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SUMMARY

The leaves and twigs of E. rotundifolia provided a number
of 3-furano-sesquiterpenes. Among the known compounds isolated
were dendrolasin, (F) and (Z)-dihydrophymaspermones, dehydro-
ngaione and dehydroepingaione. Some of the sesquiterpenes
isolated which had not been previously described included
(5,E)-4-hydroxydendrolasin (8) and an unstable tetrahydrobenzo-
furan diene (46) with a novel skeleton. A major plant constituent
was a stable and crystalline bicyclic acetal which contained three
centres of chirality. The greater part of the thesis describes
the structure, stereochemistry, reactions and utility of
eremoacetal (47) as a useful chiral precursor to a number of

other furanoterpenes.

tetrahydre
A synthesis of the benzofuran diene (46) via a cationic

intermediate derived from the dihydrophymaspermones, confirmed

the structure of this sesquiterpene.

(8,E)-4~Hydroxydendrolasin (8) was synthesised from eremo-
acetal confirming the structure and stereochemistry of (8).
Most importantly the synthesis confirmed the results obtained

from the application of Horeau's technique to this alcohol.

While exploring the ring opening of the acetal function,
some interesting reactions were observed and investigated. In
and
particular, the acidic and basic hydrolysis, the Birch reduction
A

were examined with eremoacetal and certain derivatives. The

results from these investigations allowed the conversion of



eremoacetal into a variety of highly functionalised compounds

of predictable stereochemistry. These products were utilised

in the preparation of a number of furano-sesquiterpenes. In

this way, in addition to 4-hydroxydendrolasin, (-)-dehydrongaione,
(+)-epingaione, ipomeanine and (-)-athanagrandione were synthe-
sized. The preparation of (-)-(S)-athanagrandione allowed the

previously unknown stereochemistry to be determined.

Utilising the previously explored reactions of eremoacetal
and its derivatives a synthesis of (-)-furospongin-1, a C,,
difuranoterpene, was completed for the first time. A number
of useful fuprospongin-l double bond isomers and epimers was
concurrently synthesised. These isomers proved useful in a
study of Horeau's method particularly with respect to steric
effects in the determination of absolute configuration. The
epimers of each double bond isomer were obtained in an enantio-
merically pure form. However, the synthetic (-)~furospongin-1
was contaminated with its inseparable epimer. This synthesis
was valuable in that it demonstrated the utility of eremoacetal

derivatives as useful chiral templates.

Finally, eremoacetal was used to synthesise a wide variety
of enantiomerically pure secondary alcohols of known stereo-
chemistry. These alcohols were then used in a study of effec-
tive steric size of substituents about the chiral centre bearing
the secondary hydroxyl group by the application of Horeau's method.
The study was carried out using the g.c. modification of Horeau's
method allowing some conclusions to be made as to the effective
sizes of various substituents. Some of the limitations of the
g.c. modified technique were overcome and h.p.l.c. was shown

to be a good alternative procedure.



The appendix includes a list of 13¢ n.m.r. spectral
data of various related bicyclic, monocyclic and acyclic com-
pounds presented in a systematic, tabular manner to show the
influence of substituents, structure and stereochemistry

upon chemical shift.
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INTRODUCTION

0.1 General

Natural products have for many years been a source

of intensive research. Within this field terpenes constitute
a large and important class. Interest in terpenes arose from
their widespread occué%nce in higher plants, microorganisms
and some animals, their part in .flavour and odour constituents
as well as their biological effects on certain organisms.
Consequently, terpenes constitute a rich field for the study
of " structure, stereochemistry, mechanism and especially
rearrangment reactions. Much effort has been devoted to their
synthesis and biosynthesis. Many books and reviews have been
written about terpenes and appear frequently in the chemical

literature.!-1!

Terpenes can be considered as secondary metabolites
arising from mevalonic acid (1) or mevalonolactone. Much
information is now available on their mode of biosynthesis
from the work of Cornforth, Arigoni and others using labelled

precursors. !2-15%

It is now widely accepted that mevalonic acid® (1) under-
goes a sequence of reactions including decarboxylation to
produce isopentenyl pyrophosphate (2) which undergoes enzymatic

isomerisation to give 3,3-dimethylallyl pyrophosphate (3)

a
= OPP




Hy, (2) (3)

OPP

(4)
Although the biosynthetic pathway has been extensively

studied!? recent work has given further information about

the condensation of the two pyrophosphates- (2) and (3).1!°®

The presently accepted view is that (2) and (3) condense in

a highly stereospecific manner, probably in a carbonium ion
like process, to form geranyl pyrophosphate (4). It has been
shown that the further condensation of (2) with (4) then
occurs with inversion at Cl, and the pro-F hydrogen (Ha) of
(2) becomes the pro-S hydrogen of farnesyl pyrophosphate (Cis)
(5). Monoterpenes (C;,), the volatile and odoriferous con-
stituents of many fruits, flowers and other parts of many
plants, are derived from geranyl pyrophosphate (4). Farnesyl
pyrophosphate (5) is the precursor to sesquiterpenes (C;s) -
Similar such condensations lead to geranylgeranyl p-yrophos-
phate (C,,) which leadsto diterpenes. The intermediate
pyrophosphates can undergo a series of enzyme mediated solvoly-
ses (sce Fig. 1) which gives rise to cyclised, dimerised,
rearranged and fufther functionalised terpenes. Such a poly-
merisation scheme involving the parent acylic Cs compounds

resulting in the familar 'head to tail' pattern of unrearranged



Fig. 1
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terpenes, has been called the Biogenetic Isoprene Rule.

Terpene skeletons arising from rearrangement and/or
degradation are of particular interest, such as the steroids,

. L6 )
the eremophilanes and recently the C,; furospongin group?3>56

0.2 Furanosesquiterpenes

A large group of furanoterpenes has been found which

contain 3-substituted furan rings and some are of interest

7=20

because of their toxicity.! Such furanoterpenes occur

22) 3
)

in animals (ants,2?!@ termites marine organisms,?

4 19,20,25

tropical trees,?® and infected tubers as well as in

some Australian plants.'7>18,26

A common feature of these sesquiterpenes is their speci=
fic sites of oxygenation. This is illustrated by an examin-
ation of dendrolasin (6) a simple monoxygenated member of this
series. Dendrolasin has been found in the ant Dendrolasius

fuliginosus?'® sweet potato. fusel 0il,?° the tree Torreya

n 8

nucifera,?® a marine sponge Pleraplysilla spinifera’® and now
in the Australian dryland shrub Eremophila rotundifolia.

It seems likely that this simple diene is the precursor to a-
wide range of the more highly oxidised members which frequently
occur together. Oxygen is commonly found at Cl, 4, 6 and g

and less commonly at C2 and 3.

=
"

CH; (6)

CHO (7)

ze)
I



(8)

Functionality at these positions occurs as hydroxyl, carbonyl,
ether and epoxide groups. Some examples include torreyal?®

(7), 4-hydroxydendrolasin (8), cycloeumorphinone?®? (9).

It can be seen that the commonly oxygenated sites are activated,
being allylic, or presumably oxidation has arisen from attack

on the double bonds. A specific hydroxylase enzyme facilitates

(9)

allylic oxidations and initially produces alcohols which may
6,33
be further oxidised and/or cyclised. Enzyme assisted hydra-

tion or epoxidation of double bonds?®®

probably accounts for
the other less frequent oxygenation or they might arise by
oxygenation of the reduced compounds. Although the furan ring
has been synthesised by the addition of singlet oxygen across
a conjugated diene?® followed by base and then with acid

workup, it is not clear whether this pathway is also followed

in vivo (Scheme 1).



R
TR I L =
5 CHO OH CHO CHO
0 H (oH)  (cHO)

Scheme 1

However, aldehyde (10) has been isolated?? together
with the corresponding furanoterpene (11) which suggests that

(10) may be an intermediate or a by product from such a

pathway.

~
N CHO
CHO

(10)

(11)

Similarly (12), related to ngaione,®? and the alcohol

(13) are found together with the difuran (14). The difuran
may arise from a reductive condensation of keto aldehyde (12)

resulting in cyclisation and aromatisation of the intermediates

(12a) or (12b) as shown in Scheme 2.



HO.

/ \

(13)

Scheme 2
Some toxic furanosequiterpenes from infected sweet

potatoes (Ipomea batatas) have caused concern and consider-

36,40 25,37

> and Japanese??%>%%,

able research by American!?®s
workers. Burka has shown®® that the hepatotoxic (+)-ngaione
(15) (called ipomeamarone) is the precursor to h-hydroxy-
myoporone (17). This is then further metabolised to a group
of potent lung toxins,19 (18) to (21) by the pathogen

Fugarium solani. In particular, the biogenesis of the toxic

metabolites has been studied'® using labelled precursors. The



importance of the sweet potato as a food source in many parts

of the world has stimulated this continued research.

An important key intermediate to the lung toxins is the
furanoterpene 4-hydroxymyoporone®® (17). A suggested bio-

8 involved

mimetic pathway to (17) as demonstrated by Burka,®
an allylic oxidation of (+)-ngaione (ipomeamarone) (15) to

form an acetal (16).

(18) 17>

el
1"

RQ = 0 (18)
R,= 0, Ry = H,0H (19)
Ry = H,O0H, Ry = 0 (20)

Ry = Ry, = H,O0H (21)

Acid catalysed hydrolysis of acetal (16) then led to
4-hydroxymyoporone (17) which had the same sign and magnitude
of optical rotation as the same metabolite isolated from sweet
potatoes.!® However, neither the optical rotation nor the
stereochemistry of (17) are reported. The configuration shown,

for (17) is based upon the known stereochemistry of (15) in



which the stereochemistry at C4 in (17) has been retained

during the transformation.

'4-Hydroxymyoporone' has also been isolated from the
Athanasia species®" and named athanagrandione by Bohlmann.
Although some spectral data and an optical rotation have been
reported, the configuration at the chiral centre was not
determined. However, (-)-ngaione (22) (the enantiomer of
ipomeamarone) has been isolated from the same species as
athanagrandione (23) which, by analogy with Burka's work, is

the likely priecursor of (23).

; \ 0

(22) (23)

Therefore, athanagrandione (23) is probably the 4-R
isomer of UY-hydroxymyoporone while the compound isolated from
infected sweet potatoes (17) is presumably the enantiomer.

A synthesis of the 4-R isomer (23) from eremoacetal (47) has

confirmed this assumption.

Myoporum deserti, a shrub found in the drier regions of
Australia,has been intensively examined by Sutherland and

co-workeprgl7>18531

and found to contain at least eleven toxic
furanoid sesquiterpenes. Many of these compounds were demon-
strated to be liver toxins which produced the same symptoms

in sheep and cattle as the plant did. Myoporone??:>3! (24)

was the first substance isolated together with the enone,



myodesmone (25), which probably arises from an intramolecular

aldol condensation of (24). Other important components of

(24)

i

M.deserti are (-)-ngaione (22), (-)-epingaione (26) and the

dehydroisomers (44) and (45).

Recent reports!?'2? have shown the incorrect absolute
configuration for (+)-ngaione (15) isolated from sweet
potatoes (also named ipomeamarone), the enantiomer of (-)-

ngaione (22).

(26)
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The publication of the incorrect configuration persists
despite the thorough investigation of Sutherland et al.??:2!
Both enantiomers of ngaione, (15) and (22), are hepatotoxic

but only the (+) isomer (20) is formed as a stress metabolite%

(or phytoalexin®**) of the sweet potato.

0.3 Terpenes in the Eremophila species

From the numerous species of the genus Eremophila
(family Myoporaceae), commonly found in the arid regions of
Australia, many structurally interesting terpenes have been
isolated. Chemical similarities with the related Myoporum

18 The skeletal variation in terpenes

genus has been noted.!7,
derived from the Eremophila species is noteworthy and some
main types are shown below. This thesis describes some further

examples .

The cembrenes (27) and (28) are two of a group of
macrocyclic diterpenes which have been isolated from E. georgit®
and E. clarkei*?  The former species also contains the triclic
sesquiterpene zizaene"?® (29). A series of related cembrenes

have also been isolated from soft corals.“*"

® Stress metabolites are produced when the host plant is
subjected to microbial infection, or chemically induced

'stress' (e.g. with mercuric chloride).

Yo o
«ww

Phytoalexins are metabolites produced when the plant is
infected with fungi, bacteria or virus.

1
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HO OH

<
-

CH,OH

(27)

(28)

The species E. serulata and E. decipiens “° have

provided the diterpenes (30) and (31) which are clearly

related to each other biogenetically.

_OH
. COH
HO
——W\HH '__“\

OH CO,H
(31)

(29) (30)

E. mitchelli contains several eremophilanes, e.g.

eremophilone*® (32) and the recently characterised sesquiter-

pene dimer*? (33), both having a rearranged terpene skeleton.

: L H

sey

(32)

(33)
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Extraction of E. scoparia‘® gave the diol (34) the
first member of the eudesmane group to be isolated from an

Eremophila species.

OH | —

/ -\

0
(34) : (35)

Some highly unsaturated furanoterpenes have been found in
the heartwood of some Eremophila species. Freelingyne*?®
(35) is the most unsaturated furanoterpene yet found and was
the first example of an acetylenic terpene. E. freelingiti

also contains the butenolide, eremolactone®? (36)

(37)

(36)

(38)
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It has been suggested®! that lactones are the biogenetic

oxidation products of furans. Terpenes (37), (38), (40) and

(42) co-occur in the same Athanasia species®! which

supports this hypothesis.

(42) (40)

)

Alternifolenediol®? (41) has recently been isolated from

E. alternifolia. This skeleton appears to be of fairly com-

mon occurrence, particularly from marine sources.?32

7 OH
5.0

OH

(41)

This thesis describes the terpenes isolated from

Eremophila rotundifolia. Extraction and separation of the

leaf o0il constituents gave the known terpenes dendrolasin?*

32
(6), E and Z dihydrophymaspermones (42) and (43), (-)-

dehydrongaione!® (44) and (-)-dehydroepingaione '8 (45),

(43)




(u4y)

Dendrolasin (6), the simplest acyclic member in the 3-
furanoterpene series, was isolated as a minor constituent
of the leaves and twigs (0.1%). It was characterised by
comparison of its spectral data with the literature values .
It has been found in a variety of different natural sources
e.g. the ant Lasius (Dendrolasius) fuligagsus,zaa the wood
of the tree Torreya nucifera®?" and the marine sponge
Oligocerous hemorrhages. . It is a likely precursor to

the more highly oxygenated members in the series.

(-)-Dehydrongaione (44) and (-)-dehydroepingaione (45)
were isolated from E. rotundifolia as a mixture (2:1). Both
isomers have essentially the same proton n.m.r. Spectra18
except for twin peaks for one of the methyl groups. The
spectrum was superimposabie upon that of authentic (-)-
dehydrongaione from Myoporum deserti.*® Reduction of the
mixed enones, (44) and (45), gave four allylic alcohols, two

of Whith were identical with those obtained by reduction of.
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authentic (-)-dehydrongaione (44). The other two alcohols
were characterised as the reduction products of (-)-

dehydroepingaione (45).

The dihydrophymaspermones (42) and (43) were separated
using h.p.l.c. and characterised by spectral comparison with

2 There were minor differences

those reported by Bohlmann.?
in chemical shift values of some protons in the n.m.r. spec-

trum.

Among the new compounds isolated was the diene (46).
This furanoterpene has a novel skeleton, hitherto unknown,
and was isolated in very small quantities (0,001%) as an
unstable o0il from enriched chromatographic fractions. It
might be an artifact as it could not be detected unambiguously
by g.c. in the crude extract. Also, although it has an
asymmetric carbon no optical rotation was detected for (46)
over a range of wavelengths. Diene (46) may arise from
cyclisation of alcohol (8) or a derivative of (8). This
possibility was demonstrated by cyclisation via a

bisallylic cationic intermediate in a synthesis of (46)

(see chapter 6).

(8)

(46)
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Allylic alcohol (8), u4-hydroxydendrolasin, is a minor
constituent of the leaf o0il. The structure and stereo-
chemistry were established by spectroscopic evidence, chemical
transfdrmation to known compounds and finally by synthesis

from (47) (see chapter 5).

The major part of this thesis is concerned with the
bicyclic acetal, named eremoacetal (47). Its abundance
(1.6%) in the leaves and twigs of E. rotundifolia allowed
a study into its structure, stereochemistry, chemical
properties and application as a multichiral synthon. Some
unusual properties of eremoacetal have been investigated more
thoroughly. In particular, opening of the acetal function
has provided routes to a number of oxygenated furano-
sesquiterpenes. A synthesis of furospongin-1°°:°% (48) was
completed for the first time using the acetal (47) as a chiral

synthon. Finally the asymmetry of the acetal was used in the

0

N
\ )
(47)

preparation of a series of chiral secondary alcohols for a

stereochemical study using Horeau's method.
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(48)

Acetals containing the dioxabicyclo[3.2.l]octane
skeleton have been found as the phero.mones58 of the elm
bark beetle e.g. brevicomin®? (49). Other interesting
and stable acetal structures are found in nature, like the
iridoid sarracenin®® (50) and %he pheremones (51) and
(52).5° An acid stable bicyclic acetal has been found in
a marine proc;luct61 and also as a part of a complex.alkaloid,

daphniphyline.®?

o 0
$' CO,CH,
\
0 0

(49) (50)
f
\\~~ X /',I ’-0,(¢
e T IE
8] M
(52)
(51)

The heartwood of E. rotundifolia was also briefly

260

examined, Chromatography of the wood extracts gave freelingyne

(35) and a new compound, the methoxyfreelingyne (53).
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Also present was a diterpene alcohol and an aldehyde but-

these have been only partly characterised.

It is interesting to note that the heartwood of both
E. rotundifolia and the botanically related E. freelingiti
contain the more highly unsaturated furanoterpenes while
the living tissue (leaves and twigs) contains the less
oxidised terpenes. It appears that the highly oxidised and
possibly phytotoxic terpenes are stored in the dead tissue,
the heartwood, of these plants. What function the acetal
(47) or the other furanoterpenes maintain in the life of
E. rotundifolia is unknown although some constituents are
known to be toxic to animals. Neither E. rotundifolia

nor E. freelingii appears to be eaten by animals.
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Chapter 1

The Structure of Eremoacetal

1.0. The leaves and twigs éf Eremophila rotundifolia
contain a number of furanoterpenes. Chromatography of

the plant extract allowed the isolation of the major con-
stituent as a colourless crystalline solid, (m.p. 63—64’),
in 1.6% yield. This compound, subsequently shown to be a

sesquiterpene acetal, was named eremoacetal (47) 82.

The mass spectrum and elemental analysis confirmed the
molecular formula to be C;sH;003, m/e 248. No hydroxyl or
carbonyl absorptions were evident from an examination of the
infrared spectrum and hence the oxygens present exist as ethers.
The infrared spectrum showed absorptions at 1515, 1165, 1010
and 885 cm~!, typical of a 3-substituted furan.?°>%!2 Con-
firmation of the presence of a furan ring was obtained from
the proton n.m.r. spectrum which showed resonances at §

7.45, 7.32 and 6.39. From these chemical shifts and published
coupling constants these protons were ascribed to a 3-
substituted furan ring. The n.m.r. spectrum also showed an
olefinic proton 8§ 5.24 ppm as a doublet (J 8Hz) with fine
coupling (2Hz) to an allylic methyl group. A one proton
multiplet (d,d,d) at & 4.6 ppm was coupled to the olefinic
proton at 5.24 ppm as well as two other neighbouring protons

(J 10, 5H=z).

Two methyl groups on a double bond resonated as a broad-
ened singlet at 6 1.72 ppm and anothcr methyl group on a
carbon bearing oxygen resonated as a singlet at 6§ 1.33. 1In
view of the likely isoprenocid backbone and the most likely

sites of oxygenation of 3-alkyl furans (e.g. dendrolasin (6)),
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structure (47) was tentatively proposed for eremoacetal. It

was consistent with all the spectral evidence.

The U.V. spectrum showed only the furan chromophore
at 220 nm (e 8,000 ). The !3C n.m.r. spectrum showed the
four furan carbons typically at 142.7 (d), 13%.6 (d), 127.2
(s) and 108.6 (d) and the olefinic carbons (1" and 2") at
125.5 (d) and 135.5 (s). An acetal carbon’? was clearly
evident at 103.5 (s) ppm. Two resonances for carbons bearing
oxygen (C3 and C5) were seen in the spectrum at 67.0 (d) and
80.6 (s) ppm 'respectively. These data were also in accord

with the structure proposed for eremoacetal (47).

A closer examination of the mass spectral fragmentation
and comparison with a similar fragmentation pattern for
dioxabicyclooctanes®’ gives further proof of structure for
(94). The following important fragmentation is shown below as

a comparison.

The 3-furyl ketones (m/e 166 and 164) give rise to the
major mass spectral fragment at m/e 85 from fi%éon o to the

ketone.

R ol

hi®)
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95
0]
+ m/e 84
0
m/e 250 m/e 166
95
(0]
+ m/e 86
m/e 250 m/e 164

1.1 Therefore, most of the structural investigation was
directed towards the determination of the configuration of
eremoacetal. An examination of the structure reveals three
asymmetric centres, Cl, 3 and 5. The determination of the
stereochemistry at C3 and C5 would provide that of Cl, which
results from the structure of the dioxabicyclooctane ring
system. To achieve these aims it was initially necessary

to open the acetal ring. A study of various methods to

achieve this ring‘opening is discussed in chapter 2.
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The configuration of C5 was established by correlation
of eremoacetal with (-)-dehydrongaione (44), while that at

C3. was found by the application of Horeau's method.8%.65

It was envisaged that for the correlation of eremoacetal
with (-)-dehydrongaione (44), the preparation of the dihydroxy

ketone (54) from eremoacetal would be necessary.

Although the acid catalysed hydrolysis of eremoacetal
was unsatisfactory for its preparation it was found that when
(47) was heated in aqueous pyridine, a mixture (approx. 7:3)
of the acetai (47) and dihydroxy ketone (54) was obtained (see
Chapter 2). The acetal and dihydroxyketone (54) were readily
separated by solvent extraction due to the large difference
in their polarity and the slow rate of cyclisation of (54) at
low temperature under basic conditions. Acetylation of the
unstable diol (54) gave the monoacetate (55) together with some
eremoacetal. Selective reduction of the ketoacetate (55) with
zinc borohydride gave the corresponding dihydroxyacetates (56)
and (57) in a ratio of 2:1, together with some diol (58).
Other similar allylic substitutions have been observed in the

reduction and hydrolysis of the dehydrongaiol esters.

(47) (5L)
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An intramolecular cyclisation of the dihydroxy acetate

(56) to the tetrahydrofuran derivative (63) proceeded readily
when it was treated with p-toluenesulphonyl chloride in
pyridine. A similar cyclisation has been recently reported
in the literature.Z? The epimeric diol (57) was similarly
cyclised to the corresponding tetrahydrofuran (66). It was
assumed that cyclisation in both cases involved inversion at
Cl. This fact was confirmed by determining the configuration
at Cl in (56) and correlating it with that of the cyclised
product of known configuration. The determination of config-
uration was done using Horeau's method with the reasonable
assumption that the furan ring is effectively larger than the

other substituent at C1.

Reduction of the acetates (63) and (66) with lithium
aluminium hydride gave the corresponding alcohols (62) and
(65) respectively. When (-)-dehydrongaione (44) was reduced
with lithium aluminium hydride, of the two allylic alcohols

isolated, (60) and (62), the latter was identical by spectral.
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R=1H (60)

R = p-PhCgH,CO-(61)

—.  OR
/ - A i
0
R =H (62)
R = Ac (63)

R = pPhCgH4CO-(BU4)

QR
°/ ‘/ 5

R = H (65)
R = Ac (66)
R = p-Ph-CgH,CO- (67)

d\m

s
!

= p-PhCgH,CO0<69)

R =H (70)
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comparison with that product from eremoacetal. The alcohols
were converted to their corresponding 1,1'-diphenyl-4-

8 The esters (64) from both eremocacetal and

carboxylates.®
(-)-dehydrongaione were identical (m.p., spectra and opticél
rotation). The correlation of alcohol (62) from both
eremoacetal and (-)-dehydrongaione established the configur-
ation at C5 in the former as R. The use of sodium borohydride
in ethanol gave considerable quantities of saturated alcohols
from reduction of the double bond in (44) and was slow.

When lithium aluminium hydride was used to avoid basic condi-
tions, likely to cause B-elimination, some (5%) reduction

of the double bond took place to give the saturated ketone

on workup. However, it was found later that an efficient and
rapid reduction of enone (44) to allylic alcohols (60) and
(62) could be carried out using cerium trichloride-sodium

6  No reduction of the double bond was detectable

borohydride.®
from an examination of the products with this reagent.

Similarly, sodium borohydride in methanol gave only (60) and

(62) but was less rapid than in the presence of cerium
trichloride. The reduction of the mixed enones, (-)-dehydro-
ngaione (44) and (-)-dehydroepingaione (45) from E. rotundifolza,
gave the isomeric allylic alcohols (60), (62), (68) and (70)

(the enantiomer of (65)) which were isolated and characterised

as their 1,1'-biphenyl-U-carboxylates. Physical data was

therefore available for all the sterecoisomers.

Initially, attempts to oxidise the alcohols (62) and
(65) to the enones (44) and (45) were unsuccessful,

Oxidation would have provided a more rapid correlation of the
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acetal (47) with the enones. However, difficulties were
experienced with the oxidation of the allylic alcohols using
Collins reagent, silver carbonate and manganese dioxide. 82
No ketone was detected but with the manganese dioxide, (62)

gave the diene (72) as a result of dehydration.

Fr———r

7\
0 (72)
HE OH
N ~\\

/ \

(73)

Diene (72) and its C5 epimer (75) were prepared from
ketodiene (74) by reduction with sodium borohydride followed
by cyclisation of the epimeric diols with p-toluenesulphonyl

chloride in pyridine.

[

oA § :
1) NaBH, : ,)<://\\//L\
- (72) + 0 NN
2)TsCl/pyr.
(74) (75)

An oxidation of alcohol (62) to (-)-dehydrongaione
o

(44) was finally accomplished at -70 in modest yield (23%)
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using dimethyl sulphoxide-oxalyl chloride.®’

Again,

the diene (72) was the major product with smaller amounts of
the rearranged allylic alcohol (73). The isolated dehydro-
ngaione was identical to authentic (-)-dehydrongaione by |
infrared, n.m.r. and mass spectra and optical rotation. It
is possible that a derivative of the rearranged alcohol (73)
might be the intermediate leading to the diene (72).
Similarly, the allylic alcohol (62), might undergo a

rearrangment to (73) before undergoing dehydration when

manganese dioxide was used as an oxidant.

’

Before Horeau's method could be applied to determine
the configuration at C3 in eremocacetal it was necessary to
convert it to an appropriate alcohol. However, alcohols of
type (62) and (65) have not been studied and some ambiguity
exists with respect to the effective size of the isobutenyi
group relative to the other subtituent. Because it was
necessary to remove this ambiguity, the acetate (63) was con-
verted to diol (77). Diols of this type have been studied by
Guetté®S and the results show that it should be possible to

determine unambiguously, the configuration at C2 in (77)

using Horeau's technique.

(76) 77
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Diol (77) was prepared by oxidation of acetate (63)
with osmium tetroxide, fission of the diol (76) with periodic
acid and reduction of the acetoxy aldehyde with lithium
aluminium hydride. Epimerisation of the intermediate
aldehyde was excluded by using deuterated periodic acid and
using D,0 in the workup of the reduction mixture. Less than

9% deuterium was incorporated in (77) (by mass spectrometry).

The (8)(+)-2-phenylbutanoic acid, was recovered with
20% optical yield, when Horeau's technique was applied to
(77). This mresult established that the configuration at C2
was (S) in (77) and was therefore also (S) at C3 in

eremoacetal (47).

Because the configurations in eremoacetal (47) had been
established as (S) at C3 and (R) at C5, it followed that the
configuration at Cl is (R). Therefore, eremoacetal has the
structure (47). The 1,3-dioxane ring of eremoacetal is presumed
to exist preferentially in the most stable chair form by

72573 This conformation is in

analogy with other dioxanes
accord with the proton coupling between the 3H and axial UuH

and equatorial 4H (J 10 and 5Hz respectively).
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Chapter 2

Ring Opening Reactions of Eremoacetal and its Derivatives

2.0 During the initial investigation into the stereochemistry
of eremoacetal (47), it was necessary to hydrolyse the acetal
function to provide the keto diol (54). The application of
Horeau's method to the diol (54) would allow the determinationl
of stereochemistry at C6. However, under various conditions
the formation of (54) from eremoacetal (47) was not possible
due to the formation of rearranged and other products.

Therefore, a closer investigation was necessary.

In order to determine some mechanistic details, the
structure and stereochemistry of the products from different
ring opening reactions were examined. In addition to solvol-
ysis, a variety of methods was used for the reduction of the
acetal and its derivatives, for example, the Birch reduction

and hydride reduction.

The synthetic value of these investigations has been
demonstrated by the preparation of a number of useful inters
mediates and natural products. In particular, some reactions
occurred with a high degree of stereoselectivity, giving iso-
mers which were readily separated. Many of the secondary
alcohols, obtained enantiomerically pure, were useful in a
study of effective steric sizes using Hofeau's technique

(see Chapter 8).
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2.1 Acid Catalysed Hydrolysis

(a) Dilute, aqueous perchloric acid (pH< 1) in co-
solvents (tetrahydrofuran, or methanol or dioxan) at room
temperature, only slowly reacted with eremoacetal (47).
Under these mild conditions only the rearranged allylic
alcohol (78) and small quantities of diene (74) were formed
after 15 h. When dilute aqueous acetic acid (10%) at reflux
was used as solvent, a mixture of diene (74) and (78) was
formed in varying proportions depending on the reaction time .
Formation of '(74) was complete in acetic acid after 1 h at
reflux. As heating alcohol (78) alone in dilute acetic acid
also produced diene (74), the unstable allylic alcohol (78)
can be assumed to be the intermediate leading to (74), pro-
bably via the allylic cation (79). None of the required
unrearranged alcohol (54) was obtained under any of the acid
catalysed hydrolyses. This might be due to two reasons.

i) The equilibrium between the acetal (47) and
diol (54) lies well in favour of the cyclic form
(47) under acidic conditions.

ii) The allylic alcohol (54) is unstable under the
acidic conditions and rearranges readily at low
temperature to (78) which at elevated temperature
dehydrates to give the diene (74): This possibi-
lity is analogous to the behaviour of prenyl

alcohol under acidic conditions.’*

The formation of products can be explained by a simple
Cl-02 or 08 cleavage leading to stabilised cations,(110) or

(111), followed by hemiacetal formation, ring dpening to give
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NOH
/ \1 4 T [\ o SOR
o HO' on 0
(81)
R=H (19
= CH, (80)

Scheme 2.11
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(54) then rearrangment to (78) and water loss to give (74).
Alternatively, concerted ring opening (see scheme 2.11)

leading directly to products can be proposed.

The required orbital overlap between migrating double
bond of (47) and the breaking 02-C3 bond is readily achieved

in the conformation shown for (47).

A similar reaction in methanol gave the methyl ether

(80) in addition to diene (74). To confirm that the acetal
was in equilibrium with the alcohol (54) in acidic conditions
at room temperature, the 'H n.m.r. spectrum of (47) was
observed in d!-chloroform containing DC1/D,0 (pH < 1). The
two C7 protons resonating at approximately 62.4, exchanged
for deuterium within 15 min. After exchange, the two protons
at C6 appeared as a broadened singlet due to deuteration at
C7. No evidence for any of the acyclic hydrolysis products

was seen in the 'H n.m.r. spectrum over 1 h.

(b) When eremoacetal (47) was treated in aqueous
methanol (pH 4-5) containing hydroxylamine, two oximes of (54)
were formed after 15 h. The oximes (81), formed quantitatively,
were separated and their 'H n.m.r. spectra confirmed they were the
E and Z isomers (81). Each of the isomers underwent
spontaneous isomerisation to the same equilibrium mixture
of oximes (81) within 24 h. The fact that the oximes of
(74) or (78) werc not isolated suggests that a concerted
opening of the acetal (47) under these milder conditions is

unlikely.



33

When Horeau's technique for determining configuration
(see Chapter 8) was applied to the isomeric oximes (81), it
was confirmed that the stereochemistry at C6 was S, as it
is at C3 in the natural product (47). This result therefore
demonstates that no epimerisation occurred at C6 in (81)

during its formation.

(¢) In an attempt to prepare the acid (83) for another
purpose from aldehyde (82) using alkaline silver oxide
oxidation, workup with acid gave instead the lactone (85).

Presumably, the acid (83) was hydrolysed in aqueous acid

to the dihydroxyacid (84) which underwent a facile alternative

0 O,
lﬁ/ 1)Ag,0/0H"
0 i
CHO 240" 0 COOH
\ AN

(85)
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cyclisation to the thermodynamically more stable product,

lactone (85).

A determination of configuration on the lactone (85)
confirmed the retention of stereochemistry at C3 using the
reasonable assumption that the carbonyl group has the

larger effective steric requirement (see Chapter 8).

(d) During an attempt to form the aldehyde (82)
by sodium periodate oxidation of diol (86) at pH 3-5, the
keto aldehyde (87) was isolated instead. The formation of
(87) can readily be explained by fission of the acyclic
species which would be expected to be in equilibrium with

the cyclic form under the reaction conditions.

0
0 oH H,0"
—_
=
\ N
OH

(86)

(87)
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When diol (87) was treated with sodium periodate at
PH > 7, no products were formed; the reaction therefore

requiring acid catalysis.’®

(e) When diol (86a), the major isomer from treatment
of eremoacetal with osmium tetroxide and reductive hydrolysis
(see Chapter 3.1), was warmed in aqueous methanol (1:1)
containing 5% oxalic acid a single product was formed.
Similarly, the epimeric diol (86b) gave an isomer, as a
single product, when it was treated in the same manner. The
structures oé these two products, proposed as (88) and (89)
respectively, were based on their !'H and !'3®C n.m.r. spectral
data, infrared spectra, chemical transformations, use of
Eu(fod); shift reagent (in the 'H spectra) and finally the

determination of configuration at C4" in both isomers (88)

and (89).

The structures shown for (88) and (89) were based on

the following considerations.

Upon examination, the infrared spectra of the two isomers
showed strong absorptions at 3500 and 1680 cm™! due to
hydroxyl and conjugated carbonyl groups respectively., These

data confirmed that ring opening had occurred.

The 'H n.m.r. spectrum of each isomer showed two D,0
exchangeable protons and two protons on neighbouring carbons
each bearing an oxygen function. The latter two protons were

coupled, one appearing as a doublet, the other as a multiplet.
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Both isomers (88) and (89) formed monoacetates, each
still retaining an hydroxyl absorption in the infrared spec-
tra. The 'H n.m.r. of the acetates showed the expected
downfield shift for the one proton multiplet in each case.
Neither (88) nor (89) gave any reaction products with
periodic acid which.excluded the possibility that they were

vicinal diols.?’S

All the facts mentioned support the
structures (88) and (89) and exclude the alternative isomeric
pyrans, like (93 a) which would be expected to form diacetates

and to react with periodic acid.
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OH

(93a)

The !3C n.m.r. spectrum of each isomer (88) and
(89) confirmed that each was pure and the spectra obtained
(see appendix) were fully in accord with the proposed
structures. The homogeneity of (88) and (89) was also
evident from the t.l.c. examination and their sharp melting
points. The reactions leading to the tetrahydrofurans (88)
and (89) were concluded to be highly stereospecific as no
other isomers were detected. Excessive heating of diols

only

(86a) or (86b) in aqueous oxalic acidAlead to hydrolysis of

the furan ring and lower yields of (88) and (89).

Information about the relative stereochemistry at oy
and Cg\was obtained by acetonide formation. When the diols
(88) and (89) were treated with acetone and 2,2-dimethoxy-
propane with a trace of acid only one isomer, (89), rapidly
formed an acetonide. Under more forcing conditions (reflux
for 24 h), isomer (88) could still not be induced to form
an acetonide. These results were rationalised after an
inspection of Dreiding models which indicated that the trans
relationship of the two groups at c4 and C5'"in (88) gave rise
to the more remote hydroxyl groups and consequent inability
to form an acetonide. However, the c¢is isomer, assigned to
(89), from an inspection of Dreiding models would be expected

to readily form an acetonide.
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The assignment of relative configuration to (88)
and (89) was supported by a closer examination of the H
n.m.r. spectra. The doublet for HS“in both isomers showed
a smali coupling constant (5.0 and 2.6 Hz respectively)
from coupling to H4' consistent with trans and eis stereo-
chemistry. These coupling constants are in agreement with

similarly substituted dihydrobenzofurans.’®

However,
assignments based on coupling constants alone can be ambiguous?’®
and complex to analyse in such substituted tetrahydrofurans.

A comparison of the '3C n.m.r. spectra of the cis (89)

Il

and trans (88) isomers, showed that CZLF" resonated at
(hycdbmgen bondirg)
lower field in the former due 46 a proximity effect of the
hydroxy | A
twoAsubstituents.
The determination of absolute configuration (by
Horeau's method) at C4' in (88) and (89), showed that only
the c¢is isomer (89) gave a significant optical yield (20%).
The configuration assigned was S for cu”in (89) (see chapter
8.4), confirming that this centre has not been inverted. It
is reasonable to assume that the more severe steric inter-
actions occurring in the cis isomer lead to a higher optical
yield during esterification in Horeau's procedure. This
steric interaction is reduced in the trans isomer (88) to a
point where kinetic resolution, arising from the steric inter-
action with the C5"substituent, is negligible resulting in
a low optical yield. However, as the pathway leading to
(88) and (89) is expected to be the same, the configuration

i
at C2 and Cuuis assumed to be the same. Therefore, the

stereochemistry for the cis isomer (89) at both ™" and cs”
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is § and R respectively. It follows that the stereochemistry

at both CU4" and C5" for the:hﬁﬂsisomer (88) is 3.

As a final confirmation of relative stereochemistry, a
lanthanide shift reagent (l.s.r.) was used with (88) and
(89). The europium complex, Eu(fod),;, is known to complex
to hydroxyl groups and other electron rich centres, resulting
in deshielding of neighbouring protons in the !'H n.m.r. spec-

trum.’7>78

The magnitude of the deshielding is related to
proton-europium distance (r) as well as the angle subtended
(@) between the major magnetic axis of the complex and the
proton-europium vector. When a linear relationship exists
between the induced shift (A§) and relative concentration
of the reagent 1l.s.r. , then the slope of the plot, as

vs [l.s.rn]/’@ubstrat% is given by the McConnell-Robertson

equation.’®d

K (3 cos?¢@-1)

As = 3

The results of such plots for (88) and (89) are shown
in Fig. 2.11 and 2.12. A linear relationship between the
induced shifts (8) and the mole ratio of shift reagent to
substrate is evident. The induced chemical shift is largely

dependent on the metal-proton distance (r) in the complex.

An examination of Fig. 2.11 shows that in the eis
isomer (89), deis the more rapidly deshielded multiplet in
comparison to H5“(doublet). This isomer also showed a one
proton doublet (J t 13Hz), assigned to uH32 as a rapidly
deshielded feature in the spectrum after incremental addition
of shift reagent. This feature was not observed in the

“ “ .
trans isomer (88) (Fig. 2.12) where the 4 and 5 substituents
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Figure 2.11
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lead to the complexation of Europium more or less in the
same plane as the tetrahydrofuran ring and therefore more
remote from both of the H3uprotons. By comparison, the

cts 1lsomer forms a complex where the europium lies between
the two hydroxyl groups and below the plane of the tetra-
hydrofuran ring. The c¢is isomer, (89) also showed a three
proton singlet,assigned to QLCHg’WhiCh was deshielded more
rapidly than the corresponding singlet in the trans isomer
(88). This result supports the § stereochemistry at C2“

in (89) in which the two polar groups and europium are cis
to the QLCH3: In the trans isomer, (88) the 2[CH3 is more
remote from the europium and the two methyl groups, near CS”
undergo the more rapid deshielding. Although the stereo-
chemistry at Cg‘was not rigorously established, the mechanism
postulated leading to (88) and (89) was expected to result

) . . u . .
in i1nversion at C2, The data otherwise 1s clearly only

consistent with structures of the type (88) and (89).

Two other alcohol isomers (90a) and (90b) were also
examined as they were expected to behave similarly on acid
hydrolysis. When alcohols (90a) and (90b) were treated
separately with aqueous acidic methanol, the two keto alcohols
(91) and (92) respectively, were formed. Application of
Horeau's method to each of these alcohols again gave the
configuration at Cd|only in the ecis isomer (92). An optical
yield of only 12% was obtained with (92) but the recovery of
the (=)-FE-2-phenylbutanoic acid confirmed that the S stereo-
chemistry at Cd'had been retained. As with (88), the trans

isomer (91) gave no detectable kinetic resolution but the
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configuration at cu‘;s also assumed to be S as both would
be expected to arise via the same pathway.

Further confirmation of stereochemistry was obtained

by converting (88) to (91) by the following sequence of

reactions.

\\\“'OH
1)Acy0/pyr.
2)S0C1, /pyr.
P,Ni/H,
(91)

Protection of the secondary hydroxyl group as the acetate,
followed by dehydration and deprotection, gave the hydroxy
alkene (93) as the minor product. The enol ether also formed
but decomposed during purification on silica gel to a complex
mixture which was not investigated. Hydrogenation of (93)
using P>-Ni in ethanol/acetone (9:1) for 7 h gave (91), identi-
cal by m.m.p., t.l.c., n.m.r. and i.r. with the authentic
sample. No other products were formed in the hydrogenation
which demonstrated the synthetic utility of P,-Ni in the
reduction of alkenes in the presence of the reducible furan
ring. No hydrogenolysis was observed. By this chemical
interconversion of (88) to (91) the parent acetal alcohols
(86a) and (90a), formed from different reactions were shown to
have the same stereochemistry at Cl ', § and R respectively.
This was an important result as assignment of stereochemistry

by the application of Horeau's method to (86a), (86b), (90a)
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and (90b), gave ambiguous results (see Chapter 8).

The facile formation of the tetrahydrofurans (88), (89)
(91) and (92) from the corresponding bicyclic acetal alcohols
is in marked contrast with the stability of dihydroeremo-
acetal (94), alcohol (95) and ether (96) in dilute aqueous acid.

It is evident that the difference in reactivity lies in the

R =H (9u)
; R = OH (95)
R = OCHj; (96)
R
presence of the hydroxyl group at Cl". A number of pathways

leading to the tetrahydrofurans (88), (89), (91) and (92) can

therefore be postulated (scheme 2.12).

Route 'A' involves a concerted acid catalysed opening
of the acetal function (described by Baldwin’® as a favoured
'3-exo-tet/trig' process) in (86) and (90) with inversion at
C3 to give a hydroxy-epoxide. However, the formation of an
epoxide, under conditions in which epoxides are known to be
unstable e.g. aqueous acidic conditions, seems unlikely. The forma-
tion of oxirane (100) from the relatively stable bicyclic system
might be thermodynamicallyunlikely. If the epoxide was the
intermediate formed, according to Baldwin's rules’® the
required 'S-endo-trig/tet' ring closure, leading to the tetra-
hydrofurans, would be a disfavoured process. Alternatively,
the epoxide (100) might undergo hydrolysis to the acyclic

polyol intermediate before cyclisation, but this would result
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in inversion at C6 or C7 to give (102) or (103). The
acyclic alcohols (102) and/or (103) could cyclise to give

(88), (91) and/or (104) as shown in scheme 2.12. However,

the < \
a stereoselective hydrolysis by attack at C6 of,epoxide ((00>4®

: yet. )
form (102) cannot be discounted, Pathway ('A'), results in

t 1}
inversion at Ci  and cs - of 001) . which is in

il
conflict with the S stereochemistry obtained at Ci. In

view of the above considerations based on the thermodynamic

and stereochemical grounds as well as application of Baldwin's

9

rules,’ pathway 'A' was rejected from the possible routes.

However, facile cyclisations?®?

of epoxy alcohols, of a
similar nature, like (98) derived from linalool (97) proceed

by the allowed 'b-exo-trig/tet' process.

(97) (98) (99)

Epoxy alcohol (98) is difficult to isolate and rapidly
cyclises to the tetrahydrofuran alcohols (99) with small

quantities of the tetrahydropyran also being formed.

In pathway 'B' the keto tetraol (102), formed by hydrolysis
of the acetals, could undergo anintramolecular cyclisation
involving the hydroxyl groups at C4 and C7. Protonation of
the tertiary hydroxyl at C4 followed by an intramolecular

substitution by the C7-hydroxyl group would form (88) or (89),
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with resultant inversionat C4 in (102). Other mechanisms
involving a carbonium ion at C4 of (102) are unlikely

because no epimers or olefins were detected among the products.

Alternatively, intramolecular attack at C4 as shown in
path 'D' by the carbonyl oxygen would produce a stabilised
intermediate species (105) which can give (88) or (91). This
pathway would however, result in a double inversion at CU in
(102) resulting in retention of stereochemistry at C2"in (88)
or (91). The reactive intermediate (105) if formed might
form a hemiacetal which could lead to keto alcohols (102)
except with inversion at Ch4. Consequently, pathway 'D' may
give some or complete epimerisation at the tertiary centre if
the rate of hemiacetal formation was as fast or faster than
the rate of intramolecular cyclisation. No epimeric mixtures

were detected among the products of these hydrolyses.

(88) er (1)

y (105) R
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Pathway 'C' involves the formation of a reactive inter-
mediate like (105)yby simple heterolysis of the C1-20 bond in
(86a) Qr (90a2:§§thout inversion at Cb. Intramolecular cycli-
sation of (105) with inveréion at Cg‘would give the tetra-
hydrofurans (88) and (91) with inversion of stereochemistry
at Cil(i.e. 5) and retention at cy and CS? The stereochemical .
outcome of path 'C' is completely compatible with the
stereochemistry of the products obtained. As previously
discussed, the configurations at Cﬁ'and CS“in the tetrahydro-
furans (89} énd (92) show that these centres have not been

inverted and the homogenéity of the products excludes epimeri-

sation.

In summary, the outcome of the pathways discussed only
leadsto the isomers (88) and (91) in the case of pathways
'B' and '€'. An analogy for pathway 'B' was found in the

attempted cyclisation of triol (106), in hot dilute oxalic

i Ho P
S~ e W

H HO 0
(1086)

acid under the same conditions as used for (86) and (90). No
cyclisation occurred showing thattriols of the type (106)
require more forcing conditions to cyclise?3 The carbonyl
group therefore appears to be important in the mechanis.m.
As a result of this, the acyclic alcohols of the type (102)
are unlikely intermediates leading directly to the tetrahydro-

furans obtained.

From the above observations 1t can be concluded that
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the most likely pathway leading to the tetrahydrofurans (88),

(89), (91) and (92) is 'C',

Although the acetals not having hydroxyls at the C1"
carbon, (94) to (96), were resistant to tetrahydrofuran
formation it could be shown with (94) that an equilibrium
existed between the acyclic form (107) and the more stable dioxa-

bicyclooctane (94) using DC1l/D,0 in CDClz. After some days

at 35 the two protons at C7 were exchanged via ketone (107)

(9u) (107)

as seen in the 'H n.m.r. spectrum of (94). This exchange

was evident as a simplification in the region around 62.4

and also by integration of this region. The equilibrium in
this example is clearly in favour of the bicyclic form (94)
which is the only species indicated in the n.m.r. spectrum.
These results are consistent with observations obtained in

some closely related dioxabicyclo[3.2.l]octanes. For example,
Cornforth®! has shown that the monocyclic acetal (108) readily
forms the more stable bicyclic system (109) upon treatment with

2N hydrochioric acid at reflux.

In conclusion it appears that under acidic conditions and
in the absence of competing irreversible reactions (e.g.

tetrahydrofuran formation, dehydration, oxime formation), nganxa
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0
VO
2N HCI - "
A
(o)
(108) : (109)

bicyclo[S.Z.l]octanes are resistant to ring opening.

2.2 Hydrolysis in Aqueous Pyridine

Althougﬁ ring opening of eremoacetal (47) to diol
(54) was unsatisfactory under acidic conditions, it was pos-

sible to obtain the diol under alkaline conditions.

When eremoacetal was heated with pyridine and water (2:1)
for 3-4 days, an equilibrium mixture of eremoacetal and diol
(54) was formed in a ratio of approximately 2:1. However,
the use of dioxane/water or diglyme/water containing a trace
of pyridine (i.e. almost neutral conditions) gave little ring

opening.

This slow equilibration was observed when the acetal was
heated in an n.m.r. tube with d’-pyridine and D,0. The
characteristic H2' and H4' protons on the furan ring in
ketone (54) became more intense with time and could be readily
integrated. Because the forward and reverse reactions are
slow at room temperature it is possible to isolate the
ketone (54). Extraction of the cooled equilibrium mixture
with hexane removed most of the less polar eremoacetal from

the aqueous mixture which was extracted with chloroform.
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Removal of the chloroform and pyridine under vacuum at
room temperature allowed the isolation of the unstable ketone’
(54). When the keto-diol (54) was heated in D,0/d®-
pyridine the appearance of the eremoacetal resonances was
seen in the 'H n.m.r. spectrum with increasing time, the mix-
ture of the ketone (54) and the formed eremoacetal (47) reached
the same equilibrium ratio of approximately (1:2). The ketone
(54) however was unstable to traces of acid and rapidly under-

went cyclisation to (47).

This solvolysis is envisaged to proceed at elevated tem-
peratures by cleavage of either C1-20, or C1-80 bonds of
eremoacetal to produce the stabilised cationic species
(110) or (111). Solvation of the cations leads to the hemi-

acetals which undergo further ring opening to the ketone (54).

Pyr/H,0

‘L
(47) — 7~
A

(54)

(111)
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Therefore it is possible to obtain the keto diol (54)
by solvolysis of (47) in aqueous pyridine without epimerisa-
tion at C4 or C6 and without the formation of rearrangement
products. The conditions are in marked contrast to the usﬁal
acidic conditions used for the hydrolysis of acetals, which

with eremoacetal leads to other products.

2.3 Birch Reduction

It is well established that allylic and benzylic ethers
undefgo reductive fission in the metal/ammonia solutions
used in the Birch reduction.  An examination of eremoacetal
shows it has both allylic and benzylic type ethers. In order
to get further confirmation of structure and produce alcohols
suitable for configurational examination, eremoacetal (47)

was reduced using various metals in liquid ammonia.

The metals lithium, sodium and calcium in ammonia at -33°
containing a proton source (ethanol) gave complex mixtures
of polar products when used to reduce eremoacetal.??
An examination of the 'H n.m.r. spectrum of the crude products
showed no furan protons and the infrared spectrum showed a

strong hydroxyl absorption.

Similarly, reduction with lithium in ammonia without a
proton source for 15 min gave a mixture. The n.m.r. spectrum
of the crude reaction products showed no furan protons.
However, preparative t.l.c. gave the furyl ketones (112)
(15%) and apparently the dihydrofurans (113) (35%), both

characterised by their n.m.r. spectra.?82



(112) (113)

The other products were not identified but contained no
furan protons by n.m.r. examination. '

Because of the complexity of the products a study of
various substituted furans was initiated and is still in prog-
ress. This work®?® shows some interesting variations in reduc-
tion rates and products therefore meriting a brief discussion
here. All reductions were done using lithium in ammonia at

-33° for 15 min before quenching with ammonium chloride.

’

Reductions of the ether (114) and acetal (115) both with

and without a proton source, gave the 2-alkyl furan (116).

Li/NHj3/(EtOH)
A
0 0 CH,,

R

(116)
R = H, OCHy  (114) :

k= ¢ P (115)

However, the 3-substituted furans behaved differently on

11

reduction.

The methyl ether (117) on reduction in the absence of
ethanol gave the 3-alkyl furan (119) (12%) and starting mater-
ial after 15 min. In the presence of ethanol the reduction

of (117) gave a higher yield of alkyl furan.

When the acetal (118) was reduced in the absence of a
proton source the products consisted of starting material
(18%), alkyl furan (119) (23%) and the partly reduced hydroxy

ether (120) (59%). However, in the presence of a proton source,
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the product contained (119) (11%), the alkyl tetrahydrofuran
(121) (62%), the keto tetrahydrofuran (122) (11%) and small

amounts of the dihydrofurans.

It is interesting to note the differences between the rate
and products of reduction in the 2-substituted furan deriva-
tives and the 3-substituted furan derivatives. The acetals
and ethers of 2-substituted furans are readily hydrogenolysed
without reduction of the aromatic ring whereas the acetals
but not ethers of the 3-substituted furans give extensive
ring reduction in the presence of a proton source. This work

is still under investigation. 83

R ’
C9H19 C9H19
CgHyr
A @f .

0 (119) (121)
CNPN 0
R = H, OCHy  (117) oM
</_§§CBH17 CeHyy
R = c(_:/o (118) 0 ©
(120) (122)

The reductive removal of the thicacetal function from a
3-substituted furan derivative has been reported by Hoppmann
and Weyerstahl®" to give the 3-alkyl furan in moderate yield
(63%). No proton source was used in the above reduction and
no other products were reported by the authors. In another

5

recent report,®® an ether derivative of 9-hydroxydendrolasin

was reduced to dendrolasin in good yield.

As some of the complexity in the products was due to the
allylic ether in eremoacetal it was decided to explore the
saturated analogue. In the eremoacetal series, the dihydro-
acetal (94), when reduced with a proton source, again gave
products in which the furan ring had been reduced. In the

absence of a proton source, however, reduction of the acetal
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function was very slow. Starting material (30%) was
recovered (even after reduction for 7 h) in addition to
oxepanes (123) (20%) and diol (124) (40%). None of the
tetrahydrofuran isomers (135) was detected in the reductioﬁ

products.

(123)

(94)

The reasons for the differences in reduction rates
between acetal (118) and the bicyclic acetal (94) are not
clear. The rates may reflect differences in strain energy in
the two compounds, or differences in orbital overlap of the
developing radical (or anion) at C3' with the breaking carbon
oxygen bond. Other differences may be due to the restricted

stabilisation of the radical (or anion) at C3' by p orbital
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overlap with the oxygen atoms in (94) leading to slower
reduction rates. An examination of Dreiding models did not
provide an insight into orbital overlap and explain the

resulté obtained.

Because the tetrahydrofuran (135) (or its epimer) was
not observed as a reduction product, it was not clear whether
the reduction of (135), if formed, occurred rapidly relative
to (123), or that preferential cleavage of the C1-80 bond
had occurred. To establish the relative rates of reduction
between the oxepane isomer (123a) and the tetrahydrofuran
(135), a reduction was carriegzﬁor 1 h on a mixture (1:1)
of the two isomers. Isolation of the reduction products
showed that only a trace of the tetrahydrofuran (135) remained,
whereas 90% of the oxepane (123a) was recovered in addition
to diol (124) (50%). Clearly, the tetrahydrofuran (135)
has been reduced to the diol (124) while the oxepane was
much more slowly reduced. Therefore, if the tetrahydrofuran
was formed in the original reduction of (94), it would have
been rapidly reduced to the diol (124). However, it is
difficult to rationalise the differences in reduction rates
of the various cyclic ethers and the acyclic methyl ether (117)
in 3-substituted furans. It is likely that the reduction

rates may be affected by the proton source present at the

hydroxyl groups in (135) and (123a).

