
a senegalensis planted by Professor D.H.P. f*?rton F.R.S» on 13th Januaryf
ln front of the New Chemistry Buildings Unlversity o.f Ib



EXTRACTIVES FRON KHAYA SPECIES

A Thesis

Submitted in partial fulfilment of the 
Requirements for the award of the degree

of

DOCTOR OF PHILOSOPHY 

in the

üniversity of Ibadan

hy

EZEKISL KAYODE ADESOGAN, B.Sc. (London), 
DEPARTMENT OF CHEMISTRY, 
ÜNIVERSITY OF IBADAN,

NIGERIA



I certify that this work was carried out by Mr. E.K. Adesogan
in the Department of Chemistry, University of Ibadan, Nigeria.

D. A. H. Taylor, M.A., D.Phil. (Oxon), 
Professor in the Department of Chemistry, 

University of Ibadan,
Nigeria.

March, 1968



iii

<>r
,..............................t ...........« F"•......  God revealing Himself for those with eyes to see."

C. A. Coulson.

"Great are the works of the Lord, studied by all who have
pleasure in thera."

Psalm 111 : 2



iv

A B S T R A C T

The cheraistry of ß-furan-containing extractives obtained 
from trees of the family Meliaceae (and one tree from the family 
Rutaceae) is briefly reviewed and their biogenesis is discussed.

In continuation of our study of the extractives from the 
family Meliaceae in this department, five species of the genus 
Khaya have been examined. The seed, timber, bark, root, and 
root-bark of three species, K. senegalensis, K. ivorensis, and 
K. grandifoliola, and the seeds of the tv/o others, K. anthotheca, 
and K« nyasica were examined. The extracts are rnainly the 
tetranortriterpenes v/ith a ß-substituted furan, and about thirty 
of these were isolated and structures were assigned to nearly all 
of them. The knov/n ones include khivorin, 7-deacetoxy-7-oxo~ 
khivorin, 7-cleacetoxy-7“OXogedunin, methyl angolensate, mexicano- 
lide, amd deacetylgedunin. Those characterised and reported for 
the first time include khayasin, 6-deoxy-3ß-tigloyloxyswietenolide, 
6-deoxy~3ß-benzoyloxyswietenolide, khayanthone, 3-cleacetylkhivorin, 
3-deacetyl-7“<ieacetoxy-7-oxokhivorin, methyl 6-hydroxyangolensate, 
grandifoliolin, 3-<3.estigloyl-6-deoxyswietenine, 3-clestigloyl-6- 
deoxy-3ß-acetoxyswietenine, 3ß“d.ihydrocarapin, and 3-destigloyl-6- 
deoxy-3ß»12ß~diacetoxyswietenine. Others prepared before, but
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isolated as natural products for the first time include deoxy- 
andirobin, and 6~deoxyswietenolide. In addition two substances,
A and B froni K, ivorensis root-bark have structures proposed for 
them which are still to be confirmed, while not much is known of 
the structures of a few others especially methyl senegalensate.

Most of tliese extracts contain glycosides and steroids, 
ß-sitosterol in particular. Of these only the steroid horrnone 
20ß-acetoxy-5-oxopregn~^-ene, a new compound,was sufficiently 
studied to be assigned a structure which was confirmed.

The structural elucidation of these compounds have depended 
almost entirely on their spectral properties including those of 
their Chemical transformation products. Obviously physical 
properties played a great part especially in confirming a known 
compound by coraparison of data.

The co-occurence of some of these compounds have strengthened 
the argument for the biogenesis proposed. The chemotaxonomic 
implication was also discussed.

A number of interesting reactions including some rearrange- 
ments are discussed and mechanism for some of them have been 
suggested.
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F O R E W A R D

In view of the fact that there has not yet emerged a 
universally accepted system of naming the raany tetranortriterpenes 
in this fast-growing field of natural products Chemistry, no 
restriction apart from that ensuring consistency, has been imposed 
in the various names used throughout this thesis. Naraes used in 
the original papers have been used especially where they provide 
shorter words. Mexicanolide has been used rather than C.O.B. 
(Cedrela odorata substance B) while its transformation products 
have been narued C.C.C., C.O.D., and C.O.E. for the respective 
substances C, D, and E. Khayasin has been used rather than 
6-deoxy-3ß-isobutyrylswietenolide and this has led to khayasin C, 
and D, parallel to C.O.C., and C.O.D. However, the corresponding 
benzoates and tiglates are named as derivatives of swietenolide.

Mexicanolide has been treated separately because the discussion 
of its chemistry in one section raay be disproportionate compared 
with the rest, especially as it was not identified as a new product 
as a result of the present study. Moreover, the earlier part of 
the time during which this work was done was spent on mexicanolide 
(= C.O.B») obtained from Cedrela odorata extract.



INTRODUCTION

The great array of chemically very interesting secondary 
metabolites isolated from wood has been a major incentive to their 
study. Moreover there is the probability of (i) obtaining 
physiolcgically active coinpounds (a number of trees find great use 
in native medicinal practice), (ii) getting a correlation betvveen 
various botanical species and their Chemical constituents and 
thereby supplementing botanical taxonomy with Chemical taxonomy.
All these make it reasonable to presume that the study raay not only 
be chemically rewarding but may well serve a wider circle.

A systeaatic survey of wood extractives has been going on in 
this departaent for over eight years. One of the families we have 
studied closely is the Meliaceae (closely related to the families 
Rutaceae and Simarubaceae). The Meliaceae family comprises some 
*+0 genera and 600 species. They are trees or shrubs and rarely 
herbaceous. The presence of a dass of C-26 degraded triterpenes 
known as the liraonoid bitter principles, after liraonin (XXI), is a 
charactoristic feature of the Meliaceae and some related Rutaceae.
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BIOGENESIS

There has not been much biochemical work aimed at finding the 
biogenetic pathway to the furanoid (limonoid) triterpenes. However, 
the great nuinber of different compounds found in the same species 
and in some cases in the same tree which must represent intermediate 
stages in the pathway give compelling evidence that the limonoid 
triterpenes are formed from a euphol (Ia) or a tirucallol (ib) type
nucleus and particularly from butyrospermol Ila (= eupha-7 »2*4— diene-

23ß-ol), as has been noted before.
3 iBirch et al. suggested that a tirucalla-7,24-diene-3cv-ol might

be the precursor for these tetranortriterpenes and more recently
Halsall et al. gave similar proposition. These fix the structure
of such a precursor as (ilb) (stereochemistry at C-3 and C-21 being
unspecified). The probable steps from (ilb) to the limonoids as
summarised in scheme 1 is as follows.

2bIn vier/ of the great er reactivity of the A -double bond over
7the A -double bond, there must first be a Saturation of the former 

bond by epoxidation before oxidation of (Ilb) can take place to give 
III (cf. Barton et al. ’ *0. This idea is supported by the fact 
that many compounds have been isolated with different functional 
groups between C-20 and C-27 while the nucleus of (ilb) remains 
unchanged. Furthermore, some of the compounds characterised suggest
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3 3a stepv/ise oxiäation of (IV) at C-21 (as in the elemi acids^’̂ ),
7and at C-23» Making use of the ideas of Halsall et al. the 

following can be deduced.
The diol (V) can cyclise in the way shown to give the

g
bourjotinolone series of type (VI); (VI) in turn can undergo
oxidation to give grandifoliolenone trione^ (VII).

The acid portion of (VIII) can cyclise with the -OH at C-23
to give (IX) by a mechanism analogous to ether formation frora
alcoholra by acid catalysis. Eeduction of the lactone in (IX) will

3 8  1 0 1 1 1 2give the lieraiacetal (XI) from which flindissol^’ , melianone ’ ’
7and turraenthin may be derived. In addition, there is the

C2 
1^

possibility of having the C-22 hydroxyl group (of a C^, ^2 "̂"
triol) cylising on C-25 to give compounds like odoratone,

1 if 13odoratol = mexicanol.
N /

k
OlV

I («) £ 0- ß H  
lb) 2 0 - ccH



5



•» 6

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



7

In plants the process of forming (XI) raay be shorter if the 
oxidation of (IV) at C-21 stops at the aldehyde stage. The 
aldehyde can react directly with the C„-OH to form the heraiacetal 
(XI) in the same way that (IX) is formed frorn (VIII). The

7bond can be cleaved in a fashion suggested by Halsall et al. , thus
a ß-substituted furan (XV) is formed from (XII). Oxidation”̂  of (XV)
will give (XVI) which after the necessary modification will lead to
Lavie's series of compounds:^ azadirone (XVII); which on oxidation
at C-16 gives azadiradione (XVIII) and epoxiazadiradione (XIX) on
epoxidising (XVIII). Baeyer-Villiger type oxidative cleavage of
the 1^,l5-epoxy-l6-ketone would give an «ß-epoxy-6-lactone as found

16 17in the limonoid series e.g. gedunin (XXVIII). *
Connolly et al.^ have adduced an ingeneous pathway for ring 

B-seco compounds like andirobin, methyl angolensate etc. and the
19bicyclononanolides, by making use of the Biogenetic Isoprene Rule. 

They said that fission of ring B between C-7 and C-8 of a precursor 
(XXa) like khivorin with an additional oxygen atom at C-6, could 
lead to the Intermediate diene-lactone (XXb). Rotation about C-9 
and C-10 and intramolecular Michael addition of C-2 to C-30 would 
produce the bicyclononanolides System (XXc) as found in

1Ö £(b 21 22swieteni^ne * mexicanolide ’ etc. The isolation of methyl



8

23 2kangolensate, andirobin etc. that fit the intermediate postulated, 
plus the important fact that the three series - the 7-oxo, Ring 
B-seco and bicyclononanolides often do co-occur in the same tree 
gave good evidence for the proposition.

Because of the possibility of (a) epimerization, (b) cleavage
of each of rings A, B, and C and probably D, and (c) many feasible
variations of the functional groups, there is certainly a very wide
ränge to their structural possibilities. A large nurnber of naturally
occuring triterpenes have been isolated and characterised. An
excellent review of these principles that have been described in

25literature to June 196? has been written by D. L. Dreyer.
Rather than attempting to give an exhaustive introduction to 

the knovm limonoid bitter principles, only salient features of a
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few of them directly relevant to this thesis will be described. 

LIM0NIK-SEP.I3S (DEGRADED RING A)

LIHQNIN Although this occurs not in the Meliaceae but in the
Hutaeae, it is pertinent to mention it here because of its
historical interest as the first furanoid triterpene to be characte-
rised. Liraonin (XXI), a bitter principle from Citrus fruits, was
isolated by Bernay in 18^1. The Chemical structure was determined
in 1960 as a result of studies by three groups of workers: Arigoni

2 . 20et al., Barton et al., and Corey et al. The structure v/as
27confirmed by the use of X-ray crystallography.

All the oxygen functions of limonin were accounted for
in 2 6-lactones, 1 ß-substituted furan, a ketonic oxygen probably in 
a six-membered ring and two ethereal oxygen atoms. Most of the 
reactions that led to its partial structure are base-catalysed; some 
of the interesting and important reactions are:

(i) 7’eduction of limonin by the Meerwein-Pondorff method to 
give liiüonol with an axial hydroxyl group at C-7« 0n alkaline 
treatment, limonol gave merolimonol (XXVII) with a loss of 5 carbons 
eliminated as ß-furfuraldehyde. This gave a powerful guide to the 
relationship between ring Dt the furan ring and the C^-hydroxyl
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group. In fact, it was asserted that the reaction took place 
between the 7a”hydroxyl group, the epoxide ring and the 6-lactone. 
The part structure (XXII) was thus written.

(ii) Autoxidation of the anion from the saturated ketone in 
the presence of dry t-butyl alcohol containing potassium t-butoxide 
to give a diosphenol (XXIa). This enabled the environment of C-7 
in limonin to be written as -CH.CH2.C0.

(iii) Oxidation of an alkaline solution of limonin vvith 
hypoidodite gives limonilic acid. When the reaction was performed 
on hexahydrolimonin, a dicarboxylic acid was formed. The second 
carboxylic acid was said to come from the second 6-lactone which 
must be in ring A and the important conclusion was drawn that the 
alkyl oxygen in lactone A must be of the type -CH2.0.C0-.
Ozonolysis of the diosphenol from tetrahydro limonin gave a nor- 
acid which was shown to have the grouping -CO.0.CH2.C-C=0.

The combination of these facts led to a partial formula (XXIII). 
(XXIII) was expanded to (XXIV) or (XXV) by taking into account the 
bicarbocyclic nature of the system, its functional group and its 
biogenesis. The X-ray crystallography work showed that limonin 
could be (XXI) or (XXVI); thus limonin must be (XXI).
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p ß
Other ring A degraded compounds include obacunone, obacunoic

. 29 30 31 32 33acid, nomilin, veprisone, ichangin and rutaevin. All these
with their ring A cleaved occur only in the faraily Rutaceae.

GEDUNIN10

16 17 34The Chemical work of Akisanya et al. ’ and the X-ray
35crystallographical investigation of Robertson and his group on

1,2-dihydrogedunin have fixed the Constitution and stereochemistry
of gedunin as (XXVIII). The seven oxygen atoms in gedunin are
accounted for in an aß-unsaturated ketone, a ß-substituted furan,
an acetate group, a 6-lactone and an ethylene oxide ring alpha to
the lactone. Gedunin undergoes the limonol -* merolimonol change on
hydrolysis to give merogedunin (XXIX), ß-furfuraldehyde and in
addition a hemiacetal (XXX) said to result from a glycidic acid type 

36decarboxylation.' This again defines the relationship between the 
furan, aß-epoxy-6-lactone and the 7a~acetoxyl group in gedunin.
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Mild hydrogenation of gedunin gives 1,2-dihydrogedunin.
Ozonolysis of dihydrogedunin followed by stearn distillation gave
an acid which was reduced to a hydroxy acid. Mothylation with
diazoiaethano of the hydroxyacid followed by dehydration with
phosphorous pentachloride and ozonolysis gave acetone. This seriös

i 73of reactions shows that gedunin is a 4, dimethyl-A1-3°xo-compound. 
The Constitution of gedunin can be written when the above facts are 
combined with the tricarbocyclic nature of gedunin.

KHIVORIN

Khivorin (XXXI) , c -̂ose^y related to gedunin
37 38(XXVIII). The Chemical structure was determined by Nwaji et al. ’ 

The presonce of three acetoxyigroups, an aß-epoxy-6-lactone and a 
ß-substituted furan, account for all the ten oxygen atoms in the 
molecule and this implies a tricarbocyclic skeleton for khivorin 
since there is no double bond in the nolecule. Khivorin, like 
gedunin, undergoes the limonol -» merolimonol reaction to give khivol 
(XXXIII) on nydrolysis. When these facts are taken together, a 
partial structure (XXXII) can be written for khivorin. Only the 
positions of the two acetoxyi groups remain to be fixed.

Failure of periodic acid to react with khivol was taken as



are at C-1 and C-3 was shovvn by hydrolysing deoxykhivorin to
trisdeacetyldeoxykhivorin. The chromic acid oxidation product of
this gave an enolic triketone (X 285 m m  € = 2*+, 100) in ethanolmax •
containing a drop of 2N potassium hydroxide. The absorption was

. . 39regarded as owing to a ß-diketone System by comparison with dimedone 
(X 255 mp,, e = 16,900 in ethanol but shifting to X 282 mp,, 
e = 27,700 with a drop of potassium hydroxide). Since a ß-diketone 
cannot bc accommodated in ring B or C, the two keto groups can only 
be at C-1 and C-3» The structural formulation of khivorin therefore 
follows, but the stereochemistry at C-1 and C-3 was undeterrained.
The Observation by Dr. Melera of the Varian Associates Laboratory 
in Zürich on the n.m.r. spectrum of 7-deacetoxy-7-oxokhivorin that 
C-1 and C-3 protons did not show large coupling constants with the 
adjacent C-2 protons led him to conclude that the protons at C-1 
and C-3 must be equatorial since one of the protons at C-2 must be 
axial. (Axial-axial interaction of vicinal protons usually have 
large coupling constant of the Order of 10-13 c./sec.^). We have,^ 
by looking at the n.m.r. spectrum of 3_deacetylkhivorin and 
3-deacetyl-7-deacetoxy-7-oxo-khivorin, obtained further support for 
the equatorial Orientations of the protons at C-1 and C-3» Khivorin 
is therefore the 1a, 3<*, 7<*"triacetoxy compound.

evidence that the acetoxyl groups could not be vicinal. That they
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Gedunin and khivorin have been interelated through isogedunin;
. . 4oschene 2 gives the essential steps. Here again we have shown 

another sequence^ that interrelates khivorin and gedunin and this 
will be discussed below •

AKDIROBIH GROUP

This is a ring B-seco group consisting of andirobin (XXXIV), 
methyl angolcnsate (XXXVI), and a few others.

Andirobin was isolated frora the seeds of Carapa
guayanensis Aubl. The structure was determined by Ollis, Ward and 
Zelnik as (XXXIV), largely as a result of the very informative 
spectroscopic properties (especially n.m.r.) of andirobin itself and
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its derivatives. Phytochemical reasoning also played an important 
role in the process. The seven oxygen functions in andirobin are in 
a ß-substituted furan, an aß-epoxy-6-lactone, a methoxycarbonyl group 
and an aß-unsaturated ketone.

Sodiura borohydride reduction of andirobin gives the tetrahydro 
derivative - andirobindiol, characterised as the diacetate. The 
two carbonyls reduced are shown by u.v. spectra to be in an aß- 
unsaturated ketone and a 6-lactone. The n.m.r. spectra show a 
resemblance between the a, ß-unsaturated Systems of andirobin and 
gedunin; ring A in both compounds is regarded as being identical. 
Since chromous Chloride reduction of andirobin gives deoxy-andirobin 
(LX), this enabled them to assert the presence of aß-epoxy-6-lactone. 
The stability of deoxyandirobin to acid and the additional spectral 
Information from the aß-y6-unsaturated lactone enabled the Constitu­
tion of andirobin and deoxyandirobin to be formulated unambiguously.
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Methyl angolensate (XXXVI) is closely related to andirobin. It 
has the same carbon skeleton as andirobin but has an ether bridge 
between C~1 and C-lk rather than 1,2-double bond and 1^,15-epoxide.

Elcong and Olagbemi * have correlated gedunin v/ith methyl
by .angolensate and andirobinAcleaving ring B of 7-<leacetyl-7-oxo-1M-,

15-deoxy gedunin v/ith dilute alkali in a manner shown in scheme 3» 

Bicyclononanolides

Sv/ietenine is first bicyclononanolide whose structure
was determined. It occurs with swietenolide in the seeds of 
Swietenia macrophylla King, which grov/s in Central America. By a 
series of careful degradations and intensive use of n.m.r. data by

18 £(t)Connolly et al. and the X-ray investigation on the p-iodo-
7kbenzoate of destigloyl-swietenine by McPhail and Sim, the Consti­

tution and stereochemistry of swietenine was established as (XXXVII).
Sv/ietenine was shown to have a ß-substituted furan, a 6-lactone, 

a secondary tiglate ester, a CH.OH.COsMe and a saturated ketone thus 
accounting for all the nine oxygen atoms in the molecule. The 
relationship between swietenine and limonin suggested itself when the 
spectra of the octahydro acid of swietenine and hexahydrolimoninic 
acid (both being catalytic hydrogenation products from the respective

23
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parent compounds) were compared. A part structure (XXXVIII) was 
then written. A major reaction that led to the derivation of the 
Constitution of sv/ietenine is the alkaline hydrolysis on it to give 
a different series, the iso-series formed as a result of epimeriza- 
tion at C-3« Connolly et al. have explained the reaction in terms 
of retro-and re-aldolisation of the ß-ketol system. They also 
interconverted the two series in the way shown in scheme k. This 
supported the theory that inversion or epimerization is at C-3 and 
therefore a 1 ,3-relationship of the ketonic and tiglate ester 
functions.

The a-hydroxy ester was related to the tiglate ester by 
oxidation of the a-hydroxy acid (XLI) with lead tetraacetate to give 
a nor-aldehyde (XLII). On chromic oxide oxidation, a ß-diketone 
(XLIIl) was obtained, with the aldehydic function intact. VJhen 
treated v/ith base, the nor-aldehyde undergoes an intramolecular 
Cannizzarc reaction to give a Y-lactone (XLIV), the n.m.r. data of 
which made it possible to write a part structure (XXXIX). Nuclear 
magnetic double resonance studies at 100 M c./sec. gave additional 
Information on the couplings in the system and a part structure (XL) 
was consequently written.
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Schere. 5
The vvorkers explained the formation of the Y-lactone in terms 

of (a) aldol reaction (b) inversion of configuration at C-5
(c) aldolisation (d) intra-molecular Cannizzaro reaction involving 
a hydride ion transfer and (e) lactonization of the Y-hydroxyacid 
obtained in (d). The sequence is illustrated in scheine 5* This 
evidence made it possible to account for the complete carbon skeleton.

The double bond in swietenine is at 8,30 position. Many 
bicyclononanolides in which the double bonds are at the expected 
8(1*0 or 1*f,13-positions have been found: the 8(1*0 double bond 
series include mexicanolide (XLV) and swietenolide ^ (XLVIl) while 
the 1*f,15“series occur in the carapin (XLVI) and its derivatives.
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Bevan et al.,22 and Connolly et al.21,95working independently on
the structural determination of raexicanolide and the X-ray studies

20,̂ 6 .of Adeoye and Bekoe, have fixed the Constitution and stereochemistty
as (XLV)*

The raost informative reaction of mexicanolide and carapin is its
great sensitivity tc base, when a complete transformation takes place
in the molecule involving a ring opening to give an enolizable
ß-diketone (XLVa) as shown by spectroscopic studies. We explained
that the reaction proceeds by a concerted mechanism subject to

if 8frangomeric acceleration. It is interesting that the 3ß-acetate 
but not the 3ß-ol (frotn sodiura borohydride reduction of raexicanolide) 
will undergo the transformation. It is probably because OAc is a 
better leaving group than OH . Another way of expressing this is to 
attribute this difference to the Polarisation of the carbonyl function 
which can under the reaction condition lead to the cleavage of the 
C3-0 bond leaving Cs-C3 unsaturated and therefore resulting in its 
conjugation v/ith the C-1 carbonyl. The effect will be to allow a 
delocalization of the TT-electrons frora Cis-C3 in much the same way 
as in the ß-diketone System. In the 3ß“°l where there is little 
possibility of breaking the C3-0 bond, the reaction does not take plac



Another interesting reaction of mexicanolide but not of 
carapin - where the Position of the double bond makes its 6-lactone 
rigid - is that it undergoes a ring D opening with raethanolic 
sulphuric acid to give C.O.C. (LII) which in turn recyclises to 
mexicanolide on troatment with hydrochloric acid.
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if aCarapin and raexicanolide have been interrelated v to 
swietenolide by periodate oxidation of their base-catalysed 
transformation products. In each case a fragment (XLVIII) was 
obtained. This is illustrated in scheme 6 .

ABNORMAL REACTIONS AND STEREOCHEMICAL CCNFORKATICNS

Euphol or tirucallol, the assumed biogenetic pracursors of 
these furanoid triterpenes, are by the very nature of their 
cyclizations from squalene of the form; rings ^-chair, B-chair, 
C-chair and D-boat. However, many limonoids have ring conforma- 
tions different from this and the difference would be reflected to 
some extent in the course and rate of the reactions in which they 
participate in view of the interactions of various functional 
groups in the different conformations. Interactions between 
functional groups do not only affect the course of a Chemical 
reactions, but they sometimes lead to abnormal reactions. Some
departures from normal behaviour are seen in;

, . i+qQaJ reduction of gedunin and anthothecol to give the
1 :2-dihydro products in either case and a further reduction of
the 3~°ne to the 3-ol in gedunin
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(b) failure of the 3-keto group in dihydrocedrelone^ to 
undergo oxidation.

50Hodges et al. tried to explain the behaviour of dihydro-
cedrelone and cedrelone by suggesting that in order to prevent
severe interaction of ^a-methyl and the 6-substituent, ring A must
exist in the boat form. In this conformation the 3-keto group is
shielded from attack on the ß-face by the 10-methyl and on the
tt-face by the pseudo axial ktt and cannot therefore be very reactive.
From this and deductions such as that of Narayanan and Pachapurkar

51in their work on nimbinic acid, abnormal Chemical reactions of 
this nature can be rationalised as the atterapt of terpenoids to exist 
in a conformation which will minimize 1:3 nonbonded interactions.

PHYSIOLOGICAL ACTIVITY

Little work has been done to test many of the known limonoids 
for physiological or pharmacological activity. Many of these plants 
especially Khs.ya senegalensis are widely used in native medicine to 
treat diseases, particularly in West Africa. Whether or not
the curative powers attributed to these trees are intrinsic in the 
triterpenes is still to be determined. But even if it is, an obvious 
difficulty in these triterpenes finding their way to the clinical

50
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stage lies in the insolubility in water of raany of thera. This 
property probably accounts for the rather slow interest shov/n by 
the pharruacologists to test them! It is true of course that drugs 
can be administered in emulsions and similar raedia but this is 
generally done when there is no available alternative of comparable 
activity which is water soluble. Some liraonoid principles are 
bitter, raexicanolide for example is very bitter, while others are 
tasteless. If and when thorough pharmacological tests are carried 
out on these principles, it may be possible to give a broad 
correlation of taste with structure or even with activity in a 
particular series.

