STUDIES I THE TERPENOID FIELD.

regsented to the University of Glasgow for the

degree of Doctor of Philosophy by

¥argaret Stewart Henderson.

Chemistry Department September 1969.



ProQuest Number: 11011877

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 11011877

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



I should like to take this opportunity to express ny
sincere gratitude to ny supervisor Dr. Robexrt McCrindle
for his constant advice and encouragement during the
course of this works I am also indebted to the

Science Resegrch Council for a maintenance award.



_CHAPTER I.

Introduction
Discussion
The Stereochemistry of Marrubiin
Hydrogenation of Marrubiin
Dehydration of Marrubiin
Further Constituents of Marrubium vulgare —-——-
Attempted Synthesis of " Compound ¥ " —ceemeee
Experimental
References

Diagrams

10
17
20
24
30
37
€0
64



-l-

INTRODUCTION

The diterpenoid lactone, marrubiin (1), a bitter

principle of the hite horehound (Marrubiun vulgare L)

was first isolabted in 1842 by Mein and, sent to Harms® for
investigation. It was later examined by Kroymeyer ,

4 5 all of whon emplbyed

HertelB, Morrison s and Matusow

differen£ methods for the isolation of the compound.
Matusow!'s nethod, using acetone as solvent, was found to
be the nost convenient for extraction on a larpge scale.
This method was further improved upon by Gordin6 who
obtained marrubiin m.p. 154-1550 after repeated
crystalliéations from alcohcl. However it was not
‘obtained in a high state of purity until 19327.

The chenistry of marrubiin was first examined by
Gord1n6 who proposed the formula 021 o8 4 fron analytical
data. Gofdin’reoognised that narrubiin contained a
lactone since on hydrolysis a monobasic acid was formed
which he called marrubic acid (2a). Thié acid was found -
to be reconverted into marrubiin either‘oq.heatiné in |
vacuo or on treatment with alcoholic hydrochloric acid.

No further work on the constitution of marrubiin was
done until 1939 when two groups of workers, Hollis,
Richards and Robertson8 and Lawson and Eustice9
independently found that their analytical results and

nolecular weight determinations were in agreement with

the fornula C20H2804 rather than 0 H28 4 as previously
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suggested. Determination of gctive hydrogen indicated
thet marrubiin contained one hydroxyl group and since the
compound did not form any acyl derivetives under the
usual conditions it was concluded that it was tertiary.
Treatment with the dehydrating agents, thionyl chloride or
phosphorus trichloride afforded anhydromarrubiin (3a).

The remaining oxygen atom was unreactive and was assuned
to be present in an ether linkage. That marrubiin
contains two double bonds was shown by the fact that it
could be hydrogenated over platinum black in acetic acid
to give a tetrahydro-derivative. iThen ethyl acetate was
used as solvent no hydrogenation took place and these
findings suggested to Lawson and Eustice that the double.
bonds nust be present in the cyclic part of the structure.
Dehydrogenation with seleniunm gave a good yield of

1,. 2, 5 trinethylnaphthalene (4) and fron this it was
concluded that narrubiin is a hydroxy diterpene lactone

of the manoyl oxide (5), sclareol (6) type. On the basis
of these findings and the isoprene rule Lawson and Eustice
proposed the part structure (7) for marrubiin.

Marrubiin, however, differed from the manoyl oxide type

of diterpene in that no tricyclic derivatives could be
forned.

In 1947 Ghigilo began work on the chemistry of"
narrubiin and found that oxidation with chromium trioxide
in acetic acid gave a neutral conpound Mep. 162°
anaiysing for 017H2204 which could be hydrolysed by base
to an ecid C

: (0]
H, O, H.ps 222°.
172475 B P )
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Neither of these degradation products gave a positive
tetra-nitromethane test, indicating that the three cearbon
atoms eliminated in the first stage of the oxidation are
those which carry the double bonds. This was confirmed by
Cooker11 and his co-workers who corrected the formula of
the oxidation product from C17H2204 to 017H2404. Since
both double bonds and the inert ethereal oxygen were lost
these results are best accomodated by cleavage of a furan
ring. The infra red and ultra violet absorption maxinma
and colour reactions of marrubiin reinforced this
conclusion. An absorption at 1740 on™> in the i.r. was
assuned to be due to a ¥ ~lactone. The Cyq acid obtained
from hydrolysis of the oxidation product displayed no
furan sbsorption and lacked the tertiary hydroxyl band.
However it showed a strong carbonyl band characteristic
of a butanolide indicating that the oxidation product was
g dilactone. PFron these results Coqker tentatively
suggested the formulae (8) or (9).

However, when Hardy and Rigby12 gtudied the i.r.
spectrum of marrubiin they found a band at 1780 om™L
characteristic of a ¥ -lactone. Ghigi's 017 compound
showed only one carbonyl frequency, at 1778 cm-l,
corresponding to two ¥ -laetéhe groups, the original
¥ -lactone and one derived from degradation of the side
chain. It was then realised that the tertiary hydroxyl
nust be in the ¥ position with respect to the point of

attachment of the furan ring, since it readily undergoes

lactonisation with the carboxyl group derived by cleavage
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of the furan. Ozonolysis of anhydromerrubiin gave a keto

lactone C in which the entire side chain was

1452003
removed. The i.r. spectrum of this compound showed that
the original ¥ -lactone was present along with a six
menbered ring ketone. Further, since the hydroxy acid
obtained by hydrolysis did not readily lose carbon dioxide
it was not a % -keto acid. Consequently, of the three
pogsible positions C-4, C-8 and C-lO13 for the attachment
of the carboxyl group to the bicyclic nucleus, the last
two must be excluded and thus the carboxyl group of this
conpound and of marrubic acid nust be at C -4, Since
marrubiin was known to be & ¥ -lactone C -2 and C -6 are
the only possible positions of attachment of the oxygen
atom. Methyl marrubate (2b) on chromic acid oxidation
lost three carbon atoms with concomitant formagtion of the
¥ -lactone and oxidation of the hydroxyl (derived fronm
hydrolysis of the original lactone) to a ketone. This
keto acid (10) was cyclised with acetic anhydride to an
enél-lactone which could have been either (11) or (12).
The product reacted rapidly with bromine and potassiun
permanganate and on hydrogenation was reduced to a
gaturated acid in keeping with an enol-lactone formulation.
A structure in which the ether oxygen was attached to C =2
could be ruled out since formation the enol lactone (13)
would be an infringenent of Bredt's rule. That the enol
lactone (11) was the correct structure was shown by
ozonolysis which afforded an aldehyde (positive Schiff

and Tollen's tests).
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The reactions of narrubiin were compatible with its
formulation as (1) but no correlation with known compounds

14 .
" succeeded in

had been made until Burn and Rigby
converting it into a known degradation product (14) of
anbrein. The starting material for this conversion was
the enol-lactone (11) which on hydrogenation gave the
acid (15a). Treatuent of this acid with thionyl chloride
followed by Rosennund reduction furnished the aldehyde
(15b) which on Huang-Minlon reduction gave the compound
(15¢). This was identical with one of the isoambreinolides
prepared by Collin-Asselineau15 by the action of 70%
sulphuric acid on ambreinolide (14). However the major
product of the reduction was the unsaturated acid (16)
which had also been prepared from anmbreinolide.

The structure of marrubiin having been determined
work began on the elucidation of its stereochemistry.
The stereochenistry shown in (17) was proposed by Cocker
who based his arguments on Klyne'!s molecular rotation
studies of diterpenes. Marrubiin was converted by a
sequence of reactions which could not affect the
stereochemigtry of the A/B ring junction into (18) and
the shift in molecular rotation studied. This suggested
a trans A/B junction and an equatorial environment for the
lactone carbonyl group. According to vuese autlorc *he
stability of the lactone in the keto-lactone (19) could
only be explained if the carbonyl group and the oxygen
atom had a diequatorial arrangement since otherwise the

lactone would be impossibly strained.
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The C-8 nmethyl group in the keto-lactone (19) and

therefore in marrubiin was assuned to be in the stable
equatorial confornation since it was not epimerised by
boiling in alkali and since it was formed from marrubiin
under conditions unlikely to epinmerise this centre.
Further, since dehydration of marrubiin afforded a
compound with an exooyclié double bond this was taken as
evidence for an equatorial hydroxyl group. On further
study of the rotational data for the configuration at
c-6 Cocker17 nodified the stercochemical assignments to
that shown in (20) with lactone ring [3 oriented at both
points of attachment to the skeleton. Wheeler918 on the
other hand, on the basis of some preliminary reduction
- studies proposed that the lactone was  , X fused.

Burn and Rigbyl4 criticised Cocker!s arguments,
rejecting as inadequate the reasoning used for
positions 4, 6, 8 and 9. Rigby's work on the conversion
of marrubiin into an isoambreinolide showed that the
C-10 angular methyl was f and axial and suggested that
the ring junction was trans (later confirmed by 0.R.D.
studies). This co-relation with isocambreinolide prompted
the conclusion that a knowledge of the stereochemistry at
C-8 and C=9 in this lactone would allow the assignment
of stereochemistry at these centres in marrubiin.

Recently, during work on the stereochemistry of
grindelic acid (21), Mangonil9 wag able to prepare the

lactone and deduce the stereochemistry at these centres.
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The hydroxy-ketone (22) derived from sclarecol (&) by

permangenate oxidation was converted into the unsaturated
ketone (23) by teatment with iodine in benzenc.

Oxidation of this compound with perphthalic acid gave the
epoxy-acid (24). Subsequent hydrolysis resulted in the
formation of two crystalline lactones (25) and (26) due to
the trans diaxizl opening of the epoxide followed by
lactonisation. That the two lactones (25) and (26) had
identical configurations at C-8 and C-9 was coﬁfirmed by
the transfornation of (25) into (26) by hydrolysis
followed by acidificetion. Reaction of (26) with thionyl
chloride in pyridine gave the unsaturated lactone (27).
The double bond was shown to be endocyclic fron
epectrogcopic evidence. Since under these conditions no
exocyclic olefin was formed it was taken as evidence that
the =8 hydroxyl was axial and thus assuning the two
hydroxyl groups to be trans diaxially related the one at
(-9 nust be o oriented. The reaction of osmiun
tetroxide’’ with the unsaturated scid (16) gave as the
sole product a hydroxy-lactone (28) which was then
dehydrated with thionyl chloride in pyridine to afford
the unsaturated lactone (29), the exomethylene grouping
being clearly visible in the n.m.r. spectrum. Since
dehydration took place exo to the ring the C-8 hydroxyl
group must have been equatorial. Catalytic reduction of
(27) furnished a mixture of two saturated lactones,
epineric at C-8. The most abundant product, which was

identical to the # ~lactone obtained by isoncrisation of
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arbreinolide-was--assigned-the structure (15C) with the
C~8 methyl group p since hydrogenation was assuned to
salke place fron the less hindered & =face of the noleculc.
Hydrogenation of the lactone (29) however produced (30)
agt the major product which differed considerably fron
(150) in its physical properties. Ais a result of these
findings it was claimed that marrubiin has a { oriented
C~9 side chain and a ¢ =-oriented C-8 nethyl group.

2
20521 1yt it is

Hcwever it has since been pointed out
inpossible to predict with any certainty which face of the
nolecule is nmore accessible to hydrogenation and therefore
the essignnent of stereochenistry at C-8 in marrubiin on
th2 tasis of the above arguments was invalid. In a later
war o Hangonizz modified the stereochenistry at this
ceusre to that having the nethyl group in an £ -
orientation.

L synthetic route to marrubiin proposed by Moody25
was based on the conversion of the keto-ester (31) vie
the diene-lactone (32) to the keto-lactone (19) which can
be derived from anhydromarrubiin (3a) or
anhydrotetrahydromarrubiin (33) by ozonolysis. This
scheme had to be abandoned because the intermediates
underwent unexpectedly facile rearrangements. Attempted
alkylation of the keto-lactone (19) with Grignard
reagents and lithium alkyls gave no adducts but sodiun
acetylide gave a 40% yield of the ethynol (34). The

structure of this compound was confirmed by hydrogenation

over Adans catalyst to (35).
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Attenpted carboxylation of the sodio derivative of the
ethynol gave neither a crystalline product nor the
starting naterial.

Marrubiun vulgare is the main source of marrubiin

but it has also been isola,ted24 from Ballota foetida.

More recently Rivett25 has isolated it from Leon2tis
leonuris R. Br. alongz with two related compounds.
Despite its close relationship botanically to Marrubiunm
vulgare a Yugoslavian sample of M. incanun was found26
to contain very little narrubiin. The nain constituent
of this plant was a crystalline substance 020H2605 whose
physical properties corresponded to those reported for
peregrinine a conpound isolated27 from M. peregrinum.
Thet this diterpene was %-keto-marrubiin (36) was shown

by its conversion into the olefin (37) which on

catalytic hydrogenation afforded marrubiin.
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DISCUSSION

The Stercochenistry of Marrubiin.

Since only the stercochenistry at C--SM"17 C—9l9 and
C-—lOM"17 appeared acceptable a specctroscopic study of
narrubiin derivatives was undertaken in order to
determine the stereochemistry at the remaining
asymnetric carbon atoms.

That the 3 -lactone function was @ , F fused to the
skeleton was deduced fron a study of the n.m.r. spectra
of nmarrubiin (1), tetrahydronarrubiin (38) and the ether
(39). 1In these compounds the -6 proton resonates at
5¢25, 5.28 and 5.85 Y rcespectively as an ill-resolvcd
triplet with a multiplet width of 10-14 c./sec. In
narrubenol (2¢), marrubenol (40z) and the monoacetate
(2d) this proton rosonates as a broad singlet
(W5 = 6-8 cfsec.) at 5.78 , 5.78 and 5.66 “c.,respe,oj;;x;g;y’
The narrowncess of thesc resonances is diagnoétic ﬁf”éﬁw
cquatorial proton at C=6 since (-5 and (=7 both carry an
axial proton, the proton at C-6 displaying a band width
conpatible with one equatorial-equatorial and two axinl-
equatorial spin-spin couplings. Thc substituent at c=6
in nmarrubiin and the derivatives discussed above is
therefore axial (@ ).

Convincing evidence for the stereochemistry at C-4
was less rcadily obtainable. Nornally with diterpenoids,
nem.r. shift valuesz9 for the protons in the functional
groups =CH,0Aic, -CH,OH and -CHO and/or pK*Mcs

measurementsso for the corresponding carboxylic acid
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allow the assignment of stereochemistry to oxygengted
nethyl groups at C-4. In the present case, when
utilising compounds*readily derivable from marrubiin
such data did not accord with either a normal axial or

. *
equatorial group. Thus the pK of marrubic acid (2a)

MCsS
and tetrahydro-marrubic acid (40b) were T below the

values expected for either an axiel or equatorial carboxyl
group. Ne.m.r. studies were also of little use in
distinguishing lLetween the two possible orientations of
attachnent of the lactone ring to C-4. In the keto=-
aldehyde (2f) the aldehydic proton appears as a barely
resolved doublet (separation lc./sec.) at -0.42 ¥ a

value considerably lower than that expected29 for either
an axial (0.2 % approximately) or an equatorial

(0.7 ¥ approximately) aldehyde group at C-4. This
downfield shift is caused by the carbonyl group at C-6.

A similar shift was apparent in the spectrum of the keto
acetate (2¢) which shows a gquartet (J = 12 c./sec.)
centred at 5.32 Y which conform326 with neither an axial
(5.70 - 5.90%) nor an equatorial (6.15 -~ 6.35 %)

prinary acetate group at C-4.

*FOOTNOTE:— Preliminary studies on the stereochemistry

of marrubiin were carried out by

Dr. J. . B. Fulkeza.
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In the manacetate”(Zd)Athisvmethylene STOUp appears as
e quartet (J=12 ¢./sec.) at 5.44 Y, the downfield shifé
being induced by the ¢-6 axial hydroxy group. In this
case the chemical shif% would eppear to be better
rationalised as derived fu n an axial rather than an
equatorial primary acetate group. Reasoning on these
lires, however, led only to tentative conclusions and %o
resolve the problem the ozygen function gt C-6 was removed
by the following sequence,I4

Hydrogenation of anhydromarrubiin (3a) in ethanol
over Adams catalyst afforded the desoxytetrahydrolactone
(42) 020H5205, m.p. 94-95°. Treatment of this lachone
with potassium hydroxide in cellogolve end careful
acidificasion furnished the corresporing hydroxy a-id

- Y + (@] Y. . - . . £
{41:) C20d3404’ m.p. 224~-226" which was oxidised to the

keto acid (41b) © m.p. 170-172° with Sarett's

H .0,
2073274 *
reagent. The keto-acid was converted into the unstable
enol lactone (43) with refluxing acebic anhydride
containing a large excecs of fused sodium acetate. o
speciroscopic evidence for the position of the double
bond in this compound was available since it rapidly
decomposed into the keto-acid during the work-up
procedure. However it was assumed to be a , ~ rather
5

than a A 2 double bond by anslogy with related

) 17’200 . 1 . . *r
compounds- Catalytic hydrogenation of this las?b
compound {coztaining the keto-acid as an impurity) in

acctic acid over 10% Pd-C gave as the more polar proluct

o
the ecid C2OH%ﬂ03’ (41c¢} mep. 29-101° produced by
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nydrogenolysis of the vinylic oxygen aton and
saturation of the double bond. The desoxy-lactone (42)
was obtained as the other component, identified by
direct comparison with an authentic sample. The presence
of this compound cen be explsined in terms of the
hydrogenation of the keto-zcid fz m the o« face of the
nolecule to forn the hydroxy-acid (4la) which would
rapidly lactonise under the acidic reaction conditiouns.
Hethylation of the acid {4lc) followed by lithiun
atuniniun hydride reducticn gave the prirary alcohol
(414} which shows an AB quartet at 6.41 X (2H, C-19).
The corrcrponding acetate (4le) and the uastable oily
aldechyde (41f) were prepared and a study of their n.n.r.
specira (5.50 V5 -CH,Oke in (4ie) s 0.14 Y5 ~-CHO in
(41£} ) reinforced our con:lusions ~oncerning the axial
nature of the C-4 functional group.

. . . 28 . .
milaxr results were obtained for the series with

m

the €-9 hydroxyl group presert. Thus the oily monoacetate
(40¢) derived from the alcohol (40d) shows in the n.m.r.

& quartet (J= 11 c./sec.) centred on 5.93 % (-CH,O4c) a
vdlue which is acceptable26 for an axial primory acetate
at O-4. TFurbthermore oxidation of the alcohol (404) with
chromium trioxide in pyridine provided the unstable oily
aldehyde (40€) the n.m.r. of which shows a resonance at
0.14 ¥ (1H singlet) as expected26 for a C-4 axial
aldehyde group.

The orientation of the lactone ring in nmarrubiin

o
Ceid

1 18
s cio and (5 has been advanced 7 but then refuted .
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The validity of the p cis orientation, assigned in this

discussion mainly on spectroscopic grounds gains somne
confirnation fron chemical evidence. Thus (a) the ease

of formation of marrubiin (1) fron”? M parrubioc acid and
the ether (59) on attemptedzs p-bromno~benzenesulphonation
of marrubenol (2c) would be rationalised since in each
case a 1,3 diaxial non-bonded interaction is being removeds
(b) the observation™# that the olefin (44) is obbained in
appreciable yield (approximately 50%) from treatment of
the hydroxy acid (45) with toluene-p-sulphonyl chloride-
pyridine would indicate a smooth trans-diaxial (5 36 )
elinmination of toluene-p-sulphonic acid from the
internmediate ester; (c) the secondary hydroxy group in
marrubenol (20) is fairly resistant to acetylation, the
product of acetylation under mild conditions being the
nono-acetate (2d) which is however readily oxidised to

the keto-acetate (2e) i.e. reactivity typical of an

axial secondary alcohol.

The assignr~nt of stereochemistry at C-8 based on
the evidence presented below involves the assumption that
the compounds discussed have ring B in the chair (or half
chair) conformation. The major factor liable to lead to
a preference for a ring B boat conformation would be the
1,3 diaxial interaction between a C-8 f methyl group and
the €-10 13 nethyl group. However from models it seens
likely thet downward rotation of C-8 would eventually
produce even more severe steric interactions. Assuning
a ring B chair conformation it would be expected33 that

if the secondary methyl group at C-8 were axial, the
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conversion of the mono-acetate (2d) into the keto-
acetate (2e) would produce an upfield shift of about 15
~ 20c./sec. for the resonances of the C-8 and C-10
methyl groups. Although the observed upfield chif+
(22 c./sec.) of the necessarily axial C-10 methyl grouw
does indeed accord reasonably well with expectation, ihe
secondary methyl group at C-9 suffers a downfield shif:
(3.5¢/sec.) and is therefore probably equatorial ( o& ).
The resonances of the C~4 and C~10 methyl groups in the
keto-acetate were identified by recording its n.m.r.
spectra after progressive additions of benzene to a
deuterochloroforn solution and application of the "planc
rule”.34 In the original spectrum the methyl groups
appear at 8,94 (s) (3H, C-18), 8.97 (a) (3H, C-1T ;
J = 6.5 c./sec.) and 9.09 Y (s) (3H , C~20) and sbift
progressively in benzene to a final value of 8.76, 9.34
and 9.29 Y respectively j.e. A gzcé6 ~0.18, +0.37
and 0.20 p.p.mi
The products of dehydration of marrubiin with e

large excess of phosphoryl chloride in pyridine at reflux
for five hours reinforce this conclusion. Substantial
quantities (approximately 90%) of marrubiin can be
recovered even after treatment with a large excess of
Warn (600) phosphoryl chloride-pyridine for two hours.

On the assumption of a B (axial) orientation for thc
hydrogen aton at C-8 the [ (equatorial) orientation for
the C-9 hydroxy group was originally35 suggasted very

tentatively with the proviso that the slow rate of
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dehydration might be dne Lo bthe steric exclusion of

reagents rather than an unfavourable orientation for

19

trans diaxial climination. Indeed Mangoni's™” work on
grindelic acid (21) presents convincing evidence for the
assignnent of the o configuration for the C-9 oxygen
eton in this conpound and in marrubiin. However a
careful n.n.r. study of the phosphoryl chloride -
pyridine dehydration product (forcing conditions-sce
later) suggests that the mixture consists of two
conpounds, namely A 8(9) olefin (46) (70%) and its

s 9(11) isonmer (3a) (30%). Formation of a substantial
proportion cf the product with an endo olefinic bond
probably indicates the prescnce of an 8 f - H and a

9 p -0H group. These configurational assignments gain
further support from the conversion (elbeit in low yield)
of ambreinolide (14) into isoambreinolide (15c¢) which is
also deriveble from narrubiin. The isomerisation of
ambreinolide can be effected by treatment with sulphuric
acid15 probably via the unsaturated acid (16) protonstion
at C=-8 and relactonisation at C-9 being expected to proccel
in a trans diaxial feshion to furnish an equatorial
nethyl group at C-8 and an cquatorial side chain at C-9.

Similar conclusions concerning the stereochemistry

at these centrcs were arrived at independently by
Wheeler21 who based his arguments on reduction studies.
Sodium borohydride and lithium in liquid ammonia
reduction of the tciralydre Teto-acid (40f) both rather

surprisingly gave tetrahydromarrubic acid (40b).
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Lienbucal vl Ll e boanid (g_;) vibn hooclydmio
L PP C 1 RSO ~ A . . - :
afforded marrvbic acid (22) while the usc of lithiun-
liguid amnmonia produced a mixture of marrubic acid (2.
epimev '
and its C~6/(47)u Lithiun sluminium hydride reduction
of the ester (2h) followed by acetylation afforded
nmarrubenol diacetate (2i) whereas treatment with 1ithin:

liquid amnonie formed the isomeric briol (48) isolgted
as its diacetate (49). A study of the spectroscopic

properties of these compounds supported the

stereochemistry shown in (1) for marrubiin.

Hydrogenation of Marrubiin and its derivatives.

Previous workers hgve described the cavalytic
hydrogenation of marrubiin. Using platinum black iu
acetic acid Lawson and Eustice9 obtained tetra-
hydromarrubiin (38) m.p. 134° whereas the use”~ of 1o.0.°
acid containing both 10% Pd-C and idams catalyst
furnishes, in addition to the tetrahydro derivative (5J%)
m.p. 123-5°, two hexahydro compounds (40%) (50a, 50d)
which had m.p. 80° and 1540e These compounds werc
separated by crystallisation but no evidence was
advanced which would allow the correct choice between -
alternative assignments. These compounds are derived
fron the different nodes of opening of the furan ring.

When nerrubiin is hydrogenated over 10% Pd—BaSOﬁ as

. . .37 .
catalyst in either ethan0125 or acetic a01d3' only tetra-

hydromarrubiin is formed. Since hydrogenation can take

.IL‘1

place from both sides of the furan ring there arises the
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Possibility of the two epincers Leing formed. The great
variations in the reported nmelting points of tetra-
hydronarrubiin (3%8) led Boy1037 to separate these isoners
(epimeric at C-13). He ultimately obtained the two
tetrahydro conpounds n.p. 139D and 116°.

In cur hands hydrcgenation of marrubiin in ethanol
over fdans catalyst yielded, in addition to the compounds
previously described, the desoxy compound* 020H34O3 (50¢)
DePe 88-890. This conpound is the product of complete
hydrogenolysis of the furan ring. The oily hydrogenation
nixbture was scparated into its components’by carcful
colunn chromatography over acidic alunmina, conplete
separation of the two hexahydro compounds requiring
repested preparative thin layer chromatography.

The less polar oompound* failed to crystallise and
was characterised as its acetate (50Db) 022H3605 MeD o
121--125O while the nore pclar* had n.p. 150—1520. The
former* displays in its n.m.r. spectrun an ill-resolved
doublet at 6.44 Yy (2H-16 3 W = 6 c./sec.) due to the
CH —Qﬂz -0H group. On acctylation the resonance of these
protons moves downfield and appears as a doublet at 6.06 X
(2H-16 3 J = 6 c./scc.). Hexahydronarrubiin 4" can thus
be formulated as (50a). Hexahydromarrubiin B", on the

*
FOOTNOTE: - This and later compounds marked with

an asterisk werc presunably epineric
nixtures at C-13 but no attenpt was

rade to separate the individual components.
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-other hand, shows.z frizlet-ot.6.32 ¥ (20-15 ; J = 6

¢./sec.) due to the CH, - CH, - OH group and therefore
cen be represented .as in (50d).

The least polar hydrogenation product, the desoxy
compound* (50¢) shows in its n.m.r. spectrun the typical
C-6 ill-resolved triplet at 5.35 Y (J = 6 c./scc.) as
the only absorption below 7.5 % . A singlet at 8.76
integrating for six protons is attributable to the ©-18
and C-20 tertiary methyl groups while signals from the
secondary nethyl groups appear as doublets at 9.05
(J =5 c./sec.) and 9.12 ¥ (J = 5 c./scc.). The
prinary nmethyl group in the saturated side chain gives
rise to a triplet at 9.10 v (J = 5 c./sec.).

Linhydronarrubiin (3a) on hydrogenation under
siniler conditions gave the corresponding desoxy series
of compounds, nanely the waxy bisdesoxy compound* (51&)
C20H3402’ desoxyhexchydronarrubiin N (51p) 020H34O3 H.p.
96-97°, desoxyhexehydromarrubiin B (514) 020H3405, MePe
86-88° and desoxytetrahydromarrubiin* (42) C20H5203, IeDe
94-95°.

The resonanceof the C-6 lactonc proton in the
bisdesoxy compound* appears as two overlapping triplets
centred on 5.17 % (J =5 c./sec.) and 5.25 Y (J= 5
c./sec.) while in the desoxy tetrahydro compound*(42)

it appears as a broad nultiplet at 5.22
(W% = 16 c./sec.). The methyl signals in this compound

are observed at 8.74 1 (s) 9.04 v (s) and 8.94 Y (d).
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The two desoxy hexahydro derivat:'Lves?vr were eluted

together as o vaxy solid but after scparation by

preparative t.l.c. both crystallised. The less polar of

the two, desoxyhexahydronarrubiin A* displays a doublet

at 6.48 v (2H-16 3 J = 4 c./scc.) duc to the CH = CH, - OH
group while the more polar cexhibits o triplet at

6.38 % (20 - 15 3 J = 6 c./scc.) duc to the CH, - CH, - OH
group. This thercfore zllcows the assignment of

constitutions (51b) and (51d) respectively to the two

compounds. Both hexahydro derivetives were treated with

acctic anhydride in pyridinc but the products failed to

crystallisc. The n.n.r. of acctate L (51c) shows a

doublet at 6.05 Y (2H-16 ;3 J = 4 c./scc.) while that of

acetate B% (51e) has o triplet at 5.90 ¥ (2H ~ 15 ;

J = 6 c./scc.).

Dchydration of Marrubiin

Previous workcers have treceted nerrubiin with the

9

dehydrating agents thionyl chloride” or phesphorus

9,36

trichlcride in benzene and have reported only one
crystalline product, anhydromarrubiin (Ba). This rcesult
] . 16 ] . .
woas teken as cvidence supporting an equatoriel
assignment for the C - 9 hydroxyl group since the
hydrogen aton at C - 8 is axially oricnted. However it
. 14 s . .
was pointed out that this conclusion was unsound since
the yield (maximum 40%) of crystealline anhydronarrubiin
wag so snall. The dehydrztion of nerrubiin with

phosphorus trichloride in refluxing benzene wos repeated

and in our hands it was found thet the n.n.r. of the
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total oily product, after ronoval of traccs of polar
neterial by chronatosraphy, was identical cven in deteail
with that of crystalline snhydronerrubiin. The
difficulty oxpericnccd in recovering cven noderate yields
of crystelline natericl fron the oily product may be due
to one or both of the following. (&) Both geonetric
isoners (3a, 3b) are produced in the dchydration and only
one isg crystalline. This cxplanation is unsatisfactory
in that the product appears homogencous on the basis of
both t.l.c. and n.o.r, behovicur. (b) Anhydronarrubiin
will not crystallisc from noist solvent. This appears
norce accepbtable since crystallisation of the product
fron dry ncthancl gives apprccisbly higher yields (63%)
of crystallinc naterial then thosc rceported and also fhe
nepe of this material falls rapidly on cxposurc to
atnospheric noisture (95 - 96° to 56 - 58%n five hours).
Since dehydration exo to the ring tekes place
exclusively and the 8 - I and 9 - QI arc both axially
oriented then it is suggestced thot under these conditions
dehydration is cisoid and possibly procceds by a cyclic
nechanisn for otherwisc it is difficult to rationaslise
the fact that no endo elinination is observed. The first
stage of the rcection with phosphorus trichloride in
neutral soclution is the formation of an alkyl
phosphorodichloridateBB (52) which can then proceed
through a five nenbered ring transition state (see 53)
to the unsaturated dehydration product. The formation of

an cxocyclic double bond in anhydronmarrubiin produces a
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snbshivave” ~21lylic croay 30 the noelsenle. S1ieh a
systen has o form of gbteric hindrance associated with it?9
If onc cxenincg o nodel of anhydromarrubiin with ring B
in a cheir confornation (54) it is scen that the ¢ - 11
side chain gnd the ¢ - 8 equatorial nothyl group will
interfere with cach othor drastically. Relief of this
strain (known as élyB)strain since it arises fron
substituents on the 1 end 3 positions of an sllylic
systen) can be attained most casily by conformational
inversion to the boat forn. That A<1’3>strain has indeed
been relieved by a downward displacenent of C - 8 and a
consequent upward rotation of C-7 producing a quasi -
boat ring B confornation (55) can be seen fronm a careful
gtudy of the n.n.r. spectrun of enhydromerrubiin. ALl
other nmerrubiin derivatives containing the C - 4, G ~ 6
lactone ring show o collapscd triplet in their n.n.r.
spectra at about 5.3%30 Y attributable to H-6. In
anhydronarrubiin however this resonance is shifted
downfield to 4.97 Y ard has & nuch wider sprcad (sextets
Igo5 7670 884 Iy g oy n= 8 c./scc.). The dihedral
angles between the proiens at (-5, C-6, C-7 and C-8 in the
boat forn would be cxpected to result in spin -~ spin
coupling constonts of approxinately the magnitude found
(sce figure 1 ).

Under conditions which arc known to lcad to transoid
elinmination, phosphorus bSrichloride or phosphorus

oxychloride in pyridine, the najor product is the endo-

oiefin (46) as would be expccted since H - 8 and the



2B

C - 9 hydroxyl group are both axial. The oily mixtures
obtained ren 2g onc symactrical spot on thin layer
chrongtography and no separation could be effected either
on silica gel or on silica gel inmpregnated with silver
nitrate., Dowever an cestinate of the counposgitions of the
nixtures was nade on the basis of their n.n.r. spectra.
Careful intogretion of the resonance of the p =~ furan
proton versus that of the H - 6 plus H -~ 11 protons gave
a ratio of neerly exactly 1 : 2 for anhydromgrrubiin but
1 : 1.3 for the resction with phosphorus oxychloride ~
pyridine and 1 : 1.25 for that with phosphorus trichloride-
pyridine. The proportion of olefins (46) : (3a)

present was therefore approxinately 7 ¢ 3 and 3 : 1
respectively. 1In an attempted partial separation of these
isomers the phosphoryl chloride - pyridine product was
subjected to preparative t.l,c. The resulting apparently
homogeneous band was halved with respect to polarity and
the two extracts subjected to analysis by n.n.r. However
their conposition appearcd to be almost identical

(see table ! ). TFurthermorc trecatment of this mixture
with dry hydrogen chloride in chléroform produced very
little isomerisation (n.n.r. evidence). The possibility
of rearrangenent of a first formed & 9(11) olefin into
its Q 8 (9) isoner under the dehydration conditions
was considered. However, anhydromarrubiin m.p. 95 - 960
(reported9 value 980) was recovered apparently unchanged
(as scen fron its n.o.r. spectrun) fron treatuent with

phosphoryl chloride in moist pyridine at reflux.
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Tetrahydromarrubiin (38) on troeatnent with phosphorus
trichloride in refluxing benzene afforded the
corresponding anhydro compound (33) n.p. 124o which in
its n.n.r. spectrunm exhibits 2 sextet at 5.00 7T (E% =
18 c./sec.) fron the C-6 proton. However reaction with
redistilled phosphoryl chloride in dry refluxing pyridine
failed to give the mixbture of cndo and exo olefins as
expected by enalogy with marrubiin. This recaction was

repeated several times under varying conditions but in

no case could any prcduct be isolated.

Further Constituents of Marrubiun vulgare

An acetone extract of the whole horehound plant was
partially separated into its components by column
chromatography over alumina. The carly fractions
contained the hydrocarbon waxes described by Burn and
Rigbyl4. Merrubiin was eluted next along with
chlorophyll and after several crystallisations from
ethyl acetate - light petroleun wes obtained as
colourless needles m.p. 159 -~ 160°. Two further
conpounds were eluted and ultinately separated by
repeated preparative thin layer chromatography.

The less polar compound (56a) was obtained as a
derk coloured oil which could not be induced to
crystallise and as a result no satisfactory analysis
figures were obtained. A nass spectrometric moleculer
weight determination corresponded to a molecular fornula

of C In keeping with its chronatographic

20H3005.

pelarity the compound contains a hydroxyl group as seen
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from the froquencies at 3610 and 3530 cm™* in its i.r.
spectrun. The peak at 1780 cm_l indicated that the

¥ -lactone group of narrubiin was also present (1778

cm  in narrubiin). None of the characteristic furan
peaks were present and this suggested that the nmain
difference between narrubiin end this compound lay in the
nature of the side chain,

These findings were confirmed by a study of its n.m.r.
spectrun. The C-6 proton appears as the typical ill-
resolved triplet at 5.30 Y with a nultiplet width of
10 c./sec. (5.25 ¥ 3 J = 6 c./sec. in marrubiin). The
signals from the proton adjacent to the hydroxyl group
appear as broad singlets at 4.38 U (% H) and 4.56 ¥ (¥ H),
at lower field than expected for a secondary hydroxyl
group suggesting o hemi-acetal hydroxyl, later confirned
by its chemical behaviour. The two protons on the carbon
aton adjacent to the cthereal hemi-acetal oxygen give
rise to a very diffuse multiplet at 5.7 - 6.4 ¥ . The
fifth oxygen eton could not be detected by speciroscopic
nethods and was assumed to be present as an ether linkage

(2f the diether (57) from Solidago canadensis)4o. Methyl

groups give rise to resonances at 8.66 X (singlet 3
tertiary methyl), 8.87 v (broad singlet ; tertiary
weilyl) and 9.04 ~ (doublet 3 J = 6 c./sec., secondary
nethyl).

This compound was readily oxidised with Sarett‘s4
reagent to the corresponding crystalline dilactone (56b)

N O e} - © L4 O. .o .
Coollng 5 9 DD 179-185", L JD + 9 In the i.r. therc
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arc carbonyl frequencies, ot 1797 and 1778 om_l. The
latter corresponds to the original ¥ lactone, the former
to the lactoue formed by oxidation of the hemi-acetal ring,
the high velue beins caused by the oxyzen atom attached to
the G corbon aton. The n.u.r. spectrun exhibits signals
from one secondary (9.05 % ; 3H) and two tertiary (8.86
and 8.63 Y, 30 cach) nethyl groups. 4lso apparent, in
addition to the triplet at 5.28 % due to the C-6 proton
are two diffuse quartcts, one centred at 5.68 Y (2H-16 ;
J=10c./sec.) and the other at 7.28 T (28-14 53 J = 17 c./
sec.). The diffuse nature of these quartets is
explicable in terus of a C-13 epimeric mixture. The
dilactone can thus be fornulated as (56b) and the parent
alcohol as (56a). The n.nm.r. spectra of these compounds
sucgested that the hemi-acetal is in fact a mixture of
epiners at onc or nmorc ccntres (C-13 and C-15 ?).

It is of intercst that Rivett25 has isolated fron

Leonotis lconuris, marrubiin and one of the epimers of

the dilactone. In an attenpt to separate these dilactone

isoners the nixture was subjected to repeated t.l.c. over

the greater length of 2 20 X 500 cn plate. The resulting

apparently hcmogencous band was gquartered with respect to

pelarity. All four extracts were crystellised from ethyl

acetete - lisht petroleun and had, from least polar through to
¢ o o

riogt polar, m.p. 211 - 2147, 183 - 184, 180 -~ 1827,

179 - 182° respcctively. The first oxtract was

fo—

. 3 N 0 .
rcecorystallised and had nm.p. 225 - 230°. Dircct

conparison of this isoncr with an zuthentic sample of the



.

~dilactone from Teonolis leonuris revesled that the two
compounds were in fact identical (see Experinental
section).

Tirm gupport for the conclusions concerning the
constitusion of the hemi-acctal came from its rapid
conversion into marrubiin. This was carried out by
heating the compound with toluene-p-sulphonyl chloride
in pyridine. The nmarrubiin thus obtained was
identified by direct comparison with an authentic sample.

That the more polar compound m.p. 139-1400 was in
fact marrubencl (2¢) the product of lithiun aluminiun
hydride reduction of marrubiin wes shown by direct
comparison with an authentic sample of marrubenol and by
i*te convefsion into and direct comparison with authentic
gsanvles of marrubenol monoacetate (24) the keto aldehyde
(24) and the ether (39) m.p. 124-125°. Marrubenol was
obtairad as an oil and was crystallised with difficulty
fromn ether - light petroleun. In its n.nm.r. spectrun
cwn signals fronm one secondary (9.08 T (d) 5 J = 6c./sec.)
and two tortiary methyl (8.99 (s) and 8.74 ¥ (s)) gr-ups. The
guminal —CEQOH resonances appear as two doublets with a
rupacaticn in excess of 1 p.p.m. (a2t 5.68 and 6.82 Y
(1H each); J = 12 c./sec.). This large separation is
czuzed by the interaction of the -QEZOH protons with the
(~20 methyl group. Marrubenol on treatment with Sarett's
veagcent gave the keto aldehyde (2f) m.p. 110-111° which
shows twc carboayl frecquencies in the i.r. at 1713 and

. -1
1704 em 7. In the n.n.r. the aldehyde proton appears
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at -0.42 "% as o doubleb with a scparation of 1 c./scc.,

the singlet at 6.74 Y being aettributable to the ¢-5 proton.
Marrubenol, on acetylaticn under mild conditions gave the
0ily nmonoacetate (2d). 1In its n.n.r. spectrum it exhibits
an LB quartet centred at 5.44 N duc to the CEQ'OAO grouping
and a triplet at 5.66 T from the proton adjacent to the

C-6 hydroxyl function. Howcever on trcatment with acctic
anhydride~pyridine at rocn temperaturc for three days the
oily diacetate (2i) (roportod21 n.p. 102-103°) was formed.
On attenpted p-brono-benzencsulphonation the cther (39)
DaDe 124-—125O was obtained as the sole product.

Previous publishod6’lo nrocedures for the isolation of
narrubiin have all involved the use of rather vigorous
conditions: mnanely Soxhlet cxtraction of the plant with
acetone, dissolution of an extract in refluxing ethanol or
column chrongtography over alunina. However under nuch
nilder conditions (shaking with cold acetonc for 30 minutes)
the dark grcen oil obtaincd shows a significant differcnce
in t.l.c. behaviour. Thus nornally, the najor Ehrlich-
active spot is that arising from narrubiin but under these
milder conditions this spot is absent and is replaced by
one of lower polerity. This new compound has been

isolated by cxceedingly careful preparative t.l.c. but
failcd to crystallise. The analytical figures indicated

a nolecular fornula of CZOHQBO showing that the new

4!
diterpene, naned prcnarrublin (58), was isomeric with

narrubiin., In its i.r. spectrum it exhibits
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absorption ot 1778 om~1 characteristic of a2 ¥- lactone but
significantly therc are no peaks attributable to either a
hydroxyl group or a @ substituted furan ring. The n.n.r.
spectrun has certain featurcs in common with that of
narrubliin, nanely resonances arising from one secondary
(doublet at 9.1%3 Y 3 J = 6 c./sec.) and two tertiary
nethyl groups (singlets at 8.85 and 8.98 v ) while that
from H - 6 appeers as the typical broadened triplet at
5.44 Y (J = 5¢./sec.). However the characteristic signals
fron one p and two ¥ protons on the furan ring are notably
absent and are replaced by resonances from four protons
which give rise to two iB quartets, one from an enol ether
at 3.64 and 4.95 Y (J = 2¢/sec.) and the other fron

~CH, O - at 5.67 and 6.03 (J = 10c/scc.). These data are

2
consistent with a structure (58) containing two ethereal
groups. Proof for this structure follows from its ready
conversion into merrubiin by distillation in vacuo, heating
in refluxing solvents or by dissolution in chlorcforn.

