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Introduction

The study of natural products has long been a subject of fascination
for organic chemists. Indeed, since the last centuryj, the biogenetic
origin of the terpenoids has been the focal point of intensive research,
but it was not until 1921, when Ruxicka formulated the Isoprene Rule,
that the relationship between even the most diverse terpene structures
could be seen. This recognised that each terpene could be made from a
basic Ybuilding block" in the form of the isoprene unit joined in a
"head to tail" manner. However, further research unearthed compounds
which did not conform to this mode of formation and eventually, to
overcome this, the Biogenetic Isoprene Ru1e2 was conceived. This
encompassed the "abnormal" terpenoids and rationalised their formation
as proceeding via mechanistically feasible rearrangements of the
"regular® polyisoprenoids.

Tt is now firmly established that the fundamental biogenetic unit is
acetic acid in the form of acetyl coenzyme A1, which by condensation
reactions gives rise to mevalonic acid_gj, the immediate precursor of the
isoprene unit, (scheme (1)). The active form of the isoprene unit,
isopentenyl pyrophosphate 3 and its isomer, dimethylallyl pyrophosphate
L4 condense to form geranyl pyrophosphate 5, which can subsequently
condense with additional isopentenyl pyrophosphate 3 to give the
pyrophosphatesof farnescl 6 and geranyl gerahiol 8. 7 and 9 are the

acyclic precursors of the sesquiterpenoids and diterpenoids respectively.







The acyclic precursor of the triterpenoids, squalene 10 has long
been known to derive from two farnesyl units joined "head to head",
Until recently, the mechanism of this coupling has been the only
unknown in the acetate-lanosterol pathway. With the isolationh in
1966 of presqualene alcohol 11 and recent structural determination by
total synthes185 , much more information has been obtained about the mode
of coupling.

Cyclisation of squalene conforms with the stereochemical postulates
of Eschenmoser _eij;__a_l_6 from which the main conclusions derivable are:

(i) The acyclic precursor is foldedat the enzyme surface into a specifiec
conformation. |
(ii) Concerted cyclisation occurs by trens-planar additions to the
double bond. |
(iii) All subsequent rearrangements and/or eliminations proceed in
accordance with optimal stereoelectronic requirements, i.e. the
affected groups are trans-antiparallel.

Cyclisation of squalene in the chair, chair, chair, boat,
conformation 12 gives rise to the carbonium ion 13 which can undergo
extinction to dammarendiol 1L or subsequent rearrangement to the
euphol, (or its C-20 epimer, tirucallol) skeleton. Euphol (tirucallol)7
15 is the postulated biogenetic precursor of the modified (furanoid)
'triterpenes. (See numbered skeleton on p. 5 ).

It is not proposed to give a review of the modified triterpenes as

this has already been admirably accomplishedB. However, mention will be
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made of their proposed biogenesis and in vitro experiments designed to
support these theories. The subject of the modified triterpenes can be
divided into two main parts; the tetranortriterpenoids, €26 compounds
related to limonin _:1_6_9 and C20 compounds related to quassin . _1_210.

The elucidation of the constitution and configuration of limonin
__6_ led Arigoni g_@__qlﬁ to propose a biogenetic derivation for limonoid.
substances, Thus euphol (tirucallol) 15 a possible precursor can undergo
loss of four carbon atoms by cleavage of the C~23~— C-24 bond, formation
of the furan ring and skeletal rearrangement, during which one methyl
group migrates from C-14 to C-8 with the introduction of owgenétion at
c-7, /the apo-esuphol (tirucellol) rearrangement/. These processes have
now been real:i..sed."1 in the laboratory, in the conversion of turreanthin
18 into the diol 19.

| The isolation of C30 compounds from Meliaceae, Rutaceae and

Simaroubaceae with various stages of side-chain oxygenation lends support

for this postulated biogenetic route. Flindissol 2_0_12 , turreanthin _‘l_8_13

14

and melianone 21" are all tirucallol derivatives with a potential furan

5

ring in the side chain. Grandifolioienone 32_1 is partiqularly interesting
since it is the first of a small group of naturally occurring apo-tirucallol
derivatives,

A vast range of tetranortriterpenoids (C26), based on the intact apo-

euphol (tirucallol) skeleton has been isolated. The A“" double bond can

be epoxidised as in cedrelone _2_216. Allylic oxidation can lead to a







(epoxidised) cyclopentenone as in grandifolione %17 which can be
further oxidised to the typical aB-epoxido-b~lactone structure found
in limonin and here exemplified by gedunin _2_5_18 and kh'ivorin ___§19.

A large number of tetranortriterpenoids arise from cleavage of
rings A, B or C of the apo-euphol (tirucallol) skeleton. ILimonin 16
provides the classical example of ring~A cleavage. Our iﬂterest lies
mainly in the group of compounds which arise from cleavage of ring-B.
This cleavage can be visualised as arising from a Baeyer—Villigerzo
type oxidation, a reaction which has been used extensively in the in
vitro interconversions described later.

The requisite uncleaved carbonyl campounds occur as natural
products and in some cases co-exist with the corresponding ring-B

cleaved congener. For example, andirobin _2_2_21 from the seeds of

Carapa guyanensis was isolated with its presumed precursor 7-deacetyl-

7-oxo-gedunin 28. Methyl angolensate _2_222 can be considered to arise
from 14, 15 deoxyandirgbin by B-hydro;quationi of the ring-A enone,
followed by lMichael addition from the B-face of the resulting C-1
hydroxyl to the unsaturated lactone. The isolation of methyl ivorensate

_3_925 from Khaya ivorensis. (ifeliaceae), which can be prepared in low

yield by Baeyer-Villiger oxidation of methyl angolensate 29 is of
additional interest as it is an exception to the hitherto rigid
confinement of ring=-A cleaved tetranortriterpenoids to members of the

Rutaceae,
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Other members of this group of ;ing—B cleaved tetranortriterpenoids
undergo bond formation between C-2 and C-30 after the initial cleavage,
resulting in the formation of the bicyclo [3, 3, 1] nonane system as
found in swietenine 21?4 and mexicanolide §§?5. This modification in
structure not surprisingly caused some bewilderment in the initial
structure elucidation of these compounds. The complete constitution
and stereochemistry of 31 was obtained from an X-ray structure analysi526
of detigloyl swietenine p-iodobenzoate. Mexicanolide 32 from Cedrela

7

mexicana aﬁd swietenolide 22? from Swietenia macrophylla are very

closely related to swietenine 31, yet differ greatly in their chemical

8, 1 double bond.

reactivity due to the location of the &
In biogenetic terms, mexicanolide 32 can be derived from a precursor
of the type 34 which can undergo intrémolecular Michael addition (arrows).
~ The first part of this thesis is concerned with successful efforts to
emulate in vitro this proposed biogenetic pathway, i.e. the transformation

of an intact skeletal type (7—oxo-7—deacetoxy.khivofin 2238), via a ring-B

cleaved derivative into mexicanolide,
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Discussion

As discussed in the introduction (see p.11) the proposed biogenetic
precursor of the bicyclononandide group of tetranortriterpenocids (e.g.
mexicanolide 1 1 or its double bond isomer carapin 22) is a compound of
the type 3. This, by a Michael-type additon of C-2 to C-30 wou.la give
the required bicyclonmenolide system. Our aim was to interconvert the
intact skeletal type of tetranortriterpenoid as in 7-oxo-7-deacetoxy
khivorin 53 with the bicyclonmaolide in an attempt to emulate in vitro
the proposed biogenetic pathway. In a previous ed:temp’clF at this inter-
conversion, cleavage of ring-B was achieved by treating 14, 15 d.eﬁ:qy-?-
oxo~7-deacetoxy khivorin 5 with strong base, under conditions analagous
to those employed in the conversio:n of deoxy-limonin into deoxylimonic
acid5 , (cleavage of a vinylogous P-keto lactone). The product formed
after esterification with ethereal diazomethane v}a‘s the BY¥-unsaturated
lactone 6 which unfortunately could not be transformed into the desired
cisoid diene lactone 7.

Ve preferred to utilise a Baeyer-Villiger6 oxidation as it had the
benefit of giving the required oxidation level. Treatment of 14,15
deoxy-?—oxo-?-deacetoxjr khivorin 5 with m-chloro perbenzoic acid gave
negligible yields of the desired e-lactone 8. However, peracetic acid
in the presence of anhydrous disodium hydrogen phosphate (as buffer),
smoothly converted 5 to the ¢-lactone 8 m.p. 289-291°C., [Vmax 1730

(& and ¢-lactones) e , (no cyclohexanone)]. Treatment of the

16
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g-lactone 8 with either base or acid gave the required ring B-cleaved
system, but not without added complications. With a catalytic amount of
p-toluene sulphonic acid in refluxing benzene, an equilibrium was set

up between starting material and the unsaturated acid 9. No attempts
were made to increase yields by altering reaction conditions.  The acid
9 m.p. 233—23600. was purified by preparative TILC and characterised as |
its methyl ester 10 m.p. 119-1 24°c., [MMR spectrum showed loss of one
tertiary methyl group and introduction of an exomethylene group at

T 478, ko72].

Base hydrolysis of the acetates of 10 in methanol did not give the
expected diol 11, but instead gave a compound m.p. 209-21200. identified
as 3o-hydroxy dihydro methyl angolensate 1_%7[ MR shoﬁed loss of acetates
and H-15]. This compound 12 is identical with a minor product of

7

reduction of methyl angolensate 13 with aluminium isopropoxid¢’ and had

resulted from a Michael additon of the C-1 aOH group to theg-unsaturated
lactone system. Subsequent mild oxidation with Jone38 reagent of 12

gave methyl angoiensate 13 m.p. 201-20400. (lit.9 203-20800). This series
of reactions, transforming a khivorin derivative for which the 1«

10

configuration had been established =, into methyl angolensate proved

that the ether oxygen in methyl angzolensate is attached in the 1«

configuration, as had been considered most probable.“
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Under basic conditions, the g-lactone 8 opened to give the
trihydroxy acid 14 which underwent the facile lichael addition of the 1 «
OH to the ring-D unsaturated lactone giving the acid 15 characterised
as its methyl ester 16 m.p. 280°C decomp. , /Ioss of H-15 in the NMR,
vmax 3610, 3530 cm_1;7. Acetylation of 16 gave the hydroxy acetate 17
e Do 258-260°C which underwent smooth dehydration with thionyl chloride
in pyridine to give the Blefin‘1§_m.p. 224,-226°C., 3 a-acetoxy dihydro
methyl angolensate, identical with the compound from acetylation of 3o~
hydroxy dihydro methyl angolensate 12. Dehydration.of.lz could in
theory give rise to two olefing, the A8’S olefin with a tetrasubstituted
double bond, or the A8’50 isomer 18 with the exocyclic methylene group.
'In the event, onl& the latter was found in detectable amounts.

It was now obvious that removal of the 14,15 epoxide to give the
corresponding 14,15 deoxy compound was a step which would have to be
carried out later on in the reaction sequence in order to avoid this very
ready Michael addition. In a fresh approach, 7Loxo-7-deacetoxy khivorin
4 was trensformed under the previously describe? Baeyer-Villiger condit-
ions to the g~lactone 19 m.p. 30800 decomp. szggg}j 1730 (acetates,

- & and e-lactones) cm-1,n£>cyclohexanonq;7. Attempts to open this epoxy
£-lactone using p-toluene sulphonic acid in refluxing benzene as before,
failed. This may be due to thg fact that the exomethylene group did not
form part of a conjugated system as in 9. However, under basic conditions
a variety of compounds could be formed, depending on base used or length

of time of reaction.
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The diol 20 m.p. 250-253°C was obtained in low yield as the minor
component of a mixture containing the corresponding diacetoxy hydroxy
acid 21. Strangely enough, the latter, if allowed to stand in acidic
solution, slowly relactonised to give back the epoxy lactone ;1_9_.

Under stronger basic conditions (25% NaOH/aqueous methanol), the triol
acid 22 was formed. Unfortunately, this very polar compound was
accompanied by equal amounts of a compound of similar polarity which
could not be utilised in the general reaction scheme. This latter
compound. will be discussed later, (see p.30).

The NMR spectrum of the diol 20 had broad singlets at T 8.42, 8.34
which disappeared on shaking with DZQ’. in addition to two multiplets at
T 6434, 6.26 (H-1, B-3), which sharpened correspondingly. Mild oxidation
with Jones reagent furnished the 3-diketone 23 m.p. 280—-2824.00 [\mg.:;ic013
1740 (lactones), 1710 (B-diketone) cm-1, no hydroxyls; T 6.55 (singlet,
2 H-2, exchangeable12 over a period of time with DZO);)\ max 260 nm,
shifting to 289nm.(on addition of base) /. Attempts to remove the
epoxide using chromous chloride were unsuccessful. A large mixture of
products was obtained from which the required 14,15 deoxy compound could
not be isclated.

Qur attention then turned to the hydroxy acid 21 which could be made
in reasonably high yield by treatment of the £-lactone 19 with potassium

carbonate in aqueous methanol. Some hydroxy methyl ester 24 was also






2h

formed. This presumably arises from methanolysis of the €-lactone.
Methylation of this mixture with ethereal diazomethane gave the hydroxy
methyl ester 24 m.p. 274-277°C £m§C15 3590 (hydroxyl)em™' 7 in good
yield., One exchangeable proton /T 9.00 / in the NMR spectrum and the
lack of carbinol protons confirmed the presence of a tertiary hydroxyl
group.

