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The Modified Triterpenes

The three sections of this thesis degbribe the‘constitution and
stersochemistry of the furanoid bitter principles swieteninel (37);
nimbin? (C1) end selennin® (D1). It will be observed that these
compounds have a close biogenetic relationship With‘limohin (A1) and
it seems eppropriate to preface the thesis with 8 review of thé
modified triterpenes.

The structure of limonin wes deduced simulteneously from the chemical
work of three groups of investigators4; end from an X-rey stu&ys;

From a biogenetic viewPoints limonin cen be derived from a
precursor posssssing the carbon-skeleton and sterecchemistry of the
tetracyclic triterpene euphol (A2). Cleavage of the sidefohain between
023 and 024 followed by oxidative cyclisation of the remainder leads
to the furen ring: The structure of flindissol7 (A3) supports this
proposal in thet flindissol contains a potential furasn ring with the
rest of the side-chein intact snd a c~-bon skeleton identical with
thet in euphol.

The migration of the methyl group from Cy, to Cg with the
concomitent loss of a proton from C,g5 and the introduction of &
ketone at Cy findz precedort in the ~xidation of dihydrobutrospermyl
acetate (A4) to the 7-ketone® (A5). The intermediate (A6) ras the
requisite functicnality for its conversion to any of the known
modified triterpenes. Thus allylic oxidation et Cyg followed by

8 Baeyer-Villeger cleavage and cpoxidetion of the olefinic linkage
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leads to the -common epoxy-bd-lactone in ring D, Limonin also requires
ring & of the triterpens skeleton to be oxidetively cleaved betwsen
C3 end C4 and ths carboxyl function at Oz lactonised onto the oxidised
methyl at C19 and ths hydroxyl groun at C4 %o cyclise onto the olefiaic
linkege 8t C;. Precodents for the Cg - G4 cleavage are to be found in
the tritcrpens: demmarenclic? (&7) and nyctanthic acids®s 10 (AB ).

Two compounds, obacunone (A£9) ¢nd nomilin (Al0) have been relateall
to limonin. Blogensticolliy, their structures ere derived, as in limonin,
from a cleaved ring A.which has not cyclised onto the oxidised methyl
group 019 but as formed a seven membered ring lactone in ring A.

ne of thz mcre novel reostions of limonin which has been importans

as a diagnostic test for assigning modified triterpenes, is the base
catalysed limonol (All) to merolimcnol (412) conversion. Limonin on
Meerwein-Ponndorf reduction gives limonol (All) which has an axial
hydroxyl group in keeping with its mode of formation, On treatment
with base; limonol uncergoes a profournd rearrangement with the loss
of B~furfuraldehyde and the formation of merolimonol (Al2). This
reaction, peculiar to the axial hydroxyl, hes been rationalised by
postulating opening of the epoxide ring tc give the trimethylene
oxide (Al3), This thon undergoes base-catalysed loss of furfuraldehyds
as shown with the formation of tre hydroxy acid (414) which lactonises
on acidification. This reaction depends on the presence of a Cq
axial hydroxyl group and an epcxy-d-lactone.

'The 'merolimonol' reaction was used in the structural elucidation

of khivorinl? (A15) end geduninl® (A16). Knivorin, Cgy Hy, O, was
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shown to contain three ecetoxyl groups, a furen ring, an epoxide and &
d-lactone and must therefore be tricarbocyclic. The positive 'merolimonol!
reaction places an a~ascetate at Cy. Hydrolysis of deoxykhivorin (A17),
the chromous chloride reduction product, results in a trisdeacetyl
derivative which on oxidation afforded a triketone (Ais) whose ultra-
violet spectrum indiceted that it was a f-diketone., This permftted
thevremaining two ecetates to be placed at €, and 03'

Two tetracarbocyclic compounds, cedrelonel® (A19) and anthothecoll5
(A20) with ring D intact, & diosphenol function in ring B and ana , B
unsaturated ketone in ring A have been isolated. The structure of
cedrelone was determined by X-ray m,ethods.l6 One of the most interesting
reactions of cedrelone is its treatment with boron trifluoride etherate
to afford isocedrelone (A21). This arises through acid catalysed
cleavage of the epoxide ring with concomitent methyl migretion from
c

to C,, and the placing of a double bond in conjugation with the

13 14
furen ring,.

The first example of & modified triterpene in which ring B is
cleaved, is swieteninel (B7). Biogenetically swietenine is derived
from a precursor of the type (422) in which the C, - Cg bond is
cleaved, followed by a Michael addition of 02 to CSO' For detailed
discussion see page271. Recently, two further exemples, endirobint’
(A23) and methyl angelensatels (424) of ring B cleavaeges in C-26
compounds have been reported.

The first end, so far, only examples of ring C cleavages are

provided by nimbin® (C1) end selannin® (D1). In both these compounds,
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ring D is intact and the Clz - 015 bond has been broken to form an
acetic acid side-chain on Cg. 4n edditional point of interest is
thet they ere the only modified triterpenes in ﬁhich one of the C,
gem dimethyls has been oxidised., Recently, a group of C-19, C-20
and C-25 compounds have been added to the modified triterpenss.

It had been proposed that quassin19 (£25), a member of the
simeroubaceee class was biogenetically derived from the diterpenoid
pimerene (A26) skeleton by & seéries of C-methyl shifts and a shift
of a two carbon fragment or by oxidative coupling of two identical
C-10 units as shown in (A25).

20,21 that C-26 terpenoids are the precursors

It is now proposed
of the C-20 bitter principles, and that they “ose a C-56 fragment in
& limonol to merolimonol type conversion followed by the loss of &
methyl group et C, presumebly through oxidation and decarboxylation
of a precursor similar to nimbin. The compelling facts that support
this proposal are the close structural resemblance and, more importent,
the stereochemicel similarity of the merolimonol compounds to the
simaroubacese C-20 compounds «

Further proof that the simaroubaceae compounds are derived from
e limonin type compound comes from the elir.dation of the structure
Bimarolidezz (A27) which has a C-25 skeleton. The ebsolute stereo-
chemistry of simerolide suggests that its precursor may be a tetracyclic
triterpene of the ~uphol (A2) type from which a methyl group at C,

has been oxidetively removed. The cleavage of the side-chain between

Coz and Coq followed by lactonisation onto Cy, leads to the Y-lactone.

-l -



The proposed biogenesis is ﬁhen similar to thet of limonin; vmigration ‘
of the 014 methyl group to CS with the formetion of an alcoholic group
et Cq; and conversion of rihg D into the 5-lact§ﬁe by way of a Baeyer=-
Villager oxidetion on the 016 ketone group. Opéning of the b-iactone
end relactonisation onto the hydroXyl group at‘C7 followed by oxidation
of the resulting hydroxyl group at 017 then leads to sima;olide.

The C-20 structures of quassin (425), chapafrinz3 (A28) and
glaucarubinz4 (A29) are closely related to simarolide end may be formed
by the cleavage of the CiS - Cf7 bond. The C-19 compounds samacle::'in.ez5
(A30) end cedronoline?® (A31) are formed from the sbove by removal of
C1g+ Both contain oxygen functions atlcia suggesting a further

oxidation at C-y in the precursor .















Limonol in Base. . | o (4A13)










"(124)' ( A23)

(A26) . (A25)






References
1) J.D. Comnolly, R. Henderson, R. McCrindle, K.H. Overton and
N.8. Bhacca, Tet. Letters, No. 37, 1964, 2593,

2) R, Henderson, R. McCrindle, K.H. Overton, M. Herris and D.W. Turner,
Proc., Chem. Soc., 1963, 269,

3) ‘R. Henderson, R. McCrindle, K.H. Overton and 4. Melera,
Tet., letters, 1964, in press.

4) D, Arigoni, D.H.R. Barton, E.J. Corey, and 0. Jeger end their
collaborators, Experfsntia! 1960, 16, 41.

5) 8. Arnott, L£.W. Davie, J.M. Robertson, G.A. Sim and D.G. Watson,
EEerlentla 1960, 16, 49.

6) D.H.R. Barton, S.K. Pradhen, S. Sternhell and J.F. Templeton,
J., 1961, 255.

7) A.J. Birch, D.J. Collins, Sultan Muhammad and J.P. Turnbull,
J., 1963, 2762,

8) W. Lewrie, W, Hamilton, F.S. Spring and H.S. Watson,
J., 1956, 3272.

9) D. Arigoni, D.H.R. Barton, R. Bernasconi, C. Djerassi, J.S. Mills
end R.E. Wolff, J., 1960, 1900,

10) . G.H. Whithem, J., 1960, 2016.

11) T. Kubota, T. Matsuure, T. Tokoroyeme, T. Kemikewa and T, Metsumoto,
Tet. Letters, 1961, No, 10, 325.

12) C{W;L. Bevan, T.G. Halsall, M.N. Nweji and D.A.H. Taylor,
J., 1962, 768.

13) A. Akisenye, CW.L., Bevan, J. Hirst, T.G. Helsall, JW. Powell and
D...H. Taylor, J., 1960, 3827 end J., 1961, 3705.

14) R. Hodges, S.G. McGeachin, and R.h. Rapheel, J., 1963, 2515..
15) C.W.L. Beven, A.H. Rees, and D.AH. Taylor, J., 1963, 983 .
16) I.G. Grant, Miss J.A. Hemilton, T.i. Hamor, R. Hodges, S.G. McGeachin,

R.A. Raphael, J.{. Robertson, end G.A. Sim.
Proc. Chem. Soc., 1961, 444.

-15-




17) W.D. Ollis, A.D. Ward, end R. Zelnik,
Tet. Letters, Nos 37, 1964, 2607.

18) C.W.L. Bevan, JW. Powell, D.A.H. Taylor, P. Toft, M Welford,
W.R. Chan, B.S. Mootoo and T.G. Halsall, Chem. and Ind., 1964, 1751.

19) 2. Valenta, A.H. Gray, S. Papadopoulos; end C: Podesva,
Tetrehedron, 18, 1433 (1962).

20) D.L. Dreyer, Experientia, 1964, 20, 297.

21) J. B-son Bredenberg, Chem, end Ind., 1964, 73

22) J. Polonsky, Proc. Chem. Soc,, 1964, 292,
W.i.C. Brown and G.A. Sim, Proc. Chem., Soc,, 1964, 293

23) T.A. Geissmann end G.E. Ellestad, Tet. Lettérs; No. 23, 1962, 1083,
T.A. Davidson, T.R. Hollands and P, de Meyo, ibid., 1962, 1089,

24) J. Polonsky, C. Fouguey, end A, Gaudemer,
Bull.Soc. Chim. France, 1964, 1827,

25) J. Polonsky, I.U.P.A.C. Symposium, Kyoto, Jepan, 1964.

26) J., Polonsky, I1.U.P.A.C. Symposium, Kyoto, Japan, 1964.

-16-



PART I

THE CONSTITUTION OF SWIETENINE




The Constitution of S'wietenine1

Swietenine, the non-bitter principle of Swietenia macrophylla King

(Fam, Meliaceae ) was first isolated by Sircar end Chakrabarthy2 who
concluded that it hed the molecular formula C18 H24 05; e tertiary or

inert hydroxyl group, a methoxyl group, e ketone snd sn &, p -unseturated

5% were alleged to demonstrate that

o-lactone Lafer investigations
swietenine has an isolated double bond end is biCafbocyclic, gince
substituted nepthalenes were isolated from dehydrogenation experiments;:
In a subsequent investigetion; an X-ray molecular weight determination5
(565) led the Indian workers fo revise the molecular formula to

052 H42 O9 end to suggest, on the baesis of n.m.,r. deta, the presence
of & p ~ substituted furen; five C-methyl groups and from the results of
hydrolysis experiments, one tiglate and one methyl ester. On this
basis they concluded that swietenine hed the structure @l),

We heve reinvestigated the chemistry of swietenine with the

following results.

-17-



The composition Cro 14 g is esteblished by the ﬁess-spectrometric
molecculer weipght (568) of swictonine (B7) end- two of its derivetives end
by combustion tnslyses of more thun thirty dorivativcs;

Swietenine hes three bends in the inftared (nujol) ot ¥160 w, 1505 w,
end 8'7‘7._3_'cm"v1 aﬁd in the nucleer megnetic resonence spectrum, peecks et
T 244 - 2.6 (20, multiplet) end T 5.5 - 546 (11, diffuse sinrlet) ell
cherectoristic of e -sﬁbstituted furen syétem;

On trestment with bese, tiglic ccid sublimes from the scidified '
resction mixture end cecn be cherccteriscd as its p-bromg-nhenecyl cster,
Thatvswieteninehis ¢ secondery liglete ester is conflirmed by its nucleer
mognetic resonchce snectrum which shows perks et %5.5 (1¥, doublet,

J = 10 cunese) end ot ¢ 5 (1, nultiplet) end 7 8:2 - 6.3 (61, 2 methyl
grounps), Thc multiplets observed at 100 Aq/S are highly cheracteristic
of tiglets esters.

That swietenine is'e methyl estcr is shovwn in the nuclesr mognetic
resonence spectrum, one carbomethoxyl st T6.2 (3, singlet); end by
& band in the infiared spcestum (cerbon tetrechloride solution) et
1743 cm"'1 (methyl ester). |

Swietenine elso conteins a hydroxyl group ¢s shown by lhe presence
of infrared o;nds‘in chloroform solution at 36056 (free hydroxyl), %540
(bonded hydroxyl) cm™! end e oesk st T-5.5 (1f, doublet J = 1 c.p.s.)
in the nucleer megnetic resonence spcetrum which disappears on oxidetion,
iloreover, » concentrotion - end tempersture - dependent signel (1)
between T6.9 ond 7.2 in the nem.r. spcctrum of swictenine in CDCl3

solution (-CH) disoopeers on cxchenge with deutorium oxide. It would
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appear thet the alcohol is thus secondery and thet its chemicel shift
can be accounted for by the deshielding effect of a carbonyl function
situated @ to the alcohol. This con be demonstreted by chemical meens
as indicated in the sequel.
In the infrared, swietenine also shows sbsorption ét 1752 ( &-lactone)

and 1716 (cyclohexenone ) em™t

in cerbon tetrechloride solution. The
presence of o sotureted ketone in swietenine is further demonstrated by
its opticel rotetory dispersion which shows a negafive Cotton curve,
Llthough the ketone function in swietenine is too hindered to form
derivatives under normal conditidns; the octahydro acid (B8; see below)
forms an oxime.

The above functionel groups account for all the nine oxygen etoms
present in swietenine.

Hydrogenation of swietenine over 10% paliadiﬁm chercoal results in
the upteke of four moles of hydrogen to yield & crystalline octshydro
ecid (B8) srising from hydrogenolysis of the lactone attached allylicelly
to the furen ring, end seturation of the furen end tiglate double bondss
The nuclear megnetic resonance spectrum shows the diseppearence of a
sharp singlet which is present at T 4.3 - 4.6 in all swietenine
derivatives which retain the d ~lactone end furen functions and is
therefore assigned to position 17 in swietenine.

The octehydro acid (B8) C 0gs meps 155 - 154°(g} [ - 190°,

32 H48
Lad m T ntia D E OB aed blen thvl ter B9) C H 0 D
164 ~ 165° {c]D - 1799, derivea "C Yt ©F%C (B9) Cg5 Hgy Ogs mep
164 -~ 165° \C]D - 1799, derived from the octehydro acid has absorption

in the infrered ot 1734 cm"1 (in carbon tetrachloride ) which shows that

-1lo0-




it is not en c¢-hydroxy, a-slkoxy of'd,€>- unsaturated carboxylic ester,

This leads to part-structure (B2) for swietenine.

