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1 

SUMMARY 

The isolation and structure determination of dubiin and 

leonitin, two new diterpenoid acetates from Leonotis dubia and Leonotis 

leonitis respectively, are discussed. The compounds are diterpenoids 

of the labdane type and are closely related to marrubiin. 

The proposed structure s are based on chemical and spectral 

evidence. Dubiin, C22H3006' contains a tertiary hydroxy- group? 

a furan ring and a b -lactone while leonitin, C22H3007' is a 

Y - dilactone. 

at C-20. 

Both compounds are unusual in being oxygenated 

The extraction of three Euryops species and the isolation of 

euryopsol, C lSH22 °4 , are also de scribed. A furanoeremophilane 

structure containing three hydroxy- groups, one of which is. at a 

bridgehead position, is proposed. Euryopsol is the first 

furanoeremophilanoid with a substituent attached at C-IO. 
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1. INTRODUC TION 

1. 1 The Stereochemistry of Marrubiin 

The diterpenoid, marrubiin, C20H2804' (1) was first 

obtained from horehound (Marrubium vulgare) as early as 1842. 1 

It has since also been obtained from Leonotis leonuris. 2 Since 

the chemistry of the two diterpenoids, dubiin and leonitin, studied 

in this thesis, 'is so closely related to that of marrubiin, a thorough 

knowledge of the latter is essential and will be considered in detail. 

The carbon skeleton (2) of marrubiin was first proposed by 

Lawson and Eustice; 3 the numbering system is that suggested by 

Overton f3nd McCrindle 
4 

and will be u sed throughout thi s di scus sion. 

Although the st'ructure of marrubiin has been known for some time,5, 6 

its absolute stereochemistry has been the subject of considerable 

discussion. Howeve r, it is now fixed as shown in (3), as a re suIt of 

studie s of infrared and nuclear magnetic re sonance spectra of 

degradative and synthetic products. Throughout this thesis, chemical 

shift values of n. m. r. spectra will be given on the delta, 0, scale, this 

now being the preferred scale. 7 In all cases, the internal reference 

is taken as tetramethylsilane, which has a chemical shift of 0.00. 

The re are six asymmetric centre s in marrubiin and the se will 

now be considered in turn. 
\ 

1. 2 Stereochemistry of the ring junction 

The following series of reactions established
8 

that rings A and 

Bare trans-fused. Marrubiin was converted to the tetraol (4) by 
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the sequence (1)-+ (5)-+ (6) -+ (4) under conditions which could not have 

affected the stereochemistry of the AI Bring fusion. 1 The hydroxy­

acid (6) was oxidised to the keto-acid (7) which was not isomerised 

by alkaU 6 and therefore, must have rings A and B trans-fused. The 

reduction of compound (7) with lithium a1umini.um hydride to the 

same tetraol (4) showed that the latter, and hence rnarrubiin, must 

also have a trans-decalin system. Consequently, marrubiin mnst 

have the partial skeleton (8) or (9). In two later communications, 

Burn and Rigby 9, 10 supported the proposed trans-fused structure 

for rnarrubiin. An attempt was made 11 to correlate marrubiin with 

a compound of known structure. The sodium salt of marrubic acid 

(10), formed by saponification of marrubiin, was oxidised with 

permanganate to the acid (6) which, on oxidation with chromic acid, 

gave the corresponding keto-acid (7). This was converted to an 

enol-lactone which was shown to be (11) and not (12), since it 

afforded the a~dehyde (13) on ozonolysis. 12 Hydrogeno1ysis of the 

enol-lactone gave the 1actonic acid (14) as the major (70%) product, 

but contrary to the findings of Cocke r et a1~ the minor product (20 %) 

was the dilactone (5) and not unchanged enol-lactone. The acid 

chloride, obtained by thionyl chloride tre atment of the lactonic acid 

(14), was reduced by the Rosenmund procedure to the aldehyde (15), 

which, on Wolff-Kishner (Huang- MinIon) reduction, gave the expected 

tetramethyl derivative (16) as the minor (25%) product. Thi s \vas 

identical \vith one of the i soambreinolide s prepared 13 by the action 

of 70% sulphuric acid on ambreinolide (17). Ho·wever, the major 

(62%) product of the \Volff-Kishner reduction was an acid which gave 

a yellow colour with tetranitromethane. Its structure would be 
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expected to be either (18) or (19), but since it was not decarboxylated 

at high temperature, it was not a~, y-unsaturated acid and was 

therefore as signed the structure (19). This compound was also 

prepared
14

, 15 by the action of sulphuric acid on ambreinolide (17) 

and was shown to be identical (m. p., mixed m. p. and infrared 

spectrum) with that from marrubiin, the identity being confirmed 

by comparison of the hydrogenated acids (20) and by conversion, 

with osmium tetroxide, of the acid derived from marrubiin to the 

known lactone (21). 

This correlation confirmed the stereochemistry of the ring 

fusion and the angular methyl group in marrubiin. The asymmetric 

centre carrying the bridgehead methyl group in these compounds 

remained unaffected during the se transformations; thus the angular 

methyl group was assigned the ~-configuration bearing that 

stereochemical relationship to the ring system which was found to be 

general for the resin acids, the triterpenoids and the steroids. 

Some of the dilactone (5) was recovered in the initial hydrogenation 

and this showed that the ring junction was also unaffected, giving 

marrubiin a trans-ring junction. More recently this has been 

confirmed bY,ORD studies 16 performed on the ozonolysis product 

of anhydrotetrahydromarrubiin (see later), which shows a positive 

Cotton effect. 

1. 3 Stereochemistry of the l~ctone 

8 
Cocker, Edward and Holley showed that closure of the 

lactone ring in marrubiin and some of its derivatives produces a 
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positive shift in the molecular rotation. Application of Hudson's rule, 

as developed by Klyne, 17 which states that the stereochemistry of 

the carbon atom carrying the potential hyd roxy- group in 1'- or 0 - sugar-

lactone s dete rmine s the sign of the rotation contribution of the lactone 

ring, led Cocker ~ a1.to propose that the oxygen atom at C-6 is ex • 

Since a trans-configuration of the lactone ring \vould involve excessive 

strain, they suggested that the carboxy-group should be cis, giving 

rise to an ex -oriented lactone ring. Therefore, since it had already 

b~en e stabli shed that the 20- methyl group was in the f3- configuration, 

the decalin system wa s considered to have the configuration shown 

in (22), with the lactone ring joined by 4, 6 equatorial-equatorial bonds. 

Thi s configuration of the lactone was confirmed by Castine, 

Wheeler and Wheeler. 18 They reduced the keto-acid (23) using (a) 

lithium, 8mmonia and methanol and (b) sodium borohydride. 

Reduction (a) is know!). to give equatorial alcohols while (b) gives 

axial products. However, under both sets of conditions, they 

obtained the same product, tetrahydromarrubic acid, shown as (24), 

in better than 70% yield. The re sult of the lithium- ammonia- methanol 

reduction of (23) indic ated that the hydroxy- group at C - 6 in 

tetrahydromarrubic acid was equatorial and hence ex. 19 However, 

1· , f B J 1" 20 . h h' t app lcai10n 0 arton s genera 1sai1ons concernIng t e stereoc emis ry 

, of hydride reductions sugge sted that the borohydride reduction of 

compound (23) had proceeded in an anomalous manner. In gene ral, 

reduction with sodium borohydride affords the equatorial alcohol if 

the keto-group is not hindered and the axial epimer if it is hindered. 

Since the keto-group in marrubiin is hindered, it would be expected 

that the borohydride reduction of compound (23) should yield not (24), 
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but its C-6 epimer. To explain this unexpect~d formation of 

compound (24), the author s sugge sted that, since the carboxy-

group of (23) was equatorial, the formation of compound (24) was 

favoured, as previous work
21 

had shown that a carboxy- group in 

this position exerts an electrostatic shielding effect which prevents 

attack of the borohydride ion from the C(- side of the molecule. 

H . b '.. C k 112 owever, In a su sequent communIcatIon, oc er et ~. 

stated that in their earlier paper
8 

their interpretation of the 

rotational evidence for the configuration at C-6 was in error and 

that, since the lactone ring make s a positive contri bution to the 

molecular rotation, it should be ~. 17 ~ence, by the same 

reasoning as before, they considered that the lactone ring should 

have the configur ation shown in (25). This configuration was further 

22 
supported by application of the rule of Klyne and Stoke s to the facts 

that (a) the C - 6 hydroxy- group make s a nega-tive contribution to the 

molecular rotation and (b) acetylation of this hydroxy- group leads 

to a negative shift in rotation. 

Burn and Rigby, 10 although they did not consider the proposed 

I3, ~ -lactone bridge as being necessarily incorrect, regarded this 

argument as unacceptable since: (i) There was no re8 son to believe 

17 that Klyne f s lactone rule would be valid for the structure favoured 

by Cocke r et a1. since data conce rning its applic ation to such structure s 

apparently did not exist. (ii) Cocker et a1. 8 had pointed out that 

vicinal effe ct s could make the rule of Klyne and Stoke s 
2 2 

invalid for 

the potential hydroxy- group at C- 6 but had ignored such effects in 

their ste-reochemical deductions, even although they believed6 them 

to be very strong in the related keto-acid (23). (iii) The re was no 
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stereochemical reason for omitting from cons"ideration a Il s kew11 

lactone bridge (4<x ~ 6(3 or 4(3 ~6 a ) so that the configuration at 

C-4 should not follow from that at C- 6 (or vice ver sa) as had been 

assumed. 

With the development of nuclear magnetic re sonance as a tool 

in the determination of organic structure s, the configuration of 

the hydroxy-group was determined by Fulke and McCrindle
23 

who 

concluded that the lactone ring in ITlarrubiin was cis-fused and 

f3 -oriented. In the n. m. r. spectra of marrubiin, tetrahydromarrubiin 

(26) and the ether (27), the 6-H resonated at 4.75, 4.72 and 4.15 

re spe ctively as an i11- re solved tri plet (multiplet width 10-14 Hz). 

Furthermore, in the n. m. r. spectra of marrubenol (28), marrubanol 

(29) a.nd the oily monoacetate (30), this proton resonated as a broad 

singlet (W 1 = 6- 8 Hz) at 4.22, 4.22 and 4. 34 respectively. The 
2 

. f h . d" . 24 ft' 1 narrowness 0 t ese resonances IS lagnostlc 0 an equa orla proton 

at C-6, since the band width is cOITlpatible vvith one equatorial-

equatorial and two axial-equatorial spin-spin couplings and both 

C- 5 and C-7 carry an axial proton. The substituent at C-6 in 

marrubiin and its derivatives discussed above is, therefore, axial (f3). 

Convincing evidence for the stereochemistry at C-4 was less 

readily obtained. Normally with dite rpenoids, the n. m. r. shift 

25 26 27 
value s .' , for the protons in the functional groups - CH2 OAc, 

* 28 -CH2 0H and -CHO and/or pK MCS measurements for the 

corresponding carboxylic acids allow the stereochemistry of the 

oxygenated methyl groups at C-4 to be deduced. In the present case, 

when utili sing compounds readily available from lTlarrubiin, such data 
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did not accord with either a norrna1 axial or equatorial group. The 

,'-
pK'1' MCS of marrubic acid (10) and tetrahydromarrubic acid (31) were 

6.66 and 6.71 respectively, both well below those expected for either 

axial (8.4) or equatorial (7.9) carboxy-groups, probably because of 

the stabili sation of the carboxylate ion by hydrogen bonding to the 

secondary hydroxy-group. Indeed, the two acids and their methyl 

esters showed strong intramolecular hydrogen bonding in their 

infrared spectra. (It is noteworthy that the closely related acid (32L 

-,-
which has pK"MCS 6.35 showed, in infrared hydrogen bonding studies, 

properties very similar to those of marrubic acid). The n. m. r. 

spectra of readily accessible derivatives of nl.arrubiin were also of 

little use in distinguishing between the two possible orientations of the 

lactone ring at ·C-4. In the keto- aldehyde (33) the aldehydic proton 

appeared as a barely resolved doublet (31Hz) at 10.42, a value 

considerrlbly lower than that expected 25,26,27 for either an axial 

(9.8 approx. ) or an equatorial (9.3 approx. ) aldehyde group at 

C-4. . This downfield shift must be due to the carbonyl group at C-6. 

A similar shift was apparent in the spectrum 0:1" the oily keto- acetate 

(34) which showed a 2-proton quartet (3 12 Hz) centred at 4.68 \vhich 

conformed25 , 26, 27 with neither an axial (4.10-4.30) nor an equatorial 

(3.65-3.85) primary acetate group at C-4~ In the monoacetate (30) 

. this methylene group appeared as a quartet (J 12 Hz) at 4. 56, the 

downfield shift being induced by the C - 6 axial hydroxy- group. In this 

case, the shift is better rationalised as deriving from an axial, rather 

than an equatorial, primary acetate group. Reasoning along these 

line s, however, led only to tentative conclusions and to re solve the 

problem it was necessary to remove the oxygen function at C-6. 
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Thus an attempt was made to reduce the keto-acid (35) by the 

Wolff-Kishner method, but this led to the formation of a cyclic 

29 hydrazone. The keto- acid was the refore reduced 9 by conve r sion 

to the enol-lactone (36) with refluxing acetic anhydride containing 

fused sodium acetate. The n. m. r. spectrum of thi s enol-lactone 

contained a re sonance at 5. 03 (quartet, J 2. 5 Hz) attributable to 

one olefinic proton, confirming the pre sence of a 116 
rather than a 

11 5 
double bond. Hydrogenation of the enol-lactone over Adam's 

catalyst in acetic acid afforded, as the major product, the acid (37), 

produced by hydrogenolysis ·of the vinylic oxygen atom and saturation 

of the double bond. Reduction of the n:::tethyl ester of the acid (37) 

with lithium aluminium hydride gave the oily diol (38), the derived 

monoacetate also being an oil. This latter compound showed, in the 

n. m. r. spectrum, a quartet (J 11 Hz), centred at 4. 07 (- CH2 OAc) 

as expected25 , 26, 27 for an axial primary acetate group at C-4. 

Furthermore, oxidation of the alcohol (38) \vith Sarett reagent
30 

provided the unstable oily aldehyde (39), the n. m. r. spectrum of 

which showed a re sonance at 9. 86 (1 H, singlet), a value which was 

acceptable for the proton in an axial aldehyde group at C-4. Similar 

results were obtained for the C-9-deoxy-series of compounds. 

The validity of the f3 -cis-orientation, assigned mainly on 

spectroscopic grounds, was confirmed .by purely chemical evidence. 

Thus, (a) the ease of formation of marrubiin from IT1arrubic acid 

(10)6 and that of the ether (27) on attempted 12- bromobenzenesulphonation 

of marrubenol (28) could be rationalised, since in each case a 

1, 3-diaxial non- bonded interaction was being removed; (b) the 

observation 10 that the olefin (40) was obtained in appreciable yield 
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(500/0) from treatment of the hydroxy-acid (41) with toluene-.E- su1phonyl 

chloride and pyridine at 20
0

, would indicate a smooth trans-diaxial 

(Sa, 6F3) elimination of toluene-.E- sulphonic acid from the intermedit=lte 

ester; (c) the secondary hydroxy-group in marrubenol (28) was fairly 

re si stant to acetylation (it re si sted acetylation with acetic anhydride 

and pyridine at room temperature for 14 hours), the product of 

acetylation under mild conditions being the rnonoacetate (30) which 

was, however, readily oxidised to the keto-acet2.te, i. e. reactivity 

typical of an axial secondary alcohol. 

Wheeler, Wheeler, Fetizon and Castine} 31 although originally 

proposing th<'1t the lactone was fused a, a" 18 independently reached 

the same conclusion as Fulke and 1vlcCrindle as a re suIt of the 

following wo rk. They originally planned to reduce the keto- acid (42) 

stereospecifically to the corresponding equatorial (43) and axial (44) 

alcohols. One of these should be tetrahydromarrubic acid and this 

would establish the configuration at C-6. Studie s on the ease of 

lactonisation of tetrahydromarrubic acid and its C-6 epimer would 

then establish the arrangement at C-4. However, as stated earlier, 

reduction of the keto-acid (42) with either sodium borohydride or 

lithium in liquid ammonia afforded tetrahydromarrubic acid. Thus 

one of the reactions must have taken place in ;::tn unexpected fashion. 

To substantiate this, they decided to study the reduction of the methyl 

ester of the acid (42), but since this ester could not be crystallised, 

they turned from the tetrahydro- to the marrubiin serie s. 

Attempts to reduce the keto-ester (45) with sodiurn borohydride 

were unsuccessful; at room temperature, starting material was 

recovered, while under reflux in isopropyl alcohol reduction was 
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accompanied by cleavage of the ester. Accordingly, the keto-ester 

was reduced with lithium aluminium hydride to marrubenol (46), also 

obtained by direct reduction of marrubiin. Reduction of the keto-

ester in methanol with lithium in liquid ammonia gave an oil whose 

infrared spectrum showed strong hydroxyl absorption and little 

carbonyl absorption. On acetylation, it gave a diacetate. A 

comparison of the infrared and n. m. r. spectra of this diacetate with 

those of the diacetate from marrubenol (47) left Y!.o doubt that the oil 

was the C-6 epimer of marrubenol. This showed that the anomalous 

reduction of the keto-acid (42) was that in which lithium in liquid 

ammonia was used, and thus established that the secondary hydroxy-

group in marrubenol was axial ([:3). 

. . 32 
Bory and Fetizon examined the infrared spectra of the methyl 

esters of a large number of di- and triterpenoids containing both a 

methyl and carboxy- group at C-4. They found that when the 

carbomethoxy- group was equatorial, the spectrum contained a single 

. -1 
intense band at 1245 .± 4 cm . By contrast, compounds with axial 

-1 
carbomethoxy- groups showed little absorption at 1245 cm ,but had 

an intense peak 8t 1145.± 5 cm -1 which was accompanied by a less 

. k 1190 + 5 - 1 d k at 1230 + 5 cm- 1 
. Intense pe;l at _ cm an a ve ry wea one 

Examination of the spectra oimethyl marrubate (48), methyl 

6-epimarrubate (49) and methyl dehydromarrubate (45) showed 

patterns which conformed to the axial ([:3) arrangement of the 

carbomethoxy- group. The infrared spectrum of methyl marrubate· 

. -1 
also showed the carbonyl ester band at 1697 cm with a small shoulder 

- 1 -1 at 1726 em and an intense hydroxyl pe ak at 3430 em with a smalle r 

-1 band at 3620 cm . The C-6 epimer of methyl marrubate (49) showed 
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-1 
a carbonyl peak at 1704 em which had a shoulde"r of almost equal 

intensity at 1725 em - 1 and a broad hydroxyl peak at 3630 em -1 with 

a shoulder at 3550 em-I. Clearly hydrogen bonding occurred in 

both compounds and was stronger in (48) than in (49). It followed 

that the C- 6 hydroxy- group in (48) was cis to the axial carbomethoxy-

group and was therefore f3. 

Conclusive evidence for the stereochemistry at C-4 and C- 6 

came from a study3l of the n. m. r. spectra of the esters (48) and 

(49) and the acetates (47) and (50). The signals for the C- 6 proton 

in the spectra of nlethyl marrubate and methyl 6-epimarrubate were 

at 4.40 (W 1 = 6 Hz) and 4.08 (W 1 = 35 Hz) .respectively. 
2 2 

Similarly, 

the C-6 proton appeared at 5.40 (WI = 6 Hz) and 5. 10 (WI = 25 Hz) 
2 2 

in the spectra of cornpounds (47) Bnd (50) respectively. It is well 

known 33 that with both acetoxy- and hydroxy-pairs of epimers the 

signal for the C-6 proton should be narrower and occur at a lower 

field for a compound with the proton equatorial (oxygenated substi-

tuent axial) as in (47) and (48) than for the compound with the proton 

axial (oxygenated substitutent equatorial) as in (49) and (50). 

The shifts in the positions of the signals for the methyl groups 

with chcnges in structure also supported the proposed stereochemistry. 