Reduction of (94) in n-propylamine with lithium
at ambient temperatures gave products containing no furan
protons. A similar reaction at 0° for 15 min also gave mostly

furan reduction products with approximately 20% of diol (124),
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by n.m.r. examination of the crude products. Perhaps when a
large excess of metal was present, the addition of ammonium
chloride to destroy it may allow some reduction to proceed

in the presence of this proton source before all the metal

is destroyed.®® The tetrahydrofurans (125), and (126)
characterised by n.m.r. and mass spectra, were the products
from reduction of (94) in the presence of ethanol as a proton
source or possibly arising from the use of ammonium chloride ..

during quenching. Higher temperatures also increase the

OH

et

0

0
(125) (126)

rate of furan reduction, as shown above using propylamine
as solvent. Reductions using propylamine were not explored
further and subsequently, the excess of metal was removed by

the addition of isoprene before ammonium chloride was added.

In a number of large scale reductions of (94), the oxepanes
(123a) and (123b) were formed in a ratio of 15 to 20:1 after
7 h reduction. 1In one, atypical example,the isomeric ratio

of oxepanes obtained was 4:1 in a reaction done for 1 h,

OH
=0
[\
Y (123a) Y (123b)
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This ratio implies that either one isomer is formed more
rapidly by a preferred protonation from one face of the oxepane
ring (giving a kinetic product) or, that one of the
oxepane isomers,after protonation in the medium, is more
rapidly reduced further to the diol (124). The production
of a multicharged species may account for the slow reduction
and possibly for the selectivity shown for oxepane (123a).

The major oxepane isomer, assigned to (1l23a) arose by protona-

tion at the o face of the resonance stabilised anion.

(123b)

(94)

S

o T A (1933)

The structures of the oxepanes (123a) and (123b)

followed from their H n.m.r. spectra and some chemical tests.
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i) They each showed one proton resonance (multiplet) at
S4.4 and 4.7 which is consistent with a proton
on a carbon bearing oxygen and which was also
allylic. This resonance was assigned to H7.

ii) The two furan protons, H2' and HS5', had almost
identical chemical shifts at 67.35 in both isomers
of (123). It has been observed, in several
examples of the type (127) bearing one oxygen
substituent as shown, that both oa-protons resonate

at the same chemical shift.
R’ R,R = alkyl

0 (127)

iii) The hydroxyl groups at Ch, which was clearly evident
in the infrared spectra of both isomers, was ter-
tiary as neither (123a) nor‘(123b) readily formed
an acetate. However, forcing conditions gave a
tertiary acetate which showed a downfield shift of
0.3 ppm for the 4-CH; only but not protons resonating
at d4.3 or 4.6 and 3.6 .ppm.

iv) Therefore, the other proton on a carbon bearing
oxygen, H2, which resonated at 63.6, must bear an

ether oxygen and not a secondary hydroxyl group.

These observations are clearly only compatible with the
oxepane structures and not with the known tetrahydrofuran

(135) which was prepared unambiguously by another method.
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Separation of the oxepane isomers (123a) and (123b)
was readily achieved by chromatography as they showed large
differences in their Rf. An attempt was made to assign their
stereochemistry by determining the absolute configuration at
C7. In order to do this the preparation of (132) was under-

taken according to scheme 2.31,.

Cl,/ zr.
= ~ 0 0
/0\ /\

(123a) (128) (129)

Ci
Li/NHa A\
1 ? P) o
|\ / \
o) 0]
(130) (131)
(133) Scheme 2.31
The dehydration of the oxepane epimer (123a)

was expected to give a mixture of the alkenes (128), (129)

and (130). Reduction of (130) with lithium in ammonia would

be expected to give predominantly alcohol (132) as earlier

reduction work based on oxepane (123a) established that the
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alternative éleavage (10-C7 bond) of the oxepane to give
(133) would be slow. Alcohol (132) would retain the
original stereochemistry at C7 in (123a). The application
of Horeau's method to (132) would then provide the con-

figuration at Cl1l in (130) and therefore C7 in (123a).

When the major oxepane isomer (123a) was dehydrated
in pyridine using thionyl chloride, a mixture containing at
least four products was obtained. The most polar was
characterised as the tertiary chloride (131) (29%). Of
the olefinic'products, the exocyclic alkene (128) (40%)
predominated and was readily distinguished by its n.m.r.
spectrum. The two vinylic protons of (128) resonated as a
broadened singlet at 84.5, the four allylic methylene protons
at 62.25, and the two methines, H2 and H7,at 63.5 and 4.7
respectively. Of the remaining alkene mixture (16%), the

alkene (129) predominated, as assessed by the n.m.r. spectrum.

The small amount of isomer (A130) present in the products
was insufficient to permit isclation, but its presence in the
mixture was seen as the allylic methine (H2) resonance at
8§ 4.8 in the n.m.r. spectrum. Attempts to isomerise the
exocyclic methylene of (128) with mild Lewis acids (boron
triacetate, silica gel, zinc chloride on silica) were all
unsuccessful and accompanied by decomposition. Distillation
of (128) from silica (1200/1.5 mm) gave a low recovery of

unchanged alkene.
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Because the configuration at C2 and CY in the two oxe-~
panes (123a) and (123b) was not changed as a result of
reduction, it was thought that europium shift reagenl could
profitably be used to determine the relative configuration
of C2, 4 and 7. An examination of models showed that for
each oxepane isomer the number of stable conformations is
limited due to steric interactions across the ring. Also,
hydrogen bonding between the CY hydroxy and the ether oxygen
would be expected to add some rigidity to the oxepane ring.
It is important to note that because the configurations at
C2 and Ck aré known, complexation of europium to the hydroxyl
and ether oxygen would produce predictable and distinct differ-

ences in the rate of deshielding of the H7 protons and furan

protons in the two oxepanes (123a) and (123b).

When the lanthanide shift experiment was done on the two
oxepanes and the proton shift plotted against the quantity
of added Eu(fod);, clear differences between the two isomers
were evident (fig. 2.31).

i /
The minor isomer (123b) showed a fasterrate of deshielding

for the H7 proton relative to the major isomer, (123a). In
contrast, (l23a) showed a more rapid rate of deshielding of
the furan protons, H2' and Hu4'. These two results complement
one another as in the former case H7 is in closer proximity
to the europium than in the latter where the protons of the
furan ring at C7 are closer. As expected, the H2 methine was
deshielded at the same rate in both isomers and at the same
rate as the H7 methine of the major isomer (123a). These

results are in agreement with the C7 R configuration
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Figure 2.31
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for the major isomer (123a) and the C7 S configuration for

minor isomer (123b).

Another'reduétive cleavage of an acetal was carried out
during the synthesis of UY-hydroxydendrolasin (see chapter 5)
Reduction of alcohol (95) with lithium in ammonia over 3 h
gave the triol (183) (63%), starting material (28%) and traces
of unidentified polar products. In this example it is interes-
ting to note that no monocyclic ethers were isolated. The
more rapid reduction without isolation of intermediates,
as with (94) 'must be attributable to the hydroxyl group. The
hydroxyl function at C2" presumably provides a proton intra-
molecularly for the intermediate species allowing the reduc-
tion to proceed to the acyclic form. It is possible that
complexation of 1lithium to the two oxygen atoms at C2'and 20
(see chpt. %5il)allows a more facile cleavage of the C1-20 bond
to give the tetrahydrofuran derivative. This tetrahydrofuran
intermediate might then be rapidly cleaved to the triol (183)

as shown with the ngaiol (135) in an earlier experiment.

2.4 Cleavage of Acetals with Diborane

The reductive cleavage of acetals has been previously

achieved using various reagents such as sodium cyanoborohydride, ®

the aluminium chlorohydrides,®® diisobutylaluminium hydride,®®

hydrogen with rhodium on alumina.?®!

The applicability of
these reagents, to compounds like eremoacetal which have a
furan ring, is restricted due to the susceptiblity of the

furan nucleus to electrophilic reagents. In order to prepare

alcohols (90a) and (90b) for another study it was necessary

7
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to examine the behaviour of eremocacetal towards diborane.

When eremocacetal (47) was treated with a small excess
of diborane (1-1 equivalents Oo, 1 h) in tetrahydrofuran
the products obtained, after oxidative workup, included
the expected isomeric alcohols (90a) and (90b) (2:3) in
variable yield (40-60%). Accompanying these alcohols and
starting material (10-20%), was isolated the ketone (136)

(5-10%) and triols (137) and (138) (10-20%).

R = OH (137)
\ R = OAc (139)

R = H, R' = OH (90 a) R = OH (138)
R = OH, R' = H (30 b) R = OAc (140)

In an attempt to purify the ketone (136) by distillation
it underwent a cyclic dehydration to give the labile enol ether

(142) presumably via hemiacetal (141),

A HO

0 AN

Y (141) ]
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The ketone (136) from a number of different reactions

consisted predominantly of the E isomer (85%) as shown
by !3C n.m.r. (see appendix). Two mechanisms (A and B) can
be postulatedyas depicted in scheme 2.41l,to explain the

formation of the ketone (136).

(143)

(136)

Scheme 2.41

Both mechanisms proceed by the established B-cleavage of the

2

ether group®? with migration of boron to oxygen (20 in A and

80 in B) with regeneration of the double bond. The isomeric
ratio of E to Z isomers in (136) would be expected to reflect
the epimeric ratio at C1" of alkyl boranes (143),initially

formed,which would eliminate in a synchronous cyclic manner
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as shown in routes A and B. In all reactions with diborane
the triols (137) and (138) (see chapter 3) were obtained by
further reaction of (136) with diborane. Small quantities

(5%) of other products, like the tetrahydrofurans (146), were

(146)

il

isolated but not fully characterised.

Other attempts were made to improve the stereoselectivity
of this reaction by lowering the temperature during the
addition of diborane, and using ether®® in place of tetrahydro-
furan as solvent, which is claimed to decrease eliminaticn.
Dimethoxyborane was prepared because this reagent would be
expected to be a poorer Lewis acid, but it also gave a similar

mixture of products when it reacted with (47).

Thexyl borane (2 equivalents) was also tried but it gave
a mixture of products after 30 min at 0°. In this case the
products included starting material (15%), and the dihydro-
eremoacetal epimer (148) (9%) contaminated with the keto diol
(147) after chromatography. The epimeric dihydroacetals (94)
and (148) could not be readily separated due to hydrolysis of
(148) on silica. The dihydroacetals (94) and (148),
presumably arise ffom the keto diols (54) and (147) which can

be formed from intermediate (144) by further hydroboration of
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the double bond. The isomeric keto diols (149) and perhaps
(147) were identified (23% yield) by n.m.r. spectroscopy
among the more polar products of the thexyl borane reaction.
In this reaction the triols (137) and (138) were formed in
10% yield. However, the thexyl borane stereoselectively
produced only one of the acetal alcohols, (90b), in only 15%
yileld, although acetal cleavage products still dominated this

reaction.

ThBH —= (94)

(1uy4)

0
—_
| <~ o\ _H
ThBH = thexyl o l \
borane

In no experiment could an efficient hydroboration be

achieved without acetal opening; starting material and acyclic
alcohols were always present among the products. However,
the acyclic products formed were of synthetic value and

mechanistically interesting.

In contrast to eremoacetal (47), neither alcohol (95)
nor ether (96) showed evidence of ring opening when allowed
to stand with diborane for 2 h at room temperature. This

result confirms that acetal ring opening is a result of the
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elimination of the alkyl borane intermediate (143) as shown

in scheme 2.41.

2.5 Reductive Cleavage with other Hydride Reagents

During an early study of the removal of oxygen function-
ality from the 1 position of (90) for synthetic purposes,
it was decided to explore the reduction of the corresponding
mesylates (150) and (151). Primary and secondary mesylates
have been reduced to the corresponding alkanes with various

hydride reagents.®%7?%6

When mesylate (150) was treated with lithium aluminium
hydride in tetrahydrofuran, reduction occurred to produce

alcohol (90b) and possibly methane thiol or a thioketene

(sten:?). 0
OH
OMs 8
o LAH/THE 4
60°
N \ o
0" (150 @0 b)

MS = 802CH3
None of the required dihydroacetal (94) was isolated from this

reduction.

Surprisingly, when the epimeric mesylate (151) was treated
in the same way, two products were formed (quantitatively)
which were characterised as the tetrahydrofuran alcchols (152)
and (153). The alcohols, (152) and (153) were formed in a 1:2

ratio respectively.



OH

o
I

. 0S0,CH3 (155)
Also, when the mesylate (155) of the primary alcohol

(154) was treated with lithium aluminium hydride in tetra-
hydrofuran an exothermic reaction occurr_sd to give, almost

quantitatively, the tetrahydrofuran derivative, alcohol (156).

(156)

In order to obtain some mechanistic information about
this highly stereocontrolled reduction, the configuration of

the products was investigated.

An unambiguous confirmation of C5' stereochemistry in
(152) was obtained by a spectral comparison with the known cis
isomers (135a) and (135b). Alcohols (135a) and (135b) were
the minor reduction products when (-)-dehydrongaione (44) was
reduced with sodium borohydride in ethanol. Their formation
is a result of reduction of the double bond, followed by
reduction of the saturated ketone (ngaione) which is formed

as an intermediate. Alcohol (135b) was alternatively prepared



(135b)

by hydrogenaéion of the dehydrongaiol (62) with hydrogen and
P,-Nickel catalyst. Although (152) was similar by 'H n.m.r.
and i.r. spectra to (135a) and (135b) there were distinct
differences which suggests that (152) is the trans isomer.
Further and conclusive confirmation was obtained by oxidation
of (152) to the enantiomer of the known trang isomer,

epingaione (26). Using Swern's oxidant,®’ the ketone corres-

(157)

ponding to (157) was obtained. It was, by comparison of

spectral data (n.m.r., i.r.), identical in all respects to (26)
but had an optical rotation of opposite direction and of the

~ b
same magnitude. Xetone (157) was therefore the enantiomer of 2§;ﬁ

(—)—epingaibpne (26). These results confirm the 5'R
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stereochemistry in (152) and by analogy allowed the assign-

ment of the same configuration at C5' in (153) and (156).

In order to determine the configuration at C2 in (152)
and (156) and C3 in (153) the Horeau's procedure was consid-
ered. However, the procedure could only be applied unambiguously
to alcohol (156) where the methyl substituent at C2 is clearly
the smaller of alkyl substituents. Using the modified Horeau's
procedure (see chapter 8.4), the stereochemistry at C2 in (156)
was determined to be R. By analogy, the stereochemistry at C2

in (152) is R and that at C3 in (153) is R.

The behaviour of the two mesylates, (151) and (155),
with lithium aluminium hydride is clearly dependent on the
configuration of the mesylate. TFrom the results of the above
stereochemical assignments of the reduction products, it is
possible to rationalise their formation on the basis of the
following mechanism (scheme 2.51). Complexation of the
hydride reagent through lithium between the two acetal oxygen
atoms, can occur. This arrangement allows the hydride ion to
attack the Cl centre from the same side as the C1-20 bond is
broken with concomitant formation of an intermediate epoxide
(158). Reduction of the epoxide (158), predominantly at the
less hindered site C2, produces alcohol (153). The minor alcohol
(152) arises from hydride attack at the more hindered position,

C3 of (158).
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LaH ~ (152)

(153)

(158)

Scheme 2.51

Overall, this mechanism would provide a product with
trans stereochemistry about the tetrahydrofuran ring with
retention of configuration at C5,(formerly Cl of (151)) in
the products (152) and (153). The formation of epoxide
(158), by this mechanism, would occur with inversion at the
C1l" centre of (151). The subsequent hydride reduction of
(158) results in the R configuration at C3 in (153) and R
at C2 in (152). A similar mechanism presumably operates in
the reduction of the primary mesylate (155) (scheme 2.52) to
give an epoxide intermediate (159), which undergoes selective

reduction at C3 to give the secondary alcohol (156).

B .
o“‘--.
— ,-',-_‘\_
(155) — 0.»;"</2\O, L2 (156)
H 1 |

(159)

Scheme 2.572

None of the isomeric primary alcohol, from hydride attack
at C2 of (159), was detected. These mechanisms, involving
epoxide intermediates, are completely compatible with the

stereochemical information obtained from the products.



74

As expected,neither eremoacetal (47) nor dihydro-
eremoacetal (94) showed any ring opening when treated with

lithium aluminium hydride.

The reduction of the mixed mesylates (150) and (151)
to dihydroeremoacetal (94) was possible using the powerful
hydride donor, lithium triethylborohydride, over an extended
period (see chapter 7.8). However, this reduction was slow
and considerable starting material was recovered together with

the elimination product (47).

’

An examination of Dreiding models, in an attempt to explain
the differences in reactivity between mesylates (150) and
(151), showed that steric interactions were minimal in mesylate
(151) when the mesylate substituent was trans antiplanar to
the incoming oxygen, 20. However, in the mesylate epimer
(150), this conformation, presumably necessary for epoxide
formation, could not be achieved without more severe steric
interactions. Consequently, the ability of the mesylate (151)
to adopt a lower energy conformation, in which the incoming
oxygen and leaving group ave tragns antiplanar, appears to
adequately explain the differences in the reactivities between

(150) and (151) upon reduction.

Isomer (150), alternatively undergoes attack at sulphur
or perhaps a base induced elimination of a ketene sulphone
(which is probably reduced) (scheme 2.53). No evidence for such
a reaction was found except for the stench of the sulphur

containing reduction product.
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)
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Scheme 2.53

In an attempt to form tetrahydrofurans or epoxides from
(150) and (151) by solvolytic means, the mesylates were treated
in water (100°) containing some sodium bicarbonate, but only

starting materials were recovered.

Some of the reaction pathways by which the acetal function
in eremoacetal (47) and its derivatives can undergo ring
cleavage have been discussed in this chapter. The reduction
and solvolysis of this natural product has been a rich source
of interesting mechanistic and stereochemical problems. By

using such reactions it has been possible to transform
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eremoacetal into a variety of optically pure sesquiterpenes

often with a high degree of stereoselectivity.
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Chapter 3

Exploration of the Synthetic Utility of Eremoacetal

3.0 Syntheses which produce enantiomerically pure products
are highly desirable and some natural products, with their

inherent asymmetric carbons, are ideal precursors.

The control of absolute stereochemistry has been success-

7

fully obtained by the use of microbial transformations,®’ chiral

reagents?®’ or catalysts and the use of chiral templates

derived from carbohydrates®® or terpenes.?75100

Because of the abundance of eremoacetal (47) and the wide
variety of products available from ring opening of the acetal,
the chemistry of the compound was explored further. Some
of the products of acetal ring opening appeared to be suitably
functionalised intermediates which could be elaborated to known
enantiomeric natural products. In addition, the double bond
of eremoacetal was suitable for further functionalisation.

Some aspects studied were;
i) +the preferred direction of approach or stereoselec-
tivity shown by some electrophiles to the double
bond of eremoacetal (47),

ii) the preferred direction of approach shown by
nucleophiles to the acetal aldehyde (82) (an
application of Cram's rule),

iil) Asymmetric induction and the stereoselectivity shown

in the formation of isomers from (i) and (ii) with

the view to a synthesis of furospongin-1 (48),
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iv) Exploration of the Wittig reaction using aldehyde
(82) as the intermediate,

v) Preparation of a variety of enantiomeric secondary
alcohols for a study of Horeau's method for the

determination of stereochemistry.

Several electrophilic species, such as osmium tetroxide,
m-chloroperbenzoic acid, boranes and mercuric salts, were

reactive towards the double bond of eremocacetal. Many of these
n-—n3s .
are known to react with furan or simple alkyl substituted furans.

The ability of the furan ring in eremoacetal (47), but not
4-hydroxydendrolasin (8), to show this reduced reactivity to
electrophiles 'can be explained by the inductive effect of the

,oxygen substituents on the furan ring.

3.1 Reaction of Eremoacetal with Osmium Tetroxide

When eremoacetal (47) was treated with osmium tetroxide
(catalytically) and N-methyl morpholine N-oxide as co-oxidant®'*
the diol isomers (86a) and (86b) (4:1) were isolated in good
yield (90%). Separation of the epimers was achievéd by frac-
tional crystallisation, chromatography or the formation and

easy chromatographic separation of their corresponding acetonides

(160) and (161).

Earlier,®? one equivalent of osmium tetroxide and pyridine
gave a higher degree of stereoselectivity, diols (86a) and
(86b) being isolated in a 10:1 ratio. The stereoselectivity of
approach of electrophiles is difficult to rationalise due to
competing steric and electronic influences in eremoacetal. 1In
addition, the molecule can adopt different conformations in the

dioxane ring and with the C3 side chain.



79

(160) (161)

In order to determine the stereochemistry at Cl of
diols (86a) and (86b) and therefore to establish the preferred
approach of osmium tetroxide to the double bond, Horeau's
procedure was used. However, the unknown relative steric
influence of the two substituents at Cl on the kinetic
resolution did not allow an unambiguous assignment of stereo-
chemistry, by this method (see Chapter 8). The substituents
on the move substituted carbon, 2 , may have a lower effective
steric influence than the longer range, but potentially more
severe, steric effects arising from interactions with sub-
stituents at Cf, and C5'or hydrogens at C¢. The application
of Horeau's method to the diols (86a) and (86b) is therefore
complicated due to this ambiguity. It was, however, possible
to relate stereochemically diol (86a) with epoxide (163) which
in turn could be related to alcohol (169) where this ambiguity
does not exist. By the application of a modified Horeau's

method to (169) and (170) (see chapter 8) the stereochemistry
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at C1 in the major isomer (86a) was found to be S§. This
stereochemistry for the major diol isomer suggests that
approach of the osmium reagent to the double bond is preferred
from the o side as shown in fig. 3.1. This approach is
presumably the least hindered if the molecule adopts the

lower energy conformation as shown in fig. 3.11. On this

assumption, and, from examination of Dreiding models, it appears

O

Figure 3.11

that steric influences over-ride potential electronic effeets
from the two ether oxygens and the furan ring in the

osmylation of eremoacetal.

3.2 Reaction of Eremoacetal with a Peracid

When eremocacetal (47) was treated with a small excess of
m-chloroperbenzoic at OD, the isolated double bond was feadily
epoxidised. Separation of the epimeric epoxides, (162) and
(163) (4:1), was readily achieved by chromatography. The
minor epoxide (163) was related to the major diol epimer

(86a) by interconversion.
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\ N
O
(162) (163)

Neither (162) nor (163) could be hydrolysed cleanly to
the corresponding diols (86b) or (86a) under aqueous acidic
conditions, mixtures containing the expected diols and ring
opened products invariably formed from such reactions.
However, diol (86a) was converted to epoxide (163), via the
intermediate mesylate (164),* as shown below. It would be

expected that the formation of epoxide (163) would occur

with inversion of configuration at Cl

0
ﬁ Mscl/pyr

[ \

(86a) 0 (164)

03
— - (163)

'pro

From the interconversion of diol (86a) with the minor
epoxidation product (163), it is clear that approach of m-
chloroperbenzoic acid and osmium tetroxide occurs predominantly
from the same face (a) of the double bond (see fig. 3.11).

This type of asymmetric induction in acyclic systems has been

reviewed recently.100

Although diol (86a) formed a mesylate and acetate, it could

not be induced to form a tosylate. The lower steric requirement
of the thioketene intermediate presumably allowed the forma-
tion of mesylate (1l64).
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3,3 Oxidation of Diol (8ca)

In order to examine the ease of epimerisation at C3'
in compounds with a carbonyl function at Cl, the oxidation
of diol (86a) with pyridinium chlorochromate was attempted.
None of the required hydroxyketone (165) was isolated but a
low yield (30%) of the aldeﬁyde (82) was obtained. Cleavage
of a-hydroxyketones®!® and 1,2-diols!'!’? by chromium reagents
perhaps via a concerted (periodate type) cleavage has

previously been reported.

P C.C.(30%)
(86a)

or Pb(0Ac),(90%)

0 (165)
(82) L ol

Because the aldehyde (82) was considered to be a useful
synthetic intermediate which could also be used to examine the
epimerisation at C3 , its preparation was explored further.
Selective ozonolysis of (47) by varying conditions (differing
solvents and temperature) gave poor yields (<20%) of (82) due
to rapid attack of ozone on the furan ring. An attempt to
lower the electron density (and therefore the degree of
oxidation of the furan ring) via a charge transfer complex using
benzoquinone and chloranil was unsuccessful. However, the
aldehyde could be readily prepared in high yield by oxidation
of diols (86) with lead tetracetate!'® in methylene chloride.
Reactions of (86) with periodate gave ring opened products

(see Chapter 2).
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Attempts to epimerise the aldehyde (82) under acidic
and basic conditions gave mixtures of starting material and
decomposition products. However, it was possible to convert
the aldehyde (82) to eremoacetal (47) via a Wittig reaction
confirming that epimerisation at C3 in such reactions, does

attempt

not readily occur. A similar epimerisationxusing an analogous

ketone is discussed latter.

3.4 Reaction of Eremoacetal with Diborane

The tredtment of eremoacetal with diborane and other
alkyl boranes (discussed in Chapter 2) gave varying yields
(40-60%) of the two epimeric alcohols (90a) and (90b) on workup.
In order to determine the preferred direction of approach of
the borane it was necessary to determine the stereochemistry
at Cl° in (90a) and (90b). However, when Horeau's technique
was applied to the alcohols the initial results were confusing
(see Chapter 8). It was possible to remove this ambiguity
by correlation of (90b) with the products (170) and (90b)
from the Grignard reactions (see Chapters 3.7 and 8). These
results showed that the stereochemistry at Cl1 in (90b), the
major isomer from hydroxylation using diborane, was S.
Therefore the preferred approach of diborane,in contrast to
osmium tetroxide and peracid, is from the B face of the double
bond of (47) (fig.3.11), assuming the conformation shown for
(47) is favoured. However, the degree of sterecselectivity
with diborane was low (approximately 3:2). Only epimer (90Db)
was formed when thexyl borane was used, although, as with all
the borane reactions, ring opened products were also formed

(see Chapter 2). The higher electrophilicity of diborane
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H (90Db)

R =

R =H (90a)

o)
1

COCHj3 (904)

o)
1

= COCH3 (90c)

relative to the other electrophiles, mightallow the acetal

oxygens and the furan ring to exert a greater directive

influence.

3.5 Oxymercuration of Eremoacetal

It was also possible to hydroxylate the double bond
of (47) by oxymercuration.''® However, the stereoselectivity
of the initial adduct formation giving the alkyl mercury
derivative (166) was not investigated. The use of deuterium
in the reduction of (166) using sodium amalgam/deuterium oxideJ
known to proceed stereospecifically,'?°’2! yould give the
deuterated compound (95a) for such a study. The use of

methanol as solvent gave the corresponding methyl ether (96).

HgOAc &) BH,™

\ N OH
O

H (85)

(166) a) R
D (95a).

o

p

“d
i
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3.6 Reactions of Aldehyde (82) with Sulphur Ylides

In contrast to attack of eremoacetal by electrophiles,
the aldehyde (82) was examined to determine the stereoselectivity
it showed when reacted with some nucleophiles. The nucleo-

philes chosen were sulphur ylidesand Grignard reagents.

Initially, some epoxides were prepared using sulphur

2

ylides. Epoxides are sometimes mutagenic!?? and the synthesis

3

provided a number of epimeric epoxides for testing'?® using

the Ames test.!?"

Using the dimethylsulphonium®?® ylide (A) and dimethyl-
sulphoxonium!2%2 ylides (B) the epoxides (167) and (168)
were prepared from aldehyde (82). The former reagent used at
room temperature gave the epoxide epimers, (167) and (168)
(3:1), in 67% yield. When the dimethylsulphoxonium ylide (B)
was used at a lower temperature (—100) the epoxides (167) and
(168) were formed in lower yield (52%) and with no enhancement

in stereoselectivity.

It was possible to determine the stereochemistry at C1"
in (167) or (168), after reduction to the corresponding
alcohols, (169) and (170), with 1lithium aluminium hydride.
Hydride reduction occurs at the less hindered C2" carbon with
retention of stereochemistry at Clin(169) and (170). Horeau's
procedure when applied to alcohols (169) and (170) gave the

configuration at C1 as R and S respectively (see Chapter 8).
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0o
(82) Yo 0 & %/CHa

LAH
(169)

(167) (168)

Similarly, the epoxide analogue (162) was prepared from
an isopro%}sulphonium ylide. To prepare the unstable
isopropyl ylide, it was necessary to alkylate the ethyl
sulphonium ylide at low temperature, according to the method

outlined by Corey and Chaykovsky.!'?®

Diphenylethylsulphonium
tetrafluoroborate was prepared and the ylide of this was alkylated
using methyl iodide. The reformed ylide was then reacted

with aldehyde (82) to give the epoxide (162) (38%) stereo-
selectively although epoxide (172) (22%), (presumably arising

from incomplete alkylation in the earlier step), was also
isolated. Epoxide (162) was identical with that major epoxide
isomer isolated from epoxidation of (47). From these results,

it is apparent that the more bulky ylides, like that from

diphenylisopropylsulphonium tetrafluoroborate, therefore can

give a high degree of stereoselectivity.
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(162) (172)

The stereochemistry of the epoxides resulting from the
sulphur ylides, therefore shows the preferred direction of
attack at the carbonyl centre by nucleophiles (Nu). According
to Cram's!?®/Cornforth's!?’? proposals the anti orientation
of the aldehyde function is such that it minimizes steric and

’ between
electrostatic interactionsAgroups. The study of such nucleo-
philic attacks in chiral carbonyl compounds has been reviewed
by Morrison and Mosher®®P and continues to attract the interest

of researchers.!%?,128

The accepted conformation that the aldehyde (82) adopts,
shown in fig. 3.61,is based on Cram's model and Cornforth's

dipolar model.

Therefore it is possible to explain the preferred direction

of attack by nucleophiles (Nu) at the aldehyde carbon.

Figure 3.61
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¢82)
~ 0
Nu
0
) \ N
0 waeOH O
\ \\ Nu
0 0
/' Nu = CH, (169) 0 .
Nu = -CH(CIj3), (90a)

\\ OR
0 R=H (170)

R=Ac (IToa)

3.7 Reaction of Aldehyde (82) with Grignards Reagents.

Aldehyde (82) readily reacted with various Grignard
reagents to give good yields of the corresponding alcohols.
With methyl magnesium iodide at -70° the two epimeric alcohols,
(169) and (170) (62:38), were obtained. They were more
readily separated and characterised as their crystalline

acetates (169a) and (170a).

Similarly, the use of 2-propyl, magnesium bromide at -70°
gave the two alcohols, (90a) and (90b) (3:1), also obtained by
hydroboration of eremoacetal. The increased stereoselectivity
is expected with the more bulky isopropyl group. Alcohols
(90a) and (90b) were characterised as their crystalline
acetates (90c) and (90d) respectively. The configurations of

alcohols (169) and (170) were crucial to the assignment of
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stereochemistries, by analogy, to alcohols (90a) and (90b),
which were also the products of a diborane reaction. Assign-
ment of stereochemistry to alcohols (90a) and (90b) was
possible assuming that the preferred approach of the Grignard
reagent was, in the two cases above, from the same side of

the aldehyde function. This condition was necessary to assign
stereochemistry to (90a) and (90b), as the application of
Horeau's method gave ambiguous results. However, no ambiguity
existed when Horeau's technique was applied to alcohols

(169) and (170) (see Chapter 8).

It was found, as with the sulphur ylides, that the
preferred approach of the Grignard reagent®* was from the furan

side of the aldehyde (see fig. 3.61).

In this way it was also possible to relate the configura-
tions of alcohols (169) and (170) with epoxides (162), (163),
(167) and (168) and these with diols (86a) and (86b) which also

gave confusing results using Horeau's method.

It was shown independently, by a chemical interconversion
to a common derivative, that diol (86a) and alcohol (90a) have

the same configuration at Cl (see Chapter 2).

An alternative model for the reaction of the Grignard with
the aldehyde involves the chelation of the metal with 20 and
the carbonyl oxygen.!?? This arrangement does not appear to
dominate because it would result in reversed stereoselec-
tivity.
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Chapter 4

Synthesis of Some Natural Products using Eremoacetal

4.0 The synthesis of a number of sesquiterpenes was under-
taken during the course of this work for various important
reasons. It was necessary to verify the structures and stereo-
chemistries of some reaction products derived from eremo-
acetal by conversion to known natural products. Furthermore,
these syntheses provided evidence to support proposed mechanisms
or pathways in the formation of some derivatives. In addition,
the syntheses demonstrated the usefulness of certain trans-
formations and reagents in the presence of the sensitive

furan nucleus. Finally, the syntheses of some of the natural
products from eremoacetal was expected to allow the previously
unknown stereochemistry of the natural products to be assigned

or confirmed.

4.1 (-)-Dehydrongaione (44)

Tn chapter 2 the synthesis of (-)-dehydrongaione (44)
from eremoacetal was discussed. (-)-Dehydrongaione occurs in
Eremophila rotundifolia together with its epimer, dehydro-
epingaione (45). Both isomers have been previously isolated
from both the Athanasia, and Myoporum species and characterised

by Sutherland et al.

The conversion of eremoacetal (47) to (-)-dehydro-
ngaione (44) established the R stereochemistry at C5.in the
former, and demonstrated the feasibility of a synthesis of

(44) from a suitable acyclic precursor.
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(4y) 0 (45)

4.2 (+)-Epingai_one (157)

During the attempted reduction of the mesylate (151)

to dihydroeremoacetal (94), two isomeric alcohols were obtained

(see Chapter 2). One of them, (152), was oxidised to

(+)-epingaione (157)3 the enantiomer (26) is known,

having been characterised by Sutherland et al.2? 21
This interconversion established that hydride attack on (151)

1
occurred at Cl in a stereospecific manner which could be

rationalised in terms of the configuration at Cl

(151).

of mesylate

LAH
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n
4.3 (R)-4-Hydroxymyoporone (Athanaogradione) (23)
i

Since the isolation of UW-hydroxymyoporone (stereochemistry
not defined) from fungus infected sweet potatoes!?>39 it has
been identified as a major metabolite®® arising from (+)-
ngaione (15) (called ipomeamarone) which leads to a variety of
related potent lung. toxins.3? !? Some of these were readily

prepared from eremoacetal (47).

When an excess of diborane was reacted with eremoacetal
for 2-3 days, ring opening of the acetal occurred and gave a

’

mixture of isomeric triols (137) and (138) (see Chapter 2).

OR OR

HO
0
R = H (137) R = H (138)
R = COCHj, (139) R = COCH5; (140)

Triols (137) and (138) (7:3) were readily separated from
each other by chromatography of their diacetates (139) and
(140). The !'H n.m.r. spectra of each of the diacetates, were

very similar except for protons at C6 in (139) and C7 in (140).

It was apparent that oxidation of the triols (137) to the
diketone (23) would confirm the gross structure of (137).
Also, the synthesis of (23) and subsequent determination of
optical rotation would enable an assignment of stereochemistry

to natural athanograndione7(23)7to be made.
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0
A@LLOB
(137) 500
DMSO/(COCL) 5
(137) Lot

or P.C.C.

(23)

Oxidation of (137) with Fetizon's reagent!?? gave only
the diketone'(l73) formed from (23) by a retroaldol reaction.
Ketone (173) has been préviously isolated from sweet potatoes
and named ipomeanine by Kubota.?? oOxidation of (137) with
either Swern's oxidants or pyridinium chlorochromate gave the

hydroxy ketone (23) (17-20%) in addition to other products.

The optical rotation of 4-hydroxymyoporone has not been
published but a conversion of (+)-ngaione (ipomeamarone) (15)
to the 4S5 epimer (the enantiomer of 23), was recently reported?®
to give a product with the same optical rotation as the Uu-

hydroxymyoporone from sweet potatoes.!®>3°

As the stereochemistry
at C2/ in (+)-ngaione (15) is known to be §, 1t is likely that

the product from sweet potatoes is the enantiomer, that

}s) (R)—4—hydroxymyoporoAZi;erived from eremoacetal.

Recently Bohlmann described?®* a product (4-hydroxy-
myoporone) isolated from the Athanasia species, and named it
ab;hanagr%?ione. The configuration of athanagrandione however
is not given but the optical rotation of (23) (Eﬂlyﬂuoo) and
that of athanagrandione ([@]D—O.7°), agree closely. The

structure and configuration of abﬁhanagrandione is therefore
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R as shown for (23). The isolation by Bohlmann of
(-)-ngaione (22) from the same species, by analogy with
Burka's work, adds support to the R configuration assigned

to anthanagrandione as the stereochemistry of the same carbon

in (-)-ngaione (22) is also R.

The oxidation of triols (137) also produced the keto

diols (54) and (147) (40%) by reaction at Cl.

—_— (94)

(147) : (148)

The keto diol (54) formed was not isolated; its formation
was assumed by the isolation of its cyclised product dihydro-
eremoacetal (94), identical in all respects to authentic

material.

However, the epimeric keto diol A47), was unstable on
silica resulting, on isolation, in a mixture of (147) and the
equally unstable epi-dihydroeremoacetal (148). The less

polar 385 acetal (148), was isolated as a mixture with some of
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the 3R epimer (94). The two acetals (94) and (148), showed
small differences in Rf on silica, and were very similar by
spectral comparison, although C5-CH; of (148) resonatcd at

5Hz lower field in the !'H n.m.r. spectrum than did its epimer.
This difference, and possibly the instability of (148) on
silica may be due to increased steric interactions with the
endo hydrogen atoms H6 and H7. These interactions might result
in conformational changes in the 1,3-dioxane ring. The forma-
tion of the two acetals confirms the presence of isomers at C6
in (137) resulting from hydroboration to both sides of the
double bond of the likely intermediate, ketone (136).  The

13C n.m.r. spectrum (see appendix) of (139) confirmed the
presence of isomers; 23 resonances were clearly discernible.

The nature of the sterochemistry at Cl in (137) remains unknown.

Similar oxidation of the minor triols (138), with silver

carbonate,!?® gave a mixture of keto-diol (149 and acetals

(179.
(138)
Ag, €03 0
& OH
—_—
= (0]
0
(149) (174)

The complex spectra ('H n.m.r. and i.r.) even after
purification on silica, can be explained by the presence of
both the acyclic and cyclic forms (149) and (174) again

showing the lability of both species.
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The !'3*C spectrum of (140), the diacetate of (138),
showed only the expected 19 resonances, indicating that it might
be only a single epimer at €1l and C7. This could be |
the result of an asymmetric reduction of the ketone inter-
mediate,(136), leading to (137) and (138), perhaps through
a cyclic borane intermediate involving the chiral ClU centre

(see Chapter 3.4).

Recently a furanosesquiterpene, (175) -hydroxylated

at the uncommon C7 position, has been isolated from infected

sweet potatoes and named 7—hydroxymyoporone.36

(175)

Triols (137), (138) or ketone (136) may be useful in a

stereochemical study of (175) which has recently
been synthesised in racemic form by Reich.?!3!?

Oxidation of the acyclic diol (124) was explored to

confirm its structure and to demonstrate the use of such a

25,36

b

transformation in the syntheis of myoporone??> analogues

56 1ike compounds. Diol (124)was

and the furospongenone®*
derived from a Birch reduction of dihydroeremoacetal (94)

(see Chapter 2.3).

Pyridinium chlorochromate!?®! oxidation of (124) gave the
hydroxy ketone (176) in good yield without the formation of
retroaldol or elimination products. A dehydration of (176)

would be expected to give the natural product,3° (178), with
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other isomers.

Attempts to characterise ketone (76) as the crystalline
2,4-dinitrophenylhydrazone failed as the two products, E and
1somers
a, although readily separated, could not be crystallised.

Subsequently, diol (124) was readily converted to the

acetonide (177) which was purified by distillation.

The diol (124) was a useful model in studying various
dehydration products and separation methods for a synthesis

of W-hydroxydendrolasin and furospongin—l.s"

The synthesis of a new furanoterpene, (§)-4-hydroxydendrol-
asin, from eremoacetal is described in Chapter 5. From the
reactions discussed it can be seen that eremoacetal (47)
is a source of a variety of bicyclic, monocyclic and acylic
intermediates having useful functionalities suitable for the
synthesis of an array of naturally occurring furanoterpenes
in optically active form. Two applications of eremoacetal in
such syntheses are discussed in the synthesis of enantiomeric
4-hydroxydendrolasin (Chapter 5.4) and furospongin-1 (Chapter
l .

(177) (178)
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Chapter b

The Structure and Synthesis of 4-Hydroxydendrolasin (8)

4-Hydroxydendrolasin (8) is a minor consituent (0.1%) which
was isolated from the polar fractions after chromatogrdphy of
the leaf extract of E. rotundifolia. It was unstable to
distillation but was readily purified as the acetate (8a)
by h.p.l.c. Reduction of the acetate with lithium aluminium
hydride gave pure U4-hydroxydendrolasin (8) as an optically
active, colourless oil with a faint pleasant odour., The pure
alcohol exhibited an [a]g of - 15.8 * 0.6 (C, 4.8 in CHClj).
Analysis of the following data led to the assignment of the

structure (8) to this natural product.

Combustion analysis and high resolution mass spectrometry

confirmed the molecular formula as C;sH,,0, (m/e 232).

The infrared spectrum showed the presence of an hydroxyl
group (3400 cm™!) and indicated the presence of a furan ring

(1500, 1155, 1020, 870 cm™*).

Examination of the proton n.m.r. spectrum (see Experimental)
revealed the 3-substituted furan ring by the characteristic
resonances at 8§ 7.3, 7.2 and 6.25. Also evident in the n.m.r.
spectrum was a two proton olefinic absorption at 6§ 5.15 (m).

A one proton multiplet at § 4.3 was ascribed to a proton (H4)
which was both allylic and on a carbon bearing an oxygen atom.
On acetylation H4 was shifted downfield to § 5.6 and appeared
as a doublet of triplets (J 9,7Hz). Irradiation of the multi-
plet, ascribed to (H5), at § 2.3 in the spectrum of the acetate
of (8), resulted in collapse of the multiplet at 6 5.6 to a

doublet (J 9Hz). In other respects the !'H n.m.r. spectrum of
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(80) was almost identical with that of dendrolasin?® (6).

The !3C n.m.r. spectrum of (8) (see appendix) was also

very similar to that of dendrolasin (6). In particular, the

OH (8)

OAc (8a)

R
R
R = 0COCgH4Ph (8k)
R

H (6)

13C n.m.r. spectrum showed the presence of the 6-methyl
substituent at § 16.4, which confirmed the E configuration

for the AB double bond. It has been observed in the L3

2 3

and carotenoids,?!?

n.m.r. spectra of acyclic terpenésl3
that the methyl group on trisubstituted double bonds resonated

near 8§ 16 for the E configuration and 6 24 in the Z configuration.

Sesquiterpenesrelated to dendrolasin (6 ) are commonly
found to be oxygenated at the Cl, C4, C6 or C9 positions. The
proton n.m.r. evidence is clearly only compatible with Ch
oxygenation. The possibility of C9 oxygenation was eliminated
by the non equivalent chemical shifts for the H2' and H4'
furan protons. Compounds having one oxygen on the carbon
adjacent to the furan ring show identical chemical shifts for

these protons in their 'H n.m.r. spectra.

The allylic disposition of the hydroxyl group in 4-
hydroxydendrolasin (8) and the stereochemistry of the double

bond were confirmed by Birch reduction and also by oxidation.
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5.1 Reduction of the acetate (8a) with lithium in liquid
ammonia gave dendrolasin (6), of established structure and
stereochemistry, as the major product (63%). Also isolated

from this reduction was the double bond isomer (6a).

/ -\

0

X =

(6a)

Both products, (6) and (6a), could be readily separated
by preparatiYe g.l.c. The major product, from the reduction,
dendrolasin (6), was identical in all respects ('H n.m.r.,-i.r.
m.s., t.l.c. and g.l.c.) with authentic material isolated from

the same plant.

Isomer (6a) was assigned the structure shown on the basis
of its 'H n.m.r. spectrum. This showed the geminal dimethyl
groups (2-CH; and (H1)3) at § 0.95 as a doublet and three
vinylic protons (H3,4 and 7) at § 5.1-5.4% (m). The E
stereochemistry shown for (6a) could not be confirmed by

examination of its spectra.

5.2 Oxidation of the alcohol (8), followed by conjugation
of the double bond, was expected to give the known dienone
(42), which is also a constituent of E. rotundifolia.
However, oxidation with activated manganese dioxide led pre-
dominantly to dehydration products. This facile loss of an
allylic hydroxyl groups was also observed in the manganese
dioxide oxidation of dehydrongaiol (62). The use of silver
carbonate!?? as oxidant gave the desired ketone (V?{)in 86%

yield. Oxidation with pyridinium chlorochromate!??! gave (179)
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in lower yield (35%) and was accompanied by a cleavage product,

probably aldehyde (180), which was identified from its 'H

n.m.r. spectrum.

(179) (180)

Although ketone (179) has been reported3? as a natural
product, it has been poorly chafacterised. From the 'H n.m.r.
spectrum of (179) it was evident that no double bond migration
had occurred‘during the oxidation. In particular, H3 appeared

as a broad singlet at § 6.1, H7 as a multiplet at § 5.3 and

the C5 methylene protons as a singlet at 6 3.0.

Aldehyde (180) had a readily interpreted 'H n.m.r. spectrun.
The vinylic methyl protons resonated at § 1.65 as a singlet,
the C2 methylene protons as a doublet (J 2Hz) at ¢ 3.0, and
the vinylic proton at § 5.4 (m). The protons, (H5), and (H6).,
resonated at 8 2.6-2.2 as a multiplet. The infrared spectrum
of (180) showed the aldehyde function at 3160 and 1730 em™t.

Pyridinium chlorochromate oxidation can result in allylic

125 b

oxidation and cleavage.?!?® Oxidation of furan rings with

this reagent has also been reported.'?!?

An attempt was made to isomerise the ketone (179) into
the known diencne (42). Treatment with a dilute solution of
sodium methoxide in methanol at room temperature gave the
methanol addition product (181) (45%), in addition to starting
material (179) (40%). Only small amounts of the isomerised

products (42) and (43) were detected in the 'H n.m.r. spectrum
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/B 5 OCH,

E  (42)

z (43)
(66.1). When d'-methanol was used the starting material (179)

was extensively deuterated (ds) at C3 and C5 and the addition

product (181) was deuterated (d,) at C3 and C5.

However, at higher temperatures (650, 3 h) conjugation of
the double bond occurred to give the isomeric dienones (42)
and (43) in 70% yield. It is interesting to note that, under
tﬁe same reaction conditions at room temperature, the dienone

(42) gave mainly the methanol addition product QSi).

(182)

These results indicate that the facile addition of methanol,
specifically at C2, is rapid at lower temperature allowing the
isolation of the adducts (181) and (182). Although enolate
formation was demonstrated by the deuteration experiment,
protonation at C5 was the kinetically preferred process at
lower temperature resulting in no significant conjugation of
the A6 double bond. Under thermodynamic conditions (higher
temperatures) the more stable conjugated dienone (42) was formed

and addition products were minimal. The oxidation and reduction
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reactions described above confirm the structure of the

natural product as 4-hydroxydendrolasin (8).

An attempt to prepare a crystalline derivative of (8),
using the 1,1'-biphenyl-U-carbonyl chloride, was unsuccessful

because the ester could not be crystallised.

5% 8 Other reactions of (8) were briefly explored to examine
- for
the reactivity of the double bonds and prepare other derivatives

further stereochemical studies.

The oxymercuration of (8) was expected to give the triol
(183) together with its C6 epimer. Triol (183) could be related

to the known stereochemistry of eremoacetal via scheme 5.1.

(47) ——* 0 o = I\ $ OH
N o” HO T R
0 OH
(95) R = 0H (183)
R = OAc (183a)
Scheme 5.1

The products from oxymercuration experiments of (8) and
(8a) were complex polar compounds showing loss of the furan ring
(n.m.r.). The electrophilic nature of the mercury cation results
in attack of the furan ring!!?® (see Chapter 3.5). In contrast,

eremoacetal (47) produces the alcohol (95) in high yield.

An attempt to prepare the triol (183) by epoxidation of

acetate (8a) with peracid followed by reduction (Scheme 5.2)
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was also briefly explored. Epoxidation at room temperature
gave rapid oxidation of the furan ring. It was possible, how-
ever, to epoxidise (84) at low temperature (0°) over 30 min.

Isolation of the products gave a mixture (60%) of the two

_ 0 1
/ ) Né N2 m Cfba = N IO
0 OAc 0 0 OAc
(8a) (184)
~Q (o
¥ LAH
/ \ —— ]\ ou
OAc 0~ HO OH
(185) (183)
Scheme 5.2

epimeric epoxy acetates (184) which could be separated by chromo-
tography on silica. No diepoxide (185) was isolated, nor was

any improvement found on epoxidation at ~20° with m-chloroper-
oxybenzoic acid. Attempted further epoxidation of (84) resulted
in oxidation of the furan ring. The two epimeric epoxides (184)
were separated and their structures confirmed by examination

of their !H n.m.r. spectra. Each showed the two methyl groups

on a double bond at § 1.7, and the C6-CH; at § 1.2, therefore
confirming that selective epoxidation of the A6 double bond (perhaps
with assistance from the homoallylic acetoxyl group at Ch had
occué@d. Such stereocontrol, directed towards improved asymmetric

epoxidation,!?®? was not explored further.

5.4 The absolute configuration at C4 was determined by two

methods: firstly, by the synthesis of (-)-4-hydroxydendrolasin
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from eremoacetal (47), of known configuration, and secondly,

"

by application of Horeau's procedure®* using the g.l.c.

modification. of Brooks and Gilbert.?!3®

The oxymercuration product of eremoacetal, alcohol (95),
was reduced withlithium in liquid ammonia for 4 h to give the

triol (183) (60%) and starting material (20%).

/ \ =

0 OH
0 HO OAc
7\ N .y
(183a) OR
E R =p-cOC¢H,Ph (8b)
Z R =p«€0CgH,Ph (8c)

Acetylation of the triol (183) gave the monoacetate which
was dehydrated with thionyl chloride in pyridine!?®® at 0°
Reduction with lithium aluminium hydride then gave a mixture

of olefinic alcohols which was chromatographed on silica gel
and then silver nitrate impregnated silica gel. In this way
the £ and Z isomers of 4-hydroxydendrolasin were isolated as

a mixture which was esterified with 1,1'-biphenyl-i-carbonyl
chloride. The resulting E and 7z 1,1'-biphenylcarboxylates were
separated by h.p.l.c. Reduction of the pure ester (8b), with
lithium aluminium hydride gave (8)E-U4-hydroxydendrolasin, [a]D

]
- 15 £ 2 , identical with the natural product ( h]D - 15.8 £

4]
0.6 ). The synthetic and natural alcohol (8) were identical
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in all other respects (!d n.m.r., i.r., m.s., and t.l.c.).
The n.m.r. spectrum of the ester (8b) was also identical with

that derived from the natural product.

5.5 The configuration at C4 was determined, in both the syn-
thetic and natural W-hydroxydendrolasin, by employing the g.c.

modified Horeau's procedure.!?®

Both samples have the §
configuration on the assumption that the isobutenyl group is
effectively the larger substituent. This assumption was used

by Minale®® when determining the configuration of a structurally
similar compound, furospongin-1 (see Chapter 7). Because

the configuration at C4 is known by interconversion of eremo-
acetal (47) with Y-hydroxydendrolasin (8) the experiments also
give unambiguous data on the relative sizes of the two alkyl

groups in (8). In this case the isobutenyl group is clearly

the larger.

This synthesis and reactions of 4-hydroxydendrolasin (8)
conclusively established its structure and configuration and
demonstrated the use of eremocacetal as a valuable starting

material.
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Chapter 6

The Structure and Synthesis of 7-Methyl-7-(4'-methylpenta-
1',3'-dienyl)-4,5,6,7-tetrahydrobenzofuran (46)

6.0 The diene (46) was isolated as a very minor (0.001%)
component of the E. rotundifolia leaf and twig extract by
repeated chroratography on silica gel. Examination of a small
quantity of (46) on a silica t.l.c. plate showed the charac-

teristic magenta colour??@,138

of alkyl furans when exposed
to vanillin/sulphuric acid. The structure of (46) was based

on the following evidence.

The diene, isolated as a colourless oil (b.p. 95 /0.2 mm)
was found to be sensitive to air and light. By examination
of the mass spectrum, it was established that the formula was
Ci1sH290 (m/e 216). Also, the major fragment ion at m/e 201
for Cy4H;70 (M¥-15) came from a very facile loss of a methyl

radical.

Absorptions in the infrared spectrum at 1500, 1180, 11u5,
1050, 870 cm™! supported the presence of an alkyl substituted

furan ring.

Support for the presence of a 2,3-disubstituted furan
ring came from the 'H n.m.r. spectrum which showed a pair of

doublets (J 1.8Hz) at § 7.18 and § 6.10 for protons H2 and H3

9

respectively.?!?
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The proton resonances due to the conjugated diene (46)

appeared as a three proton AMX pattern1“°

as overlapping
multiplets between § 6.0 and 5.7. This pattern was ascribed

as parf of a conjugated diene system, 6p 6.0 d,d J 16,10Hz(H2'),
M 5.80 d, J 16Hz (H1'), 6x 5.75 d,q J 10,1.3Hz (H3'). The
large (16Hz) coupling constant was consistent with the trans
stereochemistry. The small coupling constant (1.3Hz) was
consistent with long range allylic coupling of H3' with 4'-CHs.
The 7-CH; group appeared as a sharp singlet at § 1.33 and the
two other methyl groups as a broadened singlet at §1.69. The

allylic methylene protons (H4): resonated at § 2.42 as a

broadened singlet.

Table 6.1 The !'3C and 'H n.m.r. spectra of diene (46)

Carbonf* 13¢ n.m.r.B at 20.1 MHz 'H n.m.r. at 80 MHz
2 140.6 d 7.18 1H,d,J 1.8Hz
3 110.1 d 6.10 1H,d,J 1.8Hz
4 22.7 t 2.42 2H,m

5 20.3  t 1.63  2H,br,s

6 38.7 T 1.63 2H,br,s

7 38.7 S

7-CH3 26.0 q 1.33 3H,s

Ta 154.5 s

3a 116.7 s

1! 138.3 d 5.72 d,J10Hz

2! 125.0 d 6.00 d,d,J16,10Hz
3t 125.0 4 5.75 d,q,J10,1.3Hz
y! 133.7 s

L' -CH, 18.4 g 1.69  3H,br,s

51 26.0 q 1.69 3H,br,s

A See structure (46) for the numbering
sequence.
B The assignment of the carbon resonances 1is

tentative,
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The !3C n.m.r. spectrum was in accord with structure
(46) although there were overlapping resonances. Therefore,
the carbon assignments are tentative and are based én chemicai
shift data of reported spectra and not by the use of hetereo-
nuclear decoupling experiments. Both !H and !3C n.m.r.

spectral data are shown in Table (6.1).

Examination of the ultraviolet absorption spectrum
showed overlapping peaks at Apax 225, 231 and 246 nm (log €
4.36, 4.37 and 4.29 respectively). These absorptions are con-
sistent?®!@»>1%2 with the presence of a furan ring isolated from
a substituted, conjugated diene. On the basis of the above

evidence structure (46) was assigned to the diene.

No detectable optical rotation was observed over the range
360-600 nm which suggests that (46) could be an artefact
arising from a labile precursor during isolation. Because it
is present in low concentration in a complex mixture, it has
not been possible to detect it unambiguously until after

chromatography.

6.1 A likely biosynthesis in the plant, or method of formation
during its isolation, involves cyclisation of a cationic
species. This approach, which was used in the following syn-
thesis from the dihydrophymaspermones (42) and (43), confirmed

the structure of the diene as (46).

Similar cationic induced cyclisations have been recently

reported.l*3>144 .

Reduction of a mixture of the E and Z dihydrophymaspermones

(42) and (43) with sodium borohydride in the presence of cerium
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trichloride®® gave a mixture of the F and Z alcohols (186)

together with E and Z isomers of (8e).

