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SUMMARY 

Two labdane ditf;rpenoids 1 8·-hydroxymarrubiln and leonitin 

were isolated frol'(l Leon otis dysophylla ( Benth. ) and Leonotis 

leonitis respectively. 

Spectral studies of 8-hydroxymarrubiin, c 20H
28

o s~ showed 

the presence of a j3 -substituted luran, a (-lactone, three 

tertiary methyl ft:r:'OUps and tertiary hydroxyl group ( s). The 

NMR spectrum of 8-hydroxymarrubiin and marrubiin , c 20H;:.e0 
4

, 

were almost identical with the exception of the c 17-m ethyl group 

which appeared as a singlet in 8-hydroxymarrubiin and as a 

doublet in marrubiin. The extra oxygen atom was therefore 

a~.sumed to be present as a hydroxyl group substituted in the c 8 -

position. This was further confirmed by the formation of an 

epoxide and a !6 -dilactone. 

The strl,lcture of 8-hydroxymarrubiin was confirl'(led by its 

correlation with marrubiin via the degradation products marru-

benol and the o -dilactone. 

Leonitin, c 22H30o 
7

, was shown by spectral and chemical 

evidence to b~ a diterpenoid dilactone possessing an ester function 

and an ether linkage. Comparison of the .f'MR spectra of com-

pound X and leonitin suggested that the acetoxy function occur.~ in 

the c 20-posz'tion. This was further supported by the formation of 

a '(o -dilactone. The absence of a f3 -luran moiety was apparent 

from chemical and spectral evidence, 

A structure for leonitz'n is proposed and aspects of its 

,stereochemi.<=•try discussed. 
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INTRODUCTION 

This review is confined to diterpenoids with normal and re-

l3.rrl3.nged labdane ~keletons and is an extension of the revzew by 

1 
Kaplan on labdane diterpenoids. 

The carbon skeletons of diterpenoids zn general either conform 

to one of the eight types
2 

shown (Chart 1) or can be derived from 

them by secondary rearrangements in accordance with the Bio-

genetic Isoprene rule. 

The di- 9 tri-, tetra- and pentacyclic diterpenoids are all 

derivable from geranyl-geraniol (1) or geranyl linalool (2) vza the 

bicyclic alcohol (3) of the labdane type. It can be noted immediate-

ly that in all authenticated cases the relative stereochemistry at 

carbon atomt;; 5, 9 and 10 is as shown in (3), in accordance with 

the results of concerted anti-parellel 1:2 addiUons and further 

verified by Scott et al, 
3

' 
4 

by a combined X -ray and circular di-

chroism study. The parent skeletons of the eight groups of diter-

penoids can then readily be derived from (3) . 

The skeleton of common labdane diterpenoids can be divided 

into two partial structures (A---? Y) and a side chain unit which can 

either contain an asymmetric carbon (a--\!>~) or have no such s ym-

metry (chart 2). 

The labdane diterpenoids r ev'ie w ed by Kaplan 1 are s h own in 

charts 3, 4, 5. The s tructura l configuration and stereochemistry 

of some of the diterpenoids in Charts 3, 4, 5 have sin ce been eluci-

dated conclus ively and hence have been r eviewed again in addition to 

others in the re vle w. 
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The carbon atoms are numberf'd in accordance with the 
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1. 1 SoUdagenone 

Solidagenone (4), c 20H28o
3

, isolated from Solidago canaden­

sis5, 6 was shown to have structure (4) on the basis of its molecu-

Jar formula, spectrascopic and chemical evidence. 

The presence of a fJ -substituted luran has been deduced from 

the IR and NMR spectra while in the mass spectrum a strong M-

124 peak may indicate scission of a normal terpenoid n'ng A, which 

has no oxygen substituents. 

The d..j3 -unsaturated ketone is apparent from the carbonyl 

absorption at 1678cm - 1 in the IR spectrum although in the UV 

spectrum the enone absorption at I678cm - 1 is masked in a broad 

composite band ;\max 223mu r€ 10, 000). However a narrow band 

.Am.s..x 2J4mu rE. 98ooJ, results when the luran absorption of a 

similar compound marrubiin 7 ( 5), A max 212mu ( 5300) is sub-

tracted. The derived maximum is consistent with structure ( 4) 

v 8,9 
£'ince the 0 -hydroxyl group should have a hypsochromic effect. 

The c 8 methyl group on the double bond appears as a doublet 

in the NMR spectrum. Its coupling to the d..- vinyl proton has been 

confirmed by doublet irradiation experiments . 

The presence of the hydroxyl group in solidagenone in close 

proximity to the luran ring was suggested by its IR absorption and 

confirmed by NMR data. Furthermore, this hydroxyl group zs ter-

tiary since there is no resonance m the NMR spectrum attributable 

to a proton of the type H-C-OH. The NMR spectrum also discloses 

three quarternary methyls and a singlet at L 7. 28 attributed to the 

proton at C 
5

. 

Structure (4) for solidagenone also readily accomodates the 

chemical data - thus the failure to form derivatives of the tertiary 

hydroxyl and the sterically hindered ketone ( cf. 6-oxo-gindelic acid 

(6) and 6-oxo-cativic acid 
10 

(7) is expected as is the formation 6 
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of a saturated ketone on lithium aluminiurr hydride reduction. 

Evidence confirming this structure and leading to an assignment 

of its stereocheistry is as follows: 
11 

Initial approaches envisaged correlation of solidagenone with marrubiin 

(5) by converting both into dihydrosolidagenone (8). This compound 

11 
was prepared from marrubiin via the keto-aldehyde (9) by reduction 

of the derived oily thio-acetal (lo) with Raney nickel in acetone . 

Conditions whereby solidagenone can be reduced to (8) have 

not been found . The dihydroderivative of solidagenone (11) isolated 

from LiAJH4 or catalytic reduction has a c 8 axial methyl group. 

These conditions also gave products of further reduction. However, 

the major product from Li/NH] and Zn/CH
3

COOH reduction of 

solidagenone was the po -unsaturated ketone, (12) identical with the 

more abundant enone from phosphoryl chloride-pyridine dehydration 

of the keton (8) frorr. marrubiin (5). This along with the observation 

that the oxidation of dihydrsolidagenone (11) with CrO 
3
jcH3 COOH 

gave a keto- J' -lactone {1]}, confirms the structure of solidagenone 

and proves the absolute configurations at C 5 and c 10 . 

The configuration at the remaining centre, C9, was determined 

by treating the enone (12) with m-chloroperbenzoic acid in chloro-

form to give (JL;.) 1 a furan containing epoxide which isomeri~es to 

yield solidagenone (4) with p-napthalene sulphonic acid in reflux-

ing benzene. Formation of the c/...-epoxide and ring opening to a 

9 o( -hydroxy group can be predicted on the basis of work
72 

carried 

out on closely analogous compounds. 

1. 2 Solidagonic Acid 

A bitter principle, solidagonic acid (15) was isolatedl3 from the 

roots of Solidago altissima. 

Solidagonic acid is a monbasic carboxylic acid, its methyl ester (16} 



H 

(1) 

(4) . 

(7) 

0 
(12) (13) 

(2) 

0 
(P>)R-CH
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(If) 

(14) 

C(X)H 
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having an acetylated secondary hydroxyl group determined by NMR 

spectra. The presence of two tertiary methyl groups a secondary 

methvl and a -C (CH
3

) = CH, - group was detected clearly from 

the NMR spectrum of (16), The conjugation of the carboxyl group 

and the ethylenic linkage was borne out from the UV and NMR 

spectra of (16). 

Oxidation of (16) with one mole monoperphthalic acid gave a 

m onoepoxide 0?) which was reduced with LiAI H4 to afford a trio] 

(18). The diacetate of (la) gave a methyl ketone 0 9 ) on ozonolysis. 

It is clear from these results that solidagonic acid has a -

·-C (CH3 )= CH -COO H group. 

D e hydrogenation of the ester (16) with 1 0% Pd-C resulted zn the 

formation of 1, 2, 5-trimethylna.pthalene . 

The monoepoxide 0?) on treatment with methyl magnesium-

bromide gave th e trio] (2); dehydrogenation of the latter with 1 O% 

Pd-C resulted in the formation of 1, 2, 5 -tetrame thylnapth lene . 

A tetrahydroderivative, which has been prepared by hydrogena-

tion of the ester (16 ) gave the hydroxy acid (21) on s aponification . 

Oxidation of (21 ) with Jones reagent gave a keto-acid (22) which 

on treatment with methyl magnesiumbrom ide followe d by dehydroge-

nation with selenium gave 1, 2, 3, 5-tetramethylnapthalene. A 

possible s tructure for solidagonic acid accomod ating th e a b o v e re -

s u lts is illustrat e d in s tructure 0 5 ) . T his rearranged bicyclic 

dite r penoid skele ton is suppor ted by biogenetic con s ider ation s . 

T h e s tructure 0 5 ) w as confirme d by the NMR spectrum of the 

derive d saturate d ket on e (23 ) ( L iA I H
4 

r edu ction of (16 ), cat alytic 

hydr ogen atio n and the n oxidation w ith Jon es reagent ) . 

T h e s t e r eoch em is try of solidagonic acid h as not been define d 

but its NMR spectr u m suggests that the ally l ic m e th yl gro u p of the 

16 17 
s ide c h ain m ust be c is t o the carboxyl g r o u p . ' 
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1.3 Furan containing diterpenoids from Solidago serrotina 

. 18 
Several new diterpenoids have been Isolated from the roots 

of Solidago serrotina. 

following strt'ctural features were readily recognisable in its NMR 

spectrum; a } -substituted luran, a p.I'oton and a methyl group 

attached to an olefinic bond, one tertiary and one secondary 

C-methyl groups . The oily methyl ester of A (32) was readily con-

verted by reduction with LiALH into the corresponding alcohol (33). 
4 

In the alcohol (33) and the derived aldehyde (26), C H
2 

0 2 , 
20 8 

which also occurs naturally, the -CH2 0H and the CHO resonances 

show no vicinal spin-spin coupling . The presence of a )'t-un-

saturated acid grouping in A (24) was shown by its smooth conver-

sion into the nor-olefin (34), c
19

H
28

o, which showed three C-CH
3 

resonances and no vinyl proton signals. Bearing in mind the 

labdane-related diterpenoid, solidagenone
5 ' 

6 
(4), the above evidence 

indicates a rearranged labdane skeleton
19' 20' 21 for solidagoic acid 

A and thus the constitutuion (24). 

The marked similarity of the NMR spectra of solidagoic acids 

E (25) and A (24) suggested that the former differed solely in that 

the vinyl methyl was replaced by an allylic primary alcohol present as 

22 
its angelate ester. Pyrolysis of acid E afforded angelic acid and 

the oily X -lactone (35). 

The formation of (35) provided further support for the proposed 

structure of acid A which has been correlated with E as follows. 

Reduction of the oily methyl ester (36) of E with L!AlHL; led to the 

diol (27), C 
20

H
30

o 
3

, which also occurs naturally. The derived 

diacetate (37) has also been obtained by direct acetylation of the 

alcohol (27). 

Tentative structures for the hemiacetal (28), C 
20

H
28

o 
3

, and 

the dialdehyde (29), C 20 H 2 6o 
3

, followed from their conversion with 



US) R- H 
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LiAlH
4 

into the diol (27), while the chemical and spectroscopic 

evidence is compatible with structures (32), c
20

H
30

o
2

, and (31), 

C 
20

H
28

o 
4

, for the remaining two diterpenoids of natural provenance. 

1. 4 Labdane dite.rpenoids from Leonotis leonurus 

Compound Y (38), c 20H
28

o 
3 

and X (39), c
20

H
28

o 
5

, as 

well as marrubiin (5), were isolated from the leaves of L..:onotis 

23,24,25 
leon urus. 

a) Com pound Y 

Elemental analysis and mass spectroscopic molecular weitrht 

agreed with the molecular formula c 20H 28o 
3

• The UV and IR 

spectra were in accordance with the presence of a luran and an 

d...f -unsatu:l.'ated keto-group as in struc;ture (38) . Compound Y 

gave a positive reaction for a substituted luran in both the Ehrlich 

and L iebermann-Burchard tests. That this was a j3 -substituted 

luran was clearly indicated by the NMR spectrum . 

1 he co-occurence of marrubiin in the pant suggested that 

compound Y was closely related to marrubiz'n, a view supported by 

its dehydrogenation to 1, 2, 5-trimethylnapthalene. On catalytic hydro-

genation the anhy dro-compound of Y (obtained by phosphorus tri-

chloride reaction on Y) absorbed 4 moles of hydrogen, one mor e 

than compound Y. The UV spectrum of annydro Y IS almost identi-

-1 
cal with that of compound Y, but the IR ban d at 16l5r..:m . ' •'-" 

considerably more intense. These faces are accomodated by the 

presence of a cross-conjugated dienone and suggested that the hydro-

xyl group in compound Y which resists benzoylation and acetylation zs 

tertiary, and that the d..jJ -unsaturated 

present as A5-7-ketone rather than 

keto-group in compound Y is 

the alternativ~ 
7 27 

6 -6 -ketone. 

Hexahydro Y was dehydrated with phosphorous trichloride to 

an oily ~-unsaturated ketone, probably a mixture of endo- and exo -



-8-

cyclic double bonds, which can only arise from the 115-7-ketone and 

,C!hows that the hydroxyl group is at C or C . Treatment of hexa-
8 9 

hydro- Y with methyl magnesium bromide followed by dehydration 

28 
afforded 1, 2, ], 5-..tetramethyl napthalene. The absence of a 

cationic centre precluded the possibility of rearrangement during 

29 
dehydrogenation and places the keto group unequivocally at C 

7
. 

Compound Y was oxidised by chromic acid to a mixture of a 

t' -lactone ( 40) containing an rf..j-unsaturated keto-group and an 

acld, both po~sessing the molecular formula C 1.J-I 0 . 
'/ 24 3 

The acid 

was shown to contain an extra double bond by hydrogenation and 

was not de carboxylated at 250°C; tt is thus !cf -rather than 

j3¥ -unsaturated. The formation of (ftO) showed that the hydroxyl 

group in compound Y is attached at C 
9 

in support of the spect.ral 

data from dehydrohexahydro- Y . 

The mass spectrum of compound Y is consistent with structure 

(38 ) . 

Compound Y was related to marrubiin (5) through a common de-

gradation product as follows . 

Reduction with lithium in ammonia furnishe d the transfused six 

membered ring ketone ( 41) which wa{3 oxidised with chromic acid to 

a mixture of an oily acid (1.;.2) and a neutral (-lacton e (43) con-

taining a saturated 6 membered k e tone . The keto group in (43)was 

converted into the thioketal which on desulphurisation with Raney 

n ick e l afforded a product s h own t o be identic al with a sample of iso-

am brie n olide ( 4Lt) thus confirm ing the s tructure of compo und Y (38). 

The s te re och e mistry of (/.;.4 ), whic h h as been con vin cingly estab -

11,]1,]2,]3,40 
lished and that of compound Y the r efor e f o llows f o r all 

centres , except C 
8

, where k eto - e n ol tautomerism could have taken 

place during lithium - a mm onia reduction . The stereochemis try at C 
8 

f ollo w s from o bservatio n s of solve nt s hifts in the NMR for the proton 

and m ethyl g r oup adjacent to the c arb onyl function. In this 

way, the methyl at C 
8 

was s h own to b e e quatorial 
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( o( ) and the C proton axial ( J3 ) . 
8 

It can be noted that solidagenone ( 4) is isomeric with compound 

y (]8} with a L] 7-6 -ketone instead of a .,A5 -?-ketone. 

b) Compound X 

2] 
The .suggested molecular formula C H 0 , 

20 28 5 
is supported 

by the mass-spectroscopic molecular weig•ht. It is a f -lactone con-

taining no luran ring and could not be hydrogenated . On hydrolysis 

2·1 equivalents of alkali were consumed indicating the presence of 

two lactone groups. The product afforded a monomethyl ester on 

treatment with diazomethane. Since marrubic acid is lactonised by 

26 
diazomethane, this monomethyl ester must be formed at C . 

15 

Further, the lactone ~roups were reduced with lithium aluminium 

hydride to a tetraol. 

Dehydrogenation of compound X yielded 1, 2, 5-trimethylnap-

thalene, hence confirm in[! the expected labdane skeleton. From its 

IR spectrum and its failure to forrr derivatives, carbonyl and 

hydroxyl groups are absent and the remaining oxygen atom was 

thought to be pre<!'ent as an ether. Attempts at fission, of this link-

age gave only starting material. The above properti~s are a ccomo -

dated in structure (39) which is supported by the mass spectrum , 

The NMR spectra of compounds X and marrubiin with respect 

to the ring A/B lactone and the c 17-methyl group are very ~imilar, 

indicating identical stereochemistry a£" these centres. The prot on a~ 

C6 is equatorial ( oL ) , giving rise to poorly resolved triplets in 

compound X and Marrubiin because of one equatorial-equatorial and 

two equatorial-axial couplings. This lactone ring in X z's therefore 

31 
cis j3 -fused. The c

17
-methyl doublets in compound X and mar-

rubiin are shifted upfield in benzene . These facts together with co-

occurence of compound X and marrubiin in the plant suggest that X, 

like marrubiin, has an equatorial ( o(, ) c
17

-methyl group . The 
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c
14

- and c 16- methylene protons occur as quartets at T 7. 27 

(J = 9c/s) respectively. These positions and couplings are as ex-

pected for such groups in a lactone ring. 