(See Table I). As expected, the peaks for the tertiary methyl groups 

appeared in almo st the same po sitions in the spectra of marrubiin, 

tetrahydromarrubiin, anhydrotetrahydromarrubiin (51) ond the ester 

(48). In going from (48) to (49), the C- 6 hydroxy- group goe s from 

f3 to a which leads to the observed shielding of the 20-methyl 

group and a de shielding of the l8-methyl group. Changing the 

hydroxy- group at C- 6 to a ketone (52, 42 and 45) should lead to an 
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Table 1
31 

Positions of the C-methyl perlks in the n. m. r. spectra of marrubiin 

and some de rivative s (C DC 13 solutions). a 

Compound 18-Me 20-Me 17-Me 

:rnarrubiin 78 64 58 

te tr ahy d rom 8 r ru bi in 77 63 55 

anhydrotetrahydromarrubiin (51 ) 77 65 66 c 

ester (48) 78 63 59 

ester (49) 88 46 57 

keto-acid (52) 76 52 66 

keto- acid (42) 72 58 
I 

63
d 

keto··ester (45) 74 67 62 

triol (46) 63 79 

I 

58 

triol (53) 75 62 58 

aShifts were obtained on a 60 MHz spectrometer and are given in l-Iz 
downfield from TMS. 

b 

I 

bExcept where indicated, this signal appears as a doublet with coupling 
. constant J 6 Hz. 

c 
J 8 Hz. 

d 
Only one half of the doublet vi sible. 



21 

34 . 
upfield shift of the 20-methyl resonance, which was observed in 

the spectra of the acids (52) and (42), but in the spectrum of the 

ester (45) there was a slight downfield shift. The ester differed 

from the other compounds in that there was no hydrogen bonding 

between the substituents at C-4 and C-6. Thus in the acids (52) and 

(42), the car.bonyl group of the acid was in the same plane as, but 

pointing awt=lY from, C-6, while in the ester, the ester carbonyl group 

was in the same plane as, but pointing towards, C-6. With compound 

(45) the dipole-dipole repulsion between the carbonyl groups may have 

caused the carbomethoxy- group to twist to a new conformation which 

affected the shielding of the angular met?yl group, thus accounting 

for the anomalous shift. As expected, changing the hydroxy- group 

from 6 f3 to 6ex (46 -+ 53) deshielded the 18-methy1 and shielded the 

20-methyl groups. The shifts shown by the acetate s paralleled those 

shown by the corre sponding hydroxy- compounds. 

1. 4. Stereochemistry at C-8 and C-9 

8 . 18 
Cocker ~t al., supported by Castine, Wheeler and Wheeler, 

put fo rwa rd the sugge stion that the 17 - methyl group of the keto -lactone 

(54), obtained on ozonolysis of anhydrotetrahydromarrubiin (51), 

.> should be in the stable equatorial configuration shown, because it 

was not epimerised by boiling alkali. Since anhydrotetrahydromarrubiin 

was formed from marrubiin unde r conditions not likely to epiTI1erise 

C-8, the 17-methyl group in marrubiin must be equatorial (ex) and the 

8-H must be axial. Thi s argument was also found to be unacceptable 

by Burn and RigbylO altho'ugh they did not deny the possibility of this 
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methyl group being, in fact, equatoriaL They ~tated that if the methyl 

group in marrubiin was axial, the generated keto-lactone would be 

compound (55) and it "vas to be expected that this tri- Cl- substituted 

ketone would pass into its C-B epirner with such ease that failure to 

isolate it should occasion no surprise. This was refuted by 

. 35 
Stephens and Wheeler who repeated the ozonolysis of anhydrotetra-

hydromarrubiin in MeOD and decomposed the ozonide with methyl 

sulphide. Under these conditions, epimerisation of C-B woul d lead 

to the incorporation of deuterium in the keto:""lactone.. However, a 

study of the n .. m. r. spectrum of the keto-lactone sho\ved that 

incorporation of deuterium had not taken place, 'which indicated that 

the configuration of the 17 -methyl group in compounds (51) and (54) 

was the same. 

Contrary to the findings of Cocker et aL , 8 Mangoni and Adinolfi36 

observed that the keto-lactone (54) was transf~'rmed by ~lkali into 

its C-B epimer. VI/hen hydrolised with potassium hydroxide in methyl 

ce1losolve, both epimers yielded the same hydroxy-acid which was 

assumed to have the 17-methy1 group in the equatorial configuration as 

shown in (56). As this, under very mild conditions (ethyl ch10roformate 

in triethylamine at 00 ), quantitatively reformed the keto-lactone (54), 

the steric structure with the same configuration at C-B had to be 

·"assigned to the latter and the structure (55) to the epimer.. In order 

to rationalise the alkali-catalised conversion of (54) to (55), formally 

involving an equatorial to axial epimerisation, the keto-lactone (55) 

was assumed to have ring B in a twist form. However, this did not 

neces sarily imply that the 17 - ex -methyl hydroxy-acid (56) also had 

ring B in the same conformation, as the distortion due to the presence 
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of the lactone bridge may have made compound (55) more stable 

than (54), even if, in the latter, ring B was in the normal chair 

form. 

With the development of no m. r., Appleton, Fulke, Henderson 

and McCrindle 37 assigned an a- (equatorial) configuration to the 

17 -methyl group .. Their evidence involved the as sumption that the 

compounds discussed had ring B in the chair (or half chair) 

conformation .. The major factor liable to lead to the preference 

for a ring B boat conformation would be the 1, 3-diaxial interaction 

between a 17- f)-methyl and the 20- f)-methyl groups. However, 

from models it seemed likely that a downward rotation of C-8 would 

eventually produce even more severe steric interactions. Thus, 

34 
assuming that ring B has a chair conformation, it was expected that 

if the 17 -methyl group was axial, the conver sion of the monoacetate 

(30) to the keto-acetate '(34) would produce a silnilar upfield shift of 

about 15-20 Hz for the resonances of the 17~ and 20-methyl groups in 

their n. m. r.. spe ctra. Although the observed upfield shift (22 Hz) 

in the resonance of the necessarily axial 20-methyl group did, indeed, 

accord reasonably well with expectation, the re sonance due to the 

17 -methyl group suffered a downfield shift of 3. 5 Hz. This group was 

therefore considered to be equatorial. The resonances of the 18-

and 20-methyl groups in the spectrum of the keto-acetate (34) were 

identified by recording the spectra after progressive additions of benzene 

to the deuterochloroform solution and utili"s,ation of the IIPlane Rule" 38, 39 

which states that if a plane P is drawn through the carbon atom of a 

carbonyl group at right angles to the carbon-oxygen bond, then the 

protons close to P show very small shifts (b b - 0 CDCl ); enzene 3 
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protons on the same side of P as the oxygen atom are deshielded while 

protons on the other side of P are shielded. 

Examination of the positions of the resonances of the 17-methyl 

group in the n. m. r. spectra of various other compounds
31 

(see Table I) 

also led to the conclusion that this group is equatoriaL The changes 

in the position of this resonance with structure did not parallel those 

shown by the 20-methyl resonance; for example, the exocyclic double 

bond in anhydrotetrahydromarrubiin had a deshielding effect (tetra-

hydromarrubiin -+ anhydrotetrahydromarrubiin) on the l7-methyl group 

and practically no effect on the 20 -methyl group; again, in going from 

compound (57) to compound (52), the peaks for the 17- and 20- methyl 

groups moved in opposite directions, indicating that the l7-methyl 

group was equato'riaL However, it was also possible that this group 

could be equatorial and ~ with ring B in a non-chair form. In 

marrubiin itself and its derivatives possessing- the C-4,C-6 lactone 

bridge, ring B is probably in a twist form. This was indicated by ORD 

"d 16 f' d' .. h l' d (54) f eVI ence 0 rIng Istortlon In t e ozona YSIS pro uct rom 

anhydrotetrahydromarrubiin. However, in compounds with the lactone 

ring open, the general pattern of shift s in peak positions sugge sted that 

the rings are in, or close to, the chair form. 

This assignment of stereochemistry was opposite to that suggested 

by Mangoni and Belardini
40 

who reported a partial synthesis of the 

. b 0 IOd b . d f b" 10 Isoam relno 1 e 0 talne rom marru lln. They clainled that their 

synthesis established the stereochemistry of this compound as shown 

in (58), thus assigning the ~ - configuration to the alkyl groups at 

C-8 and C-9 in marrubiin. However, their assignment for C-8 was 

considered ambiguous 31 and should probably have been as shown in 
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(59). The formation of isoambreinolide from ambreinolide (60) 

was accompanied by the formation of the corresponding /j 8 acid 

(61), considered to be an intermediate in the reaction. If this is so, 

then lactone closure to isoambreinolide would have taken place with 

the formation of compound (59), with the l7-methyl group in the 

equatorial configuration .. 

Cocker et aL 
8 

originally deduced from results of dehydration 

experiments on marrubiin3 that the hydroxy~gronp at C-9 was equatorial 

( f3 ) since the only product (albeit in small yield) that they were able 

to identify was anhydromarrubiin (62)0 With an axial hydroxy-group 

at C-9, trans-elimination of water would have yielded some of the 

endocyclic product (63) as welL Accordingly, the C-9 side chain was 

considered to be axial, at variance with the usual orientation in 

the 7:8~ seco-piJnarane so However, they did not consider this to be 

anomalous since it had peen shown by Barton
20 

that the accumulation 

of substituents at the positions ex and 0:: i to a group in a cyclohexane 

ring tends to reverse the order of stability and to make the axial 

configuration for the group the preferred one. With a system such 

as that in marrubiin, having three ex, ex i substituents, it was pos sible)' 

therefore, that the equatorial configuration at C-9 was only slightly 

preferred and the situation was altered by the substitution of the 

hydroxy-group for the hydrogen atom .. 

Burn and Rigby 9 considered this proposal to be unsound since it 

had been assumed that, because anhydromarrubiin has an exocyclic 

double bond, marrubiin, on dehydration, gave predominantly this 

product. However, the yield of anhydromarrubiin was low.and the 

major products in the dehydration were some other uncharacterised 
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(unsaturated) compounds. In the absence of evidence that exocyclic 

dehydration was favoured, any argument based on this assumption 

was considered speculative. 

41 
Fulke et al. therefore repeated the dehydration of marrubiin 

with phosphorus trichloride in refluxing benzene and found that the 

n. m. r. spectrum of the total oily product was identical with that of 

crystalline anhydromarrubiin .. The difficulty experienced in 

recovering even moderate yields of crystalline material from the oily 

product was probably due to one or both of the follo\ving reasons: 

{a} Both geometric isomers (62) and (64) were produced and only one 

was crystalline .. This explanation was unsatisfactory as the product 

appeared homogeneous on the basis of both L. L" c. and n. m .. r. behaviour .. 

(b) Anhydromarrubiin would not crystallise from moist solvent.. This 

appeared more acceptable since crystallisation of the product from dry 

methanol gave appreciably higher yields (63%) of crystalline material 

than those r"eported previously, and also the melting point of ihis 

material fell rapidly on exposure to atmospheric moisture (95-96
0 

to 

56-580 in 5 hours)o Under conditions which were known to lead to the 

trans-elimination of water (phophoryl chloride or phosphorus trichloride 

in refluxing pyridine) they obtained an oily rnixture which ran as one 

symmetrical spot on 1. L c .. and could not be separated into it s individual 

component s. Ho\vever, a careful n.m. r .. study led to the suggestion 

that the mixture consisted of two compounds, the f1 8 olefin (63) 

(700/0) and its f1 9(11) isomer (62) (30%)b The possibility of a first-

formed f1 9( 11) isomer rearranging to its f1 8 isomer under the 

dehydration conditions w~s considered .. However, anhydromarrubiin 

(62) was recovered apparently unchanged (n .. m. r. evidence) after 
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treatment with phosphoryl chloride in refluxing pyridine. Formation 

of a substantial proportion of the product with an endo olefinic bond 

. d' d40 h f 8 A H d 9 OH 1 d' ln lcate t e presence 0 an /'-' - an a cx- group, ea lng 

to the trans-elimination of water. 

The arguments that Mangoni and Belardini
40 

advanced in support 

of the stereochemistry at C-9 of their isoambreinolide were clearly 

sound and supported the conclusions of Fulke et aL However, this 

left the problem of explaining why the early dehydration experi ments 

on marrubiin and tetrahydromarrubiin yielded largely unchanged starting 

material and very little product from endocyclic dehydration. This 

31 
apparent anomaly was accounted for by the suggestion that, since 

the lactone ring in marrubiin and tetrahydromarrubiin was closed, 

ring B was in a twist form; thus the hydrogen atom at C-B and the 

hydroxy-group at C-9 were no longer trans and diaxial and endocyclic 

dehydration was not particularly favoured. 

Closure of the lactone ring in marrubiin has been found to cause 

considerable distortion .in ring B. Evidence for this was obtained by 

observi,ng the solvent induced shifts of the 17-methyl resonances in 

35 
the nt' m .. r. spectra of certain compounds. Since the hydroxy-acid 

(56), obtained on hydrolysis of the keto-lactone (54), was recyclised 

to compound (54) under mild conditions (dicyclohexylcarbodiimide at 

. 0) room temperature or ethyl chloroformate at 0 , both these compounds 

must have the 17 -methyl group in the same configuration. The 

positions of the signals of the methyl groups in the ne mo r. spectra of 

compound (54) and the methyl ester of the hydroxy-acid (obtained from 

(56) with diazomethane) were observed in different solvents (see Table 

II ). 
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Table n35 

a 
NoM. R. Signals of C-methyl peaks. 

Compound CDC1 3 

18-Me 20-Me 

keto-lactone (54) 81 73 

methyl ester of 
compound (56) 79 72 

( C6 H 6) 

17-Me 
b 

18-Me 20-Me 

73.5 56 
I 

52 

I 

60 73 59 

aShifts obtained on a 60 MHz spectrometer and are given in Hz 
downfie1d from TMS. 

b 
Doublet 

17-Me b' 

52 

67 

The solvent shifts (deute rochloroform to benzene) shown by the 

l7-methyl resonance in these spectra were consistent with the group 

being axial in cornpound (54) and equatorial in the ester of con1pound 

(56). 39, 42 These results, combined with the interconversion of 

compounds (54) and (56), led to the conclusion that the 17-methyl 

group is ex in both compounds but that the lactone ring in compound (54) 

distorts ring B to a twist boat form .. 

The introduction of the fJ. 9{ 11) olefinic bond also produced, in 

ring B, a marked distortion which was ref1 ected in the n. m" r. spectra 

f d .. h' 39,41 Th t f b" o compoun s contaInIng t IS system. e spec ra 0 marru un 

and derivatives containing a C-4, C-6 lactone ring showed a collapsed 

triplet at about 4 .. 70 attributable to 6-Ho In anhydromarrubiin this 

resonance had shifted to 5. 03 and had a much wider spread (sextet, 

J 5, 6 5Hz and J 6, 78Hz).. This suggested that A (1, 3) - strain, 43 L eo 

the sterie interaction between the 1 7 ~methyl group and the side chain 

at C-9, had been relieved by a do\vnward displacement of C-B and an 

upward rotation of C-7, thus producing a quasi-boat ring B conformation" 
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The dihedral angles between the protons at C-5,' C-6 and C-? would 

be expected to result in spin-spin coupling constants of approximately 

the magnitude found. 

The configurations at C-B and C-9 were confirmed synthetically 

by Mangoni and Adinolfi36 as follows. When the keto-lactone (54) 

was reacted with the lithio derivative of propargyl aldehyde 

dirrlethylacetal, it smoothly gave an 8: I mixture of the epimeric 

acetals (65) and (66). Inspection of Dreiding models showed that 

the ~ -side of the keto-lactone (54) \vas considerably more hindered 

than the ex -side. Therefore structure (65) was assigned to the 

major producL Hydrogenation of this compound with palladium 

charcoal catalyst in alkaline methanol, followed by chromic acid 

oxidation in acetic acid, gave the unsaturated dilactone (67).. Catalytic 

hydrogenation of this compound us.ing platinum oxide in acetic acid 

gave the saturated dilactone (68), not identical" with the dilactone 

obtained by chrolrlic acid oxidation of marrubiino Analogously, the 

oily less abundant, epimeric acetylenic acetal (66) was transformed 

to a saturated dilactone (69) identical in all re spects with the dilactone 

from marrubiin. Thus the stereochemistry at C-B and C-9 in 

marrubiin is certain. 

The stereochemistry at all asymmetric centres in marrubiin 

has thus been established beyond all doubt and its structure is that 

shown in (3). 
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HO 5=C-CH(OCH
3

)2 
~ 

HC{ ;=C--CHlOCH 3)2 
~ 

(65) 

(67) (68) 

~-O 

(69) 
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2. EXPERIMENT AL 

All infr~red spectra were run on a Beckman IR 8 Spectrometer 

aI"1:d, unless otherwise stated, were taken in chloroform solution 

(6%) • Thin layer chromatogram s were run on plate s of Merck 

silica gel G (according to Stahl) and were developed by placing in 

an atmosphere of iodine vapour. Alumina for chromatography 

was acid washed, neutralized and activated by heating at 1700 for 

18 hours. 100 1v1Hz and 60 MHz nuclear magnetic resonance 

spectra were run on Varian HA-l 00 and Perkin-Elmer R 12 

Spectrometers respectively. 

2. 1 Extraction of Leonotis dubia 

The plant rnaterial was collected in different areas around 

Graharnstown, air -dried in the shade for approximately 6 weeks and 

extracted. The following experirr1ent is typical. 

The dried leaves and stems of bD dubia {Rhodes University 

Herb~rium 19332 L collected on 25~ 4. 69 in the Belmont Valley 

approximately 5 rniles from Grahamstown, were separated. The 

leaves (2.7 Kg) ,"vere steeped in acetone (45 1) at room temperature 

for two days, the acetone run off and the plant material washed 

with a further 37 1 of acetone. The combined acetone extracts 

were concentrated by flash distillation to approximately 5 1 and 

stirred with decolourising charcoal (BDH; 2 x 100 g) at room 

temperature for 3 hour Se The solution was filtered through a 

Celite pad and evaporated to a dark brown gum on a rotary evaporatoro 

The gun1 was dissolved in a minimum of refluxing ethanol (150 ml) 
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and allowed to stand at room temperature for 3 days, whereupon 

crystallisation took place. The crystals were filtered off, washed 

with a little cold ethanol and dried in a vacuum desiccator; yield 

42. 3 g. T.l. c. in ethyl acetate-hexane (1:1) showed that this 

material consisted almost entirely of one substance, dubiin, which 

was dissolved in chloroform (200 ml) and extracted with water 

(3 x 50 ml) to remove inorganic material. The combined \vater 

washings were extracted with chloroform (3 x 50 ml) and the 

combined chloroform solutions evaporated to a gum which was 

crystallised by dis solving in a minimum of refluxing ethyl a'cetate 

(100 ml) and allo~Ning to stand at room temperature. The resulting 

crystals (8.8 g), m. p. 181-183°, were filtered off, washed with a 

little cold ethyl acetate and dried in a vacuum de siccator. The 

filtrate was concentrated to approximately 60 rn1, hexane (20 ml) 

was added and the so~ution again allowed to stand at roorn temperature, 

\vhereupon a further crop of crystals (4.75 gL nl. p. 181-185
0

, 

settled out. Similar work-up of the rnother liquors yielded two 

further crops of I=:rystals (4.1 g, 2. a g), m. p. 178-180°; total 

yield 19. 65 g, O. 72 %. 

Analysis: An, analytical sample, recrystallised from ethyl acetate 

or aqueous ethanol, m. p. 187-188
0

, was dried at 100° /0.2 mm for 

1 hour. [aJ~l = -17 0 (c, L 13 in chloroform). 

Found: C = 67. 85; H = 7. 78 

Molecular weight (mas s spectrum) = 390 

Calculated for C22H3006: 

C = 67.67; H = 7.74% 

Molecular weight = 390. 
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An extraction of finely crushed, dried stems of L. dubia carried 

out exactly as described above gave a gum (1.1% of dry stem weight) 

from which no crystalline material could be obtained. 

Details of extractions carried out on L. dubia are given in 

Table III. 

