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Cecilia Labbe D,

SUMMARY

This thesis consists of a General Introduction, dealing briefly
with the biogenesis of terpenoids, and nine éhapters. Chapters I to
VII are concerned with the chemistry of tetranortriterpenoids, a group
of modified triterpenoids from the lleliaceae and Rutaceae families,

The present state of knowledge of these compounds is reviewed in Chapter
I. This is followed by discussions of the results of invéstigation
into the tetrénortriterpenoid constituents of the wood and seeds of

Chisocheton paniculatus and the seeds of Chukrasia tabularis (Chapters

IT and III). Fifteen new compounds were isolated from these sources

and their structures elucidated mainly by use of 1H and 130 N.MeT,
spectroscopy. Chapter IV describes the several new additions to the
small group of tetranortriterpenoids, related to prieurianin, which exist
in soluticn at room temperature as & mixture of sterically hindered
conformers, A detailed discussion of the alkaline hydrolysis products
of several members of this group is included. Revised structures for

atalantin and atalantolide, from Atslantia monophylla, are proposed in

Chapter V. Chapter VI is concerned wit® the interrelation of swietenine

and swietenolide, the mzjor tetranortrilerpsnoids of the seeds of Swietznia
macrovphvlla, and Chapter VII with tae structure of ekeber; ins I and II,
DIy L L T

T

complex tetranortriternpenoids from seeds and wood of Eiebsr ia sencial-

Detailed consideration of the svectroscopic properties of these




compounds leads to viozeneticzlly acceptable structures.

Two casbene-derived diterpesnoids, jetropholones A and 2, from the

roots of Jatrorvhsz sossypiifolia, form the subject matter of Chapter VIII,

The structures of these compounés have the novel fezture of a fully
substituted cresol rin: and were confirmed by X-ray analysis of jatropholone

B acetate,

The final chapter deals with a coumarin from Leonotis nepetaefolia.

The structure was assizned by lH n.n.r. and confirmed by synthesis of
2'-hydroxy- 4',5'-dimethoxy~6'-methylacetophenone, the compound obtained

on hydrolysis of the natural product.



GENERAL INTRODUCTION




;i Y- . 1,2 .
Origin, Structure and runction,™? »5 The terpenoids are a large group

of natural products found mainly in plents. Originally, the simpler
members of the group were obtained, by steam-distillation of the parts

of the plant, as oily mixtures known as essential oils. Because of their

fragrancy they have h=d an imporitant role since ancient times in the manu-
facture of perfumes and cosmetics. Chemical interest in the composition

of these oils was aroused during the past century. It was then found

that they were mixtures of hydrocarbons, whose common characteristic was

the presence of one or more isomeric unsaturated hydrocarbons with the
molecular formula 010H16’ in the more volatile fractions of the oils,

They were nemed terpenes from their association with oil of turpentine,
Subsequent development in this field led to the more general term terpenoids.
In addition to the ClO terp;noids present in the more volatile fractions,

a group of C compounds were obtained from the higher boiling fractions,

15
with a structure related to the ClO terpenoids. vater, compounds with
higher number of carbon atoms (020 and CBO) were isolated from non-steam

volatile saps, gums, and resins of plants.

warly structural investigation of the ClO terpenoids indicated that

they were, formally at least, head-to-tail dimers of isoprene (l).

(1)

Similarly, the 015 terpenoids were found to be formed by three such units



4.

linked in the same fashion. these findings led to the sereralization
known as the ~Isoprene Rule" first provosed by Wallachk in 1887 and later
developed by Robinson;, which states that in order to be a terpenoid, a
compound rmust have a carbon skelston formed by isoprene units linked head-
to-tail. It was later modified by Ruzicka4 who rtroposed a “Biogenetic
Lsoprene Rule"to account for a number of substances, related by origin,
structure, and chemical behaviour to the terpenoids, but whose skeleton
cannot be constructed from isoprene units. The "Bio;enetic Iscprene Rule"
proposed that they could arise from isoprenoid precursors by removal or

addition of one or more {ragments or by molecular rearrangements or by a

combination of these processes.

Terpenoids are classified according to the number of isopentane units
present in the molecule, assuming that the simplest members of the group

are formed by two such units. The current classification is as follows:

No. of carbon atoms Class

iO Monoterpenoids
15 Sesquiterpenoids
20 Diterpenoids
25 Sesterpenoids
30 Triterpenoids
40 Tetraterpenoids

>40 ) Polyterpenoids

The biological significance of terpenoids is still obscure in most
cases, 2nd it has been proposed that they are by-products in the bio-

synthesis of essential hormones and primary metabolites in the plant,



(2)

(3)

(4)

HO

H OOh

(5)

COH
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Another theory suggests that they are produced during periods of dormancy
in order to keep the enzymatic systems ready for other important functions,
Some terpenoids, however, have important roles in plant physiology as

grovih or dormancy hormones.7

Zt’iiosynthesis.-8 Considerable effort was spent in the search for the bio=-

logical equivalent of isoprene (1), in the biosynthesis of terpenocids and
steroids, mainly by Cornforth, Bloch, Lynen and Popjack. Early proposals
that acetic acid, arundant in the primary metebolism of plants, was the

basic bui;ding unit, were confirmed experimentally by the use of 140 labelled
acetate, <hus, it was demonstrated that cholesterol was ultimately derived
from acetic acid, since incubation of rat liver slices with labelled

acetate produced labelled cholesterol .(2). = These findings, however, gave

little information about the intermediate stazes in the biosynthesis.,

n 1952 it was shown that the triterpenoid hydrocarbon squalene (3)
found in shark liver oil, was a precursor of cholesterol (2), since labelled
squalene was converted into cholesterol in mice, Finally, rat tissue
experiments and the observed distribution of the acetate carbon atoms
proved that the tetracyciic terpenoid lanosterol (4) is the precursor of

cholesterol, and it arises by cyclisation and rearrangement of squalene (3).

A major breakthrough in the search of the proposed 05 precursor was
provided by the discovery of mevalonic acid (5) ? in 1956, Lt was found

that the labelled ..~isomer was incorporated quantitatively into cholesterol

on incubation with cell-free rat liver homosenate.’ Also, under anaerobic
‘s 14. . . . ) ‘

conditions, 2- 'L-mevalonic acid was converted into suualene (3). In

all cases it was observed that C-1 was lost as 002. Fany other experiments

support the intermediscy of mevalonic acid in the biosynthesis of terpenoids.

The S-isomer has been found, however, to be inactive.



The formation of mevalonate from acetate was then the subject of

o s . . 10 :
many bilochemical studies. the current view can be summarized as

follows:

0 1o 0100
; A0 OH
/J\SCoA /J\‘/\SCOA 79
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(5)

SCHEME 1

The immediate precursor of mevalonic acid (5) is S-3-hydroxy-3-methyl-
glutaryl coenzyme A (6) (see Scheme 1), which is reduced by NADPE to (5)
by hydrogen transfer in the presence of an enzyme, (6) arises by an aldol

condensation of acetoacetyl coenzyme A (7) with acetyl coenzyme A,

as pointed out earlier, incorporation of mevalonate into a terpenoid
containins a multiple of five carbon atoms, requires the loss of C-1.
wﬁis decarboxylation is known to occur prior to the formation of the terpen-
0id chain, and a discrete five-carbon unit is formed.. The nature of this

unit and the mcde of formation are illustrated in Scheme 2,
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- { 2P A RN
0 H > OPP

The formation of the acyclic terpenoid precursors from isopentenyl
pyrovhosphate (IPP) (8) and the isomeric dimethylallyl pyrophosphate (ULMAPP)
(9) can be visualized as in Scheme 3, 1t is worth mentioning that most

natural acyclic polyisoprenoids are ”all-trans".z

rormation and Cyclization of Squa.lene.ll Squalene (3) is derived from

two farnesyl pyrophosphate (10) units Jjoined in the unusual "head-to-head"
fashion.lo’11 +he stereochenistry of this process is known from tracer
studies and is believed to proceed via the intermediszte pre-~-squalene (11).1'2
n reasonable mechanism is shown in Scheme 4. The polycyclic structures
formed from sguzlene can be rationalized in terms of the ways in which
squaleﬁe may be folded on the enzyme surface. vh: formation of euphol

(12) (or tirucallol), the putative precursor of tetranortriterpenoids

(see thepter 1), involves cyclization of siualene in the chair-chrir-chair-
boat conformation (1%) (see scheme 5).  The corresponding chair-boat-
chair-bozt foldins of squalens oxide (14) leads to lanosterol (4), and hence

-

the steroids, on cyclization. Cyclization is usually initiated by acid

3,
v



10,

Scheme 4

(3)



11.

HO

(12)

(14)
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catalysed opening of squalene monoepoxide (14). Cnly the (38)-enantiomex

is used by a wide variety of biolozical systems.2



2.

40
5e

T.

9.

10,

11.

12,

13.
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CHAPTER I

REVIEW OF TETRANORTRITERPEDNOIDS




Scheme 1

Cleavage of rings
A, B, C, and D

(5)
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The tetranoftriterpenoids are a large sroup of furanoid compounds
found mainly in the Rutaceae and }Ieliaceae.l’2 Their name indicates
that they are based on a 026 carbon skeleton. Tney are also called
limonoids since it was the structural elucidation of limonin (1), a
bitter principle from Citrus fruits, in 19603’4 which produced the break-

through which stimulated subsecuent investigations.

(1)

biogenetically; tetranortriterpencids may be derived from a euphol
or tirucallol precursor (2) (Scheme 1), which first undergoes an épo-
rearran&ement with simultaneous introduction of oxygen at C-7 and then
loss of the four terminal carbon atoms of the side chain with formation
of the furan ring to give the simple tetranortritercenoid (3). further .
oxidations, Baeyer-Villiger ring cleavages and rearransements of (3),
can lead to the wide variety of structural types which have been repor-
ted. It is interestins to note that (3) can suffer further desradations
to give pentanortriterpenoidé, eg. (4) found in the Cneoraceaes, and
guassinoids, eg., (5) found in the Simaroubaceae.l’6 While biosynthe-
tic results for the provosed bio:enesis of tetranortriterpenoids are .

limited, conclusive evidence has been obtained for tne formation of

quassinoids from mevalonate via a simple tirucallol precursor.



Scheme 2



bt
-1
.

This brief review is intended to cive a hroad picture of the present
state of knowledre in tre tetrsnortriterpenocid series. It is cornvenient
to consider these compounds in :rouvs, 2ccordinz to the extent of ring
cleava: e, First, it is aprropriate {to discuss some of tne 030 tirucallol

and apo-tirucallol derivetives which oftien co-occur with the tetranor-

triterpenoids and which seem likely precursors.

(a) C -trecirsors.- Turreanthin (6)7 is one example of the gsroup
of compounds with 2 pattern of side chain oxyr-enation which very -vrobo-
bly revresents an intermedizte stage between tirucallol and tne furan
ring of tetranortriterpenocids. The isolation of a growing number of

L . .. 8 - . . .
apo-derivatives, including (7) , Wiih an inizct side chain sustests that
skeletal rearrangement precedes furan formation., .The possible inter-

mediacy of these C 0 compounds in the biogenesis of tetranortriterpen-

30
oids was demonsirated in vitro by Halsall and his colleagues with a
conversion of turreanthin into the simple limonoid (8) (see Scheme 2).
Lewis acid treatment of the 7a,8G-epoxide (9) smoothly converted it into

the apo-derivative (10) with the desired oxygen substituent at C-7 and

a 14,15 -double bond. I

(b) Intact C,,-Skeleton.~ At the staze of the simplest limonoid

(4

(3), further oxidations can occur in rines D leadin: to derivatives with
oxygsen functions at carbons 14, 15, 16 and even 17. A common feature
. . . sy S . L ) 10 .
is evoxidation of the double bond as in trichilenone (11)7", sometimes

. X . . . e . 11
accompanied by a ketonic carbonyl at C-16 as in nimbinin (12). The
carbonyl srouv is also found in compounds with the double bond intact,

3 . 12 Sy s - v

er,, azadiradione (13)7°, and it is reasonable to assume that functiona-
lisation of C-16 occurs prior to epoxidaiion of the double bond.

Recentlv, several compourncs (eg.,17@rhydroxyazadiradione (14)13) with 3

hrdroxyl zroup at C-17 nave bLeen isolated.



13,




19.

| (20)
(19)




20,

Other oxidations can take place in rings A, B znd C at carbons 1,
s s I 4 ... ;
2, 6, 11 and 12. Recent examoles include verpinin (15) 4 witn en ether
m

. e 1 .
between C-7 and C-15, sendanin (16) 5, a highly oxygzenated compound from

llelia azedarach with a hemiacetal between C-1% and C-27, and the related

. <16 .. . .
aphanastatin (17) from avhznamixis srandifolia, which has considerable

antitumour activity. The presence of a hydroxyl group at C~6 may lead
to the formation of an ether bridse with the 4 amethyl group as in nim-

bidin (18).17

(c) Ring D Cleaved.- The next step in the elaboration of the

tetranortriterpencid skeleton leads té tne formation of the characteris-
tic ring D epoxylactone by bilochemical baeyer-Villiger oxidation of a
16-0X0-precursor. Two of the most abundant tetranoririterpencids,
gedunin (19)18 and khivorin (20)19, belong to this group. They have
been prepared in vitro by Baeyer-Villiger oxidation of the putative pre-

20,21 14 44

cursors nimbinin (12) and khayanthone (21) respectively.
reasonable to assume that compounds of this type represent an interme-

diate stage in the biosynthesis of the complex group of ring B cleaved

tetranortriterpenoids with which they often co-occur.

(@) Ring B Cleaved.- lost members of this group have also under-

gone cleavaze of ring D. The typical ring B cleaved system exemplified
by andirobin (22)22 can arise by formal Baeyer-Villiger oxidation of a
7-oxo-compound followed by hydrolytic opening of the lactone and denydra-
tion of the tertiary hydroxyl group to give the 8,30 exomethylene group.
The corresvondirg diene lactone, deoxyandirobin (23)23 has also been
isolated. Metnyl engolensate (24)24 has the interestines 1,14-ether which
presumably arises by addition of a la-hydroxyl zroup to the a ,B-unsatu-
rated ring D lactone, Both andirobin and methyl arngolensate have been

.. ; . L2 L . ;
prevared in vitro vy partial synthesis > from khivorin (20).



21,

Scheme 3

(32) R=0

(35) R=0Ac
.
Md%F .

OR  (31) R=H ; R}=0H OAc  (33)

(34) R =Ac ; RI=H



22.

The first examples of sinple ring B cleaved tetrznoririterpencids
with an intact rinz D have appeared recently. Toonacilin (25) and its

6-acetoxy derivative (26} from Toona ciliata are of special interest in

~

view of their potent antifeedant aciivity aszinst the Fexican bean beetle.é6

Tnis sroup of tetrznortriterpenocids is unigue in that the initial
cleavare of ring B can be obscured by subsequent carbon-carbon bond
formation between C-2 and C-30 to give the bicyclononane rinc system as
in mexicanolide (27).28 in in vitro partial synthesis of mexicanolide
from khivorin (20) has been achieved25 (see SchemeIB). The diketone

precursor (28) undergoes facile cyclisation in mild base to (27).

The first representative of the bicyclononanolide group was swietenine

29

(29) from Swietenia macrorhylla®

30

whose structure was confirmed by X-ray

analysis. The residual 8,30 double bond is very hindered and unre-

active. Although the naturzl epoxide, xylocarpin (30), has been isolated

31

from Xylocarpus granatum attempts to form the epoxide in vitiro have

been unsuccessful. The nuclear double bond is 2lso found at 8,14 as
in mexicanolide (27)28 and swietenolide (31)32 and at 14,15 as in carapin

(32)35. Augustadienolide (33)34 from Cedrela ausustifolia is the corres-

pondinc diene. Hydrosenation afforded a mixture of fissinolide (34)

and the carapin derivative (55).

35

; . -\ 36
2-a~Hydroxyaugustadienclide (36) and xyloccensin A (3{)3 represent

an increasing oxidation level in this series wnich leads to the highly

37 38

complex compounds like utilin'(38) and bussein (39). Two new feag-
tures are apparent in these siructures: a) the formation of a new carbo-
cyclic rins between thne 4 dmethyl group and C-1; and b) the introduction
of the orthoac:ztate at 1,8 and 9 or 8,9 and 14. The reaction of an un-
activated methyl sroup and a ketonic carbonyl is unusual and finds ana-

Togy in photochemistry. The occurrence of compounds of this tyype is






24.

AcO.-

AcO--

(50)



25,

so far restricted to Entandrophrazma and Chukrasia species (see Chapter

111).