In contrast to the analogous spiro-ethers from §.
ﬁgggggggigéo and the hemi-acetals described above
prenarrubiin is, on the basis of its n.m.r. spectrum, not

a nixture of C - 13 epiners.

The isolation of compounds of the type (56a) and(58)
night indicate a biogenetic pathway to bicyclic diterpenoids
with a C - 9 tertiary hydroxyl function and a B - substituted
furan ring in the side chain. A possible biogenetic schene
is outlined in figure 2 . Side cheain oxygenation

representing all stages, except the hydroxy - aldehyde have
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been found in diterpenoids of natural provcenance.
Introduction of oxygen into the allylic position in the
side chain derived fron geranyl -~ linalool affords a diol.
A compound with such a grouping in the side chain is nethyl

sciadopate (59), isolatod ™ from Sciadopitys verticillata,

& plant from which sceveral furanoid diterpcnes have been
obtained. Further oxidation produces the hydroxy-aldehyde
which on cyclisation affords the hemi - acetal.
Dehydration furnishes the dihydro - furan ring, a systen

which has been obtaincd from both Marrubium vulgare and

Solidago canadensis, the source of the narrubiin - related

compound, solidagencne (60). Both these furan precursors
have 2 C - 13, C - 9 cther linkagc, as do also grindelic
acid (21) and its congencrs, isolated45 fron the resin of

Grindelis robusta. In addition this systen is found in the

dilactone (56b) from Loonotis leonuris end lagochilin (61),

LA . . .
the tetrol fron™" Lagochilus inebrians.

Attenpted synthesis of "compound Y'".

While prcparing compounds rcguired for the elucidation

of the structure from Solidago sero tina (vide infra) it

was found that certain allylic and homoallylic alcohols,
acetates and methyl esters on treatment with chromium
trioxide - pyridine at 20° rcact to fornm uf—unsaturated
ketones by the introduction of an oxygen atom into an
allylic position. As an extension of this work it was
considered that oxidation of & suitable marrubiin

derivative might afford the 4 5 _ 7 - keto function
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found in "esmpound ¥ (62a) one of the diterpenoids

isolated45 from the legves of Leonotis leonuris. Since the

stercochenistry at all the asymmetric centres is the sane
in compound Y as in marrubiin this oxidative step could
form the basis of a synthesis of "Y" from marrubiin.

The initial scheme envisaged the conversion of the
known mono-acetate (24) into the olefin (63a) by treatment
with toluene-p-sulphonyl chloride in pyridine at roon
tenmperature, a nethod described carlicr for the hydroxy-acid
(45) by Burn and Rigbyl4. These mild conditions, however,
left the mono-acctate unreacted. When the rcaction was
carried out in refluxing pyridine the major product was the
crystalline acctoxy - tosylate (2j) 029H4OSO7, m.p. 110°
while the required oily olefin (63a) 022H3204 accounted for
only 6% of the mixture. The n.m.r. spectrun of the tosylate
exhibits rcsonences at ¢ 4.77 (1H, C - 6 3 W% = T c./scc.)

and a quartet

%¥ A minor product obtained in the acetylation of

marrubenol was the crystalline hydroxy-acetate 022H54O5
mep. 179° which can be formulated as (2k). In its n.nm.r.
spectrunm the resonances of the two C - 19 primary hydroxyl
protons appecar as a quertet centred at Y 6.29 (J = 11 c./sec.)
while the C ~ 6 proton of the sccondary acctate function

resonates as a multiplet et ¥ 4.4 (W = 7 c./sec.).
2
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at v 5.5% and 6.2 (2H, C -~ 19 ; J = 10 c./scc.) ; that of
the olefin has a triplet at ¥ 4.29 (1H, ¢ - 6 ;3 J = 3 c./scc.)
and a quartct centred at 6.00 (1H, ¢ - 19 ; J = 11 c./sec.).
Treatment of the tosylate (2j) with refluxing pyridine,
collidine or pyridine containing toluene-p-sulphonyl chloride
failed to eliminste toluenc-p-sulphonic acid.

Reduction with either lithium aluminium hydride or
sodiun borohydride of the acetoxy - tosylate (2j) afforded
as the major product a crystalline compound n.p 123 - 1240
whose n.m.r. spectrum was identical to that of the ether (39)
formed28 previously from treatment of marrubenol with p-bromo-
benzene sulphonyl chloride. The formetion of this compound
can be rationalised in terms of a nucleophilic displacement
of the secondary tosylate function by the newly formed
primary alcohol.

Since methyl esters appear to be as efficient as
acetoxy groups in aiding the introduction of an allylic
ketone the preparation of the corresponding olefinic ester
was undertaken with a view to subjecting it to chromiunm
trioxide - pyridinec oxidation. The starting material for
this synthesis was nmarrubic acid (2a) which was converted
into the olefin by treatment with toluenc-p-sulphonyl
chloridec in pyridine. The temperature at which this reaction
was carried out proved to be critical since different prodwctls
were formed under different conditions. When the reaction
wes carried out at 20° for four days the nixture of acids
obtained was immediatcely csterified with diazomethane and

the product chromatographed over glumina. The least polar
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conpound was the rcquired oily olefinic-cster C21H3004
(63b) in approximately 48% yield (of the 52% yield of
Burn and RigbylA). In its n.m.r. spectrum the C ~ 6
vinylic proton resonates as a triplet at Vv 4.17 (J = 3 c./scc.)
The compound of interﬁediate polarity proved to be methyl
nerrubate (2b) (n.nm.r.). The final fractions crystallised
spontaneously and contained only marrubiin. In a further
cxperiment merrubiic acid (2a) in warm (70°) pyridine was
treated with & large cxcess of toluene-p-sulphonyl chloride
for 65 hours, followed by diazcmethylation as before. In
addition to the olefin and marrubiin a third nmajor product
was forned. COrystallisation afforded this furano - sulphoxide
(64) C27H54SO6 as a sharp melting solid m.p. 129°. That it
still contains the C - 9 tertiary hydroxyl function and the

¥ -lactone is cvident from the absorption at 3610, 3520,
and 1772 om-l in the i.r. In its n.n.r. specctrum the typical
pattern of the three furan protons is absent and is replaced
by two doublets at ¥ 2.53 and 3.63 (J = 2 c./scc.) indicating
that the substituent must be attached to C - 16 rather than
¢ - 15, Methyl narrubate (2b) was found to be converted
quantitatively into the olefin (63b) when kept for seven days
at 20° with toluene-p~sulphonyl chloride in pyridine. When
this experinent was repeated using refluxing pyridine for
12 hours the anmount of olefinic - ester recovered was very
nuch less (approximately 72% : based on recovered material)

and the product required to be purified by preparative t.l.c.
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The ester (63b) was transformed into the oily enonc
(62b), 021H2805 in approximately 53% yield (based on material
recovcred) by rcection with chromium trioxide in pyridine at
room temperature for 10 deys. In its n.m.r. specctrum the
resonance of the C - 6 clefinic proton has moved downfield
to Y 3.82 and is now a sharp singlet as expected since the
adjacent methylene protons have been replaced by a carbonyl
function:. The enone gbsorption is clecarly visible in its
i.r. spectrun at 1680 cm_l, the ester grouping appearing at
1730 cn™'. Reduction with lithium sluminiun hydride afforded
e nixture of two triols, in approximately equal amounts which
on Sarett oxidation were converted into one oily aldehyde

(62¢) CooHp g0 The signals from the C - 6 olefinic proton

4
and the aldehydic proton appear as singlets at Y 3.85 and
0.77 rcspectively, while in the carbonyl region of its i.r.
spectrum therc are peaks at 1730 and 1680 om™" as expected.

The penultimate step in the synthesis was to have becn
the conversion of the keto-aldehyde (628) into the thio=
acetal, Rancy nickel reduction of which would have yielded
the desired compound. However, conditions have not yet been
found whereby this thio-acetal can be produced. In several
experiments only non-furanoid material was reccvercd.

As a result this route was discontinued and as an
alternative the following scheme was devised in the hope
that the C - 9 hydroxyl group would assist in oxygen insertion a.
C ~ 7. The Ketone *° (65a) was prepared from marrubiin via the
keto-aldehyde (2f) by reduction of the derived oily thio-

acetal with Rency nickel in acetone. Reduction with lithium
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aluninium hydride or sodium borchydride of the ketono
furnished as the mejor product the oily alcohol (65b)
CZOHBZOB’ The exial nature of the ¢ - 6 hydroxyl function
was deduced from the half-band width (7 c./sec.) of the
multiplet in its nem.r. spectrum at ¥ 5.7. Treatnent of
this alcohol with methane sulphonyl chloride in pyridine at
room temperature (conditions used previously46 for the
preparation of solidag-5-ene) afforded the required olefin
(63¢c) 020H3002 Mm.p. 133 - 135°, which shows in its n.m.r.
spectrun the resonance of the ¢ - 6 proton as a triplet at

Y 4.35 (J = 3 c./sec.).

Treatment of this compound with excess chromium trioxide -
pyridine for 25 days furnished mainly one compound which did
not react with Ehrlich's reagent indicating that it no
longer contains a furan ring. This was confirmed by its i.r.
spectrum in which the typical sharp band at zbout 875 om~L
is absent as is any hydroxyl absorption. Instead, in the
carbonyl region there are peaks at 1787, 1713, 1677 and 1657
em™t indicative of a ¥ -lactone and an «f -unsaturated
ketone. The mass spectrun shows a nolecular ion at m/e =
276 corresponding to a molecular formula of 017H2403. Thus
the constitution of this enone can be represented by (66)
which is the product of allylic oxidetion and cleavage of the
furan ring to form an acid which subsequently lactonises with
the ¢ - 9 tertiary hydroxyl group. A sinilar oxidation has
been reportedlo’ll for several marrubiin derivatives using

cither potassium permanganate or chromiunm trioxide in acetic acid.
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Although these reactions have failed to produce the

reguired "compound Y" the above oxidation of the olcefin
(63c) indicates thet it is possible to introduce the

PA) 5 - 7 = keto system even when C -~ 19 is lacking an
oxygen function. Pcrhaps, the rcaction time was too long
since in the other (shorter) oxidation of the methyl ester
(63b) there was very little, if any, lactonic material in
the product. No further work in this direction has yet

bcen done.
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Experincental

Gencral details.

Melting points were deternined on a Kofler hot-stage
apparatus and are uncorrccted. Specific rotations refer to
chloroforn solutions at room tomperature. Infra reod solution
spectra were recorded on Perkin Elmer 257 and 225 Greting
spectroncters. Microanalyses were by Mr. J.M.L. Caneron
and his staff. ©Nuclecar negnetic resonancc spectra werec
recorded on the Perkin Elmer R 10 and Varian Associates
T - 60 and HA - 100 spectrometers in deuterochlorofornm or
carbon tetrachloride using tetre-methylsilane ag internal
standard. Mass spectra were run on A.E.I. M.S. 9 and M.S.

12 double focussing instruncnts. Woeln grade 1 alunina,
deactivated to the appropriate grade according to Brockmann,
was used for colunn chronmatography. For analytical and
preparative thin layer chromatograsphy (t.l.c.) chromatopletes
were nade by the method of Stahl using Kieselgel G (Merck).
Hydrogenations were carried out in a Sloping-Manifold

hydrogenator at atmospheric pressﬁre and temperaturec.
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Extraction of Marrubium vulgare L.

(a) The coarsely chopped dried whole nlant (5 Kg) was
extracted with acetone (20 1) for 48 hours in a Soxhlet
apparatus. The acetone solution was evaporated and the
resulting oil (00 g) digested in benzene. The supernatant
liquid was decanted and the residue digested with benszene
twice more. The combined solutions were reduced in volume
and chromatographed over alumina (2 Kg ; Spence grade 0).
Marrubiin (1) was eluted with chlorophyll in chloroform -
light petroleum ( 1 : 1). The crude marrubiin thus
obtained (12g) was crystallised several times from ethyl
acetate-light petroleum and had m.p. 159 - 160°%; [¥] D=
33° (c = 1.5); ¥ nox 3620, 3505, 1778, 1740, 873 cm ™ ;
Bton :
max 214 mu (log € = 3.93); n.m.r. signals at 5.31
T ($)(1 H,6- 6 3 J = 6 c./sec.). Methyl protons (3 H each)
appeared at 8.72 Y (s) (C - 20), 8.94 (s) (C - 18) and at
9.03 (d) (¢ - 17 5 J

- light petroleum (3 : 1 aporoximately) afforded two further

6 c./sec.). Elution with chloroform

i

compounds which were separated by repeated preparative thin
layer chromatograjhy (chloroform containing 3% methanol).

The less polar compound, the hemi-acetal (56a) was obtained

as a dark coloured oil which could not be induced to
crystallise; m/e = 350 (i); v ggi4 3610, 3530, 1780 cm ';
nem.r. signals at 4.38 U (broad singlet) (% H), 4.56

(broad singlet) (% H), 5.30 Y (%) (1H, C - 6 ; Wy = 10 c./sec.)
and a very diffuse multiplet at 5.7 - 6.4 T (21, C- 16).

Methyl protons (3 H) appeared at 8.66 Y (s)(C - 20), 3.87 T (s)

(¢ = 18) and at 9:04 ¥ (3)(C = 17 3 J = 6 c:/sec.):
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The more nolar compound, marrubenol (2¢) was obtained as

an o0il which crystallised from diethyl ether - light

ccl
petroleum and had m.p. 139 - 140°; ‘V.max4 3630, 3600, 3450,
3200, 872 cmhl. In the n.m.r. it exhibited a pair of
doublets (1 H each, C - 19 5 J = 12 c./sec.) at 5.75 and
6.08 V. iethyl signals appeared at ¥ = 8.74 (s)(C - 20),
8.99 (s)(C - 18) and 9.08 (a)(C - 17 3 J = 6¢c./sec.). This
compound was identical ($.l.c., m.D., mixed mep., i.r., and
n.m.r.) with an authentic sample of marrubenol obtained by
lithium gluminium hydride reduction of marrubiin. A chloroform
solution of marrubenol was allowed to stand for several days
in bright sunlight and at the end of this time it was found
that it had decomposed completely into a large number (t.l.c.)
of compounds more polar than marrubenol itself. The n.m.r.
spectrum of this mixture showed no evidence of furan
absorption.
(b) The chopped whole horehound plant (60g ) was shaken with
cold acetone at room temperature for 30 minutes and after
removal of solvent furnished a dark green oil (0.7g).

Preparative t.l.c. (prewashed plates, redistilled solvents,

ethyl acetate - light petroleum 3 :7) gave as the major

1l

component the oily ether (58 : 88 mg);[&]D - 410(0 = 0.6 ; BtOH);

cCl
YV max? 1778 cm—l. (Found: C = 72.10, H

1l

8.39 ; Conzeo4
requires C = 72.26, H = 8.49%)

Conversion of the ether (58) into marrubiin.

The above ether was converted into marrubiin, m.p. 155 -
1570,[R)D = + 330 (c = 0.95) by distillation in vacuo,
heating for three hours in refluxing ethanol or disgolution

in chloroform.
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Reduction of Marrubiin ( 1).

Merrubiin (1 : 2g) and excess lithium aluminium
hydride were heated in dry refluxing tetrahydrofuran
(lOO ml) for 24 hours. The excess reagent was decomposed
by the cautious addition of & saturated sodium sulphate
solution and the complex aluminium salts filtered off.
Zvaporation of the solvent afforded crude marrubenol (1.9g)
as an 0il which crystallised from diethyl ether - light

petroleum and had m.p. 143.5 - 144.5° (reportedll 1380)o

Acetylation of Marrubenol (2c).

Marrubenol (2c¢ s 1.2g) in dry pyridine (50 ml) was
treated at room temperature for 12 hours with acetic anhydride
(50 ml). The reaction mixture was poured on to ice, extracted
with ethyl acetate and washed with brine. EBvaporation of the
solvent afforded an oil (1.23 g) which was separated into its
three components by preparative t.l.c. (ohloroform). The
least polar compound was the oily diacetate (2i : 125 mg);

J 0014 -1 _

max' 3630, 3550, 1740, 1235, 875 cm ~. The major product,
the monoacetate A (24 : 933 mg) was also an oil,[d]D = ~6°
(¢ = 0.8); Y z?lgzlc"‘ 3625, 3590, 3565, 1752, 1738, 1237, 873 cm™t.
It exhibited an AB quartet centred at Y 5.48 (2H, C - 19 ;
J = 12 ¢./sec.), and a triplet at 5.65(1H, C - 6 ; Wy =
6 c./sec). Methyl protons (3 H) appeared at % 8.73 (s)
(¢ - 20), 8.97 (s)(C - 18) and 9.00 (d) (C = 17 5 J = 6 c./sec.).
Crystallisation of the most polar component (2k : 30 mg) from
diethyl ether - light petroleum furgis?ed the monogcetate B
as very fine needles, m.p. 17905“) mgg 3 3610, 3500, 1727,

= Tc./sec.)

Wi
o

872 cm—l; n.m.r. signals at Y4.4 (m)(1H, C = 6 ;3



- A1 -
6.29 (g)(27, ¢ =19 5 J = 1lo-/sec.), 7.95 (s)(0Ac), 3.78

and 8.97 (s) (3H each, 2 x ¢ - QE3) and 9.07 (d) (3H, ¢ - 17 ;

J = bc./sec.). s 0 = = :
c./sec.). (Found: C = 69.60, H = 9.00 j 022H3405

requires C = 69.81, I = 9,05%).

Oxidation of Marrubenol (2c).

Marrubenol (2c : 430 mg) in dry pyridine (15 ml) was
treated with chromium trioxide (500 mg) at room temperature
for 14 hours. Methanol (5 ml) was added and the mixture
allowed to stand for 15 minutes. Water (25 ml) and ethyl
acetate (30 ml) were then added and the solution allowed
to stand for a further two hours. The solution was filtered
through celite, extracted with ethyl acetate, washed with
brine, dried over anhydrous sodium sulphate and evaporated.
The crude product (418 mg) was chromatographed over neutral
alumina (grade 3 : 50 g) and furnished the keto - aldehyde
(2f) which crystallised from cholorform = light petroleum
as needles, m.p. 110 - 111°%; ¥ ggi4 3620, 3580, 1712, 1705

cm~l; aldehydic proton at Y - 0.42 (d ; separation 1 c:/sec.).

Marrubiin ether (39).

Marrubenol (2c : 50 mg) in dry pyridine (5 ml) was
treated at room temperature for 15 hours with
p-bromobenzenesulphonyl chloride (50 mg). Work-up afforded
the crude product (52 mg) from which the ether (39 s 43 mg)
was obtained by preparative t.l.c. (chloroform).
Crystallisation from chloroform - light petroleum gaggl
necedles, m.p. 124 - 1250;13]D = 4 12.40(0 = 0.9); Y max?
3628, 3588, 873 cm_l; n.m.r. signal at Y 5.85 (m)

(1H, ¢ - 6 5 band width 14 c./sec.).
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Dehydration of Marrubenol mono-acetate (2d).

Marrubenol monoacetate (24 : 900 mg) was heated in dry
refluxing pyridine (25 ml) for 18 hours with excess
p~toluenesulphonyl chloride. The dark red oil obtained
(945 mg) after work up was subjected to preparative t.l.c.
(2 x 20% ethyl acetate - light petroleum) and two bands
extracted. The less polar band (52 mg) which failed to

crystallise was the olefinic - acetate (63a)° Purification

was effected by distillation at 130°/0.05 mm; nox 3520,
1728 and 882 cm-lg n.m.r. signals appeared at  4.29 (%)
(H, C -6 3 J =4 c./sec.); 6.00 (q) (2H, C =19 5 J =

11 c./sec.), T7.97 (s) (3H, Oac), 8.90 (s) (6H, C - 18 and

C - 20) and 9.00 (a) (3H, ¢ - 17 5 J = 6 c./sec.). (Found :
C = 73.15, E = 0.92; C,,H,,0, requires C = 73.30, H = 8.95%) .
Crystallisation of the more polar extract (689 mg) from ethyl
acetate - light petroleum afforded the acetoxy - tosylate

cel
(23), m.p. 110% max? 1730 and 882 cmfl. Signals appeared

in the n.m.r. at 4.77 (m)(1H, C - 6 3 W=7 c./sec.) 5.86
(q)(2H, ¢ - 19 ;3 J = 10 cfsec.) and 8.07 (s)(3H, OAc). (Found:

C = 65.13, H = 7.59 ; 0291{40807 requires ¢ = 65.39, H = 7.57%)

Reduction of Acetoxy - Tosylate (23).

The acetoxy - tosylate (23 : 50 mg) in dry refluxing
tetrahydréfuran (5 ml) was treated for 18 hours with excess
lithium gluminium hydride. T.l.c. showed the presence of one
major compound, less polar than the starting material.
Preparative t.l.c. (ethyl acetate - light petroleum, 1 : 3)
furnished this compound (38 mg) which crystallised from ethyl

acetate - light petroleum and had m.p, 123 = 1240.
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=3 7os ideatical (t.l.e., mixed m.p. and n.n.r.) to the
ether (39). The minor, more polar component (4 mg) was

marrubenol (2c).

Oxidation of the Hemi-acetal (56a).

The hemi-acetal (56a : 200 mg) was trcated at room
temperature for 14 hours with exccss chromium trioxide in
pyridine. Work up as described previously afforded the crude
dilactone (56b ; 193 ng) from which the coloured impurities
were removed by preparative t.l.c. (benzene - chloroform,

1 : 9). Crystallisation from cthyl acetate - light petrolcum
yieclded = mixturc of ncedles and cubes, mep. 179 - 1850;

CcCl
[4) =+ 9.1° (¢ = 1.1) 3 7 max4 1797, 1778 cm-l. In the

D
memeTe it exhibited a triplet at ¥ 5.28 (1H, C - 6 5 J =
5 c./scc.) and two AB quartcts centred at ¥ 5.68 (2H, € - 16 ;
J =10 c./sec.) and 7.26 (2H, C - 14 5 J = 17 c./sec.). Methyl
groups (3H cach) appcarcd at T 8.63 (s)(C - 20), 8.86 (s)(C - 18)
end 9.05 (d)(C - 17 3 J = 6 c./scc.) (Founds C = 69.07, H =
8:20 5 Cp4H,q0g Toquires C = 68.94, H = 8.10%). In an
attemnted partial scparation of the isomers of the dilactone the
nixture was subjccted to repeatcd preparative t.l.c. over the
greater length of o 20 x 500 cm plate (cthyl acetatc - light
petroleum 1 ¢ 1). The rcsulting apparently homogencous band
was quartered with rcspect to polarity and all four extracts
crystallised from ethyl acctate - light petrolcum. From lcast
polar to most polar they had m.p. 210 - 214°, 183 - 184°, 180 -
1820, 179 = 182°. The loast polar fraction was rccrystallised
and hod m.p. 225 =~ 232°, This high melting sanple was

comparcd dircctly with an authentic sample of the lactone X



rup ,‘,;‘,‘ ton
frorm Locnotis loonuris which had MNePs 2305 = 2400. A

nixturce of the two compounds hed m.p. 225 - 2550- On

t.l.c. (hexene - ethyl acetate, 2 s 3) both compounds head

Rf 0.47 and could not be separated, the plate being sprayed
with 30% chlerosulphonic acid in acetic acid, heated at 100°

and viewed under u.v. light.

Conversion of the Heomi-acctal (56a) into marrubiin.

The hemi-acetal (562 s 54 mg) and p-toluenesulphonyl
chloride (50 ng) were hcated for two hours in dry refluxing
Pyridine under an atmosphere of nitrogen. Work up afforded
the crude product (49 ng) which when purified by preparative
t.l.c. (chlorofornm) furnished marrubiin as ncedles m.p. 158 =
15909 after crystallisation from ethyl acetate -~ light
petroleun JR]D =+ 27.5° (¢ = 1.1), identical (%$.l.c., m.p.,
.‘Qiﬁﬁﬁh?fp'9tuj pr and n.n.r.) with an authentic sample of

narrubiin.

Hydrogenation of marrubiin (1).

Marrubiin (1 : 963 mg) in ethanol (40 ml) was
hydrogenated ocver Adams catalyst (400 mg). The uptake of
hydrogen stopped at 253 ml. The catalyst was filtered off
and the solution evaporated affording an oil (960 mg) shown
by t.l.c. to be a nixture of four components. These were
separated by chromatography over acid alumina (100 g ; grade 3)
using benzene as c&ﬂbnﬁ# The early fractions contained the

desoxy-compound (50¢) as a waxy solid (15 mg) which

crystallised from light petroleum as needles, m.p. 88 - 8903
' S . ¢olr, T o " ‘ L
: : - -1 . ;
[«]D = 4 330 (c =.1.1);'9 max4 3630, 1780 cm 3 signhals in

the mem.r. at Y 5.35 ($)(1H, C =~ 6 5 J = 5 c./sec.).
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(Found: C = T4.43, H = 10.76; 02035403 requircs C = 74.49,

O = 10.63%). The mejor component, tetra-hydronarrubiin (28)

was eluted next and crystallisation fron ethyl acctate -

light petroleun furnished needles (856 ng), MeDe 1250;
CcCL
43 -
) nax™ 3630, 1780 on™l; trinlet centred at ¥ 5.26 (1H,

C~-63J =6 c./scc.). Mothyl protons (3H) eppearcd at

o0

T 8.65 (s)(C -~ 20), 8.89 (s)(C - 18) and 9.02 (a) (¢ - 17 ;

J

Il

6c./sec.). The final components (80 mg) were cluted
together with alnost no scparation of one from the other.
They were eventually scparated by repeated preparative t.l.c.
(ethyl acctate - light petroleun, 1 ¢ 1) to give as the less
polar component, hexa-hydronarrubiin A (SOa ¢ 29 ng) which
failed to crystallise. In the n.n.r. it exhibited a triplet
at ¥ 5.28 (C -6 ;3 J = 6c./scc.) and an ill-rosolved doublet
at ¥V 6.44 (2H, C - 16 3 W% = 6¢./scc.). The nore polar

conponent , hexahydronarrubiin B (50d s 44 mg) was crystallised

fronm ethyl acctate - light petrolcun as needles, n.p. 150 - 152o

(reported36 154°) 5 L] p = 17° (¢ = 1.2)5 in the n.nm.r. it
oxhibited a triplet at ¥ 6.32 (2H, C - 15; J = 6c./scc).
(Found: C = T70.84, H = 9.95 3 020H34O4 requires € = 70.97,

H = 10.13%).

Locetylation of Hexshydronarrubiin L (50a).

Hexshydromarrubiin L (50 a : 20 ng) in dry pyridine (5 nl)
was treated at room temperature for 12 hours with acetic
anhydride (5 nl). Work up in the usual nanncr afforded the
crude acetate, crystallised from ethyl acctate - light
petroloun as necdles, m.p. 121 - 128°%; ggi4 3620, 3540, 1775,

1745, 1240 cm-l. In the n.n.r. it exhibited signals at Y 5.28
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(4)(3H, C =63 J =5 c./sec.) and ¥ 5.99 (a)(em, ¢ - 16 ;
J =5 c./sec.). (Found: C = 69,84, H = 9.65 ; Cp otz 05
requires C = 69.44, T = 9.54%).

Eydrogenation of Anhydromarrubiin (3a).

Anhydromarrubiin (3a : 4.994 g) in ethanol (40 ml) was
hydrogenated over Adams catalyst (1 g). Filtration of the
catalyst and evaporation of the solvent furnished an oil
(4.857 g) shown by t.l.c. to be a mixture of four compounds,
separated by chromatography over acidic alumina (500 g s grade 3)
using benzene as eluent. The early fraction contained the
bisdesoxy - compound (5la) as a waxy solid (433 mg) which

¥ CCl4 -1
failed to crystallise, max 1775 em ~. In the n.m.r. it

showed two overlapping triplets centred at ¥ 5.17 and 5.25
(1#, ¢ = 6 5 J =5 c./sec.). (Founds C = 78.16, H = 10.98 ;

c requires C = 70.30, H = 11.10%). The major product

2055402
was eluted gs an oil (2.165 g) and crystallisation from ethyl

acetate - light petroleun furnished desoxytetrahydro-marrubiin
o o 0L, 1

(42) as needles, m.Pe. 93.5 =~ 9573 max' 1775 cm ~. In the

n.m.r. it displayed a triplet at ¥ 5.22 (1H, C - 6 5 J = 5c./sec.)

Mcthyl resonances (3H each) appeared at Y 8.74 (s)(C - 20),

9,04 (s)(C - 18) and 8.94 (d)(c - 17 5 J = 6 c./sec.).

(Found: ¢ = 74.84, H = 9.90 ; 020H5204 requires G = 74.96,

H = 10.06%). The final fractions contained a waxy solid

(1.90 g 3 two components by t.l.c.) a sample of which (167 mg)

was separated by repeated t.l.c. (ethyl acetate - light

petroleum, 1 : 1). The less polar compound, desoxyheXa -

hydromerrubiin A (51b s 80 mg) crystallised from ethyl

o
acetate - light petroleum as needles; MeDe 96 « 977 3



ccl, 1
Jmex™ 3640, 3530, 1775 on™ 5 doublet at ¥ 6.40
(2H, C = 16 5 J = 4c./sec.). (Found: C = 74.57, H = 10.42;
020H5403 requires C = T4.49, H = 10.63%). Crystallisation
of the more polar compound from ethyl acetate - light
petroleun afforded desoxyhexahydromarrubiin B (51d : 78 mg)

o 4 00, 1
as needles, m.p. 86 - 8873 Y max' 3640, 3530, 1775 cm 3

triplet at X 6.338 (24, ¢ - 15 5 J = 6c./sec.). (Found: C =

7476, T = 10.40; C requires C = T4.49, H = 10.63%).

2073403

Acetylation of the Desoxyhexahydro-compounds.

The above desoxyhexahydro-derivatives (5la and 51b) in
dry pyridiné were acetylated in the usual fashion to afford
the corresponding acetates, neither of which was obtained
cryctalline. The n.m.r. of acetate A (5lc) showed a doublet
at 16,05 (28, ¢ - 16 3 J = 4c./sec.) while that of
acetate B (5le) had a triplet at 5.90 ¥ (2H, C - 15 5 J =
6c./sec.).

Dehydration of marrubiin (1).

(a). Phosphoryl chloride in pyridine.

Marrubiin (1 : 100 mg) and freshly distilled
phosphoryl chloride (500 mg) were heated in dry refluxing
pyridine (5 mi) for five hours. After pouring on to ice
the product was taken up in ethyl acetate, washed with
brine, dried over anhydrous sodium sulphate and the solvent
evaporated. The oily residue (91 mg) appeared as a single
spot on t.l.c., however n.m.r. indicated the presence of two
components, namely the & 8(9) (70%) and & 9(11) (30%)V
olefins. In an attempted parbtial separation of these isomers

the mixture was subjected to preparative t.l.c. on silica -
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gel and on silica - gel impregnated with silver nitrate

(9 : 1). In the forner case, after developing with chloroform,
the resulting apparently homogeneous band was halved with
respect to polarity and the corresponding extracts subjected
to analysis by n.nm.r. : the product composition appeared to
be nearly identical in each casec.

(b) Marrubiin (1 : 100 mg) in dry pyridine (5 ml) was treated
with redistilled phosphoryl chloride (500 mg) for two hours at
600. The reaction mixbure was poured on to ice and extracted
with ethyl acetate. Evaporation of the solvent afforded an
0oil (90 mg) which was shown by t.l.c. to consist of two
components. These were separated by prepasrative t.l.c.
(chloroform - benzenec 9 3 1) and afforded 9 mg of the olefin
mixture (n.m.r. evidence) and marrubiin (75 mg).

(c) Treatment of olefin mixture with hydrogen chloride.

The phosphoryl chloride dehydration mixture (50 mg) in
chloroform (25 ml) was treated with dry hydrogen chloride for
15 minutes until the solution was saturated. A careful study
of the reaction product showed that no significant isomerisation
had taken place (n.m.r. evidence).

(d) Phosphorus trichloride in benzene.

Marrubiin (1 : 6 g) and phosphorus trichloride (12 ml)
were heated for two hours in dry refluxing benzene (240 ml).
After the addition of water, the benzeﬁe layer was separated,
washea with sodium bicarbonate dried over anhydrous sodium
sulphate and then cvaporated. Purification of the crude

was eﬁfe(, ted
product /by column chromatography over neutral elumina

(600 g s grade 3) using benzene as eluent. The anhydromarrubiin

obtained (4.99 g) was an oil which crystallised friom dry




Y R
nethanol as needles (3.14 gy 63%3%). Lfter drying at room

. . o
tempersture for three days under vacuum it had m.p. 95 « 96

7 900); 56 = 580 after five hours exposure 1o
CHCl5 -1
atmospheric moisture. - nax 1772, 875 cm 7. N.m.r.

(reported

signals for material m.p. 95 - 96° appeared at ¥ 4.64 (%)
(1H, ¢ - 11), 4.97 (sextet) (1H, C - 6), 6.82 (d4)(2H, C - 12),
6.95 (diffuse multiplet)(l H,C - 8), 7.72 (q)(2H, C = T),
6.02 (4)(1H, ¢ - 5) and 08.78 (d)(3H, ¢ -~ 17); JH—5,H—6 =

50./sec., JH-6,H~7 = 80./sec., J2H~7, g = 3.5 o./sec.,

J = Tc./sec., and J

H""G, 31‘[—17 H_ll, o1[-12 = 70-/39(3-

(e) Teatment of anhydromarrubiin with phosphoryl chloride in
molst pyridine.

inhydromarrubiin (3a : 72 mg) in pyridine (5 ml)
containing a trace of water (4 mg) was heated at reflux with
phosphoryl chloride (360 mg) for five hours. The reaction
was worked up as previously described to afford the product
(70 ng) the n.m.r. of which was very similar to that of the
starting material.
(f) Phosphorus trichloride in pyridine.

Marrubiin (1 : 148 mg) and phosphorus trichloride
(0.3 ml) were heated for two hours in dry refluxing pyridinc,
The reaction was worked up in the usual manner and afforded
the crude product (134 mg) which failed to crystallise. A
careful integration study in the n.m.r. showed the presence
of the 4 8(9)(75%) and A 9(11>(25%) olefins.
(g) Phosphorus trichloride in carbon tetrachloride.

Marrubiin (1 s 130 mg) and phosphorus trichloride (0.3 ml)
were heated for two hours in refluxing carbon tetrachloride

(6 ml). This afforded, on work up, the crude produét (125 me)
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from which polar impurities were removed by preparative

t.l.c. (chloroform containing 10% benzene) to give the
dehydration product (80 mg) shown by n.m.r. to consist
exclusively of the & 9(11) isoner.
(h) Phosphoryl chloride in benzene.

Marrubiin (1 : 125 mg) and redistilled phosphoryl
chloride (600 mg) were heated for five hours in dry refluxing
benzene (5 ml). Work up in the normal fashion afforded a very

non polar oil which was not investigated further.

Dehydration of tetrahydromarrubiin (38).

(a) Phosphorus trichloride in benzene.

Tetrahydromarrubiin (38 ¢ 63 mg) and phosphorus
trichloride (0.1 ml) were heated for two hours in dry
refluxing benzene (2 ml). Work up afforded the crude product
(61 ng) purified by repeated preparative t.l.c. (chloroform -

benzene, 1 : 1). fnhydrotetrahydro - marrubiin (33)

crystallised from ethyl acetate - light petroleum as needles,
0 36 oy %y -1

m.p. 124" (reported” 125 - 126 ); Y max' 1780 cm ~. In the
n.o.r. it exhibited signals at Y 4.83 (t)(1H, ¢ - 11 5 J =
5c./secy), and v 5.00 (sextet) (1H, C - 6 3 Wy = 18 c./sec.).
(Found: © = 75.30, H = 9.50 5 C,fiz 05 requires C = 75.43,
H = 9.50%).
(v) Phosphoryl chloride in pyridine.

Tetrahydromarrubiin (38 : 60 mg) and redistilled
phosphoryl chloride (300 mg) were heated for eight hours in
dry refluxing pyridire. The reaction was worked up in the

normal manner but no dehydration products were obtained.

This reaction was repsated several times but in all cases the
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rosults were the sane.

Hydrolysis of desoxytetrahydromarrubiin (42).

Desoxytetrahydromarrubiin (42 : 2.165 g) was heated in
refluxing ethoxy-ethanol (50 ml) containing potassium
hydroxide (1 g) and water (1 ml) for two hours. The hot
reaction mixture was pourcd on to ice and after adjusting
the pH of theagueous layer to 12, necutral products were
extracted with ethyl acetate. The aqueous layer was made
just acid to Congo red with 1N hydrochloric acid and
extracted with ethyl acetate. Evaporation of the solvent
afforded an oil (2.34 g) which was chromatographed on silica

gel to afford the hydroxy - acid (4la : 1.0 g) crystallised

from ethyl acetate - light petroleum as needles which
CcCl
sublimed at 224 - 2260; v nmxA 3590, 3400, 2720 and 1725

8 c./sec.).

70.97,

il

umwlg broadened singlet at ¥ 5.52 (1H; ¢ - 6 3 W%

(Found: € = 71.04, H = 10.23; 020H34o4 requires ¢
H = 10.13%).

Oxidation of hydroxy - acid (4la).

The above hydroxy - acid (4la : 1.75 g) in dry pyridine
(%30 nl) was treated with chromium trioxide (1.5 g) at room
temperature for 16 hours. Work up afforded an oil (1.72 g)
from which coloured impurities were removed by preparative

t.l.c. (chloroform) to furnish the keto-acid (41%) which on

crystallisation fron ethyl acetate - lig?t petroleun
ceC

afforded needles, m.p. 170 - 1720; v max4 3060, 2740, 1780,

1745 and 1685 cm-l; signals at ¥ = - 2.75 (s) (COOH), T.44

(s)(2H, C = 5). (Found: C = T1.39, H = 9.625 G, H;,0,

requires C = T1.39, H = 9.59%) «
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Lactonisation of the keto-acid (41b).

The keto - acid (41b : 1.05g) was heated in refluxing
acetic anhydride (50 ml) under nitrogen for an hour and then
for a further two hours after the addition of fused sodium
acetate (2 g). The solution was poured on to ice and
extracted with ethyl acetate. ZEvaporation of the solvent
afforded the enol - lactone (43 : 3830 mg) which rapidly
decomposed into the keto - acid (41b) on standing (t.l.c.)

5 ool 1
max 1800, 1705 ¢em .

Hydrogenation of enol - lactone (43).

The enol lactone (43 : 830 mg) containing the keto -
acid as an impurity was hydrogenated in glacial acetic acid
(40 ml) over 10% P4/C (500 mg). The product (800 mg) was a
nixture of two compounds (t.l.c.) which were separated by
preparative t.l.c. using chloroform containing 2% methanol
as solvent. -This afforded'desoxytetrahydromarrubiin (42
400 mg) as the least polar component, identified by m.p.,
mixed m.pe, i.T+, and n.n.r. The other component (305 mg)
was the bisdesoxy - acid (4lc) which crystallised from

. coL,
1ight pebroleun as needles, m.p. 99 - 101°% ¥ max® 3520,

1760, 1740 and 1695 cm ~. (Found: C = 7T4.64, H = 10.48 ;

020H5403 requires C = 74.49, H = 10.63%).

Methylation and reduction of bisdesoxy - acid (4lc).

in etheral solution of the bisdesoxy - acid (4lc : 100 mg)
was esterified with an etheral solution of diagzomethane and
the methyl ester in dry refluxing diethyl ether treated for
two hours with excess lithium aluminium hydride. The oily

CCl 1

4 -
aloohol obtained (41d : 75 mg) had VY max” 3640 cm . and




By
oowtes comtred al Y 6441 (2H, € - 19 5 J = 1lc./sec.).

soectylation of the desoxy - alcohol (/14)

The desoxy - alcohol (414 : 30 mg) was acetylabed in the
normal manner to afford the corresponding acetate (4le : 2Tng)
which crystallised from ethyl acetate - light petroleum and
had @.p. 76 - 77O,EHJD = + 23.5° (¢ = 2.0)3 ~ ggi4 1742 om"l;
m/e = 290 (M - 60); In the n.m.r. it showed an AB quartet a*

X 5-90 (2H, C - 19; J = 1lle./sec.). (Found: C = 75.25,
(:221{5803 requires C = 75.4, H = 10.9%).

Cxidation of the bisdesoxy - alcohol (414).

rr
|

= 11,3 3

The bisdesoxy - alcohol (41d s 12 mg) in dry pyridine
(5 ml) was treated at room temperature for 14 hours with
chromiwa trioxide, Work up yielded the unstable (t.l.c.)

ccli
oily aldehyde (41Ff s 9 mg);[d)D =+ 13° (¢ = 0.8); ¥ maucﬂr

1718 on™; n/e = 306 (M); singlet at % 0.14 (1H, ¢ - 19).