Ta ble III 

, 
Weight of dried 

Date collectedl Area 
Weight 

Yield plant s dublin 

3. 10. 68 B elmont Valley 6e 8Kg (leave s + 37.8g 0.56% 
stems) , 

3 .. 10068 B elrnont Valley 4.5 Kg (leaves) 25.4g 0 .. 57% 

15 .. 4. 69 Behind Living- 5 v 5Kg (leave s + - -
stone House, stems) 
Rhode s Univ~ 
versity 

25.4.69 Belmont 2. 7Kg (leave s) 19 .. 7g O. 72% 
Valley 

27e4.70 Zeeli.e Heights 
I 

8" 2Kg (leaves) 56 .. 3g 0.690/0 

6 .. 5. 71 Zeelie Heights 5. 5Kg (leaves) I 54.6g 1.0% 

2. 2 Attenlpted dehydrogenation of dubiin 
44 

Dubiin (L 00 g). was mixed with 10% pa11adised charcoal 

{500 mg} in a long-necked 25 Inl flask .. The apparatus was flushed 

.with nitrogen and then heated at 300-310
0 

for 2 hours, during vvhich 

time 122 m1 of gas w-ere evolved. The reaction product was extracted 

with boiling hexane (4 x 10 ml), the combined hexane extracts dried 

(NazSO 4) and chromatographed on a column of Riedel-de Haen alumina 

(16g, 13 cm x 1 cm), eluting with dry hexane.. Details of the 

chromatogram are as follows: 
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Fraction no. (50 ml) Weight (mg) 

1 185 

2 12 

3 3 

4 2 

5 1 

6 4 

Fr action 1 (185 mg) wa s di s solve d in ethanol (1 ml) and 

1, 3, 5 -trinitrobenzene (50 mg) added" The mixture was boiled to 

solution whereupon the colour changed from pale yellow to dark 

orange.. On st~nding at room temperature an oil separated out.. 

This dissolved on addition of ethanol (2 ml) but only oily material 

separated out on standing at 0
0

.. Attempts at. obtaining crystalline 

material were fruitless. 

2. 3 Attempted acetylation of dubiin 

A solution of dublin (34 mg) in acetic anhydride (3 ml) containing 

'dry pyridine (O~ 1 mJ) was refluxed for 1 hour. The solvent was 

removed under r educed pre s sure, the re sidue dis solved in methanol 

(2 ml) and \vater (1 ml) added.. The resulting fine needles (13 ITlg), 

m. p.. 186 -1870 
t were filtered off and shown (mixed m. p .. and infrared 

spectrum) to consist of unchanged dubiin .. 

/ 
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2. 4 Hydrogenation of dubiin 

A mixture of dubiin (460 mg) and Paal catalyst
45 

(877 mg) was 

shaken in ethanol (200 ml) under hydrogen for 30 minutes, during 

which time 46. 8 ml of hydrogen (equivalent to 1 e 77 mole s per mole 

of dubiin) were absorbed. The solution, after filtration through 

a Celite pad, was shown by Ll.c .. in ethyl acetate-hexane (1:1) 

to contain a singl e compound. Rernoval of the solvent yielded an 

oil which crystallised from ethyl acetate-hexane as thick off-'white 

needle s (208 mg), m. po 140 -146
0

• Two further recrystallisations 

from the same solvent raised the melting point to 156 .. 5 _158
0

• 

The needles gave negative Ehrlich
46 

and Liebe:;rnann-Buchard
47 

test for furans; the infrared spectrum sho'\ved the absence of a 

furan peak at 872 cln-
1 

and in the n.lTI.r. spectrum (CDC1
3

) the 

peaks due to the furan protons \'.,rere mis sing. 

Analysis: A sample was dried at 100
0

/00 2 mm for 1 hour. 

[cxJ~l = _11 0 (c, IG 08 in chloroform). 

Found: C = 66.9; H = 8.7 

Calculated for C2Z}{3406: 

C = 66.98; H = 8069%. 

2. 5 Pyrolysis of dubiin 

Dubiin (50 mg) was heated under nitrogen at 350
0 

for two 

hours after which time the material had become a dark brown 

gU1TI, rYlost of which dissolved in ethanoL T.l.. c .. in ethyl acetate 

of the re sulting solution showed a single spot corre sponding to 

that of starting material.. 
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2. 6 Oxidation of dubiin with chromiulTI trioxide in acetic acid 

A solution of Cr0
3 

(1. 2 g; 12 mmol) in water (6 ml) and 

acetic acid (20 ml) was added over a period of S minutes to an ice­

cold solution of dubiin (I.S g; 3.8 mmol) in acetic acid (7.S ml). 

The solution was allowed to stand at room temperature for 4 days, 

water added and the acetic acid removed under reduced pressure. 

More water was added and the solution extracted continuously with 

ether for 4 hour s. The product (S60 mg) resulting on removal 

of the ether \vas dissolved in aqueous sodium carbonate and 

extracted continuously with ether to remove the neutral fraction 

which crystallised from benzene-hexane (204 mg), m .. po 212-213° .. 

Analysis: A sarnple recrystallised from benzene-hexane, 

mopo 213-214°, was dried at 100
%

,. 1 mnl for 2 hours" [a:J~l = +So 

(c, 00 91 in chloroform) • 

. Found: C = 6S. 24; H = 7. Sl 

Calculated for C 19H 26 0 6: 

C= 6S .. l2; H= 7.48%. 

The infrared spectrUlTI of this compound contained peaks at 

1770 and 1731 cm-
1 

indicating the presence oia y- and a o-lactoneo 

It contained no bands due to a furan ring. 

The sodium carbonate layer was acidified with hydrochloric 

acid and extracted continuously with ether to give the acid fraction 

'which crystalli sed irom aqueous ethanol (66 mg), m .. po 21S -219
0

• 

Analysis: A sample, recrystallised from aqueous 

222-223°, was dried at 1000 /0.1 rnnl for 2 hours. 

[(XJ~4 = 0° (c, 0.66 in chloroforrn). 

Found: C = 64. 6 S; H = 7. 24 

ethanol, m. p .. 
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Calculated for C19H2606 : 

C = 65. 12; H = 7.480/0. 

2. 7 Attempted hydrolysis of dubiin in acid medium 

Hydrochloric acid (a .. 25 ml) was added to a solution of dubiin 

(90 mg) in methanol (3 ml) and the solution refluxed on a water 

bath for 16 hours .. The product, m .. po 174-1770
, obtained on 

addition of water, was recrystallised from aqueous ethanol to 

afford needles, In. p. 184-186
0

, shown (mixed m .. po and infrared 

spectrum) to be unchanged dubiin. Hence no reaction had occurred. 

2. 8 Attempted sodium borohydride reduction of dubiin 48 

Sodium borohydride (116 mg; 3. 8 mmol) was added to a 

solution of dubfin (116 mg; 003 mmol) in methanol (5 mIL the 

mixture shaken at room temperature for 12 hour s, poured into 

ice and extracted with benzene (5 x 20 ml). The combined benzene 

extracts were washed with 'water (3 x 20 nIl) and dried (Na2SO 4). 

Removal of the solvent afforded a gum (110 mg) \vhich crystallised 

on standing in air. Recrystallisation from ethyl acetate-hexane 

yielded a compound \vhich was shown (m. p., mixed m. p. and 

infrared spectrum) to be identical with starting lnaterial. 

The reaction was also carried out in the pre sence of pota s sium 

hydroxide as follows: Dubiin (112 mg) was dissolved in methanol 

(5 ml) and sodium borohydride (112 lng), follo'vved by a solution of 

potassium hydroxide (100 mg) in a minimunl of \vater, was added 

and the mixture shaken at room temperature for 24 hours .. Work-

up as before yielded a gum which would not crystallise. T. L co in 
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ethyl acetate-hexane (1 : 1) showed two spots ~f approximately 

equal intensity corresponding to those of dublin and saponified 

dublin. Clearly the lactone ring in dubiin is not attacked by sodium 

borohydride .. 

2. 9 Saponification of dubiin 

A solution of dubiin (2. 0 g; 5. ] mmol) in O. 7M ethanolic 

potassium hydroxide (43 ml; 30 mmol) was refluxed for 16 hours. 

Water (100 ml) was added and the alcohol removed under reduced 

pressure. The solution was acidified by adding concentrated 

hydrochloric acid (4 ml) drop\vise with vigorous shaking to a pI-I 

of 1-2, whereupon a white precipitate formed" The mixture was 

allo\ved to stano in the fridge for 1 hour and the precipitate (1. 707 g), 

o 
m. p. 179-181 ,filtered off, washed with a little cold water and dried 

in a'vacuum desiccator. 

Analysis: A sample of saponified dubiin (84), recrystallised from 

aqueous ethanol, m. p. 185-1860
, was dried at 1000 /00 1 mm for 

1 hour. [cx]~l ::: + 130 (c, 1. 20 in chloroform). 

Found: C ::: 68.87; H::: 8. 16 

Calculated for C20H280S: 

C ::: 68" 9 4 ; H::: 8" 1. 0 % 0 

Later quantitative experiments on the saponification of 

dublin showed that after 1 hour, L. 92 moles of potassium hydroxide 

ha¢l been consumed per mole of dubiin" However,' the resulting 

hydroxy-acid could not be isolated due to the ease of relactonisation 

on acidification. Accordingly, in another experiment, the alkaline 

solution was acidified with acetic acid, 49 but again saponified dubiin 

was obtained. 
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2. 10 Attempted aminolysis of dubiin 

A solution of dublin (30 mg) in ethanol (2 ml) and O. 88 

am.monia (1 ml) ·was heated in a sealed tube at 1000 for 4 hour s. 

T. 1. c. in ethyl acetate -hexane (1: 1) showed that the starting 

lYlaterial was unchanged. 

The experiment was therefore repeated as described above 

but was heated overnight.. T .. L c. in ethyl acetate -hexane (1: 1) 

indicated that the product consisted of a mixture of dubiin and 

saponified dubiin. 

The reaction was repeated without ethanol. A mixture of 

dubiin (1. 0 g) and 0 .. 88 ammonia (50 ml) was heated in a seal ed 

tube at 1000 for 48 hour s, by which time a·ll the dubiin had gone into 

solution. The solution was allowed to cool whereupon it became 

cloudy and the product crystallised out.. The crystalline product 

was filtered off and shown (m. p., mixed m" p. and infrared spectrum) 

to be identical with saponified dubiin. In a control experiment with 

ethyl benzoate, aminolysis was shown to have taken place under 

the se conditions .. 

2. 11 Attempted tosylation of saponified dublin 

Freshly recrystallised t<:,syl chloride
50 

(100 mg; 0.53 mmol) 

was added.to an ice-cold solution of saponified dublin (90 mg; 00 23 

mmol) in dry pyridine (3 ml) .. The clear solution was allowed to 

stand in the deep freeze f014 3 days, by which time it had become 

pale pink .. Care was taken to see that no moisture entered the flasko 

Ice (3 g) was added, the mixture allowed to stand for 1 hour and 

extracted with ether (3 x 20 ml). The combined ethereal extracts 
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were washed success·ively ·with 5% hydrochloric acid (2 x 10 ml), 

water (2 x 10 ml), aqueous sodium bicarbonate (2 x 10 ml) and 

water (2 x 10 ml) and dried (Na
2

SO 4)" Removal of the solvent 

yielded an oil (100 mg) which crystallised from aqueous methanol, 

m. p. 183-187
0

, undepressed on admixture with saponified dubiin. 

A negative Lassaigne test on this material confirmed that no 

reaction had occurred. 

2. 12 Acetylation of saponified dubiin 

(a) U sing acetyl chloride 

Redistilled acetyl chloride (O .. 4 rul) was added to an ice­

cold solution of saponified dubiin (40 mg) in.dry pyridine (1 ml). 

The solution was alIo·wed to stand in ice for 1 hour and then at 

room temperature overnight.. On addition of water, a white 

precipitate settled out which was shown by 1.. 10 c. in ethyl acetate­

hexane (1:.1) to be an undefined mixture of products. 

(b) U sing acetic anhydride 

A solution of saponified dubiin (21 rug) in freshly redistilled 

ac etic anhydr ide (1. 5 ml) and dry pyr idine (0 .. 1 ml) wa s r efluxed 

for 1 hour. )Vater (0. 5 ml) was added, the solution allowed to 

stand at room temperature for 2i hour s and concentrated to 

approximately o. 5 mI. Water (3 ml) was added and the solution 

allowed to stand in the refrigerator to afford colourless needles 

(19 mg), mo p. 182-183°, shown (mixed m. po and infrared 

spectrum) to be identical with dubiin .. This indicated that treatment 

of dubiin with potas sium hydroxide re sulted in simple cleavage of 

the ac etate groupo 
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2. 13 Attempted determination of the configuration of the secondary 

hydroxy-group in saponified dubiin by Horeau's method. 51, 52 

No reference has been found to this method in which the 

esterification \vith ex -phenylbutyric anhydride was carried out 

53 54 
under reflux.' However the reaction would not proceed at 

room temperature and was therefore repeated under reflux. 

A solution of saponified dubiin (70 mg; O~ 2 mmol) and 

ex -phenylbutyric anhydride (186 mg; 0 .. 6 mmo1) in dry pyridine 

(5 ml) was refluxed for 24 hours. Water (1 ml) was added and 

the mixture allowed to stand at room temperature for 6 hours to 

allow complete hydrol ysis of the excess anhydride to take place. 

Water (10 m1) was added and the aqueous solution extracted with 

ether (3 x 10 ml) .. The combined ethereal extracts were washed 

succe s sively with water (1 x 20 ml), 5 % aqueous sodium bicarbonate 

(3 x 20 ml), water (1 x 20 ml) and 5M hydrochloric acid (1 x 20 ml) 

Removal of the solvent yielded a gum (90 mg) 

which was not investigated further .. 

The combined sodium bicarbonc..te extracts were washed with 

chloroform (1 x 20 ml) to remove any neutral material, acidified 

(He1) and extracted with chloroform. 

had[cxJ~5=-0.5° (c, 2.0 in benzene). 

The resulting acidic material 

This result was inconclusive 

. and it appeared as though the elevated temperature of the reaction 

had caused racernisation of the unreacted anhydride .. This was 

verified by repeating the reaction with euryopsonol under reflux. 

After work-up the excess acid had [aJ~5 = + O. 2
0 

(c, 1. 7 in 

benzene), whereas reaction at room temperature yielded an acid 

with [aJ~l = + 8 0 
(c, 2. 5 in benzene)~ 
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20 14 Attempted arrdnolysis of saponified dubiin 

A solution of saponified dubiin f30 mg} in ethanol (2 ml) and 

o. 88 ammonia (I ml) was heated in a sealed tube at 1000 for 24 

hourso T.1. c. in ethyl acetate-hexane (1: 1) showed that the 

starting material was unchanged. 

A further sarnple of saponified dubiin (30 mg) in a .. 88 ammonia 

(2 ml) heated in a sealed tube at 100
0 

for 96 hour s remained unchanged .. 

2. 15 Treatment of saponified dubiin with sodamide 

Liquid amll10nia (50 rnI) was prepared by passing ammonia 

gas, dried over ba.rium oxide, into a flask fitted with a soda-lime 

tube and immer sed in liquid air" Sodium \vas added with stirring 

until a permanent blue colour was observed. A .few crystals of 

ferric nitrate were added \vhereupon the solution became colourless. 

Sodium (ZOO mg) vvas ~dded in small pieces with stirring over a 

period of 30 min'ute s, followed by saponified dubiin (ZOO rrlg), and 

the solution stirred for 4 hours" Ethanol (15 ml) wa s added, the 

ammonia allowed to evaporate and, after addHion of water, the 

ethanol removed under reduced pressure. The aqueous solution 

was extracted,continuously with ether, acidified (Hel) and re­

extracted with ether" Removal of the ether from the second extract 

yielded a gum (144 mg) which was shown by t" 1. c. in ethyl acetate 

to consist alnlo st entirely of unchaEged starting material .. 

The experiment was repeated as de scribed above but the 

saponified dubiin was dissolved in tetrahydrofuran (25 ml) before 

dd O • h d °d 55 a ltlon to t e so aml e .. Vvork-up as before afforded unchanged 

starting materiaL 
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2 16 L · l' t h d b 'd d . "f -f" d d b" 56 • -a Ina e Y TO rom! e erlvatlve 0 BaronI Ie u un 

L-a1anine (45 mg) and phthalic anhydride (75 mg) were ground 

together in a pestle and mortar and then heated at 140..,1500 for 

30 minutes. The product was converted to the acid chloride by 

refluxing with thionyl chloride (2 ml) for 2 hours" The excess 

thionyl chloride was removed under reduced pressure and dimethyl 

formamide (3 Hll), pyridine (00 1 nll) and saponified dublin (200 mg) 

were added. The mixture \vas allowed to stand at room ternperature 

for 6 hour s, ether (10 ml) added and the solution washed with water 

(4 x 20 ml). The dark brown gum, obtained on removal of the 

ether, was refluxed for 30 minutes with hydrazine hydrate (0 .. 1 ml) 

in ethanol (5 ml).. A large excess of water-was added and the 

solution allowed to stand at room temperature whereupon crystallisa-

tion of phthalhydrazide took placeo The mixture was filtered and the 

filtrate acidified with hydrobromic acid. Extraction of the solution 

with ethyl.acetate (3 x 20 ml) and slow evaporation of the solvent 

afforded a crystalline product (260 mg) which was rec:rystallised 

o 
from ethanol, m .. p. > 300 • 

Analysis: A sample was dried at 75
0 /0. 1 lTIm for 3 hourse 

Found: C::: 58. 45, 60. 45 

"",. H = 3. 74, 4. 48 

N::: 17.,01 

Calculated for C 23H 34BrN06! 

C ::: 55. 2; H::: 6 .. 8; N::: 2. 80/0. 

Since the analyses were inconsistent and did not correspond 

to the calculated value s for the L -alinate hydro brolTIide derivative 

of saponified dublin, the product was nut considered suitable for 

X-ray analysis. 
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2. 17 Attempted preparation of the methyl ester of saponified dubiin 

A solution of dubiin (1 .. 0 g; 2. 6 mmol) in 0 .. 52 M ethanolic 

potassium hydroxide (35 ml; 18 mmol) was refluxed on a water bath 

for 1 hour. The solution was allowed to cool to room temperature 

and the excess potassium hydroxide titrated with o. 205M nitric acid 

using phenolphthalein as indicator; 1 .. 9 mole s of potassium hydroxide 

were absorbed per mole of dubiin. A solution of silver nitrate 

(500 mg; 2. 9 mmol) in water (3 ml) was added which caused the 

formation of a precipitate. The alcohol was removed under reduced 

pressure and the mixture allowed to stand at room temperature 

overnight. The light brown precipitate (800 mg) was filtered off, 

washed successively with water, ethanol and ether and dried in a 

vacuum desiccator. This silver salt was refluxed with redistilled 

methyl iodide (5 ml) on a glycerine bath for 7 hours after which time 

a yellow precipitate of silver iodide had formed" Ether (20 ml) 

was added and the mixture allowed to stand at room temperature 

for 2 hour s with occasional shaking and then filtered. Removal 

of the solvent yielded a gum (570 mg) which was shown by to 1. c. 

in ethyl acetate -hexane (1: I) to be a mixture of at least 5 compounds, 

the major Sp0t corre sponding to that of saponified dubiin .. 

18 f 'f' d d b" . hId 57, 58 2. Treatment 0 saponl Ie u nn WIt ea tetra-acetate 

A solution of saponified dubiin (500 mg; 1.4 mmol), lead 

tetra-acetate 59 (2 .. 8 g; 6. 3 mmol), iodine (750 mg) and benzene 

(70 ml) was refluxed for 60 hours .. A 20% excess of potassium 

iodide in \vater was added and the liberated iodine destroyed with 

aqueous sodium thio sUlphatee The layers were separated, the 

aqueous layer was extracted with benzene (4 x 30 ml), the combined 
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benzenoe extracts were washed with water (3 x 50 n11) and dried 

(Na
2

SO 4). Removal of the solvent yielded the product which 

settled out as an oil from ethyl acetate ~hexane .. This was dissolved 

in ethanol (2 Hll) and water (2 ml), concentrated hydrochloric acid 

(0. 1 ml) was added and the solution heated on a water bath for 1 hour. 

Water (5 ml) \vas added and the ethanol removed under reduced 

pressure. The aqueous layer was extracted with ether (2 x 10 ml), 

the ether extract dried (Na
2

SO 4) and evaporated to afford a gum 

whose n. m" r. spectrum showed the absence of both acidic and 

aldehydic protons. The experiment was therefore discarded. 

2. 19 Oxidation of saponified dubiin 

() U · J 60 a sIng on,es reagent 

A solution of saponified dubiin (100 mg) in acetone (10 m1) 

(distilled over potassoium pernlanganate) was cooled in ice and 

8N Cr0
3
/H

2
S0

4 
(0. 15 ml) was added dropwise from a micro-burette 

,;. 

until an orange colour was obtained which persisted for 5 minutes" 

A few drops of ethanol were added to destroy the excess Cr0
3

, 

followed by water (10 m1) and the acetone removed under reduced 

pressure, whereupon the solution becamoe cloudy and was allowed 

to stand in the- refrigerator overnighto The resulting colourless 

o 
needles of the ketone (85) (55 mg; 55%), m. p. 143-145 , were 

filtered off, washed with water and dried in a vacuum desiccator .. 

