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SUMMARY

Eremophila rotundifolia has yielded a number of interesting
sesquiterpenes and diterpenes including the novel eremoacetal (6). The
2,8-dioxabicylooctane ring skeleton of eremoacetal and its derivatives has
been reported to undergo a number of interesting reactions some of which

have been considered in detail in this thesis.

Chapter I deals with the formation of tetrahydrofurans from some
substituted 2,8-dioxabicyco{3.2.1}oct-3-ylmethanols with oxalic acid in
aqueous methanol solution. The reactions were shown to occur stereo-
specifically with inversion of configuration at a tertiary carbon and are
considered to proceed by a mechanism involving the carbonyl group generated

by hydrolysis of the acetal function.

Chapter II describes the lithium in ammonia fission of the acetal
of some 2,8—dioxabicyclo{3.2.1}oct—3—y1 derivatives to yield both monofission
and difission products. The mode of initial carbon-oxygen bond fission, either
C1-02 or C1-08, would appear to be dependant on the nature of the C3 sub-
stituent. The lithium in ammonia reductions of some simpler model 3-substituted
furan compounds with a benzylic* type oxygen substituent have also been
studied. The synthetic models include series of benzylic cyclic ethers
and hydroxy and benzyloxy benzylic acetals. The ease of the reduction and
the product composition were shown to be dependant on the cyclic ether ring
size and also on the ability of lithium cation to chelate between the acetal

oxygen and the oxygen substituent of the side chain.

Chapter III describes the synthesis of the reduction substrates.
The reaction of methylmagnesium iodide with methyl (1R,3s,5R)-1~

(furan-3'-yl)-5-methyl-2,8-dioxabicyclo{3.2.1}octane-3-carboxylate (138)

* Refers to a substituent adjacent to a furan ring.



ii

was observed to give acetal cleavage products, in addition to the usual
tertiary alcohol. The cleavage products arose from regioselective carbon-
oxygen bond fission and intermolecular transfer of the methyl group of the
Grignard reagent to the intermediate oxocarbonium ion.

Chapters IV and V deal with the isolation and characterisation of a
number of new terpenes isolated from the wood extracts of E. rotundifolia.
Two related diterpenes, (18@,13§)—5,18:13,18—diepoxyserrulat—14-en—8—01(150a)
and 5,8-dihydroxyserrulat-14-en-18-al (158) were isolated. The structures
were deduced from chemical and spectroscopic data. The structure of (150a)
was confirmed and the absolute configuration determined by a single-crystal
X-ray analysis of its p-bromobenzoate. A chemical interrelation of the
two diterpenes established the absolute structure and configuration of
(158). The known sesquiterpene freelingyne (2) was also isolated and was
shown to undergo a novel base catalysed rearrangement. Finally, the
eremophilane, eremophila-10,11(13)-diene-9,12-dione (168), was isolated and

subsequently characterised by its conversion to the known eremophilone (1la).
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INTRODUCTION



Eremophila is a large indigenous Australian genus of predominantly
desert adapted shrubs containing upwards of two hundred species.! Since
the isolation from E. mitchelli of the biologically aberrant sesquiterpene
eremophilones (1a)za‘and(1b)ib about twenty species of the genus have been
studied by chemists.!™*? It is interesting that no other Eremophila
species has yielded eremophilane sesquiterpenes although several other

exanples have been isolated from E. mitchelli and from other genera.

L o
\\\\\\ NS 0
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(1la) B=H (2)
(1b) R=CH

The essential oils of Eremophila are rich in sesquiterpenes and
many of those isolated exhibit interesting structural features. The most
common type are the acyclic furans, typified by the highly unsaturated
and biogenetically obscure freelingyne (2), isolated from E. freelingii.®
Recently, sesquiterpenes with the (R,R)-calamenene* {e.g. (3a) and (3b)},
eudesmane {e.g. (4)}° and prezizaene {e.g. (5)}° skeletons have been isolated
from Eremophila species. E. rotundifolia has provided a number of 3-furano-
sesquiterpenes including a novel bicyclic acetal named erempoacetal (6).

Eremoacetal and its derivatives form the subject of some of the chemistry

discussed in this thesis.
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(32) R=H (4)
(3b) R=CH

(5)

(6)

The genus Eremophila has also yielded a nurber of unusual diterpenes
which can be divided into a few main groups. The first group includes a
number of acyclic diterpenes, unique in that they contain two internal
Jouble bonds which are cis with respect to the carbon chain {e.g. (T)}'.
Some macrocyclic cembrane diterpenes {e.g. (8)}® have also been isolated.
Another group of which eremolactone (9Y is the prototypical example, possess
the non-isoprenoid eremane skeleton. A further group includes some
apparently biogenetically related compounds typified by the decipiane
diterpenes {e.g. (10)}° and the serrulatane diterpenes, for example,
dihydroxyserrulatic acid (11).'! Recently, examples of a new class of

diterpenes, named viscidane {e.g. (12)},'? have been isolated from

E. Viscida.12



The only examples of C;o compounds to be isolated from Eremophila

species are two related eremophilone sesquiterpene dimers (13a) and (13b) .13
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In this thesis a number of new terpenes,
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No triterpenes have been reported.

with the known eremophilane and serrulatane skeletons, have been isolated

from E. rotundifolia.
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Several stable dioxabicyclooctane systems, e.g. the pheremones
brevicomin'* and multistriatin'5:'®, have been reported. Eremoacetal (6),
a sesquiterpene of interest in this thesis, also possesses a stable
dioxabicyclooctane acetal where the equilibrium under mildly acidic conditions
strongly favours the acetal fom.’»!7,'® However, extended acid catalysed
hydrolysis of eremoacetal (6) yields a mixture of diene (14) and rearranged
allylic alcohol (15) possibly formed via the dihydroxy ketone (16). 7,17
Alternatively, (14) and (15) may have formed by a concerted opening of the
acetal followed by either loss of a proton or reaction with water. Mild
treatment of eremoacetal (6) with acid in D,0 gave deuteriun incorporation

at C7, presumably by acid catalysed exchange o to the carbonyl group

of (16).'7
0 0
> Z NP N =
/ \ Ho‘° N / \ HO$ OH.
0 0
(14) (15)

(16)

The 2,8-dioxabicyclooctane ring skeleton of eremoacetal (6) and
its derivatives has been reported to undergo a number of interesting
reactions. Although the acid catalysed ring opening yielded (14) and (15),
it was found that solvolysis of erempacetal (6), by heating it in agqueous
pyridine, 7 gave dihydroxy ketone (16) in 30% isolated yield.

Mesylates (40c) and (23b) undergo what is formally a two step

reduction with lithium aluminium hydride to yield tetrahydrofurans.®?®



Mesylate (40c) gave alcohol (17) while mesylate (23b) gave two products
characterised as alcohols (18) and (19) in the ratio of 1:2. The reduction

of the C1-02 bond of the acetal has been shown to occur with retention of

0
CHzo Ms
0
\ AN
0
(40c) (23b)
0
OR H
0
. N
0
(24a) R=H
(24b) R=Ms

configuration to yield an intermediate epoxide { e.g. (20)}which is further
reduced under the reaction conditions. A similar lithium aluminium
hydride reduction of mesylate (24b) gave the parent alcohol (24a) as the
only product, a result which presumably reflects a strong conformational
dependence for the intermediate epoxide formation. On this basis it is
apparent that the reaction requires a trans antiperiplanar arrangement
of the C1-02 and mesylate bonds.'?

The reaction of some substituted hydroxy acetals {e.g. (21)} with
oxalic acid in aqueous methanol solution has been observed to yield
tetrahydrofurans {e.g. (25a)} stereospecifically and in good yield,'® a

reaction which is discussed in detail in chapter one.



: Ow /\0//\/%
H OH
(20) (19)
The lithium in ammonia reduction of eremoacetal (6), a molecule
containing both benzylic and allylic type ether oxygens, both with and
without a proton source, gave products in which the furan ring had been

|\

0 OH
0
(21)

(25a)



reduced.!’ Subsequently, an extensive study of the reduction of simpler
synthetic 2-2° and 3-2! substituted furan derivatives with a benzylic

2 The lithium in ammonia reduction

*

type oxygen substituent was undertaken.?
of the 3-substituted furan derivatives {e.g. (60b) , (60c) and (62)} in the
absence of an external proton source gave products derived from benzylic

type cleavage. When ethanol was present during the reduction extensive

R [\

0] 0
CgHyy
/ \ / \ CeHyy
9 0
(60b) R=OAc (62)
(60c) R=OMe

saturation and fission of the furan ring occurred.?! The reductions of
a nurber of other synthetic 3-substituted furan derivatives have been
studied in this thesis and the results obtained are discussed in chapter

two.

%
Benzylic type oxygen substituent refers throughout the thesis to an

oxygen substituent adjacent to the furan ring.



CHAPTER I



Stereospecific Formation of Tetrahydrofurans from Substituted

2, 8-Dioxabicyclo{3.2.1}oct-3-ylmethanols

1.0 1t has been found that a number of derivatives of eremoacetal (6)
bearing an hydroxyl substituent at Cl gave tetrahydrofuran formation under
mild acidic conditions. The experimental conditions were not expected to
yield such derivatives from the 1,4-diol function of the presumed acyclic
keto alcohol intermediates (discussed later). Diol (21), the major isomer
from the oxidation of eremoacetal with osmium tetroxide!®, gave
tetrahydrofuran (25a) on heating at 50° in aqueous methanol containing 5%

oxalic acid. Similarly, the epimeric diol (22) gave an epimeric product (26a).

(21) R=OH (25a) R=OH
(23a) RH (27) BeH
0
HO H
S 0 \\\OH
5 R
\\\\\ ; ",
N (N e
\ 0
(22) R=OH (26a) R=OH

(24a) R=H (28) R=H



Under identical reaction conditions epimeric alcchols (23a) and (24a),

made by hydroboration/oxidation of erempacetal'®, gave a single product, (27)
and (28) respectively. That (25a) and (26a) were tetrahydrofurans and not
tetrahydropyrans was clear since both formed monoacetates on acetylan,tion1 7,
The infrared, 'H n.m.r., and '3C n.m.r. spectra were in accord with the

structures (25a), (26a), (27) and (28)'7.

1.1 Since the tetrahydrofuran products (25a), (26a), (27) and (28)
obtained were isomerically pure, and since diols (21) and (22) and alcohols

17,19  then the determination of

(23a) and (24a) had known configurations,
the tetrahydrofuran product configurations should elucidate the mechanism
of their formation. Further, since it was anticipated that all the
tetrahydrofuran products would form via a common mechanism, the
determination of the configuration of one product should reveal that

of the others. Indeed, tetrahydrofuran (27) has been synthesized from
(25a) by protecting the secondary hydroxy group as the acetate, followed
by dehydration with thionyl chloride, deprotection and finally hydro-
genation of the isolated double bond in the presence of P2 nickel

v ™ 2ox2nS This interconversion demonstrates that the two series

catalys
of compounds, starting from either the alcohol (23a) or the diol (21),
have the same stereochemistry and excludes any change in configuration
caused by an extra tertiary hydroxy group in diol (21).

Evidence for the relative configuration at C4" and C5'" of (252), (26a),
(27) and (28) is available. Firstly, on attempted conversion of diols
(25a) and (26a) into their acetonides only (26a) reacted, (25a) could not

be induced to form the derivative! 7. An inspection of molecular models

reveals that in a #rans relative configuration at C4'" and C3' the two
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hydroxyl groups are more remote and hence less likely to form an acetonide.
This result is consistent with a trans relative configuration at 4" and
Co''for (25a).

Further evidence for the relative configurations at C4'" and (5" can
be found from the value of J4n,5n- Literature values of approximately
6-7 Hz for trans coupling and 3-4 Hz for eis coupling have been reported
for 2-substituted furan-3-ols.2%’23228 J4”,5”
5.0 and 2.6 Hz for tetrahydrofurans (25a) and (26a) respectively, are

coupling constants of

consistent with the assigned trans and cis stereochemistries. Similarly,
tetrahydrofurans (27) and (28) have J "B coupling constants of 7.0
and 2.4 Hz.

It is clear from the above evidence that the relative stereochemistry
at C4" and C5" in the tetrahydrofuran products corresponds to the
relative stereochemistry at the corresponding centres in the starting
alcohols and diols, a result that is consistent with either retention
or inversion of configuration at both centres. It would also be expected
that the configuration at C2" for each of the tetrahydrofuran products
would be identical, the result of either inversion or retention. Hence,
the determination of the configurations at 2" and C4" in the tetrahydro-
furans would reveal the absolute stereochemistry and consequently the
stereochemical transformations involved in their formation.

The determination of the configuration at C2"and CA4" in
tetrahydrofuran (25a) was achieved by degrading it to lactone (29)
(corresponding centres C5 and C3, respectively) by reactions unlikely
to alter the configuration at C2" and C4" of (25a) (Scheme 1.1). Although

unknown, the absolute stereochemistry of lactone (29) was determined by



Scheme 1.1

0 OH

(25a)

(29)
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comparison with lactone (30b) of known absolute stereochemistry.

/ \ o7 0

(29) (30a) R=H
(30b) R-Ac

Treatment of eremoacetal (6) with osmium tetroxide and N-methyl
morpholine N-oxide!®’27 gave epimeric diols (21) and (22) which were
separated by fractional crystallization. Reaction of major diol (21)
with oxalic acid in agueous methanol solution gave the required
tetrahydrofuran (25a). Protection of the secondary hydroxyl group as the
acetate followed by dehydration with phosphorus oxychloride in pyridine
yielded a mixture of the required enol ether (31) and minor alkene (32)
in a ratio of 3:1. A similar reaction with thionyl chloride in pyridine
gave (31) and (32) in a ratio of 1:1. Ozonolysis of the crude mixture
of (31) and (32), obtained from the phosphorus oxychloride reaction, in
methanol /dimethyl sulphide at —780, with a single equivalent of ozone,
gave selective ozonolysis of the electron rich enol ether double bond
to yield lactone (29) and recovered alkene (32). Although furans are
attacked readily by ozone the furan ring in (31) and (32) is deactivated

by conjugation with the carbonyl group.
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Isomeric lactone (30b) was also prepared from erempacetal (6)
(Scheme 1.2). Oxidative cleavage of diol (21) with lead tetraacetate
gave aldehyde (33) of known stereochemistry'®. In situ silver oxide
oxidation?® of aldehyde (33) followed by acidification with dilute
acid and acetylation gave lactone (30b). It was expected that the

acid (34) from the oxidation would be in equilibrium with the ring-opened

Scheme 1.2
0
X/:ﬁ/ — s
0
N N
\ 4 (6) \ (21)

0
0 QOAc X
& CHO
]\ 0”0 N\
o 9

(30b) (33)

acid (35)under the acidic work-up conditions (Scheme 1.3). Lactonization
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would then yield (30a). Immediately after acidification and extraction
more than 50% of the acid (34) could be detected by 'Y n.m.r., however,
intermediate acid (35) was not evident. Again the stability of the

dioxabicyclooctane system is demonstrated.

Scheme 1.3
0
CO,H
(@]
N \
/ \ \
0 0 (34)
CHO
(0]
N
\ (33)
(8]

o \\}0 H /
t
0]

(30a)

The absolute stereochemistry assigned to lactone (30b) assumes that
its formation occurred with retention of configuration and also that (30a)
is optically stable at low pH. This is consistent with the isolation
of a single lactone isomer and with the findings of Sandberg that
lactonization of optically active 4-hydroxy—4-methylhexanoic acid (36)
occurs with retention of configuration?®®.

/Y\/cozu
(36)

OH



- 15 -

Scheme 1.4
"~
" (OH
/ A\ 0o =0
0 (303.)
(382) R=H
R=
Scheme 1,3 (38b) B=Ac
A
CHO
(6]
N
0 (33)
B
(41b) R=H
O / e R
OR
O

N
\ (40a) R=H
0 (40b) R=Ac



(422) and (432) R=H
(42b) and (43b) R=Ac

A confirmation of the stereochemistry of lactone (30b), deemed necessary
due to the presence of the carbonyl group in (35) and also since
tetrahydrofuran formation had been observed under acidic conditions in the
previous examples, was achieved by preparation of the diacetate (38b)
from both lactone (30a) and alcohol (40a). It was expected that all the
reactions involved would Néglter the stereochemistry (Scheme 1.4).

Lithium aluminium hydride reduction of the thioacetal of lactone (30a)
followed by chromatography gave the triol (38a) and an inseparable mixture
of epimeric hemiacetals (42a) and (43a). Acetylation of (38a) gave the
required diacetate (38b). Acetylation of (42a) and (43a) gave an
inseparable mixture of epimeric diacetates (42b) and (43b). The diacetates
revealed characteristic downfield shifts (1 p.p.m.) for the two proton
resonances geminal to the hydroxyl groups. Further lithium aluminium
hydride reduction of epimeric hemiacetals (42a) and (43a) gave triol (38a)
which on acetylation give diacetate (38b) identical to that previously
synthesized.

Lithium aluminium hydride reduction of aldehyde (33) and acetylation
of resultant alcohol (40a) gave acetate (40b) (route B, Scheme 1.4). It
had been established earlier’ that eremoacetal (6) could be equilibrated

with the dihydroxy ketone (16) by heating in agueous pyridine (Scheme 1.5).
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Scheme 1.5
==
0
\ N
4 (6)
0
OH
O
N
\O (402)

A similar solvolysis of alcohol (40a) gave an equilibrium mixture,
by 'H n.m.r., containing ring opened trihydroxy ketone (41a) (Scheme 1.5)
which was not possible to isolate. Neither could it be reduced in the
crude mixture with sodium borohydride. However, acetate (40b) on
solvolysis in aqueous pyridine gave an equilibrium mixture containing
dihydroxy acetate (41b) (45% by 'H n.m.r.) and starting material
(55% by 'H n.m.r.). Again it was not possible to isolate (41b) but
acetylation of the mixture gave the diacetate (41c) which on formation
of the thioacetal gave a product identical with (38b) (Scheme 1.4). The

compounds obtained from both routes gave identical 'f n.m.r., '3C n.m.r.,
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Table 1.1 '3C n.m.r. (20.1 MHz) and 'H n.m.r. (80 MHz) (Both in

CDC1;) Spectral Data for Lactones (29) and (30b) in

p.p.m. rel. to TMS.
C-Number

'H n.m.r. 13C n.m.r. 'H n.m.r. 13C n.m.r.
2 176.6 (s) 174.2 (s)
3 5.50 (t) 69.1 (d) 5.48 (t) 69.0 (d)
4 40.6 (t) 39.8 (t)
5 83.9 (s) 83.6 (s)
5-Me 1.50 (s) 25.1 (q) 1.40 (s) 20.5 (qQ)
1 34.6 (t) 35.0 (t)
2° 2.90 (m) 3#.3 (1) 2.90 (m) 34.4 (1)
3' 193.4 (s) 193.6 (s)
2" 7.97 (m) 147.6 (d) 7.98 (m) 147.7 (d)
3" 127.5 (s) 127.5 (s)
4" 6.70 (m) 108.7 (d) 6.70 (m) 108.7 (d)
5" 7.40 (m) 144.7 (d) 7.35 (m) 144.7 (d)
0CO Me 2.16 (s) 26.6 (q) 2.10 (s) 25.9 (q)
0CO Me 169.9 (s) 170.0 (s)
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infrared spectra, mass spectra and optical rotations ({0}2%,., = +4.4°,
{a}2c., = +5.4°). The configuration previously assigned to lactone
(30b) is supported by the above correlation.

Lactone (30b) had physical data, Table 1.1, demonstrating that it
was diastereomeric with lactone (29). In order to determine whether the
two lactones (30b) and (29) were epimeric at C3 or C5 it was decided to
prepare the unsaturated lactones (44) and (45). Attempted dehydration
of alcohol (30a) with thionyl chloride in pyridine gave only chlorolactone
(46). However, pyrolysis of (29) and (30b) at 6000/0.1 mm gave (44) and

(45), respectively, by elimination of acetic acid. Both unsaturated

’i:y(:_ijxtt (45)
/ \ 0”0
(30b) R=Ac / \ :34[:;:}¥::0

(46)

(302) R=H

lactones gave identical spectral data but opposite optical rotations (Table 1.2).
The lactones (29) and (30b) are therefore epimeric at 5. Consequently,

during the formation of the tetrahydrofurans under acidic conditions
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Table 1.2
(44) (45)
20
{al}s 77.3 —47° +49°
20
{Ot} 5464 _540 +580

the tertiary carbon (C2") has undergone an inversion of configuration,

but the other two chiral carbons (C4" and C5") retain their configurations.
The direct formation of tetrahydrofurans from, e.g. (21), via intra-

molecular displacement by the hydroxyl group seems unlikely on steric

grounds. Therefore, it is likely that the acyclic 1,4-diols, e.g. (48)

are involved in the mechanism. Indeed, ready ring opening at room

temperature under mildly acidic conditions was observed for eremoacetal (6),

(23a) R=H (47) B=H
(21) R=CH (48) R=CH

dihydroeremoacetal (39) and diol (21) as evidenced in each case by

deuterium exchange in the region around § 2.4 corresponding to exchange



w21 =

o to the carbonyl group in, e.g. (48). The diol (21) did not yield
tetrahydrofuran (25a) until the mixture was warmed. Commonly used methods
for the conversion of 1,4-diols to tetrahydrofurans require the presence
of a strong acid, e.g. sulfuric and p-toluenesulfonic, and invariably
involve an intermediate carbonium ion. For example, racemic 2-ethyl-2-
methyltetrahydrofuran (50) was obtained from p-toluenesulfonic acid
treatment of (=)-(S)-4-methylhexane-1,4-diol (49)°°. This result is
consistent with a mechanism involving loss of the tertiary hydroxyl group
to yield an intermediate carbonium ion with subsequent cyclization to

the tetrahydrofuran. Similarly, loss of the secondary hydroxyl group
from either (i) or meso-hexane-2,5-diol with sulfuric acid would account
for the observed mixture of cis- and trans-2,5-dimethyltetrahydrofuran

products®!. Therefore, in order to explain the observed stereospecific

N

OH

(49) (50)

formation of tetrahydrofurans from, e.g. 1,4-diol intermediates (47) and
(48), under unusually mild acidic conditions,it seems necessary to involve
the carbonyl group in the mechanism.

Indeed, tetrahydrofurans were not observed on the treatment of

1,4-diols (51), (76) and (38a) with oxalic acid under identical reaction
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conditions to those employed earlier. These results exclude the
possibility of a mechanism involving protonation of the tertiary hydroxyl

in e.g. (48) with synchronous ring closure and elimination of water.

Ph 0] .

OH OH

(31)

(38a)

A mechanism which is consistent with the stereochemistry of the
tetrahydrofuran products and which involves the carbonyl group is
outlined in Scheme 1.6. Acetal hydrolysis of diol (21) under acidic
conditions would establish an equilibrium mixture of (48) and
hemiacetals (53) and (54), presumably via a carbonium ion stabilized by
an oxygen atom and the furan ring. Subsequent concomitant intramolecular

attack by the hydroxyl group of (54) and formation of the carbonyl group

would yield the tetrahydrofuran (25a).
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Scheme 1.6 0 H OH

(25a)

Interestingly, tertiary alcohol (70) gave tetrahydrofuran (55) on
heating at 50° in aqueous methanol containing 5% oxalic acid. The

mechanism 4dndicated in Schenme 1.6, if applicable in this example,
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necessitates that the tetrahydrofuran (55) is formed via an intramolecular
attack by a tertiary hydroxy group on a tertiary centre with inversion

of configuration.

OH

’,
/, ,{/

OH
j \ N\

(55) (70)

An intermediate 1,3-dioxolenium ion (57), stabilized by two oxygen
atoms rather than an oxygen atom and a furan ring as in the present study,
has been proposed for the rearrangement of acetoxy epoxide (56) to yield
tetrahydrofuran (58)32:%%. In an analagous manner to the present study
attack by the oxygen of intermediate (57), as shown, results in the

formation of the tetrahydrofuran.

Scheme 1.7
0
CH3~< \CHa CH3 0 Osz
0 N ‘f'J; TUNG o O\CH
H: :«JHZ), —~ g o B - 5 i
. 2/2
cH 0)H CHy)—\ " (CH2), CH,
OBRF, H
BF; d l
(56)
CH
0')%\0
CH, CH..\ [.-CH,
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Lithium in Ammonia Reduction of 3-Substituted Furans

2.0 A variety of organic molecules are reduced with a metal in
armmonia, either in the presence of a proton donor or followed by treatment
with a proton donor.®® The alkali metals and calcium are most commonly
employed and generally in solutions in liquid ammonia or less frequently
in low molecular weight amines. The metals dissolve in liquid ammonia to
give solutions which behave as if they contain metal cations and ''solvated
electrons'. 3% 6

Although many organic compounds are soluble to a useful extent in
liquid ammonia, solubility usually can be enhanced by using a co-solvent
often terahydrofuran. A number of reduction variables are therefore
evident for dissolving metal reductions. Firstly, the solubility of the
organic substrate in liquid ammonia influences whether or not a co-solvent
is employed. Solubility and also stability of reaction intermediates is
dependent on whether the ammonia is at boiling point (-330) or at a lower
temperature. The purity of the ammonia is known to affect the reduction
potential of the metal in solution, for example iron impurities lower the
reducing ability of the metal ammonia solution.®® Reaction time and
whether air is rigorously excluded from the reduction system are also
important. Lithium is usually the metal of choice for the reductions due
to its high solubility in liquid ammonia.

It is well documented that allylic and benzylic ethers®®: 37,
acetals?®: 37 %% and to a lesser extent alcohols®3,%®7~*° are reductively
cleaved in metal ammonia solutions. Attempted reductive cleavage of
eremoacetal (6), which contains both allylic and benzylic acetal oxygens,
in solutions of lithium, sodium or calcium in liquid ammonia, both with

and without an external proton source, gave complex mixtures'’. The furan
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ring clearly underwent reduction since the crude mixture revealed no furan
resonances by 'H n.m.r. As a result of these observations the lithium in
ammonia reduction of both 2-2°and 3-2! substituted furans was extensively
studied.

Reduction of acetate (60b) with lithium in ammonia for 15 min gave
alkylfuran (59) (75%) and alcohol (60a) (25%) due to hydrogenolysis and
acetate reduction respectively. An identical reduction of ether (60c)

R
[\
CgHyq O 0

/ ) \ f \ CyHy

(59) R=H 0

(60a) R=OH (62)
(60b) R=OAc

(60c) R=OMe

(61) R=OCH,CH,0H

gave a mixture of alkylfuran (59) (12%) and recovered starting material
(88%). Similarly, the acetal (62) on treatment with lithium in ammonia
for 15 min gave alkylfuran (59) (23%), alcohol (61) (58%) and starting
material (19%). Therefore, hydrogenolysis of the first acetal oxygen is
faster than hydrogenolysis of the second acetal oxygen {to give (59)} and
is also faster than hydrogenolysis of the methoxyl group in the ether (60c).
It would also appear that the rate of reductive fission of the carbon-
oxygen bond in (61) and that of the methoxy group in (60c) are similar.
Consequently, the lithium alkoxide derived from (61) must have little
influence on its subsequent reductive cleavage.

Reduction of acetal (62) with 1lithium and ammonia in the presence
of ethanol gave extensive reduction and cleavage of the furan ring.?! In
contrast with the reduction of the 3-substituted compounds the following

observations were made with the 2-substituted series. Lithium in ammonia
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reduction of acetate (64), both with and without an external proton source,
gave 2-alkylfuran (63) as the exclusive product.?? A similar reduction

of the acetal (65) for 1 h gave 2-alkylfuran (63) in quantitative yield.

7\ / N\

CyHyy C.H
0 8 o g7
R 0 9
(63) R=H (65)
(64) R=OAc

With an added proton source acetal (65) gave 2-alkylfuran (63) as the
predominant product (95%) and a small amount of furan reduction (5%) .

The 3-substituted furan exanples discussed above undergo benzylic
hydrogenolysis much more slowly than the 2-substituted furans; con-
sequently with an external proton source present, proton addition to the
furan ring can compete favourably with hydrogenolysis.?' Within the
3—substituted furan series the rate of substituent removal appears to

parallel the stability of the leaving group . 21

2.1 Eremoacetal (6) and its derivatives provide suitable models for
the investigation of the metal in ammonia cleavage of the dioxabicyclo-
{3.2.1}octane system.!’ In particular, these compounds have a clearly
defined stereochemistry and allow a study to be made involving the select-

ivity of bond cleavage. Also, the possible influence of lithium chelation
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Table 2.1. Lithiun in Ammonia Reductions of the Dioxabicyclooctane

Derivatives
H"H.L z H OH
OMR
A
]\
0
0)
R
0~ 3
\ N
0] B
C
(h) Isolated Products (Compound No.)
R
Time S.M. monocleavage dicleavage
—CH, CH(CH; )2 37 63% 17% B (71) % (73)
(39) 717 30% 20% B (71) 40% (73)
—CH,OH 5.5 429, 3-4% B 41% (742)
(40a)
~CH, OCH, OCH; 5.5 %% 2% B 68% (75)
(404d)
B 3 40% . 37% (76)
-CCH(CH;z )2
(66a.)
OH H 3 a . 90% (77)
Y,
(67a)
QLK 3 a - 7% (78)
—C CH,
(68a)
—CHp COH(CH; )2 3 19% - 60% (79)
(69)
—~COH(CHs )2 3 18% w 62% (80)
(70)

a 1-29% detected by 'H n.m.r. in the crude mixture.



- 29 -

can be assessed because of the ease of synthesis of a variety of alcohols
with the hydroxyl group in the side chain at C3. In preliminary studies,
significant differences were observed in the reduction rate and product
composition for the lithium in ammonia reduction of eremoacetal, dihydro-
erenpacetal (39) and alcohol (40a). As a consequence, a number of other
examples were studied in detail (Table 2.1). The lithium in ammonia
reductions were performed at -33° under standardized conditions (see Exp.
Section) with no added proton source unless specified. Treatment of
dihydroeremoacetal (39), prepared by hydrogenation of eremoacetal (6)7,

with lithium in ammonia for 15 min returned 99% starting material. A
simila} reduction of (39) for 3 h afforded starting material (63%), oxepanes
(71)*(17%) and diol (73) (7%), but after 7 h reduction, 30% starting
material was recovered in addition to oxepanes (71) (20%) and diol (73) (40%).
The cleavage of the acetal was quite slow and, interestingly, none of the
terahydrofuran isomers (72) were detected.

A 5.5 h lithium in ammonia reduction of primary alcohol (40a) gave
starting material (42%), triol (74a) (41%) and 3-4% of material tentatively
assigned as oxepane monocleavage product. Triol (74a) was characterized
as its diacetate (74b). In comparison, reduction of the protected
alcohol (40d) with lithium in ammonia for 5.5 h gave dicleavage product (75)
(68%) and only 9% starting material.

Lithium in ammonia reduction for 3 h of the secondary alcohol (66a),

prepared from aldehyde (33),!7:%°?

gave starting material (40%) and triol
(76) (37™). By comparison, the epimeric secondary alcohols (67a) and (68a),

prepared from aldehyde (33),!7 were rapidly reduced after 3h. A 3 h

* diastereomers were separable!’
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lithium in ammonia reduction of tertiary alcohols (62) and (70) revealed
the following; (69) gave starting material (19%) and triol (79) (60%)
while (70) gave starting material (18%) and triol (80) (62%).

No tetrahydrofuran monocleavage products were detected in any of

the lithium in ammonia reductions. Consequently, it was not clear whether

the reduction of tetrahydrofuran monocleavage products {e.g. (72)}, if
formed, occurred rapidly relative to the oxepanes {e.g. (71)}, or whether

preferential cleavage of the C1-08 bond had occurred.

The relative rate of cleavage of tetrahydrofuran (72a) and oxepane

(712) was established by a competitive reduction.'”’ A mixture of oxepane

(71a) and independently synthesized tetrahydrofuran (72a)'® (1:1) was

reduced with lithium in ammonia for 1 h. Isolation and characterisation

of the products revealed the following; tetrahydrofuran (722) had been
>95% reduced, whereas oxepane (7la) appeared inert (90% recovered).

Diol (73) was also isolated (50% yield).

(72a)

(72b) (71b)
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Clearly, the tetrahydrofuran (72a) had been rapidly reduccd to diol (73).
These observations have been confirmed with other model compounds that will
be discussed later. Therefore, if tetrahydrofuran (72a) had been formed
in the initial reduction of (39) it would have been rapidly reduced to
diol (73).

It has been postulated that the hydrogenclysis of a benzylic
leaving group with lithium in ammonia proceeds via the addition of two
electrons to produce a dianion species.®®,?7,%%,*7  The addition of a
second electron to a system already negatively charged is presumably
slow, although solvation by ammonia may stabilize the dianion. Regardless
of whether the transition state for the reductive fission involves a
dianion or an anion radical the benzylic cleavage will ultimately yield
either of two dianion species {(83) and (84) Scheme 2.1} a process
facilitated by the ability of the aromatic nucleus to stabilize a
negative charge and by the high affinity for electrons of the oxygen atoms
present in the dioxolane ring.

C1-02 cleavage yields the tetrahydrofuran dianion (84) while
C1-08 cleavage yields the oxepane dianion (83), both of which must be .
sufficiently basic to suffer protonation by ammonia. A further electron
addition with subsequent benzylic cleavage would yield a common diol (87)
(Schemre 2.1).

The electron addition is usually reversible and the equilibrium
position is affected by solvation, a probable reason for the favourable
effect of ammonia on ion production, and also by the structure of the

organic sustrate.®°,"°

The greater the degree of unsaturation, the
higher the electron affinity of the system, and the greater the ground

state strain, the more the equilibrium will favour addition.?® The
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Scheme 2.1.

(86)
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reducibility of the system depends on whether it adds an electron and
also on whether the resulting anion radical can be irreversibly transformed.
Also, despite uncertainties about the reaction kinetics, it isprobable
that the rate of reduction is dependent, as one factor at least, on the
equilibrium position of the electron addition and hence the initially
formed anion radical concentration.

