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INTRODUCTION

During tne latfer half of the 19th century there
- was considerable 1nterest amongst chemists in those compounds
derlved from natural sources. In partlcular, tne essentlal
01ls of ‘a number of plants and related species provided a rich
source of“such compounds, principally of the terpene type;
‘Within this group of naturally—occurring‘compounds the C15
sesqulterpenes were of particular 1nterest largely as a result
‘of their relatively high abundance. In 1895, Chapmanl presented
evidence of a new sesqulterpene, humulene, which he isolated from
o0il of‘hops. By the preparation of various derivatives, he was
able to distinguish this hydrocarbOn, previously called
a—cafyoph§ilene, from caryophyllene. However, largely because
of the lackvof spectncscopic‘techniques, it was not until much
later that‘tne structure of humulene was solved. Alfhough it
was commonly accepted in the early 1950's that humulene embodied
an eleven-membered ring with three double bonds, the exact
juxtaposition of these olefinic linkages was the subject of much
deba“ce.z':L'L — | L | ' |
‘In 1960‘ Devs, on analysis of the nmr spectrum of
humulene, concluded that the characteristic resonance expected
for anemoﬂnethylene group was absent and therefore it was proposed
that the olefinic linkages in humulene were all endocyclic. 1In
anvattemot to purify humulene, the bis-silver nitrate adduct was
1solated and recrystalllsed6 and pure humulene was regenerated by

treatment of the adduct with aqueous ammonia solutlon Careful



chemical dégradafion of the hydrocarbon7 led to the1proposal

that humulene had .an alleEEEE double bond syétém'and this was
finally‘substantiated by X-ray analysis8 Qf the bis—éilver nitrate
adduct which revealed the correct structure (1. It is now

clear that although o0il of hops is one of the richest’sources"

of %hisnhydfocarbon, humulehe (1) is; in fact, a“ubiquitous
sesquitefpene in Nature and has been isolated from a wide variety
of plant sources.- Mqre.recentlyiBohlmann gz‘gl.,»in particular,
have demonstrated the widespread oécurrence of an isomer of |

humulene (1), namely y-humulene (2).g ‘Many functionalised

compounds related to humulene (l)’habe also been found in natural

(2) ‘ (3)

W)
sources and while some are obviously artefacts produced by
;‘external ihfluénceé, others aré genuine plant metabolites.
o eﬁisulphides of humulene (1) have been discovered on careful
investigation‘of hop oil and these have been assigned the
structures '(3) and (4)..:Lo It is thought that these. arise as a
direéf;result of spraying the h0psvwith prebarations containing
flowérs of Sulphur; Steam distillation of hop oil11 and also
extraction of the water soluble compounds obtained from boiling

hop312 produced oxygenated compounds such as hwauladienone (5)




and humulenol-I (6). Other oxygenateéd humulene derivatives

13

have been isolated from Zingiber zerumbet Smith~~ and some of

theSe are illustrated by structures (7) - (11).

5,1k (12) was also isolated from the same

15,16

Zerumbone

‘source and Chhabra et al. ? have isolated the zerumbone

epox1des'(l3)'— (15) and zerumbol (16), all of which display

plant growth regulation properties.

A Russian group have also isolated a series of.
naturally-occurring humulene derivatives although the structural
evidence for these‘compounds is not entirely convincing. The

sesqulterpenes junlferln (17a) and junlferlnln (17b) were

17
isolated from Ferula juniperina, ferocin (18s), fer001n1n (18b),



(12)

(15) (16)

o

and fecerol (18c) from Ferula ceratophyllal8 and

19

fekserin (19) from Ferula xeromorpha.

H o
(17a) R=vanilloyl (18a) R=vanilloyl
(17b) Rep-HOC(H,CO  (18b) R=p-HOCgH,CO (19)
| (18¢) R=H

The biogenesis of humulene (1) was proposed initially

N L ]
in terms of the Biogenetic Isoprene Rule2o and subsequent

¢



embellishments were added'later.zl‘ Thus, the cyclisation of
farnesyl pyrophosphate (20) via the intermediate éétion (21) -,

to give humulene (1) after deprotonation and subséquently to

give caryophyllene (22)'by a further cyclisation and deprotonation
was postulated as the probable route to these c?mpounds based on |

the fact that both compounds usually co-exist in Nature.

o

N .
H “H
[
[N e (22)

Beforerproéeed%ng-to the chemistry of humulene (1) it
should be noted that three syntheses of the hydrocafbon haVe been-
recorded. The motivation behind these syntheses has been the
challenge inherent in constructing a large monocyclic COmPOuhd
containing three trans-double bonds and some very elegant work
and new ﬁethodoiogy have arisen from these studies. 'The earliest
synthesis,hfeporfed in 1967,22‘is‘shown in Figure 1. The two
}compéuhds (23) aﬁdf(Zu), prepared by a number of previous steps,J
were coupled by a standard Witfig reaction to give, after
subseqﬁénf,reaction, the dibromide (26). The key‘step in the
‘synthesis was the cyclisation ofvﬁhe dibromide using nickel

carbonyl, a method which had been devised by Corey for the

cyclisation of allylic dibromides. The major product obtained




was the cis-isomer (27) of humulene (1) which on irradiation‘in the
presence of diphenyl disulphide gave the required product (1,
separablé from unchanged (27) by preparative glc. 1In 1976, an

23 published a synthesis of humulene (1)

Indian research team
emoloying Corey's nickel carbonyl cyclisation step but initially
introduc¢ing the trans-disubstituted double bond'before achieving
ring closure. The reaction sequence can:be seen in Figure 2.

In going from the keto-ester (33) to the diester-(34) no

separation of the all-trans-diester from-the'gi§-§£§g§-isomer
“was>carried out Bécause at the cyclisation stage, both yiéid the
same product. It would appear from‘the experimental details that
.the reaction sequence proceeded smoothly’ and in good yield.

The third synthesis, carried out by a group of Japanese workers;zu
embodies’é highly stereosélective approach and is shown in
Figure.s. There aremseVFral interesting points which ariso from
this sequence.o‘The use of a m-allyl palladium compiex to trigger
intramolecular anionic cyclisation‘neatly:fofms the eleven-membered
ring, this method’having been extensively developed by Trost.25

The key intermediate (36) possesses the two trisubstituted double

.bonds necessary to prepare humulene (1) and the method of

introduoing the disubstituted trans-double bond via an oxeténe 3Nf
‘invoiVed the.development of new methodology uéing diethylalpminiﬁm_é
N;methylanilide. Previous obéervationsvby the same group had shown
that : "oxetanes opened in regio- and étereospecific manner to
‘form‘the corresponding allylic alcohols. This was explained in

terms of a cyclic syn-elimination mechanism where the aluminium

coordinates to the oxygen of the oxetane and the nitrogen binds

v

to a proton on .the adjacent carbon. As a result, very high
+ L]

Stereoselectivity‘(¢ 99%) was observed in the formation of the

olefin. ‘
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Turning now to the chemiéfry of humulene (1), this
can be subdivided essentially into two parts wﬁeré‘the division.
is dictated by a dhronological event in 1965 namely the
recognition of the biosynthetic significance of humulene (1).
as a precursor of structurally related tricyclic sesquiterpenoids.’
Prior to this date, humulene (l) was considered’ pr1n01pally as a
curious chemlcal entity and much of 1ts chemical study was
related, on the one hand, to its structural elucidation and, on
the other hand, té an investigation of its rearrangement products.
'It.is on this latter aspect thaf humulene (l) provided some
interesting results which were to have a bearing on 1ater chemical
'studieé.  Thus the story bégins in l964_with the structural
elucidation of an”51cohol, a-caryophyllene alcohdl, which was
derived froﬁuhumulene (1) by treatment‘with‘sulphﬁric acid in
ethér.' Prior té that time the dérivation and étructurevof this
compound was shrouded in.some mystery in view of the fact fhat it
was originally thought to have comeifrom‘caryophyllene (22) andg
its dehydration pfodﬁct was misinterpretéd. Independéntly
Nlckon26 and‘Parker 7 found that the precursor of a-caryophyllene

‘alcohol was in fact humulene (1) and that it possessed the

beautifully symmetrlcal structure (38). Later on Nlckon28 caindad °

.o

CH

(38)
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the name apollan-ll-ol for this compound on the grounds that'

it avoided confu51on about its genesis and secondly it |
commemorated the hlstorlc Apollo-ll moon shot . (structure (38)
should be turned 90° in an anticlockwise manner to appreciate

its resemblance to a threevstagg rocket). . The mechanism proposed:Z
for the ‘formation of apollan~ll-ol (?8) from humulene (1) is
outlined in Figﬁre 4. This was later investigated by deuterium

labelling, coupled with'lsc nmr spectroscopy;29 It was found

- ¥
CS"CH-
—
=0

that the labelled alcohol (39) was formed, the labelling pattern

belng consistent with 1n1t1al deuterium incorporation at C-1 of

‘humulene (1), the gecond label belng introduced at C-5 and the

]

Subséquent cyclisations and rearrangement occurring as depicted

¢
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in Figure 4. Further evidence, although not absolute, was

obtained when Corey cafried out a simple syntheéis of apollon-ll-o
(38) as shown in éigure's. The synthesis followed the proposed
mechanistic pathway in Figure 4 and gave the product’With the .

correct stereochemistry.

)

(ii)

OH
. H H Y
.:>X<::: .o _(d4i1) >
I..{‘ R

Reagents: - (i) hv; “(ii) MeLdi; (iii) HZSOM

e

Figure 5

Pertinent to the chemistry of humﬁlene (1) is the
work of Sutherland et al. who studied the stereoselectivity in
the cyclisatibn of medium ring 1,5-dienes on the basis of
preferred conformations according to a classification dependent

[

]
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" on whether cyclisation between C-1 and C—B‘bf’the diene Wouid

|
give a chair cyclohexane (C) or a twist-boat (T) rlng conformatlon?

They ratlonallsed the’ reglospeclﬁmlty of the reactlons on the

ba51s of studies of the X~ray structures of the s11ver nltrate
32

-

adducts of germacratriene (40)° and humulene (l) from which the .

relatlve qtraln energles of the double bonds w1th1n each compound
were calculated.33 The preferred react1v1ty of any Partlcular
double bond was expressed in terms of sp -sp2 and spz—sp2 tor81ona1
‘strain, the double bond having fne highest'for81onal strain belng
'tnéﬂnost reactiveli.e. it readts to releasé‘tné inherent strain.
Both germacratriene‘(uofnand humulené (l)‘Were cyclised‘wifh
.aqerus N;bromosucéinimide,3u535 the nrdducfs (ul)‘and (42)

;maintAining the anticipated conformations of their respective

starting compounds.

(41) .
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Cyclisation therefore iswinitiated by electrophilic
attack on the at210 double bond of germacratriéne’(uo) and oﬁ
the at>2 double bond of -humulene (1) followed by part1c1patlon
of the ne;ghbourlng 1 bonds. The straln calculatlons from the
X-ray studies corresponded to this order of reactivity, Regarding
stereocheﬁistry, the theory coﬁcerning the conformation classji-
ficafion'statcé that if a cyclisatioh of a C conformafion occurs
fhen the ring;junctionpwill be trans~ and for T the gigvfuséd
ring is produced.' In fhe case of germacratriene’(40), this is
: confirmed as it has CC conformation.36 By notation, this means
~that after cyclisétioﬁ to form the'two cyciohexane rings in (41),
~ the flrst letter denotes the conformatlon of - the rlng from C-10
to C- 5 and the second letter denotes the conformatlon of the ring
from C-5-to C 10. Humulene (1) also cycllses with hlgh stereo-
select1v1ty and glveb a Egégg—fused and cis-fused ring in accord
with its then accepted ET conformation. Noteworthy is the fact
that furthér chemical treatment of the bromohydrin (u42) yields,
amongst other products, caryophyllene (22). This is shown in
Figure 6.

The othér products observed were humulene (l) and the
thlCYCllC compound (44). It was proposed that the blcyclobutonlum
ion’(45) was the ;ntermediate, the hydride ion either attacking.
C-2 Qitﬁ thé subsequent cleavage of the C—2.? C-Y4 bohd to give
caryophyllene (22) or alternatively the hydride ion attacking
the exo_méthylene double bond with subsequent opening of the
‘cyclobutyl and cyclopropyl rings to give humulene (1). Whatever
the mechanism, theiformation of both (1) and (22) is stereo-

~specific, and this sequence effects a conversion of humulene (1)

*

to caryophyllene (22).
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Br ' Br
\Y .‘ 1 ..
v (1) ) e
| ooy ——> (1)
g e
H e H o
2y "(43)
P 4 - .
+ +
H - H7
“H L H g
— ) —
(22) - @ o ()
‘ ]
- Reagents: (1) POCl3/pyr;
(ii) LiAIH, /THT.
Figure 6
\ s_¢
\ /&
7‘ n
3
> 8 (45)
H’ ) 9
H “SH
11} 10
[ ]
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The same group then exteﬁded their inveetigations by
cyclising germacratriene (40) with other electfophilic and radical
reagents-affordinc.selinaneetype derivatives.37 Sutherland38
attempted the cycllsatlon of the epox1des (46) and (48) of
germacratriene (40), produced by peraeetlc acid oxidation, ‘
fepexiden(UB) being the major isemer. Again a selinane—type’
deri?atiVe,(Hg)'was realised on treatment with dilute sulphuric
- acid but only from the i,lo—epoxide (HB)IWhereas‘the 4,5-epoxide

(46) gave a guaiane-type derivative (47). These results were in’

o ous) )

keeping with the epox1des reactlng in the crown or CC conforma—
tion, the dlrectlon of ring closure being considered in terms of
b

the steric strain of the transition state generated in Markovnikov

, ' ‘ N ‘
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and/or anti-Markovnikov additions,

Although displaced from its chronologicél subdivision
of humulene chemistry, the results of the acid cafalyséd reafrange_
ment of humulene-1,2-epoxide (8) are pertinent at'this point since
they relate closely to the study by Sutherland gzngl.“on the
reactions of humulene (1) with hypobromous acid. In 1970 it was
reported that the acid-catalysed cyclisation of humulene<l,?2-

epoxide (8), the major product of peracid monoepoxidation of

humulene (1), produced the tricyclic diol (50)~along with
humulenol (6) and the diol (51).39 Recently a group of Japanese

workers 0 **! have reinvestigated this reaction and isolated many

OH
|}
1Y
\\ 3
N (s
2 8).--OH
H~ \ ‘
H ™H
Pl
@ (50)

(51) (6) .

more compounds. A time-dependent product analysis using glec

L




18.

indicated that the epoxide (8) initially cyclised to the
tricyclohumuladiol (50)‘which then decyclised or fearranged to
give the‘prbducts“(s)‘and (51) = (53). This study was carpried
out‘by‘isblating the‘fricyclohumuladiol (50) and‘fhen'treating
it with 1.8M sulphuric acid in acetone, As can be seen, a
complex 'mixture of compounds is proddceduin thi; reaction. The

novel compound (53) is thought to be produced by loss of the

hydroxyl group at C-8 in diol (50) with subsequent rearrangement

(52) . [ %))

to give the‘product‘(SS).‘ Tricyclohumuladiol ~(50) has been
1solated from hop 011u2 but it‘iS'felt‘that the tricyclohumuladiol
(50) is an artefact of the 1solat10n procedure since it was not
isolated.as an optically active material. It is known that the
three humulene”monoepoxides‘aré-found optically active in Nafure.l3
‘The‘year 1965 saw a tufning-point in the study of hmmﬂ@ne
chemiétry éince thdf year heralded the structural elucidation of
four fungal metabolltes, marasmic acid (54),'° hirsutic acid (55)*"
and 1llud1ns M (56)us and s (57, The tricyclic carbon skeletons
Of all of these could be derived formally from humulene (1) by
iﬁframoleculap cyclisations and subsequent rearrangements. Since

that time the isolation and structural determination of an ever

- increasing number of naturally-occurring compounds, largely of
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Me
CH.OH

(54) | (55) (56) R
“ T . (57) R

fungal origiﬁ, have served to hlghllght the lmportance of

humulene (l)'as a key sesquiterpenoid. building bloak

'The present range of compounds considered to be derived
from humulene‘(l) can be classified under. six general skeletal

types i.e.,hirsutane.(58),‘PPOTOilludane‘(59), marasmane (60),

illudédne (61), afrlcane (62) and pentalane (63), the majority
of which are found as fungal metabolites. 'Mechanistiéally these

skeletal types can be depived from humulene (1) by initial.

protonation of the A”’s double bond followed by subsequent

cyclisation involving the remaining double bonds within the

molecule.u_6 The modes‘of cyclisatioh necessary to produce the

.various trlcycllc structural types are summarised in Figure 7.

~An 1mportant observatlon on studylng the cyclisation

~ pathways is that the proposed prot01lludyl cation (59) plays a

major réle in ‘most of the blogenetlc schemes. - Five of the six

skeletens can be derived v1a this intermediate although alternative

routes té the hirsutane (58) and pentalane (63) types can be

postulated. Research using radiolabelled precursors has been

carrled out extensively in an effort to assess the feasibility

of the biogenetic proposals and an overv1ew of thls work follows,

L




(58)

(60)

(63)

(59)

(1)

20,
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profoillﬁdane ‘
o ' (59) -
’ ' =y core . hirsutane (58)
o illudane (‘61)‘, o marasmane (60)
- ~ L asin @) B ‘
Gyt > > hirsutane (58)

U'l) Cz - Cq
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u) C:-C
Ul) Cg‘C

s "

afrlcane (62)

() h2=H
(i) CJC" s

pentalane (63)

Figure 7
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T1ludin M (56) and S (57) were isolated from cultufes

of Clitocybe illudens fed with [2—luC] mevalonic,acidu7 (64),

degradatlve experlments show1ng the labels to be in the
anticipated sites based on a humulene. type 1ntermed1ate (65)

as shown in Figure 8. The absolute configuration of the illudins

was established by X-ray analysis.

(w) ' - (85)

Figure 8
‘Further studiésug’so on illudin M (56) using double
. e . 35 o1l
labelling techniques incorporating [ 2- qu 2-7"Cl and

A[ﬁ(R)-u—gH]‘mevalonaté confirmed the results of Anchel et al.'’
bufyalso\faiSed\éome questions as to the precise nature of the

proposed mechanistic route. The conclusion of this group was

that the cyclisatlon of humulene may be non- concerted perhaps
. " -




. pterosin

24,

with a partial mechanism as seen in Figure 9.

> ¥ products

Using [1,2-1?02] acetate and 13C nmr techniques the

same group51 extended the labelling studies to show the

eompatibility of the proposed rearrangements with the observed‘

results. Figure,lo outlines the theoretical pathway and compareé

‘the resultant labelled skeleton (66) with the isolated products.
McMorris et al.’’ isolated llludol (68), the structure

and stereochemlstrysg’54 be1ng determined by chemical and

phy51ca1 means. It was found that illudol (68) has a cis-fused

hydrindane skeleton. This 1is in keeping with humulene being

held in a CT conformation31 (67), the hydrogen atoms on C-4 and

‘C 8 already being held in a cis—arrangement to each other before

Cycllsatlon. pB-protoilludene (69) and the related alcohol (70)

n Fomitopsis 1nsularls55 and these also can

‘have been i{solated,fro

be rationallsed blogenetlcally by quenchlng of the prot01lludy1

cation (59) Closely related to illudol (68) are the pterosins

72) and z(73) isolated from the fern Hypolepsis Eunctata

HCT1), I(
Mett,®® along with hypacrone (74). The pterosides related to the

s were 1solated from Pteridium aquilinum var. latlusculum57

and labelling experiments using [2“ C] mevalonate indicated that

. L
e biosynthesis of these molecules proceeded through the accepted

4



(67)

OH
. — —
‘ : - PP

(66)

Figure 10

e

25,



aromatic methyls are slowe

26.

Hs”

[

(69) | | (70)

(71) X = C1 s
(72) X = OMe

(73) X = OH

pathway to the sesqulterpenOLds,f Figure ll cutlines the proposed

mechanlsm commenc1ng with labelled humulene (65) derlved from the

labelled mevalonate.

The labelling pattern, whilst not totally conclu81ve,

would suggest that there was incorporation in one of the gem—

dimethyi gfoups and degradative oxidation to give acetic acia

Prov1ded supporting evidence because the expected radiocactivity

ratio of 9:1 parent compound: acetlc acid was observed. Because

r to oxidise than aliphatic, it was

concluded that one of the ggmrdimethyls was labelled. This

»
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provides evidence that the pathway 6utlined in Figure 11 js

possible.

(65)

products
Figure 11

»

Also shown was the synthetic‘conversion of hypacrone
(74), itself ‘thought to arise by cleavage of the protoilludyi'

cation (59), to the pterosins H(71) and Z(73).$6 Figure 12 shows

~the proposed mechanism. °This transformation suggests a common

biosynthetic pfocess in the plant for the pterosins and

hypacrone (74). |
' Pomannosin (75), which is isolated from the same

fungﬁs as,AB—protoilludene (59),55 was identified®® and the

v . . 9 . .
absolute configuration determlneds.,as [7S,9R] . It was proposed

that fomanhosin (75) was also formed from the protoilludyl
cationL(59) by,oxidative cleavage of 'the bond shown bélow,

substantial evidence being obtained by feeding experiments

S '60,61 ' :
with [152_1302] acetate.eo’ - The labelllng pattern was

. . 13 1
~ investigated using a combination of C and "H nmr techniques,

and it was shown that the observed pattern was in accord with

that expected from the cyclisation of a humuleng—type intermediate
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Pterogins

-..Figure 12
e
Vla the labelled prot01lludyl cation as shown in Figure 13,

Closer examlnatlon of the 13 C nmr spectral data enabled

differentiation between which of the two gem-dimethyl Eroups wasg
blosynthetlcally derlved from C~2 of mevalonate. This gives an
ln81ght into the stereochemlstry of cycllsatlon of far;esylpyrgv
phosphate (20) and humulene (l) to give the correct stereochemlcal

Conflguratlon observed in fomannosin (75). ‘By nmy analy81s it

was deduced that the methyl of the cyclOpentanone ring which is
cis- with fespect to the cyclobutyl substituent is in fact the
ﬁethyl group which is derived from C-2 of mevalonate. The

Stereochemistry of cyclisation has been described ag shown in

Figure 14,
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0
/U\COA
e
0 \q
) 7
| (75)
OH

“ »

13

i
‘ 13C—13C coupling arising from [ 1,2~ CQ] of acetate

° Enhanced 31gnal ( C) due to C-2 of mevalonate

Figure 13

Inltlal cycllsatlon of trans,trans-farnesyl pyro-

phosphate (76) occurs by electrophilic attack by the c-1 carbinyl

carbon at Coll on the si-face of the distal double bond thus

Causing the methyl group deered from C-2 of mevalonate to become

the E —R methyl of humulene (67). Protonatlon on the re- face

:of the 4,5 double tond of humulene (67) followed by 1ntramolecular

cyclisation gives a cis- ~fused cyclopentane ring and subsequent
Cleavaée'of the six—membered ring leads to fomannosin (75) in

whlch the C-15 methyl is cis- to the cyclobutyl substituent and

e R c0nf1guratlon. This stereochemical

the C-9 proton has th

analysis was applied t© other labelled compounds such as illudol (68)

Ll
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(76) . , ‘ o o - (67) .. pe
si re
H
Pl -5
0 =X
. (1~
\~‘7 b
?
3
0 oS
| ‘ t~—o0H cis,R
(59 | C I
) . (75)

Figure 14

marasmic acid' (54). and hirsutic acid (55), the latter two to
be discussed later. It was seen that with illudol' (68) and

mapaSmiC.aCid (54), the same methyl group was derived from C-s

of mevalonate but in the case of hirsutic acid (55), the oOpposite
methyl group bore the label. The implication then is that hirsutic

acid (55) arises from a different conformation of humulene (§7)

and/or via a different mechanistic pathway.

Marvasmic acid (54), first isolated in 1949,62 the
structure determined by SPGCtPal analysis and chemical degrada-
tion®3 and confirmed by X-ray StUdieSasu proved to have the séme
cis~fused hydrindane skeleton as illudol (68). Feeding the'

+

4 . . ’
bParent organism with [2-1 C] mevalonic acid followed by
: _ .
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degradative analysis,63 whilst not totally unambiguous, certainly
1nd1cated the probablllty that marasmic acid (54) was derived
from the prot0111udyl cation (59) as shown prev1ously in Flgure 7.
‘and this is substantiated by the evidence discussed immediately

above concerning\the‘stéreochemical aspects of the cyclisation’

@

process.

(5u>‘ . T (78)

‘‘‘‘‘

Intefést'was also raised in the vellerane type

skeleton, examples of Whlch can be seen in the compounds (77)

and (78) parker et al. 6k suggested that the cation (79),

derived from the prot01lludyl catlon (59), could be a common

precursor for both marasmanes and velleranes, but experlmental

proof seemed to be lacking until the interrelationship between

»

(79



pr

the marasmane and vellerane skeletons was shown when isovelleral
(80) underwent thermal rearrangement to giVe a vellerane-type
compound (81).65 The mechanism proposed for the rearrangement

is shown in Figure 15 and an alternative pathway leading to

velleral (78) is depicted.

[

CHO

CHO (78)

CHO
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From this rearrangement it would appear that

isovelleral (80) is a key intermediate in the biosynthesis

of vellerane sesquiterpenes. Closely a88001ated w1th the

velleranes are the lactarorufins A (82), B (83) and N (84)

the structures eventually being correctly assigned as those

shown.66

H '
0
H
, ~ OH
(82) R=H (gi) *
= OHﬂ

(83) R

‘Pentalenic‘acid isolated as its methyl ester (85)67,

Péntalenolactone G (86) , pentalenolactone H (87) and

pentalenolactone E (88) are also considered tO be derived from

69 _
the protoilludyl cation (59) by the mechanism (a) shown in

Figure 16. However a much simpler mechanism (b) can also be

proposed-which does not necessitate the intermediacy of the
Prot01lludyl cation (59).
er closely related compound 1solated from the

yces UC 531970 is pentalenolactone

Anoth

fermenfation“broth of Streptom

(89) which is in effect a dehydrated pentalenolactone which has
undergone a methyl rearrangement.

In 1969 & new sesquiterpene “antibiotic was isolated

from Coriolus consofs.71 put it was not until 1871 that the
Coriolus consors
Later the absolute configuration

drocoriolin derivative.73 Coriolin (90)

correct structure was assigned.

was determined on a hexahy

[l
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Y

| l‘ O (a)
WV .

- I(l)'; (b)

5



(91)

(55)

35.
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was shown to have the cis-fused hydrindane skeleton but‘it was
observed that the ring-fusions were antipodal to those found in
the previodusly diseussed hydrindane-type compounds. A similap
situation was noted in complicatic (91) and hirsutic (55) acids,

4
‘1solated from Stereum compllcatum,‘ ‘and on the ba51s of the =

structural 81m11ar1t1es of the COPlOllnS, and the hlrsutanes,

.

‘& common precursor, hlrsutene (92) was proposed This theory was

@

"

. . ‘ N .
enhanced by the isolation of hirsutene (92) from the extract of

Coriolus conéoré75, pbeviously shown to ppoduce coriolin (90)71_

Aiso found in. the hydrocarbon mixture were traces of humulene (1)

and caryophyllene (22) giving strong support for the eleven-

membered rlng precursor theory However, because of the antlpodal

Pelatlonshlp between the skeletons derlved from the protoilludyl

Catlon (59) and the hirsutane group, it was thought that the
latter was not derlved from the prot01lludyl catlon (59) although

Flgure 7 showed two possible routes to the hirsutane group.

Studies were carried out in an attempt to determine exactly the

Pafhway folloWed in the biosynthesis of these compounds. Tanabe
13 .

and Suzuki76 fed [1,2- C2] acetate as a precursor to Eeziglgg

. 3 13
consors and analysed the coriolin (90) produced by C~nmr

1i
Spectroscopy - In theory the labelled coriolin tan be derived

[ R




from labelled humulene by any one of four pathways& 

outlined in Figure 17.

Figure 17

These are
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The T3¢ nmr study of a dihydrocoriolin derivative

showed labelling compatible with either pathway (a)‘or‘(b), the

13, 13 : )
observed labelllng pattern displaying six C-"C coupllngs with

the expected multiplicities. This work verlfled proposals made

by Feline et al.77 who had used parallel single labelling oo

1
experiments with [l—lBC] and [ 2- 3C] acetate and who postulated

that the hirsutic acid (55) obtained from Stereum complicatum
(FP )Fr arose via 81m11ar pathways Certalnly the double
labelllng technlque can probe far deeper than the 31ng1e label

technique but there stlll remains some amblgulty as to whether or

not a protollludyl 1ntermed1ate is involved.

