fusion of limonin20124»21,29

and also of limonilic
and hexahydrolimoninic acids29. The formation of
(I) cannot be easily explained in terms of the
accepted structure of limonin , but (II) could be
easily derived from rings B and C while the high

yield of acetone provided some evidence for the

substitution at 04,

COOH C il
[ 3

\ O
COO0K| l ‘
0) CH3 (“\ CH; QH)

LCOOH CH,
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b. Selenium dehydrogenation

Selenium dehydrogenation of the non-

volatile residue of potassium hydroxide fusion 20

or of zinc distillation residue24

of limonin,
gave 1l:2:5:trimethyl naphthalene (III), probably
derived from rings B and C of limonin.

Selenium dehydrogenation of merolimonol
or limoclastic acid35’46 gave a naphthalene 015H18
which has been tentatively identified as l:6:dimethyl-
2-;§gp§ﬁy1 naphthalene (IV). The identification of
this compound provided direct evidence for the pre-

gsence of the isopropyl group in limonin.

ce.Zinc dust distillation

The only identifiable product of zinc
dust distillation24 of limonin , was o-cresol (V),

probably derived from ring B of limonin.

3L
CH _OK  HooC

O O NCH;

‘l /s l"OOC’

w (V)
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d. Oxidation with manganese dioxide and sulphuric acid
20

Koller and Czerny isolated henzene-
pentacarboxylic acid (VI) by oxidation of limonin
with manganese dioxide aé?sulphuric acid. To obtain
this product from limonin, methyl migrations must
be postulated. There is some preoedent58 for the
appearance of too highly substituted benzene
carboxylic acids by oxidation under strongly acidic

- conditions.,.

e, Lithium aluminium hydride reduction
35,46

Jeger and his co-workers isolated
a. product which still contained the furan function,
from lithium aluminium hydride reduction of limonin
and which appeared to be a heptol on the basis of
the number of active hydrogens remaining in the
tetra- and penta-acetates derived from it. This in-
dicated that both the ether functions could be re-
ductively cleaved and in view of the established
structure of limonin , the cleavage of the ring A'
ether can only be explained as due to the assistance
of the p-carbonyl function of lactone A, The mecha-

nism of such an assistance cannot be easily visualised.
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13B. SUMMARY OF CHEMICAL EVID ENCE FOR THE STRUC-

TURE OF LIMONIN

As elready indicated in the introduction,
a rigid derivation of the structure of limonin from
chemical evidence alone was not attempted in the
present work. In thié section a brief summary will
be presented of the way in which the accepted struc-
ture of limonin was in fact postulated on the basis
of chemical evidence, prior to the results of the
X-ray crystallographic analysis becoming known.

Spectroscopic and other evidence (section 1a)
enables us to assign the B-mono substituted furan
ring (I) as a part structure of limonin. The results
of the hydrogenolysis experiments and the nature of
hexahydrolimoninic acid (section 1b) makes it

possible to expand this to structure (II):

~ OW N D
A ~0 % S0
\
o
|
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The nature of the negative substituent
at 015 and the degree of substitution at 014 and
015 is revealed by experiments described in section 2,
thus enabling us to write (III) as a partial struc-
ture of limonin. This can be further expanded to
(IV) on the basis of interpretation of the formation
of desoxylimonic acid (section 4). The nature of
substitution at 015,014 and possibly 013 is also
confirmed by the transformations of hexahydrolimon-
inic acid with acid (section 6). The formation of
merolimonol (section 8) and the properties of its
degradation products gave a further independent
proof of the relation between the lactone ring D
and the ketone at C7 and furthermore revealed the
nature of substitution at 013 end 017 and the pre-

sence of carbon at 012, thus yielding the expanded

partial structure (V).
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This may be further expanded to (VI)
from the consideration of the nature of degra-
dation products of tetrahydrodesoxylimonic acid
(section 5).

The nature of substitution at C6 and
the presence of hydrogen at C5 and carbon at 04
was revealed by the formation of limonin diosphe-
nols (section 10) thus giving the partial structure
(VII). The bicarbocyclic nature of limonin and the
presence of several naphthalene derivatives among

the drastic degradation products of limonin (section

13A) allows us to expand (VII) into (VIII).

(1%)

The alkaline degradation of the ozono-
lysis products of tetrahydrolimonindiosphenol
(section 10), the formation of limonilic acid (section 11)

and the alkaline degradation of citrolin (section 12)
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indicate that the group -CHZOH , the terminus of
lactone A, is placed either at Clo or at 04. This,
together with the formation of isopropyldimethyl
naphthalene and of acetone , by drastic degrada-
tion of limonin madestructure (IX) extremely
attractive.

Given the fact that lactone A is a
d lactone and considering the formation of citrolin

(section 12), (IX) was expanded into either (X) or (XI):

O

() (X)

Of these two structures (X) was favoured

/\

as it provided a plausible mechanistic basis for the
formation of limoclastic acid (section 9) and also

was more in accord with the nature of some degradation
products of limonilic acid (section 11), and the limonin
diosphenols (section 10). The main reasons why (X)

could not be considered rigidly derived weres: a)lack

of evidence for the primary nature of limonilic acid,

b) lack of knowledge about substitution at C,, and Cioe
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14, BIOGENESIS OF LIMONIN

a. Biogenesis of triterpenes

Regularities of structure among the ter-
penes were noted in the last century and , in fact,
the simple "isoprene rule" holds for a considerable
proportion of terpenes knownsg.

Serious attempts to elucidate the bio-
synthesis of natural products in the living organisms
date from the introduction of tracer analysis. The
mechanism of biosynthesis has attracted considerable

60,61

attention, has been reviewed recently and has

also been the subject of an international symposium62.
Briefly, present knwoledge indicates that
the precursor of the five carbon ("isoprene'") fragment
is mevalonic lactone (I) which is in turn derived
from acetate units by a process whose details are
unknown63’64’65. Mevalonic lactone is then converted
by phosphorylation to (II) and then by decarboxylation
and further phosphorylation to iso-pentenyl pyro-
phosphate (III) from which geranyl pyrophsophate (IV)

and farnesyl pyrophsophate (V) may be derived as shown.66
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Further condensations could lead to
geranyl-geraniol and squalene and hence by cycli-

60 to mono-, sesqui-, di-, and triterpenes

sation
as well as steroids62° It should be noted that the
SN2 reactions indicated may in fact proceed by a
different mechanisn.
The experimental evidence for this

scheme consists of isolation of readioactive
terpenes and steroids , as well as of the above-
mentioned intermediates, from biological systems
into which labelled acetate or mevalonic lactone were
introduced. Degradation of the various products
obtained showed that the labelled carbon atoms
were introduced in the positions predicted by the
theory6I'L,67,68,69970,7l,72,73974

| While geraniol, farnesol, geranylgeraniol
and squalene are found in nature , there is no posi-
tive evidence suggesting that they are the immediate
precursors of all mono-, sesqui-, di-, and triterpenes.
However, schemes for the biogenesis of these classes
of compounds based on the above acyclic precursors

60 that it seems probable that

have been so fruitful
these compounds or their "biological equivalents" are

actually involved.
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In particular , all known cyclic tri-
terpenes including lanosterol - and hence steroids -
may be derived from squalene by means of acid cata-
lysed cyclisations and rearrangemént of carbonium
ions75. As limonin has been postulated (see below)
to be derived from a normal triterpene, it is
pertinent to summarize the arguments of Ruzicka et. al.75

Assuming trans addition to double bonds,
two products could be expected from an acid (A+)
initiated cyclisation of a cyclohexadiene, depending
on whether the acyclic precursor was in a '"chair
favouring" conformation (VI) or in a "boat favouring"
conformation (VII) , viz. the "anti" and "syn" con-
formations shown. B~ denotes the "base" which
neutralises the carbonium ion formed,

A further assumption made, concerned the
trans nature of acid catalysed 1-2 rearrangenments,
which, like additions to double bonds are postulated
t0 proceed via non-classical oarbdnium ions. As a
consequence , the migrating group - usually methyl

or proton - never crosses from the o to the B side.
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It was also necessary to assume that
squalene - or its biological equivalent - was in
an all trans configuration , an assumption for
which there is some experimental basis76.

As no stable intermediates, formed by
neutralisation of the positive charge (by hydra-
tion or proton splitting) at some intermediate stage
of cyclisation have been isolated, the authors have
postulated that the formation of the naturally
occuring triterpenes is a '"mon-stop'" process, pre-
sumably due to the rigid adhesion of the reacting
molecule on the enzyme surface.

Utilising these sinple assumptions, the
Swiss workers were able to account for the structures
and stereochenistry of 2ll the known types of tri-
terpenes by starting from different arrangements of
"chair favouring" and "boat favouring" portions of
the squalene chain, For example , the "chair-chair-
chair-boat-straight chain" conformation of squalene
(VIII), may give rise to the tetracyclic triterpene

euphol (see section 14b) by the following mechanisms
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Cyclisation is accompanied by the re-
arrangement of the non-classical carbonium ion
(IX) to (X) and by a concerted transfer of proton
fron 013 to 017 (on R side), transfer of methyl
from iy tO ClB (a side), transfer of methyl
from 08 to C14 (B side) and elimination of proton
from 09 (from a side), to give (XI), which can
be conventionally represented as euphol (XII).
Conversion of (X) to (XI) is here
indicated as a series of 1-2 shifts, but the Swiss
workers also considered the possibility of 1-3
shifts in some cases., In the case of cyclisation

61,77 .

of squalene to lanosterol it has been

shown that 1-2 shifts actually occur,
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b. BIOGENESIS OF TLIMONIN

Timonin (I) appears to be closely rela-
ted to the tetracyclic triterpene euphol78’79 (1I).
Three series of steps must be postulated for a

biogenesis of limonin from a euphol type compound:

/N6 (1)
(1) Pour carbon atoms are‘removed from

the end of the side chain and carbons 020 to 023 are

converted to a furan ring. A similar process appears

to be involved in the formation of cardiac glycosides

O being equivalent to H '®)
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(ii) The ring A of the triterpenoid
skeleton is cleaved oxidatively between 03 and 04
and the 03 carbonyl thus formed is oxidatively
cyclised onto 019. The recently described structures
of dammarenolictl (ITI) and nycanthic81 (IV) acids
afford a precedent for a 03 - 04 biogenetic cleavage

of the triterpenoid skeleton.

OH
)
[
CooH \\li/J )
~

l ()

No analogy for an oxidative closure on
82

a methyl group is known, but recent work indicates
that similar reactions may occur under the influence
of ultraviolet light.

(iii). The ring D of a euphol type terpene
is oxidised to a lactone by a Beyer Villager type of

reaction and a methyl migration from 014 to Cg must

be postulated.
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A possible analogy may be found in the
chromic acid oxidation of dihydrobutyrospermol
acetateS? (V) to give the T7-ketone (VI). This
type of compound could be oxidised further to a
16 ketone (VII) , epoxidised to an oxido-ketone

(VIII) and then give a limonin type structure (IX)

by a Beyer Villager oxidation.

4
)
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The numbering of the carbon atoms in
the structure of limonin follows from the above
ideas of its biogenesis.
On the basis of the above, the absolute
configuration of limonin would be expected to be
the same as that of the ketone (VI). The rotary

84 of tetrahydrolimonin shows a

dispersion curve
strong, negative Cotton effect and corresponds to
the type shown by saturated steroidal 7-ketones ,

thus providing support for the above hypothesis.,
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c. The biogenesis of some lactonic bitter principles

Lactonic bitter principles fortia chemically
ill-defined group , being best classified as non-alka-
loidal , bitter plant products containing lactone
groups. A review of the chemistry of bitter prin-
ciples has appeared recently85. The majority of the
known bitter principles are terpenoid , and although
they are often of considerable chemical complexity,
their biogenesis is relatively straightforward. In
the present section some of the more chemically inte-
resting bitter principles are presented from the point
of view of their biogenesis.

Gentiopikrin (1)86, the bitter principle

of gentiana lutea has the geraniol (II) skeleton. If

the nmonoterpene character of gentiopikrin is in fact
correct, then the cyclisation of lactone B provides
an exomple of oxidative cyclisation on a methyl

group (see section 14 Db).

O=CLUCdSE

" . " |
Q l é\ 5 //m HLD ’
\ N

~7

0 )



100
Plumerid87 (III) was postulated to

be derived from geraniol and an "acetoacetate unit"(IV):

Cooc,\—\3 ;
/jjj\\\

O
O- (6— D—%wcos\ué>

0w i%COOH) :
HC fC"«,,': UH) j k\\/)

Tenulin (V) , a sesquiterpenoid bitter

" ILO H-

88

principle of helenium tenuifolium and the isomeric

iso~tenulin (VI) both contain the unrearranged

farnesol skeleton (VII):

OH

L D 8
L \ g A
V) o/ OH - (y) o V)
Picrotoxinin (VITI)®?, the bitter principle

from anamirta cocculus can also be derived fron
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farnesol (VII) via the intermediates (IX) and (X):

R g
(vt " | )

Pyrethrosin, (XI) also contains the un-

rearranged farnesol chain (XII) , and is of special

448

interes ags the first ten membered sesquiterpene

isolated.
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It must be noted, that the biogenetic
reactions of the sesquiterpenes shown here are
purely schematic., The actual intermediates postu-
latedgl’go in the formation of sesquiterpenes are
ten and eleven membered cyclic cations resulting
from rearrangements of non-classical carbonium

ions formeé from either cis or trans farnesol, The

"large ring hypothesis" was introduced to account
for various stereochemical features found in natu-
rally occuring sesquiterpenes.

Both marrubiin (XIII)?2, the bitter

principle of marrubicum vulgare and columbin (XIV)4?

a bitter principle of colombo root, are diterpenes,
but while marrubiin retains the skeleton of geranyl-
geraniol (XV) and of the intermediates (XVI) and (XVII),
in the case of columbin a rearrangement of (XVIII) has
been postulated to account for the abnormal diterpene
skeleton.