The reduction rate and product composition are clearly dependent on
the nature of the group R in (81) (Scheme 2.1). When R does not contain
an oxygenated substituent, e.g (39), the reduction rate is slow and
oxepane, e.g. (71), was isolated. However, when R contains an oxygenated
substituent (Table 2.1) the reduction rate is significantly enhanced and
small quantities, if any, of the oxepane products were isolated.

Either the reduction proceeds exclusively via one of the two
alternative pathways of Scheme 2.1, irrespective of R, where the nature
of R in (81) governs the rate of that pathway, or alternatively, the
nature of R determines whether C1-02 or C1-08 cleavage is observed and
possibly the rate of subsequent reduction of (83) and (84) {c.f. (71a)
and (72) competitive reduction}.

The reduction of dihydroeremoacetal (39) with lithium in ammonia
for 7 h gave epimeric oxepanes (71a) and (71b) in the ratio of 20:1. A
competitive reduction of a mixture of (71a) and (71b) for 3 h gave approx-
imately equal reduction of each component. Consequently, the difference
in rates of reduction of these epimers is insignificant and the implication
is that (71a) is formed more rapidly by a preferential protonation from
the relevant face of the common oxepane intermediate {e.g. (83)}. Interest-
ingly the competitive reduction of (71a) and (71b) for 3 h gave diol (73)
in 10% yield, a figure which is similar to that obtained for the 3 h

reduction of dihydroeremoacetal (39) which yielded diol (73) (7%). The
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reduction of dihydroeremoacetal (39), at least, would therefore appear to
proceed predominantly, if not exclusively, via the oxepanes (71).

It is likely, therefore,that when R in (81) (Scheme 2.1) is oxygenated
the reduction proceeds significantly and in some cases exclusively via
the tetrahydrofuran intermediate (84) which, on the basisof the competitive
reduction of (71a) and (72a) and on the study of model compounds (see later),
would cleave rapidly.

A preference for oxepane formation (C1-08 cleavage) with
dihydroeremoacetal (39) is difficult to rationalize. The reaction pathway
taken by anion radical (82) will clearly be that which is energetically
most favourable. It is likely that the conformation of the furan ring
is crucial for the required overlap of the orbitals necessary for the
preferential formation of the oxepane (83).

The presence of an additional oxygenated substituent in the C3
side chain of the reduction substrate {e.g. in (40a), (40d), (66a), (67a),
(68a), (69) and (70)} may enhance the coordination of a solvated lithium
cation to the benzylic type oxygen, a process that would be expected to
assist electron addition to the aromatic system. Lithium cation is known

to coordinate via 4,5 (most favourable) and 6-menbered intermediates.*®:*?

Erempacetal derivatives (40a), (40d), (66a), (67a), (68a) and (70) have
the potential to coordinate lithium to 02 and OR in the C3 side chain via
a five membered ring; the chelation might be expected to predominate

between the oxygenated substituent (OR) and 02 (5 membered system) rather
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than with 08 (7 membered system). Preferential chelation may, thcrefore,
stapilize the transition state for C1-02 cleavage relative to C1-08, such
that C1-02 cleavage would predominate to yield tetrahydrofuran (&%)

(Scheme 2.1). It has been reported!® that mesylate (40c) undergoes a

two step stereospecific reduction with lithium aluminium hydride to yield
tetrahydrofuran (17), a reaction probably involving coordination. Similarly,

the reaction of methyl ester (138) with methylmagnesium iodide gave, as

(0)
CH,0Ms
0
\ N 17)
0
(40c)
CO,Me
10
\ N
0
(138)

(141a) and (142a)

cleavage products, tetrahydrofurans (13%9a) to (142a) with no detected

oxepane. °°

This reaction, which is discussed later, is assumed to be
directed by a selective coordination of the Grignard reagent.

The result of preferential C1-02 cleavage would be tetrahydrofuran
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formation which, on the basis of the competitive reduction of (71a) and
(72a), would rapidly reduce to the dicleavage product. Indeed, (40a),
(40d), (66a), (67a),(68a) and (70) were all reduced more readily than
dihydroeremoacetal (39) and gave little or no detected oxepane product.
These observations can also be explained by an enhanced rate of oxepane
intermediate cleavage due tQ a similar lithium coordination involving OR
and the benzylic oxygen of the oxepane dianion (83) (Scheme 2.1).

Interestingly, the protected primary alcohol (40d) was cleaved
with 1lithium in ammonia substantially faster than the parent alcohol (40a).
In the reduction medium an hydroxyl substituent would readily deprotonate.
Although the alkoxide would form a stable metal alkoxide, further addition
of an electron to a system that is already negatively charged may be
inhibited, ¥°:%¢ a probable reason for the slow reduction of benzylic
alcohols. Although the protected alcohol (40d) does not possess the free
hydroxyl group it would still permit favourable lithium coordination. The
inhibition of electron addition to the negatively charged alkoxide would
be offset somewhat by the formation of the metal alkoxide and by ammonia
solvation.

The lithium alkoxide derived from (61) and the methoxy group of

(60c) are cleaved at similar rates by lithium in ammonia,?! thus indicating

OH
o S OMe

CgHyy CgHyy

/ \ / \

0] 0
(61) (60c)
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that the lithium alkoxide of (61) has little influence on the reduction
in this case.

The secondary alcohols (67a) and (68a) show a substantial
enhancement in the rate of reduction as compared to primary alcohol (40a).
A secondary hydroxyl substituent is less acidic than a primary presumably
due to a decrease in solvation of the corresponding alkoxide by the
solvent, in this case ammonia, which tends to stabilize the anion. However,
a decrease in solvation and hence a decrease in acidity may enhance lithium
chelation and hence the reduction rate. A delicate balance between anion
solvation and lithium chelation would appear to exist.

The secondary alcohol (66a) was reduced substantially slower than
either (67a) or (68a). Presumably, both lithium chelation and ammonia
solvation are sterically hindered by the bulk of the isopropyl group. The
results obtained for the teﬂiary alcohol (70) appear to support these
conclusions (Table 2.1).

Tertiary alcohol (69), which can form a lithium chelate between
the C3 side chain hydroxyl group and 02 via a 6-membered ring system
was observed to reductively cleave at a rate comparable to (70).

The rate of lithium in anmmonia cleavage of the benzylic dioxa-
bicyclooctane syséem would appear to be dependent on the position and
nature (primary, secondary or tertiary) of the oxygen substituent in (40a),
(40d), (66a), (67a), (68a), (69) and (70). Only in the absence of the
oxygen substituent, e.g dihydroeremoacetal (39), was a significant
amount of monocleavage product oxepane,e.g. (71), observed. In accord
with this observation it has been reported!’ that a 9 h lithium in

ammonia reduction of acetal (88) returned starting material (30%), diols
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(89) (22%) and a mixture of oxepanes (90) (35%). Again none of the

tetrahydrofuran monocleavage product was observed.

0
0 5
0

(88) (89)

(90)

2.2 Both the position of the oxygen substituent in the C3 side chain

of the reduction substrate and also the reasons for the vast differences

in the observed rate of reduction of oxepane (7l1a) and tetrahydrofuran (72a)
and indeed acetal (62) would appear to be significant in controlling the
outcome of the reduction. A systematic study of the lithium in ammonia
reduction of simpler synthetic 3-substituted furan derivatives was under-
taken in an attemptto rationalize the results obtained. It was decided

to study the reduction of benzylic cyclic ethers of varing ring size

(5,6,7) and also examples with an hydroxyl group at varying carbon chain

lengths from the benzylic dioxolane ring.
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Table 2.2. Lithium in Ammonia Reductions of the Benzylic Cyclic Ethers
OH
a0 O
0 0]
Substrate Time (min) Product S.M.

G.C. Isolated G.C.. Isolated

(91) n=1 15 (94) 93% 90% <1% -
(92) n =2 15 (95) 18% 17% 76% 65%
(93) n= 3 15 (96) 13% 13% 85% 74%
Competitive Experiments

Substrates Time (min) % Reduced (G.C.)

9l)n=1 100%

(92) n =2 11 10%

(93) n =3 &

(92) n =2 17 30%

(60c) 15%
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All the reductions were carried out by use of a solution of
lithium metal in a refluxing (—330) mixture of liquid ammonia and tetra-
hydrofuran (co-solvent). The reductions were performed without an external
proton source unless otherwise stated. The crude ether extracts from the
reductions were analysed directly by g.l.c. and the products were
subsequently isolated and characterized. A nunber of substrates were
reduced under competitive conditions in order to accurately assess their
relative rates of reduction. All the reductions were carried out under
carefully standardized conditions (see Experimental Section).

An examination of the results summarized in Table 2.2 reveals
that after 15 min reduction, with lithium in ammonia, the tetrahydrofuran
derivative (91) was reductively cleaved substantially quicker
(93% reduced) than either the tetrahydropyran (92) (18% reduced) or the
oxepane (93) (13% reduced). The competitive reduction of (91), (92) and
(93) supports this observation. The rates of reductive fission of the
carbon-oxygen bonds in tetrahydropyran (92) and methyl ether (60c) are
comparable.

It is documented that the ring-opening rates of cyclic ethers
normally follow the order 3- > 4- > 5- > 6- membered ring.°® The ease
of ring opening of the cyclic ethers can be related directly to their
themmodynamic properties.®*  The results of Pell and Pilcher, "¢ who
measured the heats of combustion of the cyclic ethers and subsequently
the strain energies, are tabulated in Table 2.3. Cox°* considered
the slight strain in the six-membered ether ring to be angular in origin,

since a carbon-oxygen bond is slightly shorter than a carbon-carbon bond.
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Table 2.3. Strain Energies in Cyclic Ethers (Kcal/mole) She
Ring Size Alkane Ether
3 27.43 27.28
4 26.04 25.51
5 6.05 5.63
6 -0.02 1.16

It is evident that the five-membered cyclic ether possesses approximately
five times the strain energy of the 6-membered cyclic ether, a result
reflected by the lithium in ammonia reduction rates of (91) and (92),
(Table 2.2). Presumably, the 6- and 7- membered cyclic ethers, (92) and
(93) respectively, possess little strain energy and hence are cleaved
at a rate comparable to methyl ether (60c).

Attenmpts to rank the basicities of the cyclic ethers have been

somewhat conflicting.5?®

Consequently, any attempts to rationalize the
differences in the rate of carbon-oxygen bond cleavage of (91), (92) and
(93) on the basis of electron sharing capacities and hence ability to
coordinate lithium cation must be treated with caution.

Reduction of acetal alcohol (97a) with lithium in ammonia for

15 min gave a mixture of alkylfuran (103) (55%), diol (100) (13%),
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Table 2.4. Lithium in Ammonia Reductions of the Alcohols
Cn/OH
H
O/\/O / \
0 0 0
OH
Cn/ Cn/OH
/ \ I\ 5
0 0
- Cn/OH
A
0
C
Time Products (G.C. yields)
Substrate (min) S.M. (A) mono- (B) di- (C) furan
cleavage cleavage reduction
(97a) n=0 15 3% (100) 13% (103) 55% (104) 10%
(98a) n=1 15 28% (101) 10% (94) 48% (105) 5%
Competitive Reductions
(972) n= 15 3% (100) 12% (103) 47% (104) 18%
(98a) n= 33% (101) 12% (94) 50% (105) 2%
(97a) n= L 2% (100) 12% (103) 52% (104) 14%
5
(99a) n=3 43% (102) 13% (96) 41% a

a Furan reduction product not observed
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starting material (3%) and furan reduction product (104) (10%) (Table 2.4).

The 2,5-dihydrofuran (104) was isolated and subsequently distinguished

from the isomeric alkenes (106) and (107) (Scheme 2.3) by 'H n.m.r. spectroscopy
(8 5.50, 1H, bs, H4') and ' °C n.m.r. (8 23.7, t, C2; 30.9, t, C3; 62.7,

t, C1; 76.3, t, C2', C5'; 119.6, d, C4'). 1In comparison, the lithium

in ammonia reduction of acetal (62), with an added proton source, gave the

9,5-dihydrofuran (108) (6.4%) as the major furan reduction product.?!

[\

@] 0
CoH g
(0] (0]
(62) (108)

The acetal alcohol (98a), when submitted to reduction with
lithium in ammonia for 15 min, afforded the alkylfuran (94) (48%), diol
(101) (10%), starting material (28%) and 2,5-dihydrofuran (105) (3%).
Significantly less reduction of (98a) relative to (97a) was therefore
evident, a result confirmed by a competitive lithium in ammonia reduction
of (97a) and (98a) (Table 2.4).

The reduction of acetal alcohol (99a) with lithium in ammonia
for 15 min was also significantly slower than the reduction of (97a).

A competitive reduction of the acetal alcohols (97a) and (99a) for 15 min
gave alcohol (96) (41%), diol (102) (13%) and starting material (99a) (43%)
for (99a) (Table 2.4).

A nunber of trends emerge from the above examples. Firstly, the

rate of benzylic acetal cleavage is dependent on the position of the non~

benzylic hydroxyl group. It is clear from previous work’' that furan
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Table 2.5. Lithium in Ammonia Reductions of the Benzyloxy Acetals
/ \ OH
~0OCH,Ph !
0 0 (€]
B A
Time Products
Substrate  (min) | Parent (4) mono- (B) di-
alcohol cleavage cleavage
(98b) n=1 15 (98a) 43% (101) 1% (94) 41%
(29b) n=3 15 (99a) 54% (102) 16% (96) 29%
Competitive Reduction
(97b) n=0 15 (97a) 4% (100) 13% (103) 70%

(99b) n=3 (99a) 4% (102) 17% (96) 29%
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reduction occurs rapidly in the presence of an added proton source.
However, it is umlikely that the enhanced rate of reduction of (97a)
relative to both (98a) and (99a) is attributable to the amount of furan
reduction. A competitive reduction of benzyloxy acetals (97b) and (99b)
(Table 2.5) under the same conditions as those used above gave the parent
alcohol (97a) (4%), monocleavage product (100) (13%) and alkylfuran (103)
(70%). Significantly, rapid hydrogenolysis of the benzyloxy acetal (97b)
was observed with no furan reduction. The furan reduction observed for
(97a) is accampanied by a corresponding decrease in the amount of acetal
cleavage {c.f . (972) and (97b)}. This would suggest that a competition
exists between the protonation and acetal cleavage of a comon intermediate
where the formation of the intermediate nmust be rate determining.

The lithium in ammonia reduction of a benzylic ether is known to
occur rapidly, e.g. a benzylic ether can be selectively reduced with
lithium in ammonia at -78° in the presence of a benzylic acetal.®! Con-
sequently, it. was assumed that (97b) would initially form the metal alkoxide
which would subsequently reduce to (100) and (103). Bibenzyl®? was also
detected in the crude product mixture obtained from the lithium in
ammonia reduction of (97b) presumably as a result of benzyl radical coupling.

It is unclear whether the @ffect of the hydroxyl group is to
alter the ease with which an electron is added to the system or whether
it alters the rate of cleavage of one of the reduction intermmediates.
Perhaps the hydroxyl group of (97a) can intramolecularly protonate a
reduction intermediate and hence facilitate that pathway or, perhaps
lithium cation can coordinate between a benzylic oxygen, 03, and the
hydroxyl group via a favourable 6-menbered ring (Scheme 2.2) such that

electron addition to the aromatic system is facilitated. The latter is
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more likely to be the case since the rate of acetal cleavage is also
dramatically affected by the position of the benzylic ether moiety in

(97b), (98b) and (99b) (Table 2.5).

Scheme 2.2
[N
1 3 ;’ ‘\_
(0] Q 0
/ \
0

The reductive fission of benzylic alcohols is commonly inhibited
by placing a negative charge on the oxygen through salt formation.3%. %%
However, such examples invariably involve sodium and since the above
exanples {e.g. (97a), (98a), (99a)} were cleaved efficiently by 1lithium
in ammonia, further support for a lithium coordination facilitated
mechanism is evident.

The hydrogenolysis of hydroxy acetals (97a), (98a) and (99a)
gave some furan reduction, the extent of which was dependent on the
position of the hydroxyl group. Hydroxy acetal (972) gave 10% of the
2,5-dihydrofuran (104), (98a) gave only 5% of the 2,5-dihydrofuran (105)
while (99a) gave little or no furan reduction.

The proposed mechanism for the formation of the 2,5-dihydrofurans
is outlined in Scheme 2.3. Electron addition to the acetal {e.g (97a)}
would produce either of two anion radicals (109) and (110). The aromatic
system of an alkylfuran possessing a o-electron withdrawing benzylic

substituent is destabilized relative to the alkylfuran.?!.%® This
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would lead to a higher concentration of anion radical during reduction
with lithium in ammonia and enable these derivatives to reduce, even
though the alklyfurans are inert to the reduction conditions.?! Acetal
cleavage of (110) ultimately yields the acetal hydrogenolysis products
{e.g. (100) and (103)}. Protonation of (109) at carbon 2, either by an
external proton source or via the hydroxyl group, followed by elimination
of one acetal oxygen would yield the diene (111). Dienes are known to
be reduced rapidly by lithium in ammonia. ®® Electron addition to diene
(111) would give an anion radical of which one resonance contributor is
shown (112a). Subsequent protonation of (112a) and elimination of the
second acetal oxygen would give diene (113). The diene (113) would not
be isolated, but would rapidly reduce under the reaction conditions to
yield predominantly the 2,5-dihydrofuran {e.g. (104)}.

The lithium in ammonia reduction of both dihydroeremoacetal (39)
andbenzyloxy acetal (97b) in the presence of an equivalent of t-butyl alcohol
gave no furan reduction. It is therefore likely that the furan reduction
observed, particularly with (97a), is due to an intramolecular proton
transfer. In support, it was noted that the amount of furan reduction
product obtained decreased in the order (97a) > (98a) > (99a) (Table 2.4),
as a function of the hydroxyl group position. The ease of intramolecular
proton transfer would be expected to be greatest when n=1 (Scheme 2.4)
{e.g. for (97a)}; this was the observed result. No furan reduction
products were detected for the lithium in ammonia reductions of the
benzyloxy acetals (97b), (98b) and (99b), or for the acetal (62).

All the acetal substrates bearing a non benzylic oxygen substituent
{e.g. (97a), (98a), (99a), (97b), (98b), (99b)} gave significantly less

monofission product than, for example, acetal (62) (38%). This trend



was also observed for the dioxabicyclooctane examples, (Table 2.1), where

only dihydroerempacetal (39) gave monocleavage products. It is also

Scheme 2.4

0 9]

- —

noteworthy that the reduction of 2-methyl-2-phenyl-1,3-dioxolane with

only two equivalents of sodium in methanol and ammonia gave ethylbenzene
(39%) together with starting material, but none of the monofission
product.®’ If a two-stage mechanism is in fact involved in the removal

of the acetal oxygens, then the second stage must be easier in this case.

2.3 The lithium in ammonia reductions of two 4-substituted dioxolanes
were also investigated and the results are summarized in Table 2.6.
G.l.c. analysis of the crude reaction product revealed the nature and
percentage yield of each component.

The 4-substituted dioxolane systems were of interest for two
reasons. Firstly, as indicated in Scheme 2.5, either of two modes of initial
acetal cleavage are feasible, both of which would subsequently yield
3-nonylfuran (59). The monocleavage product (116a), isolated from the lithium in
ammonia reduction of (114) was characterised as its diacetate (116b).
Acetylation produced a characteristic downfield shift of 0.5 p.p.m. for
three proton resonances,a result which is consistent only with structure

(116a). The absence of products derived from pathway 1 in Scheme 2.5
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Table 2.6. Lithiun in Ammonia Reduction of the 4-Substituted

Dioxolanes
,Cn—OR'
0] 0
/ \ CgHy,
0]

Substrate Time Products
parent mono- di-
alcohol cleavage cleavage

(114,R'=H)n=1 15 min (114) 95% a a

3h (114) 73% (1162) 8% (69) 10%

(115b,R'=CH,Ph)n=3 15 min  (115a,R'=H) 90% 10%P a

a Not observed
b Uncharacterized
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supports the notion that lithium chelation plays an important role in
controlling these reductions. According to the ideas discussed previously,

lithium chelation might be expected topredominate between the hydroxyl

Scheme 2.5. 4-Substituted Dioxolane System Cleavage
0/\( Cn—OR'
OR’
CgHyy
Cn—OR 2 0

100 3.0 (116a) R'=R%=H, n=1

(116b) R*=R*=Ac | n=1

/ \ CgHy
O
1

(114) R=H, n=1

i
(115b) R=CH,Ph, n=1 Cn—-OR
R!O

0

Cghyy

group and 03 rather than with 01 (Scheme 2.6), such that regioselective

C2-03 acetal cleavage would occur.

Scheme 2.6
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The second reason for studying the 4-substituted dioxolane systems
was that they more closely resemble the substitution pattern of the
dioxabicyclooctane exanples {e.g. (68a)} studied earlier. However, the

reasons for the slow rate of reduction in both instances remain unclear

and deserve further investigation.



CHAPTER III
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Synthesis of the Reduction Substrates

3.0 Dioxabicyclooctane Derivatives

Treatment of aldehyde (33) with methylmagnesium iodide at ~70°
gave an inseparable mixture of epimeric alcohols (67a) and (68a) (50:28).1°
The corresponding acetates (67b) and (68b), however, were readily
separated and gave the alcohols on lithium aluminium hydride reduction.

Alcohol (40a), obtained by lithium aluminium hydride reduction of
aldehyde (33)!%, readily formed the methoxymethyl ether (40d) on treat-
ment with chloromethyl methyl ether and ethyldiisopropylamine.

Samples of dihydroeremoacetal (39) and teriary alcohol (69),

synthesized by Dimitriadis from eremoacetal (6) via P2 nickel catalysed

7 7

hydrogenation’ and oxymercura.tion1 respectively, were available.
Alcohol (66a) was readily prepared by hydroboration of

eremoacetal (6).!°
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3.1 3—Substituted Furans

The reaction of alkyllithium reagents with furancarboxylic
acids to give furyl ketones has been reported.®®>°9:8°  Ketone (121) has
been synthesized by preparing the alkyllithium reagent from benzyloxy
chloride (117b) in the presence of 1lithium furan-3-carboxylate.®® In
addition to the desired ketone (121) (68%) small quantities of diketone

(130) (4.5%) and ketone (131) (2%) were isolated. When the alkyllithium

OCH,Ph 0

I\ o Mo

/| \

(130) (131)

was prepared separately, only a low yield of the required ketone (121)
was obtained. The product consisted mainly of protonated alkyllithium
and furan-3-carboxylic acid.

Despite the literature precedence, the prepa%%ion of (121), and
similarly of (122) and (123), was only achieved after considerable effort.
Reasonable yields of the desired ketones were only obtained when sodium
doped lithium (2% sodiium) was used.®'’%? The attempted preparation
of ketone (122) with commercially available methyllithium-lithium bromide
complex or with n-butyllithium gave a low yield of the desired ketone (122).

When tetrahydrofuran was used as solvent, instead of diethyl ether, the
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reaction of the metal was faster and the resultant alkyllithium more
reactive. Instead of the desired ketone (122) the reaction gave
5-phenylpentan-1-o1 (133) and benzyl ether (132) by intramolecular and

intermolecular alkyllithium reactions, respectively (Scheme 3.3). The

Scheme 3.3
: %)
Li” ™% e,
Ph
L./\/\/OCHZPh
' (132)
/ [ HO/\/\/\PlI
Li
v 133
ph (133)

enhanced reactivity of alkyllithium reagent in tetrahydrofuran has been
noted in the literature.®°:%®  When the tetrahydropyranyl halide (119d)
was used, instead of benzyloxy chloride (119c), only 10-15% of the desired
ketone was obtained.

Thus, ketones (121), (122) and (123) were best synthesized in
diethyl ether by the method of Dimitriadis®® with methyllithium prepared
from methyl iodide,®" and sodium doped lithium (2% sodium).®'»®? In
addition, the benzyl ether and not the tetrahydropyranyl ether protecting
group gave the highest yield of the desired ketone.

Benzyloxy chloride (117b) was readily prepared from 3-chloropropan-1-
-0l (117a) by treatment with sodium hydride and benzyl bromide. The
benzyloxy chloride (118c) was prepared by the following route. The mono-

benzyl ether (118b), prepared from 1,4-butanediol (118a), was converted
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into the chloride (118c) by using the triphenylphosphine and carbon
tetrachloride procedure.®®  Hydroboration of 5-benzyloxypent-l-ene
gave the monobenzyl ether (119b) which was converted into the chloride
(119¢) using triphenylphosphine and carbon tetrachloride.

Formation of the acetal (98b) from ketone (121) followed by
selective lithium in ammonia reduction at —78° gave the acetal alcohol
(98a) in good yield. In order to form the cyclic ether (91) the carbonyl
group of ketone (121) was reduced with sodium borohydride. ILithium in
ammonia reduction of the resultant alcohol (124) at —78° gave the
1,4-diol (127) which readily cyclized to (91) in dichloromethane con-
taining a trace of p-toluenesulfonic acid.

A sequence of reactions similar to that used for the synthesis of
(91) and (98a) was employed for the preparation of (92), (93) and (99a).

Formation of the acetal (135) from the R-keto ester (134)°° with
subsequent lithium aluminium hydride reduction of the ester moiety gave

the acetal alcohol (97a) (Scheme 3.4).

Scheme 3.4
0 o 0
CO,Et CO,Et
/ \ —  J \
0 0

(134) (135) \

(972)
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Alcohol (114) and dioxolane (115b) were prepared from ketone (136)

by reaction with glycerol and 5-benzyloxypentane-1,2-diol (137)115,117

respectively.

/———(\OH

(0] 0] 0]

//lL\“Cgin CgHy

/ \

0
(136) (114)
/r___iff“x\v,/’“~0R
0 0
b I\
0
(137) (115a) R=H

(115b) R=CH,Ph
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3.2 Tertiary Alcohol (70) : The Stereochemistry of Acetal Cleavage

with Methylmagnesium Iodide

The ester (138) was prepared from the corresponding aldehyde (33)!°
by anin situ silver oxide oxidation followed by methylation with
diazomethane. The bicyclic acid (34) is known to be unstable at low
pH and exists in equilibrium with the acyclic acid (35) which can
subsequently undergo ring closure to lactone (30a) (Scheme 3.5). Never-
theless, with careful acidification at 0° the equilibrium is strongly
in favour of the bicyclic acid (34) such that diazomethane methylation

of the crude material afforded ester (138) in 42% yield.

Scheme 3.5
0 0
ﬁ/cno XC%H
0 - 0 -
| Ny, (33) \ Ny (3
0 0
o)

0
0 \‘,\\OH
OH COMe ;,ﬂ
o = Do B o0
AN )
\

\ AN
(30a)
(70) 0 (138)

Reaction of ester (138) with methylmagnesium iodide in diethyl
ether for 2h at 25° gave the tertiary alcohol (70) (41%) and an

unexpected mixture of acetal cleavage products (139 - 142; R=H) (33%).
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Chromatography of the product mixture gave a fraction containing (139a),
(140a) and (70) and another containing (141a) and (142a). Acetylation
of the first fraction, followed by chromatography permitted separation
of the epimeric acetates (139b) and (140b) (11%) from the tertiary
alcohol (70) (41%). Further chromatography of the second fraction gave

(1412) (13%) and (142a) (9%) as pure compounds.

/

(139a) R=H (140a) R=H

(139b) R=Ac (140b) R=Ac

— _::'_'__’:

- Vi N /<

0 o
HO “OR

(141a) R=H (1422) R=H

(1410) R=Ac (142b) R=Ac

Neither the mixture of (139a) and (140a) nor their corresponding
acetates (139b) and (140b) could be separated by chromatography. However,
the spectral data for (139a) and (140a) and their acetates were consistent

with the assigned structure. In particular, the resonances of the two
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Figure 3.5. H n.m.r. Spectrum (80 Miz) of Ketone (144) in CDCl,
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furan protons H2" and H5'" overlapped at § 7.13 which is consistent with

a single oxygen substituent on the carbon benzylic to the furan ring.

The methyl ester group of (139b) and (140b) was evident by 'H n.m.r. as

a three proton singlet at § 3.61 and by mass spectroscopy, m/z 279 (M-CH;0).
Twinning of the acetate methyl proton resonance of (139%b) and (140b) was
consistent with a diastereomeric mixture and the ability of (139a) and
(1402) to form acetates excluded the alternative oxepane structure which
would be the result of C1-08 bond cleavage.

The spectral data for (141a) and (142a) were consistent with the
proposed tetrahydrofuran structures. Again, the chemical shift of the H2"
and H5" furan protons overlap for both isomers. H2 appears at § 3.54 in
(141a) as a triplet and at § 3.70 as a doublet of doublets in (142a), and in
addition, each isonmer gave a monoacetate in which these n.m.r. resonances
shifted downfield by approximately 1.2 p.p.m. The 13C n.m.r. (Table 3.1)
and mass spectra { m/z 268(M), 253 (M—Me)] are also in full accord with the
structures (141a) and (142a). In particular, a comparison of the Hie
chemical shifts obtained for (141a) and (142a) indicates that the two com-
pounds are probably diastereomers.

The structures of (139b) and (140b) were related directly to those
of (141a) and (142a). Treatment of the isolated mixture of acetates
(139b) and (140b) with methylmagnesium iodide gave diols (141a) and (142a),
identical by mass spectroscopy and M n.m.r. to the compounds previously
described, and an inseparable mixture of epimeric hydroxy esters (139a)
and (140a). Both the epimers (139a) and (140a) were clearly evident from
the twinning observed in the 'H n.m.r. of the mixture (Figure 3.3). In
particular, resonances for the furan proton H4'" were evident at § 6.42, 6.45,
methyl ester at § 3.50, 3.60, hydroxyl group at § 3.45, 3.15, 5'-Me at

§ 1.68, 1.65 and for 2'-Me at ¢ 1.61, 1.50.
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Table 3.1. !3C n.m.r. of (141a), (142a), (143) and (144) in CDCl,

C-Number (141a) (142a) (143) (144)
1 42.5 t 41.4 t 48.3 t 48.5 t
2 75.2 d 75.3 d a a

3 72.8 s 72.5 s 76.9 s 77.0 s
4 30.6 q 30.0 q 30.5 q 29.8 q
3-Me 29.4 q 29.4 g 27.6 q 27.3q
2' 80.7 s 81.0 s 8.9 s 81L.9 s
3' 6.8t 35.5t 38.6 t 38.6 t
4' 38.6t 38.9 t 38.0t 37.5 t
5! 4.4 s 8.1s 8.8 s 83.3 s
21 -Me 26.0 q 26.0 g 26.5 q 26.5 q
5'-Me 23.8 q 24.2 q 26.7 q 26.7 q
2" 137.9 d 137.9 d 138.0 d 137.9 d
3" 133.1 s 1#.1s a a

4" 108.8 d 109.1 d 109.0 d 109.0 d
o' 143.7 d 143.3 d 143.6 d 143.5 d

a not observed.

It is likely that only one asymmetric carbon centre is involved in the
reaction of (138) with methylmagnesium iodide since only two of the
possible diol isomers and the corresponding hydroxy ester isomers were
formed. Methylmagnesium icdide cleavage must involve C1 in (138) but
would clearly unalter the configuration at C5 in (138). However, in
order to confirm that the isomeric products were not epimeric at G (in
139-142) it was decided to oxidize the diols, (141a) and (142a), to the
corresponding ketones, (143) and (144). The two ketones were clearly
differentby 'H n.m.r. (Figures 3.4 and 3.5) and '3C n.m.r. (Table 3.1).
Consequently, the two ketones and the corresponding diols are epimeric
at C5' as a result of attack by methylmagnesium iodide from both faces

of an intermediate oxocarbonium ion.
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Each of the diols, (141a) and (142a), revealed four distinct
quaternary methyl group proton resonances and the chemical shifts of which
pemmitted a tentative assignment of configuration (Figures 3.1 and 3.2).
The furan ring is known to produce a shielding effect on neighbouring

substituents which approach the ring face,®’~®° and this effect has been

observed with (-)-ngaione (145) which exhibits a small upfield shift
for the isopropyl doublet relative to its ' epimer, (-)-epingalone
(146).7° The 5'-methyl group at the benzylic position of both (141a)
and (142a) is assigned as the lowest field methyl resonances at § 1.57

and 1.52, respectively (Figures 3.1 and 3.2). The isopropyl methyl
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resonances of diol (141a) are 0.06-0.10 p.p.m. upfield relative to
those of diol (142a) and the 2'-methyl of (142a) is shielded by

0.15-0.19 p.p.m. relative to (141a). The chemical shifts observed for
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the four quaternary methyl groups of diols (141a) and (142a) are con-
sistent with the assigned stereochemistries. A similar, but smaller
upfield shift of 0.11 p.p.m. for the 2'-methyl was observed in the
spectrun of the mixture of epimers (139a) and (140a); the 2'-methyl
resonance appeared atd 1.50 in (140a) and at$§ 1.61 in (139a). The
chemical shifts for the four quaternary methyl groups of ketones (143)
and (144) further support the assigned stereochemistries of the cleavage
products. In particular, the H n.m.r. spectra of the ketones (143)

and (144) (Figures 3.4 and 3.5) closely parallel those obtained for the
respective diol precursors (Figures 3.1 and 3.2). The 3-methyl and

(H4) ; resonances of diol (141a) and the corresponding ketone (143) occur
at distinct chemical shifts whereas the same resonances in diol (142a)
and ketone (144) overlap. As a consequence of the shielding influence

of the furan ring the 2'-methyl of ketone (144) is shielded by 0.07 p.p.m.
relative to (143) and the isopropyl methyl resonances of (143) are upfield
by 0.06-0.08 p.p.m. relative to (144), shifts which are comparable to
those obtained for diols (141a) and (142a). The 5'-methyl resonance of
ketone (143) appeared at § 1.54 and at 1.57 for the precursor diol (141a).
Similarly, the 5'-methyl resonance of ketone (144) and diol (142a)
appeared at$ 1.48 and 1.52 respectively. It is also noteworthy that the
2'-methyl resonance for ketone (144) and (-)-epingaione (146),7° compounds
which have the same relative stereochemistry, occur at similar chemical
shifts (8§ 1.28 and 1.27 respectively). In comparison the 2'-methyl
resonance of ketone (143) appeared at ¢ 1.35.

