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AB3THACT

The me In subjects of this thesis are the chemistry and 

structure of two trlterpenes, methyl angolensate (I) and 

turraeanthin (&)» whloh were isolated from species of the 

family Meliaceae. A review is included of other triterpenes 

isolated from this family and from the related plant 

families Hutaceae and Simaroubaceee.

Methyl angolensate has been obtained from several species

of the family Meliaceae found in West Africa, * the
2 principal source being Knt androphregme angolenae where it

9 occurs with gedunin (1). Initial studies had been carried
5 h out by Taylor and Powell and continued by Welford* Methyl

5 angolansate was also isolated by Chan, from 0 edrf ̂a odora t a

obtained from the West Indies, with whom there has been an 

interchange of information* Methyl angolensate was 

assigned the structure (i) on the basis of the following 

studies* Spectral evidence and chemical studies indicated 

the presence of a ketone, a methyl ester* a 6-laotone and a 

|2 -substituted fur an, and showed the absence of a hydroxyl 

group. Reduction of methyl angolensate with potassium 

borohydride gave a diol (jfc) in which the 3-oxo group had



0

CH2 OH

0

CH 2 OH

0

CO,H

C02 Me

8
10



11

been reduced to an alcohol and the £-laotone had been 

converted into a hemlaoetel. The dlol Q&) underwent a 

retropineoolio rearrangement in the preaenoe of phosphorus 

pentaohloride, and a produot (JJ) was obtained which on 

osonolyaia afforded ecetone and a oyolopentanone derivative.

This indicated that methyl angolenaate had the partial
6 structure (§). Reduction of methyl angolenaate with

lithium aluminium hydride gave a mixture of two trlols (£) 
and a dlol (&). On oxidation with chromic aold all of theae 
compounds gave angolenaie acid (£)• Oppenauer 

oxidation of the dlol (§) gave a hydroxy-aldehyde. The 
n*m,r* apectrum of the latter compound showed the signal 

due to the aldehydio proton as a triplet 9 indicating the 
preaenoe of -CH^CHQ in this compound, and hence suggesting 
the grouping -CH^CO^e in methyl angoleneete. Hydrogenat ion 
of methyl angolenaate in aoetio aold over pslladiaed charcoal 
produced an octehydro aold (10) which was still a methyl 

ester but no longer a furaiu 0**' This reaction indicate* 
the presence of the lac tone * furan system as found in

gedunin (I)* 9 The p£* (7*2) of this acid showed that
MCS 

It waa not an cc-oxy-aoid while the n.ra. r. spectra of the

methyl angolenaate derivatives in which the lactone group 

had been reduced to a hemiaoetel group showed that there was
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a -CH2~ group next to the oarbonyl group of the lac tone. 
The functional groups ao far deaoribed account for six of the 
seven oxygen atoma. The n*nur. spectrum of methyl 
engolensate had a band at 6.53 r (quartet) due to one proton 
whioh is indicative of the grouping >CHO~, This suggested 
that the seventh oxygen atom was in a cyclic ether* After 
allowance for the functional groupa the formula °27^3U°7 
requires that methyl angolenaate has three carbocyclio ringa 
enc/or double bonds. Spectral evidence indicated the 
presence of an exocyolic methylene group which could be 
hydrogenated to give a secondary methyl group* The presence 
of the -CH^^COgMe group and the ^QxCHg group in methyl 
angolenaate can be explained if ring B or ring C of the 
gedunin skeleton has been opened oxidetively* Svidence from 
the n,m*r« spectre indicated that ring 0 was intact, and 
therefore ring B must be open* The nature of the ether 
bridge waa demonstrated by treating with sodium isobutoxide 
whioh oauaed a baae-oatayaed elimination of the ether linkage 
at C/j\ to yield the a,|3-unaaturated fcetone (13.). 
Blogenetio and aterio considerations point to the other end 
of the ether bridge being at C/;y,)« Thus the structure 
waa deduced for methyl angolensate*

Extraction of the heartwood of Tupreeanthua afrioanua
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afforded a new triterpene, turraeanthin, which was assigned 

the structure (£) on the basis of the following evidence. 

Mass spectral and combustion analysed indicated the formula 

C»2H50°5' Spectral evidence indicated the presence of a 

hydroxyl group, an aoetoxy group, a trisubstituted double 

bond and an epoxy group* The n.m.r* spectrum showed that 

there were seven tertiary methyl groups* Mild oxidation 

with chromium trioxide - pyridlne complex gave ey-laotone 

(12). This indicated that a five-membered cyclic hemiaoetal 

must be present in turraeanthln. The trisubstituted double 

bond could not be hydrogenated under mild conditions and 

ozonolyais did not afford any volatile fragment. The double 

bond is therefore in a ring* Alkaline hydrolysis of 

turraeanthin gave deaoetylturraesnthin (,1^) • the oxidation 

of which gave a ketone (3lf) and a keto-laotone (i£). 

Acetylation of turraeanthin afforded an acetate (l£), also 

obtained by acetylation of deaoetylturraeanthin (ii). 

Turraeanthin is therefore a monoacetate* The n.rrur. spectrum 

had a band at 5*45 T due to the proton on the aoetoxy carbon 

atom. Its band width and shape were typical of that of the 

3*-proton of triterpene 3/4-*oetatea. Treatment of 

turraeanthin with me than olio hydrochloric acid converted the 

hemiaoetal grouping to an aoetal and opened the epoxide ring
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to give the chlorohydrin (i£) and the methoxyhydrin (18). 

A similar reaction with methanolio sulphuric aoid also caused 

hydrolysis of the acetoxy group affording compound (12) which 

with chromium trioxlde - pyridine gave the ketona (££)• 'Hie 

negative Cotton ourve of the latter compound (20) was almost
Q

super imposable upon that of flindissone la o tone (2^). The 

relationship of tha epoxide group to the hemiaoetal group was 

demonstrated by a spin decoupling experiment on the laotone 

(jig). Irradiation of the proton at 0/23) absorbing at 5«&5 T 

caused collapse of the doublet at 7*15r due to the epoxy 

proton at Q/* Th€ Presence in Meliaceae and the related

Rutaoeae of a number of degraded trlterpenes such as limonin
7 9 (3s2a) and g«dxmin (£) , all of which can be formally derived

by oxidative degradation of tlru3&lla~7t2U~dien~3^~Ql

(S 20aH~butyrospermol) together with the evidence described

suggested that turraefinthin was (g) and closely related to
fi flindissol (22)* The relationship was established in the

following way. The iteto-lsotone Q£) on being treated with 

sulphuric aoid in ether gave the glyool (££). This was 

converted0 * into the cyclic thlonocarbonate and hence to

a product which proved to be identical with flindissone
fi lactone (£&)• Ho melting point depression was observed

on admixture with an authentic sample, and the Infrared, mass, 

and n.nur* spectra were identical*
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The possible biogenetlc origin of turraeanthin (g), 

methyl angolensate (jj and other oxidised triterpenes found 

in the related Mellaceae, Kutaceae, and ^iciaroubaceae plant 

families is disoussed.
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INTRODUCTION

The main subjects of this thesis are the chemistry and 

structure of methyl angolensate and turraeanthin, two new 

triterpenes which have been Isolated from the heartwoods of 

species of the family Mellaceae. Thea compounds are 

related, structurally and probably biogenetic&lly, to other 

triterpenes of » 1 » 2 obteined from this family and from the 

related families Rutaceae and Slmarubaceae, which contain a 

series of progressively oxygenated triterpenes related to 

limonin (i) and gedunin (£)• It is therefore appropriate 

that a brief review of these compounds should be included.

Compounds with the gedunin nucleus occur widely in the
•» 

Meliaceae family end the name 'meliacin 1 has been suggested*^

for a hypothetical parent substance

Limonin

Limonin, the citrus bitter principle, was first isolated 

in 18U1 from the seeds of several species of citrus, and has

been found more recently In the fruit, seeds and roots of
LL 9 other species of Hutaceae^"* * It was assigned the structure

5 (i) on the basis of X-ray analysis and extensive chemical
6 7 fi evidence * f9 9 and more recently an n.m»r, correlation of
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limonin, its derivatives, and nomilin and obacunone (see 

below) has been carried out98 . The understanding of its 

chemistry wes the storting point for much of the work done 

on the meliacins. A few aspects of its chemistry are 

summarised below*

The ketone group of limonin is stereospecifioally reduced 

by the Meerwein-Ponndorf method to give the axial alcohol 

limonol (4)* Mild alkaline hydrolysis of limonol produces 

cleavage of ring D with elimination of furan-3-aldehyde, and
Q

mero limonol (£) is obtained. Treatment of limonin with 

hydriodic acid or ohromous chloride readily eliminates the 

conjugated epoxide to give de sexy limonin (6). Treatment 

of desoxylimonin under mild alkaline conditions produces 

cleavage of ring B to give desoxylimonic acid (2) * In the 

presence of potassium t,-butoxide limonin is readily sut oxidised

to the diosphenol (&) which proved useful in determining 

structural features of ring B» The elucidation of these 

and other deep-seated changes occurring under basic conditions 

was the key to the structure of limonin and its congeners.

Obaounone and Nomilin

Obecunone was isolated from the bark of Phellodendron
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amurenee.Rupr* (Rutaoeae) , and as 'caaimirolide 9 from the 

seeda of Casimlroa edulia (Rutaoeae) , and was also found 

together with nomllin, the chief bitter material, in the oil

of Florida citrus aeeds . Structures very similar to limonin
6 7 have been suggested *' for obacunone (%) and nomllin (10) on

12 the basis of their analogous chemical behaviour, and obacunone

has since been chemically related to limonin through a route 

which correlates the stereochemistry at all positions except 

that at C* Furthermore, when nomilin is heated with

y -picoline the aoetoxy group is eliminated $ to the lactone 

giving obecunone . Both nomilin and obacunone on treatment 

with mild alkali are converted into obaounoic acid (11) *• 

Relectonisation does not occur spontaneously, and this gives 

evidence for the presence of a seven-membered ring*

Evodol

Kvodol was found to occur with limonin in the plant 

Bvodia rutaeoarpa (Rutaceee) . Comparison with an authentic 

sample established its identity with limonin diosphenol

Veprisone

This compound was obtained from the bark of Vepria
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bilooularis (Rutaceae). Comparison of the infrared and 

n,m. r« spectra of veprisone and its derivatives proved that 

it is identical with methyl epiisoobacunoate (12), *

Deaoety Inomllin and Desoxylimonin

Deaoetylnomilin was isolated as a minor constituent 

of several citrus species, and desoxylimonin (6) was obtained 

in low yield from C.peradiai^ • Limonin (jL) was the ma^or 

extractive in both oases*

Gedunin
Gedunin (g) occurs in variable amounts in the heertwood 

of Knt androphra gme an go lens e (^eliaceae) together with 

methyl angolensate (7p) (see later) and in the hesrtwood of

Quarea thompspnii (Meliaoeae) , and it was the first of the
18 

meliaoins to have its structure elucidated •
1Q 

Its structure was confirmed by X-ray analysis , ^lien

subjected to alkaline hydrolysis furan-3-aldehyde is eliminated 

in a reaction similar to the limonol (J±) - merolimonol
18

transformation, and merogedunin (1^) is produced •
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Perivativee of fredunin
7-Cxodeacetoxygedunin has been obtained from Nigerian 

Cedrele odorata (Meliaoeae) and Carspa guayenensis Aubl. 

(Meliaceae) * 1,2-Dihydrogedunln and 7"-oxodeacetoxy-l, 

2-dihydrogedunin were found in Guarea thompsonli.

Khivorin
20

Khivorin was isolated from Khaya ivorensis (Meliaoeae)

and K« grand if o 1 iols • and was assigned the structure (Ik) on
20 

the basis of ita chemical reactions . In the presence of

alkali furan-3-aldehyde is eliminated (of. gedunin above). 

Treatment of khivorin with chromous chloride gives 

desoxykhivorin, analogous to deaoxylimonin (6). Hydrolysis 

of the three aoetoxy groups of desoxykhivorin followed by 

oxidation gives an enolio 1,3-diketone (i^) f thus placing 

the aoetoxy groups at the 1,3, and 7 positions. Recently

khivorin and gedunin (£) have been converted into a common
21 derivative •

Derivative of Khivorin

7-Oxodeaoetoxykhivorin has been found in K. senegalensis
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Anthotheool

This compound was obtained from the hear two od of

K.anthotheoa • The structure (3yj>) was elucidated from its
22 chemical reactions § which are similar to those of cedrelone

(see below). It is the Hoc-eoetoxy derivative of cedrelone*

Cedrelone

Cedrelone was extracted from the heartwood of Gedrela 

toona Roxb, (itfeliaceae) ', and the structure (17) was
2iidetermined by X-ray crystallography^ and is in agreement

2'5l 
with its chemistry . The X-rsy examination showed that

ring C is in the boat conformation, and it is thought that 

the driving force for the rearrangement of oedrelone acetate 

(18) to isocedrelone aoetate (J£) occurring under acidic 

conditions is the relief of steric strain as ring C becomes 

a chair. Recently an infrared study of the hydrogen bonding 

in oedrelone and related compounds has been carried out • 

This characterized the intramolecular hydrogen bonds closing 

the planar five-membered diosphenol in cedrelone, and the 

twisted seven-raembered ring between the ring B carbonyl group 

and the ring D hydroxyl group in the Isocedrelone series*
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Kimbin
Nimbin was isolated from nim oil, the seed oil of

Melia asadirachte Linn. (Meliaceae) and was assigned the
26^7 structure (20) on the basis of chemical evidence • Nirabin

isomerises under acidic conditions to isonlmbln (21) in which 
the furan is in conjugation with a double bond. Pyrolysis 
of nimbic acid (22), obtained by alkaline hydrolysis of n into in, 
results in deoarboxylation and lactonisaiion to give a neutral 
substance, 'pyronimbic acid 1 (23).

Selannin
This compound was obtained as a minor constituent of nim

27 oil during the isolation of ninabin (see above) . By analysis

of the n«m,r* spectra of aalannin and its derivatives, and by 
comparison of its chemistry with that of nimbln, s alarm in was 
assigned the structure (2U) •

Swietenine
Swietenlne was isolated from the seeds of Swietenia

pfi macrophylla King (Meliaoeae) . Its constitution and
stereochemistry were established as (25) by X-ray 
crystallography 9 , and confirmed by its chemical reactions^0.
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Alkaline hydrolysis of awietenine gives the a -hydroxy aoid 

(26) with inversion of configuration at the 3 position by a 

retro- and re- aldollsation of the f> -ketol system in ring A* 

Oxidation of this aoid with lead dioxide gives the nor- 

aldehyde (27) whloh with methanolic potassium hydroxide 

undergoes an intramolecular Cannlzzaro reaction with the

C (l) C8rtoony1 8rouP *° 8*ve a y-10ctone (£&)• Since the 

new oarboxyl group can laotcniae only with the 0/,\ hydroxyl 

group already present its configuration is defined,

Swletenollde

This compound occurs together with swietenine (25) In
pgthe seeds of Swietenia meorophylla • It was assigned the 

structure (29) on the btssia of its chemical reactions*^ which 

bear a close resemblance to those of mexlcsnolide (^1) (see 

below) and swietenine. However, attempts to relate swletenolift 

to mexioanolide or swietenine directly have so far been 

unsuccessful.

Andlrobin

And! rob in was obtained from the seeds of Caraps
52 guevanenais Aubl, (Mellaceae)^ together with 7-oxodeacetoxy-
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gedunin^. The structure (£0) was deduced32 for andirobin 

on the basis of its chemical reactions and by comparison of 

its spectral properties with those of 1,2-dihydrogedunin^' ,

Its chemistry closely parallels that of methyl angolensate
53(22)» the constitution of which was elucidated independently^

and which will be discussed later*

Mexioanolide and Cedrela odorata Substance B

Prom the timber of Oedrela odorata (&• eliaceae)^ were 

isolated two substances A and B. Compound A was shown to be 

7-oxodeacetoxygedunin , The structure (31) has been deduced^* 

for compound B which is identical with the structure already
•zc

suggested 1^ for mexioanolide obtained from C»mexioana« The 
constitution and stereochemistry of compound B have been 

confirmed by X-ray crystallography^ . On the addition 

of a few drops of aqueous sodium hydroxide to an ethane lie 

solution of (31) an extremely repid rearrangement occurs to 

give an enolieable j3 -diketone (2i)« Removal of a proton 

from CMC) would give a meaomerio anion (32a) which could 

cleave by a retro-Michael fission to the ft -diketone 

Swietenolide (29) also undergoes an analogous rearrangement^ 1. 

Treatment of (31) with methanolic sulphuric acid opens the
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lectone to give

Carapin

Care pin was obtained from Ga ra Pa prop era (f'eliaceae) 

and the structure (5) has been deduced'' for it. On

chroma tography over alumina carapin isomeriees to (11 )• 

Alkaline hydrolysis affords (j£) via the mesomerio anion 

(32b) but the rearrangement ocours 250 times more slowly than 

the oorresponding transformation of compound B (£!)• This may 

be due to the C/g\ position being more inaccessible to attack 

by hydroxide ion than the C/^5 \ position. However, the 

comparatively large difference observed in the rates suggests^' 

that the rearrangement of compound 3 is a concerted reaction 

aided by Grob's 'frangomerio acceleration 1 "** . Carapin is 

also distinguished from compound B (JJ) by not giving (3U) 

with methanolio sulphuric acid.