(e) Ring A Cleaved.- All the compounds in this group have the

characteristic rins D epoxylactone system and most come from Citrus species,
Historically this group is of special interest since the development of
the chemistry of tetranortriterpenoids dates from the structure elucida-
. . . 3 . . s s . . .
tion of limonin (1). In limonin, the initial ring cleavaze is obscured
by subsequent reactions. The simple Baeyer-Villiger cleavaece of ring A
. bvi . . 139 A 40
is more obvious in obacunone (40) and nomilin (41) two further com-

. . . . 1 - . . . .
pounds from Citrus species, Harrisonin L42)4 s from Ezrrisonii abyssi-

nica has an interesting nemiacetal function at C-T7.

The opened form of the ring A €-lactone is apparent in nomilinic
acid (43)42 which may be regarded asva precursor of the C~19 oxidised

. . : . .y . V44
derivatives inchangin (44)43 and limonin kl). Veprisone (45)4‘ is

a
simpler example of the C~1, C=4 ether which is probably formed by addi-
tion of the C~4 tertiary hvdroxyl group to the unsaturated ester (or lac-

tone as in limonin (1)). Alternatively, dehydration end epoxidation

leads to spathelin (46).45

(f) Rine C Cleaved.~ This is a compact group of compounds restric-

. L e 1 o
ted to Melis aszedarach and Azadirachta indica. The common features

ave illustrated by nimbin (47)%0, nimvolide (48)*7 and salamnin (49)4°
Sendanal (50)49, recently isolated from I, azedarach, has the apovropriate
functionality for transformation into the above compounas. Onchinal50
(51) is biorenetically interesting since it represents simple ring C clea-
vaze of a l2=-hydroxy precursor (eg., sendanal (50)). The most interestf
ing and most complex member of this group is azadiracntin (52)51, a power—

ful locust antifeedant.

(¢) ZRines A and B Cleaved.~ Prieurianin (53) from Trichilia prie-




26,

3 | OzMe

(54) R=0 ; R=0H

(55) R=0H ; R'= 0 (56)

(57) (58)



27.

uriana52, is the first member cf an interestin~ sroup of tetranortri-
terpenoids with both rings A and B cleaved. In solution it exists as

a mixture of conformational isomers at room temperaiure, due to restric-
ted rotation about tne C-9, C-10 bond. Other members of this sroup

form part of the subject matter of this thesis (see Chavpter IV).

(h) Fodified Side Chain,- Recently a growing number of publica-

tions have appeared on tetranortriterpenoids with the usual furan ring
replaced by other C4 units, including the isomeric Yy-hydroxybutenolides
(54) and (55)53, the methoxybutenolide (56)54, the butenolide (57)°°
and the Y-lacione (58)?6 It is not clear whether all these compounds
are genuine natural products or whether they are artefacts formed by the
action of light and oxygen on the furan ring. Fhiotooxidation of several
tetranortriterpenoids has been shown to give the corresponding y-hydroxy-

57

butenolides,



5e

Te
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9.
10,
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CHAPTER II

NEW APO-TIRUCALLOL DZRIVATIVES AND

TETRANORTRITERPENOIDS

FROM

THE WOOD AND SEEDS OF CHISOCHETUN

PANICULATUS
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INTRODUCTION

Chisocheton paniculatus (Meliaceae), also known as Guarea vaniculata,

is one of the twenty two species'of the genus which originate in India,
Burma and Malaysia. The taxonomic characteristics of fhis tall tree
are very similar to those of Guaréa species? a genus belonging to the
same tribe (Cuareeae). This accounts for the duszl classification cof

this species.1

Chemical studies of the Guareease tribe, which also includes Dysoxylum

and Cabrslea spacies, have been mainly concerred with Guarea species which

< . : . . . . . 2-6
produce various interesting limonoids and triterpenoids, Cabrales

eichleriana, on the other hand, is the only species of its genus examined,

7,8

and produces a wide range of limonoids , while Dysoxylum species contain

Q
mainly sesquiterpenoids.” The Chisochcton genus has not been studied.

The botanical similarities between Chisocheton paniculatus and Guarea

species led us to investigate the wood and seeds of the former species
in the hope of findinz limonoids related to dregeanin (1), an interesting

. .. 10 . ,
compound isolated from G. thompsonii. In this chapter, we report the

isolation of five new compounds (2)—(6), from the wood of C. maniculatus

and discuss the spectroscopic and chemical evidence that led fto their

structure elucidation. Compounds (2),(3),(4) and (6) represent new

apo-tirucallol derivatives. The extract also contained deoxyhavanensin-

3,T,~diacetate (7)11 and @-sitosterol (8).

HO
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From the seeds of the szme tree we isolated the known compounds,
sedunin (9)12, 6a-zcetoxy cedunin (10)13 and 6CG-acetoxynimbinin (11)14
along withvfour new compounds, wnich were assizned structures (12)—(15)
on thne basis of their chemical and spectroscopic properties. Compounds

(12) and (13) are possible precursors of furanoid tetranortriterpenoids,

(14) ' (25)
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DISCUSSION

Column chromatography of the light petroleum extract of the wood

of Chisocheton paniculatus (Keliaceae) afforded three crystalline

substances A-C. Two other compounds, D and E, were obtained by prepa-

rative t.l.cs of the mother liquors of A and B respectively.

From the lH n.M.r., specira of compvounds 4, C32H48U6 , B, 052H5206’
c, 032}15207 and E, 032350U6’ it was readily epparent that they were tri-
terpenoids with an intzcti side chain, as indicated by tne presence of
signals corresponding to seven tertiary methyl groups. Compound D,
03034007, gave a positive test with thrlich's reagent, which indicated
the presence of a furan ring in the molecule, This was also obvious
from its 1H n.m.r., spectrum (see 'lable 1) and suggesied a tetranortri-
terpenoid skeleton for this compound. The nature of the side chains

and the structures of these five compounds were revealed by a study of

their spectiroscopic properties.

The i.r. spectrum of A (2) had absorptions for a cvclohexanone
(1705 cm-l), a hydroxvl (3570 cm_l) zné an acetate grouv (1750 cm—l).
The hemiacetal attachment of the latter was decduced by the presence of
a doublet at 96.6 v.p.m. (Qﬁig , C=21) in the SFORD ¢ nom.r. spectra
and by the fact that the proton attached to this carbon gzave rise to a
sharp doublet Iﬁg €.23 (J 4 Hz, H-21)1 in the 1y n.m.r. spectrum. Other
siznals in the lH and 130 n.m.r. spectra were assirned to a trisubstituted
¢ouble bond [ﬁg 5.42 (t, =15), GC 115.6 (4, C-15), 161.5 (s, C-14)1,

a trisubstituted evoxide [ﬁq 2.64 (é, J 7 Hz, H-24), GU 57.1 (s, C=25)

and €5.7 (d, C=24)1, a secoudary ether oxy.enl0, 3.9 (m, ¥~23)] and a
POy
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(16)

(18) R=H

(19) R= OAc

(21) R =H

(22) R = Ac

(a7)

(20)



secondary hydroxil zroup [GH 2.9C (t, n=7)1. Decoupling exveriments
indicated that the epoxide proton was coupled to ths proton on ihe carbon
bearin: the ether oxy:.en and that this in turn was coupleé to a metunylens
£ TOUD at»ﬁg 254, Comparison of these data witn melianone aceiate (16)15
confirmed the structure of the side chain as in (2). The reported valuss
for (16) for H-21 [6H 6.20 (a, J 3 Hz)l, H-24 [6H 2.73 (d, J 7 Ez)]l and
H-23 [ﬁh 3.0 (m)] are inrgood acreement with this assignment.l5 ‘the
presence of the cyclohexanone, the secondary hydroxyl ¢roup and the tri-
substituted double bond in the residual tetracarbocyclic nucleus sugges-
ted an apo-tirucallol skeleton. This was confirmed by the shift of the
vinyl proton, H-15, from &H 5.8 in (2) to 9.26 in the 1H Ne.m.r. spectrum
of the corresponding diacetate (17). This indicated that the secondary
hydroxyl was at C-T7. Similar acetylation shiits have been observed with
6

the tetranortriterpenoid (18).l On biogenetic ground the ketonic

carbonyl group was placed at C-3.

Final proof of structure (2) for compound a was obtained by conver-
ting it into the kxnown tetranortriterpencid (18) using the conditions
worked out by Buchanan and nalsa11.16 Thus treatment of (2) with sodium
periodate and aqueous percnloric acid followed by p-toluenesulphonic acid
in benzene, afforded (18) whose physical and spectroscopic properties
accorded with published data. 'lt was our intention to use this compound

for a partial synthesis of meldenin (19), a tetranortriterpenoid from

Felia azadirachta.}7 reaction of (16, with thionyl chloride in pyridine

gave the diene (20) 8, 6.05 (ad, J 9,3 Hz, H-6), 5.4 (d, J 9 Hz, H-7)I.
The formation of a 6,7 double vond providsd further evidence for the
apo-tirucallol nature of (2). Unfortunately, osmiwn tetroxide reacted
preferentially with the trisubstituted 14,15 double bond of (20) to give
tue diol (21) which under normal acetylatings conditions afforded the mono-

acetate (22) [6, 5.3 (t, J 8 Hz, 4-15), 5.78 (24, bs, H~6 and E~7)I.
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Lack of material prevented furtner work on tne syntnesis of melaenin,

The spectroscopic properties of compound B (3) (see Tabics 1 and 2)

[v

el = s =1
-~ (CCI4/ 3610, 3560, 3515, 1727 cm ] revealed the rresence of seven

tertiary methyl croups, a trisubstituted double bond, one tertiary and
two secondary hydroxyl sroups, a secondery acetate and a primary-tertiary
cyclic ether. The nature of the s;de chain as in (3) was readily dedu-
ced from the similarity of the apvropriate data, especially the H-24
doublet at ﬁH 2.85 (J 9 Hz), with those recorded for grandifoliolenone18
(23) and the closely related sapelins C and D, (24) and (25) resvective-
ly.l9 The remaining information suswested an apo-tirucallol skeleton
with a 3@-acetate and a 7@-hydroxyl grouv, and led to structure (3) for
‘compound B, This was confirmed by the lH n.m,r., spectra of the corres-
ponding diacetate (26) and triacetate (27) (which is sapelin D triacetate).
The side chain resonances of the diacetate (26) paralleled those of
grandifoliolenone acetate (40) with H-15 remaining unchanged. In the

“triacetate (27) H~-15 shifted upfield (5H 5:49 t0 § 5.20) as expected

\ ; - 1
on the formation of a 7-O-acetate.

Compound C (4) [Vmax (CC14) 3610-3%00, 1725 cm-lj lacked the epoxide
of A (2) and the cyclic ether of 3B (3). However the presence of a

hemiacetal [ 6, 96.5(d)1 indicated a side chain related to that of compound

C
A, From the spectroscopic properties we were able to detect in addition
tc the hemiacetal, seven tertiary methyl groups, a trisubstituted double
bond, one tertiary and two secondary hydroxyl groups and a secondary

acetate. This informetion could be satisfactorily assembled to give
structure (4) for compound C.
hcetylation of (4) afforded a mixture from which the triacetate (28)

- 1., .
was isolated by preparative t.l.c. In its "H ne.m.r. spectrum it had

. - N ~
inter alia sisnals arising from a nemiacetal acetate [6F €.12 (d, J 3 Hz,
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(29a) R=Ac
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(29v) R=H
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(32) R=Ac
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H-21) and & secondary acetate oroton {GH 4.82 (d, J 3 Hz, I=24)).
Decoupling experiments clearly demonstrated that the lstter was H-24 and
confirmed the side chain sequence, Thus, irradiation at the frequency
of n-23 (QH 4.51)caused the collapse of the H-24 doublet Oy 4479) to a
singlet, DMelianodiol acetate (29&)20 has the same side chain as (28) and
the reported value for H-24 (6H 3.2, m) in the deacetyl compound (29b),
melianodiol, is in good agreement with that found for compound C (4) (6H

3-27’17):1{"24).

Compound E (6) had similar svectroscopic properties to those of
comoound A, It giffered in the lack of a ketonic carbonyl sroup and in
the appearance of a new secondary hydroxyl group. This suggested that
compound E was the dihydro-A derivative (6), The 1H n.m.r, spectrum of
the corresponding monocacetate (30) was in accord with this proposal and had
a :CEQAC resonance at GH 4,65 (H-3), As with the other three compounds,
the Ta-hydroxyl group was more resistant to acetylation under normal

conditions and the signal for H-15 did not exhibit an upfield shift.

The fifth new compound was the tetranortriterpenoid D (5). It had a
tetracarbocyclic skeleton with the characteristic @-substituted furan ring,
four tertiary methyls, a trisubstituted double bond, a secondary hydroxyl,
two secondary acetates and a:primary-secondary cyclic ether. Irradiation
at 2.11 p.p.m. caused the collapse of the two :Cﬁpﬁc triplets to singlets,
indicating that they were attached to C-1 and C-3. The H-5, I-€, H-7 spin
system and the cyclic ether were readily identified by spin decouvling and

1 . .
Confirmaticn of structure (5) was

. . . s y 2
by comparison with vilasinin (31).
obtained oy acetylation, which afforded the known compound vilasinin tri-

acetate (32).22

The extract yielded another tetranoririterpenoid whose svectroscopic

) - . Y 11
properties identified it as 14,15-deoxyhavanensin-3,7-diacetate (7).
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We also examined the light petroleum extract of the seeds of C._ pani-
culatus. This proved to be a rich source of teiranortriterpenoids but
many were present in small amount. Careful preparative t.l.c. rezulted
in the isolation of four new compounis, F (12), G (13), H (14) and I (15),
whose structurez were deduced on the evidence presented below,. The known
compounds 6@-acetoxynimbinin (éa-acetoxy-14,15-epoxyazadiradione) (11),

gedunin (9) and 60-acetoxy;sedunin (10) were also obtained, 214

''he carbon skeletons of the new compounds were readily identified
by their spectroscopic data and by comparison with known compounds.

Thus, compound ¥ (12), C ax (0014) 1792 (y-lactone), 1750

50740%77 T Vn
(acetate) and 1682 (enone) cm_l] with five tertizry methyl groups, two
mutually coupled secondary acetates, a trisubstitufed double bond and a
A1-3 ketone had a 60-acetoxyazadiradione skeleton as in (12. The typi-
cal furan resonances were absent and were replaced by those of a Y-lactone
ring, 'he position of the lactone carbonyl group (C-23) was established
by the lH n.m.,r, spectrum, which showed the two H-21 proﬁons as a triplet
(J 9 Hz) at GH %3.91 and a doublet of doublets (J 9,8 Hz) at GH 4.46 Dep.m.
respectively. These collapsed to an aB quartet (J 9Hz) on irradiation

at §H 2.76 (11=20). uring the course of this work the X-ray structure

of a tetranortriterpenocid (33), with the same Y-lactone side chain, from

23

'ne reported data for ithe two H-21 pro-

Cneorum tricoccum, appeared.
tons 18, 4.42 (dad, J 9,8 Hz) and 3.90 (t, J 9 Hz)] compare well with those

above,

(33)
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It was apparent from their speciroscopic vroperties that compounds

had the same carbon skelston as

G (13, C30H4207, and E (14), c?OHBSUB’
F (12) ana differed only in the nature of the de:raded side chain.

Compound G (13) was unstable and difficult to characterise. The 13C

n.m,r, spectrum indicated that it was a mixture. The presence of a

carbon resonance at §, 97.7(d) sug-ested a cyclic hemiacetal as in (13).

The equilibration at C~23 in such a system could account for the multiple
nature of the 130 N.M.r. spectirum, The presence of the hemiacetal function

was established by Jones oxidation of (13) to give, in good yield, the

Y-lactone (12) described above,

Compound H (14) was insoluble in chloroform and was converted to
the corresponding acetate (34) whose spectroscopic properties revealed
a ﬂ-substituted butenolide LBH 6,02 (s, H-22), GC 169.0 (s, C=23), 120.3%
.(d, C-22) and 166.5 (s, C~20) land a secondary hemiacetal acetate [5H
6.84 (s, H-21), &g 95+3 (d, C-21)]. These features were accommodated
in a ‘Y-acetoxybutenolide side chain as in (34). Several examples of

4 The Y-hydroxybutenolide pre-

this type have been reported recently.2
sumably arises by oxidation of the furan ring and the possibility that
it is an artefact has not been excluded. On the other hand, the y-lac-=
tone, at the same oxidation level as the furan, and the hemiacetal, at

a lower oxidation level, may represent intermediate stages in the forma-

tion of the furan from the intact side chain eg. of (2).