The octehydro ecid gave a positive tetranitromethene test and still
retained end absorption in the ultra-violet M mex 202 gyL€6,300) thus
indicating the existence of an isolated double bond ( T4.63, 1H, multiplet)
in swietenine which heos survived hydrogenstion. That the double bond was
hindered wes olso shown by the fect that the octehydro acid methyl estor
(B9) was inert when reacted with osmium tetroxide in dioxen for four dsys.

By refluxing the octohydro acid with hydroxylemine hydrochloride in
pyridine for three deys, & crystalline oxime 032 H49 N O9 (B10) m,p.

261 - 254 wes obtained (swietenine is unchanged under these conditions)"
affording further proof of the presence of en aldehyde or ketoné fungtign
in swietenine.

Hydrogenation of swietenine over Adam's catalyst in ethyl acetate
resulted in the upteke of one mole of hydrogen to yield crystalline

dihydroswietenine (B1ll) C m.p. 224 - 22% arising from the

32 H42 09
geturetion of only the tiglete double bond. This can be shown in the
nuclear magnetic resonance spectrum where thef -mono-substituted furan.
protons (t'2.6, 2H, multiplet; T 3.6, 1H, multiplet), olefinic proton
( 4.5, 1H, multiplet ) and H17 (Tt ¢.3, 1H, singlet) are still present
and the multiplet at T 3.0 (1H, multiplet) of the tiglate olefinic bond
hos disappesared,

Allowing for the functional groupswhich have been eccounted for,

swietenine, C must be tricerbocyclic.

32 H@O 09’
If the contributions to the molecular formula of the tiglate and
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methyl esters are subtracted from the molecular formula of swietenine,

we arrive at the composition 626 Hzo Og for destigloyl-desmethyl
swietenine. This suggests a limonin-—type6 structure based on & modified
euphol skeleton. Swietenine, however, like limonin conteins only four
C-methyl groups (apart from the tiglate ester) st T 8.60 (CHg - é - é =0
end T 8.96, 9.13, and 9.22 (quaternary methyls). The fifth methyl group
of euphol must therefore be oxidised or incorporated in a carbocyclic
ringe.

Swietenine can be oxidised smoothly by either the Sarret or Jones
reagents to dehydroswietenine Cz, Hyg Og (B12) m.p. 260 - 2650,[dL - 149°,
v 32g15 1730 and 1705 cm’l. The nuclear magnetic resonance spectrum shows
the disappesarence of the hydrogen atom on Cg» and the shift of HB from
T6.,5 in swietenine to T4,97 in dehydreswietenine. This therefore
represents oxidation of the g -hydroxy ester té an g -keto ester,
Dehydroswietenine cen be reduced back by either sodium borohydride or,
in better yield, by zinc dust in refluxing acetic acid to swietenine,
the second ket;nic function remsining uneffected.. This yields further
proof that the hydroxyl group in swietenine is secondary and is also
ato the methyl ester.

The slkeline hydrolysis of swietenine gives a complex mixture of
acids (the derived methyl esters show nine spots on a chromatoplate)
but by virtue of its insolubility in chloroform, the crystalline
destigloyl-desmethyl-isoswietenine C,g Hzy Og (B13) m.pe 246 - 248°,

{alp - 67°, could be seperated in 30% yield. This acid had a pK

velue of 4.85 which again suggests that one of the hydroxyl groups

21



is attached ¢ to the curboxyl'group, Methylation of this compound

gave destigloyl-isoswietenine (B14) C,y Hyy O, m.p. 243 - 246°,[c] - 670,
vgggls 3604, 3530 and 1730 cm™l. Tigloyletion of destigloyl-isoswictenine
(B14) with tigloyl chloride in pyridine yields isoswietenine (B15)

Czp Hyg Og, mep. 213 - 218°, hﬂD - 579, isomeric with swietenine end
conteining the same functional groups. (Swietenine does not reasct with
tigloyl chlofide under the seme conditions). This is demonstreted in the
optical rotatory dispersion curves of swietenine and isoswietenine in
methanol both of which show a negafive Cotton effect, (Fig. V); isoswietenine
heving the smeller emplitude. In the inf;éfed (nujol) spectrum, isoswietenine
hes bends at 3500 (hydroxyl), 3100, 1500, 879 (furasn), 1705 (tiglete ester),
1725 (methyl ester, § -lactone end cyclohexanone ) em™l. In the nucleer
megnetic resonance spectrum, the peeks ere egoin very similar (Teble 1),
the major points of difference being the chemicel shift of the vinyl

‘vproton HA ot T 3.88 (T 4.63 in swietenine) end the methine proton Hu?at

T 7,10 (T 6.50 in swietenine). This can be accounted for by the postulate
thet in isoswietenine, the vinyl proton is deshielded end Hy is shielded

by the-cerbonyl group of the tiglate ester.

Several situstions cen be visualised to account for the swietenine
isoswietenine or more simply the destigloyl-swietenine destigloyl=
isoswietenine chenge (see below - pZB)

i) Epimerisation & to the carbonyl en exemple (fig. I) of which is the
trensformetion of the cis-decalone fo the Ezggggdecalone.. This cen
be discounted since the oxidetion of destigloyl-swietenine end

destigloyl-isoswietenine yields the same triketone (see below) and

PP



elso the opticel rotatory dispersion curves of destigloyl-isoswistenine
end destigloyl-swietenine are éimilar only differing in their
amplitude (fig. V). This 1atfef argument also excludes ii) an
intremoleculer hydride transfor (fig. II) resulting in the
transposition of the ketonie funcfion and the hydroxyl groupe

iii) Retroaldolisation and realdblisafion of &p ~ketol system (fig. III)
gives rise to the epimeric aslcohol. This cennot involve the hydroxyl
of the g -hydroxy ascid since this would require the loss of & two
carbon frugment (figé 1v).

It would seem, thefefore, that.the best situation to account

for the swietenine 9isoswietenine chenge is the retroaldolisation
end realdolisation. An aldol condensation of the intermediate
aldehydo-ketone to give & hydroxy-asldehyde cean elso be discounted
since isoswietenine does not contain en aldehyde (nemer.)

7

Kupchan' tiglate cleevage using osmium tetroxide and periodic acid

yields destigloyl-swietenine (B16) C,, H,, Oy mupi 200 - 204°, [¢], - 62°.

27
This is isomeric with destipgloyl-isoswietenine and contains the same
functionel groups. The optical rotetory dispersion curves of destigloyl-
swietenine and destigloyl-isoswietenine ere shown in fige. V. The
p-iodobenzoate of destigloyl-swietenine (B17) was submitted for erays
structural exeminetion while the chemical work wes in its final stages.
Treatment of destigloyl-swietenine with base followed by methylation
results in the formetion of destigloyl-isoswietenine, identical with

the destigloyl-isoswietenine obtained by the besic hydrolysis of

swietenine followed by methylation.
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Oxidetion of destigloyl-swietenine snd destigloylﬁiggswietenine
with the Jones reagent yields the some triketone (B18) 027 HSO 08,
mips 281 - 235°, (o] - 228°, v CHCl8 1780, with o shoulder ot 1742 on”l,
This indicates that the hydroxyl group esterified with tiglic acid in .
swietenine is also seccondary end, more importent, thet there is no
skeletal rearrangement during the hydrolysis éf swietenine.

The elkeline hydrolysis of dehydroswietenine (B12) geve in good

yield dehydro-destigloyl-desmethyl-isoswietenine (B19) C 0

26 HSO 8?
mepe 264 - 267°, [0& D - 61°, methylation of which gave dehydro-destigloyl-

isoswietenine (B20), C Ogs Mmepe 242 - 246°,{a] D - 74°, v gggls

27 HSZ
3612, 1730 em™! which on oxidation led to the seme triketone (B18) as
before.

Reduction of dehydro-destigloyl-desmethyl-isoswietenine by zinc
dust in refluxing scetic acid for ten minutes yields destigloyl-desmethyl-
isoswietenine (B13) (identical with the compound prepered in the basic
hydrolysis of swictenine). Treatment for &« longer period of time yields
an scetate (B21) which feiled to crystellise but which on the basis of

its nuclear megnetic resonsnce spectrum (peeks at T 7.92, 3H, singlet;

1 G.p.s.)

T 5.41, 1H, doublet, J = 1 c.p.s.; and T 5.40, 1H, doublet, J
is considered to be thc mono-acetate resulting from acetylation of the
hydroxyl group not¢ to carbomethoxyl.

The sbove hydrolysis and oxidation-reduction rcactions ore
summarised in flowsheet 1.

Further proof of thea -hydroxy-cster function in swietenine comes

from the convorsion of destigloyl-desmethyl-isoswietenine (B13) with

-



load tetracetete into the hydroxy-keto-aldehyde (B22) Cog Hzy Ogs

m.p. 232 - 236%,[a] [ - 470y (Cly 3632, 1752, 1734, end 1721 onm”l.
The nuclear megnetic resonence spectrum shows o sherp doublet at T 0,18
(1H, J = 6.5 c.p.s.). By spin decoupling, it wes ghown that this
aldehydic proton couples with one proton st T 7.25 which couples with
no other. This suggests the system (B3). (It is elso possible that
there is a proton P to the aldehyde function but that the two protons
have a dihedral angle of 80°).

When the hydroxy-keto-asldehyde (B22) is treated with scetic
enhydride-pyridine, the acetoxy-keto-zldehyde (B23) 027 H52 O7 MePe
272 - 2769, [e]D - 34°, v CHClg 1729 cm~L is obtcined. This compound
was also formed together with the nor-aldehyde (B22) when destigloyle
desmethyl-isoswietenine was reacted with lead dioxide in refluxing
acetic scid for three hours,

The hydroxy-keto-aldehyde (B22) also formed a toluene-p-sulphonate
on reaction with toluene-p-sulphonyl chloride in pyridine but this
resisted all attempts to eliminate the elements of toluene-p-sulphonic
ecid in refluxing collidine.

When the acetoxy-keto-aldehyde (B23) is treated with dry hydrochloric
acid in methanol, a methyl ether, methyl ester (B25) 029 H38 O8 MePe
184 - 1869, y o (nujol), 1710, and 1730 em~! results. The compound
had pesks in the nucleer magnetic resonence spectrum et 6.76 (3H,
singlet, -OCH3) and T 6.26 (3H, singlet - CO, CHS) end is considered
to be formed—£y the mechenism indicated in fig. VI.

The roletionship of the a -hydroxy-ester to the tiglate function in
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swietenine could be established by exposure of the hydroxy-keto-aldehyde
(B22 ) to methenolic sodium hydroxide when the isomeric Y -lactone (B26)
Cps Hyo Og m.po 242 - 2460,{a]D +111°%, v Sgi4 1782 (f -loctone), 1745
(5-lectone) and v %Eglg 1770 (Y-lactone); 1732 (o-lgctone); 3620 (free
hydroxyl), 3587 (bonded hydroxyl) cm™* was obtained. i plausible way of
accounting for the formetion of this hydroqur§lgctone is by way of an
intramolecular Cannizzaro reaction (FlowSheet 2); In this; the carboxyl
group formed in the reaction cennot lactonise with the newly formed
hydroxyl group since it is formed by a hydride tfanSfér reaction and thus
must be pointing in the "wrong" direction for lactonisation. Therefore,
the carboxyl group must lactonise with the hydroxyl group elready present
in the hydroxy-keto-sldehyde (B22). This therefore meens thet the
eldehyde function and the hydroxyl group present before hydride trensfer
are situated in an e~ drelationship with respect to one another (B4).

L1lso the elkeli induced epimerisation at Cz in the prepararation
of iﬁgswietenine from swietenine implies ena - Yrelationship of the
ketonic end tiglete ester functions in swietenine. Thus the pert
structure (B4) cen be enlarged to §5)which by spin-decoupling experiments,.
can be further extended to (B6) &s follows:

The olefinic proton (L) et T 4.63 in swietenine and dehydroswietenine
end epproximetely T 4.15 in all other derivatives (see Teble 1), is
coupled to three other protons:

i) (M) which is ot T 6.50 in swietenine, T 7.12 in destigloyl-isoswietenine
and T6.22 when there is the p -diketone system (JMA = 6 = 8.5 CopeSs)

(M) in turn couples with one other proton (N) st T5.36 in swietenine
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whioch cen bo nssignod to Lhe proton on tho carbon stom which carries
the tiglate ester (JMN = 11 c.p.s.). This coupling diseppears in
thoy -diketones end decreases in isoswietenine (JMN Z 1 CuPoSa)o

ii) (X) ond (Y) which are found st epproximetely T 7.75 (2llylic methine
groups ) (JMX and JMY =1 -2 c.pes.). One of these protons (X) or
(Y) in turn couples with'a methylene groﬁp Z2 at T 7.1 (JXZ2 or J&ZZ
=3 -5 c.p.s.) which from its position must be oto the carbonyl
group of the ring D lactone,

In the y -lactone (B26), which has a hydroxyl group instead of the
ketone as expleincd ebove, the proton on this carbon stom, n, couples
with M (JMn = 6 c.p.s.) and no others. This suggests that the cerbon
etom on the other side of n from M is fully substituted end we can thus
Join m and n. Further proof is given by the fact that in the triketone
(818), both cyclic ketones are cyclohexanones as judged by their infrered
obsorptions. Cerbon atoms p and g are most probably identical since this
then leeves two cerbon atoms to form s cyclohexano;rimg Cor

This leeds to & bicyclo [5: 3 i] system in swietenine (B7) which
eccounts for the non-conjugeation of the isoleted double bond in the
triketone (B18) and also the non-enolisation of the  -diketones.

The stereochemistry of swietenine cen be inferred from the biogenetic
derivetion of the compound (Flowsheet 3). The corbon skeleton of
swietenine cen be reedily derived from a precufsor of the type (B27)
in which the C7 - 08 bond is cletved which results in an exo-methylene
group et CB and eng -hydroxy carboxylic ecid at 05. (The precise

stage at which oxygenetion occurs is uncertein). Rotation of ring A
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ebout the 9 - 10 bond followed by Micheel oddition of the carbonion

ot CZ to the exo-methylenic double bond ot C, leads to the cearbon

2
skcleton of swietenine. This hes the derived stereochemistry as shown
in (B28) with an methyl group ot ClO’ aneg. -acetete side-chein at 05,

en € hydrogen atom &t C2 (it is impossible to close the bicyclo=system

with a BH) end the normel orientations at Qg, C13’ and C (2lleorienteted).

17

Migrations of the double bond from the 08 - Cl4 to the Cip = Cq position
gives the structure (87) in:which the only uncertainties (resolved by the
X-ray esnalysis) sre the stereochemistry of the tiglate ot C3 end the
orientation of the hydroxyl group at CG (if we essume thet the double bond

in the 08 - position is protoneted from thes -face),

c14

These conclusions ere fully supported by the results of the X-ray
crystellogrephic anelysis of the p-iodobenzoate (B17) of destigloyl=
swietenine which elso showed the tiglete to be p-orientated end the
hydroxyl group at C6 to be 0,

With the constitution and stereochemistry of swietenine esteblished,
it now becomes possible to discuss its trensformetion products.