Thioke*alisation and reduction of marrubenol keto-aldehyde (27

Marrubenol keto-aldehyde (2f : 330 mg) in diethyl ether
(25 nl) coataining freshly distilled boron trifluoride die’hrl.
e*thicrate (2 ml) was treated at room temperaturc for TO hours
with ethane dithiol (2 ml). The ethereal solution was
washed with dilute (4N) sodium hydroxide and evaporated to

afford an oil, an acetone solution of which was added to a

stspension of Raney nickel in acetone. The mixture was

allowed to reflux for 18 hours and the catalyst and solvent

removed to afford an oil (295 mg) which was chromatographed

cver neutral alumina (grade 3 : 50 g). Blution with ethyl

acetate ~ light petroleum (1 : 19) furnished the ketone
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{ 65a: 176 ng) which crystallised from ethyl acetate - ligh.
petroleun and had m.p. 84 - 06° (reported40 89 ~ 900).
CHCl3 1
nax 1700, 870 cnm 3+ m.m.r. signal at ¥ 7.17 (s)
(1", ¢ - 5).

Reduction of ketone (655).

The above ketone (65a: 176 ng) in dry refluxing diediyL
ether was treated for 18 hours with excess lithium aluminium
hydride to afford an oil (182 mg) from which the major produs..
the axial glcohol (65b: 88 mg) was obtained by column
chromatography over neutral alumina (grade 3 : 25 g) on
clution with light petroleum containing 10% ethyl acetate.
The alcohol failed to orystallisevand was purified by
distilletion at 155°/0.05 mm. ;;i4 3610, 3390, 865 cn ™
n.n.r. resonances appeared at Y 5.7 (m)(1lH, C - 6; W% =
7c./sec.). Methyl groups (3H each) appeared at T 8.75,

8.73, 9,02 (all s)(tertiary C - CEB) and ¥ 9.05 (a)(Cc - 17
J =6 c./sec,)s (Found: C = T4.73, H = 10.03; Cootl3005

requires C = T4.96, H = 10. 06%).

Dehydration of alcohol (65b).

The diol (65b : 66 mg) in dry pyridine (2 ml) was
treated at room temperaturc for TO ninutes with nmethanc
sulphonyl chloride (1 ml). The oil obtained (72 ng) was
subjcoted to nreparative t.l.c. (5% ethyl acetabe in light
petroleun) and afforded the olefin (63c = 57 gg% which
orysballised as needles m.p. 133 - 135% 7 nax® 3560, 876

cnt s n.n.r. signals at ¥ 4.35 (¢)(1E, € - 65 J = 3c./sec.).



- 55 ~

tidation of olefin (63%c).

The olefin (63c : 50 ng) in dry pyridine (3 nl) was
allowed to stand at roon tenperature for 25 days with
chromiun trioxide (100 ng) and after work up the oil
obtained (15 mg) was subjected to preparative t.l.c.
(chloroforn). Further purification of the lactonc (66 : Tng)

3 CCl4
was effected by distillation in vacuo; nax

1787, 1713,1677.

1657 ot ; n/e = 276 (M) corresponding to H,.0

C1782493¢

Reduction of Dchydromethyl marrubate (63b).

The olefinic cster (63b : 67 ng) in dry refluxing
ticthyl ether was treated for 12 hours with lithiunm slunminiunm
hydiide and after preparative t.l.c. (chloroforn) afforded
the slcohol (63d : 45 ng). Lfter further purification by

ccl, 1
distillation in vacuo it had nax ' 3615, 880 cn " n.n.T.

o

signals at Y 4.3 (n)(1H, ¢ = 6 5 Wy = 6 c./scc.) and a

1
P
nultiplet centred at Y 6.53 (2H, ¢ - 19 ; nultiplet width =
28 c./sec.). (Found 3 C = 75.13, H = 9.27 3 Cpolzo05 Tequires

G = 75.4%, I = 9.50%).

Hydrolysis of marrubiin (1).

Marrubiin (1 : 2.2. g) in refluxing ethoxy-ethanol
(3 nl) was treated for 30 ninutes with potassium hydroxide
(2 g). The solution was acidified by the careful addition of
dilute (1N) hydrochloric acid and the precipitated solid
taken up in ethyl acctate. The organic layer was washed with
water and cevenoratcd in vacuo to afford narrubiiec acid

) 6 o ) Nujol

(2a ¢ 2.3 g) m.p. 190° (zreported ~ 205°); ° max 3700, 3400 -

2700, 1675, 887 o
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Jengiration and Methylation of Marrubiic acid (2a).

(a) Marrubic acid (2a s 1.56 g) in dry pyridine (10 nl) was
treated at roon temperature for four days with p-tolucnc
sulphonyl chloride (2 g). After removal of the roagent and
solvent the red oil was dissolved in methanol and treated with
an ethercal solution of diagzomethane. The product (1.63 g)
was chronatographed over ncutral alunins (grade 3 ¢ 200 g)
and elution with light petroleun containing 5% ethyl acetate
furniched the oily olefin (63b : 693 mg) which was distilled

20 1. o) CClA -1
ot 1207/0.02 mn). nax’ 3660, 1722, 882 cr = 3 N.D.T»
stgaals ob ¥ 4017 (8)(1H, C - 6 3 J = 3 c./sec), 6.37 (s)
(z1, ¢ - QEB), 8.7 and 9.07 (s)(3H cach; tertiary ¢ - qu)
and ©.C0 (A)3H, ¢ - 17 5 3 =6 c./sec.). (Found ¢ C = 72.61,
5 021H3004 requires C = 72.80, H = 8.73%). Continued
ciuticn atforded methyl marrubate (2b : 282 mg) identified by
ilin.n.r. gpoctrun where there were signals at Y 4.3 (s)
(14, OH), 5.67 (n)(1H, C - 6 3 W = 8 c./sec.); 6.3 (s)

(3, O =~ CH,), 8.7 and 8.97 (s)(3H each, tertiary C - QE3)

5
and 9.05 {a)(3H, ¢ - 17 3 J = 6 ¢./sec.). The final fraction
conbained marrubiin (1 s 291 mg) which crystallised

spont ancously and was idcntified by t.l.c. and n.m.rs

(») 1 further semple of marrubiic acid (2a : 600 ng) in warn
(700) synidine was treated for 65 hours with excess p-toluenc
sul-tonrl ~hloride. The crude product was dissolved in
methanol and treated with diazomethane as described above.
Chromatograzhy of the product over neutral alumina (grade

3 : 30 g) furnished threc fractions, the least polar of which

Tas ne’ investisotcd further. The intermediate fraction
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containcd the required olefin (63b : 241 ng) identificd by
n.n.r.  The most polar fraction (295 ng) was a mixture of
two compounds of very sinilar polarity and was separated by
preparative t.l.c. (chloroforn) to afford as the less polar
compound, the tosylate (64 : 92 mg) which crystallised from
cthyl acetate - light petroleum as necdles MaPo 129O H
CClA -1
nax’ 3610, 3520, 1772 cn”~; n.n.r. signals at 2.53 (4d)
(J.I'I, C - 15 ; J = 2 C‘/SGC')’ 5.65 (d)(lH, C - 1[‘- ; J = 2 C-/SGC=)

and 5.3 (t)(1H, C -~ 6 ;3 J = 6 c./sec.). The more polar component

(90 ng) was marrubiin (1).

Dehydration of Mcthyl marrubate (2b).

(a) Methyl marrubate (2b : 421 mg) in dry pyridine was treated
at roon temperature for scven days with cxcess p-toluene
sulphonyl chloride. Removal of the cxcess reagent and solvent
afforded an oil (414 ng) which consisted of only onc compound,
the olefin (63b).

(b) Mecthyl narrubate (2b : 521 ng) in dry refluxing pyridine
was trecated for 14 hours with p-toluenc sulphonyl chloride as
described above, to afford an oil (417 ng) which consisted of
nmainly onc conpound, the olefin (63b). ALfter preparative t.l.c.
(chloroform) the olefin (63b : 300 ng) was obtained as an oil

which could not be inducced to crystallise.

Oxidation of Olefinic - ester (63b).

" The sbove estor (63b : 750 ng) in dry pyridine (3 ml) was
treated at rcom temperature for ten days with chromium trioxide
(500 mg). Work up in the usuel way afforded the crude

matoeriagl (687 mg) geparated by column chronatography over
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noutral-elunina (grade 3 s 60 g). The early fractions
containing the unrcacted ester (63b s 320 mg) were elubted with
cthyl acetate - light petroleun (1 : 19). The enone (62p :
360 ng) was eluted next (3 s 17) as an oil which could not be

¥ ocl, 1
induced to crystallisc. max’ 1730, 1680, 878 cm "3 n.m.r.

signals at 4 3.82 (s)(1H, ¢ - 6) and 6.38 (s)(3H, 0 - qu).

Reduction of Enone (63b).

The above enonc (63b : 340 ng) in dry refluxing diethyl
cther was treatcd for 12 hours with cexcess lithium aluminium
hydride. 7ork up gave an oil (298 ng) seen from t.l.c. to

consist of a mixture of two compounds.

Oxidation of Triols.

The nmixture of alcohols obtained above (298 mg) was
dissolved in dry pyridine (2.nl) and was treated at room
tenperature for 40 hours with chromium trioxide (lOOAmg).

Work up gave an oil (272 mg) from which coloured polar

naterial was rcmoved by column chromatography over neutral
alunina (grade 3 : 25 g). Elution with ethyl acetate - light
vetroleum (3 ¢ 17) afforded the aldehyde (62c) which was fﬁi%h§é~

ccl =
purified by distillation in wvacuo. % max4 1720, 1670, 882

cnt ; n.o.r. signals at ¥ 0.77 (s)(1H, C - 19), 3.85 (s)
(1H, ¢ - 6), 8.59 (a)(3H, C - 17 3 J =7 c./sec.) and 8.8 and
8.75 (s)(3H each, two C ~- QEB)' (Found s C = 72.66, H = 8.01 ;
CopHpg0, Tequires C = 72.70, H = 7.93%).

Attempted thioacetalisation of the Aldehyde (62 ¢).

' The above aldehyde (6Jdc : 50 mg) in anhydrous diethyl

ether (250 nl) was treated at room temperature for four hours



b

— S

with redistilled boron trifluoride diethyl etherate (1 ml)
and ethanc dithiol (1 ml). T.l.c. of the product after
work up showed the absence of the aldehyde without any

furanoid product.




. 6(‘»
REFERENCES

Le E. Harms, Arch. Pharm., 1842, 83, 144. 3 1851,
116, 141.

2. K. Xrcymeyer, fArch. Pharm., 1849, 108, 258.

3. W. Hertel, jmer. J. Pharm., 1890, 62, 273.

4. G. Morrison, fmer. J. Pharn., 1890, 62, 327

5.  H. Metuscw, Amer. J. Pharm., 1897, 69, 20L.

6.  H.M. Gordin, J. jmer. Chem. Soc., 1908, 30,  265.
7o L.J. Mercier and F. Mercier, Compt rend., 1932, 195, 1llo2.

8. F. Hollis, J.H. Richards and . Robertson, Nature,

vt e

1939, 143, 604.

2- A- Lawson and E.D. Eustvice, J. Chen. Soc-, 1939, 587.

10, E. Chigi, Usgzzobta 1948, 18, 856, 3 1951, 81, 336

11. We Cccliey; B.B. Cross. S.R. Duff and T.F. Holley,
Ghea. and Ind., 1952,  827.

A%

12, D.G. Hardy end V. Rigby, Chen. and Ind., 1953, 1150.

iz nunbering sysbtem recommended by R. McCrindle and
K. H. ~ ~5Son, ALdvances in Orgenic Chenistry, Methods and
reculte, (Bdited by Raphael, Taylor end Wynberg) Vol. 5;
Interscience, New York 1965, pp 50 and 53.

14,  D. Burn and 7. Rigby, J. Chem. Soc., 1957, 2964.

15. C. Collin-fisselineau, E. Lederer, D. Mercier and J.
Polonsky, Bull. Soc. chinm. France, 1950, 720.

16, . Cocker, J.T. Bdwerd and T.F. Holley, (Chem. and Ind.

17. W. Cocker, J.T. Edward and T.F. Holley, g@gg,=ggg_l§g.,

1955,  T72.
18, V. H. Cestine, D.M.S. Wheeler and M. Vheeler, Chem.
and Ind., 1961, 1832,

19. L. Mangoni and M. Belardini, Gazzetta, 1963, 93,  465.

20. R. 4. Appleton, J.W.B. Fulke, M.S. Henderson and
R. McCrindle, J. Chen. Soc. (c), 1967, 1943.



21.

22,
23.
24.
25.
26.

27.

28.

29.

30.
31.
32.

33.

34.

35.
36.

37.

38.
39,
40.

41.

ﬂﬁﬂ,-u

D.M.5. Wheeler, M. Wheeler, M. Fetizon and & i
' . ToH.
Tetrahedron, 1967, é909. Z and F.H. Castine,

L. Mangoni and M. Belardini, Gazzetta, 1967, 122.

D.P. lMoody, Chem. and Ind., 1965, 85.

J. Balansard, Compt rend.soc. biol., 1934, 117, 1014.

D.E.L. Rivett, J. Chen. Soc., 1964, 1857.

Ln'Canonioa, B. Rindone, C. Scolastico, G. Ferrari, and
C. Casagrande, Tetrahedron letters, 1968, 3149.

L.A..Salei, D.P. Popa, and G.V. Lazur'cvskii, Khinm
Prirodn. Soedin., 1966, 2 (4), 249.

J.%7.B. Fulke, Ph.D. Thesis, Glasgow 1967.

C.f. Henrick and P. R. Jefferies, Tetrahedron,
1965, 21, 1175.

AL+ Gaundencr, J. Polonsky and E. Tenkert, Bull Soc. chim
France, 1964, 407.

R.D.H. Murray and R. McCrindle, Chen. and Ind., 1964, 500.

C. rascual and W. Simon, Helv. Chim. Lcta, 1964, 47, 6383.

W.S. Bennet, G. Eglinton, J.¥W.B. Fulke, K. Hirao,
R. McCrindle, W. Simon and 4. Tahara, J. Chen. Soc. (B),
1967, 211,

W. Cocker, B.E. Cross, S.R. Duff, J.T7. Edward and
T.F. Holley, J. Chem. Soc., 1953, 2540.

D.H. Williams and N.S. Bhacca, "Applications of H.M.R.
spectroscopy in Organic Chenistry", Holden-Day,
San Francisco, 1964, p 19.

J.D. Connolly and R. lcCrindle, (Chen. and Ind., 1965, 37.
D.H. Willians and N. S. Bhacca, Tetrshedron, 1965, 21, 2021.

J.W.B. Fulke and R. McCrindle, Chem. and Ind., 1965, 647.

D.G. Hardy, 7. Rigby and D.P. Hoody, J. Chem. Soc.,1957, 2955.

P.H. Boyle, Chem. and Ind., 1966, 33.

7. Gerrard, J. Chem. 50C., 1940, 1464.

P. Johnson znd S. K. Malhotra, J. Amer. Chen. S0C.,

1965, 87, b5492.

7. inthonsen, P.H. McCabe, R. McCrindle a2nd R.D.E. Murray,
Tetrshedron, 1969, 25, 3161.

Beyler and L.H. Sarett,

L. P G’CE' Mth R'E'
G.I. P0OS, ’ 422.

T. ptmer. Chernie SO0C. 1953, 15



42,
43.

44

45.
4'60

- AD
M, Sumimoto, Y. Tanaka and . Matsufuji, Tetrahedron
1964, 20 1427.
L. Mangoni and M. Belardini, Gazzetta 19453, 93, 455.
0. S, Chighov, A.V. Kes-enikh I.P. Yakovev, B.MM.

Zolotarev and V.A. Metukhov. Tetrahedron Letters

1967 17, 1361,

E.R. Kaplan and D.F.A. Rivett, J. Chem. Soc. (C), 1968, 262.

T. Anthonsen, Ph.D. Thesis, Trondheim, 1969.




| 94n B4

3 L ] S
3

l\.\r*tjl

—2
e —s
e

e vt

W "

L | ]

|

It | |
s, Ly thw Jxé\\nmxe

f&

‘uliqniiewoipAquy JO S7ON 00Ol 18.Bi}ooeds JouruUOSad a|qnop pue m&c_w HAN




Dehydration of

Marrubilin

T value Integration of
~ 5 o m
peaction |0 © =11] €= 11 [P Furen | © - 11 » BXO 7 ENDO
! Proton Proten |{Proton Proton Ie -
(Soale (Soale (P R somer qu;::ur
nnite) upitghlrrovons
arrubiin
P?gl,{"i}:}f 4067 400 1300 003 30 70
ota
¥arrubiin
fgClé-f§ 4.68 0.25 0.75 0433 33 67
and 1
¥Mzrrubiin
f001é—9§ 4.66 0.37 1.0 0.37 37 63
Band 2
POCL
mixtérgl 4.67 2.0 5.0 0.4 40 60
HC1~CHCL
Marrubiin
- Y r
PCl3 Py 4.66 20 &% 0.25 25 75
¥arrubiin
P(()lx-? 4.75 £.25 6.25 1.0 100 -
{Total
Marrubiin
P?13-00%4 4.74 7.0 7.0 1.0 100 -
Total
Anhydro-
marrubiin -
POCleH20 4.69 6.0 6.0 1.0 100
Marrubiin
POCI3- g7 No Dehydration.

Table

1




Postulated Biogenetic Pathway

Gri nde{ia Lagochilus
robusta inabrians /
e )
~J o
Leonolis  Marrubium

leonuris / vulgare

Solidago canadensis

Marrubium vulgare

Figure
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Rearranged Labdanes.

In recent years a rapidly expanding class of
diterpenoids with a rearranged labdane skeleton has been
inteﬁéively investigated. These compounds can be envisaged
as arising from the cyclisation of a geranyl-gersniol or
geranyl—linalogl precursor followed by a series of concerted
1, 2 methyl and hydride ion migrations (see figure i ). If
the nigrating axial groups werc to retain their configurational
integrity this would result in the stereochemistry shown in
figure | for a precursor with the 10 ¥ methyl labdane
configuration. In many members of this class the resulting
backbone stereochemistry, established in some cases by X-ray
wnalysis, is indeed in accord with a concerted rearrangement

of this type.

Clerodin ( 1 ) the bitter principle of Clerodedron

1
infortunatum was first isolated in 1936 but the correct

structural formula was not obtained until 1961 when the
constitution and étereoohemistry were established by an
X-ray crystallographic s’cudy2 of the derived bromo-lactone
(2). Before these results were available partial structures’
had been advanced on the basis of chemical and spectroscopic
evidences. Preliminary investigation showed that clerodin had
two acetoxy groups, one secondary and the other primary, in
a cis 1,3 relationship since deacetyltetrahydroclerodin (3)
could be converted into a cyclic carbonate on treatment with

ethyl chloroformate. The other functionalities in the

molecule consisted of an enol ether system contained in a



- T7-
five membered ring, a 1,1 disubstituted cpoxide and a
relatively inert ethercal oxygen atom which wag shown to be
attached to the carbon atom carrying fhe oxygen of the
cyclic vinyl ether. The steric relationship of the epoxide
and the 1,3 glycol system was demonstrated chemically and
by n.m.r. experinents. The absolute configuration was
based on the optical rotatory dispersion curves of the
keto-tosylate (4) and the keto-acid (5) which were
enantiomeric with respect to that of a 6-keto trans A/B
steroid.

4

It has bcen suggested” that colombo root probably
contains only one compound of the composition 020H2206’
nanely columbin (6) which is converted into its C - 8

epimer by treatment with alkali. The other naturally
occuring diterpenoids from this source5have the molecular
formula 020H2207 and are all epoxides. Jateorin (7) is

2,3 epoxy-columbin, chasmanthin (7a) is epimeric (at C - 12)
with jateorin while palmarin (7b) is the C - © epimer of
chasnanthin. 8 epi-jateorin may not ~ccur naturally.
Palnarin was shown6 to contain a F ~substituted furan ring,
two & lactone groups and a tertiary hydroxyl function.

The epoxide ring was shown to be located in a {iﬁ relationship
to the lactone in ring A4 of palmarin by careful analysis of
the nuclear magnetic double resonance experiments performed
on the derived keto-formate (8). Barton's original7
suggestion that columbin could arise biogenetioally'from a

labdane precursor by a series of methyl migrations would

indicate that columbin and its congeners had an A/B trans
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ring fusion. Octahydroisocolumbinic acid (9) on hydrolysis
‘afforded the isolactone (10) which was converted into the
nor-ketone (11). A mixture of 1,4 ene-dione esters (12)

was obtained from the hydroxy-keto-ester (13) upon oxidation
with chromic acid and selenium dioxide. These results accord
only with an A/B cis fused ring junction. The absolute
configuration followed from the optical rotsatory dispersion
curves and was confirmed by an X-ray analysis of the derived
iododiphenylnitrilimine (14).

8’9of two furan-containing

Cascarilla bark is the source
diterpenes with the rearranged skeleton, namely cascarillin
4 (15) and cascarillin, a mono-acetate (16&) which had been
known since 1096. The constitution and relative
stereochemistry of the latter as (16a) was determined fron
the X—fay analysis of the iodoacetate (16b). This structure
superceded that shown in (17) which had been deduced from
extensive degradative and spectroscopic evidence. 4L
limitation on the.location of the oxygen atoms was imposed
by the knowledge that both the acetoxy group and the
furfuryl-hydroxyl group were attached to carbon atoms 3 to
the aldehyde function since acid treatment of deacetyl-
cascarillin (16c) gave the stable acetal (18). This acetal
was also isolated from similar treatment of cascarillin A,
indicating that it must have the same carbon skeleton as
cascarillin. In addition, the presence of an epoxide ring
and a secondary hydroxyl group in cascarillin A was deduced
from its n.m.r. spectrum. The absence of carbonyl

absorption in the i.r. was taken to indicate that the
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aldehyde group was involved in hemi-acetal formgtion and

confirmed by its oxidation to a keto- ¥ -lactone (19).

The oleorcsin of Hardwickia pinnata has been shownlo

to consist of a series of sesquiterpenoids and a series of
closely related diterpenoids. Trom the diterpenoid fraction
five new compounds, three acids and two alcohols, were
isolated. Hardwickiic acid, CZO

nem.r. and i.r. evidence to contain a ¥ =-substituted furan

Hy903 (20a) was seen from

ring, an eﬁg -unsaturated acid and one secondary and two
tertiary methyl groups. Hydrogenation over Rh-C afforded a
tetrahydro-derivative, the n.m.r. of which still showed a
resonance arising from an olefinic proton, while prolonged
hydrogenation yielded a fully saturatéd hexahydro-compound
indicating that hardwickiic acid has three ethylenic bonds
and thérefore must be bicyclic. Dehydrogenation over 10%
Pd-C furnished a mixture of 1,2 dimethyl - and 1,2,5
trimethylnaphthalencs (2la and 21b respectively). From
biogenetic considefations the structure (20a) was proposed
for the acid. Dextrarotatory hardwickiic acid [*J _= + 125°

D

has been isolatedllfrom Copaifera officinalis. The melting

noint of a mixture of the two acids was SOO higher than the
melting point of the individual components, behaviour
typical of certain racemic compounds. The dicarboxylic acid,
kolavic acid (22a); on dehydrogenation gave the same mixbure
of ngphthalenes showing that it was closely related to
hardwickiic acid. That both carboxyl groups were in
conjugation with a double bond was deduced from the u.ve.

spectra of the acid and its methyl ester. Two moles of
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hydrogen were taken up on hydrogenation over Pt indicating
the presence of only two double bonds and the attachment of
a methyl group to one of these bonds was deduced from the
presence of g doublet at 7.9 ¢ in the n.m.r. spectrum.
From this evidence kolavic acid was formulated as (22a) and
this was confirmed by a correlation with hardwickiic acid,
both compounds being converted into the same diacetate (23a).
The remaining acid, kolavenic acid (22b) was isolated as
its methyl ester. Spectral data indicated the presence of
one secondary, two tertiary and two vinylic methyl groups
in the acid and thus suggested a structure (22b) which was
confirmed by a direct interrelation with kolavic acid through
the hydrocarbon (23%b). Hydride réduction of kolavenic acid
afforded an alcohol, kolavenol (22d) which was identical with
one of the naturally occuring alcohols from the oleoresin.
Kolavenyl acetate on selenium dioxide oxidation gave as the
main product, the compound (24) which was transformed into
methyl hardwickiate (20b) on shaking with Amberlyst-15.
The other alcohol, kolavelool (25)12 was isomeric with
kolavenol and its structure proved by a partial synthesis
from this compound. The aldehyde (22¢) obtained from
kolavenol by manganese dioxide oxidation, on treatment with
hydrogen peroxide furnished an epoxy-kolavenal. Reaction
with hydrazine hydfate and acetic acid afforded an allylic
alcohol (25) which proved to be indistinguishable from an
authentic sample of kolavelogl.

Experimental supportl3 for the positioning of the

angular nethyl groups of hardwickiic acid as shown (20a)
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came from degradative work which also led to the
elucidation of the absolute stereochemistry at the various
asymmetric centres. The two major products (26 and 27) of
ozonolysis of hardwickiic acid both showed in their n.m.r.
spectra that the resonance of one of the teriary methyl
groups had suffered a downfield shift to 8.8 { , a value
acceptable for g wmethyl group adjacent to a carbomethoxy
function. This was taken to indicate the presence of a

C = 5 nethyl group. Introduction of a double bond in
conjugation with the ketone of (27) furnished the compound
(28) whose n.m.r. spectrun showed the two olefinic protons
as an 4B quartet with no further coupling indicating a
fully substituted C - 9 position. The triester (26) was
converted into a substituted cyclopentanone (29) with a
sfrong negative circular dichroism effect. Since this curve
was the nirror image of that of a ndrmal 17-keto-steroid it
was concluded that the rings were trans fused but with the
opposite absolute stereochemistry. From the n.ﬁ.r. of the
derived keto-ester (30) it was seen that the ester function
had no shielding effect on the C - 5 methyl group and
therefore was ;- -oriented since in the alternative «-.
configuration the C - 5 methyl would have a 1,3 diaxial
relationship with the ester and lie in the shielding zone of
the ester carbonyl grouwp. The diester (28) was converted
into the keto-ester (31) and in its n.m.r. spectrum the

C - 8 nmethyl resonance appeared as a doublet centred at
8.81'ﬁ; , having suffered a paramagnetic shift of about 21

c./sec; The C -~ 8 nethyl group was thercfore assigned the
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equatorial configuration. The absolute stereochemistry of
the renaining naturally occuring compounds follows from
their relationship with hardwickiic acid.

A root and bark exbtract of Tinomiscium philippinense,

a plant of the same family as Jatorrhiza nalmata from which

colunbin (6) has been isolated furnishedl4 a furanoid methyl
ester for which structure (32) was proposed. In the carbonyl
region of the infra-red spectrun were peaks characteristic of
an d? unsaturated ketone and ester and a S lactone.
Reduction with zinc and acetic acid gave the saturated ketone
(33) as expected. In the high resolution n.m.r. spectrum in
benzene the C - 1 protons showed, in addition to the geminal
coupling, coupling to the C - 10 proton indicating the
absence of a methyl group at this position. However no
evidence was presented which would allow the assignment of
stereochenistry at either the ring junction or at any of
the remaining asymmetric centres.

From chemical and spectroscopic evidence the structure

(34a) was suggestedl5 for olearin, a neutral diterpenoid

fronm QOlearia heterocarpa. The presence of two d@ unsaturated
carbonyl groupings was deduced from the i.r. and u.v.
absorption while the i.r. spectrum of the tetra-hydro
derivative (35a) indicated that both these functions are
present in B lacténe rings. That the remasining oxygen aton
is present as a secondary hydroxyl group was deduced from its
ready oxidation to the corresponding ketone (35b). Treatment
of this ketone with alkali gave formaldehyde by a

retro ~ aldol condensation showing that a newly formed
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nraroxyl, from opening one of the lactone rings, must be in

o ¢ pogition to the keto group. The n.n.r. spectrun of

t
nlzarin proved most informative showing resonances
waoribubable Lo oa @ -substituted butenolide, two methyl
groupu, onc sccondary and the other tertiary, one vinyl

proton adjaceat to a nmethylene group and a - CH, O- attached

2
to a fully substituted carbon atom. The protons of the trans
ceuble bonc. of anhydro-olcarin (36) formed via the methane-
sulph<n: ce (54b) both appear as doublets showing no further
coupling, coregistent with olearin having a rearr~rn~z?

Ltasdans skeleton. dhe relaiive stereochemistry of olearin

W5 (3%a; is bogod on biogenetic considerations.

A 1ighv etroleun oxbtract of the heartwood of Plathymenio,

16 . .
wag fourd t0o contain plathyterpol, an oily

iterpenoid which was deduvced to have the structure (37) firom

wic and dsgrodative studies. The n.m.r. spectrum

,
(03
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t
&
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of tr=2 derived %ﬁ ~unsaturated ketone (38) showed the protons

To e carbonyi funcition to be the AB part of an ABX
systerr.  Furthermcre the C - 10 proton appeared to be
cquatorial to ring A and thus the A/B ring fusion was
ucerpecoedly cis as ir coiumbin. In order to resolve this
problesn the crystaliine dibromoketone (39) was prepared and

. 7 . .
subjected to X~-ray analysis which confirmed the previous

becotative stereochemistry at the rine inreticnz,

‘n extract of the lesvis and twigs of Croton lucidus,

« renher of the Euphorbinc.ae, the family to which Croton
elcuteria (the source of the cascarillins) also belongs,

furnjs%ﬁdle ti2 o.rditerponoid crotonin (40). The i.r.
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eespootrum_lacked hydroxyl-ebsorption but-indicated -the

presence of a ketone, a saturated 3 lactone and a

@ -subétituted furan ring. The n.n.r. spectrum revealed
no further unsaturation while in the methyl region there
were two doublets from two secondary methyl groups.
Catalytic hydrogenation over Pd furnished the tetrahydro-

acid (41) showing that the ethereal oxygen atom in the

" lactone is allylic to the furan ring. The n.m.r. spectrum

of tlhe corvesponding aldehyde showed this proton as a singlet
indicating that this group is attached to a fully substituted
carbon atom. The substitution pattern on the bicyclic
nuclovs wae deduced from the nem.r. spectrum of the
methylated dehydrogenation product (42a) where the two
aromgtic protons had a meta coupling. Oxidation of fhe ether
foilowed by treatment with furfuraldehyde furnished the
furfurylidcene derivative (42b) whose n.m.r. spectrum showed
the C - 8 proton (now allylic) as a quartet at much lower
field.

in ethereal extract df Dodonsea attenuata gavel9 as the

major acldic constituent the hydroxy-acid (43&) whose NeR.T.
spectrun showed signals attributable to a % -substituted
furan ring, a tertiary methyl and an acetate group and an
q% enone system which includes a @) carbon atom bearing a
protcn and a methylene group. The steric relationship of
tl:2 acid and the primary hydroxyl functions was established
by the formation of an mp -unsaturated- j —laotone.qgl

treagtment with dicyclo~hexylcarbodiimide. The n.m.r. spectrum

of this lactone showed the C - 19 protons as an LB systenm
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“indicating that this metbthylene group was attached to a

fully saturated carbon atom. In the derived aldehyde (44a)
the ¢ - 17 proton appeared as a doublet showing that the
adjacent carbon abom bears one proton. The relative positions
of the acetoxy-mnethyl group and the @ ~gubgtituted furan in
(44b) were established by its conversion into the keto-lactone
(45), the formation of a cyclopentanone indicating that there
are four carbon atoms linking the primary acetate to the

furan ring. In the product (46) of further degradation the
vinyl proton resonated as a triplet and the C - 11 protons as
a doublet, with no further coupling. Lvidence for the

decalin ring systen was obtained by selenium dehydrogenation
of {44c ) which gave 1,2 dimethylnaphthalene. The relative
stereochemistry shown in (43&) was assigned on the basgis of
chemical and spectroscopic evidence while the absolute
configuration followed from the strong positive Cotton effect
of the cyclopentanonec (45) sinilar to that of 23,24-bisnor-
1-(4)-nor-5 {: (II)-lupan-3-one (47).

L methylated extract of D.attenuata A. Cunn.var.linearis
Benth. after chromatography on alumina affordedl9 the lactone
(45). Seponification furnished the hydroxy-acid (43b) which
on sodium-ethanol reduction was converted into the saturated
lactone previously prepared from the acetoxy-acid (43a) thus
establishing the siructurc anl slcreochemistry of the lactone.
The physical constants of the hydroxy-acid (43b) and the
lactone (48) suggested that they are identical with
hautriwaic acid (isolated in 1936°° from D.viscosa) and its

derived lactores
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Teucriummpoliule has been a rich source of highly

oxygenated furanéid diterpenes with a rearranged labdane
skeleton, ten closely related crystalline compounds having
been isolated. Of these, complete structures have been
deduced for three and partial structures for five, only
insufficient material preventing pure samples of the
remaining compounds from being obtained. The major
component, picropolin (49a) was seen from its spectral
properties to contain a f, ~gubstituted furan ring, an L
ketol, a ¥ lactone, an epoxide and a primary acetate group.
Hydrogenolysis of picropolin over Pd furnished an acid (50)
which did not contain a lactone indicating that the lactone
ethereal oxygen atom was in an allylic position to the furan
ring. Hydride reduction of the lactone to a hexa-ol
followed by acetylation afforded a tetra-acctate (5la) and a
penta-acetate (51b) indicating the tertiary naturc of the
sixth hydroxyl function. These results are consistent with
the opening of a primery-tertiary epoxide. Sodium carbonate
treatment of picropolin produced not desacetylpicropolin but
an isomer (52&) which on reacetylation gave isopicropolin
(52b) which was identical with one of the naturslly occuring
acetates. L4 third compound, the diacetate (49b) was
obtgined from picropolin by direct acetylation. The
remaining compounds, two monoacetabtes, one diacetate, and
two which do not contain acetoxy groups, all appeared to be
of similar structure, having a f -substituted furan ring

and a ¥ lactone.



Diosbulbins A, B and C (53a, 54 and 53b) from the

root tubers of Dioscorea bulbifera are the first terpenoids

reported22 in Dioscoreacesae and the first furan-containing
diterpenocids in Monocotyledoncae. All three compounds, fronm
their analytical data, appeared to be norditerpenoids.

They had certain structural features in common, namely a

{ ~substituted furan ring, a »-lactone, an ether bridge
and one tertiary methyl group. Diosbulbin B, the main
constituent, had an additional ¥ lactone while C was a
hydroxy-acid, methylation of which gave a methyl ester
identical in all respects with compound A. Hydrolysis of
B with sodium hydroxide in agueous pyridine afforded a
carboxylic acid which proved to be indistinguishable from
Diosbulbin C. Hydrogenation of B produced, in addition to
the corresponding tetrahydro-derivative, the tertiary
alcohol (55), the product of hydrogenolysis of the ether
linkage, thus establishing the relative positions of the
ether and the furan ring. The points of attachment (C-4 and
C-8) of the ¥ lactone rings to the bicyclic nucleus were
established from the product of selenium dehydrogenation.
The other points of attachment at C - 2 and C ~ 6
respectively were »roved by further degradative work. The
secondary hydroxyl group in compounds A and C proved to be
sterically hindered resisting both acctylation and S&rett25
oxidation but it was converted into the corresponding

24

ketone using Snatzke's conditions. The assignnent of
stereochemistry was based largely on a careful study of a

series of optical rotatory dispersion curves which after
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epplication of the lactone sector rule indicated that the
A/B ring system was trans fused, both lactones were cis
and M oriented, and the methyl group and the side chain
were (> oriented. These findings were substantiated by
nuclear magnetic double resonance experiments. Saturation
of the & ~furan proton signal gave rise to a 16% increase
in the tertiary methyl rcsonance while a sinmilar experiment
on the latter produced a 20% increase in that of the furan
proton.

A novel bicyclic diterpene, portulal (56) which
contains a perhydro-azulenc skeleton has been isolated25

from Portulaca grgndiflora. Its spectral properties are

consistent with its containing a secondary and a vinyl
methyl group, two double bonds, three primary hydroxyl
groups and an isolated tertiary aldehyde. The molecular
structure, stereochemistry and absolubte configuration were
determined from a three-dimensional X-ray diffraction study
of the derived brosylhydrazonc. A biogenetic route to
portulal from a geranyl-geraniol precursor was suggested and
is as shown in figure % .

An extract of Fibraures chloroleuca has been shownzéo

contain the new columbin-type furaneid diterpene fibleucin
(57). The presence of two % lactone rihgs was deduced from
its absorption in the i.r. while the similarity of its n.m.r.
spectrum to that of columbin indicated that one of the
lactones was present in ring A. Hydrogenation of fibleucin
furnished an unsaturated carboxylic acid (58) as expected

for a lactone in a position allylic to o furan ring.
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In addition to the diterpenoids discussed above an
alkeloid, thelepogine (59) which also has a rearranged
labdane skeleton has been isolated27 from the grass

Thelepogor 2legans. In this case however only a partial

rearrengement has taken place in which the nigration of
the C - 4 methyl to C - 5 has not been followed by the
hydride ion shift from ¢ - 5 to ¢ - 10. The structure was
established28 by an X-ray examination of the derived

nethiodide.
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Diterpenoids from the Solidago Speecies.

Golden rod, the popular name for plants of the genus
Solidago, is of the natural order Compositae. There are
approximately 120 species, found chiefly in North America
although & few do occur in Europe. The most common golden
rod (S. canadensis) is a North fmerican species, S.
virgaureas being the only member of the genus native to
Britain. Hybridisation between closely related species
occurs freely in nature, nmaking identification of species
difficult.

29

Previous chenical studies of various Solidago
speciecs have led to the isolation of a number of
polyphenolie compounds while matricaria esterBO( 60 ) and

8 cis «p dihydromatricaria ester31(61 ) have been

obtained from §. virgaurea and S. senpervirens respectively.

S. canadensis has been the object of several investigations.
In 1947 Houston and Burr91132 isolated, from the roots of
this plant, & ditorpene C,gH, 0, m.D. 80-90° but did not

suggest a structure for the compound. The Czech workers
Krepinsky and Herout29 in 1962 reported the isolation of

two alcohols, one a diterpene C 0 m.p. 169° and the

2034

other a triterpene C O2 MeDo 214-2150 from an ethereal

30052
extract of the same plant. From S. canadensis and

S. gigantea Gerlach33 obtained the diterpecne m.p. 151-1320
previously isolated by Houston and Burrell and proposed the

structure ( 62 ) which has a molecular formula 020H26O§

despitc the fact that his mass spectronetric determination
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indicated a nolecular weight of 316 corresponding to a
nolecular fornula of CZOH2803'

During an examination of menbers of the (Compositae
family for acetylenic conpounds Anthonsen34 also investigated
S. canadensis end isoleted this diterpene in good yield.

Fron its spectral properties he recognised that it contains

a ? —subgbtituted furan ring. The presence of a hydroxyl
group was shown from the peak at M - 18 in the mass spectrun
but the intensity of this peak was nuch less than that of

the parent, an effect similar to that seen in the mass

35

spectrum of marrubiin”’”. The constitution of solidagenone as

36

63 ) was proposed”’” on the basis of its spectroscopic and
chemical propertics by menbers of this department working
in collaboration with Anthonsen. The presence of the x% -
unsaturafed keto function was detected from the carbonyl
absorption at 1678 cm—l in the i.r. spectrum, the enone
absorption in the V.V being seen as a narrow band at 234 nu
after subtraction of the furan absorption of marrubiin.
That solidagenone contains a hydroxyl group was determined
from the n.n.r. spectrun where a concentration-dependent
one proton singlet at about 8 T disappeared upon the
addition of heavy water. Since there was no resonance
attributable to a proton of the type H -~ C - OH 1t was
concluded that the hjdroxyl is tertiary. These facts

34 . . .
chenical properties. The

readily explained the known
assignment57 of stereochemistry was initially envisaged as
involving a correlation with marrubiin (64). It was houped

that both compounds could be converted into the sane
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ketone (65) but solidagenone could not be reduced to the
required compound. The dihydro derivative obtained by
hydride or by catalytic reduction had a C - 8 axial nmethyl
group (from n.m.r. evidence). However the [+7 unsaturated
ketone (66 ) obtained from lithium-ammonis reduction of
solidagenone was identical with the product of phosphoryl
chloride - pyridine dehydration of the ketol (63 ) fronm
narrubiin thus proving the stereochemistry at C - 5 and

C - 10. The configuration at C - 9 was derived from the
product of epoxidation ( 67) of the double bond in the

?25 ‘unsaturated ketone. This epoxide was rapidly
converted into solidagenone ( 63 ) indicating the formation
of an o epoxide and ring opening to form a 9w hydroxyl
group.

Itkhas been suggested37 thet solidagenone nay in fact
be an artefact since no solidagenone was obtained on
concentration of a light petroleun extract of the plant.
Instead a crystalline coupound Gy H, o0, map. 108-109°( 68 )
was isolated which on spectral evidence was apparently an
approximately 1 : 1 mixture of two compounds epinmeric at
C - 13, These ethers were isomerised in high yield into
solidagenone on heating in refluxing ethanol. These
findings nay explain the apparent changesz’53 in the
nelting point of soiidagenone on recrystallisation.