0

0
. §>’/Q)Ac

(34)
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(35)

(37)

(36)

(38)
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Compound I, C}OH3608’ was reacily assigned the siructure (15}, 176-
hydroxyv-ba~acetoxyazadiradione. It lacked tne tyvical n-17 resonances
in its 1H and 130 n.mer. spectra and had instead a tertiary hydroxyl
grou.pIVmax (0014) 35G0 cm—l; GH ca. 2.5 (exchanzeable wiih D2O); 6C
80.8(5)].f There was no direct evidence for the confi:suration at C-17.
Eowever, during the course of this work Kraus and Cramer reported25 the
isolation of 17-epi-azadiradione (35) and 17ﬁ—hydioxyazadiradione (36).
Previouély Voelter and his collearues had published26 a different 17~
hydroxy compound without evidence for the configuration at C-17.
Therefore this must be 17a-hydroxyazadiradione (37). An examination
of the 150 n.mer, spectra of these compounds revezled that the signal
for C-20 shifted from 50 118.4 in azadiradione (38) to GC 123,6 in 17-
epi-azadiradione (35) (A§5.2) and similarly from 6C 122,6 in 17@~hydroxy-
azadiradione (36) to 60 129,0 in Voelter's comwound (A8 6.4). The co-
rresponding C-20 resonance in our compound appeared at GC 122.4, suzges-—

ting that it was 17@-hydroxy-6a~acetoxyazadiradione (15).

Several other compounds with the 6a-acetoxyazadiradione skeleton
and modified 04 side chains, including the alternsztive y —hydroxybuteno-
lide (39) , were present in the seed extract. The most interesting had
an aldehyde resonance at BH 9.99 (1H,s) and an AB quartet (J 5.5 Hz) at

bH 6.12 and 6.52., Unfortunately, lack of materisl prevented full character-—

isation of these minor constituents.

(39)
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Table 1

lH n.m.r. spectraa of compounds from C. pzniculatus.

(2) (3) (4) (5) (6)
B-1 ' 4.92 (,3)
H-3 4.64 (£,3)  4.63 (t,3) 4.68 (t,3) 3.40br (%,3)
-5 2.65 (d,10)° ‘
-6 4.15 (3,10)°

H-7  3.94br (s) 3.90br (s) 3.90 br (s) 4.20 (3)°  3.91br (s)
H-15 5.48 (t,3) 5.49 br (t) 5.47br (s) 5.61br (t,3) 5.47 (t,3)

H-21 6.23 (d,4) 3.42, 3.95 5.2%r (m) 7.35 6.24 (d,4)
(4Bq,12)
H-22 6.27
525  3.90 (m)  3.85 (m)  4.50 (m)  7.23 3.90 (m) .
H-24 2.64 (d,7) 2.87 (4,9) 3.27 (m) 2.66 (a,7)
H-28 3.58 (2H,s)
Ohc  2.04 2.05 2,05 1.98 2.03
2,01
C-Me 0.99 0.84 0.85 0.85 0.82
1.03 0.88 0.90 0.97 0.87
1.03 0.88 0.90 1.11 0.92
1.09 1.00 1.06 1.19 1.01
1.09 1.08 1.06 ' 1.03
1.26 1.25 1.24 1.26
1.31 1.28 1.28 1.30

a., Chemical shifts in p.p.m. downfield from internal Me4Si; solvent CDClB;

multiplicities and coupling constants (Hz) in parentheses.

b, AZX system, J values by first order analysis.,



1H Nn.m.r. spectraa of compounds from C. paniculatus

Table 1
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(12) (13) (39) (15)

H-1 7.12(d,1o) 7.12(d,10) 7.09(4,10) 7.13(d,10)
H-3 5.93(d4,10)  5.92(d4,10)  5.92(d4,10)  5.96(4,10)
B-5 2.45(d,13)  2.49(4,13)  2.50(4,13)  2.54(d,13)°
H-6 5,40(m) 5,40 (m) 5¢40(m) 5.50(3,13)°
BT 5.40(m) 5.40(m) 5.40(m) 5.58(3)°
H-15 5.40(m) 5.40(m) 5.40(m) 5.80(s)
H-21 3.94(t,9) 3.44(%,9) 6.86br(s) 7.58

4.47(a4,8,9) 4.10(m)
He22 ' 6.01 br(s) 6.40
H-23 7.46
H-24
H-28
OAc 1.99 1.96 1.99 1.98

2,03 2.02 2.02 2.04

2,17

C-Me 1,02 1,00 0.93 0.96

1.16 1.15 1.16 1.19

1.16 1.15 1.16 1.23

1.25 1.24 1.23% 1.27

1.27 -1.24 1.45

1.30

Qe Chemical shifts in p.p.m. downfield from internsl Me4Si; solvent

CDC1l,; multiplicities and couplin: constants (Ez) in parentheses.

3

b ABX system, J values by first order analysis.
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1 a .
3C n.n.r. spsctrz” of compounds from C.pazniculatus.

Carbon (py (3 ) (&) (5 (1)

No.

1 38.5 33,2 33 2 22,5 71.8  156.9
2 33,9 22.8 22.7 25.0 27.7  126.3
3 217.2 78.1 78.1 76,1 72.3,  204.4
4 46,9 36.2b 56.1b 37.0b 39,2 40,8
5 46,5 41.9 41.8 40.5 39,6 48.0
6 24.9 23,6 23,6 23,7 74.0 69.8
7 71.9 725 72.2 72.3 72-9b T4 .4
8 44.0 445 443 4hu 45.8° 42,9
9 40.8 41.7 41.5 41.5 33-7b 37.0
10 32.1 3;.5 32.6 37,7 42.2 42.2
11 16.3 16.4 16.3 14,3 15. 16.3. .
12 32.3%¢ 341° 33.2° 52,50 33.0° 3320
13 46,5 4647 46,6 46,7 47.4 46.5
14 161.5  162.4 162.1  162.2  159.9  158,1
15 119.6_ 119.8 119.6,  119.2,  120.7_  119.5,
16 35.1 34.8° 35.0 3540 3444 33.9
17 52.6 52,2 52.6 52.5 51,6 58,1
20 44.2 35.9 44,7 44.3 124.5 37.4
21 96.6,  70.1 96.5 96.7 139.7 72,4
22 31,3 36,4 30,3 31.4°  111.1 34.8
23, T9.7 86.5 78.4 79.7 142 .6 176.4
24 66.7 64.5 75.2 66.7 - -
25 5701 7401 7307 5701 = -
28 7.9
CMe  27.2 28,5 27.8 28.0 - 31,6
26,2 27.9 27.6 27.9 - 26.8
24.9 27.6 26,6 24.9 - 20.7
21.1 24,0 26.6 22,1 26,2 20.4
19.7 21.8 21.8 19,5 21.2 20,1
19.3 19.2 19.8 19.3 19.5 -
14.9 15.2 15.1 15,2 15.4 -
MeCO  21.5 21.4 21.4 21.5 21,2 21.3
21,2 20.9
MeCO 170.0  171.0 171.0  169.9  170.3  170.2

170.0 170.0

2 Chemical shifts in p.p.m. downfield, from internal Me4Si;

solvent CDClB.

b,c,d. These assignments may be interchanged.



Carbon 5
Yo (13) (39) (15)
1 157.2 156.6 156.3
2 126.2 126.4 126.6
3 204.,6 204 .3 204.1
4 40,8 40,7 40,8
5 48,0 48,0 42,0
6 69.9 69.7 69.4
7 4.5 74..3 73.7
8 42.9 43,2 45.0
9 37.0 37, 37.5
10 44.9 44.9 45.0
11 16.4 16.4b 15.8
12 3%,2 33.4 22.1
13 46.6 47.5 50,2
14 158.1 157.7  191.9
15 119.7 119.4, 120,5
16 35.3 33.0 205.5
17 58.93; 52,8 80.8
5842
20 3744 166.5 122.4
21 72.0; 93.3 142.9
- 70.4
22 39.8 120.3 109.5
23 97.7;  169.7 141.6
98.3
Me 31.6 31.6 31.6
26,8 26.9 31.1
20,7 21.3 24,6
20.4 20.7 20,8
19.9 20.4 20.4
MeCO 21.3 21.3 21.2
20.9 20,9 20,8
MeCO 170,2 170.2 170.2
170.1 170.0 169.7

169.0

50,
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. 13
Assignment of "~ 7C n.m.r, Resonances.- Assignments are based on chemical

shift rules, multiplicities in off-resonance-decoupled spectrz,correlation
with 1H chemical shifts using two off-resonance-decoupled spectra and
comparison with published data for similar compounds. Signals at lower
field than 60 P.p.m. are easily assigned by these means. Of the quater-
nary carbons C~1ﬁshows a small residual long range coupling with H-15 in
the off-resonance-decoupled spectra (irradiating at O p.p.m.). In
compounds (2), (3), (4), and (6) C-8 and C-10 are essentially unchanged,

27

C-10 being assigned by comparison., C-4 shows a 10 p.p.m. upfield

shift from (2) to (6) and a

further small high field acetylation shift in (3) and (4). In (12), (13),
(34), and (15) the assignments of C~4 and C-10 are reversed with respect

to azadiradione derivative's25 because of the ¥Y-gauche and anti effects

of the 60~-0Ac substituent. C-8 varies slightly as the C-17 substituent

is changed.

Of the methine carbons C-17 is assigned by its absence in (15)., C-5
moves upfield from (2) to (6) on the introduction of a Y-gauche hydroxyl
group and C-¢ remains unchanged.28 Because of the 60-0ic, C-5 is expected
tc be at lower field in (12), (13), (34), and (15) than in (2) (ef. rasf.25).

The remaining methine is C-20 in the variable C~17 substituents.

Of the methylene carbons C-11 is at highest field. The resonances
at ca. 33 p.p.in. in (34) must be C-12 and C-16; the other assignments for
(12), (13) and (15) then follow. Tor (2) and (6) C-12, C-16, and C-22

21 znd both

are invariznt, £-1 and C-2 in (2) are assi:ned by comparison
move apprecisbly to hisher field in (6). The assicrmment of C-6 then

follows and doss not change in (3) and (4). C-1 and C-2 show acetylation

shifts from (6) to (3) and (4).

The methyl carbons are not assi ned with the exceptio.. of the acetates,



52-

:

which are reco:nised by larser r

9]
=

iunal coupling in the off-rescnance-

¢

RS

dacoupled specira.

The assiznments for (5) are made by comparison as {ar as possible,
but suitable model systems are not available. The spectrum for (13)
shovs doubling and reduction in intensity of some resonances associated
with the substituent at C-17 and it is possible trat not all relevant

peaks are resolved.
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GoZNERAL ZXPEURIVNAENTAL

A1l melting points were determined on a Kofler hot-stave apnaratus
and are uncorrected, Proton nuclear macmetic resonance specira were
recorded on Varian X,L.-100 or Perkin-Elmer R-32 spectrometers using
tetramethylsilane as internal reference in deuteriochloroform. Proton

. - 13 . .
noise decouvled pulsed FT C n.m.r, spectra with £ 1,52 Hz per data point
were obtained at 25.2 Iz on & Varian XI-1080 spectrometer, cperzted by

Dr. D.S. Rycroft, for solutions in CDCl, at room temperature (ca 2500),

3
urnless otherwise st=ted, Shifts are ~iven as positive downfield (p.p.m.)
from internal tetramethyrlsilane, Assirrentes are based on chemical shift
rules, multiplicities in off-resonance-decoupled spectra, correlation

. 1 . . . A -
with "H chemical shifts using two off-resonance-decoupled spectra , znd

by comparison with published data for similar compounds,

Ultraviolet absorption spectra were measured in ethanol or methanol
solutions using a Unicam S.P. 800 spectrometer. Infra-red solution spectra
were recorded by Mrs. F. Lawrie and staff, on a Perkin-~Elmer 580 or on 2
Perkin Elmer 225 instrument using carbon tetrachloride as solvent, unless

otherwise stated.

Mass spectra were rcutinely determined by Mr, A, Ritchie and staff on
an A.%.I.-G.E.C., M.S.-12 mass spectrometer, hish resolution spectra being
obtained on an A.BE.I, .5.,-902s instrument. Micro-analyses were carried
out by Mrs. W. Harkness and staff. Circular dichroism spectra were recorded
by Dr. P.M. Scopes, Westfield Collece, London.

Chromatosravhic sepsrations were effected usinzg commercial '"Woelm"
aluminz for column chromsto:rraphy and Merck's "Kieselgel G" for analyfical
and prevarative t.l.c. Licht petroleum refers to the fraction of b.wn.

60°-80°¢,
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Isolation.- (a) Wood. Powdered wood (5.4 Kz) of C. vaniculatus was

continuously extracted with light petroleum in a Soxhlet. The oily
extract (41 g) was chromatographed over Grade IV alumina (1 Kg) in

light petroleum. The initial fractions eluted with increasing pro-
portions of chloroform in light petroleum yielded B-sitosterol (8) (4 g)
The fractions eluted with increasing proportions of ethyl acetate in
chloroform crystallised on addition of ether-~light petroleum and afforded,
in increasing order of polarity, compounds A, B and C. Compound A (2)
(700 mg) had m.p. 209°~ 211°C (ex. ether-methsnol), m/e 510 (¥*-18).
(Found: C, 72.6 ; H, 9.25. 032h480, requires C, 72.7 ; H, 9.1%).
Compound B (3) (300 mg) was crystallised from ether-light petroleum and

had m.p. 204°- 206°C, m/e 514 (¥*-18). (Found: €, 72,0 ; H, 10.0.

C32P5206 requires C, 72.15 ; H, 9.85%). Compound C (4) (600 mg) had

m.p. 145°= 150% (ex. chloroform-ether), m/e 530 (M*-18). (Found:

c, 70.0 ; H, 9.2. reguires C, 70.0 ; H, 9.5%). Preparative

C,.E_.0
32775277
te.lece of the mother liquors of A (2), using ethyl acetate-carbon tetra-
chloride (6:4) save compound D (5) (vilasinin 1,3-diacetate) (200 mg)
crvstallised from methanol, m.p. 126°-131°C [m/e 512 ; v (c014) 3560

and 1735 cm-ll. (Found: C, 7C.3 ; H, 8.1. ‘requires C, 70.3

C,H, .0
3074077
E, Te%%). Preparative t.l.c. of the motner lioguors of B (4), afforded
compound E (6) as a zum Im/e 470 (1'-60)]. Extraction of a minor band
cn the plate gave the known compound 14,15-deoxyhavanensin-3,7-diacetate

-~

(7) (8 mg) whose 1n n.m.r, specirum accorded with reported data.

{b) Seeds. Ground seeds (500 g) of C. paniculatus were extracted with

lizht petrolewm in a Soxhlet. The wily extract (180 f), obtained on

removal of the solvent under reduced pressure, deposited a solid (5.5 g) on



treatment with lichkt petroleum. Tnis solid was chromatosraphed on
Grade IV alumira elutin~ with increasin: amounts of etsyl acetate in
chloroform, 1The early fractions contained mainly fat (2 g). The
later fractions showed nmany spots on analytical t.l.c. Multiple
preparative t.l.c. using ethyl acetate-carbon tetrachloride (3:7) and

methanol-chloroform (1:9) afforded the following compounds:

(a) Compound F (12) (42 mg) m.p. 236°- 240°C (ex. chloroform -

ether), m/e 512. (Found: C, 7C.45 ; H, 7.8. requires C,

CBOH4007
70.3 5 E, 7.8%).

(b) Compound G (13) (40 mg) as a gum., This compound could not
be characterised as it was present as a mixture in equilibrium. Jones
oxidation under usual conditions (10 drops, OOC) afforded a product
identical with compound ¥ (12) (IH NeMeTe, MePoy MeMePe, analytical t.lc,)

in good yield.

(c) Compound i (14) (120 mg) as an insoluble powder Im/e 508
(H+-18)I. Acetylation with pyridine-acetic anhydride at r.t. (1 min),
afforded a mixture from which the major component, the acetate (34) (60 mg)

was obtained by preparative t.l.c. [m/e 568 (3¢)].

(@) Compound I (15) (l7ﬁ—hydroxy—6qracetoxyazadiradione) (18 mg)
m.p. 288°= 292°C (ex. methanol-ether-light petroleum) [ m/e 524 ; Viax

\ ~ N _1 'y - ST :
(cC1,) 3590, 1752, 1720, 1662 cn” 1. (Tound: 524.2407L (H").  Cz H, O

requires (M%) 524.24099).
Phe known compounds, 6a-acetoxynimbinin (11) (6a-acetoxy-14,15-
V14 . 12
epoxyazadiradione)14 (18 mg), mep. 1670—16900 ; gedunin (9) < (20 mg)
m.p. 216%°= 220°C and 6a-acetoxygedunin (10)12 (40 mz), m.p. 270°- 274°C

were also isolated and readily identified spectroscopically.