Aglaiol

Aglaiol was extracted from the leaves of Aglaia odorate 

Lour* (Meliaceae)* It was shown" to possess structure (36) 

on the basis of its chemical reactions and by analysis of its 

spectra. The formula was confirmed by direct correlation 

with dammaradienyl acetate (37) •
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The presence of oxygenated trlterpenes related to 
gedunin (£) Is characteristic of the species of I'eliaceae 

listed above* However, extraction of the heartwood of 

Kkerbergla senegalensis (Meliaceae) from Northern Figeria 
afforded 8*-methoxy-U-fflethylooun^rin^ (i§,)* The structure 

was confirmed by synthesis * S.senegalenais is the first 

member of the Meliaceae found to contain a coumarln. It Is 
interesting to note that ooumarlns occur widely in the family 
Rutaceae^ which also contains oxygenated trlterpenes such aa

8limonin (1) (see above)*

Pllndissol

Flindissol was isolated from the bark end leaves of 

Flinders la diasosperma Domin* and from the bark of Flinders la 

maoulosa Lindl.^ The structure (gg) was assigned^* to 

fllndossol on the basis of its chemical reactions and spectral 

properties* It was confirmed by the conversion of flindiseol 

to the known compound aoetyl dihydro- " a-elemolio" acid

• Some aspects of the chemistry of fllndlsaol are 

similar to that of turraeanthin which vill be discussed later* 

Flindissol la of considerable blogenetic interest as It
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corresponds to a possible hypothetical precursor for the 

biogenesis of the mellacln type of compounds*

Bourjotinolonea A end B« end Bourlotone

Prom Flinders! a bourlotlafla F. Meull.^ were obtained 

three new trlterpenea, bour^otinolone A (J£)» b our Jotino lone B 

(U2) and b our jot one QfcJ). The structures were deduced from 

their chemical reactions, and bourjotlnolone B was degraded 

to the known substance 2Uf25-dlhydrotirucell-7-en"-3^-yl 

acetate^*.

Quasain and Neoquaaain

These compounds are the bitter components of quassia 

wood, Quassia a mar a Linn* , and they were the first trlterpenes 

from the Simaroubaceae family to have their structures 

established^' . The structure (Ijif) was assigned to

qua a a in on the basis of chemicel evidence and extensive use 

of n.m,r« s pec t rose op£. Keoquassin (if5) is the hemi-acetal 

of quaasin, and oan be converted into quassin by mild 

oxidation.

Chaparrin
Chaparzln is the bitter principle of Gastela nioholsoni
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Hook* (Simaroubaceae), and it has been assigned the structure

• Treatment of ohaparrin with acid results in 
the ready loss of two molecules of water and concomitant 
aroma ti sat ion of ring A* The product, ohaparrol (&£)» shows 
typical benzenoid absorption in its ultraviolet spectrum*

Glaucarubin and Oleuoarubol
Extraction of the seeds of Simarouba glauoa (Simaroubac-

Ii9 eae) gives the bitter principle glaucarubin (If8) whioh is
the 2-hydroxy-2-methylbutyrio ester of glaucarubol
Glaucarubol was also isolated as the free hydroxy compound

50 from 0 a stele nioholsoni Hook. The structure and stereo­
chemistry of glaucarubin (1±8) were determined independently 
by chemical means^9 and X-ray crystallography-* » Alkaline 
hydrolysis of glaucarubin gives (+)-2-hydroxy-2~methylbutyric 
ecid, and thus the stereochemistry of the side chain can be 
written as in (i&) • Treatment of glaucarubol (Ii9) with 
acid causes a rapid aromatisation of ring A to give glauoanol 
(££)» from which the structure of glauoarubol was suggested 
by analogy with the chaparrin (J T̂ ) - chaparrol 
transformation.
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Q lauoa rubln one

Glauoarubin one was obtained as the second bitter 

constituent of the seeds of Simarouba glauca and was found 

together with glaucarubin (U6) in the seeds of Perriera 

madagaacerienais « It was assigned the structure (f?l) 

on the basis of en n.ra. r. spectral analysis and by comparison 

of its chemistry with that of glaucarubin (lj&) . The 

structure was confirmed by a synthesis from glauoarubin 

(1$) by oxidation of the latter with manganese dioxide to give 

gleuoarubinone

Samaderins A end B

Extraction of the nuts from the tree Samadere indie a 

Gartn (Simaroubaceae) gave two glycosides, samaderosides A 

and B « The former could be readily hydrolysed under 

acidic conditions. The bark of the same tree was shown to 

contain three new compounds, semaderins A, B end C* , 

Semaderin C, the bitter constituent, has been identified with 

samaderoside A"» The structures of samaderin B (52) and 

samaderin C (ffft) have been suggested on the basis of their 

chemical reactions and analysis of their spectra . Treatment 

of samaderin C (5) with acid readily results in a double
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dehydration and aromatlsation of ring A to give samaderol 

(Sfe).

Ailanthone and Chaparri^one

Three fcriterpene bitter principles were obtained by 

extraction of the seeds of Ailanthua sltisairna (Mill.) 

Swingle^ . The first was found to be identical with the 

bitter constituent ohaparrinone ($j>) Isolated from Hannoe
eg

Klaineena The principal component, ailanthone (5.6)« 

has also been obtained from A« glandulose Desf * (which is 

probably identical with A. altiaslma)> The structure

has been proposed* *" for ailanthone on the basis of its 

chemistry and spectral properties. This was confirmed by 

relating ailanthone directly to chaparrinone (55.) • The 

name ailantholide has been suggested for the third bitter 

principle, but the structure has not yet been elucidated*

Cedroaline and
Extraction of the nuts from the tree Simba cedron

60 Planch. (Simaroubaceae) gave cedronyline and oedronlne*

The structure (§?) has been proposed for cedronyllne on the 

basis of rum. r. a pec tro aero pic studies and chemical work 8 *
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Studies on eedronine have established that it has an 

a,(l -unsaturated ketone, end a y -leotone, and contains 

hydroxyl groups. However, a complete structure has not yet 

been reported.

Euryo oma la c t one

Kuryoomalaotone was isolated from the bark of Kurycoma 

lomsifolia Jack. (Simaroubeceae) . The structure (5.8.) has 

been suggested on the basis of chemical evidence and by 

comparison with aaraaderin compounds (see above).

Simarolide

Siraarolide is the bitter principle obtained from the bark
62 °* Simerouba amara (Simaroubeceae) . The structure and

stereochemistry as in (§g) were deduced from an X-ray

o rys tall ogre phio study * in conjunction with concomitant work

on its chemical reactions . The compound seems to represent 

a structural type intermediate between that found in other 

members of the Simaroubaoeae family and that of the limonin 

group of compounds obtained from the families Rutaoeae and 

Melieceae.
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Klaineanone end Chapsrrinone

Three triterpene bitter principles were isolated from
66 the seeds of Hannoe klaineana (Simaroubaceae) • One of them

has been identified as glauoarubolone (51a). the product of 

alkaline hydrolysis of glsuoarubinone (£!)• The other two 

compounds, ohaparrinone (ft5) and klaineanone (60)» had their 

structures determined on the basis of their ohemioal 

reactions and by analysis of their spectral properties.

Taxonomio Implications^'

Karly in the development of natural product chemistry 

it was realised that it should be possible to classify plants 

on the basis of their ohemioal constituents. Biosynthetio 

pathways leading to particular products are as characteristic 

of a plant species as are the morphological features. Indeed 

morphological features are in some sense themselves a product 

of biosynthetio pathways. The characteristic ohemioal 

constituents are genetically controlled and, unlike many 

morphological characteristics which are subjective, can be 

exactly described in terms of a definite ohemioal structure* 

The method of chemical taxonomy thus consists of the 

investigation of the distribution of chemical compounds,
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or groups of biosynthetioally related compounds, in related 

plant families. It is possible that in the future enzymes 

may be found to be more important for the classification of 

plants than their chemical end-products*

The Rutaceae, Meliaceae and Simaroubaceae plant families 

are considered to be closely related on morphological grounds* 
The Hutseeae has been divided into seven subfamilies which 

differ among themselves to such an extent that some have been 

regarded as independent families. However, on the ba^ia of 

their chemical constituents the major subfamilies of the 

Rutaceae are a highly homogenous group. Furoquinoline 

alkaloids are found in four of the five subfamilies including 

the Flindersioideae* and h^v: never been found in any other 

family. Chemically the genus Flinders!a which has been 

classified elsewhere is a typical rutaceous species .
The occurrence of oxygenated triterpenes derivable from 

s tirucallol-type precursor in the Rutaceee, Meliaceae and 
Simaroubaceae provides further chemotexonerate evidence that 

these families are closely related. This will become more 
evident when the possible biogenetic relationships are 

discussed later. The presence of ooumarins is a well-known 

characteristic of the Hutaceae, and the recent isolation of



19,

a coumarin from a species of Keliiace^e is another
of the close relationship between these two families.
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The Structure and Chemistry of Methyl Angolensate

Methyl angolensate has been found in several species of
1the family Meliaceae obtained from Nigeria. It was first

oisolated from Sntandropliragma angolense* Kxtrsction of the 
heartwood of this tropioal tree with petroleum ether gave 
either methyl angolensate or gedunin (2) or a variable 
mixture of the two. It has since been found in the wood 

Quarea thompsonii^ with dihydrogedunin and in the wood of
2 B« utile together with entandrophragmin and utilin* Kha.va

grand if oliole usually contains khivorin (IJj.) but extraction 
of some specimens yielded a mixture of methyl angolensete and 
Cedrele od orate substance B (JLI). Methyl angolensate has
also been isolated from the wood of the West Indian Cedar,

h. Cedrele odorata found in Jamaica. C. odorata does not occur
naturally in West Africa but it is cultivated commercially 
for its valuable timber. When grown in Southern Nigeria it
contains, not methyl angolensate, but Cedrele odorata substance

5 B (1) and 7-oxodee cetoxy gedunin . The variations in the
chemical constituents of the latter two species suggest a close 
biogenetio and probably structural relationship between these 
compounds. It is interesting to note that a sample of
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K, angolense obtained from Uganda did not contain methyl 

angolensate, gedunin or any other meliacin. However, the 

specimens from which the extracts were taken had some 

botanical differences from those found in West Africa, so it 

seems possible that they may belong to a different species.

Structural studies were started by Akisanya and carried
8 

on by Powell and Taylor in Ibedan. The work was continued
9 by Welford and the author. Methyl angolensate was also

isolated independently by Chan in Jamaica with whom there 

has been an interchange of information.

Methyl angolensate is a crystalline solid, m.p. 

203-208°. King et al. proposed the formula CH*. 0- which

has since been confirmed by mass speotrometry. The 

constitution and stereochemistry as in (22) are proposed and 

the subsequent work will be discussed in terms of this 

structure.

Functional Qroupa
An absorption band at 1713 cm7 in the infrared spectrum 

of methyl angolensate indicated the presence of a ketone 

group. Confirmation was obtained by the formation of an 

oxime and a 2 fi*~dinitrophenylhydrazone. It could be
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reduced with sodium borohydride to an alcohol which was 

reoxidised to the Ice tone with Jones* reagent*

The infrared spectrum had a strong band at 1735 cm~ 

suggesting that methyl angolensate contained an ester and / 

or a lactone function, and showed the absence of a hydroxyl 

group. The n*m,r. spectrum had a singlet at 6*27 T due to 

the three methoxyl protons of the methyl ester. Mild 

hydrolysis with met him olio potassium hydroxide readily gave 

an acid, angolensio acid (21)» from which methyl angolensate

could be regenerated by treating with diazomethane, thus
9 confirming the presence of a methyl ester . Titration

experiments with angolensic acid by dissolving it in an 

excess of alkali and titrating with acid revealed the

presence of a second carboxyl group, presumably present in
a 

a lac tone ring which could be reversibly opened , Since

there was no infrared absorption in the oarbonyl region 

higher than 1735 cm~ and the ultraviolet spectrum showed 

only absorption at 21U tmi, the lee tone ring must be saturated 

and six-membered.

Methyl angolensate contains a furan ring which was 

identified by its characteristic infrared absorption at 1505 

and 875 cm and by the ultraviolet absorption at 2lk mu (« 5500]
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The n.m.r« spectrum showed bands at 3.6 and 2.651 corresponding 

to one and two protons respectively. Therefore the furan 

ring has one /$-proton and two oc-protons and so must be
A 22p -substituted. This was confirmed by ozonolysis of methyl 

angolensate whioh cleaved the furan ring and gave the tris-nor 

oarboxylio acid (22). Methylation with diazoraethane gave 

the tris-nor ester (7^) which had no infrared absorption at 

1305 and 875 cm*" . and showed no ultraviolet absorption at 

21U ap» The loss of the corresponding furan bands In the 

n.nur. spectrum was also observed, and a singlet appeared at 

6.3UT due to the three methoxyl protons of the new methyl 

ester. There was also an infrared absorption band at 1755 

cm7 due to this ester.

The presence of ketone, methyl ester, lac tone, and furan 

groups so far described accounts for six of the seven oxygen 

atoms in methyl angolensate. The last oxygen atom gave no 

simple chemical reactions but the n.m.r. spectrum had a band 

at 6.k6r (quartet) due to one proton which was indicative of 

the grouping ^CH.O- • This suggested that the seventh oxygen 

was In a cyclic ether. After allowance for these functional 

groups the formula C27H3U°7 *6<*uirea three double bond 

equivalents (oarbocyclic rings or double bonds) in methyl 

angolensate*
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Methyl angolensate has a C^g skeleton and a /-substituted 

furan ring and a J-leotone group, and in addition it is found 

in four speoies of Meliaoeae together with gedunin and 

dihydrogedunin. This suggests that it is a tetra-nor 

triterpene probably biogeiebically oloaely related to gedunin*

The rum.r. spectrum of methyl engolensate showed the 

presence of four tertiary methyl groups as singlets at 9»12, 

9.05, 8.9U> and 8.80T in contrast with the five tertiary 

methyl groups found in gedunin (2). It also had three low 

field protons as singlets at 5.03» 4«88, and U*3$ T»
On mild hydrogenstion of methyl angolensate in ethanol 

over Adams* catalyst an inseparable mixture of two dihydro- 

compounds (7k) was obtained. The infrared and ultraviolet 
spectra of the mixture were quite similar to those of methyl 

angolensate and the mixture could not be reoxidised to starting 
material with Jones* reagent. Thus there must be a double 

bond in methyl angolensate* The n.ai.r. spectrum of the 
dihydro-product showed that it was a mixture of about equal 

amounts of two stereoisomers which gave rise to doubled bands 
in the spectrum. However, the two low field signals at 5.03 

and U»88 r in the n.nur. spectrum had disappeared and a new 

methyl signal had appeared at 8,?2T« This could be seen 

more clearly when methyl angolensate was hydrogenated under
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more vigorous conditions in acetic acid over palladised 

charcoal to give an octahydro-compound (75) which did not 

appear to be a mixture (see later). The n,m.r. spectrum 

of the latter compound had bands due to five methyl groups, 

one of which appeared as a doublet at 8,90 r(J 7«U. c.p.s.) 

and must therefore be due to a secondary methyl group. A 

secondary methyl group could only arise by hydrogenation of a 

terminal methylene group* Thus the two signals at 5*03 and 

U.88r in the n.m.r. spectrum of methyl angolensate must be 

due to the protons of the methylene group, and since these
cbands are singlets it must be present as 0 ^C = CH2« 

Confirmation tr the presence of the methylene group was 

obtained by Chan and Mootoo who subjected the tris-nor 

ester (73) obtained by ozonolysis of methyl angolensate to 

further prolonged ozonolysis. The n.rrur. spectrum of the 

product (2£) had the original four tertiary methyl bands but 

had lost the low field signals due to the methylene protons* 

In addition, distillation of the aqueous extract from the 

work-up of the reaction gave formaldehyde which was 

characterised as the 2,lj.-dinitrophenylhydra2one.

The presence of a terminal methylene group means that 

methyl angolensate is bicarbocyolic.
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The Puren and Leo tone Rings

Two of the low field one-proton signals in the n.ra. r. 
spectrum of methyl angolensate mentioned above have been 
assigned to the methylene group* The remaining band 
occurred at U.36 T which is quite close to the position of 
the CQ-x-proton in the n.nur. spectra of gedunin (2) and

Q
Khivorin (iifc), both of which appeared at k*k3 r • In the

n.m. r. spectrum of the trie-nor ester (73) obtained by 
ozonolysis of the furan ring the oor responding band appeared 
at 5»17 T • This shift is comparable with that observed in
the n.m.r» spectra of oascarlllin (21) end its corresponding

11 * 9 ozonolysis product . Furthermore the PQ of the tris-
nor acid (2£) obtained by ozonolysis was found to be 5 
which is consistent with the strength of an acid with an
a -oxygen substituent* This suggested the presence of the 

partial structure (78) analogous to limonln (!,), gedunin (2),

khivorin (i&)f and several other meliacina.
1 9 Barton showed in his work on llmoninCjl) that

hydrogenation of a system such as (7^) under suitable 

conditions produced hydrogen olys is of the laotone ring and 
saturation of the furan ring to give hexahydrolimonic acid 

(80). The opening of the lactone ring is due to its being
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in a position eHylic to the furan ring since when 

tetrahydrolimonin in which the furan ring was previously 

saturated was subjected to the hydrogenolyais conditions no 

acid was produced* When methyl angolensate was hydrogensted 

in acetic acid over palladised charcoal an ootshydro- acid
Q

was obtained (25.) (see above). Reduction end hydrogenolysis 

of the laotone~furan system accounted for three of the four 

molecules of hydrogen, while the fourth reduced the exocyolic 

double bond. The n.m.r. spectrum showed the loss of all of 

the low field signals including trie bands due to the furan 

protons* the two methylene proton singlets and the C/_ 7 x-proton 

singlet. The PK-*CS of this acid, which was 7*52, showed that 

it was not an oc-oxy-acid unlike the corresponding
12hexahydrollmonio acid (8£) . Thus the partial structure 

(81) can be inferred for methyl angolensate.

Chan and K'ootoo obtained a similar hexahydro-acid by 

a milder hydrogenation of methyl engolensate in rectified 

spirit over palladised charcoal* Their compound was 

analogous to the octahydro-acid (7*p mentioned above except 

that in this case the exooycllo double bond was not reduced.