Analysis: A sample recrystallised from ethyl acetate-hexane 

mo p. 157-1590
, was dried at 100

0
/00 2 mm for 4 hours. [C(J~l =_'51

0 

(c, 1. 50 in chloroform). 

Found: C = 68. 96; H = 7. 55 

Molecular weight (luass spectrum) = 346 
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Calculated for CZOHZ605: 

C = 69. 34; H = 7. 570/0 

Molecular weight = 346. 

{b} U · S 30 sIng _ arett reagent 

Cr0
3 

(600 mg; 6 mmol) was dissolved slowly~ with stirring, 

in ice-cold pyridine (6 ml) to give a bright yellow complex. To 

this was added a solution of saponified dubiin {730 mg; Z. 1 mmol} 

in a minim.um of dry pyr idine (3 ml) .. The mixture was stirred 

in ice for 45 minutes, left overnight at room temperature and 

extracted with chloroform (5 x 50 ml). The combined chloroform 

extracts were washed successively with 1-1 hydrochloric acid 

(4 x Z5 ml) and \vater (Z x Z5 ml) and dried {Na
Z
S0

4
}. Removal 

of the solvent yielded a dark brown gum which was passed through 

a column of 50 - ZOO me sh silica, eluting with benzene" Removal 

of the solvent yielded a gum 'which crystallised as needles from 

o 
benzene (503 mg; 69%)' m.po 157-159. This product was identical 

{mixed m .. p. and infrared spectrum} with compound (85) obtained 

by J ones oxidation of saponified dubiin. 

{c} Using Collins reagent
6l 

Cr0
3 

(3 .. 50 g; 35 rnrnol) \-vas added in one portion to a mechani­

cally stirred solution of pyridine (5e 5 g) in redistilled methylene 

62 ( ) chloride 100 ml at room temperature., The mixture was 

stirred for 15 minute s and a solution of saponified dubiin (z .. a g; 

5. 8 mmol) in methylene chloride (20 ml) was addedo Stirring was 

continued for a further 15 minute s, the solution decanted and the 

residue wa shed tho roughly with ethe r (150 ml). The combined 

organic solutions were washed successively with 5% aqueous sodium 
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hydroxide (3 x 50 ml), 50/0 hydrochloric acid (3 x 50 ml), 50/0 

aqueuos sodium bicarbonate (1 x 50 ml), saturated aqueous sodium 

chloride (1 x 50 ml) and water (2 x 50 ml) and dried (Na 2SO 4). 

Removal of the solvent yielded a pale yellow gum which crystallised 

from ethyl acetate-hexane as needles (1.76 g; 880/0), mop. 157-159°. 

This product was also identical (mixed m. p. and infrared spectrum) 

with that from the J one s oxidation of saponified dubiin. 

( d) U · h . . d . h 63 slng c romle aCl In et er 

A solution of chromic acid was made up by dissolving sodium 

dichromate dihydrate (20 g) in water (60 ml) in a 100 ml volumetric 

flask. Concentrated sulphuric acid( 14. 7 ml) was added dropwise 

from a burette with cooling and the solution diluted to the mark. This 

. solution was made up so that 500 ml would oxidise I mole of an 

alcohol. 

Saponified dubiin (696 mg; 2 'mmol) was dissolved in ether {50 

ml} and the solution stirred mechanically at room temperature. The 

above chromic acid solution (1. 1 ml) was added dropwise over a 

period of 15 minutes, keeping the flask in a water bath at room 

temperature. Stirring was continued for a further 2 hours, water 

(50 ml) added and the ether layer separated. The aqueous layer 

was extracted with ether (2 x 30 ml), the combined ethereal extracts 

.' were washed succes sively with saturated aqueous sodium bicarbonate 

(3 x 30 ml) and water (2 x 30 ml) and dried (Na2SO 4)0 Removal of 

the ether yielded a gum which crystallised from ethyl acetate­

hexane as needles (600 mg; 860/0), mop. 157-159
0

• This product 

was id~ntical (mixed m. p. and infrared spectrum) with those from 

the previous three experiments. 
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2. 20 ·Deuteration of the ketone (85) 

A solution of the ketone (58 rng), potassium hydroxide (85 mg) 

and deuterium oxide (2 ml) was refluxed in a dry atmosphere for 

8 hour s. The solution was allowed to stand at room temperature 

overnight and then acidified by adding hydrochloric acid (0. 5 ml) 

in water (1 ml), causing the product to precipitate.. The mixture 

was centrifuged and the supernatant liquid sucked off.. The 

precipitate was dissolved in ethanol (1.5 ITll) to back-exchange the 

-OD to -OB, and water was added to reprecipitate the product 

which crystallised as needles, m.p. 161-1640
• Thin·layer 

chromatography in ethyl acetate -hexane {I: I} showed the product 

to be a single con!pound with the same mobility as starting material. 

Mass spectrometry showed that a maXinIUnl of 3 deuteriunI atoms 

had been incorporated into the nIolecule, the molecular ion peak 

being shifted fronI 346 to 349. 

2. 21 Attempted preparation of the 2, 4-dinitrophenylhydrazone 

of the ketone (85)64 

A solution of 2, 4-dinitrophenylhydrazine(20 nlg) in hot diglynle 

(0. 5 ml) was added to a solution of the ketone (85) (20 mg) in 

methanol (0.5 ml). One drop of concentrated hydrochloric acid 

was added and the solution allowed to stand at roon! tenIperature 

for 5 days. No crystallisation took place. 

The reaction was therefore repeated as follows: Freshly 

recrystallised 2, 4-dinitrophenylhydra7Jine(20 mg) was refluxed to 

solution in ethanol (3 ml) containing 1 drop of sulphuric ac ido 
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Ketone (85) (30 mg) was added, the mixture refluxed for 1 hour, 

allowed to stand at room temperature and finally in the refrigerator. 

No crystallisation occurred. 

2. 22 Attempted preparation of the oxime of the ketone (85)65 

A solution of hydroxylamine hydrochloride (60 mg) in water 

(0.2 ml) was added to a solution of the ketone (85) (50 mg) in 

dimethyl sulphoxide (4 ml). The mixture was heated on a water 

bath for 1 hour and water added, whereupon crystallisation took 

place. The colourless needles (40 mg), m. p. 157-158°, were 

filtered off and shown (mixed m. p. and infrared spectrum) to be 

identical with starting material. 

2. 23 Attempted preparation of the thioketal of the ketone (85) 

To a solution of the ketone (18 mg) in redistilled acetic acid 

(0.4 ml) were added ethanedithiol (0 .. 15 ml) and boron trifluoride­

acetic acid (0. 10 ml). The solution was allowed to stand at room 

temperature for 5 days. No crystallisation took place. T .. 1. c. 

in ethyl acetate showed that the solution contained only unchanged 

starting material. 

2. 24 Attempted phosphorus trichloride dehydration of the ketone (85) 

A solution of redistilled phosphorus trichloride (06 3 ml; 3. 4 mmol) 

in benzene (1 ml) \-vas added to a boiling solution of the ketone (310 mg; 

o. 9 mmol) in benzene (20 ml), the mixture refluxed for 30 minutes 

and poured into water. The two layers were separated and the 

aqueous layer was extracted with benzene (2 x 50 ml). The combined 
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benzene extracts 'Nere washed successively "\vithOlO% sodium 

hydroxide (3 x 50 ml) and water (3 x 50 ml), dried (NaZSO 4) and 

evaporated to a gum (ZOO mg) which was shown by 1.. 1.. c .. in ethyl 

acetate to consist only of unchanged starting material. 

Z. Z5 Attempted \Volff-Kishner reduction of the ketone (85}66 

Sodium (Z g) was dissolved in anhydrous moethano1
67 

(30 ml) 

and the solution concentrated to approximatel y ZO m1.. To this was 

added the ketone (85) (400 mg) and anhydrous hydrazine
68 

(Z ml) 

and the solution heated in a sealed tube at ZOOO for 16 hours. 

(Warning: Nitrogen is given off during the reaction causing a high 

pressure to be built up inside the tube). Water (10 ml) was added, 

the solution refluxed for 30 minutes, acidified (HGl) and extracted 

with ether (3 x ZO ml) • The combined ethereal extracts were washed 

° with water (3 x ZO ml) and dried (Na Z SO 4'. Rernoval of the solvent 

yielded a brown gum (Z15 mg) which was shown by t.1. c. in ethyl 

acetate to be a mixture of at least six compounds. 

69 The reaction was therefore repeated by another method. 

A mixture of the ketone (85) (500 lng), redistHled diethylene glycol 

(10 ml) and potassium hydroxide (ZOO mg) was heated on a metal bath 

and anhydrous hydrazine 68 distilled in until the nlixture refluxed 

o "" freely at 180. Refluxing was continued for Z hour s. The condenser 

was removed and hydrazine distilled off until the temperature of the 

mixture had risen to ZZOo. Refluxing was continued for a further 

6 hour s, the mixture allowed to cool and extracted with benz ene 

(4 x 30 ml). The cOlubined benzene extracts were washed successively 

with dilute hydrochlo14 ic acid (3 x 30 H1I) and water (Z x 30 mIL 
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dried (Na
Z
S0

4
) and evaporated to a brown gum (330 mg) which wa's' 

shown by t~ 1. c. in ethyl acetate to be a mixture of at least four 

compounds, only one of which had a higher R
f 

value than the starting 

material. This component (50 mg) was~ separated by means of 

chromatography on neutral alumina (5 g), eluting with benzene. It 

could, however, not be induced to crystallise. 

The experiment was repeated exactly as described above 

except that it was refluxed under nitrogen. However, this produced 

the same complex mixture obtained before. 

The technique of the experiment was tested by attempting to 

reduce the J one s oxidation product of marrubic acid. A crystalline 

product was obtained which was shown by elemental analysis to be a 

cyclic hydrazone. Z 9 

The reaction was therefore repeated by a different procedure. 68 

Throughout this experiment great care was taken to keep all traces 

of moisture out of the apparatus. Sodium (ZOO mg) and redistilled 

diethylene glycol (10 ml) were placed in a flask and heated on a 

metal bath. Anhydrous hydrazine was distilled into the solution until 

it refluxed freely at 1800
• The ketone (85) (840 rng) was added and the 

solution refluxed overnight at 1800
• Hydrazine was then allowed to 

distil off until the temperature of the solution had risen to Z100. 

Refluxing was continued at this temperature for a further Z4 hours. 

The solution was allowed to cool, water added and the mixture 

extracted with benzene (4 x 20 ml) .. The combined benzene extracts 

.were washed with water (Z x 20 ml) and dried (Na
Z
S0

4
). Removal 

of the solvent afforded a straw coloured gum (512 mg) which was 
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shown by t.l. c. in ethyl acetate to be a mixture of three compounds 

in approximatel y equal proportions. 

2. 26 Attempted Clemmensen reduction of the ketone (85) 

Granulated zinc (3 g) and mercuric chloride (300 mg) were 

stirred with concentrated hydrochloric acid (Oo 15 ml) and water (4 ml) 

for 5 minute s. Approxhnately one -tenth of the zinc was removed, 

placed in a flask with water (0. 5 ml), hydrochloric acid (1. 2 ml), 

toluene (1 Inl) and the ketone (85)(250 mg) and the mixture refluxed 

for 48 hour s. A control experiment, set up exactly as de scribed 

above but containing no zinc, was run concurrently. T • 1. c. of the 

toluene layer, by now dark brown-black, showed that the starting 

material in botl~ the experiment and control was considerably 

degraded by the acid. This method of reduction was therefore 

clearly unsuitable because of the instability of the furan ring under 

acid condition s. 

20 27 Attempted transe sterification of the ketGne (85) 

(a) U sing boron trifluoride diethyl etherate 70 

A solution of the ketone (85) ( 200 Ing), boron trifluoride 

. diethyl etherate (1 ml) and anhydrous methanol
67 

(10 ml) was 

refluxed for 15 hours, cooled, water (20 ml) added and the solution 

extracted vlith ether (3 x 15 ml). The combined ethereal extracts 

were v/ashed with saturated aqueous sodium chloride (2 x 15 ml) and 

Removal of the solvent yiel ded a gum which 

.crystallised from aqueous ethanol and was shown {rn. p. and mixed 

m. p .. } to be identical with starting material. 
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(b) U · d· h 71 slng lazomet ane 

The ketone (85) (ZOO mg) was saponified by refluxing overnight 

with methanolic potassium hydroxide (ZOO mg). The solution \va s 

cooled in a mixture of ice and salt and an excess of diazomethane 7Z 

was added" The solution was acidified by adding dilute hydrochloric 

acid dropwise over a period of 15 minutes with vigorous stirring and 

then allowed to stand at room temperature while the excess diazomethane 

evaporated. Water was added, the solution extracted with ether 

(Z x ZO ml) and the combined ethereal extracts were washed with 

water (Z x ZO ml) and dried (NaZSO 4)9 The ether solution was 

concentrated to a smalltvolume to afford crystalline material, shown 

(m. p., mixed m. po and infrared spectrum) to be identical with_ 

starting material. 

(c) U sing RONa 

67 
Sodium (400 mg) was dissolved in anhydrous ethanol (70 ml) 

and the ketone (85) (500 ITlg) was added" The solution _was heated 

in a sealed tube at 1400 for 7Z hours, diluted with water (20 ml), 

-acidified (Hel) and extracted with ether (3 x 20 ml). The combined 

ethereal extracts were washed with saturated aqueous sodiuITl 

chloride (2 x 30 ml), dried (Na
2

SO 4) and evaporated to a gUITl (480 mg) 

which was shown by 1.1.. c. in ethyl acetate-hexane (1: 1) to consist 

largely ofa single compound, different from the starting materiaL. 

A more convenient m-ethod of transesterification was found whereby 

the sodium was dissolved in n-hexanol. After addition of the 

ketone, the solution was refluxed for 48 hours by which time the 

"reaction had proceeded to completion. Work-up as described above 

yiel ded a similar product as before. This gum could not be induced 
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to crystallise and was therefore dried, dissolved in dry pyridine 

.( 10 ml), the solution cooled in ice and treated with freshly recrystallised 

tosyl chloride50 (400 mg). The solution 'was allowed to stand in the 

refrigerator for 3 days, ice (20 g) was added, the mixture left 

at room temperature for 2 hours and extracted with ether (3 x 20 ml) .. 

The combined ethereal extracts were washed successively with 3M 

hydrochloric acid (4 x 20 ml), water (1 x 20 ml), aqueous sodium 

bicarbonate (3 x 20 m1) and water (2 x 20 m1) and dried (Na
2
SO 4)" 

Removal of the solvent yielded a straw-coloured gum which was 

shown by t.1. c. in ethyl acetate-hexane (1: I) to be unchanged 

starting material. Lassaigne sodium fusion test on the product 

showed that sulphur was absent. 

2. 28 Reduction of dubiin with lithium aluminium hydride 

Dubiin (500 mg; 10 3 mmol) was dissolved in tetrahydrofuran 

(50 ml) which had been freshly redistilled over lithium alulninium 

hydride. Lithium aluminium hydride (250 .mg; 6. 6 mmol) was 

added and the mixture refluxed on a glycerine bath. Mter 4 hour s, 

a further quantity of lithium aluminium hydride (250 mg) was added 

and the mixture ref1uxed for a further 15 hours. The m.ixture was 

. cooled in ice r:l.nd the excess lithium aluminium hydride destroyed 

with ethyl acetate (5 ml). Ether (50 ml) and 10% sulphuric acid 

(50 ml) were added and the layers separatedo The aqueous layer 

was extracted continuously with ether for 24 hours and the combined 

ethereal extracts were washed successively with aqueous sodium 

.carbonate (3 x 50 ml) and water (2 x 50 ml), dried (Na2SO 4) and 

evaporated.. The resulting tetraol (88) crystallised from ethanol 

as prisms (450 mg), m. p. 217 -219
0

• 
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Analysis: A sample recrystallised from ethanol, m. p. 219-221 0
, 

was dried at 1000 /0.1 mm for 1 hou-r. [aJ~8 = _17 0 (c, o. 92 in 

ethanol). 

Found: C = 68. 10; H = 9. 10 

Calculated for C20H3205: 

C = 6 8.. 1 5 ; H = 9. 1 5 % • 

2. 29 Attempted partial reduction of dubiin and saponified dubiin 

'th l' h' 1" h d 'd 73,74 WI It lum a umln1um y r1 e 

A standard solution of lithium aluminium hydride was prepared 

as follows: Lithium aluminium hydride (200 mg) was added to 

tetrahydrofuran (20 ml) and the mixture stiTT,ed for 5 hours. The 

suspension was filtered through a scintered glass disc (porosity 2) 

and the clear solution standardised by introducing measured amounts, 

by means of a hypodermic syringe, through a septum cap into a 

two-necked flask containing water. The amount of hydrogen produced 

was measured and the molarity' of the lithium aluminium hydride 

solution ca1culate{1. 

Experiments \vere carried out under different conditions; the 

results are summarised in Table IV. The general method used was 

as follows: Dubiin (or saponified dubiin) was dissolved in tetrahydrofuran 

and the lithium aluminium hydride solution was added with stirring, 

very slowly by means of a hypodermic syringe through a septum capo 

Stirring was continued for a further period, ice was added, the solution 

acidified (HCl), extracted with ether, the combined ethereal extracts 

washed with aqueous soqium carbonate and water and dried (Na 2S0
4

)" 

The products of the reaction were identified either by crystallisation 

or by to 10 c. in ethyl acetate-hexa,ne (1: 1) .. 



Table IV 

Attempted partial reduction of dubiin and saponified dubiin with lithium aluminium hydride 

Starting Mole s LAB/ Jtddn of LAB ! Further reaction' Products Method of 

Material Mole s S. M. . t Identification 
Time for 'T' T' I T 

dd .L emp. Ime emp. a n. !, 
dubiin 0.25 40 min. " ice / salt 1 hr. roorn dubiin m~ p.; i. r. f 

spectrum 
dubiin O. 50 I 1 hr. roorn 1 hr. room dubiin (66 %) t. 1. c. 

. tetraol (33%) 
dubiin 0.375 1 hr. OU 1 hr. I room dubiin + t.1. c. 

I tetraol 
sap. dubiin 0.25 1 hr. ice/salt 1 hr. room saponified t.1. c. 

dubiin 
sap. dubiin O. 50 ~ hr. I 0° l~ hr. room' saponified t.1. c. 

dubiin 
sap. dubiin 1. 0 ~ hr. ice/salt 1 hr. room sap. dubiin t.1. c. I 

(50%) + tet-
r I raol (50%) 

sap. dubiin 1. 0 1 hr. room 1 hr. room sap. dubiin t. 1. c. 
+ tetraol + 

I lather 
sap. dubiin 1. 0 40:min. room 3/4 hr. I reflux sap. dubiin t.1. c. I + tetraol + 

lather 
sap. dubiin I 1. 0 I' 40 min. room 1 ~ hr. reflux sap. dubiin t. 1. c. 

I + tetraol + 
'----__ _ L __ 1 .~__ _ __ ~_ .. __ _~. . ... ________ ... L<2.the~r __ ~ __ _l..: ________ _J 

U1 
...J 
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2. 30 Periodate oxidation of the tetraol (88) 

The tetraol (44 mg) was dissolved in ethanol (10 ml) in a 

25 ml volumetric flask, o. I008M aqueous sodium periodate (5. 0 ml) 

was added and the solution made up to the mark with water. A blank 

experiment containing no tetraol was Tun concurrently. At set 

intervals aliquots (5 ml) were withdra\vn, water (20 ml) added to 

each and the alcohol removed under reduced pressureo To each 

solution was added sodium bicarbonate (2 g), 0 .. 0102N sodium 

arsenite (40 ml) and potassium iodide (2 g) and the mixture allowed 

to stand at room temperatur e for 10 minute s. It wa s then titrated 

against O. 0099N iodine solution, using starch as an indicator. This 

showed that no periodate was consumed after 3 hour s. 

