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ABSTRACT

The mein subjeots of this thesis are the chemlstry and
structure of two triterpenes, methyl sngolensete (1) end
turrsesnthin (2), whioch wers isolated from species of the
family Meliasceae. A review is included of other triterpenes
isolsted from this femily and from the relsted plant
families Rutaceas and Simaroubscesge.

Hethyl angolensste has been obtained from several specles

of the family Meliscese found in West Africae,%T*l the
2

prinoipal source being Entandrophrrs where it
oocurs with gedunin (}).9 Initisl studies had been carried
out by Tsylor and Pmrell3 and cantinued by Welford. b Methyl
sngolensate was 8lso isolsted by Chan,5 from Cedrels cdorsts
obtained from the West Indies, with whom there haes been an
interchange of information., Methyl sngolensate was
sssigned the struoture (}) on the basis of the following
studies., Spectral evidence and chemicsl studies indicated
the presence of s ketone, a methyl ester, a § ~lactone and e
B -substituted fursn, snd showed the sbsence of & hydroxyl
group. Reduntion of methyl sngolensate with potassium

borohydride gsve & diol (4) in which the 3-oxo group had
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been reduced to en alcohol snd the § ~lactone had been
converted into a hemiscetal. The diol (4) underwent a
retropinecolic resrrangement in the presence of phosphorus
pentachloride, end s product (5) wes obtained whioh on
ocgonolysis afforded scetone and a ¢yoclopentanone derivative.
This indlicated that methyl angolensate hed the psrtiel
structure (§).6 Reduction of methyl sngolensate with
lithium aluminium hydride gave a mixture of two triols (7)
end 8 410l (8). On oxidation with chromic acid all of these

compounds gave angolensic scid Qi).hp5

Oppenauer

oxidstion of the diol (8) geve @ hydroxy~aldehyde.5 The
n,m, s speotrum of the lstter compound showed the signal

due to the aldehydic proton as & triplet, indiceting the
presence of -Cﬂz.CBO in this compound, and hence suggesting
the grouping -CH,.COgie in methyl sngolensete. Hydrogenstion
of methyl angolensate in ecetio acid over palladised shercosl
produced an octehydro aoid (10) which wes still a methyl

ester but no longer a furnn.°r‘7

This resction indicaten
the presence of the lastcne - furan aystem as fotind in
gedunin (3).° The Px  (7.2) of this sctd showed that
it wes not an a-~-oxy-asid while the n.um.r. speoctrs of the
methyl sngolensate derivatives in which the lsectone group

had been reduced to a hemiscetsl group showed that there was
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a =Cli,~ group next to the carbonyl group of the lactone.

The funotionel groups so far described acoount for aix of the
seven oxygen atoms. The n.m.r. spectrum of methyl
angolensste had @ bend et 6,53 7 (quartet) due to one proton
which 1s indicative of the grouping >CHO-. This suggested
that the seventh oxygen atom was in e eyoslic ether, After
ellowance for the functional groups the formulas 027HBEQ7
requires thet methyl angolensate hes three carbooyclic rings
and/or double bonds. Spectrsl evidence indicated the
presence of an excoyclic methylene group whish could be
hydrogenated to give s secondary methyl group. The presence
of the -CHz,Goaﬁa group snd the :C=CH2 group in methyl
angolansate can be explained if ring B or ring C of the
gedunin skeleton has been opened oxidatively. Evidence from
the n.m.r. spectrs indicated that ring C was intact, and
therefore ring B must be open. The nature of the ethepr
bridge was demonstrated by treating with sodium isobutoxide
which caused a basse~cataysed eliminetion of the ether linkage
at c(l) to yield the <xq3~unoaturated ketone (34}.5
Biogenetic and steric oonsiderstions point to the other end
of the ether bridge deing at °(1u)' Thus the struoture (1)

wae deduced for methyl angolensate,

Extresotion of the heartwood of 2g£ggeggtggg africanus
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afforded & new triterpene, turrsesnthin, which wes assigned
the struoture (2) on the basis of the following evidenoce.
Mass spectrasl and combustion anelyses indicated the formuls
032H5°05. Speoctrel evidence indioceted the presence of a
hydroxyl group, sn acetoxy group, e trisubstituted double
bond and an epoxy group. The n.m.r. spectrum showed that
there wers seven tertlasry methyl groups. #11a oxidation
with ohromium trioxide - pyridine complex gave a y~lactone
(12). This indicated that s five-membered cyolic hemiacetal
must be present in turrseanthin, The trisubstituted double
bond could not be hydrogenated under mild conditions end
ozonolysis 4id not afford eny volatile gragment. The double
bond is therefore in s ring. Alksline hydrolysis of
turrseenthin gave descetylturrsesnthin (13), the oxidation

of which gave a ketone (ll4) and s keto-lsotone (15).
Acetylastion of turrseanthin afforded sn scetate (16), also
obtsined by acetylation of descetylturrseanthin (13).
Turraseanthin is therefore a monocacetate. The n.m,r. spectrum
had 2 band at 5.45 T due to the proton on the acetoxy carbon
atom, Its band width snd shape were typicsel of thst of the
3a=proton of triterpsne 3i-scetstes. Treatment of
turrseanthin with methanclie hydroohloric ecid converted the

hemiscetal grouping to en soetal and opened the spoxide ring
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to give the chlorchydrin (17) snd the methoxyhydrin (18).

A similsr reaction with methanolic sulphuric acid also caused
hydrolysis of the scetoxy group affording compound (19) which
with ohromium trioxide - pyridine gsve the ketons (20). The
negative Cotton ourve of the latter compound (20) was almost
superimposable upon that of flindissone lastone (gl_.;).8 The
relationship of the spoxide group to the hemiacetal group was
demonstrated by s spin decoupling experiment on the laotone
(12). 1Irradistion of the proton at 0(23) absorbing at 5.85 T
casused oollapse of the Adoublet at 7.15T7 due to the epoxy
proton et °(ah)° The presence in Mellacese and the relsted
Rutsoese of a number of degrsded triterpenss such ss limonin
(ggg7 and gedunin (2)9, 21l of whioh osn be formally derived
by oxidstive degradetion of tirusslle-7,24-dien-3f-0l

(3 20«H-butyrospermol) together with the evidence desoribed
suggested that turreesnthin wes (2) and olosely related to
£1indissol (gg).a The relstionship wes established in the
following wey. The keto-lasotone (15) on being treated with
sulphuric scid in ether geve the glyecol (23). This was
oonvertedct‘lo into the c¢yelie thionoosrbonate snd hence to

8 product whioh proved to be identicael with flindissone
lectone (gy).a No melting point depression wes observed

on sdmixture with sn suthentioc ssmple, snd the infrared, mass,

end n.m,r, spectra were identicsl.



The poasible biogenetic origin of turraesnthin (2),
methyl angolensate (1) and other oxidised triterpenes found
in the relcted Meliaceae, Rutacese, and _imeroubacease plant

families 1s discussed.

vi
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1.

INTRODUCTION

The main subjects of this thesis are the chemistry and
structure of methyl sngolensete snd turrseanthin, two new
triterpenes which have been isolated from the heartwoods of
species of the femily Mellacese. Thes: compounds are
related, structurally and probably biogeneticslly, to other
triterpenes of.1,2 obteined from this femily snd from the
related families Rutasceae and Simsrubasceae, which contain s
series of progressively oxygensted triterpenes relsted to
limonin (1) and gedunin (2). It is therefore appropriate
that a brief review of these compounds should be included.
Compounds with the gedunin nucleus occur widely in the
Meliasceae family end the name 'meliscin' has been suggested3
for s hypothetical parent substaence (3).

Limonin
Limonin, the citrus bitter principle, was first isolated

in 1841 from the seeds of seversl species of citrus, end hss

been found more recently in the frult, seeds and roots of

other species of Rutaceaeu’g. It was assigned the structure

(1) on the besis of X-ray analyais5

6’ 798

and extensive chemiocsal

evidence » and more recently an n.m,r, correletion of
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limonin, its derivatives, and nomilin and obacunone (see
below) hss been carried outga. The understending of 1its
chemistry wes the sterting point for much of the work done
on the meliacins, A few aspects of its chemistry are
summerigsed below.

The ketone group of limonin is stereospecificelly reduced
by the Meerwein-Ponndorf method to give the axial slcohol
1imonol {4). Mild slkaline hydrolysis of limonol produces
clesvege of ring D with eliminstion of furan-3-aldehyde, and
merolimonol (5) is obtained.8 Trestment of limonin with
hydriodic scid or chromous chloride readily eliminates the
conjugeted epoxide to give desoxylimonin (6)e Treatment
of desoxylimonin under mild elkaline conditions produces
cleavage of ring B to give desoxylimonic acid (1)6. In the
presence of potassium t-butoxide limonin is readily sutoxidised
to the diosphenol (8) whioh proved useful in determining

7 The elucideation of these

structursl festures of ring B,
and other deep-seated changes occurring under basic conditions

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

Oba n d Nomili
Obecunone was isolated from the bsrk of Phellodendron
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amurense, Rupr. (Rutaceae)lo, and as 'casimirolide' frou the
seeda of Cesimiroa edulis (Rutaceae)ll, and was also found
together with nomilin, the chief bitter msterial, in the oil

of Florida citrus seedslo. Structures very similsr to limonin
have been suggeated6’7 for obacunone (9) and nomilin (10) on
the basis of their snalogous chemical behaviour, and obacunone12
has since been chemically related to limonin through a route
which correlates the stereochemistry at all poaitions except
that at 0(17). Furthermore, when nomilin 1s heated with

Y =picoline the acetoxy group is eliminated /3 to the lactone
giving obacunonelB. Both nomilin and obacunocne on trestment
with mild alkall are converted into obscunoic scid (l;)ls.
Relsctonisation does not occur spontaneiocusly, and this gives

evidence for the presence of a seven-membered ring,

EJ!OdOl

Evodol was found to occur with limonin in the plant
Evodia ruteecarps (Rutsceae)lu. Comperison with an authentic
sample established its identity with limonin diosphenol (8).

Veprisone
This compound wes obtained from the berk of Vepris
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bilocularis (Rutacese). Comparison of the infrared and
n.m.r. spectrs of veprisone and its derivatives proved that

1t is identical with methyl epiisoobascunocate (_}_g).l5

Deacetvinomilin and Degsoxylimonin

Descetylnomilin wass isolsted as @ minor constituent
of seversl citrus species, snd desoxylimonin (é) was obtained
in low yield from C d1s1’®.  Limonin (1) was the mejor

extractive in both cases,

Gedunin

Gedunin (2) occurs in varisble amounts in the hesrtwood

)16 together with

of Entandrophregmas sngolense (keliacese
methyl angolensste (70) (see lster) snd in the hesrtwood of
Guarea thompsonii (Meliaoeae)l7, end it wss the first of the
meliscins to have 1its structure elucidatedla.

Its structure was confirmed by X-ray analysialg. “hen
gubjected to slkaline hydrolysis furen-3-aldehyde is elimineted
in a resction similar to the limonol (4) -~ merolimonol (5)

transformstion, snd merogedunin (13) is pro&ucedle.
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De a e i

7-0Oxodeacetoxygedunin has been obtsined from Kigerian
Cedrele odorsta (Meliaoeae)3 snd Carspa gueysnensis Aubl.

(Meliaceae)Bz. l,ZnDihydrcgedun1n3’17 end 7=oxodeacetoxy-1,
2-dihydrogedun1n17 were found in Guares thompsonii.

Khivorin
Khivorin was isolated from Khays ivorensis (Meliaceae)ao

and K,grgndifolio;gs, and wes assigned the structure (1) on
the basis of its chemicsl reaotionsao. In the presence of
elkali fursn-3-aldehyde is eliminated (cf. gedunin sbove).
Treatment of khivorin with chromous chloride gives
desoxykhivorin, analogous to desoxylimonin (&6). Hydrolysis
of the three acetoxy groups of desoxykhivorin followed by
oxidation gives an enolic 1,3-diketone (15), thus placing
the scetoxy groups st the 1,3, and 7 positions, Recently
khivorin and gedunin (2) hasve been converted into a common

derivativezl.

rivativ f Khivor
7=-Oxodeacetoxykhivorin hes been found in K. senegalensiss.
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Anthotheool

This compound was obtzined from the heartwood of
K,agghgshgggs. The structure (16) was elucidated from its
chemicsal reaotionszz, which are similar to those of cedrelone

(see below). It is the 1l x -acetoxy derivative of cedrelone,.

Cedrelone
Cedrelone waes extracted from the heartwood of Cedrela

toona Roxb. (Meliaceae)aj, and the structure (17) wes

determined by X-ray oryatallography?‘h

and 1s in agreement
with its chemistry23. The X-rsy examinstion showed thst
ring C is in the boet conformation, and it is thought that
the driving force for the rearrangement of cedrelone scetste
(18) to isocedrelone acetate (13) occurring under acidic
conditions is the relief of steric strain as ring C becomes

e chalr. Recently sn infrared study of the hydrogen bonding
in cedrelone and relsted compounds has been carried out25.
This charscterized the intremolecular hydrogen bonds c¢losing
the plansr filve-membered 4diosphenol in cedrelone, and the
twisted seven~-membered ring between the ring B c¢arbonyl group

and the ring D hydroxyl group in the 1isccedrelone series,
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Mimbin

Nimbin was 1solsted from nim oil, the seed oil of
Melis ggzedirachta Linn. (¥eliacese) and was assigned the
structure (20) on the basis of chemicul aviden0326§7 Nimbin
isomerises under scidic conditions to isonimbin (21) in which
the furaen 1is in conjugetion with a double bond. Pyrolysis
of nimbic acid (22), obteined by alkaline hydrolysis of ninbin,
results in decarboxylstion and lactonisation to give s neutral

substance, 'pyronimbic acid' (23).

Salannin

This compound was cbtained as g minor constituent of nim
011 during the isolation of nimbin (see above)2!. By anslysis
of the n,m,r. spectra of salennin and its derivetives, and by
comparison of its chemistry with that of nimbin, salannin was
gssigned the structure (23)27.

Swietenine

Swietenine was isolated from the seeds of Swietenis
megrophylls King (Meliaceae)aa. Its constitution and
stereochemistry were esteblished as (25) by X-ray
cryatallographyzg, snd confirmed by its chemical reactionajo.
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Alkaline hydrolysis of swietenine gives the o ~hydroxy acid
(26) with invereion of configuretion at the 3 position by a
retro- end re- sldolisstion of the J -ketol system in ring A,
Oxidetion of this acid with lead dioxide gives the nor-
aldehyde (27) which with methanolic potassium hydroxide
undergoes sn intrsmolecular Cannizzasro reaction with the

C(l) carbonyl group to give a y -lactone (28). Ssince the
new oarboxyl group o¢an lasctcnise only with the 0(3) hydroxyl
group slresdy present its configurstion is defined,

Swietenolide
This compound occurs together with swietenine (25) in

the seeds of SWIegggig magropﬂxllgza. It was assigned the
structure (29) on the b:sis of its chemical reactions31 which
bear a close resemblsnoce to those of mexicanolide (31) (see
below) and swietenine. However, sttempts to relate swietenolid
to mexicanolide or swietenine directly have s0 fsr been

unsuccessful.

Andirobin
Andirobin wes obtsined from the seeds of Caraps
gusyanenais Aubl. (Meliaceae)32 together with 7-oxodeacetoxy-



COOMe

30 Andirobin OH




9.

geduninj. The structure (30) was deduced”? for sndirobin
on the basis of its chemicsl resctions snd by comparison of
its spectral properties with those of 1,2-dihydrogedunin3’17.
Its chemistry olosely parallels thet of methyl angolensste
(70), the constitution of which wes elucideted independently>-

and which will be discussed later.

Mexica Cedrels odorats Substence B

From the timber of Cedrels odorats (heliaceae)3 were
isolated two substasnces A and B. Compound A was shown to be
7-oxodeacetoxygedun1n3. The structure (31) hes been dedunedsu
for compound B which 1s identical with the structure aslready
auggested35 for mexicsnolide obtsined from C,mexicsna. The
constitution and stereochemistry of compound B have been
confirmed by X-ray crystallographyss. On the sddition
of a few drops of aqueous sodium hydroxide to an ethanolic
solution of (31l) an extremely repid rearrsngement occurs to
give sn enolissble [ -diketone (33). Removsl of & proton
from 0(15) would give s mesomeric snion (}_.’_23)37 which could
clesve by a retro-Michael fission to the /3-d1ketone (}1)35.
Swietenolide (gg) also undergoes an anslogous rearrangementBl.

Treatment of (31) with methanolioc sulphuric ascid opens the
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lsoctone to give (55)3“.
Carspin

Cerepin wes obtained from Carsps procers (l‘eliacese)
and the structure (35) has been deduced’’ for 1t. On
ochromstography over slumina carspin isomeriees to (31).
Alksline hydrolysis asffords (33) via the mesomerio anion
(32b) but the rearrangement occurs 250 times more slowly then
the corresponding transformstion of compound B (31). This may
be due to the C(B) position being more ineccessible to attack
by hydroxide ion than the 0(15) position. However, the
compsratively large difference observed in the rates suggest337
that the resrrangement of eompound B is s concerted reaction
alded by Grob's 'frangomeric acoeleratlon'37’38. Carapin 1is
also distinguished from compound B (31) by not giving (3L4)
with methanolic sulphuric scid.