US ES

(i) At present very little is known about the role of these
secondary metabolites. In some cases they are found in large
amounts as if to suggest they may be metabolic byproducts which are
of no direct use to the plant whereas in some cases some of them do

5kbreak down fco other molecules e.g. lanosterol to Cholesterol.
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(ii) CHEHOTAXOMOMY

Correlation of Classification with Chemical constituents of
particular Meliaceae species can be made only with great caution.

55 . . . . .It has been said that general Statements of taxonomic significance
can be made only if a systematic and thorough survey has been made
as opposed to chance isolation of a few substances in a few plants.
Because the Chemistry of the meliaceae is still in its infancy, a
generalization that can be of taxonomic importance cannot be made
at present and will have to await further study. Our studies on
three Khaya species have shown us clearly that plants of the same
species are often chemically variable. Indeed we have been led by
our findings to conclude that Chemical Variation is not due to
macroclimatic conditions alone. In addition, even under
microclimatic conditions, it has been observed that two trees of the
same species v/ithin a few yards from each other can Vary chemically.
However, this need not imply that a useful correlation will be
impossible, for what is regarded as being absent may well be present
either in a small scale or not extracted in the usual way. Although
successful isolation of Chemical compounds depends largely on skill
and method, there is nevertheless an element of chance involved.
Since failure to detect a small concentration of a particular
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reaching deductions that will be of taxonomic importance in this
field may liave to wait tili better techniques are known which will
lead to maximum Identification of a mixture. It is encouraging to

56know that extensive studies of the cucurbitacins (family
Cucurbitaceae) have very usefully complemented some other methods
of taxonomy. The distribution and structural relationship of the

6 2limonoids of the Rutaceae° have also enabled chemotaxonomic 
Classification to be raade.

The genus Khaya is the subject of this Thesis. There are six
distinct Khaya species known to date and we have examined various

*+0 k7 57 58,75parts of three of them (Khaya senegalensis, ’ ’̂  y Khaya
37 59 60ivorensis, ' Khaya grandifoliola^7’ ), and only the secds of two

6lothers (Khaya anthotheca and Khaya nyasica).
The investigations carried out, the results obtained, and the 

deductions mado, will be described for each of the five species in

compound present may obviously lead to a wrong conclusion, far

turn.
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INVESTIGATION AND DSDUCTIONS 

KHAYA SSNEGALENSIS

Khaya senegalensis (Desr) A. Juss grows in the savannah regions 
It is capable of attaining a height of over 100 ft. and a girth of 
nine feet. It is glabrous vvith grey scaly bark. The leaves are 
pinnate and the woody fruit encloses flat winged seed. The fruit 
which is four-carpelled seems capable of a subdivision into the thin 
walled and the thick-walled carpels. The locus of the treo is the 
beit extending fron Senegal to East Sudan and Uganda.

Kt senegalensis has great reputation especially in West Africa 
as a potent drug to combat several diseases. The bark is the- raost 
commonly used. Several authors have described the various local 
uses of the tree and these can be surnraarised as follows:

Bark: Used as febrifuge, emraenagogue, vermifuge, emetic, anti-
malarial, also for syphilis, ulcer and in local veterinary practice.

Flower: Used to treat stomach disorders and venereal diseases.

Seed: The crushed seed is used as an emraenagogue and the oil for
anointing the body. Some early work on K. senegalensis has been
reported but on the whole its Chemistry has not been satisfactorily 

52treated. Oliver recorded that K. senegalensis contains mineral
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a saponin, lipids, and a small amount of bitter principles, which
he and some earlier authors presumed might be the alkaloid cail-
cedrine. Some of tho substances mentioned are probably present as
fragments of larger molocules e.g. sucrose and sterol from a
glycoside. Dalziel reported that the bark from Northern Nigeria
was shcv/n at the Imperial Institute (London) to contain no alkaloids,

65glucosides, er any resinous or crystalline neutral bodies. Ferreol 
reported the isolation of nimbosterol, identical with ß-sitosterol. 
Modern spectroscopic and analytical methods on which most of the work 
reported in this thosis depends have helped to clarify a lot of the 
rather confused picture in the literature. A lot of work in this 
dirc*ction will still be necessary before a full picture can emerge.

We have studied the extractives of various parts of trees of 
this species and have collected saraples from different places.

substances, oxalate, sterols, sucrose, starch, catechuic tannins,

Extraction of the timber of K. senegalensis with light 
Petroleum gave a gum. From the chromatography of this gum, Bevan

TIMBER

93 /et al. have obtained two crystalline compounds (i) 7-d.eacetoxy- 
7-oxokhivorin, and (ii) a compound melting at 88-100°
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(CHClg). The chromatography on an old stock of extract obtained
from the saine tree was repeated. The gum was dissolved in benzene
and adsorbed on alumina. Elution with benzene-ethyl acetate (4:1)
brought down a raixture found later to be about 85^ khayasin
(= 6-deoxyswietenolide isobutyrate) (L). The raixture ra.p. 114-116°, 

25Olß - 163° was originally described as the low melting compound
57from K> seneganensis. Elution with mcthanol gave 7-deacetyl-7- 

oxokhivorin ra.p. 225° identical in every respect with an authentic 
sample.

The first indication that the khayasin-containing raixture was 
impure was given by the marked difference in its melting point when 
it was crystallised from different solvents. It had a melting point 
114-116° when crystallised from benzene and 87-90° from methylated 
spirit. The fact that it crystallised in either case with the 
solvent of crystallisation, as shown by the i.r. and n.m.r. spectra, 
was not a satisfactory explanation for the difference. Molecular 
weight determination of a sample by the mass spectrometer confirmed 
the presence of impurities as there were still some peaks beyond 
540, the molecular ion. The n.m.r. spectrum of the volatile acid 
showed the presence of what we originally thought was an acetate but 
which we now know to be a tiglate. This and another contaminant
will be discussed.
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The nolecular weight 5^0 taken with the best fit from elemental 
analysis suggests a formula C^^H^Og for khayasin. The compound has 
infra-rcö absorptions at 1733, 1721 (ester and or lactone); 1701 

(saturated ketone)’, 1250 (ester)^ and 1*f99, 876 cm.  ̂ (ß substituted
t

furan). The n.ra.r. spectrum shov/s peaks attributable to a ß-substitu- 
ted furan (6 7»38i 7*53 - 2o-protons and 6.^7 ß-proton); H-17 
(6 5«67)» o. three-proton singlet of the -CC.OMe (6 3.70), a doublet 
at the base of a ß-»ester (6 -̂.95i J = 9*5 c./sec.) recognised by

k7comparison with the iodoacetate of C.C.C. reduction product (XLIX), ' 

and four tcrtiary raethyl groups.
3ix of the eight oxygen atoms are accounted for in a ß-substi- 

tuted furan, an ester, a saturated ketone and a mothoxycarbonyl 
group. The other two must be either in another ester or in a 
lactcne (evidence from i.r. spectrum). The fairly characteristic 
fragmentation pattern at 96 and 12k in the mass spectrum (see p.103) 
suggest a ö-lactone allylically placed to the furan. Furthermore 
alkaline hydrolysis and methanolic sulphuric acid treatment of 
khayasin that find an exact parallel in mexicanolide confirm the 
presence of a ring D 6-lactone. All the eight oxygen atoms arc- 
therefore accounted for.

Alkaline hydrolysis of khayasin gave a volatile acid and a gura. 
The gum (Lb) did not crystallise but its ultraviolet spectrum showed
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bands attributable to a furan 21^ m^) , and ag-unsaturated ketone
(230 mn sh.) and an ag-Yß-unsaturated lactone (276 m|i,) a behaviour
reminiscent of similar treatraent of mexicanolide and the acetate of

1 15 22 k7its reduction prcduct. ’ ^ The reaction has been suggested ’ ' to
proceed by a concerted mechanism, subject to frangomeric accelera- 
tion, (see in scheme 6). The volatile acid fraction was neutralised 
with sodium hydroxide and evaporated to dryness. The n.m.r. spectrum 
of the resulting sodium salts in deuterium oxide showed a six proton 
doublet (J = 7 c./sec.) at 6 1 .1 and a one proton septet at 6 2.*f. 
These peaks viere those of sodium isobutyrate. There was also a peak 
at 6 1*8 from a tiglate. The p-phenylphenacyl derivative of the 
sodium salt v/as almost identical with an authentic sodium 
p-phenylphenacyl isobutyrate. This was taken as evidence for the 
presence of an isobutyrate, after raaking an allowance for the 
tiglate contaminant.

Another reaction that has a parallel in mexicanolide is the 
treatment of khayasin with 1$ methanolic sulphuric acid to give 
khayasin C (LIVa) in which the ring D-6-lactone is opened. It was 
this reaction that really paved the way for the elucidation of the 
structure cf this compound since khayasin C crystallised out from 
the reaction products. The n.m.r. spectrum of the substance showed



a new methoxyl (6 3*2) and a second metkoxycarbonyl (6 3*6) groups 
at C-17 and C-16 respectively. The H-17 was observed to have 
undergonc a diamagnetic shift fron 6 5*67 to *f.67* The difference 
is in agreement with the Chemical shifts of a proton from the base 
of an ester to an ether (>CH.OR is usually about 3*6 while XJII.OAc 
is about 5*1 p.p.m.). The lactone opening is acid induced and can 
go either of twc ways. Protonation of the C-17 oxygcn atora with a 
subsequent attack of a methanol molecule on C-16 leads to cleavage 
of the lactone. The C-17 is subsequently nethylated under the

- 3$ -

reaction condition. Scheme 7 shows the essential steps. 

Schere 7
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Alternatively, after protonation of the C-17 oxygen, fission 
can take place in a different v/ay as shown in scheine 8.

S c b e m e  0

The latter scheme is favoured on the ground that hydrcgenation
of limonin gives hexahydrolimonilic acid, and this must have
involved a C-17 oxygen fission.

01i i
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In addition, mcthylation of the acid in scherae 8 will talce place 
much rnore readily than niethylation of the C-17 alcohol in scheine 
( 7 )• Lactonization normally takes place in the presenco of an 
acid but it would appear it is prevented in this case because the 
-CHsCC.OMe forr.ied is capable of free rotation about the C-14, C-15 
bond. l’he free rotation is er.hancod by the rigid stereocheraistry 
cf rings A, B and C forming as it were a hinge for the -CHsCO.OMe. 
The effect is thus to make the ends of the two groups that might 
have cyclised come as far apart as pcssible, thus preventing 
recyclisation.

The molar rotation change for khayasin and the ring opened 
compound, AK = +663 when compared with a similar change of 
mexicanolide and its substance C, AM = +686 provide another 
striking Illustration of the similarity between their nuclei.

Mexicanolide and khayasin were interelated via their ring 
D-opened compound (scheme 9)• Kethylation of the hydrolysis product 
of the lattcr followed by oxidation gave C.O.C. (LII) showu by i.r., 
t.l.c. a:‘.d mixed n.p. to bv, identical with an authentic sample.
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The reaction cannot be carriod out on the ring D-closed corapounds 
because of the rearrangement such a system undergoes v/ith alkali.

Careful examination of the n.m.r. spectra of khayasin and 17- 
chloro-3-iodoacetoxy-3-dooxy~derivative of C.O.C. (XLIX) prepared



by Dr« J. W . Powell show vury striking resemblance and therefore 
suggest similar Chemical environment. It is known from the X-ray

k6work of Adeoye and Bekoe that the iodoacetate group of (XLIX) 
has the ß-configuration at C-3. In view of the fact that the H-3 
peak in tho isobutyrate (L) occurs at about the same place (6 ^.95) 
and with the same coupling constant (J = 10 c./sec.) as the 
iodoacetate (6 4.91» J = 10 c./sec.) the ß-configuration is proposed 
for the isobutyrate. An Qf-configuration would have a much smaller 
coupling constant since the resulting Splitting between the C-3
equatorial hydrogen will have a coupling constant of the Order 1-7

/ 69c./sec. with a neighbouring axial or equatorial hydrogen. The
ß-configuration was confirmed by partial synthesis. Isobutyryla- 
tion of the 3ß**alcohol (Lla) gave khayasin C (LIVa). Under the same 
conditions the 3c*”alcohol (LIb) was not isobutyrylated. The Consti­
tution and absolute stereochemistry of khayasin must be (L).

The isobutyrate behaved in an anomalous manner on alkaline 
hydrolysis in giving not the expectod ß-alcohol (Lla) but the 
stereoisomer (LIb), which was also obtained in small yield together 
with (Lla) by the borohydride reduction of C.O.C. The iodoacetate 
under the same condition gave the 3ß-alcohol as the major product 
and a small amount of the 3<*~alcohol. Overton and his



collaborators have reported a parallel reaction in the closely 
related swiotonine (XXXVII). Alkaline hydrolysis gives epimeriza- 
tion at C-3 which they explained in terms of dealdolisation and 
realdolisation according to scheme 10.

S c h & m e  f 0

This would account for the Observation of the epimerization with 
the isobutyrate but not the iodoacetate. Light was thrown on the 
Problem by treatment of the 3ß“°l (Lla) with alkali under the same 
condition as used for the isobutyrate and the iodoacetate. The



methylated product was shown by t.l.c., n.rn.r. and i.r. spectra to 
be an equilibrium mixture of the two isomers in which the 3of~is°mer 
predorainates. These observations must mean that the mechanism of 
the reaction in the early stages is essentially the samo in the 
iodoacetate and as it is in the isobutyrate. The course of the 
reaction is explained as follows.

In both esters alkaline hydrolysis involve acyl oxygen fission, 
a feature of carboxylic esters and hydroxide ion in aqueous solu«- 
tion.^ The reaction is second Order and on theoretical grounds, 
and by analogy with other esters, it must be bimolecular of the 
form B̂ £,2. The reaction can therefore be represented as shown 
in scheme 1 1 .

— k2 ■■



Because the intermediate complex, a mesomer between [B] and [C ] 
is negatively charged it will be expected that electronegative 
substituents ( -1 effect) like iodine will accelerate its formation 
and electropositive substituents like the isopropyl will retard its 
formation. Steric bulk would also probably affect the rate of the 
formation of the complex. Courtauld atomic models show that the 
intermediate complex would be more difficult to form with the 
isobutyrate than the iodoacetate because the former's flanking 
methyls constitute a steric hindrance to the oncoming hydroxyl 
group. Both factors indicate that the formation cf the interme­
diate complex which is the slow step will take place more readily 
with the iodoacetate than with the isobutyrate. Since the slow 
step of a reaction must largely determine the rate of reaction, 
one can conclude that the rate of hydrolysis of the iodoacetate 
will be greater than that of the isobutyrate.

Since both esters pass through [Dj, which could not have 
involved inversion of configuration, epimerization must therefore 
occur after stage [D]. This suggests competition reactions 
involving (a) direct protonation of [D] to give the 3ß~°l» and 
(b) retro-and re-aldol reactions to give the 3®-ol. The reason 
for the difference in products would therefore seem to be that in
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the iodoacetate the rate of formation of [D] is much faster than 
the rate of de-and re-aldolisation leaving most of it to undergo 
direct protonation to give the 3ß-°l while only a few ions give 
the epimer. With the isobutyrate the rate of formation of [D] 
must be about the same as or even slower than the rate of dealdo- 
lisation and consequently the isobutyrate has greater Chance of 
undergoing epimerisation. Clearly this must be an equilibrium 
reaction subject to kinetic control in which no single isomer is 
exclusively formed at the expense of the other. This has been 
observed experimentally. It can further be added that it would be 
expected that if the iodoacetate was hydrolysed long enough one 
would obtain the J>a-ol since the 3ß-°l when formed would, in the 
presence of more alkali and with more time, undergo hydrogen 
abstraction and epimerize. The 3a compound is therefore the more 
stable epimer to alkali.

Khayasin C (LlVa) reacts with concentrated hydrochloric acid 
or hydrogen Chloride gas to give the 17-chloro compound by 
replacenent of the 17-roethoxyl group. This is indicated by the 
loss of the ether methoxyl band in the n.m.r. spectrum and by the 
downshift of the H-17 absorption to 5*69 p.p.m. as in iodoacetate 
with a chlorine atom at C-17« Elemental analysis also shows the
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presence of an atom of chlorine per molecule of compound*
Treatment of the isobutyrate with lithium aluminium hydride led to 
a break down of the molecule, presumably because of the several 
possible places of attack (Ci, C3 , 6-lactone etc.).

Second Extract

Extractives from the timber of K. senegalensis growing in a 
restricted area about 20 miles south of Ilorin gave a wide ränge 
of interesting products in which all the three main nuclei are 
present i«e. (i) rings A, B and C carbohexacyclic (ii) ring B seco,
A and C carbohexacyclic and (iii) rings A, B, C carbohexacyclic 
with rings A and B 1:3 fused. The isolation of representatives of 
all three nuclei from the same tree provides powerful support for 
the biogenesis of these limonoids as outlined above (p. 3)»

Light petroleum extraction gave an oily extract from which a 
large amount of solid separated. The solid fraction on crystallisa- 
tion gave mainlv methyl angolensate, plus a small amount of rnethyl 
6-hydroxyangolensate. The mother liquor on chromatography gave a 
small amount of a new compound which we name methyl senegalensate, 
more methyl angolensate, and a mixture of methyl angolensate and 
methyl 6-acetoxyangolensate which could not be separated.
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Chromatography of the oily residue of the extract gave a very 
nicely crystalline compound m.p. ca. 100° found later to be a 
mixture of the isobutyrate and two new Compounds, the benzoate and 
the tiglate of 6-deoxyswietenolide. Other fractions from the 
chroraatography gave mexicanolide, 7“deacetyl-7-°xogedunin, and a new 
compound we deduced to be 12ß-acetoxy-6-deoxydestigloylswietenine 
acetate (LVIIc).

Ca) H = QH, ß - O.CO.CH.(CH3)s.
(b) B = OH, 0 - O.CO.Ph.

h3c ch3

(c) 12 = Ofi, ß - O.CO.CsCH.
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Methyl angolensate, 7-deacetyl-7-oxogedunin (LV) and mexicanolide 
were readily identified from their spectral properties and by 
comparing sorne of their physical properties with those of the 
authentic samples. The evidence that led to the structure of methyl 
6-hydroxyangolensate will be discussed later.

The isobutyrate, the tiglate and the benzoate derivatives of 
6-deoxyswietenolide always came together as fine crystals. The 
mixture could have passed for a single compound from its t.l.c. in 
most solvents; however its m.p., mass spectra and n.m.r. spectra 
shov/ed it was a mixture. Allattempts to separate the mixture on 
alumina and silica gel MN were abortive and recourse had to be taken 
eventually in their varied stability to methanolic sulphuric acid. 
Chromatography of the product obtained by the methanolic 6ulphuric 
acid treatment gave two ring-opened compounds, the isobutyrate, and 
the benzoate C, while two later fractions gave two ring D-intact 
compounds, the tiglate and the benzoate. These were initially desig- 
nated as compounds X, Y, M and N respectively. The products indicate 
that the order of sensitivity to methanolic sulphuric acid is 
(CHa)3•CH•CO,0 > Ph.CO.O > CH3 ,CH:CH3.C0.0, in fact the tiglate 
appears not to undergo solvolysis under the reaction conditions.

Compound X, m.p. 15^-157°, was easily identified as khayasin C



168° has a molecular weight 620 with formula C^gH^O^. The n.m.r. 
spectrum showed four tertiary methyl groups, two carbomethoxyl 
groups (6 3.70) and a methoxyl group (6 3*17) suggesting a
ring D-6-lactone opened compound. There were also a one proton 
doublet at 6 5»11 (<J = 9«5 c./sec.) indicating a ß-ester as in the 
isobutyrate, and the usual protons of a ß-substituted furan.
However, instead of the usual two a-protons of the furan, there are 
seven protons absorbing in different positions between 6 7 and 6 8,2. 
The seven protons are due to the two a-protons of the furan, and 
five protons in a benzoate group. The base peak of the nass spectrum

4.at 121 mass units is attributed to C6H6C0.0 while the next two 
strongest peaks at 105 and 77 are attributed to the C6H5C0 and 
C6H5+ respectively. This evidence confirms that Y is a benzoate. 
Compound N, H.W. 57^» C^H^gOg m*P* 197-199° , was found to be 
related to Y in the same way as mexicanolide is to the ring-D-opened 
compound. Thus cornpounds N and Y were regarded as benzoates.

Alkalino hydrolysis of either N or Y, followed by neutralisation, 
gave the same volatile acid and the residual parent nucleus. Both

from its mclting point and spectral properties. Compound Y m.p.

were extracted with ether and gently evaporated. Sublimation of the 
mixture gave benzoic acid identical (i.r., m.p., mixed m.p) with an
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authentic sample. Compound N must be 6-deoxy-3ß-benzoyloxyswiete-- 
nolide (LHIb) and Y its ring-D-opened derivative (LIVb).

Compound M m.p. 1^6-7° whieh did not ring-open has a molecular 
weight 552 and a formula C ^H^ qOq . The n.m.r. showed the presence 
of four tertiary methyl groups, the usual ß-and of-protons of a furan, 
a methoxycarbonyl group (6 3.7*0 and a singlet due to H-17 at 6 5»56. 
The presence of a one proton doublet at 6 4.83, J = 10 c./sec. 
suggested equatorial ester. There were in addition a singlet methyl 
at 6 1.88 superimposed on a doublet methyl (6 1.82, J = ca. 7 c./sec.) 
and a broad one-proton multiplet at 6 6.97> these were regarded as 
absorptions from a tiglate and compound M was tentatively taken to be 
6-deoxyswiotenolide tiglate. Here again the mass spectrum was 
informative. There was a very strong peak at m/e 88 corresponding to 
the tigloyl ion C^H C0+, Hydrolysis of compound M followed by steam 
distillation from the neutralised solution gave a volatile acid. The 
n.m.r. of its sodium salt was identical with that of an authentic 
sample of sodium tiglate. The n.m.r. spectrum was different from that 
of sodium angelate (trans methyl) prepared by Professor Taylor later 
has its doublet methyl slightly shifted downfield of the singlet 
methyl rather than upfield as in the tiglate. Compound M is therefore 
6-deoxy-3ß-tigloyloxyswietenolide (Lilie).
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Two more new compounds vvere isolated from the timber. We have
identified one of them as 6-deoxy-3-destigloyl-3ß-12ß-diacetoxys-
wietenine (LVIc). The other we have named raethyl senegalensate, and
its structure has not yet been determined owing to insufficiency of
material. The first of these (LVIc) has m.p. 250-252° [a]^ - 131°
M 520 has a molecular formula It is also found in the
bark of K» senegalensis and in Khaya nyasica seed. The evidence
that led to its structural determination will be given after simpler
compounds of identical nuclei have been discussed. Methyl senega-
lensate m.p. 197-198 [a]^ + 223° has a molecular weight ^52 and
molecular formula C^nH-^O^. It has maximum absorptions at X 21827 32 6 ^ max.
mn (e = 11,700); X 23^ (e = 9,900). The former suggests thenicix •
presence of a ß-furan which from its extinction coefficient must 
have a sirailar environment to that in mexicanolide. The latter 
suggests an cß-unsaturated ketone system. Its infra red spectrum 
shows the presence of a lactone (17^0), an ester (1721) and a 
ß-substituted furan (1^93, 875 cm. ). The n.m.r. reveals the 
presence of three tertiary mothyls (6 1 .30, 1.07 and 1.00), a 
ß-substitutcd furan (7.^9, 2a-H; 6.^7, 1ß-H) and a methoxycarbonyl 
group (6 3.70). In addition there are a doublet methyl (J = 1 c./sec. 
at 6 5.25 and an indistinct doublet at 6 5*31• The singlet is almost 
certainly the H-17 and the latter a vinyl proton. The vinyl proton



51

and the methyl on the double bond are probably not gerainal as the 
coupling constant is too small (c.f. tiglate vinyl proton) and it is 
too far upfield to be conjugated to a deshielding nucleus like a 
carbonyl group. All attempts to v/rite a structure that would fit the 
propertios obtained ’.vere unsuccessful. Methyl senegalensate is almost 
certainly a seco-compound or one that has cyclised after ring opening 
but in any case it appears that the basic nucleus is different from 
any we have corne across yet. It is hoped to get more of this compound 
in Order to effect some Chemical transformations that may eventually 
lead to the structural elucidation of this compound which may yetj^give 
another interesting biogenetic pathway in the limonoids.