Treatment of tertiary alcohol (70) with methylmagnesium iodide gave no
acetal fission products as revealed by 'H n.m.r. spectroscopy. Therefore,
the diols (141a) and (142a) are considered to have arisen from the
intermediate maghesium derivatives of the hydroxy esters (139a) and (140a).

The reaction of methylmagnesium iodide with ester (138) in ether solution
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is sumarized in Scheme 3.6. A competition exists between addition to
the ester function to give tertiary alcohol (70) (41%) and cleavage of
the acetal (33%). Selectivity for cleavage of the C1-02 bond of ester

(138) was evident with no detected oxepane derivatives. The preference

Scheme 3.6. Reaction of Methylmagnesium Iodide with Ester (138)
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for C1-02 bond cleavage over C1-08 bond cleavage presumably reflects

the preferential chelation between methylmagnesium iodide, 02 and the

ester function. A similar selectivity for C1-02 bond cleavage was

observed in the lithium aluminium hydride reduction of some 2,8-dioxabicyclo-

{3.2.1}oct-3-yl methanesulphonates'® and may in fact account for the
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observed differences in the rate of the 1lithium in ammonia reduction

of some benzylic 2,8-dioxabicyclo{3.2.1}oct-3-yl derivatives (Chpt. 2).
The chelation of methylmagnesium iodide with ester (138) would facilitate
acetal cleavage to yield the oxocarbonium ion (147) which is stabilized
by both the oxygen substituent and the furan ring. Subsequent reaction
of methylmagnesium iodide from both faces of (147) would account for

the epimeric cleavage products observed.

The major cleavage product isomers isolated, (139a) and (141a), are
the result of methyl transfer from the face of oxocarbonium ion (147)
flanked by the 2'-methyl group. Such an attack is not possible by an
intramolecular transfer of the methyl group of the intermediate oxo-
carbonium ion (147) and consequently the magnesium derivative of (139a),
at least, must arise by the reaction of further Grignard reagent on
the ion (147).

Several reports have appeared concerning reactions of Grignard
reagents with acetals in which one of the carbon-oxygen bonds undergoes
replacement with an alkyl group. Acetals of o,B-unsaturated aldehydes, 7t 73
aryl ethyl acetals,’ 1,3-dioxolanes’® and orthoesters’®~7% have been
studied. Although much of the work has been oriented towards synthesis,
e.g. the preparation of acetals from orthoesters, some studies have been
concerned mainly with mechanistic aspects.

The reaction of 2-methoxy-1,3-dioxanes with Grignard reagents has
been reported to proceed with retention of configuration, ’” however, it
has been suggested that the reaction of ethylmagnesium bromide with aryl
ethyl acetals is 82 like.’* It is therefore evident that it is difficult
to draw mechanistic generalizations concerning the reaction of Grignard

reagents with acetals.,
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The reaction of Grignard reagents with 2-substituted 1,3-dioxolanes
have been reported to give ring cleavage products, formed from attack of
Grignard reagent at C2, or enol ethers arising from attack on the R-hydrogen,
depending on conditions.’® 1In this instance, it was considered that
complexation of the dioxolane with (EtMgBr.Et3;N), would give a complex with

oxonium ion character. This complex could be converted to products, via

L1}
RCH, //C%—Cf“‘
. |
/0 mm———— CHR"
CH3CH2@ Mg Br
\ \ CH,CH
Pt
Br—m Mg
N

NEt,

species (149) or via a second order reaction with another Grignard entity.
(149) was considered to exist as a discrete, but unstable, intermediate
from which the product would arise intramolecularly via a four centre
transition state.’®

The present study, using the bicyclic acetal (138), supports the
presence of a relatively long-lived oxocarbonium ion, but does not support
the formmation of products exclusively via an intermediate four centre

transition state.



CHAPTER IV
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Diterpenes from Eremophila rotundifolia

4.0 The wood of E. rotundifolia contained a number of interesting

diterpenes. Chromatography of the wood extract allowed the isolation of

the major constituent, serrulatenol (150a), as a colourless crystalline solid.

The nomenclature of this compound and its derivatives, is based on the known

serrulatane skeleton for which the absolute configuration has been defined.!!
The molecular formula C;(H:¢03; was established for (150a) by elemental

analysis and high-resolution mass measurements. The ultraviolet spectrum

(150a) R=H
(150b) R=Ac
(150c) R=p-COPhBr

of (150a) showed an absorption band at Xmax 289 nm (3500) which shifted to

a longer wavelength (Anmx 302) on passing from neutral to alkaline conditions.
The observed shift to longer wavelength’® indicated the presence of a
phenolic group which was supported by strong infrared absorptions at 3560

and 3440 cm . Acetylation of (150a) with acetic anhydride in pyridine
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13C n.m.r. Spectral Data and C-H Chemical Shift

Correlation for (150a) (CDCl,).

P.p.m. rel. to TMS

C-Number Chem. Multi- Proton Correlation (§)
Shift plicity Single Bond Long Range
1 27.3 d 3.07 1.23 (H20) 3
2 28.2 t 1.55; 1.80 1.23 (H20) 4
3 23.3 t 1.55; 2.20
4 32.9 d 2.56
5 144.3 s 2.18 (H19)
6 125.4 s 2.18 (H19),
7 115.0 d 6.44 2.18 (H19),
8 148.7 s 6.44 H7
9 126.2 s 1.23 (H20),
10 129.1 s 2.20 H3g
11 48.8 d 2.30
12 38.C t 1.87; 2.02
13 75.7 d 5.15 5.30 H18
14 124.1 d 5.20 1.74 (H16) ;3 (H17);
15 137.9 s 1.74 (H16); (H17),
16 25.8 q 1.74
17 18.5 a 1.74
18 105.1 d 5.30 2.02 H128
19 15.2 q 2.18
20 19.6 q 1.23
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1§ n.m.r. Spectral Data (300 MHz) for (150a) in CDCl,

e

Proton  Chem. Multi- J Proton Chem. Multi- J
Shift plicity (Hz) Shift plicity (Hz)
HL 3.02 tq 6,7 Hil 2.30 ddt 1.2, 5.6, 10
H28 1.55 H128 2.02 ddd 1.2, 5, 13
H2a 1.80 Hl2a 1.87 dt 13, 10
H3B 2.20 H13 5.15 ddd 5, 9, 10
1.94 ddt 3,7,11 H14 5.20 daq 9, 1.2, 1.2
H3a 1.55 a (H16) 4 1.74 af 1.2
1.27° 9 lines (H17), 1.74 df 1.2
H4 2.56 ddd 3,7,10 H18 5.30 d 5.6
H7 6.44b s (H19), 2.18 s
8-0H 4.50 (H20) 4 1.23 d 7
a Resonance obscured.
b Data obtained in (D6) Benzene.
c Chemical shift is concentration dependent.
d Chemical shift values represent the centre
of each resonance.
e Coupling constants have been determined on
first order principles and hence are approximate.
£ Only observed on resolution enhancement



Figure 4.1. 'H n.m.r. Spectrum (300 MHz) of the Serrulatenol (150a) in CDC1,
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Figure 4.2. 'H n.m.r. Spectrum (300 MHz) of (150a) in Ce¢De
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gave a phenolic monoacetate (150b) which showed a characteristic infrared
absorption at 1760 cm !.

Examination of the ! 3C n.m.r. spectrum of (150a) (Table 4.1)
revealed all 20 carbon resonances. The low field resonances at § 115.0 (d),
125.4 (s), 126.2 (s) 129.1 (s) 144.3 (s) and 148.7 (s) were consistent with
a pentasubstituted phenolic ring and those at § 124.1 (d) and 137.9 (s)
were assigned to the carbon atoms of a trisubstituted double bond. These
assignments were supported by the formation of two diastereomeric mono-
epoxides (151) and (152) from (150b) and by the appearance of a single
aromatic proton resonance at § 6.44 for (150a) (Figure 4.1, Table 4.2)

The ! 3C resonance at & 105.1 (d) was assigned to the acetal carbon,®®
C18. Therefore, the nature of all three oxygen atoms present in the molecule
was established. Furthermore, the 1 3¢ resonances at § 148.7 (s) and
144.3 (s) suggested that the phenolic ring bore a second oxygen substituent.
A resonance at § 75.7 (d) was consistent with an allylic ether carbon bearing

a methine proton and consequently, the structural unit (153a) was established.

17
H w Hm

16 < 15 1 ()Jla\

1k
H
OH

(153a)

The vinylic methyl groups, C16 and C17, were assigned to the ! 3C resonances
at 6 25.8 and 18.5 respectively.®! An examination of the olefin proton
resonance, H14, confirmed the existence of the vinylic methyl groups. At

first sight the olefin proton resonance at § 5.20 appeared as a doublet
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Figure 4.3. Contour Plot of the Proton Correlation

Spectrum (COSY) of (150a) in CDClj
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Figure 4.4. Contour Plot of the Proton Correlation Spectrum

(COSY, High Field Expansion) of (150a) in CDCl,
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(Figure 4.1, Table 4.2) with two off-diagonal COSY*cross peaks to the H13
resonance (Figures 4.3, 4.4). A closer examination revealed H14 to be
allylically coupled (J 1.2 Hz) to the six proton resonance centred at § 1.74
(OOSY off-diagonal cross peaks were also evident between the H14 and vinylic
methyl resonances, Figure 4.3)

The 'H n.m.r. spectrum of (150a) revealed benzylic methine resonances
at § 3.02 and 2.56. The resonance centred at § 3.02, H1, with corresponding
130 resonance at § 27.3 {as shown by !3C - 'H chemical shift correlation
(Table 4.1)} appeared as a triplet of quartets. H1 was coupled to the methyl
doublet resonance at § 1.23 (J 7.0 Hz) and to the two resonances at & 1.55
and 1.80, (H2),. The proton resonances at § 1.55 and 1.80 were confirmed
as a methylene pair by chemical shift correlation with the '3C resonance at
§ 28.2 (t). Double irradiation at the H20 methyl resonance collapsed the H1
signal to an apparent triplet (J 6 Hz). Off-diagonal CQOSY cross peaks
between the H1, (H20); and (H2), resonances confirmed the interrelation. The

above 'H n.m.r. data firmly established the partial structure (153b).

2
1 CH,—

Ph—-——CH<i
Me

(153b)

A complex resonance at § 2.56 (ddd), assigned to the benzylic
proton H4, was simplified to a dd by irradiation at § 2.30, H11l. H4 was,
therefore, coupled to H1l and to a further two protons indentified as the
methylene pair (H3),. Again, !'3C- 'H chemical shift correlation permitted
the methylene protons (H3), and the methine protons H4 and H1l to be assigned

to !3C resonances at § 23.3 (t), 32.9 (d) and 48.8 (d), respectively. COSY

*
QOSY refers throughout this thesis to proton correlation spectroscopy'!®
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COSY Coupling Data for (150a)

28

2a

38 30 4 7 11 128

120 13 14 16 17 18 19 20

128
12¢
13
14
16
17
18
19
20

g

L

™
Mo W

>

Refers to long range.

X
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off-diagonal cross peaks also interrelated the proton resonances. The
structural unit (153c) is therefore established, where the methylene in
this case is distinct from that shown in (153b) (each methylene was

correlated with a different !3C resonance, Table 4.1).

3 18

-~
n CH,- 11 CH =
Ph———CH< —CH<
11 P 12 13 -
CHZ_ CH,—CHZ_
(153c) (153d)

The partial structure (153c) can be extended on the basis of the
following data {partial structure (153d)}. H11, § 2.30 (ddt), was further
coupled to H18, § 5.30 (d), and unequally to a third methylene (H12),,

§ 1.87 (dt) and 2.02 (ddd). The protons H11, H18 and (H12), were correlated
with !3C resonances (Table 4.1) and were interrelated by double irradiation
studies and by OOSY n.m.r. (Figure 4.3 and Table 4.3). The methylene
protons (H12), revealed geminal coupling (J 13 Hz) and vicinal coupling to
both H11 and H13.

Anewimination of the above 'H n.m.r. data {partial structures (153a) -
(153d)} gives the isoprenoid skeleton of (150a), where the indicated
aromatic substitution is consistent with an isoprenoid origin.

The most difficult assignment in the 'H n.m.r. spectrum of (150a)
was that of the methylene protons (H2),, (H3), and (H12),. Each methylene
proton was chemically distinct, presumably due to the close proximity of
the aromatic ring, and the resonances were partly, and in some cases totally
obscured (Figure 4.1). An identification of the methylene proton resonances

and indeed all the proton resonances, was only possible when the protons
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were correlated with !3C resonances of known multiplicity. The 'H n.m.r.
spectrum of (150a) in (D6) benzene (Figure 4.2) did, however, unravel a
nunber of otherwise obscured resonances. The individual protons of each
of the three methylenes were only assigned to a particular resonance when
the configuration of (150a) was confirmed (Section 4.2). It was then
possible to make assignments on the basis of coupling constants (Section 4.2).

It is important to realize that the 'H n.m.r. spectrum of (150a)
has been analysed purely on first order principles. This was performed
partly because of the complexity of the spin systems involved in (150a)
but also because it was felt that the high field spectrometer
used (300 MHz) gave sufficient dispersion of the resonances to permit a
reasonable analysis. Similar approaches to the analysis of the 'H n.m.r.
high field spectra of natural products have been reported. 82  The structure
of (150a) was confirmed by a single-crystal X-ray analysis which also
established the absolute configuration (Section 4.2).

A close examination of the Long Range 'H-!3C correlation (Table 4.1)
and O0SY (Figures 4.3, 4.4) data further supports the structure assigned
to (150a). In particular, the aromatic ring substitution pattern was con-
fimed. The aromatic methyl group (H19);, § 2.18, was correlated to the
aromatic carbons C5, (6 and C7. Similarly, a prominent COSY off-diagonal
cross peak was evident between the H7 and (H19); resonances. H7 was also
correlated with the carbon bearing the phenolic group, C8. Other significant
1H_ 3¢ correlations existed between (9 and the methyl group, (H20); and
another, although weak, between C10 and H3g.

The ortho relationship between the phenolic group and the aromatic
proton, H7, was confirmed on examination of the 'H n.m.r. and '°C n.m.r.

spectra of the acetate (150b). The resonance for H7 in the acetate (150b)
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was shifted to lower field by 0.27 p.p.m. which is in line with previously
reported examples.®? A comparison of the aromatic !'*C chemical shifts

for (150a) and (150b) is given in Table 4.4. The observed chemical shift

Table 4.4. Comparison of the Aromatic !3C Chemical Shifts
of (150a) and (150b) (in CDCl;)
Aromatic Expected®"
C-Number (150a) (150b) Shift Shift
5 144.3 (s) 148.8 (s) + 4.5 + 5.3
6 124.4 (s) 125.6 (s) + 0.2 ~ 0.4
7 115.0 (d) 121.7 (d)  + 6.7 + 6.7
8 148.7 (s) 143.1 (s) - 5.6 - 3.9
9 126.2 (s) 131.2 (s) + 5.0 + 6.7
10 129.1 (s) 128.4 (s) + 0.7 -0.4

changes are in close agreement with the published figures.®*

For example,
acetylation shifted the resonance for C8 to higher field by 5.6 p.p.m.
(1it.%® - 3.9 p.p.m.) and the resonances for C7 and C9 to lower field by
6.7 and 5.0 p.p.m., respectively (1it.%% + 6.7 p.p.m.).

A number of other informative long range H - !3C correlations

were evident (Table 4.1). A long range 'H - !3C correlation existed between
the methyl group protons (H20); and both C1 and 2 and similarly, between
the acetal methine proton H18 and both C13 and C12. The above information
is in full accord with the structure assigned to (150a).

Some of the functionalities associated with (150a) were confirmed
by the synthesis of a nunber of simple derivatives. The isomeric epoxides

(151) and (152) prepared from (150b) with m-chloroperoxybenzoic acid, gave



H n.m.r. Spectrum (300 MHz) of the Epoxide (152) in CDCl;
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Figure 4.6.

1 n.m.r. Spectrum (300 MHz) of the Epoxide (151) in CDCls
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spectroscopic properties similar to those observed for the parent (150a)
except for a few noticeable shifts. The 300 MHz H n.m.r. spectra of both
isomeric epoxides (Figures 4.5, 4.6) revealed a new doublet resonance for

H14, § 2.79 (H Rf isomer), 2.82 (L Rf isomer), which was shown by double

resonance studies to be coupled to the ether proton H13, ¢ 4.21 (H Rf isomer),

4.29 (L Rf isomer). The methyl resonances for (H16)s and (H17); of both

(151) and (152)

epoxides gave characteristic shifts to higher field. 13C resonances at
§ 65.1 (d) and 59.3 (s) (H 1-'{f isomer) and at § 65.3 (d) and 57.4 (s)

(L Rf isomer) (Table 4.5) were at positions typical of a trisubstituted
epoxide. 82, 8%

Serrulatenol (150a) was reduced by catalytic hydrogenation with
10% palladium-on-carbon for 40 min. The products isolated, (154a) and
(155a), indicated that an initial competition existed between saturation of
the double bond and allylic hydrogenolysis. The major product isolated was
the serrulatanol (154a). Catalytic hydrogenolysis is commonly found in

5

molecules with an allylic or benzylic leaving group.®® However, the

hydrogenolysis product (155a) in this case was a hemiacetal, which on
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13¢ n.m.r. (20.1 MHz) Spectral Data of (150a) and

its Derivatives (CDCl;). P.p.m. rel. to TMS

(151) minor (154a) (155b) R'=Ac, R*=0OAc
(152) major (156) R'=Ac, R®*=H

(150a) (1500)2 (151)* (152)%  (154a)*  (155b)2  (156)2

O 00 3 & O b W N

R e =
Sk ELBES

0COMe
0COMe

27.3 d 27.8 d 28.0 d 28.0 27.2 d 28.6 d b
28.2 t 28.2 t 28.6 t 28.5 28.1 t 28.6 t b
23.3 t 23.3 t 24.0 t 23.8 23.0 t b b
32.9d 32.6 d 32.5d 33.0 32.9d 32.6 d 37.5d
144.3 s 148.8s 148.5 s 148.8 148.4s 145.9s 1494 s
125.4s 125.6s 125.7s 126.0 125.1s 124.0s 123.3 s
j15.0d 121.7d4 122.0d 122.1 114.7d 122.7d 122.2d
148.7s 143.1s 143.3 s 143.3 144.0s 142.7s 141.5s
126.2s 131.2s 131.4s 131.4 128.9s 131.2s 131.7s
129.1s 1284 s 127.9s 1282 126.0 s c 124.2 s
48.8 d 48.5 d 47.8 d 47.8 48.4 d 39.8d 38.7 d
38.0 t 37.9 t B4t 3.0 37.5 t b b
75.7d 75.3 d 76.4 d 78.6 77.6 d b b
124.1d 124.0d 65.1 d 65.3 4.1 t 39.3 ¢t 39.4 t
137.9 s 137.1 s 59.3 s 57.4 23.0d 22.9d b
25.8 q 25.7 q 24.6 q 25.1 25.6 q 28.0 q 26.7 q
18.5 q 18.5 q 19.0 q 19.8 23.3 q b b
105.1d 104.7d 104.9d 105.5 105.0 d 90.5 d 70.0 t
15.2 g 15.4 q 15.5 q 15.7 15.2 g 16.0 q 16.2 g
19.6 q 19.8 g 20.2 q 20.2 19.5 q b b
20.9 q 21.1¢q 21.2 21.42xq 21.2 g
169.7 s 170.0 s 170.1 170.22xs 170.2 s

a Assignments are based on the chemical shifts of (1502)

and hence are only tentative.

b Difficult to assign.
¢ Not observed.
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acetylation gave a diacetate which underwent further catalytic hydrogenolysis.

Catalytic hydrogenolysis of (155b) in ethyl acetate for 2 h gave (156) which,

H R
'-1‘1
H
Ho,,
OR
(154a) R=H (155a) R=H
(154b) R=Ac (155b) R=Ac

in comparison to (150b), had lost one oxygen atom. An extended reaction of

(150a) in ethyl acetate for 48 h with 10% palladium-on-carbon gave the

Ho.,

(156) (157)



Figure 4.7.

H n.m.r. Spectrum (300 MHz) of (154a) in CDCljz
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Contour Plot of the Proton Correlation

Spectrum (COSY) of (154a) in CDCl,
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expected product (154a), however, (155a) was not obtained. The cyclic
hemiacetal had instead ring opened to give the serrulatanal (157) which
closely resembled a second serrulatane diterpene (158) (discussed in
Section 4.1).

The spectroscopic data obtained for serrulatancl (154a) provided
further proof for the proposed structure. The only point of note from the
13C n.m.r. spectrum of (154a) was the appearance of the new resonances
at § 44.1 (t) and 23.0 (d), assigned to Cl4 and C15 respectively and the
absence of the corresponding olefinic resonances of (150a) (Table 4.5). A
comparison of both the 'H n.m.r. (Fig. 4.7) and COSY (Fig. 4.8) spectra of
(154a) reveals a number of interesting proton couplings. The high field
region of the 'H n.m.r. spectrum is complex and in any case the couplings
are similar to those previously reported for (150a). More interesting are
a number of long-range couplings clearly evident in the low field region
of the COSY spectrum (the off-diagonal cross peaks for the couplings dis-
cussed below have been highlighted in Fig. 4.8).

Apart from being coupled to the aromatic methyl group (H19)i;, H7
is also weakly coupled to H4 as evidenced by an off-diagonal COSY cross
peak between the two resonances.. Benzylic coupling of this type is well
known.®®  Another well documented type of long-range coupling is the so
called "W-coupling''®® and examples of this are clearly evident between
protons H18/H13 and H18/H12B (Figure 4.8).

The H18 resonance for hemiacetal (155a) occurred at § 5.48
(apparent doublet) and was observed to shift to a lower field by 1.03 p.p.m.
on forming the diacetate (155b) (§ 6.51, d, J 1.9 Hz, Figure 4.9). A
nurber of other proton resonances of (155b) were readily assigned (Figure4.9):

H7 appeared at § 6.68 (s), H1 and H4 were evident at § 2.95 (sex.) and



Figure 4.9.

'H n.m.r. Spectrum (300 MHz) of (155b) in CDClj




Figure 4.10. 1M n.m.r. Spectrum (300 MHz) of (156) in CeDs
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2.55 (dt) respectively and the methyl groups 8-acetate (& 2.28), (H19),
(6 2.13), 18-acetate (§ 2.07), (H20), (1.21, d, J 6.8 Hz), and (H16)3/(H17)3
(0.87, 0.85, each 3H, d).

The Cl18 resonance for (155b) appeared at 6§ 90.5 (d) (Table 4.5) which
is 14.6 p.p.m. upfield relative to the parent (150a). On the other hand,
the resonance for C18 appeared at § 70.0 as a triplet for (156), some 20.5
p.p.m. further upfield. (156) gave two proton resonances of an AMX system
at 6, 4.32 (dd4, J 3, 10 Hz) and &y 3.58 (t, J 10 Hz) which were assigned
to (H18), (Figure 4.10). Double irradiation at either of the methylene
protons (H18), collapsed the other to a doublet and therefore both were
vicinally coupled to H1l. The remainder of the 'H n.m.r. spectrum of (156)

(Figure 4.10) compares favourably with that of (155b) (Figure 4.9).

4.1 A second biogenetically related serrulatane diterpene, serrulatenal
(158), was also isolated from the wood extract of E. rotundifolia. (158)

proved difficult to purify and hence was characterized as the triacetate (159b).

(158) (1592) R=H
(159b) B=Ac
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Table 4.6. '3C n.m.r. (20.1 MHz) Spectral Data of the Serrulatenyl

Acetate (159b) and the Dihydro Derivative (162) (Both in CDClj)

11 lulllH OAC

12 CH20Ac

13

17 16
(159b) (162)

C-Number (159b) (162)
1 27.4 (d) 27.8 b
2 30.8 (t) 30.7 (t)
3 25.6 b 25.5 b
4 33.9 (d) 33.7 (d)
5 146.6 (s)2 146.6 (s)*
6 128.5 (s)* 128.4 (s)?
7 122.6 (d) 122.6 (d)
8 145.6 (s)? 145.6 (s)2
9 132.0 (s)? 132.1 (s)?
10 134.0 (s)? 134.0 (s)?
11 41.4 (d) 41.8 (d)
12 26.6 b 25.8 b
13 17.8 b 22.0 b
14 124.2 (d) 39.1 (t)
15 c 22.7 b
16 25.8 b 27.3 b
17 19.6 b 22.5 b
18 66.2 (t) 66.3 (t)
8-Me 16.5 (q) 16.4 (q)
1-Me 20.9 b 21.0 b
0CONe 21.0, 21.2, 22.2 b 19.6, 20.8, 20.9 b
0COMe 171.2, 169.5, 168.7 (3xs) 171.2, 169.5, 168.8 (3xs)

a May be interchanged with each colum.

b Difficult to assign multiplicity and assignments are
therefore tentative.

c Not observed.
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4 n.m.r. Spectrum (300 MHz) of the Triacetate (159b) in CDCl,
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A comparison of the !'3C n.m.r. spectrum of the triacetate (159a) (Table 4.6)
with that of (150a) (Table 4.5) reveals a similar distribution of resonances.
Noticeable exceptions are the disappearancesof the acetal C18 resonance

of (150a) {now evident as a primary acetate carbon resonance at §66.2 (t)}
and also the allylic ether carbon resonance, C13.

The 'H n.m.r. spectrum of (159b) (Figure 4.11) reveals a single
aromatic resonance at § 6.79. Also present is a broad triplet resonance
centred at § 4.89 (H14) which is coupled to the vicinal protons H13 and
also weakly to the allylic methyl groups (H16); and (H17);. A two proton
doublet resonance for the methylene at Cl8 was assigned as the A, part of
an A,X system (S8 4.00, d, J 7.2 Hz; & 2.15, m, H11). The 'H n.m.r.
spectrum (60 MHz) of the corresponding primary alcohol (159a) showed the
(H18), resonance to be 0.4 p.p.m. upfield relative to the acetate (159b) as
a partly obscured multiplet (probably the AB part of an ABX system).

Two multiplets at § 2.80 and 2.92 for (159b) (Figure 4.11), the
latter showing coupling (7 Hz) to the secondary methyl at ¢ 1.11, were
assigned to the benzylic protons H4 and H1l, respectively. Both the
phenolic acetate methyl resonances of (159b) were clearly evident at ¢ 2.31
and 2.28 as was the primary acetate methyl resonance at § 1.96. The
infrared spectrum of (159b) confirmed the presence of both the phenolic

and primary acetates with absorptions at 1760 and 1735 cm™'.

The structure of (158) and indeed that of (150a), was further
supported by the conversion of (158) into the ketone (160) and the
1,4-benzoquinone (161b). Catalytic hydrogenation of the triacetate (159b)
with 10% palladium-on-carbon gave the dihydro compound (162). Pyrolysis of
(162) at 6500/0.05 mm gave (163). Ozonolysis of (163) in methanol/dimethyl

sulfide at -78° gave the required ketone (160). The distinguishing features
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of the 'H n.m.r. spectrum of (160) (Fig. 4.12) were resonances at § 3.57

(an apparent doublet, H4) and 2.48 (dt, one of the H12 methylene protons).

(160) (161a) R=H
(161b) R=Ac

The second H12 methylene resonance was obscured presumably under the aromatic

methyl resonance. The resonance at § 3.57 was at an unusually low field

(162) (163)
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for a methine proton o to a ketone. In comparison, the resonance for H4

in (163) occurred at § 3.3¢ (bd) also at a low field position. Two
resonances were observed for the exocylic methylene pair of (163) at § 4.82
(apparent dt, J 1.2, 1.5 Hz) and 4.05 (apparent dd) (J gem.= 1.5 Hz).
Resonances for C4 and Cl1 were present at § 47.4 (d) and 41.4 (t), res-
pectively, for ketone (160) and at § 39.9 (d) and 39.3 (t) for (163).

The 1,4-hydroquinone moiety of (159a) was confirmed by its ready
oxidation with Jones reagent!?? at 0° to the - corresponding 1,4-benzoquinone
(161a). (161a) readily formed the monoacetate (161b) which had spectroscopic
data consistent with a 1,4-benzoquinone functionality.® ” The 'Y n.m.r.
spectrum revealed a quartet at § 6.50 (quinoid proton H7) which was allylically

coupled to the methyl doublet at § 1,99 (J 1.6 Hz). Infrared absorptions

at 1640 e (C=0 vibration) and at 1600 cm~! (weak C=C vibration) were
also consistent with literature figures.®’ 1,2-Benzoquinones generally

absorb at higher wave numbers between 1660 and 1690 cm'.®”  1,4-Benzoquinone

(161b) was isolated as a yellow oil with ultraviolet absorptions Amax at
347 (1030), 285 (2200) and 259 (15000) nm.
The 'H n.m.r. spectrum of (161b) at 80 MHz showed 8 lines for the

methylene (H18), as the AB part of an ABX system. However, at 300 MHz the

ABX system clearly simplified to an AMX system (GA 4.07, QAM 11.4 Hz,
QAX 4.7 Hz; GM 3.84, dd, JMX 9.0 Hz).
4.2 The structure of (150a) was confirmed and the absolute configuration

determined by a single-crystal X-ray analysis of the p-bromobenzoate
derivative (150c). The final atomic coordinates, thermal parameters, bond
lengths and bond angles are given in Tables 4.7 - 4,10 and the tabulated

structural factors can be found in Appendix 1. TFigure 4.13 is a PLUIO plot
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Table 4.7. Final Atomic Coordinates and Thermal Parameters for C,;H; 4BrOy

ATcmx t u = Uit 2y uea3) u¢23) 13y (IR ep)
Br(l) —1L7305(%) 10(14) -2207704) 391(2) &B71(3) 783(4) -11(3” ~144(2) 20(3)
QL 4348(A) 802(3) S3(2) 45¢2) 70(2) 1(2) =15(2) 7(2)
e A6464(3) 1277(2) 372} 43(2) S52(2) -8(2) -10¢1? &6(1)
03y 10109¢(3) 3827(2) 2301) 49(2) AB(2) 3(2) S(1) 0(1)
04 11562¢(3) GA0EN) S183(2) 27410 74(2) S0(2) 12¢2) 4¢1) 102
(YD 24(3) LER(E) ~-131003) S1(3) 37(2) 1(2) 0(2) 1(2)
C) 115405 240(6) -926(4) 43(3) &7(3) 12¢(3) -8l =32
Ci3) g ~26DPC6) -238(4) 492(3) &5(3) a(3) -4(2) -6(2)
cehy 161 (3D B8(3) 414¢2) 33(2) -1 72 1¢2)
£(5) -4146(3) 29(3) aA1(2) 02 -2(2) 2(2)
L) -1067(A) A6 (3 AB(3) -4 02 -8¢2)
e 724(3) 42(3) 2L 20 32 0(2)
Ccun 1941(3) 37(2) A4102) -3(2) =3(2) 4(2)
Cy 1524(3) 38(2) 35¢(2) -2¢(2) 3(2) 3(2)
cCoLo) 2160¢3) 34(2) a1¢2) -4(2) 82} 0(2)
PRSP 17394 12(3) 58(23) 45(3) 2D 20(2) 1¢2)
[ BaP) BEAL ) 3162(3) 27(2) 31D 39¢2) 3¢2) 4(2) 0(2)
Ge)3) 7G4400) 3392(3) 27(2) 20(2) 40(2) -6(2) 4(2) -1(2)
CCLy) 6102040 2954(3) 26(2) 33(2) 40(2) -3(2) 4() 0(2)
C1s) A727(A0 3411¢4) 31¢3) S6(3> -2 7(2) 0(2)
Cti1é) 4007 (42 3506(4) b65(4) 7003 -0¢3) 1L 18(3)
caL7y 5118L5) 4406 (4) 54(3) I3 -2y 18(2) =2(2)
calg) HAZL D) S1579(3) 53(3) 47(3) -3(2) 130D 3(2)
GCoLe) 7866 (4) A73103) 332 I6(2) ~1(2) 6(2) =1(2)

-346 (D) BOTOCSY 2D 48(3) =-3(2) a¢2) =1¢2)

—0ALTCT) 4454(3) 40(2) A43(2) 42 S(2) 4(2)

-G405(h) G154¢35) 2 G1(3) e 10(2) S 5(2)

—-A801¢3) 6101 (4} 352D 36(2) o3 &(2) -6(2) 0¢2)

~G177(6) GP51¢4) 4003) 41(3) S4(3) 14(2) -7(2) =3(2)

-13 B 7408(4) 3623 44(3) 44(2) () S5(2) 32
; 14207 (4) ~A0465(7) -1743(4) 418 &7 ) 53(3) 7¢(3 —-a() -1(3)
£¢2y) 13799(7) -2671(H) 7120¢6) S5403) 5%44) 95(5) 27(3) ~17¢X%) ~13(3)

*Br coordinates x 10°, others x 10*
Br thermal parameters x 10%, others x 10°

Table 4.8. Hydrogen Parameters for C,;H, sBrO,

Atorm ¥ o = u<Lly
H{1) 1017(S) -1178(&) ~11460(4) 42(6)
H¢2) 3311¢3) -19846(86) 77¢4) 4263
H¢3) 1575(3) -6048(35) -207¢(3) 4208
H(A) =-723(5) -5228(3) ~1390(4) 42(86)
H{Z) 7126 (5 ~3414(5) 722(3) 42(8)
HC6) 26820(5) =-38611(6) 1000¢4) B1(11)
H(7) 10809(S) -4320(4) 2003(4) 81(11)
H{8) 10652(35) -2700(4) 1247 (4) 81(11>
H(?) 3942C4) -4670(3) 29534 42(3)
H(10) 3128(¢(4) =292721¢6) 3769C4) 81(8)
H¢(LL) 3699060 -2231(4) 2871¢4) 81(8)
H(L12) 4673 (8) -2182086) 39278(4) B1¢g)
H(13) 4242(59) —4744(4) 4709(¢4) 42(5)
H{Ll4) 9373(8) -3333(48) A42862(4) A2(3y
H{15) 61524(5) -3356(4) SIL3(2) 42035
H{15) &625(T) -4827(8) S779(3) A2(3)
H{L?) 837244 =340%(5) S0A7(3) 42(5)
H(18) BRF7(4) =-6241¢S) 49046 (3) 42(H)
H(19) 10122(35) —-6211(3) 4009(3) A2(3)
HC20) P254(T) —-A832(6) 6557(3) 42(3)
H(21) 9824 (T) —-6323(H) &£443(32) 42(3)
H(22) 11267C5) ~-3802¢3) 5138(4) 4243)
H{23) 12610(3) —-4226(6) 721804) 4205)
H(Z4) 1310580 —-4120(7?} ~1200¢4) B1C8)
H{Z25) 15791(6&) —4972(7) =2030¢M) 81(8?
H{24) 14660(6) =-9739(7) ~-1472¢4A) 81(&)
H(27) 14158(7) 226006 7678B¢6) 81(8)
H(28) 13017(7) =-2455.(8&) 6618(46) 81¢B8)

H(27) 14625(7) ~3146¢6) 6804 (4) 81(8)
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Bond Lengths (&) for Cj;H,oBrO,

C(O) S

cog)
Cisy
CoLon
CoL3n
CaLan
CoLas
Colgs
Cezod
c(22)
C(Iifl)
C25)

g91(4)
1419008
1. A09(5)
A b (&)
A5 6)
7(8)

.