TheY -lactons derived ffom the aldehyde (B22) by reaction with
alkali; wes ossigned the provisional structure (B26) in the arguments
leading to the constitution of swietenine which have been picsented
ebove; However, certain properties of thisY -lactone were inconsistent
with the proposed structure and a reaexamination hes led to the revised
structure (B29). In particular, it could be shown by spin-decoupling

thet the methine proton HB (T 7.5) situated ¢ to the carbonyl group of

they -lactone was coupling with Hy (T5.35) and no other proton (JBN 2 7 Cupese)s
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The megnitude of this coupling constent is unprecedented for & 4J
coupling except under speciol circumstances?,

in ealternative structure for they -lnctone (B29) which overcomes
this difficulty cen be derived in the following wey. (Flowsheet 4).

Cleavege of the C2 - C_, bond by & retrocldolisation (already invoked

3
in the epimerisation of C3 during the hydrolysis of swietenine, offords

the intermediate dieldehyde (B30). Rotation sbout the Cg - Cyy bond

10
brings C6 end 02 within interacting distancef However, there cre

serious interactions between the gem-dimethyl grouping ettached to C4

end the soldehyde with cerbon atoms C8 and Cg. Moreover, the resulting
sterecochemistry (if eldolisation did occur) would not permit subsequent
Connizzaro resction. Héwever, if the aldehydic function et 05 epimerises
before aldolisetion, these intercctions ere relieved and the aldehyde

and ketone ore in appropriete positions for intramoleculser hydride
trensfer. ALfter lectonisetion, this leads to structure (B29) for the
Y -lectone with & cis-fused lactone and a bicyclo ‘3: 2: i] octenol.

The non-bonled interecction between thep -methyl group atteched to C2

end the methyl group at C, . cen be relieved by lateral twist. Hy end

10

HB are vicinally coupled snd the observed coupling constant (JB = 7 CopeSe)

C

is in eccordance with the dihedrel angle, BBC (:500).1O
The Y -lactone (B29) reodily forms e&n ccetate (B31) Cor Hyy Ogs

m.p. 274 ; 278°, v’max (nmujol) 1765, 1730 cm™ . The nuclear resonance

spectrum shows that the proton HC couples with Hy (JBG = 7 CuepeSe) but

is not further coupled to HM; This cgrees with structure (B29) in which

the dihedrel c¢ngle between Hc and HM is approximately 90°, It shows
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the proton HF (T5.04) of the secondary acetate to be coupled with By

(JFM = 5 c.p.s.) which is in accordence with the dihedral angle QFWI= 40°,

The stereochemistry of the hydroxyl group is shown below. (It is impossible
to tell the stereochemistry from the dihedrsl angle since the other ongle
Oy = 50°).

Further support for the structure (B29) of they -lactone comes from

(o] o}
the dehydrosy -lacto.ne (832) C, Hyg Og, mep. 247 - 251 {qu +190°,
v g?gls 1781 { -loctone), 1762, 1735 (d-lectone) cm~! obteined by the

chromic acid oxidetion of the y-lactone (B29). The new carbonyl bend

1 is typical of &

11

in the infrared spectrum of this compound et 1762 cm”
bridgehead carbonyl group in a bicyclo [S: 2: j] octenone.
Reduction of the dehydro-+y-lactone with sodium borohydride gave o
mixture of two epimeric &lcohols (B33), the Y-lactone (B29) being reformed
s the mojor epimey (yield grester then 90%). In the infrared, the
t-loctone shows peaks ot 3620 (free hydroxyl) and 3587 (bonded hydroxyl)

em~t (in chloroform). The peak at 3587 et

cen be assigned to the
hydroxyl group weokly bonded with the olefinic double bond. Thus it cen
be inferred that the hydroxyl group is directed towards the olefinic
linkege. 4 similar effect is observed with the similarly constituted
alcohol (B44) (see below).
The l-epi-y-lectone, which was obtained in very low yield and could
not be obtained crystalline althougﬁ homogeneous by thin-layer chromatoplate,
showed peaks in the infrered (cerbon tetrachloride) et 1757 (unsymmetrical

1

broad band), 3620 with o very broad band below 3600 cm™ . The low position

of the carbonyl bend end the hydrogen bonded hydroxyl cen be attributed
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to a week hydrogen bond of the secondary hydroxyl grbup to the y-lactone
towards which the hydroxyl group is‘diréctea. Lack of time aﬁd meterial
precluded the full characterisation of tﬁis compound .

Reection of the dehydro-YQIQGtoﬁe (B32 ) with aqueous sodium
hydroxide in refluxing methanol, resulted in the formation of neutral
and ecidic meterials. The neutral fragtion.wa§ found %o be unchanged
dehydro- y¥lactone and the acidic moaterial was methyiated to give the
hydroxy-methyl ester (B34) Cog Hzo 07; m.pe 209 = 2;2°,id] D +120°,

v gggl3 3614, 1750, 1731 cm‘l. The hydroxy-methyl ester has peseks in -
the nuclear magnetic resonance spectfum at t4.44 (1H, HL’ vinyl proﬁon,
doublet ) which was coupled with a proton at 76.93 (1H, Hy, doublet,

Jpy = 8 c.pes.)s The proton Hy waé £ quartet centred et 15.50 which

was coupled with Hé (1H, doublet; JBC = 5 C.p.Se) 0t 17.39‘and also with
Hy (JCM =8 c.p;s.). The ebove coupling constents ere in agreement with
the dihedrol angles 9IM 2 10°, GMC = 200, 903 = 120°.

The formetion of the hydroxy-methyl ester (B34) cen be retionalised
by base catalysed cleavege of the y-lactone oand epimeriseation of the
rosulting hydroiyl group by & retro- &nd re-aldolisation previously
discussed. This results in the hydroxy-acid (B35) which cannot lactonise.
The proportions of y-lectone to hydroxy-methyl ester (1: 2) presumebly
represents the equilibrium proportions of hydroxy-ccid onions.

When the hydroxy-keto-cldehyde (B22) is oxidised with either the
Sarret or Jones reagent, o diketo-nldehyde (B36 ), 025 H28 06’ MaPs

o -1 . . .
218 - 217°, (], - 186°, v Cly 1751, 1722 om™' is obtained. This

compound had peeks in the nucleer magnetic resoncnce spectrum ot
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©0.13 (eldehydic proton, doublet, J = 6 c.p.s.) which was coupled
to the proton HB et T 7.00. {11 attempts to oxidiée the aldehydic
function feiled,

Treatment of the diketo-aldehyde (B36) with aqueous bese resulted

in the formetion of & hydroxy-acid. Methylation of this compound gave

o
the enone-methyl ester (B37) Cog Hyy O, mep. 285 - 287°,{a] 5+ 25°,
Vgggls 1737 (methyl ester and &-lectone), 1687 (conjugoted enone),

3620 (free hydroxyl), 3583 (bonded hydroxyl) cm™t,

We envisege the formetion of this compound in the following mennsr
(Flowsheet 5); Q-diketoﬁe cleavege yields tre keto-carboxylote onion
(B38) whose isolated olefinic linkege then isomerises to form the
conjugated'enone (839); The 08 carbaonion con then undergo o vinylogous
aldol cohdensation with the rldehyde which on aéidification yields
the hydroxy-enone«acid (B40). There ore minor interactions between
the gem-dimethyls &nd the éarbonyl group with the @ -methyl ot ClO
end the hydrogen atoms nt C11 but whether they are so severe as to
cause the aidehyde to epimerise before the eldol condensation; is
difficult to escertain, The structure of the enone-methyl ester derived
from the epimerised aldehyde is free ffom the sbove interﬁctions;

The nuclear magnetic resonance spectrum provides further support
for this structure (B37). There are two doublets centred &t €3.05
and T3.98 (J = 9 c.p.s.) which are assigned to thefl - anda -vinylic
protons respectively of thecx,ﬁ-unsaturatéd ketone. That the §-proton
is not further split supports the proposal that Cg is tetrasubstituted

and therofore the new bond formed in the aldol condensetion must
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terminate at this carbon atom. There is also o multiplet et T5.i
which simplifies to o doublet (J £ 7 c,p.s.) when the solution is
equilibrated with deuterium oxide. This shows that this is the
proton, HC’ of the secondery elcohol. This proton is coupled with
the methine proton HB centred et T 7.7. Thet the proton Hq is not
further split suggests thet fhe cerbon stom ¢ to the eleohol is
aelso quaternary which ngrees with structure (B37). The position
of the proton HC ( ©5.1) is very low and must presumebly be
deshielded by the lactonic cerbonyl.

The configuration of the hydroxyl group cennot be deduced from

the coupling constent of H, and HB since the dihedrel engles are

c
0° end 135° which give cpproximetely the seme coupling constent

(8 cupes.). The hydroxyl group is probsbly endo to the double bond
since in the infrared there is weakly bonded hydroxyl which ceonnot
be to either the methyl ester or &-lectone both of which cre at
their normel unbonded positions at 1733 cm~l. It seems probeble
thet the hydrogen bond is to the olefinic linkege since this also
provides the necessery geometry for the deshielding of the proton
HC et 7T5.1 by the lectonic carbonyl., If the hydroxyl group is
endo, the proton HC is in the plene of the lactonic cerbonyl if

the cssumption is made that the O-lectone is in the twist-boat

conformation where cerbon &toms 017, C.,. and the oxygen are

16
coploner, This conformetion wes found in swistenine by the X-rey
ennlysis. A Dreiding model of this compound shows the hydroxyl to

be severely hindered, snd this is reflected in its failure either

to acetylate or oxidise. -
-3% .



Lnother interesting sequence of reactions concerns the treatment
of the triketone ester (B18) with bese. This results in the formation of
an pcid whose methyl ester (B41) Cpy Hzg Og m.p. 297 - 2999, [a]p + 43°,
is isomeric with the starting material? The methyl ester has absorptions
in its chloroform solution spectrum at 1787 (y-lactone), 1764 (bicyclo
KS: 2: i] octenone ond ¢ -ecyloxy-ester) and 1735 (d-lsctone) em™t, These
peaks are very similear in position to the bunds in the dehydro-y-lactone
(B32), the only difference being the higher infensity of the 1764 cm™!
peak. This is essigned, as before, to the bridge-head carbonyl group
of the bicyclo 15; 2; i] octenone end the enhanced intensity is due %o
the additionel obacyloxy-esterlz. In the nuclear magnetic resonance
spectrum, the clean doublet Hy 1T6.88 (J,;; = 8 c.p.s.) couples only
with the olefinic proton HA T44,41 which in turn has a smell coupling
with Hy and H, (JM{ end J;, =1 -2 c.p,s.). The triketone ester (B18)
hes a negetive Cotton curve (322.5 m/u.)- - 12,200, (270 m/u) + 4,860 (see
fig. V) whereas the isotrione (B4l) has a positive Cotton curve (310 T/Q
+ 18,450, (270 Tf@ - 17;650; both in chloroform.

The sbove evidence strongly indicates that the isotrione has the
structure (B41) end this cen be rotionslised as follows (flowsheet 6):
P diketone cleavage es in the diketo-aldehyde (B36) first gives the
diketo~-carboxylate anion (B42): Intraomolecular aldol condensation, as
shown in the diagram, then leads to the bicyclo [55 2: i] octenone
structure which on acidification end methylation yields the isotrione
in which the carbomethoxyl group ise . The severe interactions
between the gem-dimethyls end the hydrogens of Cll can be reduced by

lateral twist.
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in alternotive stfucture (B42a) for the isotrione con be derived
by the same scheme as above if the c¢-keto acid is epimerised before
the aldol condensation takes place. This elso conteins o cis-fused
Y-lactone and the carbomethoxyl is in the [ orientation. In this
structure, the interactions are not so severe but the structures of the
reduction products,discussed below, of the isotrione suggest thet the
alternative structure (B42e) is incorrect.

When the isotrione is treated with an excess of sodium borohydride,
two isomeric alcohols 027 H:52 08 (B43) and (B44) result. The less
polar end crystalline alcohol i (B43), m.p. 316 - 321°, lalp - 72°,
shows bands in the infrared (chloroform solution) et 3618 (smell peak
corresponding to unbonded hydroxyl), 3465 (strong pesk, very broed,
corr§5ponding to bonded hydroxyl) 1783 (y-lectone) end 1720 (p-lactone
end bonded methyl ester) ecm™l. The fact thaf the hydroxyl is bonded
to the methyl ester strongly suggests fhat structure (B4l) is correct
since in the alternative structure (B42a) it is impossible for the
bridge-head hydroxyl group to bond to the methyl ester.

Llcohol B, which failed ell attempts at crystellisation although
it was homogeneous as judged by thin-lsyer chromatography and gave &
crystalline acetate, shows bands in the infrared at 3620 (free hydroxyl)
end 3575 (bonded hydroxyl) em=}, The bonding in this case is very
similer to thet formed in the y-lactone (B29) (see pege30) and cen be
attributed to o weak hydrogen bond to the isolated olefinic linkage
towards which the hydroxyl group is oriented. In the carbonyl region,

there is absorption at 1783 (y-lactone), a shoulder at 1756 (o ecyloxy-

-35=-



ester) end 1732 ( &lectons) em=! (chloroform solution).

Lleohol £ formed, with difficulty, an acetate (B45), C 0

29 a4 Ogs
mepe 141 - 144°, (0] 5 - 82°, v CHCls 1783 and 1739 om~l. The nuclear
mognetic resonance spectrum of acctate A shows peaks at T4.32

(1H, Hx’ olefinic proton, doublet, J z 8 c.pes.) which was 6oupled
with H, 76.95 (JMA & 8 c.p.5.), not itself otherwise coupled. The
proton Hp of the carbon which carries the secondary acetete is ot
£5.21 (1H, singlet). This agrees very well with the structure (B43)
for alcohol i, which hes & bonded methyl ester in which the dihedral

engles GMA is 10° and.ewm is 90°,

Alcohol B reedily formed a crystalline acetate (B46) Cpg Hgy Og,
m.p. 236 - 239°, Ea]D - 18°, v CHCly 1783 (y-lactone), 1739 (&lactone,

acetote and methyl ester) em=l, The nuclesr mognetic resonance spectrum
of acetate B shows the proton Hp of the carbon which cerries the
secondary ecetate to be = doublet centred at T 5.03 (1H, JFM £ 5 Cepeba)
which couples with Hy, at 6.8 (1H, quartef) which in turn is coupled

with the olefinic proton H, T4.64 (1H, doublet, d = 8 c.pess)s This

g MA
agrees with the structure of alcochol B in which the hydroxyl group is

bonding to the double bond end the dihedral engles ©  is 10° © uF 18 40°,

M
Both the acetates A& and B could be hydrolysed back to the respective

alcohols without methyl ester hydrolysis indiceting that the methyl

ester is hindered. The alcohols in turn could be oxidised back to the

isotrione (B4l) proving that there is no skeletal reerrangement in

either the reduction or scetylation reactions.

Reduction of the triketone ester (B18) with zinc dust in refluxing
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acetic ecid leads to the dihydrotriketone (B47) oy Hyy Og, mepe
221 - 225°, [ o]} - 254°, v UHCly 5611 (froc hydroxyl), 3538 (bonded
hydroxyl), 1739 (methyl ester and &loctone) 1716 (cyclohexanones) em™L,
The dihydrotriketone could be reconverted by the Jones reagent to the
triketone (B18). The nuclear megnetic resoncnce spectrum shows that
it is the ketone functione - to the methyl ester which has been
reduced: Hy moves from T5.32 (sherp singlet) in the triketone to

T6480 (J = 1 c.p.s.) in the dihydro compound. ilso present in the
dihydrotriketone is the proton HC on the carbon atom bearing the
secondary &lcohol group at T5.32 (J = 1.¢«p.s.). The sbove reaction
is enelagous to the reduction of dehydroswietenine with zinc dust

in refluxing ecetic acid to swietenine.