Aglaiol
Aglsicl was extrscted from the leaeves of Aglals odorste

Lour, (Meliacese). It was showr’ to possess structure (36)
on the basis of its chemicsl resctions and by snalysis of its
spectra, The formila was confirmed by direct correlstion

with demmarsdienyl acetate (37).
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8-Methoxy=-l~methylcoumarin

The presence of oxygenated triterpenes relaeted to
gedunin (2) is oherecteristic of the species of I'elisceae
listed sbove. However, extrsction of the heartwood of
Ekerbergia senegalensis (Melieceae) from Northern Nigeria
afforded 8-methoxy-lL-methylooums rant® (38). The structure
was confirmed by synthesis'®, &, senegslensis 1s the first
member of the Melisceae found to contain a coumsrin. It 1s
interesting to note that coumarins occur widely in the family
L1

Rutacese

limonin (_2_1,)8 (see above).

which also oontains oxygenated triterpenes sush as

Flindissol
FPlindissol was isolated from the bark end lesves of

Flindersis dissospermg Domin. and from the bark of Flindersis
maculosa Lind1.2  The struoture (33) was sasigned"‘z’ to
flindossol on the basis of its chemical resctions and spectrsl
propert ies. It wes confirmed by the conversion of flindissol
to the known compound ascetyl dihydro- " xx ~elemolic" acid
(gg)“’. Some sspeots of the chemistry of flindissol are
similar to that of turreesnthin which will be discussed lster.
Flindissol 1s of considereble biogenetic interest as 1t



41 Bourjotinolone A

42

Rourjotone

CH,0

45

Bourjotinolone B

Neoguassin



12.

corresponds to & possible hypotheticsal preocursor for the

biogenesis of the meliascin type of compounds,

otin A end B d Bo otone
From Flindersia bourjotiang F. Meull.

three new triterpenes, bourjotinolone A (41), bourjotinolone B

Ly

were obtained

(42) snd bourjotone (43). The structures were deduced from
their chemicsl resctions, and bourjotinoclone B was degraded
to the known substance 2&,25-d1hydrotirucell-?-en-qp-yl

L,

acetate .

quassin and Neoguassin

These compounds are the bitter components of guassia
wood, Quassips amars Linn., snd they were the first triterpenes
from the Simaroubscease family to have their structures
establishedus’us. The structure (4l4) was assigned to
quaessin on the bssis of chemiocsl evidence and extensive use
of n.m.r. spectroscopy. Keogquessin (}45) is the hemi-acetal
of quassin, and can be converted into quessin by mild
oxidation,

Chsparrin
Cheparrin is the bitter principle of Castela nicholsoni
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Hook. (Simaroubaceae), snd it has been assigned the structure
(gé)u7’h8’68. Treatment of chaperrin with acid results in
the ready loss of two molecules of water and concomitent
aromstisation of ring A. The product, cheparrol (47), shows
typicsl benzenoid absorption in its ultraviolet spectrum,

Glaucarubin end Glaucarubol
Extrgotion of the seeds of Simarouba glsucs (Simsroubac-

eae)us gives the bitter principle glaucurubin (48) which is
the 2-hydroxy-2-methylbutyric ester of gleucarubol (43).
Glesucarubol was elso isolated as the free hydroxy compound

from Castels nicholsoni Hook. 50
chemistry of glaucarubin (48) were determined independently

The struoture and stereo=

by chemical meanaus and X-ray cryatallography51. Alkaline
hydrolysis of glsucarubin gives (+)-2-hydroxy-2-methylbutyriec
scid, send thus the stereochemistry of the side chain can be
written as in (g§)52. Treatment of glaucarubol (49) with
acid causes a rspid asromstisation of ring A to give glaucanol
(50), from which the structure of glsucarubol was suggested
by analogy with the chaparrin (46) - chaparrol (47)

trensformstion.
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Glaugarubinone
Glesucarubinone wes obtsined as the second bitter

constituent of the seeds of Simsroubs glauce snd was found
together with glaucarubin (48) in the seeds of Perriers
madegesceriensig’>. It was assigned the structure (51)

on the basis of sn n.m.r. spectral snalysie end by comparison
of its chemistry with that of glaucarubin (g§)5“. The
structure was confirmed by a synthesis from gleucerubin

(48) by oxidstion of the latter with mengsnese dioxide to give
glaucarubinone (5_1)5"‘.

S a nd

Extraction of the nuts from the tree Ssmaders indics
Gartn (Simarauhaoeae) gave two glycosides, samaderosides A
and 855. The former could be readily hydrolysed under
acidic conditions. The berk of the same tree was shown to
contain three new compounds, semaderins A, B and 056.
Semaderin C, the bitter constituent, has been identified with
ssmaderoside A2J. The structures of ssmsderin B (52) and
semaderin C (53) have been suggested on the besis of their
chemical resctions and analysis of their apectra57. Treatment

of semaderin C (53) with acid readily results in a double
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57

Cedronyline

Ailanthone



dehydration and sromastisation of ring A to give samsderol
(24).

Allenthone snd Chaparrinone
Three briterpene bitter principles were obtained by

extrection of the seeds of Ailesnthus sltissims (M1ill,)
Swingle®®. The first wes found to be identiosl with the
bitter constituent chaparrincne (55) isolsted from Hannoa
Kleinesana 58, The principal component, silanthone (56),
has also been obtsined from A, glsndulosa Dest,?? (whioh is
probebly identical with A, sltissima). The structure (56)
has been propoaed58’59 for ailenthone on the basis of ita
chemistry and spectral properties. This was confirmed by
relating ailanthone directly to chapearrinone (55)58. The
naeme ailantholide has been suggested for the third bitter
principle, but the structure has not yet been elucldsted.

Cedronyline and Cedronine
Extraction of the nuts from the tree Simbas cedron

Plench. (Simaroubacese)so gave cedronyline snd ocedronine,

The structure (57) has been proposed for cedronyline on the
6la

basis of n.m,r. spectroscropic astudies and chemical work

15.
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Studies on cedronine have established that it has an
oy} -unsatursted ketone, end a y -lsotone, and contains
hydroxyl groups. However, a complete structure has not yet

been reported.

Eurycomalactone

Kurycomslactone was isolated from the bark of Zurycoma
longifolis Jeck. (Simaroubascese). The structure (58) has

6lb

been suggested on the basis of chemicel evidence and by

comparison with samederin compounds (seé sbove).

Simsrolide

Simarolide is the bitter principle obtained from the bark
of Simarouba amsra (Simaroubaceae)sz. The structure and
stereochemistry ss in (53) were deduced from an X~-ray
crystallographioc atudy63 in conjunction with concomitant work
on its chemical reactianaéh. The compound seems t0 represant
a structural type intermediate between thet found in other
members of the Simsroubscese family end that of the limonin
group of compounds obtained from the femilies Rutaceae and

¥eliaceae.



17a

60 Klzineanone



17,

Klaineanone c r

Three triterpene bitter principles vwere 1isolsted from
the seeds of Hasnnos klsinesns (Simaroubaceae)66. Cne of them
has been identified as glsucsrubolone (5la), the product of
alksline hydrolysis of glsucarubinone (51)s The other two
compounds, chapsrrinone (55) snd klsinesnone (60), had their
structures determined on the basis of their chemiocal

reactions end by snalysis of their spectrasl properties.

Taxonomic ;ggl;oat;oggul
Early in the development of netursl produoct chemistry

it was reslised that 1t should be possible to clussify plants
on the bssis of their ochemiocsl constituents. Blosynthetic
pathways leading to pertiocular products sre as charscteristioc
of a plant species as are the morphological feastures. Indeed
morphological features are in some sense themgelves a produot
of diosynthetic psthways. The characteristic ohemicsl
canstituents sre geneticelly controlled snd, unlike meny
morphological characteristics whioh are subjective, can be
exactly described in terms of a definite chemicel structure,
The method of chemicel taxonomy thus consiasts of the
investigation of the distribution of chemicasl compounds,
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or groups of biosynthetically related compounds, in related
plant families. It is possible that in the future enzymes
msy be found to be more important for the classific:tion of
plants than their chemlecsl end-products.

The Rutasceae, Meliasceaze and Simaroubsceze plsnt families
are considered to be closely related on morphological grounds,
The Rutsceae has been divided into seven subfamilies which
differ smong themselves to such an extent that some have been
regerded as independent fzmilles. However, on the basis of
their chemical constituents the major subfamilies of the
Rutacese are a highly homogenous group. Furoquinoline
8lkalolds are found in four of the five subfamilies including
the Flindersioidease, snd hav: never been found in any other
family. Chemically the genus Flindersiag whioh has been

65

classified elsewhere is s typical rutaceous species ~.

The occurrence of oxygenated triterpenes derivable from
8 tirucsllol-type precursor in the Rutacege, Meliacese and
Simaroubaceae provides further shemotaxonomic evidence that
these famillies are closely related. This will vecome more
evident when the possible biogenetic relationships are
discussed later. The presence of coumarins is s well=known

characteristic of the Rutaceae, and the recent isolation of
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a counarin from a species of Meliuce.: is another :zxanple

of the close relutionship between these two ramilies.
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The Structure and Chemistry of fethyl Angclemsnte

Vethyl angolensate has been found in seversl species of
the family Meliscese®T*l obtained from Nigeris. It was first
isoleted from Entasndrophragme aggolgngg.z mxtrection of the
heartwood of this tropical tree with petroleum ether gave
either methyl angolensate or gedunin (2) or s vsriable
mixture of the two. It has since been found in the wood
of Guares thompggg;;B with dihydrogedunin snd in the wood of
Ee ut;lez togethe: with entundrophragmin and utilin. Khaya
grandifgl;o;gl usually contsins khivorin (;Q) but extraction
of some specimens yielded s mixture of methyl angolensate and
Cedrels odorstg substance B (31). Methyl angolensate has

elso been isolsted from the wood of the West Indian Cedar,

Cedrels gdoratah found in Jsmsica. C., _odorata does not occur

naturally in West Africa but it is cultivated commercislly

for its valuable timber. When grown in Southern Nigeris it
contains, not methyl angolensate, but Cedrels odorsta substance
B (31) end 7-oxodeacetoxygedunin5. The varisticns in the
chemical constituents of the latter two species suggest a close
biogenetic and probably structursl relsticnship between these

compounds. It is interecsting to note that a sample of
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Ko gngolense6 obtained from Ugsnda 4id 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 Viest Africa, so it
geems possible that they may belong to a different species.

7 and carried

Structurasl studies were started by Akissnys
on by Powell and‘Taylor8 in Ibsadsn, The work was continued
by Welt‘ord9 and the suthor. llethyl sangolensate was also

isolsted independently by'Chanu

in Jemaica with whom there
has been an interchange of informstion.

Methyl angolensate is a2 erystelline solid, m.p.
203-208°.  King et al.” proposed the formula Co7H 3,0, which
has since been confirmed by masss spectrometry. The
constitution and stereochemistry as in (70) are proposed and
the subsequent work will be discussed in terms of this

structure,

Functional Groups

An sbsorption bend st 1713 cms >

in the infrared spectrum
of methyl angolensate indicaeted the presence of a ketone

group. Confirmstion was obtained by the formation of an

3

oxime end a 2,4~-dinitrophenylhydrazone. It could be
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reduced with sodium borohydride to an alcohol whick was
reoxidised to the ketone with Jones' reagent.

The infrared spectrum hsd & strong band at 1735 om™ L
suggesting thst methyl angolensate contasined an ester and /
or a lactone funotion, and showed the absence of & hydroxyl
group, The n.m.r. spectrum had s singlet at 6.27 T due to
the three methoxyl protons of the methyl ester, Mild
hydrolysis with methsnolic potassium hydroxide readily gave
en scid, angolensic acid (71), from which methyl angolensate
could be regenerated by treating with diaszomethane, thus
confirming the presence of a methyl esterg. Titretion
experiments with angolensic acid by dissolving it in an
excess of elkall and titrating with acid revealed the
presence of a second osrboxyl group, presumebly present in
a lactone ring which could be reversibly openedg. Since
there was no infrsred absorption in the csrbonyl region
higher thsn 1735 cm-l end the ultrsviolet spectrum showed
only ebsorption at 214 mm, the lsctone ring must be saturated
and six-menbered,

Methyl angolensate conteins s furan ring which was
identified by its characteristic infrared absorption at 1505

1l

and 875 em — and by the ultraviolet sbsorption at 214 ma (€ 5500



28a

3
N
=J
I
)



28,

The n.m.r. spectrum showed bands et 3.6 snd 2,657 corresponding
to one and two protons respectively. Therefore the furan

ring has one f -proton and two o -protons snd so must be
/3-aubet1tuted.22 This was confirmed by ozonolysis of methyl
angolensate which cleaved the fursn ring and gave the tris-nor
carboxylic acid (72). |lMethylation with dieszomethane gave

the tris-nor ester (73) which had no infrared sbsorption at
1505 end 875 cm™l. and showed no ultraviolet sbsorption st

214 . The loss of the corresponding furan bands in the
n.m.r, spectrum was 8lsoc observed, and a singlet appeared at
6.34 T due to the three methoxyl protons of the new methyl
ester, There was 8lso an infrared absorption band et 1755
oms) due to this ester.

The presence of ketone, methyl ester, lactone, and fursn
groups 80 far deacribed sccounts for six of the seven oxygen
stoms in methyl angolensate. The last oxygen stom gave no
simple chemical reactions but the n.m.r. spectrum had s band

at 6.46 T (quartet) due to one proton which was indicetive of
the grouping >CH.O- . This suggested that the seventh oxygen
was in 8 cyclic ether. After allowance for these funotionsl
groups the formula 027H3h07 requires three double bonad

equivalents (carbocyclic rings or double bonds) in methyl

angolensate,
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Methyl angolensate has a 626 skeleton and a /@-aubstituted
fursn ring snd a § -lactone group, snd in sddition it is found
in four species of Meliaceae together with gedunin and
dihydrogedunin. This suggests thst it is & tetra-nor
triterpene probably bilogertically closely related to gedunin,

The n.m.r. spectrum of methyl sngolensate showed the
presence of four tertiary methyl groups ss singlets st 9.12,
9.05, 8,94, and 8.80 T 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, snd L.36 T,

On mild hydrogenation of methyl angolensate in ethanol
over Adems' catslyst sn inseparsble mixture of two dihydro=-
compounds (Z4) wes obteined. The infrared and ultreviolet
spectras of the mixture were gquite similasr 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 sngolensate, The n.m.r. spectrum of the
dihydro-product showed that it was s mixture of sbout equsl
amounts of two stereoisomers which geve rise to doubled bands
in the spectrum, However, the two low field signels at 5,03
and 4,88 T in the n.m.r. spectrum had dissppeared and & new
methyl signel hesd appeared st 8,72T. This could be seen

more clearly when methyl angolensate wes hydrogensted under
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more vigorous conditions in acetic ascid over pelladised
chasrcoal to give an octahydro-compound (75) which did not
appear to be a mixture (see later). The n.m.r, spectrum
of the lstter compound had bends due to five methyl groups,
one of which appeared as a doublet at 8.90 T (J 7elte CeDeSe)
and must therefore be due to a secondsry methyl group. A
secondary methyl group could only arise by hydrogenation of e
terminal methylene group. Thus the two signals at 5,03 and
L,B8 T in the n,m,r. spectrum of methyl angolenseste must be
due to the protons of the methylene group, snd since these
bands ere singlets it must be present as c>C=CH2.
Confirmstion f£r the presence of the methylene group wes
obtsined by Chan and Mootoolo who subjected the tris-nor
ester (73) obtained by ozonolysis of methyl sngolensate to
further prolonged ozonolysis, The n.m.r, spectrum of the
product (76) hed the original four tertisry methyl bsnds but
had lost the low field signsls due to the methylene protons.,
In sddition, distillation of the aqueous extrsct from the
work-up of the resction gave formsldehyde which was
chearacterised as the 2,4~dinitrophenylhydrazone.

The presence of s terminal methylene group means that

methyl sngolensete is bicarbocyoclioc.
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The Fursn snd lsgtone Rings

Two of the low field one~proton signsls in the n.m.r.
spectrum of methyl angolensate mentioned above have been
assigned to the methylene group. The remsining band
ocourred st L4.36 T which is quite close to the position of
the 0(17)~proton in the n.m.r., speetra of gedunin (2) and
Khivorin (1l4), both of which appeared at h.hS‘rg. In the
n.m,r, spectrum of the tris-nor ester (73) obtained by
ozonolysis of the furan ring the corresponding band appesred
at 5.17 17 . This shift is comparable with that observed in
the n.m.r. spectra of cascerillin (11) end 1ts corresponding

9 of the trisg-

ozonolysisa produotll. Furthermore the pxgcs
nor acid (72) obtained by ozonolysis was found to be 5,42
which is consistent with the strength of an scid with an

X =oxygen substituent. This suggested the presence of the
partisl structure (78) enslogous to limonin (1), gedunin (2)
khivorin (l4), and seversl other meliacins,

12 showed in his work on limonin(l) that

Barton
hydrogenstion of a syastem such as (79) under suitable
conditions produced hydrogenolysis of the lsotone ring and
saturation of the furan ring to give hexshydrolimonic acid

(80). The opening of the lactone ring is due to its being

31,
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in @ position allylic to the furan ring since when
tetrehydrolimonin in which the furan ring was previously
saturasted was subjected to the hydrogenolysis conditions no
acid wss produced. When methyl angclensate wes hydrogenated
in ascetic scid over psallsdised chsrcoal sn octshydro- acid
was obtsined (12)9 (see above). Reduotion end hydrogenolysis
of the lsctone~furan system acocounted for three of the four
molecules of hydrogen, while the fourth reduced the exocyclic
double bond. The n.m,r. speotrum showed the loss of sll of
the low field signels including t:e bands due to the furan
protons, the two methylene proton singlets and the C(17)-proton
singlet. The pKy.. Of this acid, which was 7.52, showed that
it wes not an «x-oxy-scid unlike the corresponding
hexahydrolimonic acid (Qg)lz. Thus the partiasl structure
(81) can be inferred for methyl angolensste.