So far, limonin,nomilin and obacunone
are the only well established triterpenoid bitter

principles.
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15, THE CHEMISTRY OF OBACUNONE AND NOMILIN

2., Summary of previous work

i. Isolation of obacunone and nomilin

Obacunone was isolated by Kaku and R193

fromn the bark of phellodendron amurense and 1s

1 94

identica with cassimirolid , which was isolated

earlier from cassimiroa edulis , another member of

the rutacea fanily , by Power and Callangs.
Obacunone, together with the entirely
new bitter principle nomilin , was later isolated

13,14 from immature navel oranges and

by Emerson
from citrus seed oil. Later work15’4o showed that

both nomilin and obacunone occur in grapefruit

geed o0il and in the course of the present work , it
was shown that either or both of the bitter principles
nay be obtained from grapefruit secds in approxina-
tely 0.03% yield. Soue evidence’’ exists that the
bitter principle involved is in fact nowmilin.

ii. Relation of obacunone to nomnilin

Reliable characterisation of obacunone

13,14

and nomilin is due to Enerson who also elucidated
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the relationship between them. Both bitter principles
were shown to be dilactone ketones by equivalent
deterninations and preparation of oximes and
furthermore nomilin,028H3409,was shown to contain
one acetoxy group which was lacking in obacunone,
C26H3007. On mild alkaline hydrolysis both materials
yielded obaqunoic acid , 026H3208 s, thus showing
that nomilin was acetoxy obacunone and that the
acetoxy group was capable of being elinminated under
alkaline conditions. In confirmation it was also
found possible to convert nomilin to obacunone by
heating in the presence of pyridine.

iii., The functional groups of obacunone and nomilin
139149

Besides the work of Emerson only
one other investigation hus been described into
the chenmistry of nomilin and obacunonelB, from
which all the information in this subsection has

been abstracted.

(1): Degree of unsaturation: On the basis of hydro-
15

genation experinents , Decan and Geissnan assigned
four double bonds to obacunone and obacunoic acid
and three double bonds to nontilin. The amounts of

hydrogen uptake by obacunoic acid and nethyl
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obacunoate , quoted by the above authors, were
found incorrect in the course of thc present work
(see below) and it can be stated with reasonable
certainty that obacunoic acid has only three
double bonds.

Hydrogenation over palladium-carbon
also caused hydrogenolysis with formation of an
abnornally strong carboxylic acid - a situation
completely analogous to the hydrogenolysis of
limonin and columbin (see section 1). The infra-

red spectra of obacunone and

nonilin show the characteris-

- O tic furan fregquencies ,iden-
~ tical with those detected

Y, in limonin (especially bands
| o at 1505 and 875 ca +) and

~ their NMR (see below) and

‘ (]) ultraviolet spectra are also
in accord with the presence of a A-substituted furan
nucleus. On the basis of the above, (I) becomes an
attractive partial structure for obacunone and nomilin.
The presence of a B-substituted furan in obacunone

33

was also indicated by experiments analogous to

those described on page 17. In the course of the
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present work further evidence has been obtained
in support of (I). (sce below),

(2) The nature of the lactone groups: On the basis

of infrared and uwltraviolet spectra both lictones
in obacunone were assigned the & configuration,
one of then being a-f8 unsaturated.It is the un-
saturated lacténe which is hydrolysed in the
formation of obacunoic acid , which is of normal
acid strength.

(3) The nature of the ketonic carbonyl: Two isomeric

obacunols can be obtained by reduction of the ketonic
carbonyl in =2 manner analogous with limonin (see
section 3). This , and the infrared frequency of

the ke tonic carbonyl absorption suggests that the

ketonic function of obacunone is present in a ring,

probably six menbered or larger. The assignement of
all the carbonyl frequencies was further supported

by careful quantitative studies of the infrared

spectra of a nunber of derivatives and model corm-

pounds. '

(4) Obacunoic acids: As expected, obacunoic acid is

& nono lactone mono carboxylic acid13'14 and the

infrared spectrun of methyl obacunoate shows the
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14 , Kaku and

presence of a hydroxyl group. IEmerson
3193 and Callan and Power95 were able to prepare

an acetyl derivative of obacunoic acid by heating

with acetic anhydride and sodium acetate, but this
experiment could not be repeated by Dean and Geissmanls,
suggesting that the hydroxyl group in obacunoic acid

ig difficult to acetylate. There is no evidence

fér the presence of any hydroxyl groups in either

obacunone or nomilin.

(5) Miscellaneous s Unlike limonin, nonilin appears

to give no acetone on fusion with =2lkali. Also
unlike limonin, obacunone gives a positive iodoform
test,

Obacunone gives a hydrochloride, which
can be re-converted to the starting material by
warning with pyridine. Spectroscopic cvidence sug-
gests that the double bond involved is conjugated
with a lactone carbonyl. The same double bond
appears to be capable of being selectively hydroge-
nated to give dihydro obacunone.

a-Obacunol appears to undergo 2 complex
change with alkali to give an amorphous product.This
suggests an analogy with the merolinonol change (see

section 8).
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b. The present work

i, Biogenetically attractive structures of obacu-

none and norilin

On the basis of published work (see
section 15a) and the known structure of liuonin,

Barton2

proposed structure (I) for obacunone and
(II) for noailin. It follows, that the cowwi’on de-
rivative of obacunone amd nomilin , obacunoic acid,

should have structure (III).

q
|
HC-C =0 Q)
3 | G oL
™~ 0
O= -
< ~O
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It can be seen that the part structure

proposed for obacunone (V) is , in fact, an inter-

nediate in the postu-

lated transforiiation

of the norinl terpene

structure (IV) to 1li-
nonin (VI)., (scz section

14b). FHouilin, way then

be derived by acetoxy-—

Z/C1:>\J
ooH - lation of (V).

HO~ ~0
<

Besides being

(Hl} attractive biogenetically,
structures (I),(II) and (IIT) , agrec with all the
known properties of obacunone, nomilin and obacunoic

acid (see section 15a) eXecept:
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(a) Experinents of Dean and Geissman™~ suggested
that obacunone and nomilin had one nore double
bond each than shown in structures (I) and (II).

5

(b) Obacunoic acid was reportedl to give a positive
iodoforn test.

In the course of the present work, it
was shown that obacunoic acid contains only three
double bonds and that structures similar to that
postulated for obacunoic acid (IIL) can give rise
to iodoform.

Other evidence was also introduccd in
favour of structures (I),(II) and (III). All the
work described in the remainder of this section was
performned by the present author with the exception
of oxidation of obacunoic acid with oxygen in the

53

presence of potassiuwa tertiary butoxide””.

ii. Hydrogenation of obacunoic acid and nethyl oba-

cunoate

When hydrogenated over palladiwa-czrbon,
obacunoic acid was found to take up 3.74 moles of
hydrogen to give an anorphous acide As hydrogenation

over palladiun always leads to hydrogenolysis of

lactone D in limonin , this result indicated that
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only three moles of hydrogen were tazken up by un-
saturated structures in obacunoic acid.

More inportant, it was found that hydro-
genation of methyl obzcunoate over palladiun-carbon
also resulted in the uptoke of 3.75 noles of hydro-
gen to give methyl-hydrogenoctahydroobacunoninate
identical in its properties with the naterial

15 , wWho however

described by Dean and Geissuan
recorded a higher hydrogen uptake in an identical
experinent. On the basis of structure (III) for
obacunoic acid , methyl-hydrogenoctahydroobacunoni-

nate should be (VII) (see below),

ii., Reactions of obacunoic acid analogous to limonin

(1) Desoxyobacunoic acids Treatment of obacunoic
44,96

acid , 026H3208 with chromous chloride resul-
ted in the fornation of a desoxy acid 026H3207 whose

ultraviolet spectrun

- showed a psak at 206~
\
208 nu (e€:22,000) which
I ) is in agreciient with

\\\‘ N N structure (VIII), the
expected product of a

(10*7</ reaction analogous to

(\/Hl) the formation of desoxy-

limonin fron linonin,.
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The infrared spectrun of desoxyobacunonic acid,

1 in the carbonyl

had no bands above 1715 cu
region , in accordancc with the presence of an

a-B unsaturated lactone, an a-B wnsaturated acid

and a cyclohexanone, Treatment of (VIII) with

alkali followed by acidification resulted in the
fornation of an acidic naterial which exhibited

no nmaxinuri in the wltraviolet but retained strong

end absorption , a reaction analogous to the

formation of desoxylinonic acid from desoxylimo=-

nin (see section 4) , as expected from structure (VIII).

(2). Action of strong acids on nethyl-hydrogenocto-

hydroobacunoninate and octaohydroobacunoninic acid

Treatment of methyl-hydrogenoctohydro-
obacunoninate with strong acid under conditions
analogous to those described in section 6, gave an
amorphous neutral material (X) whose infrared spect-

rum showed bands at 3200 cm—l(hydroxyl), 1787 em~t

(v lactone), 1732 em™t (methyl ester) and 1631 em™t
(very strong)(hydrogen bonded, a-f unsaturated ketone).
The presence of the a-p unsaturated ketone was con-

firmed by the ultraviolet spectrum which showed a

maximum at 247 my (e:8,000). An acidic product ({1),
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was also isolated, whose infrared spectrum showed
bands near 3400-3000 cm™+ (hydroxyl), 1785 cm™*

(y lactone) , 1720 cm_l (saturated carboxylic acid)
and 1631 (ves.)om ™+ (hydrogen bonded, a-f unsatura-
ted ketone). The ultraviolet spectrum of the acidic
product was very similar to that of the neutral
material., An amorphous acidic material identical

in its spectroscopic properties with the acidic
material (XI) was also obtained by the action of
strong acid on the amorphous hydrogenation product

of obacunoic acid itself, probably octohydroobacu-

noninic acid (IX):
8

N

/«\Wﬂh@

00H cooH fe
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The above reactions fit well with the
structure (VII) for methyl-hydrogenoctohydroobacuno-
ninate , the products being analogous to those ob-
tained from hexahydrolimoninic acid (see section 6),
but accompanied by the elimination of hydroxyl from
04 and conjugation of the resulting double bond with

the ketone at C In particular the frequency of the

1

70
very strong absorption at 1631 cm -~ is very strongly
indicative of a hydrogen bonded , a-R unsaturated
ketone.

(3).0xidation of obacunoic acid with oxygen in the

presence of potassium tertiary butoxide: Using con-

ditions identical to those employed for the oxidation
of limonin (see section 10), Templeton53 oxidised
obacunoic acid to a material which showed the dios-
phenol chromophore , nearly identical with that

shown by limonin diosphenol, in the ultraviolet and
infrared. However,instead of the composition 026H3009
expected for the predicted acid (XII), the product
analysed for 026H2808’ was insoluble in sodium bi-
carbonate solutions and was shown to be a dilactone,

A plausible structure for this material is the lactone

(XIII), which may be formed from the initial product
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(XII) by an indirect mechenism:

’J//”\\+ o
_o
f’\ A ~Q —

COOH \/‘: i\
"'O7< on (X1) 7\/ 5HO W)

ive. Formation of iso-obacunoic acid

O
<

Treatment of methyl obacunoate or obacu-
noic acid withmethanolic sodium methoxide gave an
isomeric acid, iso-obacunoic acid (XIV). In accordance
with structure (XIV), this material had a considerably
lower absorption in the ultraviolet (N, 2208 mp ,
€:5,200) than obacunoic acid, and lacked the band

at 1630 cm -

in the infrared which was assigned to
the double bond conjugated with the carboxylic acid
carbonyl in the spectrum of obacunoic acid. Bands
at 3500-3000 cm™ T (carboxylic hydroxyl),Ll741 cm T
(lactone D), 1716 cmt (ketone and carboxylic acid),
as well as furan bands in the infrared spectrum of

iso-obacunoic acid support structure (XIV).



117
The mechanism proposed for the formation
of iso-obacunoic acid from obacunoic acid 1s shown
below. It can be seen that 1t is analogous to that
which may be involved in the regeneration of limo-
nilic acid from pyrolysed limonilyl chloride (section
1le) and to that proposed for the formation of limo-

clastic acid (section 9):

O~
/ ~N
so’ O ~0

W6 () (1)

V. InErpretation of the positive iodoform test

given by ovacunoic acld

PDean and Geissman15

reported that obacu-
none gave a positive lodoform test. This finding was
confirmed in the course of the present work, when

it was found that a highly purified semple of obacu-

noic acild also gave a positive iodoform test, while

iso-obacunoic acid failed to react with iodine and
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alkali and was recovered unchanged from the reaction
mixture.