KHAYA SENSGALENSIS SEED

A sample of K. senegalensis seed from Gavva in the north of
Nigeria was extracted with light petroleun. Chromatography and
crystallisation enabled four crystalline compounds to be isolated.
Two of these were recognised as khivorin (LVIa = XXXI) and 7-
deacetyl-7-oxokhivorin (LVIc) from their spectral and physical
propertios. The i.r. spectrum of the third compound (C^qH^qO^)
shov/ed absorptions at v 353** (-0H), 172k, 12^5 (ester); and 1^95»max •
877 cm. (ß-furan). The n.m.r. spectrum shov/ed peaks attributable
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to five tertiary methyl groups (6 O.83, 0.88, 1.00, 1.07, 1.21); two 
acetate groups (6 2.01, 2.12); and a ß-substituted furan (7.58, 2a?-H; 
6.30, ß-H)• In addition there were two symmetrical triplets of the 
familiär ABX type at **.78 (J = 5»** c./sec.) and **.52 (J = **.0 c./sec.) 
these wore regarded as base protons of the two acetates. Another 
broad and unresolved proton at 3*58 was resolved into an ABX triplet 
on addition of deuterium oxide. This must be the base proton of the 
hydroxyl group, the replacement of H in -OH by D allowed only the 
two almost equivalent protons (A and B) to couple with base proton 
to form the observed triplet. The n.m.r. spectrum data in 
conjunction with a prior identification of khivorin led us to 
suggest that the compound was a monodeacetylkhivorin; this was 
confirmed by acetylation to give khivorin. The hydroxyl group was 
shown to be at C-1 or C-3 by alkaline hydrolysis. Two products 
were obtained - the trisdeacetylkhivorin (LVIf) m.p. 319-32**° 
insoluble in all common solventsexcept dioxan, was readily 
identified by comparison with the authentic sample from Dr. M. N. 
Nwaji. The second product was the dideacetyl derivative of khivorin 
(LVIe). Oxidation of this derivative gave a ß-diketone as shown by 
its u.v. spectrum 211, and 256 m̂ , with a very intense absorption
shifting to 285 m^ with alkali. The ß-diketone could only arise from
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the 1,3-dideacetyl compound. The monodeacetylkhivorin is therefore 
either 1-deacetylkhivorin or 3-deacetylkhivorin. The true position 
of the hydroxyl group was revealed by chromic acid oxidation. The 
ketone obtained (LVIg) was treated with dilute acid and gedunin 
(XXVIII) was obtained. The compound must therefore be 3“deacetyl- 
khivorin (LVIb). A ß-keto ester with the ketogroup at C-3 would 
readily lose acetic acid to give gedunin. On the othe-r hand if the 
hydroxyl group v/ere at C-1 , isogedunin would be obtained from the 
resulting ß-keto ester. A hydroxyl group at C-7 cannot form aß- 
unsaturatod ketone. The scheine of formation of gedunin is shown 
in scheine (12) and provides a way of interrelating khivorin and 
gedunin.

(g) R 7 = R* = ßH, QOAc; R = 0.
(h) R77 = ßH, QOAc; R = R 7 = 0.
(a) R = R / = R/r=ßH, QOAc.
(b) R 7 = R* = ßH, aOAc; R = ßH, QOH.
(c) R = R 7 = ßH, QOAc, R# = 0.
(d) R = ßH, QOH, R 7 = ßH, QOAc, R*= 0.
(e) R = R 7 = QOH, ßH; R* = aOAc, ßH.
(f) R = R 7 = R* = QOH, ßH.
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The small coupling constants of the protons H-1, H-3 and H-7

large enough to involve axial-axial coupling and since one of the 
two protons at C-2 and C-6 must be axial, H-1, H-3 and H-7 must all 
be equatorial and therefore the C-1 acetate, C-3 hydroxide and C—7 
acetate must all be axial with a-configuration. Furthermore since 
acetylation of 3"deacetylkhivorin ho khivorin could not have 
involved an inversion of configuration khivorin must be 1a, 3a*
7a - triacetoxy compound.
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Evidence from spectra and analysis show that the fourth
compound (LVId), also new, is almost certainly 3“deacetyl-7~
deacetoxy-7~oxokhivorin though there was not enough of it to
confirm the structure. The i.r. spectrum showed the presence of
a hydroxyl group (v 3584 cm. ) in addition to an ester and or
a lactone, a saturated kotone and a furan. The n.m.r. spectrum also
suggestcd monodeacetyl 7“°xokhivorin (only one acetate group).
The diamagnetic shift of the H-17 to 6 5*^3 is in agreement with

86the Observation of Powell for a 7-keto compound. Acetylation 
gave a product which had the same R̂ . value (t.l.c.) as 7-deacetoxy- 
7-oxokhivorin, thus confirming the original supposition.

Careful comparison of the spectra of 3-deacetyl-7-deacetoxy- 
7-oxokhivorin, 3**ieacetylkhivorin and their derivatives enabled the 
assignments of the various base protons of acetates at , C^, 
to be made« In 7-deacetoxy-7-oxokhivorin the two protons at and 

formed an unresolved broad peak at ca. 6 4.75» The fact that in 
khivorin all the three protons go from ca. 6 4.75 to as far up field 
as 6 4.3 and in 3**deacetylkhivorin the and protons are at 
6 4.78 and 4.32 must mean that the C-1 proton absorbs at ca. 6 4,7 
while C-7 absorbs at ca. 6 4.5« The fact that in 3-deacetyl-3-oxo- 
khivorin with a keto group beta to C-1 proton originally absorbing 
at 6 4.7 is now shifted down-field while the other is unaffected
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supports tho 6 k»7 - ^.8 Position for C-1 proton and k*5 for the C7 
proton. Additional confirmaticn comes from 3-deacetyl-7-deacetoxy- 
7-oxokhivorin whose only acetate base proton (ß- to a hydroxylgroup) 
at C-1 or C-3 absorbs at 6 ^.93 and raust therefore be at C-1 or C-3 
acetoxy compotmd. The reason for the difference in the Chemical 
shifts of the acetate base-protons would seem to be due to a greater 
interaction (and therefore greater mutual deshielding) in the 1,3- 
diacetate thecti it is between the C-7 acetate and the ring D lactone.

The seed from the specimen of K« senegalensis collected near 
Ilorin was examined and found to contain khivorin (XXXI), 
3-deacetylkhivorin, 7-deacetyl-7-oxokhivorin, and methyl 
angolensate, vvhich have already been described. Two now compounds 
were also isolated and identified as 6-deoxydestigloylswietenine 
(LVIIa) in.p. 250-265° K+ k70 and the corresponding acetate (LVIIb).
The i.r. spectrum of the former shows the presence of a hydroxyl group 
(v 3^72 cra. ) a ß-substituted furan, ester and/or lactone. The 
n.m.r. spectrum of the second compound C^H^gOg (M 512) m.p. 223 - 
226° shows the presence of four tertiary methyl groups (1.13, 1 .08, 
0.82(2)), ß-furan protons (7*78, 7*^0 - 2a-H; 6,k8, ß-H), a raethoxy- 
carbonyl group (6 3*73) a C-17 proton (6 5*7) and a one proton doublet 
(6 ^.7^, J 9.5 c./sec.) reminiscent of base protons of 3ß-esters in 
the bicyclononanolides. The three-proton singlet at 6 2.09 indicates
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that the ester is an a&etate. The n.ra.r* speotrurn further reveals 
the presence of a pair of confused triplets lV/2 = 3 c./sec. at 
6 5*35 with. a Separation of 7 c./sec. similar to the vinyl proton at 
C-30 of swietenine and its derivatives. The compound was therefore 
identified as 6-deoxydestigloylswietenine acetate. Further support 
for this assignment came from the alkaline hydrolysis of the acetate 
which, as would be expected from similar reaction on swietenine, led 
to epimerisation at C-3« Acetylation of the epi-alcohol (LVId) gave 
an isomeric acetate (LVIIe) m.p. 209-212° [ck]̂  “ 86° with the base
proton of the acetate collapsing to a broad singlet (W/2 = 2 c./sec.) 
at 6 4.65» An axial acetate at C-3 would have an equatorial H-3 and 
will therefore account for the small coupling constant with 
neighbouring axial or equatorial H-2.

Ca) R' = aH, ßH; R = aH, ßOH. 
(b) R / = aH, ßH; R = Odi, ß-OAc.
(c) R 1 = OH, ßOAc; R = CKH, ß-OAc.
(d) R 1 = aH, ßH; R = ßH, aOH.
(e) R 7 = cffl, ßH; R = ßH, 0OAc.
(f) R ‘ - 0«, ßOAc, R = ckh, ßOAc.
(g) R' = OH, ßH; R = 0.
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One interesting change that was also shown in the iso- 
swietenine series was the down-field shift of the H-30 absorption 
peaks to 6 5*9 compared to 5»35 in the normal series. The 
epi-alcohol was found to be isomeric with the second new product 
and their n.m.r. spectra are related in much the same way as the 
natural acetate is to its epimer. The second compound is therefore 
6-deoxydestigloylswietenine. That the natural hydroxy compound and 
the alcohol from the acetatc are epimers have been shown by chromic 
acid oxidation of either of them to give the same crystalline 3-keto 
compound (LVIIg).

When benzene, a more polar solvent than light petroleum, v/as 
used for extracting the tiraber that has been extracted with the 
latter, tho gum obtained containe-d no furan and was not investigated 
further.

KHAYA SEHEGALENSIS BARK

The bark which is by far the most widely used part of the plant
for curativo- purposes is very'bitter. Extraction with light
Petroleum gave niethyl angolensate, 7-deacetoxy-7-oxogedunin, a large

20amount of a new compound m.p. 252° [a]p - 83° known as
methyl 6-hydroxyangolensate,and a sterol probably ß-sitosterol.
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The mother liquor of the fraction containing the sterol gave what 
we now rcgard as 6-deoxydestigloyl-3ß»12ß-swietenine diacetate (LVIIc) 
previously obtained from the timber.

Methyl 6-hydroxyangolensate (LVIIIb) was first isolated but not
9described by Overton and his co-workers. Its Identification was 

sinplified by its very sirailar n.m.r. spectrum to that of raethyl 
angolensate. This suggested a methyl angolensate-type skeleton for 
the new compound. All assignable low-field peaks of methyl 
angolensate were present except for a new doublet at 6 k.5 
(J = 3 c,/sec.) which becarne a broad singlet on addition of 
deuterium oxide, and still integrating for a proton. This must be 
a proton at the base of a hydroxyL group, X3H.0H. The infra-red 
spectrum had also indicated the presence of a hydroxyl group 
(v 3^97 cm. ). The compound was regarded as a hydroxy 
derivative of methyl angolensate. The low pKa ^.85 of the acid 
obtained after hydrolysis suggested an a-hydroxyacid and therefore 
possibly a 6-hydroxy compound. The 6-position was confirmed by 
lead tetraacetate oxidation of the hydroxyacid (carried out by 
Professor Taylor). A non-crystalline substance was obtained which 
showed a doublet at 6 10.0 (J = 2 c./sec.). This v/as an aldehydic 
proton from a nor-aldehyde that would come from a hydroxyl group at
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C-6, alpha to the carboxylic acid. The compound is therefore methyl 
6-hydroxyangolensate (LVT.IIb). Acetylation with acetic anhydride in 
pyridine readily converts it to the 6-acetoxy derivative , (LVIIIc)
crystallising from methanol with 
170-1?**° [a]D20 - 8**°.

a molecule of the solvent, m.p.

{Ly in)

(a) R = oH, ßH.
(b) R = aH, ßOH.
(c) R = oH, ß,0Ac.

The configuration of the hydroxyl group at C-6 is of interest.
By taking the n.m.r. spectra of methyl angolensate, the 6-hydroxy-,
the 6-acetoxy- and their 3“deoxy-derivatives plus the nor-ester and

69applying Zurcher's principle of additivity of methyl resonance
frequencies and their neighbouring functional groups we have arrived
at a ß-configuration for the C-6 hydroxjj. group. By analogy with the

6$steroid side chain, the configuration at C-6 becomes beta because 
writing the structure of the compound with the C-6 above ring A, 
and the methoxycarbonyl group backwards makes the C-6 hydroxyl group
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the above in conjunction vvith a consideration of various conformations
and with the help of Courtauld atomic raodels choosing a conformation
that was sterically favourable as well as giving the correct H6-H6

dihedral angle and therefore the right coupling constant between the
A (  7 5two. A lengthy discussion on this has already been reported.

The other compound C ^ H ^ g O ^  M+ 570 m.p. 250-252° [ar]D2°= -131° 
has already been obtained from the seed. The n.m.r. spectrum is 
very similar to 6-deoxydestigloylswietinine acetate except for the 
presence of an extra acetate group - a singlet integrating for six 
protons at 6 2.10. The methoxycarbonyl group at 6 3*73» the acetates, 
the H-3 dov7n-field doublets (6 *+.791 J = 9.5 c./sec.) are almost all 
exactly at the same place as in the monoacetate. However the pair 
of triplets of H-30 which in the monoacetate is at 6 5*35 seems to 
be lost in a three proton complex signal at ca. 6 5*5* The other 
two protons are the base proton of the second acetate and the H-17» 
the latter may be the singlet that appears to stand out clearly in 
the 'jumble.' These observations led us to think that the compound 
was the 3|6-*cl:La-cetate Qf destigloylswietenine. However alkaline 
hydrolysis followed by methylation gave a compound m.p. 223-226°,
[a]^ - 88° which was different in the recorded physical data from

come to the left hand side. The deduction was raade possible by using
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either destigloylswietenine or destigloylisoswietenine. The 
compound was either isomeric at C-6 with swietenine or the second 
acetoxyl group was in another place in the molecule. Because of 
insufficienty of material it was not possible to get conclusive 
evidence a.s to whether it is an a-hydroxy ester. Closer examination 
of the n*m.r. spectrum of the diacetoxy compound showed that the 
ß-furant the C-30 proton and one methyl had undergone a paramagnetic 
shift while the H-17 of opposite stereochemistry to the C-13 methyl 
and the furan had undergone a very small diamagnetic shift. These 
suggested the presence of a group that deshielded the first three 
but shielded the last; in any case the group must be close to the 
group whose resonance frequencies it affected. The acetate group 
could not therefore be in the 6-position but must either be at C-11 
or C-12. The Observation that H-30 and the ß-furan protons are 
deshilded while the H-17 and C-13 are shielded can therefore probably 
be explained in terms of the anisotropy of the carbonyl group of the 
ester. Such anisotropy effects, being field effects acting through 
space, are known to cause deshielding and shielding of protons 
depending on the pcsition of such protons relative to the carbonyl 
group. If the base proton of this second acetate could be singled 
out, it would require only a measurement of the coupling constant

18
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to fix its position. A ß-acetate at C-11 on a chair conformation
must be axial and have an equatorial hydrogen whose coupling
constant v/ith the neighbouring proton either the axial or the
equatorial at C-12 or that at C-9 will only be of the Order of

701-7 c./sec. (contrast 11ß-acetate of gedunin, ring C boat' ). On 
the other hand a ß-substituent on C-12 would be equatorial and its 
axial QC-liydrogen would have a coupling constant of 8-1 k c./sec. from 
the axial hydrogen at C-11. It had already been noted that the H-30 
of the iso-series of swietenine or 6-deoxyswietenine is paramagneti- 
cally shifted compared with the normal series. Use was made of this 
and in the isomeric 3ff~acetate (LVIIf) with a broad singlet due to H3 
at 6 if.57 (W/2 = 2 c./sec.), the hitherto coraplex region at 6 5*5 
was slightly resolved, the H-30 had moved downfield to 6 6.05 forming 
the familiär pair of triplets (w/2 = 3 c./sec., Separation 7 c./sec.). 
This left a two proton signal due to H-17 (singlet at 6 5»5) and a 
quadruplet (V//2 = 16 c./sec.) at _ca. 8 5.^5* Evident ly second Order 
Splittings and interactions have made it difficult to get the exact 
coupling constant. The observed value is however consistent with an 
equatorial acetate at C-12 and not at C-11. Taking the H-30 signal 
as strong evidence for a swietenine nucleus, the compound must be 
3-destigloyl-3ßj12ß-diacetoxyswietenine (LVIIc).



KHAYA SENEGALENSIS ROOT

Extraction of the ground root in the usual way gave a little 
solid and much gum. The solid was chromatographed to give mainly 
ß-sitosterol and a little methyl angolensate. The gum on 
chromatography, gave khayasin and a non-furanoid oil which was not 
investigated further.

KHAYA SENEGALENSIS ROOT BARK

The macerated root bark on light petroleum extraction gave 
methyl 6—hydroxy angolensate readily characterised by comparison 
of its physical properties with those of an authentic specimen.

KHAYA GRANDIFOLIOLA

K, grandifoliola C.DC. grows in slightly wetter areas than 
K. senegalensis. It is a tree of drier parts of forest regions and 
forest outliers in the savannah, capable of attaining a height of 
130 ft. It has grey scaly bark. Like K. senegalensis it carries 
woody fruit but has five rather than four valves. The fruit is 
bigger and the leaf broader than those of K. senegalensis. It is one 
of the sources of African mahogany, useful for carpentry, joinery,
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cabinet making and for canoes. It enjoys considerable use as a 
source of native drugs though it is not as populär as K» senegalensis« 
Some of the uses in this direction have been reported.
Bark Used as fish-poison in Uganda. In Central Africat the

decoction is talcen by mouth to relieve postpartum pains. 
Root-bark - Used for blenorrhagia and as a local application to 

dermititis.
The Chemical constituents of the various extractives isolated 

from the different parts of the plant are discussed.

EXTRACTIVES FROH THE TIMBER

A sample of K. grandifoliola (F.H.I. No.5^7^) collected from 
Balogvin Village near Ibadan has been shown to contain methyl 
angolensate and mexicanolide. We examined another sample from Ife 
and chromatographed the gum over neutral alumina. Elution with 
benzene-ethylacetate (1 :1 ) gave mexicanolide; ethyl acetate gave 
methyl angolensate and an earlier fraction from benzene-ethyl 
acetate 0:1) gave deoxyandirobin (LX).

ilethyl angolensate and mexicanolide were readily identified by 
their spectral and other physical data. Deoxyandirobin m.p. 182 - 
l8*f° [a]p. + 392° was recognised from its n.m.r. and i.r. spectra.
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In the infra-red spectrum there were bands at 172** (ester); 1661
»i( orß-unsaturated ketone), 1613 (X:=H8) and 1^93» 8?5 cm. (ß-furan).

The u.v. spectrum, X 217 m^, e = 17*500; X 23^ m;if e = 17»000,max• raax•
suggested a conjugated System. The n.m.r. spectrum showed peaks 
attributable to four methyls, two exocyclic methylene protons 
(6 6*6^, 5*92; J = 10.5 c./sec.), a singlet vinyl proton (6 6.03)» 
two other vinyl protons coupled together (6 5«15> 5»53» J = 2 c./ 
sec.); the usual H-17 (6 5»15)5 a CO.OMe (3*71) and the ß-substitu- 
ted furan protons. The presence of a methoxycarbonyl group suggested 
the presence of a ring-opened compound as in methyl angolensate or 
a compound that has cyclised by a different route from that by 
which it opened as in mexicanolide. The presence of the exocyclic 
methylene group and the vinyl proton suggested the compound to be 
deoxyandirobin (LX). Comparison of these data with those of an 
authentic deoxyandirobin showed exact identity. There was no 
depression in a mixed melting point determination. The compound 
must therefore be deoxyandirobin previously prepared by Zelnik 
et al. by the reduction of andirobin. But it had never been 
obtained as a natural product before.
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oo
(ux)

The isolation of deoxyandirobin is biogenetically very interest­
ing as it can conceivably be regarded as a potential intermediate for 
a number of isolated triterpenes. For (1) epoxidation at C-1*f, 15 
will give andirobin, (2) hydroxylation at C-1 and subsequent attack 
of the oxygen at C-1 on C-1*f will give methyl angolensate and (3) 
oxidation of the hydroxyl group at C-1 in (2) can invoke a Michael 
addition of the C-30 terminal methylene group on to the ß-diketone- 
activated C-2 protons to give the bicyclononanolides«

EXTRACTIVES FPOK THE SEED

The seed of K. grandifoliola from a single tree at Balogun 
Village near Ibadan (Herbarium specimens retained as DAIIT 157 at 
Forest Herbarium Oxford) was extracted with light petroleum. From 
this sample we have obtained a very small quantity of
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three which are new compounds were isolated along with the known 
mexicanolide and methyl angolensate, and a sterol, probably ß-sitos«* 
terol.

The n.m.r. spectrum of grandifoliolin (LXIa) showed the presence 
of four tertiary methyls, a methoxycarbonyl group, one ß- and two 
a-furan protons and a singlet assignable to H-17« These facts, 
plus the absence of a vinyl proton, led to the Suggestion of a 
mexicanolide nucleus. The presence of a one-proton singlet at 
6 5«03 (J = 10 c./sec.) indicated the presence of an acetate which 
if in a mexicanolide-type nucleus would probably be a 3ß-acetate.

0

\

K
LX I ’ort L X t i

(a) R = oH, ß-0.C0CH3
(b) R = öH, ß-OH.
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Grandifoliolin was confirmed to be 6-deoxyswietenolide acetate by 
treatment with raethanolic sulphuric acid to give a ring-opened 
compound (LXXI); m.p. 195",1980» This compound, on alkaline 
hydrolysis, gave an equilibrium mixture (m.p. 189-192°) of the known 
and previously described Jemand ß-ols (Lla and b) in which the jjcfr-ol 
was predominant.

Grandifoliolin has been obtained by Connolly and co-workers by 
acetylation of 3ß-dihydromexicanolide (LXIb), a borohydride reduction 
product of mexicanolide. A sample of fissinolide kindly supplied by 
Dr. R. Zelnik, who had previously obtained it from Cedrela fissilis

(a) R = oH, 8“OH
(b) R = a-OH, ßH
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71 ’Veil«, had an identical i.r. spectrum, the same R̂ . (t.l.c.) and gave 
no depression on mixed melting point with our sample. Grandifoliolin 
must therefore be 6-deoxyswietenolide acetate (LXIa).

l±nThe formation of (LXXI) is of some interest. Previous attempts ' 
to make it by acetylation of the 3ß**alcohol (Lla) always led to the 
interesting rearrangement in which the furan was acetylated. This 
was followed by an attack of the C-3 oxygen on C-8 and a C-l^, C-17 
linkage to give C.O.E. (LXXVII) (see scheme 13)» Grandifoliolin 
therefore provides the unique way of making (LXXI).
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6-deoxyswietenolide (LXIa) carae down as a gum and did not 
crystallise from any common solvent. T.l.c. showed it to be 
homogeneous. The n.m.r. was so similar to that of fissinolide that 
nearly all the signals of one were almost superimposible on the 
Signals of the other. The only significant difference was the absence 
of the acetate peak and its base proton. But whereas grandifoliolin 
did not cliange on addition of deuterium oxide, the gum was affected; 
the proton at 6 2»9 disappeared and the broad peak at f̂.2 was reduced 
to a narrow peak. This indicated an alcohol and the gum was regarded 
as the 3ß-alcohol of grandifoliolin. This structure was confirmed by 
acetylation of the gum to give grandifoliolin. The gum on oxidation 
also gave mexicanolide. Therefore the compound must be 6-deoxyswiete- 
nolide (LXIa).

The compound with m.p. 215-220°, M+ ^70, has been
characterised on the basis of the i.r. and n.m.r. spectra as
3ß-dihydrocarapin (LXIII). The presence of -OH was indicated by
its i.r. spectrüm v J>koO cm. and the total collapse of amax •
doublet at 6 3»0 in its n.m.r. spectrüm on addition of deuterium 
oxide. The n.m.r. spectrüm revealed the presence of four tertiary 
methyls, a methoxycarbonyl group (6 3.75)i the usual ß-substituted 
furan protons and H-17 (5»12). These were indicative of a
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bicyclononanolide System. The doublet proton Signal at 6 5*88
(J = 2 c./sec.) was taken to be H-15 of aß-unsaturated lactone

1*fbeing split as in a few A -compounds e.g. carapin by an allylic
coupling with H^. On this basis, structure (LXII ) was ascribed

!to Jß-dihydrocarapin. There was not enough material to confirm 
the structure by, for example, oxidation to give carapin.

The sterol obtained was almost certainly ß-sitosterol but 
its Chemistry was not investigated further.

EXTRACTION OF THE STSM BARK

Chromatography of the bark extract gave raethyl angolensate,
methyl 6-hydroxyangolensate and a mixture of methyl angolensate
and methyl 6-acetoxyangolensate which, as before, could not be

20separated. In addition a crystalline solid, m.p. 150 0 t>]D + 120°, 
identified as a steroid hormone was isolated. The infra red spectrum 
of the new compound was different from any of the limonoid triter- 
penes, in particular both the i.r. and n.m.r. spectra indicated the 
absence of a furan. The n.m.r. showed the presence of two tertiary 
methyls at 6 0«69 and 1.20; one secondary methyl at 6 1.15» J = 6 c./ 
sec., a vinyl proton at 6 5»72; a one proton multiplet at 6 4.5-5*0 
and an acetate group at 6 2.02. The i.r. spectrum showed the presence



- 73

•"1of an acetate (1722, 12^8 cra. ), aß-unsaturated ketone (1650) while 
X 2^0 mu., s ”= 11.500 in the u.v. indicated aß-unsaturated ketone. 
These properties were taken as indicative of 20ß-acetoxy-3-oxopregn- 
**— ene (LXVa) (a progesterone derivative). This was confirmed by 
hydrolysis to the alcohol, which on oxidation gave progesterone 
(LXVI). An authentic sample of 20ß-hydroxy-3-oxopregn-i+-ene, kindly 
supplied by Professor Reichstein, was identical in all respects with 
our alcohol (LXVb). This confirmed structure (LXVa) for the steroid.

(a) R = ß-OAc, ofi.

(b) R = ß-OH, OH.
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Light petroleum extraction of the root-bark gave a gum which
on chromatography yielded the known 7-deacetoxy-7-oxokhivorin, methyl
angolensate and methyl 6-hydroxy_angolensate. There was also a
mixture of methyl angolensate and methyl 6-acetoxy^angolensate
obtained proviously and deacetylgedunin (LXIV). The latter compound
has been prepared previously and has been isolated as a natural

72product by Ekong and Olagbemi. Deacetylgedunin was identified from
its spectral properties. The i.r. spectrum showed bands at v 3^50max •
(-0H), 1750 (6-lactone); 165O (oß-unsaturated ketone) and 1500»
876 cm. (ß-substituted furan). The n.m.r. spectrum confirmed the
presence of a hydroxyl group. A broad peak at 6 2.6 disappeared on
addition of deuterium oxide while the poorly resolved ABX triplet
integrating for one proton at 3*6 became better resolved. This
indicated the presence of -CH2-CH-0H. The pair of doublets at
6 5.82 and 7»18 which were spin-coupled (J = 10 c./sec.) and the

_>1i.r. band at 1650 cm. suggested the presence of an aß-unsaturated 
ketone of gedunin type. Other n.m.r. signals occurred at (2a-
furan) and 6.3 (iß-furan), 5*6 (H 17) and a singlet at 3»9*+ due to

EXTRACT FROM THE ROOT BARK

H-15
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The compound was confirraed to be deacetylgedunin by comparison 
of its spsctral and physical properties with those of the authentic 
sample« Partial synthesis of gedunin by acetylation of deacetyl— 
gedunin confirrned its structure.