Chen and Mootoolo obtaeined 8 similar hexshydro-scid by
a milder hydrogenstion of methyl angolensate in rectified
spirit over pslledised chsrcoal. Their compound was
analogous to the octahydro-acid (75) mentioned sbove except
that in this cese the exocyclio double bond wes not reduced,

By veriation of the ccnditions several other hydrogenation

products of methyl angolensate could be obteined, The
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dihydro-compound (74) which has only the double bond reduced
hes been mentioned before. Hydrogenation of methyl
engolensate in acetic acid over Adams' catalyst produced a
tetrshydro-compound. The infrared spectrum of this compound
had a band at 3450 omfl due t0o a new hydroxyl group and d4id
net have any sbsorption due to a ketone group. Oxidaetion
with Jones' reagent gave 8 compound identical in sll respects
with the dihydro-derivetive (Z4). This suggested that the
tetrahydro-compound had the ketone group reduced to an
aloohol (82). Prolonged hydrogenstion of methyl angolensate
in scetic ecid over Adams' catalyst gave an oectshydro-compound
in which the furen ring was also reduced (83). This was
shwon by the absence of the corresponding fursn banda in the

infrared, ultraviolet, and n.m.r. spectrs,

Potassium Bor ide

Treatment of methyl angolensate with potassium borohydride |
produced s tetrshydro-derivative (84). The infrared spectrum
of this compound had hydroxyl absorption at 3600 cm, 1 ona
only one carbonyl band et 1735 cmrl I# could be oxidised

with Jonea' resgent beck to methyl angolensate. Acetylstion
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of the tetrshydro-compound in the ususl way gave a dlacetate
(85), the infrared spectrum of which aid not show any
sbsorption in the hydroxyl region. The n.n.r, spectrum of
the diacetste had signals for two scetoxy groups at 7.92 snd
7.96 T and a band due to the carbomethoxy group at 6.33 T .
A new low field one-~proton signal sppeared at 3,821 as a
double-doublet (J1 845 CoPeBey J, 4 Gupes.)s  This must be
due to the grouping
OAc

-cxa-cl:g_-o-
in which the neighbouring methylene hydrogen atoms are non-
equivelent, as in the partial structure (81).

Therefore borohydride attasck on methyl angolensste, in
addition to reducing the ketone group as would be expected
and which was shown by the loss of the ketone band in the
infrered spectrum, must also have reduced the lsotone to a
hemiascetsl. In agreement with this chenge in the lactone
ring the band due to the 0(17)-proton had shifted up-field
in the n.m.r. spectra of both the diol (84) end the diacetate
(85) snd appesred at 5.31 and 5.26 T respectively.

A six-membered c¢yclic hemiscetal can be compared to a
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pyran system., Lemieux 23‘2;33 have shown that in the n.m.r.
spectra of ascetylated pyranoses agxial --- equatorisl and
equatorial --~ egquatorial couplings of protons hesve a J value
of the order of 3 C.p.8. The corresponding ocoupling constant
for axisl - axial interscti-n is two to three times greater
than this and is about 8 c.p.s. The signsl at 3,82 7 in the
n.m,r, spectrum of the dlacetste (85) appesred as a double-
doublet (J1 845 CoDeBey Jo L C.PeS.)s This must be due to
the 0(16)-proton being in the axiel conformation and being
split by the neighbouring axiel 0(15>-proton (T 845 Gepess)
end split further by the equatorisl 0(15)-proton (T 44 CoPeBSe)e
This confirms thet there is a ~-CH,- group next to the carbonyl

group of the lsctone in methyl sngolensste,

The Structure of Ring A

One of the characteristic reactions of triterpenes is the
contrection of ring A when a 3 5 -slochol 1s trested with
phosphorus pentschloride, The mechanism of this
retropinacolic resrrangement has been investigated by
Ourissont? who showed that 1t coccurred vis the route (86)
to (88). He slso demonstrated thet the O, 0(3). c(u), and
0(5) atoms had to be coplansr and thst the 0-0(3) and C(h)-c(S)
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bonds should be antiparallel for the traensformstion to occur,
Furthermore he observed that for s high conversion to the
product (88) the presence of a (-oriented c(lo)-methyl group
W88 Necesssary, This was expleined by a 1-3 quasi disxisl
interszotion in the carbonium ion (87) between the C(10)~methyl
group and the isopropenyl group whioch could be relieved by
elimination of & proton from C (3) to give (88). With 19-nor
compounds s mixture of double bond isomers was obtained, the
product analogous to (88) being obtzined in sbout 4O7 yield,
The diol (84) obtained by reducing methyl angolensate
with potessium borohydride was tresated with phosphorus
pentachloride snd the product was ozonised &t ~50°. Steam~-
distillation of the resction mixture gave acetone which was
chsracterised ag$ the 2,4-dinitrophenylhydrazone, The yield
of the latter ocompound indicated that at least 70. of the
isopropylidenecyclopenteno-compound as in (88) had been
produced. The residue after steasm-distillation could not
be orystallised but showed 2 bend in the infrared spectrum

at 1776 om, 1

which wss assigned to a ¢yoclopentanone, This
meens thet the structure und stereocchemistry of ring A 1in
methyl angolensate must be as in (89), snd thet the 0(3)-

hydroxyl group in the diol (84) must be eguatoriel.
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90  B-Amyrenone &1  Wyctanthic acid




Further evidence for the structse of ring A was obtained
by Chan snd Mootoolo who carried out a Beckmann rearrangement
of methyl angolensate oxime. whitham;s converted

/gmamyrenone (90) into nyctenthic acid (91) vis & Beckmann
rearrangement of /Q-amyrenone oxime. He obtained two
compounds, s lactam (92) and & nitrile (23), and the nitrile
was hydrolysed to nyotanthic ascid (91). It was héped that
methyl sngolensste would undergo an snalogous trenaformation.

Treatmentlo of methyl angolensste oxime with thionyl
chloride gave two products (94) end (2%9). One compound
(94) had e bend in the infrared spreotrum at 2247 cm:l
oharscteristic of & nitrile group, snd ite n.ms.r. spectrum
showed only fwo tertiary methyl signsls st 9,03 and 9,09 T .

A band due to & methyl group attached to a double bond
appeared et 8,13 T, and there were four protons in the olefiniec
region at 5.04 to 4.80T. The structure (34) was assigned

to this compound which must be the result of an 'abnormal’
Beokmenn rearrenzement. The other product (935) had infrared
sbsorption bends at 3509 and L8 cmfl which were assigned to
N-H gstretching. Its nlt.r. spectrum showed signels dque to
four tertiery methyl groups end hed a new peak at 4,02 T due

to the proton attsched to the nitrogen atom. This compound
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that there should be only two carbooyclic rings. Since the
structure of ring A has been established this means that either
ring B or C of the gedunin skeleton has been cleaved.
Furthermore, the clesvage must be in such a way as to
scoomnodate g primary ester and a terminsl methylene group.
This could be aschieved if ring B or C were to be opened by
oxidation of & grouping such as -COuCH~CH3 as has been
postulated for the biogenesis of nyotenthic scid (91) from
f~amyrenone (90).  Arigoni gg‘g;.ls suggested the scheme

(93) for this, while Whitham17 proposed 8 similer mechanism
as in (100). Application of either of these mechaenisms to
ring B or C of the gedunin skeleton would lead to the partial
structures (101) end (102) respectively for methyl
sngolensate after methylation of the acid produced.

The position of the signsl due to the 0(17)~protan
(4.367) in the n.m.r. spectrum of methyl angolensste is very
close to the corresponding pesk in the n.m,r, spectrs of
limonin (1) (u.551')18, gedunin (2) (4.43 T ), end khivorin
() (u.us‘r)g. This favours an intact ring C (10l) since
a cleaved ring C would ocreate a methylene group at C(l}) as
in (102) end would be expeoted to ceuse s downfield shift of

the 0(17)-proton in the n.m,r. spectrum,
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More convincing evidence was provided by the dihydro-
product (Z4) mentioned above obt:sined by mild hydrogenation
of methyl angolensate, Its n.m.r. spectrum showed that it
was & mixture of about equal amounts of two stereoisomcrs which
gave rise to docubled bands in the spectrum, tiowever the
signels due to the 0(17)~protons appeared as singlets at
4.29 T . Hydrogenstion of the seco~-ring C structure (102)
would legd to s product which shcoculd show a doublet for the
0(17)-proton in the nym.r. spectrum, Therefore the partial
structure as in (10l) was suggected for methyl engolensate.

The Ethe dge

The presence of a cyclic ether in methyl sngolenssate
has slready been mentioned. The n.t.r. spectru: had a one-
proton signel at 6.46 T (multiplet) which is coharacteristic
of the grouping “CH.0- ., This wes sssigned to one end of
the ether bridge, but there was no signal in the n.m.r.
speotrum which might be due to the other end, Treatment of
methyl sngolensaete under & verlety of scidioc oonditions
feiled to give sny meterial which could be charscterised.
However, Chan send Mootoo10 treated methyl sngolensate 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
eame conditions., This acid (103) was methylated with
diszomethane to give the methyl ester (104). The infrsred
spectrum of the esater had s band at 3425 cm:1 due to a
hydroxyl group and had absorption at 1745 and 1731 om:'1
assigned to the lsctone and ester functicns. There wes also
en infrered bend at 1664 cm:l and the ultravioclet spectrum

hed A .. 235 mp (¢ 11,000), which are characteristic of

an a,ﬁ -unsstursted ketone. The n.m.r. spectrum hed 8 new
bend et 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 atom bearing this hydroxyl
group. Therefore the new hydroxyl group must be tertiary,

The signsl at 6,46 T in the n.m.r. spectrum of methyl
angolensate had disappeared and there were two new doublets

at 4.03 and 2,25 T (J 11 c.p.8.) which were assigned to the
grouping -CO,CH=CH.B8- ., The generatlon of an «, (3 ~unsaturated
ketone and 8 hydroxyl group must have been due to the base-
catalysed opening of the ether bridge which is therefore
ettached 8t C(l)’ to the ketone group. On treatment with
acld the unssturated ketone (104) recyolised to give methyl

angolensate,
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The other end of the cyclic ether must be ettsched at
one of the tertiary centres 0(5),0(9) or C(lh)‘ An ether
ring from C(l) to 0(5) or 0(9) would be four-membered snd
therefore strseined, Furthermore, once opened, it would
probably not reclose in the presence of scid ss readily as
was found with the unsetursted ketone (104). A C(1) = C(w)
1ink would be @& more stable six-membered ring. All of the
meliscin compounds charecterised so far (see Introduction)
heve sn oxygen function at C(lu). 8o steric and bilogenetio
considerstions point to s bridge between C(l) and c(lh) and
the structure (70) is therefore proposed for methyl

engolensate,

It has been assumed that methyl angolensate is derived
biogeneticslly from gedunin or from a gedunin-like compound,
or that both gedunin and methyl sngclensste ere derived from
@ common precursor relatable to euphol or tirucsellol (sece
laster)., If this 1s so then the stereochemistry of methyl
sngolensate can be represented as in (70) wit: the
configuration ef C(l) undefined. As was mentioned earlier
e signal at 6,46 T in the n.m.r, spectrum of methyl
sngolensete was attributed to the proton et C(l)’ It
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sppeared as a double-doublet with coupling constants cf 6,0
snd 4.2 c.pes. due to coupling with the neighbouring hydrogen
atoms on 0(2). These values of J may be compared with those
predilcted on theoretical grounds from s knowledge of the
dihedral angles. The oroginal equstion describing the
relstionship between the vicinsl coupling constent snd £ ,
the dihedrel angle between the protons, wes derived by

Karpluslg. kKore recently a sli nitly modified versiocn has

20

beer. calculsted by Williamson and Johnson using derivatives

of cholestane as their model:

J - 100084 (0 £ g £ 90%

J = 16cos’ g  (50°¢ 4 <180°)
The oxygen 1link =zt C(l) mey be or and in each c¢sse ring A
can formally edopt either a cheir or one of two boat
conformtions, (105) — (110). An attempt cun be made
to determine which of these is present in methyl angolensate
by applying these n.m.r. considerstions, The octent rule 21
can also be used to predict the sign of the Cotton effect
in the optical rotatory dispersion (0.:i.D.) curve by using
a Dreiding model. It must be reuc:bered, however, that
Dreiding models do not represent the true conformstion of a

compound and that slight distortions are to be expected.

i.ethyl angolensst- showed no Cottan effect in the {.k.D.,
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but the tris-nor ester (73) produced L, ozonolysis of the
fursen ring had a negstive Cotton effectg. It must therefore
be assumed that the furan ring is plsced in such a way that 1t
makes a positive contribution to the Cotton curve.

The structures in which the oxygen link at C(l) is
sttached in the f-configurstion ere considered first, (105)
—- (107). In 8ll these ceses tihe eyclic ether is in the
more stable chair conformstion., However, in both (105) and
(106) the G(l) proton is axisl and the dihedrsl angles with
the 0(2) protong would be in the region of 60° snd 180°.

This would give rise to coupling constants of the order of 2,5
end 8-14 c.p.s. respectively. There would slsc be considerable
steric interaction in structure (106). [IFurthermore the
predicted Cotton effects would be negstive with the furan

ring in 8 negative octant in both cuises, Therefore structures
(105) snd (106) may be rej.cted. In the third case (107)

the C(l) proton 18 agsin sxial end the dihedral sngles would
be about 5° and 1250. This would give rise to coupling
constanta of the order of 9 snd 4 c.p.8., although a suitable
distortion of the boat would probsble enasble ungles to be
sttaired which correspond to ooupling constants similar to

those observed, However, the Cotton effect would probably

be fairly strongly positive with the furen ring msking either
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a smell negative or no contribution. So structure (1J7)
may 8lso be rejected.

when the oxygen 1s considered to be « st 0(1), structure
(108) would hsve the dihedrsl angles in the region of 120°
end 0° which would make the coupling constants scout 4 and
8«10 C.PeBe The predicted Cotton effect would be smsll but
the furen ring would probsbly make nc contribution. The two
structures (109) and (11Q0)would both have dihedral angles of
the order of 50 -~ 70° which would lead to rather low coupding
constants, about 4.5 and 1.5 Ce.p.Se However, the Cotton
effect would be smsll, probably slightly positive, and in each
case the fursn ring is found in s positive octant as expeoted.
Perhaps, therefore, the most likely structure is an cx-c(l)
ether linkage with ring A in & distorted boat conformation
somewhere between structures (108) and (110), wiich would
enable 'suitable' dihedrsl sngles to be atteined and which
would minimise sterioc intersctions. Thercfore structure
(211) is proposed for methyl sngolensate with the ether bond
at C(l) placed tentatively in the o-configurstion.

It is hoped that this problem will be solved by an X-ray
snalysis of a heavy-atom derivetive which will be carried out

at the University of Ibadsn, In connection with this san
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attempt was made to prepsre s sultazble derivative. "ethyl
angolensate wes reduced Ly thoe Feerweln - Ponndorf method,
whieh should only attack the ketone group, to a hydroxy
compound (112). This wes then to be treated with
L-bromobenzoyl chloride in order to .ake the p-bromobenzoate.
However, the n.m.r, spectrun of the scetate (113) of tiis
hydroxy compound hed doubled bands indicating thet 't wee 8
mixture of sbout 50 each of two isomers, presumubly the

3x - and 38 - epimers. The hydroxy compound (112) was
8ls0 presumubly a mixture of epimers st the 3-position, whioh

would not eive a derivative suitable for X-ray work,



EXPSRIMENTAL SECTICN

Genersl
The work was carried out partly in the University of

Oxford snd partly in the University of Ibedsan,

Melting points were determined on a Kofler block, and
rotstions were measured in chloroform solution, unleas
otherwise ststed, with a8 N,P,L, asutomatic polarimeter,

Infrared spectrs were recorded with e Perkin-Elmer 237
spectrophotometer or e Perkin-Elmer 21B spectrophotometer,
All the spectra were determined using e 'Nujol' mull of the
meterial, unless otherwise indicsted. Ultraviolet spectra
were recorded on e Csry Recording Spectrophotometer Meodel
1M or a Unicam SP 700 spectrophotometer using solutions
in ethanol,

Unless otherwise stated, nuclesr megnetic resonsnce
spectre were determined st 60 me/s on a Perkin-Flmer R-10
instrument fitted with an automstic integrator, using

tetramethylsilsne as internsl standard, The spectia were

L7.

determined with ga. 10-15" w/v solutions in deuteriochloroform,

Hydroxyl protons were charscterised by exchange with

deuterium oxide. The notation used for recording the

spectra is s = singlet, 4 = doublet, t = triplet, q = quartet,
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and m = multiplet. The chemical shifts are given in  units
snd the coupling constents (J) in oycles per second (CeDeSe)e

'eags spectra were obtained using sn i.%.I. ¥.S.9 double-
focusing maess spectrometer. Samnples were introduced directly
into the ion chamber, without veporisation.

lreagsurements of optical rotatory deta were csrried out
in Professor Klyne's laboratory.