Dehydration of the hydroxy methyl ester 24 gave the anticipated
olefin 25 m.p. 197-198°C /G.f. 17 to 18 /. The presence of the
exomethylene group was clearly evident from the NMR spectrum _/_TF 4.93,
4.60 (singlets, each 1H); disappearance of one tertiary methyl group /.
Again, no trace of the corresponding A8’9 olefin could be detected.
Removal of the acetate groups by mild alkaline hydrolysis yielded the
non-crystalline diol 26 /r6.43, 6.26 (multiplets, H-1, H-3); \)1?1?3:13
3625, 3600, 3500 (hydroxyls) cm |_/. The B-diketone 27 m.p. 188-192°C
was obtained by oxidation of the diol 26 with Jones reagent. It had the
expected spectroscopic properties fmax 1735 (methyl ester, S-lactone),
1707 (3 ~diketone) an™'; T 6.10 (singlet, 2H-2); Amax 261 mm. (& 9,300)
moving to 289 n.m. (& 22,600) on addition of base, returning to 261 nm.
on reacidification /. A second product was the hydroxy ketone, 28, the
structure of which will be discussed below (see p.26). |

To reach the required cisoid diene-lactone precursor 3 all that

remained was to remove the epoxide ring. This was achieved as before with
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chromous chloride, and produced the surprisingly polar and labile pre-
cursor 3 as the major componen“b of a mixture of several compbunds.

This compound in our hands exhibited a surprising lack of solubility
and an amazing urge ‘towards spontaneous cyclisation. Purification by
preparative TIC invariably produced a small amount of cyclised product
later identified as the long-awaited bicyclononsnolide ,mexicanolide.

The precursor 3 m.p. 193-1 98°C had H-15 as a sharp singlet at 74.00 and
Amax 262 nm. (& 9.000). Controlled cyclisation of 3 using a two-phase
éystem of chloroform and aqueous sodium bicarbonate furnished the
cyclised product 1 m.p. 221 -226°C. A OL_7D-85° , identified as mexicanolide
(1it! m.p. 222-227%., /< o_7-90°) identical in all respects to naturally
occurring material,

It now remainéd to clarify the structures of a number of compounds
which had arisen in side reactions associated with the main synthetic
scheme,

The structure of the hydroxy ketone 28 from partial oxidation of
the diol 26 was easily settled by the fact that subsequent dehydration
using thionyl chloride in pyridine yielded the lmov;n compound andirobin

15 n.p. 195-197°C), JAdenticel IR and MMR

29" m.p. 193-196%., (1it.
spectra]. No evidence could be found for the presence of the other
possible hydroxy ketone. This type of selective oxidation has been
14

encountered before in analagous systems, i.e. in the interconversion

of gedunin 30 and khivorin 31.
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The isomer of andirobin 29 which we shall call isocandirobin 32
was synthesised from yet another of the side products of the general
reaction scheme. The triol methyl ester 33 m.p. 236-240°C from
prolonged hydrolysis of the g-lactone 19 was subjected to mild
oxidation under Jones conditions. As in the case of the diol 26, two
compounds, the B-diketone 34 and the less polar hydroxy ketone 35 were
obtained. Acetylation of the lattér'with acetic anhydride in pyridine
led to a mixture of two compounds of very similar polarity., Separation
of this mixture proved very difficult. The more polar compound was the
expected 3a-acetoxy derivative 36 /T 7.98 (singlet, acetate), 5.07
(multiplet, H-3); wvmax 3600, 3520 (hydroxyl), 1740 (methyl ester,
acetate, &lactone), 1710 (cyclohexanone) cm_1;7.

It was apparent from its spectroscopic properties that the less
polar compound was the enone 37 m.p. 193-19400., /v mex 3600, 3520
(hydroxyl), 1740 (methyl ester, bd-lactone), 1675 (cyclohexenone) cmf?;

The1l, 3.41 (AB quertet, H-2, H-3, respectively, J = 10 Hz)_/. The
chemical shifts of the protons on the enone double bond are character-
istic!® of a 2-1-ketone (c.f. gedunin 30 and isogedunin 38) and this
confirms the assigmment of the 3-hydroxy-i~keto structure to the ketol
35. Dehydration of the tertiary alcohol in the enone 37 using thionyl

chloride in pyridine gave as the main product the non-crystalline

isoandirobin 32 /a7 + 22°, /7 boTh, heT1, Le38 (singlets, each 1H,

28



29




30

exomethylene protons and H-17, no ‘individual assignments); Vv max no
hydroxyl].

Dehydration of the acetate 36 under the same conditions gave in
poor yield the olefin 39, /7 9.18, 9.08, 8.74 (6H) (singlets, L tertiary
methyls), 7.89 (singlet, acetate), 6.39 (singlet, methyl ester), 6.10
(singlet, H-15), 5.10 (multiplet, H=3), 4.59, 4.52, 4.38 (singlet,
exomethylene, H-17), 3.64, 2,58 (furanic protons); v max 1740 (methyl
ester, acetate, §-lactone), 1700 (cyclohexanone) cm-1_7. The

corresponding alcohol 40 "mahoganin" was reputed to have been isolated16

17

from Swieteria mahogani. A later investigation ' showed that "mahoganin"

was & mixture of methyl angolensate 13 and 6-hydroxy methyl angolensate
41. Shortage of material prevented hydrolysis of the acetate to form
"mahoganin®.
CHC1

The structure of the triol ether 42 m.p. 235-238°C., Amex ° 3460
(hydroxyl), 1735 (methyl ester, & -lactone) cm-1_7 from prolonged base
treatment of the €-lactone 19 followed from spectroscopic evidence.
Thus the NMR spectrum had significant signals at T 6.78 (singlet),
6.37 (broad singlet) (each 1H, both exchangeable with DZO), 6.4k, 6,07
(multiplets, the‘ higher field signal sharpening slightly on D20 addition,
H-3, H-1 respectively), 5.52 (multiplet, sharpening to a singlet on D20
addition, H-15). Confirmation of these assignmerits came from decoupling

experiments. Irradiation at 7 7.86, the C-2 methylene group caused both
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multiplets to collapse to singlets. H-17 appeared at T3.79, a remarkably
low-field position for this signal.

Acetylation of this triol ether 42 gave a diacetoxy alcohol 43 m.p.
173-176°C., fmex 3610, 3490 (hydroxyl), 1770 (6 -lactone), 1740 (methyl
ester, acetates) cm-1_7. The sbnormally high value for the & -lactone is
consistent18 with the presence of an adjacent oxygen substituent, in this
case the acetate, causing a direct dipolar interaction with the carbonyl
of the § -lactone. The NMR spectrum had well separated signals at
T 920, 9.04, 8.92, 8,73, 8.51 (singlets, 5 tertiary methyls), 8.18, 7.81
(singlets, 2 acetates), 7.14 (1H, singlet, exchangeable with DZO), 6.33
(singlet, methyl ester), 6.02, 5.35 (multiplets, H-1, H-3 respectively),
4,36 (singlet, H-15), L.12 (singlet, H-17), 3.41, 2,56, 2,02 (furanic
brotons). Again, decoupling experiments (irradiation at  1- 7.98)
demonstrated the correct ass'ignment of H-{, H-3. The change in chemical
shift for H~15, (¢ 5.52 to TL.36), on acetylation, agrees well with the
values reported by Ekong 93_9_1;19 for compounds of the type 44 and 45

obtained by BF, catalysed rearrangement of the 7-hydroxy derivatives

3
related to 7-deacetyl khivorin 46 and 7-deacetyl gedunin 47.
Oxidation of the triol ether 42 with Jones reagent, gave a
relatively non-polar compound, which did not crystallise. and which
decomposed over a period of several days. This compound, Z\-max 3515
(hydroxyl), 1768 ( § -lactone), 1735 (methyl ester, 15-ketone), 1723
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(3-ketone) cm-1_7, had no signals in the NMR spectrum corresponding to
H-3 and H-15. It was assigned the diketone structure 48.

The formation of the triol ether 42 in basic media may be rationalised
as follows. Opening of the epoxide fing by q-face attack of hydroxide
anion followed by B=-elimination of the C-14 hydroxyl would lead to the
enol lactone system 49. Subsequent Michael addition of the 1@-OH group,
probably under work-up conditions, would give the desired product.

After the successful synthesis of the bicyclononanolide system,
attention was centred on the corresponding 1-deoxy system 50 which could
arise from a precursor of the type 51 again by Michael addition of C-2
to C~30. The main points of interest were whether cyclisation would
occur and under what particuler experimental conditions, and whether
the predicted product 50, 1 deoxym‘.e:dcanolglae , would be stable under
basic conditionse »

The available starting material, 7-aeacety1-7-keto gedunin _5_2_20
was subjected to Baeyer-Villiger oxidation using péracefic acid, giviﬁg

o CHCl3
the more polar g-lactone 53 m.p. 244-246 C., /V max

1745 (§ and & ~
lactones), 1677 (cyclohexenone) /. Opening of the g -lactone at this
stage was attempted using potassium carbonate in aqueous methanol.
However the main product from this reaction was the ring B cleaved
Michael adduct 54 from attack by methanol at C-1. It was therefore

first of all necessary to remove the A1 »2 double bond and this was
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51.
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achieved by treatment with excess sodium borohydride, followed by Jones
oxidation. This gave mainly the saturated ketone 55 m.p. 287-291°C
decomp. Z_\)gzcxlj 1740 (6 and g-lactones), 1710 (cyclohexanone) cm-1_7.

Basé catalysed opening of the g-lactone ring in 55 was now possible,
and this time, higher yields were obtained using 4N sodium hydroxide
instead of potassium carbonate. The hydroxy methyl ester 56 m.p. 198-
20160., Jvmax 3600, 3510 (hydroxyl); T 6.42 (singlet, methyl ester) /,
underwent facile dehydration with thionyl chloride to the exomethylene -
derivative 57 m.p. 149-151C. , L~ L.73, k.70, 4.54 (singlets, exomethylene
and H~17, no individual assignments), loss of one methyl group; \)222}3
no hydroxylg7. Again, no trace of the A8’9 isomer could be found.

Removal of the epoxide.to form the desired-diene—lactone system 51
was carried out as usual'with chromous chloride. The product 51 m.p.
145-14600 showed the expected shift of H-15 from T6.07 tb T4.10, An
alternative route to this precursor 51 involved the reactions shown in
scheme (1), identical to those involved in the khivorin-methyl angolensate
transformation. However the chromous chloride reduction of the epoxide
in 55 failed to proceed to any extent, even with a large excess of
éhromous chloride present.

Conditions for cyclisation of the precursor 51 were investigated.
Using sodium hydroxide in methanol at room temperature, starting material

was recovered unchanged after remethylation. Analytical TIC did not

provide a good indication of the extent of reaction since the precursor
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and the cyclised product had identical polarities. INMR was a much
better monitor. The precursor, refluxed in approximately 10% sodium
hydroxide/methanol solution for 24 hours tended to cyclise to a small.
exent (~15%). This could be seen by the introduction of a broad
singlet at~ 7 6.6 corresponding to the C-15 methylene group. Obviously
cyclisation was not going as asmoothly as had been hoped, due probably
to the fact that Michael addition would not occur on the carboxylate
anion 58 generated from the §-lactone in basic media. |

With sodiwﬁ methoxide it was found that after 2L hours at room
temperature, alI_L starting material had been consumed, The product, after
methylation with ethereal diazomethane and purification by preparative
TIC, was the desired 1-deoxymexicanolide 50 Z&JD + 75° The MR spectrum
hed signals at 7 9.08, 9.04, 8.97 (6H) (singlets, 4 tertiary methyls),
6.65 (broad singlet, 2H-15) (c.f. T 6.54 in mexicanolide), 6.35 (singlet,
methyl ester), 4.98 singlet, H-17), 3.56, 2.60, 2.48 (furanic protons).
The significant differences between the NMR spectra of the precursor 51
and deoxymexicanolide 50 were loss of signals at T 4.87, 4.58 (exomethylene)
and T 4.10 (H-15).

Attempts to prepare the corresponding 3B~alcohol 59 by sodium
borohydride reduction resulted in an inseparable mixture. Shortage of

material prevented further investigation.
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Experimental

All melting points were determined on a Kofler hot-stage apparatus
and are uncorrected. Nuclear magnetic resonance (IlR) spectra were
recorded on a Varian T-60 or a Varian H A 100 spectrameter using
tetramethylsilane as an internal reference in deuterochloroform.
Ultraviolet (UV) absorption spectra were measured in ethanol
solution using a Unicam SP 800 spectrometer. Infrared (IR) solution
spectra were obtained on a Perkin-Elmer 225 instrument ﬁsing carbon
tetrachloride as solvent, unless otherwise specified.
| M#ss spectra were routinely determined on an A,E,I.-G.E.C. M.S.12
mass spectrometer, high resolution spectra being obtained on an A,E.I.
M.S. 9028 instrument by Mr. I. Jardine. Optical rotations were measured
on a Perkin-Flmer 141 polarimeter in chloroform solution. Xieselgel G
(Merck) was used for both anslytical and preparative thin layer
chramatography (TLC). Light petroleum refers to the fraction of boiling
point 60-80°C. |
Two reactions were frequently employed during the course of this
research, the experimental conditions remaining standard. These were:
i) Baeyer-Villiger oxidatioﬁ usingvperacetic acid, prepared according
to the method of Swern21. The acid was added to a stirred solution
" of the ketone in methylene chloride with anhydrous disodium hydrogen
phosphate present as buffer. The weight of buffer added was

roughly equal to the weight of ketone used. The reaction was left
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for 24 hours, diluted with water and extracted with ethyl acetate.