The more polar fractions (2.8 s) of the columa could not be
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separated and were acetylated with acetic anhydride in pyridine on the
steam bath for % h. frnalytical t.l.c. indicated the presence of at

least ten compounds. Lack of material prevented full characterisation.

acetvliation Reactions.- Acetates were prepared by treatment of the

alcohols with acetic anhydride in pyridine on the steam bath for  h.

Compound A Acetate (17) was not obtained crystalline [m/e 510 (1*-60);

6; 1.02 (éH), 1.04 (6H), 1.14, 1.29, 1.33 (C-methyls), 1.95, 2.06 (OAc's),
2.68 (18,4, J 7 Hz, H-24), 3.95 (1€,m, E-23), 5.26 (2H,m, E~7 and H-15),

6.27 (1d,d, J 3 Hz, 5-21)].

Compound B (%) afforded a mixture which was separated by preparative
t.l.c. using ethyl acetate-carbon tetrachloride (3:1), to give the di-
acetate (26) m.p. 2130- 215°C (ex. chloroform~ether) [m/e 556 (}M*+-18) ;
Voax (0014) 3575, 1737 em ™t ; 6ﬁ 0.83%, 0.86 (6H), 0.98, 1.06, 1,14 and
1.17 (C-methyls), 2.C1 and 2.06 (~Oic's), 3.16 (1H,d, J 9 Hz, H-24),

3.58 and 4.04 (b ABq, J 12 Hz, 2H-21), 3.93 (t, J 3 'Hz, E-7), 4.67 (t,

J 3 Hz, H=3), 4.98 (m, H-23), 5.49 (bd, J 3 £z, H-15)] and the triacetate
(27) (sapelin v triacetatelg) m.p. 160°- 162°C (ex. chloroform-ether)
[m/e 598 (4 -18) ;v .. (CC1,) 3575, 1732, 1737 om™" ; &, 0.73, 0.86,
0.88, 1.10, 1.14 and 1.17 (C-methyls), 1.94, 2.00 and 2.07 (OAc's),

3,16 (d, J 9 Hz, E-24), 3.56 and 4.04 (b ABq, J 12 ¥z, 2H-21), 4.66 (%,

J 3 Hz, H-3), 4.97 (m, 5-23), 5.16 (t, J 3 nz, H-7), 5.29 (bd, J 3 Hz,
H-15)]1.

vompound C (4) yielded, after preparative t.l.c., the triacetate
(28) as a gum [m/e 572 (M*6C) ; 6, 0.81, 0.86 (6%), 1.03 (eH), 1.25,
1.29 (C-methyls), 2.05 (6E), 2.13 (OAc's), 3.91 (t, J 3 nz, E=T), 4.51
(m, E-23), 4.65 (t, J 3 Hz, E-3), 4.79 (4, J 4 Hz, H-24), 5.48 (bt, J

3 Hz, H-15), 6.08 (&, J 3 Mz, n-21)].
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. ) S . . AnO L o s
Compound D (5) afforded the known triacetate (32),m.p. 220 C,iden-

. o . .. 22
tified by its spestroscopic data.

(6}

Compound E (6) save the non-crystalline acetate (30) [m/e 512 (8*- 60),
6, 0.81, 0.86 (63), 1.03 (6H), 1.25, 1.29 (C-methyls), 2.03, 2,05 (Okc's),
2.65 (a, J 7 Bz, E=24), 3.91 (2H,m, H-7 and E-23), 4.65 (t, J 3 Ez, H-3),
5.48 (bt, E-15), 6.25 (4, J 3 Hz, H-21)I.

Tetranortritervenoid (18)16 Compound A (2) (€70 mg) in tetrshydrofuran

(150 ml) was treated with sodium periodate (2 g) in water acidified with
700 verchloric acid (3 drops). The solution was stirred at r.t. for

27 h. The precipitated sodium iodate was filtered off and wasned with
tetrahydrofuran, Sodium bicarbonate (100 mg) was added, the solvent
removed in vacuc and an excess of water added. Extraction with chloro-
form yielded a yellow gum which was dissolved in tenzene (100 ml) and
refluxed for 2 h with toluene p-sulphonic acid (1 mg). The product

was chromatographed on Grade 1V alumina in ether-light petroleum.

The fractions eluted with ether afforded tne known furanoid tetranor-
y16

triterpenoid (18 (400 mg) which was crvstallised from methanol-ether

and had m.p. 175°- 177°C.

Diene (20 Tetranortriterpenoid (18) (140 mg) in pyridine was treated
with thionyl chloride (10 drops) at ice temperature for 3 h. The reaction
mixture was poured into ice-water and extracted with chloroform .

The product was chromatographed over Grade IV alumina in lizht peiroleum-
ether to give the crystalline diene (20) (28 mg) m.p. 180°- 182°C (ex-
methanol) m/e 378 () ; 6. 0.80, C.93, 1.04, 1.08, 1.18 (C-nethyls),
5.45 (bd, J 10 ¥z}, E-7), 5.50 (obsc t, n-15), 6.05 (dd, J 3,10 Uz, E-6),

6.25, 7.22, 7.32 (furan orotons)].

Diol - ronozcétate (22) Diene (20), in ether-vyridine, was reacted

with excess osmium tetrdxide and the reaction left in the dark for 24 h.
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Prevarative t.l.c. of the crude product yielced the non-crystzlline
diol (21),[6}: 0.7, 0.97, 1.03, 1.1, 1.21 (C-methyls), 4.27 (dd, J 8,6
Hz, E-15), 5.77 (2%,bs, #-6 and n-7), 6.22, 7.15, 7.32 (fursn protons)],
which was acetylated on the steam bath for 1 h to give the non-crystal-
line monoacetate (22) 6, 0.72, 0.93, 1.02, 1.08, 1.2 (C-methyls), 2.08
(OAc), 5.32 (t, J 8 Hz, H-15), 5.70 {24,bs, H-6 and H-7), 6.23%, 7.15,

7.32 (furan protons)].
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CHAPTER TTI1T

TETRANORTRITERPENOIDS FROM THElsEEDS

CHUXRASTITA TABULARTIS
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INTRODUCTION

Chukresiz tabuleris (Feliaceae) is mative to the tropicel regions

of Asia, mainly India, where it is an important timber tree. 1t belongs
to the Swieteniae tribe which also includes the closely related Entandro-

phrasma, Swietenia, 'haya, Soymida and Lovoa.l

Chemical studies of this tribe have been mainly concerned with the

tetranortriterpenoids produced by Khava2 and Entendrophragma3species.

The othér genera (only one or two species examined) afforded limonoids
with a ring B-cleaved skeleton4—6, similar to those found in Fhaya species.
Entandrophrarma, on the other hand, has aroused particular interest, as

all the species examined contained a novel type of limonoid with an
unusual bicyclononanolide skeleton, represented by phrag-;malin7 (1) and
bussein8 (2). The most striking features of this type of compound are

the orthoacetate (at C-1,8,9 in (2), or at C-8,92,14 in utilin (3)9], and
the methylene bridze between C-1 and C-4. Biogzenetically they can arise
from a precursor like swietenine (4)5, by a series of oxidations to produce
the orthoacetate and by cyclisation of the 4Q-methyl group with the C-1
ketonic carbonyl to form the methylene bridgze. The mechanism of this
cyclisation is unknown though it mey be radical in character.lo Neither

of these features has been found to occur in simpler bicyclononanolides.

It was of interest to examine the related species, Chukresiz tabularis,

and isolate, if possible, more compounds belonging to this unique group,
and thus shed some lisht in the processes involved in their formation
from simpler limonoids. In this chapter we report the isolziion from

the seeds of C. tabularis, of four closely related compounds with a phrazma-

lin skeleton. We shall discuss the chemiczl and spectroccepical evidence
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rlz prico ; R°= EtCO ; RO= H

R1= R2 = Pr CO ; R3= Ac

RY =prico ; 32= BtCO ; RJ= Ac
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(12)
(13)

(14)
(15)
(16)

(17)

R1= )——CO,
&' = Y—co ;
R1=Ac,R2
Rl = A ; RP
R1=Ac;R2
R = ac ; RO

(11)

R°=H; B, R = Ac+ )0 ; R% = om
R%=H ; R, R0 = Ac+ )0 ; R} :=EH
=gt =1 ;8 =R: Yo

=r =1 8%, R7= Y00 + e

=hc ; RO, R? = Ac+ Veco; B =&

:Ac;RB,Rs: )——-CO H R4=H
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that led us to assign siructures (5) - (&) to them. We have also isol-
ated two compounds (9) and (10) with a modified furan ring (y-hydroxy-
butenolide). These are obviously formeda from the furan derivatives (5)
and (6) respectively. Also present in the extract was the known substznce
T-deacetoxy-T-hydroxygedunin (11).11

13 14

Soon after this work was publishedlz, Taylor™” and Tamm published
independently the isolztion of six new bussein ester-derivatives (12)—

(17), from the wood of C. tabularis. The bark was reportedl3 to contain

a small amount of an interesting compound, tabularin (18), which may
represent an intermediate in the biosynthesis of the complex bicyclonona~
nolides since it already has the methylene bridge but lacks the orthoester

function,
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DISCUSSIOHN

bxtraction of the seeds of Chukrasia tabuleris C!eliaceae) with light

petroleum and concentration of the solution afforded a precipitate con-~
taining a complex mixture. The major components were four closely re-
lated tetranortriterpenocids, A - D, which were eventually obtained

crystalline by extensive prepzrative t.l.c.

A striking similarity in the spectroscopic properties of compounds
A (5), CB7H48013 , and C (6), C36:46013 , (see Tables 1 and 2), suggested
that they had the ssme tetranortriterpenoid skeleton and differed only
in the nature of the esters attached to it. Thus, both had in the lH
n.m.r. spectra signals corresponding to a PB-substituted furan ring, a
methoxycarbonyl zroup, a hydroxyl (6H 2.65 in A, GH,2'71 in C, exchange-
able with D20), an orthoacetate (6H 1.60) and three low field singlets.
A difference in the complex methyl region of the spectra, otherwise iden-
tical, supported the assumption of the presence of different ester groups
in A and C, Additional information aboét the nature of the skeleton
Qas obtained by a study of the 130 n.m,r. spectra, A characteristic
low field singlet at GC 119.Q was assigned to an orthoacetate, which to-
gether with the lack of signals for an exomethylene group, suggested a
bicyclononanolide sxeleton for these comﬁounds. The off-rescnance spec-
tra on the other hand, revealed the presence of three carbon doublets at
60 83,1, 78.5 and 7C.7 whose chemical shift indicated that they were
attached to oxygen, They were correlated with the low field singlets
present in the 1H n.m.r., spectra, and attributed to H-17 and two other
protons attached to esterified positions, The carbon atoms involved in
the formation of the orthoacetate group, gave rise to three singlets in

the 85-87 p.p.m. region, An extra singlet in this vart of the spectrum
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was then allocated to the C~OE group, which had therefore to be tertiary.
The positions of attachment of the orthoacetate were decided by a
comparison of the structures of phra,gmalin7 (1) and utilin9 (3). We
favoured a phrasmalin-type of skeleton as it can zccommodate two secondary
ester groups next to fully substituted positions, to account for the ob-
served multiplicity of the 1H n.,m.r, signals, Such positions are not
availevle in utilin, as the hydroxyl sroup has to be at C-1, for biogene-

tic requirements.

Definitive proof for these assignments was obtained when alkaline
hydrolysis of A (5) and C (6) afforded the same compound, identified as
phragmalin (1), by comparison with an authentic speéimen and by conversion

to the known mono-, di-, and tri-acetates (19)-(21).7 'ne nature of the

(20) R'=32%=Ac ; RO= H
(21) Y= R°= R = pe

. a s . 1.,
attached ester groups was elucidated in several ways. First, "H n.m.r.
. . . .1
examination of the volatile acids released on hydrolysis 5, showed that
compound A (5) gave rise to 2 mol. equiv, of isobutyric acid, whereas

C (6) gave 1 mol. equiv. each of isobutyric -and propionic acids. Second-
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ly, the mass spectrum of A showed a characteristic cleavaze for an iso-
butyrate (m/e 71) whereas C had peaké for cleavage of both, isobutyrate
and propionate (m/e 57). These findings were confirmed by the 13Cn.m.r.
spectra of A and C. The spectrum of C (see 'able 2) had an unusually
high methyl signal at 6C £.62, characteristic of a propionate ester, and
a doublet at 60 27.7 for the methylene carbon (Megﬁzco). These signals
were not present in the spectrum of A, which had instead an intense peak
at Gc 34.4, corresrondiing to the methine carbon of two isobutyrates,

The chemical shifts of the remainings ester carbons are listed in Table 2.
From this evidence it follows that &4 is phrasmzlin-3,3l-diisobutyrate (5)
and C is the correspondins isobutyrate-propionzte derivative,

The question of the position of attachment of the propionate in C

13

is less easily settled. We favoured C-30 on the basis of the "“C frequen-
cies for the carbonyl carbons in the spectra of the series of compounds

in Table 2. Trom the data obtained for the acetate derivatives of
phrasmalin, (19), (20) and (21),it follows that the carbonyl carbon of

an ester group attached to C-30 resonates at higher field than that in

the corresponding C-3 ester. This difference is enhanced by the substitu-
tion effect on zoing from isobutyrate to propionate16 [c.f. (5) and (6).

These assignments are consistent with structure (6), phragmal in-3-iso-

butyrate-30-propionate for compound C.
The spectroscopic properties of compound B (7), 039H50015, and D (8),

038

and 2) suggesting the same phragmzlin skeleton, Both compounds had an

H48015’ were very similar to those of 4 (5) and C (6) (see Tables 1

additional .CHCAc grounl 8, 69.1(a); & 4.60 (B) or 4.66 (D) (a4, J 4, 12
Hz)] rel=ztive to 4 and C, and an acetate methyl resonance at abnormally

high field (BH 1.66). These data require a l2a-acetate group since in

17,9
H

this position it becomes shielded by the furan ring as reported for
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bussein8 (2), where it appsars at Oy 1.63, The 130 n.m.r. spectra of

B and D supported this assisznment, Introduction of an oxyzen substitu-
ent at C-12 caused a downfield shift (relative to 4 and B) of the signals
due to C-12 (40 p.p.m.), C-11 (6.5 p.p.m.) and C-13 (4.5 p.p.m.) and an
upfield shift of those due to C-18 (5.5 p.p.m.) and C-17 (2 p.p.m.).
Hydrolysis of both D and B afforded 12a -hydroxyphragmalin (22), which

has not been described previously. The nature of the ester substituents

O
c.}.] .__.

0

(22)

in B and D was elucidated as before, by a study of the volatile acids re-
leased on hydrolysis, the mass spectral fragmentation and the 130 chemical
shifts. In this case, hydrolysis afforded 1 mol. equiv. of acetic acid,
in addition to isobutyric (B and D) and propionic acids (D). Thus, B
is.12G-écetoxyphragmalin—3,BO—diisobutyrate (7) and D is 120-acetoxyphrag-

malin-3-isobutyrate-30propionate (8).

Column chromatozraphy of a sample of the residual light petroleum
extract afforded a polar fraction from which a crystalline mixture of two
compounds was obtained. rhey were ceparatea, with difficuliy, by vrepara-
tive t.l.c. The 1y n.n.r. spectra of E (9) and F (10) were virtually
identical with those of compounds A (5) and C (6) respectively, except

for the absence of the characteristic [3-substituted furan ring resonances.
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4

This suggested that the furan ring had under-one oxidative modification.
Both B and ¥ were acetylated almost instantaneously at r.t. with pyridine-

acetic annydride to give the monoacetates (23) and (24) respectively,

(23) R = R°= PriCO

(24) R = Prico ; B® = EtCO

The presence in the acetate (23) of an @-substituted @ ,f-unsaturated
carbonyl system L&, 176.6 (C-21), 135.4 (C-20) and 147.2 (C-22); by 7.28
(bs, H-22)] and a secondary carbon attached to two oxygen atoms]ZﬁC 92,1
(C-23); 6H 6.91 (H-23%, downfield shift from 6y 6.%6 in (9)] indicated a
Y-acetoxybutenolide, Thus, compounds E and ¥ have structures (9) and
(10) respectively. Tetranortriterpenoids with this type of oxidatively
modified furan ring are well known4 and the spectroscopic values quoted

above and in Table 2 correspond well with literature values for compounds

with the butenolide carbonyl group at C-21, esg., tricoccin SB acetate (25)

(25)
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(6, 6.88 (E-23), 7.0 (E-22)]. The alternative arrangement with the carbon-

b

S

vl group at C-23 is also known but compounds of this type were not isola-
ted from the extract. The corresponding modified furan derivatives of

B (7) and D (8) were not detected, Wnile it is possible that such modi-
fied furan derivatives may be natural products, it seems likely that, in
this case, tney are artefacts formed during prolonged standing of the light

petroleum extract in light.