Microenalyses were carried out by Drs. ¢, Weller and
F.B., Stauss (Oxford), r.I. Kowcte snd r.¥, Czoh (Ibsdan),
pr. F, Iascher and &, Pescher (Bonn), and .. Bernhardt
(¥Vulheim),

The alumina used in column chromatography wes .eter
Spence Grade H, 5 or 104 desctivated by the sddition of
5 or 10% of 10. scetic scid>® Thin~layer plate chromato-
grephy (t.l.c.) was conducted according to the method of
&31::31112'4 using sn unbsked silics gel (Merck Kieselgel ¥)
stationary phese deposited on glsss, with benzene -~ ethyl
acetate, or ethyl scetate, as eluant. The plates were
developed by exposure to iodine vepour, or by spraying with
saturated agueous toluene-p-sulphonic acid and drying at 150°.
Purity of meterisls was checked by this means.

Solutions in orgsnic solvents were dried over anhydrous



magnesium sulrhate or sodium sulphste, ryridine was dried
over potassium hydroxide pellets.

Petroleun ether (b.g. hO-60°) has been referred to ss
light petroleum; petroleum ether (b.p. 60-800) has been
referred to as petroleum ether.

A stock solution of Jaones' reagent25 wus prepered by
dissolving chromium trioxide (133.5 g.) in sulphuric scid
(115 ml,) which hai been diluted with weter (385 ml.).
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Extreotion of Methyl ingolensate (70)

The methyl angolensate used in this work was isolated
in Professor Revan's lesboratory at the che istry depsriment
of the "niversity of Ibadun. The hesrtwood of
Entendropiregms angolense was ground up and extracted in a
Soxhlet appsratus with petroleum ether for 24 hours. The
solvent was evaporated off, and the residue was crystallised
from methenol to give prismetic needles of nethyl ancclensste,
mp. 203-208%, [a]2? - 43° (g 1.90), (11t3, m.p. 197°

(o157 -43%), v, 1735, 1713, 1655, 1505, 910, and

maXe

R | :
875 em.”, snd A mex, 214 mu( € 5500,

Angolensie scid (73)
i‘ethyl angolensete (..798 g.) in methanol (50 ml,) wes

trested with potsssium hydroxide (5 g.) in vater (20 ml,).
The solution wes heated under refXfux on a steasm-bath for S0
minutes and then poured into water. The slkaline agueous
solution wes weshed with ether (2 x 100 ml.,), and wss then
ecidiflied with dilute hydrochloric acid which produced s
precipitate. The precipitate was filtered off, weshed with
weter, and corystallised from squeous methsnol as needles of
engolensic scid (Le353 ge)s wepe 250-253°%, (11t2, n.p. 2729),

[O( ]25- L‘so (2 1.00), 0% 3“’30! 17359 1715y 910, end
D max,
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875 cms ', end A 2l mm (€ 5500,

mnax.
(Founa: C, 68.43 H, 6.9; 0, 2L.L;
cale. for C,gH,,0, c, 68.4; H, 7.1; 0, 2u4.57).

Treatment of Methyl Angolensste with Perscid
Methyl sngolensete (77.8 mg.) was weighed into a 50 ml.

stendard flask and dissolved in Adry chloroform (5 ml.).
Monoperphthalic acid (5 ml, of an ethereel solution containing
0.5175 moles / 1.) wes sdded to this flssk and to a similar
empty one (as blenk). ERoth flasks were msde up to 50 ml,
with dry chloroform, and kept in the dsrk st 19°, At
intervels semples were withdrswn and treated with excess
squeous potessium iodide, =nd the iodine libersted was
estimated with O,050F aqueous sodium thiosulphate, The
nunber of moles of peracid which rescted with one mole of
methyl sngolensate were:

after 16 hours, 0O.4; after 42 hours, 0.9; after 72 hours,
1.3; snd sfter 306 hours, l.4 moles,

Ozenolysis of Methyl Anpgolensate
Yethyl angolensate (3.376 g.) in ethyl acetate (100 ml,)

was cooled in an ascetone - 'Drikold' bsth. OCzonised oxygen
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was passed through the solution until e deep blue colour
was produced due to the presence of excess ozone (approximetely
1 hour). The solution was sllowed to wsrm to room temperature
(20°), sna hydrogen peroxide (100 vol., 100 ml,) was sadded,
eand the mixture was hested under reflux on & witer-bath for
1 hour, Salt was added to the cooled solution to saturate
the aqueous phase, and the two layers were separsted, the
squeous leyer being extrscted with o further qusntity of
ethyl ascetate (2 x 50 ml.,). The combined orgenic solutions
were extracted with sstursted aqueous sodium bicarbonste
(8 x 50 ml,). The combined aqueous extraects were acidified
with dilute sulphuric scid and extracted with ethyl scetate
(5 x 50 ml.)s The orgenic extrsot was waeshed with weter and
dried., Bvaporation of the solvent and crystullisastion of
the residue (2.Y5 g.) from squeous methanol afforded needles
of the tris-nor acid (72), m.p. 238-241°, Bx]gh - 55°
(g 0.71), (11t.% mop. 2u1-20°, []22- 529, Yiax, 3600,
1750, 1720, 1010, end >15 cmi '
(Found: Cy 64e3; H, 7.2;
Cale. for CZMﬁ}ZOB C, 64.3; H, 7.27).

The scid w=s taken up in ether (100 ml.) end methylated
with ethereal dlszomethane in the usuzl way, Crystallisation

from aqueous methanol afforded needles of the tris-nor ester
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(23) (2.87 g.), mop. 174-177°, [&]2? - 53° (g 1.00),
(11t.7 mp. 176-278°,  [0]3% - 55°), v, _ 1755, 1740,
1715, snd 920 om. Y

(Pound: C, 6L4e7; H, 7.8;

calo, for 02553“08 C, 6’-‘.93 H, 7.!{5’).

The semicarbasone hed m.p. 241-213°.

(Pouna: C, 59.8; H, 6,93
026H3708N3 requirGQ C. 60.1; H’ 702.')0

Methyl angolensate (2.178 g.) in methanol (50 ml,) was
treated with potassium borohydride (0.54 g.) and the mixture
was hested under reflux on e stesm-bath for 1 hour. About
75% of the methsnol was distilled off and the residue was
poured into weter (100 ml.). The squeous solution was
extracted with ethyl ascetste (3 x 50 ml,), and the orgenic
extract was dried, The solvent wss removed by distillation
snd the residue, the diol (84), (2.05 g.) wes reorystallised
from bengene ~ light petroleum ss needlesa, m,p. 119-123°,
(11t.° m.p. 200-203%), [x]3%- 35° (g 2.00), v, 3600,
1735, 1505, 1025, end 875 omo -

(Founa: C, 68.2; H, 8.2;
oslo. for C,oH,q0, C, 68,33 H, 8.,1°).



Trestment of the Bor ride Reduct Frodust (8
Fhosphorus lentschloride

The 410l (84) (2.0 g.) was taken up in dry bensene
(100 ml,) snd phosphorus pentachloride (13 g.) was sdded.
The mixture wes kept st room tempersture (27°) for 24 hours,
It was then poured into water (100 ml,) and the mixture wes
extrected with ethyl acetste (2 x 50 ml.,). The organic
extraot was dried snd the solvent was digtilled off. The
residue was tsken up in ethyl acetate (50 ml,) and ozonised
at =50° for 12 hours. Water (100 ml,) was added and the
solution wes steam-distilled into & solution of 2,4-dinitrophen-
ylhydragine (1 g.) in methanol (30 ml,) contsining sulphuric
ecid (1 ml,). The distillete wes extracted with chloroform
snd dried. The solvent having been diatilled off, the
residue was teken up in benzene and adsorbed on to a colum
of slumina (Spence grade H, 4O g.). Elution with benzene
(200 ml,) efforded scetone~2,l4-dinitrophenylhydrazone which
was orystallised from methenol ss prisms (0,68 g.), m.p.
124-126%, A . 366 mp.
(Founds Cy U5.23 H. Ul N, 23.6;
cale, for CgHyoO0, W) C, U5.u3 H, L.2; N, 23,5%)
The infrsred spectrum was identicsl with thet of an
suthentic specimen of scetone-2,L~-dinitrophenylhydrszone,
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Me Po 126-127°, and mixed m,p. 125-1270.

The residue left after stesm-distillation wes extracted
with ethyl acetate and the organic solution was dried. The
solvent was distilled off leaving s asolid which would not
orystallise, but which had no infrared absorption at 1715 cm':l,

but had an sbsorption at 1776 om:'l in CH L1,

Agetylst th 8

Acetic anhydride (5 ml.) was sdded to the dlol (84)
(0.845 g.) in 4dry pyridine (20 ml.). The mixture wsa
heated on s steam-bath for 1 hour, and then kept at room
temperature overnight. The pyridine snd excess scetioc
snhydride were removed by distillation in yscug, and the
residue wss teken up in benzene and adsorbed on to s column
of slumina (10 deaot., 75 g.). Elution with bengene
sfforded the discetste (85) (0.610 g.), which orystallised
from aqueous ethsnol as needles, m,p. 195-199°, (111’..9
mp. 198-200%),  [a]3° - 39° (g 1.35), v . 17us5, 1650,
1503, 1245, 900, end 875 em. -
(Found: C, 66.3; H, 7.73
cels, for CyH, ,0q C, 66.7; H, 7.67).
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Aluminium foil (5.6 g.) and isopropenol (100 ml,) were
heated under reflux on a steam=bath feor 15 hours in the
presence of mercuric chloride (0,25 g.) and carbon tetrschloride
(1 ml.). Methyl angolensate (2.148 g.) wes then added and the
mixture wes slowly fractionally distilled for 7 hours to
remove acetone formed in the reuction. Residual solvent
was distilled off, and the residue weas trested with excess
dilute sulphuric scid and then extrascted with chloroform,
The organic solution was 4ried and the sclvent distilled off.
The residue was taken up in benzene snd adsorbed on to s

colum of alumina (107 deasctivated, 150 g.). Elution with

benzene - ether (3:1) afforded
(112) (1.92 g.), which was crystasllised from aqueous ethancl
es needles, m.p. 257 - 2607, V. 3500, 1735, 1505, and

max
875 omst
(Found: C, 68.3; 'y 7«83 0, 23.9;
02753607 requires C, 68,63 H. 7.7; 0, 23.7%).

Methyl 3-hydroxysngolensate (1.23 g.) in dry pyridine
(10 ml,) waas trested with scetic snhydride (3 ml.), and the

solution waes kept at room temperature (25°) for 24 hours.
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After working up in the ususl way, the product methyl
3-gcetoxysngolensate (113) (0.93 g.) wes orystsllised from
squeous ethsnol aes pletes, m,p. 192-19u°, \’max. 1735,
1505, 1245, end 875 om: >

(Founds C, 67.2; H, 7.5; Oae, 8.6;
02933808 requires C, 67.73 H. T.L4; OCac, 8,47).

Catal

Catalyst

(1) Methyl sngolensate (0,605 g.) in ethanol (50 ml,) wsas
hydrogenated &t room tempersture snd pressure over Adans'
ostalyst (49 mg.) whioh was reduced in situ. The reaction
ceased sfter 1 hour when epproximstely 0.5 nole equivalents
of hydrogen ﬂad been absorbed. The catalyst wes removed by
filtretion and the solvent wes distilled off. The residue
(0,607 g.) was orystallised from agueous ethsnol, and then
recrystallised from ethyl scetate - light petroleum to give
the dihydro-produst (74) ss prisms, m.p. 186-189°,

[ 120 + 1° (g 1.52), Vg, 1735, 1715, 1505, 910 sna
875 ome , 212m (¢ 5,500).
(Pounds Cy 68,73 H, 7.7;
02733607 requires C, 68,23 H, 7.7:).

s 8nd ;\max
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(11) Methyl angolensste (1.050 g.) in acetic acid, (50 ml,)
was hydrogensted at room tempersture snd pressure over Adsms'
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 considersbly reduoced. The
catalyst was removed by filtration and the solvent was
distilled off in vagup. The residue (0.95 g.) orystellised
from aqueous methanol to give needles of the tetrghyvdro-
produot (82), m.p. 229-233°, v . 3450, 1735, 1505, snd

875 om; L
(FPound: c, 68.2; H, 8.0;
027H38°7 requires C, 6803; H, 8. M)o

(111) Methyl angolensste (0,451 g.) in scetio scid (50 ml,)
was hydrogenated st room tempersture and pressure over Adsms'
cetelyst (55 mg.,). The resction was stopped after 2 days
when L.2 mole equivalents of hydrogen had been teken up and
the reaction seemesd to be complete., The solution waes worked
up ss before, and the residus (0.410 g.) was crystallised
from squeous methanol to give the ogtahydro-product (83)

as needles, m.p. 253-257°, Y max, 450, 1737, and 920 om,
(Founa: c, 68,1; H, 8,9;

1

CZTRL;2°7 requires c, 67.8; H, 8.9%).
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Attempted Oxjcdetion of the Dihydro-Product (7.4)

The dihydro-product (Z4) (202 mg.) in scetone (4O ml,)
was treated with Jones' reagent25 (2 ml.,), The mixture was
shaken at room tempersture for 15 minutes and then poured
into waeter (100 ml,)., Extrsction with ether snd isolstion
of the produsct in the usual way sfforded unchanged starting
materisl, identified by mixed m.p. and by comparison of the

infrared spectrum with sn suthentic gpecimen of the dihydro-
produot (74).

The tris-nor ester (73) (1.806 g.) in scetic scid (50 ml,)
was hydrogensted as before over Adems' cetalyst (50 mg.) which
was reduced in gitu. The ocatalyat was removed by filtration
and a8 much as poasible of the solvent was distilled off
4in vsouo., The residue was teken up in ethyl soetste (100 ml,)
snd weshed with satursted agqueous sodium bicarbonate and
water. The organic solution was dried snd the solvent was
distilled off, The residue was crystallised from aqusous
methanol to give needles of the dihydro-product, m,p. 225-226°,

[6]20 - 12° (g 0.50), Vg, (CHFLL,) 1755, 1740, 1715,
end 910 omst
(Founa: C, 64.3; H, 7.8;
C,gHyglg requires C, 64.6; H, 7.87).
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The Strooture snd Chemistry of Turreeanthin
Turraeanthus africanug is a member of the family

Meliaceae which is found in West Africa, particulsarly in
Ghana.°r'1
geve as the chief constituent (0.127) needles of turraesnthin,

Extraotion of the heartwood with petroleum ether

8 new triterpene, m.p. 218-220°, DX]%O + 3°  Combustion
anslysis indicated the formula 03155005 which was confirmed
by msas spectrsl studies of turraesnthin (M S514) snd its
derivatives., For simplicity its chemistry will be discussed
in terms of the struoture (120) which ultimetely will be
shown to represent it. A 100 me/s n.m,.r. speotrometer wes
used for some of this work, but unless othe rwise stated the
speotrs were recorded on a 60 mo/s instrument (see
Experimental 3eotion for details).

The infrared spectrum of turrsesnthin had s band at
3590 cm. "L due to the presence of a hydroxyl group. A strong
pesk sppesred in the maess spectrum st m/e 496 scorresponding
to the ready loss of water (M - 18).2 The n.m.r. speoctrum
had a band et 6,50 T due to one proton which Aissppesred in
the presence of deuterium oxide and must therefors be due to
8 hydroxyl proton. Turraesnthin therefore contains one
hydroxyl group. The bend due to the hydroxyl proton
appeared 8t 6,25 T in the 100 mo/s n,m,», speotrum, but this
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is not surprising dince the position of @ hydroxyl proton
signal is dependent upon ooncentration3 and the two spectras
were not determined st the same concentrstion.

Mild oxidation with chromium trioxide - pyridine eom.plexh
gave a y ~lsctone, turrsesnthin lactone (}21). Thies compound
had an infrered sbsorption bend at 1780 cm.* due to the

y’-lactonc. and there was no sbsorption in the hydroxyl region.
The mass speotrum had its perent pesk st m/e 512 indiceting
that two hydrogen stoms had been removed by the oxidation

and it did not show & peak corresponding to the loass of
water (¥ - 18)., The n.m.r. speotrum had lost the band
corresponding to the hydroxyl protoen. This meana that a
five~-membered oyolic hemiacetsl structure must be present in
turraeanthin, The 100 mo/s n.m.r. spectrun of turraeanthin
had a bend et 4.63 T due to one proton, but this band did not
sppesr in the 100 mo/s n.m.r. spectrum of turrseanthin
lsctone (}21). Therefore this signsl can be attributed

to the proton on the sarbon atom to whioh the hydroxyl group
is attached, -c(zl)gxaﬂ).o~ in the oyelic hemiacetsl.