KHAYA IVOTRBNSIS

Khaya ivorensis A. Chev. grows in the wetter part of the 
Forest regions. It is a large forest tree strongly buttressed and 
capable of attaining a hoight of 180 ft. and with a bole of up to 
90 ft. Unlike K. grandifoliola and K. senegalensis, there is no 
record of any medicinal uses for the plant despite the fact that 
the bark is very bitter. However the wood is used for making canoes, 
building and furniture work. It was used for aviation purposes 
Düring the second world war.
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The timber of K. ivorensis from Omo River Forest Reserve, Ijebu, 
was percolated with light Petroleum and the crude solid that 
separated gave khivorin. The mother liquor gave more khivorin and in 
all, over 90$ of the solid extract was khivorin. The remaining 
extract was separated by thin-layer chromatography to give very small 
amounts of 3“ieacetylkhivorin, methyl angolensate and a new compound
m.p. 100-105°, M+ 55^« The new compound has i.r, absorptions 
attributable to an ester (1725, 1252); cyclopentenone of type 
>C=CH,C0 (1700)5 a >C=C< (15^2), and ß-substituted furan (1500,
878 cm. ) X 215 and 257 mn in the u.v. spectra also confirm the

IQ clX  «

presence of arß-unsaturated ketone System. These facts when taken 
together with the presence of three acetates (one nine proton signal 
at £a. 6 2«05) as deducible from the n.m.r. spectrum could lead to 
structuro (LXIX) for the compound. Compound (LXIX) which has been 
prepared from khayanthone by chromous Chloride reduction^ of the 
epoxide ring however has a different spectrum from the new compound. 
Additiona.1 evidence that show the two compounds dissimilar comes from 
the base protons of the acetates. In the new compound these are 
represented by two proton - ABX triplet at 6 k.70 and the third 
proton as a singlet at 6 *f»55» The other low field protons are at

(I) EXTRACT FROH THE TIHBER.
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Whichever of these threo singlet protons is the base proton of the 
thircl acetate, its singlet nature is difficult to explain. A ß- 
acetatc at C-7 or any of the other tv/o places will give even larger 
coupling constant than in the triplet because of an axial-axial 
interaction. A possible structure is (LXVII) where ring B has
contracted^a cyclopentane and ring A enlarged into a cycloheptane 
Systems« This will account for almost all the spectral properties 
known so far except that H-7 should be a doublet, but the strong 
arguraent against it is the lack of a biogenetic justification for 
such a System.
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K« ivorensis seed collected from Sapoba Forest Herbarium was 
extracted and chromatographed to give methyl angolensate and 
mexicanolide. Some gum was obtaincd which partially crystallised 
from petroleum-ether mixture had m.p. 116-119°• The gum was 
identified from its spectral properties as 6-deoxyswietenolide, 
previously obtained from K. grandifoliola seed. The structure was 
confirmed by acetylation to give grandifoliolin and by oxidation 
to give mexicanolide.

EXTRAGT FROM THE ROOT-BARK

Extractives from K. ivorensis root-bark may well provide the 
most chemically interesting series. At least eight conpounds have 
been isolated, and all but methyl angolensate are obtained in very 
small yield and their structures have either not been determined or 
not confirmed. Methyl angolensate was readily identified from its 
spectral and physical properties. The three substances A, B, and C, 
obtained in sufficient quantity for useful information about their 
structural forraulae are discussed.

Substance A m.p. 196-198°, [a]_ - 123°; 219 mji (e = 9,000)ly max •
has molecular weight 528. Elemental analysis and molecular weight

EXTRACT FROH THE SEED
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suggost the fortnula of A to be C ^H^O^. The i.r. spectrura suggests 
the presence of a hydroxyl group v 35^0 cnu while the n.m.r.

171 Q.X •

spectrum shows the hydroxyl group at 6 4.20 (disappears with Da0),
is not spin-coupled with any other proton. The latter Observation
is in agreement with the resistance of the hydroxyl group to

90oxidation by Jones reagent, and to acetylation by acetic anhydride
77with p-toluene sulphonic acid. The two reactions only take place 

under drastic conditions and then they do so with a rearrangement. 
Substance A therefore contains a tertiary hydroxyl group. Other 
functional groups shown by the n.m.r. spectrum are a 3-subßtituted 
furan, a methoxycarbonyl, and an acetate. The absence of exocyclic 
methylene protons and the presence of four tertiary methyl groups 
suggest a bicyclomonanolide skeleton. Substance A undergoes ring- 
opening v/ith raethanolic sulphuric acid and must therefore contain a 
ring D 6-lactone. The one-proton signal at 6 5»10 must be the base 
proton of the acetoxyl group, and its singlet nature suggests that 
either there is no hydrogen atom on any adjacent carbon atora or, of 
there is, the dihedral angle between them must be about 90°. Using 
the assumption that the substance has mexicanolide skeleton, and 
bearing in mind the tertiary nature of the -OH, the singlet nature 
of the acetate, and the molecular formula, structure (LXIII) is
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proposed for substance A. All the assignable peaks in the n.m.r. 
can be explained in terms of this structurc. The hydroxyl group is 
put at C-2 because putting it in any other place would give rise to 
the familiär doublet (J = 10 c./sec.) of the 3ß-esters as a result 
of the coupling between H-2 and H-3*

Prolongod treatnent with p-toluene sulphonic acid and acetic 
anhydride in acetic acid (with boiling) gave an extra acetate at 
6 2.13 with no base proton. The drastic condition under which the 
reaction was carried out suggests that this second acetate did not 
arise by direct acetylation. Acetylation of the hydroxyl group 
almost certainly took place after a rearrangement. This is 
supported by the low molecular mass M+ 510» lower than that of the 
starting material. The hydroxyl group at C-2 can be abstracted in 
the acid medium with a tendency to form a double bond at C-2. This

82will be rosisted in accordance to Bredt's rule that double bonds 
are not formed at bridge-heads. A bond then breaks which may provide 
the driving force for the reaction that leads to the elimination of 
some part of the slceleton. It is interesting that this product 
(M+ 510) occurs in the same root-bark as a natural product.

Oxidation of substance A under conditions more drastic than 
normal for Jones* reaction gave a gum whose ultraviolet absorption
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bas X 221 and 28^ mn (unaffected by sodium hydroxide), although max •
the nass spectrum of the gum does not give a good molecular ion, it 
is cloar that this is lcss than m/e 500*

The two reactions are understandable in the light of the 
structurc proposed. It is hoped to isolate more of this substance, 
to confirn the structure and to find the rearranged products and 
the mode of transforraations.

Substance B m.p. 150 - 160 and sharply at 172*, crystullises 
out with very great difficulty and only a very small amount of it 
has been obtained. The i.r. and the n.m.r. spectra show the 
presence of a ß-substituted furan, an acetoxyl group, a methoxy- 
carbonyl, and four tertiary methyls. A singlet proton at 6 5*57
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is attributed to H-17 of the usual ring D-6-lactone. Another
singlet proton at 6 5*35 is assigned to the base proton of the
acetate, v/hich is therefore assumed to be in the same Chemical
environment as that in substance A: both substances A and B occur
alongside each other and are therefore likely to be biogenetically
closely related. A one proton quartet (doublet of a doublet) at
ca« **»1 - **•** p.p.m. collapses to a clean doublet 6 **.27 (J = 11 c./
sec.) on addition of deuterium oxide. This suggests the presence
of »CH^^OH in the molecule, while the large coupling constant
after addition of D20 suggests an axial-axial interaction between
H and H . a x

Molecular weight determination (M+ 560) and elemental analysis
agree with a molecular forraula C_oH-,,-0„„ for substance B. The ° 29 36 11
appearance of M-96 ion (see p. I03) is taken as evidence of a ring

—1D-6-lactone. The infra-red peak at v 1790 cm. that suggestsmax •
78 va peroxide, the difference of 32 mass units (= 0-0 or CH40)

between substances A and B, and the foregoing deductions were
combinc-d to arrive at structure (LXIV) for substance B. The
structure satisfactorily explains all the assignable peaks in the
n.m.r. spectrum. The quartet nature of H-15 is not only explicable 
but its downfield position is also ccnsistent with its position
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alpha to a lactone (c.f. methyl 6-hydroxyangolensate >CH OH alpha 
to an ester, at 6 ^.^1),

Moreover the structure explains why the substance does not
undergo the usual rearrangeuient of the mexicanolide-type compounds
on addition of alkali in a spectrophotometric cell. Even if H-15
can be abstracted by base, there is no 8,1^-double bond to effect
the transformation. Substance B is however not stable to alkaline
hydrolysis that employs refluxing; the n.m.r. spectrum of the reaction
product shows a complete break down of the nucleus. Cold hydrolysis

«ö / V S  tKß rvrwv. of
technique'^ has been used with scne success, but.the reaction product
was not clean enough to be interpretable especially in the methyl
region» Treatment with mothanolic sulphuric acid gave back the
starting material. It is not known for sure whether the reaction
will not go because the additional functional groups cause steric
inhibition or whether conditions for the reactions need sorae
modification.

Substance C crystallises nicely m.p. 230-235° but it is a 
mixturo consisting mainly of mexicanolide. The other component 
has not been identified.

Other substances isolated of which there is very little
information are sumtnarised:
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Three substances never come off an alumina column even with
raethanol. Extraction of a portion containing one of them gave a 
compound with two methoxycarbcnyl groups. The second methoxy- 
carbonyl could possibly arise by the opening of a ring D lactone.

Diisopropyl ether extract gave a glycoside which was not 
characterisod; and methylated spirit extract gave a large quantity 
of a gum whose infra red spectrura suggests the presence of an 
aromatic compound.

Investigation into these outstanding substances is continuing. 

EXTRACT FROH THE ROOT

The petroleum ether extract of K. ivorensis root on chromato- 
graphy yielded khivorin and raethylangolensate. These werc readily 
characterised by their physical and spectral properties. T.l.c. 
showed the presence of mincr constituents which are still to be 
isolated.

KHAYA AI1TH0TKECA

K. anthotheca (Welw.) C.DC. grows in the drier parts of the 
Forest Regions. It is a large tree capable of attaining a height 
of 180 ft. It does not appear to grow in Nigeria except near
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Obubra. The rcot is said to be poisonous and the bark which is bitter 
is used as a febrifuge in Angola. The tiraber, which is not attacked 
by insects, is used for furniture and other similar work.

EXT3ACT FROH THE SEED

A sample of K. anthotheca seed, kindly supplied by the Uganda 
Forestry Department in Siba C.F.R., Uganda, was extracted and 
chromatographed to give three crystalline products. Two of these 
were easiiy recognised as khivorin (LVIa) and 3-deacetylkhivcrin 
(LVIg). The third compound M+ 570» m.p. 215-217° [a}p " 57° with a 
molecular formula C,_H.0 is a new compound named khayanthoneyc. y
( = grandifclione acetate) (LXVIII). It has a very similar i.r. 
spectrura to khivorin. The presence cf three acetoxyl groups 
(a six proton singlet at 6 2.01 and a three proton singlet at 
6 2.08) with their base protons in a diffuse peak at ca. ^.8l-^.6*f 
and a ß-furan as seen in the n.m.r. spectrura suggest the compound 
must bo very similar to khivorin. The striking difference betv/een 
the two is the absence of at 6 5.58. This was taken as 
evidence for either a ring D-6-lactone opened compound as in C.O.C., 
or a cyclic compound with nc C-17 oxygen allylically placed to the 
furan« The two singlet protons at 6 3*^0 and 3*89 were ascribed to
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three acetates, the epoxide and the furan rings account for eight
of the ninc oxygen atoras. If the ninth oxygen is assumed to be a
ketone at C-16 the position of H-15 is readily explained by analogy
with khivorin whero H-15 is at 6 5«55* The presence of an epoxide
ring and its rolationship to the ketone were confirmed by chromous
Chloride reduction to give a clean but non-crystalline compound
whose X at 237 niu, indicated the presence of an oß-unsaturated max •
ketone. The i.r. spectrun of this product at v 1570 cm. alsomax •
indicate a C=C Stretching frequency. The n.m.r. cf the compound show
the presence of the acetate groups, their base protons, ß-furan
protons, and H-17» all in abcut the same place as in the epoxy-
compound. The conspicucus paramagnetic shift cf H-15 from 6 3*^0
in the epoxy-compound to 5*85 in the desoxy compound is consistent
with changes in such a System as proposed in structures LXVIII and
LXIX (c.f: Khivorin and deoxykhivorin the positions of H-15 being
at 6 3.55 and 5*68 respectively). The absence of an ether signal
e.g. —OKe in the n.m.r. spectrum was used to confirm a ketone at C-16.
The mcnoüeacetyl product of grandifolione acetate named grandifclione

9was isolatod by Overton et al. from K. grandifoliola. The prepared

H-15 at the base of an epoxide ring, and H-17 respectively. The

acetate was not obtained crystalline but the recorded spectral data
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show exact identity with our natural acetate.
Khayanthone is the most primitive triterpene isolated during 

the course of this investigation. Baeyer-Villiger type oxidation 
will readily change the aß-epoxycyclopentanone into a 6-lactone as 
in khivorin. It is interesting that Professor Taylor has got a

8oseries of the havanensins (LXX) from another lct of K. anthotheca 
seed from Ghana. These are even more primitive than khayanthone. 
Anthothecol, an extract from K. anthotheca timber has a five 
membered ring D. It is therefore primitive in the same sense that 
it has no ring D 6-lactone. It thus appears that K. anthotheca has 
fewer of the enzymes that effect a Baeyer-Villiger type oxidation 
than the other Khaya species examined.
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KHAYA NYASICA

The minced seed of K« nyasica Stapf, from Mingoli Forest 
Reserve (Zambia) was extracted and chromatographed. Three known 
corapounds wert- isolated; khivorin, 3-deacetyl-khivorin and 6-deoxy- 
3ß»12ß-diacetoxyswietenolide. The wood of this species has been 
previously reported^ to ccntain nyasin.

MEXICANOLIDE

Mexicanolide, (= C.O.B), occurs in most of the Khaya species 
and in Ccarola odorata. The latter was the first source from which 
the compound was uxplored in this department. All the reactions of 
mexicanolide described in this thesis have been carried on samples 
from the Codrela odorata extract. Structure (XLV) has been ascribed 
to mexicanolide. The main reactions that led to the elucidation of 
its structure have already been summarised in the introduction.
Some othor reactions of the compound have been mentioned in verious 
places in the thesis, but the borohydride reduction is now discussed 
separately.
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Connolly et al. have been able to reduce mexicanolide with 
sodium borohydride to the 3ß-alcchol (LXtb). Our reduction product 
was a rnixture of six or more compcunds (t.l.c.) from which we have 
been able to isolate two compounds A and B ncne of which v/as the 
3ß-alcohol. We have since learnt that they obtained this alcohol 
by working at a much lower temperature and over a shorter time.

The tv/c. compounds A and B have been ascribed structures 
(LXXIX) and (LXXVa) respectively on the following evidence:

Compound A

The two peaks at vm„x 335& and 3236 cm. suggested the presence 
of at loast two hydroxyl groups. The n.m.r. spectrum rc-vealed 
essentially the same features as in mexicanolide, the presence of 
H-17 at 6 5«52 suggested that the C-17 oxygen v/as still in a closed 
ring. Careful examinaticn of the n.m.r. spectrum revealed four very 
broad peaks at £a. 6 5.4, 5*0 and 4.4, 3*6; each peak integrating 
for one proton. The peaks at 3*0 and 4.4 disappeared on addition 
of deutorium oxide and were therefore regarded as the hydroxyl protons. 
At the same time the broad peak at 6 5*^ became narrower and the 
multiplet at 3*6 was replaced by a doublet (J = 10 c./sec.) 
surrounding the methoxycarbcnyl group at 6 3«7« The latter v/as 
regarded as the axial base proton of a C-3 hydroxyl group. These

21
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observations suggest that the two hydroxyl groupings are at C-3 and 
C-16, since the methcxycarbcnyl group was intact and the cyclohexa» 
none band in the infra-red would be impossible to account for with 
anothcr -OH on C-1. Compound A was therefore formulated as (LXXII). 
Treatment cf the hemiacetal A with mild acid in methanol lead to the 
addition of a molecule of methanol under the acid condition to form 
an acetal (LXXIIIa). The i.r. spectrum of the acetal still showed 
the presence of a hydroxyl group (v J>kok cm. ). But the n.m.r. 
showed an additional thrae-prcton singlet at 6 3*^1 • It was rather 
far downfield for a methyl-ether; this is probably due to the 
influence of the geninal C-1? oxygen atom. The C-16 proton as would 
be expected, was net much affected. There was only a very little 
diamagnetic shift (due to the racre shielding methyl now replacing 
the hydrogen atom) from ca. 6 5»0 to k.9. It was still a multiplet 
as a result of the interaction with the C-15 pretons but was better 
resolved because of the absence of the hydroxyl proton. Oxidation 
of (LXXIIIa) gave a ß-diketone (LXXIIIb) in which the C~16 proton 
was almost completely resolvod into an ABX triplet at ca. 6 *f.9» 

Furthor confirmation of structure (LXXII) for A came from 
subjecting A to stronger acid treatment. This led to the 
dehydration of the hemiacetal tc form an oß-unsaturated ether (LXXIV).



92

The product was recognised by its i.r. absorption at 1603 cm.
(typical of C=C Stretching froquency) and an intense absorption
X 263 mp,, e = 15,^00 in the u.v. spectrum which is typical of a raax •
conjugated System and will therefore explain the System >C:CH.CH:CH.O 
in (LXXIV). The presence of this System was confirmed by the n.m.r. 
spectrum which showed a pair of cleanly coupled vinyl protons at 
6 6.67 and 5*72 (J = 6 c./sec.). These were the C-i6 and C-16 

protons respectively.

Compound B

Compound B was insoluble in any of the common solvents. An 
intense peak at 3356 cm. in the i.r. spectrum indicated the 
presence of a hydroxyl group while the sharp peaks at 172*f and

.'l1250 cm. were indicative of an ester. Another sharp absorption 
— 1at 1572 cm. suggested an unsaturated ketone but the n.m.r. spectrum 

of the acetylated product shcwed no vinyl protons. It however showed 
three acotates which must have come from three hydroxyl groups i.e. 
Compound B is trihydroxylic. Gn the ground that the methoxycarbonyl 
v/as intact and that the 1672 cm. was from a ketone (n.m.r. and i.r. 
spectra evidence), it fcllows that the three hydroxyl groups could 
only bo at 3i 16 and 17 positions and Compound B must be (LXXVa) and 
the acetate (LXXVb).
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The behaviour of D-ring lactone in the reduction of raexicanolide 
to give compounds A and B is well known in the steroid field and 
therefore gives additional support for the assignment of these 
structures. In his work on the synthesis of oxasteroids, Pettit

Q7
and Kasturi reported ^ the following:



Sk **

We have also found that either B or A and in fact the mixture of 
the reduction products was readily oxidised to mexicanolide.

product of mexicanolide, is summarised in the scheine above.
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D I S C O S S I O N

Düring the course of this work, about thirty different compounds 
from the various Khaya species were isolated, less than ten of them 
have previously been characterised and reported. About fifteen of 
them are characterised and described for the first time while the 
structures of about five are either not yet known or are still 
awaiting confirmation. All the tetracyclic nor-triterpenes with 
known structures agree with the biogenesis proposed for them 
(see Introduction). It is iuteresting to note that whereas the 
only acyl group found in the khivorin type compounds is the acetoxyl 
group, the mexicanolide-type compounds are known to have the 
acetoxy-, the tigloyloxy- and the benzoyloxy- groups. 6-deoxyben-
zoyloxyswietenolide is the first limonoid triterpene with an

. . 85aromatic side chain to be reported. Recently Fasina has isolated
a limonoid triterpene with a cinnamate side chain.

PKYTOCI-IThlSTRY

The distribution of the various compounds in the different 
Khaya species are shown in Table 1. The table only gives a rough 
basis for differentiating the various species because of the random
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nature of the collections. However, the samples of the various 
species viere not collected in the same area, neither were they from 
trees of about the same age.

The table shows that in general, in one tree, a given secondary 
metabolite can be found anywhere from the seed to the root.
Although there is a great overlap it appears that the seed often 
contain biogenetically more primitive metabolites than the lower 
parts. Examination of K« senegalensis in particular shows that a 
khivorin-type nucleus is found in the wood and stem-bark, but it is 
absent in the root and root-bark. This shows that more primitive 
nuclei are more common as one goes up in the tree. However, the 
fact that isolation of all Chemical constituents are not yet possible, 
and the fact that the opposite effect seems to be found in the seed 
and root of K. ivorensis show again that such broad generalisations 
can only be made with reservation. Most of the extractions were done 
with light Petroleum alone» in Order to get a broader spectrum of the 
Chemical constituents present, it is envisaged that solvents of 
different polarity will be used.

Comparison of corresponding parts of different species again 
shows great overlap. The most obvious deduction therefore is that 
the grouping of these species under one genus is chemically valid.



Table 1

SPECIES SEED V/OOD BARK ROOT ROOT-BARK

K. senegalensis

Khivorin
6-deacetoxy-7-
oxo-khivorin
3-deacetylkhivorin
3-deacetyl-7-deace-
tcxy-7-oxokhivorin
Methyl angolensate
3-destigloyl-6-
deoxyswietenine
3-dostigloyl-6-
deoxyswietenine
a.cetate

Khayasin
6-deoxyswieteno— 
lide tiglate
6- deoxyswietenolide 
benzoate 
Mexicanolide
7- deacetoxy-7-oxo- 
gedunin
7-deacetoxy-7-
oxokhivorin
Methyl angolensate
methyl 6-hydroxy-
angolensate
methyl senegalensate
3-destigloyl-6-deoxy-
3ß,12ß-acetoxy-
swietenine

Methyl 
angolensate 
Methyl 6- 
hydroxy-
angolc-nsate
7-deacotoxy-7-
oxokhivorin
7-deacctoxy-7-
oxogedunin
3-destiglcyl-
6-deoxy-3ß,12ß-
acetoxy-
swietcnine

Khayasin
Methyl
angolen­
sate

Methyl 
angolensate 
Methyl 6- 
hydroxy- 
angolensate

K. grandifoliola

3-Dihydrocarapin 
raethyl angolensate 
raoxicanolide 
Dihydromexicanolide 
Grandifoliolin

Deoxyandirobin 
Mexicanolide 
Methyl angolensate

Methyl 6-hydroxy 
angolensate 
20ß-acetoxy-3- 
oxopregn-^f-ene

Methyl 
angolensate 
Methyl 6-hydro­
xy angolensate 
7-deacetoxy-7- 
oxokhivorin 
Deacetylgedunin

K. Ivorensis
Mexicanolide 
Dihydromexicanolide 
methyl angolensate

Khivorin
3 deacetykhivorin 
Methyl angolensate 
"Deoxykhayanthone"

Khivorin
Methyl
angolen­
sate

Methyl ango­
lensate 
mexicanolide 
"Substance A" 
"Substance B"

K. anthotheca
Khayathone
Khivorin
3-deacetylkhivorin

K. nyasica
3-deacetylkhivorin
Khivorin
3-dectigloyl-6-
deoxy-3ß,12ß-
acetcxysv/ietenine



98

Moreover, the co-occurence of many of these compounds in the 
different species indicate that their biogenesis is the same and 
therefore emphasizes the phylogenetic relationship of the Khaya 
species.

It must be mentioned that contrary to previous ideas, we find 
that the sapwood of these species do contain secondary metabolites. 
While the heartwood of a particular K. senegalensis tree gave methyl

qod 7- kcAokbivoTriir»
angolensate^in large yield, the sapv/ood gave mexicanolide in 
comparable yield. However it is not yet determined how close to 
the heartwood, a sapwood must be to have a secondary metabolite, in 
other words it is still to be ascertained whether the secondary 
metabolites are formed during or before the transformation of 
sapwood into heartwood.

REACTIOIIS

The main reactions of these triterpenes can be broadly grouped 
into two:

1. Those involving the functional groups and side chains

In general all the functional groups hehave as would be expected 
of thera in their particular conformation. However, non-bonded
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interactions as has been mentioned (see introduction) do result 
in some abnormal reactions.

2. Those involving the nucleus

The khivorin nucleus is generally very stable. The 
epoxide or double bond makes the ring D-6-lactone stable to 
methanolic sulphuric acid treatment. However, ring B of this nucleus 
can be cleaved to give a ring B-seco compound on treatment with

l+2base, while ring A will undergo ring contraction with PC16 as has 
been mentioned for gedunin.