By variation of the conditions several other hydrogenation 

products of methyl angolensate could be obtained. The
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dihydro-compound (7k) whioh has only the double bond reduced 

has been mentioned before. Hydrogenation of methyl 

angolensate in eoetic aoid over Adams' catalyst produced a 

tetrahydro-oompound. The infrared spectrum of this oorapound 

had a band at 3^50 oraT due to a new hydroxyl group and did 

not have any absorption due to a ketone group. Oxidation 

with Jones' reagent gave a compound identical in all respects 

with the dihydro-derivative (J&). This suggested that the 

tetrahydro-compound had the ketone group reduced to an 

aloohol (82). Prolonged hydrogenation of methyl angolensate 

in acetic aoid over Adams' catalyst gave an octahydro-compound 

in whioh the furen ring was also reduced (83). This was 

shwon by the absence of the corresponding furan bands in the 

infrared, ultraviolet, and n«m. r. spectra.

Evidence from the Reduction of Methyl Angolenaate with 

Potassium Borohydride

Treatment of methyl angolensate with potassium borohydride 

produced a tetrahydro-derivative (8fy). The infrared spectrum 

of this compound had hydroxyl absorption at 3600 omT and 

only one oarbonyl band at 1735 om7 It could be oxidised 

with Jones* reagent beck to methyl angolensste. Acetylation



of the tetrahydro-oompound in the usual way gave a diacetate

the infrared spectrum of which did not show any 

absorption in the hydroxyl region. The n.m.r. spectrum of 

the diaoetate had signals for two acetoxy groups at 7*92 end 

7»96 T and a band due to the osrbomethoxy group at 6.33 T • 

A new low field one-proton signal appeared at 3*82 r as a 

double-doublet (J* 8*5 c.p.s., J^Uo.p.s*}. This must be 

due to the grouping

OAc

in which the neighbouring methylene hydrogen atoms are non- 

equivalent, as in the partial structure (81) .

Therefore borohydride attack on methyl angolenaate, in 

addition to reducing the ketone group as would be expected 

and which was shown by the loss of the ketone band in the 

infrared spectrum, must also have reduced the lac tone to a 

hemiaoetsl. In agreement with this change in the lac tone 

ring the band due to the C/j?) -proton had shifted up-field 

in the n.m.r, spectra of both the diol (6if) and the diaoetate

and appeared at 5*31 and 5»26 T respectively.

A six-membered cyclic hemiaoetal can be compared to a
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pyran system, Lemieux ej, £17* have shown that in the n.m.r, 

speotra of acetylated pyranoses axial —— equatorial and 

equatorial —— equatorial couplings of protons have a J value 

of the order of 3 c.p, s. The corresponding coupling constant 

for axial - axial interaction is two to three times greater 

than this and is about 8 o.p. a. The signal at 3#82r in the 

n.nur. speotrum of the diacetate (85) appeared as a double- 

doublet (J, 8,5 o.p. s., Jp k c.p. s,). This must be due to 

the C/^g\-proton being in the axial conformation and being 

split by the neighbouring axial C/,^ -pro ton (J 8,5 o.p. a.) 

and split further by the equatorial C/ 15 \-prot on (J k o.p, 3.). 

This confirms that there is a -CH2~ group next to the oarbonyl 

group of the lac tone in methyl angolensate,

The Structure of Hing A

One of the characteristic reactions of triterpenes is the 

contraction of ring A when a 3 /5 -alcohol is treated with 

phosphorus pent a chloride. The mechanism of this 

retropinaoolic rearrangement has been investigated by 

Ourisson^ who showed that it occurred via the route (86) 

to (88), He also demonstrated that the 0, C/.v» C/, \ 9 and

/ex atoms had to be ooplansr and that the O-C/* and
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bonds should be antiparallel for the transformation to occur* 

Furthermore lie observed that for a high conversion to the 

product (88) the presence of a ^-oriented C/, 0 v-methyl group 

was necessary. This was explained by a 1-3 quasi dlaxial 

interaction in the carbonium ion (67) between the C/,Q\-methyl 

group and the isopropenyl group which could be relieved by 

elimination of a proton fromC/,. to give (88), With 19-nor 

compounds a mixture of double bond isomers was obtained, the 

product analogous to (§8) being obtained in about k&/~ yield.

The diol (64) obtained by reducing methyl angolensate 

with potassium borohydride was treated with phosphorus 

pentaohloride and the product was ozonised at -50 • Steam- 

distillation of the reaction mixture gave acetone which was 

characterised at the 2,U-dlnitrophenylhydrazone« The yield 

of the latter compound indicated that at least 70 of the 

isopropylidenecyolopenteno-compound as in (68) had been 

produced* The residue after steam-distillation could not 

be crystallised but showed a band in the infrared spectrum 

at 1776 onC which was assigned to a oyolopentanone* This 

means that the structure and stereochemistry of ring A in 

methyl angolensate must be as in (69)• and that the c (3)"" 

hydroxyl group in the diol (8U) must be equatorial.
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Further evidence for the structB-e of ring A was obtained 

by Ghan and Moo too who carried out a Beokraann rearrangement 

of methyl angolensate oxime. Tvliithara * converted

^-arayrenone (gO) into nyctanthio acid (91) vis a Beokmann 

rearrangement of /3-amyrenone oxime. He obtained two 

compounds, a laotam (2£) and a nitrile (21) » and the nitrile 

was hydro lysed to nyctanthic acid (21) • It wss hoped that 

methyl angolensate would undergo an analogous transformation*

Treatment of methyl angolensate oxirae with thionyl 

chloride gave two products (9k) and (25) • One compound 

(ffif) had a band in the infrared spreotrum at 22U7 cmT 

characteristic of a nitrile group, and its n.m, r* spectrum 

showed only two tertiary methyl signals at 9»03 and 9*09 T * 

A band due to a methyl group attached to a double bond 

appeared at 8*13r» and there were four protons in the olefinio 

region at 5*Qk to U.80T. The structure (2k) was assigned 

to this compound which muat be the result of an 'abnormal 1 

Beokmann rearrangement. The other product (gg) had infrared 

absorption bands at 3509 and 3W* cmT which were assigned to

stretching. Its nini.r. spectrum showed signals due to 

four tertiary methyl groups end had a new peak at U»02 r due 

to the proton attached to the nitrogen atom. This compound
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that there should be only two oarbooyollo rings. Since the 

structure of ring A has been established this means that either 

ring B or 0 of the gedunin skeleton has been cleaved* 

Furthermore, the cleavage must be In such a way as to 

accommodate a primary ester and a terminal methylene group. 

This could be achieved If ring B or C were to be opened by 

oxidation of a grouping suoh as -CO-CH-OH, as has been 

postulated for the biogenesis of nyotanthio acid (91) from 

/3-amyrenone ($0). Arlgonl et ajk* suggested the scheme 

(99) for this, while Whit hem ' proposed a similar mechanism 

as in (100). A pp licet ion of either of these mechanisms to 

ring B or 0 of the gedunin skeleton would leed to the partial 

structures (121) 8nd (122) respectively for methyl 

sngolensate after methylatlon of the acid produced*

The position of the signal due to the O/v?) -proton

in the n.nur* spectrum of methyl angolensste is very

close to the corresponding peak in the rum. r, spectra of
1 8limonln ( (U»55r) , gedunin (£) (k.k3r), and khivorln

(l^Wr) • This favours an intact ring C (101) since 
a cleaved ring C would create a methylene group at C/.-s as 
in (102) end would be expected to cause a downf ield shift of 
the C/, 7v-proton in the n»m.r. spectrum.



More convincing evidence was provided by the dihydro- 

produot (7*f) mentioned above obtained by mild hydrogenation 

of methyl angolenaate. Its n.nur. spectrum showed that it 

was a mixture of about equal amounts of two atereoisomers which 

gave rise to doubled bands in the spectrum. However the 

signals due to the C/,^\-protons appeared as singlets at 

4»29 T • Hydrogenetion of the seoo-ring C structure (102) 

would lead to a product which should show a doublet for the 

CQ^X-proton in the n*m.r. spectrum* Therefore the partial 

structure as in (101) was suggested for methyl sngolensate.

The Kther Bridge

The presence of a cyclic ether in methyl engolensate 

has already been mentioned. The n, n*r. speotru had a one- 

proton signal at 6.U6 T (multiplet) which is characteristic 

of the grouping )CK.O- . This was assigned to one end of 

the ether bridge, but there was no signal in the rum.r. 

spectrum which might be due to the other end. Treatment of 

methyl angolensate under a variety of acidic conditions 

failed to give any material which could be characterised. 

However, Chan end Mootoo treated methyl angolensate under 

strong basic conditions using sodium isobutoxide in isobutanol.
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An acidic compound (103) was obtained, and the same compound 

was produced when angolensic acid (71) was subjected to the 

same conditions. This acid (103) was methylated with 

diazoraethane to give the methyl ester (10&) > The infrared 

spectrum of the ester had a band at 31*25 cmT due to a 

hydroxyl group and had absorption at 17*4-5 and 1731 om7 

assigned to the lac tone and ester functions. There was also 

en infrared band at 1664 omT and the ultraviolet spectrum

A mo- 235 ran (( 11,000), which are characteristic of
UloJfc. /

an oi 9 {!> -unsaturated ketone. The n.tn.r. spectrum had a new 

band at 6,17 which was shown to be due to a hydroxyl proton 

by deuterium exchange, and there was no signal corresponding 

to a proton attached to the carbon "torn bearing this hydroxyl 

group. Therefore the new hydroxyl group must be tertiary. 

The signal at 6.U6 T in the n.m.r. spectrum of methyl 

angolensate had disappeared and there were two new doublets 

at U«03 and 2.25 T (J 11 o.p.s«) which were assigned to the 

grouping -CO»CHaCH.Q- . The generation of an <x,/3 -unsaturated 

ketone and a hydroxyl group must have been due to the base- 

catalysed opening of the ether bridge which is therefore 

attached at C/,N to the ketone group. On treatment with
\J-Xf

acid the unsaturated ketone (IQlj.) reoyolised to give methyl 

angolensate*
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The other end of the cyclic ether must be attached at 

one of the tertiary centres c (5)'c (9) or C/^v. An ether 

ring from G/±\ to C/c\ or C/g\ would be four-raembered and 

therefore str&lned. Furthermore, onoe opened, it would 

probably not reolose in the presence of acid as readily as 

was found with the unseturated ketone (10U)« A C/,v - 

link would be a more stable six-membered ring. All of the 

meliacin compounds characterised so far (see Introduction) 

have an oxygen function at CQ. ̂ . So steric and biogenetio 

considerations point to a bridge between C/.,\ and C/., v and 

the structure (7p) is therefore proposed for methyl 

engolensete*

Stereochemioel Considerations

It has been assumed that methyl angolensate is derived 

bi©genetically from gedunin or from a gedunin-like compound, 

or that both gedunin and methyl angolensate are derived from 

a common precursor relatable to euphol or tirucallol (see 

later). If this is so then the stereochemistry of methyl 

angolensate can be represented as in (22) with the 

configuration at ^(i) undefined. As was mentioned earlier 

a signal at 6»J*6 T in the n.m. r, spectrum of methyl 

angolenaate was attributed to the proton at c (i)»



appeared as a double-doublet with coupling constants of 6,0 

and U»2 c.p. a. due to coupling with the neighbouring hydrogen 

atoms on c ( 2 )* These values of J may be compared with those 

predicted on theoretical grounds from a knowledge of the 

dihedral angles. The oroginal equation describing the 

relationship between the vicinal coupling constant and /$ ,

the dihedral angle between the protons, was derived by
19Karplue • Ir'ore recently a slightly modified version has

20 been calculated by Williamson and Johnson using derivatives

of oholestane as their model:

J = 10 cos 2 /* (0 £ £ ^ 90°;

J = 16 cos 2 6 (3Q°± t ^180°)

The oxygen link at C/n) may b« or and in each case ring A 

can formally adopt either a chair or one of two boat 

conformations, (^05) — ( 110 ) . An attempt can be made 

to determine which of these is present in methyl angolensate 

by applying these n.rrur, considerations. The octant rule 21 

can also be used to predict the sign of the Cotton effect 

in the optical rotatory dispersion (0,-:,D. ) curve by using 

a Dreiding model. It muut be reruc ibered, however, that 

Dreiding models do not represent the true conformation of a 

compound and that slight distortions are to be expected.

Methyl angolenset.: showed no Cotton effect in the ~..{.D.
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but the tris-nor ester (73) produced by ozonolysis of the
9 furan ring had a negative Cotton effect . It must therefore

be assumed that the furan ring is placed in such a way that it 

makes a positive contribution to the Cotton curve.

The structures in which tho oxygen link at C/nj is 

attached in the ^-configuration are considered first, (10J) 

— (12Z)* *n 8-H these cases the cyclic ether is In the 

more stable chair conformation. However, in both (105) and 

(106) the Ci proton is axial and the dihedral angles with

the 0(0) Photons would be in the region of 60° and 180°, 

This would give rise to coupling constants of the order of 2.5 

and 8-14 o.p.s. respectively. There would also be considerable 

steric interaction in structure (106). Furthermore the 

predicted Cotton effects would be negative with the furan 

ring in a negative octant in both cases. Therefore structures 

(105) end (106) may be re;) c ted. In the third case (107) 

the C/j\ proton is age in axial and the dihedral angles would 

be about 5° and 125 • This would give rise to coupling 

constants of the order of ^ and k c.p.s. , although a suitable 

distortion of the boat would probable enable angles to be 

attained which correspond to coupling constants similar to 

those observed. However, the Cotton effect would probably 

be fairly strongly positive with the furan ring making either
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a smell negative or no contribution. So structure (107) 

may also be rejected,

When the oxygen is considered to be « at C/,\, structure 

(108) would have the dihedral angles in the region of 120° 

end 0 which would make the coupling constants aoout k and 

8-10 c.p.s. The predicted Cotton effect would be small but 

the furan ring would probably make no contribution* The two 

structures (10$) and (14Q)wouId both have dihedral angles of 

the order of 50 - 70 which would lead to rather low coupling 

constanta, about U*5 and 1,5 c.p.s. However, the Cotton 

effect would be small, probably slightly positive, and in each 

case the furan ring is found in a positive octant as expected* 

Perhaps, therefore, the most likely structure is an a-C/^x 

ether linkage with ring A In a distorted boat conformation 

somewhere between structures (108) and (11Q)• which would 

enable 9 suitable 9 dihedral angles to be attained and which 

would minimise sterio interactions. Therefore structure 

(111) is proposed for methyl angolensste with the ether bond 

at C(j\ placed tentatively in the a-configuration.

It is hoped that this problem will be solved by an X-ray 

analysis of a heavy-atom derivative which will be carried out 

at the University of Ibadan. In connection with this an
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attempt was made to prepare a suitable derivative. I'ethyl 

angolensate was reduced ^y the i'eerwein - Ponndorf method, 

tfhioh ahox.li only attack the ketone group, to a hydroxy 

compound (112.) • This was then to be treated with 

£-broraobenzoyl chloride in order to lake the 2-bromobenzoate. 

However, the n.m. r, speotruin of the acetate (lljj of tKis 

hydroxy compound had doubled bands indicating thet It was a 

mixture of about 50^ each of two isoraers, presuntibly the 

3 ex - and 3 f> - epiraera. The hydroxy compoimd (112) was 

also presumably a mixture of epirners at the 3-poaition, which 

would not give a derivative suitable for X-ray work.
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EXPERIMENTAL SECTION

General
The work was carried out partly in the University of 

Oxford and partly in the University of Ibadan.

Melting points were determined on a Kofler block, and 

rotations were measured in chloroform solution, unless 

otherwise stated, with a H.P«L» automatic polarimeter.

Infrared spectra were recorded with e Perkin-Elmer 237 

spectrophotometer or a Perkin-Slmer 21B spectrophotometer. 

All the spectra were determined using a f Hujol f mull of the 

material, unless otherwise indicated* Ultraviolet spectra 

were recorded on a Gary Recording Spectrophotometer Model 

HiM or a Unlearn SP 700 spectrophotometer using solutions 

in ethanol.

Unless otherwise stated, nuclear magnetic resonance 

spectre were determined at 60 mc/s on a Perkin-Klmer R-10 

Instrument fitted with an automatic Integrator, using 

tetramethylsllane as internal standard. The spectra were 

determined with oa« 10-15f • w/v solutions in deuteriochloreform, 

Hydroxyl protons were characterised by exchange with 

deuterium oxide. The notation used for recording the 

spectra is s * singlet, d « doublet, t = triplet, q = quartet,
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and m « raultiplet. The chemical shifts are given in units 

end the coupling constants (J) in cycles per second (c.p.s.).

Mass spectra were obtained using an A.S.I. M.S.9 double- 

focusing mass spectrometer. Samples were introduced directly 

into the ion chamber, without vaporisation.

iieasurements of optical rotatory data were carried out 

in Professor Klyne'a laboratory.

Microsnalysea were carried out by Drs* 0. Weiler and 

P.B. Stauss (Oxford), P.I. Mowote and iMf. Czoh (Ibadan), 

Dr. P. lascher and s. Pescher (Bonn), and :u Bernhardt 

(tfulheim).

The alumina used in column chromatography was Peter 

Spence Grade H, 5: or 104 deactivated by the addition of
2 1*

5 or 10* of 10> acetic acid. Thin-layer plate chromato­ 

graphy (t.l.c.) was conducted according to the method of 

Stahl2^" using an unbaked silica gel (Merck Kieselgel H) 

stationary phase deposited on glass, with benzene - ethyl 

acetate, or ethyl acetate, as eluant. The plates were 

developed by exposure to iodine vapour, or by spraying with 

saturated aqueous toluene-£~sulphonic acid and drying at 150°. 

Purity of materials was checked by this means.