Iodoform tests were then carried out on

a number of medel compounds using a standard procedure97:

STRUCTURE SUBSTANCE % YIELD IODOFORM
XV Acetophenone.sccoccsccscccscsocossesa 20

XVI Acetonedicarboxylic estereeccscoseeoe 16,21
III Obacunoic acidecccoccccvcsceccsossssea 15

XIv iso-Obacunoic acideccceccscccscosseos Nil

Limonin 92 0 0 0 0 ¢ 0 00 B OO OO N0 00 0O 00 @O E OO nil

XVII Cinnamic acideseccsccsceoscooccsonocoee Nil
XVIII Crotonic acidecocoscoossesscnccssocoe Nil
XIX DiNyAT0CarvOne . s eeeseesonsosesses nil
XX Dihydrocarvone hydrategg.....o...... 4
XXI CarVONEeesscoccsoscscacassscsssassse Nil
XXII Carvonehydrateloo..............n.... 6
XXIII a-Terpine0leeecoscccosccoossocssosnse Nil
XXIV Dihydro-iso-photosantonic lactone}P} 4

From the consideration of the structures
below, it can be seen that a positive iodoform test
can be obtained not only with methyl ketones (XV),

or with substances which hydrolyse to methyl ketones (XVI).
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but also with substances (XX),(XXII),(XXIV) contain-

ing the grouping
Lo
He-C—c—-Cc—(C—
5 Y
O\ H O

and as such a grouping has been postulated for oba-
cunoic acid (III) but not for iso-obacunoic acid
(XIV), the positive iodoform test obtained with
the former and the negative result with the latter
provides some evidence for the correctness of the
structure assigned to obacunoic acid and hence to
obacunone.,

Two mechanisms may be postulated for

the reaction:

. Ii
/ / { Y ‘ )
R poog v ey
G- - 0O , / / c} . J O
- - — — -
N H,C /(\J/ y /
////)' N ﬁﬁ 7 7
1/ (—w/-l - /
HO

Path I involves a preliminary equilibrium with the
hapohalide while path II involves a preliminary

a iodination of the ketone, (see section 11), and
the methyl ketone formed then gives iodoform in the

usual manner,
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The major product of such a reaction
should be an a-B unsaturated ketone. No chromo-
phore assignable to such a structure could be
found in the crude reaction product of obacunoic
acid with iodine and alkali, but as the reaction
which gives rise t0 iodoform takes place only to
a small extent, it is possible that the a-B un-
saturated ketone was further oxidised, or that it
is undetectable in small concentration.

In the case of carvone hydrate, the
expected product, orthocresol (XXV) , was isola-
ted in a small yield following treatment with
iodine and alkali and de-iodination of the phenolic
fraction of the product. When the de-~iodination -
step was omitted, di-iodo-o-cresol (XXVI) (probably

)102 was isolated. The cresols

the 2:4 diibdo isomer
were identified by the comparison of their

3:5:dinitrobenzoates, (XXVII) and (XXVIII) with those
prepared from authentic specimens. (Note: DNB stands

for 3:5 dinitrobenzoyl chloride).
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(vi) The NMR spectrum of methyl obacunoate

The table below lists some of the features
of a high resolution proton magnetic resonance spectrum
of methyl obacunoate , together with the assignements
made., In particular , the AB quartet (J: 12 ceP.S.)
is almost identical with that shown by the spectrum

103 and five distinct methyl

of cis methyl crotonate
peaks may be seen as compared with four in the spect-
rum of limonin and citrolin. In general, this evidence
lewds strong support for the assignement of structure

(III) to obacunoic acide.

Tau (PePomle) Assignement

9.043 9.008 S'Four angular methyl .groups at C,g,

8.97 8.88 ((Cpg s Cog and Cs

8.618 Methyl group adjacent to furan (013)
6433 lethyl ester group

4.63 Proton at 017

4.490 4.24 aH% A-B quartet at C,-C,

4.08 3,798 B HY

3.668 B hydrogen of furan ring

2.506 a hydrogens of furan ring
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16, ATTEMPTED THERMAL DECARBOXYLATION OF SOME

DERIVATIVES OF CARBOXYLIC ACIDS

In general, uncatalysed thermal de-
carboxylation of carboxylic acids can be accompli-
shed under relatively mild conditions, only if the
environment of the carboxylic carbonyl group is
favourablelo4. Thus B-keto acidsloS(I) and
B-oxy acids (II) are believed to decarboxylate by
cyclic mechanisms shown below. An interesting

example of the latter , is the decarboxylation of
glycidic acidst0® (III), which is the final step

in Darzen's glycidic ester synthesis47.
\/ N/
Q/ O | C
V. ~—_ N .0
e -~ C ‘\/g
b

R 1 R 3
{ S |
::C <—£f71 Q /VO ~, Rk\ a . R\ \3

R, N, ¢ D A Y
’ O | K, \ / 1

H 7
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The presence of a negative substituent
in the a position to the carboxylic carbonyl can
also facilitate thermal decarboxylation - which
often proceeds via the carboxylate ion - either by

an inductive effect (IV) or by electron shift (V):

O

[P

(e Y5
|

)

The decarboxylation of hydroxy benzoic
107

—= X

acids has been formulated as proceeding via an
electrophilic substitution by a proton - which is
still available in the mildly alkaline solution
used - followed by decarboxylation proper according

to the scheme set out below:

-
) Q
SH ! 0
O~ 7 ¥ =
U -_4_"
) - o %”V$F7—9 | +C0,
& Aot T

7
1) H-Q9 H O
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A cyclic intermediate was also postulated
for the thermal decarboxylai:ionlo8 of B-y unsaturated
carboxylic acids (VI) , and it was also suggested
that a-p unsaturated carboxylic acids are decarboxy-

lated after a prior isomerisation of the double bond

to the P-y positiontOd,

\4%4

/N C=0
/

{—1 N
© H{XbC\D (=9

’/

\0 Vi) i) @J/\

108 that some hetero-

It is also known
cyclic acids (e.g. 2-quinolyl ecetic acid) decar-
boxylate readily. Again , attractive cyclic transi-
tion states involving either the acid itself (VII)
or its zwitterion (VIII) can be postulated.

An interesting example of decarboxylation

is the decarbonylation of pivalic acid chloride (IX)llo

possibly involving the following mechanism, although
catalysis by alXuminium chloride suggests that carbonium

ions are involved:

/l"\ CH?.
Chy I |
14/6& —>  H,C- c + (0 + HUL
H(—«-/

L eg QX) (H

(H3
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In the course of the present work, an
attempt was made to produce structures electronically
favourable for decarboxylation by a suitable choice
of R' in ester-type structures R-CO-0-R°,

I+ appeared possible that phenacyl esters
of carboxylic acids which had a hydrogen in the f
position to the carboxylic carbonyl may decompose
thermally in the following manner to give unsaturated
compounds s

I VNY _ |
TR (= (=0 LH L=l My — o b+ HC0 (M
l

1 I Nl
!
H'oo o
Another route to decarboxylation appeared
in a thermal decomposition of Q-acyl-NN-dimethyl

111,112,113

hydroxylamines , possibly involving a

cyclic transition state:

N/
C
\ oo~ 0
s C - .
l j C > \ — / A /C ‘—‘3
ol S T =LA H(D + HINS
N

/N
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An even more favourable case would be
presented by the thermal decomposition of quarter-

nised O-acyl-NN-dimethyl hydroxylamines:

Y w/ﬁ“« | ,CH,
—C ,\C C - o\ = = +(D, + NT U'
Wy F‘\(H, ~C
- O g

The desired intermediates (X) and (XI)
derived from the model 3-p-acetoxy-ll-keto-bisnor-

4were prepared , but all efforts

allo-cholanic acidll
to decarboxylate them thermally were unsuccessful.
Quarternisation of (XI) followed by pyrolysis also

did not yield any decarboxylated material,

(H

i /£
€ 0-CHC (e | \,- co-o-N
/[\ ¢ O\\ l 3

AcO
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17, IRRADIATION OF ACYL CHLORIDES WITH ULTRA-

VIOLET TLIGHT

The irradiation of acyl chlorides in
solution was studied as a possible general method
for decarboxylation of carboxylic acids.

A literature search revealed that no
such studies have been described, although the
photolysis of a simple acyl bromide in the gas

115’ FProm the conside-

phase has been described
ration of the nature of the products obtained,
which included carbon monoxide,dialkyl,diacyl,para-
fin and alkyl halide species , the primary process
was postulated as:

R

R-CO-Br ——> R=C0¢ + Bre  eseseol(i)
The acyl radicle could then dissociate
into an alkyl radicle and carbon monoxides
R-C0s, -—— R, + €O ceoeskil)
and reactions of the various radicles formed can
account for all the products observed,
In the present investigation ; 3=f=-

acetoxy-ll-keto-bisnor-allo-cholanic acid chloride

(II) , derived from the known aciglt? (I) was found
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to yield a neutral product of composition corres-
ponding to (III) on irradiation in dioxane solution.
The structure of (III) was independently proved by
synthesis from the knownll6’117 3-pB~acetoxy~11:20-
diketo-allo-pregnane (IV) via the 20-dithioketalll®,
The formation of the 20 rather than of the 11 deriva-
tive was assumed on grounds of better steric accessi-~
bility of the 20 position., A Huang-liinlon reduction
of (IV) resulted in the formation of the knovn 117 120
3-p-hydroxy-allo-pregnane.

To account for the formation of the satu-
rated decarboxylated derivative (III), one must
postulate an exchange reaction of the type:

R + R'H——> RH + RI! ceveeee(iii)
which is a common process in photochemical and free
radicle reactionsl21. In the present case , R'H
could be a solvent molecule or another molecule of
the photolysed species.

The irradiation of another model comp&hd,
3-p=-ll-a-diacetoxy~bisnor-allo-cholanic acid chloride,
and of 1imonilyl chloride resulted only in the forma-~

tior of amorphous neutral materials whose infrared

spectra showed that decarboxylation has token place.




A
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Thus it appears that although acid chlorides can
be generally decarboxylated by irradiation in
dioxane , the method suffers from practical
difficulties , possibly due to the large number of
side reactions possible.

It was also observed , that irradiation
of dioxane itself resulted in the formation of

a product whose elementary
composition and molecular
C)j]——~—[:C)t] weight corresponded to
[;() : () C8H1402 and whose infra-
red spectrum had no bands
(vt) in either the O-H stretching,
the carbonyl or the double
bond regions., The NMR spectrum showed only a single
broad band in the same position as that shown by
the spectrum of dioxane. On the basis of the above,
structure (VI) was assigned to this material,

The reaction leading to di~dioxane (VI),
was not investigated in detail, but preliminary results
indicate that traces of oxygen in the nitrogen which
was passed through all the irradiated mixtures ,

might be responsible’,



133
EXPERIMENTAL

General

a) Unless otherwise stated all ultra-
violet spectra were deternined in ethanol on a
Unicam model 500 spectrophotometere.

b) Unless otherwise stated all infra-—
red spectra were determined in a Nujol mull on
a Perkin-pgluer nodel 21 spectrophotoimeter,

¢) The phrase "working up" indicates
that the reaction mixture was poured into chloro-
form , washed with water and extracted with a so-
lution of sodium bicarbonate, The chloroform
extract was evaporated to dryness to yield the
crude neutral fraction. The bicarbonate solution
was acidified , extracted with chloroform and the
extract was evaporated to dryness to yield the
crude acidic fraction. In the case of reactions
where hydroiodic acid was used the original chlo-
roforn extract was washed with saturated sodium
sulphite solution . Where pyridine was used , the
chloroform extract was washed with dilute hydro-

chloric acid.

d) All melting points were determined

on a Koffler block.,
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BExtraction of limonin from grapefruit seeds

Freshly ground graperfruit seeds ( 2.5 kg)
were soaked in acetone (12 1) for 8 days with oc-
casional stirring. The extract was filtered and the
crushed seeds were washed with a further portion of
acetone (3 1). The combined extracts were distilled
under atmospheric pressure until the temperature of
the liquid reached 110°C. The syrupy residue was
poured into petroleum ether (Bp. 60-80°C, 2.5 1)
and cooled for two days at 0°C. The precipitate was
collected, washed with methanol ( 2 x 100 ml) and
crystallized from methylene dichloride/ iso-propa-
nol to give limonin (21.4 g).

Mp.: 290-2°C

(a)D: - 124° (c:1.%, acetone)
U.V.:2 kmax’ 207-10 mp , €:6,800
I.R.:1761,1709,1504,876 ca™

I.R. in chloroform: 1755,1715,1505,875 cm
1

1

I.R. of disodium salt ¢ 1690 cm~

Hydrogenation of limonin

a)Over rhodium-carbon at atmospheric pressure

Timonin (10 g) was dissolved in glacial
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acetic acid (500 ml) and hydrogenated at atmos-
pheric pressure over 5% rhodium-carbon (10 g)
for 8 hours when uptake of hydrogen ceased. The
reaction mixture was filtered , the solvent was
distilled under vacuum and the product was worked
up as usual. On recrystallization from methylene-
dichloride/methanol the neutral fraction gave

tetrahydrolimonin (6.1 g), Mp.: 280-93°C.

Acidification of the bicarbonate ex-
tract followed by prolonged cooling yielded crys-
talline hexahydrolimoninic acid (1.34 g),Mp.:165-

8% y not depressed by mixing with an authentic
specimen,

b)Over palladium-carbon at atmospheric pressure

Limonin (7.0 g) in glacial acetic acid
(500 ml) was hydrogenated over 10% palladium-carbon
7.0 g) for 3 hours when uptake of hydrogen ceased.
The reaction mixture was filtered , the solvent was
distilled under vacuum and the residue was worked
up as usual except that a saturated solution of
sodium carbonate was used to extract the acidic
component . Acidification of the carbonate extract

followed by prolonged cooling gave crystalline
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hexahydrolimoninic acid (5.4 g) ,lip.: 163-71°% .
1

I.R.: broad band near 3%400,1750,1710-1700 cm™

Crystallization of the neutral fraction
from methylene dichloride/methanol yielded tetra -
hydrolimonin (0.6 g), Mp.:28500.

c¢)Over rhodium-carbon at high pressure

Limonin (10 g) in glacial acetic acid
(500 ml) was hydrogenated over 5% rhodium-carbon
(10 g) for 12 hours at 125 atmospheres with stir-
ring.The reaction mixture was filtered, the solvent
was distilled under vacuum and the product worked
up as usual. On crystalliZation from methylene di-
chloride/methanol, the neutral fraction yielded

hexahydrolimondiol (4.46 g) Mp.:299—30200 (G)Dz

-50° (c: 1.0 , pyridine).

Acidification of the bicarbonate ex-
tract followed by prolonged cooling gave hexahydro-
limoninic acid (0.7 g) , Mp.s 161-6°C not depressed

by mixing with an authewtic specimen.