4

Chromous chloride reduction of the epoxide ring af to the §-lactone

ring in the tetranortriterpenoids under discussion. The reagent,

chromous chloride, was prepared by a modification of the method of
Rosencranz et al. 22 whereby amalgamated zinc dust was prepared by

vigorously shaking zinc dust (10g.), mercuric chloride (0.8g.),

water (10 ml.) and concentrated hydrochloric acid (0.5ml.) for 5

~ minutes. The supernatent liquid was decanted and water (20ml.)

and concentrated hydrochloric acid (2ml.) added. Chromic chloride
(5g.) was added portionwise with stirring under an atmosphere of
nitrogen. The resultant dark blue solution of chromous chloride
was injected into the reaction vessel by means of a syringe. An

excess of chromous chloride solution was added, the amount

- prepared above normally being used for approximately 700 mg. of

the required epoxide. Work=up was achieved by dilution with water

and subsequent extraction with chloroform.

Chromous chloride reduction of the epoxide 3

7-oxo-7-deacetoxy khivorin 3 (5g.) in acetone (140ml.) and glacial

acetic acid (50nl.) was treated with excess chromous chloride solution

at 14.500. for 24 hours. Dilution with cold water and extraction with

chloroform gave a gum (4.l4g.) which by analytical TLC was found to have

one major component.

from ethanol gave the 14, 15 deoxy compound 5 as fine needles m.p.

Purification by preparative TIC and crystallisation
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253—257°c.; NMR signais at T 9.2, 9.00, 8.85, 8.78, B.47 (singlets,

5 tertiary methyls), 8.03, 7.92 (singlets, 2 acetates), 5.3 (multiplet,
(2H), B-1, H-3), 5.03 (singlet, H-17), 3.47 (singlet, H-15), 3.60, 2.58
(furanic protons); wymax 1735 (acetates, §-lactone), 1715 (cyclohexanone)

Cm-1 .

Baeyer-Villiger oxidation of the deoxy compound 5

Baeyer-Villiger oxidation of the .14,15 deoxy compound 5 (1.8g) in
methylene chloride (10 ml.) with peracetic acid gave after work-up a
white solid (789 mg.) consisting mainly of the required e&-lactone 8.
Purification by preparative TLC and crystallisation from benzene yielded
plafes MePe 289-291°C. decomp. 3 NMR signals at T 9.13, 9.07, 8.92, 8.86,
8.32 (singlets, 5 tertiary methyls), 8.08 (singlet, (6H), 2 acetates),
5,36 (multiplet, (2H), H-1, H-3), 5.10 (singlet, H-17), 3.59 (singlet,
H—15), 3.71, 2.65 (furanic protons); \)gg?clj 1730 (acetates, § and
e-lactones) cm .

Mass Analysis: M‘“ = 542.2487; Cy( Hyg Og requires
M* = 542.2516. B

Acid catalysed ring-opening of the eg-lactone 8

The e-lactone 8 (320 mg.) was dissolved in dry benzene (20 ml.) and
refluxed overnight in the presence of a small amount of p-tpluene sulphonic
acid (20 mg.), after which time it was filtered and the solvent removed.

The residue was found to consist of starting material and a polar, acidic
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component. Separation by preparative.TLC (3% MeOH/CHClj), gave the
acid 9 (116 mg.) characterised as its methyk ester 10 m.p. 1191 2Z+OC.
(from aqueous ethanol). NMR signsls at 79.16, 9.00, 8.93, 8.86
(singlets, 4 tertiary methyls), 8.00, 7.94 (singlets, 2 acetates),
6.30 (singlet, methyl ester), 5.22 (multiplet, (2H), H~1, é-;),
4.78, 4.72 (singlets, exomethylene) 4.78 (singlet, H-17), 4.18 (singlét,
H-15), 3.53, 2.57, 2.47 (furanic protons); wmax 1735 (acetates, methyl
ester), 1720 ( &§-lactone) an™t. |
(Foun@: C, 64.38; H, 7.63%; 051 HZ,LO 09.H20 requires

C, 64.79; H, 7.37%).

3a~hydroxy dihydro methyl angolensate 12

Treatment of the exomethylene compound 10 (70 mg.) in methanoll
(5 ml.) at room temperature with 4N sodium hydroxide (0.4 ml.) for 20
hours, gave after acidification (dil. HC1l), extraction with chloroform
and methylation with ethereal diazamethane, 3a =-hydroxy dihydro methyl
angolensate 12 (61 mg.), m.p. 209-212°C. (from ethanol). MMR signals at
T 9.11, 9.05, 9.03, 8.97 (singlets, 4 tertiary methyls), 6.60 (broad
multiplet, (2H), H-1, H-3), 6.26 (singlet, methyl ester), 5.09, 4.83
(singlets, exomethylene), 4.46 (singlet, H-17), 3.55, 2.57, 2.50 (furanic
protons); ymax 3550 (hydroxyl), 1740 (& -lactone, methyl ester), 1660
(exomethylene) en”t.
(Found: C, 68.50; H, 7.5%%; Coy Hsg O7 requires

C, 68.62; H, 7.687).



Methyl angolensate 13

To the alcohol 12 (30 mg.) in acetone (5 ml.) at 0°%. was added
6 drops of Jones reagent, Dilution with water and extraction with
chloroform gave, after removal of the solvent, a solid (24 mg.) which
was purified by preparative TLC and recrystallised from ethanol as
colourless needles m.p. 201 -205%. , [&.JD-M ° (1it.9 m.p. 203-208°C.,
Z&JD-A.BO). This compound was shown to be identical with an authentic
sample of methyl angolensaté a3 (mem.p. , TIC, IR, N}-'IR). NMR signals at
T 9412, 9.04, 8.93, 8.79 (singlets, 4 tertiary methyls), 6.49 (multiplet,
H-1), 6.28 (singlet, methyl ester), 5.11, 4.87 (singlets, exomethylene),
43k (singlet, H-17), 3.62, 2.62, 2.56 (furanic protons)} vmax 1735
(methyl ester, &-lactone), 1715 (cyclohexanone) ant, (Founa: C, 68.61,
H 7.29%; Chy Hy O, requires C, 68.92, H, 7.287).

Base catalysed rihg opening of the e-lactone 8

Treatment of the €-lactone 8 (53 mg.) in methanol (5 ml.) at room
teméerature for 12 hours, with 4N sodium hydroxide gave after work-up
in the usual manner, a very polar crystalline compound (46 mg.).
Methylation with diazomethane and recrystallisation from agueous methanol
gave the diol ether 1§_ as colourless prisms m.p. 280°C. decomp, § NMR
signals at T 9.07 (6H), 8.98, 8.82, 8.38 (singlets, 5 tertiéry methyls),
6,57, 6.33 (multiplets, H-3, H-1 respectively), 6.30 (singlet, methyl

ester), 5,90 (broad singlet, 1H, exchangeable with DZO)’ 4+20 (singlet,
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H-17), 3.60, 2,60 (furanic protons); wvmax 3610, 3530 (hydroxyl), 1735
(methyl ester, &-lactone) e,
(Found: C, 64.09; H, 7.68%; 027H38 0g-H,0 requires

c, 63073; H’ 7'9%&).

Acetylation of the diol ether 16

To the diol ether 16 (24 mg.) in dry pyridine (1.5 ml.) was added
acetic anhydride (0.75 ml.). After 12 hours, water was added and the
solution extracted with chloroform. The residue, (23 mg.) was recrystallised f
from ethanol giving the hydroxy acetate 17 as small prisms, m.p. 258-260°C. 5
NMR signals at T 9.20, 9.03, 9.00, 8.93, 8.43 (singlets, 5 tertiary methyls), f

8.08 (singlet, acetate), 6.37 (singlet, methyl ester), 6.05 (multiplet,

H-1), 5.37 (multiplet, H-3), 4.20 (singlet, H-17), 3.73, 2.63 (furanic
protons); Vmax 3610, 3410 (hydroxyl), 1740 (acetate, methyl ester,
6 ~lactone) cm .

. + . .
Mass analysis: M = 532,2665; 029 HAO O9 requires

Mt = 532.2672.

Dehydration of the hydroxy acetate 17

Several drops of thionyl chloride were added to the hydroxy acetate
17 (14 mg.) in &y pyridine (1.5 ml.), and almost immediately water was
carefully added. Extraction with chloroform gave a residue (11 mg.)

consisting of mainly one compound 18. Purification by preparative TLC
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and subsequent recrystallisation from methanol gave small cubes m.pe
221;-22606. This compound was identical with the product of acetylation
18, of 3u-hydroxy dihydro methyl angolensate 12. NKR signals at
T 9.21 (9H), 9.03 (singlets, 4 tertiary methyls), 7.94 (singlet,
acetate), 6.35 (multiplet, H-1), 6.35 (singlet, methyl ester), 5.32
(multii)let, H=3), 5.17, 492 (singlets, exomethylene), 4.26 (singlet,
H-17), 3.62, 2,60 (furanic protons); . vmax 1740 (acetate, meth‘yl ester,
1

6 =lactone) cn .

Mass spectrum: MY = 5143 (029 H38 Og requires ut = 514).

Baeyer-Villiger oxidation of 7-oxo-7-deacetoxy khivorin 4

Using peracetic acid, 7-oxo-7-deacetoxy khivorin 4 (8 g.) yieldéd
inter alia the €-lactone 19. Purification by preparative TIC (1% MeOH/
CHClj) , gave the pure e-léctode 19 (2.5 g.) m.p. 308°C. decamp. (from
methanol). NMR signels at T 9.1, 8.97, 8.92, 8.67, 8.63 (singlets, 5
tertiary methyls), 8.03, 7.97, (singlets, 2 acetates), 6.27 (singlet,
H-15), 5.27, 5.12 (multiplets, H-1, H-3), 4.63 (singlet, H-17), 3.67,

CHC1
2,62 (furanic protons); vmax 3 4730 (acetates, € and &~ lactones) an .
| (Eoundu C, 6L.44; H, 7.02%; C30 Hig 0, requires

C, 64.50; H, 6.86%).

Acid catalysed opening of the g-lactone 19

Treatment of the £-lactone 19 with p-toluene sulphonic acid in

refluxing benzene gave no reaction at all.
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Base catalysed ring opening of the e-lactone 19

Optimum yields of the required product 24 were obtained using
potassium carbonate (1 g.) in aqueous methanol at room temperature.
From the e-lactone 19 (1.29 g.) two major compounds were obtained.
Methylation of this mixture with diazomethane gave the ring-B cleaved
compound 2 (1.12 g.) which was purified by preparative TLC and
recrystallised from methanol as transparent prisms m.p. 271.;.-27700.;
NMR signals at v 9.08, 8.94 (6H), 8.75 (6H). (singlets, 5 tertiary
methyls), 9.00 (singlet, exchangeable with D2O), 7.93 (singlet, 2
acetates), 6.40 (singlet, methyl ester), 6,37 (singlet, H-15), 5.2k,
4,78 (multiplets, H-1, H-3), 4.59 (§ing1et, H-17), 3.61, 2.56 (furanic

CH1 3
protons); ymax

8-lactone) et

3590 (hydroxyl), 1730 (acetates, methyl ester,

(Found: C, 63.16; H, 7.10%; C31 th 0,, requires
C, 63.03; H, 7.17%).

Dehydration of the alcohol 24

The alcohol 24 (840 mg.) was dehydrated with thionyl chloride in
pyridine. The major product 25 (732 mg.) was purified by preparative |
e (% MeOH/CHJlB), and recrystallised from methanol as colourless
plates m.p. 197-19900.; NMR signels at T 9.15, 9.07, 8.97, 8.77 (singlets,
L, tertiary methyls), 7.92 (singlet, 6H, 2 acetates), 6.37 (singlet,
methyl ester), 6.13 (singlet, H-15), 5.28, 5.07 (multiplets, H~1, H-3),
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4.93, 460 (singlets, exomethylene), 4.53 (singlet, H-17), 3.65, 2.63

(furanic protons); wmex 1740 (acetates, methyl ester, G-lactone) ™,

(Found: C, 65.40 H, 6.947; C34H, 00, Tequires
C, 65.02 H, 7.04%).

Formation of the diol 26

Base hydrolysis of the acetates of 25 (447 mg.) using 4N sodium
hy@roxide in methanol at room temperature for 6 hours gave inter alia
the required diol 26. Methylation and purification by preparative TLC
gave a pure sample of the non-crystalline diol (253 mg.). NMR signals
at T9.05, 9.03, (6H), 8.99 (singlets, 4 tertiary methyls), 6.36
(singlet, methyl ester), 6.43, 6.26 (multiplets, H-1, H=3), 6.08
(singlet, H-15), 4.76, 4.6k (singlets, exomethylene), 4.58 (singlet,
H-17), 3.63, 2.58 (furanic protons); wvmax 3625, 3600, 3500 (hydroxyl),
1745 (methyl ester, &-lactone) ™, |
Mass analysis: MY = 4,88,2385; 027H3608 requires

M* = 488.2409.