.

L 381008)
LaABG (6
1. 3BT
Nl()/’fu)

-
!
1
1
1
1o
1
1
!
1
L
1

I.v I\JO\\))
JAO-J.L()‘\?)
1.336¢4)
1”:4':‘(/)

Lo Z2CC7)
1.487C8)

GOis)
CCLs)
CClé)
COLE
CeR0)
CeRm)

(247

G2

Cay

ol
CClds
CalL3s
CoLss
CaL?y
C(17)
[(15(,"

|.n.)u7((5)
1.304(7)
1.40506)
1;\1(‘()((‘4

1.4":(‘;(6)
lo,;L4(u)
1.489¢4

1,508 (7)

Table 4.10.

Bond Angles (°) for C,sH; BrOy

- 02
- 0¢4)
- G
- C(2)
- C(4
- C{a)
- C(é)
- L7

- L
- 021
- Br(l)
- G0k
- 03D
-~ CeE)
- GOy
- )
= 02}
SR
S
- Cal
- 003}
- GeL2?
- C(1L4)
SN
- CCLa
- COL&)
- Ca7

VG Ao
-~ C2h)
- 003
- 0202
- 04
- GC23)

2 G'Qb) - G24)

117.4C4)
108.,7(3)
120.46(4)
119.6(3)
119,104}
119.5(4)
1L17.004)
125.804)
11&.2(4)
123.7¢4)
120.8047
122,1(4)
116é.2¢4)
119,249
84

345 (4)
111 1¢4)
113.405)

112.1(45
108.304)
1G04
03.4(3)
L12.7¢4)
103,547
108.704)
1264 6(35)
123,605

c(21) -
Ce2) -
CCe) =
CC4a) -
(! .
Clé) -
02y -
G4 -
ceray -
CeLo =
CoLad -
ceLoy -
CiLl3 -
coLey -

Ce1L3y -

cers) -
CaLzy -
corgy -
cq(Lgy -

Cozoy -
oeeRy -

03
CCly
cil)
Ca3)
ci4)
CaE
C(7)
Ci7)
cas)
C(9)
Coeio)
C(12)
S QURED]
C(13)
Cilay
CCL4a)
(L35
[ ]
C19s
CoLe?

~- C(12)
- Br(l)
- C2)
- C(2)
- C(3)
- C(4)
- 0(1)
- a2
- 022
- C(8>
=: ()
- 0¢3)
- C(10)
- C12)
- C(&)
- C(L3)
~ C(14)
—- C(13)
- £013)
- CoLs)
- CCLY)
- 0¢3
- [3CAS
- 04
- 022
- Q24>
- £(24)

112.5(3)
118.4(4)
121.004)
120,23
121.304)
1’0 9¢(5)
124.104)
110.104)
1192.,8¢4)
112.404)
117.,004)
120.4(4)
123.3(4)
115.003)
117,204
Li?.ac4)
105,9(3)
112.7¢4)
11247¢32
114.5¢4)
114.004)
107.92¢4)
107,004}
101.2¢4)
116.1C4)
121.405)
115.0(3)
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of the molecule showing the absolute configuration and the atomic numbering
scheme employed.

A subsequent detailed analysis of the proton-proton couplings of
(150a) (Table 4.2) was consistent with the assigned stereochemistry and
also permitted the assignment of each proton of the three methylenes to a
particular resonance in the 'H n.m.r. spectrum.

The resonance due to H1 (Table 4.2, Figure 4.1) collapsed on
irradiation at the Cl-Me resonance to a triplet of 6 Hz coupling. This
was consistent with the Cl-Me group being axial and H1l equatorial. Con-
sequently, H1 is coupled equally to both the protons (H2), . The protons
associated with the resonances at § 1.80 (H2¢) and 2.20 (H38) were coupled

® The coupling

with J 11 Hz, a value consistent with axial-axial coupling.®
between H3B8 (axial) and H4 was 7 Hz,:a value which is consistent with a small
dihedral angle.®® H4 was further coupled to H3a (equatorial) (Jae 3 Hz)
and to H1l (Jaa 10 Hz, a value consistent with a 1,2-diaxial type arrange-

ment®®). H1l was coupled unequally to the (H12), methylene protons

(J11,128 1.2 Hz, dihedral angle is approaching 900,_£11,12a 10 Hz).

4.3 The second serrulatane isolated, serrulatenal (158), was inter-

related with serrulatenol (150a) in order to confirm the assigned structure

and to establish its absolute configuration. The dihydro compound (162)

had been previously prepared from (158) by lithium aluminium hydride

reduction, acetylation and finally catalytic reduction (Section 4.1). Reduction
of the diacetate (155b), obtained from (150a) via catalytic hydrogenolysis,
with lithium aluminium hydride followed by acetylation gave (162). It had
spectral data {'°C n.m.r. (Table 4.6) 'H n.m.r., and I.R.} and optical

20

rotation ({ o } —180)identical with those of the sample previously

577
described.
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(158) 162) (153b)

It is therefore evident that the serrulatanes (150a) and (158)
have the same absolute configuration and it is probable that (158) is in
fact a biogenetic precursor of (150a). The serrulatanes isolated from

different Eremophila species'! have the same absolute configuration at

Cl, C4 and C11.

Ac



CHAPTER V
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Sesquiterpenes from Eremophila rotundifolia

5.0 The wood of E. rotundifolia also yielded a number of interesting
sesquiterpenes including freelingyne (2) which had previously only been

isolated from E. freelingii.?

It was noted during the structural
elucidation of freelingyne (2) that the reaction of (2) with refluxing
aqueous methanolic sodium hydroxide for 7 h, afforded a rearranged acid

for which structure (164a) was tentatively assigned.®® The reaction of

freelingyne (2), isolated from E. rotundifolia in the current work, under

CO,R!
S
L [ '
(0]
— (6]
N A S T
2
o OR
(2) (164a) R!=R%=H

(164b) R!=Me, R?*=H

milder conditions, aqueous methanolic sodium hydroxide at 20° for 48 h,
gave the acid (164a) which was methylated with diazomethane to yield the
corresponding methyl ester (164b). Consequently, a detailed structural
analysis of (164b) was undertaken.

The molecular formula CieHi¢Oy was established for compound (164b)

by elemental analysis and high resolution mass measurements. The 13¢ n.m.r.
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spectrum of (164b)‘revealed the presence of an ester § 170.4 (s), a furan
ring {§ 143.8 (d), 142.1 (d), 130.2 (s), 112.7 (d)}, a trisubstituted
phenol {8 153.4 (s), 138.6 (s), 137.6 (s), 121.7 (d), 118.8 (s), 115.5 (d)}
and an olefin conjugated with both the aromatic ring and the methyl ester
{6 135.8 (d), 114.9 (s)}. Three methyl '3C resonances were also evident
at § 51.6 (methyl ester), 21.3 and 20.8.

The solution infrared spectrum of (164b) revealed a sharp phenolic
hydroxyl stretch (3510 an!), an unsaturated ester (1700 an~!) and a furan
ring (870 an™!).

The assigned isoprenoid structure of (164b), and in particular the
meta relationship of the two aromatic protons, was confirmed by 300 MHz
Y n.m.r. (Fig. 5.1). The 'H n.m.r. spectrum revealed all the proton
resonances which were interrelated by double irradiation studies. A doublet
resonance at § 1.96 was assigned as the vinylic methyl group (coupled to
the olefinic proton resonance at § 6.47 with a coupling constant of 1.6 Hz).
It is difficult to assign the stereochemistry of the conjugated double
bond on the basis of the magnitude of the allylic coupling constant unless
both geometric isomers can be compared.®® Attempts to isomerize (164a) both
photochemically and with iodine proved fruitless.

The singlet resonances at § 2.26, 3.57 and 5.15 (D,0 exchanged)
were assigned to the aromatic methyl, methyl ester and phenolic hydroxyl
groups, respectively. The furan proton resonances were clearly evident at
§ 7.55 (H5"™), 7.48 (H2'™) and 6.46 (H4"). Broad singlet resonances at
§ 6.70 and 6.58 were observed for the meta substituted aromatic protons.
Irradiation at § 2.26 (aromatic methyl resonance) simplified both the broad
singlets to an AB quartet. The A and B resonances were mutually coupled
with a coupling constant of 1.5 Hz, where literature values of 1-3 Hz

have been reported for meta proton couplings.®%,®®
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(164a) R=H

Scheme 5.1. Hydrolysis of Freelingyne (2) with Sodium Hydroxide
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A possible mechanism for the formation of (164a) from freelingyne (2)
is outlined in Scheme 5.1. The lactone moiety of freelingyne would readily
hydrolyse under the conditions to yield an intemmediate keto-acid (165).
Isomerism of the keto-acid (165) would yield allene (166) which would
undergo further nucleophilic attack by hydroxyl ion as indicated. Subsequent
enolate protonation, cyclization and dehydration would yield the acid (164a).
The stereochemistry of the conjugated double bond in (164a) has been drawn
as in freelingyne (2), however, it is plausible that isomerization has

occurred.

5.1 Dione (168), an eremophilane sesquiterpene, was isolated from the
wood of E. rotundifolia. In recent years many sesquiterpenes possessing
the nonisoprenoid decalin nucleus of eremophilone have been isolated.®®

The eremophilanes, e.g. eremophilone (la),?? are distinguished from the
valencanes, e.g. valencene (169),°2 by the all cis relative stereochemistry

of the two methyl substituents and the isopropenyl group.®®

CHO

(1a) (168) (169)

Eremophilone (la) was first isolated in 1932 from the wood of
E. mitchelli?IWMich until now was the only Eremophilia species to yield

erenophilane sesquiterpenes. After considerable deliberation, the correct
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structure for eremophilone (1la) was proposed’* and subsequently validated
in the decades to follow.?° In 1959 the relative and absolute con-
figuration of eremophilone (la) was determined.®® In addition to the
interesting biogenetic and stereochemical aspects the eremophilane-valencane
sesquiterpenes have also been of considerable interest to the synthetic
chemist with a nurber of syntheses of eremoplilone (1a) having been reported.®’
The structure of dione (168) was established by spectroscopic
methods and via an interrelation with eremophilone (la) of known absolute
configuration. The 'H n.m.r. (Fig. 5.2 and Table 5.1) and '3C n.m.r.
(Table 5.1) spectra are consistent with the assigned structure. 3¢
resonances at § 194.0 (d), 144.4 (s) and 133.8 (t) suggested the presence
of an o,B-unsaturated aldehyde carrying two protons on the carbon 8 to the
aldehyde group. 'H resonances at § 9.48 (1H,s), 6.01, 6.21 (each, 1H, s)
were consistent with the o,B-unsaturated aldehyde. The 13C n.m.r. spectrum
of (168) also revealed the presence of an a,R-unsaturated ketone with
resonances at § 203.2 (s), 152.8 (s), 135.9 (d). Again, this was confirmed
by the apparent triplet proton resonance at ¢ 6.50 (X part of an A,X system).
The infrared spectrum of (168) confirmed the presence of the o,B-unsaturated

aldehyde and ketone functionalities with stretches at 1685 and 1620 cm™?t,

The high field!3C resonance at § 36.3 (s) was assigned as the tetra-

substituted ring junction carbon C5.

The 300 MHz 'H n.m.r. spectrum of dione (168) (Fig. 5.2 and
Table 5.1) supported the above structural assignments and, in addition,
revealed the presence of two methyl groups with resonances at 6§ 0.86 (3H, d)
and 0.88(3H, s). A number of the 'H resonances of (168) were interrelated

by double resonance studies.
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Table 5.1. ¥ n.m.r. (300 MHz) and !3C n.m.r. (20.1 MHz) Chemical

Shifts of Dione (168) (CDC1l;) in p.p.m. rel. to TMS

C-Number 'H n.m.r.C 13C n.m.r.
1 6.50 (1H, t, J 3.9 Hz) 135.9 (d)
2 2.17 (2H, m) 41.5 ()2
3 1.42 (2H, m) 25.6 (t)°
4 1.62 (1H, m) 30.7 (d)
5 36.3 (s)
6d gﬁ igg Elﬂl}: (ind), J 4.9,13.7 HZ)-26.5 (t)b
7d 2.83 (1H, m) 38.3 (d)
8 2.35 ( 2H, d, J 8.8 Hz) 42.8 (t)*
9 203.2 (s)
10 152.8 (s)
11 144 .4 (s)
12 9.48 (1H, s) 194.0 (d)
13 6.01, 6.21 (each 1H, s) 133.8 (t)
14 0.8 (3H, d, J 6.3 Hz) 16.0 (q)
15 0.88 (3H, s) 25.0 (q)
a, b Similar values may be inversed
c Chemical shift values represent the centre of each resonance.
d (II6), and H7 can be considered as an AMX spin system.
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Irradiation of the one-proton muliiplet centred at § 2.83 (H7)
resulted in the simplification of a number of other resonances. The
apparent two-proton doublet centred at § 2.35, assigned to (H8)., collapsed
to a singlet thus confirming (H8), as the A, part of an A;X system. Similarly,
the (H6), methylene resonances centred at § 2.00 and 1.42 collapsed to an
AB quartet (6A2.01,6B1.40 y J AB14.7 Hz). Irradiation of the one-proton
multiplet at § 1.62 (H4) resulted in the collapse of the methyl doublet
at § 0.8 to a singlet.

An analysis of the proton-proton couplings of (168) supported the
proposed structure and revealed an interesting inherent conformational
feature of the molecule. Firstly, the one-proton apparent triplet resonance
at § 6.50 (H1) was coupled to the methylene protons (H2), with a coupling
constant of 3.9Hz* (A,X system), a value which is consistent with the six-
membered ring system. 88

The cis relationship between the three alkyl groups of the
eremophilanes forces the system either to have the methyl and isopropenyl
groups on the cyclohexanone ring 1,3 diaxial or to distort the cyclohexanone
ring toward a boat conformation. With dione (168), at least, the former
would appear to be the favoured conformation as vindicated by the appearance
of the two methylene protons (H8), as a doublet (A, part of an A,X system).
In the all chair form, H7 is equatorial and hence would be coupled to both
(H8), methylene protons equally, as was the observed case. If on the
other hand the isopropenyl group was equatorial, then each methylene proton
(H8), would be unequally coupled to HY7.

The retro-Diels-Alder fragmentation observed in the mass spectrum
of dione (168) (M-C3Hg, base peak) confirmed the positions of the ring

double bond and the two methyl groups.

*
Coupling constant is based on first order analysis.
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Table 5.2. 1 n.m.r. (80 MHz) Chemical Shifts of (170a) (170b)

and (171) (CDC1;) in p.p.m. rel. to TMS

H
/
HoOH
(170a) R=H (171)
(170b) R=Ac
Proton (170a) (170b) (171)
H1 5.70 (bs) 5.55 (bs) 5.64 (t, J 3.4 Hz)d
(H2), a b c
(H3)» a b c
H4 a b c
(H6) 2 a b c
(H7) a b c
(H8)2 b c
(H9) 4.50 (b) 5.45 (b) 4.34 (dd, J 3.9, 7.6 Hz)d
(H12), 4.08 (s) 4.50 (s) 4.08 (s)
(H13), 4.92, 5,03 (2xs) 5.00,5.02 (2xs) 4.91, 5.01 (2xs)
(H14), 0.84 (d) 0.85 (d) 0.85 (d, J 4.9 Hz)
(H15); 0.88 (s) 0.88 (s) 1.09 (s)
0Q0Me 2.01, 2.03 (2xs)
a, b, c Overlapping resonances

d 1st Order analysis.
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13¢ n.m.r. (20.1 MHz) Chemical Shifts of (170a),

(170b) and (171) (CDCl;) in p.p.m. rel. to TMS

H
(1702) R=H (171)
(170b) R=Ac
C-Nurber (1708) (170b) (171)
1 117.1 (d) 118.0 (d) 127.5 (d)
2 37.0 ()% 37.0 (t)> 37.5 (t)>
3 97.1 (t) 2.8 (t)° 27.0 (t)°
4 34.2 (d) 4.6 (d) 3.3 (d)
5 38.1 (s) 37.5 (s) 37.2 (s)
6 25.0 (t)° 25.1 (t) 25.6 (1)°
7 39.1 (d) 38.3 (d) 38.6 (d)
8 40.7 (t)% 39.2 (t)* 40.5 (t)*
9 66.9 (d) 69.2 (d) @
10 152.9 (s) 146.9 (s) ¢
11 146.4 (s) 141.4 (s) e
12 65.4 (t) 66.6 (1) 65.4 (t)
13 108.4 (t) 112.1 (%) 108.8 (%)
14 16.2 (q) 16.2 (q) 15.8 (q)
15 21.0 (q) 20.6 (Q) 23.8 (q)
0COMe 170.4, 172.0 (2xs)
000Me 21.1, 21.4 (2xq)
a, b Values in the same columm may be interchanged.

Not observed.

HoOH
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Dione (168) was reduced with sodium borohydride in the presence
of cerium trichloride®® to yield two separable epimeric diols (170a)
and (171). The major diol (170a) readily formed a diacetate (170b) which
gave a characteristic downfield shift for the H9 and (H12), resonances
(Table 5.2). !°C resonances at § 65.4 (t) and 66.9 (d) for diol (170a)
were assigned to the carbons of a primary and secondary allylic alcohol,
respectively (Table 5.3). Accordingly, the 13¢ resonances at § 194.0 (d)
and 203.2 (s) associated with dione (168) are missing. Similar shifts
were observed for the minor diol (171).

A nunber of the proton resonances of the major diol (170a) were
interrelated by double resonance studies. For example, irradiation of the
proton resonance at § 4.50 (H9) simplified the broad resonance at § 5.70
to an apparent triplet (X part of an A,X system). This evidence suggested
that H9 and H1 were allylically coupled. No such allylic coupling was
evident for the minor diol (171) where H1l appeared as an apparent triplet
resonance (X part of an A,X system) (J 3.4 Hz).

Allylic coupling has been found to be dependent on the dihedral
angle o between C-Ha and C-Hc (Fig. 5.3).%%,100,101 J,. 1s a maximm
value* when ¢ approaches 90°. In many cases the allylic coupling causes

broadening rather than the expected secondary coupling.!®! For example,

Figure 5.3

C—Hjy
/C:..._C<
Hc Hb

Maximum value denotes absolute magnitude. Allylic coupling constants

are generally negative.!??
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it was found that the vinylic proton H6 in (172) gave a broader doublet

than in (173), presumably due to additional coupling with H4!'°!,!02

H

LY

(172) (173)

{o=90° for (172), o2=0° for (173)}. A similar steric restriction on
allylic coupling has been observed in a series of 6-substituted
cholest—4-en-3-ones! °? and in numerous other complex natural products.!??
Only the major diol (170a) gave significant allylic coupling between
Hl and H9, as indicated by the broadening of the resonance for H1. On the
basis of the above examples a tentative assignment of the configuration of
(170a) was made where H9 is axial and the 9-hydroxyl group is equatorial.
The configuration assigned to the major diol (170a) infers that the reduction
of the a,f-unsaturated ketone must have occurred via an intramolecular
transfer of hydride from the sterically hindered B face. The HY resonance
observed for the minor allylic alcohol (171) appeared as a doublet of

doublets rather than a triplet which infers that the ring system is distorted

from the all chair form.

Dione (168) was interrelated with two known sesquiterpenes,
eremophilone (12)?2 and eremophilene (174)'°*, in order to confirm the
assigned structure and establish the absolute configuration. The inter-
relation excluded the possibility of (168) possessing the valencane
skeleton, e.g. valencene (169)°2.

It was anticipated that the reduction of the éiacetate (170b) with
lithium in ammonia would yield eremophilene (174), based on the known

reduction of 11,12-dihydroeremophilan-9-yl acetate (175) to the corresponding
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hydrocarbon (176)1°%® The reduction, however, gave mainly the allylic
alcohol (177) in addition to an inseparable mixture of eremophilene (174)
and its isomer (178). The 'H n.m.r. spectrum of the mixture of (174)

and (178) was consistent with that reported for eremophilene (174)!°%C,

OAc

(176) (175)

7 = @Y/

(177) (174) (178)

however, the !3C n.m.r. spectrum clearly revealed the presence of both
isomers. The !3C n.m.r. resonances reported for eremophilene (174)!°®
were evident in the mixture.

Oxidation of the allylic alcohol (177)°72 with Collins reagent!®’
gave eremophilone (la) which gave an optical rotation?® and 'H n.m.r.
spectrun! °® identical with those of the naturally isolated material. The
isolation of dione (168) from E. rotundifolia provides only the second
example of an Eremophila species yielding an eremophilane sesquiterpene.

Until now, eremophilanes had only been isolated from E. mitchelli.



EXPERIMENTAL
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GENERAL

Melting points were determined using a Kofler hot-stage melting
point apparatus under a Reichert microscope and are uncorrected.

Microanalyses were performed by the Australian Microanalytical
Service, Melbourne.

Infrared spectra were recorded either on a Jasco IRA-1 or
Jasco A-102 infrared spectrophotometer. The 1603 cm™' band of polystyrene
was used as a reference. Chloroform was used as the solvent for solution
infrared samples.

Ultraviolet spectra were recorded on a Pye-Unicam SP8-100 ultra-
violet spectrophotometer.

Optical rotations were determed on a Perkin-Elmer 141 MC polarimeter.

Mass spectra were recorded on either a Hitachi Perkin-Elmer RMU-7D
double focussing mass spectrometer or an AEI MS-30 mass spectrometer. The
mass spectra of gas-liquid chromatography elutants were recorded on an
AEI MS-30 mass spectrometer coupled to a Pye-Unicam 104 gas chromatograph.

Analytical gas-liquid chromatography (g.l.c.) was carried out on a
Perkin-Elmer Sigma 3B gas chromatograph. Nitrogen carrier gas was used
for all the g.l.c. work. The Perkin-Elmer Sigma 3B gas chromatograph was
equipped with a flame ionization detector and was coupled to a Perkin-Elmer

M-2 printing integrator. The following colums were used:

A. 5% OV17 on Varaport (80/100), 4.5 m x 8 mm, glass.
B. 2% carbowax 20M on Varaport (30), 1.5 m x 8 mm, glass.

C. 5% carbowax 20M on Varaport (30), 1.5 m x 4 mm, glass.

The carrier gas flow rate was 40 ml/min for colums A and C and

25 ml/min for columm B.
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' nuclear magnetic resonance (n.m.r.) spectra were recorded on
either a Varian T60 spectrometer operating at 60 MHz, a Jeol HNM-PMXG0
spectrometer operating at 60 MHz, a Bruker WP 80 DS Fourier Transform
spectrometer operating at 80 Mz, or a Bruker CXP 300 Fourier Transform
spectrometer operating at 300.13 MHz. The 'H n.m.r. spectra were recorded
at 60 MHz unless otherwise indicated. The !'®C n.m.r. spectra were recorded
on a Bruker WP 80 DS Fourier Transorm spectrometer operating at 20.1 MHz.
(hemical shifts are in p.p.m. downfield from the internal standard,
tetramethylsilane; multiplicities are abbreviated to: s, singlet;

d, doublet; t, triplet; q, quartet; quin., quintet; sex., sextet;
m, midtiplet; b, broad; D,0 exchange implies that the signal exchanges
on the addition of D,0 to the sample.

2-D correlation spectra were recorded on either a Bruker CXP 300
Fourier Transform spectrometer using DISCXP version 820601.1, or a Bruker
WM 250 Fourier Transform spectrometer.

All preparative thin layer chromatography (t.l.c.) plates were
prepared from 50% Merck Kieselgel G and 50% HF254 applied to glass plates
as a suspension in water. Flash chromatography!®® refers to nitrogen
pressure driven rapid chromatography using Merck Kieselgel 60 (230-400
mesh ASTM).

Light petroleum refers to the hydrocarbon fraction b.p. 60-70°.
Magnesium sulphate (anhydrous) was used as the drying agent for non agueous
solutions. All solvents and chemicals were purified by standard pro-
cedures!!?., Lithium aluminium hydride reductions were worked up according

to the method of D.A. Evans et al'l! unless otherwise stated.
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Work Described in Chapter 1

Part 1.1

Catalytic Osmium Tetroxide Oxidation of Erempacetal (6)

Eremoacetal (6) (5g) was oxidized with osmium tetroxide (25mg) as
described! ? to yield the crude mixture of partly crystalline epimeric
diols. Crystallisation from dichloromethane/hexane gave major diol (21)
(3.50g, 62%), m.p. 115-116° (1it.!° 117—1180).

The mother liquor from the crystallisation was a mixture of major

diol (21) and minor diol (22) (1.78g, 31%).

Preparation of Tetrahydrofuran (25a) from Hydroxy Acetal (21)

The diol (21) (8g) was hydrolysed in methanol/dilute oxalic acid
(5% agqueous) (1:1) as described' 7’!'® to yield (2"S,4"Ss,5"S)~1-(furan-3'-yl)-
4"-hydroxy-3-{5"-(1""' -hydroxy-1""'-methylethyl )-2'"-methyl tetrahydrofuran-

2'-y1}propan-1-one (25a) (6.76g, 90%), m.p. 74-75° (1it.'® 74-75°).

Conversion of Diol (25a) to the Lactone (29)

1. The diol (25a) (4.0g, 14.2 mole) was acetylated with acetic anhydride
(10 ml) in pyridine (20 ml) at 20° for 18 h. Dichloromethane (50 ml) was
added and the solution was washed with dilute hydrochloric acid

(10% aqueous, 3 times) dilute sodium hydroxide (10% aqueous) and water.

The solution was dried, evaporated under reduced pressure and the residue

chromatographed on silica gel (dichloromethane/ether 4:1). (28,3S,55)-5-13'~

(Furan-3'-yl1)-3'-oxopropyl}-2-(1'"'-hydroxy-1""-methylethyl )-5-methyltetrahydro-

furan-3-yl acetate (25b) was recrystallised from chloroform/light petroleum

to yield colourless crystals, m.p. 67.5-68.5°. (Found: C, 62.9; H, 7.5.

Cy H240¢ requires C, 63.0; H, 7.5%). - (Nujol) 3500, 1730, 1670 cm™.
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Y n.m.r. § (CDC1;3) 1.15, 6H, s, 1"'-Me, (H2"');; 1.25, 3H, s, 5-Me;
2.05, 3H, s, OCOMe; 2.90, 2H, m, (H2'),; 3.73, 1H, d, J 4 Hz, H2; 5.20,
1H, m, H3; 6.70, 1H, m, H4"; 7.35, 1H, m, HS"; 7.93, 1H, m, H2".

2. The acetate (25b) (400 mg) was dissolved in pyridine (3 ml) and cooled

to OO.

Phosphorus oxychloride (0.8 ml) was added dropwise with stirring.
After 30 min the mixture was warmed to 50° and maintained at this temperature
for 3 h with stirring. The reaction was quenched with ice and extracted
with dichloromethane. The organic phase was washed with water, dried and
evaporated under reduced pressure to yield a pale yellow oil (312 mg, 85%).
The 'H n.m.r. spectrum revealed a mixture of enol ether (31) and alkene (32)
in a ratio of 3:1.

Dehydration of acetate (25b) with thionyl chloride in pyridine at 0°
for 10 min gave (31) and (32) in a ratio of 1:1.
3. The crude mixture of (31) and (32) (312 mg) was dissolved in methanol
(10 ml) containing dimethyl sulphide (2 ml) at —78°. One molar equivalent
{based on enol ether (31)} of ozone was bubbled through the solution.
The reaction mixture was stirred for 1 h at —78° then at 0° for 1 h and
finally at 25° for 18 h (under nitrogen). Water (30 ml) was added and the
solution was extracted with dichloromethane (3 x 10 ml), dried and

evaporated under reduced pressure. The yellow oil, on preparative t.l.c.

(ether/light petroleum, 4:1), yielded (38,58)-3-acetoxy-5-{3"'-( furan-3"-yl)-3'-

oxopropyl}-5-methyldihydrofuran-2(3f)-one (29) (195 mg, 56%), m.p. 75-76°

from ether/light petroleum. (Found: C, 60.1; H, 5.8. C;4H;160s requires

C, 60.0; H, 5.8%). vmax (Nujol) 3160, 3140, 1780, 1740, 1690, 1560, 1510,
1210, 870 cr!. !H n.m.r. 8§ (CDC1l,;) 1.50, 3H, s, 5-Me; 2.15, 3H, s,0C0Me;
2.90, 2H, m, (H2'),; 5.50, 1H, t, J 8 Hz, H3; 6.70, 1H, m, H4"; 7.40, 1H,
m, H5'"'; 7.96, 1H, m, H2". 13c n.m.r. & (CDC1l3) 25.1 (q), 26.6 (q), 34.3 (t),
34.6 (t), 40.6 (t), 69.1 (d), 83.9 (s) 108.7 (d), 127.5 (s), 144.7 (4d),

147.6 (d), 169.9 (s), 176.6 (s), 193.4 (s).
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The lower Rf fraction was (2R,3S,58)-5-{3'-(furan-3'"-y1)-3"'—oxopropyl}-
2-isopropenyl-5-methyltetrahydrofuran-3-yl acetate (32) (80 mg, 22%), m.p.
36-40°. Vax (Nujol) 3160, 3120, 3080, 1740, 1670, 1610, 1570, 1520, 1240,
880 cm™!. 'H n.m.r. § (CDC1l;) 1.33, 3H, s, 5-Me; 1.73, 3H, s, Me; 2.03,
3H, s,000Me; 2.8, 2H, m, (H2'),; 4.30, 1H, d, J 5 Hz, H2; 5.00, 3H, m,
=CH,, H3; 6.66, 1H, m, H4"; 7.30, 1H, m, H5"; 7.90, 1H, m, H2". This by-

product was not characterised further.

Preparation of Lactone (30b) from Aldehyde (33)

1. Aldehyde (33) was prepared from diol (21) by the literature method!?®

(80%), b.p. 112°/0.1 mm (1it.'° 110°/0.1 mm).

2. The aldehyde (33) (1.5g, 6.76 mmol) was oxidized?® by adding a solution
of sodium hydroxide (1.13 g) in water (50 ml) dropwise over 1.5 h to a
rapidly stirred solution of the aldehyde and silver nitrate (1.15 g, 6.79 mmol)
in methanol/water (2:1, 50 ml). Stirring was continued for a further 2 h
after which the mixture was filtered through celite and the filtrate con-
centrated under reduced pressure. The residue was cooled and acidified
with dilute hydrochloric acid (10% aqueous) to pH 2-3. The aqueous phase
was saturated with salt, extracted with dichloromethane (3 x 20 ml), the
extract dried and concentrated under reduced pressure to yield a brown

0il which was allowed to stand at 20° for 3 days. Flash chromatography
with ether/light petroleum (9:1) gave (3S,5R)-5-{3'-(furan-3''-yl)-3'-
oxopropy1 }-3-hydroxy-5-methyldihydrofuran-2(3H)-one (30a) (490 mg, 31%),

m.p. 101-102.5° (1it.!7 101-102.5°).

Acetylation with acetic anhydride in pyridine, followed by crystallisa-

tion of the product from ether/light petroleum gave (33 ,5R)-3-acetoxy-5-{3'-

(furan-3'"-yl)-3'-oxopropyl }-5-methyldihydrofuran-2( 3H)-one (30b), m.p.

75 .5-76° {m.m.p. with (29) depressed}. (Found: C, 60.2; H, 6.0. Ci4Hi¢O¢
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requires C, 60.0; H, 5.8%). v (Nujol)3160, 3140, 1795, 1745, 1660, 1560,

1520, 875 em™'. 'Hn.m.r. § (CDC1l;) 1.40, 3H, s, 5-Me; 2.10, 3H, s,000Me;

.00, 2H, m, (H2'),; 5.48, 1H, t, J 8 Hz, H3; 6.70, 1H, m, H4"; 7.35, 1H,
m, H5"; 7.98, 1H, m, H2". '3C n.m.r. § (CDCls) 20.5 (q), 25.9 (q), 34.4 (1),
35.0 (t), 39.8 (t), 69.0 (d), 83.6 (s), 108.7 (d), 127.5 (s), 144.7 (d),

147.7 (d), 170.0 (s), 174.2 (s), 193.6 (s).