Desoxylimonin

a) By action of hydroiodic acid on limonin

Limonin (10 g) in a mixture of glacial
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acetic acid (80 ml) and hydroiodic acid (35.g. 1.7,
40 ml) was warmed at 50-60°C for 3% hours. Working
up as usual gave neutral fraction (6.9 g) which on
crystallization from methylene dichloride/methanol
vielded desoxylimonin (5.23 g).
ilp. s 325-33°C
U.V.s xmaX:213.5 mt , £€:15,800

I.R.: 1746,1715,1695(sh),1503%,875 cm
1

1

I.R.tin chloroform: 1755,1715 cm

b) By action of chromous chloride on limonin

Timonin ( 530 mg ) in glacial acetic
acid (25 ml) and acetone (25 ml) was treated with
a solution of chromous chloride ( 1M , 14 ml) under
nitrogen. The mixture was allowed to stand at room
temperature for 44 hours, acetone was distilled
under vacuum and the residue was poured into a large
volume of water. The crystalline precipitate which
appeared on cooling was collected and recrystal-
lized from methylene dichloride/methanol to give

desoxylimonin ( 444 mg) , Mp.:327-35°C identified

by its infrered spectrum.
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Tetrahydrodesoxylimonin

Desoxylimonin (514 mg) in glacial acetic
acid (50 ml) was hydrogenated over 10% palladium -
carbon (500 mg) until hydrogen uptake ceased ( 66ml
at 2000). Working up as usual gave neutral material
(517 mg) which was crystalliZed from methylene di -

chloride/ethanol to give tetrahydrodesoxylimonin.

The analytical sample was dried under vacuum at
145°C for 40 hours.

Calculated for 026H34O7= C268.10% H:T7.47%
Founds C:68.16% H:T.46%
Mp.: 292-300°C

(a)D: -81° (¢ : 1.2 , chloroform)

U.V.: xmaX:ZlB.S my e210,600

I.R.: 1752,1720,1707 cm~t

Isotetrahydrolimonin

Tetrahydrolimonin (2.08 g) in glacial
acetic acid (30 ml) and concentrated hydrochloric
acid (20 ml) was warmed on the steam bath for 90
minutes. Working up as usual gave neutral (1.3%8 g)
and acidic (393 mg) fractions . The neutral fraction

was found to be partially soluble in cold dilute
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sodium hydroxide solution. The remaining neutral
material (225 mg) was identified by its melting
point and infrared spectrum as unreacted tetra -
hydrolimonin. The alkali soluble materizl was
worked up as usual to give neutrél (844 mg) and
acidic (118 mg) fractions. The neutral fraction
was crystallized from methylene dichloride/etharol

to yield isotetrahydrolimonin.

Mp.s 260°C
UeVas Aoy 3257 mu £:5,460
U.V. in presence of alkali: kmaX:29O my ¢€2:4,200
I.R. a weak broad band near 3300,1751,1723 cm™ T

The two acidic fractions could not be
crystallized. They had very similar infrared spectra
and no maxima in the ultraviolet spectra. The second

acidic fraction was found to have an equivalent

weight of 221,

Ozoneolysis of isotetrahydrolimonin

Isotetrahydrolimonin (249 mg) was
"dissolved in chloroform (50 ml),cooled to the
temperature of a carbon tetrachloride/dry ice

mixture and ozonised oxygen was passed through
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the solution. After 25 minutes the absorption
maximum at 257 mu fell to a negligible value ,
water (15 ml) was added , chloroform was boiled
off and the clear agueous solution was warmed on
the steam bath for 30 minutes. The solution was
evaporated to dryness and the total residue was
found to be soluble in sodium bicarbonate solution,
It could not be crystalli Zd.

The crude product Was found to have
an equivalent weight of 1%8 and addition of a so-
lution of calcium nitrate to the solution of ‘the
hydrolysed material obtained from the determination
of equivalent weight caused the immediate precipi-

tation of calcium oxalate which was identified by

its infrared spectrum.The major hydrolysis product

was acidic and could not be crystalliZed.

Desoxylimonic acid

Desoxylimonin (2.0 g) was dissolved in
2N sodium hydroxide solution (50 ml) and heated on

the steam bath for 100 minutes, The mixture was aci--

dified with concentrated hydrochloric acid and worked

up as usual to give acidic product (1.76 g) which
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on crystallization from methylene dichloride /

iso-propanol yielded desoxylimonic acid.

Mp.: 250-2°¢
(a)ps -1%9% (¢:1.0 , =zcetone)

I.R.: diffuse band near 3200,1750(sh),173%4,1719,

1503,874 om™ L.

Desoxylimonic acid was converted to

its methyl ester by treatment with excess ethereal

diazomethane in a dioxane solution. Mp.:l6l—6°C
not depressed by admixture with an authentic spe-

cimen.,

Tetrahydrodesoxylimonic acid

a) From tetrahydrodesoxyiodoacetate

Tetrahydrodesoxyiodoacetate (272 mg)
was shaken with a solution of potassium hydroxide
(3 g) in water (20 ml) until a homogenous solution
was obtained. The mixture was allowed to stand at
room temperature for 19 hours . Acidification with
dilute sulphuric acid caused precipitation of

crystalline tetrahydrodesoxylimonic acid (184 mg)

which was recrystallized from agueous acetone.The

analytical sample was dried under vacuum at 105°¢
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for 18 hours.
Calculated for C,gHsc0g:  C:65.53%  H:7.61%
Pound: C:65.49% H:7.78%
Mp.: 276-84°C

(G)D: -89° (¢: 1,1 , pyridine)

Equivalent weight: 168

U.V.: end absbrption at 202 mp ez 11,000
I.R.: diffuse 3200,1758,1750,1716 cu™ T

b)From tetrahydrodesoxylimonin

Tetrahydrodesoxylimonin (150 mg) was
warmed on the steam bath with 2N sodium hydroxide
solution ( 30 ml) for two hours. The solution was
cooled and acidified with dilute hydrochloric acid.
The crystalline precipitate was collected and re -
crystallized from aqueous acetone to give tetra-
hydrodesoxylimonic acid ,Mp.s 275-80°C whose infra-
red spectrum was identical with spectrum of the
material prepared by the method a).

c¢c)From desoxylimonic acid

Desoxylimonic acid (572 mg) in glacial
acetic acid (75 ml) was hydrogenated over 10% pal-
ladium-carbon (1.0 g) which was previously pre-
hydrogenated. The material took up 51 ml of hydro-

gen and working up as usual gave acidic material
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(620 mg) which on crystallization from agueous
acetone yielded tetrahydrodesoxylimonic acid Mp.s
266-72°C whose infrared spectrum was identical

with that of a specimen prepared by method a).

Ozonolysis of tetrahydrodesoxylimonic acid

In a typical experiment , tetrahydro-
desoxylimonic acid (130 mg) was ozonised in a
mixture of glacial acetic acid (30 ml) and chloro-
form (45 ml) at -13°c. Aliquots were removed at in-
tervals and worked up by addition of water and
distillation of solvents under vacuum. The ultra-
violet spectra of materials thus obtained showed
no maxima in ethanol solution but on addition of
alkali a peak appeared at 275 my which disappeared
on re-acidification. The intensity was found to
vary with the time of ozonolysis reaching a maximum
of €35,500 after 10-15 minutes and decreasing
sharply after longer periods. The materials thus
obtained could not be crystallized although a
variety of ozonolysis procedures was used including
reactions with calculated quantities of ozone as

gstimated by an iodometric method.
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The crude ozonolysis products gave |
immediate positive iodoform tests. A model subs-
tance , diethylacetonedicarboxylic cster, also

gave a positive iodoform test but not immediately.

Attempted bromination of tetrahydrodesoxylimonic

acid

Tetrahydrodesoxylimonic acid (44 mg)
in glacial acetic acid (4‘m1) was treated with
excess bromine in glacial acetic acid. The mixture
was allowed to stand at room temperature for two
hours, was warmed briefly on the steam bath and
the solvent was distilled under vacuum. The crude
residue (50 mg) crystallized on addition of a drop
of acetone to give unchanged starting material
identified by its melting point (275-80°C), mixed

melting point and infrared spectrun.

Treatmnent of tetrahydrodesoxylimonic acid with acid

Tetrahydrodesoxylimonic acid (51 mg)
was warmed on the steam bath with a mixture of
concentrated hydrochloric acid (% ml) and dioxan

(3 ml) for 18 hours. Working up as usual gave crude
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acidic product (45 mg) which had infrared and ultra-
violet spectra similar to those of the starting

material but which could not be crystalligzed.

Chlorination and dehydrochlorination of tetrahydro-

desoxylimonic acid

In a typical experiment, tetrahydro-
desoxylimonic acid (720 mg) was dissolved in glacial
acetic acid (100 ml) and a solution of chlorine
(0.20 milimole) in carbon tetrachloride (28 ml)
was added., The mixture wos allowed to stand in the
dark at room temperature for 16 hours , the solvents
were distilled under vacuunm and the solid residue
was heated under vacuum for 3 hours ot 110°C.Crys—

tallization from acetone/ether gave cisoid diene

acid (390 ng).

Calculated for 026H3408’ C265.,80% HiT7.22%
Found: C:65.70%  Hs7.40%
Mp.: 259-69°C

(a)D: +231° (¢:0.8 , chlorofornm)

UeV,: xmaxz255 ng €:7,750 (a broad band)
I.R.:1760,1714,1703,1619,1600 cm™ =

I.R. in chloroform : =lmost identical
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Cisoid diene acid was converted to its methyl ester

by treatment with excess etherczal diazomethone at
roon temperature for 45 nminutes ,working up as usﬁal
and crystallization from acetone/ether.
Calculated for CpnHzOgz  C:66.37%  Hz7.43%
Found: C:66.21% H:T7.34%
Mp. : 200-204°¢C
(a)D: +226 (c: 1.3 , chlorofornm)
U.V.:2 xmax: 255 op €:7,700 (a broad band)

Further slow crystallization of the
residue from the preparation of the cisoid diene

acid from acetone/ether gave transoid diene acid

(80 ng).

: . . ¢ . :
Calculated for 026H3408.%H20. C:64.60% H:T7.309
Founds C:64.76%  H:T7.02%

M. p.:260-71°C
(a)D: +260 (c:1l.2 methylene dichloride)
V.zkmax:ZBO mny €:6,300 and xmax=284mp €:16,400
I.R.:1752,1731,1704,1594 om™*
The transoid diene acid was converted

to itsmethyl ester by treatment with excess ethereal

diazomethane at room tenperature for 45 minutes,

working up as usual and crystallization fron
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acetone/ether.
Calculated for 027H3608.%H2O= C:65.68% H:7.50%
Pounds C:65.09% H:7.19%
Mp.:207-12°C
(G)Dz +234° (c: 1.8 , chloroforn)
U.Ves N ,.2229mp €:5,400 and Npax 285 np €:18,650

Note: The crude material obtained ~fter
chlorination but before heating had the following
ultraviolet spectrums xmax=230 np €:6000 and a
shoulder approximately at 250 mp €:4000., All
attempts of crystallization resulted only in the
cisoid diene acid being isoloted,On heating the
spectrum of the nmaterial changed slowly to the
one expected from a mnixture of cisoid and trans-
oid diene acids. Alcoholic potassium hydroxide
or collidine had an effect similar to heating but
the products were darker and difficult to crystal-
liZe, Although only small anounts of the transoid
diene acid were actually isolated , the ultra -
violet spectra of the mother liquors indicated that
the actual proportions of the cisoid/transoid iso-

mers formed were between 2/1 and 4/1.
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Ozonolysis of cisoid diene acid

Cisoid diene acid (133 ng) was dis -
solved in chloroform (20 ml) and ozonised at -20°C
for 15 minutes. Zinc dust (0.5 g) and water (8 ml)
were added and the mixture was distilled. The aque-
ous layer of the distillate was separated, treated
with excess aqueous dimedone reagent ,allowed to

stand for 20 hours and the dinedone-formaldehyde

adduct (identified by its melting point and mixed
nelting point) was collected , dried and weighed.
Yield: 18.5 mg (13.2% of theory).

Under identical conditions , pyrethro-
sin (Cl7H2205 , 110 ng) gave 14.8 mg of the dime-
done-formnaldehyde adduct (13.4% of theory). Blanks
using tetrahydrolinonin (100 ng) gave less than
2 mg of precipitate with the dimedone reagent.

The main ozonolysis product could not
be crystallized. The ultraviolet spectrum of the
crude material showed a2 small (es 2,000) peak at
384 my in presence of alkali which disappeared on

re—-aclidification.
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Cisoid diene acid oxide

Cisoid dienc acid (74 ng) was dissolved
in peracetic acid (80% , 2 nl) previously saturated
with sodium acetate. The mixture was allowed to
stand for 16 hours at 0°C and the excess peracetic
acid was destroyed with sodium sulphite. Working up
as usudl and crystallization from acetone/ether gave

cisoid diene acid oxide (35 mg). The analytical

sanple was dried under vacuun for 28 hours at 110°¢.
Calculated for 026H3409’ C:63.66% H:6499%%
Found: C:63.87% H:7.13%

Mp.: 243-9°C

(G)D: +88° ( ¢: 0u4 , chloroform)

I.R.: 1767,1718,1708 cn~t

Treatment of cisoid diene acid oxide with boron

trifluoride

Cisoid diene acid oxide (3.8 ng) was
dissolved in boron trifluoride-ether (45%,0.5 nl)
and the nixture was allowed to stand at room tempe-
rature for 15 hours. The nixture was poured into

water and worked up as usual to give an amorphous
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naterial whose ultraviolet spéctrun showed no maxima
in ethanol but = naximum appeared at 390 mp (£:2000)
following the addition of a drop of alkali and dis-

appeared on re-acidification.