Table 1

1
H nem.r. spectra of phragmalin and related compounds.

(5) (1) (6) (&) (1) (19) (20) (21) (22) (23)

H-21 7.52 T7.48 7.52 T.46 7.50 7.52 7.51 7.50 7.64 =

H-22  6.42 6.43 6.46 6.42 6.46 6.42 6.44 6,42 6.58 T.28
H-23  T.42 T.40 T.43 T.42 7.39 7.42 7.40 7.38 T.46 6.91
H-17  5.54 5.59 5.52 5.56 5.58 5.55 5.48 5.53 5.63 5.48
H-30  5.91 6.02 5.88 5.99 4.74 4.56 5.91 6.29 4.68 5.9
H-3  4.66 4.68 4.61 4.59 3.56 4.70 4.64 5.09 3.54 4.65

H-12 - 4.60 - 4.66 - - - - 4,00 -
(q,4,12) (q,4,12) (t,8 Hz)

—COzﬂe 3.69 3.72 3.70 3.72 3.69 3.70 3.69 3.69 3.69 3.75
MeCO(0)1.65 1.60 1.65 1.60 1.61 1.62 1.67 1.70 1.61 1.65
120-08c - 1.66 - 1.65 - - - - -
.93 0.95 0.98 0.94

.11 1.11 1,07 1.06
17 1.19 1.13 1.16

_ 0.90 0.90 0.91 0.92 0.98 0.9
Cc-Me® 1.04 1.12 1.05 1.13 1.04 1.06

1.14 1.18 1.1%3 1.20 1l.13 1l.14

== O

2. Skeletal methyls only.



Table 2

1
3C n.m.r. spectra of phrasmzlin and related compounds.

a,b,c, These assignments may be interchanged.

Carb
a§o?n (5) (7) (6) (8) (1) (12)  (20) (1) (23)
12 87.2 86.1 87.1 86.0 86.7 86.7 87.2 86.9 87.2
2 79.8 80.0 79.5 79.8 8.6 77.8 79.4 85.3 80.0
3 83.1 8%.2 83,4 8%.8 83.1 83,0 2.4 8l.1 82.9
4 45.4  45.4 45.4 45.4  45.8 45.6  45.4 46,2  45.8
5 36.8  35.9  36.7 35,9 35.9 3.9 36.4 35.5 36.5
6a 33.3 33,5 33,5 33,5 34.3 3%.8 33,5 33,3 34,2
82 86.4 85.7 86.2 85,5 86.4 86.2 86.2 86.0 86.2
9% 85.5 85.3 85.5 85,3 84.4 94.1 85.6 85.3 85.8
10 45.3 45,1 45.2 45,1 45.8  45.4 45.3  45.8  45.5
11 25.2 31,7 25.2 31,7 25.3 25.2 25.3 25.4 25.3
12 29.1 69,1 29.2 69.1 29,3 29,0 29,2 29,2 27.9
13 34 .4 38.9 34 .4 38.7 34.3  34.6 34.4 34 .4 35.0
14 42.7  43.8 42.8 42.8  42.5 42.2 42,9 43,2  42.7
15 26.6 26.8 26,6 26,8 27.4 27.2 26.7 26.6 26.3
17 78.5  76.6  78.7 T76.9 79.1 8.3 78.8 78.6 T7.1
20 121.3 120.9 121.2 120.9 121.6 121.,6 121.,2 121.2 135.4
21 140.6 141.0 140.5 141.0 140.6 140.3 140.7 140.8 167.6
22 109.7 109.9 109.7 109.9 109.7 109.7 109.7 109.8 147.2
23 142.9 143.0 142.9 143.0 142.7 143.1 143.1 143.,0 92.1
29 39.5 39.8 39.5 39.¢2 39,5  39.6  39.4 40,2  39.5
30 70,7  70.2 70,9  70.3  68.9 69,2 T1.2 69.3 0.4
-COMe  51.9 5L.7 51.9 51.7 52.0 52.1 52.0 52.1 52.4
Me0C(0)0 119.0 119.1 118.9 119.1 118.9 119.1 119.1 119.1 119.0
Me0C(0)0 21.1 21.1 21,1 21.1 21.3 21.2 21.1 21,1 21.2
18 19.5 14.0 19.6 14,0 20.2 19.9 19.7 19.6 20.0
19° 16.3  16.2 16.3 16.2 15.8 16,0 16.2 16.6 16.1
0g° 14.4 14,0 14.5 14.0 14.8 14.5 1:4.5 1:4.6 14.7
Me,CHCO 19.5 19.7 19.3 19.5 19.3
19.3  19.%3 18,3 18.4 19.6
18.2 18.4 18.1
18.0  17.9 18.0
MeZQHCO 34.4 34.6  34.3  34.7 34.6
34.4  34.6 34,6
1%eCH,C0 8.6 8.6
MeCH,CO 27.7  27.9
MeCO 20.1 " 20.1 20,9 21.2 21.7 20.7
- , 21.2 21.6
21.1
00 at: 7 172.9 172.1 172.9 172.1 173.4 172.9 172.8 172.7 172.5
16 170.1 169.7 170.1 169.7 172.0 171.3 170.8 170.3 169.3
3176.5 177.3 176.6 177.5 170.3 170.3 17C.3 177.0
174.9 174.9 172.3 172.5 169.0 168.6 175.2
12/2/23 162,2 169.2 170.2  168.7
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EXPERIMENTAL

Isolation.- . Powdered seeds (3 Kg) of Chukrasia tabulsris were extracted

with light petroleum in a Soxhlet apparatus. Concentration of the solu-~
tion resulted in the precipitation of a gummy material (25 g) which was
filtered off and chromatozraphed over alumina (Grade IV) using gradually
increasing provortions of chloroform in lizht petrolsum. The fractions
eluted with chloroform were combined to give a mixture (10 g) of four
compounds, A-D, of similar polarity. They were subjected to careful
preparative t.l.c. (multiple runs) using carbon tetrachloride-ethyl acetate
(7:5) as solvent. Subsequent crystallisation afforded the following
compounds (in increasing order of polarity):

a) Compound A (5). (phresmalin diisobutyrate) (0.85 g) m.p. 224°- 228°%
(

(needles ex., ether-licht petroleum); [vmax (0014) 3578, 1748 cm_l; m/e

T+ m . P4 .I{ R - 1 PV
682 (4*-18)]. (Found: C, 63.6; H, 7.1 037H48013 requires C, 63.4;
H, 6.85%).

(v) Compound B (7) (12-g~acetoxyphragmalin diisobutyrate) (0.3 g)

m.p. 226°- 229°C (needles ex. ether-light petroleum); [ - (0014) 3578,

-1, o : . :
1748 em™~; m/e 740 (*-18)1. (Found: C, 62.0; H, 6.80. 039:150015

requiree C, 61.75; H, 6.6:.).

(¢) Comvound C (6) (phrasmalin-3-isobutyrate-30-provionate) (0.6 g)

Me Do 1950— 260°¢C (needles ex. carbon tetrachloride-lizht petroleum);
rvmax (cc14) 3578, 1748 cm'l; m/e 668 (1t-18)1. (Found: ¢, 53.0; H,

45, H ) i c, 05 Hy 5.5%¢).
5.45 036r46019 CCl4 requires 53 545%)

(d) Comvound D (8) (12-Q-acetoxyphrasmalin-3-isobutyrate-3C-propionate)

(0.5 &) m.op. 2140- 216°%¢ (needles ex. ether-light petroleum);[‘vmax (CClA) :

3578, 1748 cm-l; m/e 726 (3"-18)1. (Found: C, 61.25; X, 6.55. 0381148015
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requires C, 61.3; H, 6.45%).

Preparative t.l.c, of later fractions eluted with methanol-chloroform
afforded 7-deacetoxy-T-hydroxyzedunin (11) (50 mg) m.p. 249°- 255°C, identi-

.
fied by direct comparison (i.p., nem.r., m.s.) with an authentic sample. -

A sample (32 g) of the residual light petroleum extract was chromato-
graphed over SiO2 in light vetroleum eluting with increasing amounts of
chloroform in light petroleum. The early fractions containing fatty
material were discarded. The later fractions were combined (10.24 g)

and rechromatographed over SiO. in chloroform, The intermediate fractions

2
contained a mixture of compounds (5)-(8) (4 g). The final fraction (0.5 g)
eluted with methanol was plated and the main band crystallised from metha-
nol~ether~light petroleum to give a mixture m.p. 2420- 24800 of compounds
(9) and (10). Separation was difficult but careful preparative t.l.c.
afforded pure compnound (9) MePe 2430— 25000 (ex. ether—methanol);[xn/e 714
(M*-18), 6, 7.28 (H-22), 6.36 (H-zs),o5.94 (2-30), 5.46 (3-17), 4.65 (H-3),
3.75 (—COQNe), 2,67 (-OH), 1.65 (Me-éeoil. The corresponding acetate

(23), prepared by treatment of (9) wigh acetic anhydride in pyridine at

r.t. for 1 minute, was crystallised from methanol-ether and had m.p. 218°-

22000, m/e 756 (I*-18). (found: C, 6C.25; H, 6.60, requires

%3950°16
C, 60.45; H, 6.45%). The second component of the mixture, compound (10),
was not obtained entirely pure but had m/e 700 (11*-18);I 6. 7.28 (H-22), .
6.30 (8-23), 5.92 (H-30), 5.46 (H-17), 4.60 (#-3), 7.38 (-COe), 1.66 (Ne-ég
‘On acetylation it yielded the acetate (24), m.p. 2030- 210°¢C (ex. methanol=-
ether); [ m/e 722 (*-18), 6. 7.28 (H-22), 6.91 (H-23), 5.92 (E~30), 5649
(H=17), 4.60 (H=3), 3.78 (—“O2Ke), 2.68 (=04}, 2.17 (Oic), 1.66 (ne-q;OJJ.

Acetylation of the mixture of (9) and (10) followed by preparative t.l.c.

led to a more efficient separation,

Alkaline hviérolvsis of compound A (5) - Compound A (5} (1C0 mg) was dis-
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solved in 5{! methsnolic potassium hydroxide (10 ml) and the solution re-

- fluxed for % h, Addition of water, acidificztion with 6 hydrochloric
acid and extraction with chloroform zave a gum which was dissolved in
methanol and treated with excess ethereal diazomethnane, Purification

by preparative t.l.c and crystallisation from ether-methanol yielded
phragmalin (1) (57 mg) as needles m.p. 1480— 15300 with the same spectros—
copic properties as an authentic specimen.7 A similar result was obtained

on hydrolysis of compound C (§).

Alkaline hydrolvsis of comvound D (8),- Compound D (8) (97 mg) was

hydrolysed and methylated as above. Preparative t.l.c. of the product

and crystallisation from ether-methanol afforded l2a-hydroxyphrasmalin

(22) (60 mg) as needles m.p. 160°- 170°C,  (Found: C, 58.35; H, 6.5.
029H36012- H,0 requires C, 58.9; H, 6.455%),

Eydrolysis of compound B (7) gave a similar result.

Acetylation of vhrasmalin.-  Fhrasmalin (100 mg) was refluxed in acetyl

chloride for 3 h. Preparative t.l.c. of the product afforded phragmalin
monoacetate (19) (42 mg) m.p. 248°= 255°C (ex. methanol-ether) and phrag-
malin diacetate (20) (35 mg) m.p. 234°- 238°C (ex. methanol-ether).,
Longer reaction times led to the formation inter alia of phragmalin tri-
acetate (21) mep. 165°= 173°C (ex. methanol-ether-light petroleum).

These compounds had the expected spectroscopic properties (see Tables 1

and 2).
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10,

11,

12,
13.
14,
15,

16,

17.

e
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CHAPTER IV

COMPLEX TETRANORTRITERPENOIDS

FROM

MRICHILIA AND GUAREA SPECIES
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INTRODUCTIOR

Trhis chepter is concerned with a emall croup of complex tetranor-

triterpenoids, from Trichilia and GCuarea species, which unexpectedly

exist in solution as a mixture of sterically hindered conformztional

e

. . L . 1
isomers. This results in broadening of the 3C and "H n.m.r, spectra

. 1
(and even in the absence of some 3C resonances) at room temperature and

makes interpretation more difficult, No procress was made with this
group until it was rezlised that a conformatisnal problem existed and

the spectra were run at elevated temneratures.

The first member of this group, prieurianin, 016’ from the wood of

C}BHSO

. . . . 1 . .
T, prieuriana, was isolated in 1965, but its structure remained unre-

solved until 1975 when it was assigned2 structure (1) on the basis of
chemical and spectroscopical evidence, and X-ray analysis.3 Frieurianin
had hydroxyl and carbonyl absorptions in the i.r. (Vmax 3560,33%370, 1776=-
1710 cm‘l). Its c.d. spectrum [306 nm (Ae -'1.4)1 indicated a ketonic
carbonyl groun. The functional zroups revealed spectroscopically (1H and
130 n.m.r.) included a ketone, two acetates, a formate, a carbomethoxyl,

a lactone, a 2'-hydroxy-~3'-methylpentanoate, and an éxomethylene. The
remaining oxygens were zccounted for by a [3-substituted furan rinz and

a tertiary hydroxyl sroup. Thus prieurianin was bicarbocyélic and had .

two rings of the tvpiczl tetracyclic apo-tirucallol nucleus cleaved.
(a7 c.p

At ambient temperature only one tertiary methyl siznal was apparent
. 1. - . .2 : On . .
in the "H nem.r., spectrum of prieurianin. However, at 67 C in deuterio-
acetone, the spectrum was well defined and three tertisry methyls were
observed. Detailed analysis, with spin decoupling, of the high temperature

spectrum sussested the partial strmcture (2) for rincs C and D, The
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(3)
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formate was placed at C-11 since there was wezk couplins between the

forml proton and E-11, The attachment of the 2'-hyvdroxy-3'-methyl-
ventanoate ester to C-12 followed from the shift of the furan H-23 from

6H 7.36 to 5H T.44 on acetylation of the 2'-hydroxvl srounv. It is perhars
not without significance that éeveral uncleaved tetranortriterpenoids

from other Trichilia species also have oxysenation at C-11 and C-12,

These include the heudelottins4 (c.f., heudelottin F (3)), from T, heudelotii
5

and hirtin (4) from T, hirtz, The ring D three spin system was readily
identified. The large geminal couplinz constant (J 16 Hz) for 2H-16 was
consistent with the ovresence of a ketons 2t C-15, Finally, the c.d.
spectrum and the unsymmetrical environment of the exomethylene protons

supported the placing of the t-hydroxyl group st C-14. These results

indicated that prieurianin had an A,B-cleaved skeleton.

Other features of the 1H n.,m.r. spectrun included two acetates, one
primary and one secondary. Two ABX spin systems, one involving the
secondary acetate, were identified in the Eu(dpm)3 shifted spectrum of
prieurianin, These structural units taken in conjunction with the carbo-
methoxyl and lactone were readily assembled to ive the biorsenetically
reasonable structure (1) for prieurianin, An X-ray analyvsis of prieurianin
2'-p-bromobenzenesulrhonate confirmed structure (1) and established the

. 3
full stereochemistry.”

The reasons for the conformational problems of prieurianin and re-
lated compounds are not yet cleax, The atoms whose n.m.r. resonances
are affected are all in the vicinity of the C-9,C-10 bond., The simplest
explanation is that of restricted rotation about this bond, The ring A
g€-lactone seems to be necessary for this effect since rins B cleaved

. . . o 6
compounds with a carbocyclic ring A, e.z. toonacilin (5) , have not been

revorted to suffer from conforma*ional prohlems,
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(6)

(7) C-1 epimer of (6)

(9)
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Alkaline hydrolysis of prieurianin (1) was a complex reaction. In
the original work2 two epimeric products were isolated after acetylation
and were assigned the structures (6) and (7). The reaction was inter-
preted in terms of methanolysis of the g-lactone, B-elimination of the
C-1 acetate, and lactonisation of the C-7 carboxyl group to C-1 from both
a and f faces, The hydrolysis products, unlike prieurianin, gave sharp
1

H and 130 n.m.r, spectra, In the following discussion the structures

of these hydrolysis products will be revised.