An acetoxy nmonobasic carboxylic acid solidagonic acid
CooHz,0, (692) has been isolated " from a root extract of
S. altissima. The presence of several structural features

was readily deduced from the n.n.r. spectrun of its methyl



- 93 -

ester (69b): nanmely, a secondary acetate group (a one
proton signal at about 4.95 7 ), a proton and a methyl
group attached to a double bond ( a broad one proton signal
at 4.95 %\, and a three proton singlet at 8.27%C ), two
tertiary methyl groups (singlets at 9.03% and 8,827 ) and
one secondary nethyl group (doublet centred at 9.09'tv).
That the carboxyl group was in conjugation with an olefinic
bond was seen from the u.v. absorption at 217.5 nu
(€ = 15400) and that this double bond also carries a
proton and a methyl group was deduced from the n.m.r.
resonances at 4.44 1 (one proton singlet) and 7.85
(three proton doublet). The positions of the various
groups attached to the bicyclic nucleus were deternined
fron the products of selenium or 10% Pd/C dehydrogenation
of several derivatives. The structure (69a) invelving a
rearranged lahbdane skeleton was proposed for this acid.
This was confirmed by a study of the n.m.r. spectrun of
the derived saturated ketone (79 ) which shows the presence
of three protons in positioﬁs «, to the carbonyl function.
L quartet centred at T7.53 . was assigned to & C - 8 proton
coupled only to the three protons in the secondary methyl
group while the two ¢ - 6 protons appeared as two clecan
douhlets centred at 8.05 and 7.72 RO

S. elongata Wutt. has been classified as a subspecies
of S. canadensis L. but it has been shown that these plants
are at least chemically distincet since the latter contains
diterpenoids which are considerably different from those

Z
isolated)9 fron the former by Lnthonsen and McCrindle.
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From an ethyl acetate extract these authors have obtained
a series of oily diterpenoids similar to those described

earlier from Hardwickia pinnatalo. The polar fractions,

after treatment with diazonethane, furnished three methyl
esters one of which was identical to methyl kolavenate
(7la). The n.m.r. spectra of the other esters were similar
to that of methyl kolavenate but shcwed evidence of
additional ester functions, in one case a secondary
acebate greoup and in the other a secondary angelate group.
That these esters are located on the bicyclic nucleus and
not in the side chain was demonstrated from their mass
spectra where the nost intense pecaks result from cleavage
of either the ¢ - 9, C - 11 or the C - 11, C ~ 12 bonds.
These peaks also occur in the spectrunm of nethyl
kolavenate. Positions 1 and 2 can also be eliminated
since in the derived ketone (71b) the & 5 double bond is
not in conjugation with the carbonyl group nor does it
nigrate into conjugation on itreastment with basic alunina.
That the esters are looated‘at ¢ - 6 was deduced from
spectroscopic considerations. The considerable changes of
the chemical shift of the C -3 proton and the C - 4 methyl
group on conversion of the acetate ( 7le) into the alcohol
(71d) and the ketone (71b) can be explained by the
proxinity of the substituent and the 2O 5 deuble bond.

The width (W% = 6 c./sec) of the C - 6 proton resonance was
taken to indicate an equatorial proton and an axial ester
group. Furthermore, in the mass spectrun of the ketone

(71v) the major vpcaks result from cleavage of the
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¢ -9, 0=102nd ¢ -5, ¢ - 6 bonds as expected.

The ncutral fraction furnished, in addition to five
new butenolides (the "elongatolides") three alcohols of
which two, kolavenol (22d) and kolavelool (25 ) have been
obtainedlo previously. The third alcohol, an angeloyloxy-
kolaVelogl wag assizned the structure ( 72) on spectral and
biogenetic grounds. The renaining five compounds (73 - 74)
all contain a ¢ ~substituted dﬁl butenolide group. Three
of then fornm an alcohol - acetate - angelate series sinilar
to that found in the nethylated fraction. Conversion of
the acetate (73b) into the ketonc (75 ) yielded a compound
suitable for thc study of benzene induced shifts since it
contains no additional carbonyl functions. The values
obtaineé accord only with a C - 6 carbonyl group and
suggest that ring B nust be distorted into a twist -

boat conformation.



Biogenesis of the Bicyclic Diterpenoids.




Postulated Biogenesis of Portulal.
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DISCUSSION.

Acidic Constituents of Solidago Scrotina.

Since Solidago canadensis has been found37 to contain

solidagenone ( 63 ) a diterpenoid related to marrubiin, a
chemical investigation of the readily available Solidago
seroting Ait. was undertaken in the hope that it might
contain biogenetically interesting compounds. Indeed, an
examingtion by t.l.c. of the chloroform = soluble fraction
of an ethyl zcetate extract of dried root material contained
a large number of furanoid compounds which were detected by
their pink colouration with Ehrlich's reagent. In all, ten
diterpenoids have been isolated and their structures and
stereochemistry deduced on the basis of spectral and
chemical studies. A trial separation of this extract by
column chromatography over silica gel was only partially
successful since two of the neutral components were
contaminagted with a major acidic constituent from which they
could not readily be separated by rechromatography over
silica gel. However, Woelm neutral alumina proved to be
more effective for separation of the extract and elution in
the normal manner furnished the neutral material. The
acidic compounds were obtained by washing the column with
ethyl acetate containing acetic acid (20%).

The acidic fraction after rechromatography, this time
over silica gel, furnished two crystalline acids, the less
polar of which was isolated in approximately 0.6% yield

(based on the weight of dried roots).
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Analytical and mass spectral data indicated that this
compound, designated "solidagoic acid A" ( T6a ) m.p.
169 - 171° has the molecular formula CZOHEBOB'
i.r. band at 875 cm™" taken in conjunction with the three

The sharp

broadened singlets at ¥ 2.75, 2.94 and 3.82 in the n.m.r.
indicates the presence of a ﬂ - substituted furan ring.
That the remaining oxygen atoms are present in a carboxyl
group is confirmed spectroscopically by the broad absorption
between 3600 and 3100 on”™' in the i.r. An olefinic proton
and a methyl group attached to the same double bond give rise
" t0 an unresolved multiplet (W% = 11 c./sec.) at VY 4.45 and
a broadened singlet at ¢ 8.48 respectively. A three proton
singlet at ¢ 9.02 and doublet at § 9.11 (J = 6 c./sec.) ean
be attributed to two methyl groups, the former tertiary and
the 1after secondary.

The derived methyl ester (76b),l«] D= " 67..5o was
obtained as an oil which failed to crystallise. In its
n.m.r. spectrum the olefinic proton appears as an unresolved
multiplet at | 4.51 (W% =‘9 c./sec.) which on double
irradiation of the multiplet from the allylic methylene
protons collapses to a much narrower multiplet (W% =5 c./sec.)
When the methylene envelope was irradiated at 7y 8:14 the
doublet at 7} 9.10 became a broad singlet confirming its
assignment as a secondary methyl group.

In order to transform it into the corresponding
primary alcohol (76c) the ester was treated with lithium

aluminium hydride in refluxing dicthyl ether but even after

48 hours treatment a considerable amount of ester was left
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unaffected. For complete reaction the reduction required
to be carried out in refluxing tetrahydrofuran., The oily
alcohol (76¢),[d] _E 38° thus obtained shows hydroxyl
absorption in the i.r. region at 3630 om—l while in its
n.mn.r. spectrum the carbinol protons (—Qﬂz - 0H) appear as
two doublets at ¥ 6.37 and 6.51 (J = 11 c./scc.). The
proton and methyl group attached to the double bond give rise
to signals at Vv 4.29 (m)(W% =9 c./sec.) and 8.33 (broad s)
respectively.

Oxidation bf the alcohol with chromium trioxide -
pyridine furnished a mixture of three isolable compounds
which were scparated by preparative t.l.c. The least polar
was the aldehyde ( 764 ) CooH,e0,, [&] [ = - 161°. Peaks at
2690 and 1722 om-l, typical of an aldehyde function are
clearly visible in its i.r. spectrum while the -CHO aldehyde
proton resonates as a singlet at | 0.54. A doublet at };
8.58 (J = 1.5 c./sec.) can be assigned to the vinylic methyl
group and the multiplet at Y 4.30 (W% = 10 c¢./sec.) to the
olefinic proton. It is of significance that the resonances
of the - CH,~OH and the -CHO protons show no vicinal spin -
spin coupling indicating that these groups must be attached
to a fully substituted carbon atom. It was noted that the
least polar of the neutral components of the extract has
similar physical and spectral properties to this aldehyde.
Indeed, direct comparison of the two compounds indicated
that they were identical.

Furthermore, that the location of the carboxyl group

as ¥ to the olefinic bord in the parent follows from the
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structure (77&) of the oxidation product of intermediate
polarity. This substance,[&j D= " IOOO from mass spectral
and analytical figures has the molecular formulsa Cl9H2602‘
Although its n.m.r. spectrum has no resonagnces attributable
to olefinic protons the vinylic methyl group is still present
and gives rise to a doublet at V 8.31 (J = 1.5 c./sec.)
which shows long range coupling to one of the agllylic protons.
In the methyl region of the spectrum the relative positions
of the sccondary and tertiary methyl groups have interchanged,
the former now appearing as a doublet at "t 8.97 (J = 6 c./sec.)
and the latter as a singlet at ™ 9.12. Support for the
structure (77a) for this compounds follows from the i.r.
band at 1675 cmml characteristic of an cﬁﬂ -unsaturated
ketone. The mechanism for the formation‘of this nor-enone
can be envisaged as attack by the 0 - Cr ester at the double
bond which then migrates into a tetrasubstituted position.
Similar results have been observed in the treatment of
certain drimenol derivatives with the same oxidant (sce later).
The minor, most polar compound C20H2603,f[}D = - 19709 from
nemn.r. evidence was an aldchyde - enone, the aldechyde proton
resonating as a singlet at Y, 0.43, and the olefinic proton
now as a sharp singlet at 7\, 4.09 (W% = 3 c./sec.). The
signal from the vinylic methyl group also appears as a
sharp singlet at . 8.29. Thec narrowness of these last two
signals indicates that a coupling to an additional
methylene group has been rcecmoved. That these protons have

been replaced by a carbonyl group is confirmed by the
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downfield shift of the & olefinic proton resonance. The
i.r. spectrum shows two peaks in the carbonyl region at
1750 and 1680 on™' as expecbed.

These results require the system (78) to be present in
the acid but this cannot be accommodated in a normal bicyclic
diterpenoid skeleton. Assuming a clerodane skeleton, CG(3) -
C(4) is the most favoured location of the double bond, on
biogenetic grounds. This would then require the carboxyl
group to be attached at C - 5. Since related Solidago
specicecs have contained only diterpenoids with the normal
decalin ring system, only structures having this nucleus
have been considered. An alternative possibility is that
in which the double bond is in a [;7 position with the
carboxyl group located at C - 9. Oxygenation of the methyl
group at C - 9 is less common than that at C - 5 although it
does occur in the cascarillin serices. At this stage, however,
this structure appears unlikely since the n.m.r. of the
aldehydo - enone (79a) shows absorption from two protons

d, to the carbonyl of the enone system. Evidence will be
presented later which will completely eliminate this structure.

Additional evidence for the relationship of the double
bond and the carboxyl function followed from the product of
attempted chloroacetylation of the derived alcohol (76c).
Since the alcohol was recovered unchanged aftcer being allowed
to stand for 15 hours at 20O with chloroacetic anhydride -
pyridine the experiment was repested using refluxing

pyridine for scveral days. In this casc an oily product
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(77b),ﬂLlD= ~ 32.5° less polar than the alcohol, was
obtained. In its n.m.r. spectrum it shows resonances from
three methyl groups at % 9.13 (s)(tertiary methyl), 8.95
(d) (secondary methyl) and 8.35 (broadencd s)(vinyl methyl)
and significantly, no resonance from an olefinic proton.
This nor-olefin (77b) is also formed when ascid A is heated
at 200° in an evacuated tube. As obscrved in the spectrum of
the nor-enone (77a) the positions of the signals of the
tertiary and secondary methyl groups have interchanged and
this may indicate that the double bond, now exocyclic to
ring B causcs this ring to take up a different conformation.
The second acidic component, solidagoic acid B (80a)
crystallised from ethyl acetate - light petroleum as necedles
MeDe 134 = 1350. The analytical figures suggest a molecular

formulsg C H3605 although the mass spectrum shows no peak

25
higher than m/e = 314 (whioh thus corresponds to a loss of a
five carbon unit). " An infra - red band at 1695 cm_l can be
assigned to an d@ -unsaturated carbonyl grouping and that this
is contained in an ang-latc cster is confirmed by an

examination of its n.m.r. specctrum. Thus there are resonances

at Y 3.96 (1H) and between 7.95 and 8.15 (6H) which are
40

characteristic of thig function. The reomaindecr of the
spectrum shows a marked similarity to that of acid A
suggesting that the two compounds may be closcly related.

A signal from the methylenc protons of a —Qﬂz -0 - group
appcars as a singlet at  5.50 while a multiplet at ¢ 4.02

(wy = 10 o./soc.) is assigned to an olefinic proton. Two
)

methyl groups, onc tertiary, the other sccondary give risc
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to a singlet at { 8.97 and a doublet at | 9.09 (J = 6 c./scc.)
respcctively. Thesc assignments were confirmed by nuclear
magnetic double resonance experiments in which irradiation
of the singlet at W 5.50 (W% = 4 c./sec,) causcd the
resonance of thc olefinic proton at V. 4.02 to collapse to a
triplet (J = 4 c./scc.). A similar cexpceriment at , 7.93
(the resonance of the C ~ 2 methylene protons) converted this
multiplet into a broad singlet (W% = 4 c./scc.) and the
singlet at U 5.50 into a veory sharp singlet (W% = 2.5 c./sec.),
confirming that the trisubstitubcd double bond has an gllylic
methylene group adjacent to the carbon atom carrying the

vinylic proton while a ~ CH, - O group is attached to the

2
other c¢nd. Irrzdiation at ¥ 8.42 causcd the doublet at

Y 9.09 to collapse to a sharp singlet indicating that it
does indeed arisce from a sccondary methyl group. When the
olefinic nroton of the angelate ester was doubly irradiated
the two methyl groups appcared as scparate signals 0.08 ppm
apart. From this evidence it can be deducced that the vinyl
methyl group of acid A has beoen replaced by an allylic
primary alcohol prescnt as its angelate ester.

Morcover, pyrolysis of this acid at 320o in an
evacuated tube furnished, in addition to en oily mixture of
compounds, a fow crystals of angelic acid me.p. 450 (sealed
tube) which were collected in a cold trap. Comparison of
these crystals with an authentic sample of angelic acid,
preparcd from tiglic acid by the method of Buckles and Mock4l,

was achieved by vapour phasc chromatography (L0 F.F.A.P. ;

1250), the threc isomeric acids, dimethyl acrylic, tiglic and
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angelic acids being well separated on this free acid phase.
Attempts to comparc thce acids as their methyl esters were
unsuccesful since no method of methylation on a microgram
scale could be devised. Diazomethylation was not practicable
since diazomethanc i1s knowvn to rcact with JP - unsaturated
acids to form pyrazoline derivatives.

The oily neutral material was seen from t.l.c. to
consist of two compounds of very similar polarity which were
only separated after repeated preparative t.l.c. The oily
less polar compound C20H26O3 (8la), which was by far the
more abundant, shows a strong carbonyl frequency in the i.r.
at 1778 cm-l, indicative of a j - lactone. The allylic
methylene protons in this lactone resonate as a pailr of
doublets at | 5.31 and 5.60 (J = 12 c./sec.), the lower pair
showing further long range coupling. The minor compound
crystallised and had m.p. 145 - 147°. From i.r. and mass
spectral evidence it appeared to be an isomeric lactone
although insufficient material was obtained for an n.m.r.
spectrum, even at 100 Mc./s. The structure (82) is suggested
tentatively for this compound. The formation of these
lactones can be rationalisecd by a nucleophilic attack of the
carboxyl group at, in one case the allylic methylene group
carrying theester, in the second ot the other end of the
double bond with subsequent rearrangement of the double bond
into an cxocyclic position, both processes being followed by
cxpulsion of angelic acid. Examination of models indicates
that the carboxyl group can -nn'roach sufficicntly close to

C = 3 for the latter process to occur.
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Carcful trcatment of acid B (80a) with diazomethane
furnished the corresponding oily methyl cster (80b)
026H56o5’[}3 D= 44° which was separated from bhe
diazomethane adducts by preparative t.l.c. The n.m.r. of
this substance was very similar to that of the parent acid
in that the two olefinic protons appear as multiplets at
N, 3.97 (angelate proton) and 4.09 (H - 3).

Reduction of this methyl cster with lithium aluminium

hydride led to the diol (80c),i«j, = - 36°. lass spectral

D
and analytical figures indicate the molecular formula

CZOHSOOB' The behaviour on t.l.c., rotation and spectral
rroperties ol this diol prompted a comparison with one of the
nor: polar neturally occuring furanoid compounds and the
physical and chemical properties of the two compounds were
found to be identical. Its n.m.r. spectrum was of little
diagnostic value due to the strong hydrogen bonding of the

two hydroxyl functions which rcsulted in the individual

signels being indistinguishable. However the n.m.r. of the
derived diacetate (80d) C?4H3405,fA} L= - 44° was more
informgtive since the two acetoxy methylene groups (—ng - OAC}
give rise to two singlets, the one from the allylic group at T
5.43, the other from the isolated acetate group at ¥ 6.01.
This compounds was the least polar component of the mixture

of acetates obtained when the diol was kept at 20o for % hours
with acetic anhydride - pyridine. The compound of intermediate
polarity was the monoacctate & {80e¢, C22H§204 whose n.m.r.

shows resonances at [ 4.08 (m)(H - 3), 8.94 (s)(3H - 20) and



9.12 (d)(3E - 17). Two quartets appear at v, 5.53 (J = 12 c./sec.)
and 6.49 (J = 12 c./sec.). The former is assigned to the
methylene protons of an allylic primary acetate (-QEZ - OAc)

and the latter to those of an isolated primery hydroxyl function.
The third componcent, the isomeric monoacetate B, 022 32 4

therefore be assigned the constitution (80f) and this was

confirmed by its n.m.r. resonances at ¥ 5.50 (s)(allylic ~CH,"

OH) and 6.06 (s)( - CH, -Okc).

Hydrogenation of the diacctate (80d) in ethanol containing
triethylamine over 10% Pd - C for 40 minutes furnished material
which was secen from t.l.c. to consist of two compounds one of
which, the lcss polar, still contained a furan ring. The
n.m.r. of this conpound (76e) Cyol 32 E,EX]D = - 44° shows a
multiplet at Y 4.53 from the olefinic proton indicating that
the double bond has remained intact. The singlet at 5.44 is
missing and is replaced by a broadened singlet at T 8.35
from a vinylic methyl group suggesting that hydrogenolysis of
the allylic primary acctate group has taken place. The
~rotons of the remaining acetate group now appear as a quartet
at ¥ 6.05 (J = 11 c./sec.). Direct comparison of this
compound (by t.l.c., n.m.r. and[&]) with a sanple of the
monoacetate derived from the alcohol corresponding to acid A,
indicated that they were identical. The minor component of
the hydrogenation product was also an oil, analysing for
022H3603‘ In its n.m.r. spectrum the three furan proton
singlets are absent but are replaced by two multiplets

assigned to the protons of a tetrahydro - furan ring. The

multiplet at L 4.50 (Wi = 9 c./sec.) is still present
2
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indicating that the double bond has survived the hydrogenation
and a methyl groupn attached to this double bond gives rise

to a broad signal at Y 8.3%36. A singlet at ¥ 6.05 is
attributed to the protons of a primary acetate group. From
this evidence it can bc deduced that this compound is the
tetrahydro - derivative (84a) of alcohol 4 (76e).

The formation of thesc two acetates therefore confirms
the earlier suggestion that the sole difference in the two
aclids lies in the nature of the function attached to the
olefinic bond at ¢ - 4. In A this is a methyl group and in

B an allylic primary angelate ester.
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Neutral Constituents of Solidago serotina.

The neutral fractions from the crude extract have
furnished eight furan - containing diterpenoids seven of
which have been interrelated with acid A (76a). The compounds
will be discussed in the following order of increasing
chromatographic polarity (on silica gel using ethyl acetate -
light petroleum mixtures as eluenta
Compound I.

The least polar neutral constituent, an aldehyde (764),
is identical with one of the oxidation products of alcohol
A (76c) (see preceeding section). In order to prepare the
corresponding tetrahydro - derivative (84b) the aldehyde
was hydrogenated in ethanol over Adams catalyst but
furnished in all cases a hexahydro compound (85a) 020H3402,
[?] D= -150 regardless of the reaction time. In its n.m.r.
spectrum the signals from the olefinic and furan protons are
absent and replaced by multiplets from the tetrahydro ~
furan ring. The aldehyde proton appears as a broad singlet
at I 0.65 (W% = 4 ce/sec.), the breadth of the signal
reflecting the asymmetry at C - 13.

In contrast to the behaviour of this aldehyde when the
methyl ester (76b) was hydrogenated over the same catalyst
for 25 minutes a complex mixture of compounds was obtained.
The least polar of these was the tetrahydro methyl ester (840)

C..H, O, ['4] = - 40° which still shows evidence of an

2173473’ D

olefinic group in its n.m.r. spectrum. Thus there is a

multiplet at Yy 4.67 (1H ~ 3 3 Wy =9 co/seo,) and a broadened

)

singlet at | 8.60 (vinylic methyl). The next "component"
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behaved on t.l.c. as a single compound but from n.m.r. datas
was recognised to comprise the two possible hexahydro esters

(86a and 86b) C 03, formed by hydrogenolysis of the furan

21%36
ring. No attempt was made to separate the mixture into
individual components and it was characterised as the

mixture. It exhibits resonances at ¥ 4.63 (m)(H - 3) and 8.56
(broad s)(vinylic methyl) 6.32 and 6.38 (both s )(0 - qg3) in
addition +to the multiplet at || 6.64 (W% = 6 c./sec.) from the
carbinol protons of the two primary alcéhols. Hydride reduction
of the tetrahydro ester (84c) yielded the corresponding

alcohol (844) ¢ [4] D=~ 16° whose n.m.r. spectrum

201349
shows the carbinol protons-(-CE2 -~ OH) as a quartet at

6.56 (J = 12 c./sec.) superimposed on the multiplets from

the tetrahydrofuran protons. Oxidation to the reguired aldehyde
(84v) 020H3202, [47] D= " 88°, was accomplished by treatment
with Sarett's reagent in a large excess of pyridine to

minimise the possibility of allylic oxidation. The aldehydic
(—CEQ ) proton appears in the n.m.r. as a doublet (separation

= 2 co/sec.) at Y 0.74, the two signals again reflecting the
asymmetry at C - 13.

Compound II.

The next two compounds were obtained as an oily mixture
which was separated into its components by repeated preparative
t.l.c. The less polar, the lactone (87a) 020H26O3,[J] D=+
11.7o after distillation crystallised from light petroleum
and had m.p. 92 - 950. Its formulation as a /| - lactone is
evident from the strong carbonyl absorption at 1772 om™t and

that this carbonyl group is in conjugation with a double bond
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can be deduced from the u.v. maximum at 204 mu (67 = 21,000).
In its n.m.r. spectrum the olefinic proton now appears as a
triplet at Y, 3.35 (J = 3 c./sec.) and only shows coupling to
the C -~ 2 methylene protons. This was confirmed by a nuclear
magnetic double resonance experiment in which irradiation of
the broad triplet at¥ 7.77 (from 2H - 2) caused that of the
vinylic proton to collapse to a sharp singlet. On double
irradiation at } 8.37 (1H - 8) the doublet at T 9.10 (J =

6 c./sec.) became a sharp singlet allowing its assignment

as a secondary methyl group. In addition, a tertiary methyl
group appears as a sharp singlet at T 8.97 and the two.
protons adjacent to the ethereal oxygen atom of the [
lactone ring give rise to two doublets atl 5.56 and 6.20

(J =9 o./sec.) and show no vicinal coupling. Assuming this
1aotone‘to have the same skeleton as the two acids its
constitution as (87a) accords with the above evidence. Its
correlation with the. known compounds was accomplished by
reduction with lithium aluminium hydride to the diol (80c),
acetylation of which afforded the corresponding diacetate
(804) identical in all respects with the diacetate from
acid B,

If the above formulation for the lactone 1s correct then
this compound mist be‘related to the lactone (48) m.p. 119 -
120°, [4] D= - 156° isolated 19 from Dodonaea species.
However the physical constants of the two lactones are
markedly dissimilar suggesting that the difference may lie
in the sterecochemistry at one or more of the asymmetric

centres (see later).
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Compound IIT.

The third component (80g) was obtained as a solid which
on crystallisation from ethyl acetate - light petroleum
furnished needlesy, mep. 103 - 1050. Analytical figures
indicated that this compound,[i] D=~ 49o has a molecular
formula 02032603’ isomeric with the above conjugated lactone
(87a). The presence of two aldehydo groups was recognised
from the two n.m.r. singlets at |, -0.,17 and 0.89, the one at
lower field being assigned to that attgched to the double bond,
the vinylic proton of which resonates as a triplet at T 3.16
(J = 4 ¢c./sec.). The two carbonyl groups appear in the i.r.
at 1720 (isolated aldehyde) and 1690 om™ (o<§3 - unsaturated
aldehyde). It was considered that reduction followed by
acetylation should afford the diacetate (80d) and thus
confirm the constitution (80g) and indeed when this was carried
out the diacetate was identical to that obtained above.
Compound 1V,

The next compound isolated, from i.r. evidence, was an
alcohol. Since it could not be induced to crystallise it was
distilled and afforded a colourless oil, 020H3002,£k1 p="
450. The n.m.r. spectrum indicated that it was closely related
to the other diterpenoids discussed above. Thus, there are
resonances at | 4.26 (m)(H - 3) and in the methyl region at Y
8.82 and 8.97 (both s)(two tertiary methyl groups) and at
9.15 (d)(secondary methyl group). A twhk protxn singlet at
5.84 can be attributed to the protons of a primary alcohol
function, the downfield shift indicating its allylic nature.

These assignments and hence the structure (88a) for this
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alcohol gain some support from a series of spin -~ decoupling
experiments. Double irradiation of the multiplet from the

C — 2 protons causes the multiplet at ¥ 4.26 to become a
singlet and the {, 5.84 singlet (W% = 4 c./sec.) to collapse
to a much shhvper singlet (W% = 2.5 c./sec.). Saturation of
the signal at Y 4.26 (olefinic proton) causes this singlet
to become a doublet (J = 1.5 c./sec.) and when the reverse
experiment is carried out the signal of the vinyl proton
becomes a triplet (J = 4 c./sec.). These results require

the system — CH., — CH = C - CH.OH to be present and this

2 2
is accomodated in the postulated structure (88a).

Acetylation furnished an acetate (88b) 022H3203, [o ] D
= - 340 whose n.m.r. spectrum shows the resonance of the
primary acetate protons as a singlet at { 5.55. The remaginder
of the spectrum is similar to that of the parent alcohol, the
three methyl groups giving rise to two singlets at T 8.82 and
8.93 (tertiary methyl groups) and a doublet at ] 9.10 (J =
6 c./sec.)(sccondary methyl group).

The first attempt to relate this alcohol with one of the
previousiy known compounds involved the preparation of the
aldehydo - acetate (80h) by oxidation of one of the mono-
acetates derived from the diol (800). In one experiment when
the required mono - acetate A (80e) was treated for 12 hours
at 200 with chromium trioxide - pyridine the product consisted
of only one substance (83a), 022H3005. The i.r. shows peaks
at 2710, 1755, 1725 and 1230 cnrl as expected for material

containing both an aldehyde and an acetate group. In its
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n.m.z. spectrum the sgldehyde (—CEO) proton appears as a
singlet at U 0.05 while the ~CH,-OAc protons appear as a pair
of doublets at{ 6.07 and 6.42 (J = 12 c./sec.). However, the
multiplet at about U 4.2 is absent and is replaced by a
broadened singlet at ¥ 6.97 assigned to the proton of an
epoxide ring. This is possibly the first report of epoxidation
during the course of an oxidation using the chromium trioxide —
pyridine complex although the reaction occurs frequently
when chromic acid is the oxidant.

When this experiment was repeated with a further sample
of the monoacetate from the same source another substance
was isolated which was less polar than the above epoxy -

compound. This oily material (80h), C = - 890,

22 H30%p0 4 p
from nem.r. evidence, was the required olefinic - aldehyde.
Thus it exhibits resonances at Y 0.53 (s){, 4.03 (m) and

5.82 (s) which can be attributed fo an aldchyde proton, a
vinylic proton and the methylene protons of a primary

acetate group, respectively.

The isomeric hydroxy - acetate B (8Cf) on similar
oxidation furnished a mixture of compounds of which the less
polar was by far the more abundant. The constitution of this
acetoxy - aldehyde, 022H3OO4,I}{] =" 21° as (80i) follows
from the signals at ¥ 0.73 (s) from an aldehyde proton, a
triplet at U 3.29 (J = 4 c./sec.) from.the% proton of an&%-—
unsaturated carbonyl function, and the pair of doublets at |
5.48 and 5.80 (J = 12 c./sec.) (“'-‘C_}_I_2 —‘OAc). The minor

component was not isolated in sufficient quantity for an nim r.

spectrum to be recorded but a spectrum of the oxidation



- 126 -
mixture shows a peak at about”y T characteristic of an
epoxide proton. These two oxidations appear to be isolated
examples since no significant amount of any products of
epoxidation has been observed in any of the other oxidations
to be described.

Reduction of the epoxy - aldehyde (83a) with lithium
gluminium bhydride furnished, as the major product, an oily
triol (89a), [} D=~ 27°. Acetylation of this compound
yielded a hydroxy - diacetate (89b),[ﬁj D= - 16° whose i.r.
spectrum shows hydroxyl absorption at 3590 and 3480 cm_l and
since there is no signal in the n.m.r. from a proton of the
type —H -C ~OH this group must be tertiary. The two
methylene groups of the acetoxy functions give rise to a
quartet at ¥ 5.71 (J = 13 c./sec.) and a singlet at T 5.91.
Because epoxide rings are known to open in a trans diaxial
fashion when reduced with lithium aluminium hydride it follows
that the hydroxyl group in (89a) must be axially (? )
oriented and hence the epoxide ring in the parent compound
must also have been @ oriented at both points of attachment.
In this example the insertion of oxygen has therefore taken
place on the opposite face of the molecule from that of the
hydroxyl function, deduced to be axial from biogenetic
considerations. This contrasts with the bebaviour of certain
allylic alcohols towards chromic acid in which it was found42
that epoxidation always takes place on the same side of the
molecule as the hydroxyl group.

In order to convert the acetoxy — aldehyde (80h) into

the acetate (88b) it was dissolved in methanol and trested
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for 12 hours at 20° with 100% hydrazine hydrate whereupon a
single product was isoclated. From i.r. evidence this was an
alcohol and not the required hydrazone and the n.m.r. spectrum
was identical to the hemi - acetal (81b) of natural provenarce
which will be discussed in detail later.

After this, attention became focussed on attempts to
prepare the hydrocarbon (88c) both from the allylic acetate
(88b) and from acid A derivatives. Hydrogenolysis of the
acetate (88b) in ethanol containing triethylamine for five
minutes over 104 Pd — C furnished a mixture of two compounds
one of which (the less polar) still retained the furan moiety.
That the double bond in this compound (88¢) CZOH3OO,[{] D=
- 21° had survived the hydrogenation is evident from the
multiplet at y, 4.82 (W% = ) c./sec.) arising from the olefinic
proton. A vinylic methyl group appears as a broadened
singlet at 8.50. The minor, more polar product was seen
from mass spectral evidence to be a mixture of the tetrahydro
and hexahydro - hydrocarbons.

In a further experiment the above acetate (88b) in
basic solution was hydrogenated for 40 minutes over 10 %

Pd - C - from the same source. The oil isolated consisted
mainly of one compound, which was more polar than the
hydrocarbons produced in the previous reaction and did not
contain a furan ring. Mass spectral and analytical data
indicated a molecular formula of C20H36O (85b) corresponding
to a hexahydro - compound. That indeed this is the case can
be deduced from the n.m.r. spectrum which is lacking in

absorption below 6.0 Y , the olefinic proton resonance
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being completely absent and the furan signals having
been replaced by two multiplets at Y 6.3 and 6.8 typical
of a tetrahydrofuran ring.

One route from acid A to the hydrocarbon was considered
to be via the derived tosylate (76f). However when alcohol A
in chilled pyridine was treated with toluene-~p-sulphonyl
chloride a mixture of one minor and two major products was
obtained, separation being effect by preparative t.l.c. on
silver nitrate - silica gel. The compound of intermediate
polarity was isolated as an o0il and seen from n.m.r. data to
be a hydrocarbon instead of the required tosylate. The hydro-
carbon is presumably a product of ringexpansion. This
fzllure to form a tosylate function is perhaps not
surprising since the alcohol is contained in a substituted
neopentyl system with a double bond situated in a position
favourable for participation in a rearrangement process.

Two routes from the mono - aldehyde (76d) were explored.
In the first it was proposed to prepare the corresponding
thiocacetal which could ther be removed by reduction with
Raney nickel to afford the desired compound. However, the
aldehyde was recovered largely unaffected by treatment with
ethane dithiol. An alternative method consisted of
preparing, undcr mild conditions, the hydrazone (76g) which
could undergo s Huang - Minlon reduction to furnish the
hydrocarbone. When the aldehyde, in methanol, was treated at
20° with 1004 hydrazine hydrate the product was a substituted

hydrazone (76h) C N¥,0, The n.mer. spectrum of this

2293y
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compound shows the two methyl groups attached to the nitrogen
atom as two singlets at 'V 8.05 and 8.09. Multiplets at 7
2.77 and 4.52 can be assigned to a proton of the type
H- C= N and to the C - 3 olefinic proton respectively.

In a further experiment using more forcing conditions
the aldehyde in ethylene glycol was treated at 960 for 48
bours with hydrazine hydrate. The temperature was then raised
to 210O and the hydrazone decomposed by the addition of base.
The resulting oily material had D{lD = - 19° and was identical
in all respects with the hydrocarbon (88c) described above.
The corresponding tetrahydro - compound was prepared from
the tetrahydro - aldehyde (84b) using similar conditions.
Compound. V.,

The n.m.rT. spectrum of the next substance (81b) C2OH28O3’
(&) p= - 30° showed a marked similarity to those of the less
polar compounds discussed above. Recognisable from the signals
at 7 4.52 (m), 9.03 (s) and 9.15 (d) are an olefinic proton
and two methyl groups, one tertiary and the other secondary.
Moreover, a multiplet at L 6.65 which disappeared upon the
addition of deuterium oxide, can be assigned to a proton
(0 - H) of a hydroxyl group and that this group is contained
in a cyclic hemi - acetal ring can be deduced from the
singlet at Y 4.58 (W% = 5 cs/sec.) from the carbinol
proton. In addition tﬁe protons adjacent to the ethereal
oXygen atom appear as a broadened singlet at T 5.79 (W% =
6 cs/sec.). Its constitution as (81b) and % not the —

alternative (87b) follows from some double resonance

experiments. When the resonance of the olefinic proton
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was saturated the singlet aty 5.79 became an ill —~ resolved
doublet (W% = 5 c./sec.) whereas on irradiation at?y 7.9
(from 2H -- 2) it collapses to a sharp doublet (J = 3 c./sec.).
These results require the system — CH = C - CH2 - to be
present as in (81b). The coupling of the carbinol proton to
the hydroxyl proton was demonstrated by irradiating at T
6.65 whereupon the signal at} 4.58 became a very sharp
singlet (U% = 2 c&/sec.).

Acetylation furnished an oily substance (8lc) which in
its n.m-r: spectrum exhibited the resonance of the proton
adjacent to the acctate group (E - C - OAc) as a singlet
at 'y 3.68 having shifted downfield by 0.9 ppm and that of
2H — 18 as a multiplet at 1 5.72 (w% = 12 ¢./sec.). This
coetate hydrolysed rapidly ow stanéing, behaviour typical
of heml - acetal acetates.

Hydroxylation of an ethercal solution of the hemi -
acetal (81b) for several days with osmium tetroxide
furnished, albeit in very small yield, an oily triol (90a)
(the overall amount of material recovered also being low).
Addition of pyridine to the brown suspension only resulted
in even lower yields. The formation of this triol is in
contrast to the behaviour of acid A and its derivatives
towards this reagent and towards hydroboration when only
starting material, with no trace of any polar material
was recovered (t.l.c.) even after extended reaction times.
The nem.r. spectrum of this triol was rather complex but

was simplified by the addition of heavy water whereupcn
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multiplets at }, 5.18, 5.56 and 6.82 were no longer visible.
The memaining peaks can therefore be assigned to protons of
the type H ~ C - OR. Those at Y 4.51 (W = 5 c./sec.) and

6 c./seo.) arise from the protons adjacent to

i

6.31 (W,
the hemi - acetal hydroxyl and to the newly formed C - 3
hydroxyl and the narrowness of the latter signal is
diagnostic of an axial alcohol function, the equatorial
proton showing only an equatorial - equatorial and an
equatorial - axial coupling to the neighbouring methylene
group. From this it follows that the attack of the reagent
has been from the less hindered ¥ face. As in the parent
compound the methine proton of the hemi - acetal group
shows coupling to the hydroxyl proton since in the spectrum
recorded before the addition of heavy water the signal
appears as a much broader multiplet (W% = 10 ¢./sec.). The
methylene protons of C - 18 are visible as a singlet (W% =
6 c./sec.) at i 6.12, at higher field since they are no
longer allylic.

The correlation of the hemi — acetal (81b) with a
known compound was achieved by treating it with sodium
borohydride and the diol (80c) thus obtained was
immediately acetylated to afford the diacetate (80d), [«] D
= - 560, identical -in all respects with that prepared
previously. Further confirmation of the location of the
hemi ~ acetal ring was obtained from an examination of the
n.m.r. spectrum of the corresponding deuterated diacetate
(803) prepared from the hemi —~ acetal by reduction with

lithium aluminium deuteride followed by acetylation. This
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spectrum was identical to that of the diacetate except that
the peak at U 6.08 now integrates for only one proton showing
that the methylene group and not the methine proton is
attached to the double bond.

All attemptz +to oxidise the hemi - acetal ring to the
corresponding ¥ - lactone were unsuccessful. A large number
of oxidising agents were tried but either the compound was
recovered or else no isolable product was obtained.

Compound V1.

The next compound (S}a) C2OH28O4’ E{] p= " 470 was
obtained as an o0il which slowly crystallised on cooling to
Oo but melted just below room temperature. In kecping with its
chromatographic polarity it shows cvidence of hydroxyl
absorpbion in the i.r. ab 3600 and 3400 om . That this
group is contained in a cyclic hemi - acetal ring can be
deduced from the singlet in its n.m.r. spectrum at T 4.49.
Also visible is a quartet at ¥ 5.96 (J = 10 c./sec.) from an
ethereal methylene group. The multiplet at about Y 4.4 present
in the spectra of the naturally occuring diterpenoids discussed
above, is absent and replaced by a singlet at T 6.71 (W% = 4
c./sec.) diagnostic of a proton attached to an epoxide ring.
This evidence would seem to suggest that the compound is the
epoxy = analogue of the above heml - acetal. However, all
attempta:s to prepare this epoxide by treatment of compound
V' with m - chloroperbenzoic acid in various solvents led
eilther to thke recovery of the unreacted hemi - acetal or to
non -~ furanoid material.

Tts correlation with the diol (80c¢) was carried out as
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follows. Reduction with lithium aluminium hydride furnished
a mixture of two triols of very similar polarity. After
separation by preparative t.l.c. the less polar component,
which was by far the major product, was obtained as a
colourless oil (89a), C20H3204, £ D=~ 12°. The n.m.r.
spectrum of this compound shows the hydroxyl protons as a
broad unresolved multiplet between © 5.4 and 6.6.
Acetylation afforded a hydroxy -~ diacetate (89Db) 024H3606’

(€S D= " 13° which shows ifr. absorption at 3590 and
1745 cm-1 from the hydroxyl and acetate functions. The
methylene protons of the acctate groups appear as a
quartet centred at ¥ 5.63 (J = 13 c./sec.) and a broad
singlet at V 5.83. The failure of the third hydroxyl group
to acetylate and the lack of a resonance attributable to a
carbinol proton in the product is taken to indicate the
formation of an axial tertiary hydroxyl function during
reduction of the epoxide ring. In the parent compound the
epoxide ring must therefore be @ oriented as is the
epoxide formed by oxidation of the mono - acetate (80h)
and indeed direct comparison showed the products of reduction
of both compounds to be identical. Treatment of the hydroxy -
diacetate with phosphoryl chloride in pyridine, conditions
known to effect trans diaxial elimination, gave mainly
one compound, the known diacetate (804).

Although these reactions confirm the presence of an

epoxide and a hemi - acetal ring they do not distinguish

between the two alternative structure (91la) and (92). To
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determine tliis tho above sequence of roactions was repeated
using deutcerated material. The more abundant product of
reduction with lithium aluminium deuteride was the triol
which on acetylation furnished the deuterio -~ diacetate (93)
the mass spectrum of which indicated the presence of two
deuterium atoms. In the n.m.r. spectrum the two proton
singlet at 7, 5.84 is still present but the quartet centred
at'b 5.63 has now collapsed to a one — proton singlet at XU
5.35 indicating that theproton giving rise to the upfield
doublet has been replaced by a deuterium atom. Dehydration
as described above furnished the diacetate obtained from the
olefinic hemi - acetal confirming that both compounds have
the hemi - acetal ring attached to the skeleton in the same
fashion. These results enable assignments to be made for the
signals between Y, 5 and 6 in the nemer. spectrum of the
hydroxy - diacetate (89b). The singlet at Y 5.83 derives
frow the C — 18 acetate function, shifting downfield to [
5.52 on dehydration since it is now allylic and the singlet
at X, 5.35 from the € - 19 group which moves upfield to

6.08 in the diacctate (80d).