In the studles prev1ously dlSCUSbed Sutherland
suggested . that in solutlon, humulene (1) adopts the CT conforma-

tion.sl The dlfflculty is that although thls conformation is

Observed in the 31lver nltrate adduct of humulene (l), it

.doee not necessarily follow that this will be the case in solution.
However, Sutherland's experimental results from the cyclisation of
(1) using N-bromosuccinimide in aqueous acetone®® clearly

78

humulene

showed that the resulting bromohydrin (42), upon X-ray analysis,
malntalned the CT conformation and so it can be assumed that

humulene (l) is also in the CT conformatlon. Low temperature

t in 196879 clearly showed the existence of

nmr studles carrled ou
more than one major conformatlon of humulene (1) although the most
stable conformatlon in solution could not be assessed due to

Pesolutlon difficulties. Recent molecular mechanics calculations

80 .
carried out by Matsumoto and co-workers involved the energy

- minimisation of the four principal conformers of humulene (1) by

, 81 1ts obtained, these worke
I . From the resu > rs
~computer methods ) .
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proposed that the major conformers in solution were CT and CC -
.and that a separate pathway to ‘the . hlrsutane group oould be
shown v1a ‘the CC conformer whllst the CT. conformer produced

‘the protoilludyl cation (59). Flgure 18 outllnes these Pathways'

‘and it can be seen that the TT and TC conformers are excluded )

o

because they would cyclise to form trans-fused blcycllc compounds

which so far have not been. found as natural products

A number of. compounds 1solated from the soft’ coral

W

'Capnelia‘lmbrlcatasz 83 were 1dent1f1ed as hav1ng a new skeleton,“

181mllar to the hlrsutane type compounds but with dlfferent

p051tlon1ng of the methyl groups. This group was given the name

) 9(12)

capnellane and typloal compounds are seen in A capnellane—83,

100~ dlol (93)' 9(12) -capnellene (94). It has been proposed
- that: these compounds are der1Ved from an 1somer (95) of farnesyl

‘kpyrophosphate (20) Wthh after cycllsatlon undergoes a methyl

- migration.




TC

ccC

1.. -

Figure 18

+ 7

<

e c g d

Hirsutanes

40.
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The first afrlcane—type compound, afrlcanol (96), was -
lsolated along with the hydrocarbons (97), (98) and (99) from ,

‘ L . : . 8y -
Lemnalia afrlcana, a marlne sponge, (96) belng 1dent1f1ed by

X-ray studies. As shown ‘above in Flgure 7 1t was proposed that

sy @  (98) (99

the afrlcane skeleton arose by a dlfferent mode of cyclisatiOn
than “the other skeletal types. Recently ‘Bohlmann and 7depc8®
1solated the keto angelate (100), elucidated ‘the structupe by

Spectrosc0plc means and pf0posed that humulene -8, 9 epQdee (3)

(100) R = Ang.

‘was the precursor.‘ However it seems particularly difficult to

Vlsuallse a mechanism ‘which could embody the epoxide (9) as a.

o startlng materlal and it would ‘seem much more acceptable to

ppopose humulene TN 5 epox1de (10) as the precursor‘

Before dlSLUSSlng the attempts to synihe81se some of

)
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these tricyclic compounds Dby blomlmetlc strategles, 1t is
lmportant to note that a 81gn1flcant number of them have been
Obtalned by total syntheses, many of whlch have been extremely

These include 1llud1ns S (57) and M (56)87
88-90
2

elegant in de31gn.

marasmic acid (54) hirsutic acid (55) , pentalenolactone

(89)°2 and velleral (78).93 , .

The stage is now set to discuss the more recent

chemistry of humulene (1) where the emphasis has been directed

towards two goals, namely methods of inducing humulene (1) to

undergo the postulsted ring closures and secondly investigatiohs

ludyl cation equivalents.

of the in vitro reactivity of protoil
‘ gy

In considering humulene (1) first of all, Naya and Hirose

found that tfeatmént of humulene (1) with 80% agqueous acetic acid

at 100°C gave a variety of compounds, the ratio of these being

depéndent upon time and acid/substrate ratios. An independent

« : . BY . . ;
study by Parker and co-workers using sulphuric acid as the

PPOton source produced identical results butvproved that

humulol (101) was the initial hydration product and as the

reaction continued the alcohol was converted 1nto_the range of

bicyclic products cuch as (102) - (105). It should also be

-11-0l (38) was also a product of these

Deuterium 1ncorporatlon experlments95

Polnted .out-that apollan

reaction cond;tlons.

showed that two deuterium labels were introduced in each

cyclisation and the mechanisms are as shown in Figure 19 for

bicyclic products and Figure 4 for tricyclic products.

Dauben etal.96 concurred with these findings by
cyclisation of humulene (1) using perchloric acid to produce

a~caryophyllene alcohol (38), the alcohol (102)‘and the
L ]

associated hydrocarbons. 1t is interesting to note that
' | ’
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i

(01 (102) (103)

“ oW | (105)

a-capyophyllene alcohol (38) has been isolated from a natural

A 97 : _
source, Cedrus ag}antlca‘Manet. The authors proposed that it

was unlikely that the conditions of steam distillation of the

wood or chromatography of the oil on silica would be acidic

enough to induce rearrangement of humulene (1) to the alcohol

(38)35 the alcohol (38) is present in the wood rather than being

fOPmed from humulene (1) during isolation.

Mehta and Slngh reported that humulene (1)

rearranges to give &~ selinene (106), a eudesmane-type’skeleton,

, by treatment with concentrated sulphurlc aCld in dlchloromethane.

It was thought that the hydrocarbon (1086) did not arise by direct



——3> products

of humulene (1) but instead came about via the

cyclisation
rermediate hydrocarbon (105) previously

rearrangement Of the in

discussed.

(106)




"‘Flgure 20

B5.

[

None of these products were in any way related to the

desired compounds therefore other methods were tpied in an effort’

to induce the desired cyclisations.

I+ became obvious that none of the six skeletal'types'

would be obtained from experlments on humulene per se and so new

The resultant methods can be

“‘approaches had to,be englneered.

ClaSSlfled in two groups

The flPSt follows the proposal that the prot01lludy1

, Cation (59) is an 1ntermed1ate in the blosynthes1s of the

‘marasmanes, 1lludanes and. prot01lludanes. Thus by,synthesising

’the 1ntermed1ate catlon (59) or . 1ts equ1valent rearrangement

could be 1nduced hopefully to produce the requlred skeletal types.

Matsumoto and oo-workers have carrled out some very elegant

’Synthetlc work and certalnly have moved much closer to a blomlmetlc

' approach than any prev1ous attempts. ’Thelr approach99 to give the
_Catlonlc equlvalents (108), (109) and (110) is outlined in

The ketone precursor (107) was then utilised in a

100
‘llke synthe51s of d, 1-hipsutene™” (92) via ‘the endo-

'blogenetlc

1Somer (113) as shown in Flgure 2l. “

Formoly51569 of. the cationic equivalents (108), (109)

‘and (110) produced +he bridged compound (114) and the pentalene-

chYPe hydrocarbon (115)

The dlfferent products were explained in terms of two

a (117) of the protoilludyl cation.

POSSlble conformatlons (116) an

In (116) the vacant P
the ¢&5 - C-6 bond cleasz and pe-

-orbital on C-7 and the C~5-C-6

bond are parallel. vTherefore

afranges to give (118). In (117) 5 the C-2-H, C-3-C-6 bonds and
. L] ) bl
re parallel leading to cleavage of

the Vécanf p—orbital on C-7 a
Y ’ » .




(10) 109 o

’ngggr_qc_g: @ CzHu/hj-hexane; (i) Ph3PcH3Bp/t-Am0Na/c6H6;
(4i1) TLCI0,),/ - BuOH/H0; |
| v{’(‘iv‘.) MéMgI/Efzo’; o
) ffg(OAc)é/TTﬂ’/HZO;

(vi) NaBH,

Figure 20

4g.
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(lll) R-OH (endo) ‘f’\
- (112) Re07s (endo) = (i)

i), i
vif)

(92)
- Reagents: (i) NaBH/EtOH; (ii)'p—TsoH/csﬁs;
C(did) LLAlHu/THF, (iv) Cro, /H

(v) Ph3PCHgBr/ AmONa/CGHé,
" (vii) MsCl/pyr.

~ Figure 21
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l

the C+~3-C-6 bond, H-shift and ‘then rearrangement to’ glve (119)

which leads to (115). Thus although no 1llud01ds were produced,

a naturall&—occurring skeleton was found.

A further development101 by the same group in?ol&ed

ring contraction of the cyclobutyl ketone (107) to glve o u

I
22€3),7(13) i1ludadiene (121) a (3)_76- -illudenol (122) both

(3

hav1ng the 1lludane skeleton Flgure 22 outllnes the reactlon

Sequence employed

e

Reagents: (1) Brz/CCIA;‘
: " (ii) AgOAc/AcOH;
© (iii) PhyPCHyBr/ AnONa/Celgs
(i) MeMgI/Et,0.

Figure 22
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1

The a-isomer (120) of the mixture of bromides
underwent an unusual rlng contraction via an. a- keto carbenlum ﬂ

l
02 (123) as 1llustrated in Flgure 23

H n%} f/“, : L ' B, A o
i : . .

(120) (103
S Figuwre 23

This work was followed by a biogenetic—llke conver81enlo3¢

of A7(8)~protollludene (124) to endo- ~hirsutene (113) using A?(lg)

PPOt01lludene (109) as the startlng material. TInp theory, thisg

would 1nvolve a trlple skeletal rearrangement a8 shown in

’ _Flgure 2u
o ' Thls partlcular route is con81stent w1th that postulated
‘ln Plgures 7(a) and 17(b), show1ng the hlrsutene skeleton (58) to

a’be derlved from the prot01lludyl cation (59). Flgure 25 outlineg

“the synthetlc approach to this rearrangement.
A method has already been dlscussed for the Conversion

of endo- hlrsutene (113) to hlrsutene (92) 00 and so thisg ig

‘effectlvely a synthetlc route to hirsutene (92) itself. from a

Prot01lludy1 catlon equlvalent.
| In parallel with this research the same group were

'caPPYlng out experiments on humulene (l) itself in an attempt fo

|

| H v ?
cyclise the hydrocarbon directly. In 1976, humulene (1) wag ;
tate?®¥ by an oxymercuration-dememnxetloni

Cyclised using mercuric acetate
»

w



- Pigure 24

procedure to give two products,

having the ctpuctures (125) and

both identified as cyclic ethers

(126).
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()~

~ Reagents: (i) I,/Toluene; - (i) m=CIPBA/CH,C1,3
| (iii) BF,.Et,0/hexane; (iv) Cr0,/H' 5

) o, C(vi) NaBiyON/p~TSOH/DMF/sulpholane.

Figure 25
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The hypothetical intermediéfe in the equivalent

biosynthetic pathway would be the cation (127) and the two

ethers (125) and (126) correspond to this. However it should

be noted that initial attack occurs on ‘the Al 2 double bond of

humulene (1) and then subsequent.attack occurs on the A4,5 double

bond, promotlng cycllsatlon. The reactive specieé can be drawn

in a CT type conformatlon as shown in (128).

i

+105 took the cyclic ether (125) and

Matsumoto et al

upon treatlng 1t with boron trlfluoride etherate in acetic.

anhydride produced two compounds (129) and (130)

(129) (130) R=Ac‘M
(114) R=CHO

It was aleo found that if humulene (1) was cyclised with mercuric

nitrate in aqueous‘acetic acid, new cyclic ethers (131), (132)

and (133) were isolated. (133), upon treatmentsewith 1ithium and




By,

asp (115)

oo

éthylamine, was converted TO the alcohol (134) whlch on
formoly31s gave (11“) and (115), both of which had already

Deuterium labelllng expeplmentslos

'been prepared synthetlcally

, were carried out to agcertain 1f the protoilludyl cation (583) was

lntex‘medlar\y ln any of - the sequences.f An . nmr examination of the

labelled products 1nd1cated that in the rearrangement of (135) to

(135), no protOllludyl 1ntermed1afe could be envisaged wheveas

‘(137) rearranglng to give (138) would appear to involve a

ntermediate.. The labelling patterns arose

_ protoilludyl cation i

by fhe.rearrangements outlined in Figure 26.



‘dePlvatlves have been isolated from the reaction mixture,

55,

(138)

137
7 Figure 26 |

~In (136)" 1solated from the reactlon mlxture, nmr showed

the C-6 proton whereas in (138), no C-6 proton appeared,:mpwwna

that a deuterium atom was present. However although the evidence

p01nts to the presence of & PPOtOlllUdyl cation, no protollludyl
The

trieyclic compound (129) arose by the rearrangement shown in

Plgure 27..
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A recent investigation of the mechanism of Cyclisation

Of humulene (1) with mercuric saltslo6 has shown that although

,’dlfferent products are obtalned with mercuric acetate thap with
. mercurlc nltrate, the 1n1t1al CYCllsatlon is the Same as shown in
Figure 723, ,
. | Tﬁe labelllng patterns expected from deuterlo R boro-
hydrlde reduction of the 1ntermed1ate (139) did not match the

' Obsepyeq results‘and*mechanlstlcally the results could be
‘ratibnallsed by«GXaminingwfhe conformational differenceg between

the Pyranoid (140) and the furanoid (141) compounds. The
. ' . : " .
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‘Fﬂ ‘r‘, ‘Figure 28 .

A

c
fur‘an01d compounds followed the expe
abel mlSSlng from C- 10 in the pyranoid

ted labelling pattern but

there was amdeuter;um 1

compounds. o |
Th's could be explalned in terms of a 1,6-hydride
1
‘Shlft allowed by the prox1m1ty of C- -10 and C-5 in (140) but
b
the dlstance between the two sites.
dlsallowed in (lUl) because of | e
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oy

(d) SNQ ‘ (e) Elimination of HgX

By

Quzy 21 ass

i The second approaoh to the problem of humulene (1)
Cyollsatlon can be cla851f1ed as the generatlon of a carbonlum

1on On p051tlons R (142) or § (21) bY Wthh humulene (1) can be

1nduoed to cycllse From‘qn 1ntermed1ate 1n the total synthesls

) sy
of humuieném(l) previously discussed, Nozak1 et al. formed the
N mésylate'(lu3)107 which, on solvoly51s in aqueous acetone and ip
w%'dlmethylalumlnlum phenoxlde, gave humulene (1) in high yleld

‘Thls was upheld by results obtained from solvolys1s of the

S“tQSylate by this research group. However solvoly31s of the



Z,E-isomer (144} in presence

,double bond 1somer of h

\ Produced lndlrect me

59.

of Various reagents yielded Vapyiﬁg

amounts of germacrene (145) and other IO*membered rlng products

Noteworthy 1s the fact that no caryophyllene (22) was found as a

(10) (lu6)

rtloular experlments desp;te the pr0posa1 by

Product in these pa
(22) arose from “the c1s-58’9

l that caryophyllene
umulene (l) or its equlvalent precursop.

Hendrlckson2

1m1nary research by thls group 1nto the possibility

% gouble bond of humulene (1) had

Prel

Of functlonallsatlon of the At
ethods whereby the 4 5

could be obtalned in good yvield.,

"ePOdee (10) and u-

109

alcohol (148) of humulene (1)
search in this thesis was to Utlllse

The Objectlve of the re
n the eXPectatlon o}
ne. (l),allow1ng entry into any or all

these compounds 1 f achlev1ng satlsfactory and

novel cycllsatlons of humule

5 outllned earller and thus maklng a

Of the skeletal type

o the grow1ng understandlng of the complex1t1es of

‘Contrlbutlon t

‘Sesqulterpene blogene51s.
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CHAPTER 1
. DISCUSSION
Ae discussed in the Introductlon, most prev1ous

attempts to cyclise humulene () 1tself and “thus gain entry B
; 1

Ietal types (2) - (7) have been unsuccessful.

into the required ske

1,2 | |
Initiation of cyclisation occurred at the AT double bond and -

@y @ (¥

o “>,

PPéduced 15 general, ompounds Whlch did not exist in Nature,
2
pha51s1ng the known order of reactivlty of the

ThlS order of react1v1ty has been

these results em

double bonds 1n humulene
Iexplalned in terms of relative strain about each of the react1Ve
‘ ' | 8,9 A” ’9 | In a sense the humulene problem
, : 2,3

‘ . : peset Johnson and others””” in their
‘Was not unlikekthat‘which had | S i

bonds viz. Al»2 > A




of controlling the
‘In the light of pre
‘any biomimetic cyclis

"approprlate group at

| double bond because of 1ts
A key target for our experlm

",but although this ‘epoxide ‘is

belng the predomlnant 1somer. , e .

view Of<thé propbsed’orde
‘\Of‘functional
~within this group

“humulene to giv

Crystalline isomer

68:

polyene Cycllsatlon studies, viz. the difficulty,,

early work on

prec1se site of initial electrophlllc attack
yious work it was felt that a. prerequ1s1te of

atlon of humulene was the 1ntroductlon of an

C-u and/or C-5 whlch could then be 1nduced to

react select1Vely to. generate a catlonlc 81te. ThlS however

1mmed1ately ralsed problems in attempts to functlonallse the A.LL S

p031tlon in the reactivity sequence.
ents was humulene -4 ,5~- epox1de (8)
naturally‘occurrlng, it is only a
-epoxide (95, the 1,2-epoxide (10)

mlnor constltuent as 1is the 8 3
This is.to be expected of course' in

9 (10)

. (85

e
o

r of peactivity of the double bonds.

.

b2

ThePEfore indirect methods had to be dev1sed o allow lntroductlon

PN W e
Bolo ettt

1ty spe01flcally at the 4,5-—positions. Such a methoad

v

Y e L

for the synthe81s of humulene-u,s—epoxide (8? was established

and jnvolved peroxy acid epoxidation of

R )

e a mlxture of trlsepox1des from which the \

(11) was separated by repeated crystallisation. .




us ' s - 1 14 thlum
\uslng tungsten hexachlorlde and n: buty i ,.

‘pPOPosed mechanlsm is Outllned in Flgure 1.

'The 1n1t1al obstacle was the ePOX1d
‘Chlo f as solvent w1th solld sodlum blcarbonate added as a
roform

‘nholdlng pePlOd

«Complete epoxldatlon and th

| l »
| - Was: extremely gummy and dlfflcult to handle

humulene trlsepox1de (ll) to the PeQUlTed monoePOdee.

69.

Subsequent stereoselective deoxygenation of the trisepoxide (11)

Wk

1

*«

gaVe the

6,7

Pequlred 4,5- epox1de (8) in reasonable yleld . Thls method proved

‘tO be the only one permlttlng stereoselectlve reductlon of

4 The

ThlS mechanism

‘00n51sts\of dlrect frontal attack of the tungSten complex and

SUbsequent extractlon of the oxygen atom of the epoxide.

C 51derable dlfflculty was experlenoed for the first
on

befléé ef this progect in trying to SyntheSlse sufficient amounts

of th tart u, 5 epox1de (8) by follow1ng the prescrlbed route.4
e star 1ng

atlon reactlon, carrled out in

scav ‘f;;’the free m—chloroben201C a01d generated in the
enger

Pe t Th temperature had to be rlgldly maintained below
action. e

” C £ th nltlal addltlon of the peroxyacid and durlng the
or e . 1

The reactlon tlme was long (v 36 hours) for
e resultant crude product after work- -up

Isolation of the

required tri epox1de (11) 1nvolved ‘a palnstaking series of
uire ris
‘ _ .

RSN I Y, R R TV SN B b



kaQueous sodlum blcarbonate solutlon acted as buffer

| Out at room temperature allow1ng fairly Papld addltlon of the

ﬁadded bonus“because the pPeVlouS method produced tWO Other

cl 2= L o
CL\I ’,CI + I —-C'

WV 2L “+ g — —_
Cl,‘ \C| ; .

Ci'+ - oL § o ‘ ﬁ , . ~

CL|n.Q ©=Cl
” crv ¢

“Figure 1
CPYStalllsatlons, flltratlons and evaporatlons and to OVercome

thls, a known llterature method 1nvolv1ng an alkallne two~phase

SOlVent system8 was applled ‘This method was orlglnally deVlsed

for acld sen81t1ve oleflnlc compounds but WaS“fOUﬂd to be

Partlcularly sulted to the inherent problems of humulene

R}

QDOdeatloﬁt‘ chhloromethane was used as solvent and an 0. SM '
The beneflts

accrued frOm thls method were numerous, the reactlon was carrled

Peracld the reactlon tlme was much less (8 12 hours) the crude

PPOduct was tacky but not: gummy and nmr analy81s of the crude
This Was an

Produet showed practlcally pure trlsepox1de (ll)

trlSepox:Ldes (12) and (13) which had to be removed by crystallisa-

tlon In thls modlflcatlon, the crude product PequPed only

mlnlmal puplflcatlon before contlnulng to the deoXYgenatlon stage.

It has been noted in the past that there is a deflnlte connectlon

hbetween ch01ce of solvent and conformatlon of the substrate ip



71,

sy .

I “solutlons 1n relatlon to oxldatlon of squalene and thls has

5 ; ‘been conflrmed by thls group in solvent related studles of mono~

9

'

i ‘ePOdeatlon of humU1€ne @ N
poxide (11), the next

J i . L | Hav1ng obtalned the requlred trlse
oy ‘ B ' vy o |
B .dlfflculty was encountered 1n the deoxygenatlon reaction. Initial
A y 4

| ‘»attempts to follow the prescrlbed route met w1th very little

ely 1ow yleldg (~ 10%) of the 4 5-epoxide (8) being

' "JSUCcess, extrem
ive study of the reaction conditions

obtained. A fairly exhaust
1t was v1tal that the
on. be absolutely dpy, (i1) the

;§ = Concluded that (1) tetrahydrofuran and the

| ’anltrogen gas used in the reactl
temperature durlng the addltlon of the n- butylllthlum be kept

o of humulene tr15epox1de*ﬂmgsam

P
b
&
v
&
‘3[
»‘4
i
A
4

3 | below ("65 c, (lll) the op‘tlmum I’a‘tl
- 0 was l 2.3:6. 9, (iv) heatlng of the-

Y{ - heXaChlorlde n- butyl llthlu

E o ‘mlxture from room temperature to 45-50 °c
pld as possible and (v) work-up

trlSePOdee (ll) had to be as ra
us sodlum tartra

after addition of the 3

; ‘ te/sodium h dro
: Tequired the use of aqueo y xide

3 SOlutlons to ensure removal of any t
+ oy olated by column chromatography was

ﬁ Optlmum yleld of materlal is
4

} \ 580, belng conSlderably less than the quo
. - | | | | N

S

race of tungsten salts. The

t+ted 80% yield by gle.



Compound which crystalllsed on elution with ether.

Presence of two hydroxyls "and

>Presence of two carbons ‘adjacent to oxygen

; Suggested the presence of
 0.3-0.6 ppm), a vinylic methyl’ (3H>S 1. 63 ppm) and what appeared

295 ppm)l”

o Of the d101 (14) +o the diketo
,;Jof the Carblnyl protons in the dlol (14) could arise from

72.

Apart from - the traces of humulene and dlepox1des

produced in the reaction, purlflcatlon of the crude deoxygenatlon

mlxture by 5111ca gel column -chromatography ylelded a further

Thls hOWever :

only happéned when the deoxygenation reaction was carrled out in’
| A ' e e 10
the laboratories of ICI, Pharmaceutlcals’Dlvl51on. - (The ‘reason

5o

. for this work being carried out at ICI will be révéaled in

Chapter 4.)° Ir and polarlty characterlstlcs suggested: the

13 C nmy spectroscopy conflrmed the

L]

lH nmr spectroscoPy

a cyglOpropyl group (multlplet,

to be carblnyl proton 81gnals at unusually ‘high field (2.78 and
The " tentatlve structure (14) was assigned initially,

the stereoc%emlstry of the Cy01°Pr°Pyl ring fUS1°“ ‘being unknown.

‘The asslgnment of the stru;ture was further enhanced by conver31on

(16)

(A7) ReAc .

ne (lS);W The high field position
arblnyl protons lying in the

'Shleldlng effects due to the c -
in and/or above or below
shleldlng zone of the cyclopropyl T g | &
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 the plane of the double bond. Hydrogenation of the diol (14)
gave the dihydrodiol (16) which still exhibited the hlgh fleld‘

‘vslgnals for the carblnyl protons, thus lmpwlna . that the hlgh

Y

field p051tlon of these protons is due to the. shleldlng effect
,Of the cyclopropyl rlng and that the two protons are 018- to each

Other,y Decoupling experlments caprled out at ICI and Eu(fod)3

+ shift spectra carried out in this department verified‘the assign;

nments but still did not unamblguously 1dent1fy the nature of the

‘Cyclopropyl ring fu31on,‘ A crystalllne acetate derlvatlve (17)
' l O K
MOf the dlol (14) has been prepared ‘and X—ray analy81s would

Certalnly clarlfy thls 81tuatlon. From models it is seen that

both a 015-‘and a trans- rlng qulOn could be aCCOmmodated in a

ten~membered ring«system but which stereochemlstry is present

dePends upon the mechanlsm of formation of the ecyclopropyl Plng

The OPlglnal mechanlsm proposed by Dr. Ray Carman is Outllned

ln Flgure 2(a). The coordlnatlon of one tungsten w1th two

epox1des of the startlng materlal (elther before or after the

nOrmal ellmlnatlon of the 8,9- ePOdee) gave an lntermedlate

tungsten complex whlch eventually underwent cycllc electron flOw

and hydrolysis to give the diol (14%). The driving force behind

fhé deoxygenation‘reaction would appear to be the formation of

" the strong W’O bond. Therefore the mechanism (a) would seem to

be unllkely because *almost certalnly the. two 51ngle W-0 bonds
Would not surv1ve untll hydroly81s was carried out. An alternatlve;
fmechanlsm () suggested at Stlrllng, lnvolved the action of a
uLewls acld, Posslbly a tungsten sp601es, upon the 4,5-epoxide (8),
nopening tne epoxide‘rlng’ inducing cycllsatlon and producing an

lnteI’medlate chlorohydrln (19). It is easy to visualise that
llthlum chlorlde is produced in the deoxygenation reaction and

50 Chlorlde jon can act as an external nucleophlle, quenching the

.

[ I



e

. L]

&

®

€y

| | (1)
(8)
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“mntonlum ion formed at C-1 after formation of the cycloPropyl
ring. In the subsequent alkaline work-up condltlons, the

i chloride ion is displaced by a hydroxyl group g1v1ng the dlol

(14). Experlments were carried out in an’ attempt to prove this

'mechanlsm.‘ Although it would be dlfflCUIt to mimic the supposed

'Lew1s acid. humulene -4, 5= epox1de (8) was stirred in the presence

“Of llthlum chlorlde and then worked up under the normal alkaline

conditions. However no diol - (14) was observed and the lack of

POSltlve results prompted another suggestlon that ~perhaps the

dlel (14) was an artéfact of hydratlon, the PeaCtIOD taking place

;nOt in the deoxygenatlon mixture but on the COlumn during

PUPlflcatlon. Meohanlsm (c) outllnes the POSSlblllty that

wet a01d1c 5111ca could 1nduoe PPOtonatlon of the epoxide (8)

R
fOllOWed by- openlng of the epoxide, cyclisation to give the

acyclopr0pyl ring and quenchlng of the C-1 carbonium ion with

: Water Humulene -1, 5- epox1de (8) was therefore stirred with g

‘Varlety of grades of wet gilica but no diol (14) was observed.

l;The mystery then deepened because attempts to produce the diol

(14) within thls laboratory by way of the trlsepOX1de (1)

deOXygenatlon reactlon were completely unsuccessful

Carman also reported 0 that in an attempt to form an
racetohadewfr;m the lel (14), the product formed was SUPpPlSlngly
’the 4,5~ ePOdee (8) Mechanlstlcally thls can be explalned as
,Shown in Flgure 3, the cis- fused cyclopropyl ring belng used to
The dlol is protOnated at ‘the C-1 hydroxyl then the

2 attack of the C 5 hydroxyl .

‘lllustrate.

cycloPPOpyl rlng is dlsPlaced by Sy
‘*on C-u, ThlS nmﬂwﬁ that all the bonds 1nvolved must be coplanar

‘and partlcularly that there is an antlperlplanar relationship

.

LR




’PeVer810n does no
c
hEmIStry of the cyclopropy

ot
hat a conformatlon

i
nterestlng to note t

w,humulenone (21

76.

aw ey

e

- C H and C l - OH and‘also betweeh C-5 - OH and

betWeen C 2
1al structure (20).

Unfortunately thie

C -
2 c- 4 as seen in part
t necessarlly prove the rlng junctlon ster
eo-
1 rlng since molecular ‘models indicat
: ate

of the trans—fused compound might also be

-epoxide (8). HoweVer, it is

ab
le tO regenerate the U, 5
he 1solatlon of t

wort F laglochlla acantho

ying 'a trans-fused cycld_

he blcycllc ketone bicyclo

phylla

) from the liver

12 the structure embod

Sub .
‘ ,SP- ]aponlca,



" propyl ring. The k

‘ and then reacted w1th

| GyClOpropyl group .