Two further members of this group of tetranortriterpenoids have been

7

published recently. Rohitukin (8) from T. rokka is very similar to
prieurianin with the C-7 carboxyl group lactonised to C-29 to form a
6-lactone, The ester attached to C-12 was identified as 3-methylbutanoate.
Dregeanin (9) has been found in T, dreceana and other species.7 The
substituents of rings C and D were readily established by comparison with
prieurianin and other model systems, The 14,15-epoxide is a common feature
ih the tetranortriterpenoid series. Dregeanin had a carbonyl band at

1787 cm_l. Since it was impossible to have both & ring A €-lactone and

a y-lactone involving the T-carboxyl group, this carbonyl frequency was
interpreted as indicating a strained f-lactone between C-7 and C-1. This

led to structure (9) fur dregeanin,

In the following discussion the stiructures of several new compounds
belonging to this group will be considered. These include D-4 and D-5,

two minor constituents of the extract of the bark of T. prieuriana, compounds

B and C from the root bark of Cuarea thompsonii, and a derivative of

rohitukin from the seeds of T, roklka, The alkaline hydrolysis of all the
compounds in this sroup was examined in detail and the resultis will be

discussed below,



(11) R=H

(13) R=Ac

(12) R=H

(15) R=Ac



DISCUSSTON

Careful chromatography of the lisht petroleum extract of the bark

of T. prieuriana afforded three crystalline substances.8 The least polar

was 2'-deacetyldrezeanin (10) which was readily identified by acetylation
to give dregeanin (9)., The other two compounds D-4, 033H40011,and D-5,
CB6H48014’ were assigned structures (11) and (12) respectively on the

evidence presented below,

Similarity of D-4 to dregeanin (9) and prieurianin (1) was immediately
suggested by the broadness of the 1H n.m.r. spzctrum at ambient temperature.
At 60°C the spectrum sharpened considerably. This facilitated interpre-
tation and at the same time emphasised the relationship with dregeanin,
There were signsls for three tertiary methyl croups [6H C.94 and 1.57 (€é4)1,
an exomethylene IﬁH 5.€8, 5.53 (bs)],a B-substituted furan (see Table 1)
and a formate[éH 7.93 (s)]. The presence of a 2'-hydroxy-3'-methylpenta-
noate was indicated by the molecular formule and the appropriate methyl
signals (see Table 1) and by the resonance at 6H 3,44 (d, J 4 Hz, H=2')
which shifted to 6H 4.82 on formation of the corresponding acetate (13).

A dregeénin type of ring D followed from the epoxide signals in the 130
n.m.r. spectrum at §, 72.3 (s, C-14) and 60.7 (@, C-15) and the H-15
sinélet at 6H 3.86. The lack of coupling of this proton with ‘the C-16
methylene group is well documented.9 Spin decoupling experiments confirm-
ed the characteristic AMX syétem involving -9 [ 6, 3.66 (a, J 8 Hz)I,
E-1116; 5.50 (ad, J 11,8 Hz) ] and E-12 [6H 6.04 (a, J11 Hz)l. Thus D-4
had a ring B cleaved skeleton with rings C and D identical to those in

dreseanin (9).

The above functional .roups accounted for gseven oxyszens. Since the
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C~T7 carboxyl zroup was not present as a carbomethoxyl it hzsd to be involved
in a lactone as in rohitukin (8). The lack of a high carhonyl absorption
excluded the drezeanin type of strained lactone. The remaining two
‘oxygens were accomodated in a rin' A g-lactone, Another obvious feature

£ the ' n.m.,r, spectrum of D-4, was an AB sysiem [6H 6.75 and 6.00,

(both 4, J 12 H;)] arising from a double bond in conjugation with a carbonyl
group. This could only be placed in ring A leading to ana ,B-unsaturated
g-lactone as in obacunone (14)10. Thus D4 was assigned the structure

(11). The 130 n.m.r. data supported this assignment (see Table 2).

(14)

The lH n.m.r, spsctrum of the.second compound, D-5 (12), at 60°¢C
was well resolved but more difficult to interpret than that of D-4 (ll)
because of overlap of signals, especially in the region between 5 and 6
PeDeMoo The presence of three tertiary methyls, an-acetate, a 2'-hydroxy-
3'-methylpentenoate, a carbomethoxyl, an exométhylene and a [F-substituted
furan, was readily established(see Table 1). Spin decoupling experiments
identified the familiar E-9, H—ll, H-12 three spin system and this, in
conjunction with the epoxide proton singlet (¥-15) at 6H 3,90, suggested
the same part siructure as D-4 (11) for rinss C and D. The remzining
functionality including a hydroxymethyl sroup (GH 3.76, bs, 2H-29, sharpen-

ins on addition of DZO)’ a secondary acetate (ﬁp 5955, complex n, H-1) and
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(16) R=H ; R = OH
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a lactone ring was readily accormodated in the biogenetically reasonable
structure (12) for wu-5. In suprort of this struciure acetylation of D-5
afforded the triacetate \15) which lacked hydroxyl absorption in the i.r.
and which had siznals for the new acetates at 6H .22 and 4.14 (ABq, J

12 Hz, -CH2OAC> and 0, 4.79 (&, J 4 Hz, H-2')., Thus D-5 has the same
arrangement in rings A and B as prieuriznin (1) though it belongs to the

dregeanin series with the 14(3,15@-epoxide in ring D.

The root bark of Guares thomnpsonii has been reported11 to contain

dregeanin (9), ‘eacetyldregeanin (10), methyl 6-hydroxyangolensate (16),

and methyl 12a-acetoxyangolensate (17). The last compound is of interest
since the 12 acetate methyl group is shielded by the furan ring and appears
at OH 1.50 in the 1H Nn.m.r. spectrum, During the course of this work

two further compounds, B and C, were isolated by Professor D,A,H. Taylor,
Durban, who sent them to Glaszow for study. The structure of compound C

will be discussed later in conjunction with the hydrolysis of drezeanin.

The structure of compound B, C (18), was readily deduced

3574415
from a comparative study of its lH and 130 n.m.r. spectra, run at 6090,

with those of the related compounds discussed above (see Tables 1 and 2).
The‘presence of a formate, an exomethylen=, a ring D epoxide (5H 3.93, 38,
H—15), a 2'-hydroxy=-3-methylpentanoate (GH 3.33, d, J 4Hz, H~2') and the
familiar H-9, H~11, H-12 spin system indiceated the same arrangement in

rings C and D as in D-4 (11) and D-5 (12). The lack of both a carbomethoxyl
and high carbonyl absorption in the i.r. suggested the same bis-lactone
structure for rings A and B as‘in rohitukin (8). The secondary acetate

(6H 5.52, m, H~1) was placed at C-1 by analogy with rohitukin and prieurianin
(l). Thus compound B was assi:ned the structure (18). The 130 data

(see Table 2) were in full agreement with this assignment.

Rohitukin is only one of several comnounds present in the light petro-
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leum extract of the seeds of T. rokka.l2 A precipitate obtained by
Professor D.A.H. Taylor, Durban, on concentration of the light petroleum
extract was sent to Glasgow for examination, Prepzrative t.l.c. afforded
two compounds. The less polar was rohitukin (9). The second substance,
R-6, could not be induced to crystallise. Its molecular formula could

not be determined by standard mass measurement techniques since it did

not give a suitable mass spectrum. Consideration of the 1H and 13C N.M.T,
spectra led eventually to the moleculsr formulszs C38H52016 and to struciure
(19) for R-6. The 1H n.m.r. spectrum at room temperature showed the
typical broadness associated with the ring B cleaved tetranortriterpenoids
with a rinz A €-lactone which have been discussed above. At 550C it
showed resonances for three tertiary methyl groups (GH 0.96, 1.4% and 1.57),
a secondary methyl (GH 0.87, d, J 7 Hz), an ethyl group (GH 0.0, t, J 7 Hz),
two acetates (6H 2.19 and 2.0%), a carbomethoxyl (6H 3.68); a hydroxy-
methyl (5H 3.83, s , 2H-29), an exomethylene (5H 5.19, 5.%2, both s), a
formate (6H 8.03, s) and a fFsubstituted furan. Decoupling experiments
confirmed the presence of the AMX system arising from H-9 (GH 3422, d, J

© Hz), H-11 (GH 5.43, dd, J 9,10 Hz) and H-12 (GH 6.08, d, J 10 Hz).  The

narrow doublet corresponding to H-2! (6H 3,24, J 4 Hz) of the 2'-hydroxy-

3-methylpentancaie was also readily recognized. These data sugzested
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that R-6 had a structure that was closely relsted to that of prieurianin

(1).

A two-proton resonence at 5,70 p.p.m., consisting of a doublet of
doublets superimposed on a broad multiplet, was associated with protons
attached to cerbons bearing the two acetate groups. It seemed reasonable
to assume, on the basis of the structure of prieurianin (1) and rohitukin
(8), that one of the acetates was attached to C-1l. In rohitukin H-1
resonates as a broad multiplet: at 5.17 p.p.m. Al7ocation of the second
acetate presented some difficulty at first glance since it had to be attached
to a carbon adjacent to two non-eguivalent protons., The 130 Nn,Mer., spec-
trum of R-6 provid-d a ready answer. Trhe typical ring D ketol or epoxide
systems were absent., However, a low field singlet at 60 84 .6 sugrested
that there was a hydroxyl group attached to C-14. The presence of this
group was also deduced from the i.r. spectrum of R-6 (19) and its acetfate
(20). This sugzested that C-15 carried the remaining acetate function
and led to structure ( 9) for R-6 which can therefore be regarded as a-
rising by reduction of prieurianin or by hydrolytic cleavage of the epoxide
ring of D-5 (12). Acetylation of R-6 afforded the teiraacetate (20).

Tn the 'H n.m.r. spectrum of (20) the sigrals for H-2' and 2H-29 moved
downfield as expected. The confisuration of the 15-acetoxy group was not
established (vide infra). The configuration at C-14 is assummed to be

the same as in prieurianin (1) and rohitukin (8).

Efforts to prepare R-6 by reduction of the ketonic carbonyl of prieuria-—
nin (1) were unsuccessful, Treatment of (1) with sodium borohydride in
methanol followed by acetylation afforded a mixture of mainly two compounds.
The more polar compound had a complex 1H n.m.r. spectrum with at least six

acetate groups. It was not investigated further. The less polar product

PR-1, was not obtained crystalline., It had similar polsrity to the acetate
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(20) of R-6 on analytical t.l.c. but its Y n.m.r. spectrum (at 60°C)
indicated that the two compounds, though similar, were not identical (see
Tables 1 and 2). It was concluded that R-6 acetate (20) and PR-1 (21)
were epimeric at C-15. Yo definitive evidence was obtained for the
configuration at C—%S. It is possible that the reduction would occur
from the @-face of the molecule, opposite to the furan and the 136- methyl

group, to give a 15@G-hydroxyl grouvn.

(20)

(21) ¢-15 epimer

Hydrolysis.-~ An investigation into the alkaline hydrolysis of members of
this zroup of tetranortriterpenoids was undertaken with the object of
providing confirmation of the structural proposals discussed above. In
addition it was hoped that the use of a variety of available structural
types would throw further light on the course of the hydrolysis reaction.
It was generally found, as with prieurianin , that a large proporition of
the crude hydrolysis preoduct was methyl ester arising from alcoholysis of
the e-lactone ring. Treatment with diazomethane was included in the
standard work-up to convert the minor acidic fraction into methyl ester.
A1l the hydrolysis products gave sharp well defined n.m.r. spectra in

striking contrast to the parent compounds.
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The first compound to be examined was dregeanin (9). On hydrolysis
it afforded four compounds D¥-1, -2, -3, and -4, in variable proportions.
The methyl esters DM-2 and Di¥-3 had similar spectroscovic properties,

(see Tables 1 and 2) and were isomeric (C It seemed likely

E O .
| 53%44%11)
that they correSponded to the two epimeric esters, (6) and (7), obtained
on alkaline hydrolysis of prieurianin (see Introduction). They were

assigned the structures (22) and (23) on the following evidence.

The i.r. spsctrum of Di-2 (22) had bands at %550 (hydroxyl), 1750
(ester) and 1790 (Y—lactone) cm_l. It was clear from the molecular formula
and the lH n.m.r. spectrum that the 2'-hydroxy-3-methylpentanocate ester
attached to C-12 had survived the hydrolysis. The proton spsctrum also
showed the presence of the furan, epoxide, exomethylene and carbomethoxyl.

A doublet of doublets at &y 4.19 ( J 9,10 Iz) was identified as H-11 since
irradiation at this frequency caeused collapse of the doutleis corresponding
to H=9 (b, 3.45, J 10 Hz) and E-12 (b; 5.53, J 9 Hz). It was apparent

that both H-11 and H-1 ( 6H 4.%39, t, J 6 Hz) were at significantly higher
field than in dregeanin itself. Neither of these resonances was affected
by acetylation of Di-2, which gave a diacetate (24) lecking hydroxyl absorp-
‘tion in the i.r. The ¥ nom.r. spectrum of the diacetate (24) clearly
showed that the acetates were attached to C-2' (6H 4.85, J 4 Hz) and to

C-29 (6H 4.28, 4,02, ABq, J 12 Uz ), The above functional -roups accounted
for ten of the ele&en oxygens in DH-2, It followed that the remzining
oxygen had to be attached to both C-1 and C-~11 i.e., an ether ring, The
formation of this ether preveﬁts rotation about the C-2, C-10 bond and
removes the source of the broadness in the room tempsrature spectira of the
parent compound. The above evidence together with the 130 n.m.r. data

(see Table 2) led to structure (22) for T2, (For ease of presentation
the C-1 terminus of the ether is asswned to be [§; this assumption will be

discussed later).
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Scheme 1
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lH and 130 NeMeT,

The second product, I¥-3 (23), hed similzr i.r.,
spectroscopic prope.ties (see Tables 1 an? é) to those of Ii-2, The
minor difference in the 1H Nn.m.r. spectrum concerned H-1 (6H4.20 from 4.39),
2H-30 (5H 5.37 and 5.32 from 5.5% and 5.37) and 2H-29 (6 3.72 and 3.50,
from.3.78.and 3.57).. Likewise tie changes in the 3¢ numer. spectrum
of DM-3 with respect to IM-2 involved C-1 ®(:81.1 from 83.8), C-9 Gc:53‘1
from 50.9), C=2 (6C 36.8 from 35.2), C-8 and C-30 (6C 136.6, 121.9 from
137.8, 120.9) and C-29 (60 67.5 from 68.4). These spectroscopic differences,
taken in conjunction with a rational mechanism for the formation of IM-2
and DM-3 from drezeanin (see below), supported the proposal that DM-3 was
the C-1 epimer of IM-2 and had structure (23). The evidence available so

far, did not allow a decision concerning the relative configuration at C-1

in the two epimers.

The formation of DM-2 and DM-3 can be rationalised in terms of the
following steps: (a) alcoholysis of the e-lactone ring, (b) B-elimination
of the oxygen substituent at C-1, (c) hydrolysis of the formate and addition
of the C-11 hydroxyl group to the(l,p—unsaturated ester (or lactone) from
either the @ or the @ face, and (d) lactonisation of the C=7 carboxyl group
at C-4 to form a Y-lactone, This reaction sequence is summarized in
Scheme 1. The order of the steps is arbitrary, e.g., step (b) might well
precede step (2). The availability of D-4 (11) allowed the possibility of

testing the intermediacy of a A} compound (see below).

The least polar product of the hydrolysis of dregeanin was DM-1 (25),

C..H someric with and similar in many respects to IM-2 (22) and DM-3

0.,,1
33447113
(23). The carbomethoxyl group, the 1l,1l-ether and the characteristic
arranzement in rings C and D were readily identified in the lH N.MeTe

spectrum (see Table 1). The main differences were the lack of y-lactone

absorption in the i.r., and the size of the geminal coupling constant of the
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(27) R=H

(26) R = Ac

(28) R=H

(29) R =Ac
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protons attached to C-29 [8Hz as compared to 12 Hz in (22) and (23)1.
Acetylation afforded the diacetate (26) which lacked hydroxyl absorption
in the i.r. One acetate group was clearly attached to C-2' in view of
the shift of H-2' from 3.64 p.p.m. in (25) to 4.92 p.p.m. in (26), It
was poséible that thé second acetate was at C-29 but the slight shift of
the 2H-29 protons from & 3.47 and 4.03 (ABq J 8 Hz) in (25) to 6y 385
and 4.09 (ABq, J 8 Hz) in (26) was inconsistent with this sugzestion (see
Table 1). The 13C n.m.r, spsctrum of DM-1 provided the necessary break-
through, It had signals for only two carbonyl carbons at 6C 175.,2 and

60 174.2 instead of the expected three. A singlet at 60 119.9 indicated
a carbon bearing three oxygens. This suggested that one of the carbonyl
groups and the primary alcohol function (C—29) were involved in hemiortho-
ester formation and led to two possible structures, (25) and (27),for -1,
The 8 Hz geminal coupling of the C-29 protons supported the presence 15 of
a 1,3-dioxolan and the formation of a hemiorthoester acetate accounted for
the second acetate group in (26). Lack of material made difficult to

obtain definitive evidence to distinguish between these two structures.