The presence of an acetoxy group in turrsesnthin was
suggested by the bands at 1724 and 1245 om:l in the infrared
spectrum, The msae apectrut hsd a2 pesk at m/e 454

corresponding to the loss of acetic acid (M - 60),2 and the
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corresponding peak (M - 60) was observed at m/e 452 in the
mass spectrum of turreeanthin laotone (121). The 100 mo/s
N.m, ry 8pectrum of turrsesnthin had s singlet at 7.90
due to the socetoxy methyl group, and there was e mltiplet
at 5.47 T due to one proton. The latter signal is assigned
to the grouping ~0(3)§£0Aa)- .5 Hydrolysis of turrseanthin
with methanolic potassium hydroxide removed the scetoxy
group to give the hydroxy compound descetylturrasanthin (122).
The mass speotrum of this compound hsd its parent pesk at
/e 472 indicsting the loss of 42 mses units which corresponds
to the hydrolysis of one scetoxy group. The infrared
spectrum hsd a strong band at 3400 om.-l due to the hydroxyl
groups snd 4id not have any sbasorption in the carbonyl region,
The n.m.r. spsstrum of descetylturrsesnthin (122) had lost the
band at 7.90 T dAue to the scetoxy group. The signel which
appeared st 5.,47T 4in the n.m,r, spestrum of turrseanthin
asssigned to the grouping ~CH(OAc)- now appesred at 6,1T and
is sssigned to the grouping -G(B)gjeﬁ)- .5 Therefore
turrseanthin is 2 mono-acetate,

The presence of a oyclic hemisoetsl group and an acetoxy
group in turrasesnthin sccounts for four of the five oxygen
atoms in the formula 03235095. The fifth oxygen atom is

present in sn epoxy group. The 100 ms/s n.m.r. speotrum of
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turreesnthin hed s signsl et 7.09T7 due to the proton at
°(2h) on the epoxy »ing. The corresponding signal appeared
8t 7.20T in the 100 mo/s n.m.r, spectrum of turrsesnthin
lsctone (121). PFurthermore, s singiet due to six protons
appesred at 8.63 T 4in the 100 mo/s n.m.r. spectra of both
turraeanthin snd 1ts lsoctone. This is sasigned to the two
methyl groups on the epoxy group st 0(25).

Thus the presence of the group

0

N\

? C(CH3),
B

is suggested, This was aupported by the presence of s
strong pesk st m/e 71 in the mases spectrum of turrsesnthin
lsotone ()21) whioch can be attributed to the fragmentstion

shown below.

-+ : +*

o o
/ : Z \

A similsr epoxy group occurs in sglaiol (1§)7. Its n.mer.
spectrum had a8 signal due to the C(Qh) proton at 7.25 17 ,
and bands due to the methyl groups at 0(25) eppesred at 8,73



end 8,70 T .,

All of the oxygen atoms in turreeanthin have now been
scecounted for. The remsining functionsl group is s double
bond whose presence was suggested by a band et 4.73 T due to
one proton in the 100 me/e n.mr. spectrum of turreseenthin.
The corresponding signal sppeered at 4,70 T in the 100 mo/s
n.m.r. spectrum of the leotone (121)., These bends are

3

assigned to the proton at 0(7) on the dcuble bond,” which

must be trisubstituted since the signals were due to only
one proton. This wes supported by a band at 823 cmfl in
the infrered spectirum of turraesrithin characteriati06 of a
trisubstituted double bond. It could not be hydrogenated
under mild conditions snd osonolysis 4id not give eny
volstile gragment, which would be expescted if the double
bond were in the side-chsin., Therefore the double bond 1is
in & ring.

Since the presence of a cyclic hemiscetal, an escetoxy
group, en epoxide, and s cyclic double bond has been

esteblished, the formuls 05285005 for turrsesnthin requires
thet there should be four cardooyclic rings.

The Side-Chein
The hydroxyl group of turrseanthin ocould be scetylsted

66.
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to give turrgeenthin acetate (123). The ssme product was
slso obteined by acetyletion of descetylturrsesnthin (122)

es expected, Its infrered spectrum 4id not have any
absorption in the hydroxyl region, but hed bends at 1753 snd
1225 emot ettributed to the new ssetoxy group at C ,9) and
bands st 1745 and 1245 cmrl assigned to the originel ecetoxy
group at 6(3). The msss speotrum hed its psrent pesk at

/e 556, sn increese of 42 mess units 4ue to the acetylstion
of the hydroxyl group. It slso showed a strong pesk at m/e
1496 due to the resdy loss of scetic scid (M - 60).2 The 100
mo/s n,m.r, spectrum had s singlet at 7.95 T due to six protons
which is sssigned to the twe acetoxy methyl groups, The
proton st 0(21) gove rise to a signel st 463 T in the

100 mo/8 n.m,r. spectrum of turrseanthin, snd this band
shifted to lower field on ascetyletion of the 0(21) hydroxyl
group and now sppeared at 3.77 T . This latter band was e
doublet (J 3 o.p.s.) which indicates that there muast be one
proton at 0(20).

In the 100 mo/s n.m.r, spectrum of turrgesnthin the
epoxy proton at c(zu) sppesred et 7.09 T as e sharply
defined doublet with s ooupling constent of 8 o,p.s. The
100 mo/s n.m.r, speotrum of the lactone (121) similerly hed
@ doublet et 7.20 T (J 8 c.p.s. ). Since there is no
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proton at 0(25) there must be one proton at 0(23) to which

the epoxy proton is coupled, A multiplet signsl eppesred

8t 6,15 T in the 100 mo/s n.m,r., spectrs of turrsesnthin

end its acetate (123) whioh ia sssigned to the hydrogen at
0(23). In the 100 moe/s n.m.r. spectrum of turraseenthin
lectone (12]1) thie signal shifted to slightly lower field

and appesred at 5.,85 T . The latter signsl was an {ll-defined
six~-line pattern owing to the 0(23) proton being coupled to

the C(au) proton end in eddition split further by the methylene
group et 0(22). The assignment of the signals at 7,20 and
5,85 T in the n.m.r. spectrum of the lsoctone (121) to protons
on neighbouring ocsrbon atoms wes demcnatrasted conclusively

by s spin-decoupling experiment. Irredistion of the proton

at 0(23) abaorbing at 5.85 7 csused collapse of the doublet

a8t 7.20 T Que to the epoxide proton at C(zh).

Trestment of turreesnthin with hydrochloriec acid in
methenocl converted the hemiscetal grouping to sn soetel and
opened the epoxide ring to give the ehlorohydrin (12L) end
the methoxyhydrin (125). The n.m.r. spectrum of the
chlorohydrin (124) had 8 singlet et 6.62 T due to the
methoxy group et 0(21). The signals due to the methyl
groups at C ,5) now appeared at 8434 and 8.LO T end are
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sssigned to the grouping -C (25)01(!‘32‘:_3) o  The infrared
spectrum hsd e bend at 3420 cm. > due to the new hydroxyl
group st G(, y. The mess spectrum of the chlorohydrin (124)
hsed its parent pesk at m/e 564 in agreement with the formula
033H530501. Similerly, the methoxyhydrin (125) hed two
singlets at 6,64 and 6,74 T in the n.m.r. spectrum due to
the methoxy groups st 0(21) and 0(25). The signsls AQue

to the methyl groups at 0(25) sppesred at 8.83 and 8,77 T
snd ere ssaigned to the grouping -0 (25) (Oue) (cg.s)z. A dand
at 3550 omst
hydroxyl group. The mass speotrum hed its parent pesk st
m/e 560 corresponding to the formuls 03uH5606 for the
methoxyhydrin (125). Attempted oxidation of the 0(214)
hydroxyl group in both the chlorohydrin (}24) end the
methoxyhydrin (125) failed, presumably becsuse the 0(214)

in the infrered speotrum was due to the 0(224)

position 48 highly hindered. However, ecetylation of

both compounds gave the chlorohydrin scetete (126) and the
methoxyhydrin scetate (127) respeotively. Neither of these
acetates had absorption in the hydroxyl region of their
infrered spectra. The n,m.r., spectrum of the methoxyhydrin
scetate (127) hed two singlete et 7.95 end 7,84 T oorresponding
to the aoetoxy methyl groups at 0(3) and 0(214)‘
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By treating turraesnthin with hydrochleric acid in
ethenol the hemiacetal grouping wss converted to sn scetal
end the epoxide ring opened to give the chlorohydrin (128)
and the ethoxyhydrin (129). These compounds are analogous
to the ohlorohydrin (124) snd methoxyhydrin (125)
respectively obtained by treating turrsesnthin with
hydrochloric acid in methenol,

Rings A end B
Treatment of turraeanthin with sulphuric acid in
methenol gave two compounds. The minor product waes shown
to be identicsl with the methoxyhydrin (125) mentioned sbove,
Their infrared spestra were superimpossble and a2 mixed
melting point geve no depression. The msjor produst (130)
was similsr to the methoxyhydrin (125) in thet the side-chain
hemiscetal hed been converted into the scetal snd the epoxide
ring had been opened to give the methoxyhydrin group, In
addition the scidic conditione csused hydrolysis of the
scetate group at 0(3) affording the hydroxy compound (130).
The infrsred spectrum of this compound hed & strong bend st
31,80 om® due to the hydroxyl groups, end did not have sny
sbsorption in the carbonyl region indicsting that the
acetoxy group had been lost, Oxidetion of compound (130)
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with chromic acid - pyridineu gave the methoxyhydrin ketone
(131) in which the C(3) hydroxyl group wes oxidised to the
ketone, but the C (24) hydroxyl group 414 not reset under the
conditions of the experiment. The infrared speotrum of
this oompound had en absorption bsnd at 3540 om.l due to the
Cc (24) hydroxyl group, sand & peak eppesred at 1705 om, 1 due
to the ketone at 0(3). The mess gpeotrum had its parent
pesk at m/e 516 in agreement with the formule 0321-15205,

end had s strong pesk at m/e LBl corresponding to the ready
loss of methsnocl (M - 32). Reduction of the ketone (131)
with sodium borohydride gave a produsct whioh was identical
with the hydroxy compound (130) from which the ketone (131)
was originally prepsred. Their infrered spectrs were
identical and a mixed melting point gave no depression,
Since the reduction process should give a 3 ﬂ ~hydroxyl
graup.g the hydroxy compound (130) must contein a 3 ﬁ ~hydroxyl
group., Theretore the scetoxy group et C (3) in turrsesnthin,
from which the hydroxyl group was obtained by hydrolysis,
must be [ -oriented., Further evidence for this was
obtained by an examination of the 100 mo/s n.m.r. speotrs

of turrsesnthin snd its lactone (121). In both of these
spectra the signals due to the protons at 0(3) appeared as

triplets centred at 5,47 end 5.50 T respectively, with
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observed splittings of 8 and 8 c.p.2. gilving an oversll band
width of 16 o.p.s. This is the X portiocn of an ARX

ayatem.5 The proton st 0(3) is axisl and 1is coupled with the
neighbouring sxial and equatoriel protons st 0(2). In suoch

2 system diasxial intersction leads to 2 splitting of adbout

10 o.p.8. and sxisl ~ egquatorial interaction has a splitting

of the crder of 5 o.p.3.3

This would lead to & double-
doublet which would overlap thus sppearing as sn aspparent
triplet with an overall bandwidth of 15 c¢.p.s. and spparent
splittings of 7.5 end 7.5 GeDe 8. This is quite close to the
observed values and the proton at 0(3) in turrseanthin s
therefore placed in the exial conforumation which makes the
acetoxy group et C (3) p -equatorial,

Alksline hydrolysis of turrssanthin gave
degcetylturrseanthin (122) menticned sbove. Oxidetion of

this with chromium trioxide - pyridineu

gave g mixture of
two compounds, & minor prodwt 3-oxodescetoxyturraeanthin
(132) and the masjor compcnent 3-oxodescetoxyturrseanthin
lsotone (133). The infrared spectrum of 3-oxodeacetoxy-
turraeanthin (132) had a band st 3400 emrl due to the 0(21)
hydroxyl group, snd there wes s bend at 1705 om;

oorresponding to the ketone group at 0(3). The mass speotrum
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hed its parent peak st m/e 470 in egreement with the formula
cwnhsou and had a strong pesk at m/e 452 corresponding to
the loss of water (M - 18).2 The msjor product,
3-oxodescetoxyturraesnthin lactone (133), had absorptien
bands in its infrered spectrum st 1775 snd 1710 om © due to
the y -lsotone snd the ketone group respeotively. There
wes no absorption in the hydroxyl region. The mess speoctrum
had its psrent pesk st m/e 468 in agreement with the
structure (133). The n.m.r. spectrum had only two signals
st low field below 7T at 5.7 and 4,6 T due to the proton

at 0(23) snd the vinyl proton at 0(7) respeastively.

The optical rotstory dispersion (0.R.D.) ourves of the
three compounds 3~-oxodeacetoxy-21-O-methylturraeanthin
methoxyhydrin (131), 3-oxodeacetoxyturreesnthin (132), snd
3-oxodeacetoxyturrecanthin lsotone (133), sre shown in fig. 1.
They s8ll exhibit & negative Cotton effect and ere alsmost
superimposable upon the corresponding ourves of flindissone
lsctenet’ (142) snd lanost~-7-en-3-one w.u This fixes
the stereochemistry of the A/B ring system ss in (135) in
these compounds (131), (132) and (133), snd mesns thet
turrseanthin must hsve the partisl structure as in (136).

It is not possible to determine the geometry of the rest of
the moleoule from O,R.D., dates aince the tetracycliec
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triterpenes lanost-~7-en-3-one and dihydrobutyrospermone
heve very similar Cotton curves even though their C/D ring
junctions have different configurstions.

The ozonolysis of turrsesnthin haa been mentioned before
when it wes stated that no volstile fragment wes produced,
Eowever, the regidue from ozonolysis was sn epoxy compound
(137). The n.m.r, spectrum of this compound had signsls
in the region 7.1 T 4ue to two protons corresponding to the
epoxy protons st c(%) end 0(7), snd there was no signal
due to a vinyl proton, Engzell snd ‘li'hc'm'sals:"2 obtained o
similar epoxide by ozonolysis of araucarolone diascetate
(138) when the epoxy compound (139) wes produced. By
analogy with this, turraesnthin oxide (137) is probably a
70, 8c ~epoxide, although since the signals at 7.1 T in
the n.m,r., speotrun were confused 1t was not possible to

decide this from n.n.r. consideretions,

The presence in the Meliscese and the related
Rutscese and Simaroubacease species of a number of degraded
triterpenes such as 11mn1nu (1), gedtminm (2), and
simrclida15 (59) (see Introduction), all of which can be
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formslly derived by oxidastive degradation of tirucsll-7,2l-
dien-3(3 -0l (equivalent to 20-x H~-butyrospermol) (see lster)
together with the evidence desoribed asbove suggested that
turreeanthin wes (120) and closely related to flindissol (33).
Flindissol was isolated ”*17 from Flindersia dissosperms
Domin, snd F, meculosg Lindl., species of the Rutsceae
family relsted to the Meliscese species,
The relationship between turreeanthin snd flindissol

(39) was esteblished by the following route. Alksline
hydrolysis of turreesnthin gave descetylturrseenthin (122),
oxidation of which afforded 3-oxodescetoxyturraeanthin
lsctone (133) mentioned ebove, The letter compound was
treated with sulphuric acid in ether for two hours in order
to open the epoxy ring, and the glycol (140) wes obtsined,
The infrared spestrum of this compound (140) hed sbsorption
at 3500 cmfl due to the hydroxyl groups at O(zu) and,c(as),
and there were bands at 1750 snd 1700 em:l due to the
y'ulaotane end the C(B) ketone groups respectively. The
mass speetrum had its parent pesk at m/e 530 in agreement
with the formuls °503u5°5' The glyoel (140) was convertedl6
into the oycliec thionocarbonste (lL4l) by treatment with
thiocerbonyl diimidazala.s The product was refluxed with

d16

trimethylphoaphite whioch osuse desulphurisstion-~
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decarboxylstion of the thionocsrbonste group to give the
24,25~-0lefin, 3-oxodescetoxy-2L,25-deoxyturreeanthin lactone
(142). Extensive purifiocstion, inoluding chromstography
snd several recrystallisetions, wes necesssry to remove
residusl traces of trimethylphosphite. The produot (142)
had s melting point (190-194°) identical with that of
flindissone laotone,lo obtained by e mild oxidstion of
f£1lindissol (39) with chromium trioxide-pyridine, and no
depression of the melting point wss observed on sdmixture
with en suthentic sample. Their opticsl rotationa were
found to be [a]go - 81° ana Bx]ge - 83° whioh are within
experimsntal error, and their O.R.D. curves were identicsl
within experimental error. Their infrered, n.m.r., snd
mass spectrs were superimposable. This means that
turrseanthin osn be written es in (120) with the
gterecchemistry at 0(21), 6(23) and.c(zu) undefined,