- dcid glves the compound (2

- This report. has P

- (14),obta1ned‘by-Dr.

effopt to clapify some aspects

77,

etone was reduced to the alcohol (22) using
llthlum alumlnlum hydrlde, converted to the E-bromobenZOate (23)
osmium tetrox1de to give the triol B

derivative (24). X-ray studies carrled out on. thls compound

(21) - _‘Q_e‘_(zz)‘Rzﬂ ‘(24) R_coc6 H,Br-p

(23) R=COCGH,BOP

/] - ,
try of the molecule and it would appear from

‘8aVe the. stereochemls
on 11es outw1th the field of the

the Structure that the C-1 prot
‘The nmr shift value for the C-1 proton would

Certalnly be of 1nterest put no nmr data waquuoted for this
1

Matsumoto et al 3 have reported that

GOmPQund._VePy'r‘ecently,
~l,5- -epoxide:

treatmentkof humulene
5) yvia the presumed lntermedlate (17)

rompted Bryson to carry out the reaction of the

) 5-ePOdee (8) with boron trlfluorlde etherate in ‘wet etherp.
formatlon of the my
oes strongly suggest that the diol

sterlous diol (14%) and,

Thls has led to the

although not conc1u51ve, it d

Carman resulted fro
most probably occurring on

m an acid-catalysed

L hydratlon of humulene-%, 5-epoxide (8),

. Work: is in progress
of this chemistry..

in this laboratory in an

the’SIllca column.

L

(8) with boron trifluoride/acetic

[350
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;Showed that the epoxide funct

Catalystwfyp

epoxide ring.' The obje

”‘Subquuent cycllsatlon o

" and to give a clea

as solvent, alth
"prodUCéd ah‘interesting

Jwas some unreacte

78,

(25)l 17 )

¥
x B

arrled out by van Tamelens’}u,and,Sufherlandls

Studies: C
ion pPOVlded an: excellent trigger

ation of polyenes and both protlc and aPPOtic

for subsequent cyclis
ed,to;lnltlate'opening of the

es. have been employ
ctlve of thls study Wasntozfindtazsuifable

g of the epoxide ring and

CatalYSt which would 1nduce openln

£ the polyene +to yield alcohollc PPOducts

n reactlon with a’small‘number.ofvproductst

Varlous protlc agents such. as 20%. aqueous sulphuric,
lac1al acetic, formic, E—toluenesulphOnic acids

tr;flu0roacetlc, g
ed at room temperature, were tyied

and aCid alumina, all stlrf

W1thout any notable success, elther produ01ng nothing or else a
t00 complex to isolate and identify.

broad spectrum of compounds
atlo w1th the €

ery slowly at room temperature,.

PlcrlcfaCld in a 1:1.7 poxide (8) in nitromethane

ough reacting Vv

pesult. After 11 days stirring there

d starting materiai but also severdl new
cOmpounds detected by analyticalvth, some of which were more
pox1de (8). preparative tlc separated out

Polar than the 4,5-€
.




- one olefinic proton at 5.30 ppm &

~‘lntegratlng for two protons.

”jrearrangement and

‘Slgnlflcance of t

e Spectroscopy showed ‘the

, havlng enjoyed considerable

“After work-ups analytical

‘Vand agaln some i

Jand benzene w1th

lost a v1ny11c methyl and galned a

~evidence indicated the los

at 0 C gave a very rapl

mlxture very qu

~the Plcrlc ac1d reactlon.

‘evldence was puzzlln

BETR

a polar spot which appeared by 4 nmr spectroscopy to have only

nd a multlplet at 3 ZO ppm,‘
h The compound also appeared to have~

quaternary methyl This

g of a- double bond possxbly by B .

/or cycllsatlon. 1so noted was the presence

of a series of 51gnals in the region 0. 3 -0. 8 ppm but the

hese was not fully appre01ated at thls stage,'
presence of a hydroxyl group

Attentlon was turned to LeW1S a01d catalysts, these

success in earller polyene CyCIlsatlon

3, 14 =
experlments, in paptlcular poron tPlflUOPlde etherate 16 and

Stannlc CthPldP 3 14, 16 Boron ‘trlfluor’lde etherate 111 benzene‘

d reactlon w1th the epox1de (8), the

ickly turnlng purple then brown (2- -5 mlnutes)

1 tlc showed a large range of produots
n the. same polar reglon as that lsolated from

Preparat1Ve tic allowed the ‘isolation

th exactly the same Rf and nmp/irv chapacterlstlcs

Of a polar spot wi
cric ac1d/n1tromethane reaction. The

as the product from the Pl

g because inte
yl protons and it was dlfflcult to

gratlon showed a ratio of one

Oleflnlc.proton to two carbin

envlsage a slmple cycllsatlon Wthh COuld result in such a

Sltuatlon. It was known from 1iterature prece

ferent PI‘OduC)c
rlde etherate glVlng different

and roduct ratios
SOlVen‘tS COUld glVe dlf s P . » ether

boron trlfluo

ntermedlate fluorohydrins.

reaCtlon pathways the Former giving 1

17 '
dent' that dlfferent‘



v.‘the increased rate of reac

80.

The suggestlon was that opp051te modes - of cleavage of the

epox1de were 1nduced and that the overall rate in ether was o

much slower than in benzene;' The explanatlon glvenl8 Was,that

upon consideration of the eQulllbrlum the relatlve concentration“f u

complex may be 1ncreased by

°f the boron trlfluorlde—ePOX1de
the use of an lnept “solvent such as benzene rather than ethep
The 1ncreased concentratlon of thlS COmpleX WOUld then tally w1th

t«on observed In other words when

ether is used as solvent the concentratlon of ether on the plght

;'hand 31de Of the equlllbrlum is 1ncreased and SO . the equlllbrlum

« When. the reactlon of humulene- 4,5~ ep0x1de (8)

Swlngs o the left

W1th boron trlfluorlde etherate was carrled out in dry ether at
~70° c to further reduce the rate, it was found that the reaction ;i
dld not go, However on warming the reactlon mlxture to room | |
téﬁperafhre:end sfirring for g-12 hours, a much cleaner reaction
wa; Observed by analytlcal tlc, three maJOP 'spots appearing. 3
‘Apapt from unreacted startlng materlal there was a non-polar spot :
’and a polar spot running w1th the same Rf as the compound

vPPev1ously 1solated from the picric acid/nitromethane and boron

‘tPlfluorlde etherate/benzene reactlons. Isolation by Preparative
ectral characteristicg

1 i h identical sp
tle gave a yellowish .0il again wit | | e




to those prev1ously described.

‘not fit any lmmedlat

v‘there was more than. one spot ‘and
vdlStant spots was achiev

vsilica gel plates.
”quantlty and subjected to 8
~structures. It wa
“-éoﬁpounds, the mlnor compour

‘whllst the major com

‘1be attrlbuted to the P
;PPOtOns were obs
o What appeared to be @V

- broad 81nglet at
1ntegrat1ng for one
-5 ppm region.

| mOleCule, comparlson ¢

‘:effect of the cycloproP

1.

Agaln the nmr 1ntegratlon did

ely recognlsable oycllsatlon pattern 50 .

analytical tle experlments wepe carried out to see if the COmpoundw

was pure. Initial varlatlon of solvent polarlty suggested that

flnal separation 1nto two .
ed using 811ver nitrate- 1mpregnated

The two compounds were produced in 1argep -

pectral analy31s to elucidate their

s noted that after purlflcatlon of the two

nd remalned as a pale yellow1011

pound SOlldlfled after a sample had been

1
left at O ¢ for a pumber . ofvweek31-~The H nnor, spectra of both

COmPOunds agaln showed the multlplet at'0.4f0.8 ppm and it was

then peallsed that thlS 51gna1 was 81gn1flcant and;could in fact

resence of a cyclopropyl rlng5 No olefinic
erved in the spectrum of the major compound but

1nyllc methyl 51gnal was observed as a

1. 67 ppm suggestlng that a tetrasubstltuted
dOuble bond was present in the molecule. A broad doublet
proton was observed at 3¢23 ppm w1th a COupllng

constant of about 9 Hz. This is qulte high field for the carbinyl
PPOtOn of a secondary alcohol, which 18 usually found in the

;f there is a cyclOPPOpyl rlng in the

an be made W1th the lel (14) in which both

Carblnyl protons appear at higher field due to the shielding
| yl ring- Also observed were three quatep-

0 shake caused the collapse of a broad

nary’methyl groups and a D2




oSlnglet at 1. 55 ppm denotlng the presenc

A Study of the ir spectr

Spin decoupllng and INDOR gxperim

’;PPoton 51gna1 at 3.23 P
‘cyC1Opr0pyl reglon but it was ai

faSSlgnments further
heptafluoro¢7 7= dlmethyl ~4,6

SOlUthn wepe made

WleDOR experlments were run afteP each

‘82,

(14)

*

e of a hydroxyi group.

um conflrmed thls, a dlstlnct hydroxyl

: A weak peak at 3040 cm -1

Peak belng observed at 3610 om’
of the Cy01OPP0pyl rlng, “the typlcal

Conflrmed the presence
-1

d at 1380 and 1370 cm U oand C-0

EEE dlmethyl doublet was observe
red in the reglon lOOO llOO cm 1,“ Initial

stretch slgnals appea
ents showed that the carblnyl

pm was coupling with somethlng in the

fflcult to be spec1f1c about any

than this because of the complexity of the

to utilise a lanthanlde shift

nmp SPeCtrpm. It was decxded

19

y the spectrum and so tris(1,1,1,2,2,3,3-

reagent™~ to s1mpllf

—octanedlonato)eur0p1um (26),
was: chosen as a sultable Peagent A

hereafter called Eu(de)gs
f‘Bu(fod) /deuterochlorofopm

Series of measured addltlons o
and the observed 1ndu
Concurrently, spin decoupllng and

cea ghifts for the

VaPlOus signals were noted.
additlon to clarlfy the

lated signal
couplings and coupling constants of the rela ignals as the




. of the three quaternary me

- because of its prox1mlty to the europ
next proton to appear out ©
”Showed as a complex

VIPradlatlon on' Hy

‘83,

28

SPeCtrum was stretched dut and 51mp11f1ed Aedownfield shift

thyls together: w1th a 51mp11f1catlonk
Of the cyclopropyl region was obserVed and decoupllng experiments

SUggested‘an ABMX system,. as shown. in the partlal structure (27)

The.COupling‘conetants‘ere,shown in Table 1.

"

w

- was added, HX moved doanield'fastest

As the Eu(fod)
jum~complexed oxygen. The

f the methylene envelope was HM which
multlplet potentlally an elght‘llne signal.

caused Hy to collapse from & doublet to a broad



TABLE 1

artial structure (27)

Coupling constants for P

Coupling , COUEllng
L constant (Hz) -
JAB - o=4.5
Tw 8.5
JpM 8.0 o |
Tnx - 9.5
” o
~singlet. Ipradiation on Hy simplified Hy to a four line signal

" Because of the 51m11ar1ty between the measured COupiing constants

(9 5 and 8.5 Hz res
al to a proad triplet., However since Jy .
MX

JMX and JAﬁ pectively);Airradietion on Hp

Simplifies the Hy Slgn
and J M are not similar (9.5 and 6.0 Hz reSpeCtlvely) irradiation’
v0n Hy collapses the HM 51gnal to-a dOUblet Of doublets. J,, and

al cis- and trans-cyclopropyl proton. Coupllngs'l
»

the partlal struc

JBM’are typic

 PP0m these flndlngs,

ture‘(28) was proposed,

e cycloproPyl methyl also being

the E__'dlmethyl group and th

t reagent TR

affeCted by the shif
H e induced shlfts observed in this

Table 2 lists th
The numberlng system refers only to the Partlal .

veXPerlment
ntended to reflect the actual

StPuCture (28) and jg not 1
numberlng of the complete molecule. The 1nduced shifts of H,,
o follow because for most of the

;HB and HM were dlfflcult t

e hidden under the methylene envelope.

experiment they wer
On the pasis of the gpectral data coupled with off-
hanistic considerations, the

 resonance ¢ nmr spectra and mec
20
ed for the major compound. Although

StPﬁcture (29) was assign



Proton

| ;C-lMe : “’l.OQ‘ ]

(28)

 TABLE 2

g

Eu(fod) , shifts (ppm)

fdr'partial'struCtufé (28)

g5,

“Amoﬁﬁ%"of‘Eu(fod)3 solutibn

T

o 200t sous

’60u1

t" . e . .

1.13° 1.33

HX . ‘j‘3.2u&:‘f  ,‘M.92 o “6'43
CfSVMe L 0.91° 1.66 ¢ 2.26
C-5 Me'. ' "0.90 . S 1.45 1.95

M

- 1.55

8.06

T 2.93

2.51

——— : ‘ .‘ . N o 1+ ’ . t .
the‘l3c nmriéata cannot be assigned completel
Table 3 1ists the signals with

e

their pr0posed'assignments,

y unambiguously,



Patlonallsed by boron trlflu
1,

of the A8’9 double bon
‘deprotonates to yleld t

‘Thls Sequence 1s shown in Figure 4.

JPerlts favourable allgnmen

:CanOnlum jon on C-
 As discussed by van T

,The cation (30) propose

‘Hyeycllsatlon of the startlng epox

(860

nistlcally the formation of alcohol (29) can be

orlde—a851sted openlng of the epoxide

Mecha

~Markovn1kov cycllsatlon of the A 2 double

ring followed by aﬁtl
g and then Markovnlkov chllsatlon

bORd to form the cyclOPPOPyl rin
d.on to the transient carbonlum ion (30)

_membered #ing carbonium fon (31) which

to give ‘the five
he tetrasubstltuted oleflnlc alcohol (140),

Note that humuleneuq 5w -

a CTZl conformatlon (32) similar to

ePOdee (8), 1f drawn 1n
the’ silver nltrate complex Qf humulene (1), 19 T
t of the p~ ot

that Observed in
orbital of the deVelgPing LN

4 w1th the Al »2 ~orb1tal thus allow1ng back81de
- a ‘
SNQ”type attack of the C~1 1 orbltal as the ep0x1 e rlng .opens.

amelen this reactl

ghbourlng w~bond partlclpatlon

on 1llustrates the concept N

ot SN2 ePOX1de openlng with nel
d in Figure Y as a
ide (8) is of interest because

n 1ntermed1ate in the S

tionic 1ntermed1ate in the proposed

it is identical to the ca
e dlol (14) from humulene-i,5-
' »

‘formation of th

Mechanism for the



87,

L TABLE 3 )

g‘ Offkrescnance‘lsc nmy data for (29)

, o Chemgg;}%) shlft L MuvltlpllCl?y:. » " VA881gnment

% S 13.740 e q EUER R c-12

i 20,21 s | c-1

5‘~ L 20021 q ; C-14

; | 20.28 q C-15.

Lo 219w | ot c-11

L 26.38 -0t €7

L 27 : T g c-13

| 29.58 - d C-10

o 3172 t °-3

S 39.29 E c-#

[ 42.18" t » Ot

P 54.33 d c-2

; ' 80.38 - d c-2

! 13311 s €=3

%‘ 135,24 5 ¢-e

| . , : ) -
a ' Some dlfflculty was experienced in a851gnlng certain of

’ . the peaks partlcular‘ly in the high field region (* 20 ppm)
( o because of 'the overlap of the singlet and quartet due to
‘ ©-1 and C-1k.  However on the expanded scale spectrum it
2 "was seen that the 20.21 singlet 1 slightly to the right
1 . of the quartet mid-point and that the quartet peaks were
| slightly broadencd compared to the downfield quarter
- -~ (20.28). Therefore the assignment Was made‘ as shown above,
: | e
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(30

(8)

B v pel e i

(29

@

. Figure 4

(32)



r89.

" epoxide (8) in the deoxygenation of humulene trisepoxide (11).93
This similarity only applies if the diol (14%) has a Cis_qued
cYclopropyl-rlng 51m11ar to that observed in the alcohol (29)

and in such a case, ‘“the catlonlc 1ntermed1ates -are common to the
. formation of both the diol (14) and the alcohol (29). However |

" if the diol (14) has a trans—fused cy010propyl ring then it is o
“extremely unllkely that it has been formed by a mechanism based
‘On Lew1s -~acid a01d-catalysed openlng of the epox1de ring of

humulene Iy 5—epoxide (8) followed by cyclisation 1nvolvlngkthe |

" ' l . "

‘:Ap’z double bond.
L | , | .
If, as van Tamelen suggests, the mechanlsm of

L]

POlyene cycllsatlon 1s not completely concerted but that

cOnformatlonally rlgld carbonlum ion 1ntermed1ates are 1nvolved

¢ )
“

the Stereochemlcal outcome of the PPOPOSGd CyCllsatlon of
humulene u 5- epox1de (8) held in the CT conformatlon (32) would

be such that the C- 1 methyf and €-10 hYdPOgen atom would bear a

fcls—pelatlonshlp to each other based on the numberlng System of
Jtalcoh01 (29) Also there should be a Egggg—relatlonshlp between
the C- 10 and é 9 hydrogens and between the C-2 hydrogen and C-1
re a551gned for the alcohol (29) embodles

methyl " The structu
tlonshlps and conflrmatlon was

theSe PPOposed stereochemlcal rela
0 of the. B—bromobenzoate of the

‘ 2
Obtalned by X ~ray analy51s’
| was obtalned by comparlson of

alcOhol (29) Further eV1dence
the SPectra of the alcohol (29) with those of an authentic sample
Of the hydrocarbon (33) obtalned from the Belglan workers who

Orlglnally 1solated afrlcanol (34) and 1ts dehydratlon product,

L , 23
the hydrocarbon (33)

T e e S i

L5
)

[
;h :




Teferred to “as the major and mi
‘ObSGPVed in the early reactlons,
“these compounds in approx1mately e
~ease of pecognition at t

maJOP and minor

‘ Substltuted olefln signa

hélcohOI and, coupled wit

khsimilar results were obtalned as t

- 90.

(3w)

Attentlon was turned to the minOP_COmpOund from the

boron tplfluorlde catalysed pearrangement of humulene-4,5-oxide -

@), It should be noted that although these two compounds are

; nor products, this was only
subsequent syntheses producing
qual amounts. However, for
his stage they have been Peferred to as
The mlnor compound showed very 81m11ar spectral
£ the alcohol (29) The nmr spectrum

Characterlstlcs to those o
I’EVealed One Oleflnlc proton a‘t 5 33 Ppm, ‘a bI‘Oad doublet at : ”

t 1. 64 ppm,
n the range 0.3-0.9 ppm.

3.23. Ppm,‘a VlnyllC methyl a a nine- proton broad
‘and a multlplet i

The ip spectrum showed hydroxyl, cyclopropyl and p0351bly tri-
15 (1650 and 825 onl). Lanthanide shift .

Slnglet at 1.02 ppm,

ied out on.a sample of the minor

Studles u81ng Eu(fod)3 were carr
h INDOR and spln decoupllng amr techniques, ¥

hose for. the major alcohol (29).




’ coupllng was observed be

- 91..

"‘Although INDOR was not as sensltlve in- thls case, qulte deflnlte
tween the doublet at 3 23 ppm and the

cycloproPyl multlplet at hlgher fleld The doublet at 3 23 Ppm

moved downfield fastest under the 1nfluence of the shlft reagent

and the nlne—proton 51nglet at 1. 02 ppm very rapldly resolved

1nto three separate three—proton 51ng1ets, two of whlch moved,

[

fdownfleld much more rapidly than the thlrd Based on the SPQCtral

Oharacterlstlcs and the 31m11ar1ty between 1t and the major

alcohol (29), the structure (35) was pr0posed. Tab;e 4 shows the

(35)

lnduced Shlfts Observed in the’ianthanide‘Shift‘experiments.
TABLB 4

¥

Eu(fod)q shifts (ppm)_for alcohol (35)

e ——————

— ! »m " .
" Proton Amount of Eu(fod)3/CDCl3 solution added
= | 4o‘b‘ ' 20u2 WEpL - 55uf
— ‘
C‘Q-H | 3,23 : ‘5.2% | 7.83 - 8.94
C-8-Me. ' 1.02 - 1.8l 2.8% 3.21
C-g-Ma! 1;02 1.68 ; 2.52 ‘ 2. :
C-1-Me 1.02 . 1.27 1.61 1’7.

¥-a;;;; o ;;___,..;b_a——;——~—¥——¥



Q;trlfluorlde etherate'w1th'sl

g2.

~This structure can be rationalised as arising from catioh (31)

by an alternative deprotonation. -Considerable effort was.

“expended in trying to interconvert the two. alcohols (29) and 5
‘(35) by 1somerlsatlon ofvthefdouble.bond in an attempt to
Vestabllsh the relatlonshlp between: the two COmpounds. The

: reagents used were trlfluoroacetlc acid in dlchloromethane,‘ -
UE~toluenesulphon1c acid in benzene,: Amberlyst -15(H") re31n, ana

*

boron trlfluorlde etherate -in ether for the conver810n of the |

'tPlSubStltuted to the tetrasubstltuted olefln. These were ‘also

vtrled for the. reverse conver51on and also tried were boron

lver tetrafluoroborate in ether,

the reason belng that because - “the trlsubstltuted olefln alcohol

(35) runs .slower . than. the tetrasubstltuted isomer (28) on silver

‘Dltrate tlc, (35) forms a more stable silver complex and 1nclu81on '

. of Sllver 1ons could perhaps swing the ‘equilibrium in favour of
“the trisubstitutedwisomer (35)-4 Hydrogenatlon i.e. 10% Palladlum/'
‘;charcoal methanol and hydrogen under atmospheric conditions, ‘was
- tried because ‘a literature example 1s known where AG"PPOt0111Udene
‘(36) on subjectlon to these . hydrogenatlon condltlons, gave the

r, no con
lSOmerv(37). 4,‘Desplte all attempts, howeve ». I onversion was




‘,natlon and reprotonatlon of 1ntermed1ates.‘

"hypothes1s

unless the synchronous attac

‘on the same face of the double bond as in the formation of a

in bromlnatlon, etc.,b

.Or itg 1,2- epOdee (lO) un

3
MatSUmOto and co—workerS

A Suggestion as to how this cis

93,

f‘achleved in either dlrectlon.

Several points arise from the structures of these

two alcohols. Although alcohol (35) has. been a881gned a trans—

]

ring fu81on between the 7* ‘and 5—membered rlngs, the nmy

experiments dld not conclu51vely establish thlS. However, many -
' of the reactlons dlscussed in the lDtPOdUCthD tO this thesis .

-involve. the partlclpatlon of an 1nternal trans double bond in

"

Polyene cyclisations and it is ObVlOUS that where thls occurs,

trans -ring fu51on is observed unless. of course: there is deproto_

These»observatlons

‘saPe in keeplng w1th ‘the proposals of the Stork- Eschenmoser

25,26 ‘and a study of molecular models clearly show

;o

the PPObability of a trans-ring junction. . .

“Anothef consideration is the net overall cis-addition

to the Al 2" double bond Whlch is uncommon in olefin reactlons

k of a reagent occurs at both carbons

Cls -diol uslng permanganate. Trans—addltlon normally occurs as

ut it must be p01nted out that ample

llterature precedent exlsts for this net cis- —addition.
U+herland,27 in reportlng the formatlon of the trlcyclobromohydpln
(38) McKervey28 and Namlkawa 9‘1n the formatlon‘of trlcyclo-

hUmuladlol (39) all propose that the 4"’° double bond of humulene
dergoes net cis- -~addition. Furthermore

0 proposed a net Cls -addition to the A8 S

dOuble bond of humulene in the oxymercurat1on—demercuration.

‘Lreactlon with mercurlc acetate to produce the cyclic ether (40).

—addltlon can arise is that when
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\ 1
u‘\ *
, ~OH
H’
\‘H ‘ :
(38 X =B , (40)
S (39) X=OH | R | ;,5

The transient carbonium ion at C-1 (30) is produced, some form

of external nucleophile, perhaps involving complexation with the

ether molecules or attack of a fluoride ion; participates to give

a nE§§udoU tranu-addltlon, qulckly followed by an SNz type Peactlongl

‘iﬁVOlving dieplacement of the nucleophlle by the n—electrons of

the A8 9 double bond e

‘ Recent isolation of & new sesquiterpenoid keto-angelate ;

(41) bY'BOhlmann and. Zder031 provided another compound containing
the afrlcane~type skeleton. ‘This particular compound was of even %
More 1nterest than afrlcanol (34) because.its,biogenesis‘COuld be |
POstulated as ar181ng from humulene-t 5-epoxide (8) whereas ?
,afplcanol (34) appeared to be derlved from humulene 1tse1f, of

: all. the sesqulterpenolds thought to arise fr0m humulene cycllsatlon,
jnone to date had shown . the oxygen functlonallty in'a position Whlch
"could be postulated as having Orlglnated from the oxygen of

In fact non—-oxygenated hydr‘ocarbons,

humulene 4, 5-epoxide (8).
tthou%ht to arise by CYCllsatlon of a humulene precursor, have

. which the highly-oxygenated
been isolated from fungal metabolites ir ' = l



:‘analogues covexist, thus suggestlng that Oxygenatlon of these
metabolltes occurs at a 1ate stage in. the blosynthe31s by

ilncorporatlon of molecular oxygen

u(H?) and prot01lludene2&k(43).

CBDR=Ag

‘ted in Flgure 5. The spe

“WaS sent to Professor Bohlmann for

| wlth humulene ~455- -epoxide

‘Occurred and after twenty’
‘C°1UMn chromatography PPOduced som

“and 4 new compound which W

95,

ke e e S R

‘ Such examples are’ hlrsutenegz»

o e R ey

T

(u2) | | * Co(u3)

*

L‘ Beeauee ‘of the obvious similarity between the alcohol
33 .

(29) and the keto—angelate (41), a synthetlc conversion »\of

alcOhol (29)'t0‘the keto—alcohol (uu) was carried out as lllustra-‘f
, ctral characterlstlcs of keto-alcohol (uu)

ed values for an authentlc

‘ cOmpared favourably with the publlsh {i

sample and further Conflrmatlon was obtalned when a sample of (uy)
comparison with the authentic

Sample,:‘ | ( o
other Lewis acid catalysts

The reactlons of varlous
(8) were ‘tpied without much success

ne at O °c. A rapld reactlon

€Xcept for stannlc chlorlde 1n benze

minutes, work up and isolation by

e of the alcohols (29) and (35)

as a olear oil and Wthh was more polar

on analytical tlc than the startlng epox1de (8) but less polar



;"ostartlng epox1de (8).

'g96.

34,35
(ii)-

W)

Resgents: . (i) Ac,0/pvP+ (1) CrO/pyrss (11i) MeOH/NaOH.