On thin layer chromatography DM-1 (25) was always accompanied by a
small amount of IIM-4 (28), the most polar product of the hydrolysis of
dregeanin, Analytical t.l.c. clearly demonstrated that IM-1 was irrever-
sibly converted into Dii-4 on standing, The latter had the molecular
formula 032H40010 and was the only one of the hydrolysis products that
lacked a carbomethoxyl group. In the i.r. spectrum there were bands for
hydroxyl (3535, 3520 cm_l) an& ester and lactone (1730 br, 1760 cm—l)
absorptions. The 1H n.m.r, spectrum rev-aled the same 1l,ll-ether and
arrangement in ringss C and D as in the other compounds. Acetylation gave

the monoacetate (29) which had no hydroxyl absorption, Again it was clear

from the 1H n.m.r. spectrum that the acetate was at C-2', The fact that
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(27)



the 2H-29 protons did not change on formation of the acetate suggested
that they were involved in 6-lactone ring formation., This led to the
bis-lactone structure (28) for I-4. The 130 n.n.,r, spectrum showed fhe
appropriate carbonyl carbon resonances at 6C 175.3, 172.5 and 1€9.6 for

two lactones and an ester,

The conversion of DM-1 into IM-4 can be rationalized on the basis
of either structure (25) or (27) as opening of the hemiorthoester with
reformation of the lactone followed by intramolecular attack by the newly
released hydroxyl on the carbomethoxyl to form the second lactone (see
(25) and (27), arTows ). Initially it was thought unlikely that an €-
lactone would be formed in this way and for this reason the structure (25)
was preferred. It was also considered that the formation of the hemi-
orthoester (25) during the hydrolysis reaction protected the g~lactone
and enabled it to survive alkaline conditions. However, exposure of
IM~2 (22) to the hydrolysis conditions afforded a mixture of IM-1 (25),
DM-2 (22) and Di-4 (28)., This showed that reformation of the £-lactone
was possible, Another important conclusion from this experiment was that
these three compounds had the same confisuration at C-l. When IM-3 (23)
was treated under the hydrolysis conditions it was recovered essentially
unchanged. These experiments demonstrated the stability of the 1,1l-ether
‘to the hydrolysis conditions, It is not clear from models why one
configuration at C-1 should permit the formation of the hemiorthoester

while the other configurastion does not.

At this stace it is convenient to consider the hydrolysis of the other

compounds in tnis series, Compound B (18) from Guagrea thompsonii and

D-4 (11) from Trichilia prieurians were both smoothly converted to Dif=3

(23) with 1little or no trace of any other products. The result with D-4

(11) was particulerly gratifying since the intermedizcy of an a ,3-unsaturated
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~lactone or ester nad been proposed during the earlier studies on

prieurianin, A pilot hydrolysis of D-5 (12) from T. prieuriana paralle-

led the dregeanin case and yielded all four compounds DM-1 (25), D=2 (22),

D=3 (23), and IM-4 (28) (analytical t.l.c.).

The reasons for the different results of the hydrolysis reactions
are obscure. It seems likely that the relative rates éf B-elimination,
addition of the 113-hydroxy group to the a,B-unsaturated system and opening
of the €-lactone determine the observed product ratios. Inspection of
models suggests that addition of the 11@-hydroxyl group to the o face of
the a,B-unsaturated e-lactone is less hindered whereas addition from both
a and @ faces may occur once the lactone has opened to the corresponding
methyl ester (by alcoholysis). In the case of D-4 (11) a fast addition
step (from the a face) could lead to one product whereas with D-5 (12)
the opening of the €-lactone could compete with the elimination-addition
steps allowing addition from both faces to give the C-l1 epimeric products.
For this reason and for ease of presentation, the stereochemistry of the
oxygen substituent at C-1 in DM-3 (23) and related compounds is drawn as
@ and in DM-2 (22) and related compounds as B. It is clear that some

firm evidence for these assignments. is desirable.

At this roint it is convenient to consider the structure of compound

Cs Cogliz0100 Vs

Unlike the other natural compounds, C gave a sharp, well defined proton

. (0014) 17%3, 1762 cm'lj from Guarea thompsonii.

n.m.,r, spectrum at room temperature. Unfortunately, it was zvailable

in very small amount (ca 3 mg). The proton spectrum was run in the pulsed
F.T. mode on an ¥L~1C0 instrument modified to allow homonuclear double
resonance. The obvious features of the spectrum includzd three tertiary
methyls, e formate, an exomethylene, a B-substituted furen, a ring D epcxide

(5II 3.90, s, H-17) and H-12 (&, 5.56, 4, J 9 Fz). The chsmical shift
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of H-12 reguired the atitachment c¢f the formate, in the absence of any
otrner ester functions. This was confirmed by the existence of a small
coupling between the formyl proton and H-12 (0.5 Hz). The lack of both
a carbomethoxyl sroup and y-lactone absorption in the i.r., sugzested the
same bis-~lacione arrangement in rings A 2nd B as in Ii-4 (28). The
resonances for 2H-29 (b, 4.24 and 3.98, ABq, J 12 Hz), H-1 (6H 4.13%, 44,

J 6,11 Hz), E-11 (QH 4.27, t, J 9 Hz), and H-9 (6H 3.26, d, J ¢ Hz) were
identified with the aid of doubls resonance. The chemical shifts of H-1
and H-11 and the necessity to accormodate only one more oxyzen atom strongly
supported a 1,ll-ether as in the hydrolysis products of dregeanin and
related compounds. Thig ied to structure (30) for compound C. The

available information did not allow the assignment of the configuration

at C-1.

(30)

The hydrolysis of prieurianin (1) was re-examined in the hope of
isolating some of the minor éroducts. The reaction product was much
more qomplex than with the above compounds containing a ring D epoxide.
It was possible to isolate, after acetylation, the diacetates of the two
epimeric esters P{-2 and F-3, originally assigned structures (6) and (7)

(see Introduction). Both compounds had Y-lactonz abhsorption in their



101,

(31)

(32)




i.r. spectra. A comperison of theix sp:ctroscépic data (see Tables 1
and 2) with those of the dregeanin hydrolysis products readily led to
the revised structures (31) and (32) respectively. The assignment of

the C-1 configurztion in (31) and (32) will be dicussed below.

A new compound P-4, was also isolated from the hydrolysis and
characterised as its diacetate. It was assigned structure (33) on the
following basis. P-4 diacetate (vmaX 3380 and 1755(s) cm—l) had the
molecular formula 031H38012 and it was clear that it had lost the 2'-
hydroxy-3-methylpentanoate ester. The 1H and 130 n.m.r. spectra showed
a carbomethoxyl group, three tertiary methyl signals and two acetates, one
(bH 1.88) at a higher field than usual. An scetate attached to C-12
(6H 5.86, d, J 10 Hz, H=12) would be expected to come under the shielding
influence of the furan ring.ll The other acetate was attached to C-29
(6H 3.90, 4.06, ABg, J 12 Hz). The chemical shifts of H-11 6y 4.06,

dd, J 10,6 Hz) and H-1 (GH 3,80, dd, J 8,5 Hz) were consistent with the
presence of a 1,l1l-ether. As with the other compounds in this series the
H-12, H-11, and H-9 (GH 2.99, d, J 6 Hz) three spin system was easily
identified by double resonance experiments. The 13C n.mer, spectrum had
resonances for ester or lactone carbonyl groups at 60 176.6 and 171.4, in
addition to the two acetate czrbonyls. The absence of y-lactone absorption
in the i.r. spectrum led to structure (33) for P-4 diacetate, with the

carbomethoxyl group at C-7 and €-lactone ring A. The configuration at C-1

will be discussed later.

PM~4 is of special interest since it is the only compound to be ob-
tained from the hydrolysis reactions that has lost the ester zroup at C-12,
Its isolation raised the possibtility of achieving a chemical correlation

between prieurienin (1) and the related rohitukin (8) from Trichilis rokla.

The latter has a different ester group at C-12, Fydrolysis of rohitukin
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followed by acetylation geve a complex mixture. The limited quantity

of rohitukin availzble for this reaction did not facilitate characterisa-
tion of the products. A small amount of materizl with similar chromato-
graphic and 11 ne.m.r. spectroscopic properties to P-4 diacetate was
obtained but attempts at further purification were unsuccessful. The
major product and the only one isolated as a crystalline compound in this
particular experiment was RM-1  acetate (34), one of the expected C-1
epimers analo;ous to the diacetates of Fi-2 (31) and FI9-3 (32). Its
similarity to the latter (see Tables 1 and 2) sugsested that they had

the same configuration at C-1l.

Inspection of the 13C n.m.r. chemical shifts of C-1 and C-9 in the
various hydrolysis producﬂs discussed above reveals a pattern which may
be .interpreted. in terms of their relative configurations at C-1.

The respective values for C-1 and C-9 in DM-3 (23) (6C 81.1, 53.1), PM-2
diacetate (31) (()C 80.4, 53.8) and P-4 diacetate (33) (6C 79.9, 53.8)
contrast witk: those in IM-2 (22) (éc 8%.8, 50.9), PM-3 diacetate (%2)

(5C 83.2, 49.7), and RiM-1 .acetate (34) (5C 83.0, 49.5). In the discussion
on page 99 it was suggested that the C-1 oxygen substituent in Ii-3 (23)

was a . If this is assumed to be correct it follows that PM-2 diacetate
(31) and P¥-4 diacetate (34) also have 1-a oxyzen substituents while

M-2 (22), PM-3 diacetate (32) and R¥-1 . .acetate (34) have the opposite

configuration at C-1,
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Tgble 1

- . . . ' . c
E n.m.r. spsctra of dregeanin, prieurianin, gnd related compounds.

d
11) (13) (12) (15)
H-1 6.75(a,12) 6.75(a,12) 5,55% 5.46%
H-2 6.00(d,12) 5.95(d,12)
H-9 3.66(d, 8) 3.65(a, 8)  3.28(4, T) 3.42(d, 7)
u-11 5.50(dd,11,8) 5.38(dd,11,8) 5.55° 5,462
H-12 6.04(d,11) 5.97(d,11) 5.79(d,12) 5.83(d,11)
H-15 3,86(s) 3,86(s) 3.90(s) 3.91(s)
H-17 3,02(ad,10,7) 3.08(ad,10,7) b b
4.45 4.43 4.32
2829 57o5(4Bq,12)  3"o7(ABa,12)  3.76(s) 414 (4Ba,12)
. 5,68 5.66 5.48 5.49
2B-30 5,63 5.49 5.31 5.42
7.38 Te32 _ T35 T35
furan 7.15 7.24 7.14 7.27
6.16 6.22 6.14 6.23
, 1.57 1.64 1.57 1.71
C-Me's  1.57 1.64 1.45 1.62
0.9 1.04 0.94 1.05
HC00 7.93 7.89 8.05 8.06
OAc - 2.10 2.04 - 2.11
2.14
2.17
co, e - - 3,62 3,68
A-2' 3.44(a,4) 4.82(a,4) 3.43(d,4) 4.79(d,4)
35" 0.77 0.86 . 0.80 0.86
3E-6" 0.85 ~0.89 0.87 0.93

a. Ovscured,

b. ot identified.

c. In CDCl5 at 25°C unless otherwise stated.
At 60°CC,



H-1
H-2
H-9
H-11

H-12
H-15

H=17

2H-29

2H-30

furan

C-le's

HCOO

OAc

;
610) 2l\.e
H-2!

3H-5"
3H-6"

(18) (8)? (30) (19)°
5.52% 5.17(m) 4.13(ad,11,6)  5.74%
3.65(d, 7) 3.69(d, 8) 3.26(d, 9) 3.22(d,9)
5.59(dd,11,7)  5.45(dd,10,8) 4.27(%, 9) 5.43(dd,10,9)
5.89(d,11) 6.05(a,10) 5.56(d, 9) 6.08(da,10)
3.93(s) - 3.90(s) 5.68(ad,9,6)
3.01(dd,11,7)  3.96(t,10) b 3,97(+,10)
3ro6(4B0,12)  4.16(s) 1:56(4%0,02)  3.83(s)

5.91 5.43 5432
5.48 5.48 5.35 5.19
7437 7.33 7.33 7.35
7.16 Te22 Te13 Te21
6.18 6.25 6.16 6.27
1.76 1,82 1.65 1.57
1.54 1.74 1.25 1.43
0.95 0.97 0.81 0.96
7.90 7.84 8.04(d,0.5) 8.03%
2,11 2.08 - 2.19
' 2,03
- - - 3.68
3.33(d,4) - - 3.24(d,4)
0.75 0.82 - 0.80
0.82 0.79(3H~4") - 0.87

€.

At 55°¢C.
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Table 1 (cont'd)

1 . . R . c
H n.m.r., spectra of dregeanin, prieurianin, and related compounds.

: d f
(20) ° (21) (1) (9)

H-1 5,77 5.34% 5.10(dd,7,3)  5.54>
H-2 A
H-9 3.22(d, 9) 3.73(d, 7) 3.85(d, 8) 3.69(d, 7)
H-11 5.36(dd,11,9) 5.18(dd,11,7) 5.46(d4,11,8) 5.32(dd,11,7)
H-12 6.02(a,11) 6.03(d,11) 6.16(d,11) 5.74(d,11)
B-15 5.69(dd,9,6)  5.66(dd,9,5) - 3.90(s)
H-17 3.97(t,10) 3.96(t,10) 3.99(t, 9) 3,04(dd,10,6)

4 .54 4 .44 4.13
28-29  ,"70(4Bq,12) 47 2(4Bq,12) 5194 (4B2,12)  4.46(s)

5.28 5.63 6.02 5.56
2H-30 5.22 5.42 5,74 5436

7.31 7.31 7.36 7.33
furan Te31 Te31 Te22 Te27

6.32 6.32 6.25 6.25

1.68 1.57 1.85 1.59
C-te's 1.47 1.52 1.69 1.41

0.99 0.97 1.01 0.98
HCO0 8.01 .7.92 T.83 8,02
OAc 2.22 2,14 2.10 . 2.11

2.10 2.08 2.04 2.09

2.08 2.05

2.10 2.08
CO e 3,67 3,79 BN 1
H-2! 4.72(d,4) . 4.69(d,4) 3,20(d,4) 4.84(d,4)
3H=5" 0.80 0.78 : 0.78 0.78
-6 0.84 - 0.81 0.24 0.85

Qe Obscured.
b, Not identified.
c. In CIClz solution at 250C unless otherwise stated. d. At 60°C.

e. At 55°C. f. At 66°C.



furan

C-Me's

HCO00

OAc

.
Cco 2}'19
H-2"

3H-5!
3H~6"

107.

(25) (26) (22) (24)
4.05(dd,10,6)  4.15% 4.39(t,6) 4.32(da,7,5)
3.34(d,10) 3.36(d,10) 3.45(d,10) 3.37(4,10)
4.13(ad,10,9)  4.15(dd,10,9) 4.19(ad,10,9) 4.19(dd,10,9)
5.62(d,9) 5.67(d,9) 5.53(d,10) 5.53(d,9)
3.82(s) 5.87(s) 3.85(s) 3.85(s)

b b 2.97(ad,11,7) 2.99(a4,11,7)
4,03 4.C9 3.78¢, 4.28 .
3. 47(8B0,12) 37 on(4Bq,12) 5o, (4Bq,12) 7, (43q,12)
5.50 5.53 5.53 5.38
5.26 5.29 5437 15.29
7.31 7 7.35 7.27 7.30
7.09 7.27 7.05 7.25
6.12 6.23 6.08 6.18
1.19 1,27 1.38 1.48
1.18 1.23 1.14 1.19
0.74 0.75 0.80 0.79
2.05 2.10
3.65 3.72 ‘3761 3.65
3.64(a,4) 4.92(d,4) 3.65% 4.85(d,4)
0.82 0.84 0.79 0.83
0.94 0.96 0.87 0.94
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H-1
H-2

H-11

H-12
H-15

H-17

2H-29

2H-30

furan

C-Me's

~ HCOO

OAc.” .

CO_Me
H-2'

38-5"
3H-6"

(31) (32) (33) (34)
4.5(t,8) 4,112 3,80(d4d,8,5) 4,202
3.25(d,10) 3.45(d,10) 2.99(a,6) 3.49(d,10)
4.09(ad,10,7)  4.03(dd,10,7) 4.06(ad,10,6)  4.17(dd,10,7)
5.80(d,7) 5.85(d,7) 5.87(d,10) 5.79(d,7)
3,82(t,10) 3.85(t,10) 3.84(t,10) 3.90(t,10)
S D0sg,12)  Fma12) [ 30(ma,12)  yi22(ama,12)
6.27 6.07 5¢39 6.07

5,22 5.35 5433 5.36
7437 7.37 7.36 7.33
T37 7.30 7.26 T.21
6.27 6.23 6.24 6.25
1.55 1.54 1.79 1.55
1.03 1.05 1.12 1.08
0.82 0.83 0.78 0.85
2.16 2,15 2.10 2.13
2.10 2.13 1.88
3.67 3,72 3.63 3.73
4.71(d,4) 4.75(d,4) - -
0.82 0.82 - 0.89
0.90 0.90 - 0.86(3H-4")



1

H-1
H~-2
H-9

H-11

H-12
H-15

H-17

2H-29

2H-30

furan

C-Me's

HCO0

Oac

CO,Me
H=2!