Oxidation of the diol ié

Jones oxidation of the diol 26 (170 mg.) in acetone (10 ml) at 0°c.
produced two products which were separated by preparative TLC. These
were identified as the B-diketone 27 (91 mg.) m.p. 188-192°C. (from
methanol)$ MMR signals at T 9.10, 9.0k (6H), 8.98 (singlets, 4 tertiary

methyls), 6.34 (singlet, methyl ester), 6.27 (singlet, H-15), 6.10
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(singlet, 2 H-2), 4.68, 4.46 (singlets, exomethylene), L4.46 (singlet,
H-17), 3.6k, 2.58 (furanic protons); vxcn}al.?clj 1735 (methyl ester,
6-lactone) 1707 (3-diketone) am '.; Amax 261 mm. (€ 9,300) rising to
289 mm. (e 22,600) on addition of base.
(Found: C, 66.83 H, 6.74%; Cpy Hy, Og requires

C, 66.92 H, 6.66%). ,
and the g-hydroxy ketone 28 (20 mg.) m.p. 196-199°C. , (from chloroform/
ether); NMR signais at T 9.05, 8.88 (6H), 8.83 (singlets, 4 tertiary
methyls), 6.33 (singlet, methyl ester), 6.06 (singlet, H-15), 5.95
(multiplet, H-1), 4.6k, 4.49 (singlets, exomethylene), L.64 (singlet,
H-17), 3.6L4, 2,58 (furanic protons); ymex 3610, 3525 (hydroxyl), 1714;5
(methyl ester, O&-lactone), 1715 (cyclohexanone) .
Mass analysis: M’ = 486.2218; | 027 H34 Og requires

MY = 486.2253,

Andirobin 29

Dehydration of the hydroxy ketone 28 (12 mg.) in pyridine with
thionyl chloride (3 drops) gave andirobin 29 (9 mg.). Purification
by preparative TLC and recrystallisation from methanol produced prisms
m.p. 193-196°C., /&7, 33% (1it."? mp. 195-197%., /&7, 38.5°%).
MR signals at T 9.08, 9.05, 8.9, 8.92 (singlets, 4 tertiary methyls),
6.33 (singlet, methyl ester), 5.98 (singlet, H-15), k.74, 4.63 (singlets,

exomethylene), 4.53 (singlet, H-17), 3.94, 2.83 (AB quartet, H-2, H~1



50

respectively, J = 10 Hz.), 3.66, 2.59 (fursnic protons); wmax 1745

(methyl ester, d-lactone), 1685 (cyclohexenone) cm™ .
. + — . 3

Mass analysis: M = 468.2091; 027 Hy, O7 requires

vt = 468.2147.

The diene-lactone precursor 3

Treatment of the f-diketone 27 (43 mg.) with excess chromous
chloride gave inter alia the polar diene-lactone 3. Purification by
preparative TLC afforded a slightly impure sample of the diene-lactone
. 3 (22 mg.) recrystallised from chloroform ether as small needles m.p.
193-198°C.; IR signals at T 9.01, 8.95, 8.84, 8.77 (singlets, &
tertiary methyls), 6.32 (unsymmetrical singlet, 5H, methyl ester, 2H-2),
Le71, 4.63, 4.53 (singlets, exomethylene, H-17), 4.00 (singlet, H-15),
3.56, 2,55 (furanic protons); \)rcngfcl'3 1720 broad (B -giketone, methjl
ester, H-lactone) cm-“.; Amax 262 nm. (e 9,000).

Mess spectrum: A 468; (027 H32 07 requires Mt = L68).

Mexicanolide 1

The diene-lactone precursor 3 (15 mg.) was stirred in chloroform
(2 ml.v) in the presence of & few drops of aqueous sodium bicarbonate.
After 24 hours fhe reaction was complete. Acidification and éxtraction
with chloroform gave mexicenolide 1 (13 mg.) recrystallised from
methanol as transparent cubes m.p. 221 -22600., Z&JD --85°;(1:i.’c.1 m.p.

202-227°C., /37, -90°). MR signals at T 9.14, 9.01 (6H), 8.76
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(singlets, 4 tertiary methyls), 6.5 (broad singlet, 2H-15), 6.30

- (singlet, methyl ester), 4.75 (singlet, H-17), 3451, 2.59, 2.42

CHCLl
(furanic protons); vmex 3 1730 (methyl ester, §-lactone), 1705 (B -

diketone) .
(Fognd.: C, 68.96; H, 6.81%; 027 Hso 07 requires

C, 69.21; H, 6.88%).

Treatment of the g-lactone 19 with dilute ‘sodium hydroxide.

Treatment of the €-lactone 19 in methanol with 4N sodium hydroxide

for 15 hours at room temperature gave at least four compounds, the
relative proportiors of which varied with the time of reaction. HMethyla-
tion of this mixture with diazomethane and separation by prepesrative

TIC afforded pure samples of the alcohol 24; thé dio]_. 20 m.p. 250-25300.
(from agueous methanol); N¥R signals at T 9.18, 9.04, 8.89, 8.70, 8.68
(singlets, 5 tertiary methyis), 8.42, 8.34 (broad singlets, exchahgeable
with D20), 6.34, 6.26 (multiplets, H-1, H-3), 6.29 (singlet, H-15),

C:=Cl
4.60 (singlet, H-17), 3.60, 2.58 (furanic protons); wvmex 3

3620, 3480
(hydroxyl), 1740 (& and §-lactones) cm-1._
(Found: ¢, 63.58; H; 6.87%; Cog Hs), Og.H,0 requires

C, 63.40; H, 7.377) 3
the triol 33 m.p. 236-240°C. (from methanol); NMR signals at T 9.05,
9.02, 8.90, 8.79 (6H) (singlets, 5 tertiary methyls), 6.4k (singlet,

methyl ester), 6.38 (singlet, H-15), 6.32, 5.87 (multiplets, H-1, H-3),
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KBr
4.59 (singlet, H-17), 3.61, 2.58 (furanic protons); \max 3520, 3460

(hydroxyl), 1730 (methyl ester, §-lactone) et
(Found: ©C, 63.79; H, 7.L45%; Cpy Hszg Og requires

C, 64,.01; H, 7.56%) and, |
the triol ether 42 m.p. 235-238°C. (from benzene); NMR signals at
T 9.12, 9.09, 9.04, 8.86, 8.67 (singlets, 5 tertiary methyls), 6.78
(singlet, 1H, exchangeable with DZO), 6.4k, 6,07 (multiplets, H-1, H~3),~
6.36 (singlet, methyl ester), 5.55 (broad singlet, H-15, sharpening on
D0 addition), 5.37 (broad singq.et, 1H, exchangeable wigll}m]izo), 3.79
(singlet, H-17), 3.49, 2.56, 2.52 (furanic prbtons); vimax 2 3460
(hydroxyl), 1735 (methyl ester, 6-lactone) cm™ .
(Pound: C, 63.97; H, 7.48%; 027 H58 O9 requires

C, 64.01; H, 7.56%).

Oxidation of the diol 20

Jones oxidation of the diol 20 (50 mg.) in acetone (5 ml.) at
0_°C. gave the corresponding 8 -diketone 23 (41 mg.). It was purified
by preparative TIC followed by recrystallisation from ethanol as small
prisms m.p. 280 ~28,°C. deconip.; NMMR signals at T 8.79, 8.75, 8.68 (6H),
8.60 (singlets, 5 tertiary methyls), 6.55 (singlet, 2H-2), 6.33 (singlet,

CHC1
H-15), 4.62 (singlet, H-17), 3.6k, 2.59 (furanic protons); wvmax 3

1740
(e and 6-lactones), 1710 (B -diketone) en™t, Amax 260 nm. moving to
289 nm, on addition of base.

Mass spectrum: Mt = 470 (026 HEO 08 requires Mt = 470).
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Oxidation of the triol 33

Jones oxidation of the triol 33 (313 mg.) in acetone (25 ml.) at
0°%. gave a mixture of mainly two compounds. These were the non-
crystalline B—diketone 34 (124 mg.); NUR signals at T 9.00, 8.87,
8.85, 8.72, 8.69 (singlets, 5 tertiary methyls), 6.62 (singlet, 2H-2),
6.36 (singlet, H-15), 6.33 (singlet, methyl ester), 4.62 (singlet,
H-17), 3.64, 2.60 (furanic protons); vmax 3600, 3460 (hydroxyl), 1740
(methyl ester, &-lactone), 1705 (B ~diketone) am '; Amax 261 nm. ‘
" moving to 290 nm. on additon of base;
and the p-hydroxy l{efone 35 (92 mg.) as a gum; NMR signals at 9'.03,
8.91, 8.79 (6H), 8.62 (singlets, 5 tertiary methyls), 6.62 (broad
singlet, 1H, exchangeable with Dzo); 6.35 (singlet, methyl ester), 6.31
(singlet, H-15), 6.21 gmultiplet, H-3), k.53 (singlet, H-17), 3.59, 2.5k
(furanic protons); \)ga?cl3 3600, 3510 (hydroxyl), 1735 (methyl ester,
6-lactone), 1715 (cyclohexahone) et

Mass analysis: M = 501;;. 2332; 027 H56 O9 requires
M* = 504.2359.

Acetylation of the B-hydroxy ketone 35

Acetylation of the B-hydroxy ketone 35 (61 mg.) using acetic
anhydride in pyridine gave the corresponding acetate 36 (14 mg.)
(impure); NMR signals at T 9.13, 8.73 (9H), 8.60 (singlets, 5 tertiary

methyls), 7.98 (singlet, acetate), 6.35 (singlet, 4H, methyl ester, H-15),
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5.07 (multiplet, H-3), 4.60 (singlet, H-17), 3.65, 2.63 (furanic
protons); Mmax 3600, 3520 (hydroxyl), 1740 (methyl ester, 8-lactone),
1710 (cyclohexanone) cm.1;

and a close-running component, the enone 37 (23 mg.) m.p. 193-194°C.
(from ether/petrol); NKR signals at T 9.00, 8.88, 8.79, 8.72, 8.6k
(singlets, 5 tertiary methyls), 6.40 (singlet, 4H, methyl ester, H-15),
L.61 (singlet, H=17), 4.1k, 3.41 (AB quartet, H-2, H-3 respectively,

J =10 Hz.), 3.64, 2.61 (furanic protons); wymax 3600, 3525 (hy@o?qyl‘),

1740 (methyl ester, &-lactone), 1675 (cyclohexenone) en”ts

Mass spectrum? M’ = 486; (027 H'34 08 requires M' = 486).

Dehydration of the acetate 36

Dehydration of the acetate 36 (10 mg.) with thionyl chloride :Ln
‘pyridine gave inter alia "mahoganin acetate" 39 (7 mg.). Purification
by preparative TIC failed to give a completely pure sample of 39 which
did not crystallise. NMR signals at T 9.18, 9.08, 8.7k (6H) (singlets,
L tertiary methyls), 7.89 (singlet, acetate), 6.39 (singlet, methyl
ester), 6.10 (singlet, H-15), 5.10 (multiplet, H-3), 459, 4.52, 4.38
(singlets, exométhylene, H-‘l?), 3.6k, 2.58» (furanic protons); wvmax 1740
(methyl ester, acetate, §-lactone), 1705 (cyclohexanone).

Mass analysis? - Mt = 528.2357; C H56 09 requires

29
Mt = 528.2359.
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Isoandirobin 32

Dehydration of the enone 37 (15 mg.; gave a mixture, with one
major component. Purification by preparative TIC yielded isoandirobin
32 (7 mg.), Z&JD + 22° which resisted all attempts at crystallisation.
NMR signels at T 9.60, 8.96 (6H), 8.77 (singlets, 4 tertiary methyls),
6.33 (singlet, methyl ester), 6.12 (singlet, H-15), Le7h, be71, 438
~ (singlets, exomethylene, H-17), 4.09, 3.38 (AB quartet, H-2, H-3
resgpectively, J = 10 Hz.), 3.65, 2,60 (furanic protons); ymax 1745
‘(methyl ester, §-lactone), 1675 (cyclohexenone) em™l,
Mass analysis: M' = 468.2097; 027 sz O7 requires

M* = 468.2147.

Acetylation of the triol ether 42

The triol ether 42 (15 mg.) after treatment at room temperature
for 2 days with acetic anhydride in pyridine afforded the diacetate
43 (13 mg.), recrystallised from chloroform/ether as small cubes m.p.
173-176°C.; MR signals at T 9.20, 9.0k, 8.92, 8.73, 8.51 (singlets,
5 tertiary methyls), 8.18, 7.81 (singlets, 2 acetates), 7.14 (singlet, 1H,
exchangeable with DZO)’ 6.33 (singlet, methyl ester), 6.02 (multiplet,
H-1), 5.35 (multiplet, H-3), L.36 (singlet, H-15), 4.12 (singlet, H-17),
3.44, 2,56, 2,02 (furanic protons); wvmax 3610, 3490 (hydroxyl),1770
( § -lactone), 1740 (methyl ester, acetates) en”t,

| Mass spectrum: . k¥ = 580 (C31 H32 0,4 requires M' = 580).
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Oxidation of the triocl ether 42

Jones oxidation of the triol ether 42 (18 mg.) gave inter alia
the non-crystalline diketone 48 (9 mg.); 'mm signals at T 9.13, 8.97,
8.89, 8.74 (6H) (singlets, 5 tertiary methyls), 6.29 (singlet, methyl
ester), 6.10 (multiplet, H-1), 3.39 (singlet, H-17), 3.50, 2.50, 2.33
(furanic protons); vmax 3515 (hydroxyl), 1768 (& -lactone), 1735
(methyl ester, 15-ketone), 1723 (3-ketone) cu .