The compound (l42), 3~-oxodescetoxy-24,25-deoxyturrseanthin
lactone, was elso spproached vis another slightly different
route., Turrsesnthin lactone (121) wes trested with
sulphuric scid in ether for twenty-four hours to give the
glycol (143), 2h,25-dihydroxyturraesnthin laotone, The
infrered speotrum of this compound had bsnds st 3580, 1775,
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and 1728 cmfl corresponding to the C(zu) and.c(zs) hydroxyl
groups, the -lactone group and the 0(3) acetoxy group.
This glyecol (1li3) was converted into its thionocarbonate by
treeting with thiocasrbonyl diimidesole and hence into the
24,25~0lefin (1l4li) by refluxing the produst with
trimethylphosphite in a resction snslogous to the one

above.cf‘l6

Alksline hydrolysis and oxidation of this
compound (l4li) converted the 0(3) acetoxy group into a
ketone group end gave 3-oxodescetoxy-24,25-deoxyturrseanthin
lactone (142). Howéver, this compound was seen to dbe
impure when compared with the product of the former route.
Its melting point (180-185°) wes lower and the optical
rotstion wes different, [«]20 - 45°  This oan probebly be
explained by the fact that in the preparstion of the glycol
(143) lesding to the leatter compound, turraesnthin lesctone
(121) was treated with sulphuric acid in ether for twenty-
four hours instesd of for only two hours in the snalogous
step of the former route. Under these conditions the
double bond at 0(7) ocould easily migrate to the C(B) position.
Thus the finel product of the second route could contain
scme of the [x8(9) isomer, and this is supported by the

opticsl rotation, Dx]go -'h5°, which 1s between that of
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flindissone lactone, [a]go - 83°% and that of isoflindissone
lactone (145), [oc]g5 + 38°,1° snalogy for this
rearrengement is providei by isoflindisscne laetone (;gﬁ)lo
itself which was prepered by isomerisstion of flindissone
lactone (142) in the presence of hydrogen chloride in
chloroform. In the euphol series, more drastic scid treat-
ment leads to s more profound rearrsngement involving the
migretion of methyl groups. Thus dihydroeuphol (146)
rearrangeuls to give isoeuphol (147), snd it is also possible
that an snalogous tranaformastion msy have occurred to some
extent in the preparstion of 24,2%5-dihydroxyturrsesnthin
laotone (143) sbove subsequent to the AY to ZX5(9)
isomerisation,

When turraeasnthin was treated with sulphuric ecid in
ether for twenty-four hours s product, isoturraesnthin, was
obtained, The mass spectrum hed its parent peak at nye
51 indiceting that it had the same moleculer weight as
turrseanthin, The infrared speotrum was guite similar to
thet of turreesnthin, the only me jor difference being the
loss of the bend et 822 omfl oorresponding to the double
bond et 0(7). The n.m.,r, spectrum did not have 8 signal
due to en epoxide proton or s vinyl proton, Instead & new

singlet due to one proton appeared at 4.75 T end there wss
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a multiplet signal at 6.2 T . The signsls due to the methyl
groups at C(as) now appeared as sigglete st 8.45 and 8,72 T .
One possible explanation iz thet the epoxide ring hed been
opened to give s glyool as would be expeoted by snalogy with
the reactions mentioned above. Then scetal formetion could
have occurred between the hemisocetal hydroxyl group at 0(21)
and either of the new hydroxyl groups et °(2h) or 0(25).

The former would give a new five-meubered ring while the
latter would produce a six-membered ring es in the psrtial
struotures (148) and (149) respeotively., Perhaps the
latter is the more likely sincé in this struoture (149) the
methyl groups at 0(25) would be in different environments.
This would sccount for the appearance of separaste signals

st 8.55 end 8,72 T for these two methyl groups in the n.m.r.
speotrum, In addition the double bond originally at 0(7)
must have migreted either to 0(8) or to 0(13'17) (eee sbove).

All of the stereochemicsl features of turrsesnthin
have been fixed by its relstionship to flindissol (39)
except those at 0(21)' 0(23), and C(zh)'

In the 60 mo/s n.m,r., spectra of turreesnthin and
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descetylturraseenthin (122) but not in the spectra of eny
other derivetives there were four pesks in the region 7.1 T
which have been assigned to the epoxy proton at C(zu). In
the 100 mo/s spectrum there wes primsrily a doublet but
there were also two other pesks. If these peaks are oaslled

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

100 mo/s 60 mc/s
A 7.04 7.02
B 7T.11 713
G 7.24 7.20
D Te32 7.32

If A 1s assumed to be coupled with C, and B with D, the
coupling constents are 20 and 21 c.p.s8. (100 mo/s), and

11 snd 11 c.p.8. (60 mec/s). Alternatively if A and B

are coupled, and C and D, the coupling constants are 7 and
8 CepPe8e., and 7.5 and 8.5 c.p.8. respectively. These
figures indicste that A 1is coupled with B and C with D, and
suggests that the bsnds 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 indiceted that the signsls between
7.0 to 7.4 T were due to approximstely one proton. One
passibility ie thet in solution turresesnthin gives rise to
an equilibrium mixture of the two hemiacetal structures.

19 If two hemiscetal isomers

An anslogy for this 1s glucose,
existed, the hydroxyl group at C (21) would be either gis
or trens to the ch side-chein st 0(23) which has the epoxy
group. This might well affecg the chemicsl shift of the
C(ah) epoxy proton end the spectrum would show two doublets.
The proton at C (21) might elsc be expected to show slightly
adifferent sbsorption peeks and it was observed that the band
et 4.65 T in the 100 mo/s n.m.r. speotrum of turraeenthin
due to this proton wes not es sherp as might be expected,

An attempt oan be made to determine the stereochemistry
at 0(23) in turrsesnthin by examining the derivatives in which
the hemiscetsl function has been oxidised to & lactone.

21 to the molecular

Klynezo hss extended Hudson's lactone Rule
rotstions of compounds in which lactone rings sre fused with
other rings, end the modified rule is now steted:

"If the hydrogen stom stteched to the caerbon stom
bearing the potentisl hydroxyl group is below the plane of

the lsotone ring (150) the /\ wslue will be poeitive; 1f
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the hydrogen atom is above the plsne, the A velue will be
negative,"

[A = the rotationel difference, [lni]D (lectone) -
[M]D (acid) ]« This modified lsctone rule was used by
Cocker gt 81.%° to determine the sterecchemistry of the C(g)
position in iso~ | -sentonin (151). The opticel rotetions
of several leotones were messured, firstly in 2 mixture of
methanol ~ shloroform slone, end then in methanol - ohloroform
conteining potassium hydroxide so that the lactone was present
in the open form es the potassium sslt, The following
results were obtained:

[M]gc (1sctone) [M]go (aoia)

Turraesnthin laetone (121) - 423° ~154°
3-Oxodeacetoxyturraesnthin lactone (133)- 159° - 8°
Flindissone lsatone (142) - h25° - 376°

All of these results show a negative A value, whioch

indicestes thaet the configurstion of the lactones in these
compounds mey be written ss in (152). Henoe turraesnthin
itself may be written as in (153). The optieal rotatory

dispersion (0.R.D.) curves of these three compounds have slso
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been measured, The Cotton effect of the lsctone group was
partly mesked in the curves of 3-oxodescetoxyturrsesnthin
leotone (133) snd flindissone lactone (142) by the Cotton
effeot of the 3-oxo~7-ene grouping. However, the letter
grouping is not present in turrsesnthin laotone (J21) end the
Cotton ourve of the laotone group could be seen. It was
negetive and much smsller than that due to the 3-oxo-7-ene
system. This masy be due to the edditional Cotton effect

of the doudle bond.?? The Cotton effects of this snd other
lectones sre being studied further by Professor %, Klyne
and Dr, D.M. 3oopes.

It 1s hoped that the remsining stereochemical feetures
at 0(21) and c(ah) will be determined dy sn X-ray
ocrystallographic exsminstion of the p~bromobenzoate
derivetive (154). Thie compound was prepared by treeting
turrseanthin with p-bromobenzoyl chloride. In eddition
to forming the p-bromobenzoate ester at the 0(21) hydroxyl
group, the hydrogen ohloride libersted from this resction
opened the epoxy ring to give the chlorohydrin, The n.m. r,
speotrum had singlets st 8.30 end 6,23 T due to the methyl
groups st C o) [ ef. the ohlorchydrin compound (124)] ,
and there wes a brosd singlet st 3.95 T due to the proton
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at 0(21) to which the p-bromobenzoate ester group is
etteched. The arometic protons of this ester group gave

rise to signsls et 2.20 T .

Mags Spegtrsl Studies
In attempting to interpret the mass spectra of

turraesnthin (153) and its derivatives, the mass speotrs
of butyrospermone (155) and euphone (156) will elso be
considered. Butyrospermone hes the same gtereochemistry
as turrseanthin (153) st all positions except thst at 0(20),23
and serves 8s 8 model compound, The mess spectrs of
tetracyclic triterpenes have not been discussed in deteil

in the literature, but Djerassi gg'g;?u have snalysed the
mess spectrs of the pentacyoclic triterpene dbsuerencne (lil)
end related ocompounds. The sterecchemlistry of basuerenone
et the A, B, and C pring Junotions is similar to that of
butyrospermone (155) end turraesnthin (153), and these
compounds appeared to gregment in similer ways, There is
enhsnced strein due to the methyl groups st 0(13) and C(lh)’
and most of the frggmentstion of the nucleus occurred in the
environment of the C/D ring junction. The position of the
double bond ( ZX? or ZXB) affected only the relstive

sbundence of certsin fragments and not the breskdown pattern?u
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Fragmentations of the nuoleus will be considered first,.
All of the apectre under considerstion showed a strong pesk,
often the base peak, at ¥ - 15 which is due to the loss of a
methyl rediosl, This is probably the loss of a methyl
group pleced in 8 position allylic to the double bond,2 i.e.
the c(lh) methyl group in butyrospemmone (155) snd
turrsesnthin derivatives, and the °(1k) and °(1o) methyl
groups in euphone (156). In addition, turraeasnthin
derivatives with the side~chain epoxy intact could elso
lose a methyl radicsl by the mechanism (a). The alternative
fragmentation (b) would give rise to & fragment m/e 71 which
was cbeserved in the mess spectrs of turraseanthin lsctone (121)
and 3-oxodeacetoxyturrseanthin lactone (133), and provided
evidensce for the presence of the epoxy side-chain in
turraeanthin, By snalogy with the oracking pattern of
bauerenone (;21),2h'moat of the other msjor fragmenta arising
from the nucleus comprised rings A and B,

One of the charscteristic fragmentationazu of [&8
compounds 1s @ retro-Diela-Alder decomposition of ring C,
followed by oleavage of the sctivated 0(15) - 0(16) bond as
in (c). This gives rise to sn ion m/e 245 which was
observed in the speotrum of euphone (156). The same
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fragmentation occurred to a smeller extent with butyrospermone
(155) end 3-oxodeacetoxyturrseanthin laectone (133). One then
has to assumazu either a double bond migration prior to this
specisl fragmentation process, or a rearrangement of the 0(9)
hydrogen 8tom to yield the seme intermediste ss in (4).

A freagment n/e 257 which ocould be observed as a strong
peak in the spectrum of euphone (156) but which wes weaker
in the meas ppectrs of 3-oxodeacetoxyturrseanthin lesctone
(133) snd butyrospermone (155) requires the prior migretion

24 A possibdle

of the double bond to the 0(9) position.
mechanism for the subsequent fragmentation is as in (e).

A fragment at m/e 271 whioch was observed in the spectra
of butyrospermone (155), euphone (156), esnd 3-oxodescetoxy-
turrsesnthin laotone (133) osn be explsined by clesvage of the
0(13) - 0(17) and C(lu) - 6(15) bonds with migration of @
hydrogen stom probadbly from 0(12) to 0(17) by the mechanism
as in (r).zu The corresponding peak was observed at m/e
315 in the spectrs of turraeanthin asnd its lsotone (121), and
st m/e 275 in the spectrum of deacetylturrseenthin (122).

The mass spectrum of turrsesnthin furnished useful

{nformation sbout the funotional groups. However, since the

spectrum was complex sn attempt was made to assign the
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composition of only s few of the more intense pesks. The
following interpretstion of the breskdown psttern wes
aubstentiasted, where pcssible, by the presence of correspconding
metastable peaks, the observation of which 1is denoted by an
asterisk (=),

As hes been mentioned before turrseanthin readily loses
8 methyl rsdical ( - 15 ), probably meinly from the C(ll&)
position, to yleld the ion m/e 499, and most of the subsequent
fregmentation seems to stem from this latter ion. The

fragmentationa involve:

-15*1
367 «=12* 39 0% ;g9 _-72¢ )5, -60% 4oy
-lafl -18% l -18% l -l8» l -1& % l

Mess speotrsl fregmentstion of turraseanthin,



8oa

Turraeantnin



a8.

(1) the fisaion of the 0(25) - G(zu) bond giving the loss
of s Ch’ unit together with s neighbouring proton from
0(22): (-72),

(11) the loss of weter, which when oonsidered together with
(1), generetes & furen ring in the side-chain, ( - 18 ),
and

(111) the loss of ecetic scid from 0(3), ( - 60 ).

Furthermore it sppesrs thst these three processes ¢an ocour

in any order,

Another masjor dbreskdown process eppears sgein to stem
from the ¥k - 15 ion, m/s 499, This involves the oleavage

of the 0(17) - 0(20) bond together with the loss of s hydrogen

atom, possibly from the 0(16) position, giving loss of the

side-chain ( - 158 ) leading to en ion /e 341, lLoss of

scetio acid from this ion then lesds to the peak at m/e 281,

However, it must be pointed out that in the absence of
high resolution date this crecking psttern is only tentstive,
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Genersl

The same procedures wers adopted as recorded in the
Experimentsl Seotion of Chaepter II. In sddition, 100 mo/s
n,m.re spectra were recorded either on s Varian A 100

instrument or on a Japan Electron Optios Jiii -L4H«100

instrument.

The turreesnthin used in this wbrk wes isolated in
Professor Bevan's laboratory et the chemistry department
of the Univeraity of Ibeden. The heartwood of
Turraeanthus sfricenug (21,28 kg.) was ground up end
extrsoted in a Soxhlet sppearstus with petroleum ether for
24 hours. BEvaporation of the solvent sfforded s thiok oi}l.
The 01l was shaken with methanol (200 ml,) snd the solvent
wes decsnted off leaving a brown precipitete. The brown
residue was washed with ether (100 ml.) leaving s dirty-white
solid (25 g.). This was crystallised from methanol using
8 little decolourising chercoal and arfforded needles of orude
turrsesnthin, m.p. 205-209°. Crude turrseanthin (4.037 g.)

was taken up in benzene and adsorbed on to s column of
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alumina (57 desot., 250 go). Elution with ether - light
petroleum (1:3) gsve a compound (10 mg.) which orystsllised
from aquecus methsnol as needles, m.p., 204-206°, o max, (EC1)
3400, 1730, 1445, 1380, 1248, 1100, 1030, 960, 905, 875, snd
815 Om':l, and M 528 (mass spectrum), which was not further
investigated,

Further elution with ether - light petroleum (1:1)
afforded turrseanthin ( 2uL&,25:21%,23;-diepoxytirucall~7-en-
Sﬁ,alﬁ-diol 34 -monoacetate) (3.932 g+ ), which orystallised
from methanol - chloroform as needles, m.P. 218-220°,

[oc 120 4 3° (g 1.00), Vp,,, (0HLLZ) 3590, 1724, 12U,
1118, 1090, 1033, 980, end 823 ome’, A, . 214 m

(€ 2000 ), 100 mo/s n.m,rs ¢ T 9.16 (3H), 9.07 (6€H),
8.99 (3H), 8,95 (3H) [ s, tertiary cHy ] , 8.63 [6x;

s, BED(CHy)p | » 7.90 (3H3 8, CU3:C0.0~ ), 7.09

[18; 4, J 8 oc.p.s., HHE-C(CHg)p], 6.25 (13 m, OH, DY ),
6,15 [1H; bm, -CH(OR)- ] , 5.47 [1H; ¢, 8 cep.s.,
—CH(OAc)- ] » 4.75 (1H; m, <CH= ), snd L.63 [1H; m,
~CE(OH)sO~ ] pepems, end K 514 (mass speotrum).

(Found: C, 7T4e6; H, 9.8; OAc, 7.0;

0321‘!5005 requiresC, 74.73 H, $.8; Oac, 8.47).

The specimen of Tuprscenthus efrigenus wes kindly supplied by
Professor F. G, Torto of the University of Legon, Ghana.
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Turr nth ( 2

Chromium trioxide (5.8 g.) wes carefully added to dry
pyridineh (90 m1,) ot 10° with cooling to maintain the
tempersture below 15°. Turrseanthin (4.190 g.) in pyridine
(20 ml,) was sdded and the mixture was kept at room
temperature (20°) for 48 hours with occssicnal shsking.

Water (200 ml.) was added end the mixture was then extracted
with ether, The combined orgenic extrects were washed with
water and dried. The solvent was distilled off send the
residue was tsken up in benzene and sdsorbed on to a colum

of slumina (5% desot., 300 g.). Elution with bensene -
ether (19:1) afforded turrseenthin lesotone (3.70 g.)

(38 -scetoxy~24t, 25-epoxy-23;-hydroxytirucall-7-en-21-o0ic
scid 23f ,21-lsotone), which orystallised from agueous ethanol
o5 needles, m.p. 215-220°, []2° - 33° (g 0.b9), V 1780,
1735, 1162, 1015, 925, 902 end 815 gms*
T 7.20 [1; 4, 3 8 cupes., KOE-C(CHg), ], 5.85 [1m;

m, -CH(0.00.R)-], 5,50 [1H; t, J 8 o.p.s., -CH(OAo)- ],
and 4.75(1H; m, ~CH= ) pePem., ¥ 512 (mass speotrum),
[]2° - 31° (g 0.51 1n MeCGH - OHC1g, 4i1), sna [0]20 - 1.5°
(g 0.75 in MeCH - CHC14, L4t1 eontsining 1° KOH).