Reoction of the dihydrotriketone (B47) with bese yields en acid

whose methyl ester (B48), C,p Hsp Og, m.p. 257 - 263%,[a ] +113°

has ebsorption in the infrered et 1783 (Y-lectone) 1738 (methyl

-

t in chloroform

ester and &lactone) snd 1717 (cyclohexanone) em™
solution. There are no bands above 3,000 em™1 showing the absence

of hydroxyl groups. The dihydrotriketone has & negetive Cotton

curve (320 m/Q - 26,200; (270 qyg.+25,400 whereas the isodihydrotrione
has o positive Cotton curve (330 gw) +5,200; (275 m4) + 300. The
disoppoearance of the hydroxyl snd the presence of the 1783 em~! band
cen best be expleined by r @B-diketone cleavage to give the keto-acid
which lactonises with the hydroxyl group to give the~Y-lactone.

Hydroxide attack on the carbonyl at C5 leads to structure (B48)

whereas sttack on the bridgeshead cerbonyl yields the alternative
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structure (B49). However, the high frequency ascribed to the carbonyl
funetion in the infrared spectrum suggests thet the cyclo=octenone
structure (B49) is less likely.,

The nuclear magnetic resonance spectrum shows an olefinic proton
HA at T4,61 and a singlet at T 5,1 which would be assigned to the
proton HC’ the protonc - to the carbomethoxyl but if the structure is
correct, it should be fur'her downfield at approximately T4.l.
Also present are multiplets between T6.,3 and 7T8.0 which from
integration correspond to eight protons. However, the spectrum is
so complex that more secure assignments will have to eawait the use of

nuclear magnetic resonance spectroscopy at 100 Mc/s and double

irradiation., The structure (B48) is also open to the objection thet

1

ang -acyloxy-ester should have infrared ebsorption at 1760 cm™ instead

of the observed ester carbonyl band at 1738 em~t.
When dehydroswietenine (B12) is treated with alkali under the
seme conditions es in the preparation of the isotrione (B4l), desmethyl
dehydroswietenine (B50), m.p. 272 - 276° was obteained. This suggests
that more strongly basic conditions are required to remove the tiglate
ester function and, more important, that no cleavage takesplace until
this function is hydrolysed.
It is of some interest to consider the cleavage reaction of the
bicyclononenone system of swietenine discussed in the preceding peges.
In all the cases studied, this comes ebout through fission of the

C, - C3 bond either byH -dicarbonyl cleavage or dealdolisation,

2

depending on whether a ketonic or hydroxylic group is present at Cs.
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There is no evidence of® -dicarbonyl fission occurring through
hydroxide ion attack et the bridge-head carbonyl group. The factors
which determine the subsequent fete of the initiasl cleavage product
ere not always easily discerned on the available evidence. For
instence, it is & metter of very considerable interest why in the
arrengements of the tricarbonyl compounds (B18) and (B36) the reaction
appearently tekes en entirely different course.

However, the enswer to these questions must await thg results
of further chemical work on thése transformetion products, and also
the verification of their structures by X-ray crystaliogréphy which

is being undertaken with & number of selected derivativess
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Flowsheet 1

Swietenine (B7) .
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Flowsheet 2




Flowsheet 3 ,
Biogenesis of Swietenine.
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Plowsheet 4

Preparation of the y-Lactone ( B29 )




Flowsheet 5

Preparation of the Enone Methyl Ester { B37)




FPlowsheet 6

Preparation of the Isotrione ( B41l )




Fig. I Epimerisation a to C= O

o H o H
X  Intramolecular H  Transfer
/w | 1 I
B~ H-C O-/H\C=O H - OH
] |
BH C=0 H - C-0OH OH
| |
Interchange of -OH and CO
I Retroaldoiisation and Realdolisation
o 0 , H-O
NG /I} il . ] /4\ I Y
~cicdc- 0=C¥F Cc=C- — _c
4 ! : o ] v 7
H-O K s

Epimerisation at C+

Fig, IV
CIJOZCH3 C020H3
H - C[O\—H H-C=0
| _—
c — —C —
L I
C C
2 7 -

- -

Q=0



)

Xmp

500

400

300

‘A 314

Swietenine
Isoswietenine

Rotatory Dispersion Curves of

70+

8 OF

L 102



O.R.D. of Destigloyl Swietenine and

: [¢] Destigloyl Isoswietenine.
x 103
2F
b
o /‘*\‘ ;oo 4100 ;oo A(mp)

\
'
|
t ., >
-2F ‘| ,/I Destigloyl Isoswietenine E’
' K a-47
-3k '
3 | )
] )
-4 o \ |
: ' ,' Destigloyl Swietenine
sk ' ! a-69
Voo
!
-6} y !
\
\




¢ lso-Triketone a +36|

600
NG

400

a-171

¢ Triketone

‘A *3Td

+190+

+170

+60-

+4 O-

+20+

-40-

=160






NUCLELR MAGNSETIC RESONANCE ASSIGINMENTS

Tebles 1

OF SWIETENINE AND ITS DERIVATIVES

OzMe ‘

AR I A

FEDTAT

R
PESEALE S

el

e T T ey

R

N
Gompound ) Furen . - ¥ M , X&Y | Methyls

243 ' 772 | es | __I.10
B 7 2.56 4,43 4.63 5.36 6.50 7.24 782 .02 |E of tiglate 5.03

2.43 8.44 1y of tiglate 3.12
B 15 2.53 4,33 3.88 5.24 7.10 6.98 7.62 5.76 | o

.54 : 8.96x2 | “Hgm m 8.17 (H)

2 .45 8.58 ,
B 14 2.54 4,33 4.29 6.50 6.50 7.08 7.65 8.98 OH 6.92

3.59 9.10

2.50 8.55
B 16 2.57 4.44° 4.08 6.37 7.10 7.10 T.74 9.00

3.63 9.02x2

8.53

2 .42 8.89
B 21 2.50 | 4.40 5.92 5.41 7.15 7.07 7.76 9.00 |Oke 7.92

3.60 9.08

8.77 :

2.27 8.91 |H of tiglate 2.93
B 12 2.57 4.32 4.56 5.08 6.40 7.15 7.80 6.07 i, p

3.55 @ protons) o°lo 3% 8.15




Teble 1 contd.

Compound Furan D A N C
P M Z, X &Y | Hethyls
o 50 8.76
. 7.30 8.92
B 20 2.57 4,37 4.08 6.18 - 7.10 7.10 7.7 8.97
5.55 9.12
8.72
2.32 8.86
B 18 2 .57 4.49 ¢.24 - - 6.22 7.08 7.65 g 01
3.47 9.00
8.42
2.45 , 8.82
B 47 2.55 4.52 4.22 - 5.32 6.40 7.07 7.60 8.90
3.58 ‘ 8,98
_ 8.63 ,
2 .34 , 8.87
B 22 2 .56 4.59 4.16 6.25 0.18 7.10 7.10 7.68 £.92
5453 ' 8.95
2.36 ! ' 7.65 g°§g
B 36 2 .56 4,73 4.32 - 0.13 6.22 7.10 . .
e : : 8.15 8.83
i 8,92
8.65
2.31 . ' 8.80
B 23 2.51 4,56 4,01 5.35 0.13 7.15 7.04 7.80 6 o5 | Ohc 7.91
3,47 9.00
' 8.98
2.2 : 8.93 | Olle 6.76
B 25 2 .56 5.76 4.18 5.29 0.23 6.98 7.12 7.7 8.7¢ | omc 7.8
' 3.51 8.59
9.18 | um 7.17
74 9.08
B 9 - - 4.96 5.43 5.51 6.70 7.64 7 THFe L 642
8.98
, B 8.3
2 .53 i
¢ F .07
B 11 2 .64 4,32 4,5 5.22 5.36 6.50 7.07 7.80 OH 7

3.60




Table 1 contd.

H :
‘ »
0:=C< . TH
H
Compound Furan D A F c
M Z, X 7Y, |Methyls
2.58 8.94
B 29 . 4.78 4,45 5.04 5.35 : 8.79
3.62 6.88 7.12 7.68 o Ohc 7.97
8.61
8.94
2.58 8.73
B 32 356 4.58 4.18 - 5.09 6.90 7.12 7 .64 670
8.60
9.04
2.56 : 7.16 7.65 . 8.96
B 34 5 o8 4,30 4,44 - 5.50 6.93 pp
8.67
8.68
: 2.27 : 8.753
B 41 2.57 4.56 4.41 - - 6.90 7.22 7.82 6. 67
3.53 8.50
2.27 8.85
B 46 2 .56 4.60 4.64 5.03 - 6.78 7.12 7.60 8.82 Oke 7.99
. 8.72
3.53
8.53
8.91
2.27 8.80 |0 7.93 -
B 45 2.56 | 4.54 | 4.32 5.21 - 6.95 | T7.14 | T7.60 6.70 ¢
3.56 8.55




Experimental.

M.p.s. were determined on a Kofler block, épecific rotations
refer to chloroform solutions at room temperature, unless otherwise
specified. Infrared solution spectre were kindly recorded by Mrs,
F. Lawrie on the Unicem S.P. 100 Mark II spectrophotometer with a
prism greting monochromator, and operated with evacuated optics,
Mujol spectre were obtained from a Perki;-Elmer "Infracord"
spectrophotomster. Microanalyses are by Mr. J.M.L. Cameron and his
staff. Woelm Grade I elumina deactivated sccording to the Brockmannl4
scale of activity was used for chromatography. Chromatoplates were
prepared by the method of Stahll® using Keiselguhr G (Merck). R.f.
velues are not recordeé but where necessary known compounds were run
concurfently for comperison purposes., Rotatory Dispersion Curves were
measured by Professor W. Klyne to whom we express our thanks, Nuclear
magnetic resonence speotre were recorded by Dr. N.C. Bhacca, Varien
Associates, Palo Alto (swietenine), Dr. A, Melera, Varien Associates,
Zurich (salennin) on Varian H.R. 100 spectrometers and by Dr, D.W. Turner,
Imperial College, London (nimbin) on & Varien 4311 spectrometer operating
at 56.4 Mq/sec adapted for double resonence experiments in which the

16

single-band technique developed by Turner-" was used.
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Octshydro-Swietenine (B8),

Swietenine (2 gms) in "Anelar" acetic acid (200 ml) wes hydrogenated
over 10% palladium-chercoel (2 gms) for 12 hours st atmospheric pressure.
The upteke of hydrogen was 385 ml (3.§ moles). The solution wes filtered
and the solvent removed in vacuo. Separation into acid and neutral
fractions using methylene chloride end séturated sodium hydrogen carbonate
gave orude en acid (1,680 gms) and é neutrél (310 mgs) fraction. The

acid frection waes crystallised from ether-light petroleum to give

octehydro-swietenine (B8) (650 mgs), m.p. 153;40,[Q]D - 190° (¢ 0.81 in
oy . . -1 '
chloroform), pK ~ 5.2, v nex (nujol) 1730 cm ’k‘nmx 202 3};(&6,300).

(Found C, 64.63; H, 8.41s Cgp Hyg Oy (H,0) requires C, 64.62; H, 8.47%).

Methyl Ester of Octehydro Swietenine (B9).

The residue obtained by removal of solvent from the mother liquors
(1.2 gms) in the ebove experiment wes dissolved in ether and an excess
of ethereal dieszomethane added. The product was adsorbed on Grade III

acid alumina (26 gms). Benzenewsether (4:1 - 713) eluted the crystalline

methyl ester of octehydro-swietenine (B9) (880 mgs) which, recrystallised
from ether-light petrﬁléum, had m.p. 164 - 1650,[d]D - 179°, (C, 1.22
in chloroform), X 204 @%L(é 5,670), v gg;4 3610, 3527, 1734 om=t,
(Found C, 66.58; H 8,42. Cz3 Hgy Og requires C, 66,41; H, 8.71%).

Pure octehydro-swietenine (84 mgs) was dissolved in ether end en
exocess of etherenl diazomethene added. The product, crystallised as

above, wes identicel with the above methyl ester of octehydro-swietenine

(m.p"‘.., m-.m.p.). "'6'2-‘



Attempted Osmyletion of the Methyl Ester of Octehydro-Swietenine

The methyl ester of octehydro-swietenine (B9) (98mgs) was
dissolved in dioxen (2 ml) end to this was added & solution of osmium
tetroxide (47 mgs) in ether (2 ml). This was kept.in the dark at room
temperature for three days. Excess hydrogen sulphide was passed into
the solution which was then filtered through a celite pad. The removal
of solvent gave unchanged methyl ester of octehydro-swietenine (85 mgs)

meps 164 -~ 165° (identicel mepe., Mem.p.).

Octehydro Swietenine Oxir»> (B10)

Octahydro-swietenine (200 mgs) end hydroxylsmine hydrochloride
(460 mgs, 18 moles) were dissolved in ethanol end pyridine (8 ml) and
solution refluxed for 36 hours. The removal of solvents and extraction

with chloroform give octshydro-swietenine oxime (B10).which erystallised

in needles from chloroform-benzene, m.p. 251 - 254°. (Found C, 65.22;

H, 7.83. Cgz, Hy; O1q N requires C, 63.03; H, 8.43%).

Dehydroswietenine (B12)

To swietenine (1 gm) dissolved in "Aneler" ecetone (40 ml) was added
an excess of 7.5 N chromic acid et 0°, The solution was allowed to warm
to room temperatufe. Work up in the usual wey gave a gum (980 mgs)

which crystallised from chloroform-ether to give dehydroswietenine

(638 mgs) (B12), m.p. 257 - 262°, [a] ) - 149° (C 1.88 in chloroform),

~63-



v CHClz 1705, 1750 om"l. This wes identicel (m.p., I.R.) with a semple

prepered by chromium-trioxide oxidetion of swietenine by Dr. JD. Connolly17.

Reduction of Dehydroswietenine to Swietenine.

Dehydroswietenine (22 mgs) wes refluxed with zinc dust (290 mgs)
in "aneler" acetic acid (2 ml) for 10 minutes. The removal of the
zinc dust end the solvent gave a gum (24 mgs) which hed the sams Rf.
velue on & chromatoplete as swietenine., Filtration through Grade IV
acid elumine using chloroform as eluent gave swietenine (16 mgs),
mepe 271 - 274° (from chloroform-light petroleum). (Identicel I.R.,

MePoey, MeMePo )o

Alkeline Hydrolysis of Dehydroswietenine (B12)

a) Dehydro-Desmethyl-Swietenine (B50)

Dehydroswietenine (B12) (24 mgs) in dioxan (0.4 ml) was hydrolysed
with 5% methanolic potassium hydroxide '(O,.4 ml) at room temperature
for 0.5 hour. The solution wes acidified with 6N hydrochloric acid and '
diluted with woter until a crystalline precipitate appeared.

Recrystallisotion from chloroform-ether afforded dehydro-desmethyl-

swietenine (B50), (18 mgs), m.p. 272 - 276°. Treatment with an excess
of ethereal diazomethene in methenol gave dehydro-swietenine me.pe.
255 -~ 260° (identical I.R., MePe, MaMePe)e

b) Dehydro-Destigloyl-Desmethyl-Isoswietenine (B19)

Dehydroswietenine (B12) (1 gm) was hydrolysed with 23% ethanolic
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potassium hydroxide (100 mls) at 100° under nitrogen for 10 minutes.
Water was added end the solution acidified with 6N hydrochloric acid.,
The crystalline dehydrqi—destigloyl-desmethyl-i_s_gswietenine'(B19)

(594 mgs), m.p. 258 = 2650 was filtered., A further crop of crystalline
acid (250 mgs) wes obtained by extraction of the aqueous mother liquors
with ethyl scetate. Treetment with excess ethereal diazomethane in

methanol afforded dehydro-destigloyl-isoswietenine (B20), m.p. 238 = 244°

(from chloroform~ether) ¢ D - 74° (C 1.21 in chloroform) vy %ggls 3612,
1730 em~l. (Found C, 67.05; H, 6.65. Cyq Hg, Og requires C, 66,92;

H, 6.66%).