The mass spectroscopic evidence for the C , c
1 

oxide is 
9 3 

supported by the lack of protons, other than those discussed below 

17.3, showing that neither ether terminus possesses a proton, and 

also by the fact that the cl4- and cl6-m ethylene groups show no 

vicinal coupling. This ether linkage is also present in grindelic acid 

and in the precursor of solidagenone. 35 

1. 5 Peregrinol 

Peregrinol (45), c
20

H
36

o 2 , peregrinine, c
20

H
26

o 
5 

(49) and 

a third compound c
19

H
18

o 
6

, were isolated from the dried plants of 

/-1arrubiim peregrinum. The structure of peregrinol37 was deter-

mined as 13-labdane-9, 15 diene (45). Hydrogenation afforded di-

hydroperegrinol (46) and traces of (4?). On treating (45) wlth 

OsO 4 afforded a tetrol. A monoacetate was obtained on acetylating 

peregrina]. Chromic acid oxidation of dihydroperegrinol (64) 

yielded the acid (48). The tosylate of (46) was reduced with 

LiAlH
4 

to give (47). 

The above chemical evidence together with NMR and IR data 

postulate structure (45) for peregrina]. The IR spectra of 

peregrina] and its derivatives and those of the derivatives of 

sclareol were similar. 

1. 6 Peregrinine 

Peregrinine (49), c
20

H 2 6o 
5 

was isolated from Marrubium 

peregrinum36 and Marrubium incanum. 
39 

The IR, NMR, UV and 

mass spectra indicated the presence of a p -substituted luran in the 

molecule, and this was also confirmed by a purple colour in the 

Ehrlich test. 

The hydroxyl group of (49) resists both acetylation and 
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oxidation with Jones :r>eagen,t yielded the maleic anhydride (50). 

The presence of the J -lactone in (49) indicated by the IR 

spectrum was confirmed by alkaline hydrolysis of (49) to the hydroxy 

acid (51). The latter, on heating with anhydrous solvents reformed 

the o:r>iginal lactone ( 49). Esterification of (51) with diazomethane 

yielded the corresponding methyl ester (52) which on oxidation with 

chromic acid gave the oily keto-methyl ester (53). This ·compound 

(53) lacked resonance in the NMR spectrum attributable to a 

proton of the type H-C-OH. The presence of a ketone zn pere-

grinine ( 49) was indicated by its UV and I R spectra and confirmed 

by the corresponding thiose micarbazone , 

R eduction of (49 ) with L iAlH
4 

in tetrahydrofuran gave a 

tetrol (54) which on acetylation yie lde d the o ily, triacetate (55). 

Sodium bo:r>ohydride reduction of ( 49) afforded the dihydrox ylactone 

(56) which with chromic anhydride in pyridine reformed (49 ). 

The compound (56) was ~onve rted to a mono-acetate (57) by 

acetylation at room t e mperature . 

Tosylation of the dih y droxy lactone (56) yielded the corres-

pond ing sulphonate derivative (59) which whe n heate d in r e fluxing 

pyridine yielded the unsaturated compo und (58). 

T he c a ta lytic reduction of (5 8) with Pd-D in dioxane yielded 

am ong other products, a dihy droderivative (60), ide ntical with 

m a r r ubiin (5 ), the stereochemistry of whic h h as been estab-

11, 31 ' 32' 33, 4 0 
lished. 

F r om the above results, ( 49) can be form ulated as a k eto -

marru biin . T h e presence of the keto - group a t position three was 

establ ished on the basis of th e fo llowing results . 

Ozonolysis of ( 49) aff orded a keto - d ilactone ( 61 ) . Brom ina-

t i on of the l atter yielded th e corr e s ponding - bromo-ketone (62 ) . 

VVben peregrinine w as reacted with N . NaOH in r efluxing 
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oxidation with chromic anhydride in pyridine. However, oxidation 

with Jones reaP-ent yielded the maleic anhydride (50). 

The presence of the ! -lactone in ( 4?) indicated bv the I R 

t>pectrum WR.S confirmed by alkaline h.vdrolvsis of (49) to the hydroxv 

~=~cid (51). The latter. on heating with anvdroul?' solvents r-eformed 

the oripin~l lactone (49). E.c:.<terification of (51) with diazomethane 

vielded the corresponding methyl eS"ter (52) which on oxidation with 

chromic acid gave the oilv keto-methyl ester (53). This compound 

(53) lacked resonance in the NMR spectrum attributable to a proton 

of the type H-C-OH. The presence of a ketone in pere{trinine (49) 

was indicated by its UV and IR spectra and confirmed by the cor-

responding thiosemicarbq.?one. 

Reduction of ( 49) with LiAlH
4 

in tetrahydrofuran gave a tetrol 

(5L,) which on acetylation yielded the oily, tria.cetate (55). Sodium 

borohydride reduction of (49) aff9rded the dihydroxylactone (56) 

which with chromic anh.vdride in pyridine reformed (49). The com-

pound (56) was co14verted to a mono-acetate (57) by acetylation at 

room temperature. 

ToFvlation of the dihvdroxylactone (56) vielded the correspond-

in{! sulphonate derivative (59) which when heated in refluxing pyri-

dine .vielded the unsaturated compound (58). 

The catal.vtic reduction of (58) with Pd-C in dioxa~e yielded 

among other products, a dihyc/roderivative (60), identical wlth 

11' 31, 32 J 33' 
mar11ubtin (5), the stereoohemistrv of which has been established. 40 

From the above results .• ( 49) can be formulated as a keto-

marrupiin. The presence of the keto-group at position three was 

established on the b~sis of the follow in;;; results . 

Ozonolysis of ( 49) afforded a keto-dilactone (61). .Brorr: ination 

of the latter yielded the corresponding c:J...-bromo-ketone (62). 

V\lhen peregrinine was reacted with N. NaOH ln refluxing 

methanol-water, it afforded the nor-ketone (63) which on oxidation 
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yieldeq the corresponding diketone (64.J. The mono-dehydration of 

(63) with POCl at room temperature followed by acid isomerization 
3 

of the double bond gave the oil.v , dj3 -un~aturated ketone ( 65) . 

On the foregoing evidence. the structure of peregrinine was 

po~tulated as shown in (4:?). 

1. 7 Diterpenes isolated from Hardwickia einnata 

The oleoresin of Harwickia P.Jnnata has been shown
20 

to consist 

of a ~erieP of cloE"el.v related diterpenoid~. Five new compounds 

have been isolated and four of these reviewed. 

a) Ha.rdwickiic Acid 

Hardwickiic acid (66), c 20H
28

o 
3

, is a monobasic carboxylic 

acid. The methyl ester was shown to have a j3 ~mono-substituted 

luran ring from NMR and IR data. The presence of two quarter-

nary methyls and a C H
3

- gH- C was clear from its NMR spectrum. 

A triplet assignable to a vinyl p.poton j3 to the carboxyl group, was 

confirmed by the NMR spectrum of the derived alcohol when this 

triplet as expected shifted upfield. The conjugation of the r;;arboxyl 

and the ethylt;=nic linka.e;e was further borQe out from UV absorption 

On quantitative hydrogenation over Rh-C, the ester of hard-

wickiic acid yielded a tetrahvdro-derivative with the conjugated ole-

finic linkage still intact. Further hydrogenation yielded a hexahydro-

derivative which "Y'Tas fully saturated (shown by IR, NMR and 

tetranitromethane). From the above r esults it was apparent that 

hardwickiic acid has only three C =r: C bonds and consequently 

m yst have two carbocyclic rings . 

On dehydrogenation with 10% Fd-C , bardwickiic acid yielded 

1, 2-dimetb.vl and 1, 2, 5 -trimethylnaptbalene . These results can 

only be accomodated in a rear.ranged bicyclic diterpenoid skeleton and 

~tructure (66) is dictated by biogenetic consid~rations. 4 ' 
41 
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Misra et al
42 

provided experimental support for the location of 

che quarternary methyls and the stereochemistry at the various asvm-

metric centreP thus giving conclusive evidence for the absolute stereo-

str1,.1cture for ( ) hardwickiic acid. The location of the quarter-

nary methyl at C 
5 

was evident from its chemical shift data collected 

for several derivatives of hardwickiic acid in which the olefinic 

linkage and/or the carboxyl group had been chemically modified . 

Ozonolysis of hardwickiic acid, followed by oxidative r_,..rorkup 

of the ozonide furnished two major products, formulated on the 

basis of their analytical and spectroscopiq data as (67) and (68) 1 

in terms of structure ( 66) for hardwickiic acid. Oxidation of 

(68) with NaOBr. gave after esterification (67). The methyl 

ketone ester (68) could be prepared by the ozonolysis of kolavic 

acid (69). 

The NMR spectra of both (67) and (68) show one of the 

quarternary methyls-downfield as required43 for a methyl .group 

to a carbomethoxy function 1 thuP supporting the presenoe of a quar-

ternary methyl at C 
5 

in (66). 

Bromination Lt'-1- of (68) .JTI'elded a bromoderivative which on de­

L•5 
hvdrogenation gave an c:i} -unsaturated ketone (70) confirmed 

by IR and NMR spectra . The NMR shows two olefinic protons as 

an A .B quartet, a finding consistent only with fully substituted c 9 

as shown zn (70). The placing of a methyl p-ro up at C 9 was further 

supported by the position of its NMR signal which as required by its 

being on an allylic carbon has now suffered a downfield shift a.s 

compared to (67) and (68). The other methyl remains essentially 

unchanged. 

The ring fusion of (66) was shown to be trans-locked 1 like 

the C/D rings cf an androstan-17-one but with opposite stereochemis-

try. 
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From NMR studies cQ.rried out on the degradation products of 

hA.rdwickiic acid (66), it was evident that the C 
9 

methyl was j3-

orientated and the C 
8 

methyl equatorial ( ol.. ) • 

b) Kolavic Acid 

Kolavic acid (69), c
20

H 0 , is a dicarboxylic acid. 
30 4 

The UV 

absorption of the acid and its dimethyl ester indicated that both the 

carboxyl functions must be d.j3 -unsaturated. On catalytic hydro-

genation, it yielded a tetrahydro-acid which gave a negative tetrani-

tromethane tet:$t. Hence, kola vic acid must contain only two eth.v-

lenic linkage£', On dehydrogenation with Pd-C, kolavic acid like 

hardwickiic a,cid, yielded both 1, 2-dimethyl and 1, 2, 5-tpimethyl-

napthalene indicating that it must be closely related to hardwickiic 

Q.cid. 

The NMR spectrum of dimethyl kola.vate showed the presence 

of two quarternary methyls, a CH3 ... ~H -C f?rouping, one methvl 

on an olefinic linkage and two - COOMe groups. The nature of 

the olefinic linkages were shown to be either (?1) or (?2) con-

sistent with tht:: signals m the vinyl proton region of the NMR 

spectrum. Bearing in mind the structure of hardwickiic acid, the 

above data for kolavic acid lead to its formulation as (69). The 

stereochemistry of the side chain was deduced from the chemical 

shift of the allylic methyl group which must be .Ek to the carboxyl 

46,47 
group. Kolavic acid was then correlated with hardwickiic 

acid as follows. Methyl hardwickiate on hydrogenation over Ft. 

in acetic acid, absorbed 3. 3 moles of hydrogen to furnish an ester 

alcohol, r;..rhich on LiAlH
4 

reduction yielded a mixture of a solid 

and a Jiquid glycol in approximately equa,l quantities, the latter was 

converted into its diacetate and chromatographed to yield a pure 

diacetate which waP found to be ir;ientical with (?]), obtainable 

from tetrahydrokolavic acid. 
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c) Kola venic Acid 

Kolavenic acid (74) was isolated as its aethyl ester (75). 

FI'Iom the spectral properties of the ester and bearing in mind the 

t=:pectral characteristics of hardwickiic acid, structure (74-) was 

confirmed by its direct correlation with kolavic acid through the 

hydrocarbon (76). 

From thfif NMR spectrum it was shown that the shift of the 

quarternary methyl signal from 76 c/s in hardwickiic acid to 59 c/s 

1n kolavenic ester is in accordance with the proximity of the methyl 

to the C 
4 

carboxyl function, 

As e:xpected48 the s ignal zs shifted to 47 c/s in tetrahydro-

kola venic ester. 

d) Kolavenol 

Frorr spectral characteristics, kolavenol was asFigned t=:truc-

ture (77) which is consistf'tnt ·r.rn'th biogenetic considerations. The 

A.ssigned structure was confirmed by its preparation from kola v enic 

acid by LiAJH reduction. 
4 

1. 8 Dextrarotatory Hardwickiic Acid 

21 
A de:xtrarotatory diterpene acid (66) , C 

20
H28o 

3 
was isolated 

from a legroin extract of Copaifera officinalis. 1 R spectra were 

characteristic of an ci.J -unsaturated acid and of a luran .49 The 

acid gave an ester with diazomethane, the NMR spectrum of w hich 

showed proton resonances characteristic of a f'uran ring, a triplet 

assigned to the rin~ed hydrogen of the s.vste m - c..@= C-COOR . 

while a quartet and a triplet corresponded to the methylene and methyl 

protons of the ethoxy carbonyl grou p; singlets at Ta. 72 and 9. 22 

were a:=,Figned to the two quarternary methyl groups whilFt a doublet 

at T9 .14- corresponded to a methyl group cl... to a methylene group 

m the svstem CH
3

-CH-CH -. . 2 Hydrogenation of the ester over 

Adams catalyst gave a liquid product lacking luran bands in the 
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IR but E>howed the presem;e of -C=- C-COOEt group. 

Dehydrogenation of the ester with Pd-C afforded a mixture of 

1, 2-dimethyl and 1, 2, 5-trimethylnapthalene. The spectra and 

chemical properties of the new acid were very similar to those of 

20 
( ) hardwickiic acid. 

lv1ixed melting points of the two acids was some 50° hipher 

than the melting points of the componentE', a property ~ypical of a 

racem1c compound. The IR spectra of the two compounds were 

superimposable. A trace of ( ) hardwickiic acid when 

treated with diazomethane gave an ester indistinguishable from 

the ester obtained frorr this new acid. Hence, the acid from 

paifera officinalis is (+) hardwickiic acid. The spectra and 

h . 1 t ' f th t t' t th . d 20 
c em1ca proper 1es o e wo enan zomers suppor e ass1 gne 

structure (66) and biogenetic consideratz'ons also lend support to it. 

1. _o Cascarillin 

CascQ.rillin (78), C 
22

H
32 

0 
7

, the bitter principle from the bark 

of Croton eleuteria50 was shown by Halsall e t al51 to be a diter-

penoid monoacetate. Chemical and spectroscopic evidence suggested 

that cascarillin belonged ~o the same group of diterpenes as clero­

!:)2 
din. On treatment with acid, deacetylcascarillin formed ~ a stable 

acetal which was converted into a crystalline iodoacetate. X-ray 

single crystal analysis53 of this iodacetate waE' then undertaken to 

determine the structure pf cascarillin . The crystiftl structure was 

solved by means of the phase determining heavy atom method. 5 4 

The carbon and oxygen atoms were located in three dimensional 

electron-density distributions. The absolute col"l.figuration for cas-

carillin as in (78) was deduced by Bijvoet ' s anamalous dispersion 

55 
m ethod. Optical rotatory dispers ion measurements are in agree -

ment with this stereochemical assignment . 56 

1.10 Diterpenes of the Cascarillin group from Dodonaea species 
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These diterpenes possess a rearranged enantio-labdane skeketon 

of the type exhibited by the cascarillins . 56 

a) Diterpenes from Dodonaea attenuata 

19 
The ether extract of D, attenuata gave the acetoxy-hydroxv-

acid (?9), c 22H
30

o
6

, as the maJor acidic constituent. From NMR 

,qtudies a '-luran ring, a jJ -vipyl proton zn an d..j3 -unsaturated 

carbonyl grouping having a methylene group adj acent to the vinyl 

proton. a tertiary methyl and an acetate group were determined . 

Saponification or LiBH
4 

reduction of the natural acid gave a 

dihydroxy acid (80) which lactonized when heated with N, N-di­

c;yclohexylcarbodiimide57 in pyridine, to give the hydroxy-lactone 

(82). Similar treatment of the natural acid (?9) or acetylation of 

(82) with acetic anhydride gave the acetoxy lactone (83) establish-

ing chemically that the ester grouping in (?9) was an acetate. The 

IR spectra of (83) confirmed the presence of an d.JB -unsaturated 

- f -lactone and acetate g r oups. 

R eduction of (?9) with sodium m ethanol saturated the .L13 

olefinic iinkage and gave a mixture of the hydroxy-lactone (85 ) and 

the dihydroxy- acid ( 90 ) . These two products were formulated as 

epimers at c
4 

since methylation of (90) gave the methyl ~ster ( 91 ), 

which gave the lactone (85) after treatment with sodium methoxide 

zn methanol and saponification. Oxidation of (85) with chromic acid 

in pyridine gave the lactonic acid ( 89) and vhe aldehyde ( 86) . 