Mass spectrum: M' = 502 (G requires M* = 502).

27 Hz), 09

Baeyer-Villiger oxidation of 7-deacetoxy-7-keto gedunin 52

The starting material 52 was not pure, but was one component (~ 4L0%)
of a binary mixture containing mexicanolide (~ 60%). The polarities of
these two compounds'z were identical, so separation by TLC was not
possible, The e-lactone 53 (870 mg.) was obtained from oxidation of
the mixture (5 g.) and subsequent separation by preparative TLC from
unreacted 1ne>dcaholide. Recrystallisation from methanol gave needles -
m.p. 20,-246%.; TR signals at 78.95, 8.78, 8.7k, 8.69, 8.60
(singlets, 5 tertiary methyls), 6.25 (singlet, H-15), 4.57 (singlet, H-17),
4,04, 2,91 (AB quartet, H-2, H-1 respectively, J = 11 Hz.), 3.59, 2.54

CHC1
(furanic protons); Vvmax 3 1745 (8 and e-lactones), 1677 (cyclohexenone)

_
cn .
(Found: C, 68.55; H, 6.73%; Cyg Hyo 05 requires

C, 68.70; H, 6.65%).



The dihydro €-lactone 55

Removal of the A1 »2 double bond was achieved by reduction of the

g€-lactone 53 (721 mg.) in ethyl acetate (30 ml.) using excess sodium
borohydride at room temperature f‘of 4 hours. Addition of dilui',e
hydrochloric acid and extraction with ethyl acetate gave a mixture which
was oxidised using excess Jones reagent in acetone at 0°. After the
normal work-up procedure, one main compound was formed, the required
3-ketone 55 (580 mg.). Purification by preparative TLC and recrystallisa-~
tion from methanol/chloroform gave small prisms mep. 287-291 °e. decomp. »
NMR signals et 78.97, 8.90, 8.82, 8.69, 8.62 (singlets, 5 tertiary
methyls), 6.28 (singlet, H-15), 4.60 (singlet, H~17), 3.60, 2.56 (furanic
protons); vglia{ilj 1740 (8§ and g-lactones), 1710 (cyclohexanone) .

~ (Found: C, 68.20; H, 7.13%; Cog Hsp O7 requires |

C, 68.40; vH,A 7.070)

The alcohol 56

Opening of the g-lactone ring was found to pi'oceed smobthly with
dilute sodium hydroxide. Thus tfeatment of the dihydro e-lactone 55
(327 mg.) in methanol (15 ml.) with 4N sodium hydroxide (1 ml), gave
the hydroxy acid (305 mg.) which was methylated with ethereal
diazomethane to g;i.vé the corresponding hydroxy ester _5_6_. Recrystallisa~
tion from methanol/chloroform gave small cubes m.p. 198-201 °c. 3 WMR

signals at T 8.98, 8.86 (6H), 8.78, 8.68 (singlets, 5 tertiary methyls),




6.42 (singlet, methyl ester), 6.38 (singlet, H-15), 4.60 (singlet,
H-17), 3.63, 2.58 (furanic protons); vmax 3610, 3510 (hydroxyl),
1740 (methyl ester, §-lactone), 1715 (cyclohexanone) eml,
(Found: C, 66.42; H, 7.5%; 027 Hyg Og requires

C, 66.37; H, 7.43%).

Chromous chloride treatment of the dihydro e-lactone 55

The dihydro e-lactone 55 failed to react with excess chromous
chloride under the normal reaction conditions, and was recovered

unchanged.

Dehydration of the alcohol 56

The alcohol 56 (192 mg.) was dehydrated with thionyl chloride in
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pyridine to give the exomethylene derivative 57 (157 mg. ). Purification

by preparative TLC (2% petrol/chloroform), and subsequent recrystallisa-

tion from ethanol yielded prisms m.p. 1#9-15100.; MR signals at
T 9,08, 9.04, 8.93, 8.89 (singlets, 4 tertiary methyls), 6.36 (singlet,
methyl ester), 6.07 (singlet, H~15), 4.73, 470, 4.5k (singlets,

CHC1
exomethylene, H~17), 3.6k, 2.58 (furanic protons); vmax 5

no hydroxyl,
1735 (methyl ester, d-lactone), 1705 (cyclohexanone) an”t,
(Found: C, 69.18; H, 7.42%; Coy Hsy, 07 requires

C, 68.92; H, 7.28%).



59

Chromous chloride reduction of 57

Treatment of the exomethylene derivative 57 (95 mg.) with excess
chromous chloride solution gave the required diene-lactone precursor
51 (87 mg.). Purification by preparative TLC and recrystallisation
from ethanol produced fine needles m.p. 145-11;600.; NMR signals at
T 9.01, 8.96, 8.90, 8,86 (singlets, 4 tertiary methyls), 6.35 (singlet,
methyl ester), 4.87, 4.58 (singlets,'exomethylene), 481 (singlet,
H~17), 4.10 (singlet, H~15), 3.52, 2,54, 2.4 (furanic protons);
\xiﬁlj 1715 broad (methyl ester, §~lactone, cyclohexanone) cat.
(Found: C, 71.17; H, 7.36; Coy Hs 0 requires

C, 7134 H, 7.54%).

Deoxymexicanolide 50

Cyclisation of the precursor 51 occurred to a small extent with
sodium hydroxide in methanol under gentle reflux. Use of sodium
methoxide at room temperature for 24 hours gave, from starting material
51 (43 mg.A) the required cyclised product as ‘the major component of a
mixture. Methylation and purification by preparative TLC yielded
1-deomme>:lcénolide 50 as a gum (26 mg.), Z&JD + 75° which failed to
crystaliise. NIR signals at T 9.08, 9.0k, 8.97 (6H) (singlets, 4
tertiary methyls), 6.65 (broad singlet, 2 H-15), 6.35 (singlet, methyl
ester), 4.98 (singlet, H-17), 3.56, 2,60, 2,48 (furanic protc;ns);
vmax 1740 (methyl ester, §-lactone), 1708 (cyclohexanone) et

Mass spectrum: N* = 454 (o7 Es, O requires M* = 454).



Attempted reduction of 1-deoxymexicanolide 50

Attempts were made at reducing the 3-ketone in 1-deoxymexicanolide
50 using sodium borohydride in ethanol. However, no matter how
carefully quantities were measured out, the formation of a multitude of
products was unavoidable. Due to shortage of material, this reaction
could not be carried out on a labge enough scale fo isolate a realistic

amount of the required alcohol 59.
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Introduction

Recent studies in chemotaxonomy have shown that the Combositae,
possibly the largest of all plant families, are rich in "secondary
metabolites", especially essential oils, sesquiterpenes, other
terpenoids and flavanoids. The possibilities of using these phyto-
chemical characters for texonomic studies have been recently reviewed
by Hegnauer1.

In particular, attention2 has been centred on those sesquiterpenes
which are regarded as typical members of their class, namely the
germacranolide 1, eudesmanolide 2, guaianolide 3, pseudoguaianolide
(ambrosanolidej)_g, xanthanolide 5 and eremophilanolide 6 classes of
sesquiterpene lactones, a group of compounds that appear to be formed
by closely allied biosynthetic processesk.

Sesquiterpene lactones have only been found to a small extent
outside the Compositae, e.g. in liverworts (Hepaticae). Recent research5
into the allergenic activit§ of species of Frullania, a genus of liverworts
has shown that this activity is probably due to the presence of certain of
these sesquiterpene lactones. Other investigation36 of liverworts have
yielded inter alia longifolene 7,longiborneol 8 and drimenol 9 and an

7

interesting tetracyclic sesquiterpene alcohol 10 fram Mylia taylorii'.

Since liverworts occur widely in the West of Scotland, it was decided to
carry out an investigation into the terpenoid content of a number of

species. Three of these, Lepidozia pinnata, Nardia compressa and

Marsupella emarginats gave no evidence of any terpenoid constituents.




7 \

PP i

11.

12,
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However, in the case of Frullania tamascifolia, several.

sesquiterpene lactones of the germacranclide and eudesmanolide types
were isolated. These closely related sesquiterpenes can be considered

L

to arise’ from cyclisation of frans-farnesyl pyrophosphate 11 to the
carbonium ion 12, which can undergo oxidative modification to the ten-
membered ring sesquiterpenes with the germacrane skeleton, a good
example of which is costunolide _1_5_8. Due to the relative position of
the two double bonds in the carbonium ion 12, facile transannular
cyclisation can occur to the eudesmane skeleton of which perhaps the
best known is sentonin _1_1_1.9.

Interconversions of germacranolides with eudesmanolides have
recent1y1o been achieved in vitro, in the transformation of costunolide

13 into the corresponding «f5, pB and¥{7cyclocostunolides. In the

chloroform extract bf Frullania tamascifolia were found costunolide _'_l_}_

and three compounds of the cyclocostunolide (eudesmanolide) type.




67

References

1.

2.

3.

be

5e

7o

9.

(1)

(i)

(1)
(i1)

R. Hegnauer, "Chemotaxonomie der Pflanzen", Vol III

Birkhsuser, Basel, 1964.
T. A, Geissm;m and M. A, Irwin, Pure and Appl. Chem.,
21, 167 (1970).

T. A. Geissman and M. A, Irwin, Phytochem,, 10, 637
(1971), and references cited therein.

F. Sorm and L. Dolejs, "Guaianolides and Germacranolides"

Hermann, Paris, 1965. v

W. Parker, R. Raumage and J, s. Roberts, Quart. Rev., 21,
331 (1967).

J. C. Mitchell, B, Fritig, B. Singh and G. I-i. N. Towers,

J. Invest. Derm., 54, 233 (1970).

A. Matsuo, M, Nakazoma end S, Hayashi, Phytochemistry,

10, 430 (1971) and references cited therein.
V. Benesova, P, Sedmera, V. Herout and F. Sorm,

Tetrahedron Letters, 2679 (1971).

A. S. Reo, G, R. Kelkar and S. C. Bhattacharyya,
Tetrahedron, 9, 275 (1960).

M. Nekazaki and H. Arakawa, Proc. Chem. Soc., 151 (1962).

J. D. M. Asher and G. A. Sim, Proc. Chem. Soc., 335
(1962).




68

10. (i) 7. C. Jain and J. E. McCloskey, Tetrahedron Letters,
4525 (1969). |
(ii) R. W. Doskotch and F, S, El-Feraby, J. Org. Chem.,

35, 1928 (1970).







70

Discussion

The first and most abundant compound isolated from Frullenia

tamascifolia was the cis-lactone 1 m.p. 714.—7600.; i cx_7D ~109° which
shoved NMR signals at t 8,93 (singlet, tertiary methyl); 8.25 (singlet,
vinyl methyl), 7.03 (broad multiplet, H-7), 4.77 (doublet, H~6, J = 5Hz),
Lok2, 3.84 (doublets, exomethylene, J = 1 Hz) and a strong band in the IR
at 1770 (¥-lactone) cm-1.

The assignmnent of structure was made on the bagis of decoupling
experiments (see 1). Irradiation at H-6 (1 4e77) changed the signal for
H-7 ( 7v7.03) from a broad multiplet té a broad triplet (Jobs. = 9 Hz.)
consistent with the presence of an adjacent methylene group. The reverse
experiment caused H-6 to collapse to a broad singlet. The residual
broadening in H-6 is due to homoallylic c:oupl:‘ung‘I with the C-4 methyl
group, and this was demonstrated by irradiating at H-6 (T L4.77),
whereupon the intensity of the C-4 methyl signal increased. From the size
- of this homoallylic coupling, ( <41 Hz.) the stereochemistry of the lactone
ring junction was deduced as cis, as in 1. Additional evidence came from
comparison of the observed coupling between H~-6 and H-7 (5 Hz.) with the
value predicted by the Kas.rpil.us2 relationship on the basis of a dihedralv
angle between H-6 and H~7 of 40°, (5 Hz.). The shift to lower fieid than
normal of the signals for the exomethylene protons Ha and Hb confirmed

the presence of conjugation with the ¥-lactone carbonyl group.






The other naturally ocdurring sesquiterpene lactones showed
similarities in their NMR spectra. Thus the second compound 2 M.p.
86-87°C. ; [aly + 27°, had in the NMR, signals at T 8.92 (singlet,
tertiary methyl), 8.16 (broad singlet, vinyl methyl), 7.4 (broad multiplet,
H~7), 5.46 (diffuse doublet, H-6, Jobs. = 12 Hz.), 4.57, 3.87 (doublets,
exoﬁethylene, J = 3 Hz.), and a strong band in the IR spectrum at 1780
(¥=lactone) cm—1.

The main difference in the spectfa of 1 and 2 was the signal for
H-6 which in the casé of 2 was a diffuse doublet further upfield at
T 5.46. However, irradiation at H-6 (v 5.46) sharpened the broad
singlet at T 8.16 (C-4 vinyl methyl) by removal of a relatively large
homoallylic coupling, showing that the lactone ring in this case was.in
a trans configuration as in 2. This is, in fact, a known compound,
X—cyclocostunolide3 (arbusculin Bu). The two remaining sesquiterpene

5

lactones were identified as a-cyclocostunolide” 3 and costunolide6 b

respectively., The compounds 2 and 3 were compared with authentic samples

3

prepared by cyclising” authentic costunolide (from Saussurea lapg§6) to

o 3, B 5 and¥ 2 cyclocostunolide. No trace in the extract was found of
B-cycloscostunolide 27. That a and ¥-cyclocostunolide were probably not
artefacts followed from the failure of costunolide to give these products
when subjected to the isolation procedure.