Preparation of Diacetate (38b) from the Lactone (30b)

1. A solution of the lactone (30b) (550 mg, 2.30 mmol) and propane-
1,3-dithiol (250 mg, 2.31 mmol) in dichloromethane (10 ml) was stirred and
cooled to 0°. Boron trifluoride etherate (10 drops) was added and the
solution was allowed to warm to room temperature. After stirring for 12 h
dichloromethane (20 ml) was added and the solution was washed with water,
sodium hydroxide solution (10%) and water. After drying, concentration gave
the thioacetal as a yellow oil (780 mg, 92%). 'H n.m.r. § (CDCl;) 1.30, 3H,
s, 5-Me; 2.90, 4H, m, S-CH,~-; 4.50, 1H, t, J 9 Hz, H3; 6.33, 1H, m, H4";
7.26, 1H, m, H5"; 7.36, 1H, m, H2",

The crude thioacetal (780 mg) was reduced with an excess of lithium
aluminium hydride (100 mg) in tetrahydrofuran (5 ml) at 25° for 0.5 h. Work-
up with saturated sodium sulphate gave a yellow oil which on preparative
t.1.c. (ethyl acetate/light petroleum, 7:3) gave, as the higher Rf fraction,
(28,4R)-7-(furan-3'-yl)-4-methyl-7, 7-(propylenedithio)heptane-1,2,4-triol
(38a) as a colourless oil (139 mg, 18%). 'H n.m.r. § (CDC1;) 1.13, 3H, s,
4-Me; 2.85, 4H, m, S-CH»—; 3.10, 2H, m, (H1),; 4.05, 1H, m, H2; 6.40, 1H,
m, H4'; 7.33, 1H, m, H5'; 7.45, 1H, m, H2'. The lower Rf fraction was a
mixture of epimeric hemiacetals (42a) and (43a) (555 mg, 58%). Further

reduction of (42a) and (432) with lithium aluminium hydride gave triol (38a).
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2. Triol (38a) (100 mg, 0.3 mmle) was acetylated with acetic anhydride
in pyridine at 20° for 18 h. Isolation and prepa.I{;'i:ive t.l.c. (ethyl acetate/

light petroleum 2:3) gave (2S,4R)-2-acetoxy-7-(furan-3'-yl)-4-hydroxy-4-

methyl-7,7-(propylenedithio)hept-1-yl acetate (38b) as a colourless oil

(105 mg, 84%). (Found: m/z 416.1312. C;4H,04S, requires 416.1327).
{a}igwa +4.6O; {0}3he.y +5.4° (0.725% in CHCl;). Vnax (film) 3520, 1745,
1735, 1370, 1220, 870 cm!. 'H. n.m.r. § (CDCl;) 1.26, 3H, s, 4-Me; 2.01,
2.03, each 3H, s,000Me; 2.80, 4H, m, S-CH,~; 4.20, 2H, m, (H1)2; 5.18,
1H, m, H2; 6.36, 1H, m, H4'; 7.26, 1H, m, H5'; 7.36, 1H, m, H2'. m/z

417 (M+1), 416 (M), 310, 309, 189, 185, 95, 83, 43 (100).

Preparation of Diacetate (41c) from Alcohol (40a)

The alcohol (40a) (500 mg, 2.24 mmole), prepared by the literature
method from aldehyde (33)}° was acetylated with acetic anhydride in pyridine
to give the crude acetate (40b) which crystallised with difficulty from
chloroform/light petroleum, m.p. 80-85°. VYoEs (Nujol) 3160, 3130, 1730,
1600, 1500 cm'. 'H n.m.r. § (CDC1ls) 1.40, 3H, s, 5-Me; 2.03, 3H, s, OCOMe;
4.10, 3H, m, H3, CH;O0Ac; 6.36, 1H, m, H4'; 7.25, 1H, m, HS'; 7.40, 1H, m,
2'. m/z 266 (M), 207, 193, 95, 79, 43 (100). The acetate (40b) (450 mg)
was dissolved in pyridine (10 ml) and water (10 ml) and the solution was
stirred at 70° under nitrogen for 18 h. Dichloromethane (30 ml) was added.
The organic phase was separated, dried and evaporated under reduced pressure
to yield a yellow oil (450 mg). 'H n.m.r. spectroscopy revealed the
presence of acetate (40b) (55%) and acyclic monoacetate (41b) (45%), §
(CDC1,) 1.23, 3H, s, 4-Me; 6.70, 1H, m, H4'; 8.00, 1H, m, H2'. The
mixture was acetylated with acetic anhydride in pyridine at 20° for 18 h

to yield an oil. Flash chromatography (ethyl acetate/light petroleum, 1:1)
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gave acetate (40b) (288 mg, 64% recovery), m.p. 80-85° and the required
diacetate (41lc) (183 mg, 33%). Voax (film) 3500, 3160, 3080, 1740, 875
em!. 'H n.m.r. § (CDCl,) 1.22, 3H, s, 4-Me; 2.03, 6H, s, 0COMe; 2.86,
2H, t, J 7 Hz, (H6),; 4.15, 2H, m, (H1):; 5.23, 1H, m, H2; 6.66, 1H, m,
H4'; 7.30, 1H, m, H5'; 7.93, 1H, m, H2'. Finally, formation of the
thioacetal of (41c) (180 mg, 0.55 mmol) for comparison with (38b) was
achieved with propane-1,3-dithiol (60 mg, 0.56 mmole) as described above
with a reaction time of 0.5 h at 0° followed by 6 h at 20°., Isolation
gave a product (115 mg, 50%) which was identical with (23,4R)-2-acetoxy-7-
(furan-3'-yl)—4-hydroxy-4-methyl-7,7-(propylenedithio)hept-1-yl acetate
(38b), isolated from the other sequence of reactions. {oc}§37. 3 Tt 4.4°;
{0}20 ., + 5.4° (0.97% in CHC1s).

When the alcohol (40a) (50 mg) was heated at 70° in (D5) pyridine
(0.4 ml) and D,0 (0.4 ml) for 20 h the 'H n.m.r. spectrum showed the
presence of alcohol (40a) and the corresponding trihydroxy ketone (41a)
in ratio of 5:4. However, extraction with dichloromethane resulted only
in recovery of the starting material (40a) as did sodium borohydride

reduction of the crude mixture.

Preparation of Lactones (44) and (45)

1. Pyrolysis of the acetoxy lactone (30b) (80 mg) through a quartz glass

colum (35 cm x 3 cm) at 6000/0.1 mm gave (55)—5—{3'—(furan—S"—yl)—S'—

oxopropyl}-5-methyl furan-2(5H)-one (45), Preparative t.1l.c. (ether/light

petroleum, 4:1) gave a sample m.p. 65-67° (from carbon tetrachloride/light
petroleum) (51 mg, 80%), b.p. 90°/10~% mm (block). (Found: m/z 220.073.
C1oHy 0, Tequires 220.074). {a}29,., +49°; {0}2%,., +58° (0.45% in CHCls).

v, (film) 3160, 3140, 3020, 2980, 1765, 1690, 1575, 1520, 1155, 8£0 ar!.
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H n.m.r. § (CDCl3) 1.50, 3H, s, 5-Me; 2.22, 2H, m, (H1'),; 2.70, 2H, m,
(H2'),; 5.90, 1H, d, J 5 Hz, H3; 6.63, 1H, m, H4"; 7.25, 1H, 4, J 5 Hz,
H4; 7.35, 1H, m, H5'"; 7.90, 1H, m, H2". m/z 220 (M), 192, 110, 97, 95 (100).
Similarly, pyrolysis of the acetoxy lactone (29) gave (5§)—5—{‘3'—
(furan-3'"-y1)-3'—-oxopropyl }-5-methylfuran-2(5H)-one (44) (75%), m.p. 64-66°,

This compound was identical with lactone (45), except that the optical

rotation was of opposite sign: {a}i).., -7°; {oa}gﬂs_u -54° (1.1% in CHCl,).

2. Thionyl chloride (0.1 ml) was added dropwise to a solution of
hydroxy lactone (30a) in pyridine at 0°. Stirring was continued for

30 min at 0° and for a further 4 h at 15°. The reaction mixture was
extracted with dichloromethane (3 times). The organic phase was washed
with hydrochloric acid (10% aqueous, 3 times), water, dried and evaporated
under reduced pressure. Preparative chromatography on silica (ether/
light petroleum, 4:1) gave starting material (50 mg, 33%) and 3-chloro-5-

{3'~(furan-3"-yl)~3"'-oxopropyl }-5-methyl dihydrofuran-2( 3H)-one (46)
(102 mg, 63%), m.p. 43.5—46.50, b.p. 1350/0.5 m (block). (Found: C, 56.4;

H, 4.8. C;,H;30,C1 requires C, 56.2; H, 5.1%). Vnax (£film) 3160, 3000,
2060, 1780, 1680, 1560, 1150, 870 cm™'. 'H n.m.r. § (CDCl,) 1.53, 3H,
s, 5-Me; 2.95, 2H, m, (H2'),; 4.63, 1H, t, J 8 Hz, H3; 6.70, 1H, m, H4";

7.35, 1H, m, H5'"; 8.00, 1H, m, H2".

Reaction of the Triols (38a), (51) and (76) Under Acidic Conditions

Each of the triols, (28,4R)-7-(furan-3'-yl)-4-methyl-7,7-(propylene-
dithio)heptane-1,2,4~triol (38a), 6-benzyloxy—4-methylhexane-1,2,4-triol (51)
and (3§_,4§,6_R)—9—( furan-3'-yl)-2,6-dimethylnonane-3,4,6-triol (76) was
treated with (D2) oxalic acid (10 mg) in CDs0D (0.4 ml)/(D,0 (0.4 ml) at

(o)

70”. The reactions were followed by 'H n.m.r. spectroscopy. No

tetrahydrofuran or other products were observed within 72 h.
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'H n.m.r. Experiments

1. Diol (21) (50 mg) in CD0D (0.5 ml)/D,0 (0.5 ml)/(D2) oxalic acid
(10 mg) at 250, by 'H n.m.r., exchanged in the region of § 2.4, corresponding
to exchange o to the carbonyl group of (48). When the reaction was
maintained at 50° complete conversion into the tetrahydrofuran (25a) occurred

within 17 h.

2. A similar treatment of eremoacetal (6) revealed deuterium exchange

of (H7), after 1 h at 25°, (H6), collapsed to a two proton singlet at

§ 2.0.

3. A similar deuterium exchange in the region of § 2.4 was also
evident for dihydroeremoacetal (39) after 48 h at 30° under identical

conditions to those used for diol (21).

4, A similar treatment of tertiary alcohol (70) (20 mg) for 48 h at
70° gave (2'S,4"S)-1-( furan-3'-yl)-3-{4"-hydroxy-2",5",5"-trimethyltetrahydro-
furan-2'"-yl}propan-l-one (55). !H n.m.r. § (CD;0D/D,0, 1:1) 6.6, 1H, m, H4';

7.3, 1, m, H5'; 8.0, 1H, m, H2'.
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Work Described in Chapter II

Lithium in Ammonia Reductions: Resgents and Equipment? ’

Lithium wire (3.2 mm diameter, 0.02% sodium) was stored under
liquid paraffin. Immediately prior to use, a small section was cut off
with a new stainless-steel spatula blade and washed with light petroleum.
The required amount of lithium was weighed and added in small pieces to
the liquid ammonia under a positive nitrogen pressure. Tetrahydrofuran
was refluxed over sodium and benzophenone until the blue colour of the
ketyl was well established. The anhydrous tetrahydrofuran was collected
under nitrogen and transferred to the reaction mixture with a syringe.

Commercial anhydrous ammonia was purified prior to use in the
following way: ammonia (100 ml) was distilled from the tank into a flask
containing sodium metal (c. 4g) and anhydrous ferric chloride (c. 100 mg).
The ammonia was refluxed for 0.5 h and subsequently distilled into the
reduction flask under a positive pressure of nitrogen.

A1l the reductions were carried out in a graduated multi-necked
Erlenmeyer flask fitted with a acetone/dry-ice-charged condenser and suba
seal. The reagents were added in turn with a syringe through the suba seal.
The reaction flask contained a glass—encapsulated magnetic stirring bar
and was maintained under a positive pressure of nitrogen throughout the
reaction.

Prior to carrying out a reduction, all glassware was cleansed by
washing with copious quantities of c. 1% aqueous triethylamine and finally
washing with distilled water. The glassware was dried overnight in an
oven at 130°. The assenbled apparatus was flame—-dried prior to use and

teflon tape was employed to seal all joints.
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Part 2.1

General Reduction Procedure

A solution of the reduction substrate in tetrahydrofuran was
added over 5 min to a solution of lithium in ammonia which had been stirred
for 15 min prior to the addition. The mixture was stirred under reflux and
after the required period isoprene was added to remove the excess of metal.
Solid ammonium chloride was added and the ammonia was allowed to evaporate.
Water was added and the solution was extracted with dichloromethane
(4 times). The combined organic extracts were dried and evaporated under
reduced pressure. The crude product was analysed directly by 'H n.m.r.
(comparison of H4' integrals) and, where specified, the individual components

were isolated by preparative t.l.c.

Reduction of Dihydroeremoacetal (39)

A solution of dihydroeremoacetal (39) (110 mg, 0.4  mmole) in
tetrahydrofuran (1 ml) was reduced with lithium (40 mg, 5.7 mmole) in
ammonia (10 ml) for 3 h. Purification by preparative t.l.c. (ether/light
petroleum, 1:2) gave starting material (63%), oxepanes (71) (17%) and diol
(73) (™). The products were identified by the 'H n.m.r. comparison with

authentic samples.!’

Competitive Reduction of Oxepanes (7l1a) and (71b)

A solution of (71a) (49 mg, 0.19 mmole) and (71b) (50 mg, 0.2 mmole)
in tetrahydrofuran (1 ml) was reduced with lithium (40 mg, 5.7 mmole) in
ammonia (10 ml) for 3 h. !H n.m.r. of the crude product revealed oxepanes
(86%) and diol (73) (14%). Preparative t.l.c. (ether/light petroleum, 1:1)
gave (71a) (43 mg, 88% recovery), (71b) (40 mg, 80% recovery) and diol (73)

(9.5 mg, 9% based on both oxepanes).
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Reduction of Dihydroeremoacetal (39) in the presence of tert-Butyl Alcohol

A solution of dihydroeremoacetal (39) (500 mg, 2 mmole) and tert-butyl
alcohol (148 mg, 2 mmole) in tetrahydrofuran (3.9 ml) was reduced with
lithium (85 mg, 12.25 mmole) in ammonia (30 ml) for 3 h. 'H n.m.r. of the
crude product revealed cleavage products {(71), (73)} and starting material
in the ratio of 1:4. Preparative t.l.c. (ether/light petroleum, 1:2) gave
starting material (330 mg, 66%) and a fraction containing oxepanes (71)

and diol (73) (121 mg total, 24%, 7:3 by 'H n.m.r.).

Reduction of Primary Alcohol (40a)

A solution of the alcohol (40a) (200 mg, 0.89 mmole) in tetrahydro-
furan (2 ml) was reduced with lithium (70 mg, 10.09 mmole) in ammonia
(20 m1) for 5.5 h. 'H n.m.r. of the crude product revealed starting material
and triol (74) in a ratio of 1:1. Preparative t.l.c. (ether/methanol, 99:1)
gave starting material (83 mg, 42%) and a fraction tentatively assigned
as oxepanol monocleavage product (3-4%). !'H n.m.r. § (CDC1l;) 1.16, 3H, s;
3.50, 2H, m; 4.00, 1H, m; 4.80, 1H, m; 6.30, 1H, m; 7.25, 2H, m.

The lowest Rf fraction was (2S,4R)-7-(furan-3'-yl)-4-methylheptane-
1,2,4-triol (74a) (83 mg, 41%). 'Hn.m.r. § (CDCl;) 1.16, 3H, s, 4-Me;
1.62, 6H, m, (H3),, (H5),, (H6),; 2.43, 2H, m, (H7),; 3.50-4.00, 6H, m,
(H1),, H2, 3xOH; 6.22, 1H, m, H4'; 7.16, 1H, m, H2' ; 7.25, 1H, m, H5'.
13Cc n.m.r. § (CDC1,) 25.0, t, C6; 25.3, t, C7; 28.1, q, 4-Me; 40.7, t,
Ch; 42.4, t, C3; 67.2, t, C1; 69.7, d, C2; 73.2, s, C4; 111.1, d, ¢4';

125.1, s, C3'; 139.1, d, C2': 143.0, d, C5'.

Triol (74) was characterised as its diacetate, (28,4R)-2-acetoxy-7-

(furan-3'-yl)-4-hydroxy—4-methylheptyl acetate (74b). (Found: m/z

312.1582. C,¢H;,0s requires 312.1572). Vinax (film) 3400, 2950, 1740, 1370,
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1230, 875 cm~'. 'H n.m.r. § (CDC1l;) 1.20, 3H, s, 4-Me; 1.30-1.85, 6H, m,
(H3),, (H5),, (HB),; 2.03, 6H, s, 2x000Me; 2.40, 2H, m, (H7),; 4.10, 2H,
m, (H1),; 5.25, 1H, m, H2; 6.20, 1H, m, B4'; 7.15, 1§, m, H2'; 7.25, 1H,
m, H5'. !3C n.m.r. § (CDC1l;) 20.9, q, OCOMe; 21.3, q, OCOMe; 24.2, t,

c6; 25.1, t, C7; 26.7, q, 4-Me; 42.0, t, C5; 42.8, t, C3; 66.2, t. Cl;
69.2, d, C2; 71.5, s, ¢4; 111.1, 4, ¢4'; 125.0, s, C3'; 139.1, d, C2';

143.1, d, C5'; 171.1, s. OOOMe. m/z 312 (M), 294 (M-H,0), 143, 135, 100,

95, 94 (100), 83, 43.

Reduction of Methoxymiethyl Ether (40d)

A solution of the methoxymethyl ether (40d) (400 mg, 1.49 mmole) in
tetrahydrofuran (3.5 ml) was reduced with lithium (120 mg, 17.29) in ammonia
(35 ml) for 5.5 h. M n.m.r. of the crude product revealed starting material
and diol (75) in the ratio of 1:8. Preparative t.l.c. (ether/light petroleum,

9:1) gave starting material (36 mg, 9%) and (2S,3R)-7-(furan-3'-yl)-1-

(methoxymethyloxy)—4-methylheptane-2,4-diol (75) (272 mg, 68%), b.p.

1150/11(10‘3 m (block). (Found: C, 62.0; H, 8.9. C;,H>4,05 requires C, 61.7;
H, 8.9%). vma.x (film) 3400, 2960, 1500, 1460, 1440, 1370, 1140, 1100, 1030,

915, 870, 770 cm™ -

'Y n.m.r. 8§ (CDCls) 1.16, 3H, s, (H4)s; 1.65, 6H, m,
(H3),, (H5),, (HB),; 2.40, 2H, m, (H7),; 3.30, 3H, s, OMe; 3.40, 2H, d,
(H1),; 3.95, 1H, m, H2; 4.56, 2H, s, OCH,0; 6.20, 1H, m, H4'; 7.13, 1H,
m, H2'; 7.23, 1H, m, H5'. '3Cn.m.r. § (CDCly) 24.9, t, 06; 25.1, t,
C7; 28.0, q, 4-Me; 40.3, t, C5; 42.5, t, C3; 55.2, q, OMe; 68.0, d, CZ;
7.7, s, C4; 73.2, t, C1; 96.9, t, OCH,0; 111.0, 4, C4'; 124.9, s, E3l
138.9, d, (2'; 142.8, d, C5'. m/z 272 (M), 270, 254(M-H,0), 193, 179,

135, 95, 94, 83, 81, 45 (100), 42.

The lowest Rf fraction was tentatively assigned as oxepanol

monocleavage product (<2%). 'Hn.m.r. § (CDCl;) 6.28, 1H, m; 7.26, 2H, m.
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Reduction of Secondary Alcohol (66a)

A solution of the alcohol (66a) (150 mg, 0.56 mmole) in tetrahydro-
furan (1 ml) was reduced with lithium (40 mg, 5.76 mmole) in ammonia (15 ml)
for 3 h. 'H n.m.r. of the crude product revealed starting material and
triol (76) in a ratio of 1.15 : 1. Preparative t.1l.c. (ether) gave starting

material (60 mg, 40%), and (3S,4S,6R)-9— furan—-3'-yl)-2,6~-dimethylnonane-

3,4,6-triol (76) (55 mg, 37%), b.p. 85°/1x10~ 3 mm (block). (Found; C, 67.0;
H, 9.7. CisH26Ou requires C, 66.7; H, 9.7%). v, (film) 3400, 2980,

2040, 1510, 1475, 1030, 880 cm~!. 'H n.m.r. § (CDCl;) 0.93, 0.96, each 3H,
d, (H1);, 2-Me; 1.16, 3H, s, 6-Me; 1.56, 6H, m, (H5),, (H7),, (H8),; 2.45,
2H, m, (H9),; 2.65, 3.00, 3.50, each 1H, b, OH; 3.82, 2H, m, H3, H4; 6.15,
1H, m, H4'; 7.10, 1H, m, H2'; 7.20, 1H, m, H5'. !°C n.m.r.§ (CDCl;)

17.0, g, C1; 19.6, q, 2-Me; 25.0, t, C8; 25.0, t, C9; 28.3, q, 6-Me;

29.8, d, C2; 39.9, t, C7; 42.7, t, C5; 69.3, d, C4; 73.2, s, C6; 79.5,
d, C3; 110.9, d, ®4'; 124.8, s, C3'; 138.8, d, C2'; 142.8, d, C5'. m/z
270 (M), 252 (M-H,0), 197, 135, 95, 94 (100), 43.

The lowest Rf fraction (5%) gave no furan proton resonances by 'H n.m.r.

Reduction of Secondary Alcohol (67a)

A solution of the alcohol (67a) (60 mg, 0.25 mmole) in tetrahydro-
furan (1 ml) was reduced with lithium (40 mg, 5.76 mmole) in ammonia (15 ml)
for 3 h. 'Hn.m.r. of the crude product revealed starting material and
triol (77) in the ratio of 1 : 99. Preparative t.l.c. (ether) gave
(28, 3S,5R)-8-(furan~3'-yl)-5-methyloctane-2, 3,5-triol(77) (55 mg, 90%).
Vinax (film) 3400, 2990, 2960, 1505, 1370, 1120, 1050, 1020, 870 cn!. 'H n.m.r.
§ (CDC1,) 1.15, 3H, d, J 5 Hz, (H1);; 1.18, 3H, s, 5-Me; 1.58, 6H, Dbs,

(H4),, (B6),, (H7),; 2.42, 2H, m, (H8),; 3.25-3.85, S5H, m, H2, H3, 3xOH;
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6.19, 1H, m, H4'; 7.13, 1H, m, H2'; 7.22, 1H, m, H5'. '3C n.m.r. (CDCl,)
18.2, q, C1; 19.2, t, C7; 25.3, t, C8; 28.5, q, 5-Me; 40.1, t, C6; 42.3,
t, C4; 71.4, d, C2; 73.6, s, (5; 73.6, d, C3; 111.1, d, C4'; 125.0, s,

Cc3'; 139.2, d, @2'; 143.1, 4, &',

Reduction of Secondary Alcohol (68a)

A solution of the alcohol (68a) (50 mg, 0.21 mmole) in tetrahydro-
furan (1 ml) was reduced with lithium (30 mg, 4.32 mmole) in ammonia (10 ml)
for 3 h. H n.m.r. of the crude product revealed starting material and
triol (78) in the ratio of 1 : 49. Preparative t.l.c. (ether) gave
(2R, 3S,5R)-8-( furan-3'-yl)-5-methyloctane-2,3,5-triol (78) (40 mg, 79%).
Ve (film) 3400, 2990, 2960, 1500, 1370, 1160, 1120, 870 cn!. 'Hn.m.r.
§ (CDCl,) 1.14, 3H, d, (M),; 1.20, 3H, s, 5-Me; 1.60, 6H, bs, (H4).,
(H6),, (H7),; 2.40 2H, m, (H8),; 3.504.00, 5H, m, H2, H3, 3xOH; 6.17, 1H,

m, H4'; 7.15, 1H, m, H2'; 7.23, 1H, m, H5'.

Reduction of Tertiary Alcohol (69)

A solution of the alcohol (69) (100 mg, 0.38 mmole) in tetrahydro-
furan (1 ml) was reduced with lithium (40 mg, 5.76 mmole) in ammonia (10 ml)
for 3 h. !H n.m.r. of the crude product revealed starting material and
triol (79) in the ratio of 22 : 78. Preparative t.l.c. (ether/light
petroleum, 4:1) gave starting material (19 mg, 19%) and triol (7TN7 (61 mg,

60%). The triol (79) gave an identical 'H n.m.r. spectrum to that reported.'’

Reduction of Tertiarv Alcochol (70)

A solution of the alcohol (70) (100 mg, 0.40 mmole) in tetrahydro-
furan (1 ml) was reduced with lithium (35 mg, 5.04 mmole) in ammonia (10 ml)

for 3 h. 'H n.m.r. of the crude product revealed starting material and
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triol (80) in the ratio of 27 : 73. Preparative t.1l.c. (ether) gave starting

material (18 mg, 18%), and (33,5R)-8-(furan-3'-yl)-2,5-dimethyloctane-2,3,5-triol

(80) (63 mg, 62%), m.p. 79-82°, sublimed 75°/1x10~3 mm. (Found: C, 65.7;

H, 9.7. C;4H,,0, requires C, 65.6; H, 9.5%). (Found: m/z 256.1680.

Ci14H,,0,4 requires 256.1675). Vnax (Solution) 3650, 3400, 2925, 1600, 1495,

1455, 1370, 1150, 1100, 1015, 945, 895, 870 cn'. 'H n.m.r. § (CDCl;) 1.10,

1.13, 1.16, each 3H, s, (Hl);, 2-Me, 5-Me; 1.35-1.60, 6H, m, (H4),, (H6),,

(H7),; 2.40, 2H, m, (H8),; 3.60, 1H, t, J 6 Hz; 6.15, 1H, m, H4'; 7.10,

M, m, H2'; 7.22, 1H, m, H5'. !'°C n.m.r. § (CDC1l3) 23.6, q, C1; 25.3, t, C7

c8; 26.5, q, 2-Me; 29.1, q, 5-Me; 40.0, t, 06; 40.5, t, C4& 72.9, d, C3;

73.6, s, C5; 111.1, 4, ¢4'; 125.0, s, C3'; 139.2, s, (@'; 143.1, s, C5'.

m/z 256 (M), 238 (M-H,0), 153, 152, 135, 129, 95, 94, 91, 82, 81, 71, 43(100).
The lowest R,. fraction (5%) revealed no furan proton resonances

T
by 'H n.m.r.
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Part 2.2

General Reduction Procedure

The g.l.c. response ratios of the reduction substrates and the
reduction products were predetermined. A solution of the reduction substrate,
butyl nonyl ether (g.l.c. standard) and, where indicated, an external proton
source in tetrahydrofuran was analysed by g.l.c. on the specified colum.
The above solution was added over the specified period to a solution of
lithium in ammonia which had been stirred for 10 min prior to the addition.
The mixture was stirred under reflux and after the required period isoprene
was added to remove the excess of metal. Solid ammonium chloride was
added and the ammonia was allowed to evaporate. Water followed by ether
(unless otherwise stated) was introduced and the layers were separated
after shaking. The aqueous phase was further extracted with ether (3 times)
and the combined organic extracts were analysed by g.l.c. on the specified
colum, dried and evaporated under reduced pressure.

The products were identified by g.l.c. retention time comparison
with authentic samples and, where indicated, the products were isolated by
preparative t.l.c. A comparison of the g.l.c. data from before and after
the reduction gave the percentage yield of each component present in the
crude product mixture. The individual components of the product mixture are
quoted in the order of elutionm.

The reduction substrates and products do not appear to be volatile
during the evaporation of ammonia. For example, the evaporation of ammonia
from a mixture of butyl nonyl ether and the alcohols (97a) and (103) (18 mg)

returned the same mixture (18 mg).
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Reduction of Tetrahydrofuran (91)

A solution of the tetrahydrofuran (91) (105 mg, 0.76 mmole) and
butyl nonyl ether (60 mg, 0.30 nmole) in tetrahydrofuran (3 ml) was sub-
mitted to g.1l.c. analysis (Colum A, 120°-200° at 50/min). The above
solution was added over 1 min to a stirred solution of lithium (90 mg,
12.97 mmole) in ammonia (40 ml). The reduction was terminated after a
further 14 min and the crude product ether extract was submitted to g.l.c.
analysis (Colum A, 120°-200° at 5°/min). The g.l.c. data revealed
starting material (91) (<1%) and alcohol (94) (93%). Preparative t.l.c.

(ether/light petroleum, 1:1) gave 4-(furan-3'-yl)butan—-1-ol (94)

(94 mg, 20%), b.p. 350/2x10‘3 mn (block). (Found: C, 68.6, H, 8.6.

CeHy 20, requires C, 68.6; H, 8.6%). (Found: m/z 140.0784. CgH;,0,
requires 140.0837). v (film) 3400, 2970, 2890, 1505,1160, 1065, 1030,
880 em~!. !Hn.mr. § (CCL,) 1.30-1.80, 4H, m, (H2),, (H3),; 2.37, 24,

m, (B4)2; 3.64, 1H, b, OH; 3.48, 2H, m, (H1)2; 6.10, 1H, m, H4'; 7.03,
1H, m, H2'; 7.16, 1H, m, H5'. m/z 140 (M), 95, 94, 82, 81, 69, 53, 41.

Reduction of Tetrahydropyran (92)

A solution of the tetrahydropyran (92) (150 mg, 0.99 mmole) and
butyl nonyl ether (71 mg, 0.36 mmole) in tetrahydrofuran (3.9 ml) was sub-
mitted to g.1l.c. analysis (Colum B, 75° (isothermal 5 min) - 150° at 60/min).
The above solution was added over 1 min to a stirred solution of lithium
(120 mg, 17.3 mmole) in ammonia (50 ml). The reduction was terminated after
a further 14 min and the crude product ether extract was submitted to g.l.c.
analysis (Colum B, 75° (isothermal 5 min) -150° at 6°/min). The g.1.c.
data revealed starting material (76%) and alcohol (95) (18%). Preparative

t.1l.c. (ether/light petroleum, 1:3) gave starting material (97 mg, 65%)
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and 5—(furan-3'-yl)pentan-1-ol (95) (26 mg, 17%), b.p. 45°/2x10-* mm

(block). (Found: C, 70.5; H, 8.8. CqH1402 requires C, 70.1; H, 9.2%).
(Found: m/z 154.0983. CoH;402 requires 154.0994). Vnax (film) 3350,

2925, 2850, 1505, 1460, 1380, 1160, 1065, 1025, 870, 780 cm'. !'H n.m.r.
§ (CDC1;) 1.20-1.90, 7H, m, (H2),, (H3),, (H4),, OH; 2.36, 2H, m, (H5),;

3.51, 2H, t, J 6 Hz, (Hl),; 6.11, 1H, m, H4'; 7.05, 1H, m, H2'; 7.17,

1H, m, H5'. m/z 154 (M), 95, 94, 82, 81 (100), 69, 67, 53, 40, 38, 31.

Reduction of Oxepane (93)

A solution of the oxepane (93) (125 mg, 0.75 mmole) and butyl nonyl
ether (62 mg, 0.31 mmole) in tetrahydrofuran (3 ml) was submitted to g.1l.c.

0 at 6O/min). The above

analysis (Colum B, 75° (isothermal 4 min) -150
solution was added over 1 min to a stirred solution of lithium (92 mg, 13.3

mole) in ammonia (40 ml). The reduction was terminated after a further

14 min and the crude product ether extract was submitted to g.l.c. analysis

(Colum B, 75° (isothemmal 4 min) -150° at 6°/min). The g.l.c. data revealed
starting material (85%) and alcohol (96) (13%). Preparative t.l.c. (ether/

light petroleum, 1:3) gave starting material (93 mg, 74%) and 6-(furan-3'-yl)-

hexan-1-ol (96) (17 mg, 13%), b.p. 45°/8x10~% mm (block). (Found: C, 71.1;
H, 9.4. CioH1602 requires C, 71.4; H, 9.6%). (Found: m/z 168.1147.

Ci10H1 602 requires 168.1150). vma.x (film) 3350, 2925, 2820, 1500, 1460,

1380, 1160, 1020, 870, 775 cn'. 'H n.m.r. § (CDCls) 1.15-1.65, 8H, m,
(H2),, (H3)2, (H4), (H5).; 1.85, 1H, bs, OH; 2.32, 2H, m, (H6),; 3.50, ZH,
t,J 6 Hz,(Hl);;6.12, 1H, m, B4'; 7.05, 1H, m, H2'; 7.20, 1H, m, H5'. m/z

168 (M), 95, 94, 82 (100), 81, 67, 53, 41, 39, 31.

Competitive Reduction of (91), (92) and (93)

A solution of (91), (92), (93) (170 mg total) and butyl nonyl ether

in tetrahydrofuran (4 ml) was submitted to g.l.c. analysis (Colum A,
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100°-200° at 6O/min). The four components were observed in a ratio of

1.02 : 1.3 : 1.3 : 1 respectively. The above solution was added over

1 min to a stirred solution of lithium (105 mg, 15.1 mmole) in ammonia

(50 ml). The reduction was terminated after a further 11 min and the crude
product ether extract was submitted to g.l.c. analysis (Column B, 75°
(isothermal 4 min) ~150° at 60/min and Colum A for the detection of (91)
only, 100°-200° at 6°/min). The g.l.c. data revealed (91) (<1%),(92) (88%),
(93) (87%) and the corresponding cleavage products (94) (98%), (95) (10%)

and (96) (8%) respectively.

Competitive Reduction of Tetrahydropyran (92) and Methyl Ether (60c)

A solution of the tetrahydropyran (92) (13.5 mg, 0.10 mmole), methyl
ether (60c) (18 mg, 0.08 mmole) and butyl nonyl ether (8.8 mg, 0.04 mmole)
in tetrahydrofuran (0.5 ml) was submitted to g.l.c. analysis (Colum B, 75°
(isothermal 5 min) —200° at 60/min). The above solution was added over
0.5 min to a stirred solution of lithium (20 mg, 2.88 mmole) in ammonia
(10 ml). The reduction was terminated after a further 16.5 min and the
crude product ether extract was submitted to g.l.c. analysis (Colum B, 75°
(isothermal 5 min) -200° at 6O/min). The g.l.c. data revealed (92) (68%),
(60c) (78%) and the corresponding cleavage products (94) (30%) and (59) (15%),

respectively.