Solutions in organic solvents were dried over anhydrous
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magnesium sulphate or sodium sulphate. Pyridine was dried 

over potassium hydroxide pellets,

Fetrolevn ether (b.p. L|X)-60 ) has been referred to as 

light petroleum; petroleum ether (b.p. 60-80°) has been 

referred to as petroleum ether,
IJC

A stock solution of Jones 1 reagent y was prepared by 

dissolving chromium trioxide (133*5 g*) in sulphuric acid 

(115 nil.) which had been diluted with wster (385 ml.).
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Extraction of .. .Mf ttxyl Angolensate (70)
The methyl angolensate used in this work was isolated 

in Professor Be van 1 8 laboratory at the ohe Istry department 
of the University of Ibadan. The heartwood of

an^olense was ground up and extracted in a
Soxhlet apparatus with petroleum ether for 2k hours. The 
solvent was evaporated off, end the residue was crystallised 
from methfcinol to give prismatic needles of methyl angolensate, 

. 203-208°, [a]jj° - U3° (£ 1.90), (lit?, m.p. 197°
U3°), V nwc^ 1735, 1713, 1655, 1805, 910, and 

1875 cmT, end A m^ 21k my* ( 6 5500 .

i ethyl angolensate i-j.798 g. ) in methanol (50 ml.) was 
treated with potassium hydroxide (5 g«) in v;ater (20 ml.). 
The solution was heated under reflux on a steam-bath for 90 
minutes and then poured into water. The alkaline aqueous 
solution was washed with ether (2 x 100 ml.), and was then 
acidified with dilute hydrochloric acid which produced a 
precipitate. The precipitate was filtered off, washed with 
water, and crystallised from agueous methanol &a needles of 
angolensio acid (4.353 g.), -.p. 250-233°, (lit?, rr-.p. 272°),
[a]25- 46° (£ 1.00), V 3WO, 1735, 1715, 910, and D max.
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875 omT 1 , and A 211* mu (6 5500).
max*

(Pound: C, 68.4; H f 6.9; 0, Zk.k; 

oelc. for 0H0 C, 68.U; H, 7.1; 0,

Treatment of Methyl ..Angolen.8e.te with Peracld

Methyl sngolensste (77»8 mg. ) was weighed into a 50 ml. 

standard flask and dissolved in dry chloroform (5 ml.), 

Monoperphthsllc sold (5 ml* of an ethereal solution containing 

0.5175 moles / 1.) was added to thlo flask and to a similar 

empty one (as blank). Both flasks were made up to 50 ml, 

with dry chloroform, and kept in the dark at 19°. At 

Intervals samples were withdrawn and treated with excess 

aqueous potassium iodide, snd the iodine liberated was 

estimated with 0.050N aqueous sodium thiosulphste. The 

number of moles of peracld which reacted with one mole of 

methyl angolensate were:

after 16 hours, O.U; after J|2 hours, 0.9; after 72 hours , 

1.3; and after 306 hours, l.U moles.

Czcnolysls of Methyl AnKOlenaete
Methyl angolensate (3*376 g. } In ethyl acetate (100 ml.) 

was cooled in an acetone - 'Brikold 1 bsth. Ozonised oxygen
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was passed through the solution until & deep blue colour 

was produced due to the presence of excess ozone (approximately 

1 hour). The solution was allowed to warm to room temperature 

(20 ), and hydrogen peroxide (100 vol. , 100 ml. ) was added, 

end the mixture was heated under reflux on a v.> iter-bath for 

1 hour. Salt was added to the cooled solution to saturate 

the aqueous phase, and the two layers were separated, the 

aqueous layer being extracted with s further quantity of 

ethyl acetate (2 x 50 ml,). The combined organic solutions 

were extracted with saturated aqueous sodium bicarbonate 

(8 x 50 ml,). The combined aqueous extracts were acidified 

with dilute sulphuric acid and extracted with ethyl acetate 

(5 x 50 ml,). The organic extract was washed with water and 

dried, Evaporation of the solvent and crystallisation of 

the residue (2.^5 g«) from aqueous methanol afforded needles 

of the tri»-nor acid (22), rn,p. 238-241°, [&]2k - 55°

(£0.71), (lit. 9 m.p. 2ia~2JL&°, |>]*2- 52°) , V 3600, 

1750, 1720, 1010, and ^1$ cmT

(Found: C, 6^.3; H, 7.2; 

Calc. for C^H^Og C, SU.3; H, 7.2').

The acid w&s taken up in ether (100 ml.) and methylated 

with ethereal diazomethane in the uau^l way. Crystallisation 

from aqueous methanol afforded needles of the tris-nor ester
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(21) (2.87 g.), nup. W~177°, [oc]<p - 53
(lit. 9 nup. 176-178°, [ttg2 - 55°), V^. 1755, 17W,
1715, and 920 omT1

(Pound: 0, 64.71 H, 7.8;

oalo. for

The semicarbasone had nup. 2ltl~2l43°* 
(Pound: 0, 59*8; H, 6,9; 
G26H37°8N3 1?«<auip88 c > 60,1; H, 7.2').

Red uo t ion of Methyl An^olenaate with Potassium Borohydride
Methyl angolensate (2.178 g,) in methanol (50 ml.) was 

treated with potassium borohydride (0,54 g. ) and the mixture 
wo a heated under reflux on a steam-bath for 1 hour. About 

75^ of the methanol was distilled off and the residue was 

poured into water (100 ml.). The aqueous solution was 

extracted with ethyl aoetate (3 x 50 ml.), and the organic 
extract was dried. The solvent was removed by distillation 

and the residue, the diol (8&), (2,05 g.) was reorystallised
from benzene - light petroleum as needles, m.p* 119*123°,

(lit. 9 m,p. 200-203°), M- 35° (£ 1.00), v 3600,

1735* 1505, 1025, and 875 omT1

(Pound: C, 68.2; H, 8,2;

oalo. for 027H3807 0, 68,3; H, 8,1 ).
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Treatment of the Borohydride Reduction Product (&U) with 
Phosphorus Ientachloride

The diol (6U) (2*0 g.) was taken up in dry benzene 
(100 ml.) and phosphorus pentachloride (13 g.) was added, 
The mixture was kept at room temperature (27 ) for 2k hours. 
It was then poured into water (100 ml.) and the mixture was 
extracted with ethyl aoetate (2 x 50 ml.). The organio 
extract was dried and the solvent was distilled off. The 
residue was taken up in ethyl aoetate (50 ml.) and ozonised 
at -50° for 12 hours. Water (100 ml.) was added and the 
solution was steam-distilled into a solution of 2,4-dinltrophen- 
ylhydrasine (1 g.) in methanol (30 ml.) containing sulphuric 
aold (1 ml.). The distillate was extracted with chloroform 
and dried. The solvent having been distilled off, the 
residue was taken up in benzene and adsorbed on to a column 
of alumina (Spence grade H, UO g.). Elution with benzene 
(200 ml.) afforded soetone~2y it-din it rophenylhydra zone which 
was crystallised from methanol as prisms (0.68 g. ) f oup. 

121^126°, A max 366 rap*
(Pound: O f l*5.2j H, k.kl N, 23.6; 
oelc. for 0^00^ C, U5.U| H, U.2; N, 23*5*) 
The infrared speotrum was identical with that of an 
authentic specimen of aoetone^t^-dinitrophenylhydrazone,



55.

m,p. 126-127°, and mixed m.p. 125-127°.

The residue left after steam-dist Illation was ext rooted 
with ethyl aoetate and the organic solution was dried* The 
solvent was distilled off leaving a solid whioh would not 
oryatallise, but whioh had no infrared absorption at 1715 OKI,, 
but had an absorption at 1776 cnC in

Aoetvlation of the Piol (8k)
Aoetie anhydride (5 ail*) was added to the dlol (8k) 

(0*845 g. ) in dry pyridine (20 ml,). The mixture was 
heated on a steam-bath for 1 hour, and then kept at room 
temperature overnight. The pyridine and exoess aoetlo 
anhydride were removed by distillation in vscuo. and the 
residue was taken up in benzene and adsorbed on to a column 
of alumina (10? deaot., 75 g«)« Slut ion with benzene 
afforded the dlaoetate (8£) (0.610 g. ), whioh crystallised

O 9from aqueous ethanol as needles, en. p. 195*199 » (lit. 7
m.p. 198-200°), [>]° - 39° (£ 1.35) , V

1503 1 12i*5t 900, and 875
(Found: C, 66.3; H, 7.7|
oalo. for 0H0 C, 66.7; H f 7.6t).
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Meerwein-Ponndorf Reduction of Methyl Angolensate

Aluminium foil (5*6 g.) and isopropanol (100 ml.) were 

heated under reflux on a steam-bath for 15 hours in the 

presence of mercuric ohloride (0.25 g. ) and carbon tetraohloride 

(1 ml.). Methyl angolensate (2.1JU8 g. ) was then added and the 

mixture was slowly fractionally distilled for 7 hours to 

remove acetone formed in the reaction* Residual solvent 

was distilled off , and the residue was treated with exoess 

dilute sulphuric acid and then extracted with chloroform. 

The organic solution was dried and the solvent distilled off* 

The residue was taken up in benzene and adsorbed on to a 

column of alumina (10^ deactivated, 150 g. ). Elution with 

benzene - ether (3:1) afforded methyl 5 -hydroxy angolensate

(1*92 g. ), which was crystallised from aqueous ethanol

as needles, m.p. 257 - 260°, Vm*9 3500, 1735, 1505, and
-1 

875 om.

(Pound: C f 68.31 n. 7.6; 0, 23.9; 

°27H36°7 fr*^*0* °*

Aoetyletion of Methyl 3-Hydroxyenffolensate (112)

Methyl 3-hydroxyangolensate (1*23 g« ) in dry pyridlne 

(10 ml.) was treated with acetic anhydride (3 ml.), and the 

solution was kept at room temperature (25 ) for 2k hours.
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After working up In the usual way, the product methyl 

S-aoetoxysngolenaate (113) (0.93 g«) was crystallised from

aqueous ethanol as pie tea, sup, 192-194°, V««^ 1735,max*
15051 1245, and 875 onC1

(Pound! C, 67.2; H, 7.5J OAo, 8.6;

G29H38°8 Quires °t 67.71 K. 7*4; OAo, 8*4-).

Catel.vtio Hydro genet ion of Methyl Angolensate over Adams* 

Catalyst

(i) Methyl angolenaate (0,609 g.) In ethanol (50 ml.) waa 

hydrogenated at room temperature and pressure over Adams* 

oatalyat (kS mg.) whioh was reduced in situ* The reeotlon 

oeaaed after 1 hour when approximately 0.9 mole equivalenta 

of hydrogen had been absorbed* The oatalyat was removed by 

filtration and the solvent wea distilled off. The residue 

(0*607 g.) was crystallised from aqueous ethanol, and then 

reorystallised from ethyl acetate - light petroleum to give 

the dlhydro—product (7U) as prisms, m*p. 186-189°,

[oc]™ + 14° (£ 1.52), V^^ 1735, 1715, 1505, 910 and 

875 enu 1 . and X^^ 212 mu (^ 5,500)* 

(FoundJ C, 68.7; H, 7.7*

C27H36°7
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(11) Methyl angolensate (1.050 g. ) In acetic acid, (50 ml,) 

was hydrogens ted at room temperature and pressure over Adams' 

catalyst (52 mg, ). The reaction was stopped after 7 hours 

when 2.6 mole equivalents of hydrogen had been absorbed and the 

rate of uptake of hydrogen had been considerably reduced* The 

catalyst was removed by filtration and the solvent was 

distilled off In veouo. The residue (0*95 g«) crystallised 

from aqueous methanol to give needles of the tetrahydro- 

produot (82). m,p. 229-233°f V^, 3U50, 1735, 1505, and 

875

(Found: C 9 68.2) H, 0,0; 

C27H38°7 re(3ulre8 G » 66»3l H, 8

(Ill) Methyl angolensate (O.U51 g.) In acetic aold (50 ml,) 

was hydrogens ted at room temperature and pressure over Adams' 

catalyst (55 mg, ), The reaction was stopped after 2 days 

when U.2 mole equivalents of hydrogen had been taken up and 

the reaction seemed to be complete. The solution was worked 

up as before, and the residue (0,1*10 g. ) was crystallised 

from aqueous methanol to give the ootahydro- product (83) 

as needles, m.p. 253-257°, V 3450, 1737t and 920

(Pound: C f 68.1; H, 8,9}
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Attempted Oxidation of the Plhydro~Prq>dnot (7*4.)

The dihydro-product (|^) (202 mg. ) in acetone (UO ml.) 

was treated with Jones 1 reagent •* (2 ml.)* The mixture was 

shaken at room temperature for 15 minutes and then poured 

into water (100 ml.). Extraction with ether and isolation 

of the product in the usual way afforded unchanged starting 
material, identified by mixed m.p. end by comparison of the 

infrared spectrum with an authentic apeoimen of the dlhydro- 

produot

Hvdro genet ion of the tria-nor Seter (73)
The tris-nor ester (21) (1*806 g. ) in acetic acid (50 ml.) 

was hydrogenated as before over Adams* catalyst (50 mg.) which 

was reduced in situ. The catalyst was removed by filtration 
and as much as possible of the solvent was distilled off 
in vac uo. The residue was taicen up in ethyl acetate (100 ml.) 

and washed with saturated aqueous sodium bicarbonate and 
water. The organic solution was dried and the solvent was 

distilled off* The residue was crystallised from aqueous 
methanol to give needles of the dihydro~produot • m*p. 225-226°,

a] - 12 (£0,50), V ffl0Xt (OH^312 ) 1755, 17V>, 1715,

and 910 om7
(Foundt C, &u3; H, 7.8|

°25H36°8



60.

References to Chapter II

1 C.vV.L. Bey an, D.B,0. Ekong, and D.A.H. Taylor, Nature. 
1965, 206. 1323.

2 A* Akisanya, O.W.L, Be van, J. Hirst, T.CJ. Hal as 11, and 
D.A.H, Taylor, J.Che».3oc.. I960, 3827.

3 J.B* Houaley, F.E* King, T.J. King, and P.R. Taylor, 
J«0henu3oc«. 1962, 5095*

k W.R* Chan and &.E. Magnus, poraonal oomraunioationa.

5 O.W.L. Be van, J.W. Powell, and D.A.H. Taylor, J.Chem.Soo.. 
1963, 980.

6 D.A.H. Taylor, J.OhenuSoo.* 1965> 3U95.

7 A, Afclaanya, Ph.D. thesis (London), 1962.

8 J.W. Powell and D.A.H. Taylor, personal communication.

9 U. Wclford, D.Phil, theals. (Oxford), 196U.

10 B.3. tfootoo, Ph. D. theaia. (Kingston, Jams ice), 1965.

11 D.S. Caae, D>Hill. theaia. (Oxford), 1963.

12 D. Arlgoni, D.H.R. Barton, E.J. Corey, 0. Jcger, L.
Caglioti, Sukh Dev, P.G. Perrini, S.E* Olazier, A* Melera, 
3.K. Pradhan, K. Sohaffnar, S. Sternhell, J.P. Temple ton, 
and 8. Toblnaga, Bxperlentla. I960, ^6, Ul; D.H.R. Barton, 
S.K. Pradhan, 8. Sternhell, end J»P. Ten^leton, J.Ghem.Soo.. 
1961, 255.
H.U. Lamlcux, R.K. Kullnig, H.J. Bernstein, 
Sohnoider, J.Aroer.ChenuSoo. , 1958. 80. 6098| 
and W,N, Ttimer. J.Org.Chem. . 196StTS, 3387

13 H.U. Lamlcux, R.K. Kullnig, H.J. Bernstein, and W.C.
D. Horton 

3387.

114 J.F. Blellmann and 0. Ourisson, Btai.Soc.Chim.Frenoe. . 
1962, 331| and th« references oited therein) E.R;H. 
Jones and T.a. Halsall, "Porteohrltte der Chemie 
Organisohen NaturstoffeH , 1955, 12,



61.

15 3.H. Whitham, Proo.Chem.3oo. • 1959, 271.
16 D. Arigoni, D.H.H. Barton, R. Bemaaooni, C. Djeraaai, 

J.S. Milla, and R.S. Wolff, J.Chem.8oo.. I960, 1900.
17 (KH. Whitham, J.Ohem.Soq. . I960, 2016.
18 D.L. Dreyer, Tetrahedron. 1965, £1* 75.
19 M. KarpluB, f .Ohgm.Phya.. 1959, 30. 11.
20 H.3. Bhaooa and D.H, Will la ma, "Applications of N.M.H. 

Speotroaeopy in Organ io Chemistry11 9 Bolden-Day, Ino* , 
San Pranoiaoo, 1965, and the references oited therein.

21 W. Moffitt, B.B. Woodward, A. Mosoowitz, W. Klyne, and 
C. Djerasai, J. Amer.Chemi, 3oo» . 1961, ft3.

22 S.J. Corey, d. Slomp, Sxakh Dev, s. fobinaga, end S. 
Qlaxier, J.Amer.Chem.Soo. . 1958 , 80, 1205.

23 K.R, Farrar, J.O. Hamlet t, H*B« Henbeat, and ^.H«H. Jones, 
J.Chem.8oo. . 1952, 2657.

2k S. Stahl, Aroh.Pharm. . 1959, 2^2. 1*11.
25 A. Bowers, T,G. Halaall, K,E«H. Jones, and A,J. Lemin, 

J.Chem.8oo.. 1953, 25^8.



0CI£V SHiUCitW

Ill



TOTp-



62.

The Structure and Chemistry of Turraeanthin 
Turraeanthus afrioanua la a member of the family 

Meliaoeae whioh is found in West Africa, particularly in 
Ghana* Extraction of the heartwood with petroleum ether 
gave aa the ohief constituent (0.12.') needles of turraeanthin, 
a new triterpene, aup. 210-220°, [«]|° + 3°. Combustion 
analyala indicated the formula Gj^SoS ****01* WQS confirmed 
by mass apeotral studies of turraeanthin (M 514) and ita 
derivatives. For simplicity ita chemistry will be discussed 
in terms of the structure (12J>) which ultimately will be 
ahown to represent it* A 100 mo/a n.n%r. spectrometer was 
used for some of this work, but unless otherwise stated the 
spectra were recorded on a 60 mo/a instrument (see 
Experimental Section for details).

The infrared spectrum of turraeanthin had a band at 
3590 cm," due to the presence of a hydroxyl group* A strong 
peak appeared in the mass spectrum at m/e 496 corresponding

yto the ready loaa of water (M - 18)* The n. nur. spectrum 
had a band at 6.50 T due to one proton which disappeared in 
the presence of deuterium oxide and must therefore be due to 
a hydroxyl proton* Turraeanthin therefore contains one 
hydroxyl group* The band due to the hydroxyl proton 
appeared at 6*25 T in tne 10° rao/a n.m. r. spectrum, but this
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is not surprising Alnoe the position of a hydroxyl proton 
signal la dependent upon concentration and the two speotra 
were not determined at the same concentration.