The NMR spectra of (85 ) indicated that the c
19

-methylene 

group was attached to a fully substituted carbon atom a]f).d that the 

carbon atom adjacent to the c
17

-protons bears one proton. 

The relative position of the acetoxymethyl group and the 

substituted luran ring in (?9) was established as follows. Acety-

latlon of the hydrpxylactone (85) ~rave the acetate (8?) which, 

when oxidised with ozone followed by Jones58 reagent gav,a the 
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tris -nor-acetoxy acid (92). Saponification of (92) fi5ave the hydro-

xy-acid (93) which was oxidised with Jqnes reagent to the corres-

ponc/ing diacid, heated with acetic anhydride and then at 280° to give 

the keto-lactone (94) (shown by IR to be 

tanone
59). 

!-lactone, c;;yclopen-

Treatment of the lactone aldehyde (86) with boiling Ac2 0/ 

NaOAc followed by ozonolysis and Jones oxidation of the resulting 

enol acetate gave the lactone-keto-acid (95). Methylation of the 

latter gave (96) which showed IR absorptions attributed to ! -lactone, 

ester and cyclohexano:qe groupings. 59 Bromination and dehydro-

bromination of (96) E.'a ve the conjugated ketone (97). The NMR 

spectrum of (97) showed two olefinic protons as an AB quartet 

indicating a cis -disubstituted olefinic linkage. Treatment of (9?) 

with NaOH liberated formaldelhyde presumably by a retro-aldol 

fission of the C 
5 

substituent since the keto-lactone (96) did not react 

in this manner. This indicates the relationship between the lactone 

and conjugated ketone functions in (97) and hence the number and 

nature of the carbon atom$ linking the hydromethyl and acetoxy-

methyl groups in (?9). 

Evidence of the s ide cha in in (79) followed from a Barbier-

Wieland type degradation of a s uitably protecte d tris-nor-acid (98). 

Evidence for the de8alin rzng system was obtained by dehydrogena-

tion qf the lactone ( 88 ) with selenium to g ive 1, 2-dimethylnapthalene 

i::'olated as the trinitrobenzene adduct, T his result together with the 

evidence summarized in partlal structure ( 99 ) requires the natural 

acid to have the constitution (79 ). Th e absolute stereochemistry of 

the above com pound was also established through degradative and 

spectroscopic studies of compound (79 ). 

The lacton e (81.;.) 1 C 20H 26o 
3

, was obtained from methylated 

acidic extract of D . attenuata . Sapon ification gave the h ydroxy 
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acid (81). The phy~ical c:;onstants of (81) and the lactone (84) 

suggests that the compounds are identical with hautriwaic acid from 

60 
DodQnaea. viscosa and its lactone respectively. Reduction of the 

hydroxy acid (81) with sodium-ethanol gave the lactone identical with 

that prepared from (?9) thus estq.blishing the structure and stereo-

chemistry of the lactone (84) and the acid (81). 

b) Acidic Constituents of Dodonaea lobulata 

The ether extract of tfle dried leaves and branchlets of 

61 
Dodonaea lobulata afforded a monohydro:xyacid (JOO), C 20H

36
o 

4
, 

and two dihydroxyacids (101), c 20H
36

o
4

, and (102), c
20

H
3
6o

4
. 

These three acids were shown to be the first example,s of the 

enantio-labdane56 skeleton. 

The methyl ester (103) of the monohydroxy aciq (100) had 

an IR spectrum identical with that of g·~ -hydroxy-labdan-15-

oa.te. The physical properties of the methyl ester (I OJ) was 

dehydrated with phosphorus o:xycr:hloride in pyridine, to give a mis-

ture of exocyclic isomer (loa), the 7 (8) trisubstituted isomer and 

the remainder presumably being the tetra-substituted 8 (9) isomer. 

The exocyc:;lic isomer (108) was hydrolysed to the acid (109). 

Ozonolysis of the ester (108) and saponification of the product, gave 

the no:t'-kef:o acid (110), also obtaine,d by ozonolysis of the acid 

009). Isomerisation of (JOB) was effected with methanolic H 2 SOJ.p 

to give afte.r hydrogenation, the saturated ester (112). 

A comparison of the physical constants of the crystalline com-

pounds described above, with values published for corresponding 

labdane derz'vativeP, clearly establishes the structure of the mono-

. hydroxyacid (JOO) as 8f3 -hydroxy-enantio-ladan-15-oic acid. 

The diol acids (101) and (102) were separated as their methyl 

este.r acetates, and their skeletons established by degradative. re-

lationship with (103) and (Jll) respectively. The NMR spect:num of 
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the methyl ester 004) exhibited peaks corresponding to three quar-

ternary methyl peakE>, a methyl group on a carbon atom bearing 

oxygen and a doublet corresponding to a secondary methyl group. 

A peak at T 6. ]6 was attributed to th~ carbomethoxy function , 

Jones oxidation of the methyl ester (104) affords a ketol ester (11]), 

in which the jd -hydroxyketone function was established by forming 

the conjugated ketone 014) . 

The location of the 1:3 diol system at the 6 and 8 positions as 

in (101) was Puggested by the physical constants of t~e conjugated 

ketone (114), anq the saturated keto -acid 015), which correspond to 

those expected for enaniomers of 6-oxo-catavic acid and 6-oxo-lab-

dan..-15-oic acid. 

Wolf-Kishner reductlon of the keto acid 015) gave ap acid, 

which after methylation with diazomethano; was found to be identical 

to methyl enantiolabdan.-1§-oate (112). 

Th.e stereochemistry a,t c 8 in the diol (104) was established by 

dehydration of the acedoxy-ester (105) to give a mixture of double 

bond zsomers, whose NMR spectrum showed it to consist of at 

least 60% exocyclic 8 (20).-olefin, and so the hydr:::Jxyl function at 

Ca may be assigned the equatorial erA f' . 62 r~1_ -con 2gurat2on. 

hvdroxyl must be also in an equatorial configuration since it readily 

forms an acetate under s~a,ndard conditions. 
63 

The skeleton of the second dihydroxy acid (102) was establl:;;hed 

as follows . 

The diol methyl ester (106) afforded the ketol-ester (116) on oxi-

dation with Jones reagent. Tr~atrnent of (JJ6} with ethane-1, 2 

dithz'ol and boron trifluoride ethere:ate in acetic acid at room tempera-

ture yielded the ethylene thioketal (11?) which was desulpurized with 

Raney nickel. The product was identified as methyl- 8j3 -hydroxy-

enantio-labdan-15 oate (103). 
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The location of the secondary alcohol in the diol ester (106) 

at C? followed from the latter's oxidation by 1 mole of periodic aci/>4 

to yield a product which gave an iodoform reaction and which ex-

hibited peaks for CH
3

-C (= O)- , -CH
2

-CHO and -COOCH3 groups 

expected for the oxidation of (106). 

63 
since it was readily acetylated and 

The C? hycfroxyl is equatorial 

since reduction 
72 

with LiAlH 
4 

either of the keto] ester (116) or of the diol ester 006) furnished 

the same trz'ol. 

1. 11 Crotonin 

Croton in 019), c
19

H
24 

0 
4

, a furanoid norditerpene was iso-

65 
lated from the leaves and twigs of Croton eleuteria. The presence 

of a J'-lactone, a j3 -substituted luran, ketone, and two secondary 

methyls was shown by IR and NMR spectroscopy. 

H.vdrogenation of (119) P,'ave the acid, hexahydrocrotonin (120) 

and tetrahydrocrotonin. This result defines the relation of the luran 

ring to the lactone. The acid 020) was converted into the keto 

alcohol (121) which on oxidation yielded a mixture of (120) and 022). 

In the NMR of 022) the aldehyde proton shows up as a singlet. 

Selenium dioxide oxidation of 019) yielded an amorphous 

phenol {12]) • The methyl ether (124) had NMR signals for a 

Pecondary methyl, an aromatic methyl, methoxyl and metacoupled 

aromatic protons. Chromic acid oxidation of (124) in acetlc acid, 

gave 025) which had UV absorption characteristic for that of a 

66 
substituted p-methoxyacetophenone. The NMR confirms the posi-

tion of a methyl group at C 
4

. 

The furfurylidine derivative (126) has UV absorption peaks in 

good a..;reement with the furfurylidine derivative of p-methoxyaceto-

phenone. In the NMR the C 
8 

proton appears as a quartet and the 

methyl at c 8 as a doublet. 

The above evidence establishes the gross structure (119) for 
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crotonin, which is structurally related to the cascarillins isolated from 

Croton eleuteria. 
67 

1.12 Ozic Acid 

d D . 11 68' 6 9 . 1 d' . Extraction of the dry woo of ame a ogea yze de oz1c 

acid (127), C 
20

H
30

o 2 , the NMR spectrum of which Fhowed two 

tertiary methyl groups, one vinyl methyl group and Fix vinyl protons. 

The UV and IR spectrums showed the presence of a conjugated diene. 

The compound absorbed 3 moles of hydrogen on hydrogenation. The 

above facts lead to the general structure (12?) in agreement with the 

68,70 
observed principal peaks in the mass spectrum. 

The stereochemistry at C 
5

, c
9 

and c
10 

were inferred by ana­

logy with daniellic acid (128) and confirmed by correlation with neo-

abietic acid. Ozic acid must therefore have the antipod~l stereochemis-

try with respect to the steroids, as does daniellic acid. 

The 4-carboxylic acid group was assigned an equatorial configu-

. 71 
ratzon . 

The configuration of the 12, l]-double bond in the side chain of 

ozic a.cid was arrived at from UV and J'!MR measurements, with 

ethanol and carbon tetrachloride respectively aP solvents . The re-

sults for ozic acid are consistent with a cis-configuration about the 

73 12, 1]-double bond. The complete structure and stereochemistry 

of ozic acid was thus established as in 027). 

Ozic acid is similar to comm unic 029) and ~anziba.ric 030) 

'd 74 acz s, B h . 75 d . 'd 76 _l..' h ot czs- an trans-communzc acz s , w.oc have not 

been isolated as solids owing to their lability, have the normal stereo-

chemistry with respect to the steroids, and have axial 4-ca.rboxy 

groups. 

1.13 Zanzibaric Acid 

Zanzibaric acid {1]0}, was extracted as the acetate (131) from 

. 69,77 ( ) Trachylobzum verrucosum. The structure of 130 was deter-

mined by chemical degradation and spectral data. 
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The acetate {1]1} when methylated with diazomethane yielded {1]2} 

which on catalytic hydrogenation yielded a mixture of Cl]- and C 
8

-

epimers of (1]5). Addition of maleic anhydride to {1]1) yielded an an-

hydride. Treatment of the metboxyacetate {1]2} with sodium in re-

fluxing propanol yielded the 12, 15-diby-dro derivative, the ozonide of 

Tt-rhicb was reduced with zinc in acetic acid to give a diketo-derivative 

037) which when refluxed with sodium etboxide in ethanol gave the 

conjugated compound {1]8}. Alkaline hydrolysis of {1]2) gave zanzi-

baric acid {1]0) which on treatment with N. N -dicyclocarbodiimide 

gave a high yield of the lactone 034-). The methylated product (]]]} 

of zanzibaric acid gave {1]6} on catalytic hydrogenation . The 

product was oxidised with Jones reagent to give the 6-oxo-derivative. 

The above chemical evidence together with spectroscopic 

evidence postulate structure {1]0} for zanzibaric acid. 

Zanzibaric acid, like ozic acid, has the antipodal stereocbemist-

ry and like trans-communic acid, bas a trans-configuration at the 12, 

]]-double bond on the side chain. 

1. 14- Aplys in -20 

Aplysin-20, {1]9}, c
20

H
35

o 2 Br., was isolated from Aplysia 

. 78, 79 
kurodaz , IR and NMR data indicated that there were two hydro-

xyl groups, a double bond and 5 quarternary methyl groups. Aplysin 

-20 was treated with acetic anbyddde -pyridine to give a monoacetate 

which could be converted into starting material with metbanolic potas-

sium hydroxide. In a comparison of the NMR spectra of aplysin-20 

and its mono-acetate, the presence of partial structure (JL,.O) was 

arrived at. Considering 040) together with the presence of two hy-

droxyl groups, and the appearance of a pair of strong peaks, 

coupled with the strongest peak at m /el91 in the mass spectrum sug-

gested the presence of partial structure (JL,.l). The structure of 

aplysin -20 was then determined by X -ray analysis using the multiple 
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film technique and Ni-filtered Cu-Ke/.. methods. 

The spectral and chemical evidence for the structure of aplysin-

20 are in agreement wlth the results obtained by X-ray analysis. 

Aplysin-20 zs the first bicyclic diterpene which has the axial hydroxyl 

group at c 8 . 

1.15 Psiadol 

Psiadol 042), 
80 

C H 0 S l'solated from the leaves of 
20 , wa 

]0 3 

Psiadia altissima. 

The following deductions were made from its IR, NMR and mass 

spectra: the presence of a f -substituted luran, two quarternary 

methyls, -CH2 0H and -C=CH
2 

groups. Acetylation of 042) yielded 

a diacetate 043) while Jones oxidation yielded a ketoaldehyde 044) · 

The UV and NMR spectral features of psiadiol 042) and its deriva-

tives agree well with partial structure 045) 1 assuming the normal 

labdane diterpene skeleton for psiadol. 

That the hydroxyl group was at C 
4 

and not at c 10 was indi­

cated by both the reaction of Psiadol with acetonide and by the con-

figuration of the c
6

-hydroxyl group. The six-line pattern at 0 5 

and bll in the NMR spectrum of 043) and the coupltng constants 

b e tween the protons at C 
5

, C 
6 

and C? establz'shes the equatorial 

configuration of ~he hydroxyl at C 6 . More direct evidence concern-

ing the configuration at C 
6 

was obtained as follows. The keto-aide-

h yde 0 44 ) on sodium b o r oh y dride r e duction afforded an a morpho us 

d ihyd r oxy c ompound 046 ) diffe r e nt from 0 42) . A cet y la tion o f 046 ) 

ga v e a m o n o a cetate 04?) . T h e r e fo r e the C 6 -hydrox y l in 046 ) 

m us t h ave the axial configuration stn ce the comple x h y dride reduction 

o f 04.4 ) is s terlcally controlle d by the 1, 3 axia l substituent s in C 
4 

and in c
10

. 

. 81, 82, 8] 
From a s tudy o f NMR s p ectr a of dzte r p enes , contain-

ing both a c
4

-me thy l and a C 
4 

-hy drox y m eth y l (o r a c e toxy-methyl) 

J5r oup, the axial c onfiguration was as signed to the c 4 a c e toxym e thyl 
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group of Psiadol derivative 043). 

The above results are rationalized in terms of structure 042). 

Confirmation of the structure 042) as well as proof of the stereo-

chemistry was provided by correlation with a lambertianic acid 

derivative (11.;8) of established structure and configuration. 
8

4--

Psiadol diacetate 043) was oxidised with Jones reagent and a 

maleic anhydride 049) was obtained. The anhydride was ozonised 

and the product worked up oxidatively to yield (150) . This com-

pound on treatment with potassium hydroxide in methanol-water and 

reacetylation yielded an d..j3 -unsaturated ketone 051). Catalytic 

reduction of this ketone in ethanol on Pd-C yielded 052) whose IR 

and NMR were identical to the acid 048) obtained from the lamber-

tianic acid. The specific rotations of the acid 052) was of the 

same magnitude as 048) but opposite in sign, revealing an antipodal 

relationship between the acids. 

Hence the absolute configuration depicted for psiadol In 042) 

may be taken as proved. 

1.16 Plathyterpol 

85 Plathyterpol 053), C 20H
34 

0, a liquid diterpene was ex-

tracted from the heartwood of Plathymenia reticulata. A tertiary by-

droxyl group, and four olefinic protons attached to two double bonds 

(estimated by catalytic reduction) one of which Is present as a -v·inyl 

group, was estimated by spectroscopic data. Jones oxidation gave 

a ketone 054) which was formulated in accordance with its NMR 

spectrum. 

Huang-Minion reduction of this ketone gave a liquid olefin, 

which on oxidation with sodium dichromate-acetic acid gave an 

d..j3 -unsaturated ketone. 

Dehydrogenation of 053) and 054) afforded 1, 2, 5-trz'metbyl-

napthalene confirming that the natural product is a terpene with a 

reduced napthalene ring system. The above evidence leads to 
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structure 053) for plathyterpol. 

The ster~ochemistry of plathyterpol is not defined but the NMR 

spectrum of the ketone suggests that the proton at C 1s equatorial to 
10 

ring A and hence the ring fusion is czs as in colum bin . 86 

1.17 Olearin 

Olearin 055), C 
20

H 260 5 , a neutral diterpene dilactone of the 

columbin type 86 was isolated87, from Olearia heteroca.,rpa. The UV 

and IR spectrum indicated the presence of two d...j3 -unsaturated 

The carbonyl absorption of l·etra hydro-olearin ester groupings. 

showed that both carbonyl groups are present in J' -lactone rings. 