Reduction of Acetal Alcohol (97a)

1. A solution of the alcohol (97a) (58.5 mg, 0.32 mmole) and butyl
nonyl ether (16.5 mg, 0.08 mmole) in tetrahydrofuran (0.75 ml) was submitted
to g.1.c. analysis (Colum B, 75° (isothermal 3 min) -190° at 6°/min). The
above solution was added over 1 min to a stirred solution of lithium (22 mg,

3.17 mole) in ammonia (10 ml). The reduction was terminated after a
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further 14 min and the crude product ether extract was submitted to g.l.c.

analysis (Colum B, 75° (isothermal 3 min) -190° at 60/min). The g.l.c.

data revealed alcohol (103) (55%), 2,5-dihydrofuran (104) (10%), starting

material (972) (3%) and diol (100) (13%). G.c.m.s. data (Colum C, 160°

(isothermal 5 min) -230° at 50/min) on component (104) revealed m/z 128 (M).
Preparative t.l.c. (ether/light petroleum, 4:1) gave 2,5-dihydrofuran

(104) (5 mg, 8). 'Hn.mr. § (CDClz) 1.10, 1H, s, OH; 1.50, 2H, m,

(H2)2; 2.15, 2H, m, (H3),; 3.60, 2H, t, J 5 Hz , (H1),; 4.50, 4H, bs, (H2'),,

(H5'),; 5.50, 1H, bs, H4'. !'3Cn.m.r. § (CDCl;) 23.7, t, (2; 30.9,

t, C3; 62.7, t, Cl; 76.3, t, C2', C5'; 119.6, d, H4'.

2. A solution of the alcohol (97a) (300 mg, 1.63 mmole) in tetra-
hydrofuran (4.8 ml) was added dropwise over 5 min to a stirred solution of
lithium (115 mg, 16.57 mmole) in ammonia (50 ml). The reduction was
terminated after a furtﬁer 13 min. Preparative t.l.c. (ether/light petroleum,
4:1) of the crude material (210 mg) gave starting material (7 mg, 2%) and

3-( furan-3'-y1)propan-1-ol (103) (113 mg, 55%), b.p. 45°/0.5 mn (block).

(Found: C, 66.1; H, 8.0. C;H;(0, requires C, 66.6; H, 8.0%). (Found:
m/z 126.0632. C7H; (02 requires 126.0681). vmax (film) 3360, 2960, 2890

1500m 1150, 1050, 1020, 870 cn~'. 'Hn.m.r. & (CDCl;) 1,80; 2H, m, (H2):;
2.45, 2H, t, J 7 Hz, (H3),; 3.06, 1H, s, OH; 3.52, 2H, t, J 6 Hz, (Hl);;

6.10, 1H, m, H4'; 7.05, 1H, m, H2'; 7.16, 1H, m, H5'. m/z 126 (M), 82,
81, 44, 40, 34, 32.

The low Rf fraction was 3-(furan-3'-yl)-3-(2"-hydroxyethoxy)propan—-1-ol

(100) (59 mg, 19%), b.p. 800/2x10_3 m (block). (Found: C, 57.7; H, 7.2.
CgH;,0, requires C, 58.0; H, 7.6%). (Found: m/z 186.0893. CgH;,0,
requires 186.0892). v (film) 3400, 2960, 2880, 1500, 1150, 1100, 1050,

1020, 870 cml. !H n.m.r. § (CDCly) 2.02, 2H, m, (H2),; 3.40-3.90, 8H, m,
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(HL)a, (H1")2, (H2"),, 2xOH; 4.50, 1H, dd, J 5, 7 Hz, H3; 6.30, 1H, m, H4';

7.26, 2H, m, H2', H5'. m/z 186 (M), 141, 122, 97, 95, 94, 66, 65, 43, 41.

Reduction of Acetal Alcohol (98a)

1. A solution of the alcohol (98a) (56.5 mg, 0.29 mmole) and butyl

nonyl ether (11.2 mg, 0.06 mmole) in tetrahydrofuran (0.75 ml) was submitted
to g.1l.c. analysis (Colum B, 75° (isothermal 3 min) -190° at 6°/min). The
above solution was added over 1 min to a stirred solution of lithium (24 mg,
3.46 mmole) in ammonia (10 ml). The reduction was terminated after a

further 14 min and the crude product ether extract was submitted to g.l.c.
analysis (Colum B, 75° (isothermal 3 min) -190° at 6°/min). The g.1.c.

data revealed alcohol (94) (48%), 2,5—dihyd:rofur§n (105) (5%), starting
material (28%) and diol (101) (10%). G.c.m.s. data (Colum C, 160° (isothermal
5 min) —230° at 50/min) on component (105) revealed m/z 142 (M).

2. A solution of the alcohol (98a) (200 mg, 1.01 mmole) in tetrahydro-
furan (3 ml) was added dropwise over 5 min to a stirred solution of lithium
(70 mg, 10.09 mmole) in ammonia (30 ml). The reduction was terminated after
a further 13 min. Preparative t.l.c. (ether/light petroleum, 4:1) gave
starting material (68 mg, 34%) and 4—-(furan-3'-yl)butan-1-ol (94) (59 mg, 42%)
identical spectroscopic data to that obtained for the same compound isolated
from the lithium in ammonia reduction of tetrahydrofuran (91).

The low Rf fraction was 4-(furan-3'-yl)-4-(2"-hydroxyethoxy)butan-1-ol

(101) (30 mg, 15%), b.p. 85°/2x10~% mm (block). (Found: C, 58.7; H, 8.2.

C, H,¢0,3H,0 requires C, 58.7; H, 8.1%). (Found: m/z 200.1060. C, H, O,

requires 200.1049). (£ilm) 3400, 2960, 2890, 1500, 1150, 1100, 1055,

Vma.x
1020, 870 cm~. !'H n.m.r. § (CDCl;) 1.40-1.90, 4H, m, (H2),, (H3),; 2.76

2H, bs, 2xOH; 3.30-3.77, 6H, m, (H1),, (H1"),, (H2"),; 4.30, 1H, t, J 7 Hz,
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H4: 6.29, 18, m, H4'; 7.30, 2H, m, H2', H5'. m/z 200 (M), 155, 141,

97 (100), 95, 79, 77, 45, 44, 39, 32.

Competitive Reduction of Acetal Alcoliols (97a) and (98a)

A solution of (97a) (53.7 mg, 0.29 mmole), (98a) 52 mg, 0.26 mmole)
and butyl nonyl ether (13.9 mg, 0.07 mmole) in tetrahydrofuran (1.5 ml) was
submitted to g.1l.c. analysis (Colum B, 75° (isothermal 3 min) -190° at GO/min).
The above solution was addedover 1 min to a stirred solution of lithium
(40 mg, 5.76 mmole) in ammonia (20 ml). The reduction was terminated after
a further 14 min and the crude product ether extract was submitted to g.l.c.
analysis (Colum B, 75° (isothermal 3 min) -190° at 60/min). The g.1.c.
data revealed alcohol (103) (52%), 2,5-dihydrofuran (104) (18%), starting
material (97a) (3%) and diol (100) (12%) for (97a) and alcohol (94) (50%),

‘2, 5-dihydrofuran (105) (2%), starting material (98a) (33%) and diol (101) (12%)

for (98a).

Conpetitive Reduction of (97a) and (99a)

A solution of (97a), (99a) (160 mg total) and butyl nonyl ether in
tetrahydrofuran (2.2 ml) was submitted to g.1l.c. analysis (Colum B, 75°
(isothermal 4 min) -200° at 60/min), The three camponents were observed in
a ratio of 5.34 : 5.89 : 1 respectively. The above solution was added over
1 min to a stirred solution of lithium (80 mg, 11.53 mmole) in ammonia
(30 ml). The reduction was terminated after a further 14 min and the crude
product ether extract was submitted to g.l.c. analysis (Colurhn B, 75° (iso-
thermal 4 min) —200° at 60/min). The g.l.c. data revealed alcohol (103) (38%),
2,5-dihydrofuran (104) (18%), starting material (97a) (2%) and diol (100).
(16%) for (97a) and alcohol (96) (41%), starting material (99a) (43%) and
diol (102) (13%) for (99a).
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Reduction of Benzyloxy Acetal (98b)

A solution of benzyloxy acetal (98b) (84 mg, 0.30 mmole) and butyl
nonyl ether (22 mg, 0.11 mmole) in tetrahydrofuran (0.75 ml) was sub-
mitted to g.1.c. analysis (Colum B, 75° (isothermal 3 min) -190° at 6°/min).
The abowve solution was added over 1 min to a stirred solution of lithium
(20 mg, 2.88 mmole) in ammonia (10 ml). The reduction was terminated after
a further 14 min and the crude product ether extract was submitted to
g.1.c. analysis (Colum B, 75° (isothermal 3 min) -190° at 6°/min). The
g.l.c. data revealed alcohol (94) (41%), bibenzyl,®2? parent alcohol (98a)

(43%) and diol (101) (c. 1%).

Reduction of Benzyloxy Acetal (99b)

A solution of benzyloxy acetal (99b) (220 mg, 0.70 mmole) and
butyl nonyl ether (55 mg, 0.28 mmole) in tetrahydrofuran (1.75 ml) was
submitted to g.1l.c. analysis (Colum B, 75° (isothermal 3 min) -220° at 6/min).
The above solution was added over 1 min to a stirred solution of lithium
(55 mg, 7.93 mmole) in ammonia (20 ml). The reduction was terminated
after a further 14 min and the crude product ether extract was submitted
to g.l.c. analysis (Colum B, 75° (isothermal 3 min) -220° at 6°/min). The
g.l.c. data revealed alcohol (96) (29%), bibenzyl,>> parent alcohol (99a)
(54%) and diol (102) (16%). Preparative t.l.c. (ether/light petroleum, 4:1)
gave alcohols (96) (37 mg, 31%) and (99a) (79 mg, 50%) (identical spectros-
copic data to those obtained for the same compounds described previously).

The low R f fraction was 6-(furan-3'-yl)-6-(2'"-hydroxyethoxy)hexan-1-o0l

(102) (26 mg, 16%). (Found: m/z 228.1357. Ci,H,,0, requires 228.1362).

Vo (film) 3400, 2940, 2860, 1505, 1460, 1160, 1110, 1060, 1020, 910, 870 an’ -

'H n.m.r. § (CDC13) 1.25-1.85, 8H, m, (H2),, (H3)., (H4)., (H5),; 2.00,2H, bs,
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2x0H; 3.30-3.70, 6H, m, (H1),, (H1")., (H2"),; 4.25, 1H, t, J 6 Hz, H6;

6.30, 1H, m, H4'; 7.31, 2H, m, H2', H5'.

Competitive Reduction of Benzyloxy Acetals (97b) and (99b)

A solution of (97b) (40.5 mg, 0.15 mmole), (99b), (37 mg, 0.12 mmole)
and butyl nonyl ether (15 mg, 0.08 mmole) in tetrahydrofuran (0.75 ml) was
submitted to g.l.c. analysis (Colum B, 75° (isothermal 4 min) -220° at 60/min).
The above solution was added over 1 min to a stirred solution of lithium
(23 mg, 3.31 mmole) in ammonia (10 ml). The reduction was terminated after
a further 14 min and the crude product ether extract was submitted to
g.1l.c. analysis (Colum B, 75° (isothermal 4 min) -220° at 6O/min). The
g.l.c. data revealed alcohol (103) (70%), parent alcohol (97a) (4%) and
diol (100) (12%) for (97b) and alcohol (96) (29%), parent alcohol (99a) (49%)

and diol (102) (17%) for (99b). Bibenzyl was also evident by g.l.c.

Reduction of Acetal (62)

A solution of acetal (62) (63 mg, 0.25 mmole) and butyl nonyl
ether (10 mg, 0.05 mmole) in tetrahydrofuran (0.75 ml) was submitted to
g.1.c. analysis (Colum B, 75° (isothemmal 3 min) - 200° at 6°/min). The
above solution was added over 0.5 min to a stirred solution of lithium
(34 mg, 4.90 mmole) in ammonia (15 ml). The reduction was terminated after
a further 14.5 min and the crude product ether extract was submitted to
g.l.c. analysis (Colum B, 75° (isothermal 3 min) - 2000 at 60/min). The
g.l.c. data revealed 3-nonylfuran (59) (10%), starting material (41%) and
alcohol (61) (35%) which were identified by comparison with authentic

sanples. 2!
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Reduction of Benzyloxy Acetal (97b) in the presence of tert-Butyl Alcohol

A solution of benzyloxy acetal (97b) (50 mg, 0.18 mmole), tert-butyl
alcohol (14.5 mg, 0.20 mmole) and butyl nonyl ether (10 mg, 0.05 mmole) in
tetrahydrofuran (0.75 ml) was submitted to g.l.c. analysis (Colum B, 75°
(isothermal 4 min) -220° at 6o/min). The above solution was added over
0.5 min to a stirred solution of lithium (25 mg, 3.60 mmole) in ammonia
(10 ml). The reduction was terminated after a further 14.5 min and the
crude product ether extract was submitted to g.l.c. analysis (Colum B, 75°
(isothermal 4 min) -220° at 6O/min). The g.l.c. data revealed alcohol

(103) (80%), parent alcohol (97a) (2% ) and diol (100) (10%).
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Part 2.3

Reduction of Acetal Alcohol (114)

1. A solution of the acetal alcohol (114) (80.5 mg, 0.29 mmole) and
butyl nonyl ether (19 mg, 0.10 mmole) in tetrahydrofuran (0.75 ml) was
submitted to g.1.c. analysis (Colum B, 75° (isothermal 3 min) -220° at 6°/min).
The above solution was added over 1 min to a stirred solution of lithium
(24 mg, 3.46 mmole) in ammonia (10 ml). The reduction was terminated after
a further 14 min and the crude product ether extract was submitted to
g.l.c. analysis (Colum B, 75° (isothermal 3 min) —220° at 6o/min). The

g.1l.c. data revealed starting material (95%).

2. A similar reduction of acetal alcohol (114) (255 mg. 0.90 mmole) and
butyl nonyl ether (42 mg, 0.21 mmole) in tetrahydrofuran (2.4 ml) with
lithium (75 mg, 10.81 mmole) in ammonia (30 ml) gave, ;by g.l.c., 3-nonylfuran
(59) (10%), starting material (73%) and diol (116a) (8%).

Preparative t.l.c. (ether) gave 3-nonylfuran (59) (21 mg, 12%) and
starting material (114) (165 mg, 65%). The low Rf fraction was
3-{1'~(furan-3"-yl)nonoxy }propane-1,2-diol (116a) (18 mg, 7%), which was

acetylated with acetic anhydride in pyridine. Isolation gave 2-acetoxy-3-

{1'-(furan-3''-yl)nonoxy Jprop-1-yl acetate (116b) (15 mg). (Found: m/z

368.2191. CyoH;20s requires 368.2199). v (film) 2925, 2850, 1740, 1500,
1365, 1220, 1155, 1090, 1045, 1020, 870 an~!, 'H n.m.r. & (CDCl;) 0.95, 3H,
bt, (H9')s; 1.15-1.70, 14H, m, (H2'),~(H8'),; 1.93, 1.95, each 3H, s, OCOMe;
3.28, 2H, d, J 5 Hz, (H3),; 4.10, 3H, m, (Hl),, H2; 4.90, 1§, m, H1'; 6.25
1H, m, H4"; 7.20, 7.22, each 1H, m, H2", H5". m/z 368 (M), 308, 255,

209, 193, 160, 159 (100), 117, 100, 99, 95, 94, 81, 57, 55, 43, 41.
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Reduction of Benzyloxy Acetal (115b)

A solution of the benzyloxy acetal (115b) (120 mg, 0.30 mmole) and
butyl nonyl ether (12.5 mg, 0.06 mmole) in tetrahydrofuran (0.75 ml) was
submitted to g.l.c. analysis (Colum B, 75° (isothermal 3 min) ~220° at 100/min).
The above solution was added over 1 min to a stirred solution of lithium
(25 mg, 3.60 mole) in ammonia (10 ml). The reduction was terminated after
a further 14 min and the crude product ether extract was submitted to
g.1l.c. analysis (Colum B, 75° (isothermal 3 min) -220° at 10°/min). The
g.l.c. data revealed parent alcohol (115a) (90%) and uncharacterised

monocleavage material (10%).
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Work Described in Chapter III

Part 3.0

Reaction of Methylmagnesium Iodide with Aldehyde (33)

Aldehyde (33) (300 mg), on reaction with methylmagnesium iodide as
described!?, ve a crude mixture of inseparable epimeric alcohols. Acetylation
of the mixture with acetic anhydride in pyridine, as previously described,
permitted separation of the epimers)® which on reduction with lithium
aluminium hydride in ether gave the major alcohol (1R,1'R,3' S,5'R)-1-{1'-

(furan-3"-yl)-5'-methyl-2',8'-dioxabicyclo { 3.2.1}00'1;—3'—y1}ethan—1—01 (68a)
(50%). 'H n.m.r. § (CDC1,) 1.16, 3H, 4, J 6 Hz, (H2);; 1.30, 3H, s, 5'-Me;
1.50-2.30, 7H, m, (H4'),, (H6'),, (H7')2, OH; 3.74, 2H, m, H1, H3'; 6.32,
14, m, H4"; 7.20, 1H, m, H5"; 7.32, 1H, m, H2". The other fraction was
the minor alcohol (1S,1'R,3'S,5'R)-1-{1'-(furan-3"-yl)-5'-methyl-2',8'-
dioxabicyclo{3.2.1}oct-3'~yllethan-1-01 (67a) (28%). 'H n.m.r. § (CDCls)
1.14, 38H, d, J 6 Hz, (H2),; 1.30, 3H, s, 5'-Me; 1.60-2.56, 7H, m, (H4')2;
(H6'),, (H7'),, OH; 3.68, 2H, m, H1, H3'; 6.40, 1H, m, H4"; 7.25, 1H, m,

H5''; 7.40, 1H, m, H2".

Preparation of Methoxymethyl Ether (40d)

To a stirred solution of alcohol (40a) (520 mg, 2.36 mmole) in dry
dichloromethane (5 ml) under nitrogen at o° was added ethyldiisopropylamine
(3.1 g, 23.9 mole) and chloromethyl methyl ether (4.4 g, 54.7 mole). The
solution was stirred at 10-15° for 24 h. Dichloromethane (20 ml) was
added and the solution was washed with water (4x15 ml), dried and evaporated

to dryness under reduced pressure to yield (1R,3S,5R)~1-( furan-3'-yl)-3-

methoxymethyloxymethyl)-5-methyl-2,8-dioxabicyclo{3.2.1}octane (40d4) (520 mg,

84%). (Found: m/z 268.1308 C;,H,00s requires 268.1311). (film)

-Vmax
3125, 2910, 2860, 1600, 1500, 1370, 1340, 1145, 1030, 930, 870, 790 cm .
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Y n.m.r. § (CDCl;) 1.42, 3H, s, 5-Me; 1.50-2.40, 6H, m, (H4),, (HB)2, (H7);;
3.20, 3H, s, OMe; 3.54, 2H, m, CH,0; 4.15, 1H, m, OCH; 4.58, 2H, s,
OCH,0; 6.35, 1H, m, H4'; 7.20, 1H, m, H5'; 7.40, 1H, m, H2" m/z 269 (M+l),

268 (M), 193, 165, 147, 113, 95 (100), 45, 43, 41, 39,
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Part 3.1

Preparation of 1-Benzyloxy-3-chloropropane (117b)

1-Benzyloxy-3-chloropropane (117b) was prepared from 3-chloro-
propan-1-ol (28.5 g, 0.3 mole) and sodium hydride (7.5 g, 0.313 mole;
washed free of oil with light petroleum) by the method described.®? Distill-
ation gave pure 1-benzyloxy-3-chloropropane (117b) (50.5 g, 92%), b.p.

58-60°/0.02 mm (1it.1'2 b.p. 95-100°/1 mm).

Preparation of 1-Benzyloxy—4-chlorobutane (118c)

1. To a suspension of sodium hydride (7.5 g, 0.31 mole; washed free

of oil with light petroleum) in dry tetrahydrofuran (100 ml) was added
1,4-butanediol (27 g, 0.30 mole) in dimethylformamide (20 ml). After stirring
for 1 h a solution of benzyl bromide (51 g, 0.30 mole) in dimethylformamide
(20 ml) was added over 1 h. The mixture was stirred at 25° for 18 h. Water
(150 ml) was added and the mixture was extracted with ether (3 times). The
combined ether extracts were washed with water, dried and evaporated under
reduced pressure to give 4-benzyloxybutan-1-ol (118b) (52.5 g, 90%), b.p.

3

100-105°.0.5 mm (lit.''® 95-105°/0.5 mm).

2. 4-Benzyloxybutan-1-ol (118b) (52 g, 0.29 mole) was converted to
1-benzyloxy-4—chlorobutane (118c) using triphenylphosphine (98.5 g) and
carbon tetrachloride (260 ml) according to the general method described. ®°
Isolation gave a pale yellow oil which was chromatographed on alumina
(1light petroleum) and distilled (49.3 g, 86%), b.p. 78-80°/0.5 mm (lit.!*

75°/0.7 mm).

Preparation of 1-Benzyloxy-5-chloropentane (119c¢)

1. 5—Benzyloxypent—1—ene11 4 (30 g 170 mmole) in dry tetrahydrofuran (60 ml)

was added to sodium borohydride (1.58 g, 41.6 mmole) under a nitrogen
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atmosphere. The mixture was stirred at 25° and hydroboration was initiated
by dropwise addition of boron trifluoride etherate (7.3 ml) over 1 h.

Stirring was continued at 25° for a further 1.5 h, followed by the addition
of water (11 ml). The organoborane was oxidized at 30-40° by the slow
addition of sodium hydroxide (10% agueous, 15 ml) followed by hydrogen
peroxide (30% aqueous, 15 ml). Stirring was continued for a further 30 min.
The mixture was saturated with sodium chloride and the organic phase was
washed with brine, dried and evaporated under reduced pressure to yield
5-benzyloxypentan-1-ol (119b) (29.3 g, 97%). H n.m.r. spectrumwas identical

with that reported.!!3

2. 5-Benzyloxypentan-1-ol (119b) (29.3 g, 151 mmole) was converted to
1-benzyloxy-5-chloropentane (119c) using triphenylphosphine (51.5 g) and
carbon tetrachloride (136 ml) according to the general method described. ®°
Chromatography on alumina (light petroleum) gave l-benzyloxy-5-chloropentane
(119¢) (23.2 g, 73%), b.p. 67-69°/0.005 mm (1it.''" 86°/0.1 mm). 'H n.m.r.

§ (CDC13) 1.56, 6H, m, (H2 )2, (H3)2, (H4):; 3.46, 4H, m, (H1)2, (H5)2;

4.47, 2H, s, OCH,Ph; 7.32, SH, s, arom. 13C n.m.r. § (CDC13) 23.9 (t), 29.2 (%),

32.6 (t), 70.3 (t), 73.1 (t), 127.8 (d), 128.5 (d), 138.8 (s) 142.4 (s).

Preparation of 4-Benzyloxy-1-(furan-3'-yl)butan-l-one (121)

1. 4-Benzyloxy-1-( furan-3'-yl)butan-1-one (121) was prepared from
furan-3-carboxylic acid (4.48 g, 40 mmole), methyllithium (40 mmole,

prepared from iodomethane®“), 1-benzyloxy-3-chloropropane (117b) (9.25 g,

50 mmole) and lithium alloy (2% sodium, 0.75 g) by the method of Dimitriadis®®

(3.55 g, 3™%), b.p. 120-125°/0.5 mn (1it.%° 130°/0.4 mm {block}).

2. A similar reaction using n-butyllithium yielded only starting

material.



- 156 -

Reduction of Ketone (121) to 4-Benzyloxy—1-(furan-3'-yl)butan—-1-o0l (124)

Sodium borohydride (180 mg) was added to a stirred solution of
ketone (121) (2.3 g, 9.43 mmole) in methanol (50 ml) at 0° and the reaction
mixture was stirred for 45 min at 0°. The methanol was removed under
reduced pressure and to the residue was added water (5 ml). The mixture
was extracted with ether (4 times), dried and evaporated under reduced
pressure to yield 4-benzyloxy-1-(furan-3'-~yl)butan-1-o0l (124) as a colourless
o0il (2.29 g, 99%). The 'H n.m.r. spectrum was identical with that

previously reported.®®

Reduction of Alcohol (124) to 1-(Furan-3'-yl)butane-1,4-diol (127)

Alcohol (124) (2.13 g, 8.66 mmole) in dry tetrahydrofuran(25 ml)
was added to a stirred solution of liquid ammonia (300 ml, distilled) and
lithium (1 g, 0.2% sodium) at -78°. The blue solution was stirred at -78°
for 30 min at which time isoprene was added to discharge the blue colour.
The ammonia was allowed to evaporate overnight. Water (20 ml) was added
and the mixture was extracted with dichloromethane (5 times), dried and
evaporated under reduced pressure to yield a pale yellow oil. Flash

chromatography (ether/light petroleum, 1:1 to 1:0) gave 1-(furan-3'-yl)-

butane-1,4,diol (127) (1.15 g, 85%). (Found: m/z 156.0784. CgH;,0;

requires 156.0786). Viax (film) 2350, 2925, 2850, 1500, 1155, 1040, 1020,
870 cmit. 'Hn.m.r. § (CDC1l3) 1.75, 4H, m, (H2)., (H3)2; 3.30, 2H, b,
2xCH; 3.58, 2H, m, (H4),; 4.60, 1H, m, H1; 6.30, 1H, m, H4'; 7.26, 2H, m,
', #H5'. m/z 156 (M), 138, 110, 97 (100), 69, 41, 39. This sample was

used subsequently without further purification.
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Cyclization of Diol (127) to Tetrahydrofuran (91)

Diol (127) (1.12g, 7.18 mmole), p-toluenesulfonic acid (80 mg) in
dichloromethane (250 ml) containing 44 sieves, was stirred at 0° under
nitrogen for 2 h. The solution was stirred at 25° for a further 24 h,
washed with sodium bicarbonate (10% aqueous, 50 ml), dried and evaporated

under reduced pressure to yield 3-(tetrahydrofuran-2'-yl)furan (91)

(975 mg, 98%), b.p. 92—960/22 mm (block) (some loss on distillation).
(Found: C, 69.8; H, 7.5. CgH;o02 requires C, 69.6; H, 7.3%). (Found:
m/z 138.0685. CgH; 0> requires 138.0681). Voiax (£ilm) 2975, 2860, 1600,
1500, 1155, 1050, 1020, 875 cm'. 'H n.m.r. 80 Miz, § (CDCl;) 2.00, 4H,

m, (H3"),, (H4'),; 3.95, 2H, m, (H5'),; 4.85, 1H, m, H2'; 6.40, 1H, m, H4;
7.38, 2H, m, H2, H5. '3C n.m.r. § (CDCl;) 26.0 (t); 32.8 (t), 68.1 (t),

73.7 (d), 109.1 (d), 127.5 (s), 139.4 (d), 143.5 (4).

Preparation of 5-Benzyloxy-1-(furan-3'-yl)pentan-1-one (122)

1. The reaction was done using 3-furoic acid (4.48 g, 40 mmole), methyl-
lithium (40 mmole, prepared from MeI®*), 1-benzyloxy—4-chlorobutane (118c)
(9.9 g, 50 mmole) and lithium alloy (2% sodium, 750 mg) according to the
literature method.®® After 1 h at —45° and 8 h at -30° to -20°, isolation
gave a yellow oil. Chromatography on alumina (ether/light petroleum, 1:1 to

1:0) gave non furan containing material (7 g) and 4-benzyloxy-1-(furan-3'-yl)-

pentan-1-one (122) (2.85 g, 27 %), b.p. 88-90°/5x10~% mm (block). (Found:

C, 74.5; H, 7.2. CigH; 403 requires C, 74.4; H, 7.0%). (Found: m/z

258.1263. Ci1gHis03 requires 258.1256). e (film) 3120, 3050, 3020, 2925,
2850, 2750, 1675, 1600, 1560, 1505, 1450, 1150, 1100, 870, 735, 700 cm .

H n.m.r. § (CDCly) 1.72, 4H, m, (H3),, (H4).; 2.75, 2H, m, (H2)2; 3.48,

2H, m, (H5),; 4.48, 2H, s, OCH.Ph; 6.75, 1H, m, H4'; 7.35, 5H, s, arom;
7.39, 1H, m, H5'; 8.00, 1H, m, H2'. m/z 258 (M), 215, 167, 152, 123, 95 (100),

o1.



- 158 -

2. A similar reaction using methyllithium-lithium bromide complex
(comercially available)*yielded ketone (122) (2% by 'H n.m.r.) and starting

material .

3. A similar reaction at -30° to —40° for 2.5 h using 3-furoic acid
(500 mg, 4.46 mmole) methyllithium-lithium bromide complex (4.46 mmole),
1-benzyloxy-4-chlorobutane (118c) (1.1 g, 5.5 mmole) and lithium alloy

(2% sodium, 85 mg) in tetrahydrofuran gave, after preparative t.l.c. (ether/

light petroleum, 1:9) I1-benzyloxy- 5-phenylpentane (132) (250 mg, 22 %).

(Found: m/z 254.1662. CigH,»20 requires 254.1670). Vnax (film) 3100,
3070, 3030, 2940, 2855, 1605, 1500, 1450, 1360, 1100, 1025, 740, 700 cm™!.
H n.m.r. § (CDC1,) 1.50, 6H, m, (H2),, (H3),, (H4),; 2.60, 2H, m, (H5);;
3.40, 2H, m, (H1),; 4.43, 2H, s, OCH,Ph; 7.10, 7.20, each 5H, s, arom.
m/z 254 (M), 163, 146, 145, 117, 92 (100), 91.

The more polar material was 5-phenylpentan-1-ol (133) (175 mg, 23. %).

Identical by !H n.m.r. and t.l.c. to commercially available material.*

Reduction of Ketone (122) to Alcohol (125)

Ketone (122) (2.5 g, 9.69 mole) was reduced with sodium borohydride

(200 mg) in methanol (50 ml). Work—up as before gave 5-benzyloxy-1-(furan-3'-yl)-

pentan-1-ol (125) (2.5 g, 99%). (Found: m/z 260.1414. C;eH2003 requires
260.1412). Vmax (film) 3400, 3075, 3050, 3025, 2925, 2850, 1600, 1500, 1450,
1360, 1155, 1100, 1020, 870, 730, 700 cm'. !H n.m.r. & (CDCl;) 1.60-1.90,
7TH, m, (H2),, (H3)., (H4),, OH; 3.45, 2H, m, (H5),; 4.42, 2H, s, OCH,Ph;
4.60, 1H, m, H1; 6.34, 1H, m, H4'; 7.25, 7H, s, H2', H5', arom. m/z

260 (M), 188, 151, 97 (100), 92, 91. This sample was used subsequently

without further purification.

>k
Aldrich Chemical Company
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Reduction of Alcohol (125) to give Diol (128)

Alcohol (125) (2.45 g, 9.42 mmole) was reduced with distilled liquid
ammonia (400 ml), lithium alloy (0.2% sodium, 1 g) and dry tetrahydrofuran
(50 ml) at —78° for 1 h. Work-up as above and flash chromatography (ether/
light petroleum, 1:1 to 1:0) gave 1-(furan-3'-yl)pentane-1,5-diocl (128)
(1.12 g, 70%). La— (film) 3350, 2940, 2855, 1500, 1160, 1060, 1020, 875 cm '.
'H n.m.r. & (CDCl;) 1.38-1.88, 6H, m, (H2),, (H3),, (H4),; 3.15, 2H, b,
2xOH; 3.63, 2H, m, (H5),; 4.60, 1H, t,J 5 Hz, H1; 6.35, 1H, m, H4'; 7.35,

2H, m, H2', H5'. m/z 170 (M), 151, 97 (100), 95.

Cyclization of Diol (128) to Tetrahydropyran (92)

Diol (128) (1.10 g, 6.47 mmole) in dichloromethane (250 ml) con-
o)
taining p-toluenesulfonic acid (100 mg) and 4A sieves was stirred under
nitrogen for 6 h at 0° and 12 h and 20°. Work—up as previously described

gave 2-(furan-3'-yl)tetrahydropyran (92) (895 mg, 91%), b.p. 130—1330/20 mm

(block) (some loss on distillation). (Found: C, 70.9; H, 8.1. CgH;,0;,
requires C, 71.0; H, 8.0%). Vax (film) 3140, 2930, 2850, 1600, 1505, 1440,
1270, 1205, 1160, 1090, 905, 875, 790, 760 cm '. 'Hn.m.r. 80 MHz, ¢
(CDC13) 1.38-1.85, 6H, m, (H3),, (H4),, (H5),; 3.55, 1H, m, H6; 4.05

1H, m, H6; 4.25, 1H, m, H2; 6.38, 1H, m, H4'; 7.36, 2H, m, H2', H5'. m/z

152 (M), 151 (M-1), 95 (100).