(Found: Cy 75.33 H, 9.63

CyoH),a05 requires C, 75.03 H, 9.U4%).

mex,.
» 100 mo/8 n.m, e
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Further elution with benzene - ether (3:1) gsve
turressnthin (1.10 g.), reorystallised from squeous ethanol

as needles, m.p. 6nd mixed m,p. 218-2200.

Acet (<) t

Turrsesnthin (1,060 g.) in dry pyridine (10 ml,) was
heated on a steem-bath with acetic anhydride ( 3 ml,) for 30
minutes. The soluticn wes kept st rcom tempersture (20°)
for a further 24 hours, The pyridine snd residusl ecetio
snhydride were removed by distilletion under vscuum, snd the
residue was taken up in light petroleum - benzene {3:1) snd
adsorbed on to & column of alumina (5. deact., 130 g.).
Elution with 1light petroleum - benzene (3:1) (450 ml.)
sfforded turreespthin scetate (123) (665 mg.) (24 ,25:21 ,23 -
diepoxytirucell-7=-en~-3 ,21 ~di0l Adiacetate), which crystsllised
from sgueous ethsnol ss needles, m,p. 212;-215°, [Or]go - 35°
(@ 1.01), V.. 1753, 1732, 1245, 1225, 1084, 1030, 960, 871,
and &5 omfl, 100 ma,/s n.m. . ¢ 5.95 (2 x 38B; s, GB_}.C0.0- )
7.25 [1H; 4, J 8 c.pes., KEC(CHz), ], 470 (1H; w,
<CHe ), snd 3.77 [1H; d, J 3 0.pe8e, ~CH(0rc).0=] pepem.,
and I’ 556 (mass speotrum).
(FPound: C, 73.43 H, S.4;
Cy)HgoOg requires C, 7333 H, 9.L<).
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Further elution with benzene geve turrseanthin (190 mg.),

which orystalliaed from agueous ethsnol as needles, m,p.
214-218°,

Hydrolyeis of Turrseanthin
Turreeanthin (L46 mg,) in methenol (4O ml.) was heated

under reflux with potessium hydroxide (1.26 g.) for 30 minutes,

The mixture wes diluted with ether and the solution wss washed

with dilute pqueous aulphuric acid and water, and then dried.

The solvent wes distilled off, and the residue was tsken up

in benzene and adsorbed on to & column of elumins (5° deaot.,

30 g.)« Elution with bengene - ether (1:1) sfrforded

desgetylturreeanthin (122) (335 mg.) (245,25:21,, 23-diepoxy-

tiruoall~7pen-qﬂ,21&4101), which crystallised from agueous

methanol ms needles, m.p. 182-184°%, [x]2% -35° (g 0.51),
V., 3000, 1025, 970, end 813 em: = , mumr. :T 6.1

[ 263 bm, ~CH(OH)- end -CH(OR)- ] pepeme, 8nd ¥ L72

(mess spectrum).

(Pouna: Cs Th.b43 H, 9.9;

c5dnu80u.§nzo requires C, T4.8; H, 10.27).

Agetylation of Descetylturrmesnthin (122)
Descetylturreesnthin (25 mg.) in ary pyridine (4 ml,)
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was hested on & steam-bath with scetic anhydride (1 ml.) for
10 minutes, and the solution was kept at room tempersture for
a further 2L hours. The pyridine and residusl agetic
enhydride were removed by distillation under vacuum, and the
residue was teken up in ether snd washed with agueous

sodium bicarbonate and water, snd then dried. The solvent
wes distilled off, and the residue was taken up in benzene
and adaorbed on to a column of slumina (5% deact., 10 g.).
Elution with benzene sfforded turraesnthin scetate (123)

(14 mg.), which erystsllised from aqueous ethaenol as needles,
me ps 8nd mixed m.p. 212-21§°, end the i.r. spectrs were

superimpossbdble.

Oxidation of Deagetyltu ant 22

Deascetylturreseanthin (250 mg.) in pyridine (10 ml,) was
added to a slurryh of chromium trioxide (2 g.) and pyridine
(30 ml.) oodled in an ice-bath, The mixture was kept at
room tempersture for 24 hours and then poured into water, snd
extracted with ether. The ethereal solution was dried snd the
solvent was distilled off, The residue wes tsken up in
benzene - light petroleum (1:3) and sdsorbed on to s columm

of slumins (5° desot., 20 g.,. rHlution with benzene
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sfforded 3-ocxodesgetoxyturraeanthin lsctone (133) (155 mg.)
(3-0x0-2Uf ,25~8poxy-23¢ ~hydroxytirucsll-7=en~21-0ic acid 23f,
21-lsotone), which crystallised from squeous methanol as
needles, m.p. 181-184°, [x]2° - 76° (g 0.53), Vi oy, 1775
1710, 1170, 955, 970, 900 and 817 cm:l , NeMeTe T T.18
9
(185 a, 7 8 cepes., F-C(CH3)R], 5.7 [1H; bm,
~CH(0.CO.R)~] , and 4.6 (1H; m, =CH= ) pePefs, N 468 (mass
speotrum), [x]20 - 83° (g 0.48 in MeOH - CHCly, 4tl),
sna [0]2° - 30° (g 0.63 in MeOH - CHOl3, Uil containing
17 KOH).
(Found: C, 76.8; H, 9.1;
°5dﬂuh9u requires C , 7693 H, 9¢5%)
Further elution with benzene - ether (9:1) gave
xodesas n (132) (81 mg.) (3-oxo-2uf,25:215,
23 ~diepoxytirucsll-7-en-21f -0l) which orystallised from

squeous methsnol as needles, M.D. 171-173°, [ 12)0 - 52°

(g 0.54)s Vg, 3400, 1705, 1020, 970 and 820 om;t, end
M 470 (mass speotrum).

(FO’U!!G.I C, 74.0; H, Ye73
030111‘60’4.320 qurﬁﬂ C, 7307; H, 909’)0

Ogonolysis of Turreeanthin
Turrsesnthin (1.594 g.) in ethyl acetate (100 ml,) was
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cooled in en acetone - 'Drikold' bath. Ozonised oxygen

was pessed through the solution until & Aeep blue colour was
produced due to the presence of excess ozone (approximstely

1 hour). Weter (75 ml.) snd zinc dust {10 g.) were sdded
end the mixture was steam-distilled into a solution of
2,4~ainitrophenylhydrazine (1 g.) in methsnol (30 ml.)
containing sulphuric acid (1 ml,). Ko steam-volatile
carbonyl compound was obteined. The residue was filtered
and extracted with chloroform, snd the orgenic extract wes
washed with water and dried. The solvent was distilled off
end the residue was taken up in bengene and sdsorbed on to a
coluwm of slumine (57 desot., 100 g.). Elution with bensene -
ether (3:1) afforded 7,8-spoxyturrgesnthin (137) (0.72 g.)

( 78, 85:2&&,258215,ij-triemytiruoall-Bﬂﬂli-diol 34 ~mono-
scetate), which arystallised from aqueous methanol ss needles,
mp. 191-294°, [o]30 - 33° (g 1.02), .. (omc1,) zs8o,
1730, 1245, 1825, 975 snd 900 om. Y, and nem.r, T 7.15

(2¢; m, RCH-CR,) p.p.m.

(Pounds C, 71.2; H, 9.U43

szﬂsoos.éﬁao requires C, 71.2; H, 9.5%).

7»8=-Epoxyturraeanthin (110 mg.) in methenol (15 ml,) was
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treated with hydroohloric scid (1 ml,) snd the solution was
heeted under reflux on a water-bath for 1 hour. Water was
sdded and the mixture was extreocted with chloroform. The
organio solution was dried snd the solvent distilled off,
leaving a gum which could not be crystallised. It had A na
233, 239, and 248 mp ( ¢ 8900, 9400, and 6000).

Xo

Treatment r n with Ferbengoic Aci

Turreeanthin (375 mg.) in 4dry ochloroform (10 ml,) was
treeted with perbenzoie scid in chloroform (14 ml, of a
solution contsining 7.9 g./1.). The solution was kept at
20° for 5 days, snd was then weshed with squeous sodium
bicerbonate and water. The orgenic solution wss dried and
the solvent distilled off. The residue wss taken up in
bensene and edsorbed on to & column of slumins (5% deact.,
20 g.)s Elution with benzene - ether (9:1) gave 2 gum
(75 mg.), whioh hed Y max. 3400, 1724, 1245, 1025, 905 snd

1

820 oms", A .. 23z, 239 and 247 mp (¢ 15340, 16120 ena
11000).,

Turraesnthin (1.052 g.) in methanol (75 ml,) wes
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treated with hydroohloric scid (7 ml.,) with cooling in 1ice
during the addition. The soclution was kept at room
temperature (20°) fo» 3 hours during which orystals were
deposited., VWeter was added and the mixture was extracted
with chloroforam, The combined organic extracts were washed
with water and dried. The solvent was distilled off, and
the residue wes teken up in benzene - light petroleum (1:1)
end sdsorbed on to a column of slumins (5% deact., 75 ge)e
Klution with bensene - 1light petroleum (1:1) afforded

(25-chloro~21£~methexy-21£,2}£~epoxyt1ruoall-7~an~2£,2h£-d101

3ﬁ~munoaoetate), which oryatallised from methsnol - chloroform

o 23
a8 needles, m,p. 197-198°, [oc]D + 3% (g 0.43), Vmex. 3420,

1733, 1240, 1398, 1025 and 985 emfl » Demere : T 8,40, 8,34

[2 x 3H; s, (cg,s)zom-]. and 6.62 (3H; 8, CHz0- ) Pepom.,

and k¥ 564 (mass spestrum),

(Found: Cy, 70.1; H, 9.6; Cl, 6.5;

033H530501 requires Cy 70,13 B, 9.85; Cl, 6.3:).
Farther elution with bengzene - ether (9:1) gave

2] thylturreesnthin methoxyhydrin (125) (539 mg.)

(21f, 25-d1methoxy=215, 234 ~epoxytirucell-7=en-34, 245 ~a1 0l

Sﬁ-nonoacetate). which erystsllised from squecus methanol
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as needles, m.p. 171-173°, |o<|§3+ 23° (g 0s56)y V ax, 3550
1730, 1245, 1098, 1028, 900 snd 818 omr ', n.m.r. : T 8,83,
8.77 [2 x 38; 8, (CHz)L(0CH3)-], 6.Th, 6.64 (2 x 3H, s,

CQSO— ) PePeMe., and K 560 (mass spectrum).

(Found: 3, T2.53 H, 10.2;
03“}15606 requires Cy 72. 83 H, 10. 1“) .
lation 21-O=Methylturreeenthin Chlorohydr 12

21-O-Methylturraeanthin chlorohydrin (41 mg.) in dry
pyridine (4 ml,) was treated with scetic anhydride (1.5 ml.),
and the solution was waermed on s water-bsth for 5 minutes and
then kept at room tempersiure overnight. The solvents were
evaporsted off under vacuum, end the residue was teken wp in

benzene and sdsorbed on to s colusmn of alumins (57 deaot.,

15 g.)« Eluticn with bengene afforded 21-O-methylturrseanthin
chlorohydrin asgetate (126) (25=-chloro=-21¢ ,~methoxy-21£ , 236~
epoxytirucell-7-en~38,2i~d10l 3p,2ui-discetate) (35 mg.)
whioh erystallised from aquedus methenol es needles, M, P.
183-185%, |20 + 22° (g 0.94),  Vpgy, (KC1) 1748, 1735,
1375, 1250, 1235, 1030, 980, 885 and 827 om:

(Founa: C, 69.65 H, 9.3;

C}§H5506 Cl requires C, 69.2; H, 9.1i).



100,

21-O-Methylturrsesnthin methoxyhydrin (114 mg.) in ary
pyridine (6 ml,) waa treated with scetic enhydride (2 ml,),
and the solution was warmed on 2 weter~bath for 15 minutes
and then kept at room tempersture (200) for 24 hours. The
solvents were evaporated off under vacuum, and the residue
was taken up in light petroleum -~ benzene (1:1) snd edsorbed
on to & column of alumina (5 deact., 20 g.). Zlution with
bengene gave 2l-O-methylturraeanthin methoxyhydrin acetate
(227) (21g,25-dimethexy~-21%,23 ~epoxytirucall-7-en-343,24%~d10l
}ﬁ,zu£~diaoetate) (88 mg.) which crystsllised from agueous
ethenol as needles, m,p. 162-1650, Dx]go —3° (g 0.48), Y nex.
1730, 1245, 1100, 990, spd 835 ome’, n.m.r. ;T 7.95 (3H;
8, CH3eC0.0-), 7.84 (3H; s, Of;.C0.0- ), 6,80, 6.65 (2 x 3Hj
8 cgﬁo. ) Pepom,
{Pound: Cy, 71.3; E, 9.3}
056ﬁ58°7 requires Cy Tle73 He 9¢7%).

Turraesnthin (1.170 g.) in ethanol (75 ml.) was treated
with hydrochleric scid (7 ml.) with cooling in ice during the

addition, snd the solution wes kept at room tempersture for 3
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hours. Tister wss sdded snd the mixture was extracied with
chloroform, snd the combined orgsnic extracts were weshed with
water end dried. The aolvent was distilled off, and the
residue wes teken up in light petroleum -~ ether (19:1) and
edsorbed on to a column of alumine (5% deact., 75 ge).
Elution with light petroleum - ehter (19:1) (400 ml,) gave
21-O-ethylturrseanthin ochlorohydsin (128) (25~chloro-21f ~ethoxy
-212,235-epoxytiruoall-?-en—jﬂ,2&&-&101 }ﬁ-monoacetate)
(834 mg.) which orystsllised from squeous ethanol as needles,
mp. 152-156°,  [«]3' - 6° (g 0.53), v, 340, 1735,
12,0, 1100, 1025, 985, snd 820 om. , nemers : T 8,36, B.43
[2 x 38; s ana @, T 2 copess, (OH3),000-] pepom.
(Found: C, 70,15 H, 9.4 C1, 6.l
0333550591 requires Cy, 70,53 H, 9.€; 01, 6.,1%).
Further elution with light petrcleuvm - ether (9:1)
sfforded 21l-O-ethylturrasesnthin ethoxyhydrin (129) (21£,25-
diethoxy~21£,23&-apoxytirucall~7-en-§ﬁ,2h£~diol 3ﬁ~monoaoetlte)
(272 mg.), which orystesllised from ggueous athanol as needles,
mepe 136-139°%, [a]2° - w° (g 0.53), v 3430, 1735, 1215,
1025, 980, end 820 omo® , n.m.r. : T 8.86, 8.75 [2 x 3H; a,
(CH3)gC(0Et)- | pup.m.
(Founa: Cy, 73.4; H, 10.7;
OxgllgoOg Pequires 0, 73.4; H, 10.37).



Trestment of Turrseanthin with Sulphur 14 in Methasnol
Turrsesnthin (1.017 g.) in methsnol (70 ml,) was
trested with sulphuric scid (4 ml.) with cooling in ice
during the addition. The solution was kept at room
temperature for 4 hours. ster was sdded and the mixture
was extracted with chloroform, and the combined organic
extracts were washed with saqueous gsodium bicarbonste and
water, and then dried. The solvent wes dlstilled off, and
the residue was taken up light petroleum - ether (9:1) and
gdsorbed on to 8 colum of eslumina (5. desct., 100 g.).
Elution with light petroleum - ether (3:1) (400 ml,) afforded
21-O-methylturraesnthin methoxyhydrin (}25) (240 mg.), which
orystallised from aqueious methanol as needles, m,D. 169«1730.

Y mex, 355C» 1730, 125, 1098, 900, and 818 omt
(Found: C, 72.5; H, 10,23
calec, for cjuﬂséos Og 72t83 H, 10.1*’:)-

The mixed m.p. with the sample prepared previously gave no
depression, 169-173°, and the infrsred end n.m.r, spectra

were identical,

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

(40O ml,) gave 3-descetyl-2l-O-methylturrseanthin methoxyhydrin
(130) (212,25-dimethoxy-21£,23&-epoxytiruca11~7-en~}ﬂ,2&&-6101)
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(730 mg.), which crysteliised from squeous methanol as
needles, m,p. 106-108°. BJ]%P - 35° (¢ 0.,51), Ymex.
(CHC15) 3480, 1388, 1368, 1095, 1030, 980, end 915 cm: '
(Found: T, 73.2; H, 10,93

C3215405° 21,0 requires C, 72.8; H, 10.51).