The cis-lactone ] has recently been isolated in both enantiomeric
forms by 0urisson8, from Frullania species and its structure inter-related

with a known sesquiterpene, 11p-6-epi-santonin §9 as in scheme (1),
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- NaBH,




HCl

95° DMF

1

EtAc MeOH



L&

1.

SCHEME 3.

CO,Me



The corresponding trans-isomer, ¥-cyclocostunolide 2 has been

discovered naturally-occurring in the species Artemesia arbuscula

(Compositae) by Geissman™,

Our attempts to inter-relate 11a-sa.ntonin10 7 with the cig-lactone
1 failed. The proposed synthetic route is shown in scheme (2).
Difficulty was encountered in obtaining high yields and pure samples §f
8 and 9. When at last the thioketal 10 was formed, treatment with -
Raney nickel produced a vast mixture of products.

Attempts at interconverting ¥ -cyclocostunolide 2 with the cis-
lactone 1 also were of no avail. The intended route, shown in scheme (3)
foundered at the initial ¥-lactone ring opening stage where very low
yields of the hydroxy methyl ester 13 were obtained. Subsequent attempts

at oxidising the C-6 secondary hydroxyl group met with no success.




Experimental

The liverwort Frullania tamascifolia was collected in the West of

Scotland. After drying, it was finely ground and extracted with
chloroform in a Soxhlet apparatus. Large scale chromatography over
alumina (grade H deactivated) followed by preparative TIC furnished

four closely related sesquiterpenes, three of which were known compounds.

The cis-lactone 1

The most abundant component, the cis-lactone 1 was recrystallised
from methanol as needles m.p. 74-76°C.; [a]D ~109° (lit.8 m.p. 77°C.;
[ady -113°). NMR signals at T 8.93 (singlet, tertiary methyl), 8.25
(singlet, vinyl methyl), 7.03 (broad multiplet, H~7), 4.77 (doublet,
H-6, J = 5 Hz.), 4.45, 3.88 (broad singleté, exomethylene), vmax 1768
(¥ -lactone) cmm,'l .

0. requires M’ = 232),

+
Mass spectrum: M = 232 (015 HZO >

Costunolide 4

This was the most polar compound isolated and tended to polymerise.

Recrystallisation from methanol yielded needles m.p. 103-10500.;

[dID +121° (1it.° m.p. 106-107°C.; [ady + 128°). NMR signals at T 8.57,

8.30 (broad singlets, 2 vinyl methyls), 5.33 (multiplet, (3H), H-5,
H~-6, H-10), 4.47, 3.77 (doublets, exomethylene, J = 3 Hz.), wmax 1773

(¥ -lactone) cm—1.

. +
15 HZO 5 requires M = 232).

Mass spectrum: M' = 232 (C
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¥-cyclocostunolide 2

’

Recrystallisation of ¥ -cyclocostunolide 2 from methanol, gave
needles m.p. 86-87°C.; [u]D + 27°, (lit.3 m.p. 87-88¢.; [a]D + 22°).
NMR signals at T 8.92 (singlet, tertiary methyl), 8.16 (singlet, vinyl
methyl), 5.46 (diffuse doublet, H-6, Jobs = 12 Hz.), 4.57, 3.87 (doublets,
exomethylene, J = 3 Hz.), wmax 1780 (¥-lactone) L

Mass spectrum: M' = 2322 (C requires M* = 232).

1582002

a-cyclocostunolide 3

a-cyclocostunolide 3 was recrystallised from methanol as needles
m.p. 82-83°C.; [alp + 108°, (1it.” 83—84%5.; [ady + 118%). NMR signals
at T 9.1% (singlet, tertiary methyl), 8.20 (broad singlet, vinyl methyl),
6.16 (triplet, H-6, Jobs. = 12 Hz.), 4.65 (diffuse doublet, (2H),
exomethylene proton, H-3), 3.97 (doublet, exomethylene proton, J =
3 Hz.), ymax 1780 (¥-lactone) cm-1.

Mass spectrum: M' = 232 (C requires M = 232),

15%20%2

Cyclisation of costunolide 4

]

Costunolide 4 (200 mg.) was allowed to stand in chloroform (50 ml.)
containing thionyl chloride (0.1 ml.) according to the method of
Doskotch g&_gl.B. Removal of the solvent left a-residue consisting of
three components. Separation by preparative TLCbafforded pure samples

of @ 3 B 5 and ¥2-cyclocostunolide.



Epimerisation of 11a-santonin 7

1la-santonin 7 (500 mg.) was heated at 9506. in 5% HCl/aimethyl
formamide according to the method of Cocker gg_gl.g. The reaction did
not go, if concentrated HCl was used in making up the 5% solution.
However when dry HCl gas from a generator was passed at a steady rate
for 45 seconds through the solution, and then heated to 95°C. for six
hours, an 80% conversion to the 6-epi form 8 was obtained. This was
not obtained pure. NMR signals at T 8.70 (singlet, tertiary methyl),
8.60 (doublet, secondary methyl, J = 8 Hz.), 7.93 (singlet, vinyl
methyl), 4.40 (doublet, H~6, J = 5 Hz.), 3.73, 3.15 (AB quartet, H-2,

H-1, J = 10 Hz.), wiax 1785 (¥-lactone), 1668 (dienone) cn ),

Hydrogenation of 6-epi-santonin 8

Hydrogenation in ethyl acetate of § using 1% palladium/charcoal
poisoned with calcium carbonate gave disappointingly small yields of

the A' dihydro compound 9 isolated as a mixture containing some

tetrahydro compound. NMR signals at T 8.73 (singlet, tertiary methyl),

- 8.63 (doublet, secondary methyl, J = 8 Hz.), 8.08 (singlet, vinyl
methyl), 4.55 (doublet, H-6, J = 5 Hz.), vmax 1785 (¥-lactone)}, 1680

(enone) cm-1.

The thioketal 10

To the A' dihydro compound 9 (70 mg.) dissolved in ether (5 ml.)

was added ethane dithiol (5 drops) and BF, etherate (5 drops). This

3

was left for 12 hours, water added and extracted into chloroform. Any
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excess ethane dithiol present was removed by preparative TLC. The
non-crystalline thioketal 19_(34 mg.) was obtained pure. NMR signals
at T 8.90 (singlet, tertiary methyl), 8.68 (douﬁlet, secondary methyl,
J = 8 Hz.), 7.93 (singlet, vinyl methyl), 6.67 (multiplet, (4H),

thioketal), 4.65 (doublet, H-6, J = 5 Hz.), vmax, 1780 (¥~lactone) cm .

Desulphurisation of the thioketal 10

The thioketal 10 (27 mg.) in acetone (8 ml.) was refluxed overnight
in th¢ presence of Raney nickel (~50 mg.). Filtration and removal of
the solvent left a residue consisting of an intractable mixture of

compounds.
11, 13 dihydro ¥~cyclocostunolide 11
Treatment of ¥-cyclocostunolide 2 (19 mg.) in ethyl acetate (3 ml.)

with excess sodium borohydride produced the dihydro derivative 11

(14 mg.) as a gum. NMR signals at T 8.88 (singlet, tertiary methyl),
8.86 (doublet, secondary methyl, J = 8 Hz.), 8.17 (broad singlet,
vinyl methyl), 5.47 (multiplei:, H-6), vmax 1785 (§-lactone) cm-1.

0. requires M' = 234),

+
Mass spegtrum. M = 234 (015 H22 5

Attempted opening of the¥-lactone 11

(i) Treatment of the ¥-lactone 11 with aqueous sodium hydroxide in
methanol followsd by addition of a vast excess of ethereal
diazomethane did not produce any of the desired hydroxy methyl

ester 13.
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(ii) Formation of the silver salt of the ring-opened hydroxy acid 12
and subsequent addition of methyl iodide to this produced a mixture
containing the desired hydroxy methyl ester 13 as the minor
component and the relactonised compound 11. The hydroxy methyl
ester had whax 3590 (hydroxyl), 1785 @ -lactone), 1738 (methyl

ester) cm"1 o

Attempted oxidation of the hydroxy methyl ester A3

The above mixture was treated with two drops of Jones reagent in
acetone at 0°C. The product, one spot on TIC had, vmax 1785 (¥-lactone),

(no ketone) cm-1, indicative of the ¥~lactone 11.
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Introduction

Investigation of the liverwort Solenostoma triste resulted in the

isolation of four tetracyclic diterpenoids which were shown by chemical
and spectroscopic means to be ent.,-kaurene derivatives. An account of
the structural determination of these diterpenoids is given in the
ensuing discussion (see p.89).

Of all the diterpenes found in nature, perhaps' most interest has
been directed recently to the group of tetracyclic diterpenoids containing
the phyllocladene - kaurene derivatives. The reason for this primarily
ig the importance of the gibﬂerellins1, plant growth hormones_ , derived
framn a rearranged ent,-kaurane skeleton.

Gibberellin biosynthesis is thought to proceed by cyclisation of

2 %o the labdadienol 2°. This dienol

'gerar;yl geranyl pyrophosphate 1 25
2 has been shownl'L to be incorporated (as its pyrophosphate) during the
biosynthesis of gibberellic acid 3. The incorporation of labdadienol
2 occurs by formation of ent.-kaurene5 4 possibly via the ('--) pimaradiene
precursor 5, although as yet, no tricyclic intermediates have been
isolated®.

The subsequent modification of ent.-kaurene L4 to the gibberellins
involves oxidation and contraction of ring-B to a cyclopentane carboxylic

acide It has been demonstrated6 that this conversion takes place through

the successive formation of ent.-kaur-16~en-19-oic acid 6 and 7 B-hydroxy
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entskaur-16-en-19-oic acid 7 followed by ring contraction to the
gibbane aldehyde 8, Various hydroxylations and oxidations of this

aldehydo-acid 8 yield the bewildering variety of C,, and C

7,8

19 20

gibberelling found in nature,

Although gibberellic acid and its related compounds have been

9

isolated from ferns”, it was not until quite recently that ent.-

kaurenoids have been isolated from this source. The compounds 9 and

10

10 were isolated by Chen et al = from Pteris cretica. Studies on

Isodon species (Labiatae) have unearthed several polyoxygenated ent.-=

kaurenoids which together form a very interesting biogenetic pattern.

1,92 o

Thus oridonin 11 has been isolated from two Isodon species
sodoponin 12 and epinodosinol 13 have both been obtained'® from

Isodon Jjapomicus.

<
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Discussion

The first compound was the hydroxy acetate 1, 022H3403 MePe
118-120°C; Z&JD -89°, /amax 3590 (hydroxyl), 1750 (acetate), 1660
(exomethylene) cmf1_7ﬁ The NMR spectrum had signals at T 9.10, 9.0k,
8.99 (singlets, 3 tertiary methyls), 7.75 (singlet, acetate), 7.40
(broad singlet, 1H, exchangeable with DZO)’ 7.28 (multiplet, H-13),
6.20 (multiplet, H-11) 5.07, 4.88 (multiplets, each 1H, exomethylene),
4.72 (triplet, H-15, Jobs = 2Hz.). This data suggested that the basic
skeleton was that of a tetracyclic diterpene hydrocarbon of the
kaurene g} or phyllocladcneléz type. Decoupling experiments confirmed
the relative positioning of the secondary acetate and exomethylene
group (as_l) in ring-D. Irradiation at the centre of the multiplet at
T 7.28 (H-13) led to simplification of the exomethylene proton signals,
which were reduced to doublets, (J = 2 Hz., 3 Hz.) by removal of a small
coupling. This coupling was due to allylic coupling between H~13 and
the exomethylene protons. No effect was noticed on the carbinol proton
(H-11), nor on the secondary acetate proton (H-15). That the remaining
coupling to the expmethylene_protons was due to H-15 was shown by
irradiating at f 5.07, the upfield exomethylene signal, whereupon the
signel at T4.72 (H~15) collapsed to a doublet, J = 3 Hz., by removal

of a coupling of 2 Hz..
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Jones oxidation of the hydroxy acetate ] gave the keto acetate
4 m.p. 120-122%, Amax 1700 (cyclohexanone) cm-1_7. Acetylation of
the hydroxy scetate yielded the nicely-crystalline diacetate 5 m.p.
156-15900., /T 8.12, 7.86 (singlets, 2 acetates) /. The latter
reaction, using acetic anhydride in pyridine was very slow at room
temperature but increased markedly on gentle heating. Removal Qf.the
acetate functions with lithium aluminium hydride; afforded the diol 6
mePe 192-19&90., later found to be identical with one of the more-polar

natural products isolated from Solenostoma tihiste.

In order to determine the skeletal type of the hydroxy acetate, it
3

was necessary to remove the secondary hydroxyl function. Kaurane and

pbyllocladan34

derivates, functionalised in the 15 position are well
known, and so a straightforward comparison would then be possible.
Tosylation, using p-toluene sulphonyl chloride in pyridine was an
extremely slow reaction at room temperature, but despite this, a small
amount of the desired tosylate 7 was isolated. The tosylate was
subjected to gentle reflux in ether, in the presence of lithium
aluminiun hydride. The mein product from this reaction was not the
expected deoxy compound 8, but the diene 9. Evidence for placing the
cis-disubstituted double bond in the 611 position was again derived
from decoupling studies. The prominent features in the NiR spectrum
of 9 (fig. 1), were signals at 7 7.17 (multiplet, H-13), 5.20, 5.14

(doublet, Jobs. = 3 Hz.), broad singlet, respectively; exomethylene,
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4.50 (double doublet, ABNX system, H-11, Jobs.,, = 10 Hz., Jobs.. =

BX
l Hz., Jobs.., = 0 Hz.), 3.98 (diffuse triplet, ABMX system, H-12,

BA

Jobs. - = 10 Hz., Jobs.,, = 8 Hz.y,Jobs.,. = 2 Hz.).