Reduction of (9la) with sodium borohydride left the
epoxide ring unaffected. The epoxy - diol (83b), C2OH3OO4’
ey p =~ 50 shows strong hydroxyl absorption in the i.r.
at 3630 and 3380 om_l and in it8 ne.m.r. spectrum the carbinol
protons appear as an unresolved multiplet between | 6.0 and
6.6, On the other hand, in the derived diacctate (83c),
024H34O6 the protons of the primary acetate functions appear
as two quartets centred at Y 5.82 (J = 12 c./sec.) and at
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5.89. In addition the proton on the epoxide ring is visible
as a doublet at ¥ 6.89 (J = 3 c¢./sec.) and the acetoxy methyls
as two singlets at U 7.97 and 7.99.

The behaviour of the hydroxyl group in this epoxy hemi -
acetal (9la) parallels that of the hemi - acetal (81p) <= =
discussed above in that acetylation affords an easily
hydrolysed acetate (91b))the Nnemere spectrum of which exhibits
signals at U 3.62 (s) from the proton adjacent to the acetate
function, 6.14 (q) from the methylene group attached to an
oxygen function and 6.71 (s) from the proton of the epoxide
rings. Furthermore, the resistance of the hydroxyl group to
oxidation to the corresponding‘ﬁ - lactone was very similar
to that encountered with the hemi ~ acetal (81b).

Compound V11,

The neutral component penultimate in polarity was the
diol (80 c), [4) p=" 36° to which all the above mentioned
compounds have been related. On cooling this compound to 0°
it slowly crystallised as rosettes of needles, m.p. 60 - 63°.

By analogy with the reaction of marrubenol with p-
bromobenzene sulphonyl chloride in pyridine to form an ether,
the above diol was treated with the same reagant. The product
isolated was very much less polar than the starting material
and analytical and mass spectral evidence indicated a molecuhr
formula C, H,gC,,, (94)+ Its i.r. spectrum significantly shows
no peaks attributable to either a hydroxyl or a carbonyl
function. In its n.mer. spectrum the ethereal methylene groups

appear as two quartets, one centred at { 5.88 from the two
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protons in the allylic position at C - 18 and the other at |
6.28 from 2H - 19.

Oxidation of the diol with Sarett's reagent using a large
cxcess of chromium trioxide over pyridine furnished as the
major product a lactone (95) 020H24O4,[¥] D= - 8° which
crystallised from ethyl acetate — light petroleum as plates
mep. 148 = 149°, The i.r. shows two carbonyl bands at 1779
and 1690 cnrl characteristic of a 3 -lactone and an Jﬁ -
unsaturated ketone respectively. That the double bond is also
in comnjvgation with the carbonyl group of the lactone can
be deduced from the presence of a very sharp singlet in its
nem.re. spectrur, at | 3.56 from an olefinic proton showing
no further coupling. The upfield region of the spectrum is
relatively simple, showing as the main features, a pair of
doublets at U 5.49 and 6.04 (J = 12 c./sec.) from the
methylene protons of C - 19, a singlet at T 9.03 from a
tertiary methyl and a doublet at U 9.10 (J = 6 c./sec.)
from a secondary methyl group. When the reaction was repeated
using a much smaller amount of chromium trioxide a mixture
of two lactones was obtained, the more polar, minor
component of which was the above product of allylic
oxidation. The major product in this second experiment was
the lactone (87a), [A] p=*+ 5.3° which crystallised from
ethyl acetate — light petroleum and had m.p. 93 — 950 and
direct comparison with the lactone of natural provenance
suggest@& that the two compounds were identical. No trace

of any non - conjugated lactones was observed in the product
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from which it can be deduced that oxidation of the allylic
primary alcohol must be the initial step in the reaction,
followed by cyclisation to form a hemi - acetal with
subsequent oxidation "o the ¥ - lactone.

In order to prepare the corresponding tetrahydro -~
lactones it was first necessary to make the tetrahydro -
diol (84f), the major product from hydrogenation of the diol
(80c) in ethanol over either Adams platinum oxide catalyst
or palladium — charcoal. After preparative t.l.c. the oily
tetralydro - diol (84f), C,qH, 0, A = - 47° was
obtained as an oil. N.m.r. data indicated the retention of
the double bond. A multiplet at 4.22 (W% = 7 c./sec.) can
be assigned to the olefinic protqn but tge carbinol
(-—Cﬁ_2 —~ OH) region again appears as a broad multiplet
between U 5.6 and 6.8, However, ihe ne.m.r. spectrum of the

derived diacetate (84g) C is more informative. In it,

24"38%5
the primary acetate ﬁethylene groups appear as singlets at

N 5.49 (C - 18) and \ 6.06 (C - 19) in addition to a
multiplet at ¢ 4.11 (w% = 6 c./sec.) from the vinylic
proton. “

Oxidation of the tetrahydro -~ diol (84f) as described
above using the forcing condition, furnished in low yield,
a number of products (t.l.c. evidsnce) of which the major
were the two of lowest polarity. The least polar component
2OH3OO3 which shows the C - 3
olefinic proton as a triplet at U 3.41 (J = 3 c./sec.)

was the lactone (96a) C

again indicating that the double bond is in a position CLF
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to the carbonyl group bf the lactone function. The C - 19
methylene group is seen as a doublet at ¥ 5.64 (J = 8 c./seo),
the higher field signal being superimposed on multiplets
from the tetrahydrofuran ring protons. The second component
(96b), C,5H,60,5 [4] p = - 4° from its i.r. bands at 1775
and 1693 cm-l in the carbonyl region is the enone - lactone.
Its nem.r. spectrum (in 0014) shows the olefinic proton as
a singlet at 7y, 3.64 and the C - 19 protons as a pair of
doublets at y 5.57 and 6.12 (J = 8 c./sec.) while the
C - 1 methylene protons appear as a multiplet at vy T.71.
This spectrum was also recorded using benzene as solvent
and will be discussed in the following section.

The formation of these enone - lactones led to an
investigation of the possibility of introducing an
oxygen atom into ' € -~ 2 in molecules not containing an
oxidisable function. To do this a number of derivatives
of acid A were treated with chromium trioxide -~ pyridine
at 20° for several days. Thus when the mono - acectate (76e),
diacetate (80d) and the methyl ester (76b) were reacted
under similar conditions it was found that all three
compounds had had an additional oxygen atom inserted into
the allylic position. The enone acetate (79b), CooHyn0y
[4) ;= - 88° had bands in the i.r. at 1740 and 1660 o '
(in CHCl3)characteristic of an acetate and an #p -
unsaturated ketone. In its n.m.r. spectrum the olefinic
proton resonates as a broadened singlet at } 4.07 (W% =

4 c./sec.) and shows coupling to the vinylic methyl group at
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Y, 8.28. The spectral properties of the enone - diacetate
(794) C24H3206 are very similar to those of the above
acetate (79b) in that the olefinic proton appears as a
singlet at |, 4.05. As in the spectra of the two nor -
compounds (77a and 77b) the relative positions of the
resonances of the two methyl groups have been inter—
changed indicating a distortion in the ring systems. In the
spectrum of the enone - methyl ester (79c) 021H2804 the
olefinic proton gives rise to a broadened singlet at % 4.23
(W% = 3 c./sec.) coupled to the vinylic methyl group
which is visible as a doublet (J = 1 c.»/sec.) at
8.29. The remaining methyl groups appear at their normal
positions, the tertiary at | 9.07 and the secondary as an

111 - resolved doublet at ¥ 9.12 (J = 6 c./sec.).

Compound V111.

The most polar furanoid compound (90b) Cp0H3005 <] 5
= - 18° was obtained as an oil which slowly crystallised
and had m.p. 135 -~ 1370. The n.m.rs spectrum shows no trace
of olefinic absorption bdt a broad multiplet between.' T
5.6 and 6.6 from hydroxyl functions, while a multiplet
at Y 4.5 can be assigned to the carbinol proton of a
cyclic hemi - acetal ring. Acetylation afforded as the
major product an oily diacetate (90c) which from i.r.
evidence still contains a hydroxyl group, assurad
to be tedtiary. The n.m.r. spectrum was more useful for
determining the structure of this compound than that of the
parent compound. Thus, the proton adjacent to the hemi -

acetal acetate has moved downfield and appears as a
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a singlet Y 3.28. A triplet at T 5.18 (J = 6 c./sec.) can be
assigned to the proton of a secondary equatorial acetate
function having two neighbouring protons. The ethereal
methylene group of the hemi - acetal ring éives rise to a
quartet at v 5.87 (J = 10 c./sec.). Assuming the A 3 double
bond to have been replaced by a 1,2 diol system then the
constitution (90b) follows for the parent compound and
(90c) for the derived acetate. The location of the hemi -
acetal 1s by analogy with the previous compounds. The
difference in stereochemistry at C ~ 3 in this compound and
the triol obtained from hydroxylation of the hemi - acetal
(81b), assigned on the basis of n.m.r. evidence was
reflected in the difference in pclarity of the two
compounds on t.l.c. The small amount of this substance
available prevented any interrela’ion with the known

compound and as a result the structure (90b) is only

tentatively suggested.
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The Stersochemistry of Solidagoic acid A and its Congeoncrs.

The constitution of acid A and its congencrs having bean
established the remaining problem is the assignment of sterco-
chemistry at the four asymmctric contres, C -~ 5, C - 8, C - 9
and C - 10. Since attempts to form a hecavy atom derivative for
for an X - ray crystallographic znalysis met with littlec
succecss our attention was tirned to the preparation of
suitable derivatives whose spcctral propertics could bo
compared with thosec of compounds of known configuration. As
observed carlier, diterpcnoids derived from an acyclic
precursor by cyclisation and a serics of concerted methyl and
hydridc ion migrations should have a trans ring fusion. Those
columbin - type compounds which have a cis fusion are assumed

1 (10) double

to arise‘from addition across the ring to a A
bond formed from a trans fuscd precursor.
That the solidagoic acids do indeed possess the expected
stercochemistry at the ring junction follows from a carcful
examination of the n.m.r. spectra of the tetrahydro derivatives
(96b) and (97). For this investigation it was deemed desirablc
to remove the furan ring by hydrogenation since otherwise the
gsignals from the twe C -~ | protuns were obscured by thosc of
the protons at C - 12. Allylic cxidation by Sarett's rcagent
in the tetrahydro serics of compounds was less successful than
when applied to the corresponding furanoid derivatives and in
the acid A group ne* cnoncs could be prepared. Allylic oxidatic:.
by the more common recagents, selenium dioxide, di-tert butyl

chromate or sodium chromate also failed to producc the required

compound. However, the tetrahydro — cnone lactonc (96b) was
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igolated, although in low yicld, from the mixzturc of compounds
obtained when the tetrahydro — diol (84f) was treated with
chromium trioxide — pyridine. An n.m.r. spectrum of this

4

compound in CCl, showed the two € - | protons as a multiplect

4
contred at?y T.71 from which JAB (17 Cn/SCCc) was obtained by
inspcetion. When the spectrum was reccorded in benzenc this
region appcarcd as the AB part of a deceptively simple ABX
systen in which only three lines are visible. After the addition
of chloroform the two protons became magnetically cauivalent
and appcar as a doublet. Double irradiation of the methylenc
cnvelope at v 8.38 causcd these signals to collapse to a
broad singlet indicating that this methylecne group is not
isolated but attached to a carbon atom bearing a proton. This
evidence thercfore climinates the structure having the double
bond located in a A T position. A calculation of the
individual coupling constants was made and the rosults J,. =

AX

3.75 and JBX = 14.25 Ca/SCCo obtained. However, from an
cxamination of models of both eis and trans fused compounds it
wos scen that the lactonc ring produces a constraint in the
system which in both cases lcads to a marked decrease in
conformational nrefercnce. In bricf it appeared that no firm
deduction of stercochemistry could be made.

Since introduction of an cnonc system into a tetrahydro-
compound could not bc effectcd the reverse proccdure was adopted
in which thec oxygen atom was inserted first and then the furan
ring carefully hydrogenated. In this way thc acid (97) was

formed whose n.m.r. gpoetrum (in CCld) shows the olefinic

proton as o broad singlct (w_;? = 2.5 c./scc.) at P 4.20. Its
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coupling to a vinylic methyl group (broadened singlct at v u923>
wag demonstrated by nuclear magnetic double rcsonance
cxperiments. Irradistion at v 8.23 caused the former signal to
collapse to a sharp singlet while in the reverse experiment gz
gimilar effect was observed for the rcsonance at Y 8.23. In the
7.7 = 7.9V region the two C - | protons give rise to a similar
pattern as that obscrved in the specetrum in benzene of the

lactone, namely a three line s stem. Assuming J to he 17 c,/seca

AB
it can be calculated that J,, = 16 c./sec. and JBX = 4 c./sec.

AX
corresponding to dihedral anglcs of approximately 180O and 125o
respectively. An coxamination of a model of the compound with a
trans fused ring system indicates that this conformation
would result in coupling constants of approximately the
magnitude obscrved. On the other hand, the most favoured
conformafion of thc corresponding cis compound would be
cxpecte& to givec risec to angles of approximately 90o and 1200
for which the coupling constants would be considerably
different from those calculated. These results can be taken as
evidence for a trans ring fusion in accord with biogenetic
prcdictions.

To confirm these rcsults the spectra of two model compounds
were examined, one having a trans and the other a cis fusion.
In the former, the enone (114 ) derived from confertifolin
diacetatc, the two C - 6 protons appcar (in CDClB) as the AB
portion of an ABX system in which the central lincs of both
quartets are visible. However, all eight lines can be observed

when the spectrum is reccorded in benzene. By inspection JA was

B

found to be 17 c./sec. while by calculation there are two
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possible valucs for J (3.5 or 7.75 ¢./scc.) and Iox (13.5 or
16,75 c./scc.). The enonc (38) derived from the anomalous

plathyterpol (37) was knownl7

to posgess a cis ring junction

*
from X - ray evidence. The spectrum in CDCl3 was very similar
in the 7.2 - 7.4 rcgion to those described previously in that

it consists of threc lincs while in benzene these become a

to be 17 c¢./scc. J, . was calculated

doublet. Howcver, taking J AX

AB
to ¢cb 0.75 and JBX to be 9.25 o./soc., coupling constants
markedly different to those found in the Solidage compounds.

The isolation of the alcohol (88a) made dircct comparison
with its stercoisomer hardwickiol* (98a) possible. Although
the physical constants and the t.l.c. behaviour of the two
compounds werc identical therc are small but significant
differcnces in the nem-r. spceectra. Thus therc arc diffcrences
in the position of the rosonances of the sccondary methyl and
one of the tertiary methyl eroups (9.20 and 9.29 U respectively
in hardwickiol 3 9.15 and 8.97 in the Solidago alcohol)° In
addition, the doublet from the sccondary mothyl group in
hardwickiol is much less sharé than that in the above compounds
behaviour typical of an equatorial methyl group. This would
suggest that this group is therefore axial in the solidago

series. Carcful hydrogenation of hardwickicl acetate (98b)

e

The spcotra of plathyterpol were kindly supplied by Dr. T

J. King of the University of Nottingham and samplos of (+)

cthyl hardwickiate and (-) hardwickiol by Prefessor W. Cocker

and Dr. Sukh Dev respectively.
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in ethanol containing triethylamine over 10% P4 — C furnished

the oily hydrocarbon (98c) C O which again had an n.m.r.

20H3O
spectrum similar to that of the known hydrocarbon (88c)
except for the position of the signal of the secondary
methyl group ( ¥ 9.13). The low field regions of the two
spectra were almost identical from which it may be taken that
the sole difference lies in the stereochemistry of the C - 8
methyl group. This is taken as evidenee for the stereo-
chemistry shown in (76a) for solidagoic acid A. That of the

other naturally occuring compounds follows from their

proven relationship with acid A.
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Solidago juncesa.

The roots of Solidago juncea were extracted with ethyl

acetate in the nanner described for S. serotina and the najor
Ehrlich -~ active compound was isolated as an oil, in
approximately 1% yicld, based on dricd plant material, by
preparative t.l?c. Fron its behaviour on t.l.c. it was
deduced to be acidic and this was confirmed by the broad
absor,tion betwecn 3400 and 3000 cm-l in the i.r. L nass
spectrometric nolecular weight deternination indicated a
nolecular fornule of 020H2803 showing that the compound,

"junceaic acid" is isomeric with solidagoic acid A ( 76a ).

The presence of & [ -substituted furan noiety is evident

- . -1 . . .

Zrom the absorption at 877 cm in its i.r. spectrun and the
three characteristic singlets at U 2.63%, 2.74 and 3.70 in
its n.n.r. spcctrun. The renainder of its n.m.r. spceetrun is
gsinilar to that of acid A in thet therc are rcsonances fron

t U 4.72

©

an olcfinic proton (an unresolved nultiplet

W

1 = 8 c./sec.), a nethyl group attachcd to a double bond (a
Z

broadened singlet at U 8.40), a tertiary nethyl group

(a singlet at v 9.04) and a secondary nethyl group (an ill-
rcsolved doublet at Y 8.83). It was notcd, however, that
the signal from the olefinic proton appears at higher field
than in acid A ( Y, 4..46)(cf the high value found ( Y 4.82)
in the derived hydrocarbon (880) in which the oxygen
functions at ¢ - 5 have becon replaced by a methyl group).
Furthermore the resonance of the secondary methyl group

apniars wv ..vor fiald than Shat of acid A and its
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derivatives (about®y, 9.1). 1In contrast to both the acids
from §. scrotina junccaic acid distilled in vacuo with no
decomposition (t.l.c. cvidence) suggesting that in this
compound the carboxyl function is not homoallylic.

Reaction with diazomethane furnished the corresponding
0ily methyl cester the n.n.r. of wvhich showed resonances
from the olefinic proton as a nultiplet at Y /.83, the
gsccondary nethyl group as a doublet at ¥ 8.88, and the
tertiary nmethyl group as a singlet at Y 9.2. That the
doublct centred at |, 8.8 does indeed arise from a secondary
nethyl group was confirmed by nuclear nagnetic double
resonance cxperiments in which irradiation at Y 8.34 causecd
the doublet to collepse to o sharp singlet. Similar
irradiation of the olefinic proton causcd a sharpening of
the broadencd signal at 7 8.45 attributed to the methyl
group attached to the double bond (sce figure v ).

In the derived alcchol, readily preparcd fron the
nethyl estcr by reduction with lithium gluniniun hydride,
the primary hydroxyl protons resonate as a singlet at U
6.37, significantly showing no visinal spin-spin coupling.
The n.ner. also exhibits signals from the sccendary nethyl
group as a doublet at Y 9.10 (having shifted upficld by
approximately 0.22 p.p.f. ).

This evidence appears to indicate a rcarranged labdane
skeleton and assuming the compounds to have a bicyclic
nucleus containing a .4 5 olefinic bond as found in the
diterpenoids described earlier there arc several possible

structures for junccaic acid. Its chemical bchaviour and
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its spectral properties appcar to clininate C - 5 as a
possible point of attachment of the carboxyl group to the
trans deccalin ring system. This thercforc lecaves C - 9 as

an alternative site for the location of the carboxyl
function. The cquatorial orientation of the C - 8 sccondary
nethyl group follows from the ill - resolved naturc of the
doublet in the n.m.r. spectra of the acid znd its derivetives.
The assigament of stercochemistry at the remaining esymnetric
centres is by analogy with acid L. From this evidence the
structurc (99a ) is suggested very tentatively for this acid
and hence (99b ) and ( 99¢) for the derived ester and alcohol
respectively. In order to confirm this structure it was
proposed to preparc the corrcsponding aldchyde and trcat it
under Wolff ~ Kishner reduction conditions. Lssuning the
acid to have the samc clerodane skcleton as the other
diterpenoids from §. serotina this reaction should have
furnished ome or other of the known hydrocarbons ( 88g) or

( 98¢ )s thus esteblishing the stercochemistry at all the
asynmetric carbon atons, and a2t C - 8 in particular. However
Sarctt oxidation failed to produce the desired aldchyde and
although the ecxpcrinent was repeated several tines this
result was reproducible. This lends support to the suggestion
that the primary hydroxyl function is not located at C - 5
since alcohol A (760 ), under similar conditions, was

readily oxidised to the corresponding aldehyde. Additional
work on junceaic acid nust await further supplics of plant

naterial.
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Solidago glaberina.

#*
L stean distillate of Solidago glaberina, after

preparative t.l.c., furnished a crystallinc diterpenoid
-

(100 )5 m.p. 92 ~ 94o,£4<)D = - 50°, the mass spcoctrun of

which clearly shows a nolecular ion at 290 correcsponding

to a molecular formula of C In its i.r. spcctrun

20540
there are no peasks attributable to either hydroxyl or
carbonyl functions suggesting that the oxygen atom is
present as an cther bridge. Significantly, it exhibits a
shiarp peek 2t 3083 cmnl indicative of ot least one olefinic
bond. From this it can be concluded that the compound is
probably tricyclic. Three sharp three - proton singlcts
from tertiary nethyl groups arc visible at ¥ 9.17, 9.25

and .30 in its n.o.r. spectrun. Two tertiary methyl groups
avtached to carbon atoms adjacent to oxygen give risc to
additional signals at ¥ 8.81 and 8.90. In the low ficld
region of the spectrum threc olefinic protons give rise to
resonances which form a typical LBC pattern, the downficld

C - 14 proton appcaring at I 3.98 as a quartct fron which

J and Jci° arc sccen to be approxinately 18 c./sec. and

b}

trans

10 c./scc. respectively. The two C - 15 protons H, and Hp
rcsonate as doublets at - 5.05 and 5.11 respectively

indiceting that the geminal coupling is negligible.

“Dhe cxbract was kindly supplied by Dr. T. Lnthomnsen

of the Organic Chenistry Laboratories, Trondhein.
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These findings are consistent with this conpound being
(~) 13 cpinanoyl oxide. Indced, its physicel propertics arc
identical to those of the diterpene isolatced from Gibberells
PR . - 43
fujikuroi by Cross, Galt and Hanson.™- These authors have
comparcd their compound with a sanple of olecaryl oxide, a

nonounsaturated ether of unknown structurc isolated carlier

from Olearia paniculata by McLcan and Slater44 and have

found then to be identical in all res:cects.
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21lylic oxidetion by Chronium (V1).

Introduction

The first cxamples of allylic oxidation by chromium (V1)
were reported by Treibs and Schmidt45 who were able to
convert cyclohexenc into cyclohexenone using a solution of
chronmium trioxide in o mixture of acetic anhydride and carbon
tetrachloride. This samec oxidation was effected by Whitnore
and Pealow4b during an ivestigation of the oxidation of
alkenes by chronic acid. These authors found that allylic
oxidation by chronic acid is a relatively ninor regction with
straight chain alkenes but can take place to a considerable
extent in a number of steroidal alkenes. A sinilar allylic
oxidation using di - tert - butyl chromate was discovered by
Oppenguer and Oberrauch'47 who used a solution of the reagent
in a non-poclar solvent to which was added acetic anhydride.
_With-it they were able to convert cyclohexene into cyclohexanone
in 40% yield wnd cholesteryl acetate into its 7-kcto derivative
in 90% yield. ZFollowing this, several groups of Japanese
workers 48 used this rcecagent for the oxidation of certain
nonoterpcenes and found that oxidation usually occurs at both
ends of the double bond, which contrasts with allylic
oxidation by mercuric acetate or selenium dioxide. The
nature of the reagent has not been fully investigated but is
thought to be diacetyl chromate formed by the reaction of
tert-butyl chromate with the acetic anhydride in the solvent.

Two types of mechanisns have been postulated for chromium
(V1) allylic oxidation. In the first, a hydrogen aton (or

hydride ion) is abstracted from the alkene to form an allylic
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free radical (or carboniun ion) which is then converted into
the unsaturated ketonc. This nechanisn predicts that the
products should contain a nixturc of double bond isoners as
is indeed found in the rcactions of nany stcroidal alkencs.
The second mechonisn involves oxidation at the double bond
lecading to a ketol derivative which, after climination of
water, forms the cnonc systen. Evidence for the first
nechanism followed from the chromic acid oxidation of
cyclohexenc labeled with 015 at the doublc bond when it was
found that one quarter of the original total label appeared
at the carbonyl carbon atomn. No mechanistic studies on allylic
oxicdetion by chronyl acetate and di - tert - butyl chronate
have as yet becen cerricd out but it is assuned that their nmode
of attack is sinilar to that of chronic acid.

In addition, the chronium (V1) oxidation of alkecnes in
an acidic nediun may also lead to formation of epoxides,
ketols and cven acids or ketones derived by either cleavage of
the doublc bond or a rcarrangement. The product obtained
differs according to the solvent used. When the reaction is
carried out in acetic acid with a deficicncy of the oxidant
the product is commonly an epoxide. 4 number of steroidal
alkenecs give mixturcs formed by allylic oxidation and the
epoxides derived fronm the ketones. In the case of the 4 8(9)
steroids double bond nigration occurs before epoxidation
lcading to nixtures of cepoxy ketones.

Reactions carried out in aqueous acid solution are nuch

nore conplex since considerable skeletal rcarrangenmcnt occurs.
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It has been suggested that an epoxide may be the intermediate
in many rcactions and a large number of rcarrangemcnt products
which have been observed can be rationaliscd in terms of an
acid catalyscd pinacol - type rcarrangcnent of an intermcdiate
epoxide. The possibility of the internediate being a glycol
was considercd but discounted since for an intermediaste glycol
the rate of oxidation or cleavage would be faster than the
rate of rcarrangeuent. U4n alternative mechanism was proposed
to account for those cxamples which could not be explained by
epoxide formation, in which the initial step is the
electrophilic addition of 0 - Cr (V1) to the double bond.
The interimediate could either deconpose to the epoxide by loss
of chronmiun (V1) or lead directly to the rearranged products
without involving the epoxide. It is not known whether the
electrophilic attack at the doublc bond is sinilar to the
addition of bromine to an alkene in a polar mediun or
involves sinultancous addition to both sides of the double
bond in o sinilar meanner to that of jLermenganatec. Either of
these steps could account for the formation of epoxides and
the other products observed. (scc figure § ).

The occurrence of rcarrangerent products in both the
chronic acid and chronyl acctate oxidations of alkenes
indicates that a carbonium ion may be formed at sone stage
during the reaction. This could occur in the opening of the
epoxide ring or fron a chromium - containing intermediate
which rrccedes the formation of an cpoxide. IHowever there is
insufficient data available which would allow a decision to be

nade betwcen the two possibilitics.
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Vhile preoparing compounds requirced for the elucidation
of the structure of a steroidal lactone Glotter, Greenfield

42

and Lavie found it necessary to oxidise some allylic
alcohols with Jones%? reagent. S8ince the products were not
the cxiccted cnones but instcad epoxy~ketones these authors
investigated other allylic alcohol systems to discover the
requircments for, and the linitations of such a rcaction. It
was obscrved that whereas the cquatorial alcohols werc always
oxidised to the correcsponding J unsaturated ketones their
axial isoners were either oxidised to cnoncs or underwent
cpoxidation of the doublce bond in addition to the oxidation of
the hydroxyl function to form epoxy-ketones. In the examples
studied epoxidation only occurred under acidic conditions,

23

pyridine solution. ™~ producing only the corresponding enones.
In those axial agllylic alcohols in which the rate of
oxidation cf the secondary alcohol is faster than that of
epoxidation of the double bond it was notced that enonecs were
forned whereas epoxy-ketones were produced from those in which
the relative rates of the two processcs are reversed.
Furthernorc, unsaturated alcohols which give transoid enone
systens belong to the forner group while those which would
result in cigoid enones give epoxy-ketones. Epoxidation was
stereospecific and took placc on the seme side of the nmoleccule
as the hydroxyl function, as in the case of epoxidation by
per-acids. Fron this evidence it was assumed that the
cpoxidation of the double bond involved the initial formation
of a chromatc ester followed by transfer of an oxygen aton

from the c¢ster to the double bond.
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The oxidations discusscd above have all been carried
out in an acidic mediun, nmeking then unsuitable for use with
cenpounds containing additional acid-sensitive functional
groups. This problem was overcone by the introduction, as
an oxidising agent, of the fairly stable chronium trioxide -
pyridine complex which had previously been prepared5o by
the cautiousg addition of chromium trioxide to anhydrous
pyridine. This reagent was successfully applied to a series
of steroidal alcohols by Sarett 23 who found that it smoothly
converted primary and secondary alcchols into the corresponding
carbonyl compounds, the yields of ketones from nonohydric
seccendary alcohols being almost theorctical. In the examples
studied the complex did not attack dcuble bonds or thioethers.
No further investigation into the scopsz of the reagent, or the

nechanisn of the oxidation has as yet been carried out.

Additional chroniun trioxide - nyridine oxidations.

4Ls noted above, the chromium trioxide - pyridine complex
has until now becen usecd more or less cxclusively as an
oxidising egent for compounds which are acid-labile and in the
majority of cases only the cxpected oxidation products have been
reported. It has been observed however, during the course of
the present investigation, that this rcagent is a nmuch nore
versatile oxidising agent. In addition to the cexamples
discusscd above further work on the oxidation of some readily
available scsquitcrpenoids and stceroids was carried out in
order to investigatc its potential uses.

51

Prcvious workers have treatcd drimenol (1014), the
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sesquiterpenc alcohol isolated from the bark of Drimys

winteri with chronic acid and potassiun dichromate in

aqueous acetic acid and have isoclated a crystalline nor-

enone for which the structurc (10 &) was first proposed and
then rovised52 to the isocncric cnone (/03 ). However on
treatnent of drincnol with the chromium trioxide - pyridine
complex the keto acid (/102b) was formed,51 albeit in low
yield. As an cxbension to this the corresponding oily acetate
( 101@ was prepared and in its n.n.r. spectrun it shows the
resonance of the C - 7 olefinic proton as a nultiplet at

4.5 (w%~= 8 c./scc.) and that of the methyl group attached %o
a double bond as a broadcned singlet at { 8.3% (W%_= 4 c./sec.).
The methylene »nrotons adjacent to the acetate function appear

as the AB part of an ABX system at Y 5.75 and 5.87 (JAX -

J = 12 c./sec.)(calc.). This acetate

Bx = 4 c./sec. and JAB
on being allowed to stand for 16 days with chromium trioxide
in pyridinc furnished as the more polar product an oil (102e)
0y7Hy05 which slowly crystallised on cooling o 0° and had
DePe 48 = 500. Significantly, in its n.m.r. spectrum there is
no resonance from gn olefinic proton, the methyl group
attached to the doublc bond appearing as a very sharp singlet
at '{, 8.24 showing no further coupling as cxpected for a
methyl group adjacent to a carbonyl function. Furthermore,
the protons of the primary acetate group appear as a quartet
at |, 5.28 (J = 13 c¢./sec.) having moved downficld by

approxinately 0.53 ppm to a value acceptable for an allylic



primary acectate indicating that the Al7 double bond has

migrated into the tetrasubstituted nosition. The i.r.
spectrun shows in addition to the acetate peak at 1745 cm_l
a peak at 1677 cm—l characteristic of a cyclohexenone. The
formation of this compound can be rationalised by an
electrophilic attack by O - Cr (V1) on the double bond
followed by its recarrangement into the A\ 8(9) position.

53

L similer result was found in the triterpene field in the
conversion of alnusadienol (/04 ) into the dienedione (/05 ).
In order to exanmine the effect, if any, of the reagent on
a compound contgining no oxygen functions two hydrocarbons
were subjected to oxidation under similar conditions. The
sesquiterpene hydrocarbon drimene (101b) C15H26 was prepared
from drimenol (1013) via the thermally unstable tosylate
(101¢) 022H52805. The n.m.r. spectrum of +this compound had
certain features in common with that of the corresponding
acetate (101d):- a multiplet at Y 4.52 (W%,= & c./sec.) from
the olefinic proton, a broadened singlet at ¥ 8.44 from the
C - 12 nethyl group, a six-proton singlet at { 9.18 and a
three-proton singlct at "@ 9,28 from three tertiary methyl
groups. In addition, the four aromatic protons resonate as a
pair of doublets at U 2.20 and 2.66 (J = 9 c./sec.). The two
magnctically non-equivalent primary tosylate protons being
the AB part of an LBX system appear as two quartets at Y;
5.85 and 5.95 (J,5 = 4 c./sec., Joy =8 c./sec. and I =

10 c./sec.)(calc.).
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This tosylate on hydrogenolysis with lithiun aluminiun
hydride furnished as the najor product, the oily hydrocarbon,
drimene (101b),; the n.m.r. of which exhibits e multiplet at

N 457 (W% = 8 c./sec.) and a broadened singlet at 1 8,38
attributable res.cctively to a proton and a nethyl group,
both attachcd to a double bond. The oxidation of this
conpound afforded no isolable product (t.l.c. evidence) while
sinilar treatment of cholest-5-cnc (106a ) for 23 days and
work up produced only starting nmatcrial (n.m.r.) and slight
tracecs of nore polar compounds.

L further investigation of the stem barks of South
fnerican Drinys specics furnished 54 an unsaturated lactone,
confertifolin ( 107 ) shown to be rclated to drimenol. Under
our conditions confertifolin itseclf was rcsistant to
oxidation but cocrtain of its derivetives proved to be
susceptible. Previous workers54 have also noted that while
drinenin ( 1OR) and isodrimenin (109 ) were transforned into
oxolsodrimenin ( 110) at siniler rates with either Becknann's
nixture or chronium trioxide in 95% acetic acid confertifolin
did not yield the corresponding oxo-lactone and was
rccovered largcly unchanged.

Iydride reduction of the lactone furnished a crystalline
diol (111a) in which the protons from the two primary allylic
hydroxyl functions resonate as two singlets at v 5.83 and
5.9. That the low field gignal arose from the C - 11 protors
was deduced from the spectrun of the deuterated diol ( 11149,

prepared by reduction with lithiur aluminium deuteride, where
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the signal at ¥/ 5.9 from the C - 12 hydroxyl group is
absent. The diol was converted by treatment with the
rcagent for 15 hours at 20O into an oily mixture of compounds.
The less polar component, which was the only one to stain up
with Ce™* failed to crystallise bub after distillation
analyscd for 015H220' In its n.m.r. spectrum the signals
fron the three tertiary nethyl groups ( at Y, 8.81, 9.08 and
9.10) are clcarly seen while in the low field region there is
a two proton singlet at |, 2.93 characteristic of & furan
protons. From this evidence it follows that this conmpound
nust be a @ y ) -disubstituted furanoid compound of the
structure (112 ). The other two products were of very
similar polarity and after erystallisation the less polar had
150 - 152O and proved to be isodrimenin. The nore polar,
obtaiﬂed in approximately the same yield, on crystallisation
had m.p. 127O and was identical in all resgects with the
isomeric lactone confertifolin (308 ). The reaction can be
envisaged as proceeding through the hemi-acctals (N3¢Land b )
via the hydroxy-aldehydes (11'b and ¢ ). Further oxidation
leads to the lactones, the furanoid compound arising from
dehydration. The aldehydes are produced in approximately
equal amounts since in the diol (11la) the two hydroxyl groups
are chemically nuch norc nearly equivalent than thoseof the
diol (80a ) from S. seroting .

In the n.n.re. spectrun of the corresponding diacetate
(111e) CgH3q0y the signals from the acetate groups at € - 11
and C ~ 12 appear as singlets at U 537 and 5.4. Treatnent

with the oxidising reagent transformed it into the product of



-1 b0~

allylic oxidation, the oily keto-diacetate (13, ) C19f0g05
the nen.r. of which has alrcady been discussed (vide supra).

Cholesteryl acetate (106p) has previously been
converted into its 7 - keto derivative (115 ), in high yicld,
by the action of di - tert - butyl chromate and in this
present investigation the rcaction was repeated using chromiun
trioxide in pyridine. The major product obtained was the

A 5—7 ketone (115) although in much lower yicld. 1In

cholecsteryl acetatce the olefinic proton appears as a
multiplet at U 4.59 (W% = 8 c./sec.) and the proton at C - 3
adjacent to the acetate group as a broad multiplef centred at
Y. 5.33 (nultiplet width = 40 c./sec.). In the enone (115 )
while the resonance of the ¢ - 3 proton still appears at
5.33 that of the olefinic proton has moved downfield to T 4.3
and is now a singlet as expected. Cholesterol ( 106c) itself,
on oxidation under similar conditions, yielded as the najor
products, cholest-ij-enc, 3, 6-dione (116a) and 6 hydroxy-
cholest=d-cne-3-one (116b) identified from their n.m.r. and
i.r. spactra. These compounds have been isolated %rom the
reaction of cholesterol with chromic acid.

Erythroxylol B ccetate (117 ) a homoallylic acetate
derived from one of the tetracyclic diterpene alcohols

5
found in Brythroxylon monogynun was also trecated as

described sbove. Since this compound has no methylene group
adjacent to the double bond allylic oxidation to an enonc is
inpossible as is attack by 0 - Cr (V1) at € - 15 with

concomitant migration of the double bond. There remains the



- l6l-

poessibility of enoxidation of the double bond. However,
the acetate was recovered apparcently unchanged (n.n.r.
evidence) and showed no evidence of any epoxide formation.

In conclusion then, it may be noted that the reaction
of chromiun trioxide in pyridine is more complex than has
previously been suggested, in that it can give rise to
products of allylic oxidation, rearrangenent, cpoxidation and
glycol clcavage. These reactions have until now only been
reported for the action of chromium (V1) in an acidic mediun.
It also appcars to attack furan rings which may cxplain the
poor yilelds expericnced in the investigation of the furan-
containing diterpenoids. 4t this stage, however, no
suggestion as to the mechanisms of these various reactions
can be made but it would appcar that for the successful
introduction of an allylic carbonyl function into an olefin
the presence of an oxygen function clsewhere in the molecule

is desirable.
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_EXOERIMENTAL .

Lxtraction of Solidago seroting roots.

The finely ground, dried roots of Solidago serotina

{grown in the Glasgow area; gathered in fugust 1967) (500 g)
uere extracted for 24 hours with ethyl acetate in a Soxhlet
apparatus. EBvaporation of the solvent gfforded the crude
extract (27 g) shown by gqualitative t.l.c. to consist of
twelve major components, ten of which gave a positive

Fhrlich test for furan-containing compounds.

Tsolation of compounds from S.seroting extract.

The chloroform soluble‘poftion of the above extract
(24 5) was chromatographed over Woelm neutral alumins
(erede 3 3 2 Kg) using as solvent, light petroleum -
~nlcroferm mixtures. Since no fraction was obtained
zonpletely pure further purification by column or preparative
chromatography was necessary. For those compounds which were
Leoiated as oils this was followed by distillation in wvacuo.

Traction A (4.3 g) eluted with chloroform - light
perroleun (1 s 19) contgined the non-polar naterial and was
not investigated further since it did not appear to contain
eny furaneid compounds.

Fréction B (923 mg) was eluted with 10% chloroform in
Light petroleum and contained the mono-szldehyde ( 763 :471mg)
as the major constituent. Distillation in wvacuo furnished
the sldehyde as a colourless oil which had =] b= - 164°

ccl, 1
max' 2690, 1722, 872 cm = ; n.m.r. signals

*
’ L
. (\C = 0, 9) I

at { 0.54 (s)(1H, C - 19), 4.20 (m)(1H, C - 3 3 Wy

57
c./g2c.), 8.57 (a)(3H, C - 18 5 J = 2c./sec.) (Found : C =

#* In this section rotations refer to ethanol solutions unless

ciherwise stated
[ R AA——————
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79.90, Il = 9.38 5 C,qH,,0, Tequires C = 79.95, H = 9.39%);
m/e = 300 (M).

Fraction ¢ ( 1.3 g) contained two compounds of very
similar polarity which were separated with considerable
difficulty by repeated preparative t.l.c. (6 x ethyl acetate -
light petroleum, 1 : 19). The resulting apparently
homogeneous band (water spray) was divided into four parts
with respect to polarity. The less polar quarter contained
the conjugated lactone ( 87a ¢ 311 mg) which after

distillation crystallised from light petroleun as needles,

. col
m.p. 92 = 95%,40 = 4 11.7° (¢ = 0.65) ; Vo eyt 1772,
RN Et0R
874 em ~ 5 A max 204 mu ( € = 21,300); n.n.r. signals

at Y, 3.35 (t)(1H, C = 3 3 T = 3 c./sec.), 5.88 (q)(2H,
C~-19 33 =09 c./sec.), 0.97 (s)(3H, C - 20) and 9.10 (a)
(3H, ¢ =17 3 J =6 c./sec.). (Found ¢ C = T6.44, H = 8.41 ;
C20H26o3 requires C = 76.40, 0 = 0.34%); n/e = 314 (M).
The two extracts of intermediate polarity contained the
lactone along with the dialdehyde ( 80g )(i.r. and n.m.r.
evidence). The pure dialdehyde ( 80g: 472 ng) was
obtained from the most polar band and crystallised as needles
from ethyl scebate - light petroleum and had m.p. 103 - 105°;
o ccl, 1
[ p == 49° (c=0.7) 3 W/ max® 1720, 1690, 078 ca © ;
n.m.r. signals at & =-0.17 (s) (1H, ¢ - 18), 0.89 (s)
(1H, ¢ - 19), 3.16 (t) (1H, C -3 3 J = 4 c./sec.), 9.04 (s)
(3H, € - 20) and 9.15 (d)(3H, ¢ - 17 3 J = 6 c./sec). (Found-

C = 76.52, H = 8.43 3 CZOH26O requires C = T6.40, H = 8.3%34%);

3
n/e = 314 (i)
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‘Fraction D (928 mg) contained only one componént, the
alcohol ( pg, ¢ 671 mg) which since it could not be
induced to crystallise, was purified by distillation at
120°/0.01 mm, (%) D= - 45° (¢ = 0.6) ; o ggi4 3620, 3400,
875 enl. The n.m.r. showed resonances at Y, 4.36 (m)(lH,
¢ -3 Wy = 8c/sec.), 5.99 (s)(2H, C - 18), 7.06 (s)(-OH),
8.80 and 8.93 (s)(3H each, 2 tertiary methyl groups) and
9.10 (d)(3H, C - 17 3 J = 6 c./sec). (Found s C = 79.30, H =
9:94 5 Cpollzo0, Tequires C = 79.42, H = 10.00%) ;5 m/e = 302 (M).