Figure 5

“_than'the alcoh@is (29) and.(35). Nmr spectroscopy showed signals S
in the region 3.5-4. 0 ppm whlch 1ooked like a doublet of doublets {i[
d a doublet with a 1arge coupling. i

with a small coupllng‘an
y similar to that of the s

0
o thePWlse the nmr spectrum was VeP
Mass spectroscopy gave a molecular ion

°f m/e 256 plus another peak at m/e 258' Analy51s of the spectrum

e of chloro and h
e mechanlstlcally by the acid-catalysed .}

suggested the presenc ydroxyl groups in the
‘Qompound and thls could aris
OPening of the epoxide (8) followed by quenching of the Catlons
n to give the chl

uctures (47) and (48) could not

*(us) or (46) by chlorlde io orchydrin (47) or (“8)

$~Sh°Wn in Flgure 6. The two str



©

(45) (46)

(48) | | o

)

i

KA
[¢)
(@2

wo

 be dlstlngulshed either by mass SP€
roton and the proton a- to the chlorine

ctroscopy or by nmp spectroscoPy

f‘beCaUSe both the carblnyl P
tely the same reglon of the

~atom will glve 51gnals in- approx1ma
ble struotures, (47) would seem to be

spectrum. Of the two. poss1 I
1th1um aluminium hydride : L

;Hmore likely based on the fact that 1
-epoxide (8) gives h

. Also, if the epoxide opened

: len—5- )
Peductlon of humulene-4,5 umulens-5-01 (49)

~With no tpace of the u-alcohol (50)-

. s
t F .‘



"“at least inducing: rin

?to‘give a. carbohium ion on C-5, this constitutes a neopentyl
jcarbonlum ion Whlch would be expectedfto'undergo rearrangement,'7

g contraction to glve the ten—membered rlng

,Structure of type (51) This rearrangement does not take place ’;!_

: as no 1sopentyl or related group is observed by SPGCtral analysl ?L
d also be elu01dated by chemical means. = ’:fﬁ

iy

“The structure coul

woy Lo s R T
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CHAPTER 2
SE From the cycllsatlon of humulene«u 5~epox1de (8) to
| glve the alcohols (29) and (35) and from a Study of molecular’
‘ models of humulene 4 5~epox1de (8), lt became Obv1ous that the"

l 2 double bond could allgn 1tself close to the backslde of thellgﬁq

S

epox1de gr0up partlcularly at C 4 thus permlttlng SNZ type attaCk g

1 2 double bond on the epox1de as 1t

cataly81s.‘_van ‘I‘amelen22 37 has‘

Of the - orbltals of the A

"""" ’ t of the epox1de C- O bond and the’

; H 31Shown that the correct allgnmen

“icould be seen that there wo

"l SeVePal were trled 1n the hope that an

‘Orbltal of the nelghbourlng double bond 1s absolutely crltlcal

Very llttle margln for dev1atlon belng allowed Therefore 1t

uld be preferentlal 1nvolvement of

the Al 2 double bond over the A8 9 dOUble bond in. any CyCllsathn .

conformatlon of the startlng epOdee

8 9
(8) could be 1nduoed Wthh would allOW the A

1ng or the nucleophlllclty of the

PEaCt1on unless a dlfferent
double bond to

dr’aW closer to the epox1de T
1’2 double bond could be elther reduced or temPOrarlly removed
A varlety of potentlal methods were avallable for d01ng thls and
alternatlve CyCllsatlon

| s'Of the epox1de (8) coald be. 1nduced thus allOWIHg access into some
OP all of the other carbon skeletons Wthh are proposed as belng

deered from humulene ’ | e
| The flrst doproach con51dered‘was to'CQmPle*“SelectiVely
39

_olefln complex and then

38 to a metal as a m

to promote cycllsatlon of’the u 5—eoox1de (8) by part1C1patqon of
e ba51s that humulene (1L forms a

at the Al 2 and Au 5 positions

the A 2 double bond

the A8 S double pond. On th

L 1 2. Complex w1th two 81lver 1ons

s treated w1th a 509 aqueous silver

humulene 4 S—epox1de (8) wa
le reaotlon occurred. In

nltrate solutlon in ether but no VlSlb

T
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”an attempt to. lnduce prectpltatlon of any complex formed the
‘;experlment was trled using ‘silver tetrafluoroborate in ether,
‘thus 1ntroduclng a large counter ion. A whlte prec1p1tate was

'~observed but on 1solatlon, the yleld was found to be very low

| and the compound appeared to be very unstable. Slmllar ‘ N

experlmentc using benzene ‘and nltromethane as solvent were

'unsuccessful It was dec1ded that 1f a 31lver complex of the

4 5-evmude(8) had: been formed in solutlon then the alternatlve

\approach would be to attempt in 31tu cycllsatlon without

'1solatlon of the complex' The eXperlment was repeated‘w1th,

Sllver tetrafluoroborate in ether and, upon formatlon of ‘the

whlte pre01p1tate, a one molar equlvalent of boron trifluoride

etherate was added to the reactlon mlxture, the reaction progress

, ¢
, b61ng monltored by analytlcal tlc. Tt was obserVed that a polar

SPOt W1th Rf 1dentlcal to that of the alcohol (29) and p0531bly

'(35) were slowly Produced. U51ng nltromethane as solvent and

‘follow1ng the same procedure gave a ‘much faster reactlon,

e same. It would seem that the

but

the products appeared 'to be th
100mp1ex, if formed at all, equlllbrates at different rates in
dlfferent solvents, ether allowing a slow equilibration bétween
‘the complexed u 5- epox1de and the free y,5-epoxide (8) and so

, glvlng rlse to a S1oW. Productlon of the rearranged alcohols (29)
and (35) on réaéflon with the Lewis acid. On the other hand,

nltPOmethane must 1nduce fast equlllbratlon between the two
SPecles hence the fast rate of reactlon. An alternatlve reason
Could be that already discussed in terms of the effect of solvent

een the epoxide and

?pon the complex—formatlon eQU111brlum betw

the boron‘trifluoride.
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w@olefln complexes with iron are known and could be i
£

prepared as shown~1n F;gure 7. The a—methallyl complex (52)

- S (;f1 a1
‘ p 1 e ‘:’ 1 ST g
[ (w=CcHL)Fe(CO) 1, > - Nat G1) T
| Fe : | ‘ r;vﬁﬁz",-
| 6 o |
“" - - o | . ‘- - _1 ?
- i:;;z\//l\\ S ';>F"; ‘]T’ I
F S I N '
T G, [ do veo o Jem
(52) (53) | |
| S o cr o
,R\g__t_g (1) 18 Na-amalgaw/THE; - () | k)\ :
(111) MO HBFu/ACZO (1:1). ) | e
B ‘Figg_z:e 7 -

*

ene‘complex (53) and it,is knownuq

.715 COnverted "to the - _isobut
that an olefin exchange preaction can be 1ndueed as shown in
 1‘Flgure 8, Work already carried out w1th1n this department had
: the formatlon of such an. iron—n—complex of

achleved
action occurred in very low yleld

humUleneqs.‘ However the re
“the complex formed Was unstable and there was uncertainty as to
Whlch double bond of humulene had been complexed Certainly it
V‘WOuld appear that it was on one of the two trlsubstltuted dOuble

@



1oz,

p < L F olefin Eﬁgﬁﬁéi;>, fp-< olefin'+_ \]r/ EE &f

(wh@%afp = 4,' ; o R o ‘ ‘
. B o -~ JFe . : . o ‘ ) o . ' :\
66’ “co | ” | ‘

, TFigure 8 o : o 2

ta which showed definite downfield

This could be

L]

shlfts of the V1nyllc methyls by O. 17 ppm.

COnflrmed u51ng the theoretlcal cODSldePathh that the two tri-

Substltuted double bonds in humulene were more likely to undergo i

complexatlon compared w1th the dlsubstltuted double bond because . L

“Of thelr greater PeacthltY‘ln terms of tor81onal straln,l

x1de (8) was treated in the same

e

' Humulene -4,5- epo

’ manner as 1n Flgures 7 and 8, the product, a solid, being

‘extremely unstable and 1solable in only very small yleld the

jount obtalned being 10 mg, which rapidly decomposed.

' largest am
6 noted the formation of what they

*

4
Sharp and Sharpe

plexes from the 1nteraction of the cuprous salts

Proposed as com
ic hydrocarbons. Copper (I) tetra-

of fluoro a01ds and aromat

s obtalned bY the disp
The pesultant COPPQP salt, suspended

flUOroborate wa jacement of silver from its

tetrafluoroborate by COPPeP'

ln toluene and n—pentane, was PeaCte

-n complex.

d with humulene in an effort ,;

Mto form the humulene l 2 A white solid appeared but on
probably in. atmospheric moisture. The

‘ flltratlon it dlssolved,
put using humulene- N 57 epOdee (8) as

reaction was then repeated

it e
PE
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v

substrate. . 0On addltlon of the copper salt in toluene ‘to the
epoxide (82 dlssolved in pentane, a very flne pale green solutlon ‘
”appeared~ ‘To prevent any " ‘handling’ dlfflcultles with attempted

‘isolation, it was decided to continue the reaction in situ by

»dadding boron trlfluorlde etherate to the stirred mlxture An.

sed by the rapld change in colour

'1mmed1ate reactlon, recognl

‘from green to yellow to purple, tOOk place and after work -up gave

“mostly non- -polar materlal by analytlcal tlc, Slmllar by nmr to the

non- polar fraction from the reactlon of humulene~- 4 5 epox1de (8)

‘'with boron trlfluorlde ‘etherate 1n benzene at 0°c.

From these experiments, it would appear that the 2859 if/f'

“double bond in humulene -4 ,5~epoxide (8) could hot be induced to

‘cycllse on to C u or. C -5 when the nucleoph111c1ty of the 1,2~ {{Ql”

double bond “had been peduced by metal complexation. This can g

be. explalned by examlnlng molecular models Wthh suggest that the fp”»ﬂ

nA1?2 double bond, when presenta causes a falr degree of rigidity R
“in the»epoxide (8) such that insuff1c1ent flexibility exists to o
859, gouble bond behind the ;ff

allow the.proper'alignment of the &

epoxide rlng

Several approaches dealing w1th the problem of ring

flex1b111ty were attempted which basically 1nvolved conversion of o
the bond- between carbons 1 and 2 from having sp2 to SP3 character. R
 Models of 1, 2 dlhydrohumulene (54) and 1, 2 dlhydrohumulene -4,5- | .;;;
‘epox1de (55) showed enhanced flexibility of the ring system 7

| ter mobility of the A8’9 double bond.

allqwlng grea \
< : it was decided to take humulene

, Inltlally, as a model,
and - attempt the selectlve uptake of one molar equivalent of "
_double pond based on the order of reactivity

hydrogen by the 1,2 o
onds in humulene. The 1solated dlhydrohumulene (54) ;‘,/"

*

of the double b



10y,

G C(55)

(57)

would then be monoepoxidised to give possibly a mixture of the

1 Q;dihy’di"o-u 6 and 1,2-dihydro-8,8-epoxides (55) and (56)
PeSpGCtlvely. Careful monitoring of the hydrogenation of

humulene u31ng Adam 5 catalyst in ethanol gave a product mixture

Wthh was separated by column chromatography uslng Sllver nitrate

lmpregnated gilica. A fractlon isolated from the column displayed
a shafp pcak‘at 9§7 cm -1 ih the ir spectrum which was attributed
to the Egégi—dlsubstltuted A »% gouble bond as seen in humulene47
The’nmr Spectrum showed an olefinic proton reglon very similar to
wthat of humulene-1, Z—epoxide7u (10) and the disappearance of the

otons on C-3 at approximately 2.5 ppm confirmed

doubly allyl;c pr
m the hydrogenatlon was 1,2-dihydro-

that the major product fro
, X #
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humulene (54), Monoepoxidation of‘l,deihydrohumulene with
~chloroperoxyben201c acid d4id not give any of thé dééired
fl,2—dihydro«455—epoxy compound (55), several other compounds

being formed. Analyticél tlc‘showed that no starting material J;

remalned and several more polar products were observed. 'siliga.w
gel columnvseparatlon of the reactmon produets gave two compounds .i
£ 0. ul and 0.38 whlch, on examlnatlon of the nmp spectra, dld ,

proton region characterlstlc §

‘:‘n ' R

not show & change in the oleflnlc

“‘Of the 1oss of the Au’S'double bond. Instead the~fasterfrunn1ng o

dfspOt showed an oleflnlc reglon consistent with loss of the A8,9

double bond 1eav1ng only the 4,5-double bond System-\ This was

dlagnosed by comparlson with the authentic nmr.sPectpum of

humulene -1, 2 8 9 d1epox1deu (57) whlch shows a complex ABMX

‘System ln the oleflnlc reglon. However in the reglon 2.5—2.9 Ppm

e C- 8 ox1rane proton is much more complex than

*

d appear to be two sets of superimposed

the 81gnal for th

‘;eXpected, giving what woul

jSlgnals not unllke a twofold doublet. of doublets having practlcally

ldentlcal coupllng constants. This can be rationalised by ‘;:

i
C0n31der1ng that hydrogenation of the & double bond can take

Place from elther face of the double bond due to ring fllp

n of +he bond. Thus hydrogen can be introduced ’;;

ect to the C-~2 methyl thus produ01ng two

allowing rotatlo

o= or B— on c-2 thh reSP

enantlomers‘(SS) and (59). With theflntroductlon of the

asymmetrlc centre, mono—epodeathH produces two racemic pairs

en in (80) - (63). (60) and (63) constitute a

of epox1des as se
I‘acemlc Palr’ as do (61) and (62)¢ Therefore lnl'tlally, upon

.hydrogenatlon the enantlomers (58) and (59) produced cannot be
. >
Separated unless by resolution. Upon monoepoxidation, however,

the two racemic pairs of epoxides should be separable and this

‘ .
. .






106.

was suggested when it was-observed that the compound Rf 0,u1,

“'when run on analytlcal tlc u81ng 81lver nltrate lmpregnated »

Wi

'81llca, showed asa double—headed spot. The slower mov1ng spot‘v.

‘(R 0.38) showed a v1nyllc methyl by nmr spectroscopy whlch

4,5

could be in keeplng w1th the loss of the A double bond and

1,2-4 5—d1epox1de (64)

438
thlS being in accord w1th the flndlngs of WPlght Because there

..one of the trlsubstltuted double bonds. However the Oleflnlc

‘reglon showed a broad doublet 51m11ar to that seen 1n humulene—

. 'Thus the 1nference from ‘the nmr data

is that in the orlglnal reactlon, hydrogenatlon produced the

”enantlomers (58) and (59) plus some 4 55 dlhydrohumulene (65)

1s no asymmetrlc centre 1ntroduced by hydrogenatlon of the

.‘SyStem as for humulene.

4 5 double bond ‘there 1s only one compound (65) whlch, on

s

~‘epox1datlon, gives the humulene 4 5~ dlhydro -1, 2—epox1de (66).

vThls approach was not follqwed further but attention was: ‘turned

pto the hydrogenatlon of humulene 4,5-epoxide (8) using the Same

on humulene—l 2- epox1de (lO) using trlstrlphenylPhOSPhlne

rhodium chlorlde as catalyst and found that the major product (84%)

w0

(66)

ey (65)

erghtqs had carried out similar reactionsg ?;

ol

T

L
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was H, SvdihydrOvl 2<humulene epoxide (66), the reported nmr

data comparing very fav
epoxldatlon product fro
| proton doublet appeared
l“kcon51stent with the sig
humulene—l 2-4, S—dlepox
g__—dlmethyl protons at.
'to the oxygen at l 12 P

C 1 oxirane proton at 2

lets., Based on the . findings of

hydrogenatlon of humule
1, 2- dlhydrohumulene u 5-

‘galned from~theremﬁuon

#
v

bond should -give the 1somerlc ep

‘racemates.‘ When the

emixture run on analytlcal th us

®7

Siliéa plates,
Startlng epox1de (8
spot. A separatlon of

‘nitrate/silica colum

a material Re

) was observed, cons

n ‘~hromatography an

ourably with the hydrogenatlon—mono—,_

m humulene reported above.’ A broad oné

1n the Oleflnlc proton regioh at S.lo ppm -
nal observed for the oleflnlc ‘proton in Q
1deu (64) Also observed were the

0. 89 and 0.96 ppm, the C-2 methyl adjacent
pm, a v1nyllc methyl at 1.50 ppm and the
-59 -2. 77 ppm showing as a doublet of doub-
erght, it follows that careful
ne-it,5-epoxide (8) should give the

epox1de (55). However,, with the experieﬁce

of humulene, hydrogenation of the 1,2-double

ox1des (67) and (68) and thelr

reaction was carrled out,kand the reactlon

ing silver nitrate lmpregnated

(68)

0.52 and less polar than the
jgting of a double-headed

WO components was obtalned by silver

the t
d nmr data *showed that the

' v .

B

g o o S s S



G o
g Of 51lver nltrate preparatlve plates

o u81ng s1lver nltrate/51llc

oA
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two components were practically 1dent1cal, as would be expected

from what should be two racemlc palrs of epox1des. What appeaped

nltO be secondary methyls at 0. 81 ppm in one. compound and 0.89 me

in the other were masked, probably by the overlapplng 81gnals cf

3 the racemlc partners. The gemvdlmethyl Slgnals appeared as

81nglets at 1. 06 and l 09 ppm, the v1nyllc methyls as broad 31nglets;

v‘ﬁat 1.58 and 1. 59 ppm and the oleflnlc proton on c- 8 as-a doublet

of doublets at 5.17 ppm and a broad dOUblet at 5.18 ppm P@ﬂﬁctuEﬂy

The reglon

) a very complex multlplet derived from the C 4 and C-5 oxirane

pPOtons. These observatlons are consiste

and (68) and thelr racemates. However, further attempts to

separate and purlfy the two compounds PPOVed to be extremely

‘dlfflcult ‘1n fact impossi
T column chromatography

a and non-polar solvents only succeeded

. in produc1ng new compounds at the expense of the dihydroepoxides

: (67) and (68) and thelr racemates. These new Compounds appeared

by analytlcal tlc to be much more polar than even the starting
) 4,5- epoxlde (8) and 1t was d601ded to try some eXPelee#tS on the
dlhydroepox1de mlxture w1thout separation. The mixture was

Peacted with boron ‘tpifluoride etherate (1:1) in ether for 30

70 °c 1n1t1ally then at room temperature for 1 hour.

product obtained from work-up showed

mlnutes at

Analytlcal tlc of the 0ily

ractlcally no starting material and that the
p

This reglon was isolated using a

that there was

~ malor spot was very polar.

bsequent analytical tlec using

20 x 20 cm analytlcal plate but su

owed at least two compounds. Nmr

SllV 1 h
er nltrate/slllca S
V’ d ’t‘O be falrly lnCOHCIUSlVG except that there
e

investigation pro ,

2. 50 - 3 OO ppm and 2.40 to 2 80 ppm respectlvely ShOWed

nt w1th,the epox1des (67) i,

ble because u81ng either multiple elutlont‘

I
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were OleflnlC proton 51gnals and what appeared to be two dlstlnct
doublets 1n the reglon 3 4 ppm, where a carblnyl proton 81gna1 .
 would be expected to appear. Further s1lVer n1trate/s1llca column
l,chromatography Of the dlhydroepOdee mlxture 1nduced dlsappearance‘

.of the startlng materlal and subsequent Strlpplng Of the COlumn,~f‘

L]

"V*w1th ether gave several new polar compounds.i The nmr: spectrum of
"‘[the crude mlxture dld not allow aSSlgnment of any Peaks excePt .

‘?dthat A DZO shake Of the mlxture caused the dlsappearance of a

p‘Wslarge broad 51nglet at 3. 55 PPm 'mPheS the presence Of e

“:LMhYdroxyl group. Further separatlon pPOVGd to be eXtPemely

\Efdlfflcult all subsequent fraCthnS appearlng to be lmpure‘

;iHowever, t was obv1ou8 that in each of the fractlons 1solated

“vthere was a complex multlplet 1n the 34 PPm range. One. very

‘ fhg'polar sPot was 1solated Wthh was Purlfled USlng Preparatlve tlc ‘ fdm

‘fkﬂ7and subsequently appeared ds one spot by analytlcal Sllver nltrate/

a sharp—OH peak at 3610 cm 1, Hr{
at 1370 and 1380 cm -1 and c-0 stretch

7s111ca tlc The ir spectrum showed

‘p“?a gem dlmethyl doublet
ké;bands between 1000 and llOO cm- ;;‘ The nme spectrum indicated

‘1p0851b1y a- secondary methyl at 0.90 PPm’ the gem dlmethyl Slgnals

f*as two three—prOton slnglets at 1. 02 and l 18 ppm, a v1ny11c ;;ﬁ7
methyl as a broad 51ng1et at 1. 56 ppm and a broad doublet at R

‘g3 10 ppm-' On shaklng the nmr sample w1th DZO’ nothlng conclus1ve

dbiwas observed although the broad slgnal at 1.56 ppm may have been

'~marg1nally blunted . The major observatlon was that there were no i
‘u«oleflnlc protons v131ble and attempts u51ng 1anthan1de shift i
ation with decoupllng and INDOR

”eXPerlments wlth Eu(fod)3 ;n assoc1

ome compllcatlons. It was.noted that the -

eXperlments 1ntroduced s |
d downfleld as the Eu(fod) solution -

doublet at 3.10 ppm rapldly move

ut that soon the broad doublet altered its '

was PPOgPe551vely added b



appearance initially to a trlplet then to two. doublets as if

two separate signals were superlmposed - What at flrst looked

like a qulntet also appeared from the methylene envelOPe and moved'x

the same. pace as the carblnyl doublet.

w

~ downfield at practically

The methyl region 51mp11f1ed the gradual appearance of two

. quite distinct . secondary methyl doublelts: becomlng ObVlous The

previously‘simple gem-dlmethyl signals. now also began to show

as two pairs of singlets 'and a pair of methyl Slnglets also began

to show at lower. fleld, possibly due to the v1ny11c methyl group

\‘but the absolute a531gnment became very dlfflcult. It would
Certalnly appear that more: than 0

probably a 51mllar situation has arisen as’ dlScuSSed prev1ously in.

e of the 1 2= dlhydrohumulene -8,9~ epOdeeS (60) - (63). 1In

n has given two - racemic pairs of. dihydro-

‘the cas

thls case hydrogenatlo

epox1des Wthh on openlng of the epoxide followed. by cycllsatlon
W,gave he two 1somer8 (69) and (70) Plus their mlrror 1mages The

”,Stereochemlstry of the hydroxyl group: relatlve to the O“methlne

'(69) (70) |

wg)

'Protoo is quite clear cut because of the nature of the opening

g but the compound

of'th N ide rin s (69) and (70) are epimeric
‘ e epox ;

ne compound was ‘present and quite e



o separatlon was OdelSed W1th Yy
| ‘?l'spectrum of the. crude
\ *vuthe region 1700 tO 1800 cm 3

‘f~f groups.‘ Further purlflcat

k~{hthe nmr spectrum.ﬁ

‘l~[Slve and 1t

ﬁlbseparatlon of the compounds

s o

about the methyl group. ;Th qulntet‘ mentloned earller 1s‘;fh:w7
probably a oomplex multlplet composed of. the superlmposed szgnals~;

derlved from the methlne proton of: the two racemlc palPS Thls

flts w1th the fact that the protons cau81ng these s1gnals must befa
very close to the. europlum ~-bound-. oxygen., A low resolutlon mass

be any more enllghtenlng.

L spectrum did not prove to

The less polar alcohol fractlon obtalned from the column

rldlnlum chlorochromate and the 1rl

]

product showed a broad tw1n peak 81gna1 in
denotlng the presence of carbonyl

1on by column chromatography gave an 011

L »

G -1 L
Whlch showed a. carbonyl peak at 1730 cm e in the 1r spectrum and Lﬂ‘f\

ltlplet between 3. OO and 4.00 ppm in

ld‘loss of the carblnyl proton mu

Otherw1se the nmr spectrum was, falrly 1nconclu—

was declded to derlvat1Se the total polar fractlon

gement of ,the l 2 dlhydrohumulene 4,5-

i .‘u’

wfobtalned from the rearran

”lepox1de mlxture as. the R_bpomobenzoates in an effort to faCllltate

ThlS approach dld not Slmpllfy the iv

.‘PPOblem and so the study of the l 2= dlhydrohumulene -l 5 epoxlde

s dlscontlnued A concluslon drawn from thls study

‘prcllsatlon wa
1 of the Al 2 doubleﬁbond,allows much

1is that the complete remova RERS NN

" wrlng and hence allOW1ng very ra

ilmOPe flex1b111ty of . the rlng and hence permits closer-approach of

8 9 double bond to the back81de of the epox1de group -on the Q’
‘u 5 p051t10ns of the rlng It would appear that the silver 1ons ;fo
e the openlng of the epoxide. .

R the A

are actlng as Lew1s aC1ds to. catalys

pid cycllsatlon of the molecule by

‘ 85 9
: part1c1patlon of the nelghbourlng A7 double bond Certainly the

he rlng 1s manlfest by the rapid reactlon rate of

hflexlbllﬂ:yof,‘C



-+ compound.

the cyclisation of the 1, 2-d1hydrohumulene u 5- epoxldes in

presence of the silver 1ons compared W1th the 1nertness of -

humulene 4,5= epox1de (8) under 51m11ar condltlons Thus possibly

the best approach would be a half—way house between the rigidity i

of the oAb’ 2 double bond and the flopplness of the 1,2- dlhydro

n

Even if the cyclisation of the l,2—dihydrohumulene—4,5-

epoxides had been effected it would only have displayed a part- i,it

‘ Cy011satlon alternatlve to that seen in. the cyclopropyl alcohol’ %1

(29) . formation. No- functionality would_havevremalned on C-1 or

C-2 for further cyclisation. Thus the answer might lie in the o
o h e

lntroductlon of a functlonal group at c-1 and/or C—2 in the form

of a latent double bond. ThlS would then permlt the initial gﬂ

cycllsatlon +o take place and subsequently the double bond could E,A_;

be relnstated for: partlclpatlon in the final, rlng closure Inltlald

’ attempts concentrated on forming the 1,2-dibromide (71) of f',at

. humulene-t,5- epox1de in the hope that after Lewis acid-induced i

e ring with subsequent cycllsatlon by '

< - e

Opening of the epox1d
part1c1patzon of the.4 »9 gouble bond, the Al 2 double bond R

‘ oou1d be‘reintroduced by ellmlnatlon of the dibromide functlonallt§? : ,
attempted using bromine in carbon tetrachlorlde, e

fbromlde in dichloromethane, and pyridine

Bromlnatlon was

Pyrldlnlum hydrobromlde pe

1oromethane, all at room.temperature but each of

PePbPOmlde in:dich
ultltude of spots on analytical tlc. ;,}f;

theSe‘I’eactlons produced 2 m

rose reported +he ac1d—cata1ysed reaction

‘ Naya‘andoﬁl

be humulene to gives amongst other products: the alcohol humulol
ol (72) (i) to functionalise '“T

(72) 50 e pos51b111ty of using humul

»5 qouble bond, (ii) to induce,cyclisation on

Speolflcally the A
jii)to induce a further L

8,9 _spticipation and (
e

to C-4 opr C-5 with A P



- was noted that the ePOX

113.

§71)“ - (72)

‘CYCllsatlon of the rearranged T molecule by way of the C-2 hydrgxyl
b4

‘ COuld lead to a whole new ‘pange of cycllsed products. It ig A

~ known that allyllc and homoallyllc alcohols Can be utlllsed +o

.,1nduce epox1datlon in a highly stereo~ and pegioselective manner R
Bl

L -~ 51,52 :
yus;ng vanadlumSl -54 or molybdenum ; complexes with t- butyl S,
hydroperoxide. Tt would abpear that the hydroxyl group anchors -

ffhe'metaltcémplei by coofdlnatlon of the oxygen to the metal and B
©then fhe hydroperoxide complexes to the metal The bound hydro-~
1perox1de can then epOdelse _X, to the alcohol and it is
m;Observed that the peaction rate is much faster than for a
‘“Peroxya01d epox1datlon. An example QUOtEd in the 1iterature’ i
‘ 1s the epox1datlon of 3—633701C>hex‘3n"l -ol (73) using vanadyl acetyl -

t- butyl hydrOPero
1de was - formed syn to the hydroxyl group

'acetonate and xide to glve the epoxide (74).

with hlghfstereospelelClty and that +he reaction rate was much E
faster pelative to peroxyac1d ePOdeatlon The general mechanism £

“is 1llustrated in Flgure 9

A model of humulol (72) shows that the hydroxyl on C-2
5
pace to the Au’ double bond if the

can position jtself close in S



o1ly.

S
it 4 X - - “ R
.




’f‘p081tlons 8 and 9
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CT conformation of humulene is adopted. However the‘hydroXyll

group cannot approach as close to the 2859 double bond and so it
i

would be expected that preference would be glven to epox1datlon‘

I,
AlHs5

5
of the A double bond. Furthermore epox1datlon on the

double bond would give & s—membered cyclic transition state

whereas epoxidation on the A8 9 double bond would progress via

an 8-membered cycllc tran51t10n state.

transition state is preferred When the reactlon was trled +he

disappearance of humulol (72) and the appearanCe of a new polar

‘ Spot was noted but the re

nine days, traces of even more polar spotS'began to appear so the
reactlon was worked up to

tlc contalned qeveral compounds VaPlOUS fractlons obtalned by

column chromatography of the crude. materlal were eXamlned by nmr

but’ none dlsplayed an ox1rene proton reglon compatible with the

.;expected pattefn for elther an epoxlde on positions u and 5 or

Nelther was there any

~ The failure to epox1dlse on the 4,5 positions

olefinic pattern
2 con51der1ng that when the t-butyl hydro-

may ‘be accounted for b

nded to the metal complex, the bulky t- butyl group

peroxide is‘bo
ethyl group thus preventlng ePOdeatlon

‘Clashes‘with;the gem—dlm
It was dec1ded the:
mulol (72) using m- chlorOperoxybenzolc

,taklng place n to attempt a straightforward

“PePOXyac1d ox1datlon of hu

product is the cT
based on ir and nmr spectra.

amd but the major Ystalllne 8 ,9-epoxyhumulol

(75) of undeflned stereochemlstrYa

prev1ously disc
acemic palrs of epoxy humulols. The

_The same. arguments as yssed will hold here, the

PPObable products being two T

ir SPECtrum shows & strong peak at 97
The presence of the

55
of the L\!+ 5 double bond c- -H bend.
! . . ‘ ) ‘ ]

“In general the 6~membered

action proceeded extremely slowly After

produce a yellow 011 whlch by analytical

1mmed1ately recognisable

I

-1 C
7 cm Wthh is char : . : ‘



.proton reglon of the

the hydroxyl g

Satlon by. select1Ve atta

could be achleved b

Cycllc ethers (40) a
bOnd by react

by electrophlllc attac

‘ funct1on of humulo
. prevent subsequent cyeli

~manipulation of an

- 11s.