2. 31 Attempted dehydrogenation of the tetraol (88) 

The tetraol (962 mg) was mixed with 100/0 palladised charcoa1
44 

(500 mg) in a Jong-necked 25 ml flask" The apparatus was flushed 

with nitrogen and then heated at 300-310
0 

for 2% hours, during which 

time 185 m1 of gas were evolved. The reactio:a product was 

extracted with boiling hexane (6 x 10 ml), the combin"ed hexane 

extracts were dried (Na
2

SO 4)' concentrated and pas sed through a 

"column of Riedel-de Haen alumina (16 g, 1 cm x 13 cm), eluting 

.' with hexane (225 ml).. Removal of the solvent afforded a gum (320 mg) 

which was dis solved in ethanol (6 ml). On addition of 1, 3, 5, -

trinitrobenzene (50 mg) the solution changed colour from pale yellow 

to dark orange. The solution was concentrated to approximately 

3 ml when a dark red oil separated out y but no crystallisation took 

place even after the solution had been allowed to stand at 0
0 

for 

several dayso 
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2. 32 Acetylation of the tetraol (88) 

(a.) U sing acetyl chloride 

Acetyl chloride (0. 4 ml) was added to an ice-cold solution 

of the tetraol (100 mg) in dry pyridine (2 ml). The solution wa s 

allowed to stand overnight, slowly approaching room temperature 

as the ice melted. Water was added, the mixture allowed to stand 

at room temperature for 2 hour s and then extracted with ether 

(4 x 15 ml) .. The combined ethereal extracts were washed 

successively with aqueous sodium carbonate (3 x 15 m.1) and water 

(3 x 15 ml) and dried (Na,2S0 4). Removal of the solvent gave a gum 

which was shown by t.1. c .. in ethyl acetate to be a mixture of two 

compounds, both different from starting material and thought to arise 

from incomplete acetylation .. Therefore, the reaction product was 

treated with a further portion of acetyl chloride as before .. This 

yielded a product which \-vas shown by t. 10 c. in ethyl acetate to consist 

of a single compound. However, it could not be induced to crystallise. 

{b) U sing acetic anhydride 

A solution of the tetraol (88) (57 mg) in freshly redistilled 

acetic anhydride (1 .. 5 ml) containing dry pyridine (0 .. 1 ml) was refluxed 

on a glycerine bath for 3 hours. W ate r (1 ml) wa s added, the 

solution allowed to stand at room temperature for 3 hours, concentrated 

.' to approximately 0 .. 5 ml and water (3 ml) added, the resulting slightly 

coloured crystals which settled out were filtered off (90 mg), dried in 

a vacuum desiccator, dissolved in benzene and passed through a small 

column of neutral alumina, eluting with benzene. Removal of the 

solvent yielded a gurn which crystallised as colourless needles (89) 

o 
from ethyl acetate-hexane, m. p .. 127-128 • 
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Analysis: A sample recrystallised from ethyl acetate-hexane, 

m. p. 127-1280
, was dried at 500 /0. i mm for 4 hours.. [C(J~5:::: _40

0 

(c, I .. 04 in chloroform). 

Found: C = 64" 8; H = 7. 8 

Calculated: For C26H3808' (3 acetyl groups): 

C = 65" 27; H = 7 .. 95 

For C24H3607' (2 acetyl groups): 

C = 66 .. 03; H = 8 0 310/0. 

Overnight saponification of this triacetate at room temperature 

o 
afforded the parent alcohol, m. po 218-220 ,undepressed on admixture 

with authentic materiaL 

2. 33 Attempted partial hydrolysis of the triacetate (89) 

Attempts were made to hydroli se the primary acetate groups 

without removal of the secondary acetate group.. The generallnethod 

used for the reaction was as follows: The triacetate was dissolved 

in ethanol, . an ethanolic solution of the alkali added and the reaction 

followed by tel. Co in ethyl acetate-hexane (1: 1).. The experirnents 

and results are surnrnarised in Table V. It 'wou1d appear that partial 

hydrolysis had occurred but that the reaction could not be stopped at . 
this intermediate stage .. 

2. 34 Silver carbonate-Celite oxidation of the tetraol (88) 75, 76 

The Celite (Johns-Manville, 535) was purified by washing 

with methanol containing 100/0 hydrochloric acid, then with water 

until neutral and drying at 1200
" Purified Celite (30 g) was added 

to a mechanically stirred solution of silver nitrate (34 g) in water 

(200ml) followed by a solution of .Na
Z
C0

3
" 10H20 (30 g) in water (300 Inl). 
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Table Y. 

Attempted partial hydrolysis of the triacetate (89) 

Moles alkali/ 
Alkali used Mole s triacetate Temp. Time T .. 1. c. showed: 

KOH 40 room 10 min .. 3 spots correspo to 
starting material, 
tetraol and an inter-
mediate. 

30 min .. Z spots corresp .. to 
starting material 
and tetraol.. 

60 min .. 1 spot corresp .. to 
tetraol.. 

Na
Z

C0
3 

z. Z room Z4 hrs .. 3 spot s carr e sp. to 
starting material 
(5x), tetraol (Zx) 
and an intermediate 
(Ix). 

Na ZC0
3 

ZO rOOln lZ hrs. 3 spots corresp. to 
starting mater ial 
(3x), t etr aol (2x) and 
intermediate (Ix) 

NaHC0
3 

2. Z room 12 hrs .. 1 spot corresp. to 
starting material 

NaHC0
3 

Z. Z reflux IZ hI'S .. 3 spots correspo to 
starting material 
(5x), tetraol (2x) and 
intermediate (Ix) 

NaHC0
3 

ZO reflux lZ hrs. 3 spots corresp" to 
starting material (3x), 
tetraol (Zx) and inter-
mediate (Ix) 
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The resulting yellow-green precipitate was filtered off and dried in 

a vacuum desiccator in the dark for 3 days. The reagent contains 

1 mmol of silver carbonate per O. 57 g. 

A mixture of the tetraol (88) (850 mg; 2.4 mmol) and silver 

carbonate- Celite (19 g; 33 mmol) in benzene (200 ml) was refluxed 

for 1 hour. (After 30 minutes the silver carbonate-Celite had 

become dark grey-black) .. T .. 1. c. of the solution in ethyl acetate-

hexane (1: 1) showed a single spot which did not correspond to that 

of the starting material.. The mixture was filtered, the residue 

washed with benzene and the filtrate washed with water (4 x 50 ml) 

and dried (NaZSO 4). Removal of the benzene yielded a gum which 

crystallised from aqueous ethanol as thick colourless needles (600 mg; 

70%), mo p. 153-154
0

• Recrystallisation from aqueous ethanol 

afforded thick needles, m .. p .. 182-183
0

, shown (mixed m. p. and 

infrared spectrum) to be identical with saponified dubiin~ 

2. 35 Iodination of the tetraol (88) 'with triphenyl phosphite 

h · dOd 77 met 10 1 e 

78 
Triphenyl phosphite was prepared and converted to the 

methiodide, 79 which was found to be extremely unstable even when 

stored in a dark bottle in a vacuum desiccator which had been flushed 

out with nitrogen. It was theTefore stored under ether in a dry box 

.. containing nitrogen.. When required, it was dried between two sheets 

of filter paper and weighed directly into the flasko 

This method of iodination, followed by lithium aluminium 

hydride reduction, gave satisfactory results when tested with 

chole stanoL 
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A solution of the tetraol (88) (500 mg; 1.4 mmoI) and 

triphenyl photiphite methiodide (1. 27-g; 2.8 mmol) in dimethyl 

formamide (10 ml) was allowed to stand at room temperature for 

15 minutes .. Methanol ( 1 ml) wa s added, the solution allowed to 

stand for a few minutes and then diluted with chloroform. The 

solution was \vashed succe ssively with dilute aqueous sodiun1 

thiosulphate (2 x 25 ml) and water (2 x 25 ml), dried (Na
2

SO 4) and 

evaporated to a pale straw-coloured oil which was dis solved in a 

minin1um of benzene and chromatographed on a column of silica 

gel, eluting with hexane. The first fraction (lOa ml) was evaporated 

to a gum (700 mg) which was shown by 1.. L. Co in ethyl acetate to 

consist rnainly of one compound different from starting material and 

giving a po sHive B eil stein te st for halogen. 

This gum \vas dissolved in tetrahydrofuran (30 mI) and lithium 

aluminium hydride (800 mg) was added. The mixture \vas refluxed 

overnight, cooled, the exce s s lithiunl aluminium hydride destroyed 

with ethyl acetate and the solution acidified (Hel). The ether 

extract (3 x 30 mJ.) of this solution was washed successively with 

aqueous sodium bicarbonate (2 x 30 ml) and water (2 x 30 ml) and 

dried (Na
2

SO 4). Removal of the solvent afforded a gum which 

contained no halogen (Beilstein, Lassaigne) or phosphorus and was 

shown by to 1.. c. in ethyl acetate to be a mixture of two compounds 

which were separated on a colulnn of silica gel, eluting with hexane. 

However neither of these compounds could be induced to crystallise .. 

61 
,2., 36 Oxidation of the tetraol (88) with Collins rea~ 

Cr0
3 

(5. 1 g; 51 mITIol) was added to methylene chloride 62 

(50 ml) at room temperature and the solution stirred mechanically 
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for 15 minutes" A solution of the tetraol (88) '(100 g; Z. 8 mmol) in 

methylene chloride (300 ml) was added in one portion and stirring 

continued for 1 hour. The solution \vas decar.Lted and the tarry 

residue washed with ether (400 ml). The combined organic 

solutions ~ere washed successively with 5% aqueous sodium 

hydroxide (3 x 100 ml), 5% hydrochloric acid (3 x 100 ml), 50/0 

aqueous sodium bicarbonate (1 x 100 Inl), saturated aqueous sodium 

chloride (1 x 100 ml) and water (Z x 100 ml) and dried (NaZSO 4)" 

Removal of the solvent afforded a gum (800 mg) which would not 

crystallise but which was shown by t. 1. c. in ethyl acetate to consist 

of a single compound .. The n. m" r. spectrum of this gum contained 

a broad I-proton singlet at 907Z .. 

Z. 37 Wolff -Ki shner r eduction of the Collin s oxidation product of 

the tetraol (88) 6 8 

Sodium (ZOO mg) \vas added to a solution of the gu:rn (800 rng) 

(obtained from the previous experiment) in redistilled diethylene 

glycol (10 ml)o The mixture was heated on a metal bath and 

anhydrous hydrazine distilled in until the solution refluxed freely 

o 
at 180 0 Refluxing was continued for Z4 hour s, the condenser 

. removed and i:1ydrazine distilled off until the ter.nperature had risen 

o 
to Z10. Refluxing was continued for a further Z4 hours, the mixture 

cooled, water added and the solution extracted with benzene (4 x ZO ml)o 

The combined benzene extracts were washed succes sively \vith ZM 

hydrochloric acid (Z x 20 ml) and water (2 x ZO ml), dried. (NaZSO 4) 

Ftnd evaporated to a gum which \vas ShOV111 by t. L Co in ethyl acetate 

to consist largely of unchanged starting material with a small arnount 

of a slower Inoving spot.. These compounds were separated on a column 

of neutral alumina eluting with benzene, but neither could be induced 
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to crystallise. 

2. 38 Attempted tosylation of the tetraol (88) by initial preparation 
. 80 81 

of the toluene suiphinate ester ' 

The method was first tested by converting £-toluenesulphinyl 

hI ad d 82 f d' 1 h' 83 carl e, prepare rom so lum.E,- to uenesulp~ Inate, to the 

E-toluenesulphinate ester of benzyl alcohol, followed by oxidation 

with m-chloroperbenzoic acid to benzyl tosylate, m. p .. 51
0 

• 

.E,-Toluenesulphinyl chloride (3 ml; 17 mmol) was added dropwise 

with stirring to an ice -cold solution of the tetraol (88) {500 mg; 1. 4 mmo1} 

in dry ether (25 ml) and pyridine (15 ml), giving a pale yello\v solution 

and a white precipitate. The mixture was stirred for 2 hours and 

placed in the fr.idge overnight. Ice was added \vhereupon the 

precipitate dis solved .. The solution \vas allowed to stand for 2 hour s, 

the ether layer separated and washed successively with 2M 

hydrochloric acid (2 x 25 ml), water (I x 25 ml), aqueous sodium 

bicarbonate (2 x 25 ml) and water (2 x 25 ml) and dried (Na2SO 4)" 

Removal of the ether yielded a pale yellow oil \X/hich was shown 

by t. 10 co in ethyl acetate to consist of a single cOlnpound, different 

from starting mate rial. The infrared spectrum showed a small 

. sharp peak in the hydroxyl region, considerably sm.aller than that in 

spectrum of the starting material, which \vas probably due to the 

tertiary hydroxy- group .. 

A solution of m-chloroperbenzoic acid (290 mg; I. 7 mmol) 

in methylene chloride (10 ml) was added dropwise with stirring over 

a period of 20 minutes to a solution of the oil (obtained above) in 

the same solvent (25 ml)o The rnixture was left in the fridge overnight, 

washed succe ssively with aqueous sodium carbonate (2 x 30 ITll) and 
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water (2 x 20 ml) and dried (Na 2SO 4). T.1. c. in ethyl acetate of 

the resultant product showed that the oil was approximately 90% 

unchanged. However, there was a less intense (± 10%) slower 

moving spot. The infrared spectrum of the product was almost 

identical with that of the starting oil except that it contained a 

small peak in the carbonyl region.. This was thought to arise from 

oxidation of the furan ring to a lactone in the pre sence of the peracid .. 

The experhnent was therefore abandoned. 

2 .. 39 Tosylation of the tetraol (88) 

Freshly recrystallised tosyl chloride
50 

(600 mg; 3. 2 mmol) 

was added to an ice-cold solution of the tetraol (100 rng; 00 3 mmol) 

in dry pyridine (3 ml) and the solution allowed to stand in the deep 

freeze for 3 days, care being taken to see that no lTIoisture entered 

the flask. Ice (3 g) was added, the mixture allowed to stand for 

2 hours arid extracted with ether (3 x 20 ml).. The combined 

ethereal extracts were washed successivel y with 5% hydrochloric 

acid {2 x 20 ml}, water ( 2 x 20 ml), aqueous sodium bicarbonate 

(2 x 20 ml) and water (2 x 20 ml) and dried (NaZSO 4). Removal 

of the solvent ,afforded an oil which crystallised from methanol 

(310 mg), m. p. 71-73
0

, raised on recrystallisation from the same 

o 
.' solvent to 79-83. A Lassaigne test for the presence of sulphur 

was positive. This product was unstable and decolourised on 

standing at room temperature overnight.. 

Analysis: 

Found: C = 64.80, 64074, 64 .. 60 

H=7.9, 7.8, 7.8 
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For C41I-150S3011 (tritosylate): 

C = 60. 50; H = 6. 15 

For C34H44SZ09 (ditosylate): 

C = 61. 81; H = 6. 66 

For CZ7H38S07 (nlonotosylate): 

C = 64 .. 0 Z; H = 7. 56 

For CZ7H36S06 (monotosylate - water); 

C = 66. 38; H = 7. 43 

For C34H4ZSZ08 (ditosylate - \vater): 

C = 63 .. 55; H = 6. 54%. 

The non-agreement between experimental and calculated figures 

could possibly be due to the instability of thE! ,compoundo 

Z. 40 Reduction of this to sylate with lithium alulninium hydride 

A solution of th~ tosylate of the tetraol (ZOO mg) (obtained 

from the previous experiment) in tetrahydrofuran (15 ml) "vas added 

dropwise to a'mixture of lithium. aluminium hydride (ZOO mg) in 

tetrahydrofuran (40 ml).. The mixture was stirred at room temperature 

for I hour, refluxed on a glycerine bath for 6 hours, cooled in ice 

and the excess lithium aluminium hydride destroyed with ethyl . 
acetate (5 m1). Ether (50 ml) and 10% sulphuric acid (50 ml) 

were added and the layer s separated.. The aqueous layer wa s extracted 

V-lith ether (5 x 50 lnl) and the combined ethereal extracts were washed 

successively with aqueous sodium bicarbonate (Z x 50 ml) and V-later 

(Z x 50 ml) and dried (Na
Z
S0

4
).. Removal of the solvent gave a gum 

which was passed through a small column of neutral alumina, eluting 

with benzene. Removal of the benzene yielded a gum which crystallised 
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from hexane {44 mg}, m. p. 114= 1150
• A La s saigne te st for the 

presence of sulphur was negative. 

Analysis: A sample recrystallised from hexane, illo po 114-1150
, 

was dried at 50
0

/0.1 mm for 4 hours. [lXJ~5 == + 20 0 (c, 1 .. 0 in 

chloroform')" 

Found: C == 75. 18; H == 9046 

Molecular weight (mass spectrum) == 318 

Calculated for CZOH3003: 

C == 75" 43; H == 9 .. 50% 

Molecular weight == 318. 

2. 41 N. mo r .. experiments using the param,agnetic shift reagent 

tris (dipivaloylmethanato) europium III, Eu (dpm)3 

84 
The europium complex was prepared as follows: Europium 

oxide Eu
Z

0
3 

(500 mg; .1.42 mmol) was dissolved in concentrated nitric 

acid (1 .. 0 Inl) and the solution placed over potassium hydroxide pellets 

in a vacuum desiccator for 7 days, giving a white crystalline 

residue of europi1.'m nitrate Eu( N0
3

)3 (1.19 g), \vhich was dissolved 

in 50 % aqueous ethanol (10 ml). This solution \vas added with stirring 

to a solution of dipivaloylmethane (2, 2, 6, 6-tetramethyl-3, 5-heptane 

dione) (I. 57 g; 8 .. 52 mmol) in ethanol (5 ml).. A 2., 58M sodium 

.. hydroxide solution in 50% aqueous ethanol (303 ml; 8" 52 mmol) \vas 

added, the apparatus evacuated with a water pump, sealed off and 

stirring continued for a further 2i hour s" The mixture was 

concentrated under reduced pres sure to approxim.atel y half the volume 

and water (50 Hll) added.. The product settled out as an oil which 

formed pale yellow needles (1. 73 g; 87%), purified by sublimation in 

o 0 
vacuo at 180 and recrystallisation from hexane, roo po 187-189 • 
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·The 60 MHz ne rn. r .. spectra \vere run using deuterochloroform 

as solvent. Spectra were taken after successive additions of small 

amounts of Eu(dpm)3 to a solution of the compound.. From this series 

of spectra the change s in chemical shift of each peak with change s in 

concentration of Eu(dpm) 3 could be 0 bserved. Graphs illustrating 

these changes were drawn. 

2. 42 Extraction of Leonotis leonitis 

L .. leonitis (Rhodes University 1-Ierbarium Z1877) was collected next 

to the Graham.stown-King\villiam stown road,. between 15 and 25 miles 

from Grahamstown. The plants were air-dried in the shade for 

approximately 6 weeks, the leaves and steIns separated and the leaves 

extracted. Th~ following experiment is typicaL 

Dried leaves of L" leonitis (6. 35 Kg), collected on 16. 1Z. 70, 

were steeped in acetone (25 1) at room temperature for 2 days. 

The acetone solution was run off, the leave s \vere \vashed \vith a 

furtheJ; 10 1 of acetone and the combined extracts concentrated to 

approximately 8 1 by flash distillation. The sclution was decolourised 

?y stirring with charcoal (BDH; 2 x 150 g) for 3 hours, the mixture 

filtered through a Celite pad and the filtrate evaporated to a dark 

brown gum ( Za5 g), which was dis solved in chloroform (3 1) and the 

solution washed with water (4 x 500 ml) to remove inorganic 

material; on shaking with water, emulsions formed which took several 

hours to break. The chloroform solution was evaporated to a gum 

which was crystallised by dissolving in a Ininimurn of refluxing ethyl 

acetate (100 ml) and allowing to stand at room teInperature for 7 days .. 

The dark brown crystals (290 7 g; 0" 50/0 of dry leaf weight) were filtered 

off, washed vlith a little cold ethyl acetate and dried.. T. 1" c. in ethyl 
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acetate showed a single spot. The crystals were decolourised by 

dissolving)n ethanol ( 1.5 1), boiling with charcoal and filtering .. 

The filtrate was allowed to stand in the fridge for 2 days and the light 

brown crystals were filtered off, washed with a little cold ethanol 

o 
and dried, m. p. 239-240 • 

Analysis: .i\n analytical sampl e, recrystallised from ethanol as 

co lou r Ie s s nee dl e s 1 m. p. 242 - 243
0

, wa s d r i e d at 1 00
0 

/ 0 D 1 mm 

for r hour" [<xJ~l = 0 0 (c, 1. 0 in chloroform)., 

Found: C = 65.43; H = 7.44 

Molecular ¥leight (mas s spectrum) = 406 

Calculated for C22H3007: 

C = 6 5" 0 1 ; H = 7. 440/0 

Molecular weight = 406. 