Preparation of 6-Benzyloxy-1-( furan-3'-yl)hexan-1-one (123)

The reaction was done using 3-furoic acid (4.48 g, 40 mmole), methyl-
lithium (40 mmole, prepared from MeI®"*), l-benzyloxy-5-chloropentane (119c)
(10.5 g, 49.5 mmole) and lithium alloy (2% sodium, 750 mg) according to the
literature method.®® After 3.5 h at -30° to —40° and 12 h at 200, work-up
gave a yellow oil. Chromatography on alumina (ether/light petroleum, 2:3 to

1:0) gave l-benzyloxypentane (6 g). L (film) 3075, 3030, 3010, 2940,
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2915, 2840, 1495, 1450, 1360, 1200, 1100, 1025, 910, 830, 795 cm!. !H n.m.r.
6 (CDCl;) 1.88, 3H, bt, (H5);; 1.10-1.80, 6H, m, (H2),, (H3),, (H4),; 3.40

2H, bt, (H1),; 4.30, 2H, s, OCH,Ph; 7.20, 5H, s, arom. The low Rf
material was 6-benzyloxy-1-(furan-3'-yl) hexan-l-one (123) (2.85 g, 26. %),

b.p. 130—1330/6x10‘3 m (block). (Found: C, 75.0; H, 7.3. C;7H00;3
requires C, 75.0; H, 7.4%). (Found: m/z 272.1405. C; sH»00s requires
272.1412). Ve (film) 3110, 3050, 3010, 2920, 2840, 1675, 1560, 1510, 1450,
1150, 1100, 870, 735, 695 cm™!. 'H n.m.r. & (CDClz) 1.50-1.85, 6H, m,
(H3)2, ()2, (H3)p; 2.72, 2H, bt, (H2),; 3.48, 2H, bt, (HE),; 4.48, 2H,
s, OCH,Ph; 6.70, 1H, m, H4'; 7.26, 5H, s, arom; 7.36, 1H, m, H5'; 7.95,

H, m, H2'. m/z 272 (M), 222, 186, 95 (100), 91, 65, 39.

Reduction of Ketone (123) to Alcohol (126)

Ketone (123) (2.5 g, 9.19 mmole) was reduced with sodium borohydride

(250 mg) in methanol (50 ml). Work-up gave 6-benzyloxy—1—( furan-3'-yl)hexan~-1-ol

(126) which was not purified further (2.5 g, 99%). (Found: m/z 274.1565.

C, H,,0, requires 274.1569). (film) 3400, 3090, 3060, 3030, 2940,

\)max
2850, 1600, 1505, 1495, 1450, 1365, 1160, 1100, 1025, 875, 795, 740, 700 cm .
'H n.m.r. § (CDC1;) 1.18-1.85, 9H, m, (H2),, (H3),, (H4),, (H5),, OH; 3.40,
2H, bt, (HE),; 4.42, 2H, s, OCH,Ph; 4.50, 1H, m, H1; 6.26, 1H, m, H4'; 7.20,

TH, s, H2', H5', arom. m/z 274 (M), 183, 165, 97 (100), 92, o1, 41.

Reduction of Alcohol (126) to Diol (129)

Alcohol (126) (2.48 g, 9.05 mmole) was reduced with distilled liquid
ammonia (400 ml) and lithium alloy (0.2% sodium, 1.5 g) at -78° for 1 h.

Isolation and preparative t.l.c. (ether) gave 1-(furan-3'-yl)-hexane-1,6-diol

(129) (1.35 g, 81%). (Found: m/z 184.1098. C;oH;s0; requires 184.1099).

Vppy (Film) 3350, 2940, 2850, 1505, 1160, 1055, 1025, 910, 875 cm™'. 'H n.m.r.
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§ (CDCl,;) 1.35-1.85, 8H, m, (H2),, (H3),, (H4),, (H5),; 2.65, 2H, b,
oxOH; 3.59, 2H, bt, (H6),; 4.62, 1H, t, J 6 Hz, H1; 6.37, 1H, m, H4',

7.33, 2H, m, H2', H5'. m/z 184 (M), 167, 97 (100), 95, 81, 41.

Cyclization of Diol (129) to Oxepane (93)

Diol (129) (1.2 g, 6.52 mmole) in dichloromethane (250 ml) con-
taining p-toluenesulfonic acid (100 mg) and 413; sieves was stirred under
nitrogen for 5 h at 0° and at 15° for 36 h. Work-up as previously described
followed by preparative t.l.c. (ether/light petroleum, 1:9) gave

2—(furan-3'-yl)oxepane (93) (685 mg, 63%), b.p. 1350/18 mn (block). (Found:

m/z 166.0995. C;H;40; requires 166.0994). (Found: C, 72.3; H, 8.5.

C; oH; 40, requires C, 72.3; H, 8.5%). Viax (film) 3140, 2945, 2850, 1600,
1505, 1165, 1120, 1040, 1025, 880 cm™'. 'H n.m.r. 80 MHz, § (CDC1lj;) 1.40-1.85,
8H, m, (H3),, (H4),, (H5)., (H6),; 3.62, 2H, m, (H7),; 4.50, 1H, m, H2;

6.35, 1H, m, H4'; 7.34, 2H, m, H2', HS'. m/z 166 (M), 97, 96, 95 (100).

Preparation of 3,3-Ethylenedioxy-3-( furan-3'-yl)propan-1-ol (97a)

1. The B-keto ester (134) was prepared from monoethyl malonatel!® and
3-furoyl chloride by the general method.®® 1Its 'H n.m.r. spectrum was

identical with that reported.®®

2. Under a nitrogen atmosphere, a mixture of B-keto ester (134)

(3 g, 16.48 mmole), ethylene glycol (8.91 g, 8.1 ml, 142.8 mmole) and
p—toluenesulfonic acid (120 mg) in 1,2-dichloroethane (60 ml) was heated

under reflux for 15 h in a system equipped with a modified Dean and Stark
apparatus in which the solvent passed through a short colum of 4‘& sieves
before returning to the reaction flask. After cooling to 200, triethyl-

amine (0.75 ml) was added, the mixture poured into ammonia (10% agueous, 50 ml),

the layers separated, and the agueous phase extracted with dichloromethane
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(3 times). The combined organic phases were dried and evaporated under
reduced pressure to yield a mixture of ethyl 3, 3—ethylenedioxy-3-( furan-3'-yl)-
propanoate (135) and starting material (3.38 g, 19:1 by 'H n.m.r.). Because

this mixture was difficult to purify it was reduced directly.

Bk The crude acetal ester (135) (3.38 g) was reduced with lithium
aluninium hydride (600 mg) at 25° for 2 h. Work-up gave a yellow oil which

on flash chromatography (ether/light petroleum, 1:1) gave 3, 3—ethylenedioxy-

3-(furan-3'-yl)propan-1-ol (97a) (2.16 g, 71 %), b.p. 50-52°/102 mm

(block) (Found: C, 58.8; H, 6.7. CoHi120u4 requires C, 58.7; H, 6.6%).
(Found: m/z 184.0727. CoeHi20: requires 184.0736). vmax (film) 3440,
3160, 2980, 2920, 1590, 1500, 1050, 1030, 945, 870 am™'. 'H n.m.r. § (CDCls)
2.10, 2H, t, J 5.5 Hz, (H2)2; 2.30, 14, s, OH; 3.62, 2H, t, J 5.5 Hz,
(H1)2; 3.95, 4H, m, 0-CH»-; 6.31, 1H, m, H4'; 7.36, 2H, m, H2', H5'.

m/z 184 (M), 166, 154, 139 (100), 95.

Preparation of 4,4-Fthylenedioxy-4-(furan-3'-yl)butan-1-ol (98a)

1. The acetal (98b) was prepared from ketone (121) (3.5 g, 14.3 mmole),
ethylene glycol (8.8 g, 8 ml, 141 mmole) and p-toluenesulfonic acid (120 mg)
in 1,2-dichloroethane (60 ml) by the method previously described. Work-up
after 15 h reflux gave a brown mobile oil. The residue was purified by

flash chromatography (ether/light petroleum, 1:4) to afford 2-(3'-benzyloxy—

propyl)-2-(furan-3"-y1)-1,3-dioxolane (98b) (3.78 g, 92%), b.p. 77-80°/5x10~% m

(block). (Found: C, 71.1; H, 7.2. CjH;,0, requires C, 70.8; H, 7.0%).
Vo (film) 3150, 3090, 3060, 3040, 2960, 2900, 1595, 1500, 1450, 1150,
1100, 1140, 1020, 870, 795, 725, 680 cm '. 'H n.m.r. & (CDC1l;) 1.50-2.00,
4H, m, (HI')2, (H2')2; 8.40, 2H, t, J 6 Hz, (H3'),; 3.85, 4H, m, O0-CHz—;
4.47, 2H, s, OCH:Ph; 6.38, 1H, m, H4"; 7.35, 5H, s, arom; 7.40, 2H, m,

H2", H5". m/z 288 (M), 158, 139 (100), 95, O1.
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2. Acetal (98b) (3.2 g, 11.1 mmole) in dry tetrahydrofuran (40 ml)

was added to a stirred solution of lithium alloy (0.02% sodium, 850 mg) in
distilled ammonia (400 ml) at -78°. Work-up as previously described (isoprene
and ammonium chloride) and flash chromatography (dichloromethane/methanol,

99:1) gave 4,4-ethylenedioxy-4-( furan-3'-yl)butan-1-ol (98a) (1.88 g, 85%),

b.p. 60°/2x10~*mm (block). (Found: C, 60.7; H, 7.1. CioH;4Os requires

C, 60.6; H, 7.1%). (Found: m/z 198.0886. C;oH;,0, requires 198.0892).
Vg (film) 3400, 2060, 2910, 1500, 1185, 1150, 1040, 875 cm '. 'H n.m.r,
§ (CDCly) 1.37-2.01, 4H, m, (H2),, (H3),; 2.20, 1H, s, OH; 3.51, 2H, t,
J 5.5 Hz, (H1),; 3.84, 4H, m, 0-CH,—; 6.21, 1H, m, H4'; 7.22, 2H, m, H2',

H5'. m/z 198 (M), 181, 167, 154, 137, 95 (100).

The high Rf fraction was 4-(furan-3'-yl)butan-1-o1 (94) (150 mg, 10%),

identical 'H n.m.r. spectrum with that reported in Chapter 2. Part 2.2.

Preparation of 6,6-Ethylenedioxy—6-(furan-3'-yl)hexan-1-ol (99a)

1. The acetal (99b) was prepared from ketone (123) (1.0 g, 3.68 mmole),
ethylene glycol (4 ml) and p-toluenesulfonic acid (100 mg) in 1,2-dichloro-
ethane (50 ml) by the method previously described. Flash chromatography
(ether/light petroleum, 1:4) gave 2-(5'-benzyloxypentyl)-2-(furan-3'"-yl)-
1,3-dioxolane (99b) (1.03 g, 8%%), b.p. 1250/5);10‘3 m (block). (Found:
C, 72.5; H, 7.4. CisH»404 requires C, 72.2; H, 7.7%). (Found: m/z
316.1669. Ci9H2404 requires 316.1675). Wem (film) 3150, 3075, 3050, 2960,
2875, 1595, 1510, 1455, 1370, 1190, 1160, 1100, 1050, 1030, 875, 800, 735,
700 ! . 'Hn.m.r. § (CCl,) 1.23-2.00, 8H, m, (H1'),, (H2'),, (H3'),,
(H4'),; 3.30, 2H, t, J 5 Hz, (H5'),; 3.75, 4H, m, O-CH,-; 4.35, 2H, s,
OCH;Ph; 6.15, 1H, m, H4'; 7.15, 5H, s, arom; 7.20, 2H, m, H2", H5". m/z

316 (M), 139 (100), 95, 91, 63, 38.
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2. Acetal (99b) (200 mg, 0.64 mole) in tetrahydrofuran (3 ml) was
reduced with lithiun (0.02% sodium, 60 mg) in ammonia (30 ml) at -78° for
0.5 h as previously described. Preparative t.l.c. (ether/light petroleum,

8:1) gave 6,6-ethylenedioxy—-6-( furan-3'-yl)hexan-1-01 (99a) (110 mg, 76%),

b.p. 65-68°/1x10~° mm (block). (Found: C, 63.7; H 8.0. Ci2H1s0s requires
C, 63.7; H, 7.7%). V__ (film) 3400, 3150, 2950, 2900, 1595, 1505, 1190,
1160, 1070, 1050, 1020, 945 870, 800, 730 an ‘- 'Hn.m.r. § (CDCls)
1.20-2.00, 8H, m, (H2),, (H3),, (H4),, (H5),; 2.20, 1H, s, OH; 3.60, 2H,
t, J 5 Hz, (H1),; 3.85, 4H, m, 0-CH,-; 6.23, 1H, m, H4'; 7.28, 2H, m,

H2', H5'. m/z 226 (M), 139 (100), 110, 95.

Preparation of 2-(2'-Benzyloxyethyl }=2-( furan-3"—yl)-1,3-dioxolare (97b)

The alcohol (97a) in dimethylformamide (0.5 ml) and tetrahydrofuran
(1 ml) was added to a suspension of NaH (50 mg, washed free of oil with
light petroleum) over 45 min. Benzyl bromide (204 mg, 1.19 mmole) was
added and the solution was stirred for 18 h at 15°. Water (5 ml) was
added and the mixture was extracted with ether (4x10:ml). The organic phase
was dried, evaporated under reduced pressure and chromatographed by preparative

t.1l.c. to yield 2-(2'-benzyloxyethyl )-2-( furan-3'-y1)-1,3-dioxolane (97b).

(209 mg, 64%), b.p. 65—700/5x10‘3 (block). (Found: m/z 274.1211. CjeHi g0y
requires 274.1205). v___ (film) 3130, 3050, 3025, 2950, 2875, 1590, 1500,
1450, 1365, 1180, 1155, 1100, 1045, 870, 800, 735, 695 cm~'. 'H n.m.r. §
(CCl,) 2.16, 2H, t, J 7 Hz, (H1'),; 3.45, 2H, t, J 7 Hz, (H2'),; 3.80,
4H, m, 0-CH,-; 4.32, 2H, s, OCH,Ph; 3.16, 1H, m, H4"; 7.10, 5H, s, arom;

7.16, 2H, m, H2", H5". m/z 274 (M), 158, 139 (100), 95, 9i.

Preparation of 2-(Furan-3'-yl)-2-octyl-1,3-dioxolan—4-ylmethanol (114)

The reaction was done using ketone?? (136) (1.99 g, 9.57 mmole),

glycerol (7 ml, 95.8 mmole) and p-toluenesulfonic acid (80 mg) in 1,2-dichloro-
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ethane (40 ml) according to the method previously described. After 15 h,
isolation gave an oil which was chromatographed on alumina (ether/light
petroleum, 0:1 to 1:1). The high Rf product was ketone (136) (100 mg, 5%).

The low Rf material was 2-(furan-3'-yl)-2-octyl-1, 3-dioxolan—4-

ylmethanol (114) (1.95 g, 72%), b.p. 95-100°/0.02 mm (block). (Found: C,
68.1; H, 9.5. CieHz60s requives C, 68.1; H, 9.3%). v ___ (film) 3450,

2960, 2880, 1595, 1500, 1460, 1180, 1150, 1045, 875 an~! . !'Hn.m.r. §
(CDC1;) 0.80-1.82, 18H, m; 3.40-4.20, 5H, m, (H5),, H4, CH,OH; 6.18, 1H,

m, H4'; 7.38, 2H, m, H2', H5'. m/z 283 (M+l), 251, 169 (100), 95.

Preparation of 4-(3'-Benzyloxypropyl)-2-(furan-3'"-yl)-2-octyl-1,3-dioxolane (115b)

1. 5-Benzyloxypentane-1,2-diol (137) was prepared from S5-benzyloxypent-1-
enell5117hy the method of Price'!” (50%), b.p. 129-130°/0.02 mn (1it.!?

1730/0.25 m). Its 'H n.m.r. spectrum was identical with that reported.“ 4

2. The reaction of ketone (136)2%% (1 g, 4.81 mmole), 5-benzyloxypentane-
1,2-diol (137) (1.20 g, 5.71 mmole) and p-toluenesulfonic acid (40 mg) in
1,2-dichloroethane (30 ml) for 26 h according to the method previously
described gave a mixture of ketone (136) and the required dioxolane (115b).
To facilitate purification, the crude mixture (1 g) was reduced with an
excess of lithium aluminium hydride in ether (10 ml) at o°. Work-up and

flash chromatography (ether/light petroleum, 1:4) gave 4-(3'-benzyloxypropyl)-

2—( furan-3""-yl)-2-octyl-1, 3-dioxolane (115b) (480 mg, 25%), b.p.

142—1480/5X10_3 (block). (Found: C, 75.0; H, 9.1. CysH340, requires C,
75.0; H, 9.1%). (Found: m/z 400.2623. C,sH3¢0, requires 400.2614).

Ymax (£ilm) 3010, 2000, 2830, 1585, 1495, 1460, 1450, 1090, 1050, 1020,

870 cm™'. 'H n.m.r. 80 MHz, (CDCl;) 0.85-1.64, 21H, m, octyl, (HL'),, (H2'),:

3.47, 34, m, H4, (H5),; 3.99, 2H, m, (H3'),; 4.48, 2H, s, OCH,Ph; 6.30, 1H, m,
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H4'; 7.30, 2H, m, H2', HS'. m/z 400 (M), 287, 208, 185, 110 (100), 95, O1.

The low Rf fraction was 1-(furan-3'-yl)nonan-1-ol (60a) (495 mg, 49%),

identical 'H n.m.r. spectrum with that reported.?2



- 167 -

Part 3.2

Synthesis of Ester (138)

The aldehyde (33) (800 mg, 3.6 mmole) was oxidized?® by adding a
solution of sodium hydroxide (600 mg) in methanol/water (2:3, 50 ml)
dropwise over 45 min to a rapidly stirred solution of the aldehyde (33)
and silver nitrate (650 mg) in methanol/water (3:1, 40 ml). The black
suspension was stirred for a further 2 h at 200, filtered through
celite and the methanol removed under reduced pressure. The alkaline
solution was extracted with dichloromethane, acidified at 0° with dilute
hydrochloric acid (10% agueous) to pH 3—4 and extracted with ether
(5 times). The crude ether extract was treated with an excess of
diazomethane, dried and evaporated under reduced pressure. Flash
chrornatograph& (ether/light petroleum,1:1) gave (3S,5R)-5-{3'-(furan-

3''—y1)-3" —oxopropyl }-3-hydroxy-5-methyldihydrofuran-2(3H)-one (30a)

(130 mg, 15.2%), m.p. 101-102° (1it.! 7’18 101-102.5°) and methyl (1R, 33,5R)-
1-( furan-3'-yl)-5-methyl-2,8-dioxabicyclo{3.2.1}octane-3-carboxylate

(138) (380 mg, 42%), m.p. 87-88° from light petroleum. (Found: C, 62.3;
H, 6.5. Cy #1605 requires C, 61.9; H, 6.4%). v . (Nujol) 3160, 3130,
1735, 1620, 1600, 1510, 1030, 810 cm'. 'H n.m.r. § (CDC1l;) 1.40, 3H,

s, b-Me; 1.70-2.50, 6H, m, (H4),,(H6),,(H7)>; 3.70, 3H, s, O:Me; 4.55,
1H, dad, J 6, 9 Hz, H3; 6.42, 1H, m, H4'; 7.26, 1H, m, H5'; 7.45, 1H,

m, H2'. m/z 252 (M), 220 (M-(H;30), 193, 157, 125, 95 (100), 81.

Reaction of Methylmagnesium Iodide with Ester (138)

Methyl ester (138) (280 mg, 1.11 mmole) in dry ether (5 ml) was
added dropwise to a stirred solution of methylmagnesium iodide (prepared

from 8.03 mmole iodomethane and 8.22 mmole magnesium) in dry ether (10 ml)
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at 0° under nitrogen. The mixture was stirred at 0° for 15 min and for

a further 2 h at 250. Ammonium chloride (saturated, 10 ml) was added

and the mixture was extracted with ether (5 times) dried and evaporated
under reduced pressure to yield a pale yellow oil (260 mg). Preparative
chromatography (ether/light petroleum, 4:1) gave two main fractions.
Fraction one (180 mg) was acetylated with acetic anhydride (1 ml) in
pyridine (2 ml) at 20° for 18 h. Dichloromethane (10 ml) was added

and the solution was washed with dilute hydrochloric acid (10% aqueous,

3 times), dilute sodium hydroxide (10% agueous) and water. The solution
was dried, evaporated under reduced pressure and the residue chromatographed

by preparative t.l.c. (ether/light petroleum 1:1) to yield methyl (28,2'R,5'R)-

and (28 ,2‘5,5'§)—2-acetoxy-—3—{5'—( furan-3'"-yl)-2' ,5‘—din1ethy1tetrahp10furan—

2'_y1}propanoates (140b) and (139%b) (39 mg, 11. %). (Found: m/z

205.1182 (M-Me). CisHiq0s requires m/z 205.,1187) . \)max(film) 2975,
1740, 1500, 1380, 875 cm '. H n.m.r. § (CDCl;) 1.23, 3H, bs, 2'-Me;
1.41, 3, s, 5'-Me; 1.60-2.00, 6H, m, (H3')z, (H&')z, (H3)2; 2.01, m,
3H, bs, 0C0Me; 3.61, 3H, s, M,Me; 5.00, 1H, m, H2; 6.10, 1H, m, Ha';
7.13, 2H, m, H2", HS". m/z 295 (M-Me), 279, 253, 235, 203, 165, 95, 43

(100). The lower R__f component of fraction one was (1'3,3'§,5'_R)—2—{1'—

( furan-3"-y1)-5'-methyl-2'38' ~dioxabicyclo{3.2.1}oct-3"-yl}propan-2-ol

(70) (115 mg, 41 %), m.p. 79.5-80.5°, sublimed 70°/1x107?mm. (Found: C,
66.40; H, 7.78. CiuHzo0y requires C, 66.65; H, 7.99%). (Found: m/z

952.1362. CiuHz o0, requires m/z 252.1382). v . (film) 3440, 2975, 2925,
2875, 1600, 1500, 935, 875, 790 cm™'. 'H n.m.r. § (CDCls) 1.06, 1.13,
cach 3H, s, (HL)s, (H3);;  1.36, 3H, s, 5'-Me; 1.60-2.40, 6H, m,

(HA'),, (H6'),, (H7'),; 3.63, 1H, dd, J 4, 7 Hz, H3'; 4.40, 1H, b, OH;
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6.26, 1H, m, H4"; 7.25, 1H, m, H5"; 7.30, 1H, m, H2". m/z 252 (M),
237, 194, 193, 147, 95 (100), 59, 43.

Fraction two (78 mg) was acetylated with acetic anhydride (0.5 ml)
in pyridine (1 ml) at 20° for 18 h. Workup as above gave an inseparable
mixture of (2S,2'R,5'R)- and (2S,2'R,5'S)-1~{5'-(furan-3''-y1)-2',5'-
dimethyltetrahydrofuran-2'-y1}-3-hydroxy-3-methylbut-2-yl acetates (142b)
and (141b) respectively. Reduction of the diastereomeric mixture of
(142b) and (141b) with lithium aluminium hydride in dry ether and
preparative t.l.c. (dichloromethane/ether, 7:3, run twice) yielded a

high Rf fractionof (28,2'R,5'R)-1-{5'-(furan-3"-y1)-2',5'-dimethyltetra~-

hydrofuran-2"~y1}-3-methylbutane-2,3-diol (142a) (27 mg, 9 %) as a

colourless oil. (Found: m/z 253.1450 (M-Me). C;4H,;0, requires
253.1440). Vmax (film) 3440, 3000, 2960, 2900, 1500, 1370, 870, cm b,
'H n.m.r. 80 MHz, § (CDC13) 1.18, 3H, s, 2'-Me; 1.22, 6H, s. 3-Me,
(H4)s; 1.52, 3H, s, 5'-Me; 1.69-2.40, 7H, m, (H3'),, (H4'),, (H1),,
OH; 3.70, 1H, dd, J 4.4, 7.5 Hz, H2; 4.16, 1H, b, OH; 6.35, 1H, m,
H"; 7.34, 2H, m, H2", H5". '3C n.m.r.§ (CDCl;) 24.2 (q), 26.0 (q),
29.4 (q), 30.0 (q), 35.5 (t), 38.9 (t) 41.4 (t), 72.5 (s), 75.3 (d),
81.0 (s), 8.1 (s), 109.1 (d), 134.1 (s), 137.9 (d), 143.3 (d). m/z
253 (M-Me), 235, 165 (100), 147, 108, 95, 43. The low Ry isomer

(28,2'R,5'S)-1-{5'-( furan-3'"-y1)-2',5'-dimethyl tetrahydrofuran-2'-yl}-3-

methylbutane-2,3~-diol (141a) (38 mg, 12 %) was isolated as an oil.

(Found:_ m/z 268.1685. C;sH,40, requires 268.1674 ). Vimx (film) 3450,
3000, 2960, 2900, 1505, 1380, 1020, 875 cm '. 'H n.m.r. 80 MHz, & (CDCls)
1.12, 1.14, each 3H, s, 3-Me, (H4);; 1.37, 3H, s, 2'-Me; 1.57, 3H,
o'-Me; 1.30-2.30, 8H, m, (H3')2, (H4')2, (H1),, 2xOH; 3.54, 1H, t,

J 5.6 Hz, H2; 6.38, 1H, m. H4"; 7.36, 2H, m, H2", H5", ! *C n.m.r. &
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(CDC15) 23.8 (q), 26.0 (q), 29.4 (q), 30.6 (q), 36.8 (t), 38.6 (t),
42.5 (t), 72.8 (), 75.2 (d), 80.7 (s), 84.4 (s), 108.8 (d), 133.1 (s),
137.9 (d), 143.7 (d). m/z 268 (m), 253, 235, 191, 165, 147, 108 (100),

95, 43.

Reaction of Diastereomers (139b) and (140b) with Methylmagnesium Iodide

A mixture of diastereomers (139b) and (140b) (30 mg, 0.10 mmole) in
dry ether (2 ml) was treated with an excess of methylmagnesium iodide
(prepared from 1 mmole iodomethane and 1 mmole magnesium). The mixture
was stirred at 0° for 30 min and for a further 3 h at 25°, Workup as
before and preparative t.l.c. (dichloromethane/ether, 7:3) yielded
diols (141a) (8 mg) and (142h) (5 mg) identical with previously isolated
samples (t.l.c., m.s. and 'H n.m.r.) The highest R, fraction was a
mixture of methyl (2S,2'R,5'R)-3-{5'~(furan-3"-y1)-2',5"'-dimethyltetrahydro-
furan-2'-yl}-2-hydroxypropanoate (140a). {'H n.m.r. 300 MHz, & (CeD¢)
1.50, 3H, s, 2'-Me; 1.65, 3H, s, 5'-Me; 3.60, 3H, s, COMe; 4.55, 1H, m,
H2; 6.42, 1H, m, H4"} and methyl (28,2'R,5'S)-3-{5'-(furan-3"-yl)-2',5'-
dimethyltetrahydrofuran-2'-yl}-2-hydroxypropanoate (13%9a) {'H n.m.r. 300
MHz, § (C¢De¢) 1.61, 3H, s, 2'-Me; 1.68, 3H, s, 5'-Me; 3.50, 3H, s,
0,Me; 4.70, 1H, m, Hz; 6.45, 1H, m, H4"} in a ratio of 2:5 (combined

yield 15 mg, 60%).

Reaction of Tertiary Alcohol (70) with Methylmagnesium Iodide

Tertiary alcohol (70) (15 mg, 0.06 mmole) was treated with an

excess of methylmagnesium iodide for 15 min at 0° and then for 2.5 h at

o]

257, Workup revealed no cleavage products by 'H n.m.r.
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Oxidation'*?® of Diols (141a) and (142a)

Diol (141a) (40 mg, 0.15 mmole) in dichloromethane (2 ml) was
added to a mixture of dimethyl sulphoxide (170 ul) andoxalyl chloride
(100 11) in dichloromethane at -78° with stirring. = After 30 min
triethylamine (550u1) was added and the mixture was allowed to warm
to 25°. Water (5 ml) was added, the organic layer was separated and
the aqueous layer was extracted with dichloromethane (3 x 10 ml). The
combined extracts were dried and evaporated under reduced pressure.
Preparative t.1.c. (dichloromethane/ether, 9:1) gave starting material

(8 mg, 20%) and the higher R‘F’ major product (2'R,5'S)-1-{5'-(furan-3"-yl)-

2' ,5'—dimethyltetrahydrofuran-2'-yl}-3-hydroxy-3-methylbutan—-2-one (143)

(22 mg, 55%). (Found: m/z 251.1282 (M-Me). C;sH2,04 requires

251.1283). v, (film) 3400, 2950, 2900, 2850, 1700, 1495, 1360, 1155,

1050, 870 cm~!. ‘H n.m.r. 80MHz, § (CDCls) 1.27, 1,29, each 3H, s,
3-Me, (H4),; 1.35, 3H, s, 2'-Me; 1.54, 3H, s, 5'-Me; 2.10-2.18, 4H, m,
(H3'),, (H4'),; 2.67, 3.04, 2H, ABq, J 15.6 Hz; (H1),; 4.00, 1H, b. OH; 6.33,1H,
m, H4"; 7.34, 2H, m, H2", B5". !3C n.m.r. § (CDCls) 25.5 (q), 26.7 (),
27.6 (q), 30.5 (q), 38.0 (t), 38.6 (t), 48.3 (t), 76.9 (s), 80.9 (s),
82.8 (s), 109.0 (d), 138.0 (d), 143.6 (d). m/z 251 (M-Me), 208, 180,
165, 147, 122, 111, 108, 95 (100), 59.
Similarly, oxidation of diol (142a) (40 mg, 0.15 mmole) gave

starting material (8 mg, 20%) and higher Rf major product (2'R,5'R)-1-

{5'—furan-3''-y1)-2',5'-dimethyltetrahydrofuran-2'-yl}-3-hydroxy-3-

methylbutan-2-one (144) (27 mg, 68%). (Found: m/z 251.1284 (M-Me).

Cis5H2,0, requires 251.1283). Vnax ( film 3400, 2950, 2910, 2850, 1700

1500, 1365, 1155, 1055, 1015, 870 cm ™ . 'Hn.m.r. 80 MHz, § (CDCls) 1.28
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3, s, 2'-Me; 1.35, 6H, s, 3-Me, (H4);; 1.48, 3H, s, 5'-Me; 1.82-2.30,
4H, m, (H3'),, (H4'),; 2.82, 3.04, 2H, ABq, J 14.2 Hz, (H1),; 4.45, 1H, b, OH;
6.31, 1H, m, H4"; 7.32, 2H, m, H2", H5". !3C n.m.r. & (CDCl,) 26.5 (q),

26.7 (q), 27.3 (), 29.8 (q), 37.5 (t), 38.6 (t), 48.5 (t) 77.0 (s),

81.9 (s), 83.3 (s), 109.0 (d), 137.9 (d), 143.5 (d). m/z 251 (M-Me), 233,

208, 180, 165, 147, 122, 111, 108, 95 (100).
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Isolation of the Terpenes from Eremophila rotundifolia

The finely ground wood of E. rotundifolia (16 kg) was extracted
with dichloromethane (3 x 30 1). Removal of the solvent under reduced
pressure gave a crude dark red oil (1.4 kg). A sample of the crude
extract (230 g) was chromatographed on silica (2 kg) (ether/light petroleum
mixtures) to give a number of crude fractions. Re-chromatography of the
thus obtained fractions on silica (ether/light petroleum mixtures) gave
5, 8-dihydroxyserrulat-14-en-18-al (158) (350 mg, 0.15%), which proved
difficult to purify. 'H n.m.r. § (CDClz) 5.00, 1H, m, H14; 6.35, 1H, bs,
H7; 9.28, 1H, d, J 2.5 Hz, H18. The characterisation of (158) is reported later.

The known sesquiterpene freelingyne (2)° was also isolated (450 mg,
0.2%). Its 'H n.m.r. was identical with that reported.?

The major constituent isolated was (13S,18R)-5,18:13,18-diepoxy-

serrulat-14-en-8-o01 (150a) (1.65 g, 0.72%), as colourless crystals from

chloroform/1light petroleum, m.p. 176-178°, sublimed 160°/1x10~3mm. (Found:
C, 76.5; H, 8.4; m/z 314.1888. C,oH,s0srequires C, 76.4; H, 8.3%;
w/z 314.1882). {a}iy, 24.2 (1% in CHCL,). v__ (Nujol) 3560, 3440, 1620,
1175, 1100, 1050, 1000, 970, 940, 860, 855 am™'. A . (EtOH) 204 (53600),
289 (3500) nm. 'H n.m.r. 300 Miz (Figure 4.1, Table 4.2) § (CDC1l;) 1.23,
3H,d, J 7, Hz, (H20),; 1.55, 2H,m, H28, H3a; 1.74, 6H, s, (H16);, (H17)s;
1.80, 1H, obscured, H2a ; 1.87, 1H, dt, J 13, 10 Hz, H120; 2.02, 1H, ddd,
J 1.2, 5, 13, Hz, H128; 2.18, 3H,s,(H19),; 2.20, 1H, obscured, H3g; 2.30,
1H, ddt, J 1.2, 5.6, 10 Hz, H11; 2.56, 1H, ddd, J 3, 7, 10 Hz, H4; 3.02,
1H, tq, J 6, 7 Hz, Hl; 4.50, 1H, s, OH; 5.15, 1H, ddd, J 5,9,10 Hz, H13;
5.20, 1H, dqq, J 9, 1.2, 1.2 Hz, H14; 5.30, 1H, d, J 5.6 Hz, H18; 6.44,

1H, s, H7. !®C n.m.r. (Table 4.1) § (CDC1l;) 15.2 (q), 18.5 (q), 19.6 (a),
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23.3 (t), 25.8 (q), 27.3 (d), 28.2 (t), 32.9 (d), 38.0 (t), 48.8 (d),
75.7 (d), 105.1 (d), 115.0 (d), 124.1 (d), 125.4 (s), 126.2 (s), 129.1 (s),
137.9 (s), 144.3 (s), 148.7 (s). m/z 314 (M), 254, 192, 191, 124, 44 (100).