5H-5"
3H-6"

T-ble 1 (cont'd)
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a . . s c
H n.m.r. spectrz of dresvanin, prieurianin, and related compounds.

(23) (232) (2e) (29)
4.20% 4.20% 4.29(dd,9,7)  4.29(t,8)
3.49(d,10) 3.45(d,10) 3.35(d,10) 3.33(4,10)
4.20(dd,10,8)  4.19% 4.22(dd4,10,9) 4.21(dad,10,9)
5.56(d,8) 5.54(d,8) 5.61(d,9) 5.63(d,9)
3.87(s) 3.86(s) 3.92(s) 3.92(s)
3.10(dd4,10,8)  3.06(dd,11,7) b b
S 1o(ama,12)  3100(aza,12)  §egY(Ba,12) 4 oo (a8q,12)
5437 5.38 5.51 5.50
5432 5430 5.46 5.44
7.30 7.35 7.32 7.35
T7.08 Te27 T.10 T.29
6.10 6.21 6.12 6.24
1.51 1.54 1.67 1.68
1,22 1.14 1.28 1.3%0
0.83% 0.75 0.78 0.74

- 2,15 - é.17

2.11
3.70 3.72 - -
3.70(d,4) 4.89(d,4) 3.68(d,4) 4.88(d,4)
0.86 0.83 0.82 0.84
0.96 0.86 0.93 0.96

Qe Obscured.

be Not identified,
Co. In CDC1, solution at 2500 unless otherwise stated.

3
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Teble 2. .

1 . . . . A
‘SC n.me,r. spectra of dregeanin, prieurianin, and relatzd compounds.e

Caiz?nf (19 @’ 127 (9)F (220 (25 (250 (20) ®

1 71.7  155.6  70.9  71l.4  83.8  81.1% 77.6%  77.5%
2 37.9, 122.8 36,3, 37.9  35.2  36.8  39.2 40.1
3 169.5% 168,7 172,00 168,8 174.9 174.7° 119.9  169.6
4 79.8  81.9 91.5  e2,6  89.8  90.1  86.6 81.0
5 43.3 50,5 43.2_ 45.8 2.8 3.6 50.7 0 AT.T
€ 31,0 32,3 34.2%5 32,9 33.0 2,3° 32,6 30.0
7 171.0  174.5% 174,75 170.8 171.0 171.8 174.2  172.5
8 136,5 137.2 133.5 136.4 137.8 136.6 138.7  139.3
9 51.5, 55.30 5 .6C 51.4 50,92 53.1 61.9 61.4
10 45.9°  46.8°  42.,6° 45.8° 49,0  48.8_ 50.0  50.1
11 132 735 T4 .4 72.8 19.7 79.0 8l.1 79.5
12 5.6 1.7, T6.0, T3.5, 80.3 808 2l 81,0
13 46.4 46,3 46,37 46,9 44 .6 45.1 45.1 45.9
14 71.1 72.3 71,7 7l.4 72,0 71,6 T1.9 72.3
15 59.5 60,7 59.9_  5%.5  59.5, 59.0, 58.9,  59.8
16 33.6 34,6 54.9 33.9 33.6 3355 3345 54.1C
17 37. 39,8 39.1 38,6 38,2  37.6  37.6 38,2
20 121.7  123.6  123.5 122.0 122.6 122.5 122,56 = 123.9
21 140.6 141,29 141.5 14C.9 140.,2 140.2  140.2  141.2
22 111.1  112.4 112.4 111.4 111,1 111.2 111.,2  112.4
23 143.,0  144.0 143.6 142.9 142.7 1£2.7 142.6 1434
29 76,6  T4.7 66,5  T2.0  68.4  67.5  68.6 75.3
30 12%3.4 123.9 123,5 123,7 120.9 121,9 121,6  122.9
1' 174.7  175.1% 175.2% 173.4  175.9  175.0° 175.2  175.3
2! 75.0 T6.2 75.8 155 1445 7445 T4.6 75-3c
3! 37.9 39.5 58.9 36.3 39.3 39.3 39.2 3845
4 23,0  24.4  23.8 24,3 23,9 23,9  23.5 24.5
51 11,5  12.0  11.8  11.3  11.8  11.8  11.8 12,2
61 15,2 15.7  15.7  15.4  14.8  14.6  14.9 15.5
HC(0) 150.3 162.3 162.5 161.3 - - - -
OAc 21.4 - 20,9  20.8 - - - -
20.5
C-Me  25.4 26,9  19.4 19,1  20.1  20.6  24.9 27.1
20,2  23.8 17.0 17.0 18.9 18,0  11.8 12,3
13.9  14.4  13%.8  13.4  14.2  13.8  14.0 14.1
Oke - - 52.0 - 52,1 5.8 52,1 -
C7,C00 169,77 170.8°  170.1
5 170.1

a,b,c,d. These assignments may be interchanged.

e, CDClB solution and at 25°C unless otherwise stated. f. CDBOD solution

2. (033)2 CO soclution. h. At 6CoC,
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Rt () Gy G2 63 () a9t (e)”

1 71.8 80.4 83.2 79.9 83.0 72.7 72,2
2 37.5 36.8 34,7 35.1 34.7 35.8, 36.6
3 169.6  173.8  174.7  171.4  174.7  169.8 169.8
4 84.6 87.3 87.1 88.6 87.0 91.9 83.7
5 45.8 49.0 43.8 44 .8 43.7 41.9 38.3
6 33.0 32.4 32.% 35.1 32.3 34.2 3343
7 176.7  172.0  171.3  176.6  171.C  175.1 175.1
8 138.2  13%9.3  140.2  137.7  140.2  142.9 141.8
9 51-6C 53.8 49-7c 53-8a 49.5 53.1 50.8
10 47.4 50.4 48.0 49.0 48.2 49.0 49.0
11 4.4 80.9 80.7 73.5 80.7 4.1 T4.6
12 74.1 78.0 77.9 78.6 75.8 75.2 72.82
13 49.8%  48.5 48.3°  48.2%  48.2 s51.1 50.8°
14 81.1 80.1 80.1 87.0°  80.1 84.6 85,2
15 206,1  209.0  209.7  205.7  209.8 70.0 72.5%
16 41.6 41.6 41.8 41.1 42.1 39.8 40.0
17 35.5 35.1 35.0 37. 34.9 36.5 48.9°
20 123.,2  122.4  122.4  122.5  122.8  123.9 124.3
21 140.8  141.0  141.0  140.8  140.7  140.7 140.8
22 110.8 110,6 110.,6 110.6 110.6 110.8 111.0
23 © 143.1  143.0  142.9  142.7  142.7  142.9 142.8
29 68.7 68.2 £8.2 72.1 68.2 66.5 67.3
30 125.7  120.7  120.3  116.7  120.3  120.0 121.9
1! 174.8  170.4°  170.4° - 172.3  174.9 170.0
2! T449 5.7 75.6 - 43.1 752 75.8
31 38,2 37,0 37,0 - 25,3 38,2 36,2
41 23,3 24.4 24.1 - 22,3 23,1 24.5
51 11.5 11.7 11.9 - 22,3 11.5 - 11.3
6t 15.2 15.1 15.2 - - 15,2 15.4
HCO  160.6 - - - - 161.3 161.1
OAc 20.6 20.7 20.7 20.9 20.7 20,7 21.0
21.0 20.7 20.7 20.9 - 20.7 20,7
20.5(2)
C-Me  26.3 19.8 20.4 26,2 20.5 19.6 26.5
23,2 18.1 19.8 20.6 20.0 16.5 20.0
13,0 13.1 13.6 13.1 13.6 13,4 13,5
OMe 53,2 51.8 52,3 51.9 52,2 52.1 52.8
CH,C00 170.1  170.2° 170.5° 170.7  170.5  169.9°  170.0(2)
7 168.4  169.0  169.0  170.7 171.5 168.9

168.5
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EXPERINMENTAL

Prieuriznin (1), I-4 (11) and D=5 (12) were isolated from the wood

(prieurianin)l’2 and bark (D-4 and D—5)8 of Trichilia orieuriana by

Dr. A. Harding. D-4 (11) was obtained as a gum (Found: m/e 612.25735.

033}{4001l requires 612.25703). The corresponding acetate~(13), prepared

in the usuzl. way, was also a fum IVmax (CCl4) 1750, 1728 cm—ll. Feither

~'T 7
056H48014 H,0 requires 686.29381) nor

its acetate (15) Vinax (CC14) 1775, 1750, 1730 cm-ll could be induced to

D=5 (12) (Found: m/e 686.28942.

crystallise. Dregeanin (9)7, compound B (18) and compound C (30) were

isolated from the root bark of Guarea thompsonii by Professor D.A.H. Taylor,

Durban., Compound_ B (18) was recrystallised from methanol and had MeDPe
250°~ 255°C, m/e 672, [V, .y (cc14) 3550, 1768 (sh), 1750 (sh), 1735 cm 1.
Compound C (30) was 2lso crystallised from methanol and had m.p. 2900-
300°C (decomp.), m/e 498, IV 1762, 1733 e (Found: C, 65.0 ;

H, 6.C. requires C, 65.05 ; H, 6.1 % ).

C,,H, .0
2773079
A specimen of rohitukin (8)7 and a light petroleum extract of the

seeds of Trichilia rokka were obtained from Professor Taylor.

HYDROLYSIS REACTIONS

The compounds were dissolved in a methanolic solution (5%) of potassium
hydroxide and left for 1 hour at room temperature. The ususl work-up
was addition of water and acidification with acetic acid. Extraction
of the aqueous solution with chloroform and removal of the solvent in
vacuo afforded a gum wnich was methylated with diazcmethane in ether.
Purification and separation of the products was achieved in general by

preparative t.l.c. using a mixture of ethyl acetate-carbon tetrzchloride
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(in varying proportions) as solvent system. In the case of prieurianin
and rohitukin, the cruds hydrolysate was acetylated in pyridine and acetic

anhydride,

A. Hydrolysis of Drereanin (9).- Dregeanin (100 mg) was hydrolysed

as above. Preparative t.l.c. afforded the following four products (in

order of increasing polarity):

-1 (25).- Obtained as a gum (5 mg), m/e 616; v .o (0014) 3550,

1]. It was transformed slowly on standing into

3590, 1775, 1738 cm
mi-4 (28). Acetylafion in pyridine and acetic anhydride (1 hour, steam—
bath) afforded a non-crystalline diacetate (26), m/e 7005 Tv__ (0014)

1] requires 700.30946).

1763, 1748 cm ~]. (Found: m/é 70C.30913..

C3746%13
-2 (22).- As a gum (54 mg), m/e 616; IV, ox (0014) 3550, 1790,

1750, 17281. (Found: m/e 616.28826. requires 616,28833).

C,.H, 0O
3344711

Acetylation as above afforded the crystalline diacetate (24), m.p. 181°-
184°C (ex. methenol-ether), m/e 700; v, 1750, 1785 en 1. (Found:

'm/e 700.30934.  CyH, 0, requires 700.3C946).

-3 (23).- Crystallised from ether-light petroleum (29 mg), m.p.

206°~ 209°C, m/e 61€; v (0014) 3550, 1790, 1750, 1738 cm 1.

(Found: m/e 616.28803., 033H44011 requires 616.26833), Acetylation
as before afforded a non-crystalline discetate (23a), m/e 700; IV oy (0014)
1790, 1750 cm"ll. (Found: m/e 700. 30934. 037}:48013 requires ~

700.30946).
M-4 (28).- Crystallised from methanol-ether (10 mg), m.p. 229°-
234°C, m/e 5e4; Lv . (CC1,) 3535, 3520, 1720-40 (br), 1760 en'}

(Found: m/e 584.2622, requires 584.2621). Acetylation gave

30810010
the crystalline monoacetate (29), MeDe 2430— 24700 (ex. methanol-ether),

m/e 625; IV, (0014) 1775, 1760, 1750 e, [Found: m/e 626.27229.
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034542011 requires $26.27268),

B. Hydrolysis of Prieurisnin (1).- Prieuriznin (1) (390 mg) was hydro-

lysed as above, The methylated product was acetylated ih the usual way
and purified bj preparative t.l.c. to give the followinz three compounds
(in order of increasing polarity):

Ac, PM-2 (31).- Obtained as a gum (56.5 mg), m/e 716; Ivmax 3570,

., (Found: m/e 716.3%0410. C5 01, Tequires 716.30437).

1790, 1750 cm
Ac. P1-3 (32).,~ Crystallised from methanol-ether (40.% mg), m.p.
204°- 207°%c, m/e 16,1V (c014) 3565, 1788, 1750 em ~]. (Found: m/e

716.30490., 037H48014 requires 716.30437).

Ac. P14 (33).- Crystallised from methanol-ether-light petroleum,

(33.4 mg), m.p. 244°-248°C, m/e 602, 1V (CC1,) 3480(sh), 3380, 1755

cmnll. (Found: m/e 602.23631. requires 602.23629).

T
C31H28012

Co Hydrolysis of Rohitukin (8).- Rohitukin (8) (260 mg) was hydrolysed

as above. Acetylation of the methylated product afforded mainly one
compound, Ac. RM-1 (76.2 mg), which crystallised from methanol—ethér,

0 o - -1
m.p. 148°- 154 °C, m/e 644, [Vmax (0014) 1745, 1785, 3400, 3580 cm "],
(Found: C, 63.22; H, 6.98. 034H44012 requires C, 63.67 ; H, 6.83 %).

Traces of two- other compounds were isolated from the residual complex

mixture but they could not be purified and characterised.

A sample of the light petroleum extract of the seeds of T. rokka
(500 mg) was separsted by preparative t.1l.c. using ets:yl acetate-carbon
tetrachloride (50%) as solvent system. The front band yielded a small
quantity of rohitukin (8).  The main component, R-6 (19) (11€ mg) lvmax
(0014) 3550, 371C, 1755, 1730 em 1] could not be induced to crystallise.,

Acetyléfion gave the non-crystalline acetate (20) [vmax (CCl4) 3600,
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1756 cmnl). Neither of these compounds gave suitable mass spectra, but
their 1H and 13C N.m.r., spectroscopic properties were consistent with the

proposed structures.

D, Hydrolysis of D-4 (11).- D-4 (30 mg) was hydrolysed as above.

Anzlytical t.l.c. indicated that the methylated preoduct was mainly II-3
(23). Crystallisation from ether-light petroleum afforded DM-3 (23)
(18 mg), m.De. 206°- 20900, identical with authentic material (m.m.p and

1H n.m.r.).

E. Hydrolvsis of Compound B (18).— Compound B (40 mg) gave the same

result as D above, yielding only IM-3 (23) (30 mg),vm.p. 206-209°C,

F. Hydrolysis of D-5 (12).— The hydrolysis of D=5 was carried out on

a small scale (1 mg) in view of the scarcity of material. Analytical
t.l.c. showed that the product consisted of four spots corresponding to

DM-1, DM-2, DM-3 and DM-4.

G. Bguilibration Reactions.- Small quantities (1 mg) of the dregeanin

hydrolysis compounds were exposed to the hydrolysis conditions and the
reaction products, after methylation, examined by analytical t.l.c.

DM-1 (25), DM-2 (22), and Dit-4-(28) gave the same mixture of three spots
corresponding to (25), (22) and (28) whereas DM-3 (23) was recovered

largely unchanged as a single spot.

Reduction of Prieurianin.- Prieurienin (250 mz) was dissolved in methanol

and an excess of sodium borohydride was added. The reaction was left

at »t. for 20 minutes and then water was added. Acidification to pH-2
with dilute hydrochloric acid, extraction with chloroform and removal of
the solvent afforded a gum which was acetylated in the usual way.
Preparative t.l.c. using ethyl acetate-carbon tetrachloride (50 %)‘afforded

two main bands. The less polar product, Ac. P3-1 (21) (61 ng), IV o
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(0014) 3510, 1750, 1730(sh) cm_ll had similar chromatographic properties
to Ac. R-6€ (20). It failed to give a reascnable mass spectrum but its

spectroscopic properties were in accord with the proposed structure.

The major product (122 mg) was not investi. ated further since it did rot

resemble Ac. R-6. The appearance of several acetate resonances in its

1H and 130 n.m.r. spectrm suggested that it was a product of over-reduction,
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