Details of extractions carried out on L.leonitis are given in 

Table VI. 

Table VI 

Date collected Weight of dried plant s 
Weight 

Y iel-J leonitin 

25.4 .. 70 3 .. 2 Kg (leaves + stems) 7.4g 0 .. 230/0 

16. 12 .. ,70 6.35 Kg (leaves) 29.7g 0.47% 

25.5.71 2. 7 Kg (leave s) 11. 8g 0.44% 

2. 43 Saponification of leonitin 

J 

A solution of leonitin (400 mg; l1urnoI) in O. 3M ethanolic potassium 

hydroxide (35 ml; 10. 5 mmol) was refluxed for 24 hours. Water (60 ml) 

was added and the alcohC?l removed under reduced pressure. The 

solution was acidified (HC 1) to pH 1 and extracted continuously for 3 hour s .. 
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Removai of the solvent afforded a gurn which crystallised from benzene-

hexane as needles (385 mg). The melting point of this product, the 

1', b-dilactone ( 109), obtained from different experiments, varied 

between 2240 and 2380
• 

Analysis: 
o . 0 

A sample m .. p. 238 , was dried at 100 / O. 1 mm for 

1 hour. [cxJ~4 ::: +390 (c, 1.0 in chloroform). 

Found: C::: 65. 8; H::: 8 .. 0 

Calculated for C20H2806: 

C ::: 65.92; H::: 7" 700/0. 

2. 44 Acetylation of saponified leonitin 

A solution of saponified 1eonitin (50 mg) in redistilled acetic 

anhydride (3 ml) ,containing pyridine (0.1 ml) was refluxed for 16 hours. 

Water (3 ml) was added, the solution allowed to stand at room temperature 

for 2 hour s, concentrated to approximately half the volun'1e and 

allowed to stand in the refrigerator. The resulting crystals (33. mg) 

were fiI tered off and recrystallised froln chloroform-hexane, m. p. 

Analysis: A sample recrystallised from ethanol as needle s, m.. p .. 

300-301°, was dried at 100%" I mm for 1 hour .. 24 ° [cxJ D = + 26 

(c, 0. 8 in chlol'oform) • 

.. Found: C =. 64.51; H = 7.53 

Calculated for C22H3007: 

C = 65 .. 01; 1-1 = 7 .. 44%. 

45 d · lId 1 . r 1 .. 85 2. Attempte partla xy ro YSIS 01 eonltln 

.1-\ solution of potassiur.n carbonate (17 rng; 0.13 mmol) in water 
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(2 nl1) was added dropwise, over a period of 30 minutes, to a refluxing 

solution of leonitin (50 mg; o. 12 mmol) in dioxane {16 ml}. The solution 

was refluxed for a further 1 hour, extracted continuously with ether 

for 2 hours and evaporated to a gum which crystallised from ethanol 

and was shown (m. p. , mixed m" p. and infrared spectrum) to be 

unchanged starting material. 

Further attempt s were made to hydrolise the acetate group 

in leonitin without the fo rmation of the y, 0 -dilactone. The general 

method of hydrolysis was as follows: Leonitin (50 mg) was dissolved 

in ethanol (10 ml) and an ethanolic solution of the alkali was added. 

After a certain reaction time, water was added and the alcohol removed 

under reduced pres sure. The solution \vas acidified (HC1) and 

extracted continuously with ether. Removal of the ether gave the 

product \-vhich was identified by the melting point or infrared spectrum. 

The results of the experiments are summarised in Table VII. 

Table VIr 

Alkali or acid Mole s alkali/ Time 
used Mole s leonitin (hours) Temperature Product 

K
2

C0
3 

4 22 room leonitin 

K
2

C0
3 

4 2 reflux saponified 
leonitin 

NaHC0
3 

3. 9 24 room leonitin 

NaHC0
3 3" 9 2 reflux saponified 

leonitin 

H
2

SO
4 

0.2 ml/30 mg 1 reflux leonitin 

H
2

SO
4 

00 2 ml/30 Hlg 5 reflux saponified 
leonitin 
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2. 46 Sodium borohydride reduction of saponified leonitin 

SodiUIl1 borohydride (2 g) was added to an ice-cold solution of 

saponified leonitin (960 mg) in methanol (60 ml).. The mixture was 

stirred at room temperature' for 4 days during which time 2 further 

'portions of sodium borohydride (2 g each) were added. Water (50 ml) 

was added, the methanol removed under reduced pres sure, the mixture 

acidified (HCl) and extracted continuously with ether for 12 hours., The 

product crystallised from the ether solution, was filtered off and 

recrystallised from methanol as off-white prisms (775 mg; 81 %), 

The infrared spectrum (KEr disc) of this compound, 

the hemi -acetal (112) contained only one peak in the carbonyl region 

due to a 0 -lactone. 

Analysis: A sample, recrystallised from methanol, m. po 262-263
0

, 

was dried at 100 0 /o~ 1 mm for 2 hours. 

(c, O. 56 in ethanol). 

Found: C:= 65. 82; H:= 8. 62 

Calculated for C20H3006: 

C = 65055; H:= 8 8 25%. 

2 .. 47 Tosylation of the hemi-acetal (112 )41 

A solution of the hemi-acetal (75 mg; O. 2 Inmol) and freshly 

.. recrystallised tosyl chloride
50 

(100 mg; 0.53 mmol) in dry pyridine 

(10 ml) was refluxed overnight. The solution was cooled, ice (10 g) 

added and the mixture allo\ved to stand at roon1 temperature for 2 hours. 

The solution was extracted with ether (4 x 20 ml) and the combined 

etheral extracts washed successively with 5M hydrochloric acid 

(4 x 20 ml), water (1 x 20 ml), 5% aqueous sodium bicarbonate (3 x 20 ml) 

and water (3 x 20 ml) and dried {Na 2SO 4}. Removal of the solvent 
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afforded a gUlTI which was shown by t. 1. c. in ethyl acetate to be a 

lTIixture of two cOlTIpounds in the ratio of approxilTIately 5: 1, the minor 

spot corre sponding to that of saponified dubiin in a nUlTIber of solvents. 

The lTIajor cOlTIponent was separated and crystallised from ether as 

plates (40 mg), m. p. 259-261
0

, shown (mixed m. p. and infrared 

spectrum) to be unchanged starting material. 

2. 48 Attempted acetoxylation of leonitin 86 

A solution of leonitin (20 lTIg; O. 05 mmol) and lead tetra­

acetate 59 (100 mg; 0.23 mlTIol) in benzene (10 ml) was refluxed for 

10 days. The solution was washed with ,water (3 x 10 lTII), dried 

(Na 2 SO 4) and evaporated to a gum which crystallised from aqueous 

ethanol. The product was shown (mo p. , mixed m. p. and infrared' spectrum) 

to be unchanged starting materiaL 

2. 49 Lithium aluminium hydride reduction of leonitin 

LithiUD1 aluD1iniu.m hydride (1" 0 g; 26 D1Tnol) was added to a 

solution of leonitin ( 1. 5 g; 3. 7 D1mol) in fre shly redistilled tetrahydroiuran 

(100 ml) and the rnixture refluxed. Alter 4 hour s, a further quantity 

of lithiuD1 aluminiuD1 hydride (500 D1g; 13 D11TIol) was added and refluxing 

continued for a total of 18 hour Se The D1ixture was cooled in ice, the 

~xcess lithium aluD1iniuD1 hydride destroyed with ethyl acetate, and 

ether (50 ml) and dilute hydro.chloric acid (50 rnl) were added. The 

two layer s were separated and the aqueous layer was extracted 

continuously with ether for 24 hour So The cOD1bined organic layer s were 

dried (Na
2

SO 4) and evaporated to yiel d the crystalline pentaol (113) which 

was recrystallised from D1ethanol as needles (1.19 g; 89%)" D1. p. 

166 -1680
• Naidu 9 9 has recorded the m. p .. as 1580

• 
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Analysis: A samp Ie, recrystallised from methanol, m. p. 167-168°, -

was dried at 7So /0. 2 mm for 1 hour. [<xJ~4 = _2° (c, 1. 0 in ethanol). 

Found: C = 64. 04; H = 9.7S 

Calculated for C20H3606: 

t = 64.49; H = 9. 740/0. 

2. SO To sylation of the pentaol (113) 

A solution of freshly recrystallised tosyl chloride
SO 

(4 .. 0 g; 

21 mmol) in dry pyridine (10 ml) was added to an ice-cold solution 

of the pentaol (113) (SOO mg; 1 .. 36 mmol) in dry pyridine (20 ml). 

The solution was allowed to stand in the deep freeze for 48 hour s, 

ice (30 g) was added and, after standing at room temperature for 2 hours, 

the mixture was extracted with ether (S x 30 In!)" The combined ethereal 

extracts were washed successively with dilute hydrochloric acid (4 x 30 mIL 

water (I x 30 ml), S% aqueous sodium carbonate (4 x 30 ml) and water 

(3 x 30 ml), dried (Na
2
S0

4
) and evaporated to a gum (836 mg) which 

was not purified further. 

20 Sl Lithium aluminium hydride reduction of the tosylate of the 

pentaol (11 3) 

Lithium alun'linium hydride (1" 0 g) was added to a solution of 

the crude tosylate gum (836 mg, obtained from the previous experiment) 

in freshly redisH.lled tetrah~drofuran (100 ml) and the nl.ixture refluxed 

for 6 hour s, cooled in ice and worked up by the dl'opwise addition of 

water (1 lll.l), lS% sodium hydroxide (1 ml) and water (3 ml). 87 The 

thick white precipitate which formed was filtered off, washed with ether 

and the solvent removed from the filtrate to yield a clear gum which 

was shoV\'ll by to 1. c. in ethyl acetate to consist of a single compound .. 
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The gum was dissolved in benzene and passed through a small column 

-
of neutral alumina, eluting with benzene. The product separated as an 

oil from a number of different solvents. 99 

2. 52 Ac etylation of the pentaol (1] 3) 

A solution of the pentaol (100 mg) in freshly redistilled acetic 

anhydride (4 ml) and dry pyridine (0. 15 ml) was refluxed for 5 hours, 

cooled, \\Tater (4 ml) added, the mixture allowed to stand at room 

temperature for 2 hours and concentrated to 1 m!. Water was added 

and the solution allowed to stand in the refrigerator.. The product 

separated out as an oil which would not crystallise. 

2 •. 53 Extraction of Leonotis microphylla 

L. microphylla (1.12 Kg), c.ollected in July, 1971 by the 

Botanical Research Ins~itute, Pretoria, consisting of twigs (700/0 approx.) 

and small leaves (300/0 approx .. ), was air-dried and steeped in acetone 

(20 I) at room temperature for 7 days.. The solution was run off, the 

plants washed with a further 4 1 of acetone and the combined organic 

solutions were concentrated to 3 1 by flash distillation and decolourised 

by stirring with. charcoal (BDH; 50 g) at room temperature for 6 hours. 

Filtration through a Celite pad and evaporation afforded a brown gum 

.. which was dissolved in chloroforn1 (200 ml), the solution washed with 

water (5 x 50 ml) to remove inorganic material and dried (Na2SO 4)" 

Evaporation of the solvent afforded a gum (13. 4 g; 1. 2 0/0) ·which could 

not be induced to crystallise. 
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2. 54 Extraction of Euryops tenuissirnus 

E. tenuissimus (Rhodes University Herbarium 21878) 

was collected on Sugar Loaf Hill on the outskirts of Graharnstown 

during November, 1970, after good spring rains. The fre shly picked 

leaves and stems were separated and the stems (14. 5 Kg), mostly 

about 2-5 mm in diameter, were steeped in acetone (100 1) at room 

temperature for 4 days. The acetone solution was run off and the 

plant material washed with a further 30 1 of acetone. The combined 

extracts were evaporated to a dark brown gum (150 g) which was 

dis solved in ethanol (1. 2 1) and refluxed overnight with a solution 

of potassium hydroxide (60 g) in water ( 20 ml). Water (500 ml) 

was added and the alcohol removed under reduced pressure. The 

aqueous solution was extracted with ether (4 x 50 ml) and the combined 

ethereal extracts washed with wat~r (3 x 50 ml) and dried (Na 2S04 )" 

The ether solution was concentrated to approximately 75 ml and the 

resulting fine vlhite needles of euryopsol (6" 68 g~ 0.05% of un<?-ried 

plant weight) were filtered off, dried and recrystallised from ethyl 

o 
acetate, m.po 171~·174. 

Analysis: 
o 

A sarnple recrystallised from ethanol, m. p. l74~175 , 

was dried at 100
0

/0. 1 mm for 2 hour s. [ ex ] ~ 1 
:: + 14

0 
(c, 1. 0 in 

ethanol)., 

Found: C::67.59; H::8.33 

Molecular weight (mas s spectrum) :: 266 

Calculated for ClSH2204: 

C = 67. 65; H = 8. 33% 

Molecular weight:: 266. 

Similar extractions were performed on E. spathaceus {Rhodes 



78 

Univer·sity Herbarium 2l879} collected next to the Grahamstown -

Cradock road 5 miles from Grahamstown. Plant material collected 

in October, 1968, a year of drought, yielded no cry&talline material, 

although plant s collected in N ovem ber, 1963 and extracted by 'V oolard
88 

(previously called E. tenuis sim.us - see later) yielded O. 70/0 euryopsol.. 

2. 55 Extraction. of E. floribundus 

E. floribundus consisting mostly of sterns o. 5-3 cm in diameter 

was collected in November, 1969, on the farm l1Sondagsrivierhoektl 

near Graaff -ReineL The undried stems (27 Kg) were cut into small 

pieces and steeped in acetone (100 I) for 4 days. The acetone was 

run off, the pla,nts covered with a further 100 1 of acetone and soaked 

for a further 4 days. The combined acetone extracts were evaporated 

to a gum (490 g) which was dissolved in etha1"l:ol {3 1} and saponified 

by refluxing for 4 hours-with ethanolic potassium hydroxide (150 g) .. 

Water was added and the ethanol removed under reduced pressure" 

The aqueous solution was extracted ·with ether (5 x 300 rol) and the 

combined ethereal extracts were washed ·with ~vater (2 x 500 ml) and 

On concentration of the ethereal solution, 

. crystallisation of euryopsol (4. 0 g), m. p .. 170-174
0

, took place. 

The ultraviolet spectrum of this material showed that it contained Ie s s 

than 1 % euryopsonol. Plant s extracted during 1968 and 1971 also 

yiel ded no euryopsonol. Details of extractions carried out on 

Euryops species are given in Table VIII. 
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Table ~TIII 

Date Weight un- Weight 
Collected Species dried sterns euryopsol Yield 

4.10.68 E. sEathaceus 13 Kg - --

15. 10068 E .. sEathaceus 7.3 Kg - --

12. 1 L, 68 Eo floribundus 27 Kg 4" 0 g 0 .. 010/0 -
10. 2 .. 71 E. floribundus 31 Kg 8. 1 g 0 .. 030/0 -
19. 10. 70 E. tenuissimus 14. 5 Kg 6 .. 7 g 0 .. 05% -

2. 56 Oxidation of euryoEsol with Sarett reagent30 

Chromium trioxide ( 620 mg; 6" 2 mmol) was added slowly with 

stirring to ice-cold pyridine ( 6 ml) to give a bright yellow suspension9 

A solution of euryopsol (275 mg; 1.,0 nl.mol) in pyridine (3 ml) was 

added, the mixture stirred in ice for 30 minutes and then allowed to 

stand at room temperature overnight.. The mixture was diluted with 

water and extracted with ether (4 x 25 ml).. The combined ethereal 

extracts were washed succesively with M hydrochloric acid (4 x 30 m.l) 

and water (2 x 30 ml), dried (Na 2SO 4) and evaporated to a gum (52 mg) 

which was dissolved in benzene, passed through a small column of 

50-200 mesh silica gel and the product sublimed at 120
0

/00 1 mmo 

Recrystallisation from benzene-hexane afforded colourless needles 

(119) (18 mg), m .. p. 150-152°, \vhich gave a negative Ehrlich test
46 

88 
(cf .. euryopsonol ). 

i\nalysis: A sanlple was dried at 75
0
/0.2 mm for 1 hour. 

Found: C=69.0; H=7.1 

Molecular weight (mass spectrum) = 2,62 
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Calculated for C15H1804: 

C = 68.69; H = 6. 92% 

Molecular weight = 262.. 

2.57 Manganese dioxide oxidation of eUEYopsol 

A mixture of euryopsol (253 mg; 1 mn10l), manganese dioxide 89 

(7.45 g; 85 mmol) and acetone (100 ml) was refluxed for Ii hours, 

filtered, the re sidue vvashed with ethanol and the filtrate evaporated 

to a gum (95 mg). This product could not be purified by crystallisation 

or sublimation but it s ultraviolet spectrum contained bands at 284 

(E 10, 400) and 214 nm (£ 4, 500) and the infrared spectrum showed 

strong carbonyl absorption. 

2. 58 Periodate oxidation of eurvopsol 

The general method used for the reaction was as follows: An 

accurately known weight of euryopsol (approx. 260 mg) was dissolved 

in ethanol (50 ml) in a 100 ml volumetric flask. Standard sodium 

periodate solution was added, the solution made up to the mark with 

water and allowed to stand in the dark at roon1 temperature. At set 

intervals, aliquots (10 ml) were withdravln and sodium bicarbonate 

(5 g), sodium ar senite (standard alTIOunt) and a solution of potassium 

iodide (3 g) in water were added to each. The ethanol was removed 

under reduced pre s sure and the exce s s ar senite titrated against 

standard iodine solution, using starch as indicator. {In the presence 

of ethanol, unsatisfactory end points were obtained90 )e A blank 

experiment containing no euryopsol was run concurrentlyo In this 

way the amount of periodate consumed p2r n10le of euryopsol could 

be calculated. The results are summarised in Table IX. 
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Table IX 

Mole 8 periodate added Mole 8 periodate con-
per mole euryop 801 Time (hours) s1.HTIed per mole 

euryopsol 

2 1 10 17 

2 1. 35 

5 1. 54 

12 1. 59 

48 1. 67 

2. 75 1 1. 06 "2 

1 1. 29 

2 L 38 

3 1. 45 

5 l 
2 1. 62 

4 24 1. 65 

48 1. 83 

72 2. 20 

Solutions of euryopsol (1 mmol) and sodium periodate (2~8 Hlmol) 

in methanol (30 ml) and water (12 ml) were allowed to stand at room 

temperature ovelnight. Water was added, the methanol removed 

under reduced pressure and the aqueous solution extracted with ethyl 

acetate (2 x 30 ml). The combined extracts \vere dried (Na2SO 4) 

and evaporated to a gum which was shown by t.. 1.. co in ethyl acetate 

to consist chiefly of one component.. Thi s gum could not be induc ed 

to crystallise or form any of the usual carbonyl derivativeso Its 

infrared spectrum, however, contained a strong carbonyl peak at 

-1 1720 cm • 



82 

. -
3. DISCUSSION 

Leonotis specie s, of the family Labiatae, are found growing in 

widespread areas in South Africa. The most common, Leonotis 

leonurus, is known as Jlwild dagga ll or lI wildedagga" although this 

is a misnomer since the name 11 dagga 'l refers to Cannabis species .. 

Species which have been reported are L .. leonurus (L. ) Ait., L. dubia - -
E. Mey., L. leonitis R. Bre, L. dysophylla Benth., L .. m'icrophylla 

Skan, L. nepetaefolia Ro Br., L. mollis Benth. ;arid L. latifolia Guerke, 

although not all of thes e are found in South Africa. Some specie s are 

,used medicinally and it seems they are eaten selectively by animals, 

since no plants were found in areas where livestock had been grazing 

although frequently found in areas between the road and fences. 

Diterpenoids with a labdane. skeleton (2), incl uding marrubiin, 

. 2 91-95 have been fO-..lnd in a number of these specles .. ' 

3. 1 Dubiin 

L. dubia, from which the diterpenoid acetate, dublin, has been 

isolat~d, is found quite commonly in areas around Grahamstown although 

it is not as common as L. leonurus .. The main areas of supply have 

been the Behnont Valley and Zeelie Heights on the Kingwilliamstown -

Queenstown road .. The plants grow to about three to four feet in 

height and have deltoid-shaped leaves.. The flo'wers are orange-brown, 

differing in colour from the bright orange flower s of L" leonurus .. 