/ \

0 OH
/i \ 7 [(\\( (186)
CeClg
.—_—.—P

0
NaBH4, N N

/ \
E (42) 0 OH

z (43) (8e)

The allylic alcohols were unstable and the mixture was
not purified but treated directly with methane sulphonyl
chloride in pyridine. This procedure resulted in the formation
of the isomeric trienes (e.g. (187)) together with some cyclic

products, (4:1) by n.m.r. examination.

W
0o

(187) (188)

Several electrophilic reagents were used to induce cycli-
sation. They included iodine, boron triacetate, boron tri-

fluoride and p-toluenesulphonic acid.

The last of these reagents proved to be the most efficacious.
Thus, when the triene mixture in carbon tetrachoride was allowed
to stand with a trace of p-toluenesulphonic acid (anhyd) for
2 h, up to 50% cyclisation was achieved. Cyclisation, occué}ng
presumably via a cationic intermediate like (188), was accompanied
by some polymer formation. The pure diene (46) was isolated

in 20% overall yield and had spectral properties (*H, *3*c, i.r.

and m.s.) identical with those of the product isolated from the
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leaf extract.

6.2 In order to obtain further confirmation of structure

an hydrogenation of the diene was carried out. Hydrogena-

tion of (46) in the presence of P2 nickel® proceeded in a highly
selective manner. After 40 hs, the diene (46) (50%) was
recovered in addition to the-products (190) (20%) and (191)
(20%) arising from selective reduction of one of the two

double bonds of the conjugated diene. Neither the tetrahydro-

derivative nor the A2' alkene was detected.

]

(190)

(191)
(us) 72

The mass spectrum of (191) showed, in addition to loss of
C7 methyl (m/e 203), the loss of CgH;; (m/e 135) from the
molecular ion (m/e 218) which gives further confirmation of
the structure proposed for diene (46). Each of the hydrogen-
ation products (190) and (191) was readily separated by chromato-
graphy (both less polar then the diene). The structure for

each was based on their characteristic 'H n.m.r. spectra.

The dihydroproduct (190) showed resonances for the geminal

dimethyl groups as a high field doublet (8§ 0.92) as well as a

fa
w

This catalyst has been shown to be particularly useful for
the selective reduction of alkenes in the presence of a
furan nucleus.
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pesonance for two olefinic protons at 6 5.21. This compound
showed a molecular ion at m/e 218, consistent with the reduc-

tion of only one double bond, A3'.

The more polar of the two products, was assigned structure
(191). In the n.m.r. spectrum the geminal groups on a double
bond resonated at 6§ 1.62 and there was one olefinic proton
resonance at § 5.0. Also present was a high field triplet
at 6 0.89 which could be ascribed to the (H1'), protons.

This absorption is unexpectedly high field but may be due to
the sterically crowded environment resulting in the shielding

observed.

Diene (46), with a unique sesquiterpene skeleton, was
confirmed to have the structure (46) proposed based on
spectral evidence. Structural confirmation was obtained by an

cationic type cyclisation involving a furan ring.
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Chapter 7

The Synthesis of Furospongin-1

7.0 In recent years a growing interest in the examination of
various marine species has resulted in the isolation of a wide
variety of structurally related furanoid compounds.??® O0Of
particular interest has been the identification of a number

of C;; acyclic furanoterpenes.

The characterisation of furospongin-1 (192), nitenin (193),
anhydrofurospongin (196), E-furospongin-2 (197), ketones (198)
and (199), and dihydronitenin (194) was reported by Minale et
al in 1971-1972.5% 55 More recently, Kazlauskas®® et al
have isolated furospongin-1 (192) and tetradehydrofurospongin

(195) from sponges collected in Australian waters.

The biogenetic origin of such Cz: difurans is not clear
but they are thought to arise from the biological degradation

* This hypothesis is supported

of higher C,s sesterterpenes.’
by the isolation of C,, furanosesterterpenes from a related
sponge.'*® Bohlmann has isolated a diterpene acid (200) from

a centipede which has a similar acyclic backbongi The similarity
between furanoterpenes found in some terrestrial plants and in

marine species is surprising.

= AN

(6)
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B
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In the recently isolated Cj; furanoterpenes,55 alcohol (201)
and ketone (202), the site of oxygenation is not in the centre

of the prenyl chain as it was with the earlier examples.

The absolute stereochemistry at the chiral centres in
(195) (201) or (202) was, however, not reported, although they
would be expected to be related to (192), (193) and (194)
biogenetically. Structural similarities between dendrolasin
(6) and (196), (8) and (192) are undeniable, particularly with
respect to the double bond positions and site of oxygenation.
This contrast is striking as the species arise from such
diverse environments. : Despite similarities in the
gross stucture, the stereochemistry of the secondary hydroxyl

in (192) and (8) is different.

In both of the natural products, (192) and (8), Horeau's
method was used to determine the configuration of the hydroxyl
group (discussed in chapter 8). In the original examination
of furospongin-1 (192) by Horeau's procedure, Minale assumed
that the alkyl substituent containing the double bond had
the larger (L) steric requirement, as shown. The configurational
assignment using Horeau's technique at C6 in alcohols (192),
(2043 and (203), was based on this tacit assumption. Diols,
(204) and (203), were derived from the natural lactones (193)
and (194), by hydride reduction. The small difference in size
of groups about the hydroxyl centre, is reflected in the low
optical yields (8-10%) obtained by the application of Horeau's

procedure to alcohols (192), (203) and (204).

(200>
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R i

R
R

H,0H (201)
0 (202)

Because of the lack of suitable models and literature
precedence for the assignment of effective steric sizes, it
was envisaged that a synthesis of furospongin-1 or its

enantiomer would be valuable for the following reasons.

A synthesis of furospongin-1 would aim to provide a series
of double bond isomers in which the stereochemistry at C6 was
known. The application of Horeau's method to these models
might then provide a comparison of effective steric size of

the substitutents (see Chapter 8).

In addition, a synthesis of furgspongin—l would allow the
application of some of the methods developed using eremoacetal
derivatives as chiral synthons, as described earlier particul-
arly in the synthesis of 4-hydroxydendrolasin (8) (see chapter

5.4).

The synthesis of U4-hydroxydendrolasin (8) from eremoacetal
(47) followed by a determination of configuration, confirmed
that the alkene substituent adjacent to the chiral centre had

the larger (L) steric requirement.

Whether this can be assumed, as the Italian authors did,
in the more symmetrical C,; alcohols (192), (203) and (204)

is more doubtful.



116

An enantiomeric synthesis of furospongin-1 (192),
and some double bond isomers, would test the validity of these

assumptions.

7.1 Synthetic Explorations

Earlier synthetic explorations showed that the aldehyde
(82) was a versatile and usefully functionalised key synthon.
It was envisaged that a nucleophilic addition of a C9 unit,
containing a terminal furan ring, would give the required Ci

backbone.

The addition of some nucleophilic reagents has been.
previously discussed and included the sulphur ylides, and
Grignard reagents. It was demonstrated that the aldehyde (82)
was not epimerised at C3 in the presence of these reagents
and in addition, the isomers formed at Cl , were easily

separated.

It was also shown in a Wittig reaction that aldehyde (82)
gave eremoacetal smoothly and in good yield, without isomeri-
sation at C3. That the stereochemical integrity at C3 could
be maintained throughout the synthesis of furospongin-1 was
demonstrated by the synthesis of UY-hydroxydendrolasin (8)

(see Chapter 5).

Both schemes 7.1 and 7.2 employ previously explored chem-
istry for the formation of the Cz; carbon skeleton. Scheme 7.2
requires hydrogenation of the trisubstituted double bond and
separation of the resulting C2" epimers. Scheme 7.1 requires

the separation of isomers at C2 and removal of oxygen at C1
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(82) ——— M = MgX (205)
17,10
M = Li (206)
(209)
s 0
@,P \ O
(207)
(82) i ——’—'HZ (249)
7.2 I\ P,-Ni

‘(248) (0]

) Schemes 7.1 and 7.2

Because hydrogenation of eremoacetal (47) was previously
shown to give dihydroeremoacetal in good yield, this approach

to (249) was favoured.

Reduction ¢f the acetal function to the corresponding diol
by the Birch reduction has been previously explored (see
chapter 2.3). The résulting diol (2115532211d be protected at
C6 as the acetate, and the tertiary hydroxyl at C4 dehydrated
to give the olefinic alcohols, including the enantiomeric furo-
spongin-1 epimers. The dehydration and separation of the
olefinic alcohols was explored in the analogous C,s series, and
also used in a synthesis of 4 -hydroxydendrolasin (8). Although
the synthesis attempted was neither stereoselective nor
regiospecific (dehydration step), it was considered that the
various isomers, if they could be separated, would be useful
models in a study utilising Horeau's method to study steric
sizes. (Chapter 8). Simpler systems, in general, gave no

problems with separation of isomers. . The potential problems

in the separation of the C2" epimers of (249 ), or derivatives
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of it, was an inherent risk in the synthesis.

Both schemes 7.1 and 7.2 require the C9 alkyl halide
for the preparation of the nucleophile and a synthesis of

it was undertaken.

7.2 Synthesis of the 2-Halo-5-(furan-3'-yl)pentanes and the

phosphonium salt (238)

Although the preparation of a number of 3-alkyl furans
has been described,®®>21€s2%,%% the synthesis proposed, in
scheme 7.1, embodies removal of oxygen adjacent to the furan
ring by metal/ammonia reduction, a topic of interest in this
report.' Similar reductions have been carried out by Clark-
Still®* and Weyerstahl®® in the removal of hetercatoms at

benzylic type positions.

3-Furyl ketones are readily prepared by reaction of
alkyl lithium reagents with lithium 3-furoate. This reaction
is reported!*® to proceed in good yield using methyl lithium
and lithium 3-furoate to form the methyl ketone. Consequently,
it was thought that the suitably protected alkyl lithium (212)
would provide ketone (213). Reduction of the ketone (213)

and subsequent hydrogenolysis would give the alcohol (216).

Cc

o
O
=
D
=
(y]
I
L
—~
=
Iz
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\/Y —_— W Y\/ R' = OH (221)

OR 0 OR R' = C1 (222)
(220) R' = I  (223)
R = CH,Ph R' = MgX (224)
R' = Et,CH,Ph R' = Li (212)

Alcohol (216) could then be readily converted to a
halide, (217) or (218) for the preparation of the corresponding

Grignard reagent, alkyl lithium or the ylide.

The Wittig approach was chosen as it obviated the need

to remove oxygen at Cl" in (209).

The benzyloxyhalide (222) was prepared by the following
procedure. A Michael-type addition of benzyl alcohol to
ethyl crotonate at 500 or 150° in the presence of base gave,
in moderate yield, the mixed esters (220), due to ester exéhange,
Reduction of the mixed esters (220) with lithium aluminium
hydride gave the protected alcohol (221). Using triphenyl-
phosphine and carbon tetrachloride the alcohol (22\) was
converted to the chloride” (222) for the preparation of the

alkyl lithium reagent.

The preparation of the alkyl lithium (212) from the

chloride (222) was only achieved after considerable exploration.

ar,
=

The haloether (222) was found to be unstable to air and
light over extended periods. Benzaldehyde and benzoic acid
were identified among the oxidation products and are pro-
bably formed by a radical initiated oxidation.
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Neither the purified chloride (222) nor iodide (223)
could be induced to form the alkyl lithium (212) in hexane
using lithium alloy (0.2% Na) as wire or fi;;;ngs. In contrast,
reaction of the analogous l-chlorobutane was readily initiated by
the same conditions. Metalation using n-butyl lithium gave
mainly substitution products. When diethyl ether was used as
solvent, the metal dissolved readily at room temperature.
However, the resultant solution gave only low yields of the
required ketone (213) on reaction with lithium 3-furocate. The
isolated products contained mostly the ether (227) and 3-furoic
acid. Workup'with D,0 gave no deuterium incorporation into
the ether (227) as evidenced by mass spectrometry or proton n.m.r.
This result indicates that protonation of the alkyl lithium
was occurring before workup, during its formation or upon addition
to the lithium carboxylate. Deprotonation of H2 and H5 of
furan has been shown to be very slow in ether!*® using n-butyl

lithium although the H2 proton may be more acidic in the furan-3-

carboxylate.

It is also possible that the alkyl lithium (212) is basic
enough to react with diethyl ether, perhaps via an E2 type
mechanism, to form ethylene and lithium ethoxide. n-Butyl
lithium is knownl!®? to attack tetrahydrofuran in this way at
the more acidic a-proton and at elevated temperatures. Deproton-
ation of diethyl ether however, might involve attack at the

presumably less acidic B-protons of diethyl ether as shown below:

/\/\o/""ﬂaB e
&Y, | HY B
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Such enhanced basicity of the alkyl lithium (212)
must be due to the benzyloxy substituent. Intramolecular
coordination to the lithium by the ether oxygen, as shown
below,. could increase the electron density on carbon. Such
internal chelation by ethers is well documented!®!'s!%2 in
allylic systems like (226).1'5Y Lowered aggregation of the
alkyl lithium species due to solvation (by ethers) is known

to enhance basicity.!?®?

0:— Li (/

(212) (226) (227)

v

=
v
=2

Similar products were obtained using t-butyl methyl ether

as solvent.

However, when tetrahydrofuran was used as a solvent, the
dissolution of metal was more rapid and the alkyl lithium
formed more reactive. In this case, none of the required ketone
(213) was isolated but the alkyl lithium (212) formed (227),
(228) and (229) by protonation, intramolecular and inter-
molecular exchange of benzyl groups. Reaction of alkyl lithium,
in this solvent, occurred within the time required to dissolve
the metal (3-4% h at -30° to -40 ). The enhanced reactivity
of Grignard reagents and alkyl lithium in tetrahydrofuran has
been ascribed153'aaits solvating ability which results in the

more reactive monomeric species.
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(228)

D
\]/\‘. f 1 \’/\/\Ph
oj Li
Ph Ph Ph (229)

]

The apparent reactivity of the alkyl lithium (212) and
its short life in ether solvents, suggest that it might be
possible to alkylate the furan carboxylate in situ. A trial
experiment in ether at room temperature using lithium 2-
furoate gave ketone (230) in a promising 50% yiéld. When
lithium 3-furoate was used, the yield of ketone (213) was
higher (65-70%). However, with lithium 3-furoate, some of the
diketone (231) (5-8%) was also isolated. This arose from meta-
lation at C2 of the furan ring followed by further reaction
with furan carboxylate. A small quantity (1-5%) of the 2 and
3-benzyl ketones (232) and (233) were also obtained from each
respective reaction and were readily identified by their 1y
n.m.r. spectra. These ketones presumably arise from benzyl
lithium formed by some disproportionation of alkyl lithium

(212).
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o) Ph
0
. (230) | (232)
o)
Ph
)
(233)

The success of the imn situ reaction showed that
reaction at the carboxylate group was faster than proton
abstraction from the furan ring or solvent. Furthermore, the
isolated products confirmed that metalation at C2 on the furan
ring was a relatively slow process and did not account for the
source of protons in earlier attempts to prepare the alkyl
lithium (212).

of
An alternative mechanism for the formationAketone (213)

can be considered but seems less likely. The dialkoxyanion,
shown below, might be the reactive species and displaces the
chloro group of (222) to give the same intermediate before

in
workup as obtained the conventional reaction discussed earlier.
A

iLQ OLi iLO OLi

0
AN a A
(0) 2e ! 0 0]

(222)
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No tertiary alcohols were isolated from the reactions
although highly coloured polar products were also formed (15%)

In order to remove oxygen functionality at Cl.in (213)
the ketone was reduced with scdium _ borohydride o;:2$3;inium
hydride to the alcohols (214). It was hoped that conversion
of alcohols (214) to the benzylic-like acetates followed by
reduction with lithium in ammonia would give the desired
alcohols (216). However, reduction of the acetates (214a)
without a proton source (over 15 min) gave on workup a mixture
consisting of alcohol (216) (21%), acetates (235) and (236),
and the diacetate of (237) in yields of 22-25% each. A
réduction done over 2 h gave alcohol (216) (55-60%) and diol

(237) (20%).

It is apparent from the above results that the benzylic
group is rapidly removed which then allowed some transfer of
acetate by an inter and/or intramolecular process leading to
alkoxide species which could not be reduced further in the
absence of a proton source. Although alcohols (235) and (237)
were reacetylated and successfully reduced to (216) (74% overall
yield), a more efficient one step reduction was required. This
was achieved by conversion of alcohol (214) to the tetrahydro-
pyranyl ether (215) which was cleanly and rapidly reduced to
the alcohol (216) in 70-75% yield. No other reduction products

were 1lsolated.

At this point it was decided to pursue the synthesis via
the Wittig route, and therefore the iodide (218) was prepared

from alcohol (216) via a tosylate in 80% yield.
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H
/6\ T Ac,0 [ Pyr. éTjg/L\//\\r/

(214) (214a)
Li [NHy
QOTHP
Li /NH,
m maalt i S
0 o)
(215) (216)
R= CH,Ph
OH OAc OH
g% oL oY
(235) (236) (237)

However, iodide (218) was prone to spontaneous decomposition

and a larger scale preparation gave a lower yield.

The preparation of phosphonium salt (238) was investigated
using triphénylphosphine and iodide (218). Reactions with and

o o o .
without solvents at temperatures® from 20 to 135 resulted in

* When 2-bromo and 2-iodopentanes were used as models, the
conditions for complete salt formation were 150° (15 h) for
the former and 150° (6 h) for the latter. The 2-iodopentane
and triphenylphosphine mixture on heating (with or without

calcium carbonate) showed darkening due to the formation
of iodine.
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no salt formation because of decomposition of iodide (218).
This was assumed to occur with the formation of hydrogen iodide
and iodine which subsequently resulted in attack on the
susceptible furan ring. A reaction in the presence of calcium

carbonate to absorb any acid, also failed to give (238).

As ylides have been alkylatedl®é to give phosphonium
salts, it was decided that the preparation of the required
salt could be achieved by alkylation of (ZJFG).

However, this route required the preparation of the lower

homologue, iodide (245). The formation of the phosphonium

(218)
i 1
éz——gg/A\\///\\m///
0 (2u45)

salt from the primary iodide (245) was expected to be a more

favourable process on steric grounds.

Using the benzyl ether of commercially available 3-chloro
propanol, the ketone (241) was synthesised, (78-80%) under the
same conditiongas previously described for (213). This
product was again_accompanied by the diketone (247) (4 %) and
the benzyl ketone (233) (2%). Reduction of ketone (241), con-
version to the tetrahydropyranyl ether (243) and Birch reduction

gave 4-(3'-furanyl)butan-1-ol (244) (76% overall). Conversion
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of alcohol (244) to the mesylate and displacement with sodium
iodide produced the iodide (245) (84-87%). This iodide, in
contrast to the secondary iodide, readily formed a phosphonium
salt (246) in boiling benzéne (87% yield) without any decomp-

osition.

The ylide (239) of the primary phosphonium salt (246)
was prepared, using n-butyl lithium as base, and transferred
into an excess of methyl iodide. In this way the required salt

(238) was prepared in good yield (890%).

I\ | =
0

(241)

1) NaBH, — (242) R = OH, R' = OCH,Ph
2) dihydPOpyran-Ei» (243) R = OTHP, R' = OCH,Ph
3) Li/NHj; — (244) R = H, R' = OH

4) MsCl/TEA, Nal— (245) R = H, R' = I

When the base used to prepare ylide (239) was methyl 1lit-
hium the n.m.r. spectrum of the products isolated showed that
considerable quantities of ring alkylated products were formed.
These could not be readily removed from (238). This result
is unusual considering the relative basicities of the two

alkyl lithiums.
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(247)
P, 1~ P, |
1. n-BulLi
/ \ 2, CH,I / \
0 s o
(246) (238)

7.3 Coupling of aldehyde (82) with the C9 alkyl furan.

As alternatives to the ylide reagent the preparation of
Grignard reagents and alkyl lithium from iodide (218) could
not be achieved. This approach (scheme 7.i) was however only
very briefly explored. Coupling products of the halide
(218) were isolated together with starting material in such
preparations. The chloride or bromide would probably be more

suitable for the Grignard or alkyl lithium preparations.

The viability of the Wittig reaction was demonstrated by

the synthesis of eremoacetal (47) from aldehyde (82) in good
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yield without isomerisation at the vital C3 centre. Similarly,
9] 0 0
— N —
/0\ 3 1) /0\ 3 Dy [/ \
(82) 7 0 (9y4)

1)= >-—'E¢3 2): Po-Ni/Hjp

when the phosphorane?f(238) reacted with aldehyde (82), the

alkenes (248) were isolated as a mixture of E and Z isomers

]

0 2“

(248) (249)

(3:2) (78%). The isomers could not be separated by t.l.c.
but structural confirmation was obtained from the 'H and !'3C
n.m.r. spectra. In particular, the 13C gpectra showed the

distinct C2" methyl at 16.7 and 27.3 ppm and C3" at 39.0 and

31.9 ppm for the E and Z isomers respectively.133 Separation
of the isomers of (248) was considered unnecessary as hydrog-
entation of each was expected to produce a similar mixture

of the dihydroepimers (249).
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7.4 Hydrogenation of C,; alkene (248).

Hydrogenation of eremoacetal as previously described,
proceeds well albeit slowly, using P,-Ni and hydrogen. The
reduction of the analogous trisubstituted mixed alkenes (248)
was even slower but could be carried out with a high degree

of selectivity.

Only traces (< 5%) of furan reduction or hydrogenolysis
products were detected by t.l.c. After 7 days, approximately
53% of the dihydroproducts (249) and 3u4% of starting material
(248) were recovered. In a large scale reduction (0.13
mole ratio of catalyst to substrate) hydrogenation was 90%
complete after 20 days. Faster reduction was achieved by
using a higher mole ratio of catalyst (1.6 mole ratio) and
after 15 h no alkene remained. The dihydrocompounds (249)
were isolated (70%) and also two more polar biproducts (25%)
arising from hydrogenation of the furan on the alkyl chain.
From the above observations optimisation of the substrate to
nickel catalyst ratio would allow a highly selective reduction
in reasonable times. No separation of the two C2" isomers (249)
could be achieved using t.l.c. or h.p.l.c. It was clear
from the !3C spectrum that both epimers were present; the
chemical shift of carbons near the asymmetric centre at C2"

the
were different in two isomers.(see appendix).
A

7.5 Birch Reduction of C,; Acetal (249)

The possibility of reducing the acetal function of (249)
was earlier demonstated with the reduction of the analogous

dihydroeremoacetal to the corresponding diol (124) and oxepanes
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(see Chapter 2.3). A trial reduction of (249) using lithium
[2]
in ammonia at -33 without a proton source gave (after 9 h)
30% recovered starting material, 22% of the required diols (211),

26% of the polar oxepane isomers (250) and 9% of the epimeric

less polar oxepane isomers (251).

(250)

(251)

An extended reduction of acetal (249) over 20 h gave diols
(211) 56%, minor high Ry oxepanol (251) (2%), major lower Rg
oxepane isomers (250) (30%) together with starting material
(4%). By analogy with the C;s oxepanols, (using their 'H and

13C n.m.r. spectra) together with the very different polarity
of (250) and (251), the stereochemistries at C7 were assigned
as R for (250) and § for (251). Again, no separation of the

C2" epimers of the oxepanols was evident by t.l.c. on silica.



132

The oxepanols (250) and (251) were reduced over 22 h without
purification to the required diol (211) in 38% yield, with

considerable recovery of starting materials (32%).

The isomeric diols (211) could not be separated by t.l.c.
or h.p.l.c. nor could their acetates or 1,1'-biphenylcarbox-
ylates. The !®C n.m.r. spectra clearly showed a diastereo-
meric mixture for the diols (211) and their monoacetates, the
major and minor oxepanol isomers (250) and (251) respectively
(see appendix).

']

7.6 Dehydration of the Tertiary Alcohol

A suitable model for the dehydration of the Ci hydroxyl
in (211) was the readily available C;5 diol (124). Using
this model it was possible to establish conditions for dehyd-
ration and separation of the alkenes. These results were
then applicable to the furospongin-1 and to the u4-hydroxy-

dendrolasin synthesis (see Chapter 5).

=
Y (252)
' AN
(124) 1 ACZO/pyr‘. i / \
2 SO0Cl,/pyr. o) OH
3) LAH (253)
R/

OH
0 (254)
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Protection of the secondary hydroxyl group of (124)
as the acetate gave, after treatment with thionyl chloride/
pyridine at Oo, a mixture of isomeric alkenes. These alkenes
were readily separated as the alcohols, after reductive
removal of the acetate, on silica gel and silver nitrate
impregnated silica gel. Separation of the allylic alcohols
(252) (25%) from (254) and (253) (60%) was achieved on silica.
The non allylic alcohols (253) and (254) (F and Z) were
separated on silver nitrate/silica in 20% and 36% yields
respectively. The alkenes (252) and (253) consisted of a
mixture of E and Z isomers (approx. 2:1) as shown by their
H and '°C n.m.r. spectra (see appendix). It was possible
to separate the E and Z isomers, as their esters, using h.p.l.c.
as demonstrated with the analogous 4-hydroxydendrolasin (Chapter

5.4).

Attempts to improve the preparation of isomer (253)
using other reagents like phosphorus oxychloride, methanesul-
phonyl chloride, with other bases such as triethylamine or
2,6-dimethylpyridine gave poorer overall yields without
significant enhancement of desired product (253). The bulky
1,1'-biphenylcarboxylate ester of diol (124) showed no signi-

ficant change in alkene ratios after dehydration.

By analogy with diol (124) the protection and dehydration

sequence was applied to the C,, diol (211).

Conversion of diol (211) to the acetate and reaction with

thionyl chloride and pyridine gave a mixture of alkenes.
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1) Ac,0/py1].
2) SOC1, /py1].

211 -
CDR o on

(257)

’

Reductive cleavage of the acetate group and chromatography
on silica, as with the C;s analogues, gave the more polar allylic
alcohols (255) (20%). The two C8 &épimers of (255) (stereo-
chemistry unassigned at C8) were separated after repeated
chromatography on silica and each consisted almost exclusively
of the E isomer (>95% estimated from the '3C and 'H n.m.r.
specta). The increased stereoselectivity for the E isomer
in the C,; series can be explained in terms of the increased

steric interactions in the transition state.

Separation of isomers (256) (16%) from (257) (32%) was
possible by chromatography on silver nitrate impregnated silica.
Again, the epimers of (256) (unassigned) were separated by
repeated chromatography. As with the two C8 epimers of
(255), those of (256) showed small but distinct differences in
the 'H and !3C spectra (see appendix), especially near the

epimeric centre.
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The major alkene (257) (32%) consisted of a mixture of
E and Z isomers as well as the C8 epimers. The E and 2
isomers (3:2) were separated as their l,1'-biphenylcarboxylatés
using h.p.l.c. The minor 7z isomers showed the vinylic
methyl substituent at & 1.77 and 23.8 ppm in the 'H and 13c
n.m.r. spectra. In contrast, the spectra of the isolated E
isomers showed the same methyl substituent at § 1.67 and 16.3

ppm (see appendix).

Although it was possible to separate all the alkene
regioisomers; the E and Z isomers and the C8 epimers in
(255) and (256), it was not possible to separate the C8

epimers in E (257) to provide pure enantiomeric furospongin-1l.

Attempts to separate the C8 epimers of E (257 ) included
h.p.l.c. and t.l.c. (silica, silver nitrate on silica, alum-
ina) on both the alcohols of E (257) and its biphenylcar-
boxylate ester as well as g.c. of its silyl ether using a
variety of stationary phases. No separation was achieved in
any of the above cases. It was evident from the '3C n.m.r.
spectra that both the E and Z isomers of (257) each consisted
of an epimeric mixture; the chemical shift of carbons near
C8 were different for each epimer and were similar to the
separated epimers of (55) and (256).

The specific rotation of the synthetic furospongin-1

o

1.5 . This result together with the

+

mixture was +10.5
unexpected result for the Horeau's stereochemical determination,
suggests that the influence of one C8 epimer in the mixture

dominates in both determinations. The enantiomeric furospongin-l1

Footnote: Recent attempts to obtain 13C spectral data for,
Furospongin-1 from Dr. Wells5® or. Prof. Minale
were unsuccessful,
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would be expected to have a specific rotation of approximately

3  The dextrorotation

—90, based on Minalés measurements. >
obtained for the mixture (257) (approx. 1:1) indicates that
the C8 epimer of enantiomeric furospongin-l is dextrorotatory
to a larger extent ([QZDZO approx +2€ ). Similarly, the
furospongin-1 epimer presumably exerts a larger than expected

effect in the determination of configuration (see Chapter

8.4).

Although the furospongin-l synthesis was successful in
providing a variety of related double isomers for Horeau's
determination the synthesis did not provide pure enantiomeric
furospongin-1. Therefore, any alternative synthesis would -
require a stereoselective approach or separation of epimers
earlier in the synthetic sequence: the othev route, via
alcohols (260) and (261), was briefly explored using the C;;5

alcohols (90) as models.

7.7 The alternative scheme, resulting in (260) and (261) (f”gi)
by using Grignard, alkyl lithium or hydroboration reagents,
would require separation of isomers at Cl and C2 and

removal of the Cl oxygen substituent. The Cl epimers of
alcohol (90) have been separated and the separation of the Cl
isomers in the C,; analogues would also be expected to be
possible. Furthermore, the separation of C2 epimers would be
expected to be more facile because of the adjacent asymmetric
centre at Cl . The formation of the alcohols (90) via
Grignard reagents and by hydroboration has been discussed
(Chapter 3) and cénsequently the removal of oxygen from Cl

was explored.
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Initally, a proposal for the removal of the oxygen
from Cl in the model alcohols (90), involved conversion to a
halide (263) followed by a radical reduction with tributyltin
hydride. However, the mesylates (150 and 151) prepared from
alcohols (90) were inert towards substitution by halides in
a number of aprotic solvents (DMF,!%® DMSO,'%%5157 HMPTA).
The chloride could not be prepared from alcohols (90) using
triphenylphosphine and carbon tetrachloride, nor thionyl

chloride. Neither starting material nordecomposition products

0
OH
0
\\
© (90) OMs . (150/151)
R = C1,Br,I (263)
R =H (9L)
was isolated in these reactions. Consequently halide formation

was abandoned. The difficulty in forming halides (263) was

presumed to be due to steric reasons.

It was possible, however to reduce the mesylates (150
and 151) to the dihydroacetal (94) by using an excess of
lithium triethylborohydride®® in boiling tetrahydrofuran.
After 2 days, the isolated products consisted of the required
dihydroacetal (94) (35%), some elimination product (47) (10%)
and starting material (30%). With optimisation, this reduc-

tion might provide an alternative to the hydrogenation of the
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double bond. The use of sodium borohydride in DMSO®* to
reduce the mesylates (150/151) gave a complex mixture of
polar products at lOOo and no reaction occurred at 20°. The
reductive removal of the Cl oxygen requires further investi-

gation before it can be synthetically useful.

Some preliminary oxidation and deuteration experiments
to see whether the €¢3' and C2 carbon centres of (90)
could be epimerised were carried out. This might allow the
conversion of one C2 epimer to another in the earlier
stages of a dynthesis. Oxidation at Cl was possible by the
use of Swern's reagent®’ to give the C;s ketone (264) (85%).
In contrast,chromium based oxidants (e.g. pyridinium chloro-
chromate, Collins reagent), gave lower yields (15-20%) of
ketone (264). Furans have been oxidised to butenolides 111,112
and this reaction together with ring opened products may

explain the low yield. Difficult oxidations of furan containing

alcohols were generally successful if Swern's procedure67 was

used.
0
o
(90) I:O‘J LI D_Z_S)__,
\ \ oD~
O

The possibility of epimerisation at CZ was demonstrated

[+]
by the treatment of ketone (264) with base in D0 (15 h, 20 )8
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deuterium being incorporated at C2 (3H (s) at 1.1 ppm in
the 'H n.m.r. spectrum). Some exchange without epimeri-
sation (t.l.c., n.m.r.) at c3' (40-50%) was also observed.
Therefore it seems likely that oxidation of (260) or (261);
followed by epimerisation and/or reduction would allow
interconversion of one epimer at C2 of (260) or (261) with

another.

The previously discussed reductions of mesylate C;s
(see Chapter 2.5) might provide a useful and novel alternative
to the metal/ammonia reduction of the acetal. Hydroboration
of pure E or 7z isomers of (248) would occur in a e¢is manner
to produce alcohols (260) and (261) where the stereochemistry
at C1 and C2' are clearly related. Ring opened products of
hydroboration are also potential precursors to furospongin

related compoundSs..

It is evident from the above discussion that much of the
known chemistry, of eremoacetal can be utilised to provide
useful chiral intermediates in the synthesis of compounds

related to furospongin.-i.
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Chapter 8

Steric Effects in Horeau's Method of Determining

Absolute Configuration.

8.0 Necessary for a complete structural description of a
compound, one must consider any stereochemical features
inherent in it. In chapter 2 the structure and stereochemistry
of eremoacetal were described. In this natural product the
determination of configuration of two asymmetric centres

involved the application of two different methods.

A number of methods are available for the determination
of absolute stereochemistry. Chemical degradation or inter-
conversion to a compound of previously defined stereochemistry
has been frequently applied. This method was used to determine
the stereochemistry at C5 in eremoacetal (47) by conversion
to dehydrongaione (44) and dehydrongaiol (62). Both X-ray
analysis and chiro_ptical methods,!®® '®° can provide useful
stereochemical information. Recently a '°C n.m.r. metﬁod has
appeared!®? whereby the configuration of secondary alcohols
is obtained from the spectra of their glycosides. A method
frequently used for the determination of absolute configuration

65 of partial

of secondary alcohols, is Horeau's method®"
kinetic resolution. This method was used to determine the
configuration at C3 in eremoacetal after modification of the
molecule. The need for this modification, as applied to

eremoacetal, emphasises an important limitation of Horeau's

method, namely the assessment of the effective steric sizes
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of the two groups about the chiral secondary alcohol. This
particular aspect has been studied using eremoacetal as a chiral
precursor to a number of chiral secondary alcohols with varying

substituents.

- 8.1 Although many alcohols have been subjected to Horeau's
method the steric ambiguity in many others has precluded its
wider application. Indeed, this problem arose in the deter-
mination of the stereochemistry of dehydrongaiol (62) derived
from eremoacetal. In order to remove this ambiguity regarding
the steric requirements of groups, it was necessary to remove
the geminal dimethyl groups to give diol (77). Diols of this
type give unambiguous results, according to the studies by

Guette.b®

During the chemical investigation of eremoacetal (see
Chapters 2,3), because of its availability and the variety of
secondary alcohols which could be prepared from it, it was
clear that the natural product would be a useful material for
a study of steric effects. A series of alcohols have been made
with the known stereochemistry of (47) at C3 retained. Also,

the alkene group of (47) allowed the formation of a new chiral

£ 1 OH
: : : 3
Z ™
> éTTﬁ/&q N OH
07 (62) 1 N\OMO\-\
— 0
(77)

(44 )
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centre at Cl" by various means. Early investigations showed
that epimers at C1" could be readily separated and used in
such stereochemical studies. Other alcohols derived from the
synthetic investigations were also studied and the results
obtained allowed the determination of stereochemistry of a

natural product, 4-hydroxydendrolasin (see Chapter 5).

In general, the g.l.c. modification of Horeau's technique
was used with as many chiral secondary alcohols derived from
eremoacetal as were available. Some determinations were

necessarily repeated using the unmodified method.

8.2 Horeau's method involves the partial kinetic resolution
of (+)-2-phenylbutanoic anhydride and is, in general, highly

* An empirical correlation between configuration

reliable.®
based on known effective steric sizes, as shown below, and
the more reactive enantiomeric anhydride species, has been
established and successfully used. Accordingly, alcohols of
configurational type show below, preferentially react with

the (R)-2-phenylbutanoyl species, resulting in a depletion of

these forms in the remaining excess of anhydride.

v
: M = medium size group
e (O =il .
HO % H L = larger silze group.
L

In practice the unreacted anhydride is hydrolysed, the
acids isolated and their optical rotation measured and related
to the configuration of the alcohol. This method requires relat-

ively .large samples of alcohols, (typically 50-150 mg), although
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the optical yields are often high and may approach 50-60%.

A recent modification has been described!?®® in which
the enantiomerically enriched anhydrides are converted to
diasteriomeric amides for quantitation using gas chromatography.
This convenient procedure permits the application of Horeau's
method to small quantities (10 mg or less) of chiral secondary
alcohols. After esterification of the unknown alcohol, addition
of (+)-R-2-phenylethylamine rapidly forms the RS and RR dias-
tereomeric amides, without any appreciable kinetic resolution
of the anhydride. The resulting mixture is then analysed for

the relative proportions of the two amides by g.l.c.

This investigation utilised the Brooks and Gilbert
modification in order to test its general applicability and
limitations. In addition to the steric and mechanistic
information resulting from this investigation, the determina-
tion of the configuration of several compounds enabled the
preferred approach of electrophilic reagents to the double
bond of (47) or nucleophiles to the aldehyde (82) to be

determined.

8.3 Application of Horeau's method

The Brooks and Gilbert modification was used for almost
all the alcohols in order to confirm Brecoks' findings, to
obtain some estimate of relative amide response ratios and/or
to determine if any resolution of anhydride occurs during their
formation. These investigations were carried out because the
symmetry of some of the alcohols was expected to result in low

optical yields. Therefore, it was necessary to
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determine the limitations of the method and, if possible,

to improve its sensitivity and/or applicability. Minor
modifications to the method were accordingly made where
necessary. Where some doubt existed in the stereochemical
results, the unmodified Horeau's method was used or a h.p.l.c.

modification of Brooks' method used for further confirmation.

Resolution of (+)-2-phenylbutanocic acid was carried out

! and the acids converted to the sodium salts.

with cinchonidine!®
Treatment of each of the sodium salts with oxalyl chloride gave
the enantiomeric anhydrides in high yield and greater than

85% optical purity.®“P The respective amides were prepared
from each anhydride using (+)-R-2-phenylethylamine. Each

amide was purified by recrystallisation. Purity checks, by
g.l.c., showed the RR isomer (m.p. 76—7§ ) to be 897.0 * 0.05%
pure and the RS amide (m.p. 118—1190) to be 98.3 * 0.07%.

Each isomer was only contaminated by its epimeric amide and the

composition of the synthetic mixtures was corrected for purity.

Several stationary phases have been used by other workers,
including 0V-17,*%2 0vV-101,'%% 0v-225'%2 and FFAP.!®® From
the published results!®? of relative retention times the 0V-225
was chosen as it resolved the two amides best without the need

for temperature programming.

It was confirmed that the RR amide isomer was eluted first.
The use of Helium as carrier gas rather than N, gave better
resolution of the two amides although this was not employed
in practice. Resolution to baseline was achieved with good
peak symmetry using OV-225 as stationary phase and Nitrogen

as carrier gas.
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In all cases the most appropriate racemic or achiral
reference alcohols (cyclopentanocl, isopropanol, or hexan-3-o01l)

were run concurrently with the alcohols under test.

Standard mixtures of the two RS and RR amides of known

composition were prepared and analysed (see Table 8.31)

TABLE 8.31
Standard Mixtures of RR and RS amides - Composition
by G.1l.c.
Calculated %* Found Composition % Aesund-calc.
Mixture No. . Composition (reproducibility) % RR _amice

(weigh™ing error) %%

1 53 (1) 53.1 (:0.1) 0
2 53.8 (+0.3) 53.5 (£0.1) ~0.3
3 49.6 (£0.5) 49.7 (£0.1) 0.1
y 48.6 (£0.3) 48.2 (£0.1) ~0.14
5 46.3 (£0.7) 46.4 (£0.1) 0.1
6 B4 .7 (£0.4) B4.5 (£0.1) 0.3
7 43.0 (£0.4) 43.6 (£0.1) 0.6
8 31.0 (£0.5) 31.1 (£0.1) 0.1

* Only the RR isomer is listed, the RS isomer consitutes the
remainder.

*#*% Based on the average of 2-3 determinations

by g.c. using a computerised integrator. Reproducibility and

accuracy from analysis of these standards were shown to be with-

in - +0.3%, (excepting std. No. 7).

The racemic or achiral alcohols typically gave 50.9 % 0.8%
of the RR amide isomer using an excess of pyridine and two

equivalents of racemic anhydride.

The response of the detector was shown to be invariant .

to the two amides, therefore the predominant RR amide formed
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in the reference sample must reflect a small but significant

kinetic resolution of the anhydride by the amine.

Initially, esterification was carried out over 1.5 h at
400 as recommended by Brooks and Gilbert. However, it was
found that increasing the esterification time 4015 -~ 20 h
at 20° improved enantiomeric anhydride yields.rﬁtsun1abﬁj this was
due to more complete esterification, especially with hindered
and less reactive alcohols. Racemisation of the resulting
enantiomerically enriched anhydride with extended esterification
time, must tHerefore be of lesser significance than the gain

made from more complete esterification.

(265)

The percentage area representing the RR amidgA(derived
from the (-) R acid) in the reference was substracted from the
corresponding RR amide in the sample containing the alcohol
under investigation. Each reaction mixture was injected and
analysed in duplicate or triplicate (or until the agreement

was < *0.3%).

Where sufficient alcohol was available and the results
were indefinite, the conventional Horeau's method was used,
The cause of ambiguous results can be due to low optical yields,
insufficient esterification or interfereénce by other components
(alcohol, esters, impurities etc.) in the mixture. Most of
these problems were encountered. Routinely, if the stability
of the alcohol to esterification conditions was good, an
extention of reaction time overcame incomplete esterification

problems. 0

0
HN”J C1H5 HN’/J CZHS

6S “iy k27 .
@269 et " CHy f\:‘k wd " (a¢e)
Ph
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As the two RR and RS amides showed good separation on
silica t.l.c. plates, it was considered useful to use h.p.l.c.
for the analysis. This was found, in some cases to eliminatel
interference problems arising from the coincidence of reteﬁtion
times of the amides with alcohols, esters or other products.
Therefore, it appears that h.p.l.c. is a good alternative to
g.c. but in this technique the RS amide is eluted first, and
calculations are based on this isomer. Both amides had the same
response ratios when the U.V. detector was used at 254 n.m.

in conjuction with h.p.l.c.

2

8.4 Results and Discussion:

The application of the Horeau's procedure to the listed
secondary alcohols gave results which are summarised in Tables
1-4. In most cases an unambiguous conclusion can be made about
the relative sizes of groups in those alcohols of known stereo-
chemistry. Where the stereochemistry is unknown, but where
effective steric priorities could be assigned, the technique

usually allowed the assignment of stereochemistry.

As the aim of the investigation was in part to explore
the modified g.c. method , that technique was applied whenever
possible; sometimes with modification. To confirm the g.c.
results, the original Horeau method was used for scme alcohols.
The results obtained from g.c. are expressed as a percent

@6s5)
decrease (-), or increase (+) in the RR amide isomea, derived
from the corresponding R-2-phenylbutanoyl group after kinetic
resolution. It was necessary to check some results by the

original Horeau method when the optical yields were low or

interference suspected in the determination.
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Table 8.4l
Average Average Recovered
Compound ARR% A RR% (Ogild Configur-

(2h,40 ) [16h,25°) | Yield) ation

(-) —menthol -6.0 -6.9 (+)S R
-2.1 -4.0 (+)3(50%) S i*
- <1 (+)5(8%) R
<1 -1.4 (+)s(17%) g &

(90b)
<1 ~2.0 (+)s(25%)| R

L =

larger substituent
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Table 8.41 continued

Recovered Confipura—
. Average Average Acid #*% 220;g
Conipound A RRS ARRS (optical
yield)
[o] Q
(2h,40 ) (16h,23 )
OH
- +6.0 - s
(0]
[ \ -
0

(170)

- -6.8 - R
(169)

% See discussion for assignments o

%% Results from the unmodified Horeau's method
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When using the g.c. method, the results were considered
inconclusive when kinetic resolution by the alcohol resulted in
less than a 1% excess of one of the amides relative to the

same amide in the reference.

Before the application of the modified Horeau's method
to the acetal alcohols shown in Table 8.41, the method was
applied to (-)-menthol. The result obtained, after a 2 h
esterification period at 40~ (Brooks and Gilbert conditions),
compares well with the published decrease in the RR amide.
This reflects, according to Brooks, half the uncorrected
enantiomeric yield. It is also related to the degree of

esterification which may well be incomplete.

However, when the esterification time was increased to

[+]
16 h (at 25 ), the % decrease in the RR amide 1somer was

%

improved from an average -6.0% to -6.9%. This improvement in
the decrease of recovered isomeric amide was particularly evi-
dent in the other cases examined where the esterification time

was increased.

When the method was applied to the epimeric diols (86a)
and (86b) from osmylation of eremoacetal, no stereochemical
conclusion could be reached. The major diol isomer (86a),
gave a large decrease in the recovered RR amide (average -U4%
after 16 h esterification) but the epimeric diol (86b), showed
no significant change in % RR amide. When diols (86a) and
(86b) were examined by the original Horeau method, they both
gave the same recovered acid, although in different optical

yields; 50% and 8% respectively. It was possible however to
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determine the configuration of the diols by correlation

with other compounds of known stereochemistry as described
earlier. The S, and major diol isomer (86a’ gave the higher
optical,yield with the diokabicycloctyl groups having the larger
(L) steric influence during the esterification. Surprisingly,
the R (minor) isomer (86b) gave the same recovered acid

(+ 8) although in low optical yield. The low optical yield
would explain the insensitivity of the g.c. method in this
isomer. In this case, the hydroxyisopropyl group has the
slightly larger steric influen¢e. This observation might be
rationalised in terms of preferred conformations resulting
from strong intramolecular hydrogen bonding. It is important
to note the potential importance of nearby polar substituents®’
and of long distance effects in determining the course of

kinetic resolution.

The stereochemistry of alcohols (90a) and (90b) were
determined by correlation with alcohols (169) and (170) formed
by the addition of Grignard reagents to aldehyde (82). Again
both (90a) and (90b) gave the same acid from esterification as
analysed using both the g.c. method and the original method.
Optical yields of 17% and 25% were obtained from (90b) and
(90a) with recovery of the S acid in both cases. TFrom the
known § stereochemistry at Cl1  in (90b) the results show that
the isopropyl group is clearly the larger substituent (L),
whereas in the epimer (90b) the dioxabicyclooctyl substituent
is effectively the larger (L) substituent. The decreased
optical yield in the esterification of (90a), by comparison with
(86a), must result frém the absence of the tertiary hydroxyl

group at €2 in (90a). It is possible that the tertiary hydroxyl
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of diol (86a) is involved in hydrogen bonding to the 02

atom increasing the effective relative size of the dioxabicyclo-
octane ring. However, the S alcohol (90b) unexpectedly gave

a higher optical yield (17%) than the corresponding diol

(86b) (8%). Again, removal of the tertiary hydroxyl, from C2

in (86b) effectively increases the size of the isopropyl group.
This result is difficult to explain without assuming a change n
conformation or hydrogen bonding affecting the degree of kinetic

resolution.

When alcdohols (169) and (170), derived from Grignard
reactions on aldehyde (82), were subjected to Horeau's procedure
there was a clear and predictable result. The methyl group in
(169) and (170) is clearly the smaller of the two groups and
this is evident from the high enantiomeric yields obtained in
both cases. One alcohol, (169) assigned the R configuration,
gave the § 2-phenylbutanoic acid in excess after esterification.
The other isomer (170), %?igned the 5 configuration, gave the

R acid in excess.

Table 8.42 shows the tetrahydrofuranyl derivatives which
were examined by the Horeau's procedure to determine their
stereochemistry. The determination of the steric effects with
the two dehydrongaiols (60) and (62) was considered an
important part of investigating the Horeau procedure. Related
allylic alcohols occur in terpenoids. Initially the stereo-
chemistry at C2 was obtained from the degradation product,
the 1,2-diol (77) and from other correlation studies. Diols

5

of this type have been studied by Guetté.®® He has shown

that the hydroxymethyl group was the smaller of the two groups.
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Table 8.42
Average Average Recovered Assigned
ARR% ARR% - o |Acid | Configura-
Compound (2h,40 ) (16h, 25 )| (Optical tion
Yield)
’l \\ |OH
N
- +2.7 - S
(62)
. -1.1 - R
(60)
N
A X
H 0
-1.7 - - R
(156)
,"""_'\‘ 'OH
o 1% = (+)5(20%) S
(77)
0 --OH
/\ /\OLO
0o +7.5 - - S
(85)
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Table 8.42 continued

Average Average RSleavicred Assigned
Compound ARR% A RR% s Configur-
° o, |[(optical ation
o) (zh, 40°) | (16h, 25°) PP 208
<1% - - S
+1.0 +1.8 (-)R(12%) s
(92)
(88) <1% +1 . Y% (+) (<5%) S
1%%% = (-)R(20%) 5
(89)
* interference by g.c.
#*% determined by h.p.l.c.
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Knowing that the stereochemistry at C2 in (62) and (60) is S
and R respectively, the results obtained confirm that the
isobutenyl group can unambiguously be assigned as the larger

group.

Alcohol (156), when subjected to Horeau's method, gave
the RS amide in excess, confirming the R stereochemistry at
C2. This result gave support to the mechanism proposed for

the formation of (156) (see Chapter 2.5).

Lactone ,(85), gave the RR amide in large excess, indicating
a high enantiomeric yield from effective kinetic resolution.
This result suggests that the neighbouring carbonyl gréup (m
bond) is effectively the larger group as was also found with

other allylic alcohols examined.

When Horeau's determination was applied to the substituted
tetrahydrofurans (88) and (91), no excess of amide could
be detected using the g.c. method. A repeat determination on
(88), using the conventional Horeau's method, confirmed that
the optical yield was below 5%. These results were not unexpec-—
ted after an examination of models. The reagent approaching
the a face encounters little steric interaction with the remote
C2"substituents. The hydroxypropyl substituent at C5' of (88)
does little to increase the effective steric size relative to
the isopropyl group at C5"in (91), as the substituents at CJ'
and C5“are trans to each other. |

]
However, in the corresponding 4,5-cis isomers (89) and (92),
: )
the steric interaction between reagent approaching the C4 hyd-

It
roxyl and the substituents at C5, is significant. Alcohol (92)
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gave predominantly the RR amide and the R acid was isolated
in 12% optical yield when repeated using the conventional
procedure. The corresponding cis compound, the diol (89),
gave the R acid with an increased optical yield. The result
confirms the S stereochemistry at Cdlon the reasonable assum-
tion that the C5"substituent is the larger in the case of (89)

and (92).

Table 8.43 shows the results of a series of Horeau's
determinations on a number of C,s sesquiterpene derived acyclic
alcohols. When the g.c. modified technique was applied to diol
(56), an abnormally high depletion in the RR amide (-11% average)
was obtained after esterification. A determination using the
original Horeau's method, gave predominantly the § acid,
recovered in 35% optical yield. When the compqsition of the
same mixture used for the g.c. determination was checked using
h.p.l.c., the RR amide was depleted by only 3.2%. These dif-
ferences in the ER amide suggest that the g.c. determination
was in error due to an interfering impurity. As with the phenyl
analogues,a“' the 3-furanyl substituent had the larger (L)
steric requirement. The stereochemistry at Cl in (56) was

confirmed independently by chemical correlation with (62).

As with the dehydrongaiols (60) and (62), the isobutenyl
groups in (81) and (8) were confirmed to have the larger steric

influence upon the resolution.

Interference was again encountered with the alkenols
252, (253) and with triol (83) using the g.c. method. The

problem was overcome in the case of QSD} (253) and (083 by



158

Table 8.43
Recovered e
ARR% ARR% |, | Acid e
Compound (No.) (2h,40 ) | (15h,25 )| (Opt. N
Yield)
OH
L H
) N
/ \
0 HO OAc ~3.2 % - (+)S(35%) R
(56)
N~OH
L
R
/) HO 0
Y H +2.5 - = §
(81)
0 HO ¥ oy ' OH
<1.0 =% = - R
.I- -
(183)
L
0 HO OH <1% -1.9 = R
(124)

* interference by g.l.c.
i by h.p.l.c.
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Table 8.43 continued

ARR% ARR% Recovered | Configura-
c 4 . o |Acid ation
ompoun (2h, 40°) |(15h, 25 )(Optical
yield)
N
/ \
o OoH - <% % - R
(253)
L
A N
0 OH
(252) -1.77 s R
ig_Tg’\\//\Wr/\E:/\T//
0 H ) ) R
(254)
A Y
[\
0 OH
] = —Ii
54 )
L
0] OH +2.1 = - S
(8)

as,
o

as,  an,
E

interference by g.c.
interference by g.c.
by h.p.l.c.

and h.p.l.c.
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using the h.p.l.c. for analysis. Triol (183, because of the
symmetry about Cu4, showed insufficient enantiomeric enrich-
ment during esterification to be detected as the KR amide

by h.p.l.c.

Diol (124) however, did show a small excess of the RS
amide by g.c. (+ 1.9%), confirming that substitution at the Fﬁamqﬁ
position@:@7), remote from the reactive C4 centre, is suffi-

cient to give a detectable enantiomeric excess.

In the case of a remote double bond, as in alcohol (253,
no detectable enantiomeric excess was observed by h.p.l.c.
This model for the ana%%ous furospongin-1 isomers (257), is
less symmetrical about the alcohol centre than (257E) . Where
the double bond is nearer the chiral C4 centre, as in @52, a
small excess of the RS amide was detected by h.p.l.c. showing

that the alkene containing group to be the larger.

In the Cy; acyclic alcohols shown in Table 8.4k4, the
high degree of symmetry results in similar effective steric
sizes about the reactive centres, C6, and consequently low
enantiomeric yields. Diol 11, like (124 gave no significant
amide excess in the g.c. analysis. However the allylic alcohols
(255h) and (255¢), like the C15 model (252), gave a significant

excess of the RS amide using the Horeau's/Brooks' method.

The stereochemistry at C6 in (255h)and(255¢) is known to
be R in both cases. These results again confirm that the
alkene containing substituent exerts the larger effective size

during the resolution.
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Table 8.4k
ARR% ARR% | Configura-
Compound (No.) (2h,40%) (15h,25 ) | tion.
/ \ 4 6 8
HO ° OH [
Y 0 <1.0 - R
(211) .
L
7
/ \ / \
0 OH 0 -2.1 - 13_
(255Hk)
(high R¢ isomer)
L
74
[\ by
o OH o ~2.2 - R
(255¢)
(low Rg isomer)
L
/ \ [\
OH
Y 0 £2.4 - R
(256h) -
(high Rf isomer)




162

Table 8.44 continued

ARR% ARR% Configura-
Compound (No.) (2h .40 ) |(15h 25 ) tion
L
/ \ /\
o OH o 2,2 - R
(256¢)
(low Rf isomer)
L
A0S R
0 OH 0
(257)E - +1.5 R
- <1% R
Recovered |Optical Assigned
Acid Yield Configuratio:
(=) R (9.8%) S
3
L
N
o~ HOHC OH /0\ (-) s (9.6%) R
(20u)
L
N
0 OH /0\ (+) s (9.7%) R
(203) '

These results were obtained by Minale et.al. using the
Horeau method without modification.



163

However, in epimeric alcohols (256h) and (2561) the more
remote double bond, gave inexplicable but significant and
contrasting results. One alcohol(256h), (the higher Rf
isomer) gave an unexpected result in showing a depletion in
the RS amide. From these results it can be implied that
at least in examples(256h) and (256¢)the effective steric size
is determined by the stereochemistry at C8. Again, as with
examples in Table 8.41, the conformation of the two isomers
may influence the outcome of the kinetic resolution during

esterification.