The fifth oxygen of olearin is present in a readily aGetylatable hy-

droxyl group which is secondary since tetrahydro-olearin may be 

oxidised to a ketone. 056). 

Partial structure 057) was established in the following way. 

Treatment of the ketone 056) with alkali gave rise to f<;>rmaldehyde, 

presumably via the retro-aldol condensation. Thus the hydroxyl of 

the opened lactone must be j3 to the keto group . In addition, strong 

acid or dissolution in dilute alkali followed by acidification converts 

tetrahydro-olearin to an isomer 058) which also contains two J-

lactone rings and which may be oxidised to a carboxylic acid 059). 

The NMR spectrum of olearin is consistent88 with a j3-

substituted butenolide structure. The remainder of the proposed 

structure is supported by NMR data, which indicate the presence of 

one tertiary methyl, one secondary methyl, one vinyl proton adjacent 

to a -CH2 - group, and the grouping -CH2 -0 attached to a fully 

substituted carbon atom. 

On heating the methane sulphonate of olearin in dimethyl sul-

phoxide anhydro-olearin (160) z's formed, The trans-assignment for 

the introduced double bond follows from its NMR spectrum . Both 

protons of this trans-ethylenic link appear as doublets) hence c9 in 

olearin does not bear a proton, indicating a rearranged labdane 

skeleton. 
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Olearin readily adds on bromine to yield dibromo-olearin 
1 

the 

NMR spectrum of which shows a vinyl proton indicating that the bu-

tenolide double bond is retained. Oxidation of dibromo-olearin with 

potassium permanganate in acetone produces a dibromo-acid which on 

refluxing with alkali gave formaldehyde and a diene (161). 

Dehydrogenation of the dimethyl ester of the diene (161) with di-

chlorodicyanoquinone, followed by hydrolysis gives the tetralin dicar-

boxylic acid (162). The structure assigned to (162) was consistent 

with the !;JMR spectrum of. the dimethyl ester. In support of the 

structures proposed for the above compounds 1 the diene (161), on 

dehydrogenation over 10% Pd-C yielded 11 2-dimethylnapthalene. 

1.18 Diterpenes of Oxystigma oxyphyllum 

.The extract from the fresh wood of Oxystigma ~xyphyllum 89 

when chromatographed yielded two acid fractions , (A) and (B). 

These acidic fractions were then rechromatographed to give com-

ponents (A - 1), (A - 2) and (B - 1), (B - 2) as their methyl 

esters . 

The spectral properties of (A - 1) methyl ester, C21 H34o 2 , 

was consistent with the structure of methyl labda-8 (20), 1]-dien-

15-oate90 (16]). Li -i.lH
4 

reduction of (A - 1) methyl ester gave a 

hydroxy ketone (166). 

The hydroxy ketone was dehydrated to an otj3 -unsaturated 

ketone, in agreement with the synthetic racemate 91 of (16?). This 

in conjunction with the observed optical rotation of (A - 1) methyl 

ester suggests that (A - 1) is mainly 065) but contains its enantio-

mer, 1. 'd92 ( h 5) copa zc acz see c art . This was confirmed as follows. 

The methyl ester of (A - 1) was ozonised to the diketo-com-

pound which was cyclised with alkali to the hydroxy-ketone (166). 

Dehydration of the hydroxy-ketone gave the racemate and (16?). 

The methyl ester of (A - 2) . .gave IR and NMR spectra which 
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suggested that it may be the Ll 7,13 isomer of (A -1), the negative 

optical rotation of its methyl ester indicated a relationship to copalic 

acid, 92 rather than to its enantiomer 063). 

In sup port of this, hydrogenation of (A - 2) methyl ester afford-

ed a laevorotatory tetrahydro-derivative (c.f. hydrogena..£-ion of methyl 

eperuate93 and methyl cativate
94

). Compound (A - 2) is thus 

eperua-7, 13-dien-15 -oic acid (168). 

The p-phenylphenacyl esters of the acid fraction (A) gave the 

racemate (169). 

The IR and NMR characteristics of (B - 1) methyl ester were 

consistent with it being methyl eperuate 070) and ozonolysis of 

(B - 1) afforded the known keto-acid93 071). ·The spectral pro-

perties of ( B - 2) methyl ester were similar to those of ( B - 1) 

methyl ester except that they indicated a trisubstituted double bond. 

Compound (B - 2) is therefore the /1. 7 . 
£.....\ -Isomer 071). This was 

confirmed by hydrogenation of its methyl ester to give a laevoro-

tatory dih.vdro-derivative, the properties of which were in agree­

ment with those of methyl dihydro-eperuate. 93 

Of the f ive diterpene acids characterised, one is of the normal 

stereochemical series with respect to the steroids, while four belong 

to the antipodal labdane series. It is interesting to note that this is 

the first example of co-occurence of the two series. 

1.19 Agathalic Acid 

In addition to the diterpenoids cis - and trans-comm unic acids, 

95 
abietic add, neoabietic acid, and monomethylagathalic acid, isolated 

from the oleoresin of B lack kauri, the acid portion of the oleoresin 

96 
also yielded a new aldehydic diterpenoid, agathalic acid 0?2), 

C2oH
30

o 
3

, (trans - 19-oxolabda-8 04-J, 13 05) -dien -16-oic acid), 

is o la ted through Girar d Reagent P. 

The s tru cture of the compound followed from NMR and chemical 

eviden ce . Redu ction of agathalic acid 072) with L iAlH
4 

gave 
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agathadiol 073), while reduction w ith sodium borohydride gave aga-

tholic acid 074). Agathalic acid was synthesized from agatholic acid 

074) 1 (previously synthesized
97 

from agathic acid 076) by CrO 3 

oxidation) . The oxime 075) from the synthetic compound was 

identical in all respects with the oxime from the natural product. 

1. 20 A hydroxy-acid from Juniperus phoenicea 

Hydroxy acid 077), c 20H
34 

0 
3

, which occurs as a m ixture of 

erythro-threo isomers was isolated from Juniperus phoenicea. 9B 

.IR and NMR analysis on the ester 078) showed the presence of ,.., 

two quarternary methyls 1 one secondary and one primary methyl 

groups, an ester function and a hydroxyl group. The UV spectra 

showed no conjugation . The above values were consistent with bi-

cyclic terpenes bearing a terminal methylene group "a(2oJ d 
Ll an an 

axial ester function at c 4 e.g. methyl agathate and methyl commu-

99 
nate, both of which have already been isolated from Juniperus 

species . 

Following the above evidence, partial structure 019) was 

formulated for the compound 077). The hydroxyl group was shown 

to be secondary and confirmed by forming an acetate. 

The structure of the hydroxy acid 078) was confirmed by its 

correlation with tetrahydro-agathadiol (181) as follows. The di-

hydro-compound (180) of the hydroxy acid 077) was dehydrated 

with thionyl chloride-pyridine to give an anhydro-compound which 

was then reduced with LiAlH
4 

to give tetrahydro-agathadiol 081) , 

whose structure and stereochemistry has already been established . 

It zs apparent from the above chemical evidence that the acid 

belongs to the labdane series bearing a C 4 acid. 

The alcohol function was shown to be in the c
12 

position by 

chromic acid oxidation of 078) to the ketone (182) . The ketone 

(182) showed no absroption in the UV region, a fact which elimin-

ates the Cll position and it not being a methyl ketone eliminates 
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position cl4. Hence the structure of the acid is as shown m 077). 

1. 21 .Diosbulbine-A, -B and -C 

Diosbulbine-B 083a) c
1 

H o
6

: -A 084-a) C H o
7

. -C 
9 21 . 19 22 ' 

085a), c
20

H
24 

0 
7 

was isolated from D ioscorea bulbifera. Dehydro-

genation of the lithium aluminium hydride product of {18]a} gave 

1, 2, 5-trimethyl napthalene . 

Follor,.n'ng from spectroscopic, chemical and physical properties 

partial structures 083b), (184-b) and (185b) were formulated for 

diosbulbtnes-B, -A and -C respectively. 

The NMR and IR spectrums of diosbulbine-B and -C when 

compr.1red showed that one of the ( -lactones of diof?!bulbine -B has 

split to form -C (185a). Esterification of (185a) with diazomethane 

formed a methyl ester which was identical to 084-a). Hence it 

follows that diosbulbine-A 084-a) must be the methyl ester of dios-

bulbine-C. 

Hydrogenation ol diosbulbine-B yielded tetrahydrodiosbulbine-B 

(186), hexahydrodiosbulbine-B 087) and a small quantity of acta-

hvdro-diosbulbine -B. 

Two epimers of (186), regarded epimeric on the j3 -carbon 

of the tetrahydro-furan ring were isolated . Saponification of (186) 

~ave (188) vhich on esterification yielded (189). 

The secondary hydroxyl group of diosbulbine-A (184-a) could 

not be acetylated and chromic acid oxidation yielded predominantly 

sta.rting material together Tt<rith a small amount of the product re-

sultl'ng from the oxidatlon of the hydroxyl group and the furr.1n ring. 

Acetylation of (189) also yielded starting material. This information 

lead to the conclusion that (184-a) and (189), possessed a sterically 

hindered secondary axial hydroxyl group . 

The ketone 090) of (189) showed no bands in the IR spectrum 

due to hydroxyl absorption. 



R, 

(172) COOH 

(173) CH~OH 

(77.d COOH 

(175) COOH 

(776) C(X)H 

(179) 

0 

(182) 

(18Jb) 

R, 

Rl 

CHO 

CH~OH 

CH£0H 

CH =NOH 

COOH 

o·· 
\ . ..c·· 

I 
0 

VBO) 

... 

' • "C-" ·•. /,.--v .. ''() 

(183a) 

ltert. CHJ 

2 '('- /actones 

1 Ether 

(177) R· H 

(178) R- CHJ 

(181) 

HO· •• 

···c-o 

COOR 
··. I ·-o 

(184a)R·H 

(185~R-CH, 

(18t,~ R-H 

V85b)R -CH 
) 

1 tart CHJ 

1 '(;·/ actona 
1 OH 

l.COOR 

1 Ether 



-32-

De hydration of 089) gave 0 91) and LiAJH
4 

reduction of 089) 

.g-ave a tetrol which could be acetylated to form a triacetate . From 

the above chemical evidence, together with spectroscopical data it 

was concluded that the two carbonyl groups of the J' -lactones of 

08Ja) were in the C 4 and C 
8 

positions. These conclusions then 

left three possibilities i.e. c 2' c6 and ell positions for the attach-

ment of the two lactone ether oxygens. 

linkage were shown as follows. 

The positions of the ether 

In the IR of hexahydrodiosbulbine--B 087) the ether band at 

J064cm -l that was present in the IR of {18Ja), (18/;.a), 085a) and 

086) was missing. The appearance of an hydroxyl which could 

not be acetylated shows that an ether group results in the formation 

of a new hydroxyl group. 

mass and NMR spectra 

These results were consistent with the 

of 087). 

It was assumed from spectral and chemical evidence that the 

newly formed tertiary hydroxyl group was equatorial. LiAlH
4 

re-

duction of 087) at 0°C gave a pentahydroxvderivative which when 

oxidised with Nai04 gave a carbonyl derivative (6 membered 

cyclic ketone) . It was then conslusive that the tertiary hydroxyl 

group of 087) resulted from the ether oxygen and that it must be 

adJacent to the carbonyl group of the lactone. 

The second bonding position for the ether linkage was shown 

to be at c 12 from the NMR spectra of products obtained by 

ozonolysis of {18Ja) . 

From the foregoing evidence, it was concluded that the two 

! -lactone rings occur at carbon atoms C 8 -C 6 and C 
4 
-C 2 while 

the ether group occurs at the C 
4 

and c
12 

positions. 

It was determined from NMR spectra that the carbon atom 

adjacent to the tertiary methyl group does not bear a carboxyl group 

or an ether linkage . This conclusion then left three possibnities for 
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the placing of the tertiary methyl group i.e' c 5' c 9' clO positions . 

Further., the proton of the grouping H-?-0-C= 0 of (18L,.a), (185a), 

089), 090) and 091) appears as a doublet, therefore the tertiary 

methyl of Diosbulbine-B must be in the C 5 position, as the dihedral 

angle between a proton in the C 
6 

or C? position can only be at 90° . 

The above evidence together with spin-coupling experiments of 

085a) and 089) as well as the Overhauser-effect
101 

shows dios-

bulbine-B to have structure 038a) . The structures 084a) and 

085a) for diosbulbines-A and -C therefore follow from that for 

diosbulbine-B . 

The stereochemistry of diosbulbine-B as m 083a) follows from 

IR, NMR, Mass and X-ray analysis. 
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2 . EXPERIMENTAL 

'-;Jenera] experimental details 

Melting points are corrected and ["'-]D values refer to 

chloroform solutions (unless otherwise stated) at room temperature, 

measured on a Bellingham and Stanley, No . 542201 polarimeter and 

a Perkin-Flmer model 141 digital read-out polarimeter. Alumina for 

chromatography was acid-washed, neutralised and activated by 

heating -'3.t 1?0° for 18 hours. IR spectra were determined on a 

Beckman IR8 in chloroform solutions and in KBr; UV spectra 

were measured in ethanol with a Unicam SF . 800 spectrophotometer. 

NMR spectra wer.e determined on Perkin-Elmer model Rl2 and 

Varian HA-100 instruments in CDC1
3 

(unless otherwise stated) 

using approximately 0. JM solutions and tetramethylsilane as 

internal standard. Mass spectra were obtained on an A . E.I. MS9 

mass spectrometer. 

TLC was carried out on Merck Kieselgel G, using hexane­

ethyl acetate as the mobile phase followed by development ·wz'th 

iodine. 
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2 .I The extraction of Leonotis dy.fiiophylla (Be nth.) 

The plant material was collected near East London during April 

1968-1969. It was air dried in the shade for approximately lf weeks 

and extracted. The following experiment is typical. 

Dried material (8l?g.), collected on the 26th April 1969, was 

steeped in acetone (120L. ) at room temperature for 5 days 1 the 

acetone run off and the plant material washed with a further 60L. 

of acetone. The combined acetone extracts were concentrated by 

flash distillation to approximately 10 litres, and stirred with deco1our-

i<?ing charcoal (B. D. H. 400g. and then 200g.) at room temperature 

for 4 hours. The solution was Entered through a celite pad and 

evaporated to a gum on a rotary evapor-ator. Addition of ethyl 

alcohol (?5ml.) afforded crystals which were filtered off, washed 

with ethvl alcohol (?5ml.) and dried in a vacuum dissicator. (Yield 

36. Og., 0. Lrl+%) TLC in ethyl acetate-hexane (?:3) showed that this 

material consisted almost entirely of one substance (8-hydroxymarru-

biin 092) ) . 

These crystals were dissolved in dry chloroform (500ml.} and 

boiled with decolourising charcoal (15g.). The solution was filtered 

througl1 a celite pad and extracted with water (3x 200m] .) to re-

move inorganic material. The combined water washings were 

washed with chloroform (2 x 7 5ml.) and the combined chloroform 

solutions were dried (Na
2
So 

4
; and evaporated to a gum which 

dissolved in refluxing ethyl acetate ( 400ml.). The resulting crystals 

were Hltered off, washed with a little cold ethyl acetate and dried 

in a vacuum dessicator, (Yield 20.2g.) m .p. 173° raz'sed to 1?6° 

on r ecrystallisation from the same solvent. 

The filtrate was concentrated to approximately l50ml. 
1 

addition 

of h exane afforded a further crop of crystals 0 92} ( 5. 2g· .), m. p. 174 ° 
~·724 

L"' '.1 + 33° ( C 1. 0) . 
D 
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Found: 

C 69. OLr/, 

H e.oo;; 

Molecular Weight (Mas::: spectrum) 348 

Calculated for c 20H
28

o 
5

: 

c 68.9Li% 

H 8.101: 

2.2 Colour tests on marrubiin, 8-hy dro:.:r:yma.-:':..."'ubiin and leonitin 

In eacn of tb& followintt tests marrubiin was used as tbf... 

,c:otandard compound. Results are recorded in Table la, b, c. 

a) Lieberman-.Burcharci t~: ·st. 26
• 102 

Marrubiin, 8-bydroxymarrubiin and leonitin {J0-15mg. E;acb) 

wer·0 separa.t~ly dh,solved in chloroform (2ml.) ,· acetic anhydride 

(10 drops) and concentrated sulphuric acid (2 drops). 

b) Action of chrom ic acid 

The above compounds (25mg. each) were s e parately dis-

solved in -':1 .~olution of n:tromethan.: in chloroforrr:. 