3-Descetyl~21-0-mothylturrseanthin methoxyhydrin (430 mg.)
in pyridine (20 ml,) was added to a slurryu of chromium
trioxide (2.8 g.) snd pyridine (40 ml,) cooled in an ice-tsth,
The mixture was kept at room temperature (200) for 20 hours,
and wea then poured into waeter and extracted with ether,
The ethereal solution was dried and the solvent was distilled
off, The residue wae taken up in light petroleum - ether
(3:1) and adsorbed on to a columm of alumina (5 deact., 70 g.).
Elution with light petroleum - ether (3:1) (200 ml.) afforded

xodeacet . net] Pres . rin (131)
(3-0:0-213,25—dimethoxy—21€,25€—cpoxytiruoall—?-onnzuﬁ-ol)

(264 mg,), which orystellised from squeous methancl as needles,
mepe 170-175% [«]2° - 70° (g 0.48), V.. 3540, 1705, 1100,
1035, 984, and 838 Om:lv netePe : T 8472, 8462 (2 x 3H; 8,

CHsO- ), snad 8,65 (1#; =, -Ch= ) DePeTe, and i 516 (mass
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spectrum),
(Founa: C, 7he73 H, 10,13
032H5205 requires C, 7Thel4; H, 10,17),

Reduction of 3-0Oxodesgetoxy-21-0O-methylburreesnthin

¥etho in with Sodium Bor iad

3=-0xo0deacetoxy~2l1=-0-methyldburraeanthin methoxyhydrin
(39 mg.) in methanol (15 ml.) wes heated under reflux on a
stesm-bath with sodium borohydride (150 mg.) for 2 hours,
The solution wes poured into water and extracoted with ether,
The etheresl solution was washed with dilute sulphuric aciad
and water, snd then dried. The solvent was distilled off,
and the residue (31 mg.) wes orystsllised from aqueous
methenol to give 3-deacetyl-21-O-methylturraesnthin
methoxyhydrin (130) ss needles, m.p. and mixed m,p. 106-108°,

and the infrared speotrs were superimposable,

Treatment of Turrgesnthin lLactone (121) with Sulphurie 5cid
in Ether

furrgeanthin lectone (165 mg.) in ether (30 ml,) was
treated with sulphuric scid (1 ml,) with cooling in ice
during the addition, and the soclution was kept at room
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temperature for 24 hours. Vater was sdded end the mixture
was extracted with chloroform; the orgsnic extrsct wes washed
with weter end then dried. The solvent wes distilled off,
and the residue was teken up in benzene and sdeorbed on to &
column of elumine (5% desct., 20 g.). KElution with benzene -
ether (3311) afforded 24,25-dihydroxyturrseenthin lsctone (1L3)
(38-scetoxy-23¢ , 245 ,25-t rihydroxyt iruoall-7-en-21-oic 8cid
23t ,21-lectone) (110 mg.), which crystallised from aqueous
methenol es needles, 219-222°, [a]2° - 39° (g 0,48), v
(CHC1,) 3580, 1775, 1728, 1260, 1160, 1130, and 922 om, .,
nem.r. tT 8,71, 8.66 [2 x 3H; 8, (CHy)C(OH)-] , 7.55
(2H; s, OH, D0), 6,68 [1H; 4, J 2 o.p.s., =CH(OH)-] ,

maxX,

snd 4.7 (1H; m, <CH= ) pepPets, 6nd M 530 (mases spectrum),

(Found: C, 72.3;3 H, 9.6;
03255096 requires C, 72,43 B, 9.57).
25— ure nthin Lact

24,25-Dihydroxyturraeanthin lactone (143) (370 mg.)
in dry xylene (50 ml.) was trested with thiocarbonyl
diimidazolea (133 g ), and the mixture was hested under
reflux in an atmosphere of nitregen for 30 minutes, The
mixture wes teken up in chloroform (200 ml,), and the solution
was washed with waeter snd then dried. The solvent was

distilled off, and the residue was tsken up in freshly
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distilled trimethylphosphite (40 ml.). The solution was
hested under reflux in an stmosphere of nitrogen for 24 hours.
Excess of trimethyl phosphite wes distilled off on a rotery
evaporstor and the residue was teken up in chloroform. The
orgenic soclution was washed with water and then dried. The
solvent was distilled off, end the residue wes tsken up in
benzene and sdsorbed on to s oolumn of slumina (5° desct.,

30 g.). Blution with bengene sfforded 24,25-deoxyturrae-
anthin lsctone (1h4) (3B-scetoxy-23f-hydroxytirucsll-7,24(25)-
dien-21-0ic ecid 23f,21-lsctone ) (250 mg.), which crystallised
from aqueous methanol as needles, m, ). 158-160°, ICXI%P - 28°
(¢ 0.50), V mex. (GHCIB) 1770, 172%, 1380, 1138, 1029, 1010,
980, snd 920 onst, nemer. :T 8.27 [2 x 3H; s, (CH5) = 1 »
7.97 (3H; s, CH3.60.0~ ), 5.5 [1H; m, <=CH(OAc)-], ena
4.8 (2H; m, ~CH= ) pepPem., M 496 (mses spectrum).

(FO\IﬂdS C, 77.3; H, 9.73
032112‘80&‘ “quirﬁs c’ 770}4; H, 907;{)9

2}, 25-Deoxyturraesnthin Lactone (144) (180 mg.) in

methanol (15 ml.) was hested under reflux on s water-beth

for 30 minutes with potassium hydroxide (160 mg.). The
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solution was poured into water and soidified with dilute
aqueocus sulphuric acid, snd the mixture wes extracted with
chloroform. The organic solution was weshed with water and
then 4dried, and the solvent wes distilled off, The residue
wea taken up in pyridine (10 ml.,) end sdded to s slurry of
chromium tricxide (1.5 g.) in pyridine (30 ml.,) cooled in ice.
The mixture was kept st room tempersture overnight, and was
then poured into water snd extrescted with ether. The
ethereal solution wes weshed with water and dried, snd the

solvent was distilled off, The residue was taken up in

light petroleum - bengene (1:1) and sdsorbed on to & column
of slumina (5’ Aesot., 20 g.). Elution with bengzene

(142) (3-oxo-23f -hydroxytiruocall-7,24(25)~dien-21~0i0 so0ld

23f ,21=lactone) (133 mg.), which orystellised from agueous

methanol as needles, m.p. 180-185°, Bx]go - 45° (¢ 0.51),
Y max. (kc1) 1771, 1706, 450, 1387, 1178, 995, 958, sna

840 om:l. NeMers 31 8.26 [2 x 3H; s, (cgg)écz] s, 8nd 4,8

(2H; m, <CH= ) pepoMs

(Pound: Cy 7953 H, 9.5;

cmrxlmo5 requires Cy, 7963 H, 9.84).
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Sulphurioc Acid in Ether
3=-Oxodesoetoxyturraesnthin lsotone (420 mg.) in ether
(100 ml.) wes trested with sulphuric scid (3 ml.,) with

cooling in ice during the addition, snd the solution was kept
at room tempersture for 2 hours. The solution was weshed
with weter end dried. The solvent was distilled off, snd
the residue wes taken up in benzene and sdsorbed on to a
column of alumina (5% desot., 50 g.). Elution with benzene -
ether (1:1) afforded 3-gxodesgetoxy-2U,25-dihvdroxvturraeanthi;
dsctone (14O) (310 mg.) (3~oxo~-23%,24%,25-trihydroxytirucall-
7-en=~2l-cic scia 23£,2l1-lactone), which orystallised from

squeous methanol ss needles, m,p. 187-1890, [d]gc - 89°

(g 0.55)s V., (KC1l) 3500, 1750, 1700, 1210, 1158, 1050,
1010, and 840 omflg and ¥ 530 (mass spectrum),

(Found: C, 73.7; B, 9.4;

C3OH14505 requires C, 7&003 H, 9.5)0

3=-0xo0deacetoxy~2l,25-dihydroxyturrseanthin lastone (140)
(290 mg.) in 4dry xylene (50 ml,) was treated with thiocarbonyl
diimidazoles (1.57 g.) and the mixture was heated under redlux
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in en atmosphere of nitrogen for 30 minutes, The mixture
wag taken up in ether (200 ml.), and #he solution was washed
with weter snd then dried. The solvent waes dlstilled off,
and the residue wes teaken up in freshly distilled trimethyl-
phosphite (4O ml,). The sclution wes heated under reflux

in an atmoaphere of nitrogen for 20 hours. Excess of
trimethyl-phosphite was distilled off on a rotary evaporetor
and the residue was tsken up in schloreform. The organic
solution wes welhed with water, and then dried. The solvent
was distilled off, snd the residue wes tsken up in light
petroleum - benzene (3:1) and sdsorbed on to a8 column of
alumine (5% deset., 20 g.). Rlution with light petroleum -
bensene (1l:l) gave 3-oxodesctoxy-2L,25-deoxyturrseanthin
lsotone (142) (195 mg.), which orystallised from aqueous
methanol as needles, m,p, 175~180°. Repesated recrystallisatin
from methanol to remove traces of trimethyl phosphite gave
needles, m.p. 190-194° , []30 - 82° (g 0.65), v, 1770,

1703, 1450, 1390, 1330, 1175, 1138, 1010, 1000, 920, end 840
1

om," , and ¥ 452 (mess spectrum),
(Found: Cy, 79.6; H, 9.7;
cale. for O”BMOB C, 7906; H, 9.8:5).

The infrsred, n.m,r., snd mass speotre were identicsl

with those of sn suthentic sample of flindissone lactone (142),
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and the mixed m,p. gave no depression.

Flindias Laoto

Flindissol (39) (147 mg.) in pyridine (10 ml,) was
trested with a slurry of chromium trioxide (2 g.) ena
pyridine (40 ml,), end the mixture was kept at room
tempersture (20°) overnight. The mixture was poured into
water and then extrsoted with ether. The ethereal asclution
was dried end the solvent wes distilled off. The residue
was taken up in bengene and adsorbed on to & column of alumins
(57 desst., 20 g.). Elution with benzene afforded flirdissone
lactone (142) (110 mg.), whien orystallised from agueous
methanol ss needles, m.p. 191-193°, k¥]§9 - 83° (g 0.47),
(116,20 mp. 193-195% [0 - 87°), v, (cHCl,) 1770,
1703, 1450, 1390, 1330, 1175, 1138, 1010, 1000. 920, snd
840 emfl, X 452 (mess speotrum), and [a] - 83° (g 0.46 1n
MeOH - CHCly, 4t1) and [x]2° - 71° (g 0.52 in MeoH -
GHClB, L4:1 containing 1% KOH),
(Found: Cy 79.8; H, 9.7;
oalo. for Cyofly, Og C, 79.6; H, 9.87).

The flindissol was kindly suprlied by Professor A, J.

Biroh,
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Turrseathin (360 mg.) in ether (30 ml.) was trested
with sulphuric ecid (1 ml,) with cooling in ice during the
addition. The solution was kept at room temperature (20°)
for 2 hours. Ether (100 ml.,) wes sdded end the solution
was weshed with saturated aquecus sodium bicarbonste snd
water. The solution wes dried snd the solvent was distilled
off. The residue wes tsken up in benzene end adsorbed on to
8 column of alumine (5% Qesot.,, 30 g.). Slution with
bengene - ether (19:1) geve isoturrasesnthin (233 mg.),
which erystallised from scetone as needles. Reorystallisation
from methsnol - chloroform afforded needles, m,p. 333-336°,

[«c]20 - 8° (g 0.u9), Vmax, (CHC1z) 3600, 1730, 1115,
1020, 960, 930, end 900 cmfl. NeMePe 3§ | 64,2 [m; m,
~CH(OR)~ | and 4,75 [1H; bs, =CH(OR).O=] pup.m., M 514
(mese spectrum).

(Founds C, T4e53 H, 9.6

' g
032H5°05 requires Cy 7473 H, 9,87),

Turraeesnthin (0.627 g.) in dry pyridine (30 ml.) was
trested with p-hromobenzoyl ohloride (2.2 g) and the

solution was hested on a steam-bath for 90 minutes. The



1l2.

mixture was kept at room temperature for 48 hours end then
chloroform (200 ml.) was sdded. The orgenic solution was
washed with saturaeted aqueous sodium bicarbonete, dilute
agqueous sulphurio acid snd waster, and then dried, The
solvent wes Aistilled off snd the residue was adsorbed from
bengene on to & colum of slumina (10! desot., 100 g.).
Elution with benzene afforded turreganthin p-bromobenzoaste
ghlorohydrin (154), which orystallised from ethenol ss
needles, mp. 333-336°, Vmex, 1730, 1592, 1260, 12u5,
1095, 1011, 845, and 755 emst, n.m.r. tT 8.30, 8,23

[2 x 38; s, (CH;)0C1-], 3.95 [1H; bs, -CH(0.CO.Pn).0- ],
and 2.20(4H; m, Ar-g) pPeDeMs

(Found: Cs 6453 H, 7.53
039H5k0581'01 requires C, 63.8; H, 7.4%).
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Many of the essential festures cof the biogenesis of
terpenoids end steroids hsve been eluoidated by intensive
studies of the biogenesis of choleaterol, particulsrly those
carried out in the lsboratories of Bloch, Cornforth snd
PopJak, and Lynen. Their results have been reviewed eclse-
wherel'5. Triterpenes are formed by a concerted oyclisstion
of squalene, and the stereochemistry of the product depdnds
upon the type of folding of the original squalene chsin,
presumebly on an enzyme surface, The positive charge
remeining after the ring ocloaures often stimulates the
migrations of angular methyl groups, snd oxidstions at
various positions oan e&lso ooour, leading to s wide rsnge of
products.

It hss been prapoaedé that the limonin type of ocompounds
are derived biogenetioslly from s tirunalla~7,2&»dien-3ﬁ~ol
(equivalent to 20-epi-butyrospermol) (160) type of precursor
by a series of oxidetive degredations. Many of these
oxidations involve the hydroxyletion of satursted carbon
atoms that sre unactiveted in any classicsel sense, These
and other oxidstions are postulsted to proceed vis the attack
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of the hypothetiosl "OH'" species.”’ The nature of the

latter species has not yet been elucidated, but it has been
shown thst many hydroxylations utilise molecular oxygen,7’8
end that this often reguires the presence of ferrous 1ron.9
6 that the /3-1‘uran group found in
limonin ()) end its congeners is derived by oxidation of the

tirucallol type of side-chain, Flindiuollo (39) has been

It haes been proposed

suggested ss 8 possible biogenetic intermediate in this
sequence since it contains e potentisl furan ring and an intaot
side~chain. Turraesnthin (153) now appesrs to represent

the next biogenetic intermediste since it sgsin has its side-
chain intsot but it is at 8 higher level of oxldstion than
rlindissol (39). The oxidative sequence lesding to a fursn
ring ocould be envisaged ss proceeding in the following manner,
Oxidation of the tiruocsllol side-chain at 0(21) snd 0(23) to
an sldehyde and a2 hydroxyl group respectively would be
followed by cyclisastion to the hemiscetsl, (160) to (161).
This would give the flindissol side-chain (39). Epoxidation
of the 24~25 double bond would then yield a turrseanthin type
of compound (162). This epoxide group could rearrange to
give the C(,, ) ketone, (163) the oxidstion of which would
result in @ cleavage of the 0(23) - 0(2,4) bond yielding the
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compound (L&).cf‘la’w Dehydration of this lstter compound
leads to the ~furan (163%).

Bartons hes proposed that the modification of the ring
system of the tirucell-7,2l4-dien-3f-ol (160) precursor to
give limonin ()) commences by an oxidative rearrsngement
similer to that found’» when dihydrobutyrospermyl scetate
(366) wee trested with ohromic acid to give 7-oxogpoeuphenyl
scetate (J67). This resrrangement ocsn be envisaged as being
brought sbout biogenetically by the sttaok of "OH*", by the me-
chaniam (168) to (163). The product (169) oen then be
trensformed into the individusl members of the meliacin group
of compounds present in the Melisceae snd Rutscese fasmilies,
In order to achieve this it is only neocessary to carry out
simple oxidations, sometimes inoluding ring cleavagea of the
Baeyer-Villiger type. Thus oedrelonalz (i) msy be cocnsidered
to arise from such s compound by epoxidation of the 1ll~15
double bond, oxidation st C(S)’ 0(7) and.c(s) and
dehyarogenstion at O(y) = C(g)- Anthothesol’® (26) could
be obtained from cedrelone by hydroxylation snd acetylation
st C(n).

In khivorin® (1) ring D has been expended to a six-

menbered lsctone by an oxidstive clesvege of the Baeyer-
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Villiger type upon & 16-ketone. Gedunini’ (2) could then

be derved from khivorin (1) by further oxidstion at G (3)

to the ketone and eliminstion of the c(l) acetoxy group

to give 8 1-2 double bond, Methyl angolensatelé (70) ana
andirobinn (30) repreaent a further atsge of oxidetion beyond
that of gedunin (2). In these compounds ring B has been
oxidatively cloaved, possibly by a mechanism similsr to that
postulated for the biogenesis of nyctanthic eoidm (83)

snd dsmmerenolic aomlg (170). Cleavsge of ring B has also
cocurred in the formation of awietenine2° (25) snd the
related compounds uietenolmezl (22) sna me:u:mane:u.cmz:2
(31). In these compounds it is interesting to note that the
0(2) position has bescome linked to the methyl group st 0(8)"
Lim.em:l.n6 (1) itself has ring B intact while ring A hes been
oxidetively clcaved and the 0(3) carboxyl group produced
oxidstively oyclised on to 0(19).

In order to obtsin the type of compounds found in the
Simeroubascesas femily such as qusasin.‘?:s (44, chsparrinzu
(46), and glauoarubinzs (48) more extenasive changes are
necessary. Their carbon skeleton oelosely resembles thet of
wogadunmls (w. apart from the extra e¢arbon atom at c(u) ’

cbtained by a bsse-catalysed trasnsformetion of gedunin (2).
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6

It has been suggestedz that this group of so-called

diterpenes obtained from the Simaroubsoese family n1ight arise
biogenetically from gedunin-type precursors. Simarolided7
(59) represents a possible type of intcrmediste end lends

further support for this theory.
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