The synthetic furospongin-1 isomers(257E), which could not
be separated, gave a barely significant result in which the
RR amide just predominated (+ 1.5%), indicating, that the
saturated substituent might have the larger steric influence
during esterification. The Z C8 epimers of synthetic
furospongin-1 (257Z) also inseparable, gave no significant
amide excess by g.c. indicating a higher degree of symmetry
about the chiral C6 centre than in the E isomers. No evidence
of interference by impurities was seen in the g.c. trace.

are
The results obtained for alcohols (2%5) to(257%in contrast .

to Minale's results, shown in Table 8.45, and other models (e.g.
(252), (8), (255h) and (255¢). It is interesting to note that

the A7 double bond in (204) reversed the effective steric size

of the two alkyl groups, even though hydroxyl substitution at
the 4-CH; would be expected to oppose this reversal. Removal

of the more remote A3 double bond of (204) did not change the
optical yield obtained by Minale et.al. confirming the inconseg-

uential effect of A3 double bond on this kinetic resolution.
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It is possible to account for the results obtained for the
synthetic alcohol mixture, if the 6R,7S epimer in (257EF) gave a
significantly higher enantiomeric excess than the 6R,7FR isomer
((-)-furospongin-1) {(257E). This is a real possibility from
the unusual results obtained with the epimeric alcohols
(256h) and (256¢).Thus, an optical yield of approximately 20%
for the 6R,7S isomer of (257E) (i.e. 10% higher than that
determined for furospongin-1l by Minale) would account for the
overall formation of an excess of R-2-phenylbutanoic acid

instead of the § acid as expected.

8.5 Conclusion:

In general the Horeau's technique was successfully
applied to a variety of alcohols. The results gave insights
into and supported the mechanis ms leading to their formation,
stereochemistry and the relative effect of different substituents
at the asymmetric centre. Some interesting anomalies were
encountered which may serve as a caution when a stereochemical
assignment is sought using the Horeau method. As a result of
this study, the method is of more general applicability to
chiral secondary alcohols because of the variety of model
compounds studied. The work with furospongin-1 isomers showed
that subtle variations may lead to ambiguities if the Horeau's

technique is applied without caution.

Some general comments and conclusions can be made from
this comparison of the two Horeau methods. Some have been
outlined by Gilbert and Brooks.!?®

(i) The g.c. modification of the Horeau's technique
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can allow a stereochemical determination to be
carried out on less than 10 p mol of alcohol.
(ii) The g.c. method is limited to alcohols giving
adequate optical yields (greater than 10 to 15%),
so that one isomeric amide exceeds the other by
more than 1%. Lower amide excesses may lead to

errors in assignment.

(iii) The use of helium as a carrier gas was superior to
nitrogen in combination with the 0V-225 stationary
phase. The amide isomers (RR and RS) showed
excellent peak shape and baseline separation which

allows more accurate electronic integration.

(iv) With many of the sesquiterpenes, interference
by esters and/or unreacted alcohols was a serious
problem by g.c. In those instances the h.p.l.c.
method can be applied using an analytical silica
column and U.V. detector. However, in contrast

to the g.c. method, the RS amide was eluted first.

(v) It was found that amide excesses, which are related
to enantiomeric yields, could be usefully increased
by extending the esterification time to 15-18 h
at 200. This is particularly useful with hindered
alcohols which react slowly. The rate of racemi-
sation during esterification, appears to be a much
slower process and slightly lowers the enantio-

meric excess with extended times.®"

(vi) The original Horeau technique is recommended in

instances where adequate quantities of alcohol are
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available because of its greater sensitivity in

cases of low optical yields.
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EXPERIMENTA AL

Melting points were determined using a Reichert hot
stage apparatus and are uncorrected. Microanalyses were

performed by the Australian Microanalytical Service, Melbourne.

Infrared spectra were recorded on either a Jasco IRA-1
or a Unicam SP 200 spectrophotometer. Where relevant the
characteristics of the infrared bands are expressed as follows:

s, strong; m, medium; w, weak.

Ultraviolet spectra were recorded on a Pye Unicam SP 800

instrument.

Mass spectra were measured on a Hitachi Perkin-Elmer RMU-

7D or AE1l MS 30 operating at 70 eV.

'H n.m.r. spectra were obtained on a Varian T-60 or

Jeol PMX 60 instrument. !'®C n.m.r. spectra were obtained on

a BrukerWP 80 Fourier Transform spectrometer using deutero-
chloroform solutions. Chemical shifts (8) are in ppm downfield
from the internal standard, tetramethylsilane; multiplicities
were abbreviated to: s = singlet; d = doublet; t = triplet; q =
quartet; dd = doublet of doublets; m = multiplet; br = broad;
exch. implies that the signal exchanges on the addition of

D,0 to the sample.

Separation by Gas Chromatography was done using Perkin
Elmer 990 or Pye Unicam 104 instruments coupled to a Perkin

Elmer M-2 Integrator.

High Pressure Lliquid chromatography was carried out on a-

Spectra Physics Chromatronix Model 3500.
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The optical rotations were determined using a Hilger-
Watts Polarimeter.

Sorbsil silica gel was used for column chromatography
and Merck KielselgelG and HF,s, (1:1) for thin layer

chromatography.
o
Light petroleum refers to the fraction of b.p. 60-70.

Sodium sulphate (anhydrous) was used as the drying agent
for non aqueous solutions unless otherwise specified.

’

Isolation of (+)-(1lR,3S,5R)-1-(furan-3'-yl)-5-methyl-3-

(2"—methylprop—l"—enyl}—2,8-dioxabicyclo{3.2.1:\octane
L -4

(Eremoacetal) (47) and other Sesquiterpenes.

The finely ground leaves and twigs (10 kg) of Eremophila
rotundifolia were extracted with ethyl acetate/light petroleum
(1:4) until the extracts showed only a slight colouration.

The solution was concentrated under reduced pressure at 30-40
to leave a green semi-solid residue (800 g). A substantial
quantity of a waxy material in this extract made chromato-
graphy difficult and therefore most of it was removed by the

following procedure prior to chromatography.

After warming to liquefy the solid, the green oil was
poured with vigorous stirring into methanol (4 1). -On cooling

the methanol solution in ice, a solid waxy material separated.

Celite (100 g) was added and the solids collected on a

bed of Celite and washed with cold methanol., Extraction of
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the Celite-wax mixture with hot light petroleum gave a yellow
o]
solid (70 g) m.p. 60-70 .
The filtrate (after removal of the wax) was concentrated
o

under reduced pressure at 30-40 to give a green viscous oil

(600 g).

Chromatography of the dewaxed oil on silica gel (8 kg)
using increasing percentages of ether in light petroleum gave
a colourless sweet smelling oil (10 g) in the earlyfractions.
Purification of a portion of this fraction by preparative
t.l.c. (acti;ated at 1000, light petroleum) and evaporative
distillation (900/0.5 mm) gave (E)-1-(furan-3'-yl)-4,8-
dimethylnona-3,7-diene (6) dendrolasin) (Found: C, 82.8;
H, 9.9. C,sH,,0 requires C, 82.5; H, 10.1%). vpax (film)
1510, 1030, 875, 780 em~!. !H n.m.r. (CCl,): & 7.3 (1H, m,
H5'), 7.2 (1H, m, H2'), 6.2 (1H, m, H4'), 5.1 (2H, m, H3 and
H7), 2.3-2.0 (8H, m, (H1),, (H2):, (H5), and (H6),), 1.65 (3H,
brs, (H9)s), 1.60 (6H, 2 brs, 4-CHs and 8-CHs). M/e 218 (M%),

217, 81, 69.

The above spectral data agree closely with the published

values.?"

Subsequent fractions contained mixtures of the isomeric
dienones (42) and (43). A portion was separated by h.p.l.c.
Lichrosorb S1-60, 10u; ethyl acetate/hexane (1:20) . fhe

(E)-isomer (42) and the (Z)-isomer (43) were obtained in

approximately equal amounts.



170

(E)-9-(furan-3'-yl)-2,6-dimethylnona-2,5-dien-4-one (42)
was isolated as a pale yellow oil and showed the following
spectral data. Vnpax (film) 785, 880, 1030, 1110, 1630,

1680 cm~!. Apax (EtOH) 255 nm (e 9800). 'H n.m.r. (CCly):

§ 7.4, 7.2 (each 1H, m, H5' and H2'); 6.3 (1H, brs, Hy'); 6.0
(2H, m, H3 and H5); 2.2 (6H, s, 6-CHs and 2-CHs); 1.9 (3H,

s, (H1)3), 2.5-1.6 (B6H, m, (H7),, (H8), and (H3),). Mle

+
232 (M%), 217, 138, 123, 109, 95, 83, 81.

(2)-9-(FPuran-3'-yl)-2,6-dimethylnona-2,5-dien-4-one (43)
a pale yellow oil, exhibited the following spectral data.
Vnax (£ilm) 770, 870, 1110, 1630, 1680 em™!. !H n.m.r.
(CCl,): & 7.3 (2H, m, H5' and H3'); 6.3 (1H, m, Hu'); 6.0
(2H, m, H3 and H5); 2.7 and 2.5 (each 2H, t, J 8Hz, (H7), and

(H9),); 2.2 (3H, s, 2-CH;3); 1.9 (6H, s, (H1)3; and 6-CHj3).

These spectral values are in close agreement with the

published values.??

Later fractions contained mixtures of the dienones and
. . : o
the major constituent, eremoacetal. On standing at 0 these
fractions gave large colourless prisms. Recrystallisation

from petroleum ether gave colourless prisms of (+)-(1R,359,5R) -

l—(furan—3'—yl)—5—methyl-3—(2“—methylprop—l"—enyl)—2,8—

dioxabicyclo[}.2.ll octane (47) (eremoacetal) (160 g) after

rechromatography of various fractions), m.p. 63—63.50, [Q]Dzo

Al 10.30 (30% CHCl,) (Found: C, 72.8; H, 8.3. CisH2003 requires
C, 72.5; H, 8.1%). vpmax (Nujol) 810, 885, 9u0, 1010, 1080,
1120, 1165, 1515, 1615 cm™*. 'H n.m.r. (CCly): & 7.u5 (1H,

m, H2'), 7.32 (1H, m, H5') 6.39 (1H, m, H4'); 5.24 (1H, d, J

8Hz, H1"); L.6 (1H, d,d,d, J 5,8,10Hz, H3); 1.3-2.5 (BH, m,
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methylene); 1.72 (6H, brs, 2"-CH; and (H3")3); 1.33 (3H, s,
5-CH;). '3C n.m.r. see appendix. M/e 248 (MT), 231, 230, 16u,

iu8, 136, 121, 105, 95, 83, 67.

Further elution gave a mixture of (2'R, 5'S) and (2'S,
5'S)—l—l}'—(furan—3"—yl)—2'—methyltetrahydrofuran—Q'-yi]—u—
methylpent-3-en-2-one (44) (dehydrongaione)!® and dehydroepin-
gaione!® (45). Chromatography on alumina, followed by distil-
lation (94—960/0.1 mm), gave a sample with (Q]Dzo ~19.5°.

This value corresponds épproximately to a 2:1 mixture of (44)
and (45). 'H n.m.r. (CCl4): & 7.34 (2H, app s, H2" and H5"),
6.32 (1H, m, H4"), 6.14 (1H, m, H3), 4.84 (1H, m, HS'), 2.64
(2H, s, H1), 2.12 (3H, s, 4-CH3), 1.6-2.3 (methylene), 1.88
and 1.86 (3H, 2s, H5, indicative of both isomers!®), 1.30

(3H, s, 2'-CH3).

Continued elution gave a colourless oil of (&E)-9-(furan-

3'-yl)-2,6-dimethylnona-2,6-dien—-4-ol (4-hydroxydendrolasin)

(85, b.p. 115-120° /0.5 mm (decomp.). Purification was achieved
via the acetate. Acetylation of (8) with acetic anhydride and
pyridine gave the acetate (8a) which was purified by h.p.l.c.

on Lichrosorb 10u (25 x 1 cm) using ethyl acetate/hexane (3:97).
Y n.m.r. (CCly): & 7.30 (1H, m, HS') 7.18 (1H, m, H2');

6.58 (1H, m, H4'), 5.63 (1H, d, t J 6,7Hz, H4), 5.15 (2H, m,

H3 and H7), 2.5-2.0 (6H, methylene); 1.93, (3H, s, CH3CO0); 1.75

(6H, s, (H1); and 6-CH3); 1.65 (3H, s, 2-CHj).

Reduction of the acetate with lithium aluminium hydride
then gave the pure alcohol (8) (Found: C, 76.93 H, 9.7.

. Lo
C1sHy,05 requires C, 76.9; H, 9.5%). [a]p®’ -15.8 * 0.6 (c,
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4.8 in CHCl3). vVpax (film) 3400, 1500, 1155, 1020, 870, 780
em='.  'H n.m.r. (CCly): & 7.34 (1H, m, HS'); 7.22 (1H, m,
H2'); 6.25 (1H, m, H4'); 5.2 (2H, m, H3 and H7); 4.35 (1H,
dt, J 6,8Hz); 2.5-2.0 (6H, m, (H5),, (H8), and (HS8),); 1.7
(9H, m, (H1);3;; 2-CH; and 6-CH;. '3C n.m.r. see appendix.
M/e 234 (M) 216, 179, 151, 150, 135, 94, 93, 91, 85 (100%),

82, 91, 69, 55, 53.

The early fractions from chromatography were rechromato-
graphed repeatedly on silica (activated at 100 ) using hexane

i
to give 7-methyl-7-(4'-methylpenta-1,3-dienyl)-4,5,6,7-tetra-

hydrobenzofuran (46) isolated as a colourless, unstable oil,

b.p. 95°/0.2 mm (block) (Found m/e 216.1514. CisHpo0 requires
216.1509). (o] ses-s00 < 1° (e, 5.0 in CHClz). wv__  (film)
1500, 1180, 1145, 1090, 1050, 1025, 980, 955, 890, 870, 725
em™}.  Apax (EtOH) 225 (log € 4.36), 231 (4.37), 246 nm (4.29).
H n.m.r. (CCly): & 7.18 (1H, 4, J 1.8Hz, H2), 6.10 (1H, d,

J 1.8Hz, H3), 6.0 (1H, dd, J 16,10Hz, H2'), 5.8 (1H, d, J 18Hz,
H1'); 5.75 (1H, d2, J 10,1.3Hz, H3'); 2.42 (2H, m, (H4),), 1.69,
(6H, brs, (H5') and 4'-CHs); 1.63 (4H, brs, (H5), and (H6)2);
1.33 (3H, s, 7-CH3). 3C n.m.r. (CDCl3): & 154.5 (s); 1u40.6
(d), 138.3 (d), 133.7 (s), 125.0 (d), 116.7 (s), 110.1 (d),
38.7 (s,t), 26.0 (q), 22.7 (5), 20.3 (t), 18.4 (q). M/e 216

(M), 201 (100%), 173, 147, 145, 135, 121, 93, 91, 69, 67.

Action of Aqueous Acid on Eremoacetal (47)

i) A mixture of eremocacetal (47) (200 mg), acetic acid
(2 ml) and water (20 ml) was heated under reflux for 30 min.

(After 15 min the colourless solution became turbid and t.l.c.
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indicated the presence of some eremoacetal together with two

or more polar products). Solid sodium carbonate was added
slowly to the cooled mixture to neutralise the acid, After
extracfion with methylene chloride (5 x 10 ml) the extract

was dried over potassium carbonate. Removal of the solvent
gave an almost colourless oil (196 mg) which gave two compounds

after preparative t.l.c. (ether).

The less polar product, (R,E)-1-(furan-3'-yl)-4-hydroxy-

4,8-dimethylnona-6,8-dien-1l-one (74) was 1solated as a colourless

oil (125 mg,'63%). A satisfactory analytical sample could

not be obtained due to instability but the 2,4-dinitrophenyl-
hydrazone was prepared under mildly acid conditions, as orange
needles, m.p. 125-125.5 (Found: C, 59.1; H, 5.7; N 13,0,
Cy,1H,4N,Og requires C, 58.9;5; H, 5.7;3 N 13.1%). The following
data were obtained for the keto diene (74) immediately after
chromatography. Apayx (EtOH) 230 (e 19,000); 240 @h)nm

(e 12,000). vpax (film) 880, 1160, 1520, 1570, 1670, 3450
em~}'. 'H n.m.r. (CDCls): 6 8.2 (1H, m, H2'), 7.5 (1H, dd,
H5'), 6.8 (1H, m, H4'), 6.3 (1H, d, J 16Hz H7), 5.7 (1H, d4t,

J 7,16Hz, H6), 5.0 (2H, brs, (H9),), 2.95 (2H, t, J8Hz, (H2)2),
2.35 (2H, d, J 7Hz, (H5)2), 2.0 (1H, brs, D20 exch,, OH), 1.9
(2H, t, J 8Hz, (H3)2), 1.9 (3H, brs, 8-CHz), 1.2 (3H, s, 4L-CHj3).

M/e 2u8 (MT), 230, 149, -95, 93.

The more polar consistuent (R,E)-1-(furan-3'-yl)-4,8-

dihydroxy-4,8-dimethylnon-6-en-1-one (78) was isolated as a

colourless oil (45 mg, 23%) (Found: C, 68.0; H, 8.6. CisH2204

requires C, 67.6; H, 8.3%). Amax (EtOH) 2u8 (e 2300) .,
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Vpax (£ilm) 880, 1160, 1520, 1570, 1670, 3400 cm™'. 'H n.m.r
(CDCls): & 8.2 (1H, m, H2'), 7.5 (1H, dd, H5'), 6.8 (1H, m,
Hu'), 5.8 (2H, brs, H6 and H7), 2.95 (2H, t, J 8Hz, (H2),),
2.25 (2H, m, (H5),), 1.85 (2H, t, J 8Hz (H2),), 1.35 (6H, s,
8-CH, and (H9)s), 1.2 (3H, s, 4-CHs). M/e 2u8 (M -M,0), 230,

189, 149, 95.

ii) When a mixture of eremoacetal (47) (90 mg), acetic
acid (0.5 ml{ methanol (5 ml) and water (3 ml) was heated under
reflux for 1 h the product mixture consisted of (74 ), ( 78)
and 1-(furan<3'-yl)-4-hydroxy-8-methoxy-4,8-dimethylnon-6-en-
l-one (80) (25%). 'H n.m.r. (CDClz): & 8.2 (1H, m, H2'), 7.55
(1H, m, H5'), 6.8 (1H, m, H4'), 5.65 (2H, brs, H6 and H7), 3.2
(3H, s, OCH;), 3.0 (2H, t, (H2),), 2.25 (2H, m, (H5)2), 1.9
(1H, exch. D,0, OH), 1.9 (2H, t, (H3),), 1.3 (6H, s, 8-CH; and

(H9)3), 1.2 (3H, s, 4-CHs).

iii) Eremoacetal was converted to the extent of 50% into
the allylic alcohol (78) when it was allowed to stand in aqueous
perchloric acid/tetrahydrofuran (pH 1-2) at room temperature
for 5 h. The allylic alcohol (78) when heated with the
aqueous perchloric acid in tetrahydrofuran gave the diene (74)

exclusively.

iv) When eremoacetal was allowed to stand in CDCl;3/DCl/
D,0 solution in an n.m.r. tube, with occasional shaking, the
exchange of the H7 protons was evident by examination of the
proton n.m.r. spectrum. Exchange was complete after 30 min
at 30° and the multiplet at 62.3-1.8 due to (H6)2 and (HT7)2
collapsed to a 2 proton singlet at approximately §2.0 due to

(HB) .
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i
Hydrolysis of Eremoacetal to (4R,6S5)-1-(furan-3-yl)-4,6-

dihydroxy-4,8-dimethylnon-7-en—-1-one (54)

i) The acetal (47) (4 g) was dissolved in pyridine
(30 ml) and water was added until the solution became turbid
(approx. 25 ml). The mixture was heated under reflux for
27 h, cooled and extracted with light petroleum (4 x 25 ml).
The petroleum extracts were backed-washed with water (2 x 10 ml)
and the aqueous washings were added to the pyridine water solu-
tions. Evaporation of the dried petroleum extracts gave

eremoacetal (2.9 g, 72%).

The aqueous pyridine solution was extracted with chloro-
form (4 x 20 ml) and the extracts dried over sodium sulphate.
Removal of the solvents at room temperature under vacuum gave
(4r,65)-1-(furan-3'-yl)-4,6-dihydroxy-4,8~—
dimethylnon-7-en-l-one (54) as an unstable v%éous violet oil
(1.0 g). vpax (film) 880, 1160, 1520, 1565, 1675, 3400 cm™'.
'Y n.m.r. (CDCls): & 8.2 (1H, m, H2'), 7.5 (1H, dd, H5'),
6.5 (1H, m, H4'), 5.3 (1H, d, J 8Hz, H7), 4.8 (1H, dt, J 4,8Hz,
H6), 3.8-4.4 (2H, m, exch. D,0, 20H); 3.0 (2H, m, (H2),), 1.6-
2.1 (4H, m, (H3), and (HS5),), 1.7 (6H, brs, 8-CH;z and (H9)s),
1.2 (3H, s, 4-CH3). Traces of acid in the chloroform resulted
in rapid cyclisation of (54) reforming (47) and water. M/e
248 (M-H,0). This compound, and also its acetate, decomposed

slowly and microanalyses were not obtained.

ii) When a pyridine/water solution of the dihydroxy
ketone (54) was heated under reflux, equilibration occurred

to give a mixture of (54) and eremoacetal (47). After 24 h
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the mixture was 1:1 and reached a final ratio of 2:3 (by n.m.r.

after 48 h.

iii) When eremoacetal (47) was warmed in ds-pyridine/
D,0 (1:1, 3f,), examination by n.m.r. after 3 days showed the
ratio of (54) to acetal was 1l:4. After heating the mixture
to 87" for 6 h the ratio changed to 3:7 and further heating
at 100° for 7 h gave a ratio of 2:3 which remained unchanged

with further heating.

Reaction of Eremoacetal with Hydroxylamine

Eremoacetal (47) (100 mg) in methanol (5 ml) was added
to a solution of hydroxylamine hydrochloride (70 mg) in water
(5 ml) containing sodium acetate (100 mg) (pH 4-5). After
standing at room temperature for 16 h, t.l.c. showed the absence
of eremoacetal and two more polar products. After removal of
the methanol under reducted pressure at 400, the residue was
extracted with chloroform (3 x 5 ml) and the dried extracts

evaporated to give the oximes (81) (90 mg) of (4R,65)-1-

(furan-3'-yl)-4,6-dihydroxy-4,8-dimethylnon-7-en-1-one (5%) as

a viscous oil which analysed for a dihydrate (Found: C, 57.0,
H, 7.3; N, 4.2. Ci1s5H2304N, 2H,0 requires C, 56.83 H, 7.3;
N, 4L,4%). Vnpax (film) 740, 800, 880, 1160, 1510, 3300 (br)

em='. M/e 263 (MY-H,0), 2u8, 208, 182, 164, 121, 95.

The isomeric oximes were separated by preparative t.l.c.
(ethyl acetate/benzene, 1:1) and gave the following n.m.r.

data before equilibration occurred.
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The higher Ry oxime was isolated as a colourless oil
(45 mg). 'H n.m.r. (CDCl3): & 7.8 (1H, m, H2')3; 7.45 (1H,
dd, H5'); 6.75 (1H, m, Hu'"); 5.3 (1H, 4, J 8Hz, H7); 4.85,
(1H, dt, J 4,8Hz, H6)3; 2.74 (2H, m, (H2)2); 2.0-1.7 (4H, m,
(H3), and (H5),); 1.7 (6H, brs, 8-CHsz and (H9)s); 1.25 (3H,

s, U-CHjs).

The lower Ry oxime isomer was a colourless oil (40 mg).
'y n.m.r. (CDCls): & 8.45 (1H, m, H2'); 7.5 (1H, dd, H5'); 6.8,
(1H, m, H4'), 5.3 (1H, d, J 8Hz, H7), 4.85 (1H, dt, 4,8Hz, H6) 3
2.75 (2H, m, (H2)2), 2.0-1.7 (4H, m, (H3), and (H5)2)3; 1.7

(6H, brs, 8-CHs and (H9)3); 1.25 (3H, s, 4-CHjs).

Both n.m.r. samples isomerised to a mixture (approx. 1:1)

of oximes (81) within 24 h.

Acetylation of (4R,6$)—l—(furan—3'—yl)—4,6—dihydroxy—4,8—

dimethylnon-7-en-l-one (54).

The crude dihydroxy ketone (54) (2 g) in dry pyridine
(10 ml) was acetylated with acetic anhydride (2 ml) at room
(24 h). Ice water (20 ml) was added and the solution was made
slightly acidic with dilute hydrochloric acid. Extraction
with chloroform (3 x 10 ml) and evaporation of the combiﬂed
and dried extracts under reduced pressure gave a colourless
0il. The product (1.9 g) was a mixture of eremoacetal (47)
and (4R,6S)—6—acetoxy—l—(furan—3‘—yl)—4—hydroxy—4,8—dimethylnon—
7-en-l-one (55) in a ratio of 3:7. Preparative t,l.c. (ethyl
acetate/benzene, 1:10) of the mixture (350 mg) gave the pure

acetate (55) (200 mg) as an unstable oil.



178

Ypax (film) 880, 1155, 1520, 1570, 1675, 1720, 3450 cm™ L.

Y n.m.r. (CCls): & 8.2 (1H, m, H2'); 7.45 (1H, dd, H5');
6.8 (1H, m, H4'); 5.7 (1H, m, H6); 5.1 (1H, d, J 10Hz, H7);
3.2 (1H, brs, exch. D,0, OH); 2.9 (2H, t, J 8Hz, (H2)2); 2.0
3H, s, CH,CO); 1.75 (6H, brs, 8-CHs and (H9)3); 2,1-1,5 (H4H,

m, (H3); and (H5)3); 1.2 (3H, s, 4-CHj).

Reduction of Acetoxy ketone (55) with Zinc Borohydride

The crude ketone (55) (containing 30% pf eremoacetal by
n.m.r.) (3.1°g) was dissolved in dry ether (20 ml) and a
solution of zinc borohydride!®’ in ether (0.1 M, 80 ml) was
added slowly with stirring at room temperature. A yellow
0il separated and the ketone was not detected, after 1 h, by
t.l.c. Water (5 ml) was added cautiously and the mixture was

filtered after the addition of celite (2-3 g).

The salts were washed with chloroform (20 ml) and the
combined solvents were dried and evaporated to give a yellow
0il (3.17 g, 100%) which partly crystallised on standing. A
product (1.2 g, 52%) m.p. 86-89 was obtained by tituration
of the product in chloroform with light petroleum. Recrystal-

lisation gave (1R ,4R,68)-6-acetoxy-1-(furan-3'-yl)-4,8-

dimethylnon—?—eﬁ?l,4—diol (56) as colourless needles, m.p.

98-99° (Found: C, 66.0; H, 8.4. CyvH2605s requires C, 65,83
H, 8.4%). Vpay (Nujol) 815, 880, 900, 1020, 1060, 1245, 1720,
2300 em~!. 'H n.m.r. (CDCls): & 7.4 (2H, m, H2' and H5'),
6.45 (1H, m, H4'); 5.5 (1H, d,d,d, J 6,7,10Hz, H6); 5.2 (1H,
d, J 10Hz, H7); 4.7 (1H, 6, J 6Hz, H1); 2.8 (2H, brs, exch,

D,0, 2X OH); 2.0 (3H, s, CH3CO); 1.75 (6H, brs, 8-CHs and
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(H9)3); 1.8-1.6 (6H, m, (H2),, (H3)2 and (H5)2); 1.2 (3H,

s, 4-CHs). M/e 232 (MY-HOAC, H,0), 217, 151.

Application of Horeau's method®*:®® gave (+)-2-phenyl
butanoic acid with an optical yield of 35%. This result leads

to the configuration at Cl shown in (56).

Evaporation of the mother liquors from the crystallisation
of the major isomer, followed by extraction with petroleum
ether to remove eremoacetal and chromatography of the residue
on t.l.c. (benzene/ethyl acetate 4:6), gave the minor isomer,
(15,4R,68) -6-acetoxy-1-(furan-3'-yl) -4,8-dimethylnon-7-ene-
1,4-diol (57) (0.62 g, 25%) as a colourless oil. 'Y n.m.r.
(CDCl3): & 7.4 (2H, m, H2' and H5'); 6.45 (1H, m, H4'); 5.7
(lH, m, H6); 5.2 (1H, d, J 10Hz, H7); 4.7 (1H, 5, J 6Hz, H1)32.9
2.9 (2H, brs, 2X OH); 2.0 (3H, s, CH3CO); 1.7 (6H, s, 8-CHgs

and (H9)3); 1.2 (3H, s, 4-CHj).

This compound was not obtained homogeneous but a pure

derivative is reported below the tetrahydrofuran (65)

When purification was done by using h.p.l.c. a by-product
(7%) was isolated. The n.m.r. spectrum was consistent with
that expected for 1-(furan-3'-yl)-4,8-dimethylnon-6-ene-1,4-
diol. 'Y n.m.r. (CCly): & 7.3 (2H, brs, H2' and H5'); 6.4
(1H, brs H4'); 5.4 (2H, m, H6 and H7); 4.6 (1H, 5, J 5Hz);
4.0 (2H, brs, 20H); 1.25 (3H, s, 4-CHz); 0.85 (6H, 4, J 6Hz,

8-CH; and (H9)3;).
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Preparation of tetrahydrofurans (62) and (65) (dehydrongaiols

and dehydroepingaiols), their acetates and biphenylcarboxylates.

i) A solution of p-toluenesulphonyl chloride (2.5 g)
in dry pyridine (5 ml) was added to a solution of the diol
(56) or a mixture of the Cl epimers (1.0 g) in dry pyridine
(10 ml). The mixture was allowed to stand overnight and was
then poured into ice-water (50 ml). Cold hydrochloric acid
(1IM) was added with stirring until the pH was 3 and then the
solution extracted with light petroleum (3 x 50 ml). The
combined extracts were washed successively with hydrochloric
acid (1M, 10 ml) and water (20 ml). After drying,removal of

the solvent gave the tetrahydrofuran derivatives as a mobile

of

oil (0.9 g, 96%).

The mixture of isomers (approx. 2:1) was separated by

h.p.l.c. (ether/light petroleum 1:10).

The minor isomer, (28,2‘R,5'R)—l—fb'-(furan—3"—yl)—2'—

methyltetrahydrofuran—2'—ylmethyq -3-methyl-but-2-enyl acetate
(66) was eluted first as a colourless o0il. Vp.o (film) 790,
875, 920, 940, 1025, 1090, 1155, 1240, 1505, 1725 ecm™*. 'H
n.m.r. (CCly,): & 7.3 (2H, m, H2" and H5"); 6.3 (1H, m, H4");
5.7 (1H, m, H1); 5.1 (1H, 4, J 9Hz, H2); u4.85 (1H, m, H5');
1.9 (3H, s, CH;C0); 1.75 (6H, brs, 3-CH; and (HW)3); 1.2 (3H,

s, 2'-CHs).

The major isomer, (23,2'R,5'S)—l—!B'—(furan—3"—yl)-2'—

methyltetrahydrofuran—Z'—ylmethyi]—3—methylbut—2—enyl acetate
o

(63) , was isolated as a colourless oil. vpax (film) 720, 795,

875, 925, 935, 1025, 1090, 1155, 1240, 1505, 1725 cm™'. !H
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n.m.r. (CCl,): & 7.3 (2H, m, H2" and H5"); 6.3 (1H, m, Hu4");
5.7 (1H, m, H1); 5.1 (1H, d, J 11Hz, H2); 4.9 (1H, t, J 6Hz,
H5'); 1.9 (3H, s, CH3CO0); 1.7 (6H, brs, 3-CHs; and (Hu4)s); 1.2

(3H, s, 2'-CH3s).

ii) Lithium aluminium hydride (0.17 g) was added to
the (18,2'R,5'S) acetate (63) (1.70 g) in dry ether (50 ml).
After stirring at room temperature for 1 h, wet ether (30 ml)
was cautiously added followed by sodium sulphate. The mixture
was filtered and the salts were washed with ether (2 x 20 ml).
After removal of the ether the crude alcohol was purified
by h.p.l.c. (Lichrosorb, ethyl acetate/hexane 1:6) to yield

(25,2'R,S'S)—l—[S'—(furan—3"—yl)—2'—methyltetrahydrofuran—Z'—
| =

y{l—4—methy1—pent—3—en—2—ol (62) (970 mg, 67%), [a}p'® + 28.6
(C, 4.6 in CHCl3). vgax 710, 785, 870, 910, 1020, 1085, 1150,
1500, 3400 cm™ . 'H n.m.r. (CCLl,): & 7.4 (2H, m, H2" and
H5"); 6.4 (1H, m, H4"); 5.2 (1H, d, J 8Hz, H3); 4.9 (1H, m,
H5'); 4.55 (1H, dt, J 4,8Hz, H2); 3.2 (1H, brs, D20 exch., OH);
1.7 (6H, brs, 4-CH; and (H5)3): 1.3 (3H, s, 2'-CHz). M/e 250

¥y, 232, 217, 151.

The alcohol (62) (0.62 g) was added to a solution of
1,1'-biphenyl-lt-carbonyl chloride (0.65 g) in dry pyridine
(15 ml) and the mixture allowed to stand for 15 h. Water (50
ml) was added to the red solution and the solution was extracted
with methylene chloride (3 x 20 ml). The extracts were washed
with dilute hydrochloric acid (1M, 3 x 20 ml), water (20 ml),
sodium hydrogen carbonate solution (5%, 10 ml) and water (10 ml).
After removal of solvent the product was purified by prepara-

tive t.l.c. (ether/hexane 1:4). Crystallisation from benzene/
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light petroleum gave (lS,2‘R,5'S)—l-[g'—(furan—3"—yl)—2'—

methyltetrahydrofuran—z'—ylmethyf]—3-methylbut-2—eny1

1l,1'-biphenyl-4~-carboxylate (64) as colourless needles (800 mg,

73%), m.p. 114-115 , [a]p®® + 78.7 (CHCL;). This compound
was identical (m.m.p., [a]Dls, i.r. and n.m.r.) with one of
the isomers prepared from the reduction of authentic (-~)-

dehydrongaione (44); see below.

iii) The minor isomer from the cyclisation, the (15,
2'R,5'R) acetate (66) (0.76 g) was reduced with lithium aluminium
hydride and the product purified by h.p.l.c., as described
above.  The corresponding alcohol, (lS,Z'R,S'R)—l—f5'—(furan-

3ioyl) < 1'— methyitetva hyero furan ~
/\2'—y¥]—4—methylpent—3—en—2—ol (65) (400 mg, 60%), was obtained

as a colourless oil, [a]p!® + 60  (C, 3.7 CHCls). vVpgy (film)
715, 735, 785, 870, 905, 1020, 1085, 1150, 1500, 3450 cm™'.

'H n.m.r. (CCl,): & 7.3 (2H, m, H2" and HS"); 6.3 (1H, m, Hu");
5.2 (1H, d, J 8Hz, H3); 4.9 (1H, m, H5'); 4.5 (1H, d, t, J 4,8Hz,
H2); 3.1 (1H, brs, D,0 exch., OH); 1.7 (6H, brs, 4-CHz and

(H5)3); 1.3 (3H, s, 2'-CHj).

This alcohol (65) (350 mg) when esterified and purified as

described above, gave (1S,2'R,5'R)—l—fS'—(furan—3"—yl)—2'—

methyltetrahydrofuran—z'—ylmethyl]—3—methylbut—2—enyl 1;1'-

biphenyl-4-carboxylate (67) (0.49 g, 77%) as an oil, {a]Dls

+ 65.7 O(C, 5.1 in CHC1l3). This compound has spectral proper-
ties identical to those of (71) (isolated from the reduction

of a mixture of dehydrongaione and dehydroepingaione - see
later) but had an equal but opposite rotation. It is therefore

the enantiomer of (71).
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Reduction of (—)—dehydrongaioneh(uu), from Myoporum deserti

with hydride reagents

i) A solution of (-)-dehydrongaione (44) (90% pure.
250 mg) in dry tetrahydrofuran (5 ml) was added to a stirred
mixture of lithium aluminium hydride (19 mg) in dry tetrahydro-
furan (10 ml). After 10 min, wet ether was added followed
by sodium sulphate (0.5 g) and celite (0.2 g). The mixture
was filtered and the salts washed with ether (20 ml). After
removal of the solvent, the residue was purified by h.p.l.c.

(lichrosorb, 'S1-60, 10u, ethyl acetate/light petroleum, 1:10)

to give the first eluted product, (2R,2'R,S'S)—l—(S'—(furan—3"—

yl)—2'—methyltetrahydrofuran—2'-yl]—4—methylpent—3—en—2—ol (60)

(98 mg, 44%) as an oil. 'H n.m.r. (CDCls): & 7.4 (2H, m, H2"
and H5"); 6.4 (1H, m, H4"); 5.2 (1H, d, J 9Hz, H3); 5.0 (1H,
t, J 6Hz, H5'); 4.6 (1H, d, t, J 4,8Hz, H2); 3.3 (1H, brs,

D,0 exch., OH); 1.y (6H, brs, 4-CH; and (H5)3); 1.35 (3H, s,

2'-CH,). M/e 250 (M%), 232, 217, 151.

Further elution gave (ZS,Z‘R,S'S)—l—‘%‘—(furan—3"—yl)—2'—

methyltetrahydrofuran-2'-yl|-4-methylpent-3-en-2-ol (62) (50 mg,
| Y

22%). 'H n.m.r.; i.r. and m/e spectra were identical to +h°az
described for this isomer (62) from eremoacetal (see

earlier).

Esterification of (60) with 1,1'-biphenyl-i-carbonyl
chloride, as described earlier, gave after separation on
preparative t.l.c. (ethyl acetate/benzene 1:9) and recrystal-

lisation from light petroleum, colourless needles of

)

* Xindly donated by Professor M.D. Sutherland
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(1R,2'R,5'5)-1-[5'~ (furan-3"-yl) -2" -methyltetrahydrofuran-

2'-yl methyi]—3—methylbut—2—enyl 1,1'-biphenyl-4-carboxylate

(61) (216 mg, 69%), m.p. 100-101° (Found: C, 78.3; H, 7.3.
C2eH300, requires C, 78.1; H, 7.0%). [a]p'® - 84 (C, 1.33 in
CHC13). vVyay (Nujol) 685, 745, 870, 975, 1100, 1270, 1600,
1700 em~'. 'H n.m.r. (CCl,): & 8.1 (2H, d, J 8Hz, aromatic)
7.7-7.2 (9H, aromatic and H2" and H5"); 6.45 (1H, m, H4");
6.1 (1H, m, H1), 5.25 (1H, d, J 9Hz, H2); 4.85 (1H, m, H5');

1.8 and 1.6 (each 3H, s, 3'-CH, and (H4)3); 1.3 (3H, s, 2'-CHj3).

Esterification of alcohol (62) (180 mg) followed by
purification on t.l.c. and recrystallisation as above gave

[}
colourless needles of (lS,2'R,S'S)-l{b{furan—B"—yl)—2“—methyl—

tetrahydrofuran—z'—ylmethyi\—3—methylbut—2 -enyl 1,1'-biphenyl-

4-carboxylate (64) (150 mg, 48%), m.p. 115-116 (Found: C,

78.03 H, 7.2. CasH3004 requires C, 78.1; H, 7.0%). [u]f#

77 °(C, 4.4 in CHCl3). Vgay (Nujol) 740, 785, 925, 1020, 1115,
1600, 1715 em™!. 'H n.m.r. (CCl,): & 8.1 (2H, d, 8Hz, aromatic);
7.7-7.3 (9H, aromatic and H2", HS"); 6.3 (1H, m, H4'"); 6.0

(1H, m, H1); 5.2 (l1H, 4, J 9Hz, H2); 4.8 (1H, t, J 6Hz, H5'")

1.8 and 1.6 (each 3H, s, 3'-CHs and (H4)3); 1.3 (3H, s, 2'-CHj).

ii) When (-)-dehydrongaione (600 mg) was reduced with
sodium borohydride (200 mg) in ethanol (10 ml) for 15 h, the
ratio of isomeric allylic alcohols to isomeric saturated alcohols

was 5:2 (92% isolated yield).

11i) Reduction of (-)-dehydrongaione (120 mg) in methanol
(1 m1) and cerium trichloride®® (1.25 ml; 0.4M CeCls. 7H,0 in
methanol) with sodium borohydride (0.1 g) gave after 4 min a

95% yield of allylic alcohols (60) and (62) in the same ratio
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as from the reduction using lithium aluminium hydride.

iv) Reduction of dehydrongaione (44) with sodium
borohydride in methanol gave a similar result to (iii) after

2 h.

Reduction of dehydrongaione (44 and dehydroepingaione (45)

from E. rotundifolia

The mixture of (44) and (45), [d]D2° - 19.5°(C, 7.9 in
CHC13) puriﬁied by chromatography and distillation - homogeé?us
by t.l.c. and n.m.r. (the spectral® of the two epimers are
almost identical with only a slight difference in the chemical
shifts of one of the vinylic methyl groups); the optical
rotation corresponds to a 2:1 mixture of (44) and (45) (3.5
g), was stirred in ether (50 ml) while lithium aluminium hydride
(0.35 g) was added over 20 min. After stirring for 1 h wet
ether was added cautiously and the mixture was dried and
filtered through celite. The solids were washed with ether
and the combined solvent was evaporated to leave a colourless
oil (3.4 g, 96%). Although the four allylic alcohols were
present only two spots were evident from t.l.c. examination of

the mixture (ether/light petroleum, 1:4).

Chromatography of the mixed alcohols on silica (ether/
light petroleum gave the (2R,2'R,5'S) and (25,2'S,5'S) isomers,
(60) and (68), as one fraction (0.98 g, 28%). The more polar
fractions contained the (25,2'R,5'S) and (2R,2'S,5'S) isomers,

(62) and (70), as a mixture (1.58 g, 45%).
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Alcohols (60) and (68) were esterified with 1,1'-
biphenyl-4-carbonyl chloride (1l:1 equivalents) in an excess
of pyridine, at room temperature overnight. Workup as des-
cribed.above gave the isomeric biphenylcarboxylates. Some
of the (1R,2'R,5'S) isomer, (61) crystallised from light pet-
roleum and the mixture in the mother liquor was separated by
h.p.l.c. (Lichrosorb $1-60,10yp, ethyl acetate/light petroleum,

1:10).

The isomer with the shorter retention time, (15,2'S,5'S)~-

l—[5'—(furan43"—yl)-2'—methyltetrahydrofuran—z’—ylmethyi}—3—
=

methylbut-2-enyl 1,1'-biphenyl-4-carboxylate (69) (720 mg) was

obtained as an oil (Found: C, 78.13 H, 7.4. C,gH3004 requires
c, 78.1; H 7.0). [a]p?® + #4 (C, 4.4 in CHCly). vpay (film)
680, 740, 870, 1100, 1270, 1610, 1710 em~'. 'H n.m.r. (CCly):
6 8.1 (2H, d, J 8Hz, aromatic); 7.7-7.3 (9H, aromatic and

H2" and H5"); 6.3 (1H, m, H4"); 6.0 (1H, m, H1); 5.3 (1H, d,
J 9Hz, H2); 4.9 (1H, m, H5'); 1.9 and 1.8 (each 3H, s, 3-CHj

and (H4)3); 1.3 (3H, s, 2'-CHj3).

The more polar (1R,2'R,5'S) isomer (61) (520 mg), m.p.
100-102 , was identical (m.m.p., i.r., n.m.r., and [d]D) with
(61) from the reduction of (-)-dehydrongaione from M. dersertt

{above).

Similarly, the mixed allylic alcohols (62) and (70) were
esterified and the esters separated by h.p.l.c. The less

polar isomer, (lR,2'S,5'S)—l—r5'(furan—3"—yl)—2‘—methyltetra—

hydrofuran—Z'—ylmethy11—3'—methylbut—Z—enyl 1,1"-biphenyl-4-
s}

carboxylate (71) (0.52 g) was obtained as an oil (Found: m/e

430.214. Calc. for C,gH3004: m/e 430.213).
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Vpayx (film) 680, 740, 870, 1270, 1605, 1710 ecm™'. !H n.m.r.
(cCl,): & 8.1 (2H, d, J 8Hz, aromatic), 7.7-7.3 (9H, aromatic,
H2" and H5"); 6.3 (1H, m, H4"); 6.0 (1H, m, HL); 5.3 (1H, d,
J 9Hz, H2); 4.9 (1H, m, H5'); 1.8 and 1.7 (each 3H, s, 3-CHj

and (H4)3); 1.3 (3H, s, 2'-CH3s).

The more polar (1$,2'R,5'S) isomer (64) (0.86 g) was
obtained as colourless needles, m.p. 114—1160. This sample
was identical (m.m.p., i.r., n.m.r. and [o]p) with (71)
produced from the reduction of (-)-dehydrongaione from M.

deserti (above).

Preparation of (2r,55) and (2R,5R) -5- (furan-3"~yl)-2-methyl~

2-(4'-methylpenta-2',4'-dienyl)tetrahydrofuran, (72) and (75).

i) Lithium aluminium hydride (0.35 g) was .added over
10 min to a stirred solution of hydroxyketone (74) (3.3 g)
in dry ether (100 ml). After stirring the mixture for 1.5 h,
workup gave a mixture of the corresponding diols (3.25 g, 95%) .
These unstable dienols were not purified but immediately

cyclised as described below.

ii) p-Toluenesulphonyl chloride (5 g) in dry pyridine
(25 ml) was added to the diol mixture in dry pyridine (10 ml)
After 6 h at 35—40°, ice water (150 ml) was added and the
solution extracted with light petroleum (4 x 100 ml). The
extracts were washed successively with dilute hydrochloric
acid and water, dried and evaporation gave a mobile oil of the
epimeric dienes (72) and (75). The two epimers (approx 1:1)
were separated using h.p.l.c. (ether/light petroleum, 1:10,

Merck silica gel 60).
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The more polar isomer (lower Rg on t.l.c. and eluting
second) was (2R,59)~5~-(furan-3"-yl)-2-methyl-2-(4'-methylpenta-
2',4'-dienyl) tetrahydrofuran (72) obtained as a colourless,
ﬁnstable 0il (Found: C, 77.9; H, 8.7. C;5Hy90, requires C,

77.63 H, 8.7

oe

oo v (film) 780, 870, 915, 965, 1150, 1365,

max
1445, 1500, 1605 em™!. !H n.m.r. (CCly): & 7.2 (2H, m, H2"
and H5"); 6.2 (1H, m, H4"); 6.0 (1H, 4, J 14Hz, H3'); 5.55
(1H, dt, J 6,l4Hz, H2'); 4.8 (2H, brs, (H5'),); 4.8 (1H, m,
H5); 2.3 (2H, d, J 6Hz, (H1'),); 1.8 (3H, s, 4'-CHg); 1.2

(3H, s, 2-CH3). M/e 232 (M%), 215,151, 109, 107, 81.

The less polar (2R,5R) isomer (higher Rg) (75) was also

isolated as a colourless unstable oil (Found: C, 77.5; H, 8.h4.
CysHp00, requires C, 77.6; H, 8.7%). The 'H n.m.r. spectrum
was identical with that of the (2R,5S5) epimer and the infra-

red spectra were almost identical.

Attemp~ted Manganese Dioxide Oxidation of Allylic Alcohol (62)

The allylic alcohol (62) (200 mg) was stirred with freshly
prepared, activated manganese dioxide (3 g) in dry light petrol-
eum (15 ml) at room temperature for 50 h. T.l.c. of the mixture
indicated little. reaction had occurred, so the mixture was
heated under reflux for 20 h. The mixture was filtered through
celite and the solids washed with chloroform (20 ml). Removal
of the solvents gave a yellow oil (190 mg) which was devoid
of carbonyl absorption in the infrared spectrum. Preparative
t.1.c. (ether/benzene, 1:1) gave, as a colourless oil, (100
mg, 54%) the (2R,55) diene epimer (72), identical with the
lower Rf isomer prepared from the cyclisation reaction described

above.
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Oxidation of Allylic Alcohol (62) to (-)-dehydrongaione (uy)

6T
with Dimethyl Sulphoxide-Oxalyl chloride,

Oxalyl chloride (73ul, 83 mmole) was added to dry methylene
chloride (5 ml) at _60° to -70°. After 5 min, dry dimethyl
sulphoxide (120 ul, 172 mmole) was added with stirring at —600
followed by the alcohol (62) (180 mg, 73 mmole) in methylene
chloride (2 ml). After 20 min, triethylamine (420 pl) was
added at —600, and after the mixture had warmed to room
temperature, water (5 ml) was added. The organic layer was
separated(and the aqueous extracted with methylene chloride
(3 x 10 ml). The combined organic extracts were dried and
evaporation under reduced pressure gave a colourless oil
(190 mg). T.l.c. showed three products. Separation of the
mixture by preparative t.l.c. (ether/hexane, 4:6) gave:

i) The diene (72) (71 mg, 42%).
ii) (-) Dehydrongaione (44) (42 mg, 23%). Eﬂ1)2° _g°
(C, 1.5 CHCly) 1it.1® -12.5 (CHCIs)

Vpax (film) 790, 870, 920, 1020, 1150, 1375, 1lkk5, 1500, 1615,
1680, 2860, 2900, 3160(w) em™!. 'H n.m.r. (CDCly): & 7.3 (2H,
m, H2" and H5"); 6.3 (1H, m, H4"); 6.05 (1H, m, H3); 4.8 (1H,
m, H5'); 2.6 (2H, s, (H1),); 2.1 (3H, brs, 4-CH3); 1.8 (3H
brs, (H5)3); 1.25 (3H, s, 2'-CH3). m/e 2u8 (M%), 233, 215,

190, 151, 108, 95, 83, 79, 55.

These spectral data were identical with those recorded
on an authentic sample of (-)-dehydrongaione kindly provided by

Professor Sutherland. 18

iii) 5= E'—(furan—3"—yl)—2‘—methyltetrahydrofuran—z'—yi]—
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2-methylpent-3-en-ol (73) (22 mg, 12%). 'H n.m.r. (CCl,):

§ 7.3 (2H, m, H2" and H5"); 6.3 (1H, m, H4"); 5.6 (2H, m,

H3 and H4); 4.9 (1H, 5, J 6Hz, H5'); 2.2 (2H, m, (H5),);

1.2 (SH, s, 2-CH3, 2'-CHj3 and (H1)3;). Confirmation of the
structure of this alcohol was obtained from the observation
that its n.m.r. spectrum was éuperimposable on that of a
sample (mixed with the Cb5' epimer) prepared from the keto-
allylic alcohol (78) by hydride reduction followed by intra-
molecular cyclisation as described above for diene (72).

]

Preparation of the Tetrahydrofuran Diol (77) from Acetate (63)

i) A solution of osmium tetroxide (1.00 g) in pyridine
(5 ml) was added to the acetate (63) (1,06 g) in pyridine
(5 ml). The dark coloured mixture was left for 20 h at
room temperature, a solution of sodium bisulphite (1.8 g) in
water (30 ml) was added and the mixture stirred for 7 h,
Extraction with methylene chloride (6 x 10 ml) followed by
removal of solvents under reduced pressure gave the crude
isomeric dihydroxy acetates (76) (1.05 g, 88%). vpax (film)
870, 1025, 1240, 1500, 1740, 3450 em~'. 'H n.m.r. (CCly): &
7.4 (2H, m, H2" and H5"); 6.4 (1H, m, Hu"); 5.2-4.5 (2H, m,
Hl and H5'); 3.4 and 4.2 (each 1H, br, 20H); 3.4 (1H, m, H2);
2.0 (3H, s, CHsCO); 1.3 (3H, s, 2'-CHs3); 1.2 (6H, s, 3-CH; and

(H4)3). The crude diols were used without further purification.

i1) Deuterated methanol (CH30D, 2 x 0.5 ml) was added to
the dihydroxy acetates (110 mg) and the solvent removed under
vacuum. Deuterated periodic acid , prepared by dissolving

periodic acid (100 mg) in D,0 (2 %x 1 ml), followed by
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removal of solvent under vacuum; used as a saturated solution

in anhydrous ether (16 mg/ml) , (5 ml) was added to the dihydroxy
acetates (76) in dry ether (1 ml). After 10 min the mixture

was rapidly filtered through celite, and the product in

ether reduced directly with lithium aluminium hydride (100 mg)
for 1 h. After the addition of ether saturated with D,0, the
mixture was dried and filtered. The solids were washed with
methylene chloride (10 ml) and the combined filtrates evapor-
ated to give the crude diol (77) as a colourless oil (55 mg,

77%). Preparative t.l.c. (ether) gave (25,2'R,5'S)-3-

ﬁéi:iﬁurank3"—yl)—2'—methyl-tetrahydrofuran—2‘—yl}—propane—

1,2-diol (77) (45 mg, 58%), b.p. 90 /0.1 mm (block) (Found:
C,‘GM.O; H, 8.2. Ci1,H;504 requires C, 63.7; H, 8.0%). f[a]p?®
+7°(C, 1.1 in CHCl;). vVpax 870, 1020, 1150, 3450 cm~!. 'H
n.m.r. (CCl,/D,0): & 7.4 (2H, m, H2" and H5"); 6.4 (1H, m,
H4"); 4.9 (1H, t, J 6Hz, H5'); 3.8 (1H, m, H2); 3.5 (2H, m,
H1),); 1.3 (3H, s, 2'-CHz). m/e 226 (M*, 90.7%), 227 ( D,

MYy 9.3%), 211, 208, 195, 177, 151.

* was used for the determination of

Horeau's procedure®
absolute configuration. The 2-phenylbutanoic acid recovered
had a positive rotation corresponding to an optical yield of

20%. The isolation of the (+)-(S)-acid leads®® to the con-

figuration at C2 shown in (77).



192

Hydrogenation of Eremoacetal (47)

Eremoacetal (5.0 g) was hydrogenated in ethanol in the
presence of P2 nickel catalyst prepared according to the

method of Brown and Ahuja.!*?®

After 4 days at room temperature only a trace of
eremoacetal could be detected by t.l.c. After 5 days of hydro-
genation, the mixture was passed through a column of alumina
to remove the colloidal catalyst and the column was washed
with ethanolz Removal of the alcohol under reduced pressure
gave a colourless oil (4.96 g, 96%). The product was
homogeneous by t.l.c. and n.m.r., indicating the absence of
hydrogenolysis products or compounds arising from the reduction

of the furan ring. Distillation gave a colourless oil of pure

(1R,3R,5R)-1-(furan-3'-yl)-5-methyl-3-(2"-methylpropyl)-2, 8-

dioxabicyclo[3.2.lloctane (94) (dihydroeremoacetal) b.p. 120?/
0.1 mm (Found: C, 72.23; H, 8.9. C;sHy,03 requires C, 72.0;

H, 8.9%). vpax (film) 785, 870, 830, 1025, 1070, 1105, 1145,
1200, 1260, 1500, 1600 (w) ecm™!. 'H n.m.r. (CCl,): & 7.45
(1H, m, H2'), 7.37 (1H, m, H5'), 6.33 (1H, m, H4'); 3.97 (1H,
m, H3); 2.3-1.3 (9H, m, methylene), 1.37 (3H, s, 5-CHj3); 0.90

(6H, d, J 6Hz, 2"-CH; and (H3"),;). w|e 250, 107 , 45 .

Treatment of Dihydroeremoacetal (94) with Aqueous Acids

(1) Dihydroeremoacetal (94) was recovered after standing
in aqueous perchloric acid (1M)-tetrahydrofuran (pHl) at 20°
for 24 h. ©No products were detected by t.l.c. examination of

the solution.

(ii) When dihydroeremoacetal was shaken periodically
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o

in carbon tetrachloride containing D,0/DC1 (1M) at 35 ,

slow exchange of two protons (H7), was observed in the
methylene region (§ 2.1) of the n.m.r. spectrum. After 1
week, integration confirmed the total exchange of both H7
protons and only dihydroeremoacetal could be detected through-

out the experiment.