Destigloyl-Desmethyl-Isoswietenine (B13)

Dehydro-destigloyl-desmethyl-&swietenine (680 mgs) was refluxed
for 2 hours with zinc dust (7.4 gms) in "Analer" acetic acid (150 ml).
The solution was filtered and solvent removed in vacuoi Woi'k-ﬁp in
the usual menner afforded e gum (670 mgs) which crystallised from
chloroform. A portion of this material (100 mgs) was dissolved in
ethyl acetate and treated with an excess of ethereal diazomethane, The
product showed & mixture of two compounds on & chromatoplate end wes
chrometographed on Grade IV acid alumina (10 gms ). Chloroformebenzene
(3: 7) eluted a gum which failed to crystallise but which is considered

to be B3-acetoxy-destigloyl-isoswietenine (B21l) from its N.M.R. spectrum

(Teble 1) end chloroform eluted destigloyl-isoswietenine (B14) (identical

Rf. value with destigloyl-isoswietenine prepered by Dr. J.D. Conmolly



by the elkaline hydrolysis of swietenine).

By shortening the time of reflux to 10 mins. destigloyl-desmethyl=

isoswietenine was prepered without contemination by the acetate,

Isoswietenine (B15)

Destigloyl-isoswietenine (B1l4) (56 mgs) was dissolved in "Analar"
pyridine (2 ml) end tigloyl chloride (1 ml 6.p. 45° - 50° / 17 m.m.)
added in the cold and left at 0° for 12 hours. The solution was poured
into ice and extracted with chloroform. The extract was weshed with
dilute hydrochloric scid, sodium hydrogen carbonate and water in
succession, Removal of solvent gave a black tar which was chromatogrephed
on Grede IV acid alumina (2 gms). Chloroform-benzene (1; 9) eluted

crystalline isoswietenine (B15) (45 mgs), m.p. 213 - 216° (from ethyl

acetate - light petroleum), [Q]D - 579 (C, 1.22 in chloroform),
V ey (mujol) 3500 (hydroxyl) 3100, 1500, 879 (furan), 1705 (tiglate
ester), 1725 (methyl ester, d-lectone, cyclohexanons) em~l (Found

C, 67.20; H, 7.10. Cgz, Hyy Og requires C, 67.59; H, 7.09%).

Hydroxy-Keto-Aldehyde (B22)

Destigloyl-desmethyl-isoswietenine (B13) (290 mgs) and lead
tetracetete (400 mgs) were dissolved in "Anaelar" acetic acid (20 ml)
end left in the derk for 3 days at room temperature. Water was
edded, solution filtered, extracted with chloroform and seperated

into mcid (20 mgs) end neutral (260 mgs) fractions. Crystallisation

-66-



from chloroform-light petroleum of the neutral frection afforded

hydroxy-keto-eldehyde (B22) (225 mgs) m.p. 230 ~ 237°,, CCls 3632,

1752, 1784, 1721 om™l. This was identical in I.R., m.p., mum.p. with
meteriel prepered by Dr. J.D. Connolly by the cleavage of the

G -hydroxy-ecid by lead dioxide in refluxing ecetic acid.

Keto-Aldehyde-fcetate (B23)

The hydroxy-keto-eldehyde (B22) (40 mgs) wes acetylated in acetic
enhydride (1 ml) end pyridine (2 ml) at room temperasture for 12 hours,

Work up in the usual menner afforded the keto-aldehyde-acetate (B23)

(37 mgs) m.p. 274 - 279° (from chloroform-light petroleum). This wes
identical with materiel prepared directly by Dr. J.D. Connolly in the

ebove lead dioxide resction.

Keto-Aldehyde~Tosylete (B24)

The hydroxy-keto-eldehyde (B22) (58 mgs) wes dissolved in pyridine
(2 ml) end p-toluene-sulphonyl chloride (63 mgs) was added and left et
room tempereture for 24 hours. The usuel work up geve & gtim which
showsed & mixture of starting meterisl end a less polar product on &
chrometoplate. The mixture was chromatogrephed on Grede IV neutral

elumine (3 gms), light-petroleum-benzene (1: 1) eluting keto-aldehyde-

tosylate (B24) (31 mgs) which solidified on long stending v .. (nujol)

1590, 1360 cm-l.

The tosylate (B24) wes refluxed under nitrogen in redistilled
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collidine (5 ml) for 6 hours. The solution wes poured into weter
end extrected with chloroform. The extrect was washed with dilute
hydrochloric ecid, sodium hydrogen cerbonete and weter. The product

was run on e chromatoplete which showed only starting material,

Methyl Ether, Methyl Ester of the Hydroxy-Keto-Aldehyde

The hydroxy-keto-aldehyde (B22) (90 mgs) was treated with 0.1N
dry methenolic hydrochloric acid (1.5 ml) on the steom-beth under
reflux for 20 minutes. The methanol was removed and the product
chrometogrephed on Grede V neutrel olumina (5 gms). Benzene eluted
materiel (53 mgs) which, although it was one spot on a chromatoplate,

failed to crystallise.

The Methyl Ether, Methyl Ester of the Acetoxy-Keto-hldehyde (B25)

The cbove gum (53 mgs) wes dissolved in "Anelar" pyridine (1 ml)
end ecetic anhydride (1 ml) edded end left et room tempereture for
12 hours. The usual work-up geve the product (55 mgs) which was
chrometogrephed on Grede IV ecid elumine (3 gms ). Benzene eluted the

crystelline methyl ether, methyl ester of the acetoxy-keto-aldehyde (B25)

(35 mgs), m.p. 184 - 186°, v .. (mjol) 1710, 1740 em~t (Found C, 67.92;
H, 7.61. Cog Hzg Og requires C, 67.68; H, 7.44%).

The seme product wes obtained by the treatment of the keto-aldehyde-

ecetete (B23) with 0.1N methenolic hydrochloric acid.
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¥ -Lectone (B29)

The hydroxy-keto-aldehyde (B22) (116 mgs) was dissolved in ethenol
(7 ml), 0.5N sodium hydroxide solution (7 ml) edded and refluxed under
nitrogen on the steem-beth for 1 hour. The solution wes ecidified with
6N hydrochloric acid end extracted with ethyl acetate., Eveporation of
the solvent geve & gum which showed two spots on a chroniéxtoplate but
which could not be seperated by chrometogrephy. The mixtu,fe wes separated
by preperetiz T.L.C. using 2% methanol-chloroform es solvent end spreying
with weter to show the bonds. Extraction of the more poler band geve
Y-lectone (B29) (70 mgs), m.p. 242 - 246° (from chloroform-petrol),

[alp + 111° (C, 1.02 in chloroform), v CHCls 3620, 3587, 1770 and 1732 em™L.

mex
(Found C, 67.87; H, 7.52. Cpg Hzy Og (H,0) requires C, 67.55; H, 7:26%).
Extrection of the other bend geve a gum (40 mgs) which although it wes

one spot on & chrometoplate, failed to crystallise. The acetate of this

compound, prepered in the usutl way, elso failed to yield & crystelline

compound .

Y-Llactone Lcetate (B31)

The Yy -lectone (10 mgs) wes dissolved in "Anmaler" pyridine (1 ml)
end ncetic enhydride (1 ml) was added and left at room temperature for

12 hours. The usuel work-up gavey -lactone acetete (B31) (9 mgs) m.p.

. -1
274 - 278° (from chloroform-ether), V . (nuJol)‘1730, 17"7(:) em~i.

(Found C, 68.77; H, 6.85. Cpq Hzp Oy requires C, 69.21; H, 6.88%).
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Dehydro-Y -Luectone (B32)

To theY -lectone (180 mgs) dissolved in "hnelar" acetone (5 ml)
was added en excess of 7.5N chromic acid et 0°C. The solution was
allowed to warm to room tempereture, Work-up in the usual menner and

washing with sodium bicerbonste solution afforded dehydfo-Y ~lactone (B32)

(120 mgs), mep. 247 - 251° (from chloroform-ether), ["‘]D + 190° (C 0,92
in pyridine) Vv gnggls 1735, 1762, 1781 cm™t. (Found C, 70.14; H, 6.35,

Co5 Hpg Og requires C, 70.74; H, 6.65%).

Reduction of Dehydro-y-Lactone.

Dehydrow, -lactone (B32) (29 mgs) was treated with an excess of
sodium borohydride (15 mgs) in methenol (10 ml) for 1.5 hours. The
solution wes scidified with dilute hydrochloric acid and extracted with
chloroform. The crude gum, thus ob'baineé, showed two spots on a
chrometoplete. The mixture was separcted by prepurative T.L.C., extraction
of the more polar bend givingy-lactone (B29) (25 mgs) m.p. 240 - 245°.

Extraction of the other band effordedl -epi -lactone (B33) (3 mgs) which

failed to crystallisey gﬁgls_mse, 3200 cm~l.

Treatment of Dehydroy -Lcctone with Bese

Dehydro<y-lectone (B32) (52 mgs) wes dissolved in ethencl (3.5 ml)
end trested with 0.5N sodium hydroxide solution (3.5 ml) on the steam-

bath under nitrogen for one hour. Weter wes added, solution acidified
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with dilute hydrochloric ecid, extrected with chloroform ond separated

into acid (34 mgs) and neutral (17 mgs) frections. The scidic frection
wes dissolved in methenol end trested with etheresl diezomethene,
Filtretion through Grade IV acid alumine in chloroform afforded crystalline

hydroxy-methyl-ester (B34) (25 mgs), m.p. 209 - 212°, (from chloroform-

light petroleum), [a]p + 120° (¢ 1.1 in chloroform) v CiCls 3614, 1750,
1731 om™L. (Found C, 68.31; H, 7.12, Cog Hzp Oy requires C, 68.40; H,
7.07%). Crystallisetion of the neutrel frection from chloroform-light

petroleum afforded dehydro-y-lactone (B32) (15 mgs), m.p. 247 - 251°.

(Identicel mep., m.m.p., I.R., end Rf velue).

Diketo-Aldehyde (B36)

The hydroxy-keto-sldehyde (B22) was oxidised in the usual way with
en excess of 7.5N chromic acid at 0°C. The product was a gum (70 mgs)
which was chromstographed on Grade IV acid alumine (3 gms). Benzene

eluted the diketo-aldehyde (B36) (44 mgs), m.p. 218 - 221° (from

chloroform-ether), v ggi4 1751, 1722 cm~l. The seme compound wes
obtained by Dr. J.D. Connolly by the action of chromium trioxide in

pyridine on the hydroxy-keto-aldehyde.

Enone Methyl Ester (B37)

The diketo-eldehyde (B36) (71 mgs) was dissolved in ethanol (3 ml)
and treated with 0.5N sodium hydroxide solution (3 ml) on the steam-bath

for one hour. Weter was added, solution acidified with 6N hydrochloric
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acid, extracted with ethyl acetate and separated into acid end neutral
frections. The acid fraction (60 mgs) was dissolved in methenol and
treated with an excess of ethereal dimzomethene. Removal of solvents
afforded & gum which was chromatographed on Grade IV acid alumina (3 gms).

Chloroform-benzene (3: 7 - 2: 3) eluted the crystalline enone-methyl ester

(B37) (48 mgs), m.p. 285 - 287° (from chloroform-ether ), [q]D + 250,
(C 0.56 in chloroform),v $HCl3 3620, 3583, 1733, 1687 cm=l. (Found C,

67.19; H, 7.16. Cyqs Hzy 07 (3 H,0) requires C, 67,10; H, 7,15%).

Attempt to Oxidise Enone Methyl Ester (B37)

The enone methyl ester (8 mgs) was dissolved in "Analar" acetone
(2 ml)‘and en excess of 7.5N chromic acid added to the ‘oe-cold solution,
The solution was allowed to warm to room tempereature and extraction with
chloroform afforded crystalline enone methyl ester m.p. 285 - 287°

(identicel mup., m.m.p., I.R., and Rf value with starting meterial),

Attempt to Acetylate Enone Methyl Ester (B37)

The enone methyl ester (11 mgs) was dissolved in acetic anhydride,
fused sodium acetate (60 mgs) added and solution refluxed for one hour.
The solvent was removed in vacuo and the usual work-up afforded & gum
which was chromatogrephed on Grede IV acid elumina. Chloroform-benzene
(2: 5) eluted the enone methyl ester m.p. 284 - 287° (identicel m.p.,

Mem.p., Rf velue with starting material).



Attempt to Dehydrate Enone Methyl Ester (B37)

The enone methyl ester (4 mgs) was dissolved in pyridine (0.5 ml),
phosphorous oxychloride (4 drops) edded and left st room temperature
for 3 doys. The usual work-up afforded the enone methyl ester (idenmtical

MePs, Mem,p., Rf value with starting meteriel).

Borohydride Reduction of the Enone Methyl Ester (B37)

The enone methyl ester (13 mgs) and sodium borohydride (30 mgs)
were kept in methanol (2 ml) at 20° for 12 hours. The product obtained
with ethyl acetate from the acidified reaction showed a mixture of six

compounds on & chromatoplete.,.

Triketone (B18)

Dehydro-destigloyl-isoswietenine (460 mgs) was oxidised in the
usuel menner with 7.5N chromic acid. Ususl work-up gave the triketone
(B18) (316 mgs) m.p. 231 - 235° (from chloroform-ether), y Chols 1730
with a shoulder at 1742 cm~l. This was identical to the triketone
obteined by Dr. J.D. Connolly by the action of chromium trioxide-pyridine

on destigloyl-isoswietenine (B14).

Isotriketone (B41l)

The triketone ester (B18) (200 mgs), dissolved in dioxean (4 ml),

wes treated with 5% methanolic pctassium hydroxide (4 ml) et room
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temperature for 30 minutes. The usual work~up afforded en ecid which
was methyleted with an excess of ethereal diszomethene to efford the
isotriketone (B41l) (155 mgs), m.p. 297 - 299° with previous sublimation
(from chloroform-ether), [u]D +43° (C 1.08 in chloroform) 1?12?:13 1787,
1764, 1735 cm™L, (Found C, 66.04; H, 6.29. Coq Hzg Og (5 Hy0) requires
C, 65.99; H, 6.33%). The mother liquors from the crystallisetion of the

isotriketone showed strong enone ebsorption in the I.R. (1680 cm=1) but

no crystelline enone could be obtained,

Treatment of the Isotriketone with Zinc end hcetic Acid

The isotriketone (B4l) (11 mgs) was refluxed with zinc dust (158 mgs)
in "Anelar" ecetic ascid (1 ml) for 3 hours. The usuel work-up gave &
gum which had the same Rf value on o chrometopleate as the isotriketone.
The crude materisl wes filtered through Grade IV scid alumina in chloroform
to give isotriketone (10 mgs) m.p. 297 - 299° (identicel I.R., m.ps, M.m.p,

with authentic sample).