Chlorination of cisoid diene acid

Cisoid diene acid (28.5 mg) was dissolved
in glacial acetic acid (20 al) and a solution of chlo-
rine in carbon tetrachloride (3 ml, approx. 0.0 5
nilimole of chlorine) was added. The mixture was
allowed to stand in the dark at room temperature for
16 hours. Blank determinations and the determination
of excess chlorine in the reaction mixture showed
that 1.2 noles of chlorine were taken up. Working up
as usual gave an acidic product which could not be

crystallizd. U.V.: A 3225 op  e: 7,000,

Attempted isomerisation of cisoid diene acid

Samples of cisoid diene acid were heated
on the stean bath in 6N hydrochloric acid perchloric
acid/acetic acid,hydrochloric acid/dioxane, and
hydrochloric acid/acetic acide. In no case a shift

in the naximunm in the ultraviolet spectrun larger
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than 7 mp could be detected.
Treatuent with sulphuric acid/acetic
acid caused the maxinun to shift to 284 mp but the
intensity remzined unchanged and no material could

be recovered fron the solution,

Isomer of hexahydrolimoninic acid

a)By action of hydrochloric acid in dioxane on

hexahydrolinmoninic acid

Hexshydrolimoninic acid (616 ng) was
heated on the steam bath with a nixture of dioxan
(10 ml) and concentrated hydrochloric acid (10 ml)
for 17 hours. Working up as usual yielded neutral
naterial (524 ng) which on crystallization from
methylene dichloride/ethanol gave the isomer of

hexahydroliczoninic acid.

Calculated for 026H3608 ¢+ Active hydrogen:0.212%
Found: Active hydrogen:0.22%%
lp.s above 350°¢

I.R.:3280,1787,1754,1684 cii -

b)By action of hydrochloric acid in methanol on

hexahydrolimoninic acid
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Hexahydrolinoninic acid (395 ng) was
refluxed on the stean bath in a mixture of methanol
(10 nl) and concentrated hydrochloric acid (10 nl),
Aligquots were withdrawn at intervals ond the spe-
cific rotation was determined. After 5+ hours the
specific rotation was —74.50 as compared with the
initial value of -28.4°, The nixture was worked up
as usual to give neutral material (227 ng) which on
crystallization from methylene dichloride/ethanol
yielded the isomer of hexahydrolimoninic acid

Mp.: above 345°C , identified by its infrared spectrui.

Acetylation of the isomer of hexahydrolimoninic acid

The isoner of hexahydrolimoninic acid
(90 ng) was dissolved in a mixture of acetic anhyd-
ride (5 nl) and pyridine (5 ml) ond allowed to stand
at room temperature for 17 hours. The nixture was
poured into water and worked up in the usual manner
to give neutral material (70 mg) which on crystal-

1li tion from ethanol yielded the acetate of the

isoner of hexahydrolimoninic acid.

Mp.:187-92°C
I.R.: 1788,1755,1710,1235 cu .
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Action of hydroiodic acid and acetic anhydride

onn limonin

TLimonin (517 ng) was dissolved in a
mixture of acetic anhydride (5 nl) , glacial acetic
acid (20 nl) and hydroiodic acid (S.g. 1.94 , 12 ml)
and allowed to stand at room temperature for 40
hours, Working up as usual gave ncutral product
(280 ng) which on crystallization from chloroforn/
ethanol yielded desoxylimonin , Mp.:312—28°0 iden-

tified by its infrared spectrum.

Heptahydroiodoacetate

Hexahydrolimoninic acid ( 640 mg) was
dissolved in a mixture of acetic acid (16 ml) and
acetic anhydride (4 ml) and hydroiodic acid (S.g.
1.94 , 6 m1) was added with cooling. The mixture
was allowed to stand at room temperature for 24
hours. Working up as usual yielded neutral product
(751 mg) which on crystallization from ethanol

gave heptahydroiodoacetate.The analytical sample

was dried under vacuum for 48 hours at 80°C.
Calculated for C,gHzg04I: C:52.17% H:6.04% OAc:6.66%
Found: C:52.48% Hi5.,93% OAc:6.7T%
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Mp.:218—2100
I.R.:3260,1790,1755,1730,1677,1240 cm™T

Octahydroacetate

Heptahydroiodoacetate (500 mg) was
dissolved in glacial acetic acid (50 ml) and
heated on the steam bath with zinec powder (3 g)
for 10 minutes with constant shaking. Working up
as usual and crystalligation from methylene di-

chloride/ethanol gave octahydroacetate. The analy-

tical sample was dried under vacuumn at 120°C for

15 hours.

Calculated for C,gH,n0q% OAc:8.25% Active H:0.194%
Pound 0Ac:8,50% Active H:0.183%%
Mp. :246-56°C

I.R.:%280,1790,1751,1730,1683,1240 cu ‘.

a-keto—Y-lactone

Isomer of hexahydrolimoninie acid
(226 mg) was allowed to stand at room temperature
with a well ground mixture of chromic oxide (700 nmg)
and pyridine (6 ml) for 22 hours.Water was added and

sulphur dioxide was passed into the reaction mixture
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until it turned green. Working up as usual gave
neutral product (181 mg) which on crystallization

from acetone/ethanol yielded a-keto-y-lactone. The

analytical sample was dried under vacuum for 7 days
at 50°C.
Calculated for C26H3408: C265.80% HeT7.22%
Found: C266.04% H:7.26%
Mp. :246-53°C
(a)D: -43% (c: 1.5 ,chloroform)
U.V.:no strong absorption. On addition of alkali
a peak appeared slowly at 252 my (e:5,700),
not reversible on re-acidification,

I.R.:1730,1775,1755,1720 cp t.

a—keto—yulactone acetate

Octahydroacetate (290 mg) in pyridine
(5.5 ml) was slowly added to a w 11 ground suspen-
sion of chromic oxide (364 mg) in pyridine (3 ml).
The mixture was allowed to stand at room tempera-
ture overnight , water was added and sulphur di-
oxide was passed in until a green colour was obtained.
Working up as usual gave neutral material (284 mg)

which on crystallization from acetone/ethanol gave
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a-keto-v-lactone acetate. The analytical sample was

dried under vacuum for 50 hours at 120°C.
Calculated for C,gHzg0q: C:64.85% H:7.39% 0Ac:B8.29%
Found: C:64.69% H:7.55% OAc:8.10%
Mp.:235-9°C
(a)p -45° (c: 1.6 ,acetone)
U.V.:no strong absorption ., On addition of alkali
a peak appeared slowly at 250mp (e:4,500)
which could not be reversed with acid.

I.R.:1792,1775,1750,1730(sh),1717(sh),1235 cm ™+

Action of alkali on a-keto-y-lactone

a-keto-y-lactone (69 mg) was dissolved
in a mixture of ethanol (35 ml) and 0.4N sodium
hydroxide (2.00 ml) and allowed to stand for 20
minutes at 40°C. Backtitration with standard acid
compared with a blank showed that the equivalent
weight of the original substance was 246. Working
up as usual gave an acidic product (32 mg) which
could not be crystalligzed.
U.V.: Xmaxs244 mp €:3%,800
I.R.: 1755,1715,1670 cm T,

The crude product (16 mg) was refluxed
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in glacial acetic acid (3 ml) with zinc dust (100
mg) for 7 hours. Working up as usual gave an acidic
product (1% mg) which could not be crystallized,
UV Xmaxz250 my €:2,200 .

Action of alkaline hydrogen peroxide on a-keto—

y-lactone

d-keto-y-lactone (28 mg) was allowed
to stand in 0.4 N sodium hydroxide solution
(2.5 ml) for 25 minutes at room temperature.
Hydrogen peroxide (100 volume, 0.5 ml) was added
and the mixture was allowed to stand at room tem-
perature for a further 15 minutes. Working up as
usual gave an acidic product (10 mg) which could
not be crystallized.

U.Ves N 2244 mp e:4,300

Tetrahydrodesoxyiodoacetate

Tetrahydrolimonin (367 mg) in a mixture
of glacial acetic acid (15 ml) and hydroiodic acid
(Seg. 1.94 , 10 ml) was warmed at 55-58°C for 3%
hours. Working up as usual gave neutral product

(438 mg) which on crystallization from ethanol yiel-
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ded tetrahydrodesoxyiodoacetate . The analytical

sample was dried under vacuum for 48 hours at 90°c,
Calculated for CpgHs-0gI: C:53.50% H:5.89% OAc:6.86%
Found: C:53.81% H:5.99% OAc:6.89%
Mp. :238-9°C

(a)D: ~105° (c: 0.9 , chloroform)

U.V.: xmax:2l9 my €:12,700

I.R.: 1748,1726,1715,1238 cm *

Limonilic acid

Timonin (10.0 g) was dissolved in 4N
sodium hydroxide solution (250 ml) and a solution
of iodine (6 g) and potassium iodide (6 g) in water
(100 ml) was added at room temperature. The mixture
was allowed to stand for 25 minutes, some solid
sodium sulphite was added and the mixture was acidi-
fied with concentrated hydrochloric acid and allowed
to cool for 2 hours. The resulting precipitate was

collected, washed with water and re-crystallized

from aqueous acetone to give limonilic acid (9.9 g).
Mp.: 282-7°C |
I.R.:diffuse 3,200, 1741,1721,1702(sh),1502,874 cm T,

I.R. of disodium salt: 1717 cm_l.
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Tetrahydrolimonilic acid

Tetrahydrolimonin (1.36 g) was dissol-
ved in 4N sodium hydroxide solution (50 ml) and a
solution of iodine (1 g) and potassium iodide (1 g)
in water (20 ml) was added at room temperature. The
mixture was allowed to stand for 20 minutes, some
s0lid sodium sulphite was added and the mixture was
acidified with concentrated hydrochloric acid and
allowed to cool for 2 hours. The resulting precipi-
tate was collected, washed with water and recrystal-

lized from aqueous gcetone to give tetrahydrolimon-

ilic acid ( 750 mg).
Mp: 267-73°C (sinters at 180°0)

I.R.: 1742,1725,1695 cm™*

Limonilyl chloride

Limonilic acid (1.93 g) in tetrahydro-
furan (30 ml) was refluxed on the steam bath with
oxalyl chloride (5 ml) for 1 hour. The mixture was
gvaporated to a syrupy consistency under vacuum and
crystallized from benzene/petroleum ether to give

limonilyl chloride (2.26 g). Beilstein test: +ve,

Mp.s 220-4°¢
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(a)D: +84° (¢: 1.3 , chloroform)
I.R.:1791,1740,1722,1500,872 cn
No reliable analytical figures could be obtained

as the material was prone to hydrolysis.

Methyl limonilate from limonilyl chloride

Timonilic acid (234 mg) in tetrahydro-
furan (6 ml) was refluxed on the water bath with
oxalyl chloride (1 ml) for one hour. Methanol (10
ml) was added and reflux continued for 10 minutes,
The solvents were eveporated under vacuum and the
mixture was worked up as usual to give neutral
material (214 mg) which on crystallization from

methanol yielded methyl limonilate , Mp.:229-33°C

not depressed by admixture of an authentic specimen
prepared by the action of ethereal diazomethane on
limonilic acid. The two samples had identical infra-

red specitra.

Timonilyl malonic ester

Limonilic acid (680 mg) was refluxed
in tetrahydrofuran (15 ml) with oxalyl chloride
(3 ml) on the steam bath for 1 hour. The solvents
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were distilled under vacuum until the mixture reached
a syrupy consistency.

Sodium (300 mg) was dissolved in di-
ethyl malonate (6 ml) in tetrahydrofuran (10 ml)
by refluxing on the steam bath and the solution was
added to the syrupy limonilyl chloride and reflux
continued for one hour. Working up as usual gave
a neutral material (704 mg) which could not be
crystallized,
U.V.: Xmaxz209 my €36,800 and xmax:263mp 25,600
U.V. in presence of alkalis N\ 3272 mp €:11,200

Methyl-limonilyl ke tone

Limonilic acid (2.06 g) in tetrahydro-
furan (30 ml) was refluxed on the steam bath with
oxalyl chloride (5 ml) for 1 hour. The solvents were
distilled under vacuum until the material reached a
syrupy consistency and the crude limonilyl chloride
was crystallized from benzene/petroleum ether and
dried under vacuum at 50°C. The crystalline material
was dissolved in tetrahydrofuran (30 ml) and poured
slowly into ethereal diazomethane (prepared from

25 g of nitroso-N-methyl urea) with cooling in an
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ice bath.The mixture was allowed to stand at room
temperature for 1 hour and ether was distilled un-
der vacuum at room temperature. The residue was
dissolved in chloroform , shaken with hydroiodic

acid (S.g. 1.7 , 6 ml) for 5 minutes and worked up

as usual. The neutral material was dissolved in
ethanol (30 ml) and boiled with 0.4N sodium hydroxide
solution (30 ml) on the steam bath for 30 minutes

the ethanol being allowed to distill . The solution
was cooled, extracted with chloroform, the extract
was discarded and the alkaline solution was worked
up as usual to give neutral material (1.58 g). This
was dissolved in benzene (50 ml) , filtered and chro-
matographed on alumina (grade I, 6 g). The material
washed through with benzene (100 ml) and with 7%
acetone/benzene (200 ml) was combined and crystal-
lized from benzene petroleum ether to give methyl--

limonilyl ketone (782 g).