Oxidation of Aldehyde with Silver Oxide

Aldehyde (82) (330 mg) was stirred in methanol (20 ml)
containing an excess of silver oxide (approx 1 g) (freshly
prepared from silver nitrate solution by precipitation with
sodium hydroxide, filtration and washing with water (5 x 20
mlj and methanol (3 x 10 ml)). After 1 h no change was
observed by t.l.c. Aqueous sodium hydroxide (10 ml, 5%
solution) was added. The brown suspension turned black over
15-30 min indicating oxidation (by reduction of silver oxide
to silver). The solution was filtered through celite and
after 15 h, most of the methanol was removed under reduced
pressure and the alkaline solution extracted with methylene
chloride. The methylene chloride solution contained some
unreacted aldehyde (50 mg, 15%). Acidification of the aqueous
solution (to pH 2) and extractionwith methylene chloride
(3 x 20 ml) gave an oii consisting of acyeclic acid (84) and the
cyclic acid (83) (ratio 45:55) by 'H n.m.r. and i.r. spectra.
After a further 24 h one product only was detected by t.l.c.
and was isolated by preparative t.l.c. (ether)to give the

-]
lactone (85) (80 mg, 29%) m.p. 101-102.5 (Found: C, 58.32;

H, 6.01. C12H1405.1/2H20 requires C, 58.38; H, 6.11%). Vmax

(Nujol): 875, 1150, 1235, 1515, 1565, 1670, 1770, 3000 (w)
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3040, 3160 (w) 3500 em™*. !'H n.m.r. (CCl,): & 8.0 (1H, m,
H2'); 7.35 (1H, m, H5'); 6.7 (1H, m, H4'); 4.67 (1H, dt, J
4,10Hz, H6); 3.83 (1H, d, J 4Hz, OH); 2.95 (2H, t, (H2).),
1.40 (3H, s, 5-CH3). !3C n.m.r. see appendix. M/e 239 w? +1)
238 (M%), 223, 195, 194, 179, 151, 150, 124, 123, 111, 110

(b.p.), 96, 95, 8L.

Treatment of Diol (86a) with Sodium Periodate

(i) The diol (86) (m.p. 113-1150, 400 mg, 1.42 mmol) in
ethanol (10 ml) was-stirred while a solution 6f sodium periodate
(175 mg, 2.9 mmol) in water (10 ml) was added. No starting
material was detected after 30 min. After 15 h filtration and
extraction of the aqueous with methylene chloride gave the
crude product.  Preparative t.l.c. (ether) gave a high Rf
(dehydrated) product as a mixture of E and Z keto-enols (37
mg, approx 12%) together with an aldol product 'H n.m.r. (CCly)
§ 5.8 (olefin), 9.9 and 9.8 (CHO) 1.8 and 1.3 (vinylic CHj)

also 4.67 (t) and 3.6 (allylic methylene) of the aldol product.

The mid-Rf and major product was the unstable colourless

0il of (3R)-6-(furan-3'~yl)-3-hydroxy-3-methyl-6-oxohexanal (87)

(155 mg, 55%) (Found: m/e 210.0898. C;,H;,0, requires m/e
310.0892). vygy (film) 875, 1150, 1515, 1565, 1680, 1725, 3150,
3450 em™'. 'H n.m.r. (CDClz): § 9.72 (1H, t, J 2Hz, H1l); 7.97
(1H, m, H2')y 7.34 (1H, m, H5'); 6.65 (1H, m, Hu4'); 3.3 (1H,
brs, D,0 exch., OH); 2.90 (2H, t, J 7Hz, (H5),); 2.59 (2H, d,

J 2Hz, (H2),); 1.93 (2H, t, J 7Hz, (H4),); 1.35 (3H, s, 3-CHj).
13C n.m.r. see appendix. M/e 210 ¥y, 195, 193, 192, 167, 166

\

164, 151, 148, 124, 123, 99, 96, 95 (b.p.), 81, 67, 55.
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(ii) When the reaction was worked up after 30 min the diol
could not be detected by t.l.c. and an almost quantitive
yield (95%) of aldehyde (87) was obtained without aldol or

dehydration products.

Acidic Hydrolysis of Diols (86a) and (86b) to the Tetrahydro-

furyl Ketones (88) and (89)

(i) The acetonide of the diol (86b) (m.p. 70-72 )
was stirred in ether and dilute oxalic acid (5% aqueous) (1:1)
at room tempgrature'overnight. No products were evident from
the t.l.c. of the ethereal solution. The ether was removed,
replaced with methanol and the mixture warmed at 50—60D
until starting material could not be detected (approx 1 h),
T.l.c. showed one major product. Preparative chromatography

(ether) gave (2"S,4"S,5"R)—l—ffuran—3'—yl)—3—[5"—(1—hydroxy—

l—methylethyl)—4"—hydroxy—z"—methyl—tetrahydrofuran—z"—yil—
X

propan-l-one (89) (90%) m.p. 94-95° (Found: C, 63.773 H, 7.92.

Cy1sH;,05 requires C, 63.81; H, 7.85%). Viax (Nujol) 875, 1065,
1145, 1515, 1570, 1670, 3160 (sh), 32u0 cm™!. 'H n.m.r.(CDCls):

§ 7.92 (1H, m, H2'); 7.30 (1H, m, H5'); 6.64 (1H, m, H4');

4.37 (1H, q, J 2.6 Hz, Hu"); 3.7 (2H, brs, exch., D20, 20H);

3.42 (1H, d, J 2.6Hz, H5"); 2.8 (2H, m, (H2),)3; 1.93 (4H, m

and d, Jq 2.6Hz, (H3"), and (H3),); 1.39 (3H, s, 2"-CH3); 1.33
and 1.23 (eagh 3H, 2s, (H2); and 1-CH3;). !®C n.m.r. see appendix.
M/e 282 (MY), 269, 264, 246, 224, 223, 206, 193, 178, 175,

165, 159, 150, 149, 1u7, 141, 123, 111, 110, 95 (b.p.), 83.

(ii) The keto-diol (89) was obtained in the same yield
when the diol (86b) was used instead of the acetonide (161)

using the same conditions.
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0

(iii) When the acetonide epimer (160) (m.p. 75-76 )
was treated as in (i) with dilute oxalic acid, the epimeric
ketone was obtained. Preparative t.l.c. (ether) gave

(2“S,4"S,5"S)—l—(furan—3'—yl)—3~(5"—(1—hydroxy—l—methylethyl)—

1,

4"-hydroxy-2" methyl—tetrahydrof;ran—Z“—yi]propan—l—one (88)
(85%) m.p. 74-75° (Found: c, 64.15; H, 7.5%. C1s5Hy,05 requires
C, 63.81; H, 7.85%). wvpax (Nujol) 7u5, 8u5, 875, 1075, 1100,
1145, 1175, 1515, 1565, 1680, 3100, 3140, 3350 cm™'. 'H n.m,r.
(CDC13): 6 7.95 (1H, m, H2'); 7.32 (1H, m, H5'); 6.67 (1H, m,
H4'); u.33 (1H, d, f, J 7.0,5.0Hz, H4"); 3.59 (1H, d, J 5.0

Hz, H5"); 2.84 (2H, m, (H2),); 2.57 (2H, brs, D,0 exch., 20H);
1.37 (3H, s, 2"-CH3); 1.23 and 1.18 (each 3H, 2s, 1-CH; and

(H2)3). '3C n.m.r. see appendix.

Acetylation of Keto-Diol (89)

The keto-diol (89) (m.p. 94—950, 50 mg) was acetylated
with pyridine and acetic anhydride for 15 h at 300. Preparative
chromatography (ether) gave the monoacetate of (89), m.p.
95-97 . vy, (Nujol) 1740, 1680, 3300 cm~'. ‘H n.m.r. (CDCls)
§ 7.90, 7.30, 6.62 (each 1H, 3m, H2', H5' and Hu'); 5.27
(1H, m, H4"); 3.64 (1H, d, J 2.8Hz, H5"); 3.0 (1H, brs, OH);

2.8 (2H, m, (H2),); 2.04 (3H, s, COCH3); 1.33 (3H, s, 2"-CH3);

1.22 and 1.20 (each 3H, 2s, 2-CHs; and (H3)3).
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Attempted Oxidative Cleavage of Diol with Periodate

When the keto-diols (88) or (89) in ethanol were treated
with aqueous sodium periodate at pH 2-3 for 15 h, each was

recovered unchanged.

Similarly when the keto-diols (88) and (89) were treated
with periodic acid in ether they were recovered unchanged

after workup.

Acetonide Formation from Diols (88) and (89)

’

(i) The keto-diol (88) (50 mg) was warmed in a mixture

of 2,2"~dimethoxypropane (1 ml), acetone (0.2 ml) and a trace
[+

of p-toluenesulphonic acid. After 20 h at 45-50 the starting

material was recovered (80%) on workup.

(ii) The keto-diol (89) (m.p. 94-950) (50 mg) when treated
with the same mixture showed complete reaction (by t.l.c.) after
10 min at room temperature. Workup gave the acetonide of (89)
m.p. 75—770. 'H n.m.r. (CCl,): & 7.88, 7.28. and 6.60 (each
1H, m, H2', H5' and H4'); 4.43 (1H, 4, t, J 5.0,6.8Hz, Hi");
3.50 (1H, d, J 5.0Hz, H5"); 2.66 (2H, m, (H2),); 1.30, 1.18

and 1.13 (15H, 3s).

Treatment of Hydroxyeremoacetal (95) and Dihydroeremoacetal

(34) with Aqueous Oxalic Acid

When the acetals (94) and (95) were heated separately
in methanol/aqueous oxalic acid (5%) for 2 h at 50-60 no
change was observed by t.l.c. in the mixture. Workup gave

unchanged starting material in each case.
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Treatment of Hydroxyeremoacetal (90a) and (90b) with Aqueous

Oxalic Acid.

(i) When the alcohol (90b) was warmed in aqueous oxalic
acid (5%) containing methanol (20-30%) an oil was obtained
Preparative t.l.c. (ether/hexane, 3:1) gave a pale yellow oil
(2“S,4"S,5“S)—lf(furan—3'-yl)—3—[2“—hydroxy~5“—(l—methylethyl)-

1

2“—methyltetrahydrofuran—Z"—yi\propan—l—one (92) (90%) b.p.
=l

125" /0.1 mm (Found: C, 67.77; H, 8.25. C,sHz,0, requires C,

67.65; H, 8.33%). v . (film) 875,

3160, 3500 em™!. 'H n.m.r. (CDCls): & 7.95 (1H, m, H2'); 7.32

1045, 1150, 1515, 1565, 1680

(1H, m, H5'); 6.67 (1H, m, H4'); 4.17 (1H, m, H4"); 3.22 (1H,
dd, J 2.4,9.2Hz, H5"); 2.80 (2H, m, (H2)2); 1.31 (3H, s, 2"-
CH3); 0.98 and 0.88 (each 3H, 2d, J 6Hz, (H1); and 2-CHs3). '3C
n.m.r. éee appendix. M/e 268 (Mt +2), 267 (M+1), 266 My, 2us,
224, 223, 194, 167-165, 152, 151, 144, 143, 125, 123, 111, 110,

95 (b.p.) 85, 8u, 57.

(ii) Similarly, the alcohol (90a) was warmed with aqueous
oxalic acid (5%) containing methanol (20-30%) until the starting
material was hydroylsed (t.l.c.). Workup gave a pale yellow

0il which crystallised. Recrystallisation from hexane gave

(2"S,4"S,5"R)—l—(furan—3'—yl)—3—(4"—hydroxy—5"—(l—methylethyl)—
L

2“—methyl—tetrahydrofuran—2"—yi‘propan—l—one (91) (85%) m.p.
-

60° (Found: C, 67.32; H, 8.31. C;sHy204 requires C, 67.65; H,
8.33%, m/e 266.1514 CysH,,0, requires266.1518). v . (film)
870, 1150, 1515, 1565, 1680, 3160, 3450 cm™'. 'H n.m.r. (CCLly)
§ 7.95 (1H, m, H2'); 7.34 (1H, m, H5'); 6.68, (1H, m, Hu4');
4.08 (1H, dt, J 7,5Hz, H4"); 3.47 (1H, t, J 7Hz, H5"); 3.5 (1H,

brs, D,0 exch., OH); 2.75 (2H, m, (H2),); 1.28 (3H, s, 2"-CH3);
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0.94 (6H, d, J 7Hz, (H2); and 1-CH;). M/e 266 (M%), 2us, 223,

194, 165, 151, 150, 143, 125, 123, 111, 110, 95 (b.p.) 83.

Conversion of Keto-Diol (88) to Keto-Alcohol (91)

(1) The diol (88) (m.p. 74-75 , 260 mg, 0.92 mmol)
was acetylated in pyridine (2 ml) and acetic anhydride (1 ml)
for 6 h at room temperature to give the monoacetate of (88).
(300 mg, quantitative). 'H n.m.r. (CCly): & 7.98 (1H, m,
H2'); 7.30 (1H, m, H5'); 6.60 (1H, m, H4'); 5.14% (1H, m, H4");
3.65 (1H, d, J uHz, H5"); 2.9 (3H, m, (H2), and OH); 1.97
(3H, s, COCH;); 1.27 (3H, s, 2"-CH3); 1.10 (8H, s, (H1)s; and

2-CH3).

(ii) The acetate from (i) was dehydrated using thionyl
chloride (0.3 ml) and pyridine at 0 as previously described.
After 10 min workup gave the crude alkene acetate (200 mg) which

was hydrolysed without purification.

The acetate was allowed to stand in methanol (20 ml) and
potassium hydroxide (0.2 g in 2 ml water). Hydrolysis was com-
plete in 2 h and two products were seen from t.l.c. examination
of the mixture (Si0,). Better separation was possible using
silver nitrate on silica gel. However, separation on a short
silver nitrate (10%) impregnated silica gel column gave mixtures
arising from decomposition on the absorbent of the major
product, the enol ether formed. The minor alkene isomer, isolated

as a colourless oil, was (25,4"S,5"R)-1-(furan-3'-yl)-3-(4"-

hydroxy-5"-isopropenyl-2"-methyl-tetrahydrofuran-2"~-yl)-propan-

9
l-one (93) (60 mg, 24% based on diol) b.p. 130 /0.05 mm (block)

(Found: C, 67.99; H, 7.86. C;sH;¢04 requires C, 68.16; H, 7.63%,
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m/e 264.1354 C3sH,004 requires 264.1381). Vmax ¢(film) 870,
1050, 1150, 1510, 1560, 1680, 3160, 3440 cm~}. !H n.m.r.
(CCl4): & 7.91 (1H, m, H2'); 7.29 (1H, m, H5'); 6.65 (1H,

m, H4'); 4.92 and 4.72 (each 1H, brs, =CH2); 4.02 (2H, m, Huy"
and H5"); 2.7 (3H, m, (H2); and OH); 1.72 (3H, brs, =CHj3);
1.31 (3H, s, 2"-CHs). M/e 265 (M*+1), 264 (M¥), 2ue, 231,
218, 194, 193, 167-163, 151, 150, 141, 123, 121, 111, 110

(b.p.), 95, 84, 83, 61.

(iii) The keto alkene (93) (50 mg) was hydrogenated
using P,-Ni (from 1 mmol nickel acetate) in ethanol (15 ml)
for 7 h when hydrogen absorption stopped. The product was
isolated by passage through a column of alumina, washing the
column with ethanol (20 ml) and evaporation to give a yellow
0oil (50 mg) which crystallised. Recrystallisation from ether/
hexane gave colourless needles m.p. 58—60° identical to the
keto alcohol (91) (by n.m.r., i.r. and m.m.p.) previously des-

cribed.

Reductive cleavage of Dihydroeremoacetal (94) with Lithium in

Ammonia - (7R and 75,2R,4R)-7-(furan-3'~yl)-4-methyl-2-(2"-

methylpropyl) -oxepan-4-0l (123a) and (123b) and (4R, 6R)-9-

(furan-3'-yl)-2,6-dimethylnonanz4,6-diol (124).
A

Dihydroeremoacetal (94) (1.7 g, 6.8 mmol) in dry tetrahydro-
furan (10 ml) was added to a solution of liquid ammonia (approx.
100 ml) containing tetrahydrofuran (10 ml) and lithium (0.28 g,
40 mmole) at -33 . After stirring for 3 h isoprene was added
until the blue colour was discharged (approx. 4-5 ml) followed
(cautiously) by ammonium chloride (1-2 g). The ammonia was

allowed to evaporate overnight and water (10-15 ml) was added
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to dissolve the salts. Extraction with ether (5 x 40 ml),
drying the extracts and removal! of the solvent gave an almost
colourless oil (1.9 g) consisting of starting material and three
more pélar products by t.l.c. (ether/hexane 1:2). Chromatog-

raphy gave recovered dihydroeremoacetal (94) (1.1 g, 65%).

The higher R¢ product isolated was the (2RKR,4R,7S)
oxepanol (123b).
(116 mg, 6.8% or 19% of the products) m.p. 67-68 (Found:
C, 71.7; H, 9.8. C;sHz403 requires C, 71.4; H, 9.6%). vpax

(nujol) 720, .780,

M

800, 870, 900, 940, 1010, 1040, 1070, 1120,
1140, 1500, 3300 cm™'. (90 MHz} !H n.m.r. (CDCljs): & 7.35 (2H,
m, H2" and H5"); 6.34 (1H, m, H4"); 4.26 (1H, dd, J 9.0,4.5Hz,
H2); 3.66 (1H, m, H7); 1.26 (3H, s, 5-CH3); 0.90 (6H, d, J 6.5
Hz, 2"-CH; and (H3")3). (60MHz) 'H n.m.r. (CCly): & 7.35

(2H, m, 112" and H5"); 6.3 (1H, m, H4"); 4.4 (1H, m, H2); 3.7
(1H, m, H7); 1.23 (3H, s, 5-CH3); 0.95 (6H, d, J 7Hz, 2"-CH; and
(H3")3). 3C n.m.r. see appendix. M/e 252 (M'), 234, 206, 193
155, 151, 145, 133, 124, 110, 108, 97 (b.p.); 95, 82, 81, 79,

71, 69, 55.

The product of Ry between the two oxepanes was the diol
(124) (120 mg, 7% overall or 20% of the products) (characterised
as the acetonide - see later). Vinax (film) 770, 870, 1020, 1500,
3400 em~!. 'H n.m.r. (CCly): & 7.37 (1H, m, H2'); 7.3 (1H, m,
H5'); 6.28 (1H, m, H4'); 4.4 (2H, brs, D,0 exch., 20H); 4.0
(1H, m, H4); 2.44 (2H, m, (H9),); 1.16 (3H, s, 4-CHs); 0.93
(6H, d, J 7Hz, 2-CH3 and (H1)3). !3C n.m.r. see appendix.

M/e 254 (M%), 236, 221, 219, 218, 179, 153, 152, 145, 137, 136,

135, 134, 127, 109, 95, 94 (b.p.), 82, 8L, 71, 69.
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The most polar product, of lowest Rf, was (2R,4R,7R)-

7-(furan-3'-yl)-4-methyl-2-(2"-methylpropyl)oxepan-4-ol (123a)

(160 mg, 9.4% overall or 27% of the products) m.p. BE-L47"° (Found:

C, 71.13; H, 9.8. Ci1sH2403 requires C 71.43; H, 9.6%). Vma#
(nujol) 730, 874, 910, 1020, 1030, 1050, 1075, 1080, 1120, 1500,
3140 (sharp), 3370 (broad) cm~!. (90MHz) 'H n.m.r. (CDCl3): §
7.37 (1H, m, H2' or #5'); 7.35 (1H, m, H2' or H5'); 6.38 (1H,

m, Hu'); 4.7 (1H, dd, J 3.5,9.4Hz, H2); 3.67 (1H, m, H7); 1.37
(34, s, 5-CH3;); 0.83 and 0.75 (each 3H, 2d, J 6.5Hz, 2"-CH3 and
(H3")3). (80MHz) 'H n.m.r. (CCl,): & 7.34% (2H, m, H2' and H5');
6.3% (1H, m, H4') 4.65 (1H, m, H2); 3.63 (1H, m, H7); 3.0 (1H,

brs, D,0 exch., OH); 1.33 (3H, s, 5-CH3); 0.84 and 0.77 (each

3H, 2d, J 7Hz, 2"-CH; and (H3")3). '3C n.m.r. see appendix.

M/e 252 (M%), 234, 206, 197, 191, 177, 151, 133, 127, 125,

124 (b.p.), 110, 108, 97, 95, 81, 71, 69.

(ii) A similar reduction to that described above was
carried out on dihydroeremoacetal (94) (7.3 g) over 7 h. Workup
gave recovered starting material (2.3 g, 30%) oxepane (123a)

(1.3 g, 18%), diol (124) (2.9 g, sl.impure, 40%) and oxepane

(123b) (0.07 g, 1%).

Reduction of Dihydroeremoacetal with Lithium in Propylamine

(i) To a blue solution of lithium (200 mg, 29 mmol) in
n-propylamine (dry, 30-40 ml) at room temperature was added a
solution of dihydroeremoacetal (24) (1.0 g, 4 mmol) in tetra-
hydrofuran (dry, 10 ml) over 10 min. After 90 min stirring at
room temperature solid ammonium chloride (approx. 1 g) was

cautiously added and the solution warmed to remove most of the
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amine. Brine (50 ml) was added to the residue and the mixture
extracted with ether (4 x 50 ml). Evaporation of the solvent
gave a colourless oil (0.85 g) containing only a trace of furan

compounds by n.m.r. examination.

[]
(ii) A similar reaction was carried out at 0 and followed

by t.l.c. No starting material was detected after 15 min.

Workup after 20 min gave a colourless o0il which contained diol
(124) (approx. 20% by n.m.r.) and a mixture of more polar furan
reduction products which were not identified. ©None of the oxe-

panes (123a) .or (123b) were detected.

Reduction of Eremoacetal with Metals in Ammonia

(i) The reduction of eremoacetal using various metals
(1ithium, sodium and calcium) in liquid ammonia containing

alcohols has been reported earlier.®?

The products of all these reductions showed complete reduc-

tion of the furan ring and complex polar products.

(ii) Eremoacetal (47) (300 mg, 1.2 mmol) in tetrahydro-
furan (3 ml) was added to liquid ammonia (15 ml, dry; distilled
from sodium amide) containing dissolved lithium (50 mg, 7 mmol).
The blue solution was stirred for 15 min at-33° before workup
with ammonium chloride (0.2 g). After evaporation of the ammonia,
water (2 ml) was added and the mixture extracted with ether
(4 x 20 ml). Evaporation of the combined extracts gave a colour-
less oil (250 mg) which yellowed on standing. Preparative t.l.c.

(ether/hexane 1:1) showed four major bands.

The highest Rf band (25 mg) contained no furan protons by

n.m.r. and was not examined further.
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The next highest Ry band contained what is probably the
2,3-dihydrofuran diol (113) (85 mg, 29%) by n.m.r. 'H n.m.r.
(CC1,): & 6.35 (1H, m, H5'); 5.2-5.0 (3H, H4', H6 and H7);

1.0 (6H, d, (H9); and 8-CHjs).

The next highest Ry product was consistent with the keto-
alkene (112) (45 mg, 15%) formed also by treatment of eremoacetal
with diborane. vpgx (film) 870, 1150, 1510, 1560, 1680, 3450
em~'. !'H n.m.r. (CCly): 6 7.95, 7.2, 6.6, (each 1H),

5.3 (2H, m), 2.25 (2H, t), 1.1 (3H, s,), l.o (6H, d).

»

The most polar products (50 mg, 17%) contained no furan
protons by n.m.r. and showed a strong hydroxyl absorption at

3500 cm™!in the i.r.

Treatment of mesylate (151) with Lithium in Ammonia

(i) The mesylate (151) (150 mg, 0.44% mmol) in tetrahydro-
furan (5 ml) was reduced in ammonia (40 ml), and tetrahydrofuran
(5 ml) containing dissolved lithium (20 mg). After 2% h, workup
gave a colourless oil (250 mg). Preparative t.l.c. (ether/hexane
4:1) gave two major products. The higher Rg¢ product was the
acetal alcohol (90a) (41 mg, 33%) identified by n.m.r., i.r.

and t.l.c. comparison with authentic alcohol.

The lower R¢ product (66 mg, 53%) appeared to be an acyclic
furan diol or triol. !H n.m.r. (CCly): & 7.17 (1H, m); 7.05,
(1H, m); 6.11 (1H, m); 4.0 (brs, D0 exch., OH); 3.7 (1H, m)

3.2 (1H, m); 2.3 (2H, m); 1.17 (3H, s); 1.0 and 0.9 (each 3H, d).

(ii) The epimeric mesylate (150) gave a similar mixture
of acetal alcchol and acyclic alcohol under the same reduction

conditions.
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Acetylation of Oxepanes (123)

When the oxepanes (123a) and (123b) (30 mg) were
allowed to stand in a mixture of acetic anhydride (0.2 ml) and
pyridine (0.5 ml) no new products were detected by t.l.c. after
15 h at room temperature. Heating oxepane (123a) in the same
mixture to 80° for 4 h gave one less polar product. Workup
gave a colourless oil of the oxepane acetate. vpax (£ilm)
870, 1020, 1500, 1730 ecm~!. 'H n.m.r. (CCl,): & 7.17 (2H, m,
H2' and H5'); 6.2 (1H, m, H4'); u4.57 (1H, t, J 6Hz, H2); 3.6
(1H, m, H7); '1.87 (3H, s, CH3CO); 1.57 (3H, s, 5-CH3z); 0.9-0.8
(6H, 2d, J 6Hz, C2"-CHs and (H3");). M/e 294 (M%), 235, 23u,
207, 206 (b.p.), 197, 177, 151, 149, 138, 133, 124, 123, 110,

109, 95, 94, 82, 81, 69.

Oxidation of Diol (124) to (6R)-9-(furan-3'-yl)-6-hydroxy-

2,6-dimethylnonan-4-one (176)

A suspension of pyridinium chlorochromate (0.60 g, 2.8 mmole)}
in dry methylene chloride (30 ml) containing sodium acetate
(anhydrous, 0.1 g) was vigorously stirred while a solution of
diol (124) (120 mg, 0.47 mmol) in methylene chloride (2 ml) was
added at once. Conversion to ketone was complete after 3 h (t.l.c.
and workup according to the standard procedure and preparative
chromatography (ether/hexane, 4:6) gave a colourless oil of

(6R)-9-(furan-3'-yl) -6-hydroxy-2,6-dimethylnonan—-4-one (176)

(96 mg, 82%) (Found: C, 71.2; H, 9.3. C;sHy403 requires C, 71.4;
H, 9.6). [o]lp'® < + 0.3° (C, 9 in CHCls). vpgx (film) 770, 870,
1020, 1060, 1500, 1700, 3520 cm™!. 'H n.m.r. (CCl,): & 7.2

(1H, m, H5'); 7.0 (1H, m, H2'); 6.1 (1H, m, Hu4'); 3.4 (1H, brs,

D,0 exch., OH); 2.4 (2H, s, (H5)z); 1.12 (3H, s, 6-CH3); 0.90
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(6H, d, J 6Hz, 2-CH3 and (H1)3). '3C n.m.r. see appendix.
M/e 252 (M), 234, 219, 211, 197, 183, 153, 152, 149, 1u3,

134, 133, 113, 109, 99, 95, 94, 85 (b.p.), 81, 71, 67, 57, 43,

2,4-Dinitrophenylhydrazones of Ketone (176)

The ketone (176) (55 mg) in pure ethanol (1 ml) was added
to a solution of 2,4-dinitrophenylhydrazine (70 mg) in hot
ethanol (10 ml) containing sulphuric acid (3 drops). Examina-
tion of the solution by t.l.c. showed three products. The
higher Rf band, after preparative chromatography, was an orange
oil, (10 mg)ithe 2 ,4—dinitrophenylhydrazone of the dehydrated

ketone.

The major products were the E and Z isomers of the ketone
(176) but each was a red oil which failed to crystallise.

Each was characterised by its proton n.m.r. and i.r. spectra.

The higher Rf isomer, an orange oil, was assigned to (E)-
2,4-dinitrophenylhydrazone of ketone (176) (48 mg, 45%).
Vmax (film) 710, 735, 785, 825, 870, 920, 1020, 1060, 1130,
1500, 1515, 1590, 1620, 3120, 3240, 3580 cm™!. !'H n.m.r.
(CCl,): 6 8.78 (1H, 4, J 2Hz, aromatic); 8.02 (1H, dd, J 10,2Hz
aromatic); 7.59 (1H, d, J 1l0Hz, aromatic); 7.19 (1H, m, H5');
7.09 (1H, m, H2'); 6.15 (1H, m, H4'); 1.31 (3H, s, 6-CHz); 1.0

(6H, d, J 6Hz, 2-CH; and (H1);).

The lowest Rf isomer, an orange oil, was assigned to the
(2})-2 y4-dinitrophenylhydrazone of ketone (176) (40 mg, 40%).
Vmax (film) 720, 740, 785, 825, 870, 920, 1020, 1215, 1515,
1590, 1620, 3120, 3340, 3480, 3560 cm~!. 'H n.m.r. (CCl,): §.

8.88 (1H, d, J 2Hz, aromatic); 8.17 (1H, dd, J 2,10Hz, aromatic);
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7.65 (1H, dd, J 10Hz, aromatic); 7.18 (1H, m, H5'); 7.05
(1H, m, H2'); 6.12 (1H, m, H4'); 1.21 (3H, s, 6-CH ); 1.05

(6H, d, J 6Hz, 2-CH, and (H1)js).

Conversion of Diol (124) to Acetonide (177)

The diol (124) (150 mg) was dissolved in acetone (10 ml)
and 2,2-dimethoxypropane (10 ml) and a small crystal of p-
toluene-sulphonic acid was added. After 20 min, t.l.c. showed
a non polar product and no diol. The mixture was passed
rapidly through a short column of alumina, the alumina was
washed with éther and the solvent removed to give a colourless

oil (170 mg, quantitative). Distillation gave a colourless

liquid of the acetonide (177) (b.p. 100 /0.05) (Found:

C, 73.33; H, 10.03. C;gH3003 requires C, 73.43; H, 10.27).
Vmax (film) 780, 875, 960, 1020, 1500 cm !. !H n.m.r. (CCl4):
§ 7.1 (1H, m, H5'); 7.0 (1H, m, H2'); 6.1 (1H, m, H4'); 3.8
(1H, m, H4), 2.3 (2H, m, (H9)3); 1.3 (6H, brs, 0,C(CH);3); 1.1
(3H, s, 6-CH3), 0.9 (6H, d, J 6Hz, 2-CH; and (H1)3). M/e

294 (M%), 279, 254, 236, 219, 211, 203, 201, 197, 185, 179, 175
171, 163, 162, 161, 157-149, 137-135, 127, 121, 112, 109, 99,

95, 94, 85, 82, 81, 71, 69, 59,

Dehydration of Oxepane (123a)

The oxepane (123a) (m.p. 46—470, 0.80 g, 3.5 mmol), dis~
solved in hexane (15 ml) and pyridine (3 ml), was stirred at
0° while thionyl chloride (0.5 ml) was added dropwise. After
15 min at 0 the reaction mixture was quenched with water (10
ml) and extracted with hexane (3 x 20 ml). The combined extracts

were washed with dilute acid (5% HCl, 2 x 10 ml), water (10 ml),
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dried and evaporated to give a mixture of less polar products

(0.85g). Purification by preparative t.l.c. (2x ether/hexane,
(28 ,7R) 4 =chloro ~1-(fisran-3'yl) -2~(2~ metiyjipropyl) — O xepane

1:19) gave the most polar product, - (131)
/~

(241 mg, 29% of products) m.p. 43° (hexane) (Found: C,67.9; H, 8.6

Cl 12.9.C;sH,30,C1 C, 66.5; H, 8.63CL, 13.1%). vmax (nujol)

720, 740, 780, 830, 870, 1005, 1015, 1030, 1080, 1120, 1135,
1500, 3140 em '. 'H p.m.r. § (CCls) 7.20 (2H, m, H2' and H5');
6.25 (1H, m, H4"); 4.60 (1H, dd, J 2.0, 5.2Hz, H2); 3,70

(1H, m, J 3.4, 0.7 Hz), 1.60 (3H, s, H-CH3); 0.80 and 0.60

(each 3H, 2d, J 6Hz, 2" -Chs; and (H3")3). !3C n.m.r. see .
appendix. M/e 270 (MY, 3%C1), 235, 234, 219, 213, 206, 186, 184.
177, 169, 159, 151, 149, 148, 135-3, 123, 119, 95 (b.p.), 83-1,

69.

The higher Rf products (587 mg, 94% of dehydrated alcohol)
were a mixture of three compounds by t.l.c. and all attempts
to isolate the components pure failed but the major product

(approx. 330 mg) isolated in moderate purity was the exocyclic

(i& ] -7&) 2 /ﬁ;mﬂ -3 ’m—g/)-— Y- m &'f?ﬂ.y."fdm_ °— 2 ‘(Z"— 2 fﬂﬂyfpmﬂyd OxEpn e

alkene, (128) (b.p. 120 /15 (block)) (Found: C, 76.16;
A

H, 9.55. C;sH220, requires C, 76.88; H, 9.46). vpax (film) 780,

800, 880, 1035, 1095, 1160, 1510, 1650, 3100 em™'. 'H n.m.r.
(CC1ly): & 7.17 (2H, m, H2' and H5'); 6.2 (1H, m, H4'); 4.7

(1H, m, H1); 4.5 (2H, brs, A5-CH ); 3.5 (1H, m, H7); 2.25 (uH,
m, (HY), and (H6),); 0.8 and 0.9 (each 3H, 2d). M/e 234 (M%),
219, 206, 205, 191, 177, 148 (b.p.), 133, 119, 105, 95, 94, 91,

81, 80, 69, 67.

The other alkenes formed were isolated as a mixture (140 mg)
containing mostly the AL oxepin (129) and only a trace of the

A3 oxepin (130) by n.m.r.
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(ii) Attempts to isomerise the double bond of the
exocyclic methylene oxepane (128) using boron triacetate (r.t.),

heating on Si0, , gave recovered starting material.

Competitive Reduction of Oxepanol (123a) and Tetrahydrofuran

(135b) in Liquid Ammonia with Lithium

A mixture of the tetrahydrofuranyl alcohol (135b) (52 mg)
and oxepanol (123a) (52 mg) in tetrahydrofuran (2 ml) was
added with stirring to a blue solution of ammonia (70 ml), tetra-
hydrofuran (Q ml) and lithium metal (20 mg). After 1 h at -33°
The blue colour was discharged by the dropwise addition of iso-
prene. The mixture was worked up as previously described and
the crude products purified by preparative t.l.c. (ether/hexane
4:1) to give a trace of the tetrahydrofuranyl alcohol (135b)
(approx 3 mg, 6%), diol (124) (50 mg, 95% based on unrecovered

tetrahydrofuran (135b), and oxepanol (23a) (50 mg, 96% recovery).

Preparation of {l‘R,3'S,5'R,lR)-Pﬁfuran—3"—yl)—5'—methyl—2',8'—
- - 1=yl
dioxabicyclo[ﬁ.Z.Iloct\~—3'-yi]—2—methylprop methanesulphonate
o

AN

(151)

The (1R) alcohol, isomer (90a) (143 mg) was added in pyrid-
ine (1 ml) to mixture of pyridine (2-3 ml) containing
methanesulphonyl chloride (0.2-0.3 ml) at 0-10 . Conversion
was complete within 1 h and the addition of ice water gave the

crude mesylate as a solid. Recrystallisation from ether/hexane

o

)

gave colourless needles of the pure mesylate (151) (180 mg, 97

m.p. 96-97 (Found: C, 55.72; H, 6.87. C,¢H»,06S requires C,
55.80; H, 7.03%). vg.s (nujol) 720, 755, 805, 815, 860, 875, 920,

940, 970, 1010, 1070, 1iu5, 1165, 1505(w), 1600(w), 3150(w),
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3180 em™!. 'H n.m.r. (CCly): & 7.4 (1H, m, H2"); 7.3 (1H, m,
H4"); 4.4 (1H, dd, J 8,3Hz, H1'"); 4.2 (1lH, d,t, 3Hz, H3); 2.8
(3H, s, 0SO0,CH3), 1.4 (3H, s, 5-CH3); 1.05 (6H, 2d, J 6Hz,
2'-CH; and (H3');). M/e 3ty (M¥), 249, 193, 165, 148, 137, 124,

121, 109, 107, 95 (b.p.), 85-79, 57, 55.

Preparation of (l‘R,3‘S,5'R,lS)—l—f(furan—3"—yl)—5'—methy1—
|

2',8'rdioxabicyclof3.2.i]oct,w—3'—yl]-2—methylprop ——1l-yl-methane~
= - |

sulphonate (150)

The (1S8) alcohol (90b) was converted to the mesylate

s

as described above for the epimer. Recrystallisation gave

colourless needles of the mesylate (150) (95%) m.p. 136-137

(Found: C, 56,143 H, 6.99; S, 9.1. C,;¢H,408S requires C,

55.803 H, 7.03; S, 9.3%). vVvpax (nujol) 760, 820, 915, 9u5,

io000, 1030, 1060, 1140, 1160, 1510, 1615, 3150, 3180 cm™t.

'H n.m.r. (CCly): & 7.5 (1H, m, H2"); 7.3 (1H, m, H5"); 6.4 (1H,
m, H4"); 4,5 (1H, dd, J 8,3Hz, H1'); 4.1 (1H, m, H3); 2.9 (3H,

s, 0S0,CH3); 1.4 (3H, s, 5-CH3); 1.0, 0.9 (each 3H, 24, J 6Hz,
2'-CH; and (H3')3;). M/e 334 (M), 249, 193, 165, 148, 137,

12y, 121, 111, 109, 107, 95 (b.p.), 85-79, 57, 55.

Reduction of Mesylates (150) and (151) with Lithium Triethyl-

borohydride

The mesylates (150) and (151) (150 mg) were reduced with
triethylborohydride (3 mM) in bdﬂhg tetrahydrofuran according

to the method of Holder and Matturro.?®®

After heating for 48 h workup gave a colourless oil (107

mg). Preparative chromatography (ether/hexane, 1:2) gave
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recovered mesylate (30%). The highest Rf product was
identified as dihydroeremoacetal (94) (30 mg, 41% based on non
recovered mesylate). This was identical by n.m.r., i.r., mass
spectra and t.l.c. to authentic dihydroeremoacetal (924), A
mixture containing two minor products (10 mg, 14%), which

were not separated, appeared to consist, predominantly of

eremoacetal (47) (n.m.r., i.r., t.l.c.) was also isolated.

Reductive Opening of Acetal Mesylate (151) to the Tetrahydro-

furanyl Alcohols (152) and (153)

Pl

The pure mesylate (151) (240 mg, m.p. 96—970) in dry
tetrahydrofuran (5 ml) was added to a suspension of lithium
aluminium hydride (200 mg) in the same solvent (30 ml). The
mixture was heated under reflux for 3 h and stirred overnight
at 20° . Reaction appeared almost complete after 2 h by t.l.c.
examination. Workup with aqueous tetrahydrofuran and sodium
hydroxide (1 ml, 15% in water), filtration and removal of
solvent gave a colourless oil (187 mg). Preparative t.l.c.

(ether/hexane, 1:1) gave two products.

The high Rf product was a colourless oil of (2R,2'R,5'R)-

l-(S'—(furan—3"—yl)—2'—methyltetrahydrofuran—2'—yi]—4—methyl—
C J

pentan-2-ol (152) (65 mg, 35%), b.p. 120 /1 mm (block), [a]p?°

+ 36 (C, 3.2 in CHCls) (Found: m/e 252.1723. Calculated for
CysHpyO03: m/e 252.1725). vpax (film) 780, 870, 905, 1020,

1090, 1130, 1150, 3480 ecm™*. 'H n.m.r. (CCl,): 6 7.3 (2H, m,

H2" and H5"); 6.3 (1H, m, H4"); 4.9 (1H, m, H5'); 3.2 (1H,

m, H2); 1.2 (3H, s, 2'-CH3); 0.9 (6H, d, J 7Hz, 4-CHz and (H5)3).

'3C n.m.r.: see appendix.
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The lower Rf product, a colourless oil was (3R,2'R,5'R)-

5—f5'—{furan—3"—yl)—2'—methyltetrahydrofuran—2'*yi]-2—
-

L=

methylpentan-3-ol (153) (120 mg, 64%) b.p. 100-110 /1 mm

(block), [a]p?® + 207 (C, 5.7 in CHCls) (Found: m/e 252.1723.
Calculated for C;sH40,: m/e 252.1725). vpgx (£ilm)

780, 870, 910, 1020, 1130, 1150, 1500, 3400 cm~!. !H n.m.r.
(CCl4): & 7.3 (2H, m, H2" and H5"); 6.3 (1H, m, H4"); 4.9
(1H, m, H2'); 3.8 (1H, m, H3); 3.3 (1H, s, D»0 exch., OH); 1.2
(3H, s, 2'-CH3); 0.9 (6H, d, J 6Hz, 2-CH3 and (H1)3). !3C n.m.r
see appendix. M/e 252 (MY), 235, 234, 207, 191, 173, 167, 151

’

(b.p.), 145, 127, 123, 110-107, 95, 94, 81, 79, 69, 55.

Preparation of (1R,35,5R)- 1-(furan-3'-yl)-5-methyl-2,8-dioxa-

bicyclo[3.2.ﬂ oct ~3-yl -methanol (154%) and mesylate (155)

(i) A solution of aldehyde (82) (220 mg) was reduced
using lithium aluminium hydride (0.2 g) in ether (50 ml).
Workup with wet ether and removal of the solvent gave a colour-
less o0il of crude product (220 mg). Distillation gave the

pure alcohol (154) (206 mg, 94%) b.p. 110-120°/0.3 mm (block)

(Found: C, 64.48, H, 7.27. C12H1¢04 requires C, 6u4.27, ?,
7.19%). vVmax (film) 790, 870, 930, 945, 1000, 1050, 1120, 1140
1150, 1500, 1600, 3160, 3450 cm™*. !H n.m.r. (CCly): & 7.45
(1H, m, H2'); 7.3 (1H, m, H5'); 6.4 (1H, m, H4'); 3.9 (1H, m,

H3); 3.4 (3H, m, CH,-OH, 1H, D,0 exch., OH), L.4 (3H, s, 5-CHs).

(ii) Using the procedure outlined previously for the pre-
paration of mesylates, the reaction product after purification

by preparative chromatography gave a colourless oil of the
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mesylate (155) (80%) which was used without further purification.
Vpayx (£ilm) 800, 870, 890, 920, 940, 1030, 1050, 1170, 1500,
3160 cm~!. !H n.m.r. (CCly): & 7.45 (1H, m, H2'); 7.3 (1H,
m, H5'); 6.4 (1H, m, H4'); 4.2 (3H, m, H3 and CH,-0MS); 2.9

(3H, s, SO,CH3); 1.4 (3H, s, 5-CHj).

A minor (9%) product was isolated but not characterised
although some resonances in the 'H n.m.r. spectra and i.r.
spectra suggest a ring opened product. Vpgx (film) 875,
1150, 1170, 1500, 1560, 1680, 3160, 3420 cm™'. 'H n.m.r.

(cCl,): & 8.1 (1H, m); 7.4 (1H, m); 6.8 (1H, m); 2.8 (2H).

Reductive Hydride Fission of Mesylate (155) to (2R,2'R,5'S) -

l—rS‘—(furan—3"—yl)—2‘—methyltetrahydrofuran—z'—yi}—propan—
L P

2-0l1 (156)

A solution of mesylate (155) (220-230 mg) in dry tetra-
hydrofuran (2 ml) was added to lithium aluminium hydride
(200 mg) in tetrahydrofuran (20 ml). A vigorous reaction ensued
and the mixture was worked up after 1 h reflux by the cautious
addition of wet ether (50 ml) and filtration. Evaporation
of solvents gave a colourless oil (190 mg). Preparative
chromatography (ether/hexane, 1l:1) gave a colourless 0il of the

alcohol (156) (160 mg, quant.) b.p. 90 /0.6 mm (block) (Found:

C, 68.79; H, 8.64. C;,H;30;3 requires C, 68.54; H, 8.63%).
Vpax (film) 780, 870, 900, 910, 1020, 1130, 1150, 1500, 3450
em='y 'H n.m.r. (CCly): & 7.3 (2H, m, H2" and H5"); 6.25
(1H, m, Hy"); u4.95 (1H, m, H5'); 4.0 (1H, m, H2); 1.25 (3H,
s, 2'-CHz); 1.1 (3H, d, J 6Hz, 2-CH3z). M/e 210 MYy, 192,

177, 166, 151, 134, 110 (b.p), 107, 97, 95, 81, 79, 77, 70,
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69-65, 55, b53.

Oxidation of (+) Epingaiol (152) to (+)-Epingaione (157)

(i) The alcohol (152) (16 mg) in dry methylene chloride
(1 ml) was added to a suspension of pyridinium chlorochromate
(50 mg) and sodium acetate (anhydrous, 10 mg) in methylene
chloride (5 ml). Oxidation of the alcohol was very slow even
after the addition of more oxidant (2 x 10 mg) after 5 h
and 8 h. After 20 h t.l.c. showed the alcohol was still present
together with the required ketone. The proton n.m.r. and i.r.
spectra of the oxidation products (12 mg) confirmed that it

contained the ketone and alcohol (approx. 1:1 by n.m.r.).

(ii) The alcohol (152) (distilled, 50 mg) was oxidised
using oxalyl chloride (100 pl) and dimethyl sulphoxide (170 nl)
in methylene chloride at —700, as previously described. After

45 min the mixture was worked up to give a yellow oil.

Preparative chromatography (ether/hexane, 2:3) gave reco-
vered starting material (4 mg, 8%). A higher Ry product was
identified as the ketone (157) ((+)-epingaione) (34 mg, 70%)
b.p. 110 /0.5 mm (block) (1it.2%.p. 95 /0.01), [ p*7 + 18
(C, 1.5 in benzene) (Lit.!® [a]p®’ - 14.8o (C, 40 in benzene)
Vpax €film) 790, 875, 915, 1020, 1155, 1365, 1500, 1710, 2890,
2970, 3160 ecm™!. !H n.m.r. (CCl,): & 7.21 (2H, m, H2" and H5");
6.19 (1H, m, H4"); 4.78 (1H, m, H2); 2.53 (2H, s, (H1),5; 1.25
(3H, s, 5-CH3); 0.90 (6H, d, J 6Hz, 4-CHs; and (H5)3). M/s
250 (M%), 234, 191, 177, 167, 165, 151 (b.p), 150, 140, 110,

125, 123, 11-107, 97, 95, 85, 83, 81, 79, 57, 69.
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Oxidation of Alcohol (153) to (2'5,5'R)—l—{5'—(furan—3"fyll—2'—
C

methyltetrahydrofuran-2'-y1l|-4'methylpentan—-3-one (153Db)
+ Y

(1) The alcohol (153) (23 mg) was added in methylene
chloride (1 ml) to a stirred suspension of pyridinium chloro-
chromate (80 mg) and sodium acetate (10 mg) in methylene chloride
(10 ml). After 3 h more oxidant was added (30 — 40 mg) as
considerable alcohol was detected by t.l.c. The mixture was
worked up after 5 h to give a yellow oil (15 mg) containing
alcohol (153) (30-40%) and the required ketone (153b) (approx.
20%). ’

(ii) An oxidation of alcohol (153) (75 mg) was carried
out using an excess (3.5 equivalents) of Swern's reagentrw
(oxalyl chloride/dimethyl sulphoxide, —75 ) as previously des-
cribed. After oxidation for 20 min at —70°workup and prepara-

tive chromatography (ether/hexane 1:2) gave recovered alcohol

(14 mg, 19%) and the ketone (153 (14 mg, 23%) (Found: m/e

250.1569. Calculated for C;sHz2033 250.1569). vpax (film)
785, 875, 915, 1020, 1150, 1500, 1715, 3150 cm~'. 'H n.m.r.
(CC1ly): & 7.14 (2H, m, H2" and H5"); 6.14 (1H, m, H4"); u4.68
(1H, apparent, J 6Hz, H2); 1.17 (3H, s, 5~CH3); 1.03 (6H, d,
J 6Hz, 2-CH; and (H1)3;). M/e 251 (MY + 1); 250 (M%), 207,
165, 161, 151, 110-107, 95 (b.p), 94, 86, 81, 79, 77, 71, 69,

67, 65, 61, 55, 53.

Treatment of Eremoacetal and Dihydroeremoacetal with Lithium

Aluminium Hydride -

When either eremoacetal (47) or dihydroeremoacetal (94)

was heated in tetrahydrofuran (10-15 ml) containing lithium
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aluminium hydride for 18 h, workup gave only unchanged

starting materials.

Attempted Sofrolysis of Mesylate (151)

The mesylate (151) (20 mg) was allowed to stand in a
solution of tetrahydrofuran (0.5 ml) and water (0.5 ml) con-
taining sodium bicarbonate (10-20 mg). After 18 h only starting
material was visible by the t.l.c. examination of the mixture.
The solution was heated under refliux for 3 h and workup gave

unchanged mesylate (151).

Hydrogenation of (25,2'R,5'S) Dehydrognaiol (62)

The alcohol (62) (90 mg) was reduced with P,-Nil*?®
(prepared from 1 mmol nickel acetate) in ethanol for 3 days.
Workup and purification by preparative chromatography (ether/

hexane, 1:3) gave starting material (62) (15 mg, 17%) and

(2R,2'R,5'S)—l~r5'—(furan-3"—yl)—2'—methyltetrahydrofuran—2'—
| =

yf]—4—methylpentan—2—ol (135b) (70 mg, 93% based on unrecovered
-

starting material) as a colourless ocil. (Found: C, 71.25; H,
9.14. C;sHz403 requires C, 71.39; H, 9.59%. M/e 252.1729.

°
Cys5H;403 requires m/e 252.1725) b.p. 110 /0.05 mm (block).

Y (film) 785, 880, 920, 1025, 1160, 1505, 1600(w), 3150(w),

max
3500 em~!. 'H n.m.r. (CClu): & 7.22 (2H, m, H2" and H5");

6.25 (1H, m, H4"); 4,80 (1H, t, J 6.8Hz, H5;); 3.8u (1H,

pent uplet, J 4Hz, H2); 3.3 (1H, brs, OH); 1.23 (3H, s, 2'-CH3);
0.88 (6H, d, J 6Hz, 4=CH; and (H5)3). M/e 252 (M%), 234, 219,
177, 152, 151 (b.ﬁ), 133, 134, 135, 107, 110, 97, 95, 94, 81,

79, 77, 69.
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Catalytic Preparation of (15,1'R,3'S,5'R) and (1R,1'R,3'S,5'R)

l:{i'—(furan—3"—yl)—5'—methyl—2',8'—dioxabicyclo(}.Z.iloct;-
-l

3'—yi$—2—meththropane3diols (86a) and (86Db)

J “ A

This procedure is based on modification of the method of

Van Reenan, Kelly and Cha.ll%

To a solution of eremoacetal (47) (5.0 g, 20 mmole) in
t-butanol (20 ml), was added as solution of osmium tetroxide
(20-30 mg) in ether followed by N-methyl morpholine N-oxide
dihydrate (3.5 g, 21 mmoles) in aqueous acetone (30 ml water,

60 ml acetone). A purple-brown colour of the osmate ester

rapidly formed.

After 2 days the yellow solution contained no starting
material by t.l.c. examination (ether). Addition of sodium
sulphite (1 g) and stirring for 30 min gave a dark solution
which was filtered through a bed of florisil *to remove the
osmium dioxide. Concentration of the filtrate under reduced
pressure to a small volume (20-30 ml) followed by extraction
with methylene chloride (5 x 30 ml) gave a solution of the

diols together with some N-methyl morpholine.

The amine was removed from the methylene chloride by
extraction with acidified brine (3 x 20 ml). Drying and
removal of the solvent gave an oil (5.34 g, 94%) which partly

solidified.

Crystallisation from methylene chloride/hexane gave the

[a}
major (15,1'R,3'S,5'R) diol (86a) (3.69 g, 65%). m.p. 117-118
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(Found: C, 63.8; H, 7.8. C,s5Hp,05 requires C, 63.8; H, 7.9%).
vpax (nujol) 810, 940, 1070, 1170, 3350 cm™!. 1H n.m.r.
(CDC1y): & 7.6 (1H, m, H2"); 7.4 (1H, m, H5"); 6.5 (1H, m, H4");
4.15 (1H, ddd, J 6,9,6Hz, H3'); 3.45 (1H, d, J 6Hz, H1); 2.9
(2H, brs, exch. D,0, 20H); 1.4 (3H, s, 5'-CH3); 1.3,1.2 (each
3H, 2s, 2-CH; and (H3)3). !3C n.m.r. see appendix. M/e

264 (MY - H,0).

The mother liquor from the crystallisation was a mixture
of (86a) and (86b) which could be separated by repeated
chromatography (chloroform/methanol, 20:1) and then characterised
as the acetonides (see later). Crystallisation gave a colour-
less needles of the minor (1EF,1'R,3'S,5'R) isomer, diol (86b)
(1.61 g) m.p. 110-112". vpax (nujol) 800, 950, 1080, 1150,
3450 em~!. !H n.m.r. (CDClj3): & 7.6 (1H, m, H2"); 7.4
(1H, m, HS"); 6.5 (1H, m, H4"™); 4.4 (1H, ddd, J 2,12,4Hz, H3');
3.1 (1H, d, J 2Hz, H1 ); 2.8 (2H, brs, exch. Dp0, 20H); 1.4
(3H, s, 5'-CH3); 1.3,1.2 (each 3H, 2s, 2-CH3 and (H3)3). 13¢

n.m.r. see appendix. M/e 264 (Mt - H,0) .

Acetonides (160) and (161 ).

(i) The (15,1'R,3'S,5'R) diol (86a) (282 mg, 1 mmole)
was dissolved in dry acetone (2 ml) and 2,2-dimethoxypropane
(5 ml) a small crystal of p-toluenesulphonic acid was added and

the mixture stirred. After 10 min no diol could be detected.
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Solid potassium carbonate was added, the solution was filtered
and the solvents removed under reduced pressure. Recrystalli-
sation of the residue gave colourless needles of the (1l5,1'R,

o _
3'$,5'R) acetonide (160) (320 mg, quantit.) m.p. 75-76 (Found:

C, 67.1; H, 8.2. Ci18H2605 requires C, 67.0; H, 8.1%). Vpax
(nujol) 800, 940, 1010, 1060, 1080, 1130, 1510 cm™!. 'H n.m.r.
(CCls): & 7.4 (2H, 2m, C2" and C5"); 6.4 (1lH, m, H4"); 3.9
(1H, ddd, J 9,9,4Hz, H3'); 3.6 (1H, d, J 9Hz, H1 ), 1.4-1.2

(15H, 5 x s, methyls).

(ii) THe (1R,1'R,3'S,5'R) diol (86b) was similarly

converted to its acetonide (161), m.p. 70-72 (Found: C, 67.2;

H, 8.1. C;gH260s requres C, 67.0; H, 8.1%). vpax (nujol) 800,
940, 1010, 1060, 1080, 1150, 1200, 1510 em™'. 'H n.m.r. (CCL,):
§ 7.5 (1H, m, H2"); 7.35 (1H, m, H5"); 6.45 (1H, m, Hu4");

3.95 (1H, ddd, J 7,12,4Hz, H3'); 3.6 (1H, d, J 7Hz, H1); 1l.u-

1.15 (15H, 5 x s, methyls).