The lowest Rf component isolated was eremophila-10,11 (13)-diene-

9,12-dione (168) (200 mg, 0.1%) which proved difficult to purify, b.p.
95-105°/0.002 mm (block). (Found: m/z 232.1466. C;sHy,0, requires
232.1463). v . (film) 2950, 2910, 2860, 2810, 1685, 1620, 1460, 1370,
1300, 1260, 1220, 965, 940 cn~'. 'Hn.m.r. 300 MHz (Table 5.1) § (CDCl;)
0.86, 3H, d, J 6.3 Hz, (H14);; 0.88, 3H, s, (H15)y; 1.35-1.55, 3H, m,
(H3),, H6 ; 1.62, 1H, m, H4; 2.00, 1H, dd, J 4.9, 13.7 Hz, H6 ; 2.17, 2H,
m, (H2),; 2.35, 2H, d, J 8.8 Hz, (H8),; 2.83, 1H, m, H7; 6.01, 6.21, each 1H,
s, (H13),; 6.50, 1H, t, J 3.9 Hz, H1. '3C n.m.r. (Table 5.1) & (CDCl,)
16.0 (q), 25.0 (q), 25.6 (t), 26.5 (t), 30.7 (d), 36.3 (s), 38.3 (d),

41.5 (t), 42.8 (t), 133.8 (t), 135.9 (d), 144.4 (s), 152.8 (s), 194.0 (d),
203.2 (s). m/z 232 (M), 217 (M-Me), 190 (M-C3He, 100), 175, 161, 147, 134,
121, 91.
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Work Described in Chapter IV

Part 4.0

Acetylation of the Serrulatenol (150a)

1. The Serrulatenol (150a) (150 mg, 0.48 mmole) was acetylated with
acetic anhydride (1 ml) in pyridine (2 ml) at 20° for 20 h. Dichloromethane
(10 m1) was added and the solution was washed with dilute hydrochloric acid
(10% aqueous, 3 times), dilute sodium hydroxide and water. The solution
was dried and evaporated under reduced pressure; the residue was chromato-
graphed by preparative t.l.c. (ether/light petroleum, 2:5), (13S,18R)-
5,18:13,18-diepoxyserrulat-14-en-8-yl acetate (150b) was recrystallized from

methanol /water to yield colourless needles, m.p. 105-107°. (Found: C, 74.2;
H, 8.1; m/z 356.1963. C,.H»s0y requires C, 74.1; H, 7.9%; m/z 356.1987).
Vs (Mujol) 2970, 2950, 2870, 1760, 1202, 1195, 1100, 960 er!. 'Hon.amr.
300 MHz, § (CDCls) 1.22, 3H, d, J 7 Hz, (H20)s; 1.75, 6H, s, (H16);, (H17)s;
2.22, 3H, s, (H19);; 2.28, 3H, s, OCOMe; 2.58, 1H, ddd, H4; 2.88, 1H,

sex., H1; 5.19, 2H, m, H13, H14; 5.39, 1H, d, J 5 Hz, H18; 6.71, 1, s,

H7. !'%°Cn.m.r. (Table 4.5) § (CDC1;) 15.4 (q), 18.5 (q), 19.8 (q) 20.9 (q),
23.3 (t), 25.7 (q), 27.8 (d), 28.2 (t), 32.6 (d), 37.9 (t), 48.5 (d), 75.3 (4),
104.7 (d), 121.7 (d), 124.0 (d), 125.6 (s), 128.4 (s) 131.2 (s), 137.1 (s),

143.1 (s), 148.8 (s), 169.7 (s). m/z 356 (M), 314, 233, 191 (100), 175, 124,

2. The acetate (150b) was reduced with an excess of lithium aluminium
hydride to give (150a) which gave an indentical 'H n.m.r. to that previously

recorded.
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Catalytic Reduction of the Serrulatenol (150a)

1. Serrulatenol (150a) (600 mg, 1.91 mmole) was hydrogenated in

ethyl acetate solution in the presence of 10% palladium-on-carbon for 40
min at 15°. The reaction mixture was filtered through celite and the
filtrate was evaporated under reduced pressure. Preparative t.l.c. (ether/

light petroleum, 1:4, run twice) gave (13R,18R)-5,18:13,18-diepoxyserrulatan-

80l (154a) (398 mg, 66%), m.p. 124-126° from light petroleum. (Found: C,
76.2; H, 8.9; m/z 316.2046. CjoH,s0s requires C, 75.9; H, 8.9%; m/z
316.2038). Viax (CHC1;) 3630, 3400, 3010, 2980, 2955, 2890, 1600, 1460,
1440, 1410, 1100, 1030, 970 an!. 'H n.m.r. 300 MHz (Figure 4.7) § (CDCls)
0.96, 0.98, each 3H, d, J 4.3 Hz, (H16);, (H17),; 1.26, 3H, d, J 6.9 Hz,
(H20),;; 2.22, 8H, s, (H19),;; 2.27, 1H, m, H11; 2.55, 1H, ddd, H4; 3.03,
1H, sex., H1; 4.40, 1H, s, OH; 4.51, 1H, m, H13; 5.32, 1H, d, J 5 Hz, HI18;
6.46, 1H, s, H7. !'3C n.m.r. (Table 4.5) § (CDCl3) 15.2 (q), 19.5 (q),
23.0 (d,t), 23.3 (q), 25.6 (q), 27.2 (d), 28.1 (t), 32.9 (d), 37.5 (1),
44.1 (t), 48.4 (d), 77.6 (d), 105.0 (d), 114.7 (d), 125.1 (s), 126.0 (s),
128.9 (s), 144.0 (s), 148.4 (s). m/z 316 (M), 191, 190 (100), 175, 86, 84.
The lower Rf fraction was rechromatographed by preparative t.l.c.
(ether/light petroleum, 1:4, run twice) to give (18R)-5,18-epoxyserrulatane-
8,18-diol (155a) (120 mg, 20%). 'Hn.m.r. § (CDC1s) 5.48, 1H, d, J 3 Hz,
H18. m/z 318 (M), 215, 191, 190 (100), 175. (155a) was acetylated with

acetic anhydride in pyridine to give (18S)-18-acetoxy-5,18-epoxyserrulatan-

8-yl acetate (155b). (Found: m/z 402.2398. (403405 requires 402.2406).

Vnax (film) 2980, 2950, 2890, 1755, 1460, 1360, 1190, 1005, 905 em™ .
1H n.m.r. 300 Mz (Figure 4.9) § (CDC1,) 0.85, 0.87, each 3H, d, J 2.6 Hz,

(H16),, (H17),; 1.21, 3H, d, J 6.8 Hz, (H20);; 2.07, 3H, s, 18-0C0Me; 2.13,
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3H, s, (H19),; 2.28, 3H, s, 8-0COMe; 2.55, 1H, dt, H4; 2.95, 1H, sex., Hl;
6.51, 1H, d, J 1.9 Hz, H18; 6.68, 1H, s, H7. 13C n.m.r. (Table 4.5) &

(CDC1,) 16.0 (q), 21.4 (q), 22.6, 22.9 (d), 24.8, 26.6, 28.0 (q), 28.6 (d,t),
31.7, 32.6 (d), 39.3 (t), 39.8 (d), 90.5 (d), 122.7 (d), 124.0 (s), 131.2 (s),
142.7 (s), 145.9 (s), 170.2 (s). m/z 402 (M), 360, 343, 300, 257, 215 (100),

191, 190.

2 An extended hydrogenation of (150a) in ethyl acetate solution in
the presence of 10% palladium-on-carbon for 48 h gave (154a) as above and
serrulatanal (157) which was not purified. H n.m.r. (crude) § (CDCly) 9.32,

1H, d, J 2.5 Hz, HI8.

3. Hydrogenation of (150a) (100 mg, 0.32 mmole) in ethyl acetate
solution in the presence of 10% palladium-on-carbon for 1 h gave a mixture
of (154a) and (155a) (2:1 by 'H n.m.r.). The mixture was. acetylated with
acetic anhydride in pyridine and the thus obtained mixture of (154b) and
(155b) was re-hydrogenated for a further 2.5 h. Preparative t.1.c.

(ether/light petroleum 1:5) gave 5,18-epoxyserrulatan—8-yl acetate (156)

(23 mg, 21%), m.p. 66-68° from methanol/water. (Found: m/z 344.2355.
C,2H3,03 requires 344.2351). Vnax (CDC1,) 2980, 2960, 2890, 1760, 1480, 1365,
1200, 1035, 910 an!. 'H n.m.r. 300 MHz (Figure 4.10) 6 (C¢Ds) 0.94, 0.96,
each 3H, d, (H16);, (H17)y; 1.39, 3H, d, J 6.9 Hz, (H20);; 1.99, 3H, s,
(H19);; 2.18, 1H, dt, B4; 3.19, 1H, sex., Hl; 3.58, t, M part of an AMX,
J 10 Hz, H18; 4.32, dd, A part of an AMX, J 3, 10 Hz, HI1S8; .6.88, 1H, s, H7.
13C n.m.r. (Table 4.5) § (CDC13) 16.2 (q), 21.2 (a), 22.7, 22.9, 23.3,

24.9, 26.7 (q), 28.1, 30.2, 31.2, 37.5 (d), 38.7 (d), 39.4 (t), 70.0 (t),
122.2 (d), 123.3 (s), 124.2 (s), 131.7 (s), 141.5 (s), 149.4 (s), 170.2 (s).

m/z 344 (M), 302 (100), 287, 191, 190, 175, 161.
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The lower R, fraction was the acetate (154b) (45 mg, 39%) !H n.m.r.
§ (CDCly) 0.95, 1.02, each 3H, s, (HI6)s, (HI7);; 1.14, 3H, d, J 7 Hz,
(H20)s: 2.21, 3H, s, (HI9)s; 2.26, 3H, s, OCOMe; 2.95, 1H, m, H1; 4.50,

1H, m, H13; 5.31, 1H, 4, J 5 Hz, H18; 6.61, 1H, s, H7.

Fpoxidation of the Phenolic Acetate (150b)

m-Chloroperoxybenzoic acid (100 mg, 80% puris) was added to the
phenolic acetate (150mg, 0.42 mmole) in dry dichloromethane (15 ml). After
stirring at 0° for 3 h starting material could not be detected by t.l.c.
The excess of m—chloroperoxybenzoic acid was destroyed with aqueous sodium
bisulfite and the acid was then removed by washing with potassium carbonate
solution. Removal of the solvent and preparative chromatography (ether/light

petroleum, 1:2) gave the two epoxides, (13S,14S,18R)- and (13S,14R,18R)-

5,18:13,18:14 ,15-triepoxyserrulatan—-8-yl acetates. The higher Rf fraction

was the minor epoxide (151) (58 mg, 37%), m.p. 107-110° from dichloromethane/

light petroleum. (Found: C, 70.6; H, 7.8; m/z 372.1936. C;,H;40s
requires C, 70.9; H, 7.6%; m/z 372.1937). v _ _ (CDCl;) 2960, 2880, 1755,
1600, 1480, 1450, 1380, 1365, 1220, 1185, 1030, 980, 910 cm~'. 'H n.m.r.
300 Hz (Figure 4.6) § (CDC1;) 1.21, 3H, d, J 6.8 Hz, (H20)s;; 1.38, 1.42,
each 3H, s, (H16);, (H17);; 2.24, 3H, s, (H19);; 2.30, 3H, s, OCOMe;
2.50, 1H, m, H4; 2.79, 1H, d, J 7.9 Hz, H14; 2.87, 1H, sex., H1; 4.21,
1H, dt,J 6, 8 Hz, H13; 5.46, 1H, d, J 5.6 Hz, H18; 6.71, 1H, s, H7.

13¢ n.m.r. (Table 4.5) § (CDC1;) 15.5 (q), 19.0 (q), 20.2 (q), 21.1 (q),
24.0 (t), 24.6 (q), 28.0 (d), 28.6 (t), 32.5 (d), 35.4 (t), 47.8 (d), 59.3 (s),
65.1 (d), 76.4 (d), 104.9 (d), 122.0 (d), 125.7 (s), 127.9 (s), 131.4 (s),
143.3 (s), 148.5 (s), 170.0 (s). m/z 372 (M), 330, 258, 191, 190, 156,

139, 111, 105, 57, 55, 44 (100).
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The lower Rf fraction was the major epoxide (152) (78 mg, 50%),
m.p. 149-151° from dichloromethane/light petroleum. (Found: C, 70.6; H,
7.7; m/z 372,1929. C;,H»g0s requires C, 70.9; H, 7.6%; m/z 372.1937).
Vimax (CDCl,) 2960, 2880, 1755, 1480, 1450, 1380, 1365, 1190, 1105, 1060,
995, 870 cm *. 'H n.m.r. 300 MHz (f‘ig‘ure 4.5) § (CDC13) 1.21, 3H, 4, J

6.9 Hz, (H20);; 1.37, 6H, s, (H16);, (H17);; 2.25, 3H, s, (H19);; 2.31,
3H, s, 0COMe; 2.45, 1H, m, H4; 2.82,1H, d, J 7.3 Hz, H14; 2.87 1H, sex.,
H1; 4.29, 1H, q, J 8 Hz, H13; 5.45, 1H, d, J 5.2 Hz, H18; 6.72, 1H, s, H7.
13C n.m.r. (Table 4.5) § (CDC1;) 15.7, 19.8, 20.2, 21.2, 38.8, 25.1, 28.0,
28.5, 33.0, 34.0, 47.8, 57.4, 65.3, 78.6, 105.5, 122.1, 126.0, 128.2, 131.4,

143.3, 148.8, 170.1. m/z 272 (M), 330, 258, 222, 215, 191, 190 (100), 175.
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Part 4.1

Reduction of the Serrulatenal (158)

1. Serrulatenal (158) (300mg crude ) in ether was reduced with lithium
aluminium hydride at 15° for 40 min. Preparative t.l.c. (ether/light
petroleum, 1:1) gave serrulat-14-ene-5,8,18-triol (159a). (Found: m/z
318.2187. C,oH;00; requires 318.2195). 'H n.m.r. § (CDCls) 1.13, 3H,
d, J 7 Hz, (H20);; 1.56, 1.63, each 3H, s, (H16);, (H17)3; 2.12,

3H, s, (H19);; 3.00, 2H, m, H1, H4; 3.30-3.90, 3H, m, (H18), OH; 5.02,

1H, bt, H14; 6.35, 1H, s, H7. m/z 318 (M), 300 (M-H,0), 215, 191 (100).

2. The triol (159a) was acetylated with acetic anhydride in pyridine

to give 8,18-diacetoxyserrulat-14-en—5-yl acetate (1590) (200 mg), b.p.

160°/5x10~° mm (block). (Found: C, 70.2; H, 8.4; m/z 444.2498. CpeHs60c
requires C, 70.2; H, 8.2%; m/z 444.2512). fa}ers -17° (6.18% in CHCLs).
Vg (F11m) 2950, 2015, 2850, 1760, 1735, 1465, 1445, 1365, 1235, 1210, 1180,
1040, 1030, 915 et 1§ n.m.r. 300 Mz (Figure 4.11) § (CDC1,) 1.11, 3H,
d, J 7.0 Hz, (H20)3; 1.50, 1.62, each 3H, s, (H16)s, (HIT)3; 1.96, 3H, s,
18-0COMe; 2.07, 3H, s, (H19),; 2.28, 2.31, each 3H, s, 2x000Me; 2.80, 1H,
b, H4; 2.92, 1H, quin., Hl; 4.00, 2H, d, J 7.2 Hz, (H18)2; 4.89, 1H,

pt, H14; 6.79, 1H, s, H7. !3C n.m.r. (Table 4.6) 16.5, 17.8, 19.6, 20.9,
21.0, 21.2, 22.2, 25.6, 25.8, 26.6, 27.4, 30.8, 33.9, 41.4, 66.2, 122.6,
124.2, 128.5, 132.0, 134.0, 145.6, 146.6, 168.7, 169.5, 171.2. m/z

444 (M), 402, 360, 300, 275, 233, 215, 191 (100), 155, 91.

Preparation of the Ketone (160)

1. Triacetate (159b) (80 mg, 0.18 mmole) was hydrogenated in ethyl
acetate (8 ml) solution in the presence of 10% palladium-on-carbon to give

8,18-diacetoxyserrulatan-5-y1 acetate (162) (quant.). (Found: m/z
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446.2672. Ca2H;e0s Tequires 446.2668). v (film) 2960, 2925, 2870,
1760, 1735, 1465, 1365, 1240, 1210, 1180, 1040, 915, 730 an~'. 'H n.m.r.

80 MHz, § (CDCls) 0.74, 0.82, each 3H, s, (HI6);, (H17);; 1.11, 3H, d, J
6.8 Hz, (H20)s; 1.94, 3H, s, 18-000Me; 2.06, 3H, s, (H19),; 2.26, 2.30,
each 3H, s, 2x000Me; 2.85, 2H, m, H1, H4; 3.98, 2H, d, J 7.1 Hz, (H18),;
6.77, 1H, s, H7. '°C n.m.r. (Table 4.6) § (CDCl;) 16.4, 19.6, 20.9, 21.0,
92.0,22.5, 22.6, 25.5, 25.8, 27.3, 27.8, 30.7, 33.7, 39.1, 41.8, 66.3, 122.6,
128.4, 132.1, 134.0, 145.6, 146.6, 168.8, 169.5, 171.2. m/z 446 (M), 404,

363, 344, 302, 233, 191 (100), 183, 175, 108, 43.

2. Pyrolysis of the triacetate (162) (80 mg) through a quartz glass
colum (35 cm x 3 cm) at 6500/0.05 mn gave, after preparative t.l.c. (ether/
light petroleum, 1:1), 8-acetoxyserrulat-11(18)-en-5-yl acetate (163).

'H n.m.r. 80 MHz, § (CDCl;) 0.87, 0.94, each 3, s, (H16),, (H17),; 1.14,
34, d, J 7 Hz, (H20);,; 2.07, 3H, s, (H19)y; 2.25, 2.30, each 3H, s,
2x00Me; 2.85, 1H, m, H1; 3.34, 1H, bd, H4; 4.05, 1H, d, J 7.1 Hz, HIS8;
4.8, 1H, dt, J 1.2, 1.5 Hz, H18; 6.83, 1H, s, H7. 13C n.m.r. § (CDCY )
16.6, 20.8, 21.2, 21.4, 22.8, 24.1, 26.2, 27.5, 28.2, 36.2, 39.3, 39.9,

111.9, 122.6, 128.5, 130.3, 132.6.

e The diacetate (163) (20 mg) was dissolved in methanol (5 ml) con-
taining dimethyl sulfide (0.25 ml) and an excess of ozone was bubbled
through the solution. The reaction mixture was stirred for 1h at —78°
then at 0° for 1 h and finally at 15° for 18 h. Water was added and the
solution was extracted with dichloromethane (3 times), dried and evaporated
under reduced pressure. Preparative t.l.c (ether/light petroleum, 1:1) gave

(43)—8«aoetoxy—11—oxo—18—norserrulatan—5—yl acetate (160) (Found; m/z

388.2239. C,3H3,05 requires 388.2250). Vinax (CHC1,) 2925, 2850, 1755,

1700, 1365, 1170 900 cm~!. IH n.m.r. 300 MHz, (Figure 4.12) § (CDC1,)0.83,
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0.85, each 3H, s, (H16);, (H17);; 1.14, 3H, d, J 6.8 Hz, 1-Me; 2.06, 3,

s, 6-Me; 2.24, 2.29, each 3H, s, 2x00Me; 2.48, 1H, dt, J 18.1, 7.3 Hz, H12;
3.00, 1H, quin., H1; 3.57, 1H, d, J 7.8 Hz, H4; 6.86, 1, s, H7. )C n.m.x.
§ (CDCl;) 20.4, 20.6, 20.9, 21.2, 21.7, 25.7, 27.2, 41.4, 123.4. m/z

388 (M), 346, 328, 304, 286, 275, 233, 191 (100), 119, 117, 36, 32.

Preparation of the 1,4-Benzoquinone (161b)

A sample of the triol (159a) (50 mg) was oxidized with Jones
reagent'?® in acetone (5 ml) at o°. The mixture was stirred at 0° for
15 min, diluted with water and extracted with dichloromethane (10 ml). The
solvent was removed under reduced pressure and the resultant yellow oil was
chromatographed by preparative t.l.c. (ether/light petroleum, 1:1). The
main fraction was acetylated with acetic anhydride in pyridine to give
18-acetoxy-5, 8~dihydraserrulat-14-ene-5,8~dione (161b) (30 mg). Vax (£ilm)
2060, 2940, 2870, 1740, 1640, 1600, 1450, 1370, 1360, 1280, 1030, 910 an .
A pax (EtOH) 259 (15000), 285 (2200), 347 (1030) nm. 'H n.m.r. 300 MHz,
§ (CDCls) 1.06, SH, d, J 7 Hz, (H20)s; 1.41, 1.53, each 3H, s, (H16)s3,
(H17),; 1.94, 1H, s, 0COMe; 1.99, 3H, 4, J 1.6 Hz, (H19);; 2.91, 1H, m,
Hl; 3.84, 1H, dd, M part of an AMX, J 11.4, 9.0 Hz, H18; 4.07, 1H, dd,
A part of an AMX, J 4.7, 11.4 Hz, H18; 5.0, 1H, bt, J 6 Hz, H14; 6.50, 1H,

q, J 1.6 Hz, HT.
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Part 4.2

Preparation of the p-Bromobenzoate (150c)

The phenol (150a) (50 mg, O. 16 mmole) in pyridine (0.5 ml) and
S A A S Qi

dichloromethane (15 ml) was refluxed for 24 h™ The solution was washed with
dilute hydrochloric acid (10% aqueous, 2 times), agueous sodium bicarbonate
(5%) and evaporated under reduced pressure to give the p-bromobenzoate
(150¢), m.p. 217-220°. (Found: C,64.8; H, 5.9. Cp 7Hy ¢BrOy  requires
C, 65.2; H, 5.9%). Vnax (Nujol) 2960, 2930, 2850, 1740, 1600, 1095,
965 am~!. !H n.m.r. § (CDCl3) 1.20, 3H, d, J 7 Hz, (H20);; 1.72, 6H, s,
(I16);, (H17);; 2.22, 3H, s, (H19)s;; 5.13, 2H, m, H13, Hl14; 5.32, 1H, d,
J 5 Hz, H18; 6.70, 1H, s, H7; 7.50, 7.90, AA'BB' system, arom. m/z

498/496 (M), 375/373, 185/183 (100), 173, 157/155.
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Part 4.3

Interconversion of the Serrulatane Diterpenes (150a) and (158)

A mixture of the dihydroserrulatane (154a) and the diacetate (155b)
(60 mg, 9:1 by 'H n.m.r.) in ether (5 ml) was reduced with an excess of
lithium aluminium hydride at 25° for 45 min. Workup gave a crude sample
which was acetylated with acetic anliydride in pyridine. Preparative t.l.c.
(ether/light petroleum, 1:3, run twice) gave 8,18-diacetoxyserrulatan-5-yl
acetate (162). {0139, -18° (0.25% in CHCl;). This compound was identical
(optical rotation, t.l.c., *H n.m.r. and '°C n.m.r.) to that previously

described (Part 4.1).
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Part 5.0

Hydrolysis of Freelingyne (2)

1. A mixture of freelingyne (2) (400 mg, 1.67 mmole), sodium hydroxide
(300 mg, 7.5 mmole) and water (25 ml) containing methanol (20 ml) was

refluxed under a nitrogen atmosphere for 7 h. Isolation according to the
method described®® gave the crude phenol (164a) which was methylated with
diazomethane. Methyl 3-{2'-(furan-3''-yl)-3'-hydroxy-5' -methylphenyl}-2-methyl-
propenoate (164b) (292 mg, 64%) crystallized from ether/light petroleum as
colourless rhombic crystals, m.p. 86-86.5° (1it.2°96°). v (CHCL) 3510,
2975, 2940, 2900, 2820, 1700, 1300, 1120, 1010, 870 cn ', 'Hn.m.r. 300 MHz
(Figure 5.1) § (CDCl;) 1.96, 3H, d, J 1.6 Hz, 2-Me; 2.26, 3H, s, 5'-Me;
3.57, 3H, s, O,Me; 5.15, 1H, s, OH; 6.46, 1H m, H4"; 6.47, 1H, m, H3;
6.58, 6.70, each 1H, s, H4', H6'; - 7.48, 1H, m, B2"; 7.55, 1H, m, Ho™"

13¢ n.m.r. & (CDCl;) 20.8 (q), 21.3 (q), 51.6 (q), 112.7 (d), 114.9 (s),
115.5 (d), 118.8 (s), 121.7 (d), 130.2 (s), 135.8 (d), 137.6 (s), 138.6 (s),
142.1 (d), 143.8 (d), 153.4 (s), 170.4 (s). m/z 272 (M), 244, 213, 214 (100),

185, 184, 183, 169, 155, 141, 115, 45.

2. A similar reaction at 20° gave (164a) after 48 h with no starting

material detected by t.l.c. or 'H n.m.r.
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Part 5.1

Reduction of Eremophila-10,11(13)-diene-9,12-dicne (168)

1. The dione (168) (25 mg, 0.11 mmole) in ethanol (2 ml) was reduced
with sodium borohydride in the presence of cerium trichloride accoring to
the method of Luche et al.?® Preparative t.l.c. (ether/light petroleum,

3:7) gave the major diol, (9_3_)—erenx)phila—10,]1(13)—diene—9,12—diol (170a)

(13 mg, 51%). 'Hn.m.r. 80 MHz (Table 5.2) 8 ((C1;) 0.84, 3H, d, (Hld)s;
0.88, SH, s, (HI5)s; 1.30-2.30, 12H, m; 4.08, 2H, s, (HI2),; 4.50, 1H,
b, H9 ; 4.92, 5.03, each 1H, s, (H13),; 5.70, 1H, bs, Hl. '*C n.m.r.
(Table 5.2) & (CDCL,) 16.2 (@), 21.0 (@), 25.0 (%), 27.1 (t), 3.2 (d),
37.0 (t), 38.1 (s), 39.1 (d), 40.7 (t), 65.4 (t), 66.9 (d), 108.4 (),
117.1 (d), 146.4 (s), 152.9 (s). m/z 236 (M), 221 (M-Me), 218 (M-H,0),
167, 149, 40, 32 (100).

The lower Rf fraction was (9§)—eremophila—10,11(13)-diene—9,12'—diol

(171) (8 mg, 31%). v (CDCl;) 3400, 2025, 2860, 1460, 1370, 1010,

“m
905 em™!. !'H n.m.r. 80 MHz (Table 5.2) § (CDClz) 0.85, 3H, d, J 4.9 Hz,
(m4);; 1.09, 3H, s, (H15);; 1.30-2.20, 12H, m; 4.08, 2H, s, (H12);

4.34, 1, dd, J 3.9, 7.6 Hz, H9; 4.91, 5.01, each 1H, s, (H13),; 5.64, 14,

t, J 3.4 Hz, HI1. 13¢ n.m.r. (Table 5.2) § (CDCl;) 15.8 (q), 23.8 (q),

25.6 (t), 27.0 (t), 34.3 (d), 37.2 (s), 37.5 (t), 38.6 (d), 40.5 (t), 65.4 (1),

108.8 (t), 127.5 (d).

2. Acetylation of diol (170a) with acetic anhydride in pyridine for

18 h gave (9R)-eremophila-12-acetoxy-10,11( 13)—-dien-9-yl acetate (170b),

b.p. 900/5x10‘3 mn (block). (Found: C, 70.9; H, 9.4. C1q¢H,s04 requires C, 71.2;
H, 8.8%). v__ (film) 2950, 2020, 2870, 1740, 1645, 1460, 1430, 1365, 1240,
1040 cr=}. 'H n.m.r. 80 MHz, (Table 5.2) § (CDCls) 0.85, 3H, d, (Hl4)s;
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0.88, 3H, s, (H15)3; 1.30-2.30, 12H, m: 2.01, 2.03, each 3H, s,

2x000Me; 4.50, 2H, s, (H12),; 5.00, 5.02, each 1H, s, (H13),; 5.45, 1H,
b, HO ; 5.55, 1H, bs, HI. '}Cn.m.r. § (CDCl3) 16.2 (q), 20.6 (q),
21.1 (q), 21.4 (q), 25.1 (t), 26.8 (t), 34.6 (d), 37.0 (t), 37.5 (s),

38.3 (d), 39.2 (t), 66.6 (t), 69.2 (d), 112.1 (t), 118.0 (d), 141.4 (s),

146.9 (s), 170.4 (s), 172.0 (s).

Conversion of Dione (168) to Eremophilone (1la)

1. The diacetate (170b) (60 mg, 0.19 mmole) in tetrahydrofuran (1 ml)
was reduced with lithium (30 mg, 4.32 mmole) and ammonia (15 ml). After
0.5 h solid ammonium chloride was added to discharge the blue colour. Water
was added and the solution was extracted with ether (3 times). The combined
organic extracts were dried and evaporated under reduced pressure. Prep-
arative t.l.c. (ether/light petroleum, 1:9) gave an inseparable mixture of

eremophilene (174) and the isomeric diene (178) (10 mg combined, 26%). The

¥ n.m.r. was identical with that reported in the literature for eremophilene.!

13C n.m.r. (CDC1l;) 16.0, 16.2, 20.5, 21.0, 21.3, 21.7, 25.7, 24.4, 28.7,
29.5, 30.0, 30.3, 31.8, 32.5, 37.2, 38.0, 38.7, 39.0, 40.1, 108.6, 118.2,
120.8, 143.8, 146.7, 150.2, 150.6.

The lowest Rf fraction was (9R)-eremophila-10,11(13)-dien-9-o01 (177)
(30 mg, 72%). 'Hn.m.r. § (CDCl;) 1.0, 6H, bs, (H14);, (H15);; 1.80, 3H,
s, (H12)s; 4.50, 1H, m, H9; 4.78, 2H, bs, (H13),; 5.72, 1H, m, H1. The
allylic alcohol (177) was subsequently used without further purification

for the oxidation.

2. The allylic alcohol (177) (30 mg, 0.14 mmole) was oxidized with

Collins reagent, according to the method of Ratcliffe,'®’ to give eremophilone

(la) (quantit.) which gave an optical rotation?? and 'H n.m.r. spectrum'®®

identical with those of the natural material isolated from E. mitchelli.

C
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Solution and Refinement

The structure was solved by the heavy atom technique. The bromine
position was determined by the analysis of a three dimensional Patterson
sythesis calculated by the SHELX! program. All other non-hydrogen atoms
were located in the Fourier difference maps of successive full-matrix
least-square refinements using the SHELX program. Hydrogen atoms were
included at calculated positions (C-H 0.97A; =C-H 1.08) and their thermal
parameters were refined as common group factors. A full-matrix least-square
calculation with the bromine, all oxygens and nine carbon atoms modelled
anisotropically converged with R>'< = 0.057 and Rw* = 0.062. When the
calculation was repeated with the signs of all the atomic coordinates
changed the refinement converged with R = 0.050 and RW = 0.055. These
significantly lower r values thus determine the absolute configuration of
the structure 2,%. In the final blocked-matrix least-squares calculation
all non-hydrogen atoms were modelled anisotropically, R and RW converged
at 0.038 and 0.041, respectively. While the weighting scheme employed
converged at w=8.09/(signa2Fo + 0.0002}3‘0 xFO). The largest peak remaining
in the final difference map was associated with the bromine atom and
0.6 eA~? in height. The final least-square positional parameters, hydrogen
atom parameters and thermal parameters are given in Tables 4.7 and 4.8.
The structure factor amplitudes are supplied in the Appendix Tables. All
the above calculations were performed using the scattering factors for the
respective neutral atoms as tabulated in the International Tables for

X-ray Crystallography."*

Description of Structures

(a) Figure 4.13 is a PLUTO® plot showing the absolute configuration

of the compound and the atomic numbering scheme employed.
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Crystallography on C; 7H, ¢BrO,

The title compound crystallizes as clear prisms in the monoclinic
space group P2; with a = 9.112(1) b = 9.743(2), ¢ = 13.423(3) and Z = 2.
The structural final refinement of a blocked-matrix least-squares calculation

converged with R = 0.038 and Rw = 0.041.

Crystal Data.

An clear crystal of dimensions 0.11 x 0.14 x 0.32 mm® was mounted
on a glass fibre and coated with cyano-acrylate super glue. Lattice
parameters at 29° were determined by a least-squares fit to the setting
angles of 25 independent reflections, measured and refined by scans performed
on an Enraf-Nonius CAD4 four-circle diffractometer employing graphite
monochromated MoK alpha radiation. The density was determined by flo tation
usingv a solution mixture of petroleum spirit (120-160) C;sHz¢BrO,, form.
wt. 417.50, spacegroup P2;, a 9.112(1), b 9.743(2), c 13.423(3)A; DO 1.413,
D, 1.418 g cm®; U 1164.5 Q. z2; (MoK) 17.8 aml; (MoK ) 0.71074;
F(000) 516 electrons.

Intensity data (+h,+k,+1) were collected in the range 1.4<theta<25 deg
using an omega - n/3 theta scan, where n(=3) was optimized by profile
analysis of a typical reflection. The omega scan angles and horizontal
counter apertures employed were {1.65+0.35tan(theta)}deg. and {2.40+0.5tan-
(theta)hm, respectively. Three standard reflections, monitored after
every 58 min of data collection indicated that by completion of the data
collection no decomposition had occurred. Data reduction and application
of Lorentz and polarization corrections were performed using program SUSCAD. 1
Of the 2289 reflections collected, 1908 with I>2.5sigma(I) were considered

observed and used in the calculations.
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(b) The bond lengths and angles are given in Tables 4.9 and 4.10.

*
o= UF—[FDI]
)3 F0
Rw _ Z[( IFOI-ch|)|./v—v _
Z(F_[/ W)
References
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2. Bijvoet, J.M., Peerdeman, A.F., and Van Bommel, A.J., Nature,
1951, 168, 271.
3. Karle, J., and Hauptmann, H., Acta Cryst., 1956, 9, 635.
4. "International Tables for Crystallography'', Vol. 4, pp.99, 149
(Kynoch Press; Birmingham 1974).
5. PLUTO: 'Plotting program for molecular structures'', by

W.D.S. Motherwell.



Supplementary Table. Tabulated Structural Factors for C,7H; 9BrOs
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