The nuclei of the bicyclononanolides undergo three very
8interesting reactions. The A * -compounds readily undergo a ring 

D 6-lactone opening with methanolic sulphuric acid and a reversible 
ring closure v/ith hydrochloric acid in Chloroform. The mechanism of 
the former step has been discussed. The latter is almost certainly 
due to the protonation of the methoxycarbonyl group. The oxonium 
ion fornied provides the driving force for the series of steps that 
lead to the ring closure as shown in scheme 1^. It has been _ 
reported^ that a "'^-compound undergo es ring D-6-lactone opening 
with methanolic hydrogen Chloride although the reversible reaction 
was not recorded. The two i’eports show how solvents can alter the
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course of Chemical reactions. Ring closure is therefore probably 
the result of the fission cf the methoxyl ether with the formation 
of methyl Chloride and a C-17 hydroxy compound. (Cf. Zeisel method

6-hydroxyacidt almost certainly by S^2 mechanism is shown in scheme 
14. The 6~hydroxyacid under the reaction conditions undergoes 
internal esterification to give the 6-lactone. It would be expectea

While the former is produced with C.O.C. (with a 3-oxo), the latter 
is forrned in khayasin C (j-iscbutyrate). These reaction products 
support the mechanism suggested. The difference in reaction products 
is probably due to changes in the conformation at C-3 and the 
subsequent effect on the stereochemistry at C-17»

that a mixture of the C^-OH and C^„-Cl compounds will be produced.

/Lll) o

Schäme- 14-
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In the ring opening eitlier with hydrochloric acid or sulphuric 
in >acid, raethanol, the solvent is tho nucleophile. Since Chloroform

cannot effect this nucleophilic attack, the lactone is not
reversibly opc-ned once it cyclises. The double bond raakes the 

1 ̂ 15ring D of i * -compounds rigid and ring opening is resisted.
8 , 1 ff 1 ^ + 1 5Both the A ’ - and A ’ -compounds undergo interesting

transformations with base. This rearrangement which lee.ds to the
18cleavage of tlie C0-C _ bond has been described earlier. The ö 9 10O 7Q

A ' -compounds do not undergo this reaction because tho double 
bond is too far away to conjugate with the anion at C-15 if it is
formed.

A reaction common to all the bicyclononanolides is the
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epimerization at C-3 on treatment with alkali and this has been 
discussed earlier (p. ifO).

SPECTRA

K.m»r.

The n.m.r. spectra for all new compounds are reprcduced while
the n.m.r. data for all isolated compounds and their derivatives
are given in Table 2. The significance of the poaks for each
compound have been described in the appropriate places. It has been

86noted that H-17 is one of the most characteristic featuros of the 
n.m.r. spectra of these triterpenoids. The general pattern remains 
the samu namely:

1# The H-17 of compounds v/ith a ring D-6-lactone absorbs at 
low field, with the 1*t,15-double bond compounds absorbing at a 
slightly higher field than their 1if,l5-spoxy or 8,14-double bond 
compounds.

2. The H-17 of all the ring-D-opened compounds except those 
with chlcrine at C-17 (subjected to the -I effect and therefore 
has great dcshielding effect as opposed to +1 effect of -OMe), 
absorb at higher field than the ring-closed counterparts. This is 
consistent with the change frem an ester to an ether as mentioned
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earlier. In lchayanthone with no ar-oxygen to the K-17> the Signal is 
further upfield than it is in any of these compounds containing an 
oxygen atom allylically placed with the furan.

Mass Spectra

Throughout this work the mass spectrophotometer was only used 
as a me ans of obtaining molecular mass. However certain fragmenta­
tion patterns are observed which are characteristic of this group 
of compounds. Most of them give prominent peaks at M-96 and M-12^. 
When both occur, the latter is usually the stronger of the two peaks. 
Hov/ever in a fow compounds these peaks are absent and in these 
cases it is the m/e 95 ions (usually m/e 123 is not conspicuous) 
that show up prcminently. Without oxception, all the compounds with 
ring D 6—lactone either give M-96, M—12̂ + or m/e 95 peak. In a 
nuraber of cases all these peaks are observed. Fragmentations within 
the molecule leading to the production of these ions are summarised 
in scheme 15« This observation has been useful in the structural 
determinaticn of at least two substances, khayanthone (absence of 
these peaks) and the diacetoxy-compound of destigloylswietenine.
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Mass spectra also played an important role in the ccnfirmation
of the structuros of the tiglate, and the benzoate of 3-dihydromexi-
canclidc. In ec.eh case the molecular ion minus part of whole of
these oster groups gave the base peak in the respective spectrum.

A detailed account of the mass spectra of gedunin and its
8?derivatives has been published.
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Ultraviolot

The u.v. spectra of all the compounde show that all of them
have an abscrption in the region X 208-215» and this ismax •
attributed to the ß-substituted furan. U.v. spectra were useful 
in confirruing the structure of 3-deacetylkhivorin: the oxidation 
product of the 1,3-dideacetyl compound has the characteristic 
abscrption of a ß-diketone.

Infrared

This was the most commonly used and has been particularly 
useful in revealing non-furanoid compounds v/ith v/hich we are not 
principally concerned.

BI0GEN3TIC AND PHARMACOLOGICAL APPLICATIONS

1» The compounds isclated and characterised have strengthened 
the propcsed biogenesis of these compounds. Some ncvel compounds 
and novel reactions were also described. In addition, it is possible 
to predict the existonce of some hitherto unisolated natural 
products. For example we have isolated three isoraeric monoalcohols 
with the double bond in the 8-30» 8-14, and 1^-15 positions; two
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isomeric acetatos (A^’̂ -and and two isomeric diketones
(A * -and L ’ -) in the bicyclononanolide series. It ie
therefore reasonable to predict that the third isomeric dikotone 
(AJ,^°-) and the third isomeric acetate ( A ^ ’̂ )  are natural
Products still to be isolated. Recently the isolation of this

gthird isomeric acetate (3-deoxo-3ß-acetoxy carapin) was reported.
2# All these compounds are insoluble in water and have 

therefore not bocn particularly attractive to pharraacologists. 
Several of thcrn have bcen tested and shown to be physiologically 
inactive. The test on methyl angolensate shows it tc be analgesic 
at low dose lovels (in mice) while mexicanolide is shown to be 
antidiabetic. Work is going on in the department to incrcase the 
activity of the latter compound.

The isolation of the new steroid hormone 20ß-acetoxy-3- 
oxopregn-^-ene, a progesterone derivation is significant although 
no pharmacological tests have yet been carried out on it to 
deter-iino its activity. The fact that it is a product of plant 
metabolis.. is not only interesting but it means that commercial 
exploitation v/culd be rolatively easy should it turn out to be 
medicinally useful.
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COMMEMT

Becauße of the overlap of the Chemical constituents known so 
far in the various Khaya species, it is not possible now to make 
a generalisation that will be of any great taxonomic significance. 
Moreover, some compounds isolated from one tree are not obtained 
from another tree of the sarae species. Apart from seeds v/hich come 
at a definite and about the same time of the year, collections of 
various parts of trees wcro made any time they were required.

Kowever, the results of this work supports the Classification 
of the various Khaya species under one group - the genus Khaya.
For a tnore far-reaching generalisation of chemctaxonomic importance, 
future work on the genus must be directed at solving Problems arising 
from seasonal Variation, age differences, chance isolation, 
climatic conditions, and the kinds of solvents employed for 
extraction.

On the other hand, cther Chemical constituents like the 
steroids, er the glycosides etc., rathor than the tetracyclicnor- 
terpenes, may in fact provide the satisfactory basis for such a 
Classification.

The immediate relevance of this work is neither chemotaxonomic 
nor does it lie in the potential medicinal value of the Chemical 
constituents isolated; it is in the chemistry of those constituents.
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EXPERIMENTAL

All melting points were taken on a hot-stage microscope, and 
are uncorrected. Infrared spectra quoted are for Nujol raull unless 
otherwise stated, and were taken cn a Perkin-Elmer model 137 
instrument. Ultraviolet spectra were taken, in methanol solution, 
on a Perkin-Elmer model 137 UV, or Unicam S.P. 700» instrument. 
Nuclear magnetic rescnance (n.m.r.) spectra were taken on a Varian 
A 56/60 Mc./sec. spectrophotometer, in deutrochloroform solution, 
unless otherwise stated, against tetramethylsilane as internal 
Standard. Il.m.r. absorpticns are quoted in 6 units. Optical 
rotations were taken on Kilger Standard polarirneter, or Perkin- 
Elmer model 1̂ -1 instrument, in Chloroform solution. Hass spectra 
were taken on a Hitachi Perkin-Elmer R.K.U.-6E instrument.

t!Deactivated alumina" refers to Peter Spence type H, shaken 
with 5$ by Volume of 10% acetic acid. Silica gel refers to Merck 
or MN (Macliery, Nagel and Co.), mesh G.05 mm. - 0.2 mm.

Light petrcleura refers to tne fraction b.p. 60 - 80°.
Thin plate chromatograms (t.l.c.) were run on plates made by 

spreading an aqueous slurry of Merk Silica gel G on glass plates, 
and drying tho plates at 120° for 1 hour. The chromatoplates were 
developed in one of tke follcwing solvent mixtures; Chloroform-
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diisopropyl ether (1:1); chloroform-methanol (10:1); and benzene- 
ethyl acetate (5s3)* Spots showing the positions of the compent 
compounds in a sample were detected by leaving the developod plates 
in a tank of iodine vapour for abcut five minutes.

The first stage in the extraction of wood and barlc is to 
percolate hot solvent thrcugh chopped wood, or bark, in aspirators 
continuously for about 20 hr. The resulting solution was concentra- 
ted to give the crude extracts. These initial stages were carried 
out by Mr. George Adesida in this department.

(I) Extractives From the Timber Khaya Senegalensis 

(A) First Extract

The crude light-petrcleum extract (50 g.) that had been
standing for sorae years was dissolved in benzene (80 ml.) and
chromatographed cn deactivated alumina (1.5 1.)« Elution with
25$ benzene-light petrcleum yielded a new compound, khayasin (L)
(ca. 5$ of the total extract), while elution with 100$ methanol
yielded the knovrn 7-deacetyl-7-oxokhivorin (LVIc), m.p. 225°»
previ^usly cliaracterized. Kocrystallisaticn of the forcier from
benzene gave crystals (2.^8 g.), m.p. 1lh-1l6°; [a]^ ^ - 165°
X 209 rau, e = 12,500 (furan). v 1738 (ester or lactone); max. max. ’

►
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1700 (ketone); 1500, 875 cm.  ̂ (furan). (Found: C, 72.0; H, 7*6.

C31HifO03* c6h6 requires C, 71.8, 7.5#).
The presence of benzene of crystallisation was confirmed by 

spectral evidence (infrared, n.m.r. and mass spectra.) Recrystal- 
lis ation frora methylated spirit lowered the melting point (87-90°) 
and resulted in the benzene of crystallisation being replaced by 
ethanol.

Mild Hydrolysis of Khayasin (L)

Khayasin (O.36 g.) in methanol (*t0 ml.) was treated with 2N- 
sodiura hydrcxide (3 ml.) under roflux, for 10 min. (The solution 
immediately turned pale yellow on adding the alkali). After cooling, 
water ( +̂0 ml.) was added, the solution acidified (dil. sulphuric acid) 
and the prcduct extracted with Chloroform (3 x 20 ml.). Vi/ashing and 
evaporation yielded a gum, which wculd not crystallise in any cf the 
common solvcnts.

X,. v 21^ (furan); 230 sh. (aß-unsaturated carbcnyl); and 
276 mp. (aß, Yö-unsaturated lactone).
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Khayasin (1.1 g.) in methanol (80 ml.) was heated under reflux 
with 211-sodiuu hydroxide solution (50 ml.) for 2 hr. The solution 
was just neutralised with sulphuric acid, and the mixture distilled 
to dryness. Water (10 ml.) v;as added to the residue, and the 
solution distilled to dryness. The combined distillate was titrated 
with 2N-sodium hydroxide (2.01 ml.) using phenolphthalein as indicator. 
The resulting sodium salt solution was evaporated to dryness, the 
residue v/as talcen up in deuterium oxide, and the n.m.r. spectrum taken. 
This shov/ed a mixture cf sodium iscbutyrate (ca. 85%) and sodium 
tiglate (ca. 15$). The p-phenylphenacyl derivative of the acid v/as 
prepared, m.p. 7^-77°, and shcwn to be identical, within the limit

, Wof its purity, with that frora authentic isobutyric acid, (Literature 
m.p. 89°). The peaks in their i.r. spectra were superimposible on 
one anothcr.

Khayasin 0 (LIVa)

Khayasin (O.58 g.) v/as heated under reflux with methanolic 
sulphuric acid (1$, 100 ml.) for 20 min. Water (100 ml.) was added, 
and the prcduct extracted with Chloroform (3 x 20 ml.). Evaporation 
yielded a gum which crystallised from methanol tc give khayasin C

Vigorous Hydrolysis of khayasin
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(LIVa) (C*39 g. m.p. 1^+6-156°). Recrystallisation frora methanol 
raised thc m.p. to 15^-157°. [a]^2^ - 39° (Found: C, 67*8; H, 7.9«

requires C, 67.55; H, 7»9$). X.ffax 209 m^, e = 10,000
(furan). v 17^0 (esters); 1710 (kctone); 1505 and 875 cm. ^max •
(furan).

Hydrolysis of Khayasin C

Xhayasin C (LIVa) (0.^5 g.) in methanol (50 ml.) and 2N-scdium
hydroxide was refluxed for 2 hr. After acidification with dil.
sulphuric acid, the hydrolysis product v/as extracted into Chloroform
(3 x 20 ml.) and washed several times with water. Evaporation
yielded a gum. The gum was treated v/ith ethereal diazomethane to
give the tv/o alcohels (3Qf-and ß-ols identical with those frorn C.O.C.
(Lla and b), (0.31 g» m.p. 179-18l°) as a solid from ether-methancl.
T.l.c. and i.r. spectra shov/ed the product to be mainly the 3^-01;

P Rthis v/as confirmed by the ebserved rotatien [a]^ + 69° [cf. a-ol,
M d25 = +93°> S-ol, [er]/5 = -6»].

73Jones Oxidation cf Hydrolysis Product from Khayasin G

The methylated hydrolysis product frem khayasin C (0.31 g«)
in acetone (25 ml.) was treated dropwise with chromic acid scluticn
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(8n ) until a yellow colour persisted for five min. Saturated 
aqueous potassium carbonate (25 ml.) was then added, and the 
product extracted into ether (3 x 30 ml.). The organic product, 
recrystallised from methanol had m.p. 169-170°; it was shown by 
infrared and n.m.r. spectra plus t.l.c. to be identical with 
authentic C.O.C. (LII).

92Preparation of Isobutyryl Chloride

Isobutyric acid (70 ml.) was put in a dry flask immersed in a 
bath of tap water, and phcsphcrous trichloride (25 ml.) was slcwly 
added for 15 min. The mixture was left to stand for a further 15 
min. Then the mixture was left on the water bath (new raised to 
40-60°) for 70 min. A gentle flame was used to drive off all the 
hydrogen Chloride gas. Isobutyryl Chloride (58 g.) was collected 
between 89° and 92°

Isobutyrylati':i of the 3S~ol (Lla)

The 33-°l (0.67 g.) was heated under reflux (6 hr.) with 
isobutyryl Chloride (20 ml.) and pyridine (3 drops) in Chloroform 
(50 ml.). After cooling, the solution was thoroughly washed; 
(water, 2N-sodius carbonate, and water); and then dried.
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Evaporation gavo a semi-crystalline solid which when taken up in 
methanol gave the isobutyrate (0.61 g. ; m.p. 153-155°» [ ** *+00)-. 
This product was shown to be identical with khayasin C by t.l.c.; 
infrared and n.m.r. spectra.

The Action of Alkali cn the _3£z£i

The 3ß-ol (C.15 g.) in methanul (50 ml.) was treated with 
2N-sodium hydroxide, under reflux for 2 hr. After cooling, water 
(50 ml.) was added and the soluticn acidified with dil. sulphuric 
acid. The organic product was taken in Chloroform (5 x 20); v/ashed 
and evapcrated to give a gum. The gum was methylated with diazome- 
thane. Crystallisaticn from methanol gave a microcrystalline 
product (0.07 g«) which v/as shewn by t.l.c. to be predominantly the 
3a-ol. This was confirmed by both i.r. and n.m.r. spectra.

Hydrolysis of 6-deoxy-17-chloroswietenolide iodoacetate

The iodoacetate (XLIX) (0.23 g.; from Dr. J. W. Powell) in 
methanol (^5 ml») and Chloroform (10 ml.) was treated with 2N-sodium 
hydroxide (25 ml.) under reflux (2 hr.). After acidification with 
dilute sulphuric acid, the product was extracted into Chloroform 
(^ x 20 ml.) and the extract washed and evaporated. Treatment with
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diazomethane, followed by crystallisation from methanol, yielded a 
microcrystalline solid (0.15 g.). T.l.c. of this showed two spcts, 
corresponding to the 3a- and 3ß-ols respectively; the latter spct 
predominated. Ths i.r. and n.m.r. spectra also showed the product 
to be mainly the 3ß_compound.

Treatment of Khayasin C with conc. Hydrcchloric Acid

Khayasin C (100 mg.) in Chloroform (15 ml.) and conc. 
hydrochloric acid (2 ml.) wn.s heated under reflux for 10 hr. Water 
(25 ml«) was added after cooling, and the crganic layer separated 
and v/ashed. After evaporation and crystallisation fron ethanol, 
crystals of 6-deoxy-l7-demcthcxy-17-chloroswietenolide isobutyrate C 
(LIVcT) (50 mg., m.p. 188-192°) were obtained. (Found: CI, 6.4.

CI requires CI, 6.0$).

Reduction of Khayasin with Lithium Aluminium Hydride

Khayasin (1.96 g.) was dissclved in dry tetrahydrofuran (150 ml.; 
previcusly dried by adding calcium hydride (10 g.) to the solvent 
(600 ml.), and allowing to stand for about 2 hr. before distilling 
into a dry flask protected from moisture with calcium Chloride guard 
tubes. Lithium aluminium hydride (2.05 g.) suspended in dry
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tetrahydrofuran (150 al.) was added dropwise and with stirring to the 
soluticn, over 10 min. The mixtoire was left to stand, with stirring, 
for 3 hr.; then poured in ice-water (50 ml.) and dilute sulphuric acid 
(10$; 200 ml.) added. The homogencous soluticn was extracted into 
Chloroform (2 x kO ml.); and the Chloroform layer was washed with 
water, scdium bicarbonate and water before evapcration.

The aqueous layer was treated with Chloroform and evapcrated.
In either case no intcresting product was obtained.

(B) 3BC0ND EXTäACT

The heartwccd of the specimen of Khaya senegalensis collected 
at mile 170, south of Ilcrin on the Lagos read was examined. In 
the first lot examined, gm. of gum came de wn after extraction 
by percclation of the heartv/ood (13 Kg.) with hot light petroleum.
The gum was taken up in benzene (200 ml.) and chromatographcd over 
deactivated alumina (1.5 Kg.). Elution with ethyl acetate gave 
methyl angolensate (3*65 g.).

In auothor extraction, the heartwood (25*25 Kg.) gave a solid 
(57•5 g«) from which methyl angolensate (^5*0 g.) separated when 
left to stand in methanol. The mother liquor was evapcrated to 
dryness and the gum taken in benzene and chromatographcd over
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deactivated alumina (400 ml.). Elution with 75% benzene-ethyl 
acetato gave
(i) met’nyl senegalensate (160 mg.) m.p. 197-8° 223°» M+ 452

v : 1740 (lactone); 1721 (ester); 1493» 875 cm. (Furan).n a x •
(Found: c, 71.1; 71.6, 71.3; H, 6.4, 6.9, 6.4. y  og
requires C, 71.71, H, 7*7.11%)

(ii) mothyl angclensate (XXXVI) (5*0 g.) and
(iii) a nixture of prcbably mothyl angclensate and rnethyl 6- 

hyclroxyangolensate (LVIIIb) that could not be separated.

(C) THIRD EXTRAGT

In an attenpt to get mcre "methyl senegalensate", the ether 
filtrate gum, after the main residue had been chromatographed 
[see (B)], was investigated.

The gum (175 g.) was taken up in benzene (500 ml.) and 
chromatographed cvor deactivated alumina. The results are as shrwn, 
Elution with:
(i) Benzene gave a mixtui-c that crystallises vory readily from

ether-light petrcleura raixturo, m.p. 80-100°
(ii) ethyl acetate gave methyl angclensate (14.0 g.) which was

crystallised out of methanol. The raothcr liquor gave 
6-deoxy-33>12g-diacetoxysi7ietenolide (LVIIc) (ü.1 g.)
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(iii) 20$ ethyl acetate-raethancl gave 7-deacetoxy-7-oxogedunin 
(LV) (80 mg.).

Mexicanclide which was present did not come down the column not even 
with rnethanol. In order to isolate it, the alumina was ejected and 
extracted with Chloroform. It crystallised fron methancl (0.26 g.) 
m.pf 223-226°. Attempts to separate the mixture (m.p. 80-100°) by 
a more careful chromatography were unsuccessful. Separation was 
effected thus:

Kethanolic Sulphuric Acid on the Mixture

The solid mixture (1.06 g.) was treated with sulphuric acid 
(2.0 ml.) in rnethanol (150 ml.) under reflux fcr 15 min.

Khayasin 0 was prcduced while the remainder appeared to be 
the starting material.

Repetition of the experiment was made with 5 g* of the 
substance. Again two spots were noticed on t.l.c. (benzene/ethyl 
acetatet 5*3) and more spots were noticed when the development was 
in chloreforra/disopropyl ether (1:1).

The entire crude gum was dissolved in diisopropyl ether and 
chromatographed over deactivated alumina (200 ml.). Elution 
results are:
(i) Diisopropyl ether gave khayasin G (180 mg.).
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(ii) Diisopropyl ether-chloroform (1:1) gave 6-deoxyswietenolide
benzoate C (LIVc) (0.53 g.) m.p. 168°
[a]_ - 20°; X 226 mp, (e = i M O O )u niax •
v 17*12 (lactone) ; 172^, (ester) max.
1709 (ketone); 1500, 877 cm.  ̂ (furan).
(Found: C, 70.0; H. 7,1. C ^ H ^ O ^  
requires C, 69.7; H, 7.15%).

(iii) I-iethanol -
(a) 6-deoxyswietenolide tiglate (Lilie) (0.2^ g.)

m.p. 1^6-1 ̂ 7° [«1, - 1^+6°; Xmov 230 mpu max •
(e = 13,500) v 171*2 (lactone); 172*+, max.
1250 (ester); 1500, 877 cm. (furan).
(Found: C, 69.0; H, 7.1. C ^ H ^ O g  
requires C, 69.5i H, 7*3).

(b) 6-deoxyswietenolide benzoate (LHIb) (20 mg.) 
m.p. 197-199° [<L - 156; X 230 mpjj max•
(e = 11,700) v 171*8 (lactone); I72lfsh* max.
(ester) 1712 (ketone); 1595» 716s. (aroraatic); 
1506, 877 cm. 1 (furan). (Found: C, 71.2, 
71.3; H» 6.6, 6.5. C^H^gOg requires
c, 7 1.1 ; H, 6.'#).
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A third rechromatography over a very long column of deactivated 
alumina afforded the Isolation of 6-deoxyswietenolide benzoate 
m.p. 197-199°.

Identification of the Volatile Acids from 6-deoxyswietenolide Esters

(i) 3enzoic Acid

6-deoxyswietenolide benzoate (Ll'ilb) (0.5 g.) was hydrolysed 
vigorously in the cianner described. The solution was treated with 
dil. sulphuric acid until it was just acid to litmus. Extraction 
with ether followed by gentle evaporation gave two acids - the 
benzoic acid and the resulting dihydromexicanolide acid. The 
mixture was sublimed and benzoic acid was obtained on a cold 
surface m.p. 115-120°. Kixed m.p. = 117°. (Literature:^  n«p.121°)* 
The i.r. spectrum is identical with that of an authentic sample.

(ii) Tiglic Acid

The tiglate (Lilie) 0.8 g.) was similarly hydrolysed. The 
solution was treated with dil. sulphuric acid until it was just acid 
to litmus. The resulting solution was distilled. The distillate 
(acid and water) was neutralised with sodium hydroxide (21!) and 
evaporated to dryness. The n.m.r. spectrum of the sodium salt
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showed it to be sodium tiglate. The p-phenylphenacyl derivative 
was preparod and chromatographed. One of the purest fractions 
melted at 89-9**°.

(II) iüxtractives from the Seed

(A) First Extract

Khaya senegalensis seed (1.6 kg.), collected by Professor 
D. A. H» Taylor from a single tree at Gavva in the Mandara 
mountains region of the former Northern Cameroons, was minced and 
extracted with light petroleum in a Soxhlet extractor. Solid 
material (38 g.) henceforth referred to as (I) separated from the 
Petroleum extract (II). Crystallisation of (I) from benzene

P safforded 7-deacetcxy-7-oxokhivcrin (1.4 g.); m.p. 225°» 0 ] D =
-99°; t.l.c., infrared and n.m.r. spectra show it to be identical 
with an authentic sample. Concentration of the mcther-liquor gave 
more crystalline material (0.82 g.), m.p. 196-238° shown by t.l.c. 
to be a mixture of two corapounds neither of which is 7-deacetyl-7- 
oxokhivorin. Chromatography of this mixture (10.3 g.) on 
deactivated alurnina afforded two materials. The first (O.18 g.) 
m.p. 230-2540 - 40° was identical (t.l.c., i.r. and n.m.r.)
with an authentic sample of khivorin. The second (0.0S g.); double
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deacetyl-7-oxokhivorin (LVId). (Found: C, 67.2; H, 7*3» ^28^36°8
requires C, 67.2; H, 7.25#* X „ 209 mjj,, ( e  = 4,600) v 3584max• max.
-OH; 1730 (ester and lactone) 1704 (ketone); 1495, 877 cm. (furan). 
Acetylation of this substance with acetic anhydride in pyridine 
gave a different substance indistinguishable from 7-dea.cetyl-7- 
oxokhivorin by t.l.c.