AB AM AX
Irradiation at H-13 ( T 7.17), removed a small allylic coupling
from the exomethylene signals and reduced the diffuse triplet centred
at 7 3,98 (H-12) to a diffuse doublet (Jobs = 10 Hz.), by removing
the vicinal coupling between them, The remaining coupling to H-12 was
vicinal coupling to H-11 (Jobs = 10 Hz.) and allylic coupling to H-9
(Jobs. = 2 Hz.). )

Similarly, irradiation at a broad singlet at 78,02 (H-9), reduced
the quartet at r 4.50 (H-11) to a clean doublet, one leg of an AB system

(7, = 10 Hz.). Thus H-11 showed no obvious allylic coupling. In

AB
addition, the main coupling to the exomethylene protons, (Jobs. = 3 Hz;),
could be removed by irradiating at T 6.14 (H-15), reducing them to sharp
singlets. The coupling constant values expected fran the Karplus5

relationshp by consideration of Fieser models of both the kaurene and

phyllocladene skeletons are shown in fig. 2, It was not possible to

Gistinguish between a H-15 and B H-15 protons on the basis of the

++ The NMR spectrum (fig.1) of the diene 9 was interpreted on a
first-order basis. This was justified, as perturbation of the

' +4
signals involved had not occurred to any great extent.
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Kaurene Skeleton

OBS. THEOR,
. , *
THg ,H»” 4 Hz, , 3 Hz.
- 8Hz. ' « 8 Hz.
IH12'H13 o

L Mg
Pbyllog[adene Skeleton
OBS. THEQOR.
¥
Ji HgoH 4 Hz. 0+5 Hz.
8Hz. «8 Hz,

T
Hh2sM3
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magnitude of the observed allylic coupling between H-15 and the
exomethylene group, Thus the configuration of the C-15 oxygenated
substituent could not be predicted. These results, however,
unequivocally place the double bond at 11, 12 and hence the original
secondary hydroxyl group, (neglecting unforeseen skeletal rearrange-~
ments in tosylate formation and elimination), must be either at 11 or
12,

In an effort to increase the rate of tosylate formation, the
reaction mixture was heated gently. This led directly to the formation
of the acetoxy diene 10 which, with iitbimn aluminium hydride gave the
diene 9 in slightly better yields than before. The diene 9, was
hydrogenated over 10% palladium/charcoal for 30 minutes., The product
was not the expected tetrahydro product 11 but instead the ketone 12,
mePe 124-125°C. , /umax 1740 (cyclopentanone) ;m-1 , (no hydroxyl); T78.96
(doublet, secondary methyl, J = 6 Hz.), loss of H~15_/. The NMR spectrum

clearly showed the loss of the exomethylene group, with the retention

11

of the & double bond.

It was obvious that under catalytic hydrogenation conditions, the
diene 9 had undergone a facile Garryfoline - Cuauchichicene
rearrangement;g"'Normally this resrrangement affects only 15 B-hydroxy
kaurenols and requires dilute mineral acide Subsequent to our observation,

another exarrple7 has been published. Thus the kaurenocid derivative 13
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rearranges to 1L under catalytic hydrogenstion conditions. This
reaction is s'l:ereaspec:if:i.c:.3 and defines the stereochemistry of the
product as in 12 (168=Me)., Further hydrogenat.;ion of the unsaturated
ketone 12 over 10% palladium/charcoal catalyst for 48 hours furnished
ent. keuren-15-one 15 m.p. 147-149°C., /&7, -87% (1it.” m.p. 150%.,
Lo -81°).

This degradation to the kauranone system of known absolute
configuration established the basic skeleton and the position and
stercochemistry of the acetate (158-QAc.) in the original hydroxy
acetate 1. The position and configufation of the secondary hydroxyl
group remained to be settled.

It is convenient at this stage to discuss the other products
isolated from the extract. Separation byv preparative TILC of the
more-polar fractions of the extract afforded what appeared by normal
analytical TLC to be one compound. However the NMR spectrum showed
it to be a mixture of two compounds in roughly equal proportions. Use
of silver nitrate impregnated TLC plates (207 w/w), allowed separation
of this mixture into two close-running components. The less polar was
the hydroxy ketone 16, m.p. 186-1 88°c. , Z&JD -85% [/ vmax 3615, 3510
(hyaroxyl), 1735 (cyclopentanone) Gm—1_7. The more polar component,
the diol 6, m.p. 192-1 9°C. , Z&JD -62° was identical with the product

from the reaction of lithium aluminium hydride on the hydroxy acetate 1.
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Thus the naturally occurring diol had the same oxygenation pattern and
stereochemistry as the hydroxy acetate. On catalyﬁic hydrogenation,
the diol was converted to the hydroxy ketone 16 and not to the dihydro
compound 17. Thus the Garryfoline-Cuauchichicene rearrangement once
again was preferred to straightforward hydrogenation. The ease with
which this rearrangement occurs raises the possibility that the hydroxy
ketone_lé is an artefact. The diol 6 however appeared to be stable
vnder extraction conditions.

The most polar compound to be isolated was the unsaturated hydroxy
ketone 18 m.p. 121-124°C., /&7, -118% [mex 3608, 3450 (hydroxyl),
1730 (cyclopentenone), 1650 (excmethylene) cm-1; A max 238 nm. (87,100);
T 6.90 (multiplet, H-13), 5.90 (multiplet, H-11), 4.71, 4e11 (singlets,
exomethylene conjugeted with a carbonyl groupl;7. It was readily inter-
related with the diollé by reduction with lithium aluminium hydride.
The stereochemistry of the secondary hydroxyl group was thus the same as
in the cher natural products. These results are summarised in Scheme
(1)

A closer examination of the NMR spectra of the above compounds,
together with decoupling experiments, and the use of benzene shifts

and Eu (DPM)3 indused shifts’ allowed us to settle the position and

configuration of the secondary hydroxyl group.
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A doublet at approximately t 7.6 appeared in several compounds s
including the keto acetate 4 and the unsaturate;i hydroxy ke%one 18.
This doublet, undoubtedly one leg of an AB quartet (JAB = 12 Hz.) was
assigned to one of the bridge protons at C-14 (see 19). The other
proton resonated at approximately T 8.5 but was hidden in the methylene
envelope. Irradiation at approximately T 8.6 (HA-‘IA.) in the unsaturated
ketone 18, reduced this doublét, centred at T 7.63 (HB-‘llp) to a singlet,
and also removed coupling from the multiplet at T 6.90 (H-13), (1‘71E 12 Hz.
to W% 8 Hz.). No effect was observed on the carbinol proton H-14 (T 5.90).

Irradiation at H-13 sharpened up the doublet at T 7.63 (HB-H.;.)
very slightly, caused a change in the spectrum at ~78.6, had no effect
on the carbinol proton (H-11) and little or no effect on the exomethylene
protons, which were sharp singlets. Fieser models show that the
dihédral angle & between H-13 and H, -1k is approximately 40°, and that
between H~13 and Hy-1k is spproximately 80-90°, This requires coupling
constants of ~ 5 Hz., and "~ OHz. respectively, irrespective of ring C
being in a boat or chair conformation. This is in agreement with the
results observed above.

'Thus H-13 couples only to one of the bridge (C-14) protons and to
an insignificant extent to the exomethylene protons. To account for
the remaining coupling of H~13 (W% ~+8 Hz.), there must be vicinal
coupling to other protons. Since there is no observable coupling with

the carbinol proton at 7 5.90 (H-11), then there must be a methylene
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group at C-12. >Hence the hydroxyl group must be at C-11,

Further evidence was obtained from the NMR spectrum of 18 using
decoupling studies in conjunction with the pseudo-contact shift reagent
Eu(DPN) 3 This reagent forms a complex with some suitable functionality
in a molecule and usmal].y10 causes a downfield shift in the resonances
of protons in its environment. The magnitude of the shift follows an

1"

inverse relationship = with the distance between proton and metal ion.
Difficulties were encountered using this reagent, due to its relative
insolubility in deuterochloroform and also to the fact that it causes
line broadening to a certain extent. | However, using a 4:3 ratio by
weight of reagent to compound, an appreciable shift in the spectrum was
obtained™ (see Table 1).

The carbinol proton (H-11), as expected, moved downfield to the
greatest extent. Other signals in the shifted spectrum of 18 were
assigned primarily on decoupling considerations, and these were compared
| to assignments predicted on the basis of changes in chemical shift. One
of the main features of the shifted spectrum was the fact that H~9 had

moved out of the pethylene envelope and appeared as a broad singlet at

T 3.13.

xAll T values are approximate, as, after a period of time, the signals
x
began to drift, probably due to decomposition of the shift reagent.
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Irrediation at 7 -0.84 (H-11) caused a change in the signal at
T 5.78 (¢ H-12) but not in the signal for BH-12 (T L4.02) to any
noticeable extent. No change occurred in H-9 (T 3.13). Irradiation at
T 4.02 (BH-12) reduced the signal for aH-12 {T5.78) to a broad singlet
by removal of geminal coupling, and removed a small coupling from H-13
(75.24).

Subsequent irradiation at H-13 (T 5.24) increased the intensities
of the exomethylene signals, removed a small coupling from the C-12
protons and sharpened the diffuse doublet at T 6.97 (HA-M) considerably.
In the reverse experiment, decoupling at T 6.97 (HA-‘IZ.L) reduced the
signal for H-13 to a broad singlet (W%"" 7 Hz.), reduced the doublet at
T 5.88 (HB-M.) to a singlet and sharpened H-9 (T 3.,13) slightly (possibly
due to removal of MW" couplingu).

These results lead to the same conclusions as before but with a few
important additions. H-13 has its main coupling (Jobs.~ 5 Hz.) to HA-‘H:-
and minor couplings to the C-12 protons and to the exomethylene protons.
The conformation of ring C which fits these values is that of a slightly
flattened chair. In this conformation, the dihedral angle § between H-13
and Hy-1h is~ 90° and between H~13 and Hy ~14 is ~ 45°, leading to J
values of about O-Hé., 5 Hz. respectively. With the 11-hydroxyl in the
B —configuration and ring-C in a flattened chair, there is good agreement

with other observed J values (see fig. 3). This contrasts with the
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predicted values for an 11q ~-hydroxyl group, with ring C in either a
boat or chair conformation, which requires a relatively large coupling
between H-9 and BH-11 and between the latter and one of the C~12
protons,

Strong support for the 118 configuration of the hydroxyl group was
obtained from the Eu (DPM)B shifted spectrun. H-9 andBH-12 are
equatorial and cis to the complexed 'i1B ~hydroxyl group and both showed
large shifts (see Table1). The aH-12 proton is trans to the 11§ -
hydroxyl group and did not experience such a large change in chemical
shift. One tertiary methyl group (C-10 Me) moved approximately 1T unit
further downfield than the other two. A much larger shift of this signal
would have been expected for an 11 -hydroxy derivative.

Addition of benzene to the CDCl; solution of the keto acetate 4

3
caused the signal for H-9 to move from under the acetate resonance at
T7.88. This signal, a slightl;} broadened singlet, showed long-range
coupling with H, -1k (T8.60). Thus, irradiation at T8.60 caused it to
sharpen. Simultaneously, the doublet at T 7.60 (HB-M.) collapsed to a
singlet and H-13 also sharpened. The "W" conformation between HA-‘IZ;.

and H-9, necessary for this long-range coupling is only possible if

ring-C of the keto acetate 4 is in a chair conformation (see 20).
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Experimental

The liverwort Solenostoma triste was collected in the

Renfrewshire hills. It was finely ground and extracted with
chloroform in a Soxhlet apparatus. After removal of the solvént R
the residual extract was subjected to chromatography on alumina
(grade H deactivated). Subsequent separation and purification by

preparative TLC afforded four closely related naturel products.

The hydroxy acetate 1 .

Crysté.llisation of the hydroxy acetate 1 from methanol furnished
needles m.p. 118-120%C. /a7, -89°; MR signsls at T 9.10, 9.0k, 8.99
(singlets, 3 tertiary methyls), 7.75 (singlet, acetate), 7.40 (broad
singlet, 1H, exchangeable with D,0), 7.28 (multiplet, H-13), 6.20
(multiplet, H-11), 5.07, 4.88 (multiplets, exomethylene), 4.72
(triplet, H-15, Jobs. = 3 Hz.); wmax 3590 (hydroxyl), 1750 (acetate),
1660 (exomethylene) cn . |
Mass spectrum: MY = 36 (022 H31+ 03 requires M' = 346).

Found: C, 75.76; H, 9.65%; Cpp Hs), O3 requires
C, 76.26; H, 9.89%).

The hydroxy ketone 16

The hydroxy ketone 16 crystallised from ethanol as needles m.p.
186-188%C. , /5 7;-85% MR signals at T 9.2k, 9.17, 9.06 (singlets,

3 tertiary methyls), 8.79 (doublet, secondary methyl, J = 6 Hz.), 6.09
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(aiffuse doublet, H-11); ymax 3615, 3510 (hydroxyl), 1735

(cyclopentanone) cm™ ',

Mass spectrum: mt

30k (Cyq Hs, 0, requires M = 304).