'1 ablf;. 1 e 

COMPOUND RESULT 

Marrubiin G.L't.:Cll colour p~~odu ce ci 

8 -·hvd ::oX} marrubiin G:;.•e.en cclour produced 

leonitin .LVO CJlour ch.=,npe 

--

Table 1 J: 

Marrubiin Preen colour produced 

8-hydroxy m arrubiin Green colour pr.oduc~d 

leonhin 1\.ro colour chc..nge 

(c) Action of nitromethane 

CONCLUSION 

Fur an ring pr•.:sent 

Furan ::-ing pr£ se::nt 

No ruran rmg p~ ·e;sen1. 

t-· 

Tt. r dary hydroxy: 
group 

Tel tiary hydroxyl 
g rollp 

No ter~Ltry h ydro­
:xyl {?roup 

The compounds ( 15mg. each) were separately dh.solved m a solu-

tion of nitromethane in chloroforn~, 
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Table 1 c 

COMPOUND RESULT CONCLUSION 

Marrubiin Green colour produced Un6aturation present 

8 - hyaroxymarrubiin Gz.e:e n colour produced Unsaturation present 

No 

lconitin No colour change unsatu .'ation present 

-

;;_. 3 Qllantita=ive alKaline h-ydrolysis experiments 
(Results are recorded in table 2) 

Marrubiin {lJL,.mg. ) was refluxed with a standard ethanolic 

solution (0. 2022N) of potassium hydroxyide (JOml. ). The hot solu-

tion was then back Utrated with standard hydrochlo:-ic acid solution 

(0. 08?04.N) to determine the excess alkali present. The number 

of moles alkali consumed per mole of compound was then calculated. 

8-Ijrdroxymarrubiir.~ {l]Omg.) and leonitin {iJJmg.) were then 

treated as above. 

T a ble 2 

- /'.Joles of alkali consumed 
COMPOUND per mole of compound INFFRENC~ 

Marz·ubiin 1. 00 Indicates one 
0 
II 

-C-0-
group accounting for 
.::wo oxygens in the 
molecule. 

0 
8-hydroxymarrubiin :J.96 Indicates one -6-o-

group accounting fo ..... 
two oxygens in the 
molecule . 

Leomtzn 2.85 Indicates thJ.~ee 

0 
~ 

-C-0-
groups accountin~ for 
slx oxygenE! zn the 
molecuk. 

'---· . 

2. 4- AttE·mpted acetylation of 8-hydr oxymarrubiif2 

The compound (JOrr:g.) was refluxed on a giyco:.-ri•e bath with 

acetic anhydride (2ml,) and py:.•idine (0 .15ml.) for two hours, The 

solvents were removed under reduced pressure, methyl alcohol 

( 5ml o ) added and the solution allowed to stand at room temperature 
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for one hour. The methanol was remo·..red under reduced pressu ... ·-:: , 

benzt=: ne adcted to the cry.c,talline ~ e~idue and traces of pyridine di,<::!-

tilled off with the benzene. '1. ne residue crystallised from ethyl 

acetate-hexane as Phiny prisms (25mg. ) n:. p. 174.-175° unchanged 

on admixture with starting material. 

2. 5 Attempted dehydrogenatiun of 8 - hydroxymarrublin 

Compound 092) (2. OOg.) was intimately mi.xed with JO'f, 

palladised charcoal (2.00G) in a 25ml. flask fitted with an air 

condensor 30cm. in length. The apparatus was flushed with 

pure nitrogen and then heated at 300-320° for three hours when 

approximately 280ml. of gas was evolved chiefly during the first 

It hours. The reaction product was extracted with boiling hexane 

(10 x 20ml. ) filtered through a celite pad and dried over Na2so 4.. 

The filtere d solution was evaporated to approximately ]Oml., 

poured into a column (2cm . diameter) of neutral alumina (35g . ) 

and eluted with dry hexane. The first 300m], were collected 

( 50ml. e:luates). In each case, remov·al of t~~e solvent yielded 

gums which failed to form crystalline I, 3, 5 -b. inhrobenzene or 

1. 3, 5-trinitrotoluene adducts, oils resulting in each case. 

2. 6a) Hydrogenation oi 8-hydroxymarrubiin. 

A mixture of the compound (2.3g .) , 10% palladium hydroxide -

barium sulphate (2 .3g.) and ethyl alcohol 050r;:'ll .) was shaken 

uDder hydrogen for three hours when 297ml. of h.y.:irogen at 

N . T. F . (2. 06 moles) were absorbed. The solution was filtered 

through a celite pad a11d evaporated to d. ~rum (1.1.;· . ) wbicb. was 

shown to be a s ingle compound on T'L C . This compound, how-

ever, could not be induced to crystallise. 

b) Phosphorus trichloride dehydration of hyd..~.·o!fenation product of 
8-hydroxymarrubiln 

To. a solution of the gum (300mg. ) in dry pyridine (30m].) -v/a.J 

added freshly distilled phosphorus trichloride (3rr: 1.) in dry pyridine 

(5mi.). The solution was refluxed for one hour, cooled and 
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pcured into lee -cold water (lOOm].). The pyridinJ was r·emov-ed 

under reduced pressure and i;h,_ i.it.]Ueous solution extract~d witi1 ~ther 

(3 x lOOml.). 

wich 5% hydrochloric acid ( 2 x 50u.I.), wa~er ( 2 .>... 50ml,), sodium 

bicarbonate solution (2 x 50ml.), wate.c (2 x :)Oml.) ana d r ied 

Removal of the solvent afforded a gum (210mg.) 

shown by TT-'C to be a complex mixture which could not be sepa-

ratf::d. 

2. ? Saponification of 8-hydroxymarrubiin 

A solution of the compound 092) (500mg.) in ethanolic codium 
I 

hydroxide (50ml., 0. 4N) was refluxed for 30 hours. Water ( 50ml. ) 

was added, the alcohol removed under reduced pressure and the 

aqueous solution acidified with dilute hydrochloric acid. The result-

ing solution was extracted with ether (4 x 50ml.). The combined 

ethereal extracts were washed with sodium bicarbonate solution 

(2 x 50ml.'), water (2 x 50ml.) and dried over Na
2
so

4
. Re­

m oval or the solvent yielded a gum which crystallised from ethyl 

acetate-hexane as prisms :to yield 8--hydroxymarrubic acid 093) 

Found: 

Calculated for C20H300 6: 

c 65.59 

H 8. 19 

2. 8 Lithium aluminium hydride reduction of 8-hydroxymarrubiin 

A solution of compound 092) (2 . 5g.) ln 50ml. of t .Arahydro-

fur<?-n ( dried · over sodium and redistilled ove r lithium alu::ni.1ium 

hydride) was refluxed with lithium alum inium hydr:"de (~ .. Og.) on 

a g lycerine bath. After 6 hours, a further quantity of lithium 

aluminium hydride (1. Og.) was added and ,.the mixture refluJs.:ed for 
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a further 18 hours. The solution was cooled in ice, the excess 

hydride decomposed by adding wet ether (lOOm].), follpwed by dilute 

sulphuric acid (iOOml. ) and the layers ~eparated. The tetrahydro-

luran was removed on a rotary evaporator and the aqueous solution 

extracted with ether ( 4 x 50ml.). The corr. bined ethereal extracts 

were washed with sodium bicarbonate solution (] x 50ml. ) , water 

(] x 50ml.) and dried over Na
2
so

4
. Removal of the solvent 

afforded a gum (2 . ]g. ) ( shqwn by TLC to be a single compound 

which crystallised from ethyl acetate-hexane as needles (2 .15g) to 

yield 8-hydroxymarrubenol 095) m.p. 153°, {ot.,}D
24 

+ ]J 0
(C 1.0). 

Found: 

c 68.15% 

H 9. 40% 

Calculated for c
20

H
32

o
5

: 

c 68.15% 

H 9.15% 

2. 9 Tosylation of 8-hydroxymarrubenol 092) 

An ice-cold solution of p-toluene sulphonyl chloride (0. 75g.) 

in pyridine (]mi.) was added to compound 092) {]OOmg.) in 

pyridine ( 5ml. ) at 0° and the mixture kept at 0° for 4 days. The 

solution was poured into ice-water and the oily precipitate extracted 

with ether ( 4 x 25ml.). The combined ethereal extracts were 

washed successz'vely with cold 5% hydrochloric acid (2 x 20ml.), 

water (2 x 20ml.) and dried over Na
2
SO 4 . Removal of the 

solvent afforded a crystalline precipitate 040mg.) which crystallised 

from ethyl a cetate as prisms 096) (lJOmg.) m.p. 126°. Recrystal­

lisation from the same solvf;:nt afforded prisms m. p. 128°, mich 

gave a positive test for the presence of sulphur. 

Found: 

c 64 . 28% 

H 7.52% 
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H. 1. 51% 

2 . 10 Period ate oxidation of 8-hydroxyrnarrubiin 

0 
8-H!'droxymarrubiin (0.18g,) m.p. 176 was dissolved in ethyl 

alcohol ( 50ml.) in a lOOml. volumetric flask, 0 , 1M aqueous sodz"um 

periodate (20. Oml.) added and the solutz"on made up to volume with 

water. A blank experiment was run concurrently. At time intervals 

of 1, JJ and 4.8 hours, lOml. aliquots were withdrawn and water 

(]Oml . ) was added to each and the alcohol removed on a rotary 

evaporator. To each was added sodium /;:>icarbonate (5g.), 

0. OlOlM sodz"um arsenz"te (4-0ml . ), potassium iodz"de (5g.) and the 

mixture allowed to stand at room temperature for 10 minutes and 

then titrated against 0. 0099N iodine solution. Results (see Table J) 

showed that no periodate had been consumed even after 4.8 hours. 

Table 3 

TIME INTFRVALS .?>AMPLE BLANK 
-

Arsenite I 
2 

Arsenite I2 

1 Hour 4-0ml . 1.1 4-0ml. 1.2 

JJ Hours 4-0ml. 1. 95 ~·Oml . 1. 95 

4-8 Hours 4-0ml. 1. 95 4.0ml. 2.00 

2.11 Lead tetra -acetate oxidation of 8-hydroxymarrubiin 

The compound (192) (1. Og . ) was dz"ss.olved in benzene 050ml.), 

Lead tetra-acetate (1. 5g.) was added over a period of 20 minutes and 

the mixture stirred vigorously at ]0° for 1 hour. 

The crystalline lead acetate was filtered off followed by removal 

of the solvent to afford a gum which was shown by TLC to consist 

predominantly of starting material together with a slight trace of a 

new compound. Attempts to isolate the new compound by column 

chromatographv and preparative TLC failed to yield separations. 
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•u 2~; t·' J-,:ltaz •• ,_., j, <Jc~z:: 

met: .. anul, ad at-lewpts at :::;dath:'I~ iallec!. 

2 , 1&:: i?Jwsphr .• :• us trich!oride o.ehydraS:_)t~ expe_ '!!.:.. · .:ts. 01 8 L:,-dro-· 
2!!3..!!rrubzi.~· 

a) In i?.::: .z~Le 

'l'o a bo;JilJ.{"; sc..htion of thE.. co~p-:;L·nd (500n:-:;, .' b dry benze_ ;:: 

(30wl. ) was added phospl.JC.J.•.ls tr!chloride (0.25:n l.) in benzene 

(2.-nl. }, T!.e s:Jlution was .tleated /'?r 30 minutes ur.der reflux, 

cool~::;d and poured into water ,'50;n •• ). The aqt:..-=ous layer was 

separated o.T and extracted with t~r:.ze.Je (3 x C;.:Jn.l. ) • The com-

b ined ben~enE:: extracts were washe d with 10% :.::·')dium }ydroxide 

solution (3 x 50ml,), water (3 x 50ml.) and dJ.•ied (Na 
2
so 1./ . 

.J.nu: la'vc:t" c.,!_ro·Llatu .raph,,- .z-:-.v-caled 

b) 

p,y.t.•iuLc· :30;;11.) wa_, addeu.· h.·csd.1· r~disd1kd p:lCsp} or.1s tricl- loride 

( .J •. ll' } , 

,3 x· 100m.,.), 

' . d ~ , ·r c.•.- l 
O.I'I E:: : Vd.2>-.JV ~~ • 

Ken • ...;.a] ._,: ~l~e svlvc:>J.t afiordf.:•r_.- ;. "-·'''-•'1 I ] · .-,·pc ) 
~ = •• . • --'""o • • 

cLromatograpL.:" .~1 ethyl ac.,c-.ate .1ex .- .Je (3: l l rt vea ·r::..d tL..:: aosez.ce 
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of starting material but two new compounds (Rf 1s 0. 54, 0, 64) were 

shown to be pr!.:sent. 

CbromatoP-rapby of the above ,!fum on neutrai alumina (35R·) 

.vielded on elution with ethyl acetate-hexane (1 :20) ibe more polar 

component a.s an oily gum (i98a and 198b) which did not crystallise 

and a gum (Rf 0. 54) which crystallised from dry bE;xaz.e as needles 

(52:;mg.) m .p. 113° raised on rec:z.~ystallisation to yield tl.t epoxide 

f_J7D24 ~J1 + 51° (C 1. 0) 

l:J.,ound: 

c 72.37% 

H' 8. 07% 

Calculated for C H
26

o : 
20 4 

c 72.70% 

H 7, 93% 

2 . 13a) Hydrogenation of the e poxide 097) 

A mixture of compound 097) (450mg. ) , 10% palladium hydroxide-

ba.t'ium sulphate (500mg . i an.i ethyl alcohol (lOOm!.) was shaken 

under hydrogen for two hours when approximately 2 moles of ilydro-

gen at NXP. were absorbed. Filtration and removal of the solvent 

Afforded a pum ( 400mg. ) shown by TLC to be a mixture of 3 com-

ponents (Rf's 0 . 28, 0.12, 0.05) none of wb1'cb corresponded to 

starting material. 

The gum was cbr::Jmatographed on neutra~ alumina (12g.) and 

the column eluted inztially wzcn benzene and ~ben increasing concen-

trations of ethyl acetate. Benze ne eluted a gum (:=.20mg.) whicl: 

crystallised from hexane as fine ne.t::ales 099) (158mg.) m .p . lll0 

L7'D24 LGA...lr + 58° (C 1. 0). 

1:-.oun.d: 

c 71, 67~ 

H 9.12% 
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c (1. 85% 

H 8.89% 

Elution whh 20.-~ ethyl acei-ate-be .. zene afforded a gum (?Omg.) 

wi_,lch could not b.e induced ·to crystallibe. Fuzthe,..· elutiozl with 501 

ethyl acetate -benzene. afforded LrlE: tUra compou~~J. (lOOms.) w·hz'ci: 

crystaliir:, ed from n•:· xane as n f.:: edle.:3 m. p. 118°. 

u) Hydrogenation of the oily gum {i98a and 198b) obtained from 
the dehydration of 8-hydroxymarrubiin 

The oily .!:fum (200mg. i, in dhanol (50ml.) was hydrogenated 

over 10% palladium hydroxide -bariun . . ~ulphate (200mg. ) and the 

product worked up as above. The gum obtained was shown by 

TLC in ethyl acetate - hexane (3: 7) to be a mi.A<iure of mainly two 

components (200 a and b) (Rf's 0.44, 0.3 '5 ) and a trace of 

starting material. 

2 . 14 Lzthium-awmin:'um hydride rt.ductiotl of the t.!p::;.Aide 097) 

A solution of the epo:l!.id e (197) (3 l.;.Omg,) in 25ml. of tetra ·-

ovr.; r <;;odium a.nci .redistille d ovc2r litl1!um 

aJuminzur..J flydrfo'-:::) vTaS reriU.>..f...d '(l',n ';lJ rthii...m aluminium hydride 

( 700mt;_ , } foi.' 1? hours. TLt.. soiut-ivn vTas coolwd h~ ice a11a the 

e xcess nyciride d-ccompos.ed by adc.. :'ng we; ether (30ml .), followed 

by dilute E?u.lphurlc acid ( ]Oml.) anc; th~ layers s~par.3.ted. Tl .. e 

tE..trahydrofuran was r e mo ·.,red on a ..:'otarJ' evaporator and the aqueous 

solution e xtracte:::d with e tr1e r (3 x 50m 1.). Th f..-· comb!'nc.c: e:;11c r eal 

extracts 'ti<rere wasi.eci with sodium bicarbonate sobtion (2 x 25ml.), 

watE:;r ( 2 ). c5m1. ) c::d driE:d over Na
2
so 

4
. Remova l of the !20J. v 2n c 

A.iforded a P,um (338mg.) wh."ch CI'.; s tallio ..J d from eth;-1 uceta~c-

n exano a.s- nee dles (210mr_:m) to yieid (2 02) , m . p . l/t]-135~ 
22 &1-Jn + 18° ( C 1. 0) identical l .J ...:.n au~hentic s a,.Jple of 1r:a 

oenol (Rf, m.p. and mixed m.p., .TR, NMR, Cl.nc..' 
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2.15 Action of p-napthalene sulph0nic acid on tht. t::j>oxidt.. 091) 

_A sa.urated solub'on of p-napthalent. sulphonic acid in benzene 

was added to a solution of the epoxide (250mg.) in benzene (50ml.). 

Ab::; t:' 15 mi;wtt.s at 80-85°, the sol..1tion was cooled and filtertci 

Ctl!'OU!!:,h a shoz-t column of alumina . Rt. m oval of til e solvE..r..t yielded 

a g'um (245m;;. ) which was shown on TLC in ethyl acetate-hE.xa.m .. 