Borohydride Reduction of the Isotriketone

The isotriketone (B41) (150 mgs) end sodium borohydride (450 mgs )
were kept in methenol (35 ml) for 12 hours. The product (145 mgs)
obtained with chloroform from the acidified reactiAon, showed two more
polar spots on a chromatoplete, The mixture was chrometogrephed on
Grade III ecid elumina (6 gms). Elution with chloroform~benzene

(3: 7 - 2: 3) afforded the alcohol A (B43) (56 mgs ), m.pe 313 - 317°
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% : s s
(from chloroform-petrol),{a] p = 72° (6 1.00 ih pyridine),v SHClg
3465, 1783, 1720 cm™ . (Found G, 66.73; E, 6.63. 0,; Hg, Og requires
C, 66.92; H, 6.66%).
Elution with chloroform-benzene (1: 1 - 3: 2) gave the alcohol B

(B44) (84 mgs) which, slthough it wes homogeneous as judged by thin~leyer
chrometography, feiled to crystallise v igzlﬁ 3620, 3575, 1783, 1756, 1732.
em=1,

Acetate A (B45)

The alcohol & (B43) (50 mgs) wes dissolved in pyridine (1 ml),
"Afnelar" ecetic anhydride (1 ml) added and the solution ieft et room
temperature for 12 hours. The usual work-up gave a miature which was
chromatogrephed on Grade III acid alumina. Chloroform-benzene (1; 9)
eluted the scetate & (B45) (35 mgs), m.p. 141 - 144° (from chloroform-
petrol), [c;]D - 829 (C 1.22 in chloroform)V ggf{ls 1780, 1737 cm~L.

(Found €, 65.33; H, 6.57. Chg Hzy Og & HEO) requires C, 65.05; H, 6.58%).

Acetate B (B46)

The slcohol B (B44) (44 mgs) wes dissolved in pyridine (1 ml),

| "inaler" ecetic snhydride (1 ml) added and the solution was left at room
temperature for 12 hours. The usuel work-up afforde’d the _ecetate B (B46)
(35 mgs), m.p. 259 ~ 262° (from chloroform-petrol), [o']D,- 13° (C }.12 in
chloroform), v CHClz 1783, 1739 em~l. (Pound C, 65.60; H, 6,47.

Cog Hzy Og (3 Hzo‘) requires C, 65.05; H, 6.58%. After prolonged drying
at 100° for 60 hours: Found C, 66.04; H, 6.40, Cpg Hzq Og requires

C, 66.14; H, 6.51%).,
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Hydrolysis of lcetates A and B to Alcohols A and B

The scetetes A and B (10 mgs) were in turn hydrolysed with 5%
methanolic potessium hydroxide (1 ml) at room temperature for one hour.

The usual work-up afforded alcohols A end B without methylation (same

Rf values on a chromatoplate).

Oxidation of Alcohols A eand B to the Isotriketone.

The alcohols A and B were in turn oxidised by 7.5N chromic acid
to afford the isotriketone, m.p. 297 - 299° (no depression with authentic

isotriketone).

Dihydrotriketone (B47)

The triketone ester (B18) (110 mgs) was refluxed with zinc dust
(12 gm) in "Analer" acetic acid for 2 hours. The usuel work-up efforded
a gum (110 mgs) which was filtered through Grade IV acid alumina in
chloroform to give the dihydrotriketone (B47) (78 mgs), m.p. 221 - 223°

(from ethyl acetate-petrol),tal p - 254° (C 1.63 in chloroform)V gggls

3611, 3538, 1739, 1716 em~l. (Found C, 66.46; H, 6.93. Cyq Hz, Og

requires C, 66.93; H, 6.66%).

Oxidetion of the Dihydrotrik~tone (B47) to the Triketone (B18)

The dihydrotriketone (B47) (10 mgs) was oxidised in the usual

menner with 7.5N chromic scid. The usual work-up efforded the triketone
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(818), m.p. 227 - 281° (identicel with authentic semple in I.R., m.p.,

m.m.p., and Rf value).

Isodihydrotriketone

The dihydrotriketone (B47) (42 mgs) in dioxen (0.8 ml) was treated
with 5% methenolic potassium hydroxide (0.8 ml) for 30 minutes at room
temperature. The usual work-up afforded an scid which was dissolved in
methanol and trested with an excess of ethereal diaszomethane. The product
was chromatographed on Grade IV acid elumine. Chloroform-benzene (1; 4)

eluted crystalline isodihydrotriketone (30 mgs), m.p. 269 - 263°, (from

chloroform-petrol), [¢];  115% (¢ 0.91 in chloroform)v CHCl3 1783,
1738, 1717 cm~!. (Found C, 65.89; H, 6.80. Cyq Hzo Og (% HZO) requires

C, 65.72; H, 6.74%).

The Attempted Oxidation of Isodihydrotriketone

The isodihydrotriketone (6 mgs) wes oxidised in the usual menner

with 7.5N chromic acid. The usual work-up afforded jsodihydrotriketonse,

m.p. 257 - 263° (identicel m.p., m.m.p. and Rf value ).
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PART II

THE CONSTITUTION OF NIMBIN



The Constitution of Nimbink

Nimbin isolated? from various parts of the nim tree (Melie azadirechta

Linn) has been previously investigeted by Nerasimhen® and by Sengupte et 3_1._4
who concluded that it hsd the moleculer formulsa 029 H56 O9 or CSO H36 09,
contained a furan ring, e methoxyl, two carbomethoxyl, one acetate groups,
an;#,‘5unsaturated ketone and is bicarbocyclic since 1, 2, 5 trimethyl-
naphthalene was isoleted from dehydrogenation experiments of & lithium
eluminium hydride reduction product. The products of slkaline degradetion
end pyrolytic experiments established thet nimbin hed the part structure

(c2) or (€C3). The moleculer formulea, Czq Hag 09,5 has recently been
~confirmed by mass-spectrometry,

We heve re-examined the sbove evidence and on the basis of additional
chemicel end nucleer magnetic resonance (spin-decouplings) studies conclude
that nimbin (Cl) is & novel tetranortriterpenocid in which ring C is clsaved.

The nuclear megnetic resonence spectrum has confirmed the functionel
groups in nimbin. It shows the presence of three quaternery methyl groups
(t8.73, 3H, singlet, end T 8.66, 6H, singlet), and one vinyl methyl
(t8.33, 3H, doublet, J = 2 c.p.s.), one ecetate group (17.98, 3H, singlet),
two cerbomethoxyl groups (T6.38 and T 6.28, 3H each, singlet ) and one
B-substituted furon ring (t2.72, 2H, multiplet and T 3.68, 1H, diffuse
singlet ), In the infra-red, nimbin shows ebsorptions at 1739 (&, 1,260)

(two cerbomethoxyl, one ecetete groups), end 1688 (€, 632) (4, p unsatureted

ketone ) em~l in carbon tetrechloride solution. Nimbin does not contaein

-1 .
& hydroxyl group (sbsence in the infrared of bends sbove 3,000 em™*) which
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sugrests that the remaining oxygen function is present as en ether,
This cen be confirmed by the nuclear magnetic resonance spectrum (see
gequel).

The above functional groups sccount for all the nine oxygen atoms
present in nimbin.

I*Iydrogeznation:5 of nimbin over 10% palladium charcoal results in the
uptaeke of three moles of hydrogen to yield crystalline hexahydro-aimbin (c4),
m.ps 202 ~ 206° which from its nuclear magnetic resonance (vinyl methyl,
8.2, 3H, doublet, J =2 c.p.s,) and its ultraviolet sPectré (N mex
213 m)p, € 4,900) must contein an isolated double bond. Nimbin is therefore
tricarbocyclic and its basic Cyg carbon skeleton, the B-substituted furan
ring end its five C-methyl groups (three st quaternary carbon atoms, one
on an olefinic linkage, and one oxidised to a carbomethoxyl group ),
suggests a biogenetic relation to limonin’.

Mild hydr'olys:'Ls‘rss.‘]t of nimbin affords nimbic acid in which both the
carbomethoxyl end the acetate groups have been hydrolysed. The treatment
of nimbic acid with diszomethane yields desacetyl nimbin (C5), mepe 206 = 210
v ggg‘t‘l 1687 (&,(Bunsaturated ketone ), 1743 (cerbomethoxyls) cm™l. When
nimbin is trested further with base, & mixture of écids weas obtained
whose derived methyl esters were separated by chromatography using gradient
elution. It has been proved4 that these esters A,. B, and C are isomeric,.
Cog Hzp Og, formed by the ready decarboxyletion of nimbic ecid. BEster
A (C6), m.p. 138 - 142°, is the p.) unsetureted ketone v .. (nujol)

3500 (hydroxyl) 1735 (carbomethoxyl) 1710 (cyclohexenone ) em~! end ester

B, m.pe 153 - 155° and ester C, m.p. 148 - 1550 (¢7) are the ., [ unsaturated
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ketones which are epimeric at the carbon atom Y to the ketoﬁe, V oex (nujol)
3500 (hydroxyl), 1740 (carbomethoxyl), 1690 (¢, p unsaturated ketons) em™t.
The decarboxyleation does not occur when hexgré?znimbin (C4) is treated with
alkali,

The above experiments can be expleined if nimbin hes the part structure
(c8). This cen be confirmed by nuclear megnetic resonence spectroscopy.
Nimbin conteins and, punsaturated ketone with the carbon atom y to the
ketonic function fully substituted. This follows since the vinyl protons

of nimbin form a typical A B quartet (7T3.68, ¥4.15, 2H, doublets,

Jy,n = 10 c.p.s.) and are not further coupled. In the nuclear magnetic

AB
resonance spectrum of the acetete of the sbove ester B (C9), m.p. 1;78, - 180°,
[, + 1789, the vinyl protons still form an A B quartet (g 3.52, 1 4.20)
but now are further coupled with the new proton et C, which itself couples
with the new secondery methyl group (t8.73). This confirms the previously
inferred? substitution ot position C, end if we assume & euphol-derived7
structure, places the enone and one carbomethoxyl group in ring A,

The relation of the second methoxy-cerbonyl group to the enone system

. 5,4 :
emerges from the constitution of pyronimbic acid ’  (C10), Cos Hog Op0

m.p. 252-39, y 212213 1652 (olefinic linksge), 1747 (enol a-lactope) em™1,

A max 280 M (€9,500), the neutral pyrolysis product of nimbic acid. The
nucleer magnetic resonsnce spectrum of this compound shows an A B quartet

erising from Hy and H, consisting of a sharp doublet (H,; T4.49, 1H,

Jyg = 7 c.p.s.) end a multiplet (Hs; T4.,20) attributable to coupling
with H,, H5 (17.12) and the vinyl methyl group at G4 (Tt 7.83). Cyp

is therefore tetrasubstituted and 05 trisubstituted. The absence of the
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ketonic end cerboxyl groups and the formetion of the enol-g-lactone sugge st
the ketone end the carboxyl group are situated in en., Srelationship with
respect to one another end thus ring C must be cleaved to provide the
carboxyl function for enol-lectone formetion.

Mild hydrolysis of hexehydronimbin affords hexahydronimbic acid. &n
attempt was made to ocetylate the acid which resulted in the formetion of
a neutrel enol-lectone, y-lactone (Cll), Cpg Hzp Og, m.p. 252 - 254°,
[O‘]D +13°, vgg}cﬁl 1650, 1768 (y-lactone), 1797 (enol-d-lactone), formed
by the lactonisation of the two carboxyl groups with the enol of the Cj
ketone and with the hydroxyl formed by the hydrolysis of the original
acetate. This fixes the position of the hydroxyl group y to the C4
carboxyl group at Cg. The nuclear magnetic resonence spectrum of the
dilactone shows the proton Hy to be & quartet centred at < 5,44 which is
coupling with Hg (T7.18, 1H, doublet, Jz o = 12 c.p.s.) &nd H, (T5.68,
1H, doublet, J6—7 =3 c.p.s.) neither HS nor H7 being otherwise,ooupled.

These observetions demonstrate the configuration of the protons

attached to Cg, C C7 (axial, exiel, equetoriesl) and the absence of

6)

hydrogen atoms ot Cqg and C end the locetion of oxygen functions at G6

10
(lactone) end C7 (ether). This XAB system is clearly present in several
nimbin derivetives; the X component appeers at remarkably low ficld in
nimbin (1t 6.34) where it is "hidden" by the carbomethoxyl, and in the
diethyl ester (T6.3), (C12), Czp Hao0 9, m.p. 174 - 176°, [a]p + 106°
prepared by ethylation end acetylation of nimbic acid but moves upfield

(T7.15) in pyronimbic acid and in the decarboxylated derivative (C9)

(T 7,75),
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Further support for the structures of rings A and B emerges from
the hydrogenation of hexahydronimbin over Adem's catelyst in acetic ecide
This results in the formation of the fully setursted §~-lactone (C13),

Cpg Hyp Ogs m.p. 269 - 271°, ] ¥ 0,y fng}lczx 1755 (b-lectone), 1738
(cerbomethoxyl snd acetate) whose formation supports the acetic acid
side-chein et Cg in nimbin. This also follows from the nuclear megnetic
resonence spectrum of the 1,6-dione (Cl4), m.p., 155 - 1579, [c]D +139°,
v pex(nujol) 1680 (L, p unsaturated ketone), 1730 (cyclohexenone, cerbo-
methoxyls) om~! prepared by the oxidation of desacetyl nimbin (C5) with
chromium trioxide in pyridine. The nuclear megnetic rescnance spectrum
shows the multiplet (2H) centred et T6.8 from the €y, methylene group
collapses to o narrow band on irradiation of H9 (g 7.62).

Thus the portion C,, Hy,g Oy (allowing for the B-substituted furen)
has been accounted for leaving the portion 06 H7 which contains the
isolated double bond still to be assigned.

Originelly, it was thought thet the olefinic linkage in nimbin waos
trisubstituted (¢ 8.33, 3H, doublet,,J = 2 c.p.s., vinyl methyl; 1 4.42,
1H, multiplet, vinyl proton). By spin-decoupling experiments of the
hexehydro dilectone (C11) cnd pyronimbic acid (C10) it was shown that the
downfield proton ( g4.42) was coupling to the vinyl methyl group (= 8.20)
end with & methylene group (T 7.80) which in turn couples with a proton
ot 16.20 which from its chemical shift wes thought to be the proton on
the carbon stom heving en oxygen (ether) function on it. This leads %o
part structure (Cl5) which in turn suggests formula (C16) for nimbin.

It is difficult to derive o biogenetic pathway for this compound and



attempts were made to perform chemical reactions on the olefinic linkage
The isoleted double bond in nimbin is hindered es shown by the failure

of hexydryonimbin either to osmylate or to react with diborame, The reaction

of diborene on nimbin results in e mixture of scids (ceused by the elkaline

work-up) which on further treoctment with base and re-methylation affords

the diol (C17), m.p. 125 -~ 129° formed by the reduction of the cnone

system. This is proved by the disappearence of the o(,B unsaturated ketonic

group in the infrered and by its resppearance on oxidation. |
While our work on the chemistry of nimbin was proceeding, ’péperss’g

by & group =t the Netional Research Laboretory, Poone, appeared which

agreed with the proposed structure of rings A and B but suggested thet the -

olefinic linkege wes tetrasubstituted and that Hyg (T 4.42) was codpiing

" with the methylene group st C1g (g 7.80), with the vinyl Cyg methyl group

( T8.20) end with the methine proton Hy; (% 6.20). The last two are

long-ranged or homoallylic couplings. &lthough the H15 proton is very

low, the Indisn workers gave enalogous velues for protons in similer

environments 10 .