Conversion of Diol (86a) to Epoxide (163)

(i) The diol (86a) (100 mg, 0.36 mm) was dissolved in cold
dry pyridine (2 ml) and methane sulphonyl chloride added (5
drops). The solution assumed a pink colour and no diol was
detected by t.l.c. after 3 h. After 4 h, brine (20 ml) was added
and the solution extracted with ether (4 x 10 ml). The combined
ether extracts were washed with acidified brine and dried.
Evaporation of the solvent gave a colourless oil of the crude
hydroxy mesylate (130 mg) which was used without further puri-

fication.
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(ii) The hydroxy mesylate (130 mg) was stirred with pot-
assium carbonate (50 mg) in methanol (5 ml). After a short
time the solution was filled with a crystalline suspension,
presumably potassium methane sulphonate. No starting material
was detected after 30 min and ether (20 ml) was added. Fil-
tration of the solution through celite and evaporation under
rcduced pressure gave the crude epoxide. Purification by chro-
matography gave diol (86a) (15 mg) and colourless needles of
epoxide (163) (67 mg, 85% overall) m.p. 101—102.5o (recrystalised
from hexane) identical in all respects (m.m.p., i.r.,, n.m.r.)

’

to the minor product of epoxidation of eremoacetal with peracid.

Reaction of Eremoacetal with Diborane

(i) To a solution of eremoacetal (47) (2.50 g, 10 mmole)
in dry tetrahydrofuran (20 ml) under nitrogen at 0 , was added
a solution of diborane (10 ml, 0.9M BH3 in THF). After stirring
for 30 min at Oo, t.1l.c. showed only a trace of starting material.
Wet tetrahydrofuran was cautiously added after 40 min, followed
by sodium hydroxide (15 ml, 10% solution), hydrogen peroxide
(10 ml, 30%) and the mixture stirred for 1 h. The aqueous
layer was separated and extracted with ether (3 x 15 ml). The
combined organic solvents were washed with brine (2 x 10 ml),

dried and the solvents removed under reduced pressure.

T.l.c. showed a variety of products. Separation by chromato-
graphy (ethyl acetate/hexane) gave recovered starting material

(10%).

Continued elution gave the two epimeric alcohols. The higher

R¢ and major product was identified as (15,1'R,3'S5,5'R)-1-
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{i—(furan—3"—y1)—5'—methyl—zﬂ8idioxabicyclol3.2.i]oct; —3'—y1}

-2-methylpropan-1-ol (90Db) (640 mg, 28%). vpax (film) 790, 870,

930, 1140, 1150, 1500, 1600, 3180(w), 3500 cm™!. 'H n.m.r.
(CCly): & 7.3 (1H, m, H2"); 7.2 (1H, m, H5"); 6.3 (1H, m, H4");
3.9 (1H, dt, J 4.6,11.2Hz, H3'); 3.0 (1H, apparent t, J 4.6Hz,
H1); 1.33 (3H, s, 5'-CH3); 0.93 and 0.90 (3H, each, 2d,

J 6Hz each, 2 -CH; and (H3 )3).

This alcohol (90b) was characterised as its acetate (904)

m.p. 78—79° (Found: C, 66.3; H, 8.0. Cj;7H;404 requires C,

66.2; H, 7.9%). v (film) 785, 870, 910, 930, 950, 1030, 1070,
1140, 1150, 1240, 1340, 1500, 1730 cm™!. 'H n.m.r. (CCly)

§ 7.45 (1H, m, , H2"); 7.37 (1H, m, H5"); 6.4 (1H, m, H4"); 4.87
(1H, m, H1); 3.97 (1H, m, H3'); 2.05 (3H, s, CH,CO0); 1.40 (3H,

s, 5'-CH3); 0.93 (6H, d, J 8Hz, 2-CH3; and (H3)3).

The lower Rf minor isomer, was alcohol (1R,1'R,3'S,5'R)-1-

{1'—(furan—3"—y1)—5'—methyl—zﬂ8Ldioxabicyclof3.2.i\oct 4—3'—yi}—

2-methylpropan-1-ol (90a) (560 mg, 24%). vpax (film) 790, 870,

900, 930, 1000, 1060, 1135, 1460, 1500, 1600, 3500 cm™'. 'H
n.m.r. (CC1l,): & 7.4 (1H, m, C2"-H); 7.3 (1H, m, C5"-H); 6.35
(1H, m, H4"); 3.95 (1H, d, t, J 11,4Hz, H3'); 3.3 (1H, dd, J
7.4Hz, H1); 1.4 (3H, s, 5'-CH3); 1.0 and 0.9 (each, 3H, 2d, J

5Hz, 2-CH3; and (H3)3).

This alcohol (90a) was characterised as 1its acetate (90c)

[«
m.p. 90-91 (Found: C, 66.33 H, 8.0. C;7H,40s5 requires C, 66.2;

H, 7.9%). 785, 870, 930, 950, 1035, 1055, 1150, 1225, 1240,

Vmax

1500, 1730 em~!'. !H n.m.r. (CCl,): & 7.45 (1H, m, H2"); 7.37,

(1H, m, H5"); 6.4 (1H, m, H4"); 4.70 (1H, m, H1); 4.07 (1H, m,
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H3'); 2.09 (3H, s, CH3CO); 1.39 (3H, s, 5'-CH3); 0.97 and

0.89 (each 3H, 2d, J 7Hz, 2-CH, and (H3)3).

A minor lower Rf product isolated during chromatography

was the ketone (R; F and Z)-1l-(furan-3'-yl)-4-hydroxy-4,8-

dimethyl-non-6-en-l-one (136) (200 mg,~10%) (Found: C, 71.h4,

H8.7. CiysH2203 requires C, 71.9; H, 8.9%). vpax (film) 975,
1150, 1505, 1565, 1675, 3160(w), 3500 ecm™'. !H n.m,r. (CCLl,):

§ 7.93 (1H, m, H2"); 7.25 (1H, m, H5"); 6.60 (1H, m, Hu");

5.23 (2H, m, H6, H7); 2.80 (2H, apparent t, J 7Hz, (H2)3); 2.17
(2H, d, J 6Hz, (H5)3;); 1.07 (3H, s, 4-CHs); 0.93 and 0.88

(each 3H, 2d, J 6Hz, 8-CH; and (H9)3). !°C n.m.r. see appendix,
M/e 232 (MY - H,0), 189, 168, 167, 150, 149 (b.p), 148, 122,

121, 107, 99, 95.

Attempted purification by distillation gave (5'R)-3-

5'-methyl-5'-(4"-methylpent-2"~enyl)-4"',5"'~dihydrofuran-2"'-

yl furan (142) b.p. 80-90° /0.05 (bloek) (Found: C, 75.53; H, 8.6.

CisH2002 requires, C, 77.5; H, 8.7%). vpax (film) 730, 790, 870,
965, 1055, 1100, 1150, 1510, 1565, 1685, 1730 cm™*. 'H n.m.r.
(CCly): 6 7.37 (1H, m, H2'); 7.20 (1H, m, H5"); 6.28 (1H, m, Hu');
5.3 (2H, m, H2", H3"); 4.74 (1H, t, J 2.4Hz, H3'); 2.5-2.2 (5H,

m, (H4");, (H1")s, Hu"); 1.33 (3H, s, 5'-CH3); 0.97 (6H, 4, J

6Hz, L"-CHj3, (H5");).

Further elution gave the triols (137) and (138) (10%) which
were separated by h.p.l.c. (ethyl acetate/hexane, 1l:4) as the

diacetates (139) and (140) (described later).
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Hydroboration of Eremoacetal - Other Experiments

(i) Disiamylborane was prepared according to the method
of Brown. 33
The borane was treated with eremoacetal (0.75 equivalents)
[+
at 0 for 90 min and room temperature for 2 h. T.l.c. showed
considerable starting material was still present after 5 days.

Workup and chromatography gave eremoacetal (50%) and a mixture

of products which could not be separated.

(ii) SJMethylbut—2—yl borane was similarly prepared from

diborane (1 eq.) and 2-methylbut-2-ene (1 eq.).

Eremoacetal (47) (0.9 eq.) was added to the borane in
tetrahydrofuran at --lO° and after 20 min the mixture allowed to
stand at room temperature for 1 h. Workup with basic peroxide
and extraction gave a mixture which was separated by preparative
t.l.c. (ether/hexane, 4:1) to give eremoacetal (47)(22%) the
alcohol acetal epimers (90a) and (90b) (31%), the ketone {(136)

(5%), higher R¢ triols (137) (22%) and triols (138) (7%).

(iii) When the disiamyboranewas added to the eremoacetal
(reverse addition) at 0° over 30 min gave an identical mixture

to (ii) but with less of the polar products (by t.l.c.).

(iv) Thexylborane was prepared according to the method of

Brown. 23

The alkylborane was added slowly to eremoacetal (47) (0.9 eq.)

o

o
in tetrahydrofuran at 0 . After 30 min at 0 and 30 min at room

temperature workup gave a colourless oil. Preparative t.l.c.
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gave a mixture of eremoacetal (15%) and the epi-dihydroeremo-

acetal (148) in equilibrium with the keto-diol (147) (10%).

The monohydroxylated (15) alcohol (90b) (15%) was the only
isomer isolated. None of the 1R isomer (90a) was detected by

it ol narn,
The ketoalkene (136) was also isolated (23%).

A lower Rf ketone was identified as the keto-~diols (149)
(23%) probably epimeric at C6. The triols (137) and (138) were

isolated in small yields (2% and 5% respectively).

(v) Methoxy borane was prepared by the addition of methanol
(1 eq.) to diborane (1 eq.) in tetrahydrofuran containing a

trace (0.05 eq.) of sodium borohydride.

The borane was added to eremoacetal (0.9 eq.) in tetrahydro-
o
furan at 0 . The mixture was worked up after 40 min and separa-
tion showed an almost identical mixture to that from reaction

with diborane.

(vi) Dimethoxyborane was similarly prepared and reacted
for 1 h with eremoacetal at room temperature. Workup showed a

similar mixture to that from (v).

Reductive Opening of Eremoacetal with Diborane

Eremoacetal (47) (2.48 g, 10 mmol) in tetrahydrofuran (30
ml) under nitrogen was treated with diborane (14 mmél) at 0°
for 1 h and room temperature for 2 days. The mixture after workup
with basic peroxide and extraction gave a viscous oil (3 g)

which was largely two polar compounds by t.l.c. (ethyl acetate/
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ether 1:1) and traces of less polar compounds.

The mixture was acetylated to give the crude acetates (3.5 g).
The mixture was separated by chromatography to give a complex

mixture of non-polar products (1.15 g, 28%).

The less polar products contained the epimeric acetal acetates
(90c) (15%) and what appeared to be the partially cleaved epimeric
tetrahydrofuranyl acetates (146) (5%). 'H n.m.r. (CC1,): &

7.35 (2H, m, H2' and H5'); 6.3L (1H, m, H4'); 5.3-4,7 (2H, m,
H2 and H3"),12.04, 1.95, 1.98 (each 3H, s, COCH3z); 1.27 (3H, s,

5-CH3); 0.93 (6H, d, (H5"); and 4"-CH,).

A less polar product was identified as the E and 2

1—acetoxy-l—(furan—3'—yl)—4,8-dimethyl-non—6—en—4—ol (9%)

(Found: C, 69.4; H, 8.85. C;s5Hps0, requires C, 70.0; H, 8.8%).
Vmax (film) 800, 880, 1030, 1245, 1380, 1740, 3500 cm~!. Ij
n.m.r. (CCl,): 6§ 7.3 (2H, m, H2' and H5'), 6.3 (1H, m, H4'), 5.6
(1H, t, 7Hz, H1); 5.4 (2H, m, H6 and H7); 2.0 (3H, s, COCHj3);

1.1-0.9 (9H, m, 4-CHj3, 8-CHj,(H9),).

0f the two polar major products obtained, the higher R¢

was viscous oil of l,6—diacetoxy—l—(furan—3’—yl)-4,8-dimethyl~

nonan-4-ol (139) as mixed isomers (1..4L g, 40%) (Found: m/e

294,184, C;4H300¢ -HOAc requires 294.183). A satisfactory
elemental analysis could not be obtained. Vmax (film) 870, 9uo0,
1020, 1130, 1150, 1240, 1500, 1730, 3500 cm™!. 'H n.m.r. (CC1,):
¢ 7.4 (2H, m, H2' and H5'); 6.44 (1H, m, H4'); 5.75 (1H, t, J
6Hz, H1); 5.18 (1H, m, HB); 2.5 (1H, brs, D20 exch. D,0); 2,04 and
2.00 (each 3H, 2s, 2 x COCHz); 1.12 (3H, s, 4-CH3); 0.83 (6H,

d, J 6Hz, (H9); and 8-CH3). !3C n.m.r. see appendix. M/e
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3suy (M%), 294, 23y, 219, 152, 151, 150, 127, 110, 108, 71, 69.

The lowest Rf product isolated as a viscous oil was

1l,7-diacetoxy-1-(furan-3'-yl)-4,8-dimethylnonan-4-ol (140)

(0.60 g, 17%) (Found: M/e 294.184. C;9H3¢0s-HOAc requires
294.183). A satisfactory elemental analysis could not be

obtained. (film) 860, 940, 1020, 1150, 1240, 1500, 1735,

Vimax
3500 em~!. 'H n.m.r. (CCl ): 7.45 (2H, m, H2' and H5');

6.47 (1H, m, H4'); 5.77 (1H, t, J 6Hz, H1); 4.67 (1H, m, H7);
2.5 (1H, brs, OH); 2.04 (8H, s, 2 x COCHs); 1.12 (3H, s, 4=CHs);
0.91 (B6H, d, J 7Hz, (H9)s; and 8-CH3;). !3C n.m.r. see appendix.
M/e 354 (M%), 310, 294, 279, 234, 219, 217, 191, 152, 151, 150,

127, 110, 108, 97, 94, 81, 79, 69.

Treatment of Dihydroeremoacetal (94) and Methoxyeremoacetal (96)

with Diborane.

(i) Dihydroeremoacetal (94) (50 mg) in tetrahydrofuran
(5 ml) was allowed to stand with diborane (2 ml, 1M soln. in THF)
for 48 h. After workup, t.l.c. showed only dihydroeremoacetal
with traces of polar products. A proton n.m.r. spectrum of the

isolated product showed only dihydroeremoacetal.

(ii) The methoxyeremoacetal (96), similarly, was recovered
after treatment with diborane in THF for 48 h.
Epoxidation of Eremoacetal-(1'S,1R,35,5R) and (1'®R,1R,35,5R)-3-

- 2l-metiyl -
(l',2'—epQ§%T&?ﬂﬁ)—l—(furan—3"—yl)—5—methyl—2,8—dioxabicyclg;_

(3.2.1] octane (162) and (163)

Eremoacetal (0.90 g, 36 mmole) was dissolved in dry methylene

chloride (50 ml) and a solution of m-chloroperbenzoic acid (1.1
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g, approx. 80% pure, approx. 50 mmole) was added in dry methylene
chloride, at 0° with stirriﬁg. Reaction was complete and eremo-
acetal was not detected by t.l.g. after 2 h. A solution of

sodium bisulphite (10 ml, 10% in water was stirred with the methy-
lene chloride until all the peracid was reduced (potassium
iodide/starch paper). Washing with potassium carbonate solution,
(10% in water, 2 x 30 ml) removed the acids. Removal of the
solvent and preparative chromatography (ethylacetate/hexane 1:20)
gave the two epoxides. The higher Rf and major isomer was

isolated as colourless needles of epoxide (162) (0.66 g, 75%)

m.p. 79-80° (Found: C, 68.3; H, 7.7. C,sHyo0, requires C,

68.2; H, 7.6%). vpax (nujol) 745, 805, 860, 920, 995, 1015, 1055,
1100, 1125, 1145, 1495 cm~'. 'H n.m.r. (CCly): & 7.48 (1H, m,
H2"); 7.38 (1H, m, H5"); 6.44 (1H, m, H4™; 3.67 (1H, m, H3);
2.64 (1H, d, J 8Hz, H1); 1.40 (3H, s, 5-CH;); 1.33 (6H, s,

2'-CHs, (H3')j3).

The lower Ry product was the minor epoxide (163) (0.18 g,

20%) m.p. 101.5-102.5°(Found: C, 68.43 H, 7.9. CjysHy00,
requires C, 68.2; H, 7.6%). vpgx (nujol) 710, 780, 825, 860,
575, 890, 920, 930, 990, 1020, 1040, 1055 em™!'. !'H n.m.r. (CCl,)
7.54 (1H, m, H2"™); 7.35 (1H, m, H5"); 6.48 (1H, m, H4"); 3.74
(1H, m, H3); 2.73 (1H, 4, J 8Hz, H1'); 1.40 (3H, s, 5-CHj3);

1.30 (6H, s, 2'-CH; and (H3');).

Preparation of (1r,35,5R)-1-(furan-3'-yl)-5-methyl-2,8-

dioxabicyclo(3.2.ﬂ -octane-3~-carbaldehyde (82)
c -t

To a stirred mixture of dry diols (86) (4.9 g, 17.3 mmoles)
dissolved in methylene chloride (dry, 150 ml) and containing

calcium carbonate (dry, 10 g) was added a solution of lead
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tetraacetate (recryst. 8.4 g) in methylene chloride (approx.
100 ml) over 15 min. After 30 min, ether (100 ml) was added
and the solution passed through a column of florisil which

was washed with ether (100 ml). The combined eluates on
evaporation gave an almost colourless oil of the aldehyde

(82) (3.9 g, quantit.) which was pure enough for most purposes.
The product could be purified with some loss by distillation
to give a colourless viscous oil of pure aldehyde (82) (2.95 g,

77%), b.p. 1100/0.1 mm. (Found: Mt 222.0894, Cy2H; 404 requires

MY 222.0892). vpax (film) 800, 880, 905, 930, 1510, 1610,

1740, 3190 em™'. H n.m.r. (CCly): & 9.7 (1H, 4, J 1Hz, CHO);
7.5 (1H, m, H2'); 7.4% (1H, m, H5'); 6.45 (1H, m, Hu'); 4.2 (1H,
ad, J, 10,6Hz, H3); 1.43 (3H, s, 5-CH3). M/e 222 (M%), 205, 20u,
193, 186, 165, 164, 148, 139, 119, 110, 95 (b.p.), 86, 84, 51,

4g.

Preparation of Eremoacetal (47) from aldehyde (82).

(i) This procedure is an adaption of that described in

'Organic Reactions' (John Wiley) Vol. 14, p. 295.

Methansulphanyl sodium (0.55 mmole) in dimethyl sulphoxide
was added to a solution of i-propyl phosphonium iodide (225 mg,
0.5 mmole) in dry DMSO (2 ml). After 10 min, the aldehyde (82)
(110 mg, 0.5 mmole) was added in dry ether (2 ml) to the red
ylide solution and stirred for a further 10 min. Brine (80 ml)
was added and the solution extracted with petroleum ether
(5 x 20 ml). The extracts were concentrated and the residue
purified by preparative chromatography (petroleum ether/ether

o

4:1) to give eremoacetal (40 mg, 32%) m.p. 63-63.5, identical

(m.m.p., i.r., n.m.r. and t.l.c.) to authentic material.
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(ii) To a suspension of i-propyl phosphonium iodide

(225 mg, 0.5 mmole) in dry tetrahydrofuran (10 ml) at —20° "

was added n-butyl lithium (0.5 mmole). After 5 min at -20° the
aldehyde (82) (110 mg, 0.5 mmole) in tetrahydrofuran (2 ml) was
added and the solution allowed to reach room temperature.

Water (50 ml) was added and the solution extracted with petroleum
ether (5 x 20 ml). Evaporation of the dried solvent and pre-
parative chromatography of the residue gave eremoacetal (47)

(100 mg, 80%) identical in all respects to authentic material.

Preparation of Silver Tetrafluoroborate

To a solution of tetrafluoroboric acid (approx. 0%,
10 ml) was added portions of silver carbonate, slowly and

with stirring until no further effervesence occurred. Filtra-
tion through celite followed by washing the solids with water
(2 x 1 ml) gave a colourless solution of the silver salt, Most
of the water was removed azeotropically using benzene in a Dean
and Stark apparatus. The benzene was vigorously stirred while
light was excluded. On cooling the benzene the salt
crystallised. Rapid filtration followed by drying over
phosphorus pentoxide under vacuum with occasional breaking up
of the lumps gave the salt as an off-white solid (almost

quantitative). The hygroscopic silver salty,when kept in the

dark and well stoppered,was stable indefinitely.

Ethyldiphenylsulphonium Fluoroborate

This was prepared using the procedure described by Trost

125hb

and Melvin using ethyl iodide, diphenylsulphide and silver

tetrafluoroborate. Colourless prisms of Ethyldiphenylsulphonium
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fo) [+
fluoroborate were obtained, m.p. 70-72 (lit.!2%2 70-72 ).

Sulphur Ylide Reaction = Synthesis of Epoxides (162) and (172).

125b was

The procedure outlined by Corey and Chaykovsky
used without modification to prepare the isopropylidene ylide

and react it with aldehyde (82).

Separation of the crude product by preparative t.l.c. gave
higher
recovered aldehyde (50%) and two epoxides. Thef R epoxide
(162) was identical in all respects (m.m.p., i.r., n.m.r. and

t.l.c.) to the major epoxide isomer from peroxidation of eremo-

acetal. None of the epimeric epoxide was detected.

A minor epoxide product (22%) was the 3-(1'-2'-epoxy-
propyl)—l—(furan—3"—yl)—5-methyl—2,8—dioxabicyclo[3.2.{Ioctane
(172) resulting from incohplete alkylation of the intermediate
ylide. 'H n.m.r. (CCl,): & 7.4 (1H, m, H2"); 7.3 (1H, m, H5");
6.3 (1H, m, H4"); 3.6 (1H, ddd, J 10,6,5Hz, H3); 2.8 (1H, dq,

i
J 2,6Hz, H2'); 2.55 (1H, dd, J 2,6Hz, H1); 1.35 (3H, s, 5-CHj3),

>

+

1.25 (3H, d, J 6Hz, 2'-CHs). M/e 251 (MY + 1), 250 (M%), 249
+

(M* - 1), 235, 236, 221, 207, 194, 193, 179, 175, 165, 164,

155, 147, 124, 123, 97, 96, 95 (b.p.), 83, 81, 79, 69, 68, 56.

Sulphur Ylide Reaction - Synthesis of (1'R,1R,35,5R) and

(1's,1r,35,5R) 3-(1',2'-epoxyethyl)-1-(furan-3"-yl)-5-methyl-

2,8-dioxabicyclo[3.2.1] octane (167) and (168).

The ylide was prepared according to the melthod described

by Corey and Chaykovsky!25D

using trimethyloxosulphonium
iodide (0.85 g, 3.8 mmoles), aldehyde (82) (0.65 g, 2.9 mmole)

and 'dimsyl sodium' (8 ml, 0.5 M). After 40 min the reaction
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showed no aldehyde by t.l.c. After 1 h workup as described
by Corey, gave a yellow oil (480 mg). Preparative chromato-

graphy (ether/hexane 1:1) gave a high Rf product, epoxide (167)

(269 mg, 39%) m.p. 67—680 (hexane), (Found: C, 66.2; H, 6.8.
C13H; 604 requires C, 66.13 H, 6.8). vpa, (nujol) 735, 810, 880,
905, 940, 950, 1005, 1120, 1140, 1510, em~'. 'H n.m.r. (CCl,):
§ 7.5 (1H, m, H2"); 7.4 (1H, m, H5"); 6.4 (1H, m, H4"), 3.6

(H, quintet, J 5Hz, H3); 2.9-2.5 (3H, m, H1Y and (H2"),); 1.k
(3H, s, 5-CH3). M/e 237 (Mf + 1), 236 (MY), 235 (M' - 1), 219,
207, 193, 175, 165, 164, 124, 109, 95 (b.p.), 81, 79, 69, 68,

67, 5u.

A low Rf isomer was isolated, epoxide (168) (86 mg, 19%)

m.p. 84-86 , b.p. 120-130/0.5 mm (block) (Found: C, 66.4; H,
7.0. C;3H;604 requires C, 66.13 H, 6.8). vpax (nujol) 800,
860, 870, 900, 930, 1000, 1030, 1070, 1110, 1140, 1150, 1500 cm™>.
'H n.m.r. (CCl,): & 7.45 (1H, m, H2"); 7.3 (1H, m, H5"); 6.4
(1H, m, H4"); 3.7 (1H, dt, J 12,10Hz, H3); 2.9 (1H, m, H1');
2.6 (2H, m, (H2");); 1.4 (3H, s, 5-CHs). M/e 237 (M: + 1),
236 (MY), 235 (M' - 1), 193, 164, 124, 109, 95 (b.p.), 81, 80,

54 cm™ !,

Oxymercuration of Eremoacetal —(l'R,ﬂR,ﬁR)—1—(1‘—{furan—3"—y% -
L

5'methyl—2',8'—dioxabicyclo[é.Z.llocth--3'—vl)n2—methvlpropan~

2-ol (95)

Eremoacetal (47) (0.25 g, 1 mmole) was added to a yellow
. . . ¢ e
suspension prepared by the addition of m%surlc acetate (0.32 g
1 mmole) to a solution of water (5 ml) and tetrahydrofuran

(5 ml). The mixture became colourless after stirring for 2 min.
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After 10 min, sodium borohydride (0.1 g in sodium hydroxide

3M, 5 ml ) was added and the mixture stirred for 2 h. The

clear solution was extracted with methylene chloride (4 x 10 ml),
the extracts dried and the solvent removed to give a colourless

o
oil of aleohol (95) (0.26 g, quantitative). b.p. 135 /0.05 mm

(block) (Found: C, 67.84; H, 8.30. C;sH2,04 requires C, B67.64;
H, 8.33%). vpax (film) 795, 880, 935, 1160, 1510, 1610, 3500

cm . 'H n.m.r. (CCl,): & 7.46 (1H, m, H2"); 7.37 (1H, m,
H5"); 6.43 (1H, m, H4"); 4.27 (1H, m, H3'); 2.8 (1H, brs, exch.
D,0, OH); 1.33 (3H, s, 5'-CH3); 1.22 and 1.17 (each 3H, s,

2-CH; and (H3)3). M/e 266 (M'), 207, 193, 95 (b.p.), 70, 59.

'Methoxymé%uration of Eremoacetal-(lR,3K,5R)-1-(furan-3"-yl)-
n

3-(2'-methoxy—2'—methylprogyl)—5—methyl—2,8—dioxabicyclo(3.2.ﬂ
= 3

octane (96)

The procedure outlined above for the oxymercuration was
with methanol
usedAas solvent in place of water/tetrahydrofuran. Reaction
time was extended to 3 h before the addition of borohydride
(5 equivalents), and then the mixture diluted with water before

extraction. Purification by chromatography gave a colourless

0il of the methowy-acetal (96) (92%) b.p. 138 /0.7 mm (Found:

C, 68.83; H, 8.53. Ci8H2404 requires C, 68.54; H, 8.63%).

Vmax (film) 795, 875, 935, 1010, 1030, 1070, 1155, 1500, 2860
em™'. ' n.m.r. (CCl,): & 7.39 (1H, m, H2"); 7.34 (1H, m, HS5");
6.40 (1H, m, H¥'); 4.17 (1H, m, H3); 3.17 (3H, s, OCH3); 1.35

(3H, s, 5~ClI3); 1.20 and 1.15 (each 3H, s, 2'-CH; and (H3')3).
{ {
(15,18, 35, 5'%)

W i i i
Reduction of Epoxide (167) to‘1—(furan~3"—yl)—5—methyl—2,8—
- JALS

dioxabicyclof3.2.i]—oct-iqf]«methan~hd(169 )
wnl
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IR
The (l'R,dS,SR) epoxide (167) (8 mg) was reduced with
A
lithium aluminium hydride (2-3 mg) in dry ether (2 ml). Work-
up with wet ether after 30 min gave the alcohol (169%a) (7 mg)

as a colourless oil.

Acetylation with acetic anhydride and pyridine gave a
crystalline acetate which was identical (m.m.p., i.r., n.m.r.,
and t.l.c.) to the (1'R,35,5R) acetate (16%9a) formed as a major

product, after acetylation, from a grignard reaction (see below).

IR
Grignard Reactions with Aldehyde (82) - Synthesis of (1'R,35,5R)
A

R i I
and (1's,35,5R)-3-(1'acetoxy ethyl)-1-(furan-3-yl)-5-methyl-2,8-

A
dioxabicyclo13.2.l1octane (169a) and (170a).
L =

(i) To a solution of methyl magnesium iodide (prepared
from 2 mmol methyl iodide, 2.1 mmol magnesium) in ether (10 ml)
was added the aldehyde (82) (300 mg, 1.35 mmoles) in dry ether
at 00. After stirring for 15 min at 00, the mixture was stirred
at room temperature for 15 min followed by addition of ammonium
chloride (saturated, 10 ml). Ether extraction (4 x 20 ml) and
evaporation gave a colourless oil (385 mg). The alcohol isomers
were difficult to separate but the acetates, prepared by reac-
tion with acetic anhydride and pyridine (15 h), (346 mg, 92%)
were separated by preparative t.l.c. (2x, ether/hexane, 1:2).

1R
The high Rf and major product was (l'Rh3S,5R) acetate (169a)

o]
(196 mg, 52%) m.p. 58-59 (Found: C, 64.67; H, 7.35. Cys5H2005

requires C, 64.27, H, 7.19%). v (nujol) 790, 870, 900, 930,

max
950, 1050, 1070, 1150, 1140, 1240, 1500, 1600, 1740, 3180(w) cm™ '.
'H n.m.r. (CCly): & 7.45 (1H, m, H2"); 7.35 (1H, m, H5"); 6.35
(1H, m, H4"); 4.8 (1H, apparent quintet, J 6Hz, H1'); 3.85 (1H,

dt, J 10,6Hz, H3); 2.0 (3H, s, COCHg); 1.35 (3H, s, 5-CH3); 1.2
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(3H, d, J 6Hz, 1'-CHj).

The lower Rf and minor isomer was the (l'SCSS,SR) acetate
(170a) isolated as colourless needles (113 mg, gb%) m.p. 87-89
(Found: C, 64.563 H, 7.4. Ci3sH300, requires C, 64.27; H, 7.78%).
Vpax (nujol) 790, 870, 900, 930, 940, 1050, 1070, 1140, 1150,
1230, 1500, 1600, 1740, 3180(w). 'H n.m.r. (CCl,): ¢ 7.4 (1H,
m, H2"); 7.3 (1H, m, H5"); 6.35 (1H, m, H4"); 4.9 (1H, apparent
quintet, J 6Hz, H1'); 3.9 (1H, dt, J 11,6Hz, H3); 2.0 (3H, s,

COCHs)3 1.35 (3H, s, 5-CH3); 1.2 (3H, d, J 6Hz, 1'-CHj).

s

(ii) When the addition of aldehyde was done at ~70° the

proportion of recovered acetates (62:38) remained unchanged.

}
IR
Grignard Reaction with Aldehyde -~ Synthesis of (15,3'S,5'R)
IR A
and (1R,3'S,5'R) Alcohols (90b) and (90a)
A

(i) Using the Grignard reagent from 2-propyl magnesium

bromide (1.5 eq.) in ether at 0 , the aldehyde (82) gave the

two alcohols (90a) and (90b) (90%).

Acetylation followed by preparative chromatography gave
the minor high Ry acetate (90c) (31%) m.p. 88—890, identical
(m.m.p., n.m.r., i.r. and t.l.c.) to the acetate from hydrobora-
tion/acetylation of eremoacetal (see earlier). The lower Rg
major acetate (90ad) (50%) m.p. 76-78° was identical (m.m.p.,
n.m.r., i.r. and t.l.c.) to one of the products obtained by

hydroboration/acetylation of eremoacetal.

o
(ii) A similar reaction, exceptthat it was done at -70

(2.5 h), gave the alcohols (90a) and (90b) in the ratio of 1:3 .
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Oxidation of Triol (137)

(1) A mixture of silver carbonate (200 mg) and triol
(137) (us mg) in benzene (20 ml) was heated under reflux.
After 3 h no starting material was detected using t.l.c. but
two less polar products were formed. Filtration through celite
and evaporation of the solvent gave a yellow oil of the known

[+]
diketone (ipomeanine) (173) (20 mg, 72%) b.p. 90 /0.05 mm

I+
(block) (1it.2?? 74-79 /10~3 mm). v (film) 870, 1145, 1510,

max
1560, 1680, 1720, 3160 em~'. 'H n.m.r. (CCly): & 8.1 (1H, m,
H2'); 7.45 (IH, m, H5'); 6.8 (1H, m, H4'); 3.0-2.7 (4H, m,

(H2), and (H3)y); 2.2 (3H, s, 4-CH3).

(ii) A suspension of pyridinium chlorochromate (1.4 g,
6.7 mmol), sodium acetate (dry, 0.3 g) in anhydrous methylene
chloride (60 ml) was vigorously stirred while the triol (137)
(250 mg, 0.94% mmol) in methylene chloride (5 ml) was added at
once. After stirring for 2 h a t.l.c. check of the mixture
showed no starting material and four less polar products. After
workup the crude products were purified by preparative t.l.c.

(ether/petroleum ether, 6:4).

The highest R¢, U.V. visualised compound, was the hydroxy

diketone (4R-hydroxymyoporone) (23) (40 mg, 17%) a yellow oil

20 © 20 .Y

which darkened on standing. {d]7oq + 2.7’[d}600 - O.S)Ed]Dz°

© 20 o 20 o 20 ' .
- 1.0’ [-OL]577 - 0.8 )[-()L]sqs - 1.7,[0(,3435 >+ 85 (C, 2.0 in CHC1l3)
(1it.3* [@]D - 0.7 ). v, (film) 875, 1150, 1510, 1565, 1680,
1700(sh), 3160, 3500 cm™!. 'H n.m.r. (CCly): ¢ 8.0 (1H, m, H2');
7.3 (1H, m, H5'); 6.65 (1H, m, H4'); 3.5 (1H, brs, D»0 exch. OH);
2.8 (2H, apparent t, J 8Hz, (H2),); 2.5 (2H, s, (H5)2); 2.3

(2H, d, J 2Hz, (H7),); 2.2-2.1 (1H, obscured m, H8); 1.8 (2H,
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apparent t, J 8Hz (H3),); 1.17 (3H, s, 4-CHs3); 0.93 (6H, d,
J 6Hz, §-CHs and (HS)s). M/e 266 (M:), 167, 166, 143, 123, 99,

95 (b.p.), 85, 67, 57, uO0.

The above spectra and specific rotation agree well with

34

those given for athanagrandione (4R isomer) and the spectra

39

for Y-hydroxymyoporone from sweet potatoes (presumably the

45 isomer).

The more polar products, the unstable keto diols (54)
and (147), (22 mg, 10%) gave complex spectra due to cyclisation
to dihydroeremoacetal (94) and its epimer (148). This was
confirmed by t.l.c. and close examination of the proton n.m.r.
spectrum. Some of the peaks assigned to the ketones (54) and
(147) were: 'H n.m.r. (CCl,): & 8.0 (1H, m); 7.2 (1H, m);
6.7 (1H, m); 2.9 (2H, t) and resonances at ¢§7.2, 6.2 and 1.3

which increased on standing were due to the acetals (94) and (148).

The two highest Ry products acetals (94) and (148) (80 mg,
35%) which could not be completely separated, on re-examination
by t.l.c. showed the presence of the polar dihydroxyketone (147)
due to hydrolysis on the silica. Rechromatography gave the
pure lower Ry dihydroeremoacetal (94) free of its epimer (148).
The pure and stable acetal (94) was identical by t.l.c., i.r.,
n.m.r. and mass spectra to authentic dihydroeremcacetal. The
unstable epimer (148) was not isolated free of (94) but showed

. with fhat of

a '*H n.m.r. spectrum almost identical dihydroeremoacetal (94),

4
except that the 5-CHy was 5Hz further downfield in (148).

©

(ii) When dimethyl sulphoxide/oxalyl chloride (2 eq., -60

20 min) was used to oxidise triol (137) as previously described,
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the products obtained were the same as in (ii) and isolated in
almost identical yields. A new non polar product (12%) also

isolated appeared to be similar to the tetrahydrofuran (135)

(stereéchemistry unknown) formed by a cyclisation process. V..
(film) 785, 870, 905, 1020, 1130, 1150, 1500, 3500 cm '. !'H n.m.r.
(CC1l4): & 7.3 (2H, m, H2"™ and H5"); 6.3 (1H, m, H4"); 4.9 (1H, m,

H5'); 3.8 (1H, m, H2); 1.25 (3H, s, 2'-CH;3); 0.9 (6H, d, J 6Hz,

4~CH; and (HS5)3).

Oxidation of Triols (138)

]

(i) A mixture of triol (138) (100 mg), silver carbonate
200-300 mg), celite (1 g) and benzene was heated under reflux .
. After 15 h, filtration and solvent removal gave a
residual yellow oil (95 mg). Purification by preparative t.l.c.

(ether) gave starting material (10 mg, 10%) and a higher R¢
spectrum

yellow oil (50 mg, 55%) which showed a complex n.m.r. presu-

mably of ketodiol (149) in equilibrium with acetals and hemi-

acetals (perhaps epimeric at C6). v .. (film) 1680, 3500

em !. M n.m.r. (CCly): & 8.0 (m, H2'); 7.3 (m, H5'); 6.7 (m, HY'

6.1 (m, H4'); 2.8 (m, H2); 1.15 (s, 4-CHs); 1.25 (s, CHjz).

M/e 250 (MY - H,0), 207, 127, 110, 109, 95. A minor high Rf

product (10 mg, 11%) showed a similar complex n.m.r. spectra.

(ii) A similar mixture of products was obtained in similar

yields using pyridinium chlorochromate as oxidant.
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Conversion of 4-Hydroxydendrolasin (8) to Dendrolasin (6)

A solution of the acetate (8a) (230 mg) in tetrahydrofuran
(4 ml) and ethanol (2 ml) was added slowly (5 min) to liquid
ammonia (approx. 20 ml) containing dissolved lithium (100 mg).
The blue solution was stirred at ~33° for 30 min, ammonium
chloride (0.5 g) was cautiously added and the ammonia allowed
to evaporate over 2 h. After the addition of water (30 ml)
the mixture was extracted with ether (3 x 20 ml). The ether
extract was washed with brine and evaporated to give a colourless
oil (180 mg, 93%). Separation of the components was achieved
by preparative g.l.c. using 3% OV-17 on gas chrom.Q (100-120#)

in a 2.2 m x 3 mm glass column at 150° .

Four very minor components (total 10%) were not examined.
The first of the two major products to be eluted was 9-=(furan-
3'-yl)-2,6~-dimethylnona-3,6-diene (6a) (26%). vy (film)
780, 870, 970, 1020, 1060, 1160, 1500, 1570(w) em™ 1. 1H n.m.r.
(CCly): 6 7.3 (1H, m, H5')y 7.2 (1H, m, H2'); 6.2 (1H, m, H4');
5.4-5.1 (3H, m, H3, HY and H7); 2.6 (2H, m, (HS5),); 2.5-2.0
(5H, m, H2, (H8), and (H9),); 1.6 (3H, brs, 6-CHz); 0.95 (6H,
d, J 7Hz, 2-CHs and (H1)3). M/e 218 (M%), 203, 185, 175, 161,
136, 121, 95, 81 (b.p.), 69, 67, 55. The second major product
was dendrolasin (6) (63%) with !H n.m.r.,i.r., m.s., and t.l.c.

. . . d .
data identical to those of authentic denrolasin.?!

A

(4R,65)-9- (furan-3'-yl)~2,6-dimethylnonane-2,4,6-triol (183)

A solution of alecochol (95) (1.1 g, 4.1 mmol) in dry tetra-
hydrofuran (10 ml) was added slowly (5 min) to a solution of
lithium (0.28 g, 40 mmol) in ammonia (approx. 100 ml). The

[«]
mixture was stirred for 3 h at -33 after which time isoprene

was added dropwise to discharge the blue colour. Ammonium
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chloride (1 g) was cautiously added and the ammonia allowed to
evaporate overnight. After addition of water (20 ml) the mix-
ture was extracted with methylene chloride to give the crude
product (1.05 g, 95%). Chromatography on silica gel (ether/
hexane, 4:1) gave starting material (300 mg, 27%) followed by

triol (183), as a colourless viscous oil (660 mg, 63%) (Found:

C, 66.36; H, 9.57. C;sH260, requires C, 66.63; H, 9.69),

Vpax (film) 785, 865, 875, 1025, 1160, 1510, 3400 em™!. ‘'H
n.m.r. (CCly): 6 7.3 (1H, m, H5'); 7.2 (1H, m, H2'); 6.2 (1H,
m, H4'); 4.7-4.3 (4H, brm, D,0 exch. in part; 30H and HY4); 2.4
(2H, m, (H9),); 1.3, 1.2 and 1.1 (each 3H, 3s, 2-CH;, (H1l)3; and
6-CHs). M/e 270 (M¥), 268, 252, 237, 234, 219, 216, 179, 178,
161, 153, 135, 134, 125, 95, 94 (b.p.), 87, 85, 83, 82, 81, 79,

59.

Synthesis of (-)-4-Hydroxydendrolasin from the Triol (183)

(1) The triol (183) (1.2 g) was acetylated with acetic
anhydride in pyridine at room temperature for 15 h. The mono-
acetate, 6-(furan-3'-yl)-3-hydroxy-1-(2'-hydroxy-2'-methylprop-
1'-yl)-3-methylhexanyl acetate (1.4 g) was obtained as an
almost colourless oil. 'H n.m.r. (CCLly): & 7.14% (1H, m, H5');
7.03 (1H, m, H2'); 5.94% (1H, m, H4'); 5.17 (1H, m, H1); 4.1
(2H, brs, D,0 exch., 2 OH); 2.34 (2H, m, (H6)2); 1.92 (3H, s, CH3CO
1.18 (9H, s, 3-CH3, 2'-CHs; and (H3')3). The acetoxydiol was

dehydrated without further purification.

(ii) Thionyl chloride (1 ml) was added dropwise with
vigorous stirring to a solution of acetoxydiol from (i) in
pyridine (10 ml) and dry ether (20 ml) at 0 . After 10 min,
water was. added, the layers separated, and the ether layer

washed with acidified brine. Evaporation of the solvent gave
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an oil (1.2 g) which on reduction with lithium aluminium
hydride (0.2 g) in dry ether (50 ml), gave a mixture of olefinic

alcohols (0.97 g, 80% from triol).

Chromatogrpahy of the mixture on silica gel (ether/hexane
1:2) gave trienes (2%), chlorides (6%), non-allylic alcohols
(14%), allylic alcohols (21%) and a mixture of diols and triols

(36%).

The least polar product isolated pure, was the dienol

(4R, E and Z) 9-(furan-3'-yl)-2-methylene-6-methylnon-6-en-4-ol
Y

(30 mg) (Found: m/e 234.1623, C;sH,204 requires 234.1620) vpax
(film) 780, 880, 890, 1025, 1060, 1160, 1505, 1620, 3100(w)

3570 em™!. 'H n.m.r. (CCl,): & 7.17 (1H, m, H5'); 7.05 (1H, m,
H2'); 6.10 (1H, m, H4'); 5.17 (1H, m, H7); 4.69 (2H, brs, =CH,);
3.73 (1H, brm, H4); 2.35-2.0 (SH, methylene, OH); 1.68, 1.58
(6H, brs, Z and E isomer for 6-CH3; and (H1)3). M/e 234 (MT), 219,

216, 201, 179, 150, 35, 94, 85, 82, 81 (b.p.), 69, 57, 55.

The fraction containing the allylic alcohols was rechroma-
tographed on silver nitrate (10%) impregnated silica gel (ether/
hexane, 1:1) to give a mixture of F and Z isomers of Y-hydroxy-
dendrolasin (8). Latter fractions contained what was probably
the 6-methylene derivative, 9-(furan-3'-yl)-2-methyl-6-
methylen%&on-?-en—u—ol. 'H n.m.r. (CCl,): & 7.17, 7.05 (each
1H, m, H5' and H2'); 6.0 (1H, m, H4'); 5.05 (1H, d, J 7Hz, H3);
4.70 (2H, brs, =CH,); 4.32 (1H, m, H4); 2.6 (1H, brs, D,0 exch.,

OH); 1.66 (5H, brs, 2-CH; and (H1)s3).
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The mixture of EF and Z isomers of (8) was esterified
with 1,1'-biphenylcarbonyl chloride in pyridine and the
esters separated by h.p.l.c. (silica, 10u), using ethyl acetafe/
hexane (6:500). The Z isomer (8c) eluted first. !'H n.m.r.
(CC1ly): S8 7.95 (2H, d, aromatic); 7.5-7.0 (9H, H2', H5' and
aromatic); 6.11 (1H, m, H4'); 5.77 (1H, 4t, J 8,6Hz, HY);

5.17 (2H, m, H3 and H7); 1.75 (9H, brs, 2-CHz, 6-CH; and (H1);).

The 'H n.m.r. spectrum of the E isomer (8b) was identical
with that of fhe 1,1'-diphenylcarboxylate ester of U4-hydroxy-
dendrolasin, disolated from the plant, (CCly): & 7.96 (2H, d,
aromatic); 7.5-7.0 (9H, H2', HS5' and aromatic); 6.04 (1H, m, Huy')
5.77 (1H, dt, J 8,7Hz, H4); 5.13 (2H, m, H3 and H7); 1.74

(5H, brs, 2-CH; and (H1);3;); 1.67 (3H, s, 6-CHj).

Reduction of the E isomer, ester (8b), with lithium aluminum
hydride, followed by chromatography on silica gel gave, U-
hydroxydendrolasin (8), [a]D17 - 157+ 2° (c, 1.6 in CHC13)

natural (8), [a]D17 - 15.8b . Both the synthetic and natural
samples of (8) had identical spectral data (n.m.r., i.r. and
ms) and chromatographic properties (silica and silver nitrate

impregnated silica gel).

Oxidation of 4-Hydroxydendrolasin (8) to (£)-9-(furan-3'-yl)-

2,6~dimethylnona-2,6-dien -4-one (179)

(i) U4-Hydroxydendrolasin (8) (100 mg) was heated under
ref lux in benzene (15 ml) with silver carbonate on celite
(0.5 g).'?? After 6 h, examination of the mixture by t.l.c.
showed no starting material and the presence of one major

product. Filtration of the solution, evaporation of the solvent
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and purification of the residue by preparative t.l.c. (ether/

hexane, 1:9) gave (E)-9-(furan-3'~vl)-2,6-dimethylnona-2,6-

diene-4-one (179) (85 mg, 86%), b.p. 120°/0.1 mm (block)

(Found: C, 77.73; H, 8.85). C3sH300, requries C, 77.63; H, 8.7).
Vpax ¢(film) 780, 870, 1020, 1160, 1380, 1500, 1620, 1690, 3160
em™'. !'H n.m.r. (CClq); § 7.4 (1H, m, H5'); 7.3 (1H, m, H2');
6.3 (1H, m, H4'); 6.1 (1H, brs, 1I13); 5.3 (1H, m, H7); 3.0

(2H, s, (H5)2)3; 2.1 (3H, s, 2-CHj3); 1.9 (3H, s, (H1)3); 1.6

(3H, s, 6-CH3).

(ii) An oxidation of (8) using manganese dioxide in light

petroleum gave mainly trienes resulting from dehydration.

(1ii) A solution of alcohol (8) (100 mg) in dry methylene
chloride (2 ml) was added to a stirred suspension of pyridinium
chlorochromate (300 mg) in dry methylene chloride (10 ml).
After 2 h, t.l.c. showed the absence of starting material
and the presence of two products. Workup followed by prepara-
tive t.l.c. (ether/hexane, 1:9) gave the dienone (179) (35 mg,
35%) and a minor product (12 mg, 12%) of lower Rgf. The 'H

n.m.r. spectrum was consistent with (1890), , 6-(furan-3'-

yl)-3-methylhex-3-enal !H n.m.r.S(CC14X9.7 (1H, t, J 2Hz, H1);

7.35 (1H, m, H5'); 7.25 (1H, m, H2'); 6.25 (1H, m, H4'); 5.4
(1H, m, H4); 3.0 (2H, d, J 2Hz, (H2)2); 2.6-2.2 (4H, m, (HS5):
and (H6)2); 1.65 (3H, s, 3-CH3s). vy, (film) 780, 870, 1020,

1060, 1150, 1500, 1730, 2750, 3160(w) cm~'.

Isomerisation of Dienone (179) to E and Z Dihydrophymaspermones

(42/43)
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(i) The dienone (179) (50 mg) was warmed in a mixture
of methanol (5 ml) and aqueous sodium hydroxide (1M, 2 ml) at
60° for 3 h. The methanol was removed under reduced pressure
and the aqueous solution was extracted with methylene chloride
(2 x 5 ml). Evaporation of the solvent and preparative t.l.c,
(ether/hexane, 1:3) of the residue gave a mixture of E and Z
dihydrophymaspermones (42) and (43) (25 mg, 50%), identified

by spectral comparison with authentic material.

(ii) The dienone (179) (90 mg) was allowed to stand in
methanol (3 ml) containing sodium methoxide (40 mg) at room
temperature for 15 h. Isolation as described above and
preparative t.l.c. (ethyl acetate/hexane, 1l:3) gave starting
material (40 mg, 45%) and the.methanol addition product,

9- (furan-3'-yl)-2-methoxy-2,6-dimethylnon-6-en-4-one (181 )

(50 mg, 45%) e (film) 780, 870, 1020, 1065, 1160, 1500,

b
1715 em™ . 'H n.m.r. (CCl,): & 7.4 (1H, m, H5'); 7.3 (1H, m,
H2'); 6.3 (1H, m, H4'); 5.3 (1H, m, H7); 3.2 (3H, s, OCHj3); 3.05
(2H, s, (HS5)2); 2.5 (2H, s, (H3)2); 2.5-2.3 (4H, m, (H8)y and
(H9)2):; 1.6 (3H, brs, 6-CH3z); 1.2 (6H, s, 2~-CH; and (H1)3).

M/e 264 (M), 249, 232, 135, 123, 119, 117, 95, 85 (b.p.),

81, 73, 55. The product was not characterised further but was
treated with sodium methoxide in deuterated methanol (MeOD)
under the same conditions. D,0 (2 ml) was added before extrac-
tion. N.m.r. analysis showed the product was an approximately
1:1 mixture of starting material (181) and dienone (179).
Integration of the p.m.r. spectrum revealed that deuterium
incorporation was essentially complete o to the carbonyl group

(C3 and 5) in both compounds, but little. exchange had occurred

at C7 or at the methyl groups.
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Attempted Equilibration of Dihydrophymaspermones (42/43)

with Sodium Methoxide

A mixture of the F and Z dienones (42/43) (200 mg),
methanol (5 ml) and sodium methoxide (50 mg) was allowed to
stand at room temperature for 15 h. Most of the methanol
was removed under vacuum, water (10 ml) added and the mixture
extracted with methylene chloride (2 x 10 ml) to yield a
yellow oil. Purification by preparative t.l.c. (ethyl acetate/
hexane, 1l:4) gave mainly starting material together with the
methanol addition product, 9-(furan-3'-yl)-2-methoxy-2,6-
dimethylnon-5-en-4-one (182) (50 mg, 22%). 'H n.m.r. (CCly)
§ 7.3, 7.2 (each 1H, m, H5' and H2'); 6.2 (1H, m, H4'); 6.1
(1H, brs, H5); 3.2 (3H, s, OCﬁa); 2.4 (2H, s, (H3)2); 2.1
(3H, brs, 6-CHz); 1.2 (5H, s, 2-CHs; and (H1l)3). v . (film)

780, 870, 1020, 1070, 1160, 1500, 1610, 1680 cm™'. A weak

1l

absorption at 1720 cm™" indicated the presence of a small

quantity of non-conjugated ketone.

Attempted Oxymercuration of 4-Hydroxy-Dendrolasin and 4-

Acetoxy~Dendrolasin

(i) The alcohol (8) (220 mg, 0.94% mmol) in tetrahydro-
furan (1 ml) was added to a solution of mercuric acetate (0.62
g, 2 eq) in water/tetrahydrofuran (1:1, 10 ml). A colourless
solution was formed after stirring for 2-3 min and a white
precipitate formed. After 5 min a solution of sodium borohy-
dride (0.25 g) in sodium hydroxide (12% aqueous, 10 ml) was
added slowly with external cooling. The solution was stirred
for a further 30 min, saturated with sodium sulphate and

extracted with ether (5 x 20 ml). The combined dried extracts
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were evaporated to give a pale yellow oil (260 mg).

The t.l.c. of this product showed it to be a complex
mixture including starting material. The procedure was
repeated with the mixture obtained to give an oil (200 mg)
which contained no starting material and was a complex mixture
by t.l.c. The 'H n.m.r. spectrum showed that the furan content

in the mixture was low.

(ii) The above procedure was applied to the acetate (8a)
(110 mg, 0.4 mmol) and mercuric acetate (320 mg, 1 mmol) in
aqueous tetrahydrofuran. A complex mixture of starting material

and other products was again obtained (by t.l.c.) and the 'H

n.m.r. spectrum showed the mixture was low in furans.

Epoxidation of 4-Acetoxy-Dendrolasin (8a)

To a stirred solution of the acetate (8a) (50 mg, 0.18
mmol) in methylene chloride (2 ml) cooled to 0o was added a
solution of gfchloroperoxybenzoic.acid (85% pure, 100 mg) in
methylene chloride (2 ml) dropwise over 5 min. After 15-20
min no starting material was detected by t.l.c. A solution of
sodium hydroxide (3%, 2 ml) containing sodium éulphite (100 mg)
was added and the mixture stirred at room temperature for 2 h.
Separation of the organic layer, further extraction of the
aqueous (2 x 2 ml, methylene chloride) and removal of the sol-

vents gave an oil (32 mg). The t.l.c. of the product showed

two products and some polar products near the origin,

When the reaction was carried out at —200, the epoxidation
required 3 h before starting material could no longer be

detected by t.l.c. The recovered yield of crude product was



246

the same,

H.p.l.c. (lichrosorb, ether/hexane, 1:2) gave the high
Rf Cé&lepimer, (45)-3'-(4-acetoxy-§£,7-epoxy-2,6-dimethylnon~
2-enyl)furan (184) (30%) 'H n.m.r. (CCl,): & 7.3 (1H, H5');
7.24 (1H, m, H2'); 6.25 (1H, m, H4'); 5.6 (1H, dt, J 5,9Hz,
Hy4); 5.05 (1H, brd, J 9Hz, H3); 2.7-2.4 (3H, m, H7 and (H9),);
1.95 (3H, s, COCH3); 1.7 (6H, s, 2-CH3 and (HI)3); 1.25 (3H, s,

6-CH3).

The lower Rf isomer was . the Cg7epimer of
epoxide (184) (30%). 'H n.m.r. (CCly): & 7.3 (1H, m, H5');
7.25 (1H, m, H2'); 6.25 (1H, m, H4'); 5,55 (1H, d,t, J 7,10Hz,
H); 5.05 (1H, brd, J 10Hz, H3); 2.7-2.4 (3H, m, H7 and (H9)2);
1.98 (3H, s, COCHs); 1.7 (6H, s, 2-CH3; and (Hl)3); 1.2 (3H, s,

&-CH3j) .

Attempted Further Epoxidation of Epoxide (184)

The epoxy-acetates (184) (30 mg) in methylene chloride (3 ml)
and m-chloroperoxybenzoic acid (60 mg) were stirred at room
temperature. After 1 h no starting materials were detected.
Workup, as before, gave an oil (9 mg) which contained no furan

protons in the n.m.r. spectrum.
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Conversion of Dihydrophymaspermones (42) and (43) to Diene

(46)

A . mixture of F and Z dihydrophymaspermones (42) and (43)°
(300 mg) in methanol was reduced with sodium borohydride in

the presence of cerium trichloride.®®

Workup gave a colourless
oil (380 mg) which , after rapid chromatography on a short
column of alumina,gave a mixture of allylic alcohols (8e and
186) (230 mg). The unstable alcohols were not separated, but
instead, some of the mixture (200 mg) was treated with methane-
sulphonyl chloride (150 mg) in pyridine (2 ml) for 1 h at room
temperature. The mainly non-polar product (150 mg), after
chromatography through a short column of alumina to remove

polar impurities, consisted of the unstable isomeric trienes

(187) and cyclic material in a ratio of 4:1 (n.m.r.).