(]: '7) to contain s~artin,:; material (_"2f 

oti-~r components ( Rf ' s 0 . 64, 0.30 and 0.19). Column chroma·-

tography of the gum on neutral alumina using hexane as the solvent 

yit:.lded the more polar component (Rf 0, 64.) as an oily gum (J09mg.) 

which failed to crystallise. On TLC this gum corresponded to the 

oily c:Jmponent 098a and 198b) obtained fz•om the dehydration of 8-

hfdrcxymarrubiin 092) (see expt • 2.12b). Elution with 5% ethyl 

acetate-hexane yielded starling material foilowed by component 

(Rf O, j O) which crystallised from benzene-hexane as plates (60mg.) 

F'urther t.lution with 5% e~·hyl acetate--hexane y'E:;]ded 

cOd2pom:.nt ( Rf 0.19) which crystallised from benzene-hexane 

0 
as needles 09mg, ) m. p, 155 • 

2oi6 Clli'omic acid oxidatz'on of marrubiin (5) 

_'fi1arz•ubiin (5) (1.5g.) in acetic acid 05ml.) at 0° was treated 

r,-.rit.t1 chromic acid (J ,? 5g. ) in water (6ml . ) and acetic acid (20m],) 

a;1d the solution left at room temperature for 4 days. The acetic 

acid was removed on a rotary evaporator, water (lOOm I.) added 

and tile soi.ution extracted with ether ( 4- x 50ml .). The cc-::nbined 

etl~eraal t..xiracts were washed successively with water ( 3 x 50ml. ) , 

sodium carbonat-e so:ution (2 x 50ml.), water (2 ;;., 50ml.) and 

drif:d ov~.?' Na
2
so

4
. Removal of the solver~c ai.forded a ~:, t.;m (350m g .) 

wnic.tl crystallised from benzene-hexan 3 to yie ld the dilacto.-1e as 

o r J 24 o neE.!dles (20?a ) (JOOmgm. ) m. p. 161-162 Ld. D + 3i ( C 1. 0). 



Found: 

c 66.27% 

H (. 64% 

Calculated for c:
17

H 0 : 
24 5 

c 66.21% 

-1.!8-

Further elution with increasing percentaees of ethyl acetate 

yielded the third component (Rf 0. 42) together with component Rf 

o. 53. This mixture was eventually separated by repeated column 

chromatography using ethyl acetate-benzene as the solvent to give 

the third component (95mg.) which crystallised from ethyl acetate-

hexane as prisms (205) m.p. 247°; 

c 65.98% 

H 7.52% 

Calculated for c17•-124o 
5

: 

c 66.21% 

Ii 7 . 81~':-

2. 18 Phosphorus trichloride dehydration of the J'-dilactone (204) 

The compound (204) (550mg . ) m.p. 195° in dry pyridine (30ml.) 

was treated with redistilled phosphorus trichloride (3ml,) in dry 

pyridine ( 5ml.) and the solution refluxed for 2 hours. The reaction 

mixture was poured on ice and the pyridt'ne azeotropically removed, 

The remaz'ning solution was extracted with chloroform (5 x 50ml.); 

the comblned chloroform extracts were:.> washed successitrely with 5~ 

hydrochloric acid (2 x 50ml.) water (2 x .50ml.), s odium oicar-

aonate (2 x 50ml.) 1 water (2 x 50ml,) a.nd dried over ~a2SO 4 • 

l~emoval of the solvent afforded a gum (510mg.) shown by TLC 

in ethylacetate-hexane (? :3) to be a mixture of 3 components 

(Rf 1s O. 96, 0. 74, 0,14). 
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The gum was ch.romatographed on neutral alumipa {15g.) and 

the column was eluted with benzene followed by increasing concen-

trations of ethyl acetate. The early fractions in benzene afforded a 

gum (Rf 0. 96) r"'hich crystallised from benzene-hexane as m~edles 

0 
(206) m.p. 164 • 

Found: 

C 70.33% 

H 7. 751> 

Calculated for c 17H 22o 
4

: 

C 70.32% 

Later fractions from the column on elution with 5% ethyl ace-

tate-benzene afforded a small amount of gum (Rf 0. 74) (25mg . ) 

0 
which crystallit:~ed from benzene -hexane as prisms rr. p. 275 . 

This compound was ideptical in all respects (m.p . and mixed m.p., 

IR, NMR and UV) with that obtained b:y chromic acid oxidation 

(expt. 2.17). 

Found: 

c 69.61% 

H 7.361> 

Fractions from the column <:;luted with ethyl acetate afforded t12e 

third component (Rf 0.14) (llOmgm.) which c.rystallised from ethyl 

acetate-hexane as prisms m.p. 185°. 

Found: 

c 61.45% 

H 7.31% 

2.19 Hydrogenation exper .••.. .::. .. ~s on the dehydration products of the 
l-di1actone (204) 

a) Hydrogenation of Compound (206 ) m. p. 161.;. 0 

The compound (122m,tf.) m.p. 161.;.0 in ethanul (50ml.) was 

hydrogenated over 10% palladium i'l;y droJJ..ide -barium sulpnate (250mg.) . 
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FiJ~ration and removal of the solvent gGJ.vc a product ( 4-.5mg.) shown 

by TLC to con sist of one C;:)mpound with an identical Rf value to that 

or the dilac~·one of marrubiin (20?.:.) . Crystallisation from benz ene-

h.~::xa.no:. eJfo .• ·d·~ d feathery needles (]]m ;;,·.) (207a a:::~d .i::07b) m .p . 11,.5~ 

r 11 24 
Lo::l -i· ]1. 4° (C 0. 5). 

D 

l:i'ound: 

c 70. 00% 

H 8. 27/6 

c 

H 

b) 

69.86% 

8.21% 

0 
Hydrogenatl'on of Compound m .p. 275 

The compound (16mg.) m . p. 27~ in ethanol (20m}.) was hy-

drogerJated over 10% palladium hydroxide-barium sulphate (]Omg.) 

when 1.2 moles of hydrogen a bso ... ·bud . Filtration and r~moval of 

the .dol vent aff.::>rded a gum 06rn.g. ) w.l ... i~.;h cry~tallisE:d from benzene-

E'ound : 

c 69.14% 

II 7.50% 

c) Attempted hydrogenation of compr:::J.nd 
0 

m.p.l85 

The compound (50mg,) m .p. 185°, 10% _rJdlladiu ;n hydroxtde-" 

barium sulphate (lOOmg. ) and acetic ucid (30n:l. ) W0I't::: shake:u 

under i:J.yd.r-ogen for 2 hours. No :.J.pt?h· oi hydro-;e11 wac ob;:;erv..;d. 

2. 20 ThE.: e.xt .• :'action of Leo».-otis: .luonitis 

The plant material was collected in different areas around 

Grahamstown during Noverrbe.c 1968 ""-nd March 19f>9. Tt was air. 

dried in the shade for appro:;drr..a.tcl.r I+ w(;,.eks and e:x.tra.ctf..d. T'h~;;. 

followz'ng experiment is typical. 

Dried ma·ter•tal (54-00g.) ~odt:cteJ u.n the 13th M:< .. t·ch 1:769, 6 
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temperature f or 4 days, the acebne ru.l off and the pla1.t mater.:al 

washed wzth a further SOL cf ace:to<le. The combined acetone 

e xtracts were concentrated oy flash d istillation to approximatel.Tr 5L 

and stirred with decolo ... :risir ··· charcoal ( !.1, 'J. F.; 1_50,-.J. then 100.;_;.) 

a t room temperature for I; ho:·rs. ?''he 6ohtior .vas ,_.ltered thro>l""h 

a celite pad a;·.d e·. aporated to a , nn 0'7 a rotar:,r e ·raporator. '!'he 

resid·,al !, Lm ~NaS dissol;·ed in eth:-1 alcohol :300ml. ) a·1d allowed to 

Pta.id at room temperaLre .-or 4 da, ··s where:1pon cr't stallisation took 

place. The crystals were filtered c 1f, washed with a little cold 

eth.:~l alc ohol and dried i.: a vacl!' "'7' dessicator • {Yield 16.2rr., 

..t'LC in ethyl acetate-h.exa::e (? -'3) showed that this material 

consisted almost entire].-- of one substa.1ee (Leonitin) (210). 

These crystals were dissolved L'1 dry- chloroform (500ml.) 

and boiled with decolourising charcoal 05g.). The solution was 

filtered throv.~h a celite pad and extracted with water (3 x !OOml.) 

to remo ·e iller: anic material. The combined water washinti,'S were 

washed with chloroform (3 x !'Om]. ) and the combined chloroform 

solutions were dried (f\Ta2 -.30L) and evaporated to a gn.J which was 

d issolved i.1 refhzxi.1p ethyl acetate ( 4-00ml.). The r~sultin···· crystals 

;;·rere filtered o~f, washed with. a little cold ethyl acetate a :1 d dried 

In a vacuum 

(cl.o ). 

0 
dessicator (::!ield 10. Oc.) m .p. 2l.Jl-24-3 

The filtrate was conce."'ltrated to approximatel_v lOOn.]., a:•d 

.. o 
(./ 

allowed to sta .. : d at room tem p erat11re .wr 24 honrs whereupon a 

... :rtner crop cf cr:vstals ( 4. 8g,) 11.,. p .. 241-243° settled out. 

P ound: 

1-1. 'G'7, 406 

.... 



Calculated for C H o
7

: 
22 30 

C 65. OJ% 
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3. 21 Atiempted acetylation of .leonitin (210) 

A solution of leonltin (50mg.) in freshly redlstilled acetic an-

hydride· (L 5ml.) and dry pyridine (0 .lml.) was r;;;fluxed on a 

glycerine bath for 12 hours. 2'he sorvents were remo·. ed under l'e-

duced pressure, methyl alcohol ( 5ml o) added and the so 7:.1.tion allowed 

to stand at room temperature for one hour. 

Removal of methanol, addition of dry benzene and subsequent 

azeotropic distillation to remove traces of pyridz'ne yielded a crystal-

line resz'due which crystallised from methanol as needles (Lt.Omg.) 

m.p. 241° undepressed on admixture with starting material. 

2. 22 Attempted dehydration of leonitin (210) 

To a solution of leonitin (JOOmg.) in dry pyridine (Jml.) was 

added freshly r-edistilled phosphorus trichloride (0. 5ml.) in d1 y 

pyrid1"ne (1. Omi. ) • The solution was refluxed ior two hours and 

poured into ice-cold water (50ml . ) o 1'!1e pyridine was remo-ved 

under reduced pressure; and the solution extracted w ith chloroform 

(j x 25ml.). The combined ci1loroform extracts w e r "' washC£.ci 

successively with cold 5% hydrochloric acid (2 x 20ml.), water. 

(2 x 20ml.), sodium bicarbonate solution (2 x 20m].), water 

(2 x 20ml o ) and dried (NazSO 1). Rem oval of the solv·ent afforded 

a gum (96mg.) which crystalHsed from methanol as needles (9lmg.) 

0 
m. p. 2]8 , ra,sed on recrystallization from the same solvent to 

24.1°, undepressed on admixture wlth starting waterial. 

2. 2] Attempted dehydrogenation of L e onitin (210) 

Leonitin (2. OOg.) was intimately mixed with 10% paJladised 

charcoal (2. OOg. ) in a 25ml. flask lilt ed with an air con dens or 

]Ocm. in length. The apparatus was flushed with pure nitrogen and 
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0 
then heated at 300-320 for three hours when approximately 260m}. 

of gas was evolv·ed, chiefly during the iirst JJ hours. The reaction 

product was extracted with boiling hexane (10 x 20m].), filtered 

through a celite pad and dried (Na2 SO 4J . The filtered sclution was 

evaporated to about 30m]., poured aLto a column (2cm. diameter) 

of neutral alumina ( 35g. ) and eh.;ted with dry hexa .. e. '..L'he first 

300ml. were collected ( 50ml. eZ,tates). In each case, removal of 

the solvent yielded gums which failed to form crystalline 1, 3, 5-

trinitrobenzene or 1, 3, 5-trinitrotoluene adducts, oils resulting in 

each case. 

2. 21.J. Quantitative alkaline hydrolysis of leonitin and isolation of 
acetic acid 

Leonitin 033 .lmg. ) was refluxed with an ethanolic solution of 

potassium hydroxide (JOml.) of known normality for 16 hours. The 

bot solution was neutralised with hydrochloric acid, CJf know-1 

.or.nality, using pbenolthalein. 12es1 Its are tao·.dated below. 

1i~reig.c1t of' leonitin 1 33 .lmg. 

Ivormality of hydrochloric acid 0. 08/ Oi.J 

Normality of potassiu m hrdroxide 

Volume of hydrochloric acid req:.:ired 
for back titration 

Volume of potassium hydroxide 

Volume of acid in blank 

Moles of alkali consumed/mole of 
compound 

0.2022N 

12. 20ml. 

10. OOml. 

22. 90ml. 

2.85 

The above solution was made alkaline with a :'ew drops o · 

potassbm hydroxide (0. 2022N), water (60ml.) added and the 

alcohol removed 11nder reduced pressure. ...1.'he remaining solutio,,; 

was acidified with 5N hydrochloric ac~'d (2ml.) and distilled t>sing 

a glycerine bath. The distillate, neutralised with l.]ml. 0.2022N 

KOFI, was evaporated to a small volw:.1•~, trans.ferred to a 5ml. 

flask, and acidified with one drop of 0 .lN hydrochloric acid} 
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p-bromopilE:::. a .. , ·1 b.romide (S?mg . ) in ethy-l alcohol (2ml.) was 

a·lded and the sol' lion r,_:Juxed t':n:• 4 .hot<rs. ..1.. 'he a lcohol was re-

; •. oved, ~ater (JOml.} added and ~he precipitate f:'l~ered off and dried 

in a vacuum dessica~c.r. '.i.he residue (m .p. 71° -'/9°) was dissol-.red 

in uer.zene and passed through a short column Ol r..eutral alumina to 

yield a crystalline residue (2/mg,) whici~ r....r,,-£taldsed from methyl 

alco_:Jo!-water to yield the p-brornophenacyl este.· ra. p. 8]--84° ur..a~-

pressed 011 admixture with an authentic specir:1e.1. cf p-bromophenacyl 

0 
acetate (m .p. 83-83 ) • 

2. 25 Saponification of Lec·:.dtin 

A solution of Leonitin (248mg . ) in etha.-wlic sodium hydroxide 

( 35ml. , 0. ]! r) was re.luxed for 15 hours. Water (50ml.) was 

a.dded, !;he alcohol removed ur..der reduced press11re and the ::;olu-

t,on divided hto 2 po:r:J:ions (.A) and (B). 

Solutio;1 (A} was acidilied with SN hydrochlcric acid to a 

n.u c · ] . .2. a.i<..' Le:lGE.::..' 0~ 1 a · .taCe1' bat!: 1.'or on.- he ·r , extracted w?·b 

chlorofc_,rr.: 1] x l..'O::nl. ) • ' 'he co.7. bined chlorc '·,;r1:1 extrac!:s were 

T~>ras}.ed vith water (2 x 25ml.) and dried ( Na I:SU 4J. Removal 

of ti1e solver t ;rielded a gum (1:-:;0mgm.) which cryctallised from 

benzeJ._e~·hexane as prisms to ; -leld the ·, [6 -:lilack .2E: (21.~) m. p. 

Recr,;.:::tallisatit ?. ;.-rc 7; tl1e samt::J 

0 
::;olve11~ raised the m .p. to 228-.229 • 

c.f 1-2 a;:.a extracted ir..naediat·el7 w:1..h ~hlorofor •.• (3 x I:Omi. ) . 

The cowuined chlor>oiorm extracts were washt::d wHL water and 

.!X&m ovai of the solvent yz'e?ded a ..;~: m {1]2i.Jg. ) 

whicn cr:ystallised from benzel1e-hexa;,1e as prisms r: • • p. 228°. 

TLC of these 2 compounds showed (·hem to be ldeJltical . 

Fo;md: 

c 65.8% 

H 8,0-f, 



-55-

Molecular weight (mass spectrum) 364 

Calculated for C 20H 
28

0 
6

: 

c 65.92% 

H 7.7% 

2. 26 Acetylation of the {5 -dilactone (211) 

A solution of compound (211) (lOOmg.) in freshly redistilled 

acetic anhydride (Jml.) and dry pyridine (0.2ml.) was refluxed on 

a glycerine bath for 12 hours. The solvents were removed under 

reduced pressure, methyl alcohol (Sml.) added a,nd the solution 

alloT~<>red to stand at room temperature for 1 hour. Removal of 

methanol, addition of dry benzene and subsequent azeotropic distil-

lation to remove traces of pyridine yielded a solid residue which 

crystallised from chloroforrr. -hexane to yield the acetate (212) as 

rbombs (SOmg.) m .p. 301° 
. 22 

[o!..} + 26° (C 0. 8). 
D 

Found: 

c 64.51% 

H 7 . 53% 

Molecular weight (Mass spectrum) 406 

Calculated for 

C 65. OJ% 

H 7. 44% 

2. 27 Oxidation of the j6 -dilactone (211) 

a) 8N CrO /H2SO4 (Jones oxidation) 

b) CrC)/pyridine (Sarretts oxidation) 

a) A solutlon of the %6 -dilactone (211) (300mg . ) z'n acetone 

05ml.) (disWled over potassium permanganate) was cooled z'n ice 

and 8N Cr0
3
/H2 S04 (O.lml. -lml.) was added from a micro-

burette until a persistant orange colour was obtained . (After 5 

minutes the colour of the solution changed from orange to green). 