Mild oxidation with chromium trioxide - pyridlne complex^ 
gave a y -laotone, turrseanthln laotone (121). This compound 
had an infrared absorption band at 1780 craT due to the
y -laotone, and there wea no abaorption in the hydroxyl region. 

The mass spectrum had its parent peak at m/e 512 indicating 
that two hydrogen atoms had been removed by the oxidation 
and it did not show a peak corresponding to the loss of 
water (M * 18). The n.nur. spectrum had lost the band 
corresponding to the hydroxyl proton* This means that a 
five-membered cyclic hemlaoetal structure must be present in 
turraeanthln. The 100 me/a n*m*r* spectrum of turrae&nthln 
had a band at U.63 r due to one proton* but this band did not 
appear in the 100 oso/a n,m«r» spectrum of turraeanthln 
laotone (121). Therefore this signal can be attributed 
to the proton on the carbon atom to which the hydroxyl group 
is attached* -C/ 21 )S.(OH).0- in the cyclic henaiacetel.

The presence of an acetoxy group in turraeanthln was 
suggested by the benda at 172k and 12U5 omT in the infrared 
spectrum* The mass spectrum had a peak at m/e k5k

2*
corresponding to the loss of acetic acid (M - 60) t and the
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corresponding peak (M - 60) was observed at n/e U52 in the 
mass apeotrum of turraeanthin laotone (121). The 100 mo/a 
n.nur. apeotrum of turraeanthin had a singlet at 7*90 
due to the aoetoxy methyl group, and there was a multiplet 
at 5*U7 T due to one proton. The latter signal is assigned

fS

to the grouping -C/^jg,(OAo)- . Hydrolysis of turraeanthin 
with methanolic potassium hydroxide removed the eoetoxy 
group to give the hydroxy compound deaoetylturraeanthin (122}. 

The mass spectrum of this compound had its parent peak at 
m/e 472 indicating the loss of U2 mass units which corresponds 
to the hydrolysis of one eoetoxy group. The infrared 
apeotrum had a strong band at 3UOO cm*"* due to the hydroxy 1 
groups and did not have any absorption in the oarbonyl region* 
The n.nur. spectrum of deaoetylturrseanthin (^22) had lost the 
band at 7*90r due to the aoetoxy group* The signal which 
appeared at 5*U7r in the n.nur. spectrum of turraeanthin 
assigned to the grouping -C£(QAc)- now appeared at 6.1 r and 
is assigned to the grouping -C&COH)- * Therefore
turraeanthin is a mono-acetate,

The presence of a cyclic hemiacetal group and an acetoxy 
group in turraeanthin accounts for four of the five oxygen 
atoms in the formula G*$&$$y The fifth oxygen atom ia 
present in an epoxy group. The 100 mo/s rum. r. spectrum of
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turraesnthin had a signal at 7*09 T due to the proton at 

C (2U) °n the epoxy rlnS« The corresponding signal appeared 
at 7.20 T In the 100 mo/e n.m*r. speotrum of turraeanthln 
laetone (121). Furthermore, a singlet due to six protons 
appeared at 8.63 T In the 100 mc/s n.ra.r. spectra of both 
turraesnthin and Its laotone* This Is assigned to the two 
methyl groups on the epoxy group at c ( 25)- 
Thus the presence of the group

\C-———— C(CH3) 2 

H

Is suggested. This was supported by the presence of a 
strong peak at B|/e 71 In the mass spectrum of turraeanthln 
laetone (121) which can be attributed to the fragmentation

shown below.
.*• +

R* + HO — C(CH3) 2 . n/e 71

A similar epoxy group occurs In aglalol (£&) • Its n.nur. 
spectrum had a signal due to the C^j proton at 7*25 T 9 
and bands due to the nethyl groups at 0/_\ appeared at 3.73
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and 8,70 T .

All of the oxygen atoms In turreeanthln have now been 

aoeounted for* The remaining functional group la a double 

bond whoae presence was suggested by a band at U.73 T due to 

one proton in the 100 mo/e n*rw% epeotrum of turraeanthln* 

The corresponding signal appeared at 4*70 r in the 100 mo/s 

rum.r. spectrum of the laotone (12jl)> These bands are 

assigned to the proton at V/j\ on the double bond, whloh 

must be trisubstituted since the signals were due to only 

one proton. This was supported by a band at 823 cmT in 

the infrared spectrum of turrseanthln characteristic of a 

trisubstituted double bond* It could not be hydrogensted 

under mild conditions and osonolysis did not give any 

volatile gragmentf whloh would be expected if the double 

bond were in the aide-chain. Therefore the double bond is 

in a ring,
Since the presence of a cyclic hemiaoetal, an ecetoxy 

group, en epoxide, and a cyclic double bond has been 

established, the formula C3^5o°5 *or turraesnthln requires 

that there should be four cerbocyclic rings.

The Side-Chain
The hydroxyl group of turraeanthln could be aoetylated
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to give turreeanthin acetate (Igl). The same product was 

also obtained by acetylation of deacetylturraeanthin (122) 

as expected* Its infrared spectrum did not have any 

absorption in the hydroxyl region, but had bands at 1753 and 

1225 cm7 attributed to the new eeetoxy group at C/^N and

bands at 17U5 and 12i*5 ora7 assigned to the original acetoxy 

group at <*(*)• The mass spectrum had its parent peak at 

n/c 556, an increase of U2 mass units due to the aoetylation 

of the hydroxyl group* It also showed a strong peak at w/e 

k96 due to the ready loss of acetic acid (ll - 60). The 100 

mo/a n.our, spectrum had a singlet at 7*95 T due to six protons 

which is assigned to the two ecetoxy methyl groups. The 

proton at C/21) g*ve rise to a signal at U»63 T in the 

100 me/s n*m*r» spectrum of turraeanthin y end this band 

shifted to lower field on aoetylation of the 0/21 \ hydroxyl 

group and now appeared at 3*77 T * This latter band was a 

doublet (J 3 o.p.s.) which indicates that there must be one

proton at ^/OQ}*

In the 100 mo/a n.nur. spectrum of turraeanthin the

epoxy proton at Q(2li) aPPcared et 7*09 T as a sharply 

defined doublet with a coupling constant of & o.p.s. The 

100 mo/s n.m.r* spectrum of the Isctone (igi) aimilarly had 

a doublet at 7.20 r (J 8 o*p*s* ). Since there is no
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proton at ^(25) tftepe nmst be one Photon at 0/23) to whioh 

the epoxy proton Is ooupled. A multiplet signal appeared 

at 6,13 T in the 100 mo/8 a.m. r« spectre of turraeanthin 

and its acetate (IgJ) whioh ia assigned to the hydrogen at 

°(23). In the 10° mo/3 »•»•*• spectrum of turraeanthin 

lactone (121) this signal shifted to slightly lover field 

and appeared at 5.85 T • the latter signal was an 111-defined 
six-line pattern owing to the C/ 2,v proton being ooupled to 

the c (gh) proton and in addition split further by the methylene 

group at 3(22)* *?&* assignment of the signals at 7*20 and 

5«85 T in the n.aur. spectrum of the Isotone (1^1) to protons 
on neighbouring carbon atoms was demonstrated conclusively 

by a spin-decoupling experiment. Irradiation of the proton 

at 0/23) absorbing at 5*85 T caused collapse of the doublet 

at 7*20 T due to the epoxide proton at C ( 2M*

Treatment of turraeanthin with hydrochloric acid in 

methanol converted the hemlaeetal grouping to an aoetal and 

opened the epoxide ring to give the chlorohydrin (13lf) and 

the methoxyhydrin (JL2£)« The n.nur. spectrum of the 

ohlorohydrin (12tf.) had a singlet at 6*62 T due to the 

methoxy group at G /oiV ^e siSna3-8 due *° ^ne methyl 

groups at C/25) now appeared at 8*34 and 8.UO r and are
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aasigned to the grouping ^(25)61(^113) '2* Thc infrared

spectrum had a band at 3U20 cm? due to the new hydroxyl

group at C/gju)' The nieaa spectrum of the chlorohydrin (12k) 

had it a parent peak at ^e 564 in agreement with the formula 

C33H53°5C1* Similarly, the methoxyhydrin (125) had two 

singlet a at 6.6U and 6,74 T in the n.m.r. spectrum due to 

the methoxy groups at G/g^) and G (25)" 'rhe signs la due 

to the methyl groups at 0/05) appeared at 8.63 and 8.77 T 

and are assigned to the grouping •O/cUOMeKcg.* A band
at 3550 omT in the infrared apeotrum was due to the 

hydroxyl group. The mass apeotrum had its parent peak at 

m/e 360 corresponding to the formula C^k^gO^ for the 

methoxyhydrin (125). Attempted oxidation of the 

hydroxyl group in both the ohlorohydrin (124) and the 

methoxyhydrin (^25) failed, preaumably because the 

position is highly hindered. However, ecetylstion of 

both compounda gave the ohlorohydrin aoetate (^26) and the 

methoxyhydrin aoetate (127) respectively. Neither of theae 

aoetatea had abaorption in the hydroxyl region of their 

infrared spectra. The n.m.r. spectrum of the methoxyhydrin 

aoetate (127) had two sing let a at 7*95 and 7.8UT corresponding 

to the aoetoxy methyl groupa at O and
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By treating turraeanthin with hydrochloric acid in 
ethanol the hemiaeetal grouping was converted to an aoetal 
and the epoxide ring opened to give the ohlorohydrin (128) 
and the ethoxyhydrln (122)* These compounds are analogous 
to the ohlorohydrin (12U) and methoxyhydrin (12g) 
reapeotively obtained by treating turraeanthin with 
hydrochloric acid in methenol*

Rimes A and B
Treatment of turraeanthin with sulphuric acid in 

methenol gave two compounds. The minor product was shown 
to be identioal with the methoxyhydrin (^25) mentioned above. 

Their infrared speotra were superimposable and a mixed 
melting point gave no depression* The me;)or product (^$0) 

was similar to the methoxyhydrin (12£) in that the side-chain 

hemiaoetal had been converted into the acetal and the epoxide 

ring had been opened to give the methoxyhydrin group. In 

addition the acidic conditions caused hydrolysis of the 

acetate group at G/*\ affording the hydroxy compound (i22)• 

The infrared spectrum of this compound had a strong band at 

31*80 caC due to the hydroxy 1 groups * and did not have any 

absorption in the oarbonyl region indicating that the 

aoetoxy group had been lost* Oxidation of compound (130)
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with chromic acid - pyridine gave the raethoxyhydrin ketone 
(131) in whioh the C/*\ hydroxyl group waa oxidised to the 
ketone* but the c (2k) toy&roxyl group did not reaet under the 
conditions of the experiment. the infrared spectrum of 
thia compound had an absorption band at 35^0 omTl due to the 
C/2M hydroxyl group, and a peak appeared at 1705 omT due 
to the ketone at 0/3)* The mass spectrum had its parent 
peak at n/e 516 in agreement with the formula G 0® *
and had s strong peak at s/e k&k corresponding to the ready 
loss of methanol (M - 32)* Reduction of the ketone (1^) 
with sodium borohydride gave a product whioh was identical 
with the hydroxy compound (13Q) from whioh the ketone (131) 
waa originally prepared* Their Infrared spectra were 
identical and a mixed melting point gave no depression.
Since the reduction process should give a 3 -hydroxyl

group > the hydroxy compound (jUp) must contain a 3/3 -hydroxyl 
group* Therefore the aoetoxy group at 0/«\ in turraeanthin, 
from whioh the hydroxyl group was obtained by hydrolysis, 
must be ft -oriented* Further evidenee for this was 

obtained by an examination of the 100 mo/a n.ttur. spectra 
of turraeanthin and ita laotone (121) • In both of these 
spectra the signals due to the protons at C/,x appeared as 

tripleta centred at 5.U7 and 5.30 T respectively, with
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observed splittings of 8 and 8 o.p.a. giving an overall band

width of 16 o.p.a. Thia la the X portion of an ABX
3 system. The proton at C/,x is axial and Is coupled with the

neighbouring axial and equatorial protons at 3/2 )« In 8uoh 

a system dlaxlal Interaction leads to a splitting of about

10 o.p.s. and axial - equatorial interaction has a splitting
3 of the order of 5 o.p.a. This would lead to a double-

doublet which would overlap thus appearing as an apparent 

triplet with an overall bandwidth of 15 p.p. a. and apparent 

splittings of 7*5 and 7*5 c.p.s. This Is quite olose to the 

observed values and the proton at C/,x in turraeanthln la 

therefore plaoed in the axial conformation which makes the 

aoetoxy group at C/.% f> -equatorial.

Alkaline hydrolysis of turraeanthin gave

deaoetylturraeanthin (3122) mentioned above. Oxidation of
I* 

this with chromium trioxide - pyrldlne gave a mixture of

two compounds, a minor product 3-oxodeaeetoxyturraeanthln 

and the major component 3-oxodeecetoxyturreeanthin

lactone ()« The infrared apeotrum of 3-oxodeaoetoxy-

turraeanthln () had a band at 3^00 omT due to the

hydroxyl group , and there was a band at 1705

corresponding to the ketone group at ®(3\* ?h@ ^aas apeotrum
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had it a parent peak at n/e U70 in egreement with the formula

C30HU6°U 0nd had a 8tron8 ^eak et nV/e ^52 corresponding to
2 the loss of water (M - 18)* The major product,

3~oxodea0etoxyturrae8nthin lee tone (121), had absorption 

bands in its Infrared spectrum at 1775 and 1710 omT due to 

the y -laotone and the ketone group respectively. There 

was no absorption in the hydroxyl region* The mass speotran 

had its parent peak at n/e 1468 in agreement with the 

structure (1^3) «. The n*m.r. spectrum had only two signals 

at low field below 7r at 5*7 and U.6r due to the proton 

at C/23) and the vlnyl proton at 0/^\ respectively.

The optical rotatory dispersion (0»H»D«) curves of the 

three compounds 3-oxodeacetoxy-21~0-methylturraeanthin 

raethoxyhydrin (131). 3*oxodeaoetoxyturraeanthin (1^2), and 

3-oxodeaoetoxyturraeanthin laotone (Ii2.) f are shown in fig. I. 

They all exhibit a negative Cotton effect and ere a Is mo at 

super imposable upon the corresponding curves of fl India a one

lacton**0 (ll) and laBoet~7~®»-3--one ()- ^is fixes

the stereochemistry of the A/B ring system as in (122) in 

these compounds (l^i)* (1^2) and (^3^)* and means that 

turraeanthin most here the partial structure as in (p6). 

It is not possible to determine the geometry of the rest of 

the molecule from 0. R,D. data sinoe the tetraoyolio
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triterpenes lano8t-7-en-3-one and dihydrobutyrospermone 

have very similar Cotton curves even though their C/D ring 

junctions have different configurations*

The ozonolysia of turraeanthin has been mentioned before 

when it was stated that no volatile fragment was produced. 

However* the residue from ozonolysis was an epoxy compound 

(iil)» The xunur, spectrum of this compound had signals 

in the region 7»lT due to two protons corresponding to the 

epoxy protons at C/M »nd 0/\> end there was no signal
12due to a vinyl proton* En z ell and Thomas obtained a 

similar epoxide by ozonolysia of arauoarolone diaoetate 

(IffS) when the epoxy compound (122) W8S produced* By 

analogy with this, turraeanthin oxide (JJZ) is probably a 

Tor , 8cx -epoxide, although since the signals at 7*1 T in 

the n.m. r. spectrum were confused it was not possible to 

decide this from n.ra.r. considerations*

Relationship to glindlasol

The presence in the Meliaceae and the related 

Rutaoeae and Slmaroubaceae species of a number of degraded 

triterpenes such as llmonln^ (1), gedunin1^ (2), and 

siraarolide ^ (59) (see Introduction), all of which can be
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formally derived by oxidative degradation of t i rues 11-7 # 2U- 
dien-3/3 -Ql (equivalent to 2Q«-cxH-butyroaperraol) (see later) 
together with the evidence described above suggested that 
turraeanthin was (120) and closely related to flindiseol 
Flindissol was isolated * ' from Flinders la dlsaosperma 
Domin, end F* maoulosa Lindl. , apeoies of the Rutaceae 
family related to the Melieeeee species*

The relationship between turreeanthin and fl India sol 
(22) was established by the following route* A Heal in e 
hydrolysis of turraeanthin gave deeoetylturraeenthin (122). 
oxidation of which afforded 3-oxodesoetoxyturraeanthin 
lac tone (121) mentioned above* The latter oompound was 
treated with sulphuric acid in ether for two hours in order 
to open the epoxy ring, and the glyool (1UO) was obtained* 
The infrared spectrum of this oompound (ikO) had absorption 
at 3500 oraT due to the hydroxyl groups at O/u «nd
and there were bands at 1750 and 1700 cnC due to the
y -leotonc end the C/*\ ketone groups respectively. The 

mass spectrum had its parent peafc at o/e 530 in agreement 
with the formula Cx* Tne glyool ClitO) was converted16
into the cyclic thionooarbonate (1U1) by treatment with

o
thlocarbonyl diimidasole. The product was refluxed with 
trimethylphosphite which caused desulphurisation-
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deoarboxylation of the thionooarbonate group to give the 

2i4.»25-olefin, 3~oxodeaoetoxy-2l4.> 23-deoxyturraeanthin laotone 
(1J*£)» Extensive purification* including chroma t ogre phy 
and several reory at alligations, was necessary to remove 
residual traces of trimethylphoaphite. The produot (1U2) 
had a melting point (190-19U°) identical with that of 
fl India s one laotone, obtained by a mild oxidation of 
flindiaaol (?9) with chromium trioxide-pyridine, and no 
depression of the melting point was observed on admixture 
with en authentic sample. Their optical rotations were

°found to be [fr] - &L° and M> - 83° which are within 
experimental error, and their O.S.D. curves were identical 
within experimental error* Their infrared, n.ra.r. , and 
mass spectra were superimposable« This means that 
turraeanthin can be written as in (120) with the
stereochemistry at 0/23.) » c (23) 8nd G (2U) undefine<1*

The compound ( 1U2 ) . 3woxodeacetoxy<»2i4.9 25*deoxyturraeanthin 
laotone, was also approached via another slightly different 
route. Turraeanthin laotone (121) was treated with 
sulphuric acid in ether for twenty- four hours to give the 
glyool (1U3). 2U»25-dihydroxyturraeanthin laotone. The 
Infrared spectrum of this compound had bands at 3580, 1775,
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and 1728 omT corresponding to the 0/g. x and 0/05) 

groups, the -lac tone group and the C/*\ ecetoxy group* 

This glyool (1U3) was o on verted into its thionooarbonate by 

treating with thiooarbonyl dllmidazole and henoe into the 

2U,25-olefln (1UU) by reflux ing the product with

trimethylphosphite in a reaction analogous to the one
tif 16 above. * Alkaline hydrolysis and oxidation of this

compound (1UU) converted the C/*) ecetoxy group into a 

ketone group and gave 3-oxode8cetoxy-2U»25-deoxyturraeanthin 

laotone (3Ji2). However, this compound was seen to be 

impure when compared with the product of the former route. 