Treatment of the mixture (150 mg) with a few crystals of
Pp-toluenesulphonic acid in carbon tetrachloride solution for
2 h at room temperature, gave a mixture which included about
50% of cyclised products by n.m.r. Chromatography on silica

gel and silver nitrate (10%) impregnated silica gel gave (46)

(65 mg).

The product was identical in all respects ('H, '3C, i.r.,
m/s spectra and t.l.c. comparison) with the product (46) iso-

lated from the plant extract.

Partial Hydrogenation of Diene (46)

The diene (46) (100 mg) was hydrogenated in ethanol using
P, nickel as catalyst!*® for 2 days at room temperature.

After filtration through alumina the solvent was removed under
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reduced pressure to give a colourless oil (85 mg). Purification
by preparative t.l.c. (hexane) gave starting material (46 mg,
48%) and two higher Rf products. The higher R¢ product was

7-methyl-7-(4'-methylpent-1'-enyl)-4,5,6,7-tetrahydrobenzofuran

(190) (20 mg) (Found: m/e 218.1663. C;5H,,0 requires m/e
218.1670). Vimax (film) 730, 900, 985(s), 1100, 1150, 1510 Cm-{l
'H n.m.r. (CCly): & 7.02 (1H, d, J 2Hz, H2); 5.94 (1H, d, J
2Hz, H3); 5.2 (2H, m, H1' and H2'); 2.25 (4H, m, (H4), and
(H3)2); 1.13 (3H, s, &—CHa); 0.92 (6H, d, J 6Hz, 4'-CH3; and

(H5')3). M/e 218 (M%), 203, 161, 147, 135, 116, 104, 91, 79, 55.

The more polar preduct from chromatography was 7-methyl-

7-(4'-methylpent-3'-enyl)-4,5,6,7-tetrahydrobenzofuran (191)

(20 mg) (Found: M/e 218.1671. C;sH2,0 reugires m/e 218.1670).
Vmax (film) 685, 720, 890, 1100, 1145, 1365, 1500 cm~!. !H
n.m.r. (CCl,): § 7.0 (1H, d, J 2Hz, H2); 5.92 (1H, d, J 2Hz, H3);
5.1 (1H, m, H3'); 2.37 (2H, m, (H4),); 1.62 (12H, m, 4'-CHj
(H5')3; and methylene); 1.2 (3H, s, 7-CH3); 0.89 (2H, t, J 6Hz,
(H1')3). M/e 218 (M%), 203, 161, 149, 147, 135 (b.p.), 117,

105, 91, 79, 71, 69, 55.
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Synthesis of 3-Benzyloxybutan-1l-ol (221)

Ethyl crotonate (114 g, 1 mmol) containing 2,6~ditert-p-
cresol (0.1 g) as a radical inhibitor, was heated at 120° with
benzyl alcohol containing predissolved sodium hydride (0.5 g).
After 20 h the mixture showed very little of the product by
examination of the p.m.r. spectrum. Solid potassium hydroxide

B o
(2 g) was added and the heating continued at 150 .

After 55 h no further change was observed in the mixture by

n.m.r. Ether (150 ml) was added and the mixture washed with

én :
acetic acid (20%, 2 x 20 ml) water (2 x 10 ml). Dfﬂ)ﬂg, and

N yave
removal of solvent gave the crude products. Distillaﬁanethyl

crotonate, ethanol and benzyl alcohol followed by benzyl croton-

o
ate (85-100 /0.3 mm) from ester exchange.

The distillation residue was predominantly the mixed ethyl

and benzyl esters of the addition product (210)-

The crude mixed esters (220) (105 g) were added in ether
(100 ml) over 1 h to a stirred suspension of lithium aluminium
hydride (10 g) in ether (500 ml) with an efficient condenser
After stirring overnight workup and distillation gave the 3-
benzyloxybutan-1l-ol (221) (52 g, 29% overall) b.p. 1040/0.6 mm.
H n.m.r. (CC1l,): & 7.3 (5H, s, aromatic); 4.6 (1H, d, J 12Hz,
-OCH-arom.); 4.4 (1H, 4, J 12Hz, -0-CH arom.); 3.7-3.2 (4H, m,
(H1),, H3, OH); 1.65 (2H, dt, J 6,5Hz, (H2),); 1.15 (3H, d, J

7THz, 3-CHj).

Synthesis of 3-Benzyloxy-l-chlorobutane (222)

The alcohol (221) (52 g, 0.29 mmol) was converted to the
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chloride (using the method described in 'Organic Synthesis,
54, 63') with carbon tetrachloride (200 ml) and triphenyl-

phosphine (97 g, 0.37 mmol).

Purification by distillation gave a colourless oil of
the chloride (222) (50 g, 88%) b.p. 72°/0.3 mm. 'H n.m.r.
(CC1,): 6§ 7.3 (5H, s, aromatic); 4.5 (1H, d, J 12Hz, O-CH-arom.)
4.4 (1H, d, J 12Hz, 0O-CH-arom.); 3.8-3.5 (3H, m, (H1l), and H3);

2.0-1.7 (2H, m, (H2),); 1.2 (3H, d, J 6Hz, 3-CHj).

Synthesis of 3-Benzyloxy-l-iodobutane (223)

’

Chloride (222) (24 g, 0.121 mmol), sodium iodide (anhy-
drous, 20 g, 0.133 mmol) and acetone (100 ml) were heated, under
reflux. After 20 h, the n.m.ggigﬁrﬁgg mixture showed that
approximately 70% exchange had occurred. Further sodium iodide
(5 g) was added and the mixture heated for 30 h. Most of the
acetone was removed by distillation and dilute sodium thiosul-
phate (1% aqueous, 100 ml) added to the residue. The mixture
was extracted with hexane (3 x 50 ml), the extracts washed
with water, dried and the solvent removed to give a colourless
0il of the pure iodide (223) (35 g, 97%). 'H n.m.r. (CCl,):

6§ 7.3 (5H, brs, aromatic); 4.6 (1H, d, J 12Hz, O-CHPh); Uu.4
(1H, d, J 12Hz, 0-CH-Ph), 3.6 (1H, apparent q, J 6Hz, H3);
3.25 (2H, t, J 6Hz, (H1),); 2.0 (2H, m, (H2),); 1.2 (3H, d, J

6Hz, 3-CHj).

Preparation of l-(furan-3'-yl)-4-benzyloxypentan-l-one (213)

from Iodide (223).

(i) Lithium pieces (containing 1% alloyed sodium, 800 mg,

114 mmol) were stirred in dry ether (50 ml) under nitrogen at
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-30° while a solution of iodide (223) (16.0 g, 55 mmol) in

ether (20 ml) was added slowly over 2 h. The solution assumed

a yellow colour while most of the metal dissolved. After 6 h

at -20 to -30 the yellow solution was transferred (via a double
ended needle) into a suspension of lithium 3-furocate in ether
(20 ml). (The lithium carboxylate was prepared by the slow
addition of methyl lithium (1 equivalent) to 3- furoic acid

(3 g, 26.8 mmol) in dry ether at -30 to -20° with stirring.)

The suspension was stirred for 2 h at Oo, overnight at
room temperature and transferred slowly with vigorous stirring
into a saturated solution of ammonium chloride (100 ml).
Separation of the organic layer and extraction of the aqueous
(2 x 50 ml) followed by drying and evaporation of the combined

solvents gave the crude products as an orange oil (10.5 g).

Chromatography on neutral alumina (ether/hexane, 1l:U4)
gave 2-benzyloxybutane (227) (5.0 g, 50%) vpgx (film) 685, 730,
1030, 1060, 1090, 110, 1130, 1500 cm~'. !H n.m.r. (CCl,):
§ 7.3 (5H, brs, aromatic); 4.5 (2H, apparent s, 0-CH,-Ph);
3.4 (1H, m, H1); 1.5 (2H, m, (H3),); 1.1 (3H, d, J 6Hz, 2-CHj);
0.9 (2H, t, J BHz, (H3)1). M/e 164 (M+), 163, 135, 107, 99,

92, 91 (b.p.), 77.

Further elution gave the coupled product 2,7-dibenzyloxy-
octane (2.0 g, 20%). vpax (film) 680, 720, 1020, 1060, 1080,
1490 em™'. 'H n.m.r. (CCl,): & 7.3 (1l0H, apparent s, aromatic);
.45 (4H, 24, J 12Hz, OCHz-arom.); 3.4 (2H, m, H2 and H7); 1.4
(8H, brs, (H3),, (H4),, (H5), and (H6),); 1.1 (3H, 4, J 6Hz,
2-CHy); 0.9 (2H, t, J 6Hz, (H3)y). M/e 326 (M'), 271, 236, 235,

219, 181, 135, 129, 127, 111, 107, 92, 91 (b.p.) 69, 65.
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Continued elution with neat ether gave a yellow oil of

the required ketone, 1l-(furan-3'-yl)-4-benzyoxy-pentan-l-one

(213) (1.7 g, 25% based on the acid) b.p. 130° /0.1 mm (Found:
C, 74.3; H, 6.7. CieH1603 requires C, 74.43; H, 7.0%). Vpax
(film) 730, 870, 1150, 1515, 1565, 1680, 3180 cm™'. 'H n.m.r.
(CC1ly): & 7.95 (1H, m, H2'); 7.4 (1H, m, H5'), 7.3 (5H, s,
aromatic); 6.7 (1H, m, H4'); 4.6 (1H, d, J 11Hz, OCH-arom.); 4.3
(1H, 4, J 11Hz, OCH-arom.); 3.5 (1H, n, H4); 2.7 (2H, t, J 6Hz,
(H2),); 1.9 (2H, m, (H3),); 1.1 (3H, d, J 6Hz, (H5);3). *'3C

n.m.r. see appendix.

Continued elution gave a yellow oil identified as the

diketone (231) 4—benzyloxy—lu[2'—(furan—3ﬂoyl)furan—3'—y11
l i

pentan-l-one (0.4 g, 7%) (Found: C, 71.53 H, 6.0. C21H200s

requires C, 71.63 H, 5.7%). vpay (film) 680, 740, 780, 84O,
1150, 1480, 1510, 1570, 1635, 1700-1680 (br), 3180 cm™*. 'H
n.m.r. (CCl,): & 8.4 (1H, d4d, J 0.8,1.6Hz H2"); 7.45 (1H, d,

J 1.6Hz, H5'); 7.40 (1H, dd partly obscurred, H5"); 7.30 (5H,
s, aromatic); 6.95 (1H, dd, J 0.8,1.6Hz, H4"); 6.65 (1H, d,

J 1.6Hz, H4'); 3.1 (2H, t, J 7Hz, (H2)2); 1.9 (2H, m, (H3)2);
1.2 (3H, d, J 6Hz, (H5)3). '*C n.m.r. see appendix. M/e

352 (MY), 334, 319, 261, 247, 2u6, 243, 217, 204, 189, 176, 95,

91 (b.p.), 77, 65.

(ii) When the chloride (222) was substituted for the
iodide (223) in the above procedure and metal dissolution
allowed to proceed for 4 h before transfer to the lithium car-
boxylate, isclation of products gave the ketone (213) (36%),

diketone (231) (7%) and (227) (50%).
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Attempted Grignards Preparations using Chloride (222)

and JTodide (223)

(i) Using standard conditions for Grignard initiation,
the chloride (222) could not be induced to form a Grignard
reagent in ether.

(ii) The use of the iodide (223), however resulted in
the dissolution of most of the magnesium after 2 h at 340.
Workup of a portion with D,0 gave only the protonated product
(227) and coupled product with no significant deuterium incor-

;

peration (by n.m.r. or m/s).

Preparation of Methyl t-Butyl Ether

This ether was prepared by the procedure of Norris and

. 165 o 1 N c. 165 e
Rigby in 90% yield, b.p. 55 (lit. b.p. 55 ).

The ether was dried by refluxing with sodium and benzo-

phenone until blue, followed by distillation.

Attempted Preparation of Ketone (213) in Methyl t-Butyl Ether

The same procedure as previously described was followed
using chloride (222) in methyl t-butyl ether at -20 to -10°
for 2 h before transfer to the lithium carboxylate. Workup

gave only the benzyl ether (227) and starting material (222).

Attempted preparation of Ketone (213) in Tetrahydrofuran

Essentially the same procedure as previously described

for preparation in diethyl ether was followed.

Tetrahydrofuran (distilled from lithium aluminium hydride)
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was used as solvent and the temperature kept at -40 to -30
for 3 h during dissolution of the metal. ’After transfer to
the lithium carboxylate the mixture was stirred at -30 °
for 1 h, 0o for 1 h and room temperature overnight. Workup
gave no furan containing products. Chromatography of the
products (ether/hexane, 1:9) gave 2-benzyloxy-5-phenylpentane
(229) (54%). vpax (film) 680, 720, 760, 1020, 1060, 1090,
1125, 1500, 1600, 3040, 3060, 3100 cm™!. 'H n.m.r. (CCl,):

§ 7.25 (5H, s, arom.); 7.15 (5H, s, arom.); 4.4 (2H, 24, J
12Hz, -OCH,Ph); 3.4 (1H, m, H2); 2.6 (2H, m, (H5)2); 1.8-1.4
(4H, m, (H3), and (H4),); 1.1 (3H, d, J 6Hz, (H1)s). M/s

+
254 (M-), 162, 145, 104, 91 (b.p.), 77, B5.

The more polar product isolated as a sweet smelling colour-
less oil was 5-phenylpentan-2-ol (228) (36%). v .. (film)
685, 740, 1080, 1120, 1500, 1600, 3040, 3400 cm . 'H n.m.r.
(CCly): & 7.2 (5H, s, arom.); 3.6 (2H, m, H2, OH); 2.6 (2H,
m, (H5),); 1.9-1.3 (4H, m, (H3), and (H4),); 1.1 (3H, 4, J 6Hz,
(H1)3). M/s 163 (MzL - 1), 1ub (M-!r - H,0), 131, 117, 104 (b.p.),

91, 65, 45,

A minor non polar product isolated was probably dibenzyl
(5%). 'H n.m.r. (CCl4): & 7.1 (10H, s, arom.); 2.9 (4H, s,

methylene).

In Situ Preparation of 4-Benzyloxy-l-(furan-2'-yl)pentan-l-one

(230)

2-Furoic acid (440 mg, 4 mmol) in dry ether (20 ml) was

converted to the lithium salt by the slow addition of methyl

lithium (4 mmole) with stirring at -40 under nitrogen. Lithium
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(containing 0.2% alloyed sodium 70 mg, 10 mmoles) and the
chloride (222) (1.0 g, 5 mmoYifsdded and the mixture stirred
at —300. After 2 h no reaction was evident so the mixture
was stirred overnight at room temperature. The solution

was transferred slowly with vigorous stirring into a concen-
trated aqueous solution of ammonium chloride. Extraction of
the aqueous solution with ether (2 x 50 ml) gave a yellow oil.
Preparative t.l.c. (ether/hexane, 1:9) gave the ether (227)
(12%), starting material (222) (35%) and benzyl-2-— furangl
ketone (232) (5%). 'H n.m.r. (CCly): & 7.6 (1H, m, H5 )3
7.2 (1H, m, H3 ); 7.25 (5H, s,pheayl H )3 6.5 (1H, m, H4 )}

4.05 (2H, s, CH;Ph ).

The lower Rf product was the 2-furyl ketone (230) (4u%)
Vmax (£ilm) 685, 725, 760, 880, 1130, 1465, 1495, 1570, 1680,
3150-3120 em~'. *H n.m.r. (CCl,): & 7.5 (1H, m, H5'); 7.25
(5H, s, aromatic); 7.1 (1H, m, H3'); 6.4 (1H, m, H4'); L.b4
(2H, 2d, J 1luHz, O0-CH,-Ph); 3.6 (1lH, m, H4); 2.9 (2H, t, J
6Hz, (H2),); 1.9 (2H, m, (H3),); 1.2 (3H, d, J 6Hz, (H5)3).
M/s 259 (MY + 1), 241, 216, 186, 167, 151, 152, 135, 124,

123, 121, 110, 107, 99, 95, 91 (b.p.), 77, 65.

An 'in situ' Preparation of Ketone (213) in Diethyl Ether.

3-Furoic acid (6.7 g, 60 mm0l) in dry ether (100 ml)
was deprotonated by the slow addition of methyl lithium
(1 eq.) with stirring at -30 to —MOO. The dry and freshly
distilled chloroether (222) (15 g, 75 mmol) was added
followed by lithium alloy (containing 0.2% sodium, 1.4 g, 200

o
mmol). The mixture was stirred under nitrogen at -50 to -u0

until most of the lithium had dissolved (approx. 2 h). After
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3 h the mixture was slowly transferred into a vigorously
stirred solution of ammonium chloride (saturated agueous soln.,
200 ml). The aqueous solution was extracted with ether |
(3 x 100 ml), the ether extracts dried and evaporated under
reduced pressure to give an orange oil (18 g). Chromatography
of the crude product on neutral alumina gave the ketone

(213) (63%), diketone (231) (5%) and ether (227) (20%).

Reduction of Ketone (213) to 4-Benzyloxy-1l-(furan-3'-yl)-

pentan-1-ol (21Y4).

I}

To a suspension of lithium aluminium hydride (0.8 g,
21 mmol) in dry ether (150 ml) was added the ketone (213)
(18 g, 70 mmol) in ether (50 ml) over 30 min. After stirring
for 30 min, water (1 ml) was cautiously added followed by
sodium hydroxide (3 ml, 15% aqueous solution) and water (1 ml),
stirring for 20 min after each addition. Sodium sulphate
(anhydrous, 10 g) and celite (2 g) were added, the
solution stirred for 15 min, filtered and the solids washed
with ether (50 ml). Evaporation of the solvent gave a colour-

less oil of the alcohol (214) (18.5 g, quantitative) b.p.

1400/0.1 mm (Found: C, 73.5; H, 7.4 .Ci1¢H2003 requires

C, 73.8; H, 7.7%). Vpax (film) 680, 730, 870, 1020, 1130,

1150, 1500, 3400 em™'. !'H n.m.r. (CCly): & 7.3 (7H, s, arom.,
H2' and H5'); 6.2 (1H, m, H4'); 4.4 (3H, m, -OCH,Ph and H1);
3.45 (1H, m, H4); 2.8 (1H, brs, D,0 exch., OH); 1.6 (4H, brm,
(12), and (113),); 1.1 (3H, d, J 6Hz, (H5)3). M/s 260 (M'), 2u3,
224, 168, 152, 151, 135, 110, 107, 104, 97, 95, 91 (b.p.), 85,

79, 77, 69, 65.
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Reductive Fission of Acetoxyether (214a) to 5-(furan-3'-yl)-

pentan-2-o0l (216)

"(1i) Alcohol (214) (1.4 g) was acetylated in pyridine
(10 ml) and acetic anhydride (3 ml) over 15 h at room tempera-
ture. Workup gave a colourless o0il of the crude acetate
(214a) (1.6 g) which was used without further purification.
Vpax (film) 680, 720, 790, 870, 1020, 1230, 1500, 1735 cm *.
'H n.m.r. (CCly): & 7.3 (7H, m, arom., H2' and H5'); 6.4 (1H,
m, H4'); 5.7 (1H, t, J 6Hz, H1); 4.5 (2H, 2d, J 12Hz, -OCH,Ph):
3.5 (1H, m, H4); 2.0 (3H, s, COCHs;), 1.15 (3H, d, J 6Hz,

(H5)3).

(ii) To a stirred solution of liquid ammonia (approx.
70 ml) at -33° containing dissolved lithium (400 mg, 57 mmol)
was added a solution of the crude acetoxyether (214a) (1.75 g)
in dry tetrahydrofuran (10 ml) over 10 min. After stirring
for 90 min, isoprene was added dropwise until the blue colour
was discharged, then ammonium chloride (1 g) was cautiously
added. The ammonia was allowed to evaporate and ammonium
chloride solution (20 ml, saturated) was added and the mixture
extracted with ether (5 x 30 ml). The combined dried extract
was evaporated and chromatographed (ether/hexane, 4:6) to

give the alcohol (216) (0.50 g, 60%) b.p. 80 /0.2 mm (block)

56—580/0.1 mm (Found: C, 70.1; H, 9.2. CyH;4,0, requires

C, 70.13 H, 9.2%). vy (film) 790, 870, 1020, 1150, 1500,

3400 em~'. 'H n.m.r. (CCly): & 7.3 (1H, m, H5'); 7.2 (1H, m, H2')
6.2 (1H, m, H4'); 3.7 (1H, m, H2); 3.2 (1lH, brs, D,0 exch., OH);

2.4 (2H, m, (H5),); 1.1 (3H, d, J 6Hz, (H1)3).
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A polar product was identified as diol (237),
1- (furan-3'-yl)pentan-1,4-diol (0.16 g, 20%) vpgy (film)
790, 870, 1020, 1150, 1500, 3400 cm™'. 'H n.m.r. (CCl,/CDClj):
§ 7.3 (2H, m, H2' and HS'"); 6.3 (1H, m, H4'); 4.6 (1lH, m, H1l);
4.2 (2H, brs, D,0 exch., 20H); 3.7 (1H, m, H4); 1.1 (3H, d,

J 6Hz, (H5);3).

When this diol was acetylated, as in (i), and the crude
diacetate reduced as described above a further quantity of

the alcohol (216) was obtained (total yield, 70-75%).

?

(iii) Under different reduction conditions when lithium
(5 eq.) was added to the acetate (2l4a) in liquid ammonia
(50-70 ml) and tetrahdrofuran (10 ml) at -33° until the
blue colouration persisted for 15 min, workup gave different
products. In addition to alcohol (216) (20%) the 1-
hydroxy-L-acetoxy analogue (235) (22%), the l-acetoxy-h-hydroxy
analogue (16) (33%) and diol (237) (25%) were isolated and

identified by their n.m.r. spectra.

Conversion of Alcohol (216) to |- (furan-3'~-yl)-4-iodopentane (218)

(i) A mixture of alcohol (216) (0.23 g), pyridine and
p-toluenesulphonyl chloride (2 eq.) was allowed to stand at
room temperature for 20 h. Workup with ice-water and hexane
extraction gave the crude tosylate as a pale yellow oil (0.43 g,

9u%) .

(ii) The crude tosylate of (216), sodium iodide (0.7 g)
and acetone (dry, 15 ml) was heated under reflux for 5 hours.
Water (50 ml) was added and the product extracted with light

petroleum. Removal of the solvent gave the almost colourless
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todide (218) (302 mg, 87%). (Found m/e 264.,0016. CgH;3I0

requires 264.0013, C, 41.52; H, 5.04. CgH;3I0 requires

C, 40.93; H, 4.96%). v (film) 715, 870, 1020, 1370, 1500

max
em '. 'H n.m.r. (CC1,): & 7.3 (1H, m, H5'); 7.2 (1H, m, H2');
6.4 (1H, m, H4'); 4.1 (1H, m, H&); 2.4 (2H, m, (Hi),); 1.9

(3H, d, J 7Hz, (H&s). M/s 264 (M¥), 253, 137, 81.

2-Pentyltriphenylphosphonium Bromide

2-Bromopentane (0.32 g, 2.1 mmol) and triphenylphosphine
(0.53 g, 2.1'mmol) were sealed under nitrogen and heated in
an oil bath. After 7 h at 100° no change was visible in the
solution. When heated to 150° for 15 h two layers separated,
the lower (50% by volume) solidified to a glass and then a
crystalline solid on cooling. This was identified as the
salt and the upper layer consisted of a mixture of the starting

materials (n.m.r.).

2-Pentyltriphenylphosphonium Iodide

(i) 2-Bromopentane (10 g, 66 mmol), calcium carbonate
(1 g), sodium iodide (12 g, 80 mmol) were heated and stirred
in dry acetone under reflux for 18 h. After filtration most
of the acetone was removed under reduced pressure and water
(100 ml) was added. Extraction with hexane and removal of the

solvent gave a colourless oil of 2-iodopentane (12 g, 92%).

(ii) The iodide was heated at 150° in a sealed tube
under nitrogen with triphenylphosphine as described above.
Salt formation was evident after 15 min and the solution
became dark brown. After 5 h the conversion was complete

lower
judged by theflayer filling the solution. Workup gave the
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salt as a colourless viscous oil which slowly solidified.
'H n.m.r. (CDCl3): & 8.2-7.5 (15H, m, arom.), 4.6 (1H, m,
H2); 2.2-1.5 (4H, m,(HS)land(le)l_; 1.2 (3H, d, J 7Hz, (Hl)?}).;

0.9 (3H, t, (H5)3).

Attempted Preparation of the Phosphonium Iodide (238)

(i) The iodide (218) (300 mg, 1.2 mmol) and triphenyl-
phosphine (520 mg, 1.3 mmol) were heated successively under
reflux in benzene and toluene for 24 h each time. Evaporation
of the solvegt and an n.m.r. spectrum run on the darkened
residue confirmed that no significant salt had formed in

either solvent. The spectrum showed unchanged starting materials.

[o]
(i) A reaction at 140 wunder nitrogen gave rapid darken-
ing and a brownviscous residue after 1 h due to extensive

decomposition and polymerisation.

(iii) A reaction of the neat iodide (218), triphenyl-
phosphine and calcium carbonate (1 mmole of each) under
nitrogen in a sealed tube at lLLOo for 2 h gave no furan
containing products as evidenced by the n.m.r, spectra of the

dark viscous product.

Preparation of l-Benzyloxy-3-chloropropane

(i) To 1,3-Propane diol (40 g, 0.5 mmol) in dry tetrahydro-
furan (100 ml) was added sodium hydride (50% in oil, 10 g, 0.2
mo1l) with stirring and external cooling. After stirring
for 2 h the evolution of hydrogen ceased and a solution of
benzyl bromide (34 g,0.2mol) in dimethylformamide (20 ml)

was added over 1 h. After a few minutes an exothermic reaction
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began and sodium bromide precipitated. The mixture was
stirred at 50—60° overnight and water 200 ml was added. The
aqueous solution was extracted with ether (3 x 50 ml) and
methyléne chloride (3 x 5d ml). The combined extracts were
dried, evaporated and chromatographed on silica (hexane/ether
2:1). Distillation gave l-benzyloxypropan-3-ol (19 g, 58%)

o
b.p. 95-97 /0.1 mm.

The alcohol from (i) (19 g) was converted to the chloride
using triphenylphosphine (40 g) and carbon tetrachloride (100
ml). Chromatography on alumina (hexane) and distillation
gave l-benzyloxy-3-chloropropane (20.5 g, 98%) Db.p. 78-80 /

0.2 mm.

(ii) 3-Chloropropan-l-ol (commercially available,
9.5 g, 0.1 . mol) in ether (10 ml) was added to a suspension
of sodium hydride (2.5 g, 0.105 mol washed free of oil with
hexane, 3 x 10 ml) in dry ether (50 ml) at 0 and the
suspension stirred for 20 min. Benzyl bromide (17 g, 0.1 mol)
in ether 20 ml was added over 10 min. After 30 min no reaction
was evident and dimethylformamide (10 ml) was added. Sodium
bromide precipitated within a few minutes. The mixture was
stirred overnight, diluted with water (50 ml) and the aqueous
layer extracted with ether (2 x 50 ml). The ether extracts
were washed with water dried and evaporation gave a colourless

oil (20.5 g). Distillation gave the pure chloroether (17 g,
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Preparation of 4-Benzyloxy-1-(furan-3'-yl)-Butan-l~one (241)

(i) 3-Furoic acid (8.96 g, 80 mmol) in dry ether (100 ml)
was deprotonated at -20 to —300 with methyl lithium (80
mmol) as previously described. To this suspension was added 1-
benzyloxy-3-chloropropane (18.5 g, 100 mmol), the lithium alloy
(2% sodium, 1.5 g, 215 mmol) and the mixture was vigorously
stirred at -40 to —30o under nitrogen for 2 h, After 30 min
at 0° and 30 min at room temperature the solution was slowly
transferred into a solution of ammonium chloride (20%, 200 ml)
with vigoroué stirring. Extraction of the aqueous with ether
(2 x 100 ml) and removal of the solvent from the combined
extracts gave an orange oil (24 g). Chromatography on alumina
(ether/hexane 1:1 to 1.0) gave non polar products containing
no furan protons (9 g) followed by a trace of the benzyl

3-furyl ketone (233) (0.3 g, 2%). TFurther elution gave a pale

yellow oil of the ketone, 4-benzyloxy-l- (furan-3'-yl)-butan-

o
l-one (241) (13.2 g, 68%) b.p. 130 /0.4 mm (block) (Found:

C, 73.703 H, 6.59. C;s5H;603 requires C, 73.75; H, 6.60%).

Vmax (film): 700, 740, 820, 880, 1100, 1150, 1500 (sh), 1520,
1570, 1675, 1690 (sh), 3120 cm~'. 'H n.m.r. (CCl,): S 8.0

(1H, m, H2'); 7.4 (1H, m, H5'); 7.25 (5H, s, aromatic); 6.7

(1H, m, H4'), 4.4 (2H, s, OCH,-Ph); 3.u45 (2H, t, J 6Hz, (H4),)
2.8 (2H, t, J 6Hz, (H2),); 2.0 (2H, m, (H3)2). M/s 245 (% + 1),
2uy (MY), 153, 139-137, 123, 111, 110 (b.p.), 107, 95,

91, 85, 79, 77, 65.
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Continued elution gave 4—benzyloxy—l—[2'—(furan—3"—oyl)
furan—3'—y£‘butan—l—one (247)(0.6 g, 4.5% based on the acid)
Voo (film; 690, 740, 780, 845, 875, 1155, 1485, 1515, 1570,
1640, 1680, 1690, 3120 em~!. !H n.m.r. (CCl,): & 8.3 (1H,
m, H2"); 7.4 (2H, m, H5" and HS'); 7.2 (5H, s, aromatic); 6.9
(1H, m, H4'); 6.69 (1H, m, H4"); 4.4 (2H, s, O-CH,-Ph); 3.5
(2H, t, J 6Hz, (Hu),); 3.0 (2H, t, J 6Hz, (H2),); 1.9 (2H, m,
(H3),). M/s 338 (MT), 280, 247, 243, 233-229, 217, 205-203,

189, 176, 175, 161, 147, 137, 123, 95, 91 (b.p.), 77, 65.

(ii) In another experiment the yield of ketone (241)
was 78% and some 3-furoic acid was recovered from the aqueous

solution.

Reduction of Ketone (241) to 4-benzyloxy-1l-(furan-3'-yl)

butan-1-0l (242)

The ketone (241) (13.0 g, 53 mmol) was reduced with
lithium aluminium hydride (1.0 g, 25 mmol) in ether (200 ml)

as previously described. Workup gave a colourless oil of the

alcohol (242) (13.2 g, quantitative) b.p. 150° /0.2 mm (block)

(Found: C, 71.353; H, 7.44. C;sH;,403 requires C, 73.14; H,
7.37%). vVvpax (film) 700, 800, 880, 1025, 1100, 1155, 1460,
1510, 1600, 3400 em~!. !H n.m.r. (CCly): 7.25 (7H, s, aromatic
H2' and H5'); 6.25 (1H, m, H4'); 4.5 (1H, partly obscured t,
H1); 4.4 (2H, s, 0-CH,-Ph); 3.4 (2H, n, (H4),); 3.0 (1H, brs,
OH); 1.7 (uH, m, (H2), and (H3),). M/s 246 (M'), 228, 159,
155, 140, 139, 138, 137, 110, 107, 104, 97, 95; 91 (b.p.),

82, 81, 79, 77, 71, 69, 65.
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Preparation of the Tetrahydropyranyl ether of Alcohol (242)

The alcohol (242) (11.5 g) was dissolved in an excess
of dihydropyran (30 g) and stirred with external cooling while
a dilute solution of p-toluenesulphonic acid (20 mg) in methylene
chloride (1 ml) was added. The solution became hot and assumed
a red-brown colour. After 1 h no alcohol could be detected
by t.l.c. and sodium carbonate (0.5 g) was added and the
mixture stirred for 15 min, filtered and excess dihydropyran
removed under reduced pressure. Chromatography of the residue
on alumina gave a colourless oil of the tetrahydropyranyl _
ether (243) (16 g, quantitative) which was used without further
purification vpzx (film) 680, 725, 780, 870, 905, 1145, 1185, 1500
1590 (w), 3040, 3060, 3100 cm~!. !H n.m.r. (CCl,): § 7.3
(7H, s, aromatic, H2' and H5'); 6.35 (1H, m, H4'); 4,8-4.5
(2H, m, Hl and H2"); 4.5 (2H, s, OCH,-Ph); 4.0-3.2 (4H, g, (H4),

and(W6")2); 2.0-1.3 (10H, brm, methylene).

Reduction of Ether (243) to HY-(furan-3'-yl)-butan-l-ol (2ul)

The general procedure previously described was followed .
The tetrahydropyranyl ether (243) (16 g, 48.5 mmol) was reduced
using lithium (1.75 g, 250 mmol) in a solution of liquid
ammonia (150 ml) containing tetrahydrofuran (25 ml). The
reduction was stopped after 20 min at —33° by the addition of

isoprene followed by ammonium chloride. Workup and distillation

gave a colourless oil of the alcohol (244) (4.5 g, 76%) b.p.

o
72-74% /0.5 mm (Found: C, 68.34; H, 8.37. CgH;,0, requires
C, 68.54; H, 8.63%). vy, (film) 780, 880, 1020, 1060, 1160,

1500, 3400 em”'. 'H n.m.r. (CCl,): & 7.25 (1H, m, H5'); 7.15.
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(1H, m, H2'); 6.2 (1H, m, H4'); 3.5 (3H, t, 6Hz, (H1), and
OH, exch. D0); 2.4 (2H, m, (H4).); 1.6 (4H, brm, (H2), and

. A
(H3),). M/s 140 (M-), 123, 122, 121, 95, 94, 82, 81, 69, 53.

Conversion of Alcohol (2ul) to 4-(furan-3'-yl)-l-iodobutane (245)

(i) The alcohol (244) (1.4 g, 10 mmol) in dry methylene
chloride (30 ml) and triethylamine (10 ml) was stirred at 0°
while methanesulphonyl chloride (2 ml) was added dropwise.

After 10 min ice water was added and the aqueous layer extracted
with methylene chloride (2 x 20 ml). The solvents were

removed under reduced pressure at 20o and the residue passed
through a short column of silica,overlayed with magnesium sulphate
(anhydrous), using ether. Removal of the ether gave a colour-

less oil of the mesylate of (244) (2.2 g, 95%).

(ii) The mesylate from (i) (2.15 g) was stirred in a
solution containing sodium iodide (dry, 5 g) in dry acetone
(50 ml) under nitrogen and protected from light. Sodium methane-
sulphonate was formed as a precipitate after 24 h. After 30 h
water was added (200 ml) and the mixture extracted with hexane

(3 x 50 ml). Removal of the hexane gave the Zodide (245)

(2.15 g, 87%) b.p. 70 /0.05 mm (block) (Found: C, 38.82; H,
4.42. CgH;,0I requires C, 38.42; H, 4.43%). Vmax (film) 770,
870, 1020, 1060, 1155, 1200, 1500, 1570 (w), 3160 (w) cm™’.

'Y n.m.r. (CCly): & 7.17 (1H, m, H5'); 7.11 (1H, m, H2'); 6.13
(1H, m, H4'); 3.10 (2H, t, J 6Hz, (H1),); 2.42 (2H, t, J 6Hz,
(H4 )2); 2.0-1.7 (4H, m, (H2), and (H3)2). M/s 250 (M-), 123,

81, 67, 55, 53.

(ii) The iodide (245) was also prepared from the tosylate
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of alcohol (24%4) by a similar procedure in 95-97% overall

yield.

Preparation of 4-(furan-3'-yl)-1-butyltripheaylphosphonium

iodide (246)

The iodide (245) (2.05 g, 8.15 mmol), triphenylphosphine
(2.7 g, 10 mmol) was heated under reflux in benzene under
nitrogen and protected from light. After 3 days the salt was
filtered off and washed with benzene and hexane. Recrystal-
lisation of a small portion from methylene chloride/hexane

gave colourless needles (3.65 g, 87%) m.p. 167-168  (Found:

C, 60.97; H, 5.12. C,¢H250PI requires C, 60.89; H, 5.11%).
Vmpax (nujol) 690, 715, 740, 750, 780, 805, 880, 1000, 1025,
1110, 1115, 1445 em~*. !'H n.m.r. (CDCl;): & 7.8-7.6 (15H,

m, (Ph)3); 7.16 (2H, m, H2' and H5'); 6.2 (1H, m, H4'); 3.63
(2H, m, (H1)2); 2.5 (2H, m, (H4),); 2.1-1.6 (4H, m, (H2): and
(H3),). M/s 385 (MT - I7), 289, 263, 262 (b.p.), 185-183,

152, 128, 123, 108, 107, 94, 81.

Alkylation of Phosphonium Salt (246)

(i) The primary phosphonium iodide (246) (512 mg, 1 mmol)
was suspended in dry tetrahydrofuran (10 ml) at 0" while n-
butyl lithium (1.1 eq.) was added slowly with stirring to give
a dark orange solution of the ylide. After 30 min the ylide
was slowly transferred into a cooled solution of methyl iodide
(2 ml) in tetrahydrofuran (5 ml) with efficient stirring.
Removal of the solvents gave the crude product (520 mg).
Recrystallisation from methylene chloride/hexane gave colour-

less needles of the salt , 5-(furan-3'-yl)-2-pentyltri-

L=]
phenylphosphonium iodide (238) (460 mg, 87%) m.p. 188-189 .
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Vpay (nujol) 685, 715, 725, 740, 750, 780, 820, 875, 995,
1010, 1100, 1130, 14606, 3080, 3100 ecm '. 'H n.m.r. (CDClj):
§ 8.0-7.5 (15H, m, (Ph)s); 7.18 (2H, m, H2' and H5'); 6.25
(1H, m, H4'); 4.9 (1H, m, H2); 2.5 (2H, m, (H5),); 1.5 (3H,

dd, J 6,19Hz, (H1),). M/s 399 (M* - I”), 368, 262, 232, 215

183, 157, 135, 121, 108, 95 (b.p.), 81.

(ii) The use of methyl lithium as base gave an inseparable
mixture from alkylation on the furan ring (C2') and also some

dialkylation at Cl of (246).

]

Wittig Reaction = Synthesis of Acetal (248)

The dry phosphonium salt (238) (1.85 g, 3.5 mmol) was
suspended in dry tetrahydrofuran (20 ml) while n-butyl lithium
was added dropwise until a faint yellow colour of the ylide
was noticed, followed by a further quantity of n-butyl lithium
(3.7 mmole) to give an orange-red solution of the ylide. to
the ylide was added a freshly distilled solution of the aldehyde
(82) (820 mg, 3.7 mmole) in dry tetrahydrofuran (5 ml) and
the mixture stirred for 1 h. Water (100 ml) was added and the
solution extracted with hexane (4 x 60 ml). After evaporation
of the hexane the residue was purified by rapid passage through
a short column of alumina (ether/hexane, 6:4) to give a colour-

less 0il of (F and Z) l—(furan—3'—yl)—5—methyl—3—(5"—(furan~3”—

yl)—2"—methylpentml"—en—l"—yfl—2,8 dioxabicyclo[S.Z.i]octane

(248) (943 mg, 78%) (Found: C, 73.81: h, 7.48. Cz,H,604
requires C, 73.663 H, 7.66%). vpax (film) 790, 875, 900, 930,
9y5, 995, 1025, 1060, 1105, 1130, 1150, 1205, 1230, 1240, 1500,
3180 (w) em” !, 'H n.m.r. (CCl,): &6 7.3-7.0 (4H, 3m, H2', HS5'

H2"™ and H5"); 6.27 (1H, m, H4'); 6.13 (1H, m, H4™; 5.13 (1H,
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ad, J 8,2Hz, H1"); 4.5 (1H, m, H3); 1.67 (3H, d, J 2Hz, 2"-
CHg); 1.30 (3H, s, 5-CH3). !'®C n.m.r. see appendix.

+
M/s 342 (M:), 248, 246, 233, 232, 215, 177, 167, 164, 161,

149, 1u8, 135, 121, 108, 96, 95 (b.p.), 94, 82, 81, 67, 55, 53.

Hydrogenation of Acetal (248) with P,-Nickel

P,~Nickel was prepared by the method of Brown and Ahuja.”5

(1) To a stirred solution of P,-Nickel (from 1 mmol
of nickel acetate) in ethanol was added a solution of the
acetal alkene (248) (2.5 g, 7.3 mmol) in ethanol (5 ml) under
hydrogen. The mixture was stirred for 20 days and t.l.c. showed
a trace of starting material. The mixture was purified by
preparative t.l.c. (ether/hexane, 1l:4) to give an oil of

(lR,3R,5R,2"R/S)—l—(furan—3'~yl)—5—methyl~3-fE"—(furan—3'"—

yl)-2"-methyl pent—l"—yﬂ -2 ,8-dioxabicyclo B.2.i]octane (249)
- b= -

(2.2 g, 88%) (Found: C, 73.37; H, 8.24. C, H;30, C, 73.22;

"
H, 8.19%). v ., (film) 785, 795, 875, 935, 1025, 1055, 1070,
1115, 11u0, 1155, 1210, 1235, 1250, 1510, 1610, 3180 (w) cm '.
'H n.m.r. (CCly): & 7.3-7.0 (4H, 3m, H2', H5', H2" and H5");
6.24 (1H, m, H4'); 6.10 (1H, m, H4™; 3.9 (1H, m, H3); 1.u47
(3H, s, 5-CH3); 0.90 (3H, d, J 6Hz, 2-CH3z). '*C n.m.r. see
appendix. M/s 34k (MT) (b.p.), 327, 315, 249m 235, 232, 217,
203, 193, 179, 165, 147, 135, 95, 82, 81, 69, 67, 55, 53.

Starting material (0.2 g, 8%) was also recovered.

(ii) In another experiment the ratio of catalyst to
substrate was increased to (3:2) and the reduction allowed
to proceed for 15 h. Preparative t.l.c. (ether/hexane 1:4)
gave the dihydroacetal (249) (77%) and two more polar products

isolated together (23%) which were the epimeric tetrahydro-
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furanyl acetals characterised by their n.m.r. spectrum.

'H n.m.r. (CCly): & 7.24 (1H, m, H2'); 7.17 (1H, m, H5');
6.23 (1H, m, Hu'); 4.1-3.5 (4H, m, (H2'''), and (H5'''),);
3.17 (1H, 4d, J 8,6Hz, H3); 1.3 (3H, s, 5-CH3); 0.90 (3H, d

J 6Hz, 2"-CHj;).

Reduction of Difuryl Acetal (249) with Lithium/Ammonia

(i) The acetal (249) (350 mg, 1 mmol) was added in
tetrahydrofuran (5 ml) to a solution of lithium (50 mg, 7
mmole) in ammonia (90 ml) containing tetrahydrofuran (10 ml).
Workup after 9 h with isoprene then ammonium chloride, as
previously described, gave the crude products (340 mg).
Preparative t.l.c. (ether/hexane, 1:1) gave starting material

(104 mg, 30%). The highest Rf product was a mixture of the

minor oxepanol isomers, (2R,4kR,7S,2"R/S)-T7-(furan-3'-yl)-2-

[5"—(furan—3m—yl)—2"—methylpent—l"—y£f—4—methyloxepan—4—ol (251)

(32 mg, 9%) (Found m/e 346.2140. C,;H3,0, requires m/e
346.2144). Vo, (£ilm) 790, 880, 1025, 1160, 1330, 1510, 1580,
(w), 3450 em™!. 'H n.m.r. (CCl,): & 7.10 (3H, m, H2', H5'

and H5'''); 7.00 (1H, m, H2'''); 6.13 (1H, m, H4'); 6.03 (1H, m,
Huyr'''); 4.23 (1H, n, H7); 3.63 (1H, m, H2); 2.35 (2H, m,
(H5"),); 1.14 (3H, s, W-CH3); 0.90 (3H, d, J 5Hz, 2"-CH;).

13C n.m.r. see appendix. M/s 346 (MT), 328, 179, 151, 1u9,
135-133, 124, 121, 111-108, 97, 95, 94, 82, 81 (b.p.), 71, 69,

67, 57, 53.

The major product of intermediate Rf was identified as

(4R ,6R,8R/S5)=-1,11~di (furan-3'-yl)-4,8-dimethylundecan-4,6-diol

(211) (78 mg, 22%) (Found: m/e 348.2297. " C,;H3,04 requires
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m/e 348.2300. C, 72.67; H, 9.13. Cy3H320, requires

C, 72.38; H, 9.26%). vp., (film) 780, 790, 880, 1025, 1160,
1380, 1505, 3360 cm™*. 'H n.m.r. (CCl,): & 7.13 (2H, m, (H5'),);
7.0 (2H, m, (H2'),); 6.07 (2H, m, (H4'),); 3.8 (3H, brs, 2H,

D0 exch., 20H and H6); 2.33 (4H, m, (H1). and (H1l),); 1.10

(3H, s, 4-CHs); 0.87 (3H, 4, J 5Hz, 8-CH3). !3C n.m.r. see
appendix. M/e 348 (M+), 330, 312, 239, 236, 221, 203, 181, 180,
179, 163-161, 153-149, 137-134, 122, 110, 108, 95 (b.p.), 94,

82, 81.

The lowest Rf products isolated were the oxepanols,

(2R,4£,7R,2"R/S)—7—(furan—3'-yl)-2—[5"—(furan—3m-yl)—

2"—methylpent-l"—yi}—4—methyloxepan—4-ol (250) (82 mg, 26%)

(Found: C, 72.993; H, 9.01. C,,H3004 requires C, 72.80; H, 8.73%).
Vpax (film) 790, 880, 910, 1030, 1160, 1510, 3420 cm™'. 'H

n.m.r. (CCl,): 8§ 7.2-7.0 (4H, m, H2', H5', H2''' and H5''"');

6.17 (1H, m, H4'); 6.03 (1H, m, Hu4'''); 4.57 (1lH, m, H7); 3.5

(1H, m, H2); 3.0 (1H, brs, D,0 exch., OH); 2.20 (2H, m, (H5"),);
1.28 (3H, s, 4-CH3); 0.77 (3H, 2d, 2'-CH3). '3C n.m.r. see

appendix.

(ii) A larger scale reduction using the acetal (249)
(1.3 g, 2.7 mmol) and lithium (350 mg, 50 mmole) in ammonia
(120 ml) and tetrahydrofuran (25 ml) was allowed to proceed
for 20 h before workup. Separation by chromatography gave
starting material (53 mg, 4%); high Rf oxepanols (251) (15-20
mg, 1-2%); diol (211) (740 mg, 56%) and lower Rf oxepanols

(250) (382 mg, 30%).



270

Reduction of Oxepanols (250) to Diol (211)

The crude oxepanols (250) (340 mg, 1 mmole) were reduced
in ammonia/tetrahydrofuran (10:1) and lithium (35 mg, 5 mmole)
Workup after 22 h gave the crude products (380 mg) which after
preparative t.l.c. (ether/hexane 1l:4) gave the diol (211)

(130 mg, 38%) and recovered oxepanol (260) (126 mg, 37%)

contaminated with some furan reduction products.

Preparation of (4R,6R,8R/S)-6-Acetoxy-1,11-di (furan-3'-yl)-4,

8-dimethylundecan-4-ol (21lla)

The diol (211) was acetylated using pyridine and acetic

anhydride for 15 h at room temperature as previously described.

Isolation by chromatography gave the acetate (21la)
(95%). vpax (film) 775, 870, 880, 1025, 1155, 1240, 1515,
1730, 3160 (w) 3500 ecm”~'. !H n.m.r. (CCl,): & 7.17 (2H, m,
(H5'),); 7.04 (2H, m, (H2'),); 6.09 (2H, (H4'),); 5.02
(1H, m, H6); 2.33 (4H, m, (H1), and (H11),); 2.0 (1H, brs, OH);
1.90 (3H, s, COCHs); 1.08 (3H, s, 4-CHz); 0.9 (3H, 2d, 8-CHj;).

13C n.m.r. see appendix.

Dehydration of Hydroxy-Acetate (21la)

The hydroxy-acetate (21la) (910 mg) in pyridine was
treated with thionyl chloride at O° as previously described to
give the crude alkene acetates (750 mg).

Reduction with lithium aluminium hydride gave the crude mixed
alkenols (660 mg, 86%). Preparative t.l.c. gave two major
products and a low Rg product consistent with the C4 or C6

epimerised diols (211) (62 mg, 9%). V a5 (film) 725, 780, 880,
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1030, 1070, 1160, 1510, 3380 cm™'. 'H n.m.r. (CCL,): &

7.13 (2H, m, (H5'),); 7.0 (2H, m, (H2'),); 6.07 (2H, m,
(Hu');)5 4.2 (2H, brs, OH, H6); 2.33 (4H, m, (H1), and (H11),);
1.18 (3/,H, s, 4-CHs); 1.10 (3/,H, s, 4-CH;); 0.88 (3H, d, J
6Hz, 8-CHs). M/e 348 (M') 330, 239, 236, 221, 203, 181, 179,

163-161, 153-149, 137-134, 122, 110, 95 b.p. 82, 81,

The lower Rf of the alkenol products (130 mg, 20%) was
resolved by preparative chromatography (ethyl acetate/benzene,
1l:4) into two isomers (approx. 1:1). The higher Rf isomer

was (E,6R,8R.or 85)-1,11-di(furan-3'~yl)-4,8-dimethylundec-4-

en-6-o0l (255) (Found: m/e 330.2190. C,3;H3003 requires 330.2195).

Vpax (film) 705, 780, 875, 1020, 1060, 1155, 1500, 1560 (w),
3400, 3600 (w) em™'. 'H n.m.r. (CCly): & 7.17 (2H, m, (H5'),);
7.05 (2H, m, (H2'),); 6.10, (2H, m, (H4'),); 5.09 (1H, brd, J
8.5Hz, H5); 4.29 (1H, dt, J 8.5,4.4Hz, H6); 2.36 (uH, t, J

7Hz, (H1), and (H11),); 1.63 (3H, brs, u4-CH3); 0.90 (3H, brd,
J 5Hz, 8-CH3;). !3C n.m.r. see appendix. M/e 330 (MT), 312,
297, 203, 179, 16l, 151-149, 137-133, 121, 109, 107, 105, 97-

94, 82, 81 (b.p.), 71, 69, 67, 55, 53.

The lower Ry allylic alcohol was (E,6éR,8R or 85)-1,11-

di (furan-3'-yl)-4,8-dimethylundec-4-en-6-0ol (255) (Found:

m/e 330.2187. C21H3003 requires 330.2195). vpox (film) 705,
780, 870, 1020, 1060, 1155, 1505, 1570 (w), 3400, 3500 (w) cm ‘.
H n.m.r. (CC1l,): & 7.19 (2H, m, (H5'),); 7.05 (2H, m, (H2'),);
6.10 (2H, m, (H4'),); 5.05 (1H, brd, J 8.5Hz, H5); 4.27 (1H, dt,
J 8.5,5.6Hz, H6); 2.35 (4H, t, J 7Hz, (H1), and (Hll)z); 1.63
(3H, brs, 4-CH3); 0.90 (3H, d, J 5Hz, 8-CH:). !3C n.m.r. see

. +
appendix. M/e 330 (M-), 312, 297, 203, 179, 161, 151-1u9,
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137-133, 121, 109, 107, 105, 97, 95, 82, 81, 71, 69, 67, 55,

53.

The higher Ry non allylic alkenols (343 mg, 52%) were
separated by preparative chromatography on silver nitrate
coated (10%) si}ica (ethyl acetate/benzene, 1:9). The lower
Rf pair of isomers, (103 mg, 15%) were the epimeric methylene

alcohols. The highest Rf epimer was (6%,8R or 8S5)-1,11-di (furan-

3'-yl)-8-methyl-4-methyleneundecan-6-ol (256) (30 mg) (Found:

m/e 330.2196. C»1H3003 requires 330.2195). vpax (film)

715, 770, 875, 1025, 1065, 1110, 1155, 1505, 1560 (br.w), 1640,
3450 em~ !, 'H n.m.r. (CCl,): & 7.20 (2H, m, (H5'),); 7.07 (2H,
m, (H2'),); 6.12 (2H, m, (H4'),); 4.80 (2H, brs, 4-CHz); 3.67
(1H, brm, H6); 2.40 (4H, t, J 6Hz, (H1), and (H11l),); 2.04

(4H, m, (H3), and (H5).); 0.88 (3H, d, J 6Hz, 8-CHs). '3C
n.m.r. see appendix. M/e 330 (MT), 312, 181, 150, 131, 136-

134, 121, 109, 107, 95, 94, 82 (b.p.), 81, 69, 67, 55, 53.

The lower Rf epimer was (6R,8R or 85)-1,11-di (furan-3'"-yl) -

8-methyl-4-methyleneundecan-6&-ol (256) (25 mg) (Found: m/e 330.2198

C21H3¢03 requires 330.2195). vpay (film) 710, 770, 870, 1020,
1060, 1150, 1500, 1560 (w), 1640, 3405 cm '. 'H n.m.r. (CCly):
§ 7.18 (2H, m, (H5")2); 7.05 (2H, m, (H2'),); 6.10 (2H, m,
(H4'),)3 4.77 (2H, brs, 4-CH,); 3.60 (1H, brm, H6); 2.38 (uH,

t, J 6Hz, (H1), and (H11),); 2.04 (4H, m, (H3), and (H5),), 0.90
(3H, d, J 6Hz, 8-CHs). 1%C n.m.r. see appendix. M/e 330 (M),
312, 181, 150, 137-134%, 121, 108, 107, 95, 94, 82, 81, 71, 69,

67, 65, 57, 55.
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The higher Rf products (one spot by t.l.c.) were the
E and % epimeric A® alkenols (207 mg). The mixture was
esterified with 1,l'biphenyl4carbonyl chloride in pyridine
) esters

and the E and z{of the C8 epimers separated by h.p.l.c. (lichro-

sorb 10u, ethyl acetate/hexane, 1.5:98.5).

The isomers eluted first were identified as Z
(6R,8R and 8S5)-1,1'-biphenyl-4-carboxylate of (257) (47 mg,
40% of the mixture) (>95% pure by h.p.l.c.). !'H n.m.r. (CCly):
§ 7.95 (2H, aromatic); 7.6-7.0 (11H, aromatic and (H2'), and
(H5')2), 6.08 (2H, m, (H4'),); 5.20 (2H, brm, H3 and H6); 2.30
(8H, m, (H1),, (H2),, (H5), and (H11),); 1.77 (3H, brs,

4-CH3); 0.95 (3H, apparent doublet, 8-CHjz).

The isomer eluted later was identified as EF (6R,8S and
8R)~1,1'-biphenyl-4-carboxylate of (257) (76 mg, 60% of the
mixture, >95% pure by h.p.l.c.). 'H n.m.r. (CCly): § 7.92 (2H, 4,
aromatic); 7.5-6.9 (11H, aromatic, (H2'), and (H5'),); 6.05
(2H, brs, (H4'),); 5.20 (2H, brm, H3 and H6); 2.25 (8H, m, (H1).,
(H2)2, (H5), and (H11),)3; 1.67 (3H, brs, 4-CHz); 0.95 (3H,

apparent d, 8-CHj).

Reduction of E/Z 1,1'-biphenyl-4-carboxylates of (257) to

E and 7 Furospongin-1 isomers (257E) and (257Z).