Water (60ml.) was added and the solution allowed to stand at 5° 
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for 2 hours. As no precipitat~ formed, the solution was extracted 

TArith chloroform (] x 50ml . ) . The combined chbroform extracts 

were washed with water (2 x 40ml.), d r ied (Na2 SO;.) and eva· · 

porated to a gum (120mg.), shown by TLC to be a mixture of 2 

compour1ds (Rf 1s 0. 228, O. 93 respectively) one of rvhich proved 

to be a starting material ( Rf o. 228). 

Attempts to isolate tLe second com1=ound oy column chroma-

tography and preparative TLC, however failed to yield a crystal-

line compound . 

b) Cr03 (lOOmg.) was dissolved slowly, with stirring, zn ice-

cold pyridine (]ml. ) to give a bright yellow complex. To this was 

added a solution of the d'6-dilactone (211) (lOOmg . ) dissolved in a 

minimum of dry pyridine (2m]. ) . The mixture was stirred at 0° 

for 1 hour, left overnight at room temperature, the pyridine removed 

under reduced pressure, water (JOOml.) added and the solution ex-

tracted with chloroform (5 x 50ml.). The combined chloroform ex-

tracts were washed successively with 5N hydrochloric acid (4 x 

25ml.) water (4 x 25ml . ), sodium bicarbonate (] x 25ml.), watE:r 

(] x 25ml.) and dried (NazS04 ). Removal of the solvent yielded 

a gum (95mg.) which crystallised from <.;hlorotorm-hexane as needles 

V6 o (J7D24 -(80mg,) to give the keto- 0 -dilactone (21]}, m .p. 124 L<?j. 

2° 1 (C 1.0). 

Found: 

c 52.79%, 52.48%, 52.89% 

H 5.6]%, 5.68%, 5.68% 

Molecular weight (Mass spectrum) JG2 

Calculated for 

c 66.29% 

H 7.18% 



-57-

2. 28 Attempted preparation of 2, 4-dinitrophenylhydrazone of the 
keto- res -dilactone (213) 

A solution of 2, 4-dinitrophenyliJ.ydrazine (20mg. ) in hot ethyl 

alcohol (0. 5ml.) was added to a E.:olutfod. of the oxidation prodt:.ct 

(213) (i:Omg. ) in ethyl alcohol (0. 5m 1.). OnE: dz·op of concentrated 

l1ydrochloric acid was added, the solution was refluxed for 1 hour, 

allowed to stand at room temperature and finally in the :t't:f.t'igerator. 

1\T:::: c::. ystdli..::ation took plac~ . 

2. 29 Lithium Aluminium hydride reduction of leonitin 

A solution of leonitin (210) (1. 5g.) in 80ml. of tetrahydrofuran 

(dried over sodium and redistilled over lithium aluminium hydride) 

was refluxed with lithium aluminium b;y'Ciride (3 . Og) on a glycerine 

bath. After 6 hours~ a further quantity of lithium aluminium hydride 

(1. Og) was added and the mixture refluxed for a further 18 hours. 

The solution was cooled in ice, the excess hydride decomposed by 

adding wet ether (JOOml.), followed oy dilute sulphuric acid (JOOml.) 

and tht! layers separated . The aqueous layer was extracted con·-· 

tinuously with ether for 24 hours. 'I'ht::: combined ethereal extractt.. 

became cloudy and was allowed to stand in the refrigel·ator over-

night. The resul -:ing wnite pl·ecipitatc.. was filtered off e:.wd crysi:al-

lised from ethyl acetate to } ielJ tht. alcvh 1l (216)as~risms (800m.g.) 

0 
m .p. J56-7 • Recrystallisation from the same solver~t raised the 

o r, 1 24 o / J 
m .p. to 158 , Loi-..JD - 2 1 C L 0 in €·thanol • 

Found: 

c 64.00% 

H 10. OO% 

Calculated for c 20H
3
6o 6: 

c 64.49% 

H 9. 74% 

2. 30 Tosylation of lithium aluminium hydride reduction product of 
compound X 
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An ice -cold solution of p-toluenesulphonyl chloride (1 . 6g. ) in 

dry pyridine {2ml.) was added to the lithium aluminium hydride re­

duction product {214) of compound X {39) {300mg.) in pyridine 

{3ml.) at 0°C and the mixture kept at 0°C for 4 days. The solution 

was poured into ice-water and the oily predpitate extracted with 

ether {3 x 30ml . ) . The combined ethereal extracts were washed 

succes.~ively with cold 5% hydrochloric acid {2 x JOml . ) , water 

{2 x lOml.), sodium bicarbonate solution {2 x lOml.) 1 water {2 x 

lOml . ) and dried {Na
2
so1). Removal of the solvent yielded a gum 

{310mg.) shown by TLC to bel single compound {Rf 0. 72) differ-

in[r from starting material {Rf 0. 50) and giving a negative test for 

the presence of sulphur. 

Column chromatography of this gum over neutral alumim 

{12g , ) in benzene afforded in the: early fractions a compound 

{Rf 0 . 72) which deposited as needles on removal of the solvent . 

Attempts to recrysta11ise this compound 1 however, proved unsucess-

ful and it was sublimed at 110-140°/0. 05mm. to yield {215) as needles 

{35mg.) m . p. 115° . 

Found: 

c 74.5% 

H 9 . 68% 

Calculated lor c
20

H320
3

: 

c 75.00% 

H 10. OO% 

2 . 31 Tosylation of the alcohol {216) 

An ice-cold solution of p-toluenesulphonyl chloride { 5. Og. ) in 

dry pyridine {lOml . ) was added to the alcohol {216) {1. Og.) in pyri­

dine {9ml . ) at 0°, and the mixture kept at 0° for 8 days, care 

being taken to see that no moisture entered the flask . The solution 

was poured into ice-water and the oily precipitate extracted with 
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ether (If x 50mi,) . The combined eth~:::real extracts were was bed 

succep,<:!zvely with 5% hydrochloric acid (2 x JOml.), water (2 x 

30m} . ), sodium bicarbonate solution (2 x 30ml . ), water (2 x JOml, ) 

(0 . 994-r' ,) si~own by '..L....,LC co ccnsist pr~dcminatei.y u ;2 compone1.~s 

( Rt 0. {':J and 0. G8) differing from st;J.rth:. .. · material and ~iving a 

positlve test .for the presence of sulpJ.2W''• .•.:?epeated cor·ml.'l c..hrorr.a-

tography in benzene o•-er neutral alu.wina : -i·~lded the one c~mponent 

(Rf 0. 80) as an oil which failed to crystallise. Attempts to isolate 

the second compound he wever failed. 

2 . 32 Lithium aluminium hydride l·edt1ction of the tosylate of the 
alcohol (216) 

A solution oF the crude tosylate (O.E.if:-:r>.) tn 100 ml. tetrah:vdro-

luran (dried over sodium and redistllled over lithium aluminium 

hydride) was refluxed with lithium aluminium hydride (2. Og.) on a 

glycerine bath, ./'-,Iter 6 hou.rs a further q"ant:t .v of lit!;}u m aluminium 

hydride (0. 75g . ) was added and the mixture re1h:x.:d for a further 

18 hours. The solution was cooled in ice, the excess hydride de -

compoPed by addin:· wet ether (luOml.), followed by dtl.Jte sulp.h.uric 

acid (JOOml . ) . The aqu~ous layer was separated, the tetrahydro-

luran remo·ved on a roiar.T• e·~·aporator, ana extracted w :th ether 

(.J x 50mL). The combined e~hel·~al e.;dracis were TIITashed succes-

sively with water (2 x 50ml.), socii .Hn bicarbot;ate solt;Uon ( 2 x 

Fcem oval ot th~ 

solvent yielded a gum (0. 50g.) giving a negative test :or ~he prbst.nct:. 

of Pulpbur > shown by 'lLC to b e a mixturf:. oi at least 6 

components, one of which had an ide.r.tlcal Rf value to that oL· compou.ld 

(215) , These components were eluted with benzene. -ethyl acetate on 

an alumina ?Plumn (120~.) witl1 Tdriua;]y r:o separation from one 

another. Repeated preparative TLC (ethyi acetate-hexane (1 :1)) 

also failed to achieve separatior.. The gum was distil!ed at 
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110-114°/0.05mm., to yield a colourless oil which failed to crystal-

lise, and shown by TLC to be a mixture . 

2.]3 Controlled hydrolysis of leonitin (210) 

A variety of reagents were used in an attempt to hydrolyse 

the ester function without alta eking the lactone rings. These included 

potassium hydroxide, potassium carbonate, methanolic hydro-

chloric acid and sodium borohydride. 

In each case solutions of leonitin (210) (50mg. = O.l2]mm.) 

in ethanol ( 40ml . ) were treated with varying concentrations- of the 

above reagents ranging from f mm. -16mm. per millimole of 

compound (see Table 4). 
Table 4 

I Cone. 
per mm. 

Leonitin KOH KHCO] K 2 co
3 

HCl NaEH
4 

· of ·leo-
nitin 

50mg. ] , 5mg. 6mg. 8.5mg . 2.25mg. 2.]mg . .1 
;: 

50mg, ?.Omg. 12mg. l?mg. 4. 5mg . 4. 6mg. 1 

50mg , lLt . Omg, 2LJmg. J4mg. 9mg. 9 . 2mp:. 2 

50mg, 21, Omg. 48mg. 68mg. 18mg. 18. 4mg . 4 ,_ 

50m{! . 28. Omp. 96mg, l]6mg. 36mg. 36 . Bmg. 8 

50mg . 56. Omg . 192mg. 272m cj. ?2mg. 73. 6m.r: . 16 

The solutions were shaken for 48 hours and the reaction 

folloTATed by TLC. No r~;;:action took place at room temperature. 

Gentle heating of the soluti011S resulted only in the formation of the 

~6 -dilactone (211) and starting material (210). 

2 . 34 Sodium methoxide hydrolysis of leonitin 

Leonitin (210) (600mg .-= 1. 48mm. ) was added to a solution of 

sodium (]40mg. :=: 14. 8mm.) in dry methanol (JOml.) and the mix-

ture refluxed for two hours. The solution was then cooled, water 

(25ml.) added and after acidifying with hydrochloric acz'd the metha-

nol was removed under reduced pressure, The solution was 

extracted with chloroform (] x 25m].), and the combined chloroform 
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extracts were washed with water (3 x 25ml.) and dried (Na~S01 ). 
c : 

Removal of the solvent yielded a gum which was shown by 

TLC to consist predominately of the !o-dilactone (211), together 

with slight traces of three other components. 
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3. DISCUSSION 

3.1 8-Hydroxymarrubiin 

Elemental analysis of 8-hydroxymarrubiin, 092) m .p. 176°, 

[c1..}D17 + 33°, agrees with the molecular formula, C 20H~8o 5 , and 

is consistent with the mass spectral parent peak at m /e 348. 

-1 
The IR spectrum (KBr) displayed a band at 3620cm due to 

a free hydroxyl group (s). 
-1 

Bands at 1770 and 875cm suggested the 

presence of a J' -lactone and a luran ring respectively. The pre-

sence of a ;B -substituted luran moiety is supported by positiv~ 

Ehrlich and Lieberman-Burchard tests and more specifically by the 

NMR spectrum (Fig. 4) which displayed a doublet (JH) at T 3. 76 

( J = lc/ s) due to a ,B -substituted proton and one proton multiplets 

at [2. 80 and T 2. 67 due to the o( -substituted protons 0f the luran 

ring. Furthermore. the UV spectrum showed a maximum at 

213 I11/L ( E 5,100) similar to that found in related luran derz'vatives
1
• 

The NMR spectrum closely resembled that of marrubiin 

(Table 5, Fi'3.3) and showed bands at: 

A A singlet (3H) at L8. 71 attributed to the tertiary methyl group 
at c20· 

B A singlet (3H) at T8. 61 attributed to a tertiary methyl group 
at ClB · 

C A singlet (3H) at 'l"B. 91 attributed to a tertiary methyl group 
at cl7• 

D A poorly resolved triplet (I H) at T 5. 23 attributed to the 
bo<.-hydrogen. 

E A multiple (JH) at T 3. 76 attributed to a j3 -hydrogen (at cu~-J 
on a luran ring. 

F A multiplet (JH) at T2. 76 attributed to an tX'.-h.vdrogen (at cl6J 
on a luran ring. 

G A multiplet (JH) at T2. 64 attributed to an d..-hydrogen (at c 13; 
on a luran ring. 
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Table 5 

Comparison of the NMR spectra (JOOMc/s) in CDC1
3 

of marrubiin and 
8-hydroxymarrubiin 

GROUP MARRUBIIN 8-HYDROXY-
MARRUBJIN 

20-Me ra. 96 r s J 7.8. 71 ( s) 

18-Me 8.72(s) 8. 61 ( s) 

17-Me 9.04(d)(J::::.. 6.5c/s) 8 . 91 ( s) 

6-H 5.28(t) (W=- JOc/s) 5.23(t) (W.:;r JOc/s) 

11.;.-H 3. 72(d) (Js lc/s) 3. 76(d} (J= lc/s) 

15-H 2. 64- (m) 2.64-(m) 

16-H 2. 76 (m) 2. 76 (m) 

s - singlet; d • doublet; t = triplet; m = m ul#p1et. 

It may be observed from ·Table 1 that the c
17

-m ethyl singlet 

at ra. 91 in 8-hydroxymarrubiin appear,<:' a£' a doublet at 7:9. 04-

( J:.6. 5c/ s) in marrubiin. Accordingly it is likely that the extra oxygen 

atom in 8-hydroxymarrubiin occurs as a hydroxyl group at c 8 . 

Furthermore, the signal at ?: 5, 23 arises from an equatorial 

proton at c6 having one equatorial-equatorial and two axial-equa-

t . 1 . . ]" 11 . d. t' th 19 6 .A t h . t orza spzn-spzn coup zngs zn zca zng e , r - s ereoc emzs ry 

for the A/E lactone as in marrubiin. The oxygen functic;>n at C6 

is therefore j3 -orientated . 

The mass spectrum of 8-hydroxymarrubiin besl'des confirming 

the molecular formula rm /e 34-8)' showed significant peaks at m / e 

81, 95, 109 and 179 . The base peak (m /e 81 ) arises from clea.va,ge 

of the bond j3 to the lura n ring (i.e. cleavage between c
11 

and c 12J. 

The significant peak (m / e 95 ) 14- mass units higher indicates that the 

cleavage of the C
9

- c
11 

bond b e comes impo rtant as w ould b e expected 

fr om the presence o f the C -hydroxyl gro up. 
9 

Som e of the possi/;>le 

fragm e ntation mechanisms are depicted in scheme 1. 

Dehydrogenation of 8 -hydroxymarrubiin over Pd-C c atalyst 
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failed to give 1, 2, 5-trimethylnapthalene which is readily obtained 

24 
from marrubiin. 

8-Hydrox.ymarrubiin failed to react with boiling acetic anhydride-

pyridine which is consistent with the hydroxyl groups being tertiary. 

The presence of such hydroxyl groups is supported by a positive 

test with chromic acid (Table lb). 

Hydrogenation of 8-hydroxymarrubifn over 10% palladium hy-

droxide-barium sulphate in ethanol resulted in the absorption of 

2. 06 moles of hydrogen indicating that there was no unsaturation 

at any other centre of the molecule besides the luran ring. The 

gum obtained was shown by TLC to be a single component. Since 

it could not be induced to crytallise the gum is probably an epz-

meric mixture as it afforded after reaction with phosphorus tri-

chloride in refluxing pyridine a complex mixture which could not be 

separated . Had it been possible to isolate a single product after 

dehydration it was intended to relate 8-hydroxymarrubiin to the hy-

drogenated prqduct 093b) of anhydro-marrubiin 093a). 

Saponification of 8-hydroxymarrubiin in 0. 4N ethanolic sodium 

hydroxide afforded 8-hydroxymarrubic acid 094), m. p. 93-95°, 

Ymax (CHC1
3

J 3620(0H), 1??0 ( J'-lactone) and 8?5cm-l 

(luran). Reduction of 8-hydroxymarrubiin with lithium aluminium hy-

dride gave 8-hydroxymarrubenol 094), Y max (CHC1
3

) 3640 (free 

hydroxyl) and 8?0cm -l (luran), On treating 095) with f -toluene-

sulphonyl chloride in pyridine at 0°, the expected ether 096) cor-

responding to the ether from marrubiin did not result. Instead a 

monotosylate, c27H38o~, was formed. 

Dehydration of 092) with phosphorus trichloride in benzene 

yielded starting material. However, dehydration with phosphorus 

trichloride in pyridine yielded the epoxide 09?), m. p. 114 °, 
-1 

¥-lactone) and 8? 5cm (luran), and an oily gum. 

Lithium aluminium hydride reduction of the epoxide (197) gave 



0i[J-1 OH 
(195) 

(797) R. 
(198o) H 

R. 