The original petroleum extract liquid (II) was extracted in 
a separating funnel with methanol containing a trace of water.
The petroleurs layer after evaporation gave the seed oil. The 
methanol layer was evaporated, and the residue chromatograpned on 
deactivatod alumina. Three crystalline fractions were obtained. 
Elution with 50$ benzene-ethyl acetate yielded the first crystals 
(2.4-5 g.) characterized as 7-deaceto\j-7-oxokhivorin by t.l.c., i.r. 
and n.m.r. spectra to be khivorin. The second lot of crystals 
(2.77 g.)t double m.p. 180 and 245°, - 38° came down with
10-50$ ethyl acetate - methanol. It was shown to be 3-deacetyl- 
khiverin. (LVIb). (Found: C, 66.0, H, 7*3. ^30^40^9 relu -̂res
C, 66.15; H, 7.4$). 210 m^; (e = 3,600); v 3534 (OH);
1724 (carbonyl); 1495, 877 (furan) 1245 cm. (ester).

m.p. 210-214 and 240°, has been suggested to be ?-deacetoxy-3-
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5-Deacetoxy-5~oxokhivorin

3**Deacetylkhivorin (LVIb) (82 mg.) was dissolved in acetone 
(5 ml.) and oxidised with chromic acid solution in the usual way.
The ethereal layer was washed and evaporated. The residue 
crystallised from methanol to give 5-deacetoxy-5-oxokhivorin (LVIg) 
(62 mg.) m.p. 216-218° [a]D25 - 18° (Found: C, 66.5; H, 7.3.
C^H-gO^ requires C, 66.4; H, 7.1$) • ^rax 214 mp,, e = 4,500. 
v v 1730 (ester and lactone); 1701 (ketone); 1497» 876 (furan)
1240 cm."1 (ester).

Gedunin (XXVIII)

3-Deacetylkhivorin (200 mg.) was oxidised to 3-deacetcxy-3- 
oxokhivcrin as before. The crude product was dissolved in methanol 
(35 ml.) containing sulphuric acid (1.4 ml.) and the solution was 
heated under reflux for Vz hr. After dilution with water the product 
was extracted with Chloroform and chromatographed on deactivated 
alumina. The crystalline eluate recrystallised from methanol to 
give gedunin (XXVIII) (67 mg.) double m.p. 156-159 and 195°. T.l.c.,
infrared and n.m.r. show it to be identical with an authentic
sample
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1 ,3-Dideacetylkhivorin (LVIe)

3**Deacetylkhivorin (103 nig.) was dissolved in boiling methanol 
and 2N-sodium hydroxide (2.5 ml.) was added. After heating under 
reflux for 10 min. , the solution was acidified vvith dilute 
hydrochloric acid and extracted into Chloroform (3 x 20 ml.).
After washing and evaporation of the extract, a gum shov/n by t.l.c. 
to contain two substances was obtained. The gum was taken in 
methanol fronwhich some crystals separated (19 mg.) m.p. 3/l9-32i*0. 
This was shov/n to be identical (i.r. mixed m.p.) with an authentic 
sample of trideacetylkhivorin (LVIf). The mother-liquor gave 
1,3-dideacetyllchivorin as large prisras, m.p. 261-269°, [a]^ “ 16°,

Nnax.215* ® = 9»500. (Found: C, 67.2; H, 7.3* C28H38°8 requires
C, 66.9; H, 7.6#). v 35^6, 3^60 (2 - OH); 1727 (ketone); 1^97,max •
877 (furan); 12^7 cm. (acetate). Oxidation of a sample, with 

chromic acid in acetone, gave 1 ,3-dideacetoxy-1,3-dioxokhivorin 

(LVIh) net obtained crystalline but had the characteristic 

absorption spectrum of a ß-diketone. [X 211 and 256 mp, (very 

s t r o n g ) ; with the 256 mp peak shifting to 285 mp with 1 drop 

NaOH].
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(B) Second Extract

Khaya Senegalensis Seed (80 g.) collected from a single tree 
south of Ilorin and close to tlie trees that gave the third extract 
was minced and extracted as previously described. The solid which 
separatod and the product from the methanol layer were taken in 
benzeno and chroinatographed over deactivated aluraina. Elution 
with (i) 75/ö benzene - ethyl acetate afforded methyl angolensate 
(1.02 g.)j (ii) 50$ benzene-ethylacetate gave 3-deacetylkhivorin 
(0.6^ g«). Concentration of the mother liquor gave 6-deoxy-3- 
destigloylswietenine (LVIIa) (30 mg.) m.p. 26O-2650 v .. 3̂ +50 (OK);■ —  ■■ ■" ■ r " " ■ max»
1718 (ester); 1^93» 875 cm.  ̂ (furan).

(C) Third Extract

Khaya senegalensis seed (500 g.) collected near Ilorin was 
minced and extracted as usual. The gum (ca. 30 g.), obtained after 
treating tho light-petroleum extract with methanol and evaporating 
the methanol layer, was taken in benzene and chromatographed on 
deactivated alumina. Elution with ethyl acetate gave a product 
shown by t.l.c. to contain three substances. They were separated 
by fractional crystallisation from methanol to give (a) khivorin



126

(1.0 g.)t (b) methyl angolensate (O.36 g.) confirmed by t.l.c.,
i.r. and n.m.r. and (c) 6-deoxy-3-destigloyl-5-acetoxyswietenine
(LVIIb), (3.^ g.) m.p. 223-226°, X 210, (e = 8,000) [a] 20- 150°

(Found: C, 68.3; H, 7»1 ^29^36^8 re9u -̂res C, 68.0; H, 7• 19») •
^ «.'1v 1727 (ester and lactone); 1502, 876 (furan); and 1233 cm. 

(ester).
Further elution with 50# ethyl acetate-methanol afforded a 

mixture shown by t.l.c. to contain two corapeunds which were 
separated by fractional crystallisaticn frcm methancl. The first 
was 7-deacetoxy-7-oxokhivorin (1 .1 2 g.) and the other methyl 
angolonsate (1.0 g.).

Hydrolysis of 6-deoxy-3-destigloyl-3-acetoxyswietenine

6-decxy-5-destigloyl-3-acetoxyswietenine (LVIIb)(1.0 g.) was 
refluxed in ethanolic potassium hydrcxide (5#5 100 ml.) for 15 min. 
(The solution turned pale yellow immediately). After cooling, the 
solution was poured into water (500 ml.), neutralised with hydro- 
chloric acid (50# w/v) and extracted into Chloroform. After 
evaporntion and methylation of the extract with ethereal 
diazomethane the product obtained (t.l.c. shcwed several spots but 
one was major) was fractionally crystallised from benzene/light
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Petroleum. Some solid carne down which was recrystallised from 
benzene to give the 3 epi-hydrcxy compound i.e. 6-deoxy-3-destigloyl- 
isoswictonine (0.26 g.) ra.p. 193-195°; - 89°. Y__ 3̂ 8*+ (OH);■ ~ - U LicxX •
1727 (oster and lactone); 1709 (ketone); 1502 8?7 cm. 1 (furan),
X 210 m\i (e = 8,000).max •

6-deoxy-3-destigloyl-3-epiacGtoxyswietenine

6-düOxy-3-epidestigloylswietenine (70 mg.) was acetylated 
overnight using acetic anhydride (*f ml.) in pyridine (5 ml.).
The product was worked up in the usual way to give crystals of 
6-deoxy-3-dcstigloyl-3-opiacütoxyswietenine (60 mg.) m.p. 209-212° 
ra] 20 - 86° X 210 mu, (e = 16,^00). v 1725 (ester and 
lactone); 1^95» 873 cra. 1 (furan).

6-deoxy-3-destiglcyl-5-oxoswietenine

Both the naturally occuring 6-deoxy-3-destigloyl swietonine 
(6 mg.) and the synthetic epi isomer (3 rag.) were individually 
oxidized v/ith chromic acid in acetone in micro test-tubes. The 
6-decxy~3-dostigloyl-3-oxosv/iestenine (LVIIg) (5 rag. m.p. 220-232°;
2 mg. m.p. 22^-23^° respectively) obtained from both of them was 
shown to be identical by i.r. and t.l.c. Recrystallisation raised
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the m.p. to 233-2350» v „ 1736 (ester and lactone); 1709 sh.
H lu X  •

(ketone); 1502, 877 cm.  ̂ (furan).

(III) Extractives from the Bark

Khaya sonegalensis bark (50«5 hg.) gave by usual method of 
extraction a gum (including 18.5 g. solid) v/hich was takcn in 
benzene (300 ml«) and chromatcgraphed over deactivated alumina 
(1 1.).

Elution products with varicus solvent ratios are as shown:

(i) 5C$ benzene-ethyl acetate gave 1.38 g« Steroid.
(ii) ethyl acetate gave 1 .3^ g* mcthyl angolensate
(iii) ethyl acetate gave 1^.0 g. methyl-6-hydrcxy angolensate 

(LVIIIb)
(iv) methanol gave 80 mg. 7-deacetoxy-7-oxogedunin (LV).

The raother liquor of the fractions containing the storoid
was concentratcd and methanol added. Crystals of 6-deoxy-3ß,12ß-
diacetcxys'.vlotonolide (0.23 g.) m.p. 250-252°, [“Jq - 13 1° came
down. X 210 m|j,, e = 6,000. v 1727 (ester and lactone); iHuXt max.
1233 (ester; 1^97, 873 cm.” (furan).
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(IV) EXTHACTIVES FROH THE BCOT

Khaya senegalensis root was extracted in the usual way and the 
gum (ca. 10 g.) was taken up in benzcne (50 ml.) and chromatographed 
over silica gel (Merk 0.05-0.20 mm.). Elution with 50$ benzene- 
ethylacetate gave khayasin (2.^ g.). Later fractions gave a non- 
furanoid eil. (V)

(V) EXTEACTIVES FROH THE LOGT-BARK

Khaya senegalensis root-bark was extracted v/ith light 
Petroleum in the normal way. A gum (ca. 20 g.) obtained was 
taken in bonzene (*+0 ml.) and chromatographed over a long column 
of alumina (25” x VA")•

Elution with ethylacetate brought down methyl 6-hydrcxyango- 
lensate (1 .*+ g.) identical in every respcct with authentic sample.
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KHAYA GRAi'DIFOLIGLA

(i) Extract froa the Tirnber

Khaya grandifoliola wood ccllected from Ife and after 
extraction a gum (26 g.) was chromatographed over neutral alumina 
(Fluka). Elution with 75% benzene-ethyl acetate gave decxyandirobin 

(2.1 g.); v/ith 50% benzene ethyl acetate gave raexicanclide 
(0,^1 g.); ethyl acetate gave methyl angolensate (1.05 g.).

Deoxyandirobin m.p. 182-184° [ar]̂  + 392° was easily 
reccgnized froa the n.m.r. and infra red spectra. Comparison v/ith 
authcntic sample showed no difference (i.r., t.l.c., m.p.). 
x' v 217 m|i, e = 1 7,500; X 23*+ e = 17,000.max• raax•

(II) Extract from the 3eed

Khaya grandifoliola seed (300 g.) was extracted in the normal 
way. The crude solid (11.2 g.) and the gum from the methanol layer 
v/ere chromatographed over silica gel M.N. The elution results are 
as follöws:

75% benzene-ethyl acetate - sterol (probably ß-sitosterol)
75% " " " - mexicanclide (0.50 g.)
50% » " » - Grandifaliolin (LXIa)

75(= fissinolide) ( . 59 g.) 5 and
3|3- «ALhycIromexicanolide (see i54-b)
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Grandifoliolin [df]̂  - 165°, m.p. 169-171 °, is identical in every
respcct with an authentic specimen previously reported as 

71fissxnolide and obtained as a product of reaction by Overton 
21 , .et al. (v 17^0 (lactone and ester); 1712 (ketone); 1506, raax.

877 cm*  ̂ (furan).
25$ benzene-ethyl acetate gave 6-deoxyswietenolide (gum).

After extracting tho seed with light petroleun, methanol was 
substituted and the resulting methanol extract chromatographed over 
silica gol M.N. whence elution with ethyl acetate brought Ji_-_de_oxX“ 
36-hydroxycarapin (50 mg.) m.p. 208-218°, v 3^70 (OH); 1718 

(ester); 1500, 888 cm.  ̂ (furan).

Methanclic Sulphuric Acid Treatment of Grandifoliolin

Grandifoliolin (LXIa) (C.92 g.) was refluxed with sulphuric 
acid (1 ml») in methancl (85 ml.) for 20 min. Cn working up in the 
usual way a crystalline compound (0.76 g.) m.p. 195-198° was
obtained. This was the corresponding ring-opened compound, 3-deoxy- 
3ß-acctoxy C.C.C. (LXXI). 212, e = 13,200, [al - 39°.max • u
v 1733 (lactone and ester): 1706 (ketone); 1̂ +95» 873 cm. max •
(furan).
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Hydrolysis of above

Compound (LXXI) (O.̂ t g.) was refluxed (2 hr.) with 2N-sodium
hydroxide (^5 ml») in methanol (60 ml.). The product after working
up in the usual way was taken in methanol to give crystals (0.19 g.)
m.p. 229-232°. This was acidic and methylation with ethereal
diazomethane and crystallisation from cyclohexane-ether mixture
afforded crystals of (Lla and b) (0.15 g*) ia*P* 189-192°, v 3509max •
(OH); 17^5 (lactone); 1730 sh. (ester); 1715 (ketone; 1^95* 877 
cm. (furan).

Khaya grandifoliola bark

Khaya grandifoliola bark (35*75 kg.) was extracted with light 
Petroleum and a gum (120 g.) obtained. Part of the gum (60 g.) 
was dissolved in benzene (60 ml.), and chromatographed over 
deactivated alumina.

Elution with benzene gave
(i) a compound (50 mg.) which may be a mixture of methyl 

angolcnsate and methyl 6-acetoxyangolensate
(ii) methyl angolensate (0.80 g.).

With 50?a benzene ethyl acetate,a steroid (2.^ g.) m.p. l6l-2° 
was obtained. This was characterised by hydrolysis and oxidation
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as the methyl ester of 20-dihydroprogesterone. The compound was
characterised as 2Q|3-acetoxy-3-oxopregne-*J— ene (LXVa) . ^max 2̂ +0
m̂j, (e = 1 1 ,500) with shoulder at 205 m(j, v 172*f, 12^0 (ester);msix •
1672 cm. (aß-unsaturated ketone).

In addition elution with ethyl acetate gave methyl 6-hydroxy-
angolensate (LVIIIb) from methanol (0.62 g.) m.p. 2i*8-2i+90.
Recrystallisation from methylene chloride/methanol raised ra.p. to
252°, v 3*f97 (OH); 1721 (ester); 1502, 877 cm. " 1 (furan) raax.
t>]D «« 83°. (Found: C, 66.8; H, 6,7« C ^ H ^ O g  reclu^r,es 0, 66.65;
H, 7.0%) . Acetylation with acetic anhydride in pyridine overnight
gave methyl 6~acetoxy angolensate m.p. 173-17^° from methanol.
v 35^6 (methanol of crystallisation); 1751 (lactone); 1736 max#
(ester); 1706 (ketone); 1^95« and 873 cm. 1 (furan), [a]^ - 8^°. 
(Found: C, 6*t.7‘, H, 6.7. C ^ H  gO^ CHa0H requires C, 6^.3; H, 7.2#).



Extract froa the root-bark

Extraction of IC« grandifoliola root-bark (11.5 kg.) gave a gum 
(55 g») which was taken in benzene (100 ml.) and chromatographed 
over deactivated alumina (800 ml.).
Elution with

benzene gave deacetylgedunin (3*6 g.)*
benzene/ethylacetate (4:1) gave methyl 6-hydroxyangolensate

(1.2 g.), and a mixture of 
methyl angolensate and methyl 
6-acetoxyangolensate

ethyl acetate gave 7-deacetoxy-7—oxokhivorin.

KHAYA NYA.5ICA

K« nyasica seed (460 g.) from Mingoli Forest Reserve (Zomba) 
was extracted and the extract was chromatographed to give khivcrin 
(0.5 g.)j 3“deacetylkhivorin (0.23 g*)i and 3~destigloyl-6-deoxy- 
3ß,12ß-diacetcxyswietenine (LVIc).
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KHAYA IVORENSIS 

Extract frorn the Wood

Extraction of K. ivorensis wood gives a large precipitate of 
khivorin. Chromatography of the mother-liquor of such an extract 
(3^ g«) on alumina gave further khivorin (30 g.). The mother liquor 
of the resulting fractions was separated by preparative thin layer 
chromato&raphy using Kieselgel + and detecting Separation
under a u.v. lamp to give 3-deacetylkhivorin (10 mg.), and. methyl 
angolensate (k mg.) which are easily recognised from their spectral 
properties. In addition there was another product which was shown 
to resemble deoxykhayanthone. I.r., n.m.r. and t.l.c. show them 
dissimilar see plates 15 and 15a.

Extract fron the Seed

K« ivorensis seed (130 g.) was minced and extracted in the usual 
way. A white solid precipitate and the Chloroform extract of the 
aqueous methanöl layer from the light petroleum mixture was chromato- 
graphed over aluraina. The compounds obtained include the known 
mexicanolide (0.2 g.), methyl angolensate (0.3 g.) and in addition 
3ß-dihydromexicanolide. The latter carae as a gurr, and although it was 
difficult to crystallise, t.l.c. showed it was homogeneous. Confir- 
mation of structure came from oxidation to give mexicanolide and 
acetylation (pyridine and acetic anhydride) to give grandifoliolin.

gum vr> e-ther gave a non -  crq sin lline Solid rrvf> ■ l l f e- l l ^ .
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KHAYA IVOKSNSIS ROOT BARK

Light petroleum extraction of khaya ivorensis root bark gave 
a gum (ca, g.). The gum was dissolved in benzene (80 ml.) and 
chromatographed over deactivated alumina (500 ml.).

Elution with benzene—etnylacetate (j5;l) gave rnethyl angolensate 
(1.7 g.). The fractions from eluting with ethyl acetate was 
combined and rechromatographed over deactivated alumina. Elution 
with ether subsequently gave a new compound substance A (LXIII) 
which came out in ether as crystals (1 .2 g.) m.p. 195-200°. 
Recrystallisation from methanol afforded crystals m.p. 196-198°
[a]_ - 123°i 219 mix, e = 9,000 v 3560 (CH); 17^5 (esteru uiax • rnax •

—/Iand lactone) 1709 (ketone)j 1^97, 876 cm. (furan). Sxibstance
A was formulated as 2-hydroxygrandifoliolin.

About 50 mg. of this was oxidised with chromic acid in acetone,
but the reaction did not go. With a little heating the reaction
product, a gum showed no -OH and has X 221 and 28k m|i.max •

Acet^_l?.tlrn of Substance A (LXIII)

Substance A (0.2 g.) in acetic acid (15 ml.) was treated with 
acetic anli3rdride (5 ml.) and p-toluene sulphonic acid (0.25 g«) 
for about k8 hr. with an additional 15 minutes
boiling On v/orking up the usual way a semi-solid
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crystalline substance was obtained (60 mg.) m.p. 250 - 256° ,r ..
7,50O (Z$5mji ,€  ^  700 wHh a  sh iftinc) To 2 .6 = » ^

Ca]D - /40°| Xmax. ̂ <5^ / Vmax. 1?62 (lactone!); 1727 t 12*t1 (ester); 
1^97, 876 (furan).

m Ik Hctj

Treatment of Substance A with Methanolic HgSO^

Substance A (0.2 g.) in raethanol (50 ml.) was refluxed (20 min.) 
with conc. sulphuric acid (0.5 ml.). Working up the usual v;ay a 
crude solid was obtained, difficult to crystallise though 
homogeneous (t.l.c.) and pure (n.m.r.). On long standing flat 
plates of crystals were obtained, m.p. 187-190°.

Another lot of K. ivorensis root bark from Omo Forest Reserve 
was extracted with a view of getting more of substance A. 25 gm. 
of gum was chromatographed. Substance A was not obtained, but at 
least three new substances were isolated in low yield: (i) a 
mixture of mexicanolide and an unknown substance (70 mg.) came down 
with ethyl acetate/methanol (1:1) m.p. 230-233°; (ii) a substance 
(210 mg.) identical in every respect with the strong-acetylation 
product of substance A came down in the benzene fraction of a second 
chromatography of the ethyl acetate fraction in the first chromato- 
graphy; (iii) Substance B (LXIV) (300 mg.) came down with ethyl 
acetate/benzene (1:1) . It is very soluble in methanol and
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crystallises out reluctantly in benzene. M.p. 150-160 melting
sharply at 172°, v 3509, 3322 (-0H); 1792; 17^2 (ester/lactone);max •
1653, 12*f2 (ester); 150*f and 888 cm. (furan). X 213 mp,,max •
e »  10,700; [ a ] D - 2X° • (Found: C, 60.15; H, 6.5. C29H36°11

requires C, 62.1 ; H, 6.*+$).

Hydrolysig of Substance B

Substance B (0.1 g.) in methanol (25 ml.) was refluxed with 
sodium hydroxide (2N., 15 ml.) for 1 hr. and worked up as usual.
The residual gum showed only one strong methyl signal.

Cold Hydrolysis of Substance B

Substance B (0.1 g.) v/as allowed to stand in cold 10$ methanolic 
potassium hydroxide (3 ml.) for 10 min. The reaction v/as worked 
up to give a gum whose n.m.r. Signals are at 6 7.^0, 6.35 (furan: 
2o-H, 1ß-H resp.); 5.57 (H-17); *f.20 (H-15) 3.66 (-CO.OMe); and 
3»^7 (methanol solvent). The methyl region is not well resolved.
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Treatment with methanolic H2S04

Su’ostance B (90 mg.) in methanol (12 ml.) was refluxed for 
26 min. with. sulphuric acid (0.1 ml.). On working the product up, 
the starting material was obtained.

Khaya ivorensis root

Khaya. ivorensis root was extracted in the usual way. The 
crude solid (12.0 g.) obtained was chromatographed to give the 
known khivorin (1.5 g.) and methyl angolensate (3»1 g»)» These 
were readily identified by their spectral properties. There vvere 
spots shov/ing the presence of smaller quantities of other substances 
(t.l.c.) and attempts at isolating and characterising these are 
continuing.
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KHAYA AIITHOTECA (V/elw) C.DC.

Khaya anthotheca seed (210 g.) was extracted with light
Petroleum for 6 hr. in the usual way«

The solid that separated and the gum from the methanol layer
were combined and chromatographed over aluraina.
• Elution with ethyl acetate gave khivorin (0.53 g.) and 50$
ethyl acetate-methanol gave 3-deacetylkhivorin. Both were shov;n
to be identical with authentic samples (i.r.f t.l.c., m.p.).

In addition elution with 50% benzene-ethyl acetate gave
khayanthone (LXVIII) (0.29 g.) m.p. 190-210°. A second
recrystallisation from methanol raised the m.p. 215-217° [a]^ “ 57°
X 210 râ  (e = 8,000); v 1730, 1250 (ester); 1^93, 8?6 cm.“1 tncix • max •
(furan). (Found: C, 67»^; H, 7»^. ^32^ 2^9 requires C, 67.35»
H, 7.Wo).

76Chroaous Chloride reduction^ of khayanthone

Aqueous chromous Chloride solution (25 ml.) was slowly run into 
a flasl: containing khayanthone ( k O mg.) in acetic acid (2 5 ml.) in 
such a way that virtually all the air was displaced, The reaction 
was allowed to take place overnight.
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Excess water was added and the product extracted in Chloroform. 
After washing and evaporation of the extract, a gum (LXIX) with a 
clean spot on t.l.c. (not the same as khayanthone) was obtained but 
could not be crystallised. Its infra-red and u.v. showed 
unsaturated ketone. The u.v. of the solid gum was determined:
X 209 m|i (e = 18,000); 237 (e = 17,000).max •

KEXICANCLIDE

Treatment of Hexicanolide v/ith Alkali

iiexicanolide (XLV) (0.5 g.) was boiled under reflux with
methanol (50 ml.), and 2N-sodium hydroxide (5 ml.) for 10 min.
Water (100 ml») was added to the cooled solution and this was
subsequently acidified with dilute sulphuric acid. The product was
extracted v/ith Chloroform (3 x 25 ml.). The Chloroform extract was
washed thoroughly and evaporated to give a gum which was crystallised
from benzene-light petrcleum. This gave needle-like crystals
(sometiines amorphous solid) of C.O.D. (XLVa) (0.^ g.) m.p. 173“175°«
(Found: C, 69.1; H, 6.7; o, 2*f.l5» C__H 0 requires C, 69.2; H, 6.9;
0, 23.9#)• X 209 e = 12,000; 288 mp, e = 26,000 v (CH8C12):max• max•
1730 (ester); 1712 (unsaturated lactone); 1670 sh. (unsaturated 
ketone); 8?5 cm.  ̂ (furan).