A o
> double bond is recognlsable on;lnspection of the olefinic

nmy spectrum 5Also‘obVious is the doublet
of doublets at 2. 60 ppm which arises from the C 8 oxirane prctonq

An alternatlv

rouP of humulol (72), then attempt to induce cycli-

" w
ck upon the A »5 double bond. A proposed

reaction pathway 1s shown in Flgure 10. Possible entry into the

y sgome of the trlcycllc skeletons

. Matsumoto et al. 30 had made use

CaPYOPhyllaﬁe op potentlall

y thlS route.
1lsat10n of humulene to give the

Inltlal removal of the Al 2 double

c salts 1n +he cy¢

nd (76).

of mercurl

1on thh one mol
k of another mole of mercuric salt on the

u S double bond 1n1t1at1ng CYC

g over on to C-4. If the alcohol

A879 double bond closin

1. (72) could be protected, this perhaps would

sation to produce

y 1ntermed1ate combounds to prdmote a second

s Shown in Figure 10.

+

cyclisation a
‘ o

1isation w1th partlclpatlon of the

a cyclic ether and allow

e

e of the mercurlc salt was followed o

»

- Japanese workers had reported ;

B

o

e approach considered was first to protect Iy



-

(77)
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a satisfactory method of protecting tertiary hydroxyl groﬁps as
methylthlomethyl (MTM) ethers56 by reacting‘the alcohol'wifh a

mlxture of acetic anhydrlde and dlmethylsulphox1de at room

Follow1ng thelr method the MTM ether (77) Of

temperature

4t

humulol (72) was prepared and purlfled The 1r spectrum of the

product indicates that there is no -OH stretch present and “that fhé

C S and C- O stretch v1bratlons are preSent 1n the reglon 1000 - lﬁﬁ

llOO cm -1 The nmr spectrum, on the other hand shows the gem-

dlmethyl group as two 3H 81nglets at 1. OS and l 07 ppm the -2

n\methyl a to the oxygen as a 3H 81nglet at 1. 16 ppm, . the v1nyllc

methyl as a flnely spllt doublet at 1.59 PPm, and the methyl

adjacent to the sulphur as a 3H slnglet at 2. 18 PPm The oleflnlc

s a falrly characterlstlc pattern for the - 7 g”j
8,9 PN
u 5- double bond and p0851b1y also contalns the A '~ double bond s

y th@ dlmethylsulphox1de peak The nmr

Proton reglon uhOW

Proton s1gnal masked b

,Spectral eV1dence 1s con81stent w1th the formatlon of the de81red

fvhumulol MTM ethep (77) and the resultant product was treated with

mercurlc trlfluoroacetate in dry ether at “70 C in an attempt to ,

lnduce cycllsatlon; After WOPk‘uP: a clear Oll was obtained which
by-nmr appeared to be humulol (72) Cleavage of MTM ethers to
cohols 1s generally achleved u81ng a : g

_regenerate the tertlary al
etonltrlle/water a
vage of MTM ethers of tertlary

mePCUPIC'Salt in ac 1t 50°C. It had been Peported5

| that examlnatlon of the clea

erature had malnly resulted in recovery of

alcohols at room temp
s after a falrly long stlrrlng PerlOd To preclude £

ulol MTM ether (777,

the MTM ether
1t was thought that

many Cleavage of the hum
condltlons might sufflce However

low temperature and non—aqueous
d
it would appear that the~MTM ether (77) cleaved rapl ly,

4



"‘1ntroduced on to the l 9-bon
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regenerating humulol (72) and showing no traces of any othef

products

‘thtle success therefore was achleved by completely

taklng out the sz character of the l 2 bond 1n humulene and

1ts derlvatlves Perhaps an 1ntermed1ate state between the

rlgldlty of sp2 and the total flex1b111ty of the SP3 type

derlvatlves trled would reduce the fleX1blllty of the molecule

suff1c1ently to reduce the rate of reactlon observed with the

dlhydro compounds Models showed that if some form of rlng were

d then some rlgldlty remalned whllst

stlll allowing a certain amount of flexibility. The most obvious

derivatives to try were those in which the 1,2-bond bore the

epoxide functionality. A series Of experlments run on hunmulene-

e 5
1,2~-epoxide (10) u51ng mercuric acetate in methanol 8 and 50%

fetrahydrofuran/wateP59 and mercurlc trlfluoroacetate 1n methanol

gave a large range of products with the methanol reactions and no

‘reaction with aqueous tetrahydPOfUran In those reactions which
. gave productsa it was de01ded that because of the large number of

'kcompounds lnvolved further time would not be spent in attemptlng

to 1solate any ‘ : R .
‘y”dd | Remalnlng wlth the 1, Q"epOXidé function,‘humulene-gig—
1,2~ uls dlepox1de (64) was treated with boron trifluoride etherate
”1n both ether and benzene respectlvely at room temperature but the
orude product mlxture showed a multltude Of POlaP SPOtS by

analytlcal tlc. , ‘
S St One flnal attemPt was made to 1ntroduce a protecting
s showed that a five-membered

uble bond Model

d close approach of t
rlng appended to the 1,2- -bond permltte DD e
. ..

‘HgPOup on the 1,2-do
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8,9-double bond to the H, 5-epoxide group in humulene—u,5—epoxide

(8).~ Flexibility,, whllst present, was restricted due to a

L]

reasonable amount of" rlgldlty ‘being enforced by the ring and also

to steric interactions as a presult of the ring. " A method was

rted”direotly‘to an

ion with copper sulphate and aCetone 60 It

reported whereby an epoxide “could be conve

acetonide by react

was hoped then that the epoxy acetonide (78) Obtalned from the

could undergo epox1de ring openlng followed by

diepoxide (64)

eyclisation.' The acetonide could then be removed to regenerate

(64)

(78)

the olefln v1a the dlol However, no reaction occurred on

ration of the acetonl

poxide (lO) itself.

attempted prepa de (78) and with a similar
‘reactionjon”humulepe-l,Q e

gh‘théfe'was very little success: achieved in

‘the nucleophilicity of the 1,2-double

- Althou

"‘ aPPI‘oaches made to modify

and humulene-HQSFepoxide (8), it would certainly

bond in humulene
n this area could prove to b

Seem that further work i e fruitful,

ing in flndlng a suitable proteéting group for

Mthe‘difficulty be
the 4122 double bond.
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CHAPTER 3
‘As seen from the preV1ous chapters, use of the

epoxide function to generate alternatlve skeleton types from

cyclisation reactions was not‘very Successful. As the main

T

objective at the outset of this research‘work was to generate ¥

carbonium‘ions on C-4 or C-5 of humulene or. its derlvatlves,

sfactory means of accompllshlng

attention was turned to find a sati
4,36

The alcohol (49) has been synthe81sed and. its

this goal.

mesylate36 and tosylate62 solvolysed to produce humulene Tt

(49) (50)

the humulen -l- ol (50) was prepared then

was - thought that if
solvoly81s of thls alcohol or its derlvatlve might promote
‘CyCllsatlon ‘The route used to produce the alcohol (50) is
fairly long and expehsive,‘necessitatlng‘protectlon of the Aliz
umulene as the corresponding epoxides

and A8 3 double bonds of h

ctlve hydroboratlon o
tection of the hydroxyl group as the }5

4,5
the A '?° double bond t
fOllowed by sele £ v o

glve the dlepoxy~4 ol. - Pro
COPPespondlng acetate, subsequent deoxygenatlon of the epoxide
“ f the acetate'protecting group

grOUPS, and finally removal o

Alternatlve methbds were therefore

L ]

PPOduced the u4-ol (50}.



- ketone.

sought

of the

- easily

_downfleld shift of the

“to combine as a 6

the alcovholL‘l

isolated in quantltatlve yield,

carbinyl

explained by the proximity

dimethyl group.
- -1

carbonyl peak:at 1698 cm ~ C

for a large ring ketone.

transp081tlon of ketone
in an effort
to give the humulen-4%-0

in Figure 11.

in an effort to shorten and/or simplify fhé‘SYnthesis

alcohol (50)

e

One method trled was the 1,2- transp031tlon of the

n to give the ketone (80) from the ketone (79),

orochromate ox1datlon63 S of

functio
obfained by pyridinium chl
(49). The‘nmr spéctrum.of the resultant ketone (79),
shows the dlsappearance of the
proton as a broad trlplet at 3 50 ppm and a dlstlnct
5_—-d1methyl 31nglets at O 83 and 1.07 ppm
-proton singlet at 1.19 ppm which can be

of the carbonyl‘group to the gem-

Ir spectroscopy shows “the appearance of a

onsistent with the value expected

(79) - . | (80)

ds are known for the 1,2-

eral llterature metho
66,67

; Sev |
; g and two such methods were tried

to transposeé the ketone functlon from C-5 to C-L

ne (80). The flrst method6 is outlined



$i1 D 3'..

70
(iv)

PhS

I S (80)

Reagents: (i) >—-NLi/THF/-78°C; | (i) PhSSPh;
© (4ii) TeNNH,/EtOH; (iv) MeLi/Et,0;

(V) Hglly/CH,CN/HO-.

Figure 11

eved satlsfactorlly, the phenylthiocethep

The flrst step was aChl
crystalllne solid. Nmr

~‘(81) belng produced in gOOd Y161d as a
?Spectroscopy showed the appearance of a one-proton doublet of

Lwdoublets at 3.80 ppm. and flve apomatic protons at 7.16 ppm as g
The product purified by column chromatography,

brOad singlet.
next stage where an unsuccessful

wWas then éarried.on tc the

ok



12w,

attempt was made to convert (8l) into the tosylhydrazone (82),

even after refluxing with gla01al acetic a01d The p0551ble“~

explanatlon for this- 1s that the- ketone on C-5 lies in a StePlCally

hindered position, particularly w1th the g dlmethyl ngup

Because of ‘this failure, an alternative. approach

Ed

adjacent to it.
was sought and is shown in Flgure 12, the last step belng R

modification to the published route.

I A

9 (83)

: o ﬁ‘“ : L )

.

(’ii) 5 -AmONO 3

&@ge_n_t_ (1) £ BuOK/t~BuOH;
(111) NH NH, H O/KOP/ H OH;
(i) HCl;: - (W) MeOH,
 (vi) pyrc chlorochmnate/CHQClz

Figure 12



: treatlng humulene w1th two equivale

: a01d and separatlng the re

‘fUran as solvent

fﬁegioﬁ; The major diffic

‘reagents, seems to b

EE
Pl

‘using the borane~tetnah

1125,

Although the a-keto derivative (81) was obtalned successfully

in the previous sequence, the formation of the a- keto -oxime (83)

could not be achleved After stlrrlng for two days Only starting

ketone (79) was observed by analytlcal tlc andlno reaction could

be encouraged even by. changlng the base to lithiUm'N-iSOprOpyl-

amlde. *In view of these results, it was decided to abandon thls

approach and concentrate ‘on the orlglnal method with a view to

refining the pr0cess as' some dlfflcultles had been encountered

during the hydroboratlon step.

‘Humulene~trans~l 2:8,9-diepoxide (57) was prepared by

'

nts‘of m—chloroperoxyben201c

qulred dlepox1de ('57) by CPYStalllsatlon

from a. petroleum ether solutlon of the reactlon mixture.®? e
, yield, the product balance being

dlepOX:Lde was 1solated in. 60

accounted for by a mlxture of the other p0851ble dlepox1des (64)

‘and (84) - Y P o 2

| 4,62 .
" previous syntheses of numulen-4-o0l (50)7°°% had
utilised diborane as the hydroboratlng agent in dry tetrahydro-~

However reaction conditions i.e. temperature,

Peaction %ime dryness of solvent addltlon of reagent, etc., had
’
Proved to be very crltlcal and often the reaction could not be

a multltude of compounds belng produced.

Pepeated successfully,

.

73 (88) had also been trled unsucdessfully, |

9~ Borab1cyclo[3 3. 1]nonane e
PreSumably because of the steric hlndrance 1n the A double bond
62 | ultys when working w1th these borane

e thelr alr—senslt1v1ty, ‘creating handling

o improve the reaction conditions

problems. Initial attempts t
x were unsuccessful but it

comple
ydrofuran p °
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was subsequently found that the bOrane—dimethyl‘SU1phide‘eomplex

gave a clean reaction w1th good yield andieliminated‘much7ofrthe

handllng dlfflcultles. Borane behaves as a strong electrOn

acceptor forming coordination'complexes with Lewis bases and so

dlmethyl sulphide forms a stable complex with borane_74, The

liquid complex ‘has a molar concentration’tenftimes*that of

borane—tetrahydrofuran, it can be stored at room temperature

without loss of act1V1ty, 'is soluble in and unreactive towards

‘ many ‘aprotic solvents and ‘can be used’ under ‘mild COndltlonS

“As a result, good yields of the dlepoxyacetate (90) ~obtained

‘by acetylation of the diepoxy alCOhOl'(89)a were isolated.

Subsequent deoxygenatlon using tungsten hexaéhlbride'and‘n?buty1~

llthlum follOWed by reductlon 'of the acetate (91) with lithium
aluminium hydride gave humulen-k- -0l (50) whlch was then used in

‘an attempt to Prépare the tosylate (92) using the standard method.

' e.,AcO e ‘TsQ

(@D R (92)

s carefully‘werked up » analytical tlc showed

' When the reaction wa
- MOstly: non polar materlal and the nmr SPe?tr“m showed quite
e had peen formed.

fly existing as a transient inter-

, ‘ The tosylate must have
Clearly that humulen

been formed but only very brie

.



mediate before rapldly ellmlnatlng to glve humulene ' Anl'

alternatlve reason could be that the tosylate was unstable underhﬂ

b

the work-up condltlons The reactlon was repeated great cape '

" o

being taken durlng work up but” agaln the tOsylate ellmlnated toh;t

‘]”
i

R glve humulene.’

%'observed is. the sam

' unknown, product, deflnlte
- tWO dlStlnCt and separate t

; ‘tgPOups adjacent to the GPOdee

‘~‘a88001ated palr of three

d:'bGTWeen them 1s that they a

B A 51de 1ssue.wh1ch arose from the preparatlon ofﬁttﬁ L
"humulen 4-ol (50) was that durlng lSOlatlon Of the. des1red dlepoxy
‘h*acetate (90) by preclpltatlon from 3 l petroleum ether/ethyl
r‘acetate, a whlte solld was obtalned as a: second croP of CPyStals

lH Nmr Spectroscopy 1nd1cates the presence of an acetate group’_'

'fa three- proton sharp s:.nglet belng observed at 2 OO ppm Also

e type of multlplet at 5 OO Ppm as that ‘ a_ 'Q

“assoc1ated w1th the C 4 proton 1n the known dlePOXy acetate (90)

- and the b= acetate (91) On comparlson of the ox1rane proton

.erglon 5. u to 3. O ppm of the known dlepoxyacetate (90). and. the

dlfferences can be seen. The methyl

‘”:reglon is, dlstlnctly dlfferent the. known compound (90) ‘having

hree proton s1nglets at O 97 .and

1l.o7 ppm attrlbutable to the gem- dlmethyl group. The methyl

s on C 2 and .C-9 are seen as two

'*three Protor 51nglets at 1.25. and 1.29 Ppm respectlvely However
"che unknown compound shows the 5__'dlmethyl group as 4 Closely
—proton singlets at l 02 and 1. 05 ppm

e w1dely spaced at 1.35 and

whllst the oxlrane methyls are mor
‘ rom: the spectral data is, that +Ae

‘1'45 ppm.‘ The 1nference f
'co d @Qy suﬂdar .-and probably the difference
e mpoun s are ‘
re eplmerlc at C 4. Thus, diepoxy

‘ acet t (93) and (gu) and their mirror . 1mages can be enVlsaged
‘ ates.



o OF a broad doublet at
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,;AnO"

e R

s i

formed by hydroboration of the opposite faces of the ats® double

'bond, exposed by rotatlon of this double bond Based on thig

'S

assumptlon the mixture of dlePOXYaCetateS was Carrled forWard to :

“the deoxygenatlon step to max1mlse the yleld of Y~acetate (91)

 ‘Obta1ned However analytlcal tle run on the crude product

mlxture showed that the veactlon was not as clean as any previous

‘ ones and a new spot Rf 0, 35 was observed, more polar than the
eXpected acetate (91) Ry 0.43, which still appeared as the major
product,, Column chromatography of the crude product mixture gave P
théléxpectedku—acetaté (91)‘1n‘addlt;0n to a Whlte crystalline

solid which’éxhibitsﬂréther strange Tmr signals. The‘tYPiCal

 C -y proton. multlplet consistent w1fh that expectedlfor the acetate y?
s Quife obvious at 5 02 ppm and the three—proton methyl signal .
at 1. 38 ppm. is attrlbutable to the acetate methyl. However, there
do not appear to be any oleflnlc protons present unless they are

nal. Even stranger is the preSane,;A

| masked by the acetate proton sig
3. 55 ppm whlch is typical of a methine

g functlonal group However, D,0

‘PPOton adjacent to a deshleldln
any noticeable change in the nmr spectrum

Shaklng dld not cause

» P
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and the ir spectrum shows no'hYdPOXyl group fO be’preseht‘ There

are four distinct. methyl groups other than that of the acetate

methyl, the gem —dlmethyl belng observed as two ‘three- proton

sihgiets‘at 0.99 and‘l.OS ppm. The other two methyls appear at.

1.21 and 1.50 ppm reépectiveiy;lvSPiﬁ'dGCOupling'experimentsK

Coupled with INDOR unravelled a small part of the molecule,.

Irradlatlon of the left hand side of the left hand line of the

“doublet at 3.65 ppm gave 51x llnes in the reg10n41.15—1.85 Ppm

as shown in Figure 13. - This can be a881gned as an AMX system

Two couplings
Figure 13

- 1.5 Hz, Jux = 10.5-11 Hz and Jpy = 13.5-14 Hz
ﬁhieH caﬁ bé‘i1luétfated as in Figure 1h.

wifh\couplings‘JAX
'This is a first-order

o
"
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vspectrum and is consistent with the partial structure (95)

where X 1is a"deshleldlng group and the coupllng constants

indicate'dihedral angleS'Of approx1mate1y 90‘ and 160O for
‘ )Cloeer examlnatlon of

the ir spectrum shows the presence of distinctive C-0 stretch -

‘ e 11
the protons AX and MX respectively.

- | : o b ! d Feo o L i
! v i s : o

Hy th
| | _
X Hu

(95)

‘7absorpfious inhthe reuge 1000—llOO‘em'l, denoting the presence
‘ A low resolution mass spectfum shows a base peak

gned as the acetyl grouping but also noted

Of an ether.

at m/e u3 whlch is, a581
1 ular ions at m/e 316 and m/e 318. When it was
molec

in the ratio of 3:1, the presence of a

are the two

realised that they were
the

"chloro group was proposed On
posed to fit the accurate mass of

fOUP structures could be pro

‘g’ (96) - (99)
se the methylene protons on C-10

Structures (96) and (97) can
316. 1806,‘structure

be 1mmed1ately ruled out becau
ne numberlng) wou
rved in pelation to the coupllngs

ld glve a much more
and C- 11 (using humule

obse
‘«Complex spectrum than that
As yet, no final assignment

of the Protontxtothe chloro group. B
) hich of structures (98) and (99) is correct.
to wnl _

“has been made as o
inly solve the pre

blem and certainly

X;Pay analysis wouldwcéfta .

\,A‘,«v‘u,()w,.e..;,.“‘“,";‘M‘__ﬁ‘A

basis of all these observations, o
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13C nmr spectroscopy would probably differentiateybetWéén thé'
carbon bearing the chloro group and the carbon bearlng the OXygen
‘group.  With regard to mechanlstlc con81deratlons for the formation ﬁ 

of this new product,‘lt is difficult tq_be‘ppeclse’becauSexthe

unknown compound arose from a mixture of dlepqu5acetate,epimeps e

(83) and, (9u) and‘theif‘mirror‘imageﬁa'Carried through the

deoxygenation step together On hydrolysis of the tungsten hexa

 chloride ‘used in the deOXygenatlon, it is possible that the C
hydrogen chlorlde‘formed may protonate a partlally deOXYgenated

"”sbecies such as the epoxy acetate (100) as shown in Figure 1s.

Initially the epoxide ring in (100) is opened, assisted by

»

(97)
(96)

AcO

(99)
(98)
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protonation of the oxygen and nucleophlllc attack of the

Chlorlde 1on to give the 1ntermed1ate chlorohydpln (101)

N 1,2

Subsequent protonatlon of the A double bond followed by

cyclisation to give the CYCllC ether (99) could qulte Slmply

‘explaln the formation of the unknown: comnound : A similar

mechanism could be postulated by antJ-Markovnlkov Openlng ,

+of the epox1de rlng 1n (100) followed by protonatlon and

e cycllc ether (98) ‘The

y acetate was in fact observed by Sattar62 but

- cyclisation to glve the alternatlv

‘eplmerlc dlepOX

no Structural a881gnment was made.

in hls attempts to induce polyene cyclisation,

2 4

‘Johnson,
made ﬁsewof‘theﬂeyelic aoetal functional gPOUP‘aS an‘lnltlator.
k Reactlon of the acetal (102) with stannic chloride 1n nitro-

methane’promoted openlng of the acetal ring “to give a carbonium

don whlch induced cycllsaflon ‘of the diene SYStem to give only

‘trans fused products, the maJOP components belng (103) and (1l0u4).

prepafe the cyclic ketals (105) and (106) to

It was decided to

Figure 15

f elther or both of these comp0unds could
no :

~ketone (79) had alread

palghtforward process to form
L

see if cyclisatio
- ‘ . y been prepared
be brought about. “The 5 ; }

so‘it‘wouid‘appear‘fo pe a fairly st



S 13y,

@o8) -

05

e Co ; L g ‘ |
~the oorrespondlng ketal (105) unleSS StePlC hlndrance c
auses
ard method fOI‘ ketal preparatlon 75
>

any problems. U81ng a. stand
\the 5 -one. (79)
was refluxed in benzene ‘and eth
Ylene glycol
w1th
uenesulphonlc a01d u81ng a Dean and
n

a catalytlc amount Of E’t01

' StaPk apparatus ; After an extended reflux perlod the react

‘uwas worked up and the nmr spectrum of the yellow 011 produce;On
Showed that the major product dld not appear to have any olefini

protons. A broad slnglet appears at 3. 82 pPpm and can be lnlq

the two methylene pro
have dlsappeared and p0851bly there is
a

‘lethyl gPOup appears to
n the region 0. 80 ~0.94 ppm although 1t is difficul
ult

f methyl group i
tlary or quaternary because of the g__

tO tell whether 1t 15 ter

superlmposed at O.
he central part of the methyl signal
is

d
1methy1 Slgnal 94 ppm. However the integration

Curve would suggest that' t
h field side of t
mall peak on the hlg
m could jndicate a tertlary methyl

he g‘ dlmethyl 51gnal and taken

‘OffSet o
the hlg
h- fleld side of the

i
| n COHSlderatlon W1th a s

' the spectru

’gem dlmethyl signal,
er hydroxyl nor carbonyl

um shows that neith

4 ‘
‘Oublet_‘ The ir spectr
several bands 1n the region

t but there are

r
. &roups are presen
; .-




“‘summarlsed in Figure 16 where X represents the ketal functlon
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1000-1200 cm—l iwvﬂyinjn_the presence of the C-0 stretch.
After deliberating the evidence, it ‘could be proposed that one

of two things has happened. The ketal on C-5 has formed then

the ac1d catalyst has protonated the Al’2

cyclisation .by partlclpatlon of the A8 9 double bond or

double bond promoting
vice versa. Whatever the order of reaction, the outcome can be

The catlonlc products (107) - (llO), can be reduced to a poss1ble

ch01ce between (lO7) and (109) because (108) and (llO), on

quenchlng, would result in oleflnlc proton s1gnals in the nmr
spectrum which of course are not observed On quenching therefore

the only p0551ble compounds would be (lll) and (112) since no

e e
N

product can be con81dered unless it has a tetrasubstltuted double

. bond The crude materlal was then treated w1th aqueous ac1d to f;t
remove the ketal and 1nspectlon of the nmr spectrum shows ., that
Hno ketal is now present and that the g__ dlmethyl signal has

d changed from a six- proton 51nglet at 0.94 ppm to two three—pPOton
‘51nglets at 1. O8 and 1. 14 pPpm. . Thls downfield shlft is in accord
with the protecting ketal belng”removed from the carbonyl thus
allowing the ketone‘to exert a deshielding effect upon the gEE%

dimethyl.groupt The ir spectrum shows a strong carbonyl “'#

absorption at"l702 cm ; typlcal of a 7-membered or larger ring

ketone 65~ Therefore the proposed structures for the ketone are 'ﬁ
(113). or- (11u) Thls problem was not 1nvest1gated further. :;
Humulen-4-ol (50) was oxidised quantitatively with vy

‘pyrldlnlum chlorochromate63 to produce the corresponding 4-one
(80). The nmr spectrum shows the absence of the C-4 carblnyl

proton signal and +he apparent downfleld shift of two protons

+o approximately 2.70 ppm. These can be assigned as. the C-3
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(113) . S

methyléﬁe‘brotons which in humulene are doubly allylic éﬁd

B are observed at‘2.u5 ppm but which are now allylic and o to

the cafbonyl inkhumuleﬁ;u:onéj(80)’and_so would be expected to.
move aoanield. 'The ir SPéétrum shows the presence of a carbonyl
peak‘ét‘1702“cm-l;‘éonsistent with that o}.a large ring ketone®®
and- the' mass spectrum/accurate mass conflrms the structure (80)
Preparatlon of ‘the correspondlng ketal (106) was tried using

‘the same method as that for the 5-ketal (105) but it was found
that fhe reaction'WAé'very slow and the product was extremely
difficult to separate from the starting matefiél»using chromaé
fographic methods ‘This method was .abandoned- and the preparatlon
of the correspondlng 81x-membered ketal (115), obtalnable from
2,2—dimethyl-propan—l,3-d191, was attempted in the hope that
separatioﬁgof the desired‘préducf (115) might be facilifated;
From ﬁféiimiﬁary ihVéstigations, it would appear thét a ketal
was forﬁed but‘thatvcyclisatioﬁ also occﬁrred similar to that
observed with thé 5-ketal (105), no olefinic protOns‘Beiﬁg .

~observed in the nmr spectrum of the iéolated product and so

this work was abandoned.
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as . N

‘Anderson et a176 ‘and CbOPeP and Harding' ' discﬁsséd

Lp‘the cationic cycllsatlon of a,B- unsaturated aldehydes and ketones:'
u81ng stannic chlorlde and perchlorlc a01d respectlvely Although
| humulen 4-one (80) is not an a, B—unsaturated ketone, it was

de01ded to try the reactlon of the ketone (80) with stannic e
CthPlde as a 'long shot'. Stlrrlng for one hour at room. tempera- ;{f
tune, the feaetion mixture, on,workfup, showed no starting ketone
and a series of more polar spots on analytlcal tlc. However the
nmr spectrum shows no carblnyl protbn 81gnal and the 1P spectrum
-1

shows the presence of a carbonyl peak at 1700 cm These results

are very puzzllng and as yet no solutlon to thls problem has been
obtalned

Apparent from the work descrlbed in this chapter is
the fact‘that (1) humulene is so stable that any attempts to ' ‘,;
solvolyse the 4- or 5-ol derlvat;ves just cause ellmlnatlon and/or |
‘ring eontnaction and ﬂii) the Sensititity of the reactiVe‘olefinic
l,é_bona is CauSing probiems‘when even a trace of acid catalyst ig

used in attempted preparations of the’l- or 5-ketals. A method

for ketal formation in a non-acidic medium is known using 2-chloro- -
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ethanol w1th llthlum carbonate78 and this could be a possible
, method to try The p0881b111ty 1n the case of humulen u—ol (50)

and 4 ketal (106) is that even 1f cycllsatlon were induced, the
1,2

“most probable product would be one where the A” double bond

partlclpates 1n1t1a11y, formlng a cyclopropyl rlng as in the

alcohols (29) and (35)



~associated With‘many of the fungal metabolites discussed in the

~ Division, with this project, a SamPle of the alcohol (29) was sent

It was found that alcohol (29) inhibited lipogenesis having an

A studyl
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CHAPTER 4 | | ST

Because of the background of'biological”activity

ihtPOdUCtiOD and because of the involvement of ICI, Pharmaceuticalsjﬂt

to the ICI Research Laboratorles for routlne screening using the {MV

Yeast Llpogene51s Screen devised w1th1n the company For reasons

‘of company secrecy, the screen will ﬁot be descrlbed herein but

bas1ca11y has been deSlgned such that the effect of compounds on ;fﬁ

certain aspects of cell growth could be initially monitored, the

test beinglof a dual nature, testing for inhibition and‘toxicity.