Traction E (4.3 g) contained the hemi-acetal and a non-
furanoid sterol gnd after further separation by column
chromatography, the hemi-acetal was distilled in vacuo 3

col
s 2V max® 3600, 3390,

- [e]

) 5 =-29.7" (e = 1.1 3 CHCL,)
872 cn™t ; Nemer. signals at Y, 4.51 (m)(1H, C - 3 3 Wy = 10

2
c./sec.), 4.58 (broad s)(1H, ¢ - 19), 5.79 (broad s)(2H, C -
18 W%_= T ¢./sec.), 6.67 (n)(-0H), 9.03 (s)(3H, ¢ - 20) and
9.15 (a)(3H, ¢ = 17 3 J = 6 ¢./sec.). (Found : C = 75.91, H =
9.03 5 Cpli,q0; requires C = 75.91, H = 8.92%) 5 m/e = 316
(M). Crystallisation of the sterol from ethyl acetate - light
cc1
1

petroleum gave needles, m.p. 161 - 163O sV max4 3600 cm 3

n/e = 412 (C These physical properties are similar

29H480).
to those reported for stigmasta - 8 (14), 22-dien-3 ﬁ -0l
recently isolated 56 from "rayless goldenrod"(AplopapEus

heterophyllus).

Fraction F (3.2 g) contained the epoxy-hemiacetal

( 91a ¢ 149 g) as the main component, separation from the
minor components being effected by column chromatography

over alumin- (grode 3) followed by preparative t.l.c. (ethyl
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acetate - light petroleum, 1 3 3). It was obtained as a
colourless o0il which slowly crystallised on cooling, m.p.
c 18° 5 (4] D= - 47° (¢ = 0.0); V ggi4 3600, 3400, 872

cm ~ 3 n.n.r. signals at Y\ 4.49 (s)(1H, ¢ - 19), 6.11 (q)

(2, C - 18 53 J = 10 c./sec.). 6.71 (s) (1H, C = 3, Wy =
2

li

4 c./sec.) and 7.03 (m)(1lH, -OH).(Found : C = 72.33, H = 8.64;

C requires C = 72.26, H = 8,49%) ; m/e = 332 (M).

20728%
Fraction G, eluted from the column with chloroform,
contained the diol ( 80¢ : 2.9 g) as the sole constituent
which after distillation in vacuo followed by cooling to 0°
orystallised as rosettes, m.p. 60 - 62° 5 L4 D= - 36.1°
ccl
(c = 0.7) s nax’ 3620, 3300, 875 ot 5 N.m.r. signal at
N, 4e11 (m)(1H, C - 3 3 Wy = 8c./sec).(Found : C = 75.26,
H = 9.30, 020H5Oo3 requires C = 75.43, H = 9.50%); n/e 318 ().
The final neutral fraction (509 mg) was eluted with
chlorofornm containing 5% methanol and contained the most
polar compound, the triol (9ob : 284 mg). Further column
chromatogranhy over neutral alumina (grade 5 s 50 g) and
elution with diethyl ether - light petroleum (1 : 1)
furnished the triol as an oil which after prolonged cooling
at OO crystallised as needles m.p. 135 - 1570 ;[dj p=- 180
(¢ = 0.95) : v ggi4 3425, 875 en™ > $ n.m.r. resongnce at
v 4.5 (m)(1H, ¢ - 19 ; Wy = 10 c./sec.) (Found : C = 68.42,
H = 8.89 3 CZOHBOOS csegquircs M = 68.54. T = 8,53%); mfe =
350 (1).
Further elution of the column with ethyl acetate -

acebic acid (4 : l) afforded the acidic fractions which were

separated by further column chrowatography over silica gel.
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Elution with diethyl ether - light petroleum (1 : 9)

afforded as the major component, the less polar solidagoic

acid A ( 76a s 3.1 g) which crystallised as large plates

from ethyl acetate - light petroleum and had m.p. 169 —-.1710 H

[&] 5 = - 57.7° (¢ = 0.9) ;3 V ggi4 3600-3100, 1695, 875

omnl 5 N.m.r. signals at X, 4.46 (m)(1H, C - 3 ; W% = 8 c./sec.).
8.46 (s)(3H, ¢ - 18), 8.99 (s) (3H, € - 20), and 9.09 (4)

75.75, H = 8.58 3

mn/e = 316 (M).

(38, ¢ =17 53 J = 6 c./sec.). (Founds C

]

020H2805 requires C = 75.91, H = 8.92%)

LT)

Continued elution with diethyl ether - light petroleum (1 : 4)

affcrded another crystalline acid, solidagoic acid B

( 80a ¢ 371 mg) which on crystallisation from ethyl acetate

~ light netrcleum furnished needles, m.p. 134 - 1350 H
o 0014

[ g = = 211 (o = 0.7 3 0H015); v max' 3600, 3100, 1720,

i -1 EtOH '
1695, 875 cn s A max = 221 mu (logf = 3.78); n.m.r.
gignals at U 3.96, 7.95 - 8.15 (1H and 6H respectively ;
angelate proton and methyl groups), 4.02 (m)(1H, C - 3),
5.50 (s)(2H, ¢ - 13) and 8.97 (s)(3H, C

(38, ¢ =17 3 J = 6 c./sec.). (Found: C

20) and 9.09 (4)

T12.40, H = 8.55 ;

n/e = 314 (M - 100).

I

o0

C25H3405 requires C = 72.43, H = 8.27%)
The final fractions were oily and contained at least two
additional furanoid acids which were not investigated
further.

Methylation of Acid A ( 76a ).

Solidagoic A ( 765 ¢ 1.53 g) in diethyl ether was
treated with an ethereal solution of diagomethane for 15
ninutes. Bvagporation of the solvent afforded the oily

methyl ester ( 76p : 1.58 g), Eu:% = -67.5° (¢ = 1.0);
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y méﬁ* 1723, 078 om_lg n.m.r. signals at | 4.51 (m)
9c./sec.), 6.47 (s)(3H, -0 -qg5), 8.47

18), 8.97 (s)(3H, C - 20) and 9.10 (4)

il

(18, ¢ - 3 3 W%

(broad s)(3H, ¢
(38, ¢ - 17 5 J = 60./sec.).

Reduction of Methyl ester A ( 74n ).

The above methyl ester ( 76b : 1.58 g) was dissolved
in dry refluxing tebtrahydrofuran (50 nl) and treated for 72
hours with excess lithium aluminium hydride. Work up gave
the crude alcohol ( 76c ¢ 1.56 g) which also failed to
y CCl4
nax' 3630, 875

9¢c./sec.) -

il

crysballise.{il 3= - 37.5° (c = 1.0);

e 5 nemer. signals at Y 4.29 (m)(1H, C - 3 5 Wy
P

It

6.4 (q) (28, ¢ =19 5 J = 11 c./sec.), 8.33 (broad s)(3H, C - i.,
8.91 {s)(C - 20) and 9.10 (d)(3H, C - 17 3 J = 6c./sec.).

Oxidesion of Alcohol A (760 ).

L2id A alconol ( 76c : 725 mg) in dry pyridine (10 ~l1)
was treated at room tenperature for 14 hours with chromium
triovide (800 mg) and the crude material obtained (782 mg)
was seen to congist of three major components separated by
preparative t.l.c. (ethyl acetate - light petroleum, 1 : 9).
Thevleast polar conponent ( 764 s 480 ng) had.EJ]D = -161°

CCl
(c = 0.85);'V naxt 2690, 1722, 872 en™ and was identical
([«] p? EeTe; mom.r, and t.l.c.) with the mono-aldehyde of
natural provenance. The compound of intermediate polarity
the now-cnone ( 77a 2 35 mg) was nbtained as an oil from
which the dark colour was removed by distillation at 1600/
0.02 mm;[&j:D = - 100° (c = 0.7); Vv ggi4 1675, 872 om“l;
n.m.r. signals at | 8.31 (d)(3H, C - 18 5 J = 2c./scc.)

8,97 (d4) (3H, ¢ =~ 17 ¢+ J = Tc./sec.) and 9.12 (s)(3H, C -20).
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(Found: C¢ = 79.58, H = 9.15; 01960, requires C = 79.68,
H = 9.15%); m/e = 286 (M). The most polar of the major

compounds was the aldehydo-enone ( 795 : 25 mg) further

0
- 197

i

purified by distillation at 140°/0.03 mm;[4] |
(¢ = 0.86); ggi4 2700, 1730, 1680, 87% em ' 5 n.m.r.
signals at Y, 4.09 (s)(1lH, C - 3), 0.43 (s)(1H, C -~ 19),
8.29 (s)(3H, € - 18), 9.04 (s)(3H, C - 20) and 9.16 (a)
(31, ¢ =17 5 J = 6 c./sec.). (Found : C = 76.48, H = 8.40;

Cogllpgls TeQUiTes C = 76.40, H = 0.54%) ; m/e = 314 ().

Treatment of Aldehyde A with Hydrszine hydrate.

Aldehyde 4 ( ‘76d s 50 mg) in methanol (2ml) was
treated at room temperature for 16 hours with 100% hydrazine
Lydrate (2ml). The solution was extracted with ethyl
acetate, washed with water and the organic layer dried over
anhydrous sodium sulphate. Evaporation of the solvent
furnished an oil from which the very minor, polar compcunds
were removed by prepdrative t.l.c. (ethyl acetate -~ light
petroleum, 1 : 3). The substituted hydrazone (32 mg) thus
obtained was distilled at 1400/0.001 mm g v ggi4 875 mel;
n.m.r. signals at t 4.52 (m)(1H, C - 3 ; W% = 10 c./sec.,
8.05 and 8.09 (s)(3H each, - N - QEB>’ 8.5% (broad s)(3H,

C - 18), 9.04 (s)(3H, ¢ - 20) and 9.13 (d)(3H, ¢ - 17 ;
J =6 c./sec.). (Found: C = 77.11, H = 9.94, N = 8.20 ;

c 0 requires C = 77.14, I = 10.01, N = 8.18 %).

203405

Acetylation of Alcohol A ( 7~ ).

Alcohol A (7 : 50 mg) in dry pyridine (2ml) was

treated at room temperature for 14 hours with acetic
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anhydride (2 ml). The acetate obtained (47 mg) failed to
crystallise and after purification by preparative t.l.c.
(benzene) followed by distillation in vacuo it hadl«] D=

o N CCl4 1
- 59.4° (¢ = 0.8)3 max' 1740, 1235, 872 cm ~ ; n.m.r.
signals at VU 4.26 (m)(1lE, C - 3 ; W% = 8 c./sec.)y 5.97
(¢) (2H, ¢ =19 3 J = 12 c./sec.), 8.00 (s)(3H, OAc), 8.35
(broad s)(3H, ¢ - 18), 8.91 (s)(3H, C - 20) and 9.10 (d)
(38, ¢ =173 J = 6 ¢./sec.). (Found ¢ C = 76.99, H = 9.54 3

022H3205 requires C = 76.70, H = 9.36 %); m/e = 344 (M).

Attempted thioketalisation of Aldehyde A4 ( 743 )-

Aldehyde A ( 764 : 50 mg) in diethyl ether (50 ml)
containing redistilled boron trifluoride diethyl etherate
(2 ml) was treated at room temperature for 75 hours with
ethane dithiol (3 ml). The ethereal solution was washed
with dilute sodium hydroxide until the last traces of ethane
dithiol had been removed. BEvaporation of the solvent
afforded an oily residue (53 mg) which was seen (t.l.c.) to
consist mainly of the unreacted aldehyde with at least six
more polar compounds none of which appeared to be in major

yield.

Wolff-Kishner reduction of Aldehyde é,(~76d ).

Aldehyde A ( 764 : 50 mg) in ethylene glycol (2 ml)
was treated at 95° for 48 hours with 100% hydrazine hydrate
(3 ml). Potassium hydroxide (100 mg) was added and the
temperagture of the mixture allowed to rise to 210° and
remain there for 13 hours. After being allowed to cool

the solution was acidified and then extracted with ethyl
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acetate. The oil obtained (45 mg), after removal of the
solvent, was subjected to preparative t.l.c. (100% light
petroleum) and the major component isolated had L{?D = = 190

(¢ = 1.0) and was identical (t.l.c. and n.m.r. to the

hydrocarbon ( 88¢ ) obtained previously.

Attempted hydroxylation of Acid A ( 76a ).

To a solution of the acid in diethyl ether (21 mg in 5 ml)
was added an ethereal solution of osmium tetroxide (80 mg in
5 ml) and the resulting brown suspension allowed to stand at
room temperature for 20 hours. Hydrogen sulphide gas was
bubbled through the mixture for 30 minutes and after removal
of the precipitated sulphides the solvent was evaporated to
afford the crude material (1€ mg) which from t.l.c. and n.m.r.

evidence was the unrecacted acid.

Attempted hydroboration of Acid A ((76a ).

Freshly distilled boron trifluoride diethyl etherate
(0.2 m1) was adied to & solution of the acid (17 mg) in
diethyl ether (1 ml ) under nitrogen. Lithium aluminium
hydride in dry diethyl ether was added drop-wise over a
period of ten minutes with stirring. The mixbture was then
stirred for a further two hours whereupon the excess reagent
was destroyed by the cautious addition of a saturated sodium
sulphate solution. After evaporation of the solvent the
residue was dissolved in 90%ethanolic sodium hydroxide (2 ml)
and 30% hydrogen peroxide added dropwise under nitrogen with
stirring and then the mixture was stirred for a further 12

hours. Extraction with ethyl acetate gave the product (16 mg)
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seen from t.1l.c. and n.m.r. to consist of the unreacted zciu.

Attempted hydroxylation of acetate A ( 76e ).

The derived acetate ( 76e : 16 mg) was treated with
osmiuvm tetroxide in the manner describesd above but on wori
up the materisgl wasg shown from t.l.c. and i.r. evidence to

consist of the starting acetate.

Hydrogenation of Methyl Ester £ (_76bh ).

ethyl ester L ( 76b ¢ 300 mg) in absolute alcohol
(40 m1) was hydrogenated for 25 minutes over adams catalys:
(¢ 0 nz). Reucval of tlie cavalyst and solvent afforded an
0oil {401 mg) consisting of ons major and several minor
conponents. Separation by preperative t.l.c. (e*hyl acebate
- light petroleum, 1 s 3) afforded the oily tetrahydwo-n.otiy’
cgter ( Riec 3 215 ng) which disbtilled at 1300/0.04 mm g
Vo omaxt 1723 omml; nemer. signals at ¥ 4.67 (m)(1H, ¢ - 3:
= 8c./sec.), 6.40 (s)(3H, -0CH.). {Found: C = 75.62,

>

= 10.47 3 €, H,,0, requires C = 75.40, H = 10.25%). The

217343

o

vwo hexa~hydrn derivatives (863 and 86p: 40 mg) wore
obtained with no geparation of one from the other and th:

nixture had signels in the n.m.r. at U 4.63 (m)(1H, C - 3

e o= ] ! nd L 3 6.7 6.38 o N
Wy = 10 c./sec.) and Hwo singlets at 6.32 and 6.38 (—oqis,ﬂ
2

(Found: € = 75.22, T = 10.90 ; requires ¢ = T4.95,

Cp1F5405

Reduction of Tetrahydro-Methyl ester ( 84c ).
The tetrahydro-methyl ester ( 84c : 60 mg) in dry
refluxing diethyl ether was treated for 14 hours with excecw

lithiua gluminium hydride. Work up gave *the tetrahydro-
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alcohol ( 84d : 57 mg) as an oil which distilled at 140°/0.02

i

m 5[] g = - 15.8° (c = 1.2 ¢ CH013); n.m.r. signals at %
4.42 (m)(1H, C - 3 3 Wy = 8c./sec.), 6.56 (q)(2H, C - 19 ;

J = 12c./sec.), 8.36 (broad s)(3H, C - 18, 8.99 (s)(3H,

C - 20) and 9.14 (d4)(3H, C - 17; J = 6¢c./sec.). (Found : C =

78.52, H = 11.20 ; C,H, 0, requires C = 78,30, H = 11.10%).

Oxidation of Tetrahydro-slcohol ( gsd ).

The above alcohol (84d ¢ 23 mg) in dry pyridine (2 ml)
was treated at room temperature for 15 hours with chromium
trioxide (100 mg). Tork up gave the crude material (24 mg)
from which the aldehyde ( 84 : 17 mg) was obtained by
preparative t.l.c. (ethyl acetate ~ light petroleum, 1 : 4).
Distillation in vacuo afforded a colourless oil,fJ]D = - 88°

cCl

(C = 1.2 ¢ CHClB); N max4 1723 cm_l $ n.m,r. signals at 0.74

(a)(1H, ¢ - 19 ; separation 2c./scc.) and 4.3%6 (m)(1lH, C = 3 ;
Wy = 8c./sec.). (Founds € = 78.92, H = 11.05 CpqHs,0,
requires C = 70.89, E = 10.59%%); m/e = 304 (M).

Oxidation of Methyl ester A ( 76b ).

Methyl ester 4 ( 76b : 152 mg) in dry pyridine (2 ml)
was treated at room temperature for 18 days with chromium
trioxide (500 mg). TVork up in the usual manner afforded
an oil (172 mg) which was subjected to preparative t.l.c.
(ethyl acetate - light petroleum, 3 5 7). The less polar
component (48 mg) was the unreacted ester while the compound
of intermediate polarity was the enone-ester ( 79¢ 3 63 mg)

ccl
} i -
which was distilled in vacuo 3 N max4 1725, 1675, 882 cm 1 3

n.m.r. signals at | 4.23 (s)(1lH, C - 3), 6.5 (s)(3H, -oqga),
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6.29 (d4)(3H, ¢ - 18 5 J = lc./sec.)y 9.07 (s)(3H, C - 20)
and 9.07 (4)(3H, ¢ =~ 17 ; J = 5 c./sec.). (Founds C = 73.26,
H = 8.35 5 CpHpg0, Tequires C = 75,22, H = 8.19%); m/e =
344 ().

Hydrogenation of Aldechyde & (763 ).

AMdehyde A ( 764 : 140 mg) in absolute alcohol (40 ml)
was hydrogenated for 30 minutes over Adams catalyst. The
catalyst was filtered off and the solvent evaporated to afford
en oil (133 mg) from which the major produét, the hexahydro-
aldehydo ( 855 : 65 mg) was obtained by preparative t.l.c.

(2 x ethyl acctate - light petroleum, 1 : 4). Distillation at
1400/0.02 mm afforded the aldehyde as a colourless oil,r“] D
- .o ) | Y 0014 -1

== 157 (6 = 0.74 CHCl3) s max® 1713 ocm ~. In the n.m.r.
the gldehydic proton appcared at U 0.65 (s). (Founds C = 78.61,

E - 11.45 3 CQOH5402 requires C = 78.38, H = 11.18 %).

Oxidation of fcebtate & ( 740 ).

The acetate from ecid A ( 76e : 40 mg) in dry pyridine
(2 ml) was trcated at room temperature for 17 days with
chromium trioxide (100 mg). The oil obtained (38 mg) was
separated by preparative t.l.c. (ethyl acetate - light petroleum,
2 : 3) to afford the acétate (17 mg) as the less polar

component. The polar product, the cnone-acetate ( 79p ¢ 12 ng)

was obtained as an oil which distilled at 1400/0.04 mm ;E“] D

CHCL
=-87.6° (¢ = 0.8)3 vV nex 0 1740, 1660, 872 om™t § NelMeTe

signals at ¥ 4.07 (s)(1H, ¢ - 3), 6,01 (q)(2H, C - 19 3 J =
12 c./scc.), 6.0 (s)(3H, -OAc), 8.28 (broad s)(3H, C - 18 ;

Wi = 5¢./sce.), 6.97 (a)(3H, ¢ - 17 3 J = 6 c./sec.) and

s
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9.08 (s)(3H, ¢ ~ 20). (Found: C = 73.83, H = 3.52 ; G22H3004

requires C = 73.71, H = 8.44%).

Wolff-Kishner reduction of Tetrahydro-aldchyde ( 84n ).

Tetrshydro-aldehyde ( 84b : 35 mg) in cthylene glycol
(2 ml) was trcatcd for 66 hours at 70° with 100% hydrazine
hydrate (2 ml). Potassium hydroxide (100 mg) was added and
the temperature raised to 190O and maintained there for 24
hours. The oil (27 mg) obtained after work up was subjected
to preparative t.l.c. @thyl acetate - light petroleum, 1 s 4)
and afforded the oily tetrahydro - hydrocarbon ( 84e ¢ 9 mg).

m/e = 290 ().

Lttempted chloroacetylation of flcohol 4 ( 76e ).

(a) 4#lcohol A ( 76¢ ¢ 125 mg) in dry pyridine (2ml) was
treated at room temperaturc for 15 hours with cxcess
chloroacetic anhydride. T.l.c. of the product after work up
showed only starting material.

(b) The above zlcohol was trcated with chloroacetic anhydride
in refluxing nyridine for five days and the oily material was
seen from t.l.c. to consist of two compoundsthe more polar of
which was the unrcacted alcohol ( 7€: : 43 mg). Separation
was effccted by preparative t.l.c. (light petrolcum
containing 5% cthyl acetate) and afforded the nor-olefin

( 77p ¢ 24 mg) as the less polar component, [« ] D= " 32, 5°

(¢ = 1.0). 1In the n.m.r. it cxhibited signals at { 8.35 (s)
(38, C = 18), 8.98 (d4) (35 ¢ - 17 3 J = 6 c./sec.) and 9.1 (s)

(3H, C - 20); m/e = 272 (M).



- 175 -

Attemptcd chloroacctylation of acid A (74, ).

scid 4 ( 76a : 52 mg) in dry chilled bengene (2 ml) was
trcated for 40 minutes with cxcess chloroacetic anhydride.
Redistilled boron trifluoride dicthyl cetherate was added and
the mixture allowed to stend at room temperaturc for an hour.
After the addition of watcer the solution was kept at room
temperaturce for 24 hours. The crude material obtained on
work up was secen from t.l.c. to consist of the unreacted acid

with no tracc of any non-furenoid material.

Treatnent of [flcohol [ with p-toluenc sulphonyl chloride.

ilcohol £ ( 76c & 65 mg) in dry pyridine (0.5 ml) was
treated at 0° for 7 days with p-toluene sulphonyl chloride.
T.l.c. of the product on silver nitrate - silica gel showed
the presence of one minor and two major products, all of which
were less polar than the starting material. Preparative t.l.c.
on silver nitratc - silica gel afforded the compound of
intermediatc polarity (27 mg) as an o0il which, since it was
not the rcquired tosylate, was not investigated further. The
most polar componcnt (23 mg) did not contain a furen ring

and failed to crystallisc.

Mcethylation of scid B ( 804 ).

Leid B (8ps ¢ 60 mg) in diethyl cther was treated for
five minutes with an ethereal solution of diazomecthane.
Eveporation of fhe solvent afforded an oil (62 mg) from
which the required methyl cster B was separated from the
diazomethanc adducts by preparative t.l.c. (ethyl acetate -

light petroleum, 3 : 17). Distillation in vacuo afforded
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the methyl ester (8ob ) as a colourless oil,[+] = " 24.7°

(C = 0.95 3 CHCIB): v ggi4 1728 em™ T s n.m.r. signals at

U 3.97 (m)(angelate H), 4.09 (m)(1H, C ~ 3 ;3 Wy =9 c./sec.),
5.6% (s)(3H, ¢ - 18), 6.52 (s)(3H, ’OCEB)’ 9.05 (s)(3H, ¢ - 20)
T332,

m/e =

1l

and 9.19 (d)(3H, ¢ - 17 5 J = 6c./sec.). (Founds C

wo

H = 8.49 ; 026H3605 requires C = 72.86, E = 0.47%)

428 (M).

Reduction of Methyl ester B ( 80p ).

Methyl ester B ( 80b : 40 mg) in dry rcfluxing diethyl
.. or was treated for 15 hours with lithium gluminium hydride.
Work up geve the crude diol ( 80og ¢ 36 mg),L+] = - 36.1°,
which on trcatment with acetic anhydride - pyridine (2 ml each)
furnished the corresponding diacctate ( 8og ¢ 27 mg)
identical (t.l.c. and n.m.r.) with the diacctatc prepared

from the naturally occuring diol by dircct acetylation.

Zvrolysis of fcid B (80a )

Leid B ( 80a ¢ 75 mg) was heated at 300° for five
ninutes in an evacuated tube. A few crystals of angelic acid
MePo 450 (scaled tube) collected in the cold part of the tube
and were identified by gas-liguid chromatography (10% F.F. A2,
at 1250). The oily material obtained ( 49 mg) was
scen o consist of three compounds (t.l.c.), two of very
similar nolarity and the other much more Dolar. This
compound wes sccn from t.l.c. to be unrcacted acid B and was
separated from the necutral components by filtration through =
short column of ncutral slumina. The non - polar compounds

were scparated from cach other by preparative t.l.c.
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(ethyl acctate - light petrolcum, 1 : 19) and the oily
lactonc L ( 8la : 20 mg) obtained as the morc abundant

component. Distillation in vacuo was necessery to remove

the dark colour and then it hadL*} = - 66.3° (0 = 1.4)3
, 0014 -1
Vv ax™ 1778, 872 om™ "3 n.m.r. signals at U 4.41 (m)

(1H, ¢ - 3 3 Wy = 0 c. /sece)y 5.45 (q)(2H, C = 18 53 J = 11 c./¢._
8.96 (s)(3H, C = 20) and 9.13 (d)(3H, ¢ - 173 J = 6c./scc.).
(Founds C = T6. 34, H = 8.48 ; P: 2603 requires C = 76,40,

H = 0.3%34%). The norc polar lactonc ( 8 : 6 mg) crystallised

from cthyl acetate - light petroleum and had m.p. 145 —'1470

ool 1
Vo pax 1785 em ; m/e = 314 (M).

Acetylation of Diol (ans ).

The diol ( 80c : 960 mg) in dry pyridine (20 ml) was
u;vatod 2t room temperature for two hours with acetic
anhydride (0.35 ml). T.l.c. of the product (975 mg) showed
that it consisted of four compounds which werc separated by
preparative t.l.c. (ethyl acetate - light petroleum, 3 s 17).
The least polar component (320 mg) was the oily diacetate

. ¢ccl,
(80a )il 5= = 44.1° (e = 1.7) 5 ¥ max” 1745, 1238, 075

~m l; n.m.r. signals at U 4.06 (n)(lH, C -3 %_ Te./sec.,
5.43 (s)(2H, ¢ - 18), 6.01 (s)(2H, ¢ - 19), 7.98 (s)(6H, 2 x Of~
8.9% (s)(3H, C - 20) and 9.08 (d)(3H, ¢ =17 5 J = 6 c./sec.).

(Found : €

71.58, H = 8.72 3 24 34O5 requires C = 71l.61,

H = 8.51%) 3 m/e = 402 (M). The monoacetate A ( 8og: 175 mg)

<o

waec alsc an oil which after distilling at 1200/0.01 mn had

~¢ol,
4] p= - 53.6° (¢ = 0.8) : V max™ 3460, 1740, 1220, 872
ent ; n.m.r. signals appeared at T 4.08 (m)(1H, C =~ 3 3

Ty = 3 c-/sec.), 5.53 (q)(2H, C - 18; J = 12 c./scc.),

2
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6.49 (q) (2H, C - 19 ; J 12 c./scc.), 8.00 (s)(3H, OAc),

8.94 (s)(31, C - 20) and 9.12 (a)(3H, C - 17 3 J = 6 c./scc.).

(Found: C = T73.20, H = 8.82; 022H5204 requires C = 73.30,
H = 8.95%). Similarly, the monoacctate B ( 80f : 170 mg)
cCL,

was distilled at 150°/0.001 mm ; V max™ 3580, 1745, 1230,
878 om™L ; n.o.r. signals at |, 4.12 (m)(1H, C - 3 ; W% =
T c./scce), 5.50 (s)(2H, ¢ - 18), 6.06 (s)(2H, ¢ - 19),
8.03% (s) 3H, O4c), 8.92 (s)(3H, C - 20) and 9.16 (d4) (3H,
¢ -17 3 J =6 c./sec.). (Found s C = 73.3%32, H = 8.73 ;

c reguires C = 73.30, H = 8.95%). The remaining

208520,

component was the unreacted diol ( 80c : 102 mg).

Oxidation of Diol ( 80n ).

(a) The diol ( 80c : 50 mg) in dry pyridine (20 ml) was
trecated at room temperaturc for 14 hours with chromiun
trioxide (50 mg). 4fter work up the oily product (55 mg)
was purified by preparative t.l.c. (ethyl acctate - light
petroleum, 1 : 19) to afford as the sole product the lactone
( 87a ¢ 37 ng) which crystallised from ethyl acetate ~ light
petroleum and had m.p. 89 - 90°, L4J p =+ 5.3° (¢ = 1.5) s
ggi4 1772, 871 cm—l. This compound was identical ( MePoy
mixed mep., n.m.T., and t.l.c.) with a sample of the
nagturally occuring lactonc.

(b) The diol ( 8oc : 75 mg) in dry pyridine (2 nl) was
treated at room temperature for 14 hours with a large excess
of chromium trioxide (500 mg).‘ Under these conditions the
product was scen from t.l.c. to consist of two components,
the less polar of which corrcsponded to the lactone obtained

previously. Separation of the two compounds was cffected by
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preparative t.l.c. and afforded the lactone ( 87a : 11 mg)
as the minor component. The more polar, major product

( 95 s 47 mg), the cnone-lactone crystallised from ethyl

I

acctate - light petrolecum as platces, m.p. 148 - 142?[“] D
-~ 8.4° (¢ = 1.2) ;“J ;gi4 1779, 1690, 872 cm™' ; n.m.r.

signals at { 3.56 (s)(1H, C - 3), 5.76 (q)(2H, C - 19 ; J =
8c./sec.), 9.0% (s)(3H, C - 20), 9.10 (d)(3H, C - 17 3 J =

6 c./cec.). (Found : C

il

73.11, H = 7.23 3 C requires

2082404
C = 73.14, H = 7.37 %); n/e = 328 (M).

Hydrogenation of Diol ( 80n ) -

The diol ( gpe : 325 mg) in absolute alcohol (35 ml)
was hydrogeneted over Adams catalyst (300 mg) for two hours.
Removal of the catalyst and solvent afforded an oil (320 mg)
which was scecen from t.l.c. to consist of a complex mixture
of compounds none of which contained a furan ring (Ehrlioh's
test). The major component, the tetrahydro - diol ( 84f:175 u_,
was obtained by prerarative t.lc. (chloroform containing
5 % methanol). Distillation at 180°/0.0%5 mm gave a

CcCl

colourless oil,fif =" 46.5°% (¢ = 0.77) ; V' max 3620,

3320 cut ; n.m.r. signals at U 4.22 (m)(1H, C -3 3 W

=

wj=

Tc./sec.), 9.07 (s)(3H, C - 20) and 9.18 (d)(3H, C - 17 3 J
= 6 c./sec.). (Found s C = 74.20, I = 10.80 : 020H34O5
requires C = T4.49, H = 10.63%).

Lcetylation of Tetrahydro-diol ( 8¢ )-

Tetrahydro-diol ( 84f : 30 mg) in dry pyridine (3 ml)
was trested at room temperaturc for 16 hours with excess

A

acetic anhydride to afford the corrcsponding tetrahydro-digcctat:




- 180 -

( 84g : 27 mg). Distillation at 175°/0.04 mm furnished a

J oL, 1
colourless oil," max 1745, 1235 cm $ n.m.r. signals
gt L 4.11 (m)(1H, C = 3 3 Wi = 6c./sec.), 5.49 (s)(2H,

2 .

C - 18), 6.06 (s)(2H, ¢ - 19), 8.00 (s)(6H, 2 x OAc), 8.99
(s)(3H, C - 20) and 9.10 (d)(3H, C - 17 3 J = 6 c./scc.).
(Found: C = 70.66, H = 9.51 3 02435805 requires C = T0.90,
H = 9.42%)

Oxidation of Tetrahydro-diol ( 84f ).

The tetrahydro-diol ( 84f : 101 mg) in dry pyridine
(2 ml) wes treated at room temperature for 14 hours with
chromium trioxide (500 mg). The product (98 mg) after work
up was seen to be a mixture of compounds, the two major ones
being of very similar polarity. These were sceparated by
from the minor components by preperative t.l.c. (4 x cthyl
acetate - light petroleum, 3 : 17). Distillation of the
less polar one at 155°/0.015 mm afforded the tetrahydro-
lactone ( 96a : 27 mg) as a colourless oil,[33D= + 25.4°
(¢ = l.l),'V/ ggi4 1775 em™t s n.m.T. signals at U 3.41
(t)(1H, ¢ =3 3 J = 3 c./sec.), 9.11 (s)(3H, C - 20) and
9.18 (4)(3H, ¢ - 17 5 J = 6 c./sec.). (Found : C = 75.67,
H = 9.47 3 C,.H,.0, requircs € = 75.43, H = 9.50%) ; m/e =

2073073
318 (M). The morc polar gnone-lactone ( 96p : 43 mg) also

failed to crystzllisc and was purificd by distillation in

. ccl, i
vacuo, [/] = - 4.2° (o = 0.9) o/ max® 1783, 1694 om™* 3

n.m.r. signals at ¥ 3.54 (s)(1H, C - 3), 5.84 (q)(2H, C - 193
J =8 c¢./scc.). (Found: C = 72.03, H = 8.28 ; Cootlngy

requires C = 72.26, H = 8.49 %); n/e = 332 (M).
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Formation of Ether ((gg ).

The diol ( 80c : 50 mg) in dry refluxing pyridine (5 ml)
wes treated for 15 hours with p-bromobenzene sulphonyl chloride.
Lfter working up in the usual manner an oil (46 ng) was
obtained from which the major product was obtained by
preoperative t.l.c. (cthyl acectate - light petroleum, 3 : 17).
Extraction furnished the cther ( 94 : 32 mg) as an oil which
was distilled at 1500/0.05 mno§ ) p =" 30° (¢ = 0.65); V
ggi4 872 om‘lg n.m.r. signals at % 4.57 (m)(1H, C - 3 3
Wy =T c./sec.), 5.88 (q)(28, ¢ - 18 3 J = 11 o./sec.),

6.28 (q)(2H, C - 19 3 J = 8 c./sec.), 9.01 (s)(3H, C - 20)
end 9,16 (d)(3H, ¢ - 17 3 J = 6 c./sec.). (Found: C = T79.88,
0

H=29.52;¢C requires C = 79.95, H = 9.39 %) ;3

2OH28 2

m/e = 700 (M).

Oxidation of Monoacctate A ( 80e ).

(a) Mono-acetete 4 (80e : 130 mg) in dry pyridine (2 ml) was
treated at room tcmperaturc for 12 hours with chromium trioxide

(500 mg). From the crude product (145 mg) the epoxy-aldehyde

(90 mg) was obtained by preparative t.l.c. (chloroform -
light petroleum, 1 9). Distillation at 1500/0.015 mm

. cCcl
afforded a colourless o0il,[d) p =+ 2.3% (¢ = 1.3) 3 V mex

4_
2710, 1755, 1722, 1230, 878 cm™> ; n.m.r. resonances appeared
at ¥ 0.05 (s) (1H, C - 19), 6.25 (q)(2H, C -~ 18 ;3 J =

12 c./scc.), 6.97 (broad s)(1H, C - 3 ; W% = 4 c./sec.),

8.04 (s)(3H, Oic), 9.13 (s)(3H, ¢ - 20) and 9.25 (d) (3H,
C-17 3 J =6 c./scc.). (Found:s C = 70.21, H = 7.89 3

Cpolz,0y requires C = 70.56, H = 8.08 %) 3 /e = 374 (U).
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(b) lMono-acetate L ( B8oe ¢ 45 mg) in dry pyridine (20 ml)
was treated at room temperature for 12 hours with chromium
trioxide (50 mg). The crude product (49 mg) was secen from
t.l.c. to consist of only one compound, less polar than that
obtained in the previous experiment. Purification by
preparative t.l.c. (chloroform - light petroleun, 4 : l)
followed by distillation at 1600/0.04 nn furnished the
aldehyde (20n ) as "2 lourless oil,[d]p = - 89.4° (¢ = 0.8);
U ggi4 2690, 1745, 1725, 1230, 878 cm_l; n,m.r.'signals at
Y 0.53 (s)(1H, C - 19), 4.0% (n)(1H, C - 3 ; w% = 9 c./sec.),
5.82 (s)(2H, ¢ ~ 18), 8.08 (s) (3H, Ouc), 9.02 (s)(3H, C - 20)
end 9.23 (a)(3H, ¢ ~ 17 3 J = 6 c./sec.). (Found : C = 73.86 ;

H = 8.47 3 C requires C = 73.71, B = 8.44%). n/e =

2013004

Oxidation of Hono-acetate B ( 80f ).

Mono-zcetate B (80f : 50 mg) in dry pyridine (2 ml) was
troated as described above with chromium trioxide (50 mg).
Work up gave the crude product (52 ng) which consisted of two
compounds, the more polar one being the more abundant.
Preparative t.l.c. (ethyl acetate - light petroleum, 1 : 3)

afforded the acetoxy-aldehyde ( 80i : 37 ng) as an oil which

was distilled at 155°/0.025 m 3[4), = - 21° (c = 0.88)5
cel
max4 2710, 1745, 1695, 1235, 874 omnl ;s n.n.r. signhals at

T 0.73 (s)(2H, C - 18), 3.29 (£)(1H, ¢ =3 5 J = 4 c./scc.),
5.64 (q)(2H, ¢ - 19 3 J = 12 c./scc.), 8.14 (s)(3H, Ohc), 8.97
(s)(3H, ¢ - 20) and 9.16 (a)(3H, C - 17 5 J = 6 c./scc.).

(Found ¢ C = 7%.70, H = 8.42 ; G requires C = T3.71,

1,.0.
22730 4
H=8.44%) 5 n/e = 358 (M).
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Treatment of sldehyde (80n ) with Hydrazine dydrate.

The acetoxy-aldehyde (80n : 50 ng) in methanol (5 ml)
was treated at room temperature for 15 hours with 100%
hydrazine hydrate (3 ml) to afford an oil (47 mg) from which
the major product (81b : 32 ng) was obtaincd by preparative
t.l.c. (chloroform). It had[i], = - 73.8° (¢ = 1.08) and
was identical ( n.m.r., i.r. and t.l.c.) with the hemiacetal

(81p ) of natural provenance.

Hydrogenolysis of Diacetate ( 80d ).

The diacetate ( 80d : 60 mg) in absolute alcohol (30 ml’
containing triethylsmine (5 ml) was hydrogenated for 40
minutes over lQ% Pd-C. Removal of the cétalyst and solvens
afforded an oil (62 mg) which was seen to contain two
compounds, onc of which still contained a furan ring. These
compounds were separated by preparative t.l.c. (benzene) to
afford the acctate ( 76e : 37 mg) as the less polar componenl,
) A o v / CC14 -1
() p =~ 437 (¢ = l.2))b’ max' 1740, 1235, 872 cm .

This acetate was ( i.r., n.m.r. and t.l.c.) indistinguishablec

from the acetate prepared from acid A. The other compound,

the corresponding tetrahydro=-acetate (84a ¢ 14 mg) after

distillation at 150°/0.04 mm hadlij 5 = + 27.5° (c = 1.2);
ccl,
" mex" 1740, 1235 ea™'; n.m.x. signals at | 4.50

(1H, ¢ - 3; W = 9¢c./sec.), 6.05 (s)(24, ¢ - 19), 8.01 (s)

2
(3H. OAc), 8.36 (broad s)(3H, C - 18), 8.97 (s)(3H, ¢ - 20)
and 9.12 fa)(3H, ¢ - 17 3 J = 6 c./scc-) (Found: C = 75.86,

H = 10.20 ; 022H56o3 requires & ~ 75.81, H = 10.41%).
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Rcduction and acetylation of Epoxy-aldehyde ( 83a ).

The cpoxy-aldehyde (&3a : 60 ng) in dry rcfluxing
diethyl cther was treated with excess lithium aluminium
hydride. 7ork up gave an oily mixture (57 ng) of compounds
of which the less polar compound was the most abundant.
Seperation was cffectcd by preparative t.l.c. (chloroform
containing % % methanol) and afforded the triol ( 895 : 35 mg),
) D= - 27° (¢ = 0.91). Lcetylation in the usual fashion
furn’shed the hydroxy-diacetate (89b : 33 ng), L/jD = - 15.8°
(¢ = 1.0) which was identical (t.l.c., i.r. and n.m.r.) with

the diacetate preparcd from the naturally occuring epoxy-

hemiacetal ( 9la ),

Reduction of (+) Bthyl hardwickiate (984 ).

Ethyl hardwickiate ( 98& : 55 mg) in dry refluxing
diethyl cther (5 ml) was treated with excess lithium
aluniniurm hydride for 19 hours. Work up gave the crude
nroduct ( 57 mg) which was seen from t.l.c. to consist of two
components of very similar polarity, the less polar of which
was the more abundant. Separation by preparative t.l.c.

(2 x chloroform) afforded the oily hardwickiol ( 985 : 37 mg).
In the n.n.r. it showed resonances at ¢ 4.45 (m)(1H, C - 3 ;
r% = 8 c./scc.)y 5.93 (s)(2H, C - 18), 8.95 and 9.29 (s)

(30 each, 2 tertiary mothyl groups) and 9.20 (d)(3d, C - 1T 3
J

= 5 c./sec.); m/c = 302 (M).

Lcetylation of Hardwickiol ( 98a).