In the light of our mors extensive nuclear megnetic resonence studies
with Saelennin (see part III) in which the moleculeaw fragment under
discussion also features, we concur with the conclusions reached by the
Indien group, so fer os this portion of the molecular is concernede

Thus nimbin hes the structure (C1) in which the only uncertainty is
the configuration ot Cyqe The Indian workers su.ggested9 that the carbo-

methoxyl group is axial, B, on the grounds thet the methyl group ot (!4

is deshielded by the hydroxyl group in desccetyl nimbin which would
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require & 1,3 diequetoriel disposition of the two groups, We prefer the
derbomethoxyl group to be ¢ (equatorial) since in the eagy formetion of
the enol-lectone-Y-lectone (Cli) e cis y-lectone is produced. This is
confirmed in the similerly constituted salannin (part III) where reasons ar
ere given for a cis-fused ether ring.

During the course of the investigotions into the chemistry of nimbin,
two reaction products were obteined to which no structure can reasonably
be ossigned on the' ®¥aileble chemical evidence.

Treatment of desacetyl nimbin (C5) with phosphorous oxychloride,
resulted in the formetion of en acid whose derived methyl ester, m.p.

202 - 205°, showed absorptions in the inf{rared at 1687, 1740 em™} which
sugges'té thet the &, pi;tnsaturated ketone group is still present, The
nuclear megnetic resonence spectrum confirms this since the vinyl protons
form the typical A B quartet (T3.60g4.11; J;p = 10 G.peSes)s Llso shown
are two queternary methyl groups (T 8.74, 8.66, 3H each, singlets), one
vinyl methyl ( 78.48, 3H, doublet, J = 1.5 c.p.s.) and three carbomethoxyl
groups ( ¢6.36, 3H, singlet; <T6.30, 6H, singlet). This suggests the
loss of & quoternsry methyl group but more secure assignments will have
to ewait the use of nuclear megnetic resonence spectroscopy at 100 Mc/s
end double irradiation.

The second unassigned product srises from the treatment of hexahydro-
nimbin with g-naphthelene sulphonic pcid. This results in the formation
of & diene, m.p. 265 - 267°, (3 298 m/w). The compound analysed for
029 Hzg Og which was confirmed by mass spectrometry (mol, wt. 496,2461).

Thus the compound is formed by the elimination of the elements of methenol



end weter to form e lactone v Slgifl 1662, 1717, 1732, 1751, 1797 cm']'. The
nuclear megnetic resoncnce spectrum shows only one cerbomethoxyl ot - 6.62
ond methyl groups et T8.71 (3H, singlet), <18.54 (6H, singlet), T 7.98
end T7.88. Thet the compound is o lactone was confirmed by the hydrolysis
of the diene end remethylation. The infra-red of the hydrolysis product
showed the disappeerance of the 1797 em™! bund end the nuclear megnetic
resonence spectrum confirmsd the presence of two cerbomethoxyls ( 16.48,
T6,29. 3H, singlets). - The mode of formetion of the dieme is uncertain

and will heve to await the results of further chemical work.
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Experimental

Isolstion of Nimbin and Selannin

Nim-o0il (1 Kg.) wes dissolved in benzene-petrol (1: 3) ( 1 litre) and

chromatographed over alumina (3 Kgs deactivated with 240 ml of 10%

acetic ecid in weter. The column was washed with petrol (4 litres) which

eluted fats and then ether-petrol (1: 9 - 9: 1) to afford nimbin (540 mgs).

The rusiduc obtcined by removal of solvent from the mother liquors (170 gms)

was rechrometographed on Spence alumina (3 Kgs.) deactivated as &bove,

The column wes eluted with petrol, ether-petrol (1: 9) and finally by

grﬁdient elution ether (3 litres) into ether-petrol (1: 5) (3 litres)

The crystellisation of the earlier fractions from methenol afforded

nimbin (1.9 gms) m.p. 201 -~ 204° (reported 20597 ) v 8014 1739 (carbo-

methoxyls ond acetete) 1688 (&, p unszturated ketone) em™L.
Crystallisation of the later fractions from ethyl acetate-petrol

afforded salennin (9.45 gms) m.p. 167 - 170°, [G]D +167° (C 1.2 in

chloroform) y $2i4 1710 (tiglete ester), 1743 (ocetate and cerbomethoxyl)

em~l. (Found C, 68.48; H, 7.51, C, H

5g By Og requires C, 68.44; H, 7e43%),

Hexehydronimbin (C4)

A solution of nimbin (520 mgs) in ethyl acetate (20 ml) was shaken
in en atmosphere of hydrogen in the presence of 10% pelladium-charcosal
(315 mgs) for 12 hours et atmospheric pressure. The uptake of hydrogen

was 69 ml, The solution was filtered and the solvent removed in wvacuo
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to efford hexahydronimbin (C4) (510 mgs) which was orystallised from

tete~petrol (350 - )
ethyl ecetste-petrol ( mgs), Mm.p. 202 - 206° A nax 213 m AL, (&4,900)

Hydrolysis of Nimbin

Nimbin (485 mgs) wes hydrolysed with 10% potassium hydroxide in
90% equeous methenol (5 ml) at room temperature for 2 hours. The
solution was acidified with 6N hydrochloric acid and the crystalline
nimbic acid (380 mgs), m.p. 149 - 1520 was filtered. The mother liquors
were extracted with ethyl acetate to afford & further crop of nimbic

ecid (90 mgs).

Desacetyl Nimbin (C5)

L ]
Nimbic acid (20 mgs) wes dissolved in methenol end an excess of

ethereel diszomethene added. The removal of solvent afforded desacetyl

CCly

nimbin (18 mgs), m.p. 206 - 210° (from ethyl acetate-petrol) vy ok

1687 (d-,[%unsaturated ketone ), 1743 (ccrbomethoxyls) cm'l.,

Diethyl Nimbin (C12)

Nimbic escid (138 mgs) was dissolved in ethanol, en excess of ethereal
diazoethane added snd solution left at room tempersture for 12 hours,
The removal of solvent geve a gum which was acetylated with aéetic
onhydride (2 ml) in pyridine (2 ml) for three hours &% 95°, The removal

of solvent gave a gum which wes chromatographed on Grade IV acid alumine,.
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Benzene eluted meteriel (120 mgs) which crystellised from ethyl acetate-

petrol to afford diethyl nimbin (C12) (70 mgs), m.p. 174 - 176°, [o]p

+106° (C, 1.2 in chloroform). (Found C, 67.82; H, 7484, Cgp Hyy Og

requires C, 67.59; H, 7.09%).

Oxidetion of Desacetyl Nimbin

To a solution of desacetyl nimbin (80 mgs) in pyridine (2 ml) was
added o solution of chromium trioxide (200 mgs) in pyridine (4 ml).
After two hours, methenol (0.5 ml) was edded and the mixture wes worked-
up in the ususl way to offord & yellow oil which was chromatogrephed .over
Grade IV acid alumina (3.5 gms). Benzene elutéd, first, a colourless
"3311y" (20 mgs) which was not further investigeted and finelly the
erystelline 1,6 dione (Cl4) (35 mgs), m.p. 154 - 157° (from ethyl

acetete~-petrol), [g]n +139° (C 1.4 in chloroform).v (nujol) 1680

mex
., p unsotureted ketone ), 1730 (cyclohexenone, carbomethoxyls) cm"l_.

(Found C, 67.70; H, 6,79, Cog Hzp Og requires C, 67.73; H, 6450%).

Decarboxylation of Nimbic Acid

Nimbin (1 g) in 5% methenolic potassium hydroxide solution (50 ml)
wes refluxed under nitrogen for one hour. The usual work-up afforded
8 yellow gum (910 mgs) which was dissolved in methenol end methylated
with on excess of diszomethene. The mixture of esters was chromatographed
on Grade III scid alumina. The column wes eluted with petrol-benzene

(1: 1) and then by gradient elution ether (2 litrss) into ether-petrol

-0
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(1: 19, 1.5 litres) , 50 ml fractions being taken. The fractions
27 - 29 contained ester A (C6) (57 mgs), m.p. 138 - 1420 (from ether-

petrol), v .. (nujol) 3500 (hydroxyl), 1735 (cerbomethoxyl), 1710

(cyclohexanone ) cm-1,
The fractions 33 - 35 contained ester B (C7) (72 mgs), m.p. 153 - 1550

(from ether-petrol), vy nax (nujol) 3500 (hydroxyl), 1740 (carbomethoxyl),

1690 (4,p unseturated ketone) cm~i.
The crystellisetion of fraction 36 from ether-petrol efforded
ester ¢ (C7) m.p. 148 - 153°, v . (nujol) 3500 (hydroxyl), 1740

(carbomethoxyl ), 1690 («, p unsaturated ketone) cm™L.

iicetate of Ester B

Ester B (72 mgs) wes dissolved in pyridine (1 ml), scetic anhydridé
(1 ml) aedded and the solution was heated under nitrogen on the steem-
beth for 1,5 hours. The removel of solvent afforded a gum which was
chrometographed on Grade IV acid alumino. Benzené‘*elu’ced the acetate
of ester B which on crystallisation from chloroform-petrol had m.ps -
178 - 180° (with previous sublimation &t 165-89) (57 mgs),[a]D +.178°
(C, 2.0 in chloroform). (Found C, 69.74; H, 7.26. Cog Hzq O7 requires

C, 69.69; H, 7.10%).

Pyronimbic Acid (C10)

Crystalline nimbic acid (72 mgs) was sublimed at 200° end 2 m.m.

pressure, The sublimed meteriel was recrystallised from methanol
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to afford pyronimbic ecid (C10), (37 mgs), m.p. 252-30 y CmaH?cl3 1747

(enol-$-lactone) em~L. X\ ;0. 280 mu(€, 9,500) .

Preparation of Hexehydronimbin Dilactone (C11)

Hexehydronimbin (200 mgs) wes hydrolysed with 10% methanolic
potassium hydroxide et room tempercture for 5 hours. The solution wes
acidified with 6N hydrochloric acid and extracted with ethyl ancetate,
The removel of solvent afforded a gum (195 mgs) which was treated with
acetic enhydride-pyridine (3; 4.5 ml) for two hours at 1109, The
removal of solvent geve & gum which was chromatographed on Grade IV
acid elumina. Benzene-chloroform (1: 1) eluted & yellow gum (130 ngs )

which crystallised from ethyl acetete to give the hexchydronimbin

dilectone (C11) 105 mgs) m.p. 252 - 2549, [a]p + 13° (C, 1.4 in
chloroform),v CCl4 1797 (enol-d-lectone), 1768 (Y-lectone) em-1,

(Found C, 70.66; H, 7.74. C,g Hsy Og requires C, 70.89; H, 7.32%).

Hydrogenation of Hexahydronimbin

Hexehydronimbin (155 mgs) wes dissolved in scetic ecid (20 ml),
Adem's cotalyst (360 mgs) cdded and the solution shaken in an atmosphere
of hydrogen at atmospheric pressure for 16 hours ot room temperature..
The solution was filtered and the solvent removed in vacuo to give the

fully saturated lnctone (C13), m.p. 269 - 271° (from ethyl acetato=

~1
other) vy %g}c‘l 1755 (&-lectone), 1738 (carbomethoxyl and scetate) cm™ .

(Found G, 66.80; H, 8.36. Cpg Hy, Og Tequires C, 67.16; H, 8.16%).



Reaction of Diborene on Nimbin

Diporane, generated from the nddition of a solution of sodium
borohydride (254 mgs) in diglyme (5 ml) to & solution of boron~
trifluoride etherate (2.2 ml) in diglyme (3 ml) was passed into the
reaction flask conteining nimbin (255 mgs) in dry tetrahydrofuran (10 ml)
in en atmosphere of nitrogen st 0 - 1°C. The reaction mixture was
stirred for 2 hours et room tempercture. To the mixture was added
methenol (2 ml), 10% aqueous sodium hydroxide (2 ml) and 30% hydrogen
peroxide (2 ml) end stirred for 2 hours. The alkeline solution was
acidified with dilute hydrochloric acid and worked-up in the usual
wey to afford an acid which wss treated with diazomethane,
Crystallisation from ether-petrol gave the diol (C17) (180 mgs),

m.p. 125 -~ 129°, Oxidetion of the diol in the usual manner efforded

the 1,6 dione (C1l4) (identicel I.R.).

The Reaction of Phosphorous Oxychloride on Desacetyl Nimbin

Desacetyl nimbin (57 mgs) was dissolved in pyridine (5 ml) to
which redistilled phosphorous oxychloride (0.5 ml) was added in the
cold and the mixture was kept at 0° for 1 hour. The solution was
poured into cold sodium bicerbonate solution end extracted with
chloroform. The bicearbonete solution was ecidified with dilute
hydrochloric ecid end extracted with ethyl ecetate which on
The ecidic material

evaporation afforded acidic meterial (35 mgs).

was methylated with diczomethane to afford crystalline trimethylester
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(29 mgs), mepe 202 - 205° (from ethyl ecetate-petrol),y CCly 1687,

1740 cm~l. (Found C, 59.32; H, 6.34%).

Hexehydronimbin Diene,

g-naphthalene sulphoric ecid (15 mgs) in "Anelar" benzene was
heeted in e Dean ond Stark epparatus for 15 mins. The solution was
nllowed to cool, hexshydronimbin (60 mgs) edded and solution refluxed
in the dark for 3 hours. The reaction mixture was filtered, benzene
removed end the product scpereted on & preperstive chromatoplate,

chloroform being used a&s solvent., Hexehydronimbin diene (33 mgs)

crystellised from ethyl ecetete-petrol. m.p. 265 - 2679, ’>‘max 298 mu.
v L 1662, 1717, 1732, 1751, 1797, (Found €, 70.42; H, 7.48.

Cog Hzg Op requires G, 70.14; H, 7.31%).

Hydrolysis of Hexshydronimbin Diene

Hexohydronimbin diene (25 mgs) was hydrolysed with 10% methanolic
potassium hydroxide st room tempercture for 2 hours. The usual work-up
efforded en ncid which wos methyleted with diezomethane to afford

crystolline meterinl (17 mgs), mep. 189 - 191°, [Q]D +81° (C, 2.2 in

-1
chloroform), X\ .. 290 mu, vy glg};; 3572, 1746, 1719, 1663 em™ . (Found

. . 3%),
C, 67.75; H, 7.79. Cg, H, O requires C, 68.16; H, 7.6 )
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PART III

THE CONSTITUTION AND STEREOCHEMISTRY OF SALANNIN



The Constitution and Stereochemistry of Salennin.l

During the isoletion of nimbin from nim oil, Athe seed oil of Melia
szedirachte, e new related "modified triterpene" wes obteined, which hes
been celled selennin and for which the constitution and stereochemistry
(1) is proposed on the following basis.

Salamnin m.p. 167 - 170°,[n] D + 1679, analysed for 034 Hyy 09. Its
nuclear megnetic resonance spectrum showed the presence of three queternery
methyl groupe ( T9.0, 8.77, end 8,68; 3H each, singlets) and one vinyl
mothyl group (7T8.31; 3H, doublet, J & 1.5 c.p.s.), one cerbomethoxyl
group (T6.72; 3H, singlet), one acetate group ( ©8.02; 3H, singlet),
one tiglete ester (T3.0; 1H, multiplet end T 8.0 ~ 8.25; 6H, oharecteristip
multiplets at 100 Mc/s), end one 6-substituteé furen ring (2.7; 2H,
multiplet end T 3.67; 1H, diffuse singlet), .

In the infrered, salannin showed sbsorptions in cerbon tetrechloride
solution et 1710 (& 480, tiglate ester), 1743 (1,046 ecetete end methyl
estor) and 1653 (olefinic linkege) em~l. Selennin does not contain e
hydroxyl group (sbsence of infrared bends ebove 3000 om™}) or & ketone
or sldehyde function (quentitetive eveluetion of the cerbomyl ebsorptions
in the infrared) so that the two remeining oxygen atoms ere probebly
present as esthers.