1nh1bltlon value of g This means that 1nh1b1tlon is stlll :

apparent after a serles of five dllutlons and the zero lmphes ”
; V- 4

, that no tox1c effects upon the culture ‘were observed at all. 5

In effeCt the alCOhOl (29) would appear to inhibit the production
of free fatty ac1ds w1th1n the culture but only temporarily
because the culture 1s stlll capable of grow1ng This was of -
1nterest to ICI because a- competltor in the fleld was prepaplng
to’ market a 51mllar compound (- ) hydroxycltrate, Wthh also gave
1nh1b1tlon of llpogene81s but at’ much hlgher dosage leVels
Therefore, to explore thls further, more of the alcohol (29) was
w1th1n the ICI Research Laboratorleslo and submltted‘

Synthes1sed
for testlhg on rats with hydroxy 01trate being run in Parallel

ﬂ»-In the 1nter1m period, whlle preparatlons were belng vy
made to carry out the tests, subm1ss1on of: the trlsubstltuted
olefinic alcohol (35) for YL screen showed an actlvlty of 8 .
0 was launched to discover the structure/reactivity

relationship involved in the two alcohols. From the preliminary

screen results, it would appear that the olefin played some part

' ~



141,

‘in the. react1v1ty but hydrogenatlon of the alcohol (35) gave

the dlhydroalcohol (116) which showed an activity of 8

Oxidation of alcohol,(?Q)*gave ketone (117) which was inactive
and stereoselective borohydride‘reduction of ketone (1175 gave
thé epimeric-alcohoi;(ll8) which’oisplayea an activity of %
It would. seem therefore that the double bond was unnecessary

for YL act1v1ty and that the act1v1ty lay in the cyclopropyl

carbinol reglon of the structure. A search of the ICI collectlon :

for. compounds having the partial structure (119) prov1ded a

vaplety‘of:compounds which were‘sub]ected to thekYL screen. The

resuits ppoﬁuced\a‘broaduspéctrum of activity from“active‘through

a0 R .



- in the YL screen.
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‘inactive to toxic and there appeared to”"be no rationale attached.
A suggested reason to explain the act1v1ty was nucleophlllc
attack of an enzyme involved in 11pogene51s upon the cyclopropyl

ring, dlsplac1ng the hydroxyl as shown in Flcure 17.,

_ .
This would explaln the. observed enhanced activity of tertlary

,’and secondary over prlmary alcohols However, the activity is:
not fully understood |

On the basis of‘the‘activities observed, it was -
dec1ded that a contrlbutlon could be made to understandlng the
struoture/react1V1ty relatlonshlps involved by synthes181ng two

compounds wthh would perhaps exhibit' act1v1ty During the -

screenlng of compounds from the ICI collectlon, ‘the aloohol (120)

was found to be as active as the alcohol (29). -Because alooh01‘”
(lZO)lSr\o(.'o. Sub.s('v.('u(‘d neo-pentyl = aleohol . as.

alcohol (29% it was decided to synthe51se alcohol (121) to see
if the presence’ ~of the neo-pentyl system enhanced the aCthlty

The ‘reaction was carried out by formlng the .

Grignard reagent from t-butyl bromlde,”addlng dlcyclopropyl

b
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(1200 -~ . (121)

ketone;and;refluxing,in,dfy_tétrahydrofﬁran to effect the'
“formation«of the alcohol (121) after hydrolysis of the reaction’
mikture - The reflux-was carr;ed out in tetrahydrofuran because

it was felt that as the ketone was extremely hindered, the
‘preactlon mlght not proceed readlly and normal ether reflux might
not prov1de a sufflclently high temperature to promote reactlon
A.sample of the de81red alcohol (121) was obtalned pure by COlumn
chromatography, preparatlve tle, and dlstlllatlon. The nmr
spectrum shows a:une proton singlet ‘at l 01 ppm and a ten-. .
proton multlplet between 0.3-1.3 ppm, typical of the multiplets
observed for cyclopropyl systems in the other compounds previously
discussed ~The ir ‘spectrum shows peaks at 3500 ‘and 3080 om™ L
attributable. to .the hydroxyl and cyclopropyl groups respectively,
Low resolutlon m+s. dld not give the expected molecular ion of
m/e 168;Nan extremely complex fragmentation pattern occurrlng
with‘very high m/e ratlo fragments apparent. However, it was

- noted the maximum deflection peak was m/e 111 which could be

“due to Mt - 57 or the loss of the fragment (122). Elemental

#
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CHy + (122)

“analleS confirmed the structure of tne alcohol as belng (121)
‘and a sample was sent for YL screenlng (Result = -)

" The second proposed synthe81s was to produce- a model
of the. alcohol (29) such that the basic unit of suspected )

wreact1V1ty was present w1thout the double bond and inhibition.

- on the YL screen would verlfy that the react1V1ty is due to the‘

" cycLopfoﬁ)’(- neoloené;yt aLcokoL | part s‘truc‘iure The target :
‘alcohol (123) could be synthes1sed in various ways. One possible
approach 1s‘shown in Flgure 18. However, from work carrled outlo
on the Slmmons;Smith cyclopropanatlon79 of cyclohex-2-en-1-0l1
'(124) 1t was. observed that great dlfflculty was experlenced in
ach1ev1ng conSlstent Pesults. Also it was felt that the gem~
dlalkylatlon would probably be dlfflcult because of the pos31b111ty
of openlng the cyclopropyl rlng under ba81c condltlons. Therefore
an alternatlve route, as shown 1n Flgure 19, was proposed. On
paper, the route looks falrly stralghtforward for the mOSt‘part
with dlfflcultles perhaps belng env1saged 1n the BlPCh cleavage ;
of the p;enylthlo group w1th the assoc1ated alkylatlon of the
resultant ‘anion "and also in the cyclopropanatlon step. The
conversion of cycloheptanone (125) to the phenylthioethep (126) .

was quite straightforward‘but difficulty was experienced in

achieving a clean separation of the starting ketone (125) ang
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OH : , OH

<

(123) (124)

(123)

- ‘Figure 18
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.
.68 , SPh 80 -
(1) - (iii) AR
(i) . 7 (iv) ‘
s o ae
o o8t ‘ \ ’
82 -
(v) o (vi)
—_——T> -
C(dv) o (vii)
o
o83
(v111)€
Tazey QV" (136) o 99
Reagents: (i) >—NL1/TI—IF/ 78°c,  (ii) PhSSPh;
(111) NaH/THF R L | (iv)‘MeI; -
) Ll/NH3/Et 05, (vi) Bry/cCl;
(v11) MgO/DMF/luO C R R ;u
(viii) NaH/Mes+§I /DMSOS . . (ix) stereoseleotive redn )
| st o (am)

Figure 19
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the product (126) because of the fact that they ran very close = ‘yq

to each other on analytical tlc. The sample obtained shows a

low field‘doublet‘of doublets at 3.75 ppm consistent with that
" expected for the: proton & to both the carbonyl and the phenylthio L

group. . The nmr 'spectrum is. also consistent with that of an

authentic sample of (126) ‘It was declded to carry this v ,i'qﬂ
'mlxture of Startlng ketone (125) and product (126) through to F |
the‘next‘stage, after~1n1tlal column’' chromatographic separatlon':
tofMtheidiphehYI disulphide; since it was seen that the mono- -
k‘”methyiated‘compound (127) was more easily separated from'thef PR
~‘startihguketone (lZS):ﬂ(The‘sodium‘hydride used in the next:
v‘stage was ohosen because‘it,was‘not tootstrong akbase ahdythefefore lVﬁ
'onlyﬁthefmost acidic‘proton‘i.e.‘the‘pfoton @ to both the phenyl- ‘n
‘Mthio aﬁqlcafbonyl:groups, would be abstraoted. A stronger base ;}b
.might abstraot'a'proton°fromtheother a position and so give
competltive alkylatiouv This methylation reaction to'give the
mOnOmeﬂgd thloether (127) went falrly smoothly but it was
dlfflcult to assess the yleld because the quantity of actual
startlng thloether "(126) ‘was not known. Study of,the nmr spectrum
of (127) shows . dlsappearance of the doublet of doublets at 3.75pmm
and appearance of a methyl group ‘at '1.21 ppm. Low resolutlon m.s. fl
and accurate mass results are con81stent with the structure (127).

and ‘this- was conflrmed by elemental ana1y81s The follow1ng step
‘lnvolved':1eavage of the phenylthio group from (127) and quenchlng :f{
~of the resultant ‘anion with methyl - iodide to yleld the g__-dlmethyl K :
Mketone (128). The 1solated yellow oil, purlfled by chromatographlc -

methods, had a strong camphor—like‘smell and the yield was poor

"
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(v 50%): even although great care was taken with experimentai
procedures. The nmr spectrum is consistent with literature

values for the'compound (128)85

and shows a sharp six~proton
“81nglet at 1.08 ppm, a-. broad 51x~proton singlet at 1. 58 ppm and‘

a two- proton nultiplet at 2. 48 ppm The ir spectrum shows a_‘,
‘:carbonyl peak at]17oztcm*1 and a‘ggg—dimethyl doublet at 1372

‘and 1382 cm - l. These results, iﬁ’conjuuctioﬁ with accurate mass
measurement, .are in accord w1th the structure (128). The“heed
‘nOW.was‘toﬂlntroduce unsaturatlon, forming an a,B-unsaturated.
'“ketonedshd‘thuszenabling a‘cyclopropahe ring to be attacﬁéd.'
”VariouS‘methods are known such:asHintroduction of the phenylthio
group o to the carbonyl oxidfsingitto the sulphoXid§6§7then
‘ellmlnatlng to glve the enone.86t‘Howe§er,~when preliminary
‘”1nvest1gatlons were carrled out on the phe;ylthlo ketone (126),
'no successful ox1datlon of the thlo group was achleved An |
alternatlve method was found Wthh 1nvolved bromination of the
gem- dlmethyl ketone (128) and subsequent elimination of hydrogenu
bromlde u81ng magne51um ‘oxide and dlmethyl formamlde at high
temperature el No"” separatlon of the 1ntermed1ate bromlde compound
was carried out after an 1n1t1al small scale attempt resulted in
.decomp051tlon of the bromide and dark brown 011 being produced
However the nmr spectrum of the crude bromide indicated the
appearance of a doubiet ofddoublets at approximately 4 ppm consisg-
tent wlth that expected for the protOn a to the bromo and carbonyl
. groups. Ellmlnatlon of hydrogen bromlde ‘was carried out. to give

_the enone (129) in very low yleld, poss1bly due to elther decom-

position or,volatlllty of the ‘enone. The assignment of the nmr

‘Spectral signals showed an AB quartet with further splitting of
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the peaks at 6.00 ppm and a gem-dimethyl six-proton Singlet“

at 1.00 ppm. The ir spectrum indicates a shift in the carbonyl

StretCh‘to'IGSS‘cm—l, consistent with the introduction of

unsaturation o,8-" to the, ketone. Low resolution m.s. glves some

peculiar fragmentatlons but thls could possibly be due to polymer

‘formatlon A 81gn1flcant peak (25%) is observed at the m/e

'expected for the molecular ion and acdurate mass confirms the

structure (129). ﬁ Introductlon of the cyclopropyl group by means

‘of the dlmethylsulphoxonlum yllde83 was con51dered to be the best

mmethod because the llterature examples quoted report hlgh ylelds.

Furthermore,}enones spec1flcally produce cyclopropyl groups whereas
i

‘the stralght ketone produces epox1des " The mechanlsm for cyclo-

‘propane rlng formatlon is shown 1n Flgure 20 The enone (129) was

'Ejgﬂe 20

treated W1th the dlmethylsulphoxonlum ylide and the crude product
”obtalned from the reactlon was examlned by nmr spectros00py The

-AB system, apparent in the enone (129),‘had deflnltely dlsappeared

the presence3of Cyclopropyl protOns. However, attempts to isolate

andApuPify‘fhis material resulted in total loss and it was thought

that the product must‘be\eXtremely volatile. The nmr evidence

-

and there were dlscrete signals between 0.3 and 0.9 ppm, s1gn1fy1ng

o
!
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‘would seem to indicate that the cyclopropyl ketone (130) had . .
been;fermed but no further confirmation was obtained, mainly
for two reasons‘ ‘Firstly, the period spent at ICI came to an . .
“end and secondly, more searchlng biological. testlng of the
alcohol (29) .did not. mateh the initial act1v1ty observed in the
YL screen.

| | The results‘obtained in the.YL screen led to feeding
of the alcohol (29)‘toarats‘followed by examination of the.liver
‘and adipose‘tissne after aianine luC 1ntroductlon. The radio--
\“act1v1ty uptake 1nto the fatty acids would suggest that the
"alcohol (29)“1s‘enhan01ng‘synthests of 'free fatty acids.
HoWeven, itawas concluded$that!the‘alcohol (29) was inhibiting,
“regeneration*of the free fatty acid: from the pool and thus
‘promotlng synthe51s of new. free fatty a01d from the radioactive
".source. It was de01ded to carry out testing on rats checklng the
gross welght of the anlmals in order to ascertain unamblguously
if the alcohol (29) had any 1nh1b1tory effect on lipogenesis,
Using a. control and (- ) -hydroxycitrate together with: the alcohol
(29), the conclu51ons drawn were that although overall a very
’sllght 1nh1b1tlon was observed, 1t was not as conv1n01ng as

(-)- hydroxyCLtrate and certalnly dld not merit further anestlga-
tion. o
; The seeond aspect‘of the work cafried out duriﬁg‘the

,jICI\VlSlt perlod 1nvolved the use of fungal cultures in attempts
“to 1nduce mlcroblal Ox1datlon of humulene . Because of the then

. potential interest in the alcohol (29), an alternative, cheaper
and'more efficient route to humulene-Y;5-epoxide (8) WOuid be of
great benefit in,the event of a,large‘sealesynthesis Of;the

alcohol (29) being required. . A search was made of the ICT -
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Culture Collection basedhon literature reports of cultures known
to‘epoxidise andhydroxylate88 olefinic bonds. Microbially

many of these cultures had previously been used in hydroxylatlon .
of C- 9 and C-14 "in certain ster01ds,89 othen;spe01f1cally

90,91

epoxidised olefinic bonds. A list of forty one cultures

were grown in preparatlon for the proposed microbial oxidation i
‘experlments~and~these‘are listed in Table 5 | ”ﬁ
| The .initial problem to be solved was that of finding
a: solvent sultable to dlssolve humulene, to malntaln a reasonable
'amount of homogenelty on addltlon of the humulene solutionm td the ‘i

'aqueous solutlon of the culture and medium and to exhlblt a non-
toxic effect upon the cultures. After trylng several solvents,
acetone was found to be the most. sultable Hav1ng fourid a SUltable
solvent, small scale experlments uere carrled out in 100 ml shake
.flasks u31ng;two cultures'NTPl and‘2 fdetails of which are .
included in- the experlmental sectlon. In‘order to ascertain
Whether or not humulene could be detected at a low concentratlon
after extractlon of the grown culture W1th -ethyl acetate and
whether or not humulene was broken down durlng autoclav1ng, a.
serles of flasks were charged ‘with an allquot of medlum. Controlypd
experlments were. run involving medlum +: acetone, medium + acetone :;
+ humulene u81ng dlfferent concentratlons of substrate and‘ o S
humulene on'its own to. see if 'it breaks down during autoclaving.
It nasbndted.that hunulene was not degraded upon autoclaving and
_ that it was detectable by analytlcal tlc right down to 50 ug per
.ml. of medlum.; | ’

Attention was then turned to ‘the behaviour of humulene

in the presence of the cultures chosen.“Inltlally a shake flask
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'wasvcharéed With“medium,;innoculated'with culture, grown for
several days then dosed with either acetone or acetone ang‘y
’substrate. The system was that for each culture there wasya
‘control containing culture + medium +facetone and a flask ’ ﬁ
| contalnlng culture + medium + acetone + humulene. This was . .
;done for both medla and there was a set of flasks for sampllng
‘each of four days Also 1ncluded wass.a set of flasks contalnlné‘
humulene + medlum to ensure that there was no aerial ox1datlon B
‘of the substrate | Each day a set of flasks wWas removed ‘shaken
"w1th ethyl acetate, a sample ‘removed from the solvent layer,
| tevaporated to dryness under vacuum, ‘the re81due dissolved in a
small amount oflethyl acetate and then spotted on analytlcal tlc
‘plates.‘ ThlS procedure was repeated for every culture listed in
Table 5. It was noted that a w1de varlety of growth types Were
‘observed ranglng from mlnlmal growth to pPOllflC fluffy growth
and also the growth of varylng 51zed balls. The tlc results
obtalned from the ethyl acetate extracts varied, most of the
culture extracts glVlng a}large spot of unreacted humulene and
spots of 1ntermed1ate and low Re values. It was 1mmed1ately noted
that practlcally all of the cultures studled gave a vast array of
spots in the polar reglon where'’ any trace of hydroxylated humulene :
would be expected to be observed Therefore because of the time
requlred to develop a v1sual detection method for any humulene
"alcohols and the short tlme avallable to carry out thls project,
it was dec1ded to concentrate solely on the detection of any
. epoxides formed with partlcular empha51s on humulene -4, 5- ep0x1de

(8). Some cultures dld give spots W1th an Rf value roughly

comparable to humulene-1,2-epoxide (lo)_and some cultureS‘also
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Organisms selected for microbial oxidation experiments
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; corT
g
b

Organism ACC'  Organism ACC
: No. No.
*Cuﬁnihghamella~ o Aspergillus.nigér 6742
blakesleeana “13&6 )
.Cunnlnghamella elegang 2548?‘ Candlda aquatlca 7520
.Asperglllus nlger | 5065 Asperglllus flavus var. | L
e : . columnaris . 8527
‘Mucor gplseocyanus | 1870 ‘Aspergillus flavus var.
;Para51te11a Slmplex 2 ‘1868 ‘?ufus 8528
‘Cochllobolus lunatus | 1752‘ folecillium notatun T oels
Beauverla Ba581ana | 3675 | Péﬁicillium nbfatum | 26
Asperglllus nlger  ?’;3?’?_Pehicillium chrysogenum 423
Penlcllllum notatum ‘{‘172 ‘ Penic%11ium éhfysbgenum,‘11426,
’ RhlZOPaS St°lonlfer H";§81  _Bééuvefia bassiana 1655
‘Penlcllllum chrysogenum  ;708  ’Cochliobélﬁé lunatus 3035
MUCOP gplseocyanus ( ) ‘W%869: 'Asperéillﬁs niger _  :v3438
ACandlda zeylan01des | _y2661  ’Céndida sp. >‘5604
Candlda gUIllermondll“ "2662,‘Peniciliium notatum ‘5733
‘Candlda krasei %893 pspergillus flavus i
ASPePglllUS nlger( ~%37%/; Pg@icillium chrysogenum 8082
Asperglllus n}ge?  55016‘ .Penic&ilium chrysogeﬁum :8084
Aépergillqs’niger ?959‘ Pehicillium chryébgenum 8085
AspgrgilIUS&flaVUS 522”' Beauveria bassiana ‘ 10242
‘.Aspérgillus flaQus ‘6&41 ‘Beauveria bassiana | 10280
Aspéfgiiius‘ﬁigef ?&48
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shoWed‘fotalldisappearance of humulenel vMuch consideratiou‘was
given to the possibility that (i) the extraction process using
ethyl acetafe was not efficient enough, humulene and/or humulene—
‘”M,S—epoxide (8),being trapped wifhin the tissue walls of the

cultures, andf(ii) even although humulene-u,5-epoxide (8) was -

Vproduced‘by a‘particular culture, it might be too dilute to allow

'detection by analytical tle. In an autempt to overcome the
problem of eff1c1ent extractlon, a. mechanlcal device for breaklng
up the culture partlcles was employed but appeared to .make very
'l;ttle.dlfference, If anythlng, it would perhaps cause the
‘release ofmother fungal products_hormally retained within the,
cell tlssues.‘ To‘investigate the second poSSibility, a'series
‘of experlments were run 1nvolv1ng d081ng of measured amounts of

o

humulene ~4,5- epox1de (8) in acetone solution to Candlda'

-Vzeylan01des 2661 such that a 20o, 10% and 5% conversion of,(

humulene to its 4,5= epox1de (8) was 81mulated This particular

culture was chosen because it gave a fairly clean extract, no

spots show1ng on analytlcal th‘ln the area where the 4,5-epoxide

(8) was expected 'The experiments'were carried out on a time-

dependent study and it was seen that all levels of 4 5= epox1de

(8) concentratlon were detectable by tlc. It can be assumed that,

| as no culture out of the forty one chosen gave a spot on tlc with
the same. Rf value as the 4, 5- epoxide (8), no culture englneered
”epox1datloh of the A4 E double bond of humulene.
Several cultures looked as though they might have
.produced humulene 1, 2 epox1de (10) and so the fermentatlon was
stepped up to a 500 ml shake flaskv51ze, the procedure remaining
. The‘cultures used were Aspergillus niger 5065 and

the same.

Cunninghameila elegans 2548. Of these two, 5065 showed most




“.navallable, a sample of the compound could be isolated and
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'promlse and was run on+a 5 lltfe scale using a 10 litre glass
‘fermenter with paddle agltatlon and efflclent aeratlon . The .
extract was run‘on glc and a comparison was made using an SR
authentic sample of humulenefl,Qjepoxide‘(lO). From‘the

traces‘obtainedyfhe'extract gave a peak of practically identical

fetention time as that obtainedufrom‘fhe 1,2—epoxide (10).

vHowevef,‘a range“of columns would‘need to be used before‘the
~ peak oould‘be abSOlufely identlfied‘as‘arising from ';uw‘>~ , u-zdy
},humulene -1,2- epox1de (lO) If sufficient extract was

ca T
» - .

.& an nmr spectrum would resolve the problem. ‘ | | i

: ‘l | | 2
It would appear th;t much more tlme would need to ' :
.. be spent on. varylng medla and cultures'untll p0581bly one"
"Could be found which would carry out the required mlcroblal ‘Fif

transformatlon. In llghtyof the recent biological test:

results, the ‘exercise would be fairly pointless. .



'EXPERIMENTAL .

Meltlng p01nts are uncorrected and were determined

on‘a Kofler hot stage apparatus' b01ling points”are not

corrected Kleselgel GF254 (Merck) Slllca was used for. all

»

preparatlve thln layer chromatography Analytical tlc plates

were eluted w1th a lO ethyl acetate/petroleum ether solution

unless otherw1se stated and: stalned with 1od1ne vapour and/op
. cerlc ammonlum sulphate followed by heatlng to approx1mately
120° C ‘ Petroleum ether refers yto the fractlon of boiling range

.50 80 C and all Organlc extracts were - drled over magne51um‘“”

sulphate unless otherw1se stated Where necessary, solvents

.were purlfled and drled in the recommended manner and reagents

were elther dlstllled or recrystalllsed
Infra red SPeCtra were' recorded on a Perk1n~ﬁlmer'
557 érating infra-red spedtroPhotometer anda‘unléss'otherwige‘
stated 'were obtainedlfromwllquid films" Nuclear magnetlc
resonance spectra were recorded on a H1tach1 Perkin- ~Elmer R24
(60 MHz) or a Perkln-Elmer R32 (90 MHz) nmp spectro”‘fsmetep
u81ng deuterated chloroform as solvent‘unless otherwise stated.

Tetramethylsilane was‘employed‘as‘an‘internal standard and al}l

spectral‘Qalues‘are‘quotedwin parts per million. Mass spectra

were‘determined‘onwa'Jeol JMS D100 mass Spectrometer combined

with 'a Jeol JCS ZOK gaS Chromatograph and u81ng an Instem Data

'Mass Maxi data proceSSlng SyStem ‘ Mlcroanalyses were carried

out at the laboratorles of ICI Pharmaceuticals Division,

Alderley‘Park,'Qheshire.
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EXPERIMENTAL

PreﬁarationMof Humulene trisepoxide'(ll)8

 Humulene (1) (97% purity) (15g., 73.% mmols.) was
diéSolved in dry diChloromethane‘(HOO ml.) in a conical flask to
‘which‘was then:added aqueous sodium bicarbonate solution (0.5M,
- 600 ml.);‘ The 'mixture was stirred‘magnetically at room' |
temperature'and~toiit was.added‘slowlYQ'to prevent excessive
frothiné? m-chloroperokybenZoic acid ('85% purity) (47.69g =
0;235 mols;);’”On‘completion of the peroxv acid addition,.the
reactionimlxturewwas‘stirred‘for 12 hours at room temperature.
"lThe'twoflayers werecseparated‘and the?organic layer was‘washed‘
.well with 1M aqueous sodlum hydrox1de solutlon (500 ml ) followed
by water (500 ‘ml. ), and then drled ‘ The solutlon was flltered |
‘and the solvent removed under vacuum to yleld a yellow—green oil
whlch was. dlssolved in a small amount of pet ether. A whlte
SOlld prec1p1tated Wthh was removed by filtration and washed
with petroleum ether The flltrate and washlngs were recycled |
through the process of solvent removal preclpltatlon, and

filtration until 16.3g. (88%) of the trlsepox1de (11) was

obtained, m.pt. 114-118°C. Analytical tlc showed one spot

oo W

Re O. os.r B R | .
§ = 0.88 (s,3H), 1.10 (s 3, 1.38 (s,6H), and 2.20-3.10 (m,4H).

Preparatlon of humulene b4, 5 ep0x1de (8)

Tetrahydrofuran (dried by 2u hour reflux over SOdlum,
fhenwéu hour reflux over lithium aluminium hydride) (QSQ ml.)
was distilled directly into‘a‘pre—dried 3-necked 500 ml. conical
flask which was fitted with a magnetlc follower and an alcohol

"

thermometer carrled in a thermometer pocket/pressure vent fltted
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. with a silica gel guard tube. Nitrogen,-passed through TFieser's

solution92 and concentrated sulphuric acid was passed into the

flask through a Subaseal stopper and a- gentle flow of gas was

"malntalned “With a- glass stopper 'in the thlrd port, the

‘tefrahydrofuran was ‘cooled to —7O °C and stirred, malntalning‘

fhat‘temperature with an acetone/Drikold‘bath Resublimed
tUngsten~hexachloride(15 78g., O. ol moies.), prev1ously packed

in glass ampoules under nltrogen, was transferred to the flask

o from a glass'’ reserv01r when the solvent temperature hadk .
“H”stabilised,below‘-7O?C;; vigorous. stirring being required to keep

thefsolid‘mObilelf Immediately'on addition of the tungsten

hexachlorlde a’ &ﬂxmeal stopper ‘was fltted to the thlrd port and

the mlxture was : stlrred for: 15 mlnutes at-~70 'C. n-Butyl llthlum‘

(l 6M 1n hexane, 7M 6 ml s, O. 12 mols ) was 1ntroduced through the

wSubaseal stopper by a hypodermlc syrlnge, great care belng taken

to ensure that the reaction temperature aid not rise above -65°C.

‘On completlon of the addltlon, the mlxture was stirred for .

10 mlnutes at -70°C: then allowed to warm to room‘temperature

where the colour changed - from pea green to dark blue/black
and all SOlldS dlssolved The solutlon was cooled to 10°¢ and

humulene trlsepox1de (1" (4 37g.,:17.3 mmols.) was added qulckly.

A reflux condenser was fitted to the centre port, the thermometer'

: was~transferred to the third port and the mlxture stirred at room

L RE

‘temperature for 5 mlnutes after which it was heated rapldly to

L5- 50 Oc using a pre heated 01l bath: (approx1mately at 8OOC)
After Stlprlng at that~temperature range for 45 mlnutes, the
reactlon mixture was cooled to 10°c, poured into a separatlng

funnel. containing ether (50 ml. ) and an aqueous solution (l 5M
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in sodium.tarfrate and 2M in sodium hydroxide, 500 ml.). The
“mlxture was shaken v1gorously, the ether layer separated, shaken o
agaln w1th aqueous sodium tartnate/sodLun hydrox1de solutlon

Lo

(500 ml ), washed w1th brlne, drled fllfered and the solvent

L]
i

‘removed under vacuum leav1ng a green1Ch yellow oil, crude yleld

1

u 3g Analytlcal tlc showed predonlrantly the desired epox1de G
» ‘ “r
(8) R: O 49 with humulene Rf 0.68, humulene—l 2-epox1de (10) g

0. 39, humulene d1epox1des Rf " O 24 and some unreacted (‘
trlsepox1de (ll) as the other 51gn1f1cant components yTne

epox1de (8) was purlfled by hlgh{PreSSUPQ column Chromatogﬁaphy (fﬁ
u51ng Kleselgel HFZSH (Type 60) (ratlo 20:1) and eluting with “ (;?
20 ether/pet ether. A pale yellow 011 ‘was obtalned (2. 19g 5793 . “;?
§= 071 (s,3H), 1.05 (s,3H), 1. 50 (s, 3H), 1.60 (s, 3H), o

W

2 40- 3 00 (m,2H>, and . 85 (m 2H)

" Diol (14)

After elutlon of the 4 5—epox1de (8) llsted above,
‘ further elutlon w1th ether gave crystals on the column tlp
(o ugg from 7. 08g epox1de) m. pt 109-111° C (after many

recrystalllsatlons from ether/petroleum ether (uo 50 ) "The

.

compound held water tenaclously (Found for a sample drled
overnlght at RT over P205 and hlgh vacuum: vC, 75.4, H, 11.3. o

uires C 75 63 H 11. O )
C1gH,g0, req *

The compound subllmed at 600/0 1 mm. w1th some decomp051tlon.
-1

Vpax (puiOL)E 3320, 1660 1095,,1022, and 925 om
max

s = 0.36-1.09 (m, 3H), 0.95 (s,3H), O. 95 (s,3H), 1.09 (s, 3H)

1.63 (bs,gH), 2.78 (dd, 1), 2.95 (d;1H), and §.26 (br.dd,1H). "

¥

m/e : 238 (M )

Re 0.22°0n a silica plate in 100% ethyl acetate.
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Diacetate (17)lo

DlOl (14) (120 mg O 52 mmols ), was dlssolved in
pyrldlne/acetlc anhydrlde, allowed to stand for 4 hours then
'was poured on to 1ce Coagulatlon gave a flocculent mass,

m. pt 14400 (ether/petrol um ether (40- 60 °c) as chunky crystals)

Rf 0. 70 in lOO ethyl acetate.
| Found Q, 70 7,_H; 9. .5, ClgHsoOu Pequlres C, 70.83 H, 9.4%.
- Gﬁéx (nu]ol) = 1725, 1240, 1035, 1018, and 950 em L.