. o 0’; - a,

Calculated for 027H3208°206H6’ C:73.10% H:6.92%

Found: C:73.26% Hs6.88%
Mps Benzene solvate:110—11200.Amprphous material pre-
cipitated from acetone with petroleum ether:l4500n

(a)D: +85% (c:l.1 , acetone)
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U.V. of benzene solvate:s fine structure with princi-
ral maximum at 255 mp (e€2:357). Also kmax:288mp
(e:54) and an inflexion near 310 mp (e: 40),
U.V. of material freed from benzene: xmaxz207mp
es'7,000,
Equivalent weight of benzene solvate: 600

I.R. of benzene solvates 1735,1722,1712,1500,876,69lcm_lo

( [’|3)—) ]-]ZZ\ l_i '3 ) “.CO ,87( % C”Ll)y:}-.l'("({yl.\)

Action of zinc and acetic acid on methyl-limonilyl

ketone

Methyl-limonilyl ketone (60 mg) was re—
fluxed in glacial acetic acid (10 ml) with powdered
zine (1 g’previously activated by shaking with di-
lute aqueous copper sulphate, washing and drying)
for 17 hours.The mixture was filtered,the solution
was evaporated to dryness under vacuum and the re-
sidue was worked up as usuzl to give neutral nmater-
ial (54 mg) which yielded crystalline methyl-limon-
ilyl ketone on addition of a drop of benzene, Mp.:

llOOC, idenfified by its infrared spectrum,

Action of alkali on methyl-limonilyl ketone

Methyl limonilyl ketone (71 mg) was
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warmed on the water bath with 1N sodium hydroxide
solution (6 ml) for 1 hour. Working up as usual

gave neutral material (64 mg) which crystallized

on addition of a drop of benzene and had melting
point and rotation identical with that of the start-
ing material,

In another experiment , methyl-limon-
ilyl ketone (0.630 mg) was heated on the steam bath
in 1N sodium hydroxide solution (5 ml) and the ultra-
violet spectrum was exemined at intervals. No change

was observed during 2 hours.

Reaction of methyl-limonilyl ketone with benzaldehyde

in the presence of alkali

Methyl-limonilyl ketone (100 mg) in
ethanol (10 ml) and 4N sodium hydroxide (3 ml) was
allowed to stand at room temperature with benzaldehyde
(1 ml) for 17 hours. Working up as usual gave neutral
material (88 mg) which could not be crystallized.
U.V.: end absorption at 208 mp: €:16,000 and xmaxz

293 mp  €:3%,100.
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Oxidation of methyl-limonilyl ketone with iodine

and potassium hydroxide

Methyl-limonilyl ketone (41 ng) was
dissolved in 1N sodium hydroxide (10 ml),excess
iodine in potassium iodide solution was added and
the mixture was allowed to stand at room temperature
for 20 minutes. A copious precipitate of iodoform
appeared as soon as the reagents were mixed. This
was collected and crystallized from ethanol, Mp.:
121-3°C not depressed by nixing with an authentic
specimen. The alkaline solution was worked up as
usual to give an acidic product (25 mg) which could
not be crystallized. The infrared spectrum of this
material was very similar to that of limonilic acid.

(G)Dz +86° (c:0.9 , acetone)

Pyrolysis of limonilyl chloride

In a typical experiment , limonilyl
chloride ( 33 ng) was heated under a strean of
nitrogen at 234°C and the gas was passed into water
and titrated with sodium hydroxide solution. In 8
minutes hydrochloric acid equivalent to 3.5 ml of

0.1 N alkali was evolved (63% of theory). Only neut-



166
ral material could be isolated from the residue
on working up as usual.

Larger batches of limonilyl chloride
were pyrolysed at 234°C under vacuum (0.5 mm Hg).
The pyrolysis was virtually complete after 6 minutes
and only neutral material could be isolated from
the reaction mixture by working up in the usual
manner.The material could not be crystallized.
Equivalent weight: 226, 233. After working up, the

alkali treated material was acidic,
UV Xmaxz 207-10 nmp e: 13,000, When the spectrum
of methyl-limonilyl ketone was subtracted
a maximun near 210-15 ny remained (e:6,500).

I.R.: 1750,1715,1502,875 cm .

Treatment of pyrolysed limonilyl chloride with alkali

The crude neutral product of pyrolysis
of limonilyl chloride (313 mg) was heated on the
steam bath in acetone (10 ml) and 2N sodium hydroxide
(5 m1) for 30 ninutes.Working up as usual gave an
acidic product (174 ng) which on crystallization
from aqueous acetone yielded limonilic acid (50 ng)

identified by its melting point and infrared spectrum.
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Citrolin from desoxylimonin

Desoxylimonin (716 mg) was refluxed
with hydrogen bromide in glacial acetic acid
(50% weight/volume , 10 ml) for 40 nminutes. The
mixture was cooled, poured into water and worked
up as usual to give only neutral material.Crystal-
lization from tetrahydrofuran/iso-propanol yielded
citrolin (392 mg).
Mpe.: 294-8°C
UV.e kmax:213.5 ngp €:25,200 and shoulder near
240 mp €:18,500, When the spectrum of desoxy-
limonin was subtracted from that of citrolin
two maxima appeared: 206-15mp (e:9,500) and
244 mp (e:13%,700)
T.R.: 1724-1716,1670,1504,875 cu™l.

Hydrogenation of citrolin over palladiun-carbon

In a typical experiment , citrolin
(71l.4 ng) in dioxan (10 ml) was hydrogenated over
previously pre-hydrogenated palladium-carbon (10%,
114 mg) until 4.2 ml of hydrogen (approximately
1.05 mole) was absorbed. The mixture was filtered,

the solution was evaporated to dryness under vacuum
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and the residue was worked up as usual to give
only neutral material. Crystallization from acetone/

ethanol yielded dihydrocitrolin (50 ng). The ana-

lytical sample was dried under vacuum for 14 hours

at 100°C.

Calculated for 026H3006: C:71.21% H:6.90%

Found: C:71.,41% H:7.1%%

Mp.:282—600

(a)p: -106° (e31l.0 , chloroform)

U.V.: kmaX:216 ny €:17,200 and shoulder near 231-
243 my (e:14,700). When the spectrum of
desoxylimonin was subtracted from that of di-
hydrocitrolin a maximum remained at 248 np
€210,550

I.R.:1756,1712,1667,1500,874 cn™t.

In other experiments,when larger volunes

of hydrogen were absorbed under similar conditions,

a second crystalline neutral product , hexahydro-

citrolin, could be isolated in a small yield besides
dihydrocitrolin,Insufficient sample was available
for analysis but material crystallised from ethanol/
acetone had the following properties:

Mp.: 29000
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U.Ves N ,,2238 mp €:13,700 and shoulder near 225mu
(e: 13,000)
I.R.: 1753%,1698,1663% cm_l (no furan bands).

Treatment of dihydrocitrolin with zlkali

Dihydrocitrolin (3.00 mg) in ethanol
(5.0 ml) and 2§ sodium hydroxide (25 ml) was heated
on the steam bath under nitrogen. Ultraviolet spectra
of the reaction nmixture were determined at intervals
both in alkaline and acidified solution. No signi-
ficant changes could be observed in the region

between 245 and 300 mp in a period up to 2 hours.
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Obacunoic acid

Crushed srapefrult seeds (5 kg) were ex-
tracted for limonin in the usual way. The mother 1i-
quors remaining after crystallization of limonin
(35.2 g) were evaporated to dryness and worked up to
give a erude neutral residue (24 g) which was boiled
with acetone (100 ml) and 1 sodium hydroxide solu-—
tion (200 ml) for 1 hour , acetone being allowed to
evaporate. Working up as usual gave an acidic material
(12 g) which on crystallization from acetone/ether

vielded obacunoic acid (1.8 g). The anzalytical sample

was dried under vacwun for T4 hours at 93°¢C,

Calculated for C,gH;,0g: C:66.08% H:6.83% activelt2):4.247
Found: C365,82% 26,867 activels 4,26%
ip.s 205-8°C

(a)ps ~103° (c:l.2,tetrahydrofuran)

U.V.:s Kmaxz204—5mp (e£18,000). At 210mp,e:l4 ,000
I.R.23%220,diffuse absorption between 3%400-2800,1745,

1710,1621,150%,874 cm L.

tlethyl obacunoate

(i)By action of ethercal diazomethane on obacunoic acid

Ohacunoic acid (460 mg) in tetrahydrofuran
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(25 ml) was treated with excess ethereal diazomethane
at room temperature for 1 minute. The mixture was eva-
porated to dryness under vacuum at room temperature
and the residue was crystallized from ether to give

methyl obacunoate (400 ng). Part of the sample was

purified and dried under vacuum for 41 hours at 95°C.
Bip.2173-6°C

(a)D: ~94° (csle2, methylene dichloride)

mp (e:7,100), at 210 my, €:5,700

U.V.:kmax: 20

A&

(ii) By action of metnvl iodide on obacunoic acid
N L L

b3,

Obacunoic acid (98 mg) in acetone (30 ml)
was treated with 0.10 ¥ sodium hydroxide solution
(5.50 ml) and methyl iodide (5 ml). The mixture was
allowed to stand at room temperature for 17 hours.
Working up as usual and crystallization frouw ether
gave methyl obacunoate (65 ng), Mp,:168—7300, whose
infrared spectrum was identical with that of a sample
prepared by the action of diazomethane on obacunoic
acid.

Hydrogenation of obacunoic acid

Obacunoic acid (105 mg) was hydrogenated

over previously prehvdrogenated palladium-carbon (104,
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150 mg) in glacial acetic acid (10 ml), Uptake of
hydrogen ceased when 20.25 ml (3.74 moles) were
absorbed at 24°C. Working up as usual gave an
acidic material (109 mg) ,which could not be crys-—

tallized,

Hethyl-hydrogen octahydroobacunoninate

Methyl obacunoate (%28 mg) in acetic
acid (25 ml) was hydrogenated over previously pre-—
hydrogenated palladium-carbon (10%, 690 mg) , sus-
pended in acetic acid (10 ml). The uptake of hydro-
gen ceased when 63%.5 ml were absorbed at 22°C (3.86
moles). Working up as usual gave acidic material
(220 mg) which was crystallized from agqueous metha-

nol to yield methyl-hydrogen octahydroobacunoninate

(150 mg).
M.p.:173-5°C
(a)D: +120° (c:1.1 , methanol)
T.R.:3470,3230,1741,1720,1705 on *.

In another experiment , methyl obacunoate
(19.4 mg) was found to absorb accurately determined

3.75 moles of hydrogen under the same conditions.

Working up as usual and crystallization from agueous
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methanol gave methyl-hydrogen octahydroobacunoninate
which was identified by its mixed melting point and

infrared spectrum,

Desoxyobacunoic acid

Obacunoic acid (136 mg) was dissolved in
a mixture of acetone (16 ml) and acetic acid (6 ml)
and a solution of chromous chloride (1N, 5.0 ml) was
added under nitrogen. The mixture was shaken under
nitrogen for 43 hours at room temperature, acetone
was evaporated under vacuum and water (100 ml) was
added., Working up as usual and crystallization from

methylene dichloride/benzene gave desoxyobacunoic

acid (107 mg). The analytical sample was dried under
vacuum for 54 hours at 95°C.

Calculated for Cpgz 5072 C:68.40% H:7.07%

Found: C:68433% H:7.17%

Up.: 158-79°C

(a)p: - 101° (c21.0 , methylene dichloride)

U.Vas kmax:206—8mp (€222,600), at 210mp e:21,800

T.R.: 3360,1715,1695,1636,1502,875 cm™T.
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Treatment of desoxyobacunoic acid with alkali
Desoxyonacunoic acid (3.8 mg) was re-
fluxed on the stean vath in a mixture of methanol
(2 ml) end 2% sodiw: hydroxide solution (2 ml) for
90 minutes. Working up as usual gave an acidic na-
terial (1.2 mg), which could not be crystallized.

U.V.: at 206mp3es10,000 , at 210 mp ;5 €27,700

Treatment of methyl-nydrogen octahydroovacunoninate

with strong acide

(i) Action of concentrated hydrochloric acid in dioxan

lethyl-hydrogen octahydroobacunoninate
(83 mg) was heated on the steam bath with a mixturc
of concentrated hydrocnloric acid (2 ml) and dioxane
(2 m1) for 16 hours. Vorking up as usual gave a
neutral fraction (30 mg) and an acidic fraction (49mg)
neither of vhich could be crystallized, The crude
matcrials had the following spectroscopic properties:
Neutrals I.R.:3200,1732,1631,1787 cm ™+

U.V.:Kmaxz247 mp (e2 8,000)
Acids I1.2.23200,diifuse vands between 3400-3000,
1785,1720,16%1 on™ ",

U.V.:Kmaxz250.5 my (e23,200)
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Sii) Action of concentraded hydrochloric acid in methanol

llethyl-hydrogen octahydroobacunoninate
(2.57 mg) was refluxed on the stecam bath with a
mixture of concentrated hydrochloric acid (12.5 ml)
ond methanol (12,5 ml). Aligquots were withdravn at
intervals and their ultraviolet spectra woere determi-
ned, 4 peak appeared at 250 mp af ter 40 minutcs of
refluxing (e:4,400) , increcased to £:12,000 after
approximately 12 hours and remained unzl tercd ufter
a total reflux time of 25 hours.

The expcriment was repeated with 71 mg
of the starting material but both the neutral (52 ng)
and the acidic (20 mg) fractions which wore obtained

could not be crystallized.

Treatment of hydrogenated obacunoic acid with strong

acid.

The crude acidic material obtained by
hydrogenation of obicunoic acid over palladium-carbon
(91 mg) was heated on the stecam bath with a mixture
of concentrated hydrochloric acid (2 ml) and dioxane
(2 m1) for 17 hours. ¥Working up as usual gave an

acidic materidl (62 mg) which could not be crystallized.
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I.R.s Diffuse bands in the 3500-3000 region,l765,1720,
1630 om™t.
UV.z kmaxz250 mL , £:10300
The ultraviolet spectrum of a sample of
the crude product aeated in 2N sodium hydroxide solu-
tion for 100 minutes on the stean bath and worked up

as usual , remained unaltered in the region between

230 and %20 mu.

iso=0bacunoic acid

ethyl obacunoate (122 mg) in dry methanol
(8 ml) was added uader nitrogen to a solution of
sodium (0.5 3) in dry methanol (5 nml). The aixture was
refluxed uwndar nitrogen for 1 hour, water (10 ml) was
added and reflux was continued for a further 30 minutes.
Acidification and working up as usual,gave only acidic
material (prolonged shaking with bicarbonate solution
was nccessary to effect extraction), which on crystal-
lization from methylene dichloride/benzenc yiclded

iso—-obacunoic acid (70 mg). The analytical sample was

dricd under vacuuwn for 45 hours at 9500.