Plants were collected during summer and autumn and yields of dublin 

differed with the season; the highest yield was obtained from plants 

collected in May, 1971, a year of good spring and summer rains. 

A sam.ple, collected in April, 1969, during a very dry summer yielded 
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no crystalline material. 

The aerial portions of L. dubia were picked and air-dried in the 

shade for 3-6 weeks. The leaves and stems were separated and the 

leaves extracted by steeping in acetone for 3 days. Filtration, 

concentration of the green solution by flash distillation, decolourisation 

with charcoal and evaporation under reduced pressure yielded a 

dark bro\V11 sticky gum which was dissolved in a ITlinirnuITl of refluxing 

ethanol.. The resulting semi- solid was filtered and the slightly 

coloured crystals shown by thin layer chroITlatography to consist 

. almost entirely of a single compound,,· This was dissolved in 

chloroform and washed with water to r~move inorganic material. 

The product was recrystallised from ethyl acetate-hexane to give 

pure, pale yellow dubiin, C22H3006' mop. 187-188
0

• Recrystallisation 

from aqueous ethanol gave colourless needles of the saIne melting poinL 

Similar extractions performed on finely crushed, dried stems 

of L. dubia yielded no diterpenoids at all, ir~dicating that they only 

occur in the leaves. 

The molecular formula of dubiin was confirmed by both its Jnass 

spectrum and elemental analysis. The infrared spectrulu (Figure 1) 

-1 
showed a peak at 3630 cm due to a hydroxy- group which was 

presumably te~tiary since it resisted acetylation. 
-1 A peak at 872 cn1 

was indicative of a furan ring, confirmed by a band in the ultraviolet 

spectrum at 213 nm ( E 5, 000) 96 and an intense pink colour obtained 

with Ehrlich reagent. 46 The spectroscopic properties and colour 

tests of furan rings in terpenoids have recently been thoroughly 

reviewed. 97 The infrared spectrurn also contained a strong band 

at 1724 cm -1 with a shoulder at 1 736 em -1 which indicated the 
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presence of an ester and a 0 -lactone; there was no peak at 770 cm 

which would have indicated a Y -lactone as in marrubiin. 

The mass spectrum of dubiin (Figure 2), besides giving the 

molecular ion peak at m/ e 390, had the base peak at m/ e 81 and a 

strong (65%) peak at m/e 95 which are characteristic of a f)-substituted 

furan side chain. 98 These peaks aTe also contained in the spectra 

of marrubiin and compound y93 and are due to cleavage between C-ll 

and C-12 and between C-9 and C-ll, giving rise to the fragments (70) 

and (71)" This confirms the presence of a furan side chain in dubiin 

similar to that in marrubiin and compound Y. In addition, there was 

a significant peak at m/e 330 (33%) (M ~ CH
3

COOH) with a corresponding 

metastable peak at m/ e 279, and a peak at nl./ e 235 (2"1%) (M - 95 - 60), 

this fragmentation (295 -+ 235) being confirmed by a metastable peak 

at m/ e 188. 

The 100 MHz n. m. r. spectrum (DMSO-d6) of dubiin (Figure 3) 

confirmed the presence of an acetate group (10 90, 3H, singlet) and 

a f3 - substituted furan ring (7052, 1H, triplet, J 1 Hz; 7.42, IH, 

doublet, J O. 5 Hz; 6. 38, lH, triplet, J 1 Hz). In addition, there 
," . '; '7 -: . ~', 

were peaks at~e79-9 (3H, doublet, J 6 Hz), -1.14 (3H, singlet), 4.20 

(lH, singlet), 5. 02 (11--I, quartet, J 3 Hz) and an AB quartet centred 

at 4. 46 (2H, J 12 Hz) which indicated gem coupling.. This resonance 

is characteristic of a methylene group adjacent to the oxygen atom 

of an ester (or lactone) groupo The resonances of all the other protons 

were contained in the IImethylene envelope" • On addition of deuterium 

oxide, the peak at 4. 20 disappeared and must therefore be due to the 

tertiary hydroxy-group.. The I-proton quartet at 5. 02 is characteristic 

of a proton adjacent to an ester group, the narrowness of the signal 
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(w 1.. == 8 Hz) being indicative of a proton in an equatorial configuration. Z4 
2 

Thus, ~lthough it has not been possible to prove the carbon skeleton 

of dubiin, either by dehydrogenation with palladium on charcoal to a 

substituted naphthalene, or by comparison of a degradation product of 

dubiin with a compound of known structure, the spectroscopic evidence 

suggests a structure closely related to that of marrubiin. 

The dehydrogenation product of neither dubiin nor its lithium 

aluminium hydride r eduction product forrned crystalline adducts with 

1, 3, S-trinitrobenzene as has been observed with marrubiin and compound 

Y {7Z}. 96 8-Hydroxymarrubiin (73), on dehydrogenation, also gave 

no crystalline 1, 3, S-trinitrobenzene derivative. 99 The reason for 

these failures is not known. 

Treatment of dubiin with Paal catalyst (100/0 palladium hydroxide-

barium sulphate) under hydrogen resulted in the uptake of two moles of 

hydrogen a~d gave tetr~hydrodubiin, CZZH3406' m .. p .. lS6 .. 5-1S8°. 

This compound presumably consists of a mixture of epimers at C-13 

as observed with marrubiin. 31, 100 It gave negative Ehrlich 46 and 

Liebermann-Buchard47 tests for furans and its infrared spectrum did 

-1 
:qot contain a peak at 870 cm • This indicated that the only unsaturation 

in dubiin is present in the furan ring. 

Treatment of dubiin with alkali yielded a crystalline compound 

CZOHZ80S' mo p .. l8S-l86°, vilhich resisted tosylation and acetylation 

with acetyl chloride at room temperature, but "vas acetylated by boiling 

acetic anhydride in pyridine to give dubiin. This showed that saponification 

had re suIted in the simple cleavage of an acetate group and that the 

secondary hydroxy-group of saponified dublin is hindered.. Quantitative 

saponification showed that two moles of alkali were absorbed per mole 
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of dubiin, indicating that cleavage of the lactone ring had also taken 

place. The free acid resulting from-this fission could, however, 

not be isolated due to the ease of relactonisation, thus confirming 

that the lactone ring is 6-membered. 

The n. m .. r. spectrum of saponified dubiin was similar to that of 

dubiin except that the singlet due to the acetate methyl group had 

disappeared and the quartet at 5. 02 had moved upfield to 3 .. 92, 

indicating that this resonance is due to a proton attached to a carbon 

atom carrying a secondary hydroxy-group. On saponification of an 

101 
acetate ester to a secondary alcohol, it is expected that the 

resonance due to the adjacent hydrogen atom should shift upfield by 

about 1. I ppm.. The narrowness of this signal (W 1. == 8 Hz) is 
2 

characteri stic of a proton in the equatorial configuration; 24 the 

hydroxy-group is therefore axiaL 

The infrared spectrum of saponified dubii.n contained peaks at 
. 1 

3620 (hydroxy-group), 872 (furan) and 1712 (b -lactone) crn - • 

Assuming that dubiin has the same carbon skeleton as marrubiin, 

the lactone group (- CO- 0-) can only be situated between C -19 and 

(;-20, giving the partial structure (74) or (75). Structure {74} is 

preferred since saponification of dubiin causes quite a large upfield 

shift (0. 16 ppm~) in the resonance of one of the methylene protons 

'in the AB quartet" Models sho\v that a methylene group at C-20 

would be affected to a greater extent by the saponification of (74) than 

a C-19 methylene group by the saponification of (75). X-ray studies 

have shown that the -C-CO ... O-C- group of a b ~lactone is planar l02, 103 

and thus the lactone must exist either in the half-boat or half-chair 

104 form. Attempt s to determine the conformation of the lactone ring 
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by ORD studies
l05 

have been unsuccessful since the ORD spectrum 

of saponified dubiin does not exhibit any distinct maxhna or minima. 

The presence of an oxygen function at C-20 in labdane diterpenoids 

is unusual and it has thus far proved impo s sible to remove this function 

and convert dubiin to a compound of known structure. White and 

Manchand94 have recently reported the isolation, from b nepetaefolia, 

of a compound (76) with this lactone system. They stat ed that they 

were able to remove the oxygen function' from C-20 in the following 

way. Compound (76) was warmed with chloroform to afford a 

furano-compound. This was reduced with lithium aluminium hydride 

to give cOlnpound (77) which, on tosylation, gave two primary 

monotosylateso Hydrogenolysis with lithium aluminium. hydride in 

tetrahydrofuran, afforded compound (78) "probably by way of an 

intermediate cyclic ether. If . An analogous series of experiments 

with dubiin gave very different results (see later). 

An attempt was made to confirm the configuration of the secondary 

hydroxy-group in saponified dubiin by the method of Boreau" 51-54 

Accor~ing to the literature, esterification of the alcohol with 

eX -phenylbutyric anhydride is always carried out at room temperature. 

However, saponified dubiin, on treatment with ex -phenylbutyric 

anhydride at room temperature for 10 days, was recovered unchanged .. 

'The reaction was therefore repeated under reflux.. Isolation of the 

excess acid gave a product whose specific rotation was effectively 

zero., It was thought that the elevated temperature had pos sibly 

caused racemisation of the excess anhydride. This was confirmed 

by the fact that the excess acid isolated from the reaction of euryopsonol 

(79) with ex -phenylbutyric anhydride under reflux also had a rotation 
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of zero. When euryopsonol was treated with ex -phenylbutyric 

anhydride at room temperature the ex-cess acid recovered had 

[cxJ~l == + 80
• 

° °d·.r 'f" d d b" . h J 60 S 30 d Xl abon oJ. saponl Ie u nn WIt one s, arett an 

Collins 61 reagent s and with chromic acid in ether 
63 

yielded the 

same crystalline compound C
20 

H
26

0
5

, m. po 157-159°. It was 

presumed that oxidation had converted the secondary hydroxy-group 

to a ketone which, however, gave a negative Zimmerman test
106 

and would not form any of the usual carbonyl derivatives. This is 

107, 108 
usual for compounds containing a 6-keto-group and indicated 

that the keto-group in this compound, and hence the acetate group 

in dubiin, was at C-6. This suggestion was' supported by the fact 

that the mass spectrum of this compound contained a strong (56%) 

peak at m/ e 193, probably arising from <X -cleavage of the ketone. 

Such cleavage 10 9 of a cornpound containing a 6 -keto - group would 

give rise to fragment (80) which has rn/e 193. The rna s s spectrum 

also showed a molecular ion peak at ill/ e 346 and the usual strong 

peaks at m/ e 81 and 95. The presence of a 6~keto-group was 

confirmed by deuteriulTI exchange in the presence of alkali, which 

resulted in the,incorporation of a maximun1 of three deuterium 

atoms per molecule. A carbonyl group at C-7 would also result in 

the uptake of three deute:!"ium atoms, but this would cause the 

doublet due to the 17 -nlethyl group in the ne m. r. spectrum to 

collapse to a singlet, which is not the case. A carbonyl group at 

either C -lor C - 3 would lead to the uptake of two deuterium atom s 

while a carbonyl group a,t C-2 would lead to the incorporation of a 

maximum of four deuterium atoms. In the mass spectrum of the 
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deute rated compound, the mole cular ion pe ak had shifted from 

mle 346 to mle 349. The peak at mle 193 had shifted to mle 195, 

confirming that this peak was due to a fragrnent arising from 

a - cle avage of the ketone. In the n. m. r. spectrum (DMSO-d
6

) 

of the ketone the AB quartet had collapsed to a triplet at 4. 28 

(2H, J J 3 Hz) with a very large central peak. It appeared as 

though the two doublets of the AB quartet in the spectra of dubiin 

and saponified dubiin had shifted closer together in the spectrum 

of the ketone so that they overlapped. This lent further support 

to the suggestion that the lactone lnethylene group is at C-20 as shown 

in partial structure (74), since models show that the two hydrogen 

atoms of the 20-rnethylene group are almost equidistant from the 

keto- and lactone carbonyl groups re spectively, re sulting in the 

re sonance s due to the se protons having almost identical chemical 

shifts. The re st of the n. m. r. spe ctrUITl of the ketone was 

siITli1ar to that of saponified dubiin except t'::-.iat, as expected, the 

1-proton quartet at 3.92 had disappeared. 

O~ddation of dubiin with chromium trioxide in acetic acid gave 

a mixture of an acidic and a neutral compound which was easily 

separated. The infrared spectrum of the neutral compound, 

C19H2606' m. p. 212-214
0

, sho\ved two bands in the carbonyl 

region at 1770 and 1731 cm- 1 due to y- and 6-lactones respectiYely. 

Since the oxidation results in the loss of three carbon atoms from 

the molecule, oxidation of the furan ring must have taken place with 

the formation of a carboxy- group. Thi s ITlU st have unde r gone 

cyclisation with a y-hydroxy group, giving rise to a Y-lactone and 
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the compound must have structure (81). This confirms the 

presence of a furan ring with a Y-hydroxy-group, a system which 

is also present in marrubiin. The hydroxy- group in dubiin must, 

therefore, be at C-9 and dubiin must have the structure (82). The 

structure s for tetrahydrodubiin (83), saponified dubiin (84) and the 

oxidation product of saponified dubiin (85) follow. 

The acidic compound, C19H2606' m.p. 222-223
0

, obtained 

from the chromium trioxide- acetic acid oxidation of dubiin is 

considered to be compound (86), similar to the acidic compound (87) 

obtained in an analogous manner from compound Y. 96 

Reduction of dubiin with lithium aluminium hydride yielded the 

tetraol (88) C20H3205' m. p. 219- 221
0

, whose infrared spectrum 

(KBr disc) contained a large hydroxyl peak and no bands in the 

carbonyl region. An attempt was made to dehydrogenate this 

compound with 10% palladium on charcoal to a substituted naphthalene. 

However, no crystalline 1, 3, 5-trinitrobenzene adduct of the product 

could be 0 btaine d. The tetraol re si sted cleavage by sodiunl. pe riodate; 

acetylation with acetyl chloride afforded a gum which would not 

crystallise, but treatment with acetic anhydride in pyridine under 

reflux yielded ,the crystalline triacetate (89). Despite several 

attempts partial hydrolysis of this triacetate could not be achieved. 

'When the tetraol was treated with' Collins reagent for 1 hour, a product 

"\vas obtained which would not crystallise but whose n. m. r. spectrum 

contained a broad I-proton resonance at 9.72 attributable to 0ne 

aldehydic proton. This showed that oxidation of only one of the 

primary hydroxy- groups had taken place. This gum was subjected 

to Wolff-Kishner reduction conditions
68 

\vhich are known to reduce 

l1-keto- steroids, but was recove.red unchanged (t. 1. c. evidence), 
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indicating that the aldehydic group is highly unreactive. 

Treatment of the tetraol with silver carbonate -Celite 75,76 in 

benzene under reflux for 1 hour yielded a crystalline product which 

was shown (m. p., mixed m. p. and infrared spectrum) to be 

identical with saponified dubiin. Under the se conditions, secondary 

hydroxy- groups are known to be oxidised more readily than primary, 

although primary diols which are separated by 4- 6 carbon atoms 

are oxidised to lactones. 110 It was, therefore, expected that 

the tetraol (88) should yield the keto-lactone (85) when treated in 

this way. The fact that the secondary pydroxy group was not 

attacked confirms that it is highly hindered. 

Since marrubiin, on treatment with lithium alurninium hydride, 

yielded marrubenol which, on tosylation afforded the ether (90),96 

an attempt was made, to synthesise this ether from dubiin by an 

analogous pathway. The tetraol (88) was tosylated, yielding a 

nicely crystalline compound, m. p. 79- 81
0

, which gave a positive 

sulphur test. HO'wever, after repeated carbon and hydrogen analyses, 

consi stent figure s were obtained which did not corre spond to any 

of the fa 11owing: trito sylate, ditosylate, ditosylate - wate 1', monoto-

sylate, monotosylate - water. The reason for this is unknown but is 

probably due to the fact that this compound is unstable and tUrns 

brown even on standing at room temperature overnight. Reduction 

of this compound with lithium aluminium hydride yielded a compound, 

o 
rn. p. 112.5-114 , which contained no sulphur. Carbon and hydrogen 

analysis and mass spectrum showed the molecular formula to be 

C20H3003' the same as that of the ether from marrubiin. However, 

the n. m. r. spectra of these two compounds were different, but both 
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contained resonances due to two tertiary methyl groups, one 

secondary methyl group and three lowfield protons~ The two 

compounds had slightly different infrared spectra and a depression 

of their melting points on mixing. The ether from dubiin is therefore 

considered to possess the structure (91), arising froITl cyclisation 

between C-6 and C-20 and reITloval of the tosyl group froITl C-19. 

White and Manchand, 94 on tosylation of cOITlpound (77), obtained a 

ITlixture of two primary ITlonotosylates which, on hydrogenolysis 

with lithium aluminium hydride afforded compound {78}. Since 

a tosyl ester is such a good leaving group, it is difficult to see how 

they could have obtained a mixture of primary n1onotosylate s. One 

would expect that the 11intermediate cyclic ether" obtained on 

hydrogenolysis of the monotosylates would, in fact, be the final 

product. 

A series of 60 MHz n. rn. r. spectra (CDC1
3

) of the ether (91) 

was run afte r progre s sive additions of small amount s of the 

paramagnetic shift reagent Eu(dpm)3 to the solution (see Figure 4) 

and the change in chemical shift for each peak 'TVas noted. Graphs 

were plotted of chemical shift vs molar ratio of Eu(dpm)3 to ether 

for each peak and are shown in Figure 5. The se indicated that the 

europium corr~plexes preferentially with the ether oxygen atom rather 

111,112 
than that of the hydroxy- group . since the slope of the graphs 

is greate st for the peaks due to the three lowfield protons and least 

of all (except for peaks of the furan protons which are hardly shifted 

at all) for the secondary methyl group. To verify this, a sin1i1ar 

series of spectra of the ether from marrubiin was run; a similar 

tendency was found in the change of chemical shift of the peaks of 
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Figure 4: AO MHz N.M.R. Spectrum of Ether (91) with 0.77 moles EU(dpm)3 
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this compound on addition of the shift reagent, confirming that 

complexation takes place with the ether oxygen atom. Since the 

europium seemed to show a reluctance to complex with the oxygen 

atom of the tertiary hydroxy- group which, from models, is not 

particularly hindered, it was decided to run a series of spectra of 

saponified dubiin with Eu(dpm)3 to see if the europium would complex 

"with the secondary hydroxy- group. Ho\vever, it was found that 

after a molar ratio of Eu(dpm)3 to saponified dubiin of only 0.4 

had been reached, no more Eu{dpm)3 could be induced to dis solve 

in the deuterochloroform solution. Since in this case only about 

half the amount of Eu (dprn)3 which had been added in the previous 

two cases could be dissolved, it seemed to indicate that the 

solubility of the Eu(dprn)3 is related to the structure of the compound 

already in solution. 

Other attempts 'were made to compare degradative products 

of dubiin and marrubiin by removal of the oxygen function at c- 6 from 

both compounds. If this could be achieved and the lactone ring cleaved 

with lithium aluminium hydride, then tosy1ation and reduction could 

be carried out w,ithout ring closure to form an ether. However, 

although this was tried by various methods, all proved fruitless. 

Saponified dubiin re sisted to sylation at C - 0 and the oxidation product 

of saponified dubiin resisted thioketa1 formation. On Wolff-Kishner 

(H M o I ) d ° 66, 68, 69 f h" k t 1 • d uang In on re uchon 0 t IS e one, gums were ootalne 

which were shown by t. 1. c. in ethyl acetate to be complex mixture s. 

Marrubic acid, obtained on saponification of marrubiin, was oxidised 

with Jones reagent to compound (92). \\/olff- Kishne r (Huang Minlon) 

reduction of this yielded a crystalline compound which contained 

nitrogen and proved to be the cyclic hydrazone (93) previously 
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29 107 
obtained by Hardy, Rigby and Moody. (Halsall and Moyle were, 

however, able to reduce the dihydro derivative of 6-oxocativic 

acid (94) to dihydrocativic acid by the Wolff-Kishner procedure). 

Clemmensen reduction of dehydromarrubic acid and the keto-lactone 

(85) from dubiin resulted in considerable degradation of the starting 

material, probably due to the instability of the furan ring under acid 

conditions. 