Alkeline hydrolysis of salennin leads, after methyletion, to &
mixture of two compounds, e hydroxy-tiglete (p3), Cso Hyp Ogs» mePe
215 - 21690 ] [ + 1870, v 8024 3600 (free hydroxyl), 1742 (methyl
ester) end 1717 (tiglate ester) om~l in which only the ecetate function
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hes been hydrolysed end a diol (D2), Cpo Hye 0, m.p. 201 - 2050‘[“]D + 1850,
v ?ng};} 3465 (bonded hydroxyl), 1718 (bonded methyl ester) om™' in which al
both the tiglate ester and the acetate group have been hydrolysed. Prolonged
treetment of the diol (D2) with ecetic enhydride - pyridine results in the
discetate (D4) Cgp Hyg Og, meps 230 - 234%,[c] ; +126%, v €12 1743 (acetetes
end methyl esterj em~1,

The common botanical source and the similerity of several functionel
groups suggested a close structurel reletionship between nimbin end selennin.

In particuler, two features present in nimbin could easily be discerned
in the 100 Mc/s nucleer magnetic resonsnce spectrum (Fig. I) of solennin
diecetate (D4). First, the structure of rings C and D were fully supported
as follows: H15 is coupled equally with the two protons of the methylene
group et C ¢ (J15-16 =7 c.p.s.), with the vinyl (C26) methyl group
(J15,26 =2 c.p.s.) end with the methine proton Hyy (Jy5 17 = 2.5 c.p.rs.')..-
The lest two are homosllylic couplings2 .

This follows from the observetions thet H15’ a diffuse multiplet
centred et T 4.51 (T 4.42 in nimbin) simplifies to a triplet of doublets
upon irradiation et the C,g5 vinyl methyl group gt T 8.35 (T8.4 in nimbin).
Removel of the major (Jy5 15 7 CePese; On,5 B ¢ = 20°% Om, Byl = 1400)
coupling by irredistion at T 7.82 (Cyg methylene) left Hyg 8s 8 very
nerrowly spaced quertet.

Second, the 05 - Cg - Cq carbon chein resembles thet of nimbin in

the following menner. The proton Hg (a quertet centred et T6.0) is

)

otherwise cou_pled .

coupled, &g in nimbin, to two neighbours: Hg (¢ 7.22, Jg_g = 13 Cepese

end Hy (1 5.82, Jg_q =3 c.p.s.) neither Hg nor H, being

~CCa



These observations demonstrete the configurations of the protons attached
to Cgs Cgo 07 (exiel, exiel, equetorial) end the absence of hydrogen etoms
ot 08 gnd C10 and the locetion of ether oxygen stoms et C6 and 07.

The second ether ring, (that not present in nimbin) would terminete
most probebly et Cpz. 1In fect, the Coz methylene group gives rise to o
kB quertet (T 6.25, 6.42, 2H, J = 8.5 c.p.s.) et the expected position.
The A brench (T 6.25) has e smell (less then 1 c.p.s.) *J coupling® with
the methyl group et C,, (1t 8.78).

On the ossumption thet ring C is cleaved ¢s in nimbin to genersate
en scetete side chein atteched at Cg [Hg (T 7.30 couples with one proton
(t 7.82) st 011]’ the two ester functions (scetete and tiglete) must be
loceted between Cl end C5 in selennin, They cennot be on adjecent carbon
etoms since the ¢ protons ere not coupling yvith each other but couple
individually with en intermedieste methylene group et C, (¢ 7.56, JAXz =
JBY2 =3 c.p.s.). The tiglete must be st Cl end the acetate group &t
CS’ rether then the reverse, for the following reason. The methyl ester
CHz resonances are ebnormelly high in sslannin D1 (t6.72) end the
hydroxy-tiglete D3 (T 6.78) but normel (g 6.40) in the diol D2, suggesting
the tiglate function shields the methyl ester protons end must therefore
be et C;. In the discetate the CHz resonance is agein gbnormally high
(T6.68) suggesting it is the carbonyl group end not the olefinic linkage
of the tiglete which is shielding the methyl ester protons.

Confirmetion comes from i) the fact that the methyl ester cerbonyl

. cCl
group is unbonded in dilute solution in the hydroxy-tiglate (D3)y oyt

-1
1742 em-1 but is hydrogen-bonded in the diol (D2), v CCls 1718 om=t end
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ii) the preferentiel hydrolysis of the less hindered scetate at e

Thus, the structure D1 for sslennin has been derived end there

1 CS’ and 015.

The C, stereochemistry cen be such es to produce & cis- or & trens-

only remeins for discussion the conf’iguratibn et 04, C

fused ether ring with theq - (equetorisl) hydroxyl et Cg, corresponding
respectively to the oxidation of the equetorisl or exiel methyl group of
the gem-dimethyls of C,. [ cis-fused ether ring is preferred for the
following reesons. The diol D2 is oxidised to & ketol (D5) Cpq Hg, Oo,
m.p. 253 - 2550,‘;c] p t160%y 32213 1719 (hydrogen bonded methyl ester
end cyclohexanone ) cm“l, formed by oxidetion of only the 03 hydroxyl
group. Comperison of the methyl group resonences of this hydroxy-ketone
with these in the diol (D2) shows thet the newly introduced carbonyl
group exerts & merked deshielding effect on the sz end 024 methyl
groups. A trens-fused C; - Cpz ether ring would impose & quasi-boet
conformetion on ring A. In the most steble form of this (Dreiding
model) the C,, methyl group would be strongly shielded? by the Cz cerbonyl
group, contrary to the observaetions. With & cis-fused ether ring, the
024 methyl group is in the plene of the Cg carbonyl group and therefore
negotively shielded, as observed. On this basis, end consequently
essumption of e cheir ring A, the ester functions at C; &nd Cg must
both be exiel to cccount for the smell coupling constents (7 c.p.s.)5
of the C; end C; proton multiplets in the nuclear megnetic resonance
spectrum of the discetate D4 (fig. I).

The 015 configuration can be inferred from the 025 methyl group

resonsnce in selennin and its derivetives. This is consistently the most
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deshielded (T 8.62 - 8.72, teble I) of the quaternary methyl groups
end must owe its large paramagnetic shift to the isolated 015 - 014
tetrasubstituted double-bond.® The optimum geometry for such a large
shift (methyl group in plane of olefinic double bond) results when the
Cig hydrogen has the « configurstion. Thus the structure and stereochemistry
of selennin is as shown in D1,

Because of the merked similarity between salannin and nimbin, en
attempt wes made to correlete them., The method en%risaged for this was to
oxidise the methylene group of the tetrehydrofuran in salennin to the
Y -lactone end to form thee,p-unsatursted ketone in ring A.

First, an attempt wes made to oxidise the tetrahydrofuran of salannin
to the corresponding Y ~lectone with chromium trioxide in ecetic acid.

This resulted in & mixture of six compounds from which by chromatography

e more poler compound, y gg}(él 1650, 1710, 1740, 1760, 1795 om™t could be
isoleted which was reasonably pure, as judged by thin layer chromatogrephy.
Unfortunetely, this compound feiled to crystellise end was not further
investigated,

Secondly, the method envisaged to form the J, 3 unsaturcted kotons in
ring & was to trest the diol (D2) with toluene-p-sulphonyl chloride to
form the monotosylate (D6) at the less hindered Cz position, %o oxidise
the alcohol et Cy to the ketonic function end, finslly, to eliminate
the elements of toluene-p-sulphonic ecid by refluxing the keto~tosylate
in collidine to form the enone function.

Since the oxidation of the tetrahydrofuren hed failed %o yield

the desired product, it was decided to reduce nimbin with lithium
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aluminium hydride to afford the tetrol (D7) which on trestment with

}
0
b
i
i

4

toluene-p-sulphonyl chloride would readily form the primary toluene=-

g

p-sulphonates at 04 and Cll' This intermediste would be expected7 %0

eliminate the elements of toluene-p-sulphonic acid readily with formation
of the tetrehydrofuran ring involving carbon atoms 04 and Cs. The enone iﬁl
derived from selennin on lithium aluminium hydride reduction end attempted \
tosylation would be expected to afford the same product (D8).

The treatment of the diol with toluene-p-sulphonyl chloride afforded

Hy, Oy mep. 165 - 1679, v x (nujol) 3380,

the monotosylate (D6), C o

34
1730, 1370, 1180 em~l.  The monotosylate had bands in the nuclear megnetic
resonence spectrum at T 2.2 - 2.7 (4H, aromatic protons, multiplet),

5.3 (1H, triplet, H -(:J - 0Ts) and 7T7.58 (3H, singlet, aromatic C_I_{S). |
The product of chromium trioxide-pyridine oxidation of the
monotosylate showed, in the nuclear magnetic resonence spectrum, the
disappearance of the tosylate group and the presence of doublets at |
T2.92 end T 4.1 (2H, doublets, J = 10 ¢.p.s.). The infrared confirmed
the loss of the tosylate group and showed absorption in the carbonyl j
region at 1730 and 1675 cm~1. These observations can best be accounted
for by the oxidation of the alcohol at Cy to the ketonic group and the
facile removal of the elements of toluene-p-sulphonic acid to form the

¢,8 unseturated ketone (D9) in ring A. Unfortunately, this compound

could not be induced to crystallise and these studies were not further

e i

pursued,
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Teble I

Resonences (7T) of inguler Methyl Groups in the Nuclear Magnetic

Resonence Spectrea of Selennin and its Derivetives.

Compound Dl D2 D3 D4
Cos 8.67 8.72 8.70 8.70
022 8.77 8.89 8.85 8.80
024 9.01 9.11 9.05 ‘>9.06
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Experimental

The isoletion of salannin C H

. of,." o}
g4 Hyg Ogs Mepe 167 = 170 jo] p + 167

(C 1.2 in chloroform) v %2%4 1710, 1743 cm'l, is described on page

Hydrolysis of Salannin,

a).

b)o

Salennin (400 mgs) wes dissolved in 5% methenolic potassium hydroxide
and the solution was left at room tempersture for two hours. The
solution was diluted with weter and the acidified reaction mixture
was extrécted with ethyl acetate, The removal of solvent, gave

& gum (390 mgs ) which on methyletion with diazémethane showed it

to be & mixture of starting meterisl and two more polar compounds
(thin-layer chromatoplete ). The mixture of methyl esters was
chrometographed on Grede IV scid slumina (20 gms). Benzene eluted
selennin (165 mgs), m.p. 165 - 168°. Chloroform-benzene (3: 17)

eluted hydroxy-tiglate (D3) (130 mgs) m.p. 213 - 215° (from ethyl

acetate-petrol), [“]D + 1379 (¢, 0.94 in chloroform),y gg§4.3eoo

(free hydroxyl), 1742 (methyl ester) and 1717 (tiglate ester) om=1,
(Found C, 69.26; H, 7.68. Cyz, Hy, Og requires C, 69.29; H, 7.63%).
Chloroform-benzene (1: 1) eluted the diol (D2) (80 mgs), m.ps 201 - 2050
(from ethyl—acetate—petrol),[gJD +135° (C, 1.13 in chloroform),

v 0014 3465 (bonded hydroxyl), 1718 (bonded methyl ester) em-1,

(Found C, 68.71; H 7.50. Cop Hze Op

Salamnin (460 mgs) was treated with 10% methanolic potassium hydroxide

requires C, 68.62; H, 7.68%).

for 18 hours st room temperature. The solution was diluted with
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~water, acidified with dilute hydrochloric acid end extracted with
ethyl acetate. The removal of solvent gove e gless (405 mgs)

together with tiglic ecid m.p. (identical with authentic material

in m.p., m.m.p., &nd I.R.), which had sublimed from the ethyl

ecetate solution. The acid was dissolved in methenol and excess
ethereal diszomethane added to yield the diol (380 mgs) m.pe. 201 - 205

(identical with the diol prepeared as gbove).

Diacetate (D4)

The diol (D2) (230 mgs) was dissolved in "Analar" pyridine (2 ml),
"Analar" acetic anhydride (2 ml) added end the solution left at room
temperature for threce days. Water wes added and the solution wes extracted
with ethyl acetate. The usual work-up gave a gum (225 mgs) which was
chromatographed on Grade III acid elumina (8 mgs), BEther-benzene (S: 17
eluted the diacetate (D4) (180 mgs), m.p. 230 ~- 234° (from ethyl acetate-
petrol), [o] p t126° (C, 1.1 in chloroform),v gg§4 1743 (acetotes and

methyl ester) em~l, (Found C, 66.83; H, 7.28; 051 H4O Og requires

C, 66.89; H, 7.24%).

Oxidation of the Diol

Salannin diol (D2) (110 mgs) wes dissolved in "Anelar" pyridine
(1 m1), chromium trioxide (400 mgs) in pyridine (5 ml) added end
solution was left et room tempereture for 18 hours, The usual work-up

gave & red gum which wes chromatographed on Grade IV acid alumina (10 gms).
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Chloroform eluted the ketol (D5) (40 mgs), m.p. 253 - 255° (from ethyl
ecetate ) [a]D + 160° (C, 0.5 in chloroform), v gggls 3450 (bonded hydroxyl),
1719 (bonded methyl ester) em~1, (Found C, 67.83; H, 7.11. Coq Hzy Og

requires C, 68.92; H, 7.28%).

Oxidation of Salennin

Selennin (10 mgs) was dissolved in acetic ecid (0.5 ml) and to this
wos added & solution (4 ml) of chromium trioxide in ecetic ecid chromium
trioxide (50 mgs) in ecetic acid (50 ml) and solution heated at 60° for
5 mins., Methenol wes added end the solution was extrected with ethyl
acetete, The usual work-up gave & gum which showed six spots on a
chrometoplate. The gum wes chrometographed on Grede IV acid alumina,
Benzens~chloroform (1: 4) eluted meteriel (6 mgs)v gg§4 1650, 1710,
1740, 1760, 1795 em~1 which, elthough it wes reesonebly pure as judged

by thin~lsyer chrometography, feiled to crystellise.

Monotosylete (D6)

Selennin diol (D2) (190 mgs) was dissolved in pyridine (3 ml) end
toluene-p-sulphonsl chloride (1 gm) wes edded end left at room tempereature
for 36 hours. The ususl work-up geve e gum (230 mgs) which was
chrometogrephed on Grade IV acid elumina (15 gms). Chloroform-benzene
(1: 19 - 1 - 9) eluted the monotosylete (D6) (145 mgs), m.p. 165 - 167°
(from aqueous methenol), v nex 3380, 1730, 1370, 1180 em~L. (Found C,

64.49; H, 6.40. Cg, Hyp Og requires C, 65.15; H, 6,75%). Elution

«1l10=



with chloroform-benzene (1: 1) eluted unchenged diol (55 mgs) m.p. 198 - 203°

(identical in I.R., m.p., m.m.p. with euthentic semple).

Oxidaetion of Monotosylete (D6)

The tosylate (50 mgs) was dissolved in pyridine (3 ml), chromium
trioxide (250 mgs ) wes edded end the solution left at room temperature
for 18 hours. The usuel work-up afforded & gum (48 mgs) which was
chrometographed on Grede IV acid alumine (11 gms)., Chloroform-benzene
(3: 17 = 1; 4) eluted material (30 mgs) Vv mex (Bujol) 1730, 1675 which

elthough it was pure as judged by thin-leyer chromatogrdphy failed to

“orystellise,
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