Its melting point (180-185°) was lower and the optical 

rotation was different, [a] - U5°» This can probably be

explained by the fact that in the preparation of the glycol 

(ik2.) leading to the latter compound, turraeanthin lee tone 

(1%1) was treated with sulphuric acid in ether for twenty- 

four hours instead of for only two hours in the analogous 

atep of the former route* Under these conditions the 

double bond at C/j\ could easily migrate to the C/g\ position, 

Thus the final product of the second route could contain 

some of the A * ' ieomer, and this is supported by the 

optical rotation, t0*] * ^5 » which is between that of
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flindiasone lactone, [ a]p - 63°, and that of iaoflindisaone 
laotone (!££), [oc]*5 + 3S°, 10 An analogy for thia 
rearrangement la provide! by iaoflindiaaone laotone (145) 10 
itself which was prepared by laoraerisation of flindissone 
laotone (142) in the preaenoe of hydrogen ohloride in 
chloroform. In the euphol aeries» more drastic aoid treat­ 
ment leads to a more profound rearrangement involving the
migration of methyl groups. Thus dihydroeuphol (146)

18 rearranges to give iaoeuphol (1U7). and it is also possible
that an analogous transformation may have occurred to some 
extent in the preparation of 24f25^ihydrozyturraeanthln 
laotone (11+3) above subsequent to the A' to A *^' 
isomerlsatlon*

When turraeanthin was treated with sulphuric acid in 
ether for twenty-four hours a product, isoturraeanthin* was 
obtained* The mass spectrum had its parent peak at m/e 
514 indioating that it had the same molecular weight as 
turraeanthin. The infrared spectrum was quite similar to 
that of turrseenthin, the only major difference being the 
loss of the band at 622 om7 corresponding to the double 
bond at 0/7 \. The n.nur* spectrum did not have a signal 
due to an epoxide proton or a vinyl proton. Instead e new 
singlet due to one proton appeared at 4*75 T and there was
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a mult 1 plot signal at 6.2 T . the signals due to the methyl

groups at 3(25) now 8pPe8red as siB&lete «t 8 -^5 and 6,72 T , 

One poaaible explanation ia that the epoxide ring had been 

opened to give a glyool aa would be expected by analogy with 

the reactions mentioned above. Then aoetal formation could 

have occurred between the hemiaoetal hydroxyl group at G/gjx 

and either of the new hydroxyl groups at O/^KX or C/OR)' 

The former would give a new f ive-membered ring while the 

latter would produce a six-numbered ring a a in the partial 

structures (346) and (Ilf9) respectively, Perhapa the 

latter ia the more likely since in this atruoture (1U9) the 

methyl groups at C(25) would be in different environments* 

This would account for the appearanoe of separate signs la 

at 6»&5 and 8*72 T for these two methyl groups in the n.m. r. 

spectrum. In addition the double bond originally at C/^\ 

moat have migrated either to C/g\ or to C/^. ^ (see above).

Btereooheraioal Considerations

All of the stereoohemical features of turraeanthin 

have been fixed by ita relationship to flindiaaol (22)

exeept those at °(2i) f °(23) f and G (2^)*

In the 60 mc/s n*nur. spectra of turraeanthin and
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deacetylturraeenthin (122) but not in the spectra of any 

other derivatives there were four peaks in the region 7.1 T 

which have been assigned to the epoxy proton at c (2ii)* *n 

the 100 mc/s spectrum there was primarily a doublet but 

there were also two other peaks* If these peaks are called 

A,B,C, and D the following figures were obtained (in units):

100 mo/8 60 nc/s 

A 7.0U 7»02

B 7.H 7.13

G 7.2U 7.20

D 7.32 7.32

If A is assumed to be ooupled with C, and B with D, the 

coupling constants are 20 and 21 c.p. s. (100 me/s), and 

11 and 11 c.p, s. (60 mo/a). Alternatively if A end B 

are ooupled, and C and D, the coupling constants are 7 and 

8 c.p.s., and 7,5 and 8*5 o.p.s. respectively. These 

figures indicate that A is ooupled with B and C with D, and 

suggests that the bands C and D have arisen from a 

different proton from that giving rise to bands A and B.
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However, the integration Indicated that the signals between 

7*0 to 7*U T were due to approximately one proton. One 

possibility is that in solution turraeanthin gives rise to

an equilibrium mixture of the two hernia oet a 1 structures,
19 An analogy for this is glucose* If two hemiacetal isomers

existed, the hydroxyl group at 0/21) would bc either cis 

or trens to the C, aide-chain at C/o?) which has the epoxy 

group* This might well affect the chemical shift of the 

C (2U) eP°*y $*0ton «**<* the spectrum would show two doublets* 

The proton at C/oi) a&£&t also be expected to show slightly 

different absorption peaks and it was observed that the band 

at U«65 T in the 100 mc/s n*m*r» spectrum of turraeanthin 

due to this proton was not as sharp as might be expected*

An attempt can be made to determine the stereochemistry 

at 3(93) *° turraeanthin by examining the derivatives in which 

the hemisoetal function has been oxidised to a lac tone* 

Klyne has extended Hudson* s lactone Bule to the molecular 

rotations of compounds in which lactone rings are fused with 

other rings, and the modified rule is now stated:

"If the hydrogen atom attached to the carbon atom 

bearing the potential hydroxyl group is below the plane of 

the lactone ring (150) the A value will be positive; if
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the hydrogen atom is above the plane, the A value will be 
negative***

[A» the rotational difference, [M] ( la o tone) -
[M] D (acid) ] * This modified Is c tone rule was used by

22Cooker J&J&* to determine the stereochemistry of the
position in iso- f -santonin (l£k)* The optical rotations 

of several laotones were measured, firstly in a mixture of 

methanol - chloroform alone, and then in msthanol * chloroform 

oonteining potassium hydroxide so that the Is c tone was present 
In the open form as the potassium salt. The following 

results were obtained i

g° (leotone) [n]g° (aoid)
Turraeenthin laetone (121) - ^3°

° °3-Oxodeacetoxyturraeanthin laetone (131)- 159 - 8 
Flindissone laotone (J^g) - l#5° - 376°

All of these results show a negative A value, which 

indicates that the configuration of the laotones in these 

compounds may be written as in (!££)» Hence turraeanthin 

itself may be written as in (153)* the optical rotatory 

dispersion (0«R.D«) curves of these three compounds have also
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been measured. The Cotton effeot of the laotone group was 

partly meaked in the curvea of 3-oxodeaoetoxyturmeanthin 

leotone (l^J) and flindiasone laotone (Ilia) by the Cotton 
effeot of the 3-axo-7-ene grouping. However, the latter 

grouping ia not present in turraeanthin laotone (121) and the 
Cotton curve of the laotone group oould be seen. It waa 
negative and much a mailer than that due to the 3-oxo-7-cne 
system. Thia may be due to the additional Cotton effeot

2*5of the double bond. ^ The Cotton effects of this and other 
lac tones are being studied further by Professor w. Klyne 
and Dr. D.M. Soopea*

It ia hoped that the remaining atereoohemioal features
at 0(21) en^ ^(2U) w *** k« determined by en X-ray 
oryatallogrephio examination of the £-bromobensoate 
derivative (15U). Thia compound was prepared by treating 
turraeanthin with £»bromobensoyl chloride. In addition 
to forming the j^-bromobeneoate eater at the 0/21 ) hydroxyl 
group* the hydrogen chloride liberated from this reaction 
opened the epoxy ring to give the ohlorohydrin. The n,m.r. 
spectrum had singlets at 6*30 end 6.23 T due to the methyl 
groups at 0/25) [ of» thc ohlorohydrin compound (laif) ] > 
and there was a broad singlet at 3*95 T due to the proton
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at C (2X) to *hich the ^-bromobenzoate eater group Is 

attached* The aromatlo protons of this ester group gave 

rise to signals at 2.20 T .

Mass Spectral Studies

In attempting to interpret the mass spectra of 

turraeanthln (iffj) and Its derivatives, the mass spectra 

of butyrosperraone (]££} and euphone (1^6) will also be 

considered* Butyrospermone has the same stereochemistry
o*

as turraeanthin (151) at all positions except that at c ( 2o)' 

and serves as a model compound* The mass spectra of

tetracyclio triterpenes have not been discussed in detail
2ii In the literature, but Djerassi et air* have analysed the

mass spectra of the pentacyclio trlterpene bauerenone (1$?) 

and related compounds* The stereochemistry of bauerenone 

at the A, B, and C ring junctions la similar to that of 

butyroapermone (&££) and turraeanthln (122)* and these 

oompounda appeared to fragment in similar ways. There is 

enhanced strain due to the methyl groups at C(v*\ and c (m)» 

and most of the fragmentation of the nucleus occurred in the 

environment of the C/D ring function* The position of the
"7 A

double bond ( A. or A ) affected only the relative
2U abundance of certain fragments and not the breakdown pattern*
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Fragmentations of the nucleus will be considered first. 

All of the apeotra under consideration showed a strong peak, 

often the base peak, at II - 15 which is due to the loss of a 

methyl radical. This is probably the loas of a methyl
p 

group placed in a position a Hylic to the double bond* i.e.

the C (JM ^othyl group in butyroapevmone (Ij5) and 

turraeanthin derivatives, and the C/,^% and 0/^0 ) 

groups in euphone (156). In addition, turraeanthin 

derivatives with the side-chain epoxy intact could also 

lose a methyl radical by the mechanism (a). The alternative 

fragmentation (b) would give rise to a fragment m/e 71 which 

was observed in the mass spectra of turraeanthin lactone (121) 

and 3-oxodeacetoxyturreeanthin laotone (133). and provided 

evidence for the presence of the epoxy side-chain in

turraeanthin. By analogy with the cracking pattern of
2k bauerenone (157)* most of the other major fragments arising

from the nucleus comprised rings A and 3*

One of the characteristic fragmentations of A 

compounds is a retro-Die la -Alder decomposition of ring 0, 

followed by oleavage of the activated O/JE) ~ c (i6) **ond a8 

in (o). This gives rise to an ion m/e 2k5 which was 

observed in the spectrum of euphone (156). The same
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fragmentation occurred to a smaller extent with butyrospermone 

(155.) •**& 3-oxodeaoetoxyturraeanthin laotone (133)* One then 

has to assume ^ either a double bond migration prior to this 

speoial fragmentation process, or a rearrangement of the 

hydrogen fttom to yield the same intermediate as in (d)«

A fragment m/e 257 which could be observed as a strong 

peak in the spectrum of euphone (3^6) but whioh was weaker 

in the mass ppectra of 3-oxodeaoetoxyturraeanthin laotone

(lii) and butyrospermone (iS5.) requires the prior migration
2k of the double bond to the C/ position. A possible

mechanism for the subsequent fragmentation is as in (e).

A fragment at m/e 271 whioh was observed in the spectra 

of butyrospermone (155)« euphone (1^6). and 3-oxodeaeetoxy~ 

turraeanthin laotone (133) can be explained by cleavage of the

C (H) ** °(17) "^ ^(lk) ~ °(15) konds witn migration of a 

hydrogen atom probably from C/ 12) to C (i7) by the roeohanism 

as in (f). The corresponding peak was observed at m/e 

315 in the spectra of turraeanthin and its laotone (X21), and 

at m/e 273 in the spectrum of deaoetylturraeanthin (122).

The mass spectrum of turraeanthin furnished useful 

information about the functional groups* However, since the 

spectrum was complex an attempt was made to assign the
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composition of only a few of the more Intense peaks* The 

following Interpretation of the breakdown pattern was 

substantiated, where possible, by the presence of corresponding 

metaatable pea it a, the observation of which Is denoted by an 

asterisk (*).

As has been mentioned before turraeanthin readily loses 

a methyl radical ( - 15 )» probably mainly from the C/JK) 

position* to yield the ion ra/e 499* and most of the subsequent 

fragmentation seems to stem from this latter ion. The 

fragmentations involve;

514

367 < "'** 439 <*wr 499 ~'** > 427 ~60* > 367

-18* | -18* | -18* 
-72 ,.«, .-60* ,,«, -72* 409 -^°^> 349

-M* > 499 ^138^ > 3UX -^*__28i

Mass spectral fragmentation of turraeanthin.
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(i) the fission of the C/N - C (2U) ^ond giving the loss
of a Or _ unit together with a neighbouring proton from

- 72 )t 

(ii) the loss of water , which when oonsidered together with

(i) t generates a furan ring in the aide -chain, ( - 18 ),

and

(iii) the loss of aoetio so id from 0/*\t ( - 60 )• 
Furthermore it appears that these three processes oan occur 
in any order*

Another major breakdown prooeas appeara again to stem 
from the M - 15 ion, nv/e 499* This involves the oleavage 
of the 0(v7) - °(20) kond *°8ethep v^th the loss of a hydrogen 
atom, possibly from the C^g) position, giving loss of the 
side-chain ( * 158 ) leading to an ion m/e 3U1. Loss of 
aoetio aoid from this ion then leads to the peak at m/e 281* 

However, it must be pointed out that in the absence of 
high resolution data this cracking pattern is only tentative,
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Section 
Genera^

The same procedures were adopted as recorded in the 
Experimental Section of Chapter II. In addition, 100 mo/a 
n*m.r* spectra were recorded either on a Varian A 100 
instrument or on a Japan Kleotron Optios Jin>.-l4K«»lOO 
instrument,

Sxtraotion of Turraeanthin (120)
The turreeanthin used in this wfcrk was isolated in 

Professor Sevan's laboratory at the chemistry department 
of the University of Ibadan. The heart wood of 
Turraeanthua africanua (21,28 kg,) was ground up and 
extracted in a Soxhlet apparatus with petroleum ether for 
2k hours. Evaporation of the solvent afforded a thiok oi)., 
The oil was shaken with raethenol (200 ml,) and the solvent 
was decanted off leaving a brown precipitate. The brown 
residue was washed with ether (100 ml.) leaving a dirty-white 
solid (25 g.). This was crystallised from methanol using 
s little decolourising charcoal and afforded needles of orude 
turraesnthin, irup, 205-209°. Crude turraeanthin (^,037 gO 
was taken up in benzene and adsorbed on to a column of



90.

alumina ($/ deaet., 250 g. ). Slutlon with ether - light 

petroleum (1:3) gave a compound (10 mg.) which crystallised 

from aqueous methanol as needles, ra.p. 204-206°, a (KC1)

3400, 1730, 1445, 1380, 1248, 1100, 1030, 960, 905, 875, and
..^ 

815 cm, , and M 528 (maas spectrum), which was not further

investigated*

Further elution with ether - light petroleum (1:1) 

afforded turraeanthin ( 24£»25s21g,23&-diepoxytirucall~7~en~

3/3-monoaoetate) (3*932 g.), which crystallised

from methanol - chloroform as needles, oup. 218-220°,

+ 3° (SL 1*00), V (OH312) 3590, 1724, 1245,

1118, 1090, 1033, 980, and 823 omT1, A 214

€ 2000 ), 100 aw/s n.ia*r. I T 9.16 (3H), 9.07 (6H),

8.99 (3H), 8.93 (3H) [ a, tertiary CH, ] , 8.63 [6Hj
0 

s, B3H-b(Ga3) 2 ] * 7-90 (3H| 8, C£3.CO.O- ), 7.09

[lH; d, J 8 O.P.S., aca-C(CH3) 2 ] , 6.25 (1H| m, 0£, DgO ), 

6.15 [1H; teat -CE(OH)- ] , 5.47 [iHj t, J 8 O.P.S.,

-Gg(OAo)- ] 9 4.73 (1K| m, -CH« ) t and 4.63 [ Ifi; m,

-Cg.(OH).0- ] p. p.m., and M 514 (mass spectrum),

(Pounds C, 74.6) H, 9.8| OAo, 7*0;

CjgH^O* requlresC, 74.71 H, 9.8{ QAo, 8.40.

The specimen of Turraoanthus af rioanus was kindly supplied by

Professor F. a. Torto of the University of Legon, Ghana.
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Turraeanthin Lao tone (121)
Chromium trloxide (5*8 g. ) was carefully added to dry 

pyridine (90 ml.) at 10° with cooling to maintain the 
temperature below 15°* Turraeanthin (4.190 g. ) in pyridine 
(20 ml*) was added and the mixture was kept at room 
temperature (20°) for 48 hours with occasional shaking* 
Water (200 ml.) waa added and the mixture was then extracted 
with ether* The oombined. organic extracts were washed with 
water and dried* The solvent was distilled off and the 
residue was taken up in benzene and adsorbed on to a column 
of alumina (5$ deaot., 300 g. )• Slut ion with benzene - 
ether (19sl) afforded turraeenthin lac tone (3*70 g*)

(3/3 -
aeid 23l ,21-laotone), which crystallised from aqueous ethanol
as needles, m.p. 215-220°. [cc]*3 - 33° ($. °*W), V 1780,
1735t 1162, 1015, 925» 902 and 815 omT1, 100 rao/s n,m*r.s

*> w
T 7*20 [an | d, J 8 o.p.s., HDa-C(CH3) 2 ] , 5.85 [ttj 
m, -Oft(O.OO.H)-], 5.50 [lH| t, J 8 c.p.s., -Ca(OAo)- ] , 
and lu75(lHf m, -oa« ) P*P.^» M 512 (mass spectrum),

]5° - 31° (& 0.51 In ««GH - OH013 , 4.1), and [or]j*° - 1.5° 
0.75 In lieQK - CHCl^, 4*1 containing l£ KOH). 