Acetylation of C.O.D

Acetylation of C.O.D. (1 g.) with acetic anhydride in pyridine
yielded a gum, vvhich was chromatographed on deactivated aluraina
(25 ml.). Elution with benzene-ethyl acetate (1:1) yielded the
acetate (XLVc) (0.*t g.) partially melting 165-1670 and finally at
180°. (Found: C, 68.3; H, 6.7; 0, 2^.8; OMe, 6.2; OAc, 8.7 .
^26^28^5 ’ OAc requires» C, 68.2; H, 6.7; 0, 25*1; OMe, 6.1;
OAc, 8.*$). X 220 (e = 12,000); 2*+0 (e = 1^,000); and 277 mp max •
(e = lif.OOO). v (CHsC12) 1760 (enol acetate); 1733 (ester); 1712 max •

“■*1(unsaturated lactone); 1675 (unsaturated ketone); 875 cm. (furan).

Hydrogenation of Mexicanolide in presence of platinum oxide

Mexicanolide (0.6 g.) in acetic acid (40 ml.) was hydrogenated 
at atmospheric pressure in the presence of Adam's catalyst (0.1 g.). 
The intake of hydrogen (*+.0 moles) ceased after 3 hr. Water (200 ml.) 
was added after the catalyst was removed by filtering over thick 
folds of filter paper. The product was extracted into Chloroform 
(3 x 30 ml.), washed and evaporated. A gum obtained could not be 
induced to crystallise and v/as methylated with diazomethane. Still 
the product did not crystallise. It was chromatographed on 
deactivated alumina and crystals were obtained (90 mg.) m.p. 87-119°.



Recrystallisation from benzene-light Petroleum raised the m.p. 
120-125°. (Found: C, 68.3; H, 8.2. requires C, 68.0;

H, 8.5, 0, 2 3 . 5 $ )»

Reduction of Mexicanolide with Sodium Borohydride

Mexicanolide (2.7 g.) was dissolved in a mixture of Chloroform 
(60 ml«) and methanol (60 ml.). Sodium borohydride (0.7 g.) in 
water (5 ml.) was added and the mixture was allowed to stand with 
occasional shaking for 2 hr. (shorter reaction times were tried 
with same result). Excess sodium borohydride was destroyed with 
acetone (ca. 10 ml.) and water (150 ml.) added. Extraction with 
Chloroform, and evaporation gave a gum. (The gum has six spots 
on t.l.c. but the gum gave mexicanolide on oxidation with Jones 
reagent).

The gum was chromatographed on deactivated alumina and two 
compounds "A" and "B" were obtained crystalline.

Compound A (LXXII) (1.03 g.) m.p. 200-202® crystallised from 

benzenc. Recrystallisation raised m.p. to 203-201*®. (Found: C, 
68.31; II« 7.68. C^yH^gO^ requires C, 68.62; H, 7.68$). Compound 

"BM (LXXVa) 0.29 g.) m.p. 247-2^9° came down in methanol. It is 
in fact insoluble in common solvents. (Found: C, 67.^2, H, 8.09.



V 3356 (OH); 172*f (ester); max.
1672, 1^97» 876 cm. (furan). Compound A was characterised as 
3,1 6’-dihydromexicanolide and compound B as a 3-äihydro-6-hydroxyacid 
derivative of C.C.C.

C^yH^gO^ requires C, 68.3 3, H, 8.07$).

M i l d  Methanolic Sulphuric Acid Treatment of Compound A

Compound A (C.^3 g.) was heated under reflux with sulphuric

acid (0.3 ml.) in methanol (75 ml.) for 2k min. The mixture was
poured inte water (ca. 100 ml.) and extracted into Chloroform
(3 x 50 ml.). Evaporation yielded a gum which crystallised from

methanol to give an acetal (LXXIII) (0.30 g.) m.p. 186-197°*

Recrystallisation from methanol raised the melting point to 191-

19^+°. (Found: C, 69.8; H, 8.0. C^H^gOy requires C, 69.1; H,
7*9$). ^ 208 m\x (e = 9,000); v J,k8k (OH); 1733 (ester);niciXt max •
1712 (lcetonc), 3125, 1502, 876 cm.  ̂ (furan).

Jones ox idation on the product of mild sulphuric acid on 

mexicanolide reduction product

Mexicanolide reduction product with its ring D-lactone opened 

(2 g.) was oxidised with chromic acid, and worked up in the normal 

way. The reaction did not go. A repetition with longer time than



usual and more of the acid afforded a gum which crystallised from
methanol (0.5*+ g.). v 1733 (ester) 1701 (ketone); 1500» 876raax •
cm.*”1 (furan). 6 7.55» 7.̂ +2 (ar-furan); 6.52 (ß-furan); 5.20 
(H-17)? ^.88 (H-C-OMe); 3.75 (CO.OMe); 3.65 (OMe); 1.25, 1.08,
l. 06, 0.87 (methyls).

Treatment of compound A with stronger methanolic sulphuric acid

Compound A (0.25 g«) and 50# concentrated sulphuric acid
(2 ml.) in mothanol (kO ml.) were refluxed for 21 min. Working
up the usual way afforded crystals of the A * -compound (LXXIV)
(0.13 6«) from methanol m.p. 195-197°. (Found: C, 70.6, 70.5;
H, 7.5, 7A. C2?E3k0G requires C, 71-3; H, 7-5#) Xmax,211 (e =
9,200); 263 mp, (e = 15,^00). v 353^ (OH); 1715, 12*+5 (ester);ciax •
1692 (ketone); 1603 (unsaturation); 1^97, 873 cm. -1 (furan).

C. 0. C.

Mexicanolide (1.0 g.) in methanol (100 ml.) and conc. sulphuric 
acid (1.0 ml.) was heatod under reflux (30 min.). Water (ca. 100 ml.) 
was added to the hot solution and crystals of C.O.C. (LII) (O.85 g.,
m. p. 165-1700) were deposited on cooling. Recrystallisation from 
methanol raised the m.p. to 171-173°» (Found: C, 67.9; H, 7*6;



0.24.9; OHe 18.1#). [a]_25 + ^2.5°; *• 212 mp, s = 12,000U max •
v (CHaCl2) 1755 (esters); 1705 (ketone); 1500 and 876 cm. “ 1 max •
(furan).

Reduction of C.0.C«

Sodium borohydride (1 .5  g.) in water (ca. 5 ml.) was added to
C.O.C. (10 g.) in ethanol (4-50 ml.) and Chloroform (50 ml.). The
mixture was stirred for 2 hr. at 25°. Water (ca. 250 ml.) was added
and the product extracted vvith Chloroform (5 x 50 ml.). The
extract was washed with water (2 x 100 ml.) and evaporated. The
resulting gum was taken up in hot ethyl acetate-benzene, and
chromatcgraphed on deactivated alumina (250 ml.). Elution with
1C$ ethyl acetate-benzene yielded mainly the 3ß**°l (Lla) (5.45 g.)«
(Found: C, 67.8; H, 7.5. C29H40°8 re9uires c i 67*4; H, 7.8$.

2.S - 6°j m.p. complex but ending sharply at 179°. Elution with 
ethylacotato gave some 3a-ol (LIb) (700 mg., [cx]̂  J + 93°, m.p. 
188-196C axter recrystallisation from methanol). Other fractions, 
and mother-liquors from these fractions gave mixed products.

0, 24*8} OMe 18*2. C26H2O05 (0Me)3 requires C, 67.7» H, 7*4;
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Attempted Acetylation of the 3ß-ol from Mexicanolide Reduction 
Product

The 3ß-ol (5 g.) and toluene-£-sulphonic acid (5 g.) in acetic
anhydride (30 ml.) and acetic acid (200 ml.) were left to stand for
16 hr. The product was poured into water (650 ml.), and extracted
with Chloroform (^ x 50 ml.). After washing and evaporation, the
gum was crystallised from benzene, yielding C.O.E. (LXXVII)
(2.^5 g«» m.p, 178-186°), as brownish crystals. Recrystallisation
from bonzene-light petroleum afforded cream crystals m.p. 196-199°
[Found: C, 68.3; H, 7.V, 0, 2*+.5; OMe 11.6#. ^ g H ^ O g  (0Me)s
requires C, 68.k] K, 70; 0, 2^.3; OMe 11.8#]. \ 208 (e =niax •
12,000) v 1735 (oster); 1715 (ketone) ; 167*+ (conjugated ketone); max •
1570 cm.”1.

Treatment of 0.0.C. with Czone

C.O.C. (2.16 g.) in ethyl acetate (100 ml.) was treated with 
a strenm of ozonised oxygen (15#) for 5 hr. Hydrogen peroxide 
(30 ml«, 100 vols) in water (100 ml.) was added and the mixture 
refluxed for 1 hr. Saturated sodium bicarbonate solution was
added to the solution then it was acidified with dil. hydrochloric 
acid. The product (probably LXXIX) was extracted with Chloroform,
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evaporated, washed and the resulting gum treated with diazomethane. 
The prcduct was chromatographed over deactivated alumina. Only one 
fraction after standing for raany days gave crystals (80 rag. m.p. 
190-202°). (Found: C, 61.9, H, 3.%%).

Hydrogenation of C.O.C.

C.O.G. (0.57 g.) in acetic acid (40 ml.) was hydrogenated at 
atmospheric pressure in the presence of Adam's catalyst (100 rag.). 
Hydrogen uptake ceased after 2 hr. The product after working up 
the usual v/ay yielded a gum which could not be crystallised. The 
gum was cliromatcgraphed on deactivated alumina frora which a 
fraction gavc solid (0.30 g.) which on crystallisation from methanol 
gave crystals of tetrahydro C.C.C. (LXXX) (0.2? g.) m.p. 131-134°. 

(Found: C, 67.6; H, 8.25; ^29*I42<">8 recluires 0, 67*2; H, 8.2$).

Treatment of C.O.C. with Hydrochloric Acid

C.O.C. (500 mg.) in Chloroform (25 ml.) was heated under 
roflux (3 hr.) with conc. hydrochloric acid (2 ml.). The resulting 
solution was washed with water, evaporated and crystallised from 
methanol/cliloroform (4:1) yielding mcxicanolide (200 mg., m.p. 
216-220°), sliown to be identical with the authentic material by
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infra red, t.l.c. and mixed m.p.
The same resultwtöts obtained when hydrogen Chloride gas was 

used altlicugh this was found to be less efficient. The gas was 
generated by adding conc. sulphuric acid from a funnel into sodium 
Chloride in a flask fitted v/ith a pressure equaliser tube. The 
gas generated was passed through conc. sulphuric acid before being 
let in to the C-.O.G. solution.«
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Grandifoliolin, a New Limonoid frorn Khaya grandifoliola G. DG.
B y E. K . A desogan and D. A. H . T aylor  

(Department of Chemistry, University of Ibadan, Ibadan, Nigeria)

F rom a sample (F .H .I. No. 4278) of the tim ber of 
Khaya grandifoliola collected in  Aponmu forest 
reserve, we obtained kh ivo rin ;1 * * from  another 
sample (F .H .I. No. 54740) from  Balogun village 
near Ibadan, we obtained a m ixture of mexicanolide 
and m ethyl angolensate.’ >* We have subsequently 
examined six more specimens, and find them sim ilar 
to  the second o f these samples. In  view of this 
discrepancy the herbarium specimen of F .H .I. 4278 
has been re-examined. I t  is now considered to  be 
o f doubtful authenticity, and may be Khaya 
ivorensis, which would agree w ith  the Chemical 
evidence. The sample has been referred to  Kew 
for a further opinion.

Recently Conolly, Handa, McCrindle, and Over­
ton4 * have described the examination of tim ber said 
to  be Khaya grandifoliola, of unspecified origin, 
and the isolation of the interesting 16-keto- 
compound, grandifohone, together w ith  m ethyl 
angolensate, 7-deacetylkhivorin, m ethyl 6-hydroxy- 
angolensate, and 7-oxo-7-deacetoxykhivorin.

We now report the investigation of the seed of 
Khaya grandifoliola. Seed from  a single tree at 
Balogun village near Ibadan (Herbarium specimens 
are retained as D .A .H .T. 157 and w ill be deposited 
in  the Forest Herbarium  at Oxford) was extracted 
w ith  lig h t petroleum and gave, in unusually high 
yield (ca. 1%), a crystalline solid, m.p. 169— 170°, 
[<x ] d —  165°, which we name grandifoliolin. The

n.m.r. Spectrum suggested th a t grandifoliolin was 
the acetate (I) of the 3/S-alcohol corresponding to  
the ketone, mexicanolide. This was confirmed by 
treatm ent w ith  methanolic hydrochloric acid, 
which gave the acetate ( II) , m.p. 195— 198°, 
hydrolysed by a lkali to  the equilibrium  m ixture of 
the previously known a- and j3-alcohols.* This 
acetate (I) has been obtained by Conolly, McCrindle, 
and Overton by partia l synthesis from  mexicano­
lide,8 bu t has not been described before as a 
natural product, although we have isolated the 
corresponding isobutyrate, khayasin, from  the 
tim ber o f Khaya senegalensis.*

(Received, February Ist, 1967; Com. 096.)

1 C. W. L. Bevan, J. W. Powell, and D. A. H. Taylor, J. Chem. Soc., 1963, 980.
» C. W. L. Bevan. D. E. U. Ekong, and D. A. H. Taylor, Nature, 1965, 1323.
* E. K. Adesogan, C. W. L. Bevan, J. W. Powell. and D. A. H. Taylor, J. Chem. Soc. (C), 1966, 2127.
* J. D. Conolly, K. L. Handa, R. McCrindle, and K. H. Overton, Chem. Comm., 1966, 867.
8 J. D. Conolly, R. McCrindle, and K. H. Overton, Chem. Comm., 1965, 162.
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West African Timbers. Part XVIII.1 Some Reactions of Cedre/a odorata 
substance " B " and Khayasin
By E. K. Adesogan, C. W. L  Bevan, J. W. Powell, and D. A. H. Taylor

Two closely related Compounds, the diketone Cedrela odorata B (Ia) and khayasin (Ib ). the isobutyrate of the 
corresponding hydroxyketone. have been obtained from the heartwood of trees belonglng to the family Meliaceae. 
Some derivatives in which the lactone has been opened are described; one (IVa) is shown to arise by an interesting 
rearrangement. in which a cyclopropane ring is formed. The preparation of deoxyandirobin (X ) from methyl 
angolensate ( IV ) is also described, and the n.m.r. spectra of all new Compounds are recorded.

Cedrela odorata substance " B "  (C.O.B.)*•* (Ia), is 
present in varying amounts in the light petroleum 
extract from the heartwood of Cedrela odorata L. (family 
Meliaceae), often with 7-deacetyl-7-oxogedunin 2 (Vlla) 
in varying proportions. C.O.B. can be isolated from the 
mixture by careful fractional crystallisation from 
methanol or by treatment of the mixture with hydroxyl­
amine, when it remains unaffected, whilst 7-deacetyl- 
7-oxogedunin is converted to a non-crystalline oxime.

1 Part XVII, D. E. U. Ekong and E. O. Olagbemi. J. Chem. 
Soc. (C), I960, 944.

* C. W. L. Bevan, J. W. Powell, and D. A. H. Taylor, J. 
Chem. Soc., 1963, 980.

More recently, C.O.B. (Ia) has been obtained from the 
light petroleum extract from Khaya grandifoliola 
C.D.C.; it occurs in this extract with varying amounts 
of methyl angolensate (IX).4 Separation is possible by 
careful crystallisation from methanol, when the methyl 
angolensate comes down as very large prisms which 
can be manually separated from the smaller C.O.B. 
crystals.

* C. W. L. Bevan, J. W. Powell, and D. A. H. Taylor, Chem 
Comm., 1965, 281,

4 C. W. L. Bevan, J. W. Powell, D. A. H. Taylor, P. Toft 
M. Welford, W. R. Chan, B. S. Mootoo, and T. G. Halsall, Chem 
and Ind., 1964, 1751.
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( b :  R = H , /3-O -C O P r1)

Acetylation of C.O.D. with acetic anhydride-pyridine 
readily gives an enol acetate, which shows three maxima 

um at 220sh (c =  12,000), 240 
Hx (e =  14,000). The band at

c°
(a : R = O)
(b : R = H,<*-OCOMe)

COjMe

D* C°

Structure (Ia) has been ascribed to C.O.B. 3 (=  mexi- 
canolide6). C.O.B. shows the ultraviolet absorption 
of a furan derivative (XTOJt 212 mp., e =  14,000), al- 
though the intensity is considerably stronger than usual 
[c.f., dihydrogedunin6 (1,2-dihydro-VIIb), X ^  212 
mp, e =  4,000]. On treatment with very mild methanolic 
alkali, a profound change takes place, leading to C.O.D. 
(II), which shows, in addition to the furanoid absorption 
(Xmax 209 mp, t =  12,000), a very intense new band at 
288 mp, e =  26,000. The new band is the result of two 
almost coincident chromophores, corresponding to an 
enolised ß-diketone and a transoid diene lactone. The 
latter corresponds to the Chromophore in the transoid 
diene lactone7 (VIII) derived from limonin, which 
shows XM l 284 mp, c =  16,400.

The rapid formation of C.O.D. from C.O.B. (addition 
of one drop of 2N-sodium hydroxide to a methanolic 
solution of C.O.B. in a spectroscopic cell transforms 
it to C.O.D. with a half-lifeof approximatelyoneminute), 
proceeds, we suggest,8 by a concerted mechanism, sub- 
ject to frangomeric acceleration: 9

5 J. D. Connolly, R. McCrindle, and K. H. Overton, Chem. 
Comm., 1965, 162.

• A. Akisanya, C. W. L. Bevan, J. Hirst, T. G. Halsall, and 
D. A. H. Taylor, J. Chem. Soc., 1960, 3827.

Treatment of C.O.B. with 1% methanolic sulphuric 
acid readily converts 3 it to C.O.C. (lila), in which two 
new methoxyl groups appear in the n.m.r. spectrum at 
8 3-6 and 3-2. C.O.C. arises by the acid-induced opening 
of the lactone ring, the allylic C-17 oxygen being replaced 
by methoxyl and the carboxylic acid being subsequently 
methylated under the reaction conditions. We suggest 
that the reason why gedunin 6 (Vllb) and its 14,15-de- 
oxy-derivative do not undergo this lactone-opening 
reaction is that the rigid stereochemistry in the C-14,

7 D. H. R. Barton, S. K. Pradhan, S. Sternhell, and J. F. 
Templeton, J. Chem. Soc., 1961, 255.

• E. O. Arene, C. W. L. Bevan, J. W. Powell, and D. A. H. 
Taylor, Chem. Comm., 1965, 302.

• C. A. Grob and W. Schwarz, Helv. Chim. Acta, 1964, 47, 
1870.



2129
C-15 region means that when the lactone is protonated 
by the acid, ring opening is sterically unfavourable 
Although methyl angolensate 4 (IX) has the possibility 
of free rotation about the single 14,15 bond, on treatment 
with methanolic sulphuric acid an alternative reaction 
involving cleavage of the C-l, C-14 ether linkage and 
dehydration of the resulting 14-ol, leading to deoxy- 
andirobin 10 (X), predominates. This experiment was 
carried out by Mr. A. K. Fasina in this laboratory.

Org.

hydroxyl group, the methoxyl group on C-17 suffers 
replacement by chlorine, yielding the compound (V). 
Ready replacement is a common feature of allylic 
and benzylic ethers. Treatment of the resulting 
3-chloroacetyl-17-chloro-derivative with sodium iodide 
in acetone7 leads to replacement of the chlorine of the 
chloroacetate by iodine; but the C-17 chlorine is not 
affected. An Af-ray structural analysis was carried out 
on this derivative by Adeoye and Bekoe,11 and from

N.m .r. spectra o f C.O.B. and khayasin derivatives (8 values) 
(All spectra were recorded for deuterochloroform Solutions)

H-3 H-15 H-17 CO,Me -OMe a-Furan ß-Furan Methyl groups
C.O.B. (Ia) — 3-5m 5-27s 3-73s — 7-38m

7-57m
648m 0-88, 1 02 (2), 1-27

C.O.C. (lila ) — N.A. 4-45s 3-57s
3-68s

3*22s 7-30m
7-42m

6-37m 0-89, 0-93, 1 08, 1-23

3a-ol (11 Ib) N.A. N.A. 4-65s 3-58s
3-67s

3*22s 7-47m 6-48m 0-67, 0-97, 1 03, MO

3ß-ol (IIIc) N.A. N.A. 462s 3-58s
3-65s

3’23s 7-45m 6-53m 0-77, 0-93, 1 00, 1 13

Chloroacetate (V) 5-0d
/  =  10 c./sec.

N.A. 5-67s 3-57s
3-70s

— 7-47m
7-67m

6 66m OCOCHtCl
407s

0-85(2); 1-16,1-23

Iodoacetate (V) 4-98d
/  =  10 c./sec.

N.A. 5-70s 3-57s
3-70s

— 7-50m 
7-70m

6-70m OCOCH.I
3-70s

0-83, 0-92, 1-17, 1-23

Khayasin (Ib) 4-95d
J  =  10 c./sec.

N.A. 5-67s 3-70s — 7-38m 
7-53m

6-47m N.A.

Khayasin C (Illd ) 4-83d
J =  10 c./sec.

N.A. 4-67s 3-53s
3-65s

3* 17s 7-45m 
7-62m

6-55m N.A.

17-Demethoxy-17-chloro- 
khayasin C

4-86d
J  =  10 c./sec.

N.A. ö-69s 357s
3-70s

7-45m
7-69m

6-70m N.A.

C.O.E. (IVa) 3-97d
J  =  5-5 c./sec.

N.A. 2-78s 3-62s 
3-68s

— 7-43d 6-38d
J  =  2 c./sec.

COCH,
2-48s

0-62, 0-90, 0-92, 1-08

C.O.E. Ozonolysis ester (VI) 3-98d
J  =  6 c./sec.

N.A. 2‘40s 3* 65s 
(9H)

— — — 0-61, 0-88, 113, 1-25

C.O.E. Reduction product 
(IVb)

N.A. N.A. N.A. 3-62s
3-66s

— 715m 6-25m CHOH
4-8bm

0-97, 1-05 (2), 1-13, and 
1-24 (d, J  =  6 c./sec.)

A bbreviations:: s =  singlet; d =  doublet; m =  m ultiplet; b =  broad; N.A. =  not assigned.

Unlike C.O.B., C.O.C. is stable to mild attack by alkali, 
stronger conditions leading to hydrolysis of the two 
methyl ester groups. We attribute3 the relative 
stability of C.O.C. towards alkali to the observation 
of Grob 9 that synchronous fragmentation of the type 
leading to C.O.D. occurs in rigid cyclic Systems, but far 
less readily in open-chain Systems.

Reduction of C.O.C. with sodium borohydride in 
ethanol leads mainly to two mono-hydroxy-reduction 
products, to which we attribute the structures (Illb) 
and (IIIc), i.e., the 3a- and 3ß-ols, respectively. The 
3ß-hydroxy compound is the major one (ca. 60—80% ); 
it is readily crystallisable from methanol or benzene. 
The 3a-hydroxy compound is generally the minor 
product (10—20% yield), and does not readily crystall- 
ise. The two products can be separated by absorption 
chromatography, the 3ß-ol being eluted first. The 
3ß-ol can crystallise in either of two forms, and these 
interconvert during melting point determination, leading 
to complex behaviour, though the final m. p. is sharp.

On treatment of the 3ß-ol with chloroacetyl Chloride in 
Chloroform,7 in addition to chloroacetylation of the

10 W. D. Ollis, A. D. Ward, and R. Zelnik, Tetrahedron Letters,
1964, 37, 2607.

it, the structure of the C.O.C. reduction product, and 
thence C.O.C., was derived.

Hydrolysis of the iodoacetate with alkali in aqueous 
methanol, followed by remethylation of the carboxyl 
groups with diazomethane, resulted in a mixture of the 
3a- and 3ß-alcohols as shown by thin-layer chromato­
graphy, from which the 3ß-isomer could be isolated by 
crystallisation from methanol. The 17-chlorine Sub­
stituent had been replaced by a methoxyl group under 
these conditions. The presence of the 3a-hydroxy- 
derivative in the hydrolysis product will be discussed 
later.

Khayasin [previously described as the low-melting 
compound from Khaya senegalensis (Desr.) A. Juss 2-12], 
(Ib), on treatment with methanolic sulphuric acid, 
undergoes a ring-opening reaction parallel to that in 
the formation of C.O.C. from C.O.B., giving khayasin C 
(Illd), which has a second methoxycarbonyl group and a 
new ether-type methoxyl group (bands at 8 3-6 and 3-2, 
respectively, in the n.m.r. spectrum). The molar 
rotation change for the reaction khayasin to khayasin 
C, AM =  +660°, is closely similar to that for the change

11 S. A. Adeoye and D. A. Bekoe, Chem. Comm., 1965, 301.
** E. K. Adesogan, C. W. L. Bevan, J. W. Powell, and D. A. H. 

Taylor, Chem. Comm., 1966, 27.
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of C.O.B. to C.O.C. (AM =  +690°). Mild treatment of 
khayasin (Ia) with alkali yielded a gum which failed to 
crystallise; its ultraviolet spectrum showed bands 
attributable to furan (214); to aß-unsaturated ketone 
(230sh); and to an aß,y8-unsaturated lactone (276 m^). 
This is consistent with the structure (XI), proposed by 
Connolly, McCrindle, and Overton s for the hydrolysis 
product from the acetylated reduction product (III, 
R =  H ß-OAc) of mexicanolide. Unlike khayasin itself, 
khayasin C simply undergoes ester hydrolysis on treat­
ment with aqueous metlianolic alkali, and remethylation 
of the two carboxyl groups with diazomethane yields a 
mixture of the two reduction products from C.O.C.,
(Illb) and (IIIc) in which the 3a-isomer predominates. 
Alkaline hydrolysis of khayasin (Ib), gave a volatile 
acid fraction, which was neutralised and evaporated to 
dryness. The resulting sodium salts were taken up in 
deuterium oxide; the n.m.r. spectrum showed a six 
proton doublet (7 =  7 c./sec.) at 8 1-1 and a one proton 
septet at 8 2-4, corresponding to sodium isobutyrate; 
there was also a minor band at 8 1-8, corresponding to 
sodium acetate. The isobutyric acid was also identified 
by preparation of the /»-phenylphenacyl derivative, 
which was shown to be identical with the authentic 
material.