Calculated for C 0 Cs66.08% [H:6.83%

26320¢
Founds C:65.95% H:6.93%
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¥pes 155-61°¢C
(a)y: =41° (c:l.2 in acthylene dichloride)
UV XmaX:EOB my (e25,200)
I.R.: Diffuse bvands bvztween 3500 and 3000 ,1741,1716
1704,1505,376 oL,

When obacunoic acid was treatecd with a
solution of sodium e thoxide under identical condi-
tions, iso-obacunoic acid was also obtalned but
large losses were incurrcd during crystallization.
The purified product vas identified by its melting

point, mixed nclting point wnd infrored spectrum,

Hydrogenation of iso-obucunoic acid

iso-Obzecunoic acid (19.5 ig) in glacial
acetic acid (10 ml) wes hydrogenated over previously
prehydrorencted palladiwa-corbon (10% , 65 mg), until
hydrogen uptake ceased. The volume of hydrogsen taken
up at 20°C was 2.96 ml (2.94 moles). Jorizing up as
usual gave an acidic product which could not be crys-

tallized.

Treatment of obacunoic acid with iodine and alkali

Obacunoic acid (analytical purity,55 ng)
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was dissolved in 2i sodium hydroxide solution (% ml)
and was treated with excess aqueous iodine and potas-—
sium iodide. A precipitate appeared , was collccted,
purifiecd by sublination atg 100°C and identifi.d as
iodoform by its melting point =nd mixed melting point
with an authentic sonmple.The weight of the crude dried
precipitate was 7 nmg (approxinately 15% of thuory).
The filtrate was worked up as usual to give an acidic
product (46 m=g) which could not be crystallized.

T.R.2 Diffuse bands between %500 and 3000,1745-1705,
1630,1500,875 cu T,

U.V.2End absorptios: at 208 mu , €:12,000

Treatment of iso—-obacunoic acid with iodine and alkali

is0-0% icunoic acid (44 mg) was dissolved
in sodium hydroxid. solution (2N, 2.5 ml) and trecated
with excess aqueous iodine and potassium iodide, No
precipitate appeared on standing av room temperature
for 30 minutes. Working up as usual and crysitcllization
from benzene gave iso-obacunoic acid (30 mg), :iIp.:150-
155°¢ sy Whose infrared spectrum was identical vith

that of an authentic sumplc.
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Dihydrocarvone

Czrvone (50 ml) in ethanol (300 nl) was
addecd to a suspension of zinc dust (100 z) in water
(300 ml) and sodiw: hydroxide (50 g). The mixture
was refluxed for 16 hours , ethanol was allowed to
distill and the residuc was filtered and cxiructed
with ether. The extract was dried, ether was evapora-
ted off and the residuc was distilled undcr reduced
pressurc. The fraction boiling between 134-144°C at
60 ma Hg was collected (26 g) and identifizd as di-
hydrocarvone.

(@]
n§3 C s 1.4718

I.R.: 1705,1640,8%95 et (c.f. carvone:1680,1640,895cm”

U.V.: No strong absorption between 210-300 np

Dihydrocarvonehydrate

Dihydrocarvone (14 g) was mixed with
cooling with dilute sulphuric acid (40% w/w , 120g)
and the nixture was shaken at roonm temperature for
24 hours. Sodiwi hydroxzidc solution (4N,200 nl) was
added with cooling and the nixture was extractced with
c¢ther. The extract was dried, ethcecr was distilled off

and the residue was distilled under reduced pressure.

)
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The fraction boilin: between 136-41°C at 10 mm Hg
(7.2 g) was collected and redistilled to give pure
dihydrocarvonchydrate.
n21°C ¢ 1.4773
I.R.: 3400,1705 cm™+

A GLC run showed thot the sample was at least 98% pure.

Carvonchydrate

Carvone (100 nl) was added to a solution
of sodium metabisulphite ( anhydrous, 90 g) in water
(200 ml). The mixture was boiled until homogenous
(45 nminutes) and cooled to OOC. A mixture of sulphuric
acid (80 g) and water (80 ml) was added with cooling
and the pale, homogenous solution was allowed to
stend at room temper:ture for 6 days. Sodiun hydroxide
solution (6N, 300 ml) vas added with cooling and the
mixture was extracted with ether. The extract was dried,

pe

ether was evaporated orf and the residue was distilled
under reduced pressurc. rthe fraction boiling between
152-4°C at 10mm He (64 g) was collected and redistilled
to give carvonchydrate (39 2).

1

I.R.: 3400,1630 cia

Ferric chloride tcstes negative.
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Treatnent of carvoneaydrate with iodine and alkali

Carvonenvdrate (4.95 g) in dioxane (50 nl)
was treated with sodiun nydroxide solution (41, 100 ml)
and a solution of iodine (30 g) and potassiun iodide
(40 g) in water (100 1l). A dense precipitate of
iodoform formed and vas removed by filtration, The
filtrate was acidified and worked up a3 usual,., The
neutral fraction was divided into material insoluble
in dilute sodiwsa hydroxide solution and enolic
naterial (1.68 g), which was a dark oil with a strong
phenolic odour and gave a green colouration with
ferric chloride. The crude phenolic material was
warmned on the stean hath with 3:5:dinitrobenzoyl
chloride (2 g) and pyridine (20 ml) for 30 .:inutes.,
Working up as usual and chromatography on 2luaina

(grade III) gave diiodo-o-cresyl-3:5:dinitrobenzoate

(900 mg is.ce 546% 0of theory) which did not depress

the nmelting point of a specimen prepared frowm authen-

tic diiodo-o-cresol. The two samples had identical

infrared spectra,.

Calculated for 014?~1806NEIE:C:BO.BS‘/&,H:J.AS%,N:5.07%,1:45.8%
Founds C:31.16% H:1.55% Ns5.,17% I:45.6%

pes 206—1390, fron ethanol,
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In another experiment, the phenolic
fraction (1.69 g),whicn was obtained in the nanner
described above from carvonchvdrate (5.48 g) , was
dissolved in 2F sodiw: hydroxide solution (30 ml)
and refluxced under nitrogen with zine dust (10 &)
and powdered iron (2 z) for 2 hours. Working up as
usual gave an oil (770 ng) which had a strong phenolic
odour and gave a negative Dollsten test.

A portion of the material (460 ng) in
venzene (20 nl) was refluxed with 3:5dinitrobenzoyl
chloride (2.2 g) and pyridine (2 nl) for 20 minutes.
Yorking up as usual and crystallization from c¢thanol

gave o—cresyl-=3:5dinitrobenzoate (207 mg i.e. 5.5% of

theory) , Hp.:lBS—SOC, not depressed by admixture of
authentic material. The two saniples had identical

infrared spectra.

Diiodo—-o0=cresol

o~Cresol (5 g) in aqueous ammonia (20N,
80 ml) was treated with a solution of iodine (20 g)
and potassium iodize (25 g) in water (40 ml) at roou
temperature. ~ precipitate was formned inmmediatelly,

which on crystallization from glacial acctic acid guve

diiodo—o—cresol (4.5:z), lip.:65-9°C,T.R.:3,400,860,855 cn”

1
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3-B-Acetoxy-ll-keto—-bisnor-allo-cholanic acid

The crude mixture of 3-B-acetoxy- and
3=-B-hydroxy-ll-keto-bisnor-allo-cholanic acids
(3.97 g) was dissolved in pyridine (10 ml) and
acetic anhydride (10 ml) and the mixture was allowed
to stand at room temperature fer 20 hours. The
reaction mixture was poured into water and the pre-
cipitate was collected and crystallized from aqueous

acetone to give 3-f-acetoxy-ll-keto-bisnor—-allo-

cholanic acid (3.39 g).

Mp.: 189-398°¢C
I.R.: 1727,1709,1683,1250 cm *.

3-pB-Hydroxy-ll-keto-bisnor-allo-cholanic acid

The crude nixture of 3-p-acetoxy-and
3-p-hydroxy-1ll-keto-bisnor-allo-cholanic acids
(5.78 g) was heated on the steam bath with ethanol
(25 ml) and 2N sodium hydroxide (25 nl) for 1 hour.
The mixture was acidified and the precipitate was
collected and crystallized from aqueous methanol

to give 3-B-hydroxy-ll-keto-bisnor-allo-cholanic

acid (4.68 g). Mp; 252-60°C. (a)Dx+27o(c:4.8,chloro—

form)s I.R.:3350,1702,1680 cu .
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Phenacyl ester of 3—-p-acetoxy-ll-keto-bisnor-—

allo-cholanic acid

The crude mixture of 3-pR-acetoxy and
3-p~hydroxy 1ll-keto-bisnor-allo-cholanic ucids
(3.06 g) was dissolved in a solution of sodiun
carbonate (670 ug) in water (15 ml),., Phenacyl brom-
ide (2.4 g) in ethanol (35 ml) was added and the
mixture was heated on the water bath for 2 hours,
Working up as usual gzave only neutral naterial ,
wnich was heated with a iiixture of acetic anhydride
(10 ml) and pyridine (10 ml) on the steam bath for
1 hour.The reaction nmixture was poured into water
and worked up as wsual . Crystallization frow

agueous nethanol gave the phenacyl ester of 3-B-—

acetoxy—-ll-keto-bisnor-allo—cholanic acid (2.38 g).

The analytical sample was dried under vacuun for

15 hours at 85°C.

Calculated for 032H4206: CeT735.53% He8.10% OAc:B.24%
Tounds C:73.47% H28.35% Oac:38.18%
Hp.:159-60°C

(a)pe +16.7° (c:3.4 , chlorofora)

UsVaes N

max
I.R.21744,1724,1710,1634,1599 cu”

:242np  €312,700
1
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Heating of phenacyl ester of 3-p-acetoxy-ll-keto-—

bisnor-allo-cholanic acid with collidine

The ester (246 ng) was refluxed with
collidine (10 nl) for 2 hours. Working up as usual
and crystallization fron aqueous methanol gave the
starting material (185 mg) , Mp.:159-60°C whose
infrared spectrum was identical with that of an
- authentic sanple.

In other experiments , the phenacyl
ester was heated with collidine in a sealed tube
for 12 hours at 250°C and with specially dried
collidine for 15 hours at 260°C. In both cases the
starting material was recovered in the form of the
3-p-hydroxy-ll-keto-bisnor-allo-cholanic acid ,

following hydrolysis with dilute alkali.

Dimethyl cyclohexylamine oxide

Dimethyl cyclohexylamine (63 g) was dissolved in a
nixture of acetone (50 ml) and hydrogen peroxide
(100 volume , 67 ml). The nixture warmed up spon-
taneously. After the initizal reaction subsided ,
the nixture was refluxed on the steam bath for 5%

hour and excess reagents and solvents were distilled
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at 100°C under approxinately 30 mn Hg. The renain-
ing material solidified on cooling and was crystallised

from benzene to give dinethyl cyclohexylamine oxide

Sublination point:100-110°¢,

N-N-Dimethyl hydroxylanine

Dinethyl cyclohexylanine oxide (50 g)
was pyrolysed at 150-200°C and the fraction of
distillate boiling between 94 and 97°C was collected

and re-distilled to give N-N-dimethyl hydroxylamine

(16.3 g) characterised by its hydrochloride lMp.:99~
105°¢.

3-pB-Acetoxy-ll-keto-bisnor-allo-cholanié acid chloride

3-8=-Acetoxy-ll-keto-bisnor-allo-cholanic
acid (1.78 g) was refluxed in tetrahydrofuran (8 nl)
with oxalyl chloride (3 al) for 1 hour.The nixture
was evaporated under vacuu to a syrupy consistency
and crystallized from petroleun ether to give 3-p-

acetoxy~ll-keto-bisnor-allo-cholanic acid chloride

(1-26 g).
Calculated for CpHs504CL:C168,14% Hi8.54% C1:8.38% Ohesl0.]
Found: C266.73% H:7.95% Cl:7.98% OAcsll.?

Mp.:161—4OC (a)D: +17.6° (c:j;l,chloroform)

I.R.:1780,1730,1706,1248 om T,
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0-Dinmethyl hydroxylanine ester of 3-B-acetoxy-ll-

keto-bisnor-allo-cholanic acid

3-pB-Acetoxy-ll-keto-bisnor-allo-cholanic
acid chloride (480 ng) was dissolved in tetrahydro-
furan (2.5 nl) and N-N-dimethyl hydroxylamine (0.2
nl) was added. The nixture was allowed to stand at
roon temperature for 80 ninutes. Working up as usual
and crystallization from aqueous nethanol gave

O-dimethyl hydroxylamine ester of 3-p-acetoxy-ll-

keto-bisnor-allo-cholanic acid (500 ng). The analy-

tical sanple was dried under vacuw: for 12 hours at

90°¢,

Calculated for C,cH, 0gN: C269.76% H:9.23% N23.,13% OAcz9.60
Found: C:70.04% H:9434% N33.06% OAc:9.43%

Mp. :148-52°C

(G)D: +26° (c: 1.1 , chloroforn)

I.R.: 1756,1731,1704,1247 cn ™.