§ = o 1y~ 1 22 (m 3H), 0. 95 (s 3H), 1. 1u(s 3H) 1 20 (s 3H) ,

l 74 (bs,SH), U 23 (dd lH), 4.65 (d lH), and 5. u5 (br d lH)

leetone (15) _,‘Qﬂx]ﬂﬁ ! Qfl[?cl‘

Dlol (14) (130 mg - 0.55 mmol.)'wae oxidised with
‘pyrldlnlum chlorochromate (255 mg > l;éé mmpl.) Sodium
kacetate was added as buffer and the reactlon was monitored by
tlc;‘ .Further ox1dant was added tw1ce to drlve the: reactlon to ;
completlon ‘ After:5‘hours at room temperature, work—ué gave
13# mg of a colourless 0il Wthh partlally crystalllsed
overnlght Elutlon off a short 8111ca column u51ng 10% ether/
petroleum ether (u0- BOOC) gave ll3 mg. of chunky needles‘

m.pt.‘75—769C. ‘Rg 0.35 ln‘lOo ethyl aeetate/petroleum ether '

(40-60°C). | |
Found: C, 76.9; H, 9. 915 ,30, requires C, 76.9; H, 9.5%.

v, (nujol) = 1680, ~1575, 1105, 1090, 1075, 975, and. 930 cm L.
~‘max

§ = 0.2 (m,2H), 1.17 (s,3H), 1.25 (s,3H), 1.37 (m, lH), 1.40 (s,3H),
1.76 (s,3H), 3.29 (m;2H), and 5.51 (bd, 1H) . |

i

234 (M )‘

i\

ﬁ/e
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= O.3—5ﬂ7‘(m=3H) 0.90 (d,3H), 0.92 (s,3H), 1.08 (s,3H),
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Dlhydrodlol (15)10

| DlOl (lu) (103 mg R O.u3'mmol.)ain ethanoi was hydbo—'
genated for 5 hours over Pd/C at atmospheric pressure and room
temperature ~ Numerous recrystallisations (ether/petroleum ether

(40~ 60 C)) and careful drylng gave needles, m.pt.v81—83»c.

Rf 0.50 in 100% ethyl acetate.

Found: C, 75.23 H, 12.0. C15H2802 requires C, 75.0; H, 11.7% i

_ . - Lt
v__. (nujol).= 3310, 1030, and 935 cm %, e : ' : T
max : : , :

“1.15. (s, 3H), 2 75 (m lH), and 3.18 (d,J=7 Hz, 1H).

m/e = 2uo arty. T o . ]‘\,",,‘ o

Reactlon of humulene 4 5 epox1de (8) w1th plcrlc acid

Humulene 4 5 epox1de (8) (500 mg., 2.27 mmols ) was

‘dlssolved 1n redlstllled dry nltromethane ;10 ml. ) 1n a lOO ml

round bottom flask Plcrlc acid was sucked dry on a Buchner

: funnel then added (580 mg 2. 27 mmol dry) to the reaotlon flask

the contents of'whlch were then magnetlcally stlrred at room

emperature for ll days, Sampllng at regular intervals fop -
analytlcal tle. The reactlon mlxture was worked up by adding
saturated sodlum blcarbonate solutlon and extractlng w1th ether,

L3

+he ether 1ayer belng drled flltered under vacuum and- the ether

k removed on'the rotary‘evaporator.‘ The crude. product was a brown

oil, yield 550 mg'a from Whl@h a yellow SOlld, probably unreacted

plCPlC‘aCld, pre01p1tated The brown oil was dissolved in

‘ether/chloroform and multiple elution. preparatlve tle separation MM f

carrled out to glve a polar spot on analytlcal tlc, Rf 0.18.
which developed rapldly on spraying Wlth ceric ammonium sulphate
and heating to glve,a-strong PUPple—coloured spot.

= 3400, 1380, 1360, 1070, 1050, 1025, and 1010 om™L

maxl,oo (s,sﬁ), 1.10 (bs,BH), 1.65 (bs,3H), 3.20 (m,2H), and 5.30 (m,1H).

v
§

e
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Reaction of humulene- 4,5- epox1de (8) w1th boron trlfluorlde
etherate 1n benzene

yioo

Humulene-4,5-epoxide (8), (500 mg., 2.27 mmols.) was

‘dlssolved in dry. benzene. (20 ml.), in a 100 ml. round bottom
flask, and the flask and contents cooled to almost 0- C (until .
the benzene juot began;to freeze).‘ Boron trifluoride etherate
(ZSO:ul,H2a?7(mmols,), freshly‘distilled‘from‘calcium hydride,
was‘quloklyhadded:by‘microsyringedand the reaction mithre
stirred hagnetically. rAfter 15 minutes, the reaction mixture,
'Which‘had turnedvaark brown; WaS‘worked up using saturated
~ sodium hioarbonate and ether, the ether layer being seoarated:
‘ flltered and the ether removed by . rotary evaporator A yellow igf
‘011, crude yleld 462 mg was obtalned. Preparatlve tlc using L j;J
(1) 5% ethyl acetate/pet ether (ii) 3% ethyl acetate/pet. ether-
x 3 multlple elutlon, gave the same‘alcohol as that obtained o f}f
‘from the plcrlc a01d reactlon.r“ll | 7,

Spectral characterlstlcs were 1dent10al to the

‘compoundwlsolated from the‘plcrlc a01d reactlon.

v

‘ Reactlon of humulene 4 5- epox1de (8) with boron trlfluorlde
etherate in ether ‘

,.‘

Humulene 4 5= epox1de (8), (500 ng. 2. 57‘mmols ) was

dlssolved in anhydrous ether (10 ml P) and the solut1on stlrred b
magnetlcally and cooled to -70 C u51ng‘an acetone/Drlkold bath. |

Freshly dlqtllled boron trlfluorlde etherate (280 yp1, 2.27 mmols.)

X

‘was added qulckly by microsyringe, the solution was stlrred at

-70°C for '1 hour, allowed to warm to room: temperature and then

stirred for a further 12 hours. . The solution was worked up using )

saturated sodium bicarbonate solution and ether, the ether layer

being dried, filtered and the solvent removedwunder vacuum to

give a green-brown oil; crude;yield 490 mg. Analytical tlec



‘_subsequently separated 1nto two compounds (29) and (35) by
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showed a small amount of .non-polar material, .a small amount of
unreacted startlng materlal and a large polar spot Rf 0. 18

ThlS materlal was separated by hlgh pressure column chromatography
on Kleselgel HP25u (Type 60) (ratlo 20 l) u51ng 5% ether/pet ether
as eluant. to give a pale yellow 011 (322 mg §) Wthh was

| R
: ‘column chromatography us1ng Hl~FlOSll—Ag, 209 AgNO, support o

‘(60 200 mesh) (ratlo 38:1) and eluting with 2% ethyl acetate/ )

pet.ether.y
(29) m,pt.‘63f6u.50C..¥ield ius mg. (328 ) | | S
. ((CHC1y) = 3810, 3060, 1050 1030, and 1010 el B

S;g 0.45-0.8 (m, 3H), 0.90 (s, 3H), 0. 22 (3,31, 1.00 (s,31),

| l 67 (bs 3H), and 3. 23 (d, J = 9. 5 Hz »1H).

ms 3M+ (fqpna) e_220.181§, Mf»(calc for C15H240) ; 220.1827
‘lprromobenzoate*derivative, m'pt 53. 5- 55 C. o

Crystaivdata 022H27Br02, mOnOCllnlC, P A /c Z’= 4
az 1b.43, b = 5.85, ¢ = 26.48 a, 8= 114 5% 2283 unlque
reflectlons on layers ho-tg (857 w1th I > 30(1)) were collected B
on a Stoe STADI z dlffractOmeter (Mo K radlatlon) The ‘7"
structure was solved u81ng the SHELX 76 programme for crystal

structure determlnatlon, G M Sheldrlck 13876, University of -wﬁ1

Cambrldge, England w1th a present R factor of 7%.

L)

(35) b.pt.‘953100‘C/O,25 mm. Yield 180 mg. (39%). o ;ﬂal
5. = 3610, 3060, 3040, 1650, 1055, 1030, 1012, and 825, cn~L, N

§ = 0.3-0.9 (m,BH), 1.02 (s,9H), 1.64 (bs,3H), 3.21 (d,J =‘8‘HZ,1H):4“S%
and 5.33 (m, H. . . ‘ ftTm

. + ‘
s M+ (found) = 220.18263 M (calc. for C15H2u0) = 220.1827,



“
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e

Preparation of Dp-bromobenzoate of alcohol (29)

| i Alcohol (29) (25 ng., 0.1 mmol.) was dissolved in.
pyridine‘(Z‘ml.) and then p-bromobenzoyl chloride (30 mg. ,

0. 14 mmol.) added. The solution was immediately‘cooled to 0°C

and a fine whlte prec1p1tate appeared The flask was stoppered

~and allowed to stand in the frldge overnlght. Analytical tlc

showed that the reactlon was  incomplete so a further 10 mg.
(0.05 mmol ) of p- bromobenzoyl chloride was added and the mlxture
warmed to room temperature to allow dlssolutlon of the ac1d

chlorlde. The flask was then cooléd to 0° C and returned to thp

- fridge. After 2 hours, analytlcal tle showed the reaction was

c0mplete The reactlon was worked up by addlng cold water and .
extractlng well with 1ce cold ether The ether extract was then
washed w1th 1ce cold saturated copper Sulphate solution (2 x 5 ml. )

ice- cold saturated sodlum carbonate solutlon (5 ml.), ice- cold

half saturated sodlum carbonate solutlon (5 ml.) and 1ce cold

water . (5 ml. ) The‘ether extract was dried, filtered, and the

solvent removed under vacuum to leave: a solid res1due w1th

k traces of oily llquld present, The 01ly llqu1d dlssolved in

chloroform leaving the solid residue. The liquors‘were‘purified‘
by preparative'tlc,:eluting with 5% ethylacetate/pet.ether and a-
band removed which was‘eluted with ether‘andlchloroform. After
removal of solvent, a clear-oil remalned, yleld 39 mg. (85%).
which crystalllsed on standlng in the fridge. m.pt. 53 5-55°¢C,

§ = 0. 30 O 80 (m, 3H), O 96 (S 6H), 1.10. (s, 3H), 1.69 (bs 3H),

4.87 (m 1H), and 7. 79 (P&]HH)

R IR
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Attempted isomerisation of alcohol (35)

(a) Wlth trlfluoroacetlc ac1d

The trlsubstltuted oleflnlc alcohol (35), (5 mg.)
was dissolved in dlchloromethane (3 ml. ) and stlrred at —7OOC
(acetone/Drlkold) One drop of trlfluoroacetlc acid (~ 0.05 ml’)
‘ was added to the solutlon whlch was then stlrred for 30 mlnutes
.Analytlcal tlc showed no change SO -a further 0.15 ml. trlfluoro—'
acetlc a01d was added After 30 mlnutee a large non- polar spot

‘was observed Certalnly none of the tetrasubstltuted oleflnlc

‘alcohol (29) was seen.

oo

(b) Wlth p—toluenesulphonlc ac1d h | |
: The alcohol (35), (5 mg ) dlssolved in dry benzene
(3 ml ) was treated w1th p—toluenesulphonlc ac1d (5 mg ), the
mlxture belng stlrred the temperature belng kept below 10° C
u31ng a cold water bath | After 30 mlnutes, analytlcal tlc showed
that no reactlon had occurred S0 the temperature was allowed to
rlse and a further lO mg of ac1d was added The mlxture was
stlrred at room temperature for a further 5 hours but no reactlon
was observed | |

(c) Wlth boron trlfluorlde etherate

The alcohol (35), (5 mg. ), ether (5 ml. ) and boron
trlfluorlde etherate (0. lO ml ) were stlrred magnetlcally in a

flask at room temperature.‘ Analytlcal tlec monltorlng Over

21 hours showed no apparent reactlon.

(d) Wlth Amberlyst -15 (H* form) resin

The alcohol (35) (5 mg . ), resin (200 mg ) and
ether‘(glml ) were stirred magnetlcally for 15 minutes at :
room temperature It was noted that a non- polar spot appeared
on analytlcal tlc but none of the isomeric alcohol (29) ‘was

observed. . ‘ . .

T
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Attempteduisomerisation‘of‘alcohol‘(29)

(éi With‘trifluoroacetic acid‘

The alcohol (29) (5 mg ) was dlssolved in dlchloro—t

methane (3 ml. ) and stlrred at room temperature Trlfluoroacetlc

L)

acid (0. 1 ml. ) was added and w1th1n 2 minutes the solutlon began

[

to‘show a purple colouration. No trace of the isomerie alcohol

(35) was observed by analytlcal tlc over 30 mlnutes

(b) Wlth perchlorlc ac1d

s A solutlon of alcohol (29), (5 mg ) in- dlchloromethane‘
(3 ml ), ‘was cooled to -70 C in an acetone/Drlkold bath and 70°
perchlorlc a01d (O 05 ml ) was added the mlxture being stirred
magnetlcally After 30 mlnutes, no reactlon had occurred but on
allow1ng to rise to ‘room temperature, the reactlon mlxture became
fpurple coloured Analytlcal tlc showed ¢ne°hoh -polar spot, no

startlng alcohol (29) and no isomeric alcohol (35)

: (é)( wlth boron trlfluorlde etherate and 51lver tetrafluoroborate

- The‘alcohol (29), (5 mg‘),‘silver tetrafluoroborate“
(5 mg ), ether (3 ml ) and boron trlfluorlde etherate (0.15 ml.)
- were stlrred at room temperature for 6" hours but analytlcal tlc n
showed that no. 1somerlsatlon had occurred

(d) Under hydrogenatlon COndltlonS‘

The alcohol (29), (5 mg . ) was dlssolved in dry

methanol (5 ml ) and, u51ng lO° Pd /C as catalyst, was stlrred

0

in an atmosphere of hydrogen at room temperature and atmospherlc

1

‘pressure for 20 hours. No reaction was noted on monitoring by

analytical tlc.



"‘belng dried . and‘the solvent removed‘under vacuumn. The crude 011

\) B
max
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Preparatlon of keto alcohol (uu)

‘(a); Acetylatlon of alcohol (29)

-, The alcohol (29) (393 mg., 1.79 mmols.) was dlssolved

in.dry pyridinef(Q.Srml.), acetic anhydride. (219 mg., 2.15 mmols;)
~was added and the mixturetwas'allowed to stand at OOC.overnight

‘The reaction was worked up in the usual manner, the ether extract

h was purlfled by column chromatography using Kleselgel 60 .

(Art 9385) and elutlng with' 2% ether/pet ether to glve the

‘ester S (320vmg.s686).‘ Rf 0'42"”v | ' | . o d.,;,,‘

‘(b) Allyllc oxidation of the acetate

, Chromlum tr10x1de (1. 83g., l8 3 mmols.) was added

‘to an ice- cold, rapldly stlrred solutlon of dry pyrldlne (2 89g.)

in dlstllled dlchloromethane (30 ml'. ) under nltrogen The deep

bupgundy solutlon was stlrred for 5 mlnutes then allowed to warm

. to room temperature The ester (320 mg., 1. 22 mmols. ) was added

1n dlchloromethane solutlon and the reactlon left for 2H hours

‘The reactlon mlxture was poured from the flask the precipitate

in the flask washed with ether and the washlngs comblned with
the organlc 1ayer Thls was then.washed with saturated SOdlum

blcarbonate, saturated copper sulphate and then with brlne The

organlc layer was; dried, flltered and the solvent ‘removed under

vacuum to give a crude 01l.<‘Pur1f1catlon‘by column chromatography
u51ng Kleselgel 60 - (Art 9385) and 3-40% ether/pet. ether gaVe the

acetoxyketone (90 mg., 27%). "

m.pt. 78-79°C3 ‘Rf o;lst,,

AETOH 940 nm (e = 10,200)

max ‘ l |
(CHCL,) = 1730, 1700, and 1640 em™™

i - 0.75-1.0 (m,3H), 0.8 (5,30, 1.0 (s,3H), 1.03 (s,3H),

-hfl

h
LTI

1.70 (bs,3H), 2.04 (s, 3H), 2.25-2.8 (m,5H), and 4.7 (d,J=9Hz,IH).



—(cc1 ) - 3u3O 1685, 1630, and 1030 cm

filtered, and so
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(c¢) -Saponification of the keto-ester

The keto- ester (80 mg., 0.29 mmols ) was dlssolved

i

in methanol (lO ml ) and pota551um hydroxide solutlon (80 mg. in

4 mls water) was added The solutlon was stlrred at 7O C for

1 hOur in an 011 bath Analytlcal tlc showed that the ester had

been hydrolysed The methanol was removed on the rotary evaporator,yp

a small amount of water was added to the solution and the solution {
Tl
was extracted with ether. The ether layer was dPled flltered and

the solvent removed under vacuum. The keto alcohol (-uy4) was

- separated by preparatlve tlc uSLng 50 ethylacetate/pet ether to

: glve 43 mg (630) of a colourless 011 Rf 0. 23 which SOlldlIled

\CCLy - 283 nm (s = 12, zoo) |
max o : P - 3

-1
Ymax -

8 = o. 5 -1.0 (m, 3H),‘o 72 (s, 3H), 0. 91 (s 3H) 1.02:(s,3H),

l 65 (bS 3H), and 3. 22 (d J 8 Hz lH).

' Reaction of humulene%H;SFepoxide‘(8)‘mith‘Stannic chloride

in benzene

Humulene 4 5- epox1de (8), (2°O mg. ‘1 mmol.) was

‘ dlssolved in benzene and cooled to almost 0° C (untll benzene

just began to freeze), stlrrlng magnetlcally Stannlc chlorlde o

(115 pl w1 mmol ) was qulckly added bvysyrlnge and the leture _ :
stlrred at v 0 C for 20 mlnutes follow1ng whlch saturated Sodlum
blcarbonate solutlon and ether were added The organic layer was
washed.w1th brlne after extractlon and separation, drled o
. lvent removed to glve a green—yellow oil. - A
Analytlcal tlc showed several polar spots as well as somé
startlng material. Two purifications by:column Chromatography
u51ng (1) Kleselgel 60 (Art. 9385, 230-MOOwMesh) (Ratio 40:1)

with 5% then. 10% ether/pet ether as eluant, and (ii) Kieselgel

HF (Type 60) (Ratio 80:1) with 4% ether/pet.ether as eluant,
254 S o »
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gave ‘a; pale yellow 011, one spot by analytlcal tle, Rf 0. 43
whose structure was proposed to be either (u7) or (48),

§ = 0.92 (s, 3H), 1. 09 (sy3H), 1.45 (s,3H), l.64w(s,3H);

| 3.58-3.90' (m, 2H) and «4.81 (m,2H).

ms: M' 256 and 258, 221 (M —35>, 203 (M~(C1 + H o))

. Reaction of humulene-U,5-epoxide (8) with silver nitrate

’,‘To humulene—u"S epoxide‘(8) (25 mg., 0.11 mmols, )
dlssolved in ether was added a: SOo w/w silver nltrate/water .
"solutlon (l ml ) - No pre01p1tate was observed and 1t was noted
that the reactlon mlxture was heterogeneous. In an attempt to‘
homogenlse the mlxture, tetrahydrofuran~(l mi ) was added but
this made no dlfference to the outcome" of the reaction.
Analytlcal tlc after 4 hours showed startlng ‘material.

Reactlon of humulene u Svepox1de (8) w1th_s11ver tetrafluoroborate

To humulene 4 5-epox1de (8) (ZM mg., 0,11 mmols ) in
anhydrous ether (4 ml ) was added 311ver tetrafluoroborate/

ether solutlon (2 ml.,‘O ll mmols ) and the solutlon was. Stlrred

‘l»

magnetlcally at room temperature. Immedlately a whlte pre01p1tate o

e

appeared. The reactlon was left in the frldge for 18 hours but

‘analytlcal tlc showed no change, the startlng epox1de stlll

belng present.

A 51m11ar reactlon was run us1ng benzene as solvent o

but‘no reactlon at all occurred i.e, no prec1p1tate formed.
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Reaction of humulene-U,5-epoxide (8) with silver tetrafluoroborate

and boron trifluoride etherate

'To‘humuleneeu,S—epoxide‘(8); (17mg., 0,08 hmols;),
disSolved in anhydrous‘ether (1 ml.), was added a suspension
féf silver tetrafluoroborate (2 ml,, 0,11 mmols,), in ether,

4 white precipitate iﬁﬁediately,heing observed, After standing
for.lS'minutes‘at room temperature; boron trifluoride etherate‘
(g“ﬁl O 08 mmols ) ‘was added and the mlxture allowed to stand

for 18 hours at- room temperature ‘A sample -was then taken,

worked upvw1th saturated sodium bicarbonate solution and ether

r"and analysed by tle.

On comparlson w1th.an authentic sample of the
.’.l

alcohol (29), it was found ‘that ‘both" gave the same: Rf and that

bunreacted startlng epox1de (8) was also present.

Preparatlon of sodlum d1carbonylpentahap1:oc:yclopentad:Lenylv'~
»‘ferrate (Na'Fp~ ) “

To pure mercury (lOOg ) warmed to 40 C was added
godium Elg , 43 4 mg. atoms) 1n 5 mm.-cubes, 1ntroduced undef
the surface w1th care, a VlgOPOUS Peactlon taklng place; When
the amalgam had cooled dry tetrahydrofuran (uO ml.) and |
d1carbonylpentahaptocyclopentadlenyl iron dimer (3 lug
8.7 mmol.) in tetrahydrofuran fZO ml ) were added and the
mlxture stlrred v1gorously under a flow of nltrogen at room

temperature for 48 hours. The stlrrer was then switched off

and the reactlon mlxture allowed to. stand for three days.

R B R e Rl L 0y R e T e
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‘L‘contalned a reddish-brown SOlld in fine suspen31on. This was

170.

 Preparation of the Fp-o methallyl oomplex"(SQ)LF2

The Fp™Na' salt was stirred under nitrogen at room

temperature and to it was added methallyl chloride (6.4 ml., .

“0.065 mmols.) by injectiqp., The temperature was then .raised

to 30°C and the mixtupe stirfed for 2 hours, after which the

stirrer was switched:off and the mixture -allowed to stand

overﬁigh{._‘The solvent was removed under vacuum (0.1l5 mm.)

" and a greyish-red-brown mass remained. . This was extracted

fhofoughly'wifh‘pet.ether (HO—SOO)'resultingvin‘a solution which

L]

flltered through a 51nter at. the pump, a dark yellow—orange 011
' El
fllterlng through as the solyent evaporated off, Eventually a.

‘dark red brown llquld was obtalned yleld k. 21g The solvent‘

was. removed under vacuum and the red-brown 011 dlstllled at

52 C/O 08 mm to glve a fraction yleld 3, 10g. (76%), Great: care

was taken as- thls materlal is air. sen81t1ve. Speotraly

characterlstlcs compared favourably w1th those of an. authentlc

sample..

s = 1.76 (bs,sﬂ), 2.13 (bs 2H), 4.58 (bs,5H),

» o
S
. L
W

n of Fp -7 isobutene. complex (53)

Preparaflo

To- the o-methallyl complex (52), (500 mg., 2.15 mmols )

was added a l 1 hydPOflUOFObOPlC acid (40% aqueous)]acetlc

L)

anhydrlde mlxture (3 ml.) ‘and the reactlon mixture was allowed

to stand at room temperature,‘w1th,occa81onalvsw1r11ng, for

» hours. The dark ped-brown liquor was poured into ether

(40 ml.) and, upon stirring with a glassirod, traces of gummy

material began to appear. Further dilution (40 ml.) and




"Reaction of 'Fp -7 isobutene-complex:(53) with humulene (1)

ﬁ»conlcal flask w1th a: thermometer ‘in.one arm- and a cork ‘bung

acetone and;

171.

trituration of the dep081ted gum gave a. yellow green solid

which was filtered at‘the'pump,«yleldlng;350 mg. (51%) which

was immediately placed under nitrogen and stored in the fridge.

The nmr spectrumxwas~identical to an authentic spectrum of

(53).1°

§ v (CD,Cl,) =-1.84 (s,6H), 3.77 (s,2H), and 5.46 (s,5H).

Ly

The reactlon was . carrled out 1n a 2-necked 25 ml.

B with a syrlnge needle stuck through it into the flask 1n the

other. The Fp - 1sobutene complex (53) (50 mg., O, 16 mmols ),
humulene (1), (150 mg., '0.78 mmols., ) and dlchloroethane ClO ml )
were added together, the flask was heated to 65- 7OOC and held

in that temperature range for 20 mlnutes. ‘The flask was- then

,cooled, the contents of Wthh were transferred to a round -bottom

flask;p'The solvent»was removed under'vw‘:“_:‘vacuum leav1ngra

brown—green‘sludge, which. was dlssolved in the mlnlmum of

hthe solutlon dlluted w1th.ether. A pale flne

prec1p1tate‘began to appear and once thlS was . complete, the

SOlutlon was flltered, glVlng a pale belge SOlld - Further.

dllutlon of the flltrate gave a. further pre01p1tate. The |

comblned sollds were washed Wlth ether to g1Ve a yleld of 31 mg;

The nmr spectrum was dlfflcult to record because the complex did

not dlssolve readlly 1n normal solvents.‘ However an nmr spectrum

recorded in CDscN compares with that from another preparat:Lonl‘L5

although the peaks are dlfflcult to a551gn,
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" Reaction of [Fp+ + Humulene]BFu_ with mercuric acetate

To:the humulene complex (28 mg., 5.9vx.lof2‘mmols.)‘
was»added31%‘ethanol/tetrahydrofuran‘solution;(12 ml.). The
complex dissolved. leav1ng a cloudy solution then mercuric

T2 mmols ) was added and the

acetate" (38 mg., ll 9 x lO
solutlonfstlrredsmagnetlcally for 22Jhours sampling intermittently‘f‘
for analvtical tle. Sodium ‘borohydride (15 mg., O, 39 mmols,)
| was;added‘and'the5solutlon>nap1dly‘darkened AfterAsI?rrexL
forNSO mindtes; 80% sodium 1od1de/acetone93‘solution'(2 ml, )
: . to ‘ (€ was o further .
was addedk'ﬂmamlxturekﬁnxmed forAl ‘hour, filtered and the
‘flltrate washed w1th ether.‘ ‘This caused a coplous whlte Solld
to prec1p1tate, whlch was collected by flltratlon and- thevm
oy solvent was removed from the flltrate to glve a green 011
s Nmr spectral analy51s showed a very complex set of s;gnals but

" peaks 1dent1f1able w1th those seen in humulene could. be. ‘observed.

Reactlon of Fp =T 1sobutene complex (53) with humulene-
4,5- epox1de (8) | ; . , ‘

) Fp -7 1sobutene complex (53), (50 mg. ; O‘lS(mmol ),
humulene 4 5-epox1de (8), (170 mg., O 78 mmol ) and dlchloro- |
ethane (u ml ) were heated together to 65 70° C at which |
temperature they were held for 20 mlnutes w1th stlrrlng, the

solutlon turnlng deep red in. colour “The reaction mixture was

allowed to ool the solvent was removed ‘under vacuum the .

rosidues were d18891ved‘ln the minimum of acetone, filtered
E Q and then ether added (SOvml.).“ A slight'brown precipitate was
b obsepved which on fllterlng gave only a yield of 10 mg. Thls

was dlssolved in CD3CN but the nmr spectrum was 1nconclu51ve,




Preparation of copper(I) tetrafluoroborate

uﬂReactlon of humulene (1) W1th copper(I) tetrafluoroborate ’

173.