It is known from the AT-ray work 11 that the iodo- 
acetate group in compound (V) has the ß-configuration; 
and the n.m.r. spectra of both khayasin (Ib) and khay­
asin C (Illd) show the proton at C-3 as a doublet, 
7  =  10 c./sec.; this Splitting is the same as that observed 
for the iodoacetate, indicating the ß-configuration 
for the isobutyrate ester in khayasin. A 3a-ester should 
give a much smaller value of the coupling constant. 
This configuration was confirmed by synthesis of khay­
asin C by isobutyrylation of the 3ß-alcohol (IIIc).

The production of the 3a-ol as the main product from 
the hydrolysis of khayasin C is probably not due to 
an unusual mechanism of hydrolysis, involving the 
-CH2‘C02H group, as suggested earlier.12 Subsequent 
experiments have shown that treatment of either re­
duction product of C.O.C. with alkali, under conditions 
used in the hydrolysis of both iodoacetate and isobuty­
rate, followed by remethylation with diazomethane, 
leads to an equilibrium mixture of the two isomers, 
in which the 3a-isomer predominates. It seems most 
probable that this equilibration involves a reversible 
aldol reaction of the ß-hydroxy-ketone, as suggested by 
Overton and his colleagues 13 to explain the chemistry 
of closely related swietenine derivatives.

On treatment of C.O.C., (lila), with hydrochloric acid 
in Chloroform, the main reaction is the reclosure of ring 
D, giving C.O.B. (Ia). When the same reaction is carried 
out on khayasin C, (Illd), the product isolated is that 
in which the 17-methoxyl group has been replaced by a 
17-chloro-atom, as occurred in the preparation of the 
chloroacetate. This replacement is indicated by the loss 
of the ether methoxyl band in the n.m.r. spectra, and by 
the down-field shift of the H-17 absorption to 5-69 p.p.m.

One of the most interesting rearrangements in this

series results from attempted acetylation of the 3ß-hydr- 
oxy reduction product of C.O.C. Attempted acetylation 
with acetic anhydride in pyridine leads to quantitative 
recovery of starting material; but treatment with acetic 
anhydride in acetic acid solution, with toluene-/>-sul- 
phonic acid as catalyst,14 leads to the formation in good 
yield of a new compound that we name C.O.E.

The infrared spectrum of C.O.E. shows the absence of 
hydroxyl absorption at 3300 cm.'1; but shows the 
presence of a new unsaturated carbonyl group (1675 
cm.'1). The ultraviolet spectrum shows an intense 
new absorption (280 mn, e =  12,000), together with a 
weaker band at shorter wavelength (206 mix, t =  4800). 
Chemical analysis shows no O-acetyl; but the n.m.r. 
spectrum shows a new three proton singlet at 8 2-48. 
The methoxyl peak at 8 3-2 has disappeared, and the 
singlet due to H-17 at 8 4-6 has moved to 8 2-78, showing 
that the C-17 methoxyl has not been replaced by another 
electronegative Substituent. Furthermore, in the furan 
region, there are now only two protons; these appear as 
well-defined doublets, J  =  2 c./sec. A doublet at 
8 3-97 suggests a proton at the end of an ether linkage 
(not an -OH, from the infrared evidence); the other end 
of the ether bridge must be tertiary, from the absence 
of second proton in the appropriate ränge in the n.m.r. 
spectrum. On the basis of this evidence, we put forward 
(IVa) as the structure of C.O.E. As the furan acetylation 
does not occur under these conditions with C.O.B. (Ia), 
it would seem that the mechanism of the acetylation 
must be included in the mechanism of the rearrange- 
ment. Therefore, we suggest, firstly, Substitution of 
O-acetyl for the C-17 O-methyl; then intramolecular 
C-acetylation by the acetate, involving a five-membered 
transition state; then elimination of the remaining 
C-17 hydroxyl, the resulting carbonium ion rearranging 
to the final product:

J. Chem. Soc. (C), I960
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Further support for the structure assigned to C.O.E. 

comes from ozonolysis, followed by methylation of the 
carboxyl group produced from the furan Substituent 
Although thisester (VI) could not be obtained crystalline, 
it gave a very sharp n.m.r. spectrum. The three 
-C 02Me groups gave a single sharp resonance at 8 
3-65; a doublet (J =  6 c./sec.) at. 8 3-98 was observed 
for the proton at C-3; a singlet at 8 2-40 corresponded 
to H-17 (this compares with 2-78 before ozonolysis; 
the methoxycarbonyl would be expected to exert less 
deshielding influence than the substituted furan it 
replaces); there was no absorption corresponding to 
furanoid protons. In the ultraviolet, the ozonolysis ester 
showed only weak absorption at short wavelength 
(Xmax 205 mix, e =  1100). This compares with 
208 mix, e =  76 for ethyl cyclopropylcarboxylate.15

Reduction of C.O.E. with sodium borohydride gave a 
non-crystalline product (IVb) but like the ozonolysis 
ester, this gave a clean n.m.r. spectrum, with a new 
secondary methyl absorption (8 1-24, 7  =  5 c./sec.) in 
place of the former acetyl singlet at 8 2-48. The re­
duction product gave an absorption maximum in the 
ultraviolet at 222 m(x, which is intermediate between 
that observed for a simple furan [e.g., dihydrogedunin 6 
(Vlla), at 212 mp] and a vinyl furan (e.g., o-vinyl 
furan 16 at 266 mix). This is in accordance with the 
formulation as a cyclopropylfuran.

EXPERIMENTAL
A ll m elting points were taken on a hot-stage microscope, 

and are uncorrected. Infrared spectra quoted are fo r 
N ujol m ull unless otherwise noted, and were taken on a 
Perkin-Elm er model 137, or 221, instrum ent. U ltra ­
vio le t spectra were taken, in  methanol solution, on a Perkin- 
Elm er model 137 UV, or Unicam S.P. 700, instrum ent. 
*' Deactivated alumina "  refers to  Peter Spence type H, 
shaken w ith  5% by volume of 10% acetic acid. L ig h t 
petroleum refers to  the fraction b. p. 60— 80°. Optical 
rotations were taken in  Chloroform solution.

C.O.B. (Ia ) from  Cedrela odorata Extract.— Crystalline 
Ccdrela odorata extract (“  A  "  B ,”  20 g.) in  methanol 
(250 m l.) and Chloroform (250 ml.) was treated w ith  hydro­
xylam ine hydrochloride (50 g.) and sodium acetate (50 g.) 
in  water (100 m l.). A fte r refluxing the m ixture (15 m in.), 
water (500 ml.) was added, and the organic m aterial 
extracted in to  Chloroform. The extract was washed and 
evaporated; crystallisation of the resulting gum from 
m ethanol-chloroform  yielded C.O.B. (Ia) as crystals, 
m. p. 226— 230° (17 g.). Recrystallisation from  methanol 
did not raise the m. p. (Found: C, 69T; H , 6-8; O, 24-25; 
OMe, 6-1; OAc, 0 0. Calc. fo r C17H s,0 ,: C, 69-2; H , 6-9; 
O. 23-9; 1 OMe 6-6%) XmM 212 mp, e =  14,000. [<*]„“  =  
— 100°, vnu>x (CHjClt) : 1733 (ester and lactone); 1704 (cyclo- 
hexanone); 1505 and 875 cm."1 (furan).

Extraction of Khaya grandifoliola.— The ground heart- 
wood (210 kg.) was extracted w ith  hot ligh t petroleum by 
percolation fo r 24 hr. Evaporation of the solvent, and 
addition of ether, gave a solid. Fractional crystallisation 
from  methanol yielded m ethyl angolensate (IX ) (39 g., 
m. p. 197°), and C.O.B. (Ia) (11-5 g„ m. p. 225— 230°).

,s G. W. Cannon, A. A. Santilli, and P. Shenian, J. Amcr. 
Chon. Soc.. 1959, 81, 1660.

Org.

Treatment of C.O.B. with A lka li.— C.O.B. (Ia) (0-5 g.) 
was dissolved in boiling methanol (50 m l.), and 2N-sodium 
hydroxide (5 m l.) was added. A fte r refluxing for 10 min., 
the solution was cooled; water (100 ml.) was added, and the 
solution acidifled w ith  d il. sulphuric acid. The product 
was extracted w ith  Chloroform (3 X 25 m l.), the extract 
washed, and evaporated to dryness. Crystallisation from 
benzene—ligh t petroleum gave C.O.D. ( II)  (0-4 g.) as a solid, 
m. p. 173— 175° (Found: C, 69-1; H , 6-7; O, 24-15; 
C „H jjO j requires: C, 69-2; H . 6-9; O, 23-9%) X ^  209 
(c =  12,000); 288 m|x (e =  26,000); vrax (CH,C1,): 1730 
(ester); 1712 (unsaturated lactone); 1670sh (unsaturated 
ketone); 875 cm."1 (furan).

Acetylation of C.O.D. ( II) .— Acetylation of C.O.D. (II) 
( lg .)  w ith  acetic anhydride-pyridine yielded a gum, which 
was chromatographed on deactivated alumina (25 m l.). 
E lution w ith  benzene-ethyl acetate (1 :1 ) yielded the 
acetate (0-4 g.), m. p. 165— 167°, but partiaUy recrystall- 
ising, and m elting fina lly  at 180° (Found: C, 68-3; H , 6-7; 
O, 24-8; OMe, 6-2; OAc, 8-7. C „H M0 5,OMe,OAc re­
quires: C, 68-2; H . 6-7; O, 25-1; OMe, 6-1; OAc, 8-4%) 

220 (e =  12,000); 240 (e =  14,000); and 277 mp 
(e =  14,000). v[nax (CH2C12) 1760 (enol acetate); 1733 
(ester); 1712 (unsaturated lactone); 1675 (unsaturated 
ketone); 875 cm."1 (furan).

C.O.C. ( lila ) .— C.O.B. (Ia) (1-0 g.) in methanol (100 ml.) 
and conc. sulphuric acid (1-0 m l.) was heated under reflux 
(30 m in.). W ater (ca. 100 ml.) was added to  the hot solu­
tion. On cooling, crystals of C.O.C. ( lila )  were deposited 
(0-85 g., m. p. 165— 170°). Recrystallisation from  methanol 
raised the m. p. to  171— 173° (Found: C, 67-9; H, 7-6; 
O, 24-8; OMe, 18-2. C .,H w0 5(OMe), requires: C, 67-7;
H , 7-4; 0,24-9; OMe, 18T%)aD“  =  +42-5°; X ^  212mp, 
e =  12,000. vma!L (CH2C1j) 1735 (esters); 1705 (cyclohexa- 
none); 1500 and 876 cm."1 (furan).

C.O.C. ( lila )  from  Cedrela odorata Extract.— (i) Crystalline 
Cedrela odorata extract (" A  "  -+- "  B ” , 6-5 g., m. p. 222—  
228°) in  methanol (400 ml.) and conc. sulphuric acid 
(6-5 m l.) was refluxed on the water-bath (30 m in.). W ater 
(ca. 100 ml.) was added to  the hot solution. On cooling, 
crystals (6-0 g., m. p. 115— 155°) were deposited. Recrystall­
isation from  methanol yielded C.O.C. ( lila )  (4-9 g., m. p. 
169— 172°).

(ii) Crystalline Cedrela odorata extract (13-5 g., m. p. 
220— 226°) in  methanol (1 1.) and conc. sulphuric acid 
(13-5 ml.) was slowly distiUed on the water-bath (60 m in.). 
Addition of water to  the hot solution gave crystals (12-0 g.). 
This mixed product was dissolved in  methanol (ca. 750 m l.); 
hydroxylam ine hydrochloride (12 g.) and sodium acetate 
(12 g.) in  water (ca. 50 ml.) was added, and the m ixture 
refluxed (15 m in.). Addition o f water to  the hot solution 
yielded, on cooling, crystalline C.O.C. ( lila )  (11-6 g., 
m. p. 168— 170°).

Action of Methanolic Sulphuric Acid on Methyl Angolen­
sate (IX ).— M ethyl angolensate (IX ) (0-5 g.) in  methanol 
(30 ml.) and conc. sulphuric acid (3 m l.) was heated under 
reflux (2 h r.). W ater (10 ml.) was added to  the hot solu­
tion. On cooling, deoxyandirobin (X ) was precipitated 
(0-31 g., m. p. 170— 172°). This was shown to  be identical 
to  an authentic sample.

Reduction of C.O.C. (lila ).— To a solution of C.O.C. (lila) 
(10 g.) in ethanol (450 ml.) and Chloroform (50 ml.), sodium 
borohydride (1-5 g.) was added, and the mixture was

“  H. A. Laitinen, F. A. Miller, and T. D. Parks, J. Amer. 
Chem. Soc., 1947, 69. 2707.
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stirred fo r 2 hr. a t 25°. W ater (250 m l.) was then added, 
and the product extracted w ith  Chloroform (5 x 50 m l.). 
The extract was washed w ith  water (2 X 100 m l.), and 
evaporated to  dryness. The resulting gum was taken up 
in  hot ethyl acetate-benzene, and chromatographed on 
alumina (250 m l.). E lu tion  w ith  10% ethyl acetate- 
benzene yielded m ainly the 3ß-ol (IIIc ) (5-45 g.) (Found: 
C, 67-8; H , 7-5. C „H 40O, requires C, 67-4; H , 7-8%)
[a]D“  =  —  6°; m. p. complex, but ending sharply a t 179°. 
E lution w ith  ethyl acetate gave some 3a-ol ( Illb )  (700 mg., 
[a]D“  =  +93°; m. p. 188— 196° after recrystallisation from  
methanol). Other fractions, and mother-liquors from  these 
fractions, gave mixed products.

Chloracetylation of the 3ß-ol (IIIc ).— The 3ß-ol (IIIc ) 
(1-0 g.) in  Chloroform (65 m l.) was heated under reflux w ith  
chloracetyl Chloride (25 m l.) and pyridine (2 drops) for 
6 hr. A fte r cooling, the solution was poured in to  water 
(250 m l.), shaken, and separated. The organic layer was 
washed w ith  aqueous sodium carbonate and water, and 
evaporated. The resulting brown gum was chromato­
graphed on deactivated alumina (25 m l.). E lu tion  w ith  
benzene gave the \7-demethoxy-\7-chloro-Zß-chloroacetate 
(V) 198 mg., m. p. 225— 237°. Recrystallisation from  
benzene d id  not significantly alter the m elting point 
(Found: CI, 11-8%. C „H 40O,Cl, requires CI. 11-3%).

The Iodoacetate (V).— The chloroacetate (V) (T5 g.) and 
sodium iodide (10 g.) were refluxed in  acetone (250 ml.) 
for 5 hr. W ater (500 m l.) was added, and the product 
extracted w ith  Chloroform. The extract was washed 
(water, d ilu te  sodium thiosulphate solution, and water) 
and evaporated. C rystallisation from  benzene yielded 
the iodoacetate (V) 0-90 g., m. p. (decomp.) 220— 230° 
(Found: 1,16-5. C „H 40O,ClI requires I, 16-1%).

Hydrolysis of the Zß-Iodoacetate (V).— The iodoacetate (V) 
(0-23 g.) in  methanol (45 ml.) and Chloroform (10 m l.) was 
treated w ith  2N-sodium hydroxide (25 m l.) under reflux 
(2 hr.). A fte r acidification, the product was extracted 
in to  Chloroform (4 x 20 m l.), and the extract washed 
and evaporated. Treatm ent w ith  diazomethane, followed 
by crystallisation from  methanol, yielded a m icrocrystalline 
solid (0-13 g.). T .l.c. o f th is showed two spots, corre- 
sponding to  the 3a- and 3ß-ols ( I llb  and IIIc ) , respectively; 
the la tte r spot predominated. The i.r. and n.m.r. spectra 
also showed the product to  be m ainly the 3ß-compound
(IIIc ).

Separation of Khayasin (Ib) from  Khaya senegalensis 
Extract.— The crude lig h t petroleum extract (60 g.) was 
chromatographed on deactivated alumina (1 1.). E lution 
w ith  25% benzene-light petroleum yielded khayasin (Ib) 
(ca. 5% of the to ta l e x tract); recrystallisation from  benzene 
gave crystals, 2-48 g„ m. p. 114— 116°, [a]Dls — 165°; 
*max. 209 mp, e =  12,500. vM1, 1730 (ester and lactone); 
1705 (ketone); 1505 and 875 cm."1 (furan) (Found: C, 72-0; 
H , 7-6%. CslH 40O „C ,H , requires C, 71-8; H , 7-5%). 
The presence of benzene of crystallisation was confirmed 
by spectral evidence (infrared and n.m .r.).

M ild  Hydrolysis of Khayasin (Ib).— Khayasin (Ib) 
(0-36 g.) in  methanol (40 m l.) was treated w ith  2N-sodium 
hydroxide (3 m l.) under reflux, for 10 m in. A fte r cooling, 
water (40 m l.) was added, the solution acidified (dil. 
sulphuric acid), and the product extracted w ith  Chloroform 
(3 x 20 m l.). Washing and evaporation yielded a gum, 
which would not crystallise. 214 (furan); 230sh
(aß-unsaturated carbonyl); and 276 mp (aß.yS-unsaturated 
lactone).

Khayasin C ( Illd ) .— Khayasin (Ib) (0-58 g.) was heated 
w ith  methanolic sulphuric acid (1%, 100 ml.) fo r 20 min. 
W ater (100 m l.) was added, and the product extracted 
w ith  Chloroform (3 X 20 m l.). Evaporation yielded a gum; 
crystallisation from  methanol yielded khayasin C ( Illd )  as 
crystals (0-39 g., m. p. 146— 156°). Recrystallisation
raised the m. p. to  154— 157°. [a]D*5 — 39° (Found: C,
67-8; H , 7-9. C „H 4,0 , requires C, 67-55; H , 7-9%).
\iiax. 209 mp, e =  10,000. vmax 1740 (esters); 1710 (ketone); 
1505 and 875 cm .'1 (furan).

Hydrolysis of Khayasin C ( Illd ) .— Khayasin C ( Illd , 
0-45 g.) in  methanol (50 m l.) and 2N-sodium hydroxide 
(50 m l.) was refluxed for 2 hr. A fte r acidification, the 
hydrolysis product was extracted in to  Chloroform; evapor­
ation yielded a gum, which was treated w ith  diazomethane 
to  give the alcohols ( I llb  and IIIc )  (0-31 g., m. p. 179—  
181°) as a solid from  ether-m ethanol. T .l.c. and i.r. spectra 
showed the product to  be m ainly the 3a-ol ( I llb ) ; th is was 
confirmed by the observed rotation [a]D“  +69° {cf. a-ol 
( Illb ) , [a]D“  =  +93°; ß-ol (IIIc ), [a]D“  =  -6 ° } .

Vigorous Hydrolysis of Khayasin (Ib).— Khayasin (Ib) 
(T I g.) in  methanol (80 m l.) was heated under reflux w ith  
2N-sodium hydroxide solution (50 m l.) fo r 2 hr. The solu­
tion  was then ju s t neutralised w ith  sulphuric acid, and the 
m ixture distilled to  dryness; water (10 m l.) was added to  
the residue, and the solution d istilled to  dryness. The 
combined d istilla te  was titra ted  w ith  2N-caustic soda 
(2-01 ml) (phenolphthalein). The resulting sodium salt 
solution was evaporated to  dryness, the residue was taken 
up in  deuterium oxide, and the n.m .r. spectrum taken. 
This revealed a m ixture of sodium isobutyrate (ca. 85%) 
and sodium acetate (ca. 15%). The p-phenylphenacyl 
derivative of the acid was prepared, m. p. 74— 77°, and shown 
to  be identical w ith  th a t from  authentic isobutyric acid.

Oxidation of Hydrolysis Product from Khayasin C.— The 
methylated hydrolysis p ro d u ct(IIIb  +  IIIc )  from  khayasin 
C, (0-31 g.) in  acetone (25 m l.) was treated dropwise w ith  
chromic acid solution (8n ) u n til a yellow colour persisted 
fo r five m in. Saturated aqueous potassium carbonate 
(25 m l.) was then added, and the product extracted into  
ether (3 X 30 m l.). The organic product, recrystallised 
(methanol), had m. p. 169— 170°, and was shown by 
infrared and n.m .r. spectra to  be identical w ith  authentic 
C.O.C. ( lila ) .

Isobutyrylation of the 3ß-ol (IIIc ).— The 3ß-ol (IIIc ) 
(0-67 g.) was heated under reflux (6 hr.) w ith  isobutyryl 
Chloride (20 ml.) and pyridine (3 drops) in  Chloroform 
(50 m l.). A fte r cooling, the solution was thoroughly 
washed [water, 2N-sodium carbonate, and w ater]; then 
dried and evaporated, yielding a solid which gave the iso­
butyrate ( Illd )  (0-61 g., m. p. 153— 155°, [a]ß“  — 40°). 

•This product was shown to  be identical to  Wiayasin C
( Illd )  by infrared and n.m .r. spectra.

The Action of A lka li on the 3ß-o/ (IIIc ).— The 3ß-ol (IIIc ) 
(0-15 g.) in  methanol (50 m l.) was treated w ith  2N-sodium 
hydroxide (35 m l.) under reflux for 2 hr. The Chloroform 
extract from  the neutralised solution was washed and 
evaporated, and the resultant gum treated w ith  excess 
diazomethane. C rystallisation from  methanol gave a 
m icrocrystalline product (0-073 g.), which was shown by 
t.l.c . to  be predominantly the 3a-ol ( I llb ) . This was 
confirmed by both i.r. and n.m .r. spectroscopy.

Treatment of C.O.C. (lila) with Conc. Hydrochloric Acid .—  
C.O.C. (IHa) (500 mg.) in  Chloroform (25 ml.) was heated 
under reflux (3 hr.) with conc. hydrochloric acid (2 ml.).
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The resulting solution was washed w ith  water, then 
evaporated, and the residual gum crystallised from meth- 
anol/chloroform  (4: 1), yielding C.O.B. (Ia) (200 mg., 
m. p. 216— 220°), shown to be identical w ith  the authentic 
m aterial by infrared, t.l.c ., and mixed m. p.

Treatment of Khayasin C ( Illd )  with Conc. Hydrochloric 
Acid.— Khayasin C ( Illd )  (100 mg.) in  Chloroform (16 ml.) 
and conc. hydrochloric acid (2 m l.) was heated under reflux 
fo r 10 hr. W ater (25 m l.) was added, and the organic 
layer separated. A fte r evaporation and crystallisation 
from  ethanol, crystals of n-demethoxy-n-chlorokhayasin C 
(50 mg., m. p. 188— 192°) were obtained (Found: CI, 6-4%. 
C „H «O sCl requires CI, 6-0%).

Attempted Acetylation of the 3ß-ol (IIIc ).— The 3ß-oI 
(111c) (5 g.), toluene-p-sulphonic acid (5 g.), acetic anhydride 
(50 m l.) and acetic acid (200 m l.) were stored a t room 
temperature (22°) ovem ight (16 hr.). The product was 
poured in to  water (650 m l.), and extracted w ith  Chloroform 
(4 x 50 m l.). A fte r washing and evaporation, the gum 
was crystallised from  benzene, yielding C.O.E. (IVa) 
(2-45 g., m. p. 195— 200°), as brownish crystals. Recrystall- 
isation from  benzene-light petroleum afforded cream 
crystals, m. p. 196— 199° [Found: C, 68-3; H , 7-4; O, 
24-5; ORle, 11*6%. Cu H atO(*(OMe)t , requires: C, 68-4; 
H , 7-3; O, 24-3; OMe, 11*8%. XmaT (methanol) 206

Org.
(e =  4,800); 280mp(e =  12,000). v__(Kujol) 1735(ester),
1715 (ketone), and 1674 cm.-1 (conjugated ketone)].

Ozonolysis of C.O.E. (IVa).— C.O.E. (IVa) (1-0 g.) in  
ethyl acetate (150 m l.) was treated w ith  ozone a t — 80°. 
When the solution became blue (1-5 hr.), the ozone supply 
was stopped; hydrogen peroxide (20 vol., 50 m l.) was 
added, and the m ixture refluxed for 3 hr. W ater (150 m l.) 
was added, and the product extracted in to  Chloroform. 
The acidic fraction was isolated w ith  sodium carbonate 
and esterified w ith  diazomethane. Attem pts to  crystallise 
the resulting ester (V I) failed, even after chromatography 
on alumina (25 m l.). [Xmax (ethanol) 205 mp, t  =  1,100.] 

Reduction of C.O.E.— C.O.E. (IVa) (0-5 g.) in  ethanol 
(125 m l.) was treated w ith  sodium borohydride (0-5 g.) in  
water (ca. 10 m l.), and the m ixture stirred fo r 24 hr. (ca. 
25°). A fte r addition of acetone (ca. 5 m l.), and water 
(125 m l.), the product (IV b) was extracted w ith  Chloroform 
(50 m l. +  4 x  25 m l.), washed, and evaporated to  give a 
solid foam, which could not be induced to  crystallise
( W  222 mn - « =  m o o j.
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