Herdwickiol ( 98a s 30 mg) in dry pyridine (2 ml) was

treated at room tempcraturc for 14 hours with acetic anhydride
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to afford the corresponding acetate ( 98p : 31 mg).

Hydrogenation of Hardwickiol acetatc ( 98b ).

Hardwickiol acctate ( 98b : 25 mg) in absolute alcohol
(20 ml) containing triethylamine (5 ml) was hydrogenated for
five minutes over 10% Pd - C. The oil (27 mg) obtaincd was
purified by preparative t.l.c. (light petroleum) to afford

the oily hydrocarbon ( 98c: 22 mg) which was distilled in

vacuo. In the n.m.r. it exhibited rcsonsnces at U 4.86 (m)

(1H, ¢ - 33 W, = 8 c./sec.), 8.41 (a)(3H, C - 18 3 J = 2 c./cc.

Wi

8.97 and 9.22 (s)(3H each ; 2 tertiery methyl groups) and 9.17
(&)(3H, ¢ =17 § J = 6 c./sec.), (Found : C = 83.87, H =

10.62 3 C 0 roquires C = 83.86, H = 10.55%); m/e = 286 (II,.

20130

Lcetylation of Epi-hardwickiol ( 88, ).

The alcohol ( 88a : 100 ng) in dry pyridine (2 nl) was
treated at room temperature for 15 hours with acetic anhyd»ido

to afford a nono-acetate ( 88b : 98 mg) which was purified

by preparative t.l.c. (chloroform). Distillation in vacuo
furnished a colourless oil,[a} Sl 33.5° (¢ = 1.4);

2214 1740, 1230, 878 e s n.m.r. signaels at Yy 4.34 (m)

(1, ¢ - 3 ; w%,= 8 c./sec.), 5.55 (s)(2H, C - 18), 8.05 (s)
(34, Oic), 8.82 and 8.93 (s)(3H each, 2 tertiary methyl groups)
and 9.10 (a)(3H, ¢ =17 3 J = 6 c./sec.).(Found ¢ C = 76.95,

H = 9.34 ; Cooliz503 requires C = 76.70, H = 9.36%).

Hydrogenstion of Epi-hardwickiol acetate (88b ).

(a) The above mono-acetate ( 88b; 50 mg) in absolute alcohol
(25 ml) containing triecthylamine (5 ml) was hydrogenated Tor

five minutcs over 10% Pd-C. Removal of catalyst and solvent



afforded an oil which appeared to consist of two compounds,

one of which (the less polar) still contained a furan ring.

Preparative t.l.c. (light petroleum) afforded the hydrocarbon
(880 : 31 mg) as the major component and after distillation
o o , CC14 -1
it had [4] 5 = - 21 (¢ = 1.08); ¥ max™ 872 cm ' Nem.T.
signels at Y 4.28 (m)(1H, C - 3 5 Wy = 8 c./sec.), 8.50 (s)
2

(38, C - 18), 8.96 and 9.05 (s)(3H each, two tertiary methyl
groups) and 8.23 (d4)(3H, C - 17 ;3 J = 6 c./scc.)(Found: C =

8%.82, H = 10.75 3 C 0 requircs C = 83.86, H = 10.56%);

20130
m/o = 286 (M). The minor "compound' appearcd, from mass
spcetrometric cvidence, to be a mixture of the tetrahydro-
and hexahydro-hydrccarbons; m/e = 290 (292).

(p) 1In a seperatc cxporinent the above acetate (88b 3 45 nmg)
in absolute alcohol containing triethylamine was hydrogcnated
for 40 ninutes over 10% Pd-C. Work up gave an oil (40 mg)
seen from t.l.c. to consist of mainly onc compound, not
containing a furan ring which was nore polar than the

hydrocarbon obtaincd above. Preparative t.lc. (ethyl acctatc -

light petrolcunm, 1 : 19) afforded the hexahydro-compound

(85b : 28 ng) as an oil which was distilled at 700°/0.05 mn ;

oo

] p=- 7° (¢ = 0.7 3 CHCIB).(Found: C = 81.95, B = 12.23 ;

Cooiizg0 requires C = 82.12, I = 12,40%); n/e = 292 (i).

Lcetylation of the Hemi-acctal ( 8lc ).

The hemi-acetal (8lc ¢ 20 mg) in dry pyridine (2 ml)
was treated at room temperature for 15 hours with acetic

anhydride. The unstable oily acetate ( 81¢ : 19 ng)
o1,

obtained had Vv max™ 1740, 882 o™ $ n.n.r. signals at
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T 3.68 (s)(1H, C = 19), 4eis (m)(1H, C ~ 3 3 Wy = 10 c./scc..

ol

and 5.72 (n)(2H, ¢ - 18 3 Wy = 12 c./scc.).
2

Rcduction of the Hemi-acetal ( 81ph ).

(2) The hemi-acetal ( 8lb : 60 mg) in absolute alcohol (5 ml)
was trcated at room temperature for 15 hours with a large
excess of sodium borohydride. The solution was diluted with
water and extracted with ethyl acetate. Evaroration of the
dricd (Na2504) solvent afforded the diol ( 86c :54 mg) as the
solc product, ] p ™ - 52° (c = 1.2). Licetylation of this
diol in the usual manner furnished the diacctate (804 ),

[4) 5 = = 55.6° (c = 0.8) which was indistinguishable (i.r.,
n.n.r. and t.l.c.) from the diacetate formed from the
naturally occuring diol by direct acetylation.

(b) The hemi-acctal (81b : 50 mg) in dry refluxing diethyl
ether was trecated for 14 hours with excess lithium aluminium
dcuteride. The deutero-diol { 47 mg) obtained after
work up was acctylated in the usual manner with acetic
anhydride - pyridinc to afford the corresponding deutero-
diacetate ( 80j s 39 mg). In its n.n.r. spectrum it

exhibited resonanccs at L 4.12 (m)(1H, C - 3 ; Wy =8 c./scc.”
5.50 (s)(2H, C - 18), 6.08 (s)(1H, C - 19), 8.03 (s)(6H, 2 x

0Lc), 8.93 (s)(3H, € - 20) and 9.07 (3H, C = 17 3 J = Tc./sec.).

Hydroxylation of the Hemi-scetal ( 81b ).

The hemi-acetal ( 81b : 450 mg) in anhydrous diethyl
cther was trcated for four days with osmium tetroxide (500 mg).
Working up as described previcusly gave the crude product

(430 mg) which was secn from t.l.c. to consist of two compounl.
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which were separated by preparative t.l.c. (chloroform
containing 5% methanol). The less polar (350 mg) was the
unreacted henmi-acetal whilc the minor product (89a : 40 mg)
was the required diol, V max 3500, 880 om-l; n.mn.r. signals
at Y 4.51 (m)(1H, C - 19; W_%_ = 10 c./scc.), 6.14 (s)(2H,

C - 18) and 6.3%% (s)(1H, C - 3). Hydroxyl protons resonated
at 77, 5.18 (m), 5.56 (s) and 6.82 {m) and disappeared upon
the addition of heavy water. mn/e = 350 (M).

Attempted cpoxidation of the Hemi-acetal (81p )

(a) The hemi-acetal ( 81p : 15 mg) in chloroform was treated
at roon temperature for 90 nminutes with m~chloroperbenzoic acid
(20 mg) in chloroform (1 ml). Filtration through a short
column of ncutral alumines afforded an oil (13 mg) which was
seen from t.lec. to be the unreacted hemi-~acetal.

(b) The hemi-acetal ( A1b : 12 mg) was trcated as described
above for 15 hours. In this casc, after filtration through

alumina no isolable product was obtained.

Lttemnted oxidation of the Hemi-acetal ( 81b ).

(a) The hemi-zcetal ( 81b : 10 mg) in diethyl ether was
stirred at room temperature for 16 hours with activated
manganrcse dioxide but after removal of the reagent t.l.c.
showed the o0il obtained to consist sdlely of the unreacted
starting material. This experiment was repcated using
different grades of manganese dioxide but in all cases the
result was the same.

(b) The hemi-acetal was trcated at room temperature for

15 hours with Sarectt!s rcagent with the same result as found

above.
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Reduction of the Enhoxy-Hemiacctal Kgla ).

(a) The epoxy-heniacetal (9la : 50 mg) in absolute alcohol
(10 ml) was trcated at room temperature for 15 hours with a
large excess of sodium borohydride. Work up afforded an oil
(47 mg) which was seen from t.l.c. to consist of one major
component, from which minor impurities were removed by
preparative t.l.c. (ethyl acetate ~ light petroleum, 1 s 1).
Further purification of the epoxy-diol was achieved by
distillation at 150°/ 0.035 mm and the resulting colourless
0il had [/} p =" 5.3° (¢ = 1.5); V'ggi4 3630, 3380, 875 cm'lg
(Found : C = 71.89, H = 9,12 3 0203300 requires C = 71.82,
= 9.04 %).
(b) The epoxy-hemiacetal ( 91a : 50 mg) in dry refluxing
tetrahydrofuran was treated for 15 hours with excess lithium
aluminium hydride. The product (43 mg) obtained consisted of
two polar compounds of very similar polarity which were
separated by preparative t.l.c. (ethyl acetate - light
petroleum, 3 3 1). The major, less polar component, triol A
(89 : 21 ng) was an oil which distilled at 1800/0.1 mm g
ccl
[x] D= - 11.8% (¢ = 0.75) ; max® 3420, 880 om™t s (Found.

= 71.33, H = 9.60 3 C requires C = 71.39, H = 9.59%).

20 32 4
(¢) The epoxy-heniacetal ( 915 ¢ 50 mg) in dry refluxing
diethyl ether was treated for 17 hours with lithium aluminium
deuteride and the oily deutero-triol A isolated as described

above.

Lcetylation of the Epoxy-diol (83b ).

The gbove cpoxy-diol (83b : 30 mg) was acetylated using

acetic anhydride - pyridine and the resulting epoxy-diaceta*-
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( 83c: 27 ng) was distilled at 180°/0.02 mm and had [{}D=
-11° (¢ = 0.6); v’§§i4 1745, 1235, 875 om™t s n.m.r. signals
at Y 5.82 (q)(2H, ¢ - 18 3 J = 12 c./sec.), 5.89 (q) (2H,
C-19 3 J =7 c./sec.), 6.89 (a)(1H, ¢ = 3 3 J = 3 c./sec.),
8.97 and 8.99 (s)(3H cach, 2 x OLc), 8.97 (s)(3H, C - 20),
and 9.14 (a)(%H, ¢ - 17 53 J = 6 c./scc.). (Found: C = 69.04,

H=28.39 5 C requires € = 68.86, H = 8,19%).

2485206

Leetylation of Triol 4 ( 89s ).

(a) Triol L ( 8%a: 50 mg) was acetylated in the usual manner

to afford the hydroxy-diacetatc ( 89h : 45 mg) as an oil which

was distilled at 75°/0.01 mn 5[4} ; = - 12.5% (¢ = 1.0) 5 ~F
g§i4 3590, 3480, 1745, 1240, 875 cm ™ 3 n.m.r. signals at
5.63 (q)(2H, C =19 3 J = 1% c./sec), 5.8% (s)(2H, ¢ - 18),
8.00 and 8.13% (s)(3H each, 2 x O&c), 9,07 (s)(3H, C - 20) and
9.18 (a)(3H, ¢ = 17 3 J = 6 c./scc.). (Founds C = 68.74,

H = 8.86 ; 024H36O6‘requires ¢ = 68.54, H = 8.63%).

(b) The corresponding deuterated diacetate ( 803 ) was
prepared in a similar manner and showed n.n.r. resonances at
X 5.35 (s)(1H, C - 19) and 5.84 (s)(2H, C - 18) ; m/e =

422 (M).

Dehydration of the Hydroxy-discetate (89b ).

(a) The hydroxy-diacetate ( 89b : 15 mg) in dry pyridine was
heated for 3 hours with redistilled phosphoryl chloride

(0.5 ml). The reaction mixturc was poured on to ice and
extracted with ethyl acetatc to afford the crude material

(17 ng) which was seen from t.l.c. to consist of two compounds.

Seraration by predarative t.l.c. (ethyl acetatc - light
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petroleum, 1 : 4) furnished the oily diacetate ( 8og: 10 mg)

as the major, more polar component. It had[g]'D = - 57.30

(¢ = 1.0). This compound was identical (n.m.r. and t.l.c.)

to that obtained previously by direct acetylation of the

diol (Boc )

(b) The deuterated hydroxy-diacetate ( g3 : 17 mg) was
treated in a similar manner and in its n.m.r. spectrum it
showed resonances at v 4.13 (m)(1M, C - 3 W% =5 c./sec.),
5.52 (s) (2H, C - 18), 6,08 (s)(1H, C - 19), 8.03 (s) (6H,

2 x Ohc), 8.93 (s)(3H, C - 20) and 9.07 (d)(3H, ¢ ~ 17 5 J

= 7 c./sec.) ; m/e = 407 (M).

Reduction and acetylation of the dialdehyde ( 80g ).

The dialdehyde ( 80g : 50 mg) in dry refluxing diethyl
ether was treated for 24 hours with a large excess of lithium
aluminium hydride. Work up in the usual fashion afforded
an oily residue (45 mg) from which the diol ( 8pg¢ : 27 mg)
was isolated by preparative t.l.c. (chloroform containing
3% methanol). This compound,|« | D= " 51° (¢ = 1.3) was
acetylated with acetic anhydride -~ pyridine to afford the
diacetate ' ( 8og s 25 mg); L] D= - 45.5° (¢ = 0.9) which

was identical (n.m.r. and t.l.c.) with an authentic sample

of the diacetate (804 ).

Oxidation of Diacetate (804).

The diacetate (80d : 50 mg) in dry pyridine (2 ml) was
treated for 17 days with chromium trioxide and after work up
afforded the crude material (51 mg) from which the enone -

diacetate (794 : 16 mg) was obtained by preparative t.l.c.
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(ethyl acetate — light petroleum, 2 : 3). Distillation at
150°/0.03 mm afforded an oil, ~ ggi4 1753, 1675, 1220,
875 cm-lg n.m.r. signals at U 4.05 (s)(lH, C - 3), 5.28 (m)
(28, C - 18), 5.99 (q)(?H, C ~ 19 5 J = 11 c./sec.), 7.91 and
T ¢./sec.)

T.72 3

8.02 (s)(3H each, OAc), 8.99 (d)(3H, C - 17 3 J

L}

and 9.12 (s)(3H, C - 20). (Found : C = 69.21, H

024H3206 requires C = 69.21, H = 7.74 %)«
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Extraction of Solidago Juncea roots.

The ground dried rcots of Solidago Jjuncea (9 g) were

extracted continuously for four hours with ethyl acetate in

a Soxhlet apparatus. Eveporation of the solvent afforded the
extract ( 282 mg ) which was scen(on t.l.c.) from its staining
pattern with Ehrlich!'s reagent to consist of one major
furanoid compound with traces of at least three other minor

onese.

Chrongtography of 8. Juncea extract.

The above extract ( 282 mg ) was subjected to preparative
t.l.c. (ethyl acetate - light pctroleum, 3 : T) and the major
furanoid compound was extracted to afford the acid (99a : 80 m_,
as an 0il which was purified by distillation in vacuo. It had

o . cCL,
[{) == 59 (¢ = 0.84 3 GH013 s vV max™ 1748, 1700, 877
— 5 nem.r. signels at Y 4.72 (n)(lH, C =3 5 Wy =
2
8c./sec.), 8.40 (broad s)(3H, C - 18), 8.83 (4)(3H, C - 17 3

J =6 c./sec.), and 9.04 (s)(3H, ¢ - 19); n/e = 316 (M).

Methylation of acid ( 99a ).

The acid ( 99a : 70 mg) in diethyl ether was treated fér
15 ninutes with cxcess diazomethane. Evaﬁoration of the solvent
afforded the corresponding methyl ester ( 99p s T2 mg) which
distilled at 160°/0.02 mn, (4} = - 53.5° (¢ = 1.57 3 CHCL,) ;

CCl4 -1 N
V' nax 1735, 878 cnm $ n.ri.r. resonances at [ 4.83 (m)

T c./sece), 6.47 (s)(3H, - oqg3), 8445

18), 8.88 (a)(3H, ¢ -~ 173 J = 6c./sec.)

It

(18, ¢ - 35 Wy

(broad s)(3H, C

- 19); n/e = 330 (M).

Q

and 9.2 (s)(3H,
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Reduction of Mcthyl ester (99b ).

The above methyl ester ( 99b : 60 mg) in dry refluxing
diethyl ether was treated for 15 hours with excess lithiun
aluminiun hydride and furnished the alcohol ( 99¢ : 57 mg)

which since it failed to crystallise was distilled in vacuo
o , 0014
48.8° (¢ = 1.03 ; CHGlB); v max' 3650,

3460, 877 ont s resonances in the n.m.r. at ¢ 4.86 (m)

and had{d] D=

(1H, ¢ - 3; Wy =T c./sec.), 6.37 (s)(2H, C - 20), 8.43
(broad s)(3H, ¢ - 18), 9.0 (s)(3H, ¢ ~ 19) and 9.1 (d)

(38, C = 17 3 J = 6 c./sec.); n/e = 302 (M).

Lttempted oxidation of alcohol ( 99¢ ).

The alcohol ( 90c¢ : 18 mg) was treated for 14 hours
with Sarett's reagent but no isolable product (t.l.c.) was
obtained. This experinent was repecated three times but in

all cases the result was the sane.
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Reduction of Confertifolin ( 108 ).

Confertifolin ( 108 ; 187 mg) in dry refluxing diethyl
ether (10 nl) was trecated for 90 minutes with excess lithiunm
aluniniun hydride and after work up afforded the diol
(11la : 190 ng) which crystalliscd from cthyl acctate - light
petroleun and had m.p. 123° (reported 54 101 - 1250)3 n.m.rT.
signals at ¥ 5.83% and 5.9 (s)(4H, ¢ - 11 2nd ¢ - 12), 9.0,

9.1 and 9.15 (all s)(34 cach, 3 tertiary mcthyl groups).

Oxidation of Confertifolin diol (111a ).

The above diol ( 11lla: 150 ng) in dry pyridine (2 nl) was
treated for 14 hours with excess chromiun trioxide and
afforded the crude material (146 ng) secen from t.l.c. to
congist of threc componcnts. Separation was effected by
preparative t.l.c. (ethyl acctate - light petroleum, 1 : 19)
and afforded the least polar component, the ﬁ ’ P g
disubstituted furan (112 : 57 mg) as the major constituent.

cel, ,
J nax? 889 on”t 5 n.n.r. signals at U 2.93 (s)(2H, ¢ - 11

and ¢ ~ 12), 8.8L, 9.08 and 9.10 (s)(3H each, C - 13, ¢ - 1&

and ¢ - 15). (Found: ¢ = 82.40, H = 10.125 C 0 requires

15820

¢ = 82.51, H = 10.16%). Thc minor componcants were of very

similar polarity and werce seen from n.m.r. to be confertifolin

( 108 : %4 ng) m.p. 150-152° and isodrimenin (109 : 37 ng)

>4 h.p. 152° ana 131 - 132°

m.p. 125 - 127° (reported
respectively).

Loctylation of Drimenol ( 10la ).

Drimenol (10la : 98 mg) in dry pyridinc was trcated at

room temperature for 15 hours with cxcess acetic anhydride



Ccl/’ -1
to afford the oily acectate (101d ), V max’ 1740, 1235 cn
n.on.r. signals at 7 4.5 (n)(1H, C - 7 3 Wo = 8 c./sec.),

2
8.00 (s)(3H, Ofc), 9.13 (s)(6H, C - 1% and C - 14), 8.34

(s)(3H, C - 12 5 Wy = 4c./sec.) and 9.20 (s)(3H, C - 15).

o=

Oxidetion of Drimenyl acetate ( 1ctd ).

Drimenyl acetate ( 101 : 70 ng) in dry pyridine (2 ml)
was treated at room temperaturc for 16 days with excess
chronmium trioxide to afford the crude product (77 mg) which
was separated into its two components by preparative t.l.c.
(ethyl acctate - light petroleum, 3 : 17). The less polar
band (23 ng) was identical with drimenyl acctate. The more

polar compound, the cnone-acetate (109& : 3% ug) was obtained

as an oil which slowly crystallised on being allowed to stand
at 0° and hed m.o. 48 = 503 ggi4 1745, 1677, 1228 om *;
n.n.r. signals at Y, 5.28 (q)(2H, ¢ - 11 5 J = 13 c./sec),
7.97 (s)(3H, 04c), 8.24 (s)(3H, C - 12), 8.91, 9.10 and 9.13
(s) (31 cach, 3 tertiary nethyl groups). (Found: C = 73.10,

H = 9.40 3 C17H2603 requires C = T3.34, H = 9.41%).

Leetylation of Confertifolin Diol (1114 ).

Confertifolin diol ( 111a: 90 mg) was acetylated in the
usual monner with acetic anhydride - pyridine to furnish the
oily diacctate (171¢ ¢ 92 mg) which was purified by

o CCln _1
distillation at 100°/0.05 ma; v max™ 1743, 1225 oo™ ;
n.o.r. signals et ¢, 5.37 and 5.4 (s)(2H cach, C - 11
and ¢ - 12), 7.93 and 7.97 (s)(3H each, 2 x 0Lc), 8.97
9.0% and 9.10 (s)(3H cach, 3 tertiary methyl groups). (Found:

¢ = T1.05, A = 9.55; 0p¢H;0, Tequires G = 70.77, H = 9+38%) .
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Oxidation of Confertifolin diancctate Gi1. )

Confertifolin diescetatc ( 11le: 80 umg) was treated as
described above with Sarctt!s rcagent. The oily mixture
(84 ng) obtained after work up was subjeccted to preparative
t.l.c. (ethyl acectate - light petroleun, 1 : 3) and
afforded thc unrcacted diacctate ( 11le ¢ 23 ng) as the less

polar component. The morc polar compound, the enone-diacctatc

(114 : 47 ng) failed to crystallisc and was purified by
CcCl

distillation in vacuo j ’d max4 1750, 1685 and 1230 cm—l;
n.n.r. signals at | 5.16 (s)(4H; C =11 and C - 12), 7.95
and 8,00 (s)(3H each, 2 x Oic), 8.8L, 9.06 and 9.08 (s)

(31 cach, three tertiary methyl groups).(Found: C = 68.26,

H requires C = 67.83, H = 8.39%);

i

8.4T5 €y oHpg05

n/e = 336 (M).

Tosylation of Drimenol (3107a ).

Drimenol ( 10la: 153 mg) in dry chilled (0°) pyridine
was treated at 0° f-r 90 hours with a solution of
p~toluenesulphonyl chloride in pyridine. Work up gave the
oily tosylate (101c ¢ 157 ng); n.m.r. signals appcared at

v 4.52 (n)(1H, C - 73 Wi = 6 c./sec.), 8.44 (s)(3H, C - 12,

L
2

9.18 (s)(6H, C - 13 and C - 14) and 9.28 (s)(3H, ¢ - 15).

(Found: C = T0.42, H = 8.79 ; 022H32303 requires C = 70.18,

H = 8.57%).

Reduction of Drimenyl tosylate (101p ).

Drimenyl tosylate (10lc : 85 mg) in dry refluxing
tetrahydrofuran was treated for 15 hours with excess lithium

aluninium hydride. The crude product (83 mg) obtained was
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separated by prepaerative t.l.c. (light petroleum) to
afford drimene ( 101bs 73 ng) as the less polar component.
Since it failed to crystallise 1t was purified by
distillation at 45°/0.005 mn to afford a very mobile
colourless oil. In the n.m.r. it showed resonances at U
4,57 (m)(1H, C = 7 3 w% = 8 c./sec.) and 8.3%8 (broad s)
(3H, ¢ - 12; My =5 c./sec.). (Found: C = 87.08, H = 12,58;

Ci5l,g  requires C = 87.30, U = 12.70%)

Lttempted oxidation of Drimene (1a1n ).

Drimene ( 101p : 40 ng) was treated for 14 days with
excess Sarett's reagent but after work up no isolable

Product (t.l.c.) was obtained.

Lttompted oxidation of Confertifolin ( 1p7 ).

Gonfertifolin ( 107 ¢ 52 ng) was treated for 22 days
with Sarett!s reagent and after work up afforded the crude
naterial (50 mg) from which the coloured impurities were
renoved by filtration through a short column of alumina.
Crystallisation of the product from ethyl acetate - light
petroleun afforded needlecs, m.p. 148 = 1500 identical with

confertifolin.

Lttenpted oxidation of Erythroxylol B acetate (317 ).

Erythroxylol B acetate ( 117 ¢ 14 mg) was treated for
17 days with Sarctt's rcagent to afford the crude product
(14 mg) which was identical (t.l.c. and n.m.r.) with the

starting material and showed no trace of any polar material



- 199 -

Lcetylation of Cholesterol (30fa ).

Cholesterol (106c : 350 ng) was acctylated with accbic
anhydride~pyridine in the usual manner snd afforded
cholesteryl acetate ( 106b: 354 mg) which crystallised from
chloroforn - light petroleun and had n.p. 119O (reporied

111 - 1160). In the n.n.r. signals appearcd at 4.59 [

(n)(1H, ¢ = 6 § Wy = 10 c./sec.) and 5.3%3 (m)(2E, C - 3 ;

i
2

Wi = 16 c./sec.).

Oxida*ion of Cholesteryl acetate (106n)-

sholegsteryl acetate ( 106b : 330 mg) was treated for 1/
days with excess Sarett!s reagent. The product (340 ng)
obteined after work up was subjected to preparative t.l.c.
(ethyl acetate - light petroleum, 3 s 17) and two major
bande extracted. The less polar was the scetate ( 106p : 1%C =
Juystallisation of $he other band (68 mg) from light
pesroleun afforded 3 ﬁ acctoxy-cholest-5-cne~Tone as plates,

_ 0 o v -1
n.p. 154 (reported 155 - 1637 ); nax®™ 1740, 1682 cn .
Tn the n.o.r. it showed signals at %, 4.3 (s)(1H, C - 6;

Wi = 2 c./sec.) and 5.33 (m) (1H, C - 3, nultiplet width
2

20 c./scc.).

Attenpted oxidation of cholest-5-ene (106a )

Cholest-5-cne ( 106a: 46 mg) was treated at room
tenperature for 23 days with chromium trioxide in pyridinre
Work up gave the crude materisl from which the colouring
natter was removed by filtration through a short column of
alumina. T.l.c. and n.w.r. of the product showed it to be

identical to the olefin with only very small traces of more
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nolor sotcerial.

Candgtion of Cholesterol (1060 ).

Cholesterol ( 106c: 262 ng) was treated at room

temerature for 15 hours with chromium trioxide in pyridine
and affcrded an oilly mixturc (268 mg) of three compounds
which were separated by prepsrative t.lc. (chloroform).
The least polar band, cholest-d-ene, 3, 6, dione (116s ¢ 139 mg,
cryshallised {from chloroform - light petroleum and had m.p.
113 - 215° (reported 122°), % ggi4 1685 on™T; n.m.r.
ciznal al Y, 3%.85 (s)(1H, C - 4). The compound of
intermediazte polarity was cholesterol (106c : 70 mg) while

nost noler compound was 6 % - hydroxy-~cholest-4ene-

Aecne { 116b:42 mg; which crystallised from ethyl acetate =

Jiznt setroleunm and had m.p. 179 - 180° (reported
, 0L, ]
LG - 1950); Y max® 3550, 1675 cm 1 ;5 nN.n.r. signals

°

ot U 4.2 (s)(1H, C -~ 4) and 5.46 (m) (1H, C - 6 3 W% =

- /
1[G/ 82Ca )
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Diterpenoids from Solidagoserotina
Molecular |Melting 20, C -

Y¥o. |Formula Point T‘QD (2408) v Saiﬁ' (cm 1)

T6a | C,0H g0, 169-171°| - s8° 31003600, 1695, 875.

80a Co5ts,05 134-135°| - 28° 3100-3500,1720,1695.

80d C,0H 00, 0il - 164° | 2690,1722,875.

872 |C20t2s03 92-95° + 12° 1772,874.

808 |C,0E,c0, 103-105° | - 49° 1720,1690,878.

81 |Co0%803 0il - 28° 3600, 3390, 872.

91a  |Co0%e04 c. 18° - 47° 3600, 3400, 872,

88a  |C20F300% 0il - 45° 3620, 3400, 875.

goo  (C20%3005 60--62° - 36° 3620, 3340, 875.

gob  [FooFyol5 | 1351377 | - 18° 3425,875.

Table 1




Oxidation by Chromium(VI)

Mechanism A

R1 R3 R1 $3 ﬁ
N\
/c:c( _— +C C-R, — R=C-C-R,
R, R, 0-Cr- R?_Co Cr-
R
OH\T3 i\ /% !
R C*-C R —> C'—“—C\ RZ—C- -—Fi
( R AN / R , | f
R2 O{Ir 2 O R3 0
Mechanism l§
R R "R
C=C —_— R‘*C“"C—'RA
2 4 3 :"/O
Cr
-7 HOY L\OH
i MR
R—C— C—R C—C
Tronos AWA
R2 0 RZ 0 Rl,,

Figure 8
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R=CH,0Ang :R,= COOH

a: a: R=0

b R1_CHOAng Rz CO,CH, b:R=H,0H
c:R=R=CH,OH ¢ : R=H,0Ac
N 1

e .

f:
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Introduction.

Since nmembers of the Mcliaccae family have becn a rich
source of nodified triterpenes an examination of the

heartwood of Guarca glabra was undertaken in a search for

biogenctically related comnpounds. From an ethyl acetate
extract Dr. J.7.B. Fulkol has isolated seven tetracyclic
triterpencids and frow chenical and spectroscopic evidence
has suggested tentative structurcs for five of then.

The least polar compound, glabral I (la) was scen fron
its mass specctrun to be a mixture of compounds of molecular
fornuleae 037H56O7 and CB6H 407. The i.r. and n.n.r. spectra
indicated the presence of an accetoxy groun and an
unsaturated ester. In addition, in its n.m.r. spectrun, were
resonances from a proton of the type = 0 - CH - OH in a
cyclic henmiacetal, and froix a further proton on the carbon
aton which is the other terminus of the ethercal linkage.
This latter proton showed coupling to an epoxide proton. The
conclusion wes reached that glabral I has a side chain
similar to that of turrscanthin ( 2 )2. Sarctt oxidation
furnished a 3 =lactone ( 1b ) confirming the prescence of a
cyclic hemi-acetal in the parent. The abscnce of the expected
double bond in the nucleus was accounted for by the doublets
centred at { 9.66 and 9.34, typical of a mcthylene group in
a cyclopropane ring which was tentatively assigned a 9,10
fusion as in the cycloartanol ( 3 ) group of triterpenoids

where the cyclopropane ring is { fused.
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The resonancc of the proton adjacent to the sccondary
acetate group ( -CH - Oic) appearcd in the n.m.r. spectra of
glabral T and its derivatives as an ill-resolved tripnlet at

Y, .98 which suggested that this proton has two neighbours.
In the part structurc ( 4 ) there arc only four possible
positions for this proton, viz. ¢ - 1, ¢ - 11, C - 12 and
C - 15 and gince the acctate was found to be resistant to base
hydrolysis, this clininatcd ¢ - 1 and C - 15. Fron biogenetic
considerations the hindered position at C¢ - 11 was suggested
for the location of the acetate function. The stercochenistry
of this grouy followed from the small cousling observed
(W%.= 6 c./seo.) which is indicative of an axial group. Since
all naturally occuring tritcrpenoids of the lanostane -
euphane grou; have oxygenation at C - 3, this is the probable
point of gttachment of the +p unseturated ester grouping.

The adjacent proton appearcd in the n.m.r. as a triplet at

%, 5.31l, with a half band width of only 7 c./sec.,
indicating thet this cster is also in an axial orientation.

In the ncmbers of the lanostanc secrices containing a
cyclopropane ring the ¢ - 8 proton is {* corresponding to
addition of hydrogen to the double bond from the sterically
less hindered P face. Since glabral I is assumedl to belong
to the euphol series the C - 8 »roton is assigned the X
oricntation as the o face is the less hindercd in this case.

The second compound, glabral ITI ( 5a ) had the nolecular

fornulea 806 and from its i.r. spectrum was secn to

C.-H.
3274
contain o hydroxyl group, an acctatc and e six nenbercd ring

ketone. The prescnce of a cyclopropane ring and the hemiacetal =~



- 222 -

epoxide side chein was deduced from its n.n.r. spectrun.
Fronm this cvidence the structure of glabral II was proposed
as ( 5a ).

Glabral III ( 6a ) was assigned the nolecular fornula
037H5808 fron analytical date and a mass spectronmetric
nolecular weight determination. Its spectral properties
indicated the presence of the heniacetal -~ epoxide side
chain and oxidation furnished a  =lactone as expected.

In addition to the signals in the n.nm.r. from an equatorial
proton adjacent te the acetoxy group (- QEQAO) and the
cyclopropyl nethylene group there appeared a broadened
singlet at { 5.22 ( H - 3 ) and a resoncnce at about
9.10 fron two secondary nethyl groups. A multipnlet at

T 6.05 collapsed to a sharp doublet when the sample was
shaken with heavy water. Nuclear magnetic double resonance
experinents indicated that this doublet arose from coupling
of the carbinol jproton of a secondary hydroxyl function with
a proton in the nethylene envelope. Such a systen cannot

be acconodated on the tetracyclic nucleus and therefore had
to be located in the five carbon ester function which proved
to be a 3-nethyl-2-hydroxybutyrate by comparison with the
n.n.r. spectrun of ethyl lactate.

The oily glabral IV ( 5b ), © Og» in comaon with

H
32750
the threec less polar compounds had a hemiacetal - epoxide
side chain, a cyclopropane ring and an axial sccondary

\ . " (
acetate group. L nultiplet at ¢ 6.55 (Wi = T c./sec.)
2

and the absoration at %626 cm—l in the i.r. indicated the

presence of a secondary hydroxyl group, the small coupling
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being diagnostic of an equatorial proton. Oxidation
furnished a keto~ ¥ ~lactone ( 5¢ ) which was identical
in all respects to the oxidation product of glabral II.

‘The most pclar compound, glabral VIII was obtained as
an 0il after rejeated preparative t.l.c. and its i.r.
spectrun showed the presence of an acetatc group, a six
menbered ring ketone and two hydroxyl functions, one prinary
and the other secondary, possibly in a 1,4 relationship.
Multiplets at ' 6.20 (1H), 6.38 (2H) and 6.62 (1H) in its
n.n.r. spectrun were assigned to -CH -CH, -CH, -OH and ~-CH- OR

protons respectively while in the nethyl region there
were singlets from six tertiary methyl groups. Sarett
oxidation furnished a crystalline compound in which the
hydroxyl absorption had disappcared and was rceplaced by a
new peak at 1790 cm—l characteristic of a 3§ =lactone. The
nent.r. of this conpound was nmost informative, the two protons
of the cyclopropane ring being clearly visible as doublets at
Y 9.64 and 9.35 (J = 6 c./sec.). Wuclear magnetic double
resonance cxpceriments showed that the methylcne group adjacent
to the carbon atom bearing the axial secondary accetate function
was also attached to a fully substituted carbon aton.
Assuning the skeleton to be the same as that of the other
triterpenoids there are only two nossible locations for the
acetoxy group, at C - 11 and C - 12. € - 11 was choscen as the
nere likely site of attachment from biogenetic considerations.
In the low field region of the spectrum therc were rcsonances

fron two mutually coupled protons which appecarcd as triplets,
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onc at ¥ 6.02 (J =8 c./seo.) and the other 2t ¢ 5.64

(width

26 c./sec.). Irradistion at ¥ 6.02 caused the
nultinlet at v 5.64 to collapse to a quartect while the

reverse ox,eriment caused the trinlet at U 6.02 to collapse

to a doublet. Thg proton at v 5.64 was further coupled to a
proton at { T.54 and that at T 6.02 to two protons at | T.72
which suggested that the system ( 7 ) must be prescnt. Since
the hemiacetal - epoxide side chain of the less polar compounds
appeared to be absent this grouping was assuned to constitute
the side chain and fronm this evidence the structure ( 8 )

which contains the required % -lactone, was suggested. The
forngtion of this system from the precursor, glabral VIII

( 9 ) can bc envisaged as involving the owxidation of the
primary alcohol to a hydroxy-aldehyde, which after cyclisation
to g hemiacetal would be oxidised to the corresponding -
lactone.

No conclusions concerning the structures of the remaining
oompounds were nade since only very small amounts of material
were available and thus the guality of the n.nm.r. spectra was
pocr and of little value in structure detcrmination. However,
fron the i.r. spectra it was seen that those compounds were

congsiderably different from those described above.
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DISCUSSION.

If the conclusions reached above concerning the nature
of the C - 3 ester functions arce correct then removal of this
molety fronm glabral I and glabral IIIshould afford glabral IV
and thus relate the four major triterpenoids from the extract,
glabral II and IV having proviouslyl been interreclated. In
fact, the oxidised forms of the compounds have becen used for
the following interrclations since the parent compounds are
nixtures of the two possible epimeric hemi-acetals. In their
n.n.r. spectrs this is reflected in the resonance of the
C - 24 cpoxide proton which appears as a pair of doublets in
the hemi-accetals but as a sinzle doublet in the corresponding

Y -lactones.

Ln cthereal solution of glabral 1 lactone ( 1b ),
preparcd from glabral I by Sarcett oxidation, was treated with
osmium tetroxide and afforded an oily nixture of two compounds
which were casily separated by preparative t.l.c. using plates
0.3 nn in thickness. On thicker plates the boundaries of the
two compounds were indistinct and led to nixtures. The less

polar diol L ( 10a ) C after crystallisation from ethyl

H. 0O
3775679
acetate - light petroleun had m.n. 218 - 2200. The molecular

ion at m/e = 6/4 is clearly visible in its mass spectrun which
shows no tracc of zny lower homologues. In the carbonyl

region of its i.r. spcctrum there are only two peaks, one at

L fron tho ¥ -lactonc and the other a broad peak at

1777 om”
1731 om—l from the acetate and the ester function, the peak

-1 . o . .
at 1717 cn fron the » -unsaturated ester grouping having

i
i

disappcarced. The hydroxyl ebsorpticn appears at 3583 and 3514
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In its n.n.r. spectrun the low field olefinic protons are
absent znd ere replaced by a quartet centred at ( 5.82
(J = 7 c./sec.) fron the proton (-CH -0H) of & sccondary
hydroxyl function which is spin - spin coupled to a nethyl
group. The C - 3 and C - 11 equatorial protons appear as
unrcsolved nultiplets at Y 5.2 (W% = 7 c./scc.) and 4.98
(W% = 6 c./sec.) while the C -~ 23 and C - 24 protons appear
as a nultiplet at ¥, 6.4 (nmultiplet width = 30 c./sec.) and
a doublet at ' 7.2 (J = 7 c./sec.) respectively. The methyl
signal of the acetate group appears as two singlets atb X{7.98
and 8.01 indicating a mixture of diasterecolisomers as expected
upon the formation of two additional asymmetric centres.

Diol B ( 10b ) 036H also crystallised fron cthyl

54°9
acetate - light petroleun but as very fine ncedles, n.p.

203 = 2050. That this conmpound contains only a 04 ester
group can be deduced from the presence of the molecular ion
at m/e = 630 in its mass spectrum which shows no peaks fron
higher molccular weight materiagl. Its i«r. spectrun is very
sinilar to that of diol A in that the absorption from the
hydroxyl groups appears at 3585 and 3518 om-l and that from
the carbonyl functions at 1781 and 1727 (broad) en™l, In its
n.n.r. spectrun it exhibits an ill-resolved quartet at Y 6.4
(J = 9 c./sec.) attributable to the methylene protons of =
primary hydroxyl groun. Furthermore, the acetoxy methyl
group agein resonates as two singlets at T 8.0 and 8.04

refelcting the inhonogeneity of this substance.
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Sodium metaperiodate treatment of diol A afforded a

crystalline compound ( 11 ) € m.p. 180 - 182° which

35750%8
in its i.r. spectrum shows three carbonyl peaks at 1782,
1730 and 1722 em™ L, The latter arises from the pyruvate,
the lower value being caused by the introduction of an
additional carbonyl function to form an «/ -keto-ester.

This is confirmed by the presence in its n.m.r. spectrum of
a singlet at U 7.6l from a methyl group attached to an o -
dicarbonyl system. A compound identical in all respects was
obtained from similar treatment of diol B ( 10b ) which must
therefore contain the HOH, CmC(CHB)(OH)-C = 0 grouping since
otherwise the product of periodate cleavage would be an
agldehyde and not s methyl ketone.

I'rom this chemical evidence it is seen that the original
material, glabral I, must be, as previously suggestedl on
spectral grouvnds, a mixture of C4 and C5 5 ~unsaturated
esters, although no sepsration on silica gel or on silver
nitrate - silica gel could be effected. Of the six possible
esters only the three with methyl groups attached to the
oL carbon atom need be considered sincé the others would not
give a pyruvate ester on oxidation. That glabral I is a
nixture of angelate, tiglate and methacrylate esters is
confirmed by an examination of the olefinic region in the
n.m.r. spectrum of bvoth it and the lactone. A broad
multiplet at ¢ 3.15 (multiplet width = 24 c./sec.) and an
unresolved multiplet at 'Y 3.89 (W%_= 4 c./sec.) are

3

characteristic” of the olefinic protons in tiglate and

angelate esters respectively while the exomethylene protohs
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of a methacrylate appear as multiplets at ' 4.48 (W% =
5 c./sec.) and 3.89, the cis proton being approximately 0.6
ppm lower than the trans proton.

Both diols A and B were treated with Sarett's reagent
and after preparative t.l.c. the major product in both cases
crystallised from ethyl acetate and had m.p. 179 = 1810.