An attempt was, therefore, made to transe sterify the oxidation 

product of saponified dubiin to give the ester (95). This could 

possibly be tosylated and reduced to give rnarrubenol, obtained on 

lithium aluminium hydride reduction of marrubiin. Ho\vever, 

treatment of the ketone (85) with boron trifluoride diethyl etherate 70 

in methanol gav~ a gUlnmy product which was shown by t. 1. c. in ethyl 

acetate to be a nlixture of at least four components. This was 

probably also due to the instability of the furan ring under acid 

conditions. Attempts to transesterify the ketone by saponification 

and treatment of the alkaline solution with diazomethane, follovled 

by slow acidification 71 resulted in the recovery of starting material. 

This method has recently been used successfully to convert (96) 

to (97). Treatment of compound (85) with sodium methoxide or 

sodium ethoxi{:e in a sealed tube at 140
0 

for 72 hour s yielded a 

" compound which could not be induc'ed to crystallise but which, 

presumably, had the structure (95); treatment of the ketone (85) 

with sodium in refluxing hexanol for 48 hours yielded a similar 

product, which, with to syl chloride in pyridine gave unchanged 

starting mate ri a1 (95). 

An attempt was also made to synthesise the di-iodide (98) from 
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the tetraol (88) with triphenyl phosphite methiodide. 77 This 

should be reducable with lithium aluminium hydride to the compound 

(99). Similar treatment of marrubenol should yield the same 

compound. On iodination, a gum was obtained which gave a 

positive Beilstein test, but which could not be induced to crystallise 

and was therefore reduced with lithium aluminium hydride. The 

product contained no iQdine but t. 1.. c. showed it to be a mixture. 

The components were separated on a column of silica gel but could 

not be induced to crystallise. 

It was then decided to try and introduce a heavy atom into 

saponified dubiin in order to render it sui~able for X-ray crystallo-

graphic studie s. An attempt was made to synthe sise the L- alinate 

hydrobromide derivative (100) of saponified dubiin. 56 A 

crystalline derivative was obtained and analysed for carbon and 

hydrogen. However, the values obtained we-re inconsistent and 

far removed from the calculated values. The reason for thi s is 

unknown but the product was considered unsuitable for X- ray 

analysis. 

Therefore, although the proposed structure (82) for dubiin has 

_ not been proved, all the spectroscopic and chemical evidence suggest 

that this structure is the correct one. 
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3. 2 Leonitin 

L. leonitis, from which the diterpenoid acetate leonitin has 

been isolated, is less common than L. dubia. Plants are 

scattered and are found growing in rocky areas. The main source 

of supply has been the area next to the Grahamstown-Kingwilliamstown 

road, between 15 and 25 mile s from Grahamstown. The plants are 

small, growing to about two feet in height, with orange- brown thorny 

flowers similar to those of L. dubia. The small deltoid- shaped 

leaves are sparse and grow mainly along the ground with a few 

scattered one s up the sterns. The yields of Ie onitin varied with the 

season in which the plants were picked; some crops yielded no 

cry stalline mate rial. 

The leaves and sterns were separated and the leaves were 

air-dried in the shade for 3-6 weeks. The extraction was carried 

out in a similar manner to that of L. dubia; the dried leaves were 

steeped in acetone for 2- 3 days, the acetone run off and the green 

solution concentrated by flash di stillation. Decolourisation with 

char.coal and evaporation of the solvent yielded a dark brown gum 

which was crystallised by dissolving in a minimum of refluxing 

ethyl acetate and allowing to stand at room temperature. The 

crystalline material, shown by t. 1. c. in ethyl acetate to consist 

aln"1ost entirely of a single compound, was filtered off, dissolved 

iri chloroform and extracted with water to remove inorganic material. 

After removal of the chloroform, the gum was crystallised from 

ethanol to give darkly coloure d leonitin. This was decolourised 

with charcoal and recrystallised from ethanol to give colourless 
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d 
. 0 

nee les, m. p. 242-243 . 

Leonitin was shown by elemental analysis and mass spectrum 

to have the molecular formula C22H3007" The infrared spectrum 

(Figure 6) contained a strong band at 1770 cm -1 ( Y -lactone) with a 

shoulder at 1742 cm- 1 (ester carbonyl). There was no hydroxyl peak 

and no band in the region of 870 cm -1, indicating the absence of a 

furan ring, which was confirmed by the fact that leonitin gave a 

negative Ehrlich te st 46and· was transparent to ultraviolet light. 

Leonitin absorbed no hydrogen on catalytic hydrogenation showing that 

there was no unsaturation in the molecule which must, therefore, be 

pentacyclic. 

The mass spectrum of leonitin (Figure 7), besides containing 

a molecular ion 'peak at mle 406, had the base peak at mle 181 and a 

strong (35%) peak at mle 183 attributable to fragments (101) and (102) 

res pe c t i ve 1 y . There was apeak at mle 347 corresponding to (M-CH 3COO' ). 

As expected, peaks at rn/e 81 and 95, due to the presence of a furan ring, 

were absent. 

The 100 MHz n. rna r. spectrum (CDC1 3 ) of leonitin (Figure 8) 

was very similar to that of compound X (103).93 The spectra were 

almost identical in the following respects: 

Both spectra contained a secondary methyl doublet at 0.88 (J 6 Hz, 17-Me) 

and a I-proton multiplet at 4.68 (J 5 Hz, 6-H); the spectrum of compound 

X contained a 3-proton singlet at 1. 28 (18 -Me) and an AB quartet centred 

at 2.72 (J 17 Hz, 14-H
2

) while that of leonitin contained a 3-proton 

singlet at 1. 27 and an AB quartet centred at 2.76 (J 17 Hz). 

The spectra were different in the following respects: 
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The spectrum of compound X contained a tertiary methyl singlet at 

1. 10 (20- Me) whe reas that of leonitin contained a sharp 3-proton 

singlet, characteristic of an acetate methyl group, at 2.02; the 

spectrum of compound X contained an AB quartet centred at 4.19 

(J 9 Hz, 16-H
2

) whereas, in the spectrum of leonitin, there was a 

complicated 4-proton signal between 4.05 and 4. 32, probably due to 

two AB quartets. The se diffe rence s in the spe ctra are compatible 

with the 20- methyl group in compound X being replaced by a 

-CH2-0-CO-CH3 group in leonitin, so that leonitin can be described 

as 20- acetoxy- X (104). The only other compounds containing a 

C-9, C-J 3 ether bridge which have been reported are grindelic acid 

113 . . 114 41 92 (105), lagochlhn (106) and two compounds (107) and (108) 

from horehound. 

Treat'TIent of leonitin with alcoholic potas sium hydroxide 

afforded a compound C 20H Z80 6' carre sponding to the removal of 

Ho\vever, this reaction did not only involve the simple 

cleavage of an acetate group since the infrared spectrum of the product 

contain,ed peaks at 3650 (hydroxy-group), 1779 ( y -lactone) and 1715 

(0 -lactone) crn- 1. Acetylation of saponified leonitin did not afford 

the parent ester. Saponified leonitin crystallised slowly from aqueou s 

ethanol and the melting point varied between 224
0 

and 238
0

• 

Quantitative alkaline hydrolysis showed that 2.85 moles of alkali were 

consumed pe r mole of leonitin, indicating that ester cleavage and 

opening of both lactone rings occurred. On acidification, ring closure 

of the Y-hydroxy-acid took place normally between C-15 and C-16, 

but the carboxy- group at C-19 underwent ring closure with the primary 

hydroxy-group at C-20 (and not the secondary hydroxy-group at C-6), 

.. : 
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giving rise to compound (109) with a 0 -lactone system similar to that 

in dubiin. 

The 100 MHz n. m. r. spectrum of saponified I eonitin exhibited a 

curious "doubling-up effect", i. e. singlets appeared as doublets, doublets 

as quartets, etc. This effect was not observed in all of the peaks (notably 

the IS-Me peak was unaffected) and the magnitude of the splitting varied 

with different peaks. The effect was originally thought to be due to the 

o -lactone existing, in solution, as a mixture of half-boat and half-chair 

conformers. 115 This phenomenon has been observed with isabelin (110)116 

and neo1inderalactone (111). 117 Consequently, n. m. r. spectra were 

run at various temperatures between 250 and 1100 (as was done, for 

example, with isabe1in) since, if this effect was the result of a mixture 

of conformers, it would be expected that at increased temperature the 

compound would ~xist predominantly in the high energy form with a 

resultant simplification of the spectrum .. This expected simplification 

was not observed which meant that the splitting was not due to a mixture 

of conformers. This conclusion was supported by the fact that this 

splitting. was not observed in the spectrum of dubiin which also contains 

this 0 -lactone system, and aiso that the IS-Me [~roup in leonitin was not 

affected while the 1 7 -Me group was strongly affected" Because of the close 

proximity of the IS-Me group to the 0 -lactone, a mixture of conformers 

would affect this group to a greater extent than the 1 7 -Me group. 

It was thus thought that the IIdoubling-up effect tl could possibly arise 

as a result of' the molecule, in the presence of alkali, undergoing a 

rearrangement of the following type: 

,----COOH 

---OH OH 
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Acidification would then lead to ring closure in two possible 

forms, giving a rrlixture of epimers at C-13, L e. 

Thus if the "doubling-up effect" was a result of this type of 

rearrangement, it would be expected that the product from alkali 

treatment of compound X would also exhibit this phenomenon,. 

To test this hypothesis, compound X was treated with alkali 

under the same conditions. The product crystallised with difficulty, 

IT}. p. 207 - 220
0

, but t. 1. c. in ethyl acetate showed a single spot 

corre sponding to that of starting material. However, the 100 MHz 

n. m. r.· spectrum (DMSO-d6) of this product was identical with that 

of compound X. The refore the re a SOll for thi s effe ct is not known. 

Several attempts were made to remove the acetate group 

from leonitin without the formation of the y, b-dilactone but all proved 

fruitle ss. Partial hydrolysis could not be achieved using sodium 

bicarbonate, potas sium carbonate or hydrochloric acid in various 

concentrations and for different lengths of time, both at rOOIn teInperature 

and under reflux; either unchanged starting material or saponified 

leonitin were obtained, the products being identified by means of their 

infrared spectra. Hydrolysi s experiInents on leonitin did not follow 

the same pattern as those on marrubiin; treatment of leonitin vlith 
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dilute sulphuric acid under reflux for 5 hours afforded saponified 

leonitin indicating that the C-4, C-6 lactone ring had been opened. 

On similar treatment of marrubiin, this lactone ring remained intact 

and starting material was recovered. The reason for this difference 

is not known. 

Treatment of saponified leonitin \vith sodium borohydride at TOO:m 

temperature for 4 days afforded a crystalline compound CZOH3006' 

whose infrared spectrum contained only one peak in the carbonyl region 

-1 -1 .at 1700 cm ,corresponding to a 0 -lactone. The band at 1770 cm 

due to the Y -lactone had disappeared indicating that this lactone had 

been reduced to the hemiacetal (lIZ). McCrindle et al. , 41 on 

extraction of Marrubium vulgare, isolated a compound (107) with this 

system which they converted to marrubiin by treatment with tosyl 

chloride in pyridine under reflux. Similar treatment of the hemiacetal 

(lIZ) should, therefore, lead to saponified dubiin by an analogous 

mechanism. However, treatment of the compound (1lZ) with tosyl 

chloride under reflux afforded a gum which could not be induced to 

crystallise but which was shown by t. 1. c. to be a mixture of two 

compounds in the approximate ratio of 5: 1. The minor component was 

not isolated but had the same mobility as saponified dubiin in a number 

of different solvents. The major component was crystallised from 

ether and shown to be unchanged starting material. 

Reduction of leonitin with lithium aluminium hydride yielded 

the pentaol CZOH3606 (113), which was tosylated and then reduced 

with lithium aluminium hydride to give a product vlhich would not crystallise 

and was different (infrared spectrum) from the product obtained by 

an analogous pathway from compound X. The product (114) from 
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leonitin would be expected to be similar to that (91) obtained from 

dubiin under the same conditions, i. e: formation of a cyclic ether 

between c- 6 and C- ZO. Tosylation of the lithium aluminium hydride 

reduction product of compound X afforded the expected triether (115), 

the mechanism being sirnilar to that in which the ether (90) is formed 

from rnarrubiin. 

3. 3 Euryopsol 

o 
The furanoeremophilane europsol, C15HZZ04' m.p. 174-175 , 

has been isolated pure from Euryops spathaceus DC. and Euryops 

tenuissimus (L. ) DC. It has also been found ,to occur both by itself 

and together with euryopsonol (79) C15HZ003' m 4 p. Z30-Z31
0

, in the 

resin of Euryops floribundus t commonly known as "harpuisbos ll • 

E. spathaceus fs a small evergreen bush growing to about three 

feet in height ~ith shiny needle-shaped leaves. The production of flowers 

apparently depends on the spr:ing rainfall and the plants flowered only 

once during the course of this work, in the spring of 1970, a year of 

particularly good spri;ng rains. On this occasion the plants were 

covered with a'mass of small yellow flowers which allowed the plants 

to be identified positively for the first time. In the absence of flowers, 

"the plants had tentatively been identified as E. tenuissimus; thus work 

carried out by Woolard88 \vas done on E. spathaceus and not E.tenuisshnus 

as stated. 

E. tenuissimus is ve~y similar in appearance to E. spathaceus, 

the leave s and stems being virtually identical. However, the small 

yellow flowers differ slightly fron~ those of E. spathaceus and the plants 
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are slightly talle r, growing to about 4- 5 feet in he"ight. Both p1anfs 

are extremely re sinous. E. spathac~~ was collected at the side 

of the Grahamstown-Cradock road, 5 miles from Grahamstown; 

E. tenuis simus was collected on Sugar Loaf Hill on the outskirts of . 

Grahamstown. 

Extraction of both plants and subsequent saponification yielded 

pure euryopsol. Extractions were carried out on fre shly picked sterns, 

the leave s being separated and discarded. The stems were steeped 

in acetone at room temperature for 2- 3 days. Filtration yielded a 

light brown extract which was evaporated to a dark brown sticky gum. 

Saponification of the gum with ethanolic potas sium hydroxide, extraction 

with ether and crystallisation of the concentrated ethereal extract 

yielded very fine needle s of euryopsol, m. p. 171-173
0

, raised on 

recrystallisation from ethanol to 174-175
0

• 

Both the infrared (Figure 9) (v (KBr) 885 cm -1) and 
max 

ultraviolet LA. 220 nm, E 6, 800) spectra of euryopsol indicated max 
. 97 

the pre sence of a furan ring. This was confirmed by a positive 

Ehrlic.h test46 (negative with euryopsonol due to the electron withdra\ving 

effect of the C-9 keto-group). The infrared spectrum showed strong 

hydroxyl and no carbonyl absorption. 

The mass spectrum of euryopsol (Figure 10) showed a molecular 

ion peak at mle 266 and peaks at mle 248 and 230 (M - 18 - 18). The 

base peak at m/e 124 is due to the fragment (116). 

The 60 MHz n. m. r. spectrum (DMSO-d
6

) of euryopsol (Figure 11) 

contained peaks at 0.68 (3H, doublet, J 5 Hz; doublet showed considerable 

"filling in"), L 06 (3H, singlet), 1. 94 (3H, doublet, J 1 Hz), 2.73 



-1 
Wavenumber cm 
4000 3000 2500 

,. 

3 4 
Wavelength in microns 

2000 I 15,00 1300 1100 900 

5 6 7 8 9 10 11 

Figure 9: Infrared Spectrum of Euryopsol 

700 

12 13 14 15 

I-l 
I-l 
(X) 



100 r . i 

80 

(l) 60 
.b.O 

cd 
4-> 
l:l 
(l) 
() 

H 
Q.) 

0.. 
40 

20 

/ 

o lliU '"'' I, II!I". 1I1~1!1 I Ilhllll i II I!I!! 111111Il!11I. I 11111 1.1 It!" IW "!II gd "" lSi i 

60 80 ioo 120 140 160 180 200 220 240 260 

Figure 10: Mass Spectrum of Euryopsol 

...... 

...... 
-..0 



1
2

0
 



.. -

121 

(ZH, AB quartet, J 19 Hz), 3. 65 (lH, multiplet)", 4. 18 (lH, doublet, 

J 8Hz), 4.39 (lH, doublet, J 8 Hz), 4.43 (lH, doublet, J 5 Hz), 

5.06 (lH, singlet) and 7. Z2 (lH, quartet, J 1 Hz). On addition of 

DZO, the signals at 4. 39, 4.43 and 5.06 disappeared, the doublet at 

4.18 collapsed to a singlet and the multiplet at 3.65 sharpened slightly, 

showing that the molecule contains three hydroxy- groups, one of which 

is tertiary (signal at 5. 06) and two of ·which are secondary (signals at 

118 4. 39 and 4. 43). 

Oxidation of euryopsol with Sarett reagent30 afforded a 

crystalline compound C15H1804' rna p. 150-152°, in poor yield. 

This would not form a crystalline 2, 4-dinitrophenylhydrazone derivative 

and gave a negative Ehrlich te st. 46 The ultraviolet spectrum contained 

bands at 270 ( £"3,150) and 208 nm (£ 15,200)119 and the infrared 

-1 spectrum contained peaks at 1672 and 1712 em ,indicating that the 

compound contains an cx:, f3;y,o-unsaturated ketone. This is compatible 

. h h f 6 k .. . k 120-123 h . WIt t e pre seLce 0 a - eto- group SInce It IS nown t at 

6-oxofuranoeremophilanes have A 269 nm (e IV 4,000) and max 

9-oxofuranoeremophilanes have A 280-282 nm (£ IV 20,000L max 

Accordin·gly, euryopso1 must have a secondary hydroxy- group at 

C-6. 

Treatment of euryopsot with sodium periodate in various 

proportions re suIted in the uptake of periodate, the amount of 

periodate absorbed per mole of euryopsol varying from 1. 06 (~ hour) 

to 2.20 (72 hours). The oily product, shown by t. 1. c. to consist 

chiefly of one compound, could not be induced to crystallise or form 

any of the usual carbonyl derivative s, although its infrared spectrum 

-1 contained carbonyl peaks at 1620 and 1720 em . 
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Mangane se dioxide oxidation of euryopsol gave, in low yield, 

a gum which could not be crystallised or sublimed. T. 1: c. showed 

it to be a mixture of two compounds in approximately equal proportions. 

The structure of euryopsol (117) was deduced by Williams and 

Wilson from the re suIts of deuterium exchange in the pre sence of 

alkali, coupled with extensive n. m. r. work employing solvent induced 

shifts. On treatment of euryopsol with methanolic hydrochloric acid, 

they were able to prepare the monomethyl ether (118). The product 

from the Sarett's oxidation of euryopsol is therefore (119). 

has been published. 118 

This work 

o 
Euryopsonol, C15H2003' m. p. 230-231 , a closely related 

compound, has been isolated from the unsaponifiable fraction of the 

resin of E. floribundus. 124 Rivett and Woolard 120 proposed a cis-fused 

structure (120) since it was converted to 9-oxofuranoeremophilane 

considered125, 126 to contain a cis-fused system as shown in (121). 

However, cis-fused ketone s are readily isomerised by alkali to the 

thermodynamically more stable trans-fused compounds. It is, therefore, 

not surprising that Novotny et al. 127 have since shown that 

9-oxofuranoeremophilane is, in fact, the trans-fused ketone (122) by 

preparation of authentic (121) and conversion by alkali to (122). Thus 

the originally proposed structure of euryopsono1 must now be amended 

to (79). 

Euryopsonol and its C-3 epimer, epieuryopsono1 (123) have been 

compared with degradation products of kablicin (124) obtained from 

Petasite s kablikianus. 128 

Since euryopsonol is isolated from the resin of K. floribundus 

under strongly alkaline conditions, it almost certainly occurs in the 

plant as the 'cis-fus~d isomer and the angelate ester. Alkali tre a tment 
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re suIts in the removal· of the angelate group and conversion to the more 

stable trans-form. Isolation of the cIs-fused ester from the 

unsaponified extract of E. floribundus was therefore attempted. Thus, 

two samples of E. floribundus, kindly collected by Mr P. J. Steynberg 

on the farm IISondagsrivierhoek ll near Graaff-Reinet, were extracted as 

before. However, these yielded almost pure euryopsol containing less 

than 1 % of euryopsonol, estimated according to the ultraviolet spectrum. 

This was surprising since previous extractions, by Woolard, of Inaterial 

from the same source yielded either pure euryopsonol or mixtures of 

euryopsonol {major fraction} and euryopsol. The reason for this 

variation is not known. 
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