(i) The Zz (6R,8S and 8R)-1,1l'-biphenyl-i-carboxylate of
(257) was reduced with lithium aluminium hydride (2 eq.) in

ether. Preparative chromatography gave the pure Z (6F,85 and 8R)-

1,11-di(furan-3'-yl)-4,8-dimethylundec-3-en~&-ol (257Z) (47 mg,

overall) (d]p + 14 + 20 (C, 1.3 CHCl,) (Found: m/e 330.228.
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C21H3003 requires 330.220). v .5 (film) 780, 875, 1025,

1060, 1380, 1460, 1505, 1570 (w), 3500 cm~!. !H n.m.r. (CDClj3):
§ 7.23 (2H, m, (H5"),); 7.13 (2H, m, (H2'),); 6.20 (2H, m,
(H4')2); 5.33 (1H, m, H3); 3.78 (1H, m, H6); 2.38 (6H, m,

(H1)2, (H2), and (H11)2); 2.08 (2H, m, (HS5),); 1.70 (3H, s,
4-CHsz); 0.92 (3H, d, J 6Hz, 8-CH;3). !3C n.m.r. see appendix.
M/e 330 (M'), 312, 256, 230, 181, 150, 149, 135, 105, 95, 9U,

82, 81 (b.p.), 69.

The E(6R,8S and 8R) 1,1'-biphenyl-i-carboxylate of (257)

was similarl& reduced to give a colourless oil of E(6F,8S and 8R)-

1,11-di (furan-3'-yl)-4,8 dimethylundec-3-en-£&-o0l (257E) (furospon-

gin-1 and its epimer) (76 mg overall) [@ID + 10.5 + 1.5

(C, 4.3 in CHC1l,) (Found: m/e 330.227. C,;H3,0; requires

m/e 330.220). vy 5y (film) 780, 880, 1030, 1070, 1165, 1390,
1450, 1470, 1510, 1580 (w), 3500 cm~!. 'H n.m.r. (CDCli): §
7.22 (2H, m, (H5'),, 7.12 (2H, m, (H2'),); 6.20 (2H, m, H4');
5.22 (1H, brt, H3); 3.70 (1H, m, H6); 2.38 (6H, m, (HL),,

(H2), and (H11)2); 2.1 (2H, m, (H5)2), 1.57 (3H, s, 4-CH3);
0.88 (3H, d, J 6Hz, 8-CH3). 13C n.m.r. see appendix. M/e 330
(M%), 312, 230, 181, 150, 135, 109, 107, 105, 95, 94, 82 (b.p.)

81, 69.

The alcohols (257E) showed no separation using h.p.l.c.

(Si0, or AgNO3/Si0,) and a variety of solvents.

The 8R epimers of (257E), were converted to the trimethyl-
silyl ethers using trimethylsilyl chloride and hexamethyldi-
silazane in pyridine. The silyl ethers showed no separation by

g.c. using the 0V-17, SE-30, FFAP or Carbowax 20M

stationary phases.
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Attempted Substitution Reaction of Mesylates (150/151) with

Lithium and sodium Halides

(i) The mesylates (150/151) (140 mg, 0.42 mmole) in
dry dimethyl”formamide (3 ml) containing lithium chloride (dry
150 mg, 3.5 mmole). After 2 h at room temperature the homo-
geneous solution showed only mesylate by t.l.c. The
mesylate remained unreactive after 1 h at 100° but gave
decomposition products after 15 h at 100° . Workup with water
and petroleum ether extraction gave a yellow oil (50 mg) which
was shown by’n.m.r. to be largely ring opened compounds with

little or no elimination or required substitution products.

(ii) The use of lithium bromide in dimethyl formamide

gave a similar result.

(iii) The use of lithium bromide in either dimethyl
sulphoxide or hexamethyl~phosphoric triamide after 5 days at

40 gave unchanged starting material on workup.

(iv) The mesylate (150) (30 mg) was heated under reflux
with sodium iodide (dry, 50 mg) in acetone (dry, 5 ml) and

no
showed; products by t.l.c. after 5 days.
A

Attempted Preparation of the Acetal Chloride (263;]

(1) The alcohol (86b) (200 mg, 0.75 mmole) was heated
under reflux with triphenylphosphine (dry, 240 mg, 0.9 mmole)
in carbon tetrachloride (dry, 10 ml). After hcating for 18 h
workup gave recovered starting material and traces (by t.l.c.)

of higher Rf products.
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(ii) The alcohol (108 mg) in hexane (10 ml) and pyridine
(2 ml) was stirred at 0  while thionyl chloride (0.3 ml) was
slowly added. After 1 h the solution contained mostly starting
materiél with traces of other products (t.l.c. examination).
After a further 30 min at r.,t. workup including hexane extrac-
tion gave a yellow oil (55 mg) which contained mostly starting.

material and traces of at least five other products (t.l.c.)

Attempted Reduction of Mesylates (150) with Sodium Boro-

hydride in Dimethyl Sulphoxide

4

The mesylate (150) (90 mg) was stirred in dimethyl sul-
phoxide (3 ml) containing sodium borohydride (100 mg) as

described by Hutchins, Hoke, Klogh and Koharski.®®

After 18 h at room temperature only starting material
O
was detected by t.l.c. Heating the mixture to 100 caused

the formation of a complex mixture which was not examined,

Dehydration of Diol (124) to (R) 9-(furan-3'-yl)-2,6-dimethylnon-

6-en-4-0l1 (253), (R) 9—(furan—3'—yl)—2,6—dimethylnon—5—en—4—ol

(252) and (R), 9-(furan-3'-yl)-2-methyl-6-methylenenonan-4-ol

(254).

(1) The diol (124) (300 mg, 1.20 mmol) was acetylated
(pyridine/acetic anhydride, 70 , 2 h) and workup gave the
hydroxy-acetate (324a) (320 mg, 91%). This was used without
further purification. 'H n.m.r. (CCly): & 7.3,7.2 (each 1H,
m, H5' and H2'); 6.2 (1H, m, H4'); 5.15 (1H, m, Hu); 2.4 (2H,
m, (HS),); 2.0 (3H, s, CH3C0); 1.1 (3H, s, 6-CH3); 0.9 (6H, d,

J 6Hz, 2-CH; and (H1)3).
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(1ii) The hydroxy acetate (124a) (300 mg, 1.01 mmole)
in dry pyridine (1 ml) and ether (4 ml) was stirred at -10°
while thionyl chloride (4 drops) was added. The white sus-
pension was stirred for a further 5 min at 0° and 5 min at
room temperature. After quenching with brine (3 ml) separa-
tion of the organic layer, extraction of the aqueous with
hexane (3 x 10 ml) and washing the combined extracts (dilute
hydrochloric acid (5 ml), water, sodium bicarbonate, water)

gave on evaporation a colourless oil (235 mg),

Preparative chromatography gave recovered acetate (l24a)

(80 mg, 27%) and the alkene acetate mixture (155 mg, 80%).

(iii) Reduction of the mixed alkene acetates with lithium
aluminium hydride (0.1 g) in dry ether (20 ml), as previously
described, gave the mixed alkenols (120 mg). Preparative
chromatography (ether/hexane, 1:3) gave a high Rf product
identified by 'H n.m.r. as a mixture of (253) and (254), which
were separated as described below. The low Rf product was a

!
colourless oil of alkenol (R, E/Z) 9-(furan-3-yl)-2,6-di-

methylnon-5-en-4-o0l (252) (41 mg, 31% of the products) b.p.

100 /0.01 (block) (Found: C, 76.35; H, 9.92. Ci1sH240, requires
C, 76.22; H, 10.24%, m/e 236.1776. C;5H24,0, requires m/e
236.1774). vpax (film) 790, 885, 1035, 1175, 1375, 1390,

1505, 3400 em~ !, 'H n.m.r. (CCl,): & 7.2 (1H, m, H5'); 7.09
(1H, m, H2'); 6.12 (1H, m, H4'); 5.09 (1H, d, q, J 8.8, 1lHz
H5); 4.3 (1H, m, H4); 2.37 (2H, apparent t, J 6Hz, (H9)2); 1.65
(3H, brs, 6-CHs); 0.89 (6H, d, J 6Hz, 2-CHs; and (H1)j).

3¢ n.m.r. see appendix. M/e 236 (M'), 218, 203, 179, 161,
151-149, 137-135, 133, 127, 97, 95, 94, 82, 81 (b.p.), 71,

69-65, 57, 55, 53.
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The mixture of alkenols of higher Ry were separated
on silica impregnated with silver nitrate (10%) (ether/hexane
4:6). The higher Rf product isolated as a colourless oil,

was (R,E and 2), 9-(furan-3'-yl)-2,6-dimethylnon-6~-en-4~0l (253)

(56 mg, 48% of isolated products) b.p. 100 /0.01 mm (block)
(Found: C, 76.363 H, 10.41., C;sH,,4,0, requires C, 76.22; H,
10.24%). vpax (£film) 780, 880, 1030, 1065, 1140, 1165, 1510,
3450 em™!. H n.m.r. (CCl,): & 7.18 (1H, m, H5'); 7.05 (1H, m,
H2'); 6.10 (1H, m, H4'); 5.16 (1H, m, H7); 3.60 (1H, m, 4-H);
1.57 (3H, brs, 6-CH3, E isomer); 1.75 (3H, brs, 6-CH3 Z isomer);
0.88 (6H, d, J 6Hz, 2-CHj; and (H1)3). 13C n.m.r. see appendix.
M/e 236 (M%), 218, 203, 179, 175, 167, 161, 151, 150, 149, 138-

134, 121, 107, 95, 94, 82 (b.p.), 81, 69, 57, 55, 53.

The lower Rf product, isolated as a colourless oil, was

(R)-9-(furan-3'-yl)-2-methyl-6-methylenenonan-4-ol (254)

(20 mg, 17%) b.p. 100 /0.01 mm (block) (Found: C, 76.40;

H, 10.27. C;5H40, requires C, 76.22; H, 10.24%). vpo, (film)
780, 880, 900, 1030, 1065, 1165, 1510, 1645, 3400 cm™!. 1H
n.m.r. (CCly,): & 7.18 (1H, m, H5'); 7.05 (1H, m, H2'); 6.08 (1H,
m, H4'); 4.78 (2H, brs, 6-CHy); 3.60 (1H, m, H4); 2.37 (2H, t,

J 6Hz, (ngz); 0.90 (6H, d, J 6Hz, 2-CH3 and (H1)j3). !3C

n.m.r. see appendix. M/e 236 (M'), 218, 203, 179, 175, 167,

161, 150, 149, 95, 94, 82 (b.p.), 81, 69.

(ii) When the 1,1'-biphenyl-4-carboxylate was similarly
prcparcd and dehydrated at 0° with thionyl chloride, the esters
hydrolysed, the recovered yields of alkenols (252), (253) and

(254) were 30%, 43% and 16% respectively.
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(iii) Reaction of the hydroxy acetate (124a) with
methane-sulphonyl chloride in hexane containing triethylamine
©
at 0 (30 min), followed by reduction of the ester with lithium

aluminium hydride gave the mixed alkenols (32%), in approx.

the same ratio as (ii), together with polar products.

(iv) The use of phosphorus oxychloride and pyridine at
0 with the hydroxy acetate (124a) gave no change in the

isomeric ratio of alkenols (80%).

Attempted isomerisation of (253) and (254)

To a mixture of EF and Z isomers of alkenols (253) and (254)
(approx. ratio 7:3, 100 mg) in d;-chloroform (0.5 ml) in an
n.m.r. tube, was added two drops of trifluorocacetic acid. The
mixture was shaken and the n.m.r. spectrum taken after 10 min,
45 min, and 15 h. No change was observed in the isomeric ratio

from examination and integration of the n.m.r. spectrum.

i ] ]
Oxidation of alcohol (90) to“&SS,SR) l—{}furan—3'5yl)—5Lmethyl

—j,SLdioxabicyclo[é.2.inct%%ﬂ}2—methylpropan—l—one (264)
b 3 +

Method A: The alcohol (90) (mixed isomers, 132 mg, 0.5
mmole) in dry methylene chloride (2 ml) was added to a suspen-
sion of pyridinium chlorochromate (200 mg) in methylene chloride
(20 ml) with stirring. After 4 h considerable starting material
was still present (evident by t.l.c.) and although alcohol was
detected after 15 h the mixture was worked up. Ether (50 ml) was
added and the suspension filtered through Florisil which was
washed with ether (50 ml). Evaporation of the ether gave a pale

yellow oil (50 mg) which was purified by.preparative chroma-

tography (ether/hexane, 1:1). Recovered alcohol (90) (33 mg, 25%)
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and the required ketone (264) (15 mg, 12%) was isolated.

Method B: An improved method using an adaption of the

procedure outlined by Swern®? is described below.

To dry methylene chloride (10 ml) at —60° was added oxalyl
chloride (280 ul, 3.3 mmole) followed, after 5 min, by
dimethyl sulphoxide (530 ul, 7.5 mmole) in a little dry methylene
chloride (100 pl) to prevent freezing. After a further 5 min,
the alcohol (90) (310 mg, 1.1 mmole) in methylene chloride (2
ml) was added dropwise and the solution stirred at ~60° for 20
min. Triethylamine (1.3 ml) was added slowly at -60 and the
solution allowed to reach room temperature. Water (5 ml) was
added, the mixture stirred and the organic layer separated.
The aqueous layer:was extracted with methylene chloride, the
combined organic extracts dried and the solvent removed under
reduced pressure. Preparative chromatography (ether/hexane

1:1) gave alcohol (90) (77 mg, 25%) and also the ketone (264)

(196 mg, 64% or 84% based on unrecovered alcohol) b.p. 130 /
0.1 mm (decomp.) (Found: C, 68.0; H, 7.6. C;s5Hpo04 requires
C, 68.2; H, 7.6%). vgax (film) 785, 879, 900, 925, 1020, 1065,
1240, 1500, 1600, 1720 em~!. !H n.m.r. (CCl,): & 7.50 (1H, m,
H2"), 7.40 (1H, m, H5"); 6.47 (1H, m, H4"); 4.36 (1H, t, J 8Hz,
H3); 3.18 (1H, m, H2); 1.43 (3H, s, 5-CH3); 1.11 (6H, d, J 7Hz,
2-CH3; and (H3)3). M/e 265 (M' + 1), 264 (M*), 2u7, 235, 221,

194, 193, 165, 147, 96, 95 (b.p.), 71.

Attempted Equilibration of Ketone (264)

(a) A mixture of the ketone (264) (approx. 15 mg) in

methanol (2 ml) containing sodium methoxide (approx. 15 mg) was
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allowed to stand at room temperature for 15 h. The methanol
was removed under reduced pressure, water (2 ml) added. After
1 h the solution was extracted with methylene chloride (4 x 1
ml) . The methylene chloride was dried and the solvent removed
under reduced pressure. The lH n.m.r. of the residue showed
no change to starting material. The product was also identical

to starting material by t.l.c.

(b) Similarly, dl-methanol was used with D,0 workup.
The n.m.r. spectrum of isolated products showed complete exchange
of M2 (6H, singlet at 6 1.1 ppm) and partial exchange (40-

50%) of H3'by integration(0.4-0.5H at & 4.4 ppm).

Attempted conversion of alcohol (90a) to alcohol (90b)

The method of Mitsunobul!®“ was followed using alcohol
(90a) (188 mg, 0.71 mmole), triphenylphosphine (186 mg, 0.71
mmole), benzoic acid (86 mg, 0.71 mmole) and diethyl azo-
dicarboxylate (124 mg, 0.71 mmole) in tetrahydrofuran. No
new products were detected after 5 h at room temperature.

The solution was heated under nitrogen to 50-60° for 14 h.
Workup gave unchangedalcohol (90a) (90% recovery) without any

ester products.
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Resolution of Racemic 2-Phenylbutanoic acid

The racemic 2-phenylbutanoic acid was resolved using

cinchonidine according to Delepine and Lareze.l6!

The (+) acid was obtained with [Q]Dzz + 80.8° (C, 3.8

in benzene) indicating an optical purity of 83.5%.

The (-) acid was obtained with (ﬁ]DZZ - Ty (C, 4.5

in benzene) indicating an optical purity of 77%.

Synthesis of Enantiomeric 2-Phenylbutanoic anhydrides

(i) The acids were converted to the sodium salts by
the neutralisation of the enantiomeric acids in a minimal volume
of methanol with sodium hydroxide (50% aqueous solution) using
a tracé:phenolphthalein as indicator. The solvents were removed
and the solid sodium salts dried under vacuum (500/0.01 mm for

5 h).

(ii) The sodium salts were converted to the anhydrides
by treatment with a limited quantity of oxalyl chloride in

ether as described by Horeau®* '.

The sodium salt of (+) or (-) 2-phenylbutanoic acid (6.55
g) was suspended in dry ether (60 ml) at Oo while oxalyl chloride
(3.0 ml) was added dropwise. After stirring overnight the
mixture was filtered,the salt washed with ether (20 ml) and
the solvent removed from the filtrate. The anhydrides were
obtained as almost colourless viscous oils (>95% yields in

each case).
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Preparation of (RR) and (RS)-amides (265) and (266&)

The amides were prepared by reaction of the (R) and (S)
anhydrides with R(+)-2-phenylethylamine (>99%) in the
presence of pyridine over 30 min, to give the corresponding
RR and RS amides in quantitative yields. Each was recrystal-

lised from ether/hexane.

The RR amide (265) was obtained as colourless crystals,
o
m.p. 76-78 (97.0 + 0.05% pure by g.c.). This isomer had the
lower Rf by t.l.c. (ethyl acetate/hexane or ether/hexane mix-

tures) but was eluted first using g.c.

The RS amide (266) was obtained as colourless crystals,
m.p. 118-119° (98.3 + 0.07% pure by g.c.). This isomer had

the higher Rg by t.l.c. but was eluted after the RR amide on

g.-C.

The g.c. analyses of the amides used in the Horeau's deter-
minations (see Chapter 8) were carried out using a gldss
column (2.2 m x 3 mm) packed with 5% 0V-225 on Varaport 30
(80-100#) at 205 using nitrogen as carrier gas. These condi-
tions gave baseline separation of the RR and RS amides with
good peak symmetry. Peak areas were calculated using an
electronic integrator. Standard mixtures of the RR and RS

amides were prepared and analysed (see Table 8.31).
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Horeau's Determination of Absolute Configuration

The majority of the alcohols tested (see Chapter 8)
were analysed using the Brooks and Gilbert!36 modification

with some changes.

The alcohol (5-15 umol) was dissolved in dry pyridine
(50 ul) and the treated with racemic 2-phenylbutyric anhydride
(1 molar excess). Reactions were allowed to proceed for either
1.5-2 h at 40°, as recommended by Gilbert and Brooks,!36 or
for 15-18 h at room temperature. Unreacted anhydride in the
mixture was feacted (R)-2-phenylethylamine (2 equivalents)

with thorough agitation and after 15 min diluted with ethyl

acetate (200 pl).

In each case a par_allel reaction was run using pure
cyclopentanol, isopropanol or hexan-3-ol. Using these
alcohols, assuming that the detector response to
each amide was the same, the degree of kinetic resolution
yesu[.l.'“»\ﬂ in the formation of the amides was found 4o
be small and variable (generally 1-2% in favour of the RR

amide).

Reproducibility between injections was generally < +
0.3%, with each mixture being analysed in duplicate or until

the reproducibility was within + 0.3%.

Typically, each g.c. analysis required 20-25 min with
interfering peaks of long retention times sometimes being encoun-

L]
tered and allowed to elute at 250 before another injection was

made.
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H.p.l.c. was used to analyse the amide mixtures where

interference was suspected from the g.c. trace. A column (250 mm

S1-60
x 3 mm) packed with Lichrosorb‘(lo u) was used with a

U.V. detector (254 n.m) and integrator. In contrast to g.c.

the RS amide was eluted first.
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(47) R=H R'=H R?=H (94)
R =0H R'=H R? = H (90b)
R =0H R'" =H R? = OH (86b)
R=H R'=0H R? = OH (86a)
‘ Chemical Shift in ppm (multiplicity)
gompound
AT BER (47) (9u) (90Db) (86Db) (86a)
2! 139.6 d 139.9 d 139.8 139.4 139.4 d
3t 127.2 s 127.8 s 127.3 126.8 126.8 s
Lt 108.5 d 108.8 d 108.7 108.3 108.3 d
51 142.6 d 142.9 4 143, 2 143.1 143.0 d
il 103.5 s 103.6 s 104.0 103.7 103.5 s
3 67.2 d 67.8 d 70.7 69.6 70.8 d
4 42.7 d 4L5.4 t 38.7 38.3 38.8 t
5 80.9 s 80.7 s 81.0 81.3 81.1 s
6 37.2 t 37.7 t 37.5 37.3 38.8 t
7 34.9 t 35.2 t 35.0 34.5 32.0 t
i 125.5 d 43.3 t 78.5 77.2 72.3 d
2" 135.2 s 24.4 4 30.0 72.9 78.4 s
3" 25.7 q 23.3 2 19.9 26.7 26.1 q
2"-CH3 18.3 g 22.7 q 17.1 25.9 26.7 q
5-CHj 26.0 q 26.3 g 26,2 25.9 26.7 g
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(249)

E/Z  (248) (219)

2! 139.4 140.0 140.0

3! 127.6 126.7 127.7

ut 108.8 108.8

57 1u43.0 143.0

2t 139.2 139.1 139.1

3rne 125.0 125.3

hrue 111.1 111.3

5511 143.0 143.0

1 103.8 103.7

3 63.3 66.8 68.0 67.

L 42.7 43.1 43.6

5 81.0 81l.1

6 37.3 37.5

7 35.0 35.8

i 125.2 125.9 43.2

2" 139.5 27.4 25,

3™ 39.0(E) 31.8 (Z) 36.6 35.2

yn 28.0 24.5 29.1

5" 28.4 244 28.17
2"-CH, 16.3(E) 27.3(2Z) 19.7 20.
5-CHs 26.1 26.2
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Cl

/ \ « (123Db) (131)

Chemical Shift in ppm (multiplicity)

(123b) (123a)
carbon (high Rf, mp 68 )| (low Re, mp 52" ) (131)
2al 138.8 d 139.2 4 139.8 d
3! 128.3 s 128.3 s 129.2 s
yt 109.2 d 109.2 d 110.5 d
5! 143.3 d 143.3 d 143.4 d
2 77.9 d 68.5 d 66.5 d
3 50.0 t 49.9 t 53.6 t
b 72.3 s 72.8 s T4H.4 s
5 39.0 t 41.2 t 40.5 t
) 31.5 t 30,1 t Le. 4 t
7 78.2 d 69.2 d 71.4 d
in 47.5 t 45.7 t 28.8 t
2" 31.3 - 26.5 4 24,5 d
3n 23.4 - 23.1 - 23.2 g
2"-CH, 21.9 g 22.1 q 22.2 q
4 -CH, 24.6 q 2.4 q 35.3 q
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R
R = ﬂ R, = H (251)
0
R = H R, =A/—_\S (250)
)
Chemical Shift in ppm (multiplicity)
compound
(250) (251)
carbon
2! 138.8 d 139.3
3! 128.4 s 128.4
yt 109.2 d 109.9
5! 143.2 d 143.3 d
2 77.7 4 69.5 69.2 d
3 50.3 49.9 50.3 49.8
4 72.3 s 72.9 s
5 39.0 41.2
6 31.6 30.1
7 79.2 68.4 d
" 45.7 hy,2 4y.0
2" 27.2 28.9 26.6
3" 37.4 36.0 37.0 36.4
yn 29.5 29 .4
5t 27.5 27.2
211! 139.1 d 139.3
3t 125.5 s 125.5
yrvt 111.3 d 111.1
rit i42.8 d 142.8
2"-CHj3 20.3 19.3 20.0 19.3
4-CH;, 25.1 25.1




H
H
OH

(124)
(124a)
(183)

(176)

Chemical Shift in ppm (multiplicity)

compound
’ (124) (124a) (183) (176)
carbon
2! 138.9 d 139.1 d 139.1 d 139.1 d
3! 124.8 s 125.1 s 125.2 s 125.2 s
bt 110.9 d 111.1 4 111.1 d 111.2 4
5! 142.8 d 142.8 d 143.0 d 143.0 d
1 23.2 q 23.0 q 31.9 q 24.6 q
2 28.8 d 24 .4 d 71.8 q 26.9 d
3 46.8 t 45.3 t 47.2 t 52.2 t
4 67.4 d 70.2 d 67.3 d 213.5 s
5 47.8 t 46.3 t 48.8 t 53.7 t
6 73.6 s 71.5 s 73.6 s 71.8 s
7 40.0 t 42.4 t 40.2 t 42.0 t
8 45\ otta iE 24.7 25.2 t 26.9 t
g 25.2 t 245] ath & 25.2 t 24.6 t
2-CHg3 22.3 q 22.3 q 29.6 q 22.7 q
6-CHj, 24 .4 g 21.4 g 28.6 q 24.6 q
COCH;, - 171.3 s - -
COCH; - 27.1 - -




ze]
n

Pz
1

H (211)

= COC H3

(211a)

Chemical Shift in ppm (multiplicity)

compound
\ (211) (211a)
carbon
2! 139.0 d 139.1
ch 125.1 s 125.3
y! : 111.2 d 111.1
5! 143.0 d 143.0
1 25.3 t 25,3
2 25.0 25.0
3 40.1 t 45,9
4 73.6 s 71.7
5 47.1 t 46 .6
6 67.4 67.0 d 70.3 70.0
7 46 .4 46.1 t 43.5 42.4
8 27.3 d 24.5
9 37.2 36.6 t 36.9 36.4
10 28.7 t 27.1
11 24U Sits 27.3
=2 139.1 d 185,
3" 125.4 s 124.3
yn 111.1 d 111.1
S 143.5 d 143.0
4-CH; 25.3 q 24,5
8-CHj, 20.3 19.5 19.8 19.6
COCH3 171.Y4 171.1
COCH3, 29.5 29.3
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AN
0 OH
(253)
/ \ g /3
0 OH 0 OH
(252) (254)
Chemical Shift
(8) (252) (253) (254)
carbon (E/Z mixture)| (E/Z mixture)
2! 139.1 d 139.1 139.1 139.2
< 124.9 s 125,1 124.9 125.0
Y 111.1 d 111.1 111.1 111.1
51 142.9 d 143.0 iu2,9 143.0
1 25.75¢q 22.7 23 .4 23.4
2 134.7 26.1 25.3 24.8 24,9
3 128.1 d 47.1 4e.6 uUb6..4 46.6
b 66.3 d 66.6 67.1 66.8 67.9 67.2
5 48.2 t 129.7 129.0 48.7(E)40.8(Z) 45.2
6 132.6 s 138.1 138.5 133.1 132.9 146.7
7 127.8 d 39.1(E)32.0(Z) 129.1 127.9 35.6
8 24,9 t 24.8  24.4 24.8 24 .4
9 28.5 t 28.7 .28.1 28.5 28.2
2-CH, 18.2 g 20.5 22.2 22.2
6-CH 16.3 q | 16.5(E)23.1(2)| 16.1(E)23.8(2)|112.7(6=CH,
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/ A 6 8
R L, /]
(257)
Chemical shift
Compound (257) (257)
E isomers A isomers
carbon CC? .z»pimers) ch ef’;mus>
2! 139.14 139.20
3! 124,92 124,86
4! 111.14 111.20
5! 142.90 142.90
1 28.54 28.60
2 25.08 25.08
3 128.08 127.96 128.39 128.29
L 133.12 132.88
5 49.01 48.52 41.05 40.63
6 66.74 66.38 67.72 67.41
7 4y, 70 4y .94 4L,82
8 29. 64 29.33 29. 64 29.33
9 37.53 36.38 37.53 36.32
10 24,96 25.20
11 27.39 27.39
4-CH, 16.29 23.81
8-CH g 20.35 19.43 20.39 19.31
Va 139.01 139.01
3" 125,53 125.47
yn 111.14 111.20
g 143.02 142.90
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A [ A

(255)

(256)

Chemical Shift in ppm

(255) (255) (256) (256)

high Re low Rf high Rf low R¢

carbon . epimer epimer epimer epimer
2! 139.2 139.1 139.2 139.1
3! 125.6 125.5 125.4 125.5
! 111,3 111.1 111.1 111.,1
5! 143.0 143.0 142.9 143.0
1 28.2 28.2 28,2 28.72
2 25.2 25.0 25.1 25.1
3 39.2 39.2 35.6 35.5
4 138.0 138,5 146.7 146.7
) 128.2 128.9 hu.8 4y, 8
6 66.8 67.0 66.8 87.2
7 45.4 45.3 45.5 45.1
8 29.4 29.5 29.3 29.6
9 37.3 36.8 37.5 26.3
10 24,5 24 .4 24,4 24 .4
11 27.6 27.5 27.4 27.5
4-CHj, 16.6 16.5 112.7 112.7
8-CHj 19.8 20,2 19.4 20.4
A 139.2 139.1 139.2 139.2
< 125.6 125.5 125.4 125.4
yn 111.3 111.1 111.1 111.1
5" 143.0 143.0 142.9 142.9
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‘/ \ Hd/ CHO / \

(87) (136)

Chemical Shift in ppm (multiplicity)

(87) (136)
(mixed E/Z isomers)
2! 147.7 d 147.5
3! 127.7 s 127.9
Lt 108.7 d 108.8
51 ’ l4y.5 d 144.3
1 195.7 s 195.9
2 4.7 t 40.1
3 36.0 t 45.5
L 71.2 s 71.9
5 54.5 t 35.1(E) 31.2(2)
6 203.2 d 121.8 121.6
7 - 1ul.4 142.8
8 - 31.2
9 - 23.0
4-CH, 27.2 q 26,6
8-CHj - 22,6




(92

)

(89)

Chemical Shift in ppm (multiplicity)
compound
(85) (88) (89) (92)
carbon
2! 147.4 4 147.5 d 147.3 d 147.4 4d
3! 127.5 s 128.0 s 128.0 s 128.0 s
! 108.6 d 108.9 4d 108.9 d 109.0 d
5!t 144.4 d 44,5 d 144.4 d 44,4 d
1 193.5 s 195.6 s 195.1 s 195.4 s
2 4.5 t 35.6 t 35.8 t 35.4
3 35.0 t 36.1 t 36.1 t 35.8
4 83.5 s 81.9 s 82.0 s 80.5 s
5 41,4 t 47.2 t 47.9 t 48.5 t
6 68.6 d 72.7 d 4.3 d 73.4 d
7 177.0 s 90.0 d 85.4 d 88.2 d
8 - 71.1 s 72.2 s 27.9
9 - 25.8 ¢ 29.0 q 20.5
4-CHjg 26.1 q 2645 q 27.1 q 27.6
8-CHj3 - 2547 q 24.8 q 18.8
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Chemical Shift in ppm (multiplicity)

compound
SRR, (152) (153)

2! 139.2 d 139.1 d
3! 127 .4 s 127.5 s
y! 108.6 d 108.6 d
5! 143.3 d 143.1 d
1 4.4 d 76.8 d
2 33.4 t 3355 t
3 36.3 t 37«5 t
4 84.4 s 83.2 s
5 47.2 t 37.8 t
) 66.6 d 335 t
7 47.2 t 73.5 d
8 29.8 d 28.9 d
9 23.4 g 18.9 g
4-CHj, 24.6 q 26.9 q
8-CH; 22.5 g 17.3 g
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10

10

(213)
Chemical Shift in ppm (multiplicity)
compound
carbon (213) (231)
2! 147.1 d 148.7 s
3! 127.6 s 139.3 s
yt 108.5 d 113.3 d
51 143.9 d 44,5 d
1 194.5 s 199.7 s
2 36.1 t 39.2 t
3 30.9 t 30.7 t
4 73.8 d 4.2 d
) 70.3 t 70.5 t
7 128.2 s 128.4 %
8 128.2 128.4 d
9 128.9 127.9 d
10 127.5 127.5 d
4 -CH, 19.6 19.6 g
i 175.7 s
2" 132.9 s
3" 109.9 d
un 143,9 d
W 149.5 d

* obscurred
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(

(

139)

140)

Chemical Shift in ppm (multiplicity)

compound
(139) (140)
carbon
2 140.18 d 140.50 4
3! 124.75 s 124.85 s
h! 108.67 d 108.77 d
5! 142.98 d 143.30 d
1 68.74 d 98.95 d
2 37.56 t 37.4 t
3 37.99 t 37.4  t
4 70,90 s 71.76 s
5 46.08 t 37.12 t
6 69.82 d 29.13 t
7 45.11 t 78.88 d
8 24,17 d 31.40 4
9 22.17 25.47 q
4-CHj, 26.44  26.98 26.65
8-CHj 22.12 29.03 21.04
COCHj3 24.39,21.04,20.83 18.56 17.56
COCH3 170.07, 170.82 171.14 170.49



APPENDIX B



300

R = OCH; (53)

Chemical Shift in ppm (multiplicity)

compound
) (35) (53)
carbon

2! 139.1 d 140,1

3l 108.1 s 108.1

y! 112.6 d 112.6

51 143.4 d 143.3

1 90.9 s 90.0

2 90.1 s 91.5

3 114.5 d 116.4

L 144.2 s 143.9

5 115.3 d 116.4

6 147.8 s 147.7

7 145.8 d 140.1

8 129.2 s 130.1

9 171.1 s 178.6

10 10.6 g 66,1
4-CHj 18.3 q 18.2
OCHj3 - 59.2




301

REFERENCES

1. Goodwin, T.W. (ed), 'Natural Substances Formed from
Mevalonic Acid', 1970, Academic Press, London.

2. Goodwin, T.W. (ed), 'Aspects of Terpenoid Chemistry
and Biochemistry', 1970, Academic Press, London.

3. Banthorpe, D.V., Charlwood, A.V., Francis, M.J.O.,
Chem.Rev., 1972, 72, 115.

4. De Mayo, P., 'The Higher Terpenoids: 1959, Interscience
New York.

5. De Mayo, P., 'Mono and Sesquiterpenoids', 1959, Inter-
science, New York.

6. Clayton R.B., Quart.Rev.Chem.Soc., 1965, 19, 168.

7. Overton, K.H. (ed), Specialist Periodical Reports,
'Terpenoids and Steroids', 1970-1979, Vol. 1-8, The
Chemical Society.

8. Nakanishi, K., (ed), '"Natural Product Chemistry', 1974,
Academic Press, New York.

9. Newman, A.A. (ed), 'The Chemistry of Terpenes and
Terpenoids', 1972, Academic Press, London.

10. Pinder, A.R., 'The Chemistry of Terpenes', 1960,
Chapman and Hall, London.

11. Bell, E.A., Charlwood, B.V., 'Encyclopedia of Plant
Physiology, Vol. 8 Secondary Plant Products', 1980
Springer-Verlag, BerlinyHeidelberg, New York.

12. Cornforth, J.W., Cornforth, R.H., Popjék , G., Yenogoyan

L., J.Biol, Chem., 1966, 241, 3870.

13. Arigoni, D., Pure Appl.Chem., 1975, 41, 219,




1k,
15.

16.

17.

18.

19.

20.

21.

lnms

23.

24,

26.

302

Arigoni, D., Gazz.Chim.Ital., 1962, 92, 88.4,

Croteau, R., Loomis, W.D., Phytochemistry, 1972, 11, 1055,

t
(a) Poulter, C.D., Sag}erwhite, D.M., Rilling, H.C.,

J.Amer.Chem.Soc., 1976, 98, 3376 .

(b) Koyama, T., Ogura, K,, Saito, A., Seto, S.,

J.Amer.Chem.Soc., 1980, 102, 36lu,

Hegarty, B.F., Kelly, J.R., Park, R.J,, Sutherland, M.D.,

Aust.J.Chem., 1870, 23, 107.

Hamilton, W.D., Park, R.J., Perry, G.J., Sutherland, M.D.,

Aust.J.Chem., 1973, 26, 375,

’

Burka, L.T., Harris, T,M., Kuhnert, L., Wilson, B.J.,

J.Amer.Chem.Soc., 1977, 99, 2302.

Kubota, T., Tetrahedron, 1958, 4, 68.

(a) Pavan, M., Piozzi, F., Quilico, A., Tetrahedron,

1957, 1, 177.

"(b) Still, W.C., J.Amer.Chem.Soc., 1978, 100, 1usl.

(¢) Thomas, A.F., J.Chem.Soc.Chem.Comm., 1968, 1657.

Baker, R., Briner, P.H., Evans, D.A., J.Chem.Soc.Chem.Comm.,

1978, 981.

(a) Faulkner, D.J., Tetrahedron, 1977, 33, 1421,

(b) Matsumoto, T., Usui, S., Chem.Lett., 1978, 105,

Hirose, Y., Nishimura, K., Sakai, T., Bull.Chem.Soc.Japan ,

1965, 38, 381.

Inoue, H., Kato, N., Uritani, I., Phytochemistry, 1877, 16,

1063.

(a) Ingham, C.F., Massy-Westropp, R.A., Aust.J.Chem., 1974,

27, 1491,
(b) Ghisalberti, E.L., Jefferies, P.R., Knox, J.R.,

Sheppard, P.N., Tetrahedron , 1977, 33, 3301.




25.

27.

28.

29.

30.

31.

32.
33.

34,

35.

36.

37.

38.

39.

40.

303

(¢) Dimitriadis, E., Massy-Westropp, R.A., Aust.J.Chem.,

1979, 32, 2003.

Hirose, Y., Abu, M., Sekiya, Y., J.Chem.Soc.Japan, 1961,

Cimin o, G., De Stefano, S., Minale, L., Trivellone, E.,

Tetrahedron, 1972, gg, L761.

Kondo, K., Matsumoto, M, Tetrahedron Lett., 1976, 4363.:

Bohlmann, F., Zdero, C., Phytochemistry, 1878, 17, 1155

Blackburne, I.D., Park, R.J., Sutherland, M.D., Aust.J.Chem.,

1972, 25, 1787.

+

Bohlmann, F., Rao, N., Tetrahedron Lett., 1972, 1039.

(a) Fugita, F., Fugita, T., Masuda, I., Takao, S.,

J.Chem.Soc.Perkin I, 1976, ., 2098,

(b) Coscia, C.J., Madyastha, KM., Meeham, T.D,, Biochemistry,

1976, 15, 1097.

Bohlmann, F., Zdero, C., Fhytochemistry, 1878, 17, 1585.

Banthorpe, D.V., Bucknall, G,A., Gutowski, J.A., Rowan, M.G.,

Phytochemistry, 1977, 16, 355,

Burka, L.T., Bowen, R.M., Harris, T.M., Wilson, B.J.,

J.Org.Chem., 1974, 39, 32ul.

Imaseki, H., Kato, N., Nakashima, N., Uritani, I.,

Tetrahedron Lett., 1971, au43.

Burka, L.T., Kuhnert, L., Phytochemistry, 1977, 16, 2022,

(a) Burka, L.T., Kuhnert, L., Wilson, B.J., Tetrahedron

Lett., 1974, 4017.

(b) Shone, R.L., Tetrahedron Lett., 1977, 4017,

(a) Burka, L.T., Phytochemistry, 1978, 17, 317.

(b) Burka, L.T., Iles, J., Phytochemistry, 1979, B§ 873.




304

41. Ghisalberti, E.L., Jefferies, P.R,, Knox, J.R., Sheppard, P

N'., Tetrahedron, 1977, 33, 3301.

42, Coates, P., Ghisalberti, E.L,, Jefferies, P.R.,

Aust.J.Chem., 1977, 30, 2717.

43. Carroll, P.J., Ghisalberti, E.L., Ralph, D.E., Phyto-
chemistry, 1976, 15, 777.

44, Bowden, B.F., Coll, J.C,, Mitchell, S.J., Chem. in Aust.,

1980, 47:7, 259.
45, Ghisalberti, E.L., Jefferies, P.R., Sheppard, P.,

Tetrahedron Lett., 1975, 1775.

46. (a) Massy-Westropp, R.H., Reynolds, G.D., Aust.J.Chem.,

1966, 19, 303.
(b) Chetty, G.L., Massy-Westropp, R.A., Zalkow, L.H.,

Tetrahedron Lett., 1969, 307.

47. Lewis, D.E., Massy-Westropp, R.A., Snow, M.R., Acta.Cryst.

(B), 1979, 35  2253.
48. Babidge, P.J., Ph.D. Thesis, University of Adelaide, 1979,
49 Bollmann, F, Mahanta | PK.,  Phytochemistry,
\QTQ )!E-)!067
50. Birch, A.J., Subba Rao, G.S.R., Turnbull, J.P.,

Tetrahedron Lett., 1966, 4749.

51. Bohlmann, F., Grenz, M., Chem.Ber., 1975, 108, 357.
52. Hancock, W.S., Honours Thesis, University of Adelaide, 1966.
53. Cimin, o, G., De Stefano, S., Minale, L., Fattorusso, E.,

Tetrahedron, 1971, 27, 4673.

54, Cimin o, G., De Stefano, S., Minale, L., Fattorusso, B

Tetrahedron, 1972, 28, 267.

55. Fattorusso, E., Minale, L., Sodano, G., Trivellone, E.,

Tetrahedron, 1971, 27, 3909.




56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

70.

72.

73.

74’-

305

Kazlauskas, R., Murphy, P.T., Quinn, R.J., Wells, R.J.,

Tetrahedron Lett., 1976, 1333.

_ r
Bornmann, W.G., Lipkowitz, K,B., Mundy, B.P., Scapone, S.,
A

J.Org.Chem., 1979,44, 486,

Dirks, G.W., Lipkowitz, K.B., Mundy, B.P., Heterocycles,

1977, 6,

57.

Helbling, A.M., M%fhews, R.S5., Whitesell, J.K., J.0rg.Chem.,

1978, 43, 78L.

Mori, K., Sasaki, M., Tetrahedron Lett., 1979, 1329.

Moore, R, Personal communication.

Hirata,

hedron.,

Horeau,
Horeau,
mentals

Guette,

Y., Irikawa, H., Sakabe, N., Yamamura, S., Tetra-
1968, 24, 5691.

A., Kagan, H.B., Tetrahedron, 1964, 20, 2u31.

A., Kagan, H.B. (ed), 'Stereochemstry - Funda- )
Yok,
and Methods', 1977, 3, Georg Thieme Verleq; Stuktgart, NevGA

J.P., Spassky, N., Bull.Soc.Chim.Fr., 1972, 4217.

Luche, J.-L., Rodriguez-Hahn, L., Crabbé, P., J.Chem.Soc.

Chem.Comm., 1978, 601.

Omura, K., Swern, D., Tetrahedron, 1978, 34, 1651.

Corey, E.J., Albonico, S.M., Koelliker, U., Schaaf, T.X.,

Varma, R.K., J.AmeChem.Soc., 1971, 93, 1u91.

Johnson, L.F., Jankowski, W.C., 'Carbon-13 N.M.R, Spectra',

1972, John Wiley, New York.

Eliel, E.kL.,Kandasamy, D., Sechrest, R£;’J.Org.Chem., 1977,

42, 1533,

Gaoni, Y., J.Chem.Soc., (C), 1968, 2925, 2934,

Lennartz, T., Chem.Ber., 1943, “Zﬁ, 831.



306

75. House, H.0., 'Modern Synthetic Reactions', 1972, 354,
W.A. Benjamin inc., Menl/o Park, Californiaj; Reading;
Massachusetts, London, Amsterdam, Don Mills$ Ontario,
Sydney.

76. (a) Ghosal, M., Zalkow, L.H., J.Chem.Soc.Chem.Comnm.,

1967, 922.
(b) Fleming, I., Williams, D.H., 'Spectroscopic
Methods in Organic Chemistry', 1973, 107, McGraw-Hill,
Maidenhead , Berkshire .
77. Sievers, R.D. (ed), 'Nuclear Magnetic Resonance Shift

)

Reagents', 1973, Academic Press, New York.
27,

78. (a) Heldman, D.A., Gilde H.G., J.Chem.Ed., 1980,A390,
references therein.
(b) Dbavis, R.E., Willcott, M.R., III, 'N.M,R. Shift Reagents',
1972, 143-172, Academic Press, New York.

(¢) Horrocks, DeW., Jr., J.Amer.Chem.Soc., 1974, 96,

3022.

(d) McDonnell, H.M., Robertson, R.E., J.Chem.Phys., 1958,

29, 1361.

79. (a) Baldwin, J.E., J.Chem,Soc.Chem.Comm., 1976, 73h4.

(b) Baldwin, J.E., Cutting, J., Dupont, W., Kruse, L.,

Silberman, L., Thomas, R.C., J.Chem,Soc.Chem.Comm., 1976, 736.

80. Felix, D., Kovats, E., Melera, A,, Seibl, J., Helv.Chim.Acta

1963, 46, 1520.

81. Cornforth, R.H., Cornforth, J.W., Popjak, G., Tetrahedron,

1962, 18, 1351.

82. Dimitriadis, E., Honours Thesis, University of Adelaide, 1976



83.

8L .

SIS

86.

87.

88.

89.
80.
gl.
92.

93.

ak.

95.

96,

97.

98.

307

Warren, R.F.0., personal communication,

Hoppmann, A., Weyerstahl, P., Tetrahedron, 1978, 34,

1723.

Clark-Still, W., J.Amer.Chem.Soc., 1978, 100, 1481.

Burkholder, E.G., Rabideau, P.W., J.0Org.Chem., 1978, L3,

4283.

Lane, C.F., Synthesis, 1975, 135.

(a) Eliel, E.L., Badding, V.G., Rerick, M.N., J.Amer.
Chem.Soc., 1862, 84, 2371.

(b) Rahman, A., Nur, A., Issidorides, C.H., J.0rg.Chem.,

1962, 27, 67.
Winterfeldt, E., Synthesis, 1975, 617.

Howard, W.L., Brown, J.H., J.0Org.Chem., 1961, 26, 1026.

Fleming, B., Bolker, H.I., Can.J.Chem., 1974, 52, 888.

Brown, H.C., Gallivan, R.M., J.Amer.Chem.Soc., 1968, 80, 2906.

Brown, H.C., 'Organic Synthesis via Boranes'. 1975, John
Wiley, New York.
Hoke, D., Hutchins, R.0., Keogh, J,, Koharski, D.,

Tetrahedron Lett., 1969, 34385.

Holder, R.W., Matturro, M.G., J.0rg.Chem., 1977, 42, 2166.

977, T

'Organic Syntheses', 57, 2046¢.
A

(a) Seebach, D., Kalinowski, H.0., Nachr.Chem.Tech., 1976,

24, 415,

(b) Seebach, D., Seuring, B., Helv.Chim.Acta , 1877, 60, 1175.

(c) Fischli, A., Chimia , 1976, 30, 4.

(d) Branca, Q., Fis"chli, A., Helv.,Chim.Acta , 1977, 60, 925.
Soc., |

(e) Gaeta, F.C.A., Stevens, R.V., J.Amer.Chem. 1977, 99, 6lo§

AN

(a) Scott, J.W., Valentine, Jr., D., Synthesis, 1978, 329.

(b) Morrison, J.D., Mosher, H.S., 'Asymmetric Organic

Reactions', 1972, Prentice-Hall, Englewood Cliffs, N.dJ.



308

99. Hannessian, S., Acc.Chem.Res., 1979, 12, 161.

100. Bartlett, P.A., Tetrahedron, 1980, 36, 3.

111. (a) Bassignani, L., Brandt, A., Caciagli, V., Re, Luy

J.Org.Chem., 1978, 43, 42u6,

(b) D'Auria, M., Piancatelli, G., Scettri, A.,

Tetrahedron., 1980, 3¢ 661.

112. Tsai, T.Y.R., Minta, A., Wiesner, K., Heterocycles,1979,12,1397.

113. Dunlop, A.P., Peters, F.N. 'The Furans' 1953, Reinhold,
New York.

114. Cha, D.Y., Kell y, R.C., Van Rheenen, V., Tetrahedron Lett.,

1976, 1973.

22
115. Mori, K., Tetrahedron, 1976, 1979.
A

116. Walker, B.H., J.Org.Chem., 1967, 32, 1098.

117. Hanrahan, E.S., Heindel, N.D., Sinkovitz, R.J., J.0rg.Chem.,

1966, 31, 20189.
118. House, H.0., 'Modern Synthetic Reactions', 1972, 359-360,
W.A. Benjamin inc., Meulo Park ; Calyfornia , Lonslon Sgydﬂej .
118. (a) Carter, H.E., West, H.D., 'Organic Syntheses', 1965, 3,
813.
(b) ref. 75 p. 387-406.
120. Jensen, F.R., Miller, J.J., Cristol, S.J. and Beckley,

R.S.,J.0rg.Chem., 1972, 37, 434l,

121. Hamon, D.P.G., Taylor, G.F. and Young, R.N., Aust.J.Chem.,

1977, 30, 589.

122. (a) Mutation Research, 1980, 74, 171, 208, 210.

(b) Turner, J.V., private communication.
123. Turner, J.V.,-unpublished results.
124. (a) Ames, B.N., Science, 1979, 204, 587.
125. (a) Trost, B. and Melvin L.S., 'Organic Chemistry of

Sulphur Ylides', 1975, 31, Academic Press, New York.



309

125. (b) Corey, E.J., Chaykovsky, M., J.Amer.Chem.Soc.,

1965, 87, 1353. [965,
(c) 'Organic Reactions',Alj) 395.

126. (a) Cram, D.J., Abd Elhafez, F.A., J.Amer.Chem.Soc.,

1952, 74, 5828.

(b) Cram, D.J., Wilson, D.R., ibid., 1963, 85, 12u5.

127. Cornforth, J.W., Cornforth, R.H., Mathew, K.K.,
J.Chem.Soc., 1959, 112.
T
128. (a) Clark-Still, W., McDonald, J.H., Tetrahedron Lett.,
N

1980, 21, 1031.
(b) Clark-Still, W., Schneider J.A. | ibid., 1980, 21, 1035,

129. Fetizon, M. and Golfia, M., C.R.Acad.Sci.C., 1968, 267, 900.

130. Chow, F., Gold, P.M. ¢ Reich, H.J., Tetrahedron Lett.,

1879, 4433.

131. Corey, E.J., Suggs, W.J., Tetrahedron Lett., 1975, 2647,

132. Coates, R.M., Johnson, M.W., J.0rg.Chem., 1980, 45, 2685,

133. Clough, J.M., Pattenden, G., J.Chem.Soc. Chem.Comm., 1979,

616.

134, Piancatelli, G., Scettri, A., D'Auria, M., Tetrahedron Lett.,

1977, 3483,

135. Sundararaman, P., Herz, W., J.Org.Chem., 1877, 42, 813,

136. Brooks, C.J.W., Gilbert, J.D., J.Chem.Soc.Chem.Comm., 1973

194,

137. Kodama, M., Matsuki, Y., Itg} S., Tetrahedron Lett., 1975,

3065.
138. Coll, C.C., Liyanagl, N., Stokie, G.J., Altena, I.V., Nemorin,

J.N.E., Sternhell, S. and Kazlauskas, R., Aust.J.Chem.,

1978, 31, 157.



139.

140.

141.

142,

1u43.

ihy,

1L5.

146.

1u7,
148,
149.

150.

151.

310

Bornowski, H., Tetrahedron, 1871, 27, 4101.

Bowden, B.F., Coll, J.C., Liyanage, N., Mitchell, S.J.,

Stokie, G.J., Altena; I.A.V., Aust.J.Chem., 1978, 31, 163.

(a) Jackman, L.M., Sternhell, S., 'Applications of NMR
Spectroscopy in Organic Chemistry', 1969, Pergamon Press,
Oxford. |

(b) Clerc, J.T., Pretsch, E., Sternhell, S.,E%LKérnresonanz-
‘spectroskopie, 1973, Akademische Verlagsgellshaft, Frankfurt.
Bowden, B.F., Coll, J.C., Hicks, W., Kazlauskas, R., and

Mitchell, S.J., Aust.J.Chem., 1978, 31, 2707.

Ne¢.sipuri, D., Das, G., J.Chem.Soc., Perkinti, 1979, 2776.

Cimino, G., De Stefano, S., Guerriero, A., Minale, A.,

Tetrahedron Lett., 1975, 3723.

Brown, ¢.A., Ahuja, V.K., J.0rg.Chem., 1973, 38, 2226.

Cimino, G., De Stefano, S., Minale, L., Fattorusso, E.,

Tetrahedron, 1972, 28, 333.

Kubota, T. Matsuura, T.,J.Chem.Soc. , 1958, 3667.

Gronowitz, S.,. ' Sorlin, G., Arkiv.Kemi., 1962, 19, 515.

Levine, R., Ramanathan, V., J.Org.Chem., 1862, 27, 1216.

Bates, R.B., Kroposki, L.M., Potter, D.E., J.Org.Chem., 1972,

37, 560.

(a) Kozikowski, A.P., Isobe, K., Tetrahedron Lett., 1979,

833.

(b) Clark-Still, W., Macdonald, T.L., J.Org.Chem., 1976,

41, 36290.
(c¢) Evans, D.A., Andrews, G.C., Buckwalter, B., J.Amer.

Chem.Soc., 1974, 96, 5560.



152.

153.

154,

155.

156.

157.

158.

158.

160.

161.

162.

163.

i64,

165.

311

Gschwend, H.W., Rodriguez, H.R., 'Organic Reactions',

1979, 26, 1.

Wakefield, B.J., 'The Chemistry of Organolithium Compoundé',
1974, Pergamon Press, Oxfard ,London, New y5rk ,Toronto,Sydney , faris.

Fetizon, M., Lazare, C., J.Chem.Soc., Perkin I, 1978, 842,

Jenkins, G.L., Kellett, J.C., J.0rg.Chem., 1962, 27, 624,

Albano, E.L., Horton, D., J.Org.Chem., 1969, 34, 3519,

Cason, J., Correia, J.S., J.0rg.Chem., 1961, 26, 36u45.

Salvadori, P., Ciardelli, F., (eds.) 'Fundamental Aspects
and Recent Developments in Optical Rot%%y Dispersion and
Circulaﬁ Dichroism', 1973, Heyden and Sons, London.

(a) P. Crabbé, 'Optical Rot%?y Dispersion and Circular
Dichroism in Organic Chemistry', 1965, Holden Day, San
Francisco.

(b) C. Djer_assi, 'Optical Rot%?y Dispersion', 1960,
McGraw-Hill, New York.

Seo, S., Tomita, Y., Tori, K., Yoshimura, Y.,

J.Amer.Chem.Soc., 1978,100,333/.

Delepine, M., Lareze, F., Bull.Soc.Chim.France , 1955, 104,

Arpin, N., Buchecker, R., Liaaen-Jensen, S. Phytochemistry,

1976, 15, 1013.

Dubs, P., Schenk, H -P., Helv.Chim.Acta , 1978, 61, 98#4.

(a) Mitsunobu, 0., Kimura, J., Iuzumi, K., Yanagida, N.

Bull.Chem.Soc.Japan, 1976, 48, 510.

(b) Grynkiewicz, G., Burz ynska, H., Tetrahedron, 1976, 32,

2109.

Norris, J.F., Rigby, G.W., J.Amer.Chem.Soc., 1932, 54, 2088.




312

166. Bertele, E., Schudel, P., Helv.Chim.Acta , 1967, 50, 24hs.

167. Gensler, W.J., Johnson, F., Sloan, A.B.B., J.Amer.Chem.

Soc., 1960, 82, 6074,



Dimitriadis, E. & Massy-Westropp, R. (1979). The structure of Eremoacetal, a
sesquiterpene from Eremophila rotundifolia. Australian Journal of Chemistry,
32(9), 2003-2015.

NOTE:
This publication is included in the print copy
of the thesis held in the University of Adelaide Library.

It is also available online to authorised users at:
http://dx.doi.org/10.1071/CH9792003



http://dx.doi.org/10.1071/CH9792003