(Found! 0, 75.31 H, 9.6i
0, 75. 0| H,



Further elutlon with benzene - ether (3s 1) gave 
turraeanthin (1*10 g, ), reoryatallised from aqueous ethanol 
as needles, m.p. and mixed m,p, 218-220°.

Aoetylation of Turraeanthin
Turraeanthin (1*060 g.) in dry pyridine (10 ml.) was 

heated on a steam-bath with aoetio anhydride ( 3 nil.) for 30 
minutes* The solution was kept at room temperature (20°) 
for a further 24 hours. The pyridine and residual aoetio 
anhydride were removed by distillation under vacuum, and the 
residue was taken up in light petroleum - benzene (3 si) and 
adsorbed on to a oelumn of alumina (5- desot., 130 g. ). 
Slut ion with light petroleum - benzene (3:1) (450 ml.) 
afforded turraeanthin ao state (123) (66$ mg«) (2k , 25:21 ,23 - 
diepoxytlruoall"7-an~3 ,21 -diol dlaoetate), whloh crystallised 
from aqueous ethanol as needles* m.p, 214-215°, [a]3 - 35° 

1.01), V fflWC0 1753, 1732, 1245, 1225, 1064, 1030, 960, 871,
and8L5 omT1, 100 rae/s n,nur. * 7*95 (2 x 3B; s, C^.CO.O- ),

/°\ 
7.25 [iHi d, J 8 o.p.s., HCJI.-CfcH^ ] , 4.70 (1H| m,

-O£« ), and 3.77 [iHj df J 3 o.p.s., ~CH(OAo).0~] p.p*m.,
and !' 556 (mass speetrum).

(Pound; C, 73-4; H, 9.4j
°34H52°6 re«luire» °* 73.31 H, 9.4/0.
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Further elution with benzene gave turraeanthin (190 mg.), 

which crystallised from aqueous ethanol as neediest m.p.

ffydrolyais of Turraeanthin

Turraeanthin (1&6 mg.) in methanol (i|0 ml.) was heated 

under reflux with potassium hydroxide (1.26 g. ) for 30 minutes. 

The mixture was diluted with ether and the solution was washed 

with dilute aqueous sulphuric acid and water, and then dried. 

The solvent was distilled off* and the residue was taken up 

in benzene and adsorbed on to a column of alumina (5- deaot., 

30 g. ). Slut i on with benzene - ether (1:1) afforded 

deeoetylturreeanthin (122) (335 nig.) (2U$,25:2U, 23HU«POxy^ 

tirucall-7?en-3/2»21$-diol), which crystallised from aqueous 

methanol as needles, m,p. 182-184°, [oc] 1 -35° (& 0.51),

v „ 3l»00, 1025, 970, and 813 eiC , n.nur. :T 6.1 max*
[2K| bm, -Cj|(OH)- and -Cg,(OR)- ] p. p.m., end U 

(mass speotmm). 

(Found: C, Ik.ki H, 9.9;

. JH20 requires C f 74.8; H, 10.2 f ).

Aoetvlation of Deaoetylturriieanthi^ (122)

Deaoetylturrseanthin (25 ®g.) in dry pyridine (k nil.)



was heated on a steam-bath with aoetlo anhydride (1 ml.) for 

10 minutes, and the eolutlon was kept at room temperature for 

a further 2k hours. The pyridine and residual aoetlo 

anhydride were removed by dlat illation under vacuum, and the 

residue was taken up In ether and washed with aqueous 

sodium bloarbonate and water, and then dried. The solvent 

was distilled off, and the residue was taken up in benzene 

and adsorbed on to a column of alumina (5« deaot., 10 g. ). 

Slut ion with benzene afforded turraeanthin acetate (123)

mg«)f which crystallised from aqueous ethanol as needles*

m*p. and mixed aup. 212-215°* and the i.r. spectre were 

superimpossble*

Oxide t ion of Deeoetylturraeanthln (122)

Deaoetylturraeanthln (250 mg, ) in pyridine (10 ml.) was 

added to a slurry of chromium trioxlde (2 g, } and pyridine 

(30 ml. ) coiled in an loo-bath. The mixture was kept at 

room temperature for 2k hours and then poured into water, and 

extracted with ether. The ethereal solution was dried and the 

solvent was distilled off. The residue was taken up in 

benzene * light petroleum (1:3) end adsorbed on to a column 

of alumina (5* deaot., 20 g. ). Klution with benzene
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afforded 3-oxo<|f aaet oxytur raeanthin lap t one (JJSi) (155 nig«) 

(3-oxo-2l4 f25^poxy-23^-hydwsixytiruoall-7*«n-21-oic acid 234 

21-laotone), whioh crystallised from aqueoua methanol aa

needles, oup. 181-181*°, [<*]^° - 76° (o, 0.53). Vma3U 1775, 

1710, 1170, 995 * 970, 900 and 817 cm?1 , n.m.r. :T 7.18

d, J 8 c.p.s., ^^(CH^Jglt 5*7 [iR; 

-<3g.(O.OO.R)-] f and U.6 (1H) m, -OR* ) p*p.«u, M 468 (raasa 

apeetrum), [^]0° - 83° (a Q.kB in MeOK - OHC13 , l*sl), 

and [Of]^° - 30° (& 0.63 in MeOH - GHOl^, k* 1 containing 

1" EOH).
0, 76.8; H, 9.1;

H, 9«5*)«

Further alutlon with benseae - other (9:1) gave 

3-oyodeaQQtoxyturraeanthin (i^2) (81 mg. ) (3<*OJco* 

23t-diepoxytiruoell-7-«n-2lt-ol) which oryatallifted from 

aqueous methanol as needles, m.p. 171-1 73 °» [ctl 20 52°

(£ 0.54), V m03U 3¥>0» 1705* 1020, 970 and 820 omT1 ! and 

M U70 (mass spaotrum).

(Foundt 0, 7U.O; H, 9.7i
B » 9.9 0.

Ogonolyais of Turraeanthin

Turraeanthin (1.59i* «.) in ethyl acetate (100 ml.) was
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cooled in an aoetone - 'Drikold* bath. Ozonised oxygen 
was passed through the solution until a deep blue colour was 
produced due to the presence of excess ozone (approximately 
1 hour). Water (75 ml.) and zinc dust (10 g.) were added 
and the mixture was steam-distilled into a solution of 
2 tU~dinitrophenylhydrasine (1 g.) in methanol (30 ml.) 
containing sulphuric acid (l ml.). Ho steam-volatile 
oarbonyl compound was obtained. The residue was filtered 
and extracted with chloroform, and the organic extract was 
washed with water and dried. The solvent was distilled off 
and the residue was taken up in benzene and adsorbed on to a 
column of alumina (5 deaet., 100 g.). Elution with benaene 
ether (3si) afforded 7.8-epoxyturreeanthln (1^7) (0.72 g.)

acetate) 9 which crystallised from aqueous methanol as neediest
nup. 191-194°, H° - 33° (a 1.02), V max% (OHC13 ) 3580,
1730, 1245 » 1025, 975 and 900 on, and n.nur. :T 7.15

0 
(2H; m, HCgT-Cfi) p. p.m.

(Pound! C, 71.2| H, 9.4;

c » 71.2; H, 9.5>

Treatment qf 7.6~3Spoxyturraeanthin r(^7) with hydrochloric Aoid 
7td-£poxyturr«6anthin (110 rag.) in methanol (15 ml,) was
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treated with hydrochloric acid (1 ml.) and the solution was 

heated wider reflux on a water-bath for 1 hour. Water was 

added and the mixture was extracted with chloroform. The 

organic solution waa dried and the solvent distilled off, 

leaving a gum which could not be crystallised. It had A 

233* 239, and 2i*B rap ( * 8900, 9400, and 6000).

Treatment of Turreeenthin with Perbenzoio Aoifl

Turraeanthin (375 mg.) in dry ohloroform (10 ml.) was 

treated with perbenzoio aoid in chloroform (14 ml. of a 

solution containing 7*9 g«/l»)« The solution was kept at 

20° for 5 days, and was then washed with aqueous sodium 

bicarbonate and water* The organic solution was dried and 

the solvent distilled off. The residue was taken up in 

bensene and adsorbed on to a column of alumina (5$ deaot., 

20 g.). Elution with benzene - ether (9:1) gave a gum 

(73 mg.)> which had V^^ 3400, 1724, 121*5* 1025, 905 and 

820 cmT1, A mttv 23^, 239 and 247 mu ( « 15340, 16120 and
uUiJL* '

11000).

Treatment of Turraeanthin with Hydrochloric Acid in Methanol 

Turraeanthin (1.052 g*) in methanol (75 ml.) was
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treated with hydroohlorio aoid (7 ml.) with cooling in ice 
during the addition. The solution was kept at room 
temperature (20°) for 3 hours during which crystals were 
deposited. Water was added and the mixture was extracted 
with chloroform. The combined organic extracts were washed 
with water and dried. The solvent was distilled off, and 
the residue wes taken up in benzene - light petroleum (1:1) 
and adsorbed on to a column of alumina (5^ deaot., 75 g.}. 
Klution with benzene - light petroleum (Isl) afforded 
21"^>methylturraeanthin ohlorohydrin (12lf) (35U mg.) 
(25-ohloro-21| -methoxy-214,23£ -epoxyt iruoa ll-7-en-3/£ 9 2*4 -d iol 

acetate), which crystallised from methanol - chloroform

°. «
1*

1
as nwdlw, m.p. 197-198. « ( Q>U3)>

1733, 1214.0, 1096, 1025 and 965 ooC , n.rrur. tT 8.UO, 6. 
[2 x 3H| a, (Ca3 ) 2oc:i-]» *»<* 6»^2 (3H; a, C^O- ) p.p.®., 
and II 5&* (mass speotrum), 
(Found: C, 70.1; H, 9.6; Cl, 6.5;

C33H53°5G1 re<iulrea G » 70.1; K, 9.51 Ol t 6.3Q*
Farther elution with benzene - ether (9s 1} gave 

21~Q~methylturraeanthln methoxyhydrln (125) (539 mg, )

3l3-«onoaoetate) , which crystallised from aqueous methanol
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as needles, nup. 171-173°, MJp+ 23° (fi. 0.56), V^^ 2550, 

1730, 1245, 1098, 1028, 900 and 818 oraT1, n.nur. i T 8.83, 

8,77 [2 x 3H; s, (Oa3)^0(OCH 3)-], 6.7k, 6.6U (2 x 3H, a, 

CK.^0- ) p. p.m., and M 560 (mass speotrum). 

(Founds 0, 72.51 H, 10.2$

0, 72.8j H,

Aoetylation qf 21«»Q^Hfithyltur.raean.thin. Chlorohydrin (12k) 

21*0»Methylturraeanthin ohlorohydrin (1*1 mg») in dry 

pyridine (k ail*) was treated with aoetio anhydride (1.5 »!*), 

and the solution we a warmed on a water-bath for 5 nil nut e a and 

then kept at room temperature overnight. The solvents were 

evaporated off under vacuum, and the residue was taken up in 

benzene and adsorbed on to e oolumn of alumina (5- deaot., 

15 g«)« Blution with benzene afforded 2^

ohlorohydrin aoetate (126) (25-ehloro~21$ ,-^sethoxy-2U , 

tpoxytiruoall^-en^j^-^diol 3^,2M4-diaoetate) (35 m 

which crystallised from aqueous methanol as needles, ni.p. 

183*185°, |oc|° * 22° (& 0.9^), V (KOI) 17W, 1735,

1375, 1250, 1235, 1030, 900, 885 and 827 omT1 

(Founds 0, 69. 6j H, 9.3;
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of. 21~Q-Methy Itur raeenthin Met hoxyhydrin (125 ) 
21-0~Methylturraeanthin methoayhydrin (Ilk mg. ) in dry 

pyridine (6 ml.) waa treated with soetio anhydride (2 ml.),
and the solution was warmed on a water-bath for 15 minutes

o 
and then kept at room temperature (20 ) for 2k hours* The
solvents were evaporated off under vacuum, and the residue 
was taken up in light petroleum - benzene (1:1) and adsorbed 
on to a column of alumina (5 deaot., 20 g. )• ^lution with 
benzene gave 21«*Q*methylturraeant^in methcocyhydrln acetate 
(127) (211 ,25-dimethoxy-2U > 23^epoxytiruoall--7-"«n-3^ 
3y£f24£-diaoetate) (88 mg. ) which crystallised from aqueous 
ethanol as needles, ra.p. 162-165°, [oc]|° -3° (& 0.48), 
1730, 1245, 1100, 990, and 835 omT1, n.m.r. ;T 7.95 (3HJ
s, C£3 .00.0-), 7.84 (3H? s, 0£3,CO.O- ), 6.80, 6.65 (2 X 3Hf

a, Cg»0- ) p.p.m.

(Pounds 0, 71*3; E, 9.3i
requires C, 71.7; H f 9.7^).

Trea^nient of Turraeanthin wj.th HyfoPootyloriQ Aoid, in
Turraeenthin (1.170 g. ) in ethanol (75 «!• ) was treated 

with hydrochloric aoid (7 ml.) with cooling in ice during the 
addition, and the solution was kept at room temperature for 3
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hours. TJater was added and the mixture was extracted with 
chloroform, and the combined organic extracts were washed with 
water and dried. The advent waa distilled off* and the 
residue was taken up in light petroleum - ether (19s 1) and 
adsorbed on to a column of alumina (5,£ deaot., 75 g. ). 
Klution with light petroleum - ehter (19:1) (400 ml.) gave 
21-0-ethylturraeanthin ohlorohydrin (3,2.8) (25-chloro-2:U~ethoxy 
-2l£ ,23£-epoxytirucall-7-en-3^,24£-diol 3/2-monoacetate) 
(834 mg.i whieh crystallised from aqueous ethanel as needles* 
m.p. 152-156°, [a] 1 - 6° (& 0.53), v 3440, 1735*
1240, 1100, 1025* 985* and 620 oin?1 * n.m.r. i T 6.36, 8*43
[2 x 3H| a and d, J 2 c.p.s* f (0^) 2C01-] p.p.m.
(Found: 0, 70.1; H, 9.4; Gl, 6«U|
G3UR55°5C1 re^uirts °» 70.51 H t 9.6; 01, 6.1.4).

Further elution with light petrcleum - ether (9s 1)
afforded 21-0-ethylturraeanthin ethoxyhydrin (129) (2ll ,25-

(272 rag.), which crystallised from aqueous athanol as needles, 
m.p. 136-139°, [a]J° - 14° (E 0.53), V^^ 3430* 1735* 1245, 
1025, 980, and 820 cmT1 , n.m.r. i T 8.86, 8.75 [2 x 3H) s,

(Poundt C, 73.4; H, 10.7; 
°36H60°6 ^a*1*** °» 73.4; H,
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Treatment of JTurraeanthin with Sulphuric Acid in Met nan ol

Turraeanthin (1*017 g.) in methanol (70 ml.) was 

treated with sulphuric aoid (k ml.) with cooling in ice 

during the addition. The solution was kept at room 

temperature for k hours. vater was added and the mixture 

was extracted with chloroform, and the combined organic 

extracts were washed with aqueous sodium bicarbonate and 

water , and then dried. The solvent was distilled off, and 

the residue was taken up light petroleum - ether (9s 1) and 

adsorbed on to a column of alumina (5- deact., 100 g. ). 

Slution with light petroleum - ether (3:1) (UOO ml.) afforded 

21-0-methylturraeanthin methoxyhydrin (jlft5) (2UO mg. ), which

crystallised from aqueious methanol as needles* 11. p. 169-1 73 °> 

V 3550, 1730, 12U5t 1098, 900, and 818
•UtfA.

(Pound: C, 72,5; H, 10.2; 
eale. for Gl 0, 72.8; H,
The mixed m«p. with the sample prepared previously gave no 

depression, 169-173°, and the infrared and n.m.r. spectra 

were identical*
Further elution with light petroleum - ether (1:1) 

(UOO ml,) gave >*^egoetyl'*21-0*methylturrseanthin methoxyhydrin 

(130) (21$ ,25-dimethoxy-21t,23^~epoxytirucall-7-en-3/,2Ui-diol)
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(730 mgOf which crystallised from aqueous raethanol as 

needlea, sup. 106-108°, [ct]*° - 35° fe 0.51) t 

(CHC13) 3480, 1388 f 1368, 1095, 1030, 980, and 915 

(Pound: c, 73»2; H, 10,91

Of 72.8; H, 10.50.

Oxidation of 3~deaoetffl~gl~Q~met^lturraeanthin Methoxyhydrln

(122)
3~I>ee«etyl-<-21-0~mathylturr8eanthin methoxyhydrin (U30 «»g 

in pyridine (20 ral. ) we a added to a slurry of chromium 

trioxide (2*8 g.) and pyridine (1^0 ml,) cooled in an ioe-tath, 

the mixture waa Itept at room temperature (20 ) for 20 hours, 

and waa then poured into water and extracted with ether. 

The ethereal solution was dried and the solvent was distilled 

off. The residue was taken up in light petroleum - ether 

(3:1) and adsorbed on to a column of alumina (5- deact.* 70 g. ). 

Elutlon with light petroleum * ether (3:1) (200 ml.) afforded

thln methoxyhyftrln (131) 

f 25~dioiethoxy-21$ > 23^-epoxytiruo8ll-7*-en-2l4«Qi)

(26k mg» ), whloh orystalliaed from aqueous methanol as needles,

171-175°* - ?o (& o.w § v 35W>, 1705, iioo,
1035, 98%, and 836 onC* n,m.r. :T 8.72, 8,62 (2 x 3H; a, 

), and 8.65 (1H| m, »CJi« ) p.p.^, and K 516 (mesa



spectrum),

(Pound: c, 7U.7J H, 10.