The mass and n.m.r. spectra of both of these compounds were
identical to that of the ,q, ~-keto ester previously obtained
by periodic acid cleavage. The minor product, from its
melting point and i.r. spectrum was deduced to be glabral IV
lactone (5¢) produced by cleavage of the pyruvate ester in
basic solution followed by oxidation of the newly formed
hydroxyl to a cyclohexanone. Since both periodic acid and
chromium trioxide -~ pyridine oxidations have produced
identical products it appears possible that the intermediate
in the latter may be a cyclic chromate ester, decomposition
of which in & manner similar to that suggested for lead tetra-
acetate and periodic acid cleavages would afford the observed
product.

Glycol cleavage by chromic acid has previously been
reported 772 and the mechanism studied in some detail. The
suggestion of a cyclic intermediate followed from the fact
that the monomethyl ether of pinacol was not readily oxidised
and that cis 1,2-dimethyl-1,2-cyclopentanediol is oxidised to
2,6-heptanedions 17,000 times faster that the corresponding
trans isomer. No study of the chromium trioxide - pyridine
cleavage of cis glycols has been reported but there is no

obvious reason for the mechanism to be other than that



- 229 -

suggested for the reaction under acidic conditions.

Hydrolysis of the pyruvate ( 11 ) with a saturated
aqueous solution of sodium bicarbonate furnished the
alcohol (5d) 052H4806’ m.p. 202 - 204° which on treatment
with Sarett's reagent afforded a keto-lactone (5¢) m.p.
215 -~ 217O identical in all respects with glabral IV lactone
previouslyl preparcd from glabral IV by direct oxidation.
The i.r. spectrum of the hydroxy-lactone (5d) shows absorption
at 3630 (non-bonded hydroxyl), 1779 (¥ -lactone) and 1728
(acetate) cn™t as expected. In its n.m.r. spectrum the C - 3
equatorial proton appears at the surprisingly high value of
N, 6.60 as an unresolved nultiplet (W% = 5 c./sec.) while
H - 11 resonates as a multiplet at ¥ 5.00 (W% =7 c./sec.),
H - 23 as a multiplet at Y, 5.84 (multiplet width = 28 c./sec.)
and H - 24 as a doublet at YoT.22 (J =17 c./sec.).

Hydrogenation of glabral I over Adams catalyst in either
ethanol or ethyl acetate furnished as the major product the
oily dihydroglabral I ( lc ) whose n.m.r. spectrum shows no
absorption below Y, 4.5. That the hemi-acetal and the
cyclopropane rings have remained intact can be deduced fron
the presence of a multiplet at Y 4.62 (W% = 6 c./sec.) and
the pair of doublets at ' 9.35 and 9.66 (J = 6 c./sec.).
By treatment with Sareti'!'s reagent this substance was
converted into the corresponding J - lactone (1d) m.p.
190 - 1910 which was an inseparable mixture of C57H5€O7

and

{&mz%3ﬁgﬁdgﬁwv§§@$s spectrum) .,
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The hemi-acetal grouping could be reduced to the diol,
by reaction of glabral I with sodium borohydride, which after
crystallisation from ethyl acetate - light petroleum
furnished the diol ( 12 ) as very fine needles m.p. 183 -
1840. Mass spectral and analytical data indicated that this
material was a mixture of compounds of molecular formulae
037H56O7 and 056H5407' In the n.m.r. the resonance at about

X 4.6 is notably absent and is replaced by a multiplet
between ', 6.2 and 6.8 integrating for three protons. This
can be assigned to the protons adjacent to the newly formed
hydroxyl groups.

Oxidation of glabral III yielded a mixture of two
lactones, the less polar of which after crystallisation had
m.p. 209 - 210°. That this compound ( 6b ) C5Hg,0g Was the
fully oxidised glabral III lactone was deduced from its i.r.
spectrum which shows no hydroxyl absorption but instead a
band at 1768 en™t (% =-lactone) and a very broad band at
1720 cm“l from the acetate and the C - 3 ester. The proton
adjacent to the o -dicarbonyl system appears in the n.m.r.
as a septet at Y 6.82 (J = 7 c./sec.) showing coupling to two
methyl groups. which themselves give rise to a six=-proton
doublet at | 8.84 (J = 7 c./sec.). Also visible are the
signals from the ¢ - 11 proton (multiplet at 5.02 j W% =
6 c./sec.), the C - 3 proton (multiplet at Y 5.17 ; W% =

6 c./sec.), the C - 23 proton (multiplet at “¢ 5.87 ; width

30 c./sec.) and the C - 24 proton (doublet at Y T7.24 3 J =
8 c./sec.). The more polar oxidation product (6c) crystallised

from .thyl ~cetate - light petroleum and had m.p. 225 - 226°,
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The mass spectral and analytical figures correspond to a

molecular formula of C H5608 indicating that only one of the

37
hydroxyl groups had been oxidised. That it was the hemi-
acetal hydroxyl group can be deduced from the presence of the
characteristic 3 -lactone absorption in the i.r. at 1779
omal, the hydroxyl and the acetate appearing at 3535 and
1724 cm"l respectively. The resonance of the HO -C -H
proton appears at  5.94 as a doublet (J = 4 c./sec.)
superimposed on the multiplet from H - 23 at 7, 5.83
(multiplet width = 34 c./sec.). This hydroxyl group proved
to be rather resistant to oxidation since after 18 hours
tregtment with the chromium trioxide complex considerable
amounts of the half-oxidised product were obtained.

The corresponding acetoxy - lactone (6d4) was prepared
from glabral III by treatment with acetic anhydride -~
pyridine followed by hydrolysis to the acetoxy - hemiacetal
on basic alumina. This compound was transformed by
oxidation with Sarett's reagent into the b =-lactone (64)
crystallisation of which afforded needles, 039H5809’ MeDo
204 - 2050. In its n.m.r. the signal from the extra-nuclear
H - C ~ OAc proton had moved downfield by 0.85 ppm to
5.09 (a){J = 4 c./scc.). The acetatec methyl groups appear as
separate singlets at ¥ 8.86 and 8.98.

Glabral III lactone (6b) being an o -keto ester was
readily hydrolysed by an agueous solubtion of sodium
bicarbonate and gave as the magjor product the hydroxy -
lactone (5d) m.p. 201 - 203%° previously obtained by Xupchan

cleavage of glabral I lactone as described above.
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Sodium borohydride reduction of glabral IV lactone
(5¢) furnished as the major product an oily triol ( 12b )
C32H5206 the spectral properties of which indicate that both
the cyclohexgnone and the 4 -lactone functions have been
reduced (peaks at about 1705 and 1780 cm™t absent). The
retention of the accetate and the epoxide ring can be deduced
from its n.m.r. resonances at ‘¢ 5.01 (m)(W%.= 5 c./sec.) and
7+26 (8)(J = 9 c./sec.). The carbinol protons appear as a
multiplet (4H) between X 6.2 and 6.9 in which the
individual signals cannot be distinguished. As a result it
is not posgible to deducc the stercochemistry at ¢ - 3 in
this compound but as reduction takes place from the less
hincered & face of the molecule the hydroxyl group should
have the opposite stereochemistry to that of glabral IV
iteelf. The 3 -/ orientation of the oxygen functions, although
less common than the 3 } orientation is not unknown in
compounds isolated from members of the Meliaceae (or the
rclated Rutaceae species). Indeed, it has been found6 in
flindissol ( 13 ), a triterpenocid which also contains a
cyclic hemi-agcetal in the side chain.

Treatment of glabral IV lactone (5¢) with either
chloroacetic or bromoacetic acid in refluxing benzene
furnished in addition to the desired chloro- or bromoacetate
(see later) significant amounts of two other crystalline
compounds by opening of the epoxide ring. The least polar
component, the hydroxy - olefin ( 14a ) m.p. 157 - 160°

analysed for C52H4606 isomeric with glabral IV lactone.
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That the original ketone, acetate and lactone are still
intact can be seen from its i.r. spectrum. In addition there
is hydroxyl absorption at 3588 and 3445 cm'l. The resonance
in the n.m.r. spectrum from H - 24 is absent and replaced by
a two proton multiplet at Y 4.97 (J = 6 c./secc.) assigned to
an exomethylene grouping. A methyl group attached to a double
bond gives rise to a broadened singlet at Y 8.2%. 1In
addition, there is a doublet at ¥ 6.0%3 (J = 7 c./sec.) from
the (—Qg -~ OH) proton of a secondary hydroxyl function which
is coupled to the lactone proton at C - 23. Acetylation of
this compound afforded very large needles ( 14b ), m.p.

110 - 115? 184O after crystallisation from chloroform =~

light petroleum. Analytical figures indicated that the
compound contained a molecule of chloroform of crystellisation.
This was confirmed by recording its n.m.r. spectrum in
acetone when the C_IiCl3 proton appears as a singlet at ¥ 1.95
(chloroform dissolved in acetone alone appears at 7 2.18).
In the remeinder of the spectrum the signals from the
exomethylenc protons and the two protons adjacent to the
acetoxy groups are superimposed on each other and cannot be
distinguished.

The gccows compound from the reaction was the
chlornacetate ( 15a ) (or bromoacetate ( 15b ) ) which will
be discussed in detail in the following section. The most
poler compound was & diol, 032H4807 m.p. 198 - 200° whose
constitution as ( 15¢ ) follows from its molecular weight
and its i.r. spectrum which shows peaks at 3565, 3515, 1782,

1734 and 1707 om™L,
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From these results it 1s seen thet all four compounds
have the same skeleton and only differ in the nature of the
oxygenated functions tentatively located at C - 3 on
biogenetic grounds. As yct no chemical cvidence is available
for the correct positioning of the acetate group or the
cyclopropane ring. The relationship of the hemi-acetal and
the epoxide ring has been demonstrated by nuclear magnetic
double resonance experiments and the positioning of these
groups in the side chain at ¢ ~ 17 appears acceptable since
similar groups are found in flindissol6 (13 ), aglaiol7

( 16 ) and turraeanthin2(2).
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Unsuccesgful X-ray Determination.

In order to detcrmine the remaining structurel and

stereocchemical features of the Guarcs glabra triterpenoids

it was decided that an X-ray crystallographic examination
of & heagvy atom derivetive was required. Only compounds
derived from glabral IITI or IV could be used since the
less polar compounds were known from mass spectrometric
evidence to be mixtures of homologues. Attempts to
functionalise the>hydroxyl group of the hydroxy-lactone (5d)
with p-bromobengzene sulphonyl chloride, p-iodobenzoyl
chloride or 3,5 dibromobenzoyl chloride resulted in starting
material with only traces of less polar compounds. Similar
treatment of the hydroxy~ester ( 6c ) obtained from glabral IIT
by Sarett oxidation failed to produce the desired derivative.
Experiments directed towards the opening of the epoxide
ring met with more success. Reaction of glabral IV lactone
(5¢) with chloroascctic acid in benzene gave the chloroacctate
( 152 ) CB4H4908C1’ Mmepe 195-1960 as one of the major
products. In its n.m.r. spectrum the doublet at about
7.3 (J = 6 ¢./sec.) attributable to the epoxide proton is
absent and is replaced by an ill-resolved doublet at 'y 5.10
(7 =4 c./sec.) assigned to the proton adjacent to the newly
formed chloroscetate group, the methylenc protons of which
appear as & singlet at ¥ 5.94. Although its i.r. spectrum
shows hydroxyl absorontion at 3590 cm_l there is no resongnce
in the n.m.r. from a proton adjacent to a hydroxyl, indicating

L , .. : t S
an Anti-Markounikoff cwvening of the epoxide ring to form a
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secondary chloro-acctate and & tertiary hydroxyl szroupn.
Treatment of the chloroacetate with sodium iodide in
refluxing acetone furnished a compound of similar polarity
which crystalliscd from diethyl ether - petroleum* in
clusters of crystals which were unsuitable for X-ray
analysis. Very slow recrystallisation of this iodoacetate

*
O8I from chloroform - petroleum afforded

( 154 ) 034H49
needles, m.p. 173—1740, of a size suitable for X-ray
analysisi However on viewing these crystals under a
polarising microscope it was seen that they were twinned
and did not extinguish properly, thus meoking this derivative
unsuiteble for the X-ray determination. The n.m.r. spectrum
of this compound was very similar to that of the corresponding
chloroacetate in that the proton adjacent to the iodoacetoxy
function appears as o doublet at ¢ 5.12 (J = % c./scc.),
the multiplet at 7 4.97 (W%v= 6 c./sec.) arising from’the
proton adjacent to the C - 11 acetate group. The protons
of the iodoacetate give rise to a two proton singlet at 1 6.15.
The corresponding bromoacetate CB4H4908Br ( 15b ) was
prepared from glabral IV lactone by treatment with bromoacetic
acid in dry refluxing benzene. The bromoacetate was isolated
from the other hydrolysis products by preparstive t.l.c. and
obtained as needles m.p. 203-—204O from chloroform-petroleum*.
Slow crystallisation.from a large volume of ethyl acetate -
petroleum* afforded the large needles which fulfilled the
physical conditions necessary for an X-ray analysis. In its
n.m.r. spectrum the methylene bromoacetatc protons appear as

a singlet at 7 6.15, a value intermediate between that of
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the chlrrracetate ( %V 5.94) and the iodeacetate ( Y  6.25)
as expected. The carbonyl regions of the l.r. spectra of
these three halogen derivatives are identical, having
absorntion at 1780011'1"1 from the X —lactone and a broad pezak
at 1735 cm"1 fren the two ncetoxy sroups.

Preliminary oscillation and equi ~ inclination Weissenberg
photographs taken with Cu — K:d, radiation, of the
chloroacetate and the bromoacetate were identical indicating
that the crystals were isomorphous, both crystals belonging
to the orthorhombic syctem with cell dimensions of T7.27,

18.14 and 25.80 X. Since the bromo derivative was more
guitable for an X - ray determination of a triterpene the
chlorracette was not investigated further and the follrwing
discussion refers to the bromoacetate. The absence cf (0kO)
and (001) (k and .1 both odd) reflexions in the zerc layer
photcgraphs indicated the presence of twe 2 - fcld screw axes
cf symmetry parallel tc b and c. The data were cocllected ur
the a axis from layers (Okl ) tc (5kl1 ) using the multi-film
technique, a total of 1457 reflexions being cbtained. These
were estimated visually by ccmparison with a calibrated scale.
Unfcrtunately the high order reflexions necessary for a good
crystallographic structure were absent but it was ccnsidered

that there vwere sufficient reflexions for a gross structure,

¥ TIn this section petroleum marked with an asterisk refers

to that fraction having beiling range 100 — 1207,
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without any rofinements, to be obtained.

The observcd intensities were converted into structure
factors and o Patterson vector map obtained in order to
determine the position of the heavy atom. Since the spuce
group was not completely determined by the photographs, the
Harker modificestion which simplifies the Patterson method by
making use of the symmctry propecrties of the crystal was
applied in order to detect the prcsence of the special

vectors from a P space group. This space group has

212129

the following equivalent positions:=-

X ¥y Z
1 = 1
z - y 2+t 5
1 1 -
z + e 5
X L R -
X g + Y T - 3

which give rise to vectors at

T - 2 -2y 3
% 5 -2y - 2z
-2x % - 2z

Since no peaks appceared at these positions it was concluded
that there was no 2-fold screw axis parallel to the a axis.

S8imilarly, the space group P22 5 has equivalent positions:-
‘ 171

x ¥ z
- -

x ¥ z

X F+y 5~z

X -y 3+ 3z
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0 2y 27
2x i 3 ~ 2z
2x -2y %

Assuming this to be the correct space group the bromine atom

was found to have co-ordinates:=-

x = 0.250
y = 0-19587
7z = 0.02154

These valucs were used for a threec-dimensional Fourier
summation. Even allowing for the complication of the pseudo-
symnetry associated with this space group it was not possible
to pick out peaks which would meke chemical sense and this
attémpt had to be abandoned at this stage. Thisg behaviour
together with the abscence of high order rceflexlons is typical
of a disordered crystal in which the heavy atom does not have
a definite position in the crystal. The co-ordinates found
from the Patterson map did not; in fact, represent the true

position of the bromine atom.
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EXPERTIMENTAL .

Isolation of tritcrpcenoids from Guarca glabra.

The chloroform - soluble portion ( 70 g ) of an ethyl acetate

extract of the heartwood of Guarca glabra from which the

non polar waxcs had been removed was chromatographed over
acidic alumina (Woclm gradc 3 ;3 2 Kg). EBlution with
chloroform - light petrolcum (1 : 3) furnished the non polar
naterial (6 g) which was not investigated further. Continued
elution with the same solvents afforded Glabral I (la s 10g)
which crystalliscd from cthyl acctate - light petrolcum and
had m.p. 105 - 110%; * ggi4 3611, 17%2, 1715, 1652, 1635,

1249 cm'l; n.m.r. signals at * 4.49 (rn)(1H, C - 21 ;

Ty =
6 c./scc.), 5.03 (m)(1H, C - 11 ; Wy = 5 c./scc.), 5.35 (m)
(1H, ¢ - 3 ; Ty o= 6 c./scc.), 6.23 (m)(1H, C - 23 ; multiplet
width = 34 c./scc.), 7.16 and 7.33 (both d) (1H, C - 24 3 J =
7 c./scc.) and 8.01 (4d)(3H, OAc ; scparation = 2 c./scc.).
Glabral II (5a s 6g) was obtained from the next fractions and
after crystellisation from cthyl acetate - light petroleum

o ., CCL, 1
had m.p. 130 - 133 3V mgx' 3610, 1735, 1709, 1246 cm $
n.m.r., signals at ¥ 4.75 (m)(1H, C - 21 ; w%‘= 6 c./sec.),
5.04 (m)(1lH, ¢ - 11 ; My =4 c./scc.), 6.25 (m)(1H, C - 23 ;
W% = 9 c./scc.), 6.4 (m)(OK ; W% = 6 c./sec. : disappcarecd
on addition of D,0), 6.66 (d)(1H, C - 24 5 J =7 c./sec.)
and 8.08 (s)(3H, OAc). Methyl signals appearcd as singlets
at ¥ 9.07 (6H), 9.04 (3H), 8.89 (3H) and 8.79 (6H).
Further elution with ethyl acctate - light petroleum (1 : 1)

furnished Glabral IITI ( 62 s 7g ) which crystalliscd from
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ethyl acetate - light petrolcum and had m.p. 118 - 130°,
o . O 1
2007 3 mex' 3610, 3540, 343%0, 1730, 1250 cm 5 Nall.T.
signals at U 4.64 (n)(1H, ¢ - 21 3 Wi = 6 c./sec.), 5.05
E 2

(m)(1H, C - 11 Wy =5 c./sec.), 5.29 (m)(1H, C - 3 3 =

5 c./sec.), T+15 and 7.32 (both d)(1H, C -~ 24 3 J = T c./sec.)

end 8.00 (s)(3H, OAc). Hydroxyl protons (OH) appeared at “¢

6.15 (m) and 6.98 (d) and disappeared upon the addition of

D, 0. (Found ¢ C = 70.39, H =9.36 ; 057H5808 requires C =

70.44, H = 9.27 %). Glabral IV (5¢c : 3.5 g) was obtained as
ccl,

an 0il which could not be induced to crystallise;'J nax

3634, 3611, 35%0, 1731, 1250 cm-l s n.m.r. signals at [ 4.63

2

6 c./sec.), 5.33% (m)(1H, C =3 5 Wy = 5 c./sec.), 6.20 (m)

)
(1H, C - 23 ; multiplet width = 18 c./sec.), 7.17 and T.35

(m)(1H, C - 21 ; Wy = 6 c./sec.), 5.0%3 (m)(1H, C = 11 5 Wy =

(both d4)(1H, ¢ - 24 ;3 J = 8 c./scc.) and 7.90 (d)(3H, OAc 3
separation = 2 c./sec.). The polar compounds (22 g) were
eluted together as a dark oil which was not investigated
further.

Oxidation of Glasbral I (1la).

Glabral I ( la : 425 mg ) in dry pyridine (5 ml) was
trcated for three days at room temperature with cxcess
chromium trioxide. Work up gave the crude lactone ( 1b : 442 mg)
which when filtered through a short column of neutral alumina,
crystallised from ethyl acetate - light petroleum and had
m.p. 200 - 202°. In the n.m.r. it exhibited signals at
5.00 (m)(1H, € = 11 ; w% =6 c./scc.), 5.34 (m)(1H, C - 3 ; |
W% = 6 c./sec.), 5.85 (m)(1H, C ~ 23 ; multiplet width = %6 ¢./scc.

and 7.26 (a)(1H, ¢ - 24 3 J =7 c./sec.).
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Hydroxylation of Glebral T lactonc ( 1b ).

Glabral I lactone ( 1b : 400 mg ) in dry diethyl ecther
(20 ml) containing pyridinc (5 ml) was trcated for 24 hours
at room temperature with osmium tetroxide (500 mg). The
excoss osnium tebroxide and the osmate ester were decomposed
by prceipitation as sulphide after the addition of hydrogen
sulphide gas. Filtration through cclite and evaporation of
the solvents furnished a dark coloured oil (350 mg) shown
by t.l.c. to consist of two major compounds of very similar
polarity which were separated by rcpeated preparative t.l.c.
( 3 x ethyl acetate - light petroleum, 3 : 1). The less polar
diol A ( 10a : 155 mg ) crystallised from cthyl acetate -
light petrolcum as ncedles m.p. 218 - 220o, J ggi4 3584,
3515, 1780, 1732 ont ; n.m.r. signals at o 4.98 (m)(1H,
¢ - 11, W% =5 c./sec.), 5.24 (n)(1H, C = 3 ;3 W% = 6 c./sec.),
5.82 (q)(1H, § - C -0H 3 J =T c./scc.), 6.14 (n)(1H, C ~ 23 ;
multiplet width = 40 c./sec.), 7.2 (d)(1H, C - 24 3 J = 7 c./sec.)
end 7.98 and 8.01 (s)(OAc). (Found s C = 68.81, H = 8.77 ;
C3rlsg0g requires C = 68.81, H = 8.75 %) 3 nfe = 644 (1).
The morc polar diol B ( 10b : 160 ng ) also crystallised from
ethyl acetate - light petroclcum but as very fine ncedles m.p.

o - CCl4 -1

203 - 205" 3 v max' 3585, 3520, 1785, 1744, 1737 cm ~ ;
n.n.r. signals at ¥ 5.01 (m)(lH, C - 11 j W% = 6 c./sec.),
5.29 (n)(1H, ¢ = 3 3 W% =5 c./scc.), 5.90 (m)(1lH, C - 23 ;
nultiplet width =34 c./scc.) 6.40 (n)(2H, CH, - OE ;
nultiplet width = 35 c./sec.), 7.25 (4)(1H, C - 24 ;3 J =

7 c./scc.) and 8.0 and 8.04 (s)(0OAc). (Found : C = 66.68,
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H=18.48 3 C . H,0 requires C = 66.64, H = 8.70 %);

56754%
n/c = 530 (M).

Periodate oxidation of Diol A (10a).

Diol A (10a : 40 mg) in methanol ( 1 ml ) was treated at
roon temperature for 12 hours with a saturated aqueous
solution of sodium metaperiodate. Filtration of the insoluble
material followed by extraction with chloroform and evaporation
of the solvent gave the crystalline product ( 11 : 35 mg ).
Crystallisation from cecthyl acctate - light petrolcum afforded
the pyruvate as very finc ncedles, m.p. 189 - 192° ; v ggi4
1784, 1730, 1724 on™ ' 5 n.m.r. signals at \ 5.03 (m)(1H,
C -1l Wy =1 c./secs)y 5.26 (m)(1H, C =~ 3 3 = 6 c./scc.),
5.88 (q)(1H, ¢ - 23 3 J =7 c./sec.), T7.27 (a)(1H, C - 24 ;

J =8 c./scce), T.61 (s)(3H, CH, - C = O ) and 8.01 (s)(OAc).

3

(Found ¢ ¢ = 68.44, H = 8.30 3 C 0 requires C = 68.15,

5585005 By
H=8.50 %) ; m/e = 598 ().

Periodate cleavage of Diol B ( 10b ).

Diol B ( 10b : 40 mg ) in methanol was trecated with
sodiun metgperiodate in a similar manner and afforded ncedles
~ccl
m.p. 180 - 182° 5 ¥V max¥ 1783, 1730, 1723 cu L ; m/c = 598 (M).

This compound was identical with that obtained from diol A.

Oxidation of Diol A ( 10a ).

Diol A ( 10a : 30 mg ) in dry pyridine (5 ml) was
treated at room temperaturc for 15 hours with chromium
trioxide (50 mg). The product obtaincd on work up was scen

from t.l.c. to consist of two compounds which werc separated
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by preparative t.l.c. (2 x ethyl acctate - light petroleounm,
1 : 1). The less polar compound ( 19 ng) crystallised from
chloroform - light petrolcum and had m.p. 179 - 181°. m/c =
598 (M). It was identicel (n.m.r. and m.s.) with the pyruvate
( 11 ) obtained previously. The minor componcnt (4 mg)
crystalliscd from cthyl acetate - light petroleum as very fine
necdles, m.p. 213 - 215° and was identical (mep., mixed m.p.

and i.r.) wvith a sample of glabral IV lactone.

Oxidation of Diol B ( 10b ).

Diol B ( 10b : 28 ng ) was trcatcd with Sarett's
reagent as described gbove and after preparative t.l.c. of
the product the 4 ~keto-ester ( 11 ) crystallisedAfrom
light petrolcum as rosettes m.p. 180 - 1810, identical

(n.m.r. and m.s.) with the above pyruvate.

Clcavage of 4 Keto-ester ( 11 ).

The above keto-ester ( 11 : 82 mg ) in methanol (50 ml)
was allowed to stir for four hours with a saturated aqueous
solution of sodium bicarbonate. The insoluble material was
filtered off, thc filtratc reduced in volume and cxtracted
with chloroform. Evaporation of the solvent afforded the

crude hydroxy-lactone ( 5d : 70 mg ) purified by preparative

t.l.c. (2 x ethyl acetate - light petroleum 1 : 1).

Crystallisation from cthyl acetate - light petroleum furnished
. CCl -
plates mep. 202 - 204o s Y max 3630, 1779, 1728, 1244 cn l;

n.m.r. signals at ¥ 5.02 (m)(1H, C -~ 11 5 Wy = 8 c./scc.),

2
5.90 (m)(1lH, C = 23 ; nultiplet width = 36 c./sec.), 6.62 (m)
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J =

-1

(1H, C = 3 3 W% =T c./sec.), T.26 (4)(1H, C - 24
7 c./scc.) and 8.01 (s)(3H, 0ac). (Found : C = 70.36, H =
9-18 3 CzpH, g0 HyO requires € = 70.30, H = 9.22 %) 3 mfe

= 528 (M).

Oxidation of Hydroxy-lactonc (54).

The above hydroxy-lactonc ( 54 : 30 mg ) in dry pyridine
(5 ml) was trecated in the usual manncr with a slurry of
chromiunm trioxide in pyridine. Chloroform extraction
afforded an oily product (27 ng) from which coloured impuritics
woere removed by preparative t.l.c. (ethyl acetate - light
petroleun, 1 : 1). The ketone (5c¢c) thus obtained crystallised
from chloroform - light petroleum as very fine needles mep.

o r 0014 -1
15 - 2187 3 v max' 1780, 1735, 1710, 1248 cm ~j n.m.r.

°

signals at U 4.93 (n)(1E, C - 11 5 Wy = 8 c./sec.), 5.88
2

(n)(1H, C =~ 23), 7.2% (d)(1H, C - 24 3 J = 8 c./scc.) and
8.0 (s)(3H, OAc). This compound was indistinguishable fron

an authentic sample of glabral IV lactone.

Ovidstion of Glabrsl III (6a).

Glabral IIT ( 6a : 141 mg ) in dry pyridine was treated
at roon temperature for 7 hours with cxcess chromium trioxide.
Tork up afforded an oily mixture (139 mg) which was separated
into two components by preparative t.l.c. (ethyl acetate -
light petroleun, 1 ¢ 1). Tho less polar compound, the keto-
lactone (6 b : 82 mg ) crystallised from ethyl acetate =

o A CHCl3
light petroleum os needles m.p. 209 - 210 3 ' max 1768,

1720 (brozd) ont $ n.m.r. signals at " 5.02 (n)(1H, C - 11 ;



- 246 -

Wy = 6 c./sec.), 5.17 (n)(1H, C - 3 ; W% = 6 c./sece), 5.87

(n)(1H, ¢ - 23 ; nultiplet width = 30 c./scc.), 6.82 (septet)

(1H, (CHB)Z—C ~-H;J=17c./sec.), Te24 (d)(1H, C = 24 5 J =

8 c./scc.) and 8.0 (s)(3H, Oac). (Found : C = 71.13, H = 8.70;
C;H,0, requires C = 70.90, H = 8.68 %) ; n/e = 626 (M).

3775478
The more polar constitucnt, the hydroxy - lactone ( 6c : 52 ng )

crystallised fron ethyl acctate - light petroleum as very fine
needles m.p. 225 - 226° ggi4 5535, 1779, 1724 on™" ;
n.m.r. signals at ¢ 5.00 (m)(1H, C - 11 ; W% = 8 c./sec.),
5.24 (n)(1H, C ~ 3 3 Wy =4 c./sec.)y T«23 (d)(1H, C - 24 3

6 c./sec.) and 8.01 (s)(3H, Oac). (Found : C =A7O.52;

J =
H=9.10 ; 037H5608 requires C = 70.67, H = 8.98 %); n/e =
628 (M).

Glecavage of Keto-~lactone (6b).

The keto-lactone ( 6b ¢ 60 mg) in methanol (30 nl) was
stirred for 15 hours with a saturatced solution of sodium
bicarbonate. Work up as described above gave the hydroxy -
lactone ( 5d : 58 mg ) as the major product. After being
subjected to preparative t.l.c. (ethyl accetate - light
petroleum, 1 : 1) it crystalliscd from cthyl acetate - light
petroleun and had m.p. 202 - 2040 and was identicel in all
respects with the material obtained from Kupohan cleavage of

glabral I lactone.

Acctylation of Glabral TIT (6a).

Glabral III ( fa : 92 mg ) was acetylated at room
tenperature over two days with accetic anhydride - pyridine.

Work up afforded a mixture of acetates (98 mg) which were
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dissolved in anhydrous benzcnc and after the addition of
basic alumina (Woelm grade 1 : 5 g) @llowed to shake for
48 hours. The loss polar major product was separated from
the polar material by preparative t.l.c. (chloroform
containing 2 % methanol) to afford the hydroxy - acetate

(44 ng). Sarett oxidation furnished the lactone - acetate

(6d : 37 ng) which crystallised from ice-cold ethyl acctate -
CcCl
light petroleum as needles, m.p. 204 - 2050 N max4 1782,

1737, 1248, 1232 cm"1; n.m.r. signals at & 5.01 (m)(1H,

¢ -11 3 Wo =9 c./scce), 5.09 (d)(1H, H -~ C ~ Ohc 3 J =

2

4 c./sec.), 5.30 (n)(1H, C - 3 5 Wo = 7 c./sec.), 7.23 ()

2
(lH, ¢ = 24 3 J =17 c./scc.), 8.86 and 8.98 (s)(3H each,

2 x OAc).(Found : C = 70.03, H = 8.76 3 requires

O 95509
¢ =69.83, H =8.71 %); n/e = 670 (U).

Reduction of Glaebral IV lactone (5¢).

Glabral IV lactone ( 5¢c 3 70 mg ) in absolute alcohol
was treated at room temperature for 17 hours with cxcess
sodium borohydride. The crude oil (65 ng) was seen from t.l.c.
t0 be meainly one compound much more polar than the starting
material. Preparative t.l.c. (2 x ethyl acetate - light
petroleum, 3 : 1) afforded the oily triol (101 : 52 ng ),
. o B J CCl4 -1
(] p=- 054 (¢ = 1.8) 3 max' 3620, 3520, 1735 cm ~ 3
n.m.r. signals at © 5.0l (m)(1H, ¢ -~ 11 ; My = 4 c./sec.),
6.2 = 6.9 (m)(4H, H -~ OH), 7.26 (d)(1H, C -~ 24 3 J = 9 c./scc.)
and 7.99 (s)(3H, OAc). (Found : C = 72.03, H = 9.94 ;

032H5206 requires € = 72.14, H = 9.84 %).
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Hydrogenation of Glabral I (la).

Glabral I ( la : 70 mg ) in ethyl acetate (35 ml) was
hydrogenated for 60 minutes over Adams catalyst. Filtration
of the cotalyst and evaporation of the solvent afforded an
0ily residue (74 mg) from which the oily dihydro derivative
( lc : 48 ng ) was obtained by preparstive t.l.c. (2 x
chloroforn containing 2 % methanol). It had V ggi4 3630,
3595, 3475, 1730, 1715 (s) cm”l ; n.m.r. signals at U 4.62
(m)(1H, C - 21 ; w% = 6 c./sec), 5.04 (m)(1lH, C - 11 ; W%
= 6 c./sec.), 5.48 (n)(1H, C - 3 W%'= 6 c./sec.), 6.16 (1)
(1H, ¢ - 23 ; multiplet width = 30 c./sec.), 7.20 and T.46

(both 4)(1H, C - 24 5 J = 8 c./sec.) and 7.99 (s)(3H, OAc).

Oxidation of Dihydroglsbral I (lc).

bihydroglabral I ( lc: 24 mg ) was oxidised using
Sarett!s reagent and after work up afforded the crude lactone
(28 mg) from which the coloured impurities were rcmoved by
preparative t.l.c. (chloroform containing 2 % methanol).

Crystallisation of dihydroglabral I lactone ( 1d : 14 mg )

from ice-cold ethyl acetate - light petroleum furnished very
fine necedles, m.p. 190 - 191° 3 n.m.r. signals at ¥ 5.01 (m)
(1H, ¢ - 11 ; w% =5 c./sec.), 5.35 (m)(1H, C - 3 ; W% =

5 c./sec.), 5.90 (m)(1H, C - 23 ; multiplet width = 30 c./sec.),
7.21 (a)(1#, ¢ - 24 5 J =7 c./sec.) and 7.99 (s)(3H, OAc),
(Found ¢+ C = -+ . 72.49, H = 9.07 ; C7H5¢0n requires C = 72.51,

H=29.21L % ; Oz 6H requires C = 72.21, H = 9.09 %).

5497



- 249 -
Reduction of Glabral I (la).

Glabral I ( 1la :b9l ng ) in ebsolute alcohol (20 ml) was
treated at room temperature for 70 minutes with excess sodium
borohydride end afforded after work up, an oily residue (83 mg)
which was subjected to preparative t.l.c. (ethyl acetate -
light petroleun, % : 1). Crystallisation of the diol (12a)
from ethyl acctate -~ light petrcleun furnished very fine
neecdles, n.p. 183 - 184° 3 n.m.r. signals at Y 5.02 (n)

(15, ¢ - 11 =5 c./sec.), 5.35 (u)(1H, C - 3 ; Wy =
5 c./sec.), 6.2 - 6.8 (n)(3H, H - 0H), 7.31 (a)(1H, C - 24 3

J =9 c./scc.) and 8.0 (s)(3H, OAc). (Found : C = T0.50,

It

70.44, H = 9.27 3

9.15 % ).

H é 9.45 037H56O7.H20 requires C

Il

;6H54O7.H20 requires C = 70.10, H

Acid hydrolysis of Glabral IV lactone (5¢).

(a) Glabral IV lactone ( 5c : 207 mg ) in anhydrous benzene
was refluxed for four hours with chloroacetic acid (200 mg).
The solution was filtered through a short column of neutral
alumina (grade 3) to afford an oily nixture of four compounds
(188 mg) which was separated by preparative t.l.c. (ethyl
acetate - light petroleum, 1 : 1). The least polar component
(11 mg) was isoleted as oil which distilled at 2700/0.04 mm
and then solidified and had m.p. 85 - 9Oo H o ggis 1706,
1734, 1785 en™t ; n.m.r. signals at U 4.94 (=)(1H, C - 11 ;

My =7 c./sec.) and 7.99 (s)(3H, Oic). nfe = 526 (M)(032H46O6).

The second component was the hydroxy - olefin ( l4a : 68 ng )

which crystallised from ethyl =scetate - light petroleum and had
CCl
o .-
m.p. 157 - 1607 5 v maxt 3588, 3445, 3062, 1780, 1734, 1705
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1240 on™? ; nem.r. signals at T 4.97 (n)(2H, C - 26 and

14, ¢ ~ 11 Wy = 5 c./sec.), 6.0% (a)(1H, C - 24 3 J =
7 ¢./sec.), 7.99 (s)(3H, Ohc) and 8.23 (broad s)(3H, C - 27).

(Found s C = 73,21, H = 8.72 3 606 requires ¢ = 72.97,

CroH
3274
H = 8.80 %) ; nfe = 526 (M). The third compound, the

chloroacetate ( 15a : 79 mg ) also crystallised from ethyl

acetate - light pctroleun, as very long thin needles m.p.
. CCl
195 - 196° 5 v max” 3590, 3480, 3065, 1780, 1735, 1708, 1242

-

cm 3 nen.re signals at U 5.00 (m)(1H, ¢ - 11 ; W%_= 6 c./sec.
5.10 (d)(1H, ¢ = 24 3 J = 4 c./sec.), 5.94 (s)(2H, CH, - cl)

and 7.98 (s)(3H, Oac). (Found : C = 65.82, H = T7.95;

O340, g0gCl Tequires € = 65.75, H = 7.89 %). n/e = 560 (M - 60)-
A crystal suiteble for X-ray analysis was mounted and
prelininary photographs taken but were identical to those
fromkthe bromoacctate (16b) indicating that the two compounds
were isomorphous. The nost polar compound, the diol

(15¢c : 18 mg) was crystallised from ethyl acetate - light

Cccl
max

4

petroleun and after drying it had m.p. 198 - 200° 5 ©

we

‘ -1
b 9 9 . s = .
3565, 3520, 1707, 1723 and 1782 cn (Found : C = 67.40,

H = 8,83 ; 3/2H,0 requires C = 67.25, H = 8.93 % ) ;

%32M48%7
m/e = 484 (M - 60).
(b) Glabral IV lactone ( 5c : 150 mg ) was treated in
refluxing benzene for 15 hours with bromoacetic acid as
described above. T.l.c. showed that the product consisted of

a similar series of compounds from which the major product,

the bromo-acetatc ( 15b : 64 mg ) was isolated by preparative

teloce Crystallisation from chloroform - light petroleun
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furnished needles w.p. 201 - 202°. A sanple for X-ray
anelysis was grown by dissolving it in a large volume of
ethyl acetate, followed by the addition of high boiling
petroleun (b.p. 100 - 120°) and allowing the solvents to

CCl4 -1
evaporate slowly. © max' 3590, 1765, 1724, 1700 cn ;
n.m.r. signals at U 4.98 (m)(1H, C - 11 ; Wy = 7 c./sec.),
5.12 (d)(1H, G - 24 ¢+ J = 3 c./sec.), 5.29 (m)(1H, C - 23 3
Wy = 21 c./sec.), 6.15 (s)(2H, CH, - Br), and 8.02 (s)

(3H, OAc). (Found: C = 61.29, H = 7.37 ; 034H4908Br requires

C = 61.36, H=1"7.37%) 5 n/e = 665 (M).

Fornation of Iodoacctate (15d4).

The above chloroacetate ( 15 2 ¢ 75 mg ) in acetone was
refluxed for 15 hours with excess sodium iodide in an
atnosphere of nitrogen. T.l.c. showed that thc polarity of
the product was similar to that of the starting material.
After purification by preparative t.lc. (cthyl acetate -

light petroleum, 1 : 1) thc iodo-acetate ( 153 : 56 ng)

crystallised from chloroform - light petroleum as ncedles
mepe 173 - 174° 5 o ggi4 3590, 1765, 1724, 1700 cm™* ;
n.m.r. signals at Y £.97 (w)(1H, ¢ - 11 ; W% = 6 c./sec.),
5.12 (d)(1H, C = 24 3 J = 3 c./sec.), 6.25 (s)(2H, CH, - I)
and 8,00 (s)(3H, OAc). (Found : C = 57.2%, H = 7.05 3
034H49OBI requires C = 57.31, H = 6.89%). A sample was
grown for X-ray analysis as described above but formed
clusters of crystals unsuitable for an X-ray determination.

Recrystellisation furnished single crystals of a sultable size

but were found to be twinned when viewed under a polarising
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nicroscone and werc not further investigated.

Crystal Data.

Bromoacetate (15b), C Br, M = 665, Orthorhombic,

34549%
18.14, C = 25.80 &, w = 3402 £ 2, D_ not

a = T.27, Db
negsured, 7 = 49Dc,= 1.30.

The intensity data collection was by the equi -
inclination Weisscnberg method using Cu - Kdradiation with
a snall crystal rotating about the a axis. The rceciprocal
lattice nets (0kl) to (5k1) were surveyed using the multi -
filnm technique, a total of 1457 reflexions being obtained.
The intensities were estimated visually by comparison with
a‘calibratod scale and appropriate corrections were made for
Lorentz, polarisation and rotation factors. Since absorpition

wes small no correcotiona were applied.

Acetylation of Hydroxy - Olefin (14a).

The hydroxy - olefin (l4a : 26 mg) was treated at room
tenperature for 48 hours with acetic anhydride ~ pyridine and
afforded the corresponding acetate ( 14b : 24 ng ) from which
minor impurities were removed by preparative t.l.c. (ethyl
acetate = light petroleum, 1 s 1). Crystallisation from
ice cold chloroform - light petroleun afforded the olefinic -
accetate ('14b ) as very large ncedles, m.p. 110 - 1150, 184°;

(Found 3 C = 60.99, H = T.24 ; C 03013 requires ¢ =

| 34548%7
61.09, H = 7.12 %).
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