CH;.Fu. 
(199) 

(198bk~Fu H 

(200a) W
eco 

. 
. . 

0 -::- - (200h) 
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marrubenol (202) identical (m . p. and mixed m . p., IR, NMR and 

[ot:.]DJ with authentic marrubenoz26 , thus establishing the structure 

and stereochemistry of 8-hydroxymarrubiin at all centres excepting Ca. 

TLC of the oily gum (from dehydration of 8-hydroxymari'ubiin) 

showed that it consisted of two almost superimposable components for 

which structures 098a) and 098b) are proposed. Hydrogenation of 

this mixture afforded two products ( TLC), presumably (200a) and 

(200b) neither of which corre·sponded to tetrahydromarrubiin (201). 

Chromic acid oxidation of 8-hydroxymarrubiin yielded the d-
dilactone (204), v 6 ( ) -1 ( Tmax 3 20 free hydroxyl and l??Ocm 

lactone) together with the !o -dilactone (205), '(max 3630 (free 

hydroxyl), 1?65 ( r -lactone) and 1?4-0cm -
1 

( a -lactone) and a 

compound, 
0 

m .p. 2?5 , 
-1 V. l??Ocm ( t-Jactone) . Forma-· max 

tion of the ob -dilactone (205) is consistent with structure 092) 

for 8-hydroxymarrubiin. 

On refluxing with phosphorus trichloride in pyridine the r-
dilactone (204) afforded a mixture of three components (TLC), 

which were separated by chromatography on alumina . The more 

polar component, m . p. 164°, corresponded to (206), Ymax 

(CHC13) 1??0 ( Y-lactone) and 885cm -l (H2C = CR1R2). This 

structure is supported by the NMR spectrum. The methyl singlet 

d...Je to the cl?-methyl group has disappeared and has been replaced 

by singlets at ·r 4 . 88 and T 4. 9? due to the vinylidine g•roup . Com-

d ')75°, poun s, m . p. t:;;, Y (CHC1
3

) 17?0cm -l ( r -lactone) and 
max 

v: 3520 (free hydroxyl) and 1?70cm -1 ( 't -lactone) max 

were also isolated from the mixture . It may be noted that the com-

pound, m .p. 2?~, was obtained by two routes (scheme 2). 

Hydrogenation of compound m . p, 275°, over 10 % palladium 

hydroxide-barium sulphate catalyst gave a product, m . p. 21.;.5°. The 

fact that the dilactone uf marrubiin (20?a) or its epimer (207b) was 

not produced eliminated the possibility of the structure being (203) .
12 
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Compound, m . p. 185°, was not hydrogenated over 10% palladium 

hydroxide -barium sulpllate . 

0 
Catalytic hydrogenation of (206) afforded a product, m. p. 11+5 , 

Ymax 1770cm -l ( J' -lactone), identical by TLC with the dilactone 

(20 ?a) of marrubiin. Their NMR (Table 6) and IR spectra were 

virtually identical indicating that the product, m. p. 145°, was a mix-

ture of the C 
8

-epimers (207a) and (207b). Furthermore, on ad-

mixture with the dilactone (207a), m. p. 161-162°, it still melted at 

0 
145 and [oi..]D values were in close agreement. 

Table 6 

Comparison of the NMR spectra (lOOMc/s) in CDCl~ of the dilactone 
(207a) of marrubiin and the product 

GROUP J:'ILACTONE (207a) OF PRODUCTm.p. 14-5 
MARRUBIIN 

20-Me 8. 95(s) 8. 9f) ( s) 

18-Me 8. 7J(s) 8. 73 ( S) 1 8. 76 (F) 

17- Me 9.1l(d,J= 6 c/s) 9.ll(d,J= 6c/f?!), 
9.l]{d, J= 4c/s) 

6-H 5.28(t, W= 12.6c/F) 5.29(t, W= 12 . 6c/s) 

s .... singhd: d .. doublet. 

An anc:.tlogous case has been d e scribed by Adinolfi and Mangon/2 

who obtained a mixture of thE.: C 8-~pimers (209a) and (209b) on hy­

drogenation of compound (208). 

T'ht.. iso1ation of marrubenol (202) by trans-diaxial opening of 

the epoxide ring proves that tr~~ ~::.;poxide is d.. and iF in favour of a 

j3 -configuration for the c a-hydroxyl group in 8-hydroxymarrubiin. 

The presE:nce of a t.t·ans-diaxial gem-diol grouping is supported by th€; 

h.ilure of 8-hydroxymarrubiin to react with eithe:r periodate or lead 

tel·ra -acetate. Thr::: obsern,d reductive ring opening of the epoxid~::: 097) 

to p.ive exclusively the 9- d.. -ol, p:r•e sumably by steric control, finds 

10] 
close analo~y. 

The above E.· vidence. conslusively prove that the compound, m, p. 
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1?6°. from L. dysophylla is 8)l-hydroxymarrubiin. Recently the 

same subst·ance has been iE'olated by White et all04. from f;. . nepe-

taefoiia ( Frorr Trinidad). A sample kindly provided by Professor 

White was identical in all reE'pects (mixed m . p., IR, NMR and mass 

spectra) with our own. 
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3. 2 Le onitin 

Leonitin (210), m.p . 243°, J.<..JD0°, isolated from Leonotis 

leonitis was shown by elemental analysis and mass spectroscopic 

molecular weight (M+ 406) to have the molecular formula c
22

H
30

o
7

• 

-1 
The IR spectrum (CHC1

3
) exhibited a strong band at 17?0qm 

v ~ ( .~ -lactone) with a shoulder at 17 30cm ( ester carbonyl) but no 

-1 
bands at 875cm due to a luran. Leon it in is trans parent in the 

UV: the absence of absorption at 210-220 ~ confirms the absence 

of a J -fury] moiety. In addition it failed to absorb hyqrogen on 

catalytic reduction and gave negative Ehrlich, Lieberman-Burchs.rd 

and tetromethane reactions (Table 1). 

The nature of six of the oxygen atoms was shown o~ alkali 

treatment when 2. 85 equivalents of alkali were consumed indicating 

the presence of two (-lactone groups and an ester function (NMR). 

As judged from its IR spectrum and the failure to form derivatives 

(it resists benzoylation, acetylation and dehydration) leonitin does 

not possess a hydroxyl group. In addition it does not react with 

any carbonyl reagents and therefore the remaining oxygen atom is 

probably pre.sent as an ether. 

'Jhe NMR spectrum (CDCJ
3

J of leonftin having several 

features in comrron with compound X (39) (see Table 7) pos-

sed the following signals: 

A A doublet (3H) at 79.12 ( J= 6c/s), attributed to a secondary 
methyl group at cl?· 

B A singlet (3H) at T8 . ?3, attributed to a tertlary methyl 
group at c 18 . 

C A singlet (3H) at ·77. 98, attributed to the c 22-methy] group 
of the ester function. 

D A quartet (2H) at 7?.25, attributed to the Cu
1
-methylene 

group. 

E A quartet (2H) at I 5 . 83 (J= 9~/s) attributed to the c,6-
methylene group. 



F A quartet (2H) at [5. 77 (J= 7 c/s) attribut·ed to the c 20 -
m ethylene group, 

G A poorly :z•e:solved triplet (JH) at T 5. ]2, attributed to the 
C5-equatorial (d.) p:t.v.:;ton. 

Table 7 

Comparison of the NMR spectra (JOOMc/ s) in CDC]? of compound 
X and leoni'fz'n 

-
GROUP COMPOUND X 

17-Me J9.16(d) (J""=·6.5c/s) 

18-Me 8.?2(s) 

22-Me -

lL•.-CH . 2 7 . 27(q)(J=l7c/s) 

16 -CH2 
5 . 81 ( q) ( J = 9c / s) 

20-CH2 -

6-H 5. ] 2{t) 

s =single t_; d = doublet; t = triplet; 

I 

... 
--...,..... .. _ 

LEONLTI N 

[9.12(d} (J.__ 6c /s) 

8 . 73(s) 

? . 98(s) 

7. 25 ( q) ( J.= 18 c/s) 

c/s) 5. 83 ( q) ( J _ 9 

5. 77 ( q) ( J := 7 c/s) 

5, j 2(t) 

q .- quartet . 

7'he singlet (J H) in com pound X a t [ 8 . 9 6 is abs e:"t i:: lt.. oni-

tin and is replaced by a singlet ( JH) at T 7. 89 attribute d t o the 

methyl group of the a c etoxy !"unction. A pair of" overlapping 

quartets (L;.H) c;..t 5.8]{J= 9c/s) ana 5.!7 ( .1== 7c/s) in leonitlll 

a ccounts for -tl:..e cl6- and c20-mr..·thylene groups resped ive]y. 

The !:JMR spe ctra of c:o .npound X (]9}, mar ... ·ubd n (S) c.nd 

leonitw. (210) are a lmost identical with r E.. pse ct ~o the 19, 6 /3 -lactone . 

The a.ss ig nm e n t of the 19, 6 -stereucl.e m istrJ to tilt:: -· -ng A/B 

lacton e in leonitin fo llows f r o m the NMR s ig n al at T5 . 32 o.ris ,n g 

f r o m a n equator ial ~) p r ot on at C 
6 

having on e equatorio.l · e quatoria.l 

d t · 1 t · 1 · · z· · b ·· 11 d an wo axza -equa o rza spzn - spzn coup zngs as zn marru un an 

1, 24 
c ompound X. T h e v e r y l a r ge c ou pling constant ( J=.Wc / s ) f o.t• 

the C l L;. - m e thy l e n e prot on s , v irwally identical t o com p,:) und X, is 

t y pical of g emin a l p roton s In a 5 --m e m be red ring n ext t o a car bonJ'l 

g l'"oup and that f o r the c l6- ana c2o·- m e thyle n e proions is norm al 

1, 24 
for the typ e of system s h o v-m . (See Table 7). Fvidence f o r 
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the c 9-c13 oxide is supported by the lack of protons, other than 

those di.~cussed, below T ?. 25_, showing that neither ether terminus 

possesses a proton and also by the fact that the cl4- and cl6 ... m ethy-

lene groups show no vicinal coupling . ( It can be not~d that this 

ether linkage i.s also present in compound X, 24 grindelic at;:id105 and 

m the precursor of solidagenone. 35). 

The presence of a M-59 peak in the mass spectrum of leonitin 

as well as the isolation of acetic acid (as the ~ -bromophenacyl 

eFter) on saponification supports the NMR evidence for the presence 

of an acetoxy function in leonitin. 
+ 

The mass spectrum (M 406) of 

leonitin is consistent with the proposed structure (210). Peaks at 

m 
_/::_ 21J, 183, 181 (base peak) and 43 are accounted for in scheme 3. 

+ 
The (M 364), obtalned on 

saponification exhibited in its IR spectrum (CHC1
3

J absorption bands 

-1 
at 3750, 1??0 and 1720cm attributed to a free hydroxyl gz'oup, a 

't -lactone and a S -lactone respectively . Relactonization of one of 

the acid groups formed on hydrolysis t0 reform the J' -lactone is 

1,24 
not surprising as compound X behaves in a similar manner. 

The formation of the b-lactone and the appearance of a fr~e hydroxyl 

group at C 6 is readily explained by the structure proposed. 

Oxidation of (211) with Sarret reagent afforded the keto-dilactone 

(21]) (W362), V max (KBr.) 17?0 ( t -lactone) and 17]5cm -l 

( 6 -lactone and carbonyl group) . 

The anal.vtical results for (213), however, are anomalous and do 

no~ agree with the spectral evidence obtained. The compound (213) 

failed to react with hydroxylamine hydrochloride or 2, 4-dinitrophenyl­

hydrazone. (Related 6-keto compounds eg . 6-oxocativic acid
105 

are 

known to be unreactive due to steric hindrance). Absence of the 

b ignal ( T 5. 36) due to the C 
6

-equatorial (a() proton ip the NMR 

spectrum of (213) further lends support for the structure proposed. 
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Acetylation of (211) with acetic anhydride-pyridine afforded the 

+ 
acetoxy-dilacton'= (212), (M 1.;.06), Ymax(KBr.) 1775 ( (-lactone) 

-1 <.: 
and 17]0cm ( o-lactone and ester). In the NMR spectrum the 

singlet (3H) at [8. 01 is attributed to the acetoxymethyl grou,p. 

The NMR spectra of (211), (212) and (2]3) (see Table 8 and fig. 9) 

displayed certain features in common . 

Table 8 

Comparison of NMR spectra of {l -dilactone (211), acetoxy­
dilactone (212) in CDC]] and keto- {6 -dilactone (21]} in 

DMSO 

aS -dilactone ~ cetoxy-d il act one keto- /6 -dilactone 

17-Me 9.12(d) (J•6clsJ l9 . Z6 (d) ( J•6c/s) 9. 1 r d J r J- 6 cIs J 

9. 09(d)(J•6cls) j9.12(d) (J."'6c/s) 9. o 7 r d J r JJII! 6 cIs J 

18-Me 8. 76 (s) 8. 91 ( s) 8.89(s) 

22-Me - 8. 01 (s) -

11.;.-CHz 7. 27 ( m )(W=55c/ s) 7. 32 ( m) (W:::.60c/ s) 7.34 (m) (W= 1.;.8cls) 

l6-C:H2 
and 5 . 82(m)(W-=L;.8c/S) 5. 66 ( m )(W=60c/ s) 5. 77(m) (W= 1.;.2c/s) 

20-CH2 ' 

6-H 4.. 86 ( m )(W=l2c/ s) -

s = singlet; d .- doublet; m multiplet . 

The most remarkable property of the spectra, recorded in 

CDC1
3 

for (211) and (212) and in DMSO for (21]} (at 25° zn all 

cases), was the appearance of two sets of signals in each spec-

trum . The doublet (]H) in leonitin, attl•ibuted to the c 17-methyl, 

now appeared as a pair of doublets (]H) resembling a quartet. 

Signals at t 7. 25, 5. 83 and 5. 77, which appeared as quartets 

in leonitin (see Table & ) now l"esonated as complicated multiplets. 

The above compounds (211), (212) and (213) appeared to be pure 

(TLC) and their NMR spectra suggest that· they exist in solution a' 

room temperature aF mixtureF of conformation i.e:omers . A similar 

C-3.Se of a compound existing in solution as a mixture of two conform -

er,c: h;;rs recently been reported by Yoskioka and Mabrv for the 

l 'd '"1 . b ]' 109 germacrono 1 e az actone, zsa e zn. -
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X-ray crystallographic analyses of several 6-dilactones have 

shown that the lactone group C-g- 0-C is planar and models 

suggest that there are in fact two conformations that satisfy the 

86,106 
condition of planarity. 

(1) (2) 
(1) the half-chair in vJti.ch carbon atoms A and B are situated 

one on each side of the plane and (2) the half-boat "'nere both 

A and B are displaced to the same side of the plane of the 

lactone function. 

. 107 
Calculations based on data available from several X-ray 

analyses of natural products containing 6 -lactones demonstrate 

the existence of both conformations. 

It is therefore assumed from their NMR data that compounds 

(211), (212) and (213) occur in solution in the half-chair and hair-

boat conformations. Variable NMR temperature studies are 

presently being carried out in an attempt to determine that this is 

the case. 

The nature of the carbon skeleton of leonitin could not be 

24 
proved conclusively by dehydrogenation as in compound X (39), 

due to the fact that no napthalene product could be isolated. 

Attempts at fission of the ether linkage in leonitin yielded only 

starting material (similar results were obtained in compound X). 

An attempt was made to relate leonitin and compou11d X 

through a common degradation product in the following manner. 

Reductlon of compound X (39) with lithium aluminium hydride af-

forded a crystalline tetrol (214) which on treatment with f -toluene.-

sulphonyl chloride afforded the di-ether (215). Leonitin was 

0 
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reduced in an analagous manner to the alcohol (216) , C 20H36o 6 , 

the infrared spectrum of which exhibited a strong absorption band 

at J400cm -l (hydroxyl) but showed no absorption bands at 1765 

y -1 ( ) ( o -lactone) and 17]0cm ester carbonyl . Compound (216) 

on lreatment with f -toluenesulphonyl chloride afforded an oil, 

shown by T'LC to be a mixture presumabl:;- of the ethers (217, 

218, 219). 

Attempts to separate the oil however proved unsuccesful and 

lithium aluminium hydride reduction of this oil • yielded a complex 

mixture . 

(It can be noted that mixtures of compounds due to rearrange-

ment, result on LiAlH
4 

reduction of tosylates in which the function-

} . . 1 . t 108; a group zs zn an unusua envzronmen . 

One of the components of the complex mixture obtained cor-

responded to (215) on TLC but could not be isolated as a single 

component either by preparative TLC or column chromatography. 

An attempt to convert leonitin to compound X (see scheme 4) 

proved abortive since the ester could not be split by alkali, acid, 

Podium m ethoxide or sodium borohydride, wz'thout attacking the 

lactone groups . Due to steric effects it is doubted whether the 

formation of the thioketal from the aldehyde would result . 

On the foregoing evidence the structure (210) was proposed 

for leonitin. 
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