°32H52°5 retires C, Jk.k; H, 10.1/).

Reduction of 3-Oxodeaoetoxy--21-Q-methylfcurreeanthin 

Methoxyhydrin (131) with Sodium Borohydride

3-Oxodeaoetoxy-21-0~methylfeurraeanthin methoxyhydrin 

(39 ^g«) in methanol (15 ml.) was heated under reflux on a 

steam-bath with sodium borohydride (150 mg.) for 2 hours. 

The solution was poured into water and extracted with ether. 

The ethereal solution was washed with dilute sulphuric aoid 

and water, and then dried. The solvent was distilled off, 

and the residue (31 rag.) was crystallised from aqueous 

methanol to give 3-deacetyl-21-0-methylturraeanthin 

methoxyhydrin (130) as needles, m.p. and mixed m.p. 106-108°, 

and the infrared spectra were superimposeble.

Treatment of Turraeanthin Leotone (121) with Sulphuric Aoid

in Sther
Turraeanthin leotcne (165 sag.) in ether (30 ml.) was 

treated with sulphuric aoid (1 ml.) with cooling in ice 

during the addition, and the solution was kept at room
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temperature for 2k hours. Tester was added and the mixture 

was extracted with chloroform; the organic extract was washed 

with water and then dried. The solvent was distilled off, 

and the residue was taken up in benzene and adsorbed on to a 

column of alumina (5« deact., 20 g.). Slution with benzene - 

ether (3*1) afforded 2J4«25-dihydroxyturraeenthin leotone (1U3) 

(3/2-aoetoxy-23l ,2i*£ , 25-trlhydroj^tiruoall-7~en-21-oic acid 

23£»21-iaotone) (110 mg. ) 9 which crystallised from aqueous
methanol as needles, 219-222°, M£° - 39° (o 0.1|B), v __u max.
(CHC13 ) 3580, 1775, 1728, 1260, 1160, 1130, and 922 omT1 , 

n.nur. tT 8.71* 8.66 [ 2 x 3H} s, (0£3 )20(OH)- ] , 7.55 

(2H; s, 0£, D20 ), 6.68 [iHj d, J 2 o.p.s., -CfiCOH)- ] , 

and 4*7 (1H; m, -Cg.» ) p. p.m., and M 530 (mass spectrum). 

(Found: C, 72.3; H, 9.6; 

C32H50°6 re«u:lr*s G > 72. ki Rr 9.5").

2U«25-Deoxyturraeanthin Lao tone (1U4)

2Ut25-Dlhydroxyturraeanthin laotone (1U^) (370 mg. )

in dry xylene (50 ml. ) was treated with thiooarbonyl
Q

diimldaiole (1*33 g«)» and the mixture was heated under 

reflux in an atmosphere of nitrogen for 30 minutes. The 

mixture was taken up in chloroform (200 ml.), and the solution 

was washed with water and then dried. The solvent was 

distilled off, and the residue was taken up in freshly
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diatilled trimethylphosphite (UO ml.). The solution waa 

heated under reflux in an atmoaphere of nitrogen for 2k hours. 

Excess of trimethyl phosphite was distilled off on a rotary 

evaporator and the residue waa taken up in chloroform. The 

organ io solution was washed with water and then dried. The 

solvent was distilled off, and the residue was taken up in 

benxene and adsorbed on to a ooluran of alumina (5 - deaot. , 

30 g. ). Elution with benzene afforded 2U . 25~deoxyt ur ree- 

anthin laotone (1UU) (3/3-8oetoxy-23l-hydroxytiruoall-7,2U(25)- 

dien-21-oio aoid 23£ ,21-lectone ) (250 mg. ), which crystallised 

from aqueous methanol as needles, m. p. 158-160°, \(X |^° - 28° 

(0.0.50), V^^ (CHC13) 1770, 1725, 1380, 1138, 1029, 1010, 

980, and 920 omT1, n.nur. tT 8.27 [2 x 3H| s, (C£3 ) 20a8 ] , 

7.97 (3Hf s, C&3.00.0- ), 5*5 [lH| m, -CJJ.(OAo)- ] , and 

U»8 (2H; m, -CH* ) p«p«m«, M U96 (mass spectrum), 

(Pounds C, 77.3s H, 9.7l

c *

3-Oxodeaoet ox.y~2U. 25-deoxyturraeant hin Lao t one ( 1U2 )

24,25«Deoxyturreeanthin Laotone (llUf) (180 mg. ) in 

methanol (15 ml.) was heated under reflux on a water-bath 

for 50 minutes with potassium hydroxide (160 mg. ). The
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solution was poured into water and acidified with dilute 

aqueous sulphuric aoid, and the mixture was extracted with 

chloroform* The organic solution was washed with water and 

then dried, and the solvent was distilled off. The residue 

was taken up in pyridine (10 ml*) and added to a slurry of 

chromium trioxide (1.5 g») in pyridine (30 ml*) cooled in ice. 

The mixture was kept at room temperature overnight, and was 

then poured into water and extracted with ether* The 

ethereal solution was washed with water and dried, and the 

solvent was distilled off* The residue was taken up in 

light petroleum - benzene (1:1) and adsorbed on to a column 

of alumina (5 deaot*. 20 g.)* Elution with benzene 

afforded 3~oxo<jteacetoxy-21i. 25-deoxyturraeanthin leot one 

(1U2) (3-oxo-23^hydroxytiruoall-7.24(25}-dien-21-oio aoid 

231 ,21- lac tone) (153 mg«) 9 which crystallised from aqueous

methanol as needles, sup. 180-185°, [oc]*° - k5° (& 0.51),

31771, 1706, U*50, 1387, 1178, 995, 956, and 
cmT1, n.m.r. * T 8.26 [2 x 3H; s, (Cg,3 ) 2C«] , and 

(2HJ m, -CK* ) p.p.m.
(Found! C § 79.51 H, 9*51 

requires 0, 79«6| H, 9.
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Treatment of ft~0xodeaoetoxyturraeanthin Lectone (133) with 
Sulphur io Aoid in Sther

3-Cxodeeoetoxyturraeanthin laotone (U20 ing.) in ether 
(100 ml.) was treated with aulphurio aoid (3 ml,) with 
cooling in ioe during the addition, and the aolution was kept 
at room temperature for 2 hours* The aolution waa washed 
with water and dried. The solvent was distilled off* and 
the residue was taken up in benzene and adsorbed on to a 
column of alumina (5$ deaot., 50 g. ). Elution with benzene ~ 
ether (1*1) afforded 3*oxodeaoetQ3yr»2li.25^dihydr9xyturraeanthin 
la e tone (1UO) (310 mg.) (3*oxo-23Sf2W»25-trihydro3cytiruoall- 
7~en-21-cio aoid 23f »21~lactone), which crystallised from 
equeoua methanol as needles » sup. 18 7-189 °> M^ - ®9° 
(&0.55)» v (KCI) 3500f 1750, 1700, 1210f 1138, 1050,
1010, and QUO oraT v and il 530 (ms?s spectrum).
(Poundj c, 73«7; H f 9

H, 9.5

3-Oxodeeoetoxv-2U.25~deoxyturraesntfrin Laotone (1U2)
3-Oxodeaoetoajy-2l4.f 25^dihydroxyturraeanthin lactone 

(290 rag.) in dry xyletne (50 ml.) was treated with thiocarbonyl
adiimidezole (1*57 g«) and the mixture was heated under retlux
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in an atmosphere of nitrogen for 30 minutes. The mixture 
waa taken up in ether (200 ml.), and fhe solution was washed 
with water and then dried. The eolvent was diatilled off, 
and the residue waa taken up in freahly diatilled t rime thy 1- 
phoaphite (UO ml.). The solution waa heated under reflux 
in an atmoaphere of nitrogen for 20 hours. Excess of 
trimethyl-phosphite waa distilled off on a rotary evaporator 
and the residue waa taken up in chloroform. The organic 
aolution wae wabfeed with water, and then dried. The solvent 
waa diatilled off, and the residue wee taken up in light 
petroleum - benzene (3si) and adsorbed on to a column of 
alumina (5?r deaot., 20 g.). Klution with light petroleum - 
benaene (1:1) gave 3-oxodeaotoxy-2U,25-deoxyturraeanthin 
leetone (1U2) (195 ftg«)f which oryatalliaed from aqueoua 
me t ha no 1 aa needlea, m«p, 175-130 . Repeated reorystallisatioi 
from methanol to remove traces of trimethyl phoaphite gave 

needlea, sup, 190-19**° , [a]g0 - 31° (£ 0.65), V^. 1770, 
1703, 1WO, 1390, 1330, 1175, U38, 1010, 1000, 920, end 8UO 
oraT1 , and M U52 (maaa apeotrum). 

(Found; 0, 79.6; H, 9*7| 

oalo* for Qypyf} °* 79.6| R, 9.8«).
The infrared, n.m. r., and mass spectra were identical 

with thoae of an authentic sample of flIndiesone laotone (3^2) 9
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and the mixed m*p. gave no depression*

Pllndlaaone Lao tone

Flindiasol (J2) (147 mg.) In pyridine (10 ml.) was 

treated with a slurry of chromium trioxide (2 g.) and 

pyridine (i*Q mi.), and the mixture was Kept at room 

temperature (20 ) overnight. The mixture was poured into 

water and then extracted with ether* The ethereal solution 

was dried and the solvent was distilled off* The residue 

was taken up in benzene and adsorbed on to a column of alumina 

(5* deaot., 20 g. ). Elution with benzene afforded f Undies one 

laotone (1U2) (110 mg. ), which crystallised from aqueous 

methanol as needles, sup, 191-193°, M 0 - 83° (2 0*1*7),

(lit* 10 m.p. 193-195°; Mjf* - 87°), v max- (CHC13 ) 1770.

1703t 3450, 1390, 1330. 1175t 1138. 1010, 1000, 920, and 

840 om7 , M U52 (mass epeotrum), and [aj - 83° (£ O.U6 in
r n 2O O /MeOH - CHC1,, UJl) and [<xj£w - 71 (& 0.52 in3 ,

CH01*, Iftl oontaiaing It KOH). 

(FoundJ C, 79.8; H f 9.7J 

oalo. for 03(^il4^03 C, 79.6; H, 9.8^

The flindissol was kindly supplied by Professor A. J. 

Biroh.
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Treatment of Turraeenthin with Sulphuric Acid in Ether
Turraeathin (360 mg. ) In ether (30 ml. ) was treated 

with sulphuric acid (1 ml.) with cooling In ice during the 
addition. The solution was kept at room temperature (20°) 
for 2k hours. Ether (100 ml. ) was added and the solution 
was washed with saturated aqueoua sodium bicarbonate and 
water. The solution was dried and the solvent was distilled 
off. The residue was taken up In benzene and adsorbed on to 
a column of alumina (5% deact. , 30 g. ). Slut ion with 
benaene - ether (19tl) gave laoturraeanthin (233 rog*)» 
which crystallised from acetone as needles. Bee ryat alligation 
from methanol - chloroform afforded needles, m.p. 333-336°,

- 8 (£ 0.1*9), Vmaa^ (OHC13) 3600, 1730, 1115, 
1020, 960, 930, and 900 cm7 , n.aur. t T 6.2 [iH; m, 
-Cg(OS)- 1 and i*. 75 [1HJ bs, -C£(OR).0-] p.p.ra., M 514 
(mass spectrum).

(Found i C, 7*4.5 J H, 9.6; 
C32H50°5 J?6«ullle8 c » 7^* 7^ H » 9.8^).

Turraeanthin p-Bromobenzoate Chlorolprdrln (15U)
Turraeanthin (0^627 g.) in dry pyridlne (30 ml.) was 

treated with £-bromobenzoyl chloride (2*2 g,) and the 
solution was heated on a steam-bath for 90 minutes. The
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mixture was kept at room temperature for 146 hours and then 

chloroform (200 ml.) waa added. The organic solution waa 

washed with saturated aqueous a odium bicarbonate, dilute 

aqueous sulphurio aoid and water, and then dried. The 

solvent was distilled off and the residue waa adsorbed from 

benzene on to a column of alumina (10' deeot., 100 g. )• 

Blution with benzene afforded turraeanthin s-bromobenzoete

(15U), which crystallised from ethanol as

needles, m*p. 333-336°, V 1730, 1592, 1260, 12U5,

1095. 1011, 8U5» and 755 eaC! n.m«r. «T 8.30, 8.23 

[2 x 3H| st (Cft3)2C01~], 3.95 [lH) ba, -CgX 

and 2.20(l4H{ m, Ar-I^) p.p.m« 

(Founds C, 6li«52 H, 7*5)

requires 0, 63.81 K,
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IV

BIO'JUNS. T OF THE LIKOKI : OHOT'P OF COKrQU.-DS



of the Lin m

Many of the essential features of the biogenesis of 
terpenoids and steroids have been elucidated by intensive 

studies of the biogenesis of cholesterol, particularly those 
carried out in the laboratories of Bloch, Cornforth and

Popjak, and Lynen. Their results have been reviewed else-
1*5 

where • Triterpenes are formed by a concerted cyclisation
of squalene* and the stereochemistry of the product depends 
upon the type of folding of the original squalene chain, 
presumably on an enzyme surface* The positive charge 
remaining after the ring closures often stimulates the 
migrations of angular methyl groups, and oxidations at 
various positions oan also occur, leading to a wide range of 

products*

It has been proposed that the limonin type of compounds 
are derived biogenetioslly from a tiruoalla-7t2Vdien-3/&~ol 
(equivalent to 20-epi-butyrospermol) (160) type of precursor 
by a aeries of oxidetive degradations. Many of these 
oxidations involve the hydroxylation of saturated carbon 

atoms that are unaotivated in any classical sense* These 
and other oxidations are postulated to proceed via the attack
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of the hypothetical "OH*" species. 5 The nature of the

latter species haa not yet been elucidated, but it has been
7 8 shown that many hydroxy 1st ions utilise molecular oxygen, '•

o 
and that this often requires the presence of ferrous iron*

It has been proposed that the 3 -fur an group found in

llmonin (JJ and its oongenera is derived by oxidation of the
10 tiruoallol type of aide-chain. Flindissol (22) has been

suggested as a possible biogenetic intermediate in this 

sequence since it contains a potential furan ring and an intact 

side-chain. Turraeanthin (i£l) now appears to represent 

the next biogenetio intermediate since it again has its side- 

one in intact but it is at & higher level of oxidation than 

flindiasol (J2)« The oxidative sequence leading to a furan 

ring could be envisaged as proceeding in the following manner. 

Oxidation of the tiruoallol side-chain at c (2i) and c (23) to 

an aldehyde and a hydroxyl group respectively would be 

followed by eye lisa t ion to the hemiaoetalf (160) to (161). 

This would give the flindissol side -chain (39). Kpoxidation 

of the 2I*-25 double bond would then yield a turraeanthin type 

of compound (162). This epoxide group could rearrange to 

give the C/gM xetone, (163) the oxidation of which would 

result in a cleavage of the ^(23) - C (2fc) toond yieldlnS the
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compound (i£tfc). of * 18 ' 19 Dehydration of this letter compound 
leads to the -furan (i§i).

Barton has proposed that the modification of the ring 
system of the tiruoaU-7*2^ien-3/2~ol (160) precursor to 
give limonin (J) commences by an oxidative rearrangement 
similar to that found when dihydrobutyroapermyl acetate

W8fl treated with chromic acid to give 7~oxoai)oeuphenyl 

acetate (162)* This rearrangement can be envisaged as being 

brought about biogenetically by the attack of "OH*", by the me- 

ehanlsm (166) to (1§2)» The product (169) can then be 

transformed into the individual members of the meliaoin group 

of compounds present in the Uellaceae and Rutaceae families. 

In order to achieve this it is only necessary to carry out

simple oxidations, sometimes including ring cleavages of the
is* 

Baeyer-Villiger type* Thus oedrelone (ii) may be considered

to arise from such a compound by epoxidation of the Ut-15 

double bond, oxidation at ®(£)0 c (y) &"& c (j) •*<*
T It

dehydro gens t ion at 0/«\ - O/^)* Anthothecol (16) could 
be obtained from cedrelone by hydroxylatlon and acetylatlon 

at C (u) .
In khivorin*^ () rinS V **•* been expended to a six-

membered laotone by an oxidative cleavage of the Baeyer-
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Vllllger type upon a 16-ketone. Oedunin15 (£) could then 
be deifered from khivorin Q^ by further oxidation at C/-N
to the ketone and elimination of the C/, N aoetoxy group

16 to give a 1-2 double bond. Methyl angolensate (20) and
•ndirobin ' (22) represent a further stage of oxidation beyond 
that of gedunin (£). In these compounds ring B has been
oxidatively olaaved f possibly by a mechanism similar to that

18 postulated for the biogenesis of nyctanthio aoid (21)
19 and dammarenolio aoid (170). Cleavage of ring B has alao

20 occurred in the formation of awietenine («) and the
21 related compounds ewietenolide (gg) and mex loan oil de

($1), In theae compounds it la interesting to note that the 
C/2) position has become linked to the methyl group at C/g\, 
Llmonln (|) itself ha a ring B Intact while ring A has been 
oxidetlvely cleaved and the G/*\ oarboxyl group produced 
oxldatlvely eye Used on to C (J9)»

In order to obtain the type of oompounda found in the
Siraaroubaoeae family auoh as qua a sin * ^)* chaparrin

oe
(1),6)* and glatioarubln (U6) more extensive changes are 
necessary* Their carbon skeleton closely resembles that of 
raerogedmln ** (li)> apart from the extra carbon atom at 
obtained by a base-cat a lyaed transformation of gedunin (2.).
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26It has been suggested that this group of so-oalled

dlterpenes obtained from the Simaroubsoeae femily ^right arise
27 biogenetloally from gedunin-type precursors* Simarolide

(£2) represents a possible type of intermediate and lends 

further support for this theory.
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