Mass analysis: Mt = 304..2399; 020 H32 02 requires
Mt = 304.2402.

The diol 6

The diol 6 crystellised from ethanol as needleé m.p. 192-194°C. ,
[UD-62°; MR signals et T 9.19, 9.12, 9.06 (singlets, 3 tertiary
methyls), 7.40 (multiplet, H-13), 6.28 (multiplet, H-11), 6,02
(diffuse doublet, H-15), 5.02, 4,92 (broad singlets, exomethylene),
wmax 3605, 3480 (hydroxyl) cm
Mass spectrum: M' = 304 (020 Hy, 0, requires Mt = 304).
Mass analysis: Mt = 304.2402; C20 32 2 requires

= 30k. 2402, '

The unsaturated hydroxy ketone 18

Recrystallisation from methanol yielded the unsaturated hydroxy
ketone 18 as needles m.p. 121-124°C., .[Bc]D-118°; MR signals at
T9.06, 8.98, 8.87 (singlets, 3 tertiary methyls), 6.90 (multiplet,
H-13), 5.90 (multiplet, H-11), 4.71, k.11 (singlets, exomethylene in
conjugation with a carbonyl); ‘max 3608, 3450 (hydroxyl), 1730

(cyclopentenone), 1650 (exomethylene) cm“1; Amax 238 mm. (e 7,100).
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Mass spectrum: M = 302 (020 H30 02 requires M' = 302).

Mass analysis; MY 302.2187; CZO H30 02 requires

Mt 302.2245.

The keto acetate 4

To the hydroxy acetate._’l_ (15 mg.) in acetone (3 ml.) at 0°C.
was added excess Jones reagent., The reaction mixture was diluted
with water and extracted with chloroform. Removal of the solvent
left a residue which was purified by preparative TLC to give the
keto acetate 4 (7 mg.), recrystallised from methancl as needles

m.p. 120-122°C.; MR signals at 79.16, 9.11, 8.9 (singlets,

3 tertiary methyls), 7.88 (singlet, acetate), 7.10 (multiplet, H-13),

5.1k, 5.04 (multiplets, exomethylene), 4.86 (multiplets, H-15);
‘wmax 1730 (acetate), 1698 (cyclohexanone) cat,
Mass spectrum: M* = 34 (022 sz 03 requires Mt = 34.).
Mess analysis: M’ = 344.2339; C,, Hyy Oy requires
M = 3442351,

The diacetate 5

The hydroxy acetate 1 (10 mg.) was dissolved in dry pyridine
(0.5 ml.). To this was added acetic anhydride (0.5 ml.) and the
resultant solution heated on a steam bath for 6 ﬁours. Addition of
waterAand extraction with chloroform gave the crude diacetate 5
(9 mg.), which was purified by preparativé TIC (107 ethyl acetate/

petrol) and recrystallised from methanol as fine needles m.p.

111



112

156-15900;; NMR signals at 7 9.18, 9.12, 9.01 (singlets, 3 tertiary
methyls), 8.12, 7.86 (singlets, acetates), 7.38 (multiplet, H-13),
523, 5.15 (broad singlets, exomethylene, 5.03 (multiplet, H-11),
4.88 (triplet, H-15, Jobs. = 2 Hz.); vmax 1735 (acetates), 1664
(eiomethylene) ™.
Mass spectrum: M’ = 388 (024 H36 OLF requires M* = 388).
Mass analysis: M' = 388.2573; 022+ H36 04 requires

M* = 388.2613.

Hydride reduction of the hydroxy acetate 1

The hydroxy acetate 1 (18 mg.) in dry ether (3 ml.) was treated
with excess lithium eluminium hydride for 30 minutes. Addition of
saturated sodium sulphate solution and extraction with chloroform gave
the diol 6 (12 mg.), identical with natural material. /MR, TIC, IR,
meP. , m.m.p.].

Hydride reduction of the unsaturated hydroxy ketone 18

Treatment of the unsaturated hydroxy ketone 18 (18 mg.) in ether
(4 ml.) at room temperature with excess lithium sluminium Eydride gave -

the diol 6 (8 mg.) identical with natural materiel. /NiR, TIC, IR,

m.De , MeMeDo_/e
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Catalytic hydrogenation of the diol 6

The diol 6 (10 mg.) in ethyl acetate was stirred under hydrogen
with 10% palladium/charcoal catalyst for 30 minutes. Filtration and
removal of solvent left a gumn (9 mg.), crystallised as needles from
ethanol, the hydroxy ketone 16 m.p. 186-1 88°C., identical with

" naturally occurring material. /NMR, IR, TLC, m.p., MemeD._/.

The tosylate 7

To the hydroxy acetate 1 (25 mg.) in pyridine (0.5 ml.) at 0%.
was added p-toluene sulphonyl chloride (30 mg.) in pyridine (0.5 ml.).
The reaction proceeded very slowly, and after two weeks, approximetely
607 conversion had occurred. Addifion of ice and subsequent
extraction with chloroform gave a mixture of two compounds, the
tosylate 7, and unreacted starting material. Separation by preparative
TIC gave the tosylate 7 (5 mg.) as a gum, NWR signals at 7 9.10, 9.0k,
8.97 (singlets, 3 tertiary methyls), 7.92 (singlet, acetate), 7.51
(singlet, aromatic methyl), 5.20 (multiplet, H~11), 5.13, 5.0k
(multiplets, exomethylene), 4.82 (multiplet, H-15), 2.70, 2.2k
(aromatic 4B, system).

Reduction of the tosylate 7

A crude reaction mixture, containing tosylate 7 and starting
material, the hydroxy acetate 1 was refluzed overnight in the presence

of excess lithium aluminium hydride in ether. The residue contained
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the diol _6_ and the diene 9 which were separated by preparative TIC.

The diene 9 failed to crystallise. NMR signals at 79.14, 9.07, 9.00
(singlets, 3 tertisry methyls), 7.17 (multiplet, H-13), 6.14 (broad
singlet, H-15), 5.20, 5.14 (doublet (Jobs. = 3 Hz.), singlet, exomethylene),

4,50 (double doublet, H-11, ABNX systenm, Jpy Obs = 10 Hz., J obs =

b Hze, Jp, obs = 0 Hz.), 3.98 (diffuse triplet, F-12, ABMX system,

JAB obs = 10 Hz., JAM obs =8 Hz., JAX obs. = 2 Hz.); vvmax 3610
(hyaroxyl) et

Mess spectrum: Mt

286 (Cyy Hyy O requires Mt = 286).

Mass analysis : Mt 286.2315; C 0 reéuires

20 30

Mt = 286.2297.

i

Catalytic hydrogenation of the diene 9

The diene 9 (8 mg.) in ethyl acetate (10 ml.) was stirred with
10% pslladium/charcoal for 30 minutes under hydrogen. Filtration
and removal of the solvent gave a residue (8 mg.), the unsaturated
ketone 12, which was crystalliéed from methanol as fine needles
mep. 124-125°C.; MR signals at T9.21, 9413, 9.07 (singlets, 3
tertiary methyls), 8.96 (doublet, secondsry methyl, J = 6 Hz ), bel3
(double doublet, H-11, ABX system), 3.97 (diffuse triplet, H-12,
ABMX system); vmax 1740 (cyclopentanone), 1660 (A" double bond) em™t,

Mass spectrum: MY = 286 (020 Hyo O requires M = 286).

Mass analysis: M' = 286.2305; C,q Hyy O requires
M* = 286.2297.
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Kauran-15-one. 15

The unsaturated ketone 12 (6 mg.) in ethyl acetate (10 ml.) was
stirred in the presence of 10% palladium/charcoal under hydrogen for
2 days. Filtration and removal of the solvent gave 16 -methyl
kauran-15-one 15 (6 mg.) recrystallised from methanol as fine needles
m.p. 147-149°. ZRJD-87°; (1it.” mep. 150%., [&]D-81°); MR
signals at T 9.20, 9.15, (6H) (singlets, 3 tertiary methyls), 8.91
doublet, secondary methyl, J = 6 Hz.); vmax 1735 (cyclopentanone)
cat. |

Mass spectrum: M' = 288 (C 0 requires M* = 288').4

i

20 32
Mass analysis: M' = 288.2450; C

20 sz 0 requires

+ = 288.2453.

=
u
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Introduction

The liverwort Gymnomitrium obtusum , collected at Ben Lawers,

yielded 5 related tricyclic sesquiterpenoids'which appear to be

of a new structural type.
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Discussion,
The most abundant compound present in the chloroform extract of

Gymnomitrium obtusum was an alcohol, 015 B, O (vmax 3625 (hydroxyl),

1640 (exomethylene) cm-1]. The NMR spectrum showed signals at T 9.09,
8.95, 8.80 (singlets, 3 tertiary methyls), 8.48 (singlet, 1H,
exchangeable with DZO)’ 7.69 (singlet, 1H), 6.31 (singlet, carbinol
proton), 5.39, 5.37 (singlets, exomethylene)., The most revealing
features of the NMR spectrum were the two singlets at T 7.69 (possibly
allylic in nature) and T 6.31 (carbinol proton) neither of which showed
any coupling.

Acetylation of the alcohol produced the corresponding acetate,

[yvitex 1740 (acetate), 1640 (exomethylene) cm_1; T 9.16, 8.96, 8.88
(singlets, 3 tertiary methyls), 7.98 (singlet, acetate), 7.64 (singlet,
1H), 5.20 (multiplet, exomethylene), 5.26 (singiet, > CHOAC)] identical
with one of the other natural products obtained.

Oxidation of the alcohol produced the expected ketone, [vmax, 1745
(cyclopentanone), 1640 (exomethylene) cm‘1; T 9.23, 9.15, 9.13 (singlets,
3 tertiary methyls), 7.42 (singlet, 1H), 5.31, 5.29 (singlets,
exomethylene)]. In addition, the ketone did not incorporate any
deuterium atoms &hen heated under nitrogen in dry dioxan/sodium
deuteroxide, and when treated with lithium aluminium hydride reformed
the original alcohol only. The conclusions drawn from this evidence
is that the secondary hydroxyl group in the original alcohol is bontained

in a five-membered ring and has the environment shown in part structure 1.
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Ozonolysis of the above ketone cleanly produced a diketone by
cleavage of the exomethylene group. Zgﬁax 1748 (cyclopentanone), 1710
(cyclohexanone) cm-1; 1913, 9.02, 8.97 (singlets, 3 tertiary methyls),
7.52 (multiplet, 2H), 7.09 (singlet, 1H); UV (end absorption)/. This
diketone incorporated 3 deuterium atoms and the conclusions drawn from
these results is that the environment of the exomethylene group is that
shown in pert structure 2. Further support for part structure 2 was
derived from the mass spectral breakdown of the ethylene ketel of the nor
keto-acetate. This had a base peak at m/e 99 corresponding to the
fragment 4.

From consideration of the total evidence accumulated, it would
appear that the structure could be similar to 5, with a bicyclo
/3, 2, 17 system. The other compounds isolated were the parent hydro-
carbon 015 H24 and two di-oxygenated compounds. Lack of time prevented

further investigation.
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Experimental

The liverwort Gymnomitrium obtusum was collected at Ben Lawers.
It was finely ground, extracted with chloroform in a Soxhlet apparatus
and the crude extract subjected to large-scale chromatography over
alumina., Repeated purification by preparative TLC produced pure
samples of five closely related sesquiterpenes, only two of which; the

alcohol, C 0 (1* = 220) and the acetate, Cy7 Hyg O, (Mt = 262)

15 Ha,
were investigated to any extent (see p119).

The hydrocarbon.

The hydrocarbon was obtained as a non-polar gum, present as a minor
component. NMR signals at T 9.18, 9.12, 8.98 (singlets, 3 tertiary
methyls), 7.88 (singlet, 1H), 5.43 (multiplet, exomethylene).

. +
Mass spectrum: Mt = 20 (C15 HZL requires M' = 204).

The ketone

Jones oxidation of the alcohol (15 mg.) produced the non-crystalline
ketone (10 mg.). NIR signals at T 9.23, 9.15, 9.13 (singlets, 3 tertiary
methyls), 7.42 (singlet, 1H), 5.31, 5.29 (singlets, exomethylene); vmax
1745 (cyclbpentanone), 1640 (excmethylene) ant.

: o+
Mass spectrum: M* = 218 (015H220 requires ¥* = 218).
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The  diketone

The ketone (20 mg.) was dissolved in ethyl acetate (8 ml.) and
coocled to ~70°C. Ozone was passed through for three hours aftei' which
time a blue colouration remained. The solvent was removed by blowing
with nitrogen and zinc dust and acetic acid added. After stirring for
twelve hours the solution was filtered and removed, leaving the diketone
(13 mg.) as a gum. NMR signals atT9.13, 9.02, 8.97 (singlets, 3
tertiary methyls), 7.52 (multiplet, 2H), 7.09 (singlet, 1H); ymax 1748

1

(cyclopentanone), 1740 (cyclohexanone) cm '.

. *
Mass spectrum: Mt = 220 (C1 24.H2002 requires M = 220).

Deuteration of the diketone

Treatment of the diketone (3 mg.) in dry dioxan (5 ml.) with D,0
(3 ml.) and sodium metal (50 mg.) under nitrogen at 6Q°C. for 96 hours,
according to the method of Connolly et atl.1 produced a compound, M' =

i + = 22 .
223 (C1L;.H17D302 requires M 3)
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