Attempted decarboxylation of O-dimethylhydroxylanine

ester of 3-B-acetoxy-ll-keto-bisnor-allo-cholanic acid

a) By pyrolysis

The ester was pyrolysed (i)at 200°¢ and

(ii) at 238°¢ , under a stream of nitrogen and the gas
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was passed through a solution of barium hydroxide,

No precipitate of bariun carbonate appceared in 30
ninutes and the residuzl naterial gave , after hydro-
lysis with dilute alkali and working up as usual,high
yields of 3-B-hydroxy-ll-keto-bisnor-allo-cholanic
acid ,which was identified by its melting point and
infrared spectruni.

b) By quaternization followed by pyrolysis

The ester (112 ng) was dissolved in dry
nethyl iodide (2.5 nl), the nixture was refluxed for
several hours with exclusion of wmoisture, evaporated
to dryness and heated at 100°¢ for several minutes.
Hydrolysis with dilute alkali and working up as usu-
al gave 3-p-hydroxy-ll-keto-bisnor-allo-cholanic
acid (91 ng) , Mp.:256-9°C,whose infrared spectruu
was identical with that of an authentic sample.

The above experinent was repeated with
the following modifications:

(1) The ester was heated with dry nethyl
iodide in a sealed tube at 147°C for 1%t hours.

(ii) The ester was refluxed with dry
methyl iodide, the mixture was evaporated to dryness
and the residue was refluxed in dry collidine for 1%

hours..
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(iii) The ester was heated with dry
nethyl iodide in & sealed tube at 170°C for 4 hours.

In all cases the 3-p-hydroxy-ll-keto-
bisnor-allo~-cholanic acid was isolated frowm the re-
action nixtures following hydrolysis with dilute al-
kali and working up as usual. Substitution of benzyl
bronide for methyl iodide in an experiuent in which
the ester was heated in a sealed tube at 150°C re-

sulted in an intractable tar.

O0-Benzyl-N-oxy-piperidine

Benzoyl peroxide (7.5 g) was dissolved
in ether (300 ml) and shaken at rooa temperature
with piperidine (6 nl) for 12 hours. An oily layer
separated out and was discarded. The ethereal layer
was saturated with hydrogen chloride and the preci-
pitate which forined was collected after cooling. The
crude hydrochloride was deconmnposed with water, extrac-
ted with ether,washed with bicarbonate solution and
evaporated to dryness. Crystallization fron petro-
leun ether gave O-benzyl-N-oxy piperidine (1.92 g)
Mp. :59-62°C.
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Treatnent of 3-B-acetoxy-ll-keto-bisnor-allo-

cholanic acid chloride with triethylanine in the

presence of air.

3-p-Acctoxy-ll-keto-bisnor-allo-chola-
nic acid (1.22 g) was refluxed in tetrahydrofuran
(10 nl) with oxalyl chloride (0.60 ml) for 1 hour.
The nixture was cooled to room: temperature , dry
air was passed through it and triethylamine (2.50
nl) in tetrahydrofuran (20 nl) was added. Air was
passed through the nixture for 22 hours, water was
added and the¢ nixture was worked up as usual to
give a neutral naterial (630 ng) which on crystal-
lization from methylene dichloride/petroleun ether

yielded 3-p-acetoxy-ll-keto-bisnor-allo-cholanic

anhydride. The analytical sample was dried under
vacuun for 45 hours at 85°C.

Calculated for C,gH, 0gt C:72.887% H:8.92% 0Ac:10.87%
Found: C:73%.12% H:9.19% OAc:11.07%
lp.:237-44°C

(G)D : +35° (c:1.5 , chloroforn)

I.R.: 1813,1744,1731,1704,1242 ca™ T,
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Irradiation of 3-R-acetoxy-ll-keto-bisnor-allo-

cholanic acid cnloride .

The acid chloride (951 mg) in dioxane
(60 ml) was irradiated for 3 hours. Aliquots were
withdrawn at intervals , poured into water and
titrated with 0.1 N sodium hydroxide solution.
At the end of the irradiation period the titre fell
to 20% of the original value and was decreasing only
very slowly. Working up as usual gave the crude
neutral product (897 mg) which waé dissolved in a
mixture of petroleum ether (40 ml) and benzene (20 ml)
and filtered through a column of alumina (grade III,
8 g). The material washed through and that elluted
by a further portion of the same solvent mixture
(60 ml) was combined (450 mgland crystallized from

aqueous methanol to give 3-p-acetoxy~ll-keto-allo-

pregnane which was ildentical in all respects with

a sanple prepared from 3>-p-acetoxy-~11l-20-diketo-
allo-pregnane.

Calculated for C23H3603: C:76462% H:10.07% OAcsll.93%
Found: C:76,60% H:10.28. 0Ac:1l.87%
lip.: 159-62°C

(a)D: +38° (c: 1.3 , chloroform)
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I.R.: 1731,1705,1250 cm—l
U.V.: end absorption at 208 mp ,e: 500
@Standard irradiation conditions: The solution was
placed in a quartz flask fitted with a reflux con-
denser and irradiated with a mercury lamp (150 w)
placed as closely as possible to the flask. Dry,

oxysen free nitrogen was passed through the solution

throughout the irradiation period,

Treatment of 3-p-acetoxi-11-20-diketo-allo-pregnane

with ethane dithiol,

3-p-Acctoxy-11-20-diketo-allo~-pregnane
(465 mg) was treated vith ethane dithiol (10 drops)
and boron trifluoride (45, in ether, 15 drops) at
room temperature. The mixture , which formed a ho-
mogenous solution , set to a solid after one minute,
was allowed to stand at room temperature for five
minutes and was poured into methunol. Some sodium
bicarbonate was added and the mixture was worked up
as usual . Crystallization from methylene dichloride/

ethanol gave 3-B-acetoxy-ll-keto~20-dithioketal-allo-

pregnane (300 mg).
Calculated for C,cHzg055,% C256.64% H38,50% S:ld.2%



193
Tounds C:66.,0%% H:8,49% 5:14,1%
Hpes 254-7°C
(a)D: + 21.5° (¢: 1,5 in chloroform)

T.R.: 1725,1695,1249 cm™ T,

2-pf-Acetoxy—-ll-keto-allo-pre gnane

3-p-Acctoxy—~ll-keto-20-dithioketal-allo-
pregnane (237 mg) in absolute ethanol (50 ml) was
refluxed with Raney nickel (activity Wl, 2g) for
16 hours. The mixture was filtered,evaporated to
dryness and worked up as usuwal to give give 5-f~

acetoxy—~ll-keto—allo~preznane, Lip. 160~3°¢ (from

aqueous methanol) not depressed by admixture of
material prepared by irradiation of 3~f-acetoxy-ll-—
keto-bisnor-allo-cholanic acid chloride., The two
samples had identical infrared spectru.

(a)D s +40° (c: 1.9 , chloroform).,

Huang~Minlon reduction of 3-f-acetoxy-11-20-diketo-

allo-pregnane.

The ketone (68% mg) in diethylene 2lycol
(20 ml) was refluxed with hydrazine (agueous,644% w/w,

2.0 ml) and potassium hydroxide (3 g) for 90 minutes
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w:der nitrogen. Water was allowed to distill until
the temperature of ths liquid rose from an initial
140°¢ to 200°C. Reflux was then continued for a
furtner 4 hours and the @ixture was cooled and worked
up as usual to give a neutral material (580 ng)

which crystallized on addition of methanol to yield

3—-p-hydroxy-allo-pregnane, The analytical sample was

dried under vacuwm for 45 hours at 30°C.

Calculated for C2lH36O: C:82.8%% Hell.92%

Founds: C282.77% H:12.19%

Mpes 139-40°¢

(a)D: +21° (e:1.3 , chloroform)

TRe 3200 cn~ ' , no bands in 1800-~1500 em™ T region.
Another crystalline reduction product (iip.:168-

72°¢) was isolated from the mother liquors in small

yield. The infrared spcctrum of this material was

very similar to that of thne major product.

3-p-1l-a-Dihydroxy-~bisnor-allo-cholanic acid

The crude mixture of 5-f-acetoxy and
3=@R-hydroxy ll-keto-bisnor-allo-cholanic acids (12 g)
was dissolved in ethanol (350 ml), and sodium (35 g)

was added slowly to the mixture while it was refluxed
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on the steam bath. A4 thick paste was formed as all
the sodium dissolved. Water (125 ml) was added and
the homogenous mixzture was refluxed on the steam
bath for 30 minutes, cooled and acidified with
hydrochloric acid . The precipitate was collected
and crystallized from agueous methanol to give

3-f-1l-a-dihydroxy-bisnor-allo-cholanic acid (9.1lg).

The analytical sample was dried under vacuun for
51 hours at 100°C.

Calculated for 022H36O4: C:72.49% H:9.96%
Founde Cs72.28% Hz9.86%

ip. s277-81%C

(a)D: -36° (c: 0.8 , chloroform)

T.2.: 3400,%220,2600,1657 cm +

%=@=-1l1l-a-Diacetoxy-bisnor-allo-cholanic acid

3=f=1ll-a~dihydroxy-bisnor-allo~cholanic
acid (9.0 g) was allowed to stand at room temperature
for 21 hours with a mixture of pyridine (22 ml) and
acetic anhydride (22 ml). Working up as usual and
crystallization Trom acetone/petroleum cther gave

3-B-ll-a~diace toxy-bisnor-allo-cholanic acid (3.38g).

The analytical sawmple was dried under vacuum for
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27 nours at 100°C.

Calculated for 026H4006? C:69.61% H:8.99% Ohcsld.2%
Tound: C:69.35% 129.21% 0.c319.6%
Mip.: 206-3°¢

(a)D: -40° (c:1.7 , chloroform)

I.R.: 3000 (difiuse),1735,1705,1251 cm .

3=p-liydroxy—-ll-a—acectoxy-bisnor-allo-cholanic acid

3=pf-1ll-a-diaceto:y-bisnor-allo-cholanic
acid (320 mg) was heated on the steam bhath in a mixture
of tetrahydrofuran (30 ml) and 1N sodiun hydroxide
solution (10 ml) for 1 hour. Working up as usual and

crystallization from methanol gave 5-f-hydroxy-ll-a-

acetoxy—bisnor-allo-cholanic acid (303 nmg).

Calculated for 024H3805: Ce70.90% H:9.42% 0Ac:10.6%
Found: C271.20% E:9.72% 0acel0.6%
lip.: 308-14°¢

(a)D - 47° (c: 0.9 , pyridine)

T.R.: 3340,1723,1675,1286 cn T,

3-f-ll-g-Diacetoxy—-bisnor-zllo-cholanic acid chloride

3-f-ll-a~diacetoxy=-bisnor-allo-cholanic

acid (675 mg) was reiluxed with oxalyl chloride (1 ml)
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in tetrahydrofuran (10 ml) for 1 hour. The solution
was evaporated to dryness under vacuum and the resi-
due was crystallized Trom benzene/petroleum ether to

yield 3-p=-ll-g-diacetoxy-bisnor—-allo-cholanic acid

chloride (321 mg).
Mp.: 147-55°C
T.R.: 1785,1731,1250 cu T,

Irradiation of %-pR--ll-e-diacetoxy-bilsnor-allo-

cholanic acid chloride

The acid chloride (%00 mg) , in dry
dioxane (15 ml) was irradiated for 4 hours.
Aliquots were withdrawn at intervals, poured into
water and titrated with 0.1 1T sodium hydroxide so—
lution. At the end of the irradiation period the
titre fell to 30% of the original value and was
decreasing only very slovwly. wWater (5 ml) was added
10 the reaction mixture which was then heated on
the steam bath for 20 minutes . Working up as usual
gave a neutral product (186 mg) which could not be
crystallized, The crude neutral material was heated
on the steam bath with 4 sodium hydroxide solution

(5 ml) and ethanol (10 ml) for 1 hour and worked up
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as usual to give a neutral material whose infrared
spectrum had very strong bands in the O0-H strich

region and no bands Letween 1800 and 1500 em™ L,

Irradiation of limonilyl chloride

Timonilyl chloride (1.%1 g) in dioxane
(18 ml) was irradiated for 60 minutes, when the
infrared spectrum of an aliquot cecased to show
a separate band near 1790 e~ L, Water (5 ml) was
added and the solution was allowed %o stand at room
temperature for 2% hours. Working up as usual gave
acidic materizal (450 mz),which crystallized from
agqueous acetonc to yield limonilic acid identified
by its infrarced spectrua and mixed melting point,
and neutral nmaterial (450 ng), which could not be
crystallized even after chromatography on alumina.
The crude neutral naterial elluted from alunmina
with benzene/ucetone had the following infrared
spectrums no bands in the 0-H stretch region,l1l745,

1726,150% and 875 cm L.

Di-dioxan

ioxan (50 ml) was irradiated for 3 hours,
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the solvent was evaporated to dryness and the solid

residue (33 mg) was sublimed to give di-dioxane.

Calculated for C-H,,0,: C:55.16% H:3,10% lol.wt. 174

Founds: C:55.05% He8,08% lMol.wte 172

N.M.R.33ingle broad bvand (tau: 6.3%~6.50) (c.f, dioxane
at 6.4% )

I.R.22924,2850,1%60,13%40 (hexachlorobutadiene mull)
1300,1280,1234,1125,1066,956,924,300,879,638 cm
(nujol mull)

Sublimation point: 110°C.

In other experiments the following yields of di-dioxzane

were obtained under the following conditions:

(i)+Dioxane (50 ml) was distilled without prior
irradiation. No solid material was obtained,

(ii).Dioxane (50 ml) was irradiated under nitrogen
for 18 howrs. Yizld of di-dioxane:33 ng.

(iii). Dioxane (50 ml) wqs irradizted without
nitrogen flushing, for 20 hours. Yield oI
di-dioxane: 58 mg.

(iv).Diozxane (25 ml) was irr.dizted under a stream

of dry ailr for 22 hours. The yiellow solution
contained undistillable residue (2.5 g),which

could not be crystallized.
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