46

Silver tetrafluoroborate (200 mg., 1.02 mmols.) -

,wanplaced:in‘a‘small glass tube and copper powder (lg.) and

dry‘toluene (5 ml. )-were added The tube was stoppered and

placed on a mechanlcal shaker for 2 days. The copper powder

was removed‘by‘flltratlon and subsequently washed with toluene.
 The filtrate; greenish liquid, was stored in the fridge'in a

"well—stoppered'flask as the product:is air-sensitive.

I .

To a magnetlcally stlrredsohﬂnanofhumulene (l),
k!

(150 mg., 0. 7u mmols. ) 'in pentane (1 ml. ), was added copper(I)

tetrafluoroborate/toluene ‘solution (2 ml.) and the flask
toppered Immedlately the solution became cloudy and' traces

of a whlte prec1p1tate began to appear Addltlon of a further

.Ivolume of pentane (3 ml ) caused more prec1p1tatlon. Tbe

mlxture was stlrred at room" temperature for .30 minutes and

~then flltered at the pump. A white- solld appeared on the

filter paper but 1mmed1ately dlsappeared It was prcbably‘

m»-

extremely alr—sen51t1ve.*‘ e SO

Reactlon of humulene -4, 5- epox1de (8) w1th prper(I)
tetrafluoroborate N EE .

To a magnetlcally stlrred solutlon of humulene u 5~
epox1de (8), (50 mg 0 23 mmol ), in n- pentane (2 ml ) at
room temperature: was added copper tetrafluoroborate/toluene

solutlon (2 ml. ) and 1mmed1ately the solutlon became cloudy

o




tlc showed a heavy spot in the non- polar reglon but very little

174,

After stirring for 15’minutes, thefstirrer was stopped and
it was noted that there was a pale green precipitate‘present.
Boron“trifluoride‘etherate (0.1 ml.) was added and the
mixture stirred for 30 miputes,‘the’colour changingbfrom'

1ight green to’ dark purple. The reaction mixture was worked

up by addlng saturated sodlum blcarbonate solution and ether.

The ether extract was drled flltered ‘and the solvent removed

L

‘under vacuum to glve a dark brown 011 yleld 48 mg. AnalYtical

'wln the polar reglon ThlS reactlon was not 1nvest1gated further;

1 ‘ ) S !

Hydpogenatlon of humulene w1th Adams catalyst

| Adans'. catalyst (PtO H o), (45 mg ) was added to the

2°

reactlon flask then humulene (500 mg., 2.45 mmols ) dlSSOlVed in

ethanol (lO ml ) was added The system was well flushed out

lﬂw1th hydpogen then the mlxture was left stlrrlng in an atmosphere :

of hydrogen ‘at room temperature and atmospherlc pressure. USlng

the arbltrary scale on the gas reserv01r, prev1ously callbrated

“uslng Q_methyl 2 butene, the rapld uptake of one molar equlvalent

of hydrogen was monltored ThlS hav1ng been achleved water and
ether Myn,added to the reactlon mlxture The ether layer was

washed well w1th water, separated drled and flltered through

Celite. The Cellte was washed w1th pet ether (40 -60 C) and the
L]

sclvent was removed from the comblned extracts under vacuum to

givé a brown oil, yleld 490 mg. Purlflcatlon by column chroma-

tography using Hi- F1051l Ag, 20% AgNO3 support (60-200 mesh)

(Ratio 30:1), eluting with 2% ethyl acetate/pet ether gave a

¥




and (59) were assigned.

o “with m-chloroperOXyben201o acid

sodlum blcarbOnate solutlon (O M, 50 ml.), the mixture being °

‘and then the mlxture stlrred for 30 mlnutes.‘ After testlng with‘

175.

’

fraction yield 209 mg., a:pale oil, to which the structures (58)

< = 1385, 1365, and 975 cm t
max

§ = 0.90 (sy3H), 1. 08 - (s,?H), 1.53 (bs, 3H), and 4.50-5.55 (m,3H).

Tar

Monoepox1datlon of 1,2~ dlhydrohumulenes (58) and (59)

To a solutlon of l 2~ dlhydrohumulenes (58) and (59)

(208‘mg ; l.Ol mmols.) in dlchloromethane_(uo ml.) was added

stlrred at room temperature -m- Chloroperoxybenzoio acid . <Jﬁﬁ

(90 213 mg. l ll mmols ) was?slowly added over 5 mlnutes

o

lead acetate paper, the dlchloromethane layer was separated

washed w1th dllute sodlum hydrox1de solutlon followed by water,

.,and dpled After flltratlon the solvent was evaporated off

leav1ng a clear 011, yleld 225 mg Of thls crude product lzsymg_hw

was purlfled on a Kleselgel HFQSH (Type 60) column (Ratlo 20: 1)

using 2/ ether/pet.ether as eluant to give two fractlons, yields

40 mg. and 14 mg and Re O‘Hl and 0.38 respectlvely ' The spot

f O ul showed a double head on 81lver nltrate (20 ) Sprayed

analytlcal tle uSlng 206 ethylacetate/pet ether as eluant. A

R

mlxture of 1somers (60) and (Gl) and their mlrror 1mages was

a881gned. “The Compound Rf 0 38 was ass1gned the structure (66).
(60)/(61): . & = 0.80 (d, 3H), 1.04 (s,3H), 1.20 (s,3H),
+ mirror images " 1,26 (s,3H), 2.40-2.95 (m,1H), and -

'5.35 (m,2H). - .

It should be noted that the ratio of the 5.35 ppm to the H ;

2.40- 2 95 ppm multlplets is 2:1.

(66): § = 0.89 (s,3H), 0.96 (5,30, 1.11 (s,3H), 1.50 (bs,3H),

2.40-2.80 (m,1H), and 5.10 (bd,J = 10 Hz,1H).



‘pwas slower than that for humulene The reactlon mlxture was

‘compounds (87

s 1.80 (bs,sH),‘ 2.71-3.00 (m,1H), and §.21 (bd,1H).
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Hydrogenation of humulene-4,5-epoxide (8)' using Adams' catalyst

The‘procedure and apparatus used were exactly the

same as that for the hydrogenatlon of humulene ‘Humulene-4,5-

epox1de (8), (300 mg., 1. 36 mmols. ), Adams' catalyst (50 mg. )

and ethanol (lO ml.) were. all mlxed together and stlrred at room

temperature 1n an atmosphere of hydrogen at atmospherlc pressure

untll 1 molar equlvalent of hydrogen was taken up. ThlS was

: ST
monltored on the gas reserv01r scale, prev1ously callbrated

u31ng cyclohexene (l 36 mmols ). The rate of hydrogen uptake

flltered through Cellte, Wthh was then washed w1th ether The
comblned extracts were washed'thoroughly w1th water, the ether

layer drled flltered,vand the solvent removed to glve a brownlsh

¥ .
. e E -

oil,d 20°‘51lver nltrate 1mpregnated analytlcal tlc showed a

double«headed spot less polar than the startlng materlal . Two

"column separatlons u31ng Hl F1031l—Ag, 20% AgNO3 SUPPOPt and

‘ elutlng w1th pet ether gave a mlxture of the isomeric dihydro

) and (68) and their mirror images.

M‘Subsequent attempts to repeat thls reactlon resulted
in spontaneous rearrangement of the dlhydroqxxldes to give a

complex mlxture of alcohols Wthh could not be separated. This

rearrangement occurred at the column chromatography Stage USlng'
AgNO3 1mpregnated silica. ‘Addltlon of DQO to the nmr sample‘
showed the disappearance of a hydroxyl peak in several fractiOnS

removed from the column. A very polar band, observed on

preparatiVe tlc, was. removed and eluted with ethylacetate to

of a yellow oil.

give 60 mg. '
= - 3600, 1380, 1370, 1102, and 1050 cm™ 1
max

0.91 (s,3H), 1.0k (s, 3H), 1.21 (s,3H), 1.58 (bs;3H), and °

§ =
3.13 (bd,1H,J = 10 Hz).
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.Eu(fod)3;lanthenide shift nmr proved to be inconclusive

'butwindicated a;mikture of the proposed structures (69),'(70)

and their mirror . images.

©

Reaction of the 1,2-dihydro-humulene-U, 5-epoxides (67), (68) and
their mirror lmages with boron trifluoride etherate

The 1, 2- dlhydrohumulene -4,5~ epox1des (67), (68) and
thelr mlrror 1mages (16 mg., 7. .0 X lO 2 mmols. ) dlssolved 1n

anhydrous ether (2 ml ) wemLcooled to‘~70oC Wlth stlrrlng Boron

| trlfluorlde etherate (9 ul.; 7.0 x 1072 mmols ) was added .the

reactlon mlxture stlrred for 30 mlnutes at -70 C then allowed
L 4o
to warm to room temperature and stlrred for a further hour.

Analytical tlc showed polar spots w1th approx1mately the same

Rf as those observed from the column rearrahgement of the
epox1des (67), (68) and thelr mlrror images,

Reactlon of humulene ~4,5- epox1de (8) W1th pyrldlnlum
hydrobromlde perbromldey o, o

Humulene -l 5~ epox1de (8), (80 mg. 0.36 mmols.) was

dissolved ln‘dlehloromethane;(S ml.) with magnetic stirring.

i

The perbromide‘(lls mg. 0.36 hmols.) was“added to the solution,

-thus 1mpart1ng an  orange colouratlon to the reactlon mlxture

After a few mlnutes stlrrlng at room. temperature, the solutlon

lightened 1n,COlour sllghtly thenva pale coloured precipitate

éppeared walch qulckly redlssolved After 15 minutes, analytical

tle reVealed;a multltude:of spots.

Reactlon of humulene u 5 ePOdee (8) with pyridine perbromlde

To humulene -4,5- ~oxidé (8) (20 mg., 0.09 mmols.)

dissolved in dlchloromethane (5 ml.) was added pyridine perbromide

. . »



I

temperature. After 20 minutes the pale yellow colour of the

products. -

'A;syrlnge.‘ The bromlne colour 1nstantly dlsappeared but

,The solutlon was stirred at —70°C for 15 minutes, allowed to , an

- warm to room temperature and stlrred for 17 hours , Agaln a wide
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(20 mg., 0.08 mmols.) and the mixture stirred at room. .

solution had disappeared. Analytical .tlc showed . a mass of -  « o

Reactlon of humulene 4,5~ epox1de (8) with bromine . | .‘5th

o To humulene -4,5-epoxide (8), " (50 mg. 0.23 mmols ), rfﬂ

dlssolved in’ carbon tetrachlorlde (2 ml ) and stlrred magnet—

1cally, was added bromlne (ll g ul., O 23 mmols ) by mlcro—’

analytlcal tlc showed a range of spots

ki : .
The same experlment was repeated except that 1t‘ S " %uﬂ

was carrled out in ether at —78 C u81ng an acetone/Drlkold bath

: range of Products was observed by analytlcal tlc

Preparatlon of humulol (72)50

Humulene (2g g. 80 mmols ) was mlxed w1th 80 aqueous

acetlc aold (30 ml.) and the hetero8eneous mixture stlrred :
magnetlcally and heated at lOO c under reflux for 2 hours.,;
The mlxture was . cooled, neutrallsed cautlously u31ng saturated R
sodlum blcarbonate solutlon, and then extraoted w1th ether. | o
The ether lafer was washed with water, drled flltered and ; ;fdx
the solvent evaporated off to glve a green brown 011, yleld

1. 8g | 0.9¢g of the crude was PUPlfled u81ng column chromatography ’

(Kleselgel HF254’ ratlo 20 l) and elutlng with 3° 5%, lO%,l&getMﬂvlh

+



‘peroxybenz01c ac1d (85
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’pet:ether‘to give humulol’ (72), a pale yellow oil, yield

240 mg. (22%).
§ = 0.99 (s,3H), 1.02 (s,3H), 1.11 (s,3H), 1.52.(d,3H,J=1 Hz),

.M‘"and-4;55?5.48”(m53H)5

]

Attempted monoepox1datlon of humulol (72) with t-butyl-:
hydroperox1de o - R

" To humulol (72),‘(135 mg. O 61 mmol.), dissolved

o in dry benzene (4 ml ),‘was added vanadylacetoacetonate (5 mg),

w1th magnetlc stlrrlng, the solutlon turnlng green. t Butyl-

hYdPOPerOdee (70 5, 12. G'mg-, 0.98 mmols ) dlssolved‘in benzene_‘

(l 5 ml. ) was then added slowly over lO mlnutes, the solutlon ‘

s

‘turnlng blood red : After the addltlon, the solutlon was stlrred
at room temperature for 12 days, then the reactlon mlxture was
-worked up w1th aqueous SOdlum metablsulphlte and ether, the,

, organlc layer belng drled flltered, and the solvent removed to

glve a yellow vlscous 011, yleld 119 mg Column chromatography

~and ppeparatlve tlc gave two fractlons ylelds 14 mg and 9 mg.

‘ respectlvely, but the nme, spectra proved to be totally

L]

[

1nconclu51ve.

Monoepox1datlon of humulol (72) w1th m- chloroperoxzben201c ac1d

Humulol (72) (200 mg 0. 90 mmols ) was dlssolved in
dlchloromethane (lO ml ) and to thls was slowly added m Chloro-
200 mg., 0.99 mmols ) at room
temperature, he solutlon belng stlrred magnetlcally After

30 minutes water was added and the mlxture was extracted W1th

ether. The organlc layer was washed w1th dllute sodium
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| =b1carbonate solutlon, brine, dr1ed filtered, . and the solvent

removed leav1ng a yellow v1scous oil, yleld 195 mg

Separatlon by column chromatography us1ng Kleselgel HF and

254

p30o ether/pet ether as eluant gave a fractlon which Solldlfled

‘to glve a whlte SOlld (75), yleld 7O mg. (336).

Recrystalllsatlon was d(GC.c_q((: ,
vﬁax (CHCl ) = 3610 1380 1365,.1130 1090, and 1075 —
§ = 1. os (s,3H), 1. 17 (s 3H), 1, 29, (s BH)

* »

‘2 72 2 90 (dd J lOHZ and 2Hz lH), and 5. 21 5 81 (m 2H)

Preparatlon of humulol methylthlomethyl ether (77)

Humulol (72) (327 mg 1. 47 mmols ) was dlssolved in

'dlmethylsulphOdee (7 ml ) and acetlc anhydrlde (7 ml.) and

stlrred magnetlcally at.room temperature . After 20 hours, the

solutlon was evaporated at reduced pressure (0.2 mm.) using

" a condenser and an acetone/Drlkold cooled receiving’ vessel to
‘trap the d1methylsulphox1de/acetlc anhydrlde as 1t distilled .

off. A dark yellow 011, whleh remained in the flask was

dlssolved in- benzene, washed tw1ce w1th saturated sodlum
blcarbonate solutlon, once with brine,, four times with water
then the benzene extract’ drled over anhydrous sodlum sulphate.
The extract was flltered and‘the solvent removed under vacuum to

give a yelloﬁlbrown‘oil, yield 170 mg. The crude product was

Purlfled by hlgh pressure column chromatography u81ng Kieselgel

HF u‘(Type 60) (Ratlo‘ZO.l)‘ and 2% ether/pet.ether (60-80°)
254 B | ” ~

e éluant’ The fraction isolated from the column was then

distilled under vacuum, the fraction boiling-at 127—13OOC/Q.1 mm.

being collected. Yellow oil, yield 53 mg. (13%).
1.04 (s,3H), 1.07 (s,3H), 1.18 (s,3H), 1.60 (s,3H),

§ = ,
2:;18 (S,BH)’ 4.50 (S,QH),WLJ'-85—5-50 (m,3H). " *



‘t1flltered, and the solvent removed under vacuum to give a clear
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Reactlon of humulol methylthlomethyl ether (77) with
mercuric trlfluoroacetate

Humulol methylthlomethyl ether (77), (40 mg.,

0. iu mmols.) was dlSSOlVed in dry ether (3 ml. ) and cooled

to. —78OC u81ng acetone/Drlkold, whllst stlrrlng magnetlcally

Mercurlc trlfluoroacetate (72 mg., 0.17 mmols.) was added and
the mlxture stlrred at —70 °c for 1 hour after‘whlch brlne then
solld sodlum blcarbonate were added to ‘the flask. The mlxture

was. extracted w1th chloroform the chloroform layer drled

vﬁ101l, yleld 44 mg. Nmr spectroscopy shows thls to be humulol (72)

.

il

’Reactlon of humulene l 2- epox1de (lO) w1th mercuric

trlfluoroacetate

" ' "

Mercurlc trlfluoroacetate (98 mg., 0.23 mmols. )

vdlssolved 1n dry methanol (2 ml. ), was stirred magnetlcally at

"~ poom temperature ‘ Humulene 1,2- epox1de (10), (50 mg. '0.23 mmols.)”

dlssolved 1n methanol (l ml ) was added to the solutlon and the
mlxture stlrred for 1.5 hours. Analytlcal tlc showed mostly
unreacted startlng material so the reactlon mlxture was heated

to 60°C and held at that: temperature for 3 hours. Analytical. tlc
showed a multltude of polar spots | “

Reactlon of humulene l 2- epox1de (lO) w1th mercuric acetate

(I\-c

CTo mercurlc acetate (145 mg O 45 mmol ) in a flask
was added 509 tetrahydrofuran/water (7 ml ) and an 1mmed1ate
brlght yellow prec1p1tate was observed The mixture was stirred .

magnetically and the l,2—epox1de (10) (100 mg., 0.45 mmols.)

"
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added, dissolved in 50% tetrahydrofuran/water (2 ml.). After
stirring at room'temperature for 3 hours, no reaction had‘

‘occurred on monitoring by analytical tlc.

Reaction of humulene-cis-1,2:4,5-diepoxide (64) with boron
trifluoride etherate

The dlepox1de (64), (18 mg' 7.6 x 1072 mmols.)

was dlssolved in anhydrous ether (2 ml ) and boron trlfluorlde

'etherate (9 ul, 7 6 x 10 2. mmols.) added to the stirred solutlon.

: fke M\Kl‘upe_ ’
After stlrrlngkfor 18 hours at room temperature

noreactlon Fh_ww p o ‘was observed by analytlcal tle.
A further 30 pl boron trlfluorlde etherate was added and the
mlxture stlrred for 3 days Analytlcal tlc showed a large range
'of pOlar Products i Cd‘d R K j.mi‘ . | |
ThlS reacttonwwas repeated u81ng benzene as solvent

at room temperature and a ratlo of 1: l substrate/Lew1s aC1d

B After 24" hours stlrrlng»at room,temperature, a multltude of

spots was seen.

Reactlon of humulene ~cis-1, 2: u 5-diepoxide (6&) with anhydrous
copper sulphate/acetone50 o

-

- The dlepOdee (64), (78 mg., 0.33 mmoies;),
anhydrous copper sulphate (50 mg.) and acetone (SOO ul.) weve
added tOgether and stlrred magnetlcally at room temperature
for 24 hours,‘after which the mixture was, extracted w1th ether
and the solvent removed under vacuum. ‘A‘CIQQP colourless oil
pemained which by’nnr spectroscopy proved to be unreacted

starting‘material.jr‘

an



~ Preparation of humulen-~5-0l1 (ug)uf~
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Humulene—u ,5-epoxide (8) (350 mg., 1.59 mmols.)

was: dlssolved in anhydrous’ ethylene diamine- (20 ml.). and -

‘w1th magnetlc stirring,- strlps of 1lithium metal (300 mg.

42.5 mg.atoms)iwere added. After about 25 minutes, the
solutiOn'becameyfairly viscous,‘turned dark blue and effervesced .
brieklyffor“ahfew'minutes. The mliture‘wasystirred for a‘total“
of l.S'hours, the'coloutlgradually“lightening from dark blue to

gfey A large Volume‘of water Wasvcarefully added. (100 ml')uand

L

,1"the mlxture extracted w1th ether, the organic layer being" drled,

flltered and the Solvent removed under vacuum “The crude product>
a clear oil, Wthh SOlldlfled on Standlng, yield 315 mg., was

purlfled by hlgh pressure column chromatography using Kieselgel
[}

ﬁ (Type 60) (Ratlo 20 l) 5% ethyl acetate/pet ether belng

254

dused as eluant CA fractlon from the column gave a whlte SOlld

K yleld 269 mg (76 D, Rf o 25, m., pt. 92-93 c

(CHCl ) £ 3620,‘1380,,1365, 1060, 1045 em™t

‘s o. 81 (s, 3H), 1.05 (s, 3H) 1.40 (bs, 3H), 1.57 (bs 3H), |

3. 46 (bt lH), and 4. 83 (m 2H) .

msi‘ Mf (fcund) 222 1986 | (calculated for C15H260) = 222.1984;

Preparatlon of humulen 5 -one (79)

Pyrldlnlum chlorochromate63

(200 mg., 1. 08 mmols)
was suspended by magnetlc stlrrlng in dlchloromethane (lO ml ).

5 ol (49), (130 mg., 0. 59 mmols ) dlssolved in dlchloro-

Humulen
methane (2 ml.) was added to the SUSPeD81on and 1mmed1ately the ?
colour of the reactlon mlxture darkened. After 10 minutes a black

re31due in the bottom of the flask began £0 appear. The reaction
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mlxture was stlrred at room temperature for 1 hour then worked
up by addlng 5 'x volume of ether and the mixture filtered through

a,Florl81l column.ﬁ The solid residue in the flask was washed

twice with ether, as was the Florisil, and then the ether was

removed from the flltrate’undef Vaouum to give a white solid,
yieldyllopmgtl(35%)‘which was recrystallised from pet.ether.
M.p£; sa;suoc..q,*“ A 'f -

Vnax (CHC1 ) = 1698, 1385, 1365.cn "

6(ppm) = 1.19 (s,6H), 1.45 (s,3H), 1.60 (s,3H), 4.80 (m,2H).

ms: ' (found) = 220. 1855 - M* (caleulated for C;(H,,0) = 220.1828..

1572y

fgghd c,,81 1 H, 11 1. ClSquO’requlres,C, 81.8; H, 11.0%.

2

Reaction of humulen-5-one (79) with lithium N-isopropylamide/
diphenyl dlsulphldebb, : ; .-

Dry tetrahydrofuran (10 ml. ) was cooled to -78°C,

| under nltrogen, using an acetone/Drlkold bath. Stlrrlhg
| magnetlcally, N 1sopropylam1ne (36 mg. 0. 36 mmols.) was added

by syrlnge through a rubber septum, followed by the careful

addition. of n butyl llthlum (l 6M in hexane, 0.23 ml , 0.38 mmOls_)fd
ih like manner. The solutlon was allowed to stir at--70° C for | v
15 mlnutes then the ketone (79), (80 mg., 0.36 mmols ) dlssolved
inHtetrahydrofuran (2'ml.) was added, maintaining the temperature
at -70°C. After‘Stirring‘forVZOtminutes; the solution
temperature ‘was allowed to Plse to -25°¢C by 1mmer81ng the flask in
a carbon tetrachlorlde/Drlkold bath.‘ Dlphenyldlsulphlde

(90 mg., O Hl mmols ), dissolved in hexamethylphosphorustriamide

(5 ml.), was added by’ syrlnge, the tempepature‘then‘allowed to

rise to room temperature and the mixture stirred for 16 hours.
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' The reaction mixture was'shaken with‘saturated potassium tartrate

e

VuReaction of (81) with tosylhydrazine

solutlon/pet ether (40-60°), the pet.ether layer was washed well

w1th water and separated After drying and filtration, the:

solvent' was‘removed'under vacuum‘ A pale yellow solid, yield

100 mg. (84 %) ‘was obtalned Wthh corresponded by nmr spectroscopy
to the structure (81) ' o o J-
Methyl region dlfflcult to ass1gn,[ 3.96 (dd,J=10 Hz and

e qu,lH), and 7. 16 (bs 5H).

‘Reaction‘of humulen-5-one (79) with 1soamyl nitrite

in

The crude ketone product (81), (lOO mg., 0.31 mmols. )

'was dlssolved in: ethanol (5+ ml ) and ‘then tosylhydra21ne (74 mg R

O 4 mmols ) added, the mlxture belng stlrred magnetlcally for

18 hours at room temperature Analytlcal tlc showed unchanged

startlng‘materlal.

67

Pota881um t- butox1de (19 mg 0.17 mmols.) was
dlssolved in t- butanol (5°ml.) at room temperature with magnetic
stirring underfa‘flow of " nltrdgen. ‘Isoamyl nitrite (13 mg.,
0.11 mmolsp)wwas‘introduced intofthe‘reactionlflask via a
rubber septum using a syrlnge - The solutionbwas stirred for
5 minutes then the’ ketone (79) (25 mg., 0.11 mmols.), dissolved
a small amount of t butanol (l ml.), was added by syrlnge

and the mixture stlrred at room temperature for two days, durlng

thh time no reactlon was observed by monltorlng w1th analytlcal

tlc.
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Reactlon of humulen S5-one (79) w1th llthlum dllsopropylamlde/

~1soamyl nitrite o EEE

Dry‘tetrahydrofuran (3 ml.) was cooled to“—78QC‘under

nitrogen‘using an acetone/Drikold bath, With magnetic stirring,

diisopropylamine (38 ul., 0.34% mmols.) was added by microsyringe

and. the solutiOn stirred for 5 minutes. E—Butylrlithium

(1. 5M in hexane, 230 ul ,>O 34fmmols ) was slowly- added, the

mlxture then belng stlrred for 20 mlnutes.‘.The”ketone'(79),

(75 mg., 0. 34 mmols ), dlssolved in-a small. amount of tetra—'

hydrofuran (l ml ) was- added to the reaction mixture which was

]

-}cthen stlrred for 30 mlnutes at: —70 C.. The temperature was,then

allowed to rise to O C and 1soamyl nitrite (68 ul., O 51 mmols.)
[ :

added by syrlnge., There was.an 1mmed1ate darkenlng of the“

solutlon to an orange colour, the mlxture was stirred at O C

for l 5 hours ‘and then allowed to. warm to room temperature.

Ice water was added and the mlxture extracted with ether. ' The

E aqueous layer was cooled to 0°c, neutrallsed carefully with

concentrated hydrochlorlc acld in: the presence of chloroform,

the aqueous phase separated and further extracted w1th chloroform

| untll colourless.‘ After drylng the chloroform layer and remov1ng

L]

the solvent under vacuum, ‘no product was found. The ether layer
was drled flltered and the solvent removed to give a yellow-brown
oil. whlch by analytlcal tlc and nmr spectroScopy proved to be a
mixture of-startlng ketone (79), dllsopropylamlne and isoamyl

L)

nitrite}‘ No.trace‘offthe expected oxime (83) was found.

of humulﬂﬁ-trans—l,Z—S,9—diepoxide (57) .

Preparation

To a solution of . humukﬁ@ (1. O2g,‘5 mmol.) in dichloro-

methane (100 ml.) was added aqueous sodium. blcarbonate solutlon

(0.5M, 100 ml.). The mixture was stirred at room temperature and
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| crjetallised‘out onwstanding to give a yield of 0.52g (44%).

flame drled and cooled under a flow of nltrogen The dlepoxlde

187.

‘to 1t was added slowly M*chloroperoxyben201c acid (85° purlty,

2t15g: 10 mmol ). After‘addltlon was complete, thé mixture

was’stirred at room temperature for 3 hours and.the two layers

wwere separated., The organic layer was washed well with 1M

aqueous sodium“hydroxide solution (50 ml.) followed by water -
(50 ml.) and then dried. The solution was filtered and the

. § ) . '
solvent removed under vacuum to give a yellow viscous o0il which

- was dissolved;in pet.ether. The‘white solid diepoxide (57) - k 4.

8= 1.05 (s,3H), 1.17 (s,3H), 1.22 (s,6H), and 5.30 (m,2H).

LR

Hydroboratlon/acetylat1on of. humuhamrtrans 1 2 8,93-diepoxide (57)

A 25 ml 3 necked flask fltted w1th 2 rubber. septums,

an alr condenser, a. magnetlc stirrer and a nitrogen line was

(57), (1g,\u 23 mmols.) was dlssolved in dry tetrahydrofuran
(7 m1.) and injected 1nto the flask. With magnetlc stlrrlng,

the borane/dlmethylSUIPhlde complex7LL (neat, 420 pl, k. 23 mmols. )

‘ was added by syrlnge An 1mmed1ate effervescence occurred Whlch

ceased after about 1 mlnute, then the reactlon mlxture was

stirred for l hour. This was followed by addlng 10% sodium
hydrox1de solution (12 ml. ),'30° hydrogen péroxide (7 ml.),

heatlng the solutlon to 40 C and holdlng for 1 hour. At the

end of the holdlng perlod the mlxture was extracted with ether,

the ether layer washed w1th brine, dried and flltered The solvent"
was removed under vacuum to glve a llght brown viscous o0il. which |
ely dlssolved in dry pyrldlne (7 ml.) and then acetic

was immediat

anhydride (2 ml.) was added. The mlxture was stlrred for 22 hours
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at room temperature then worked up in the usual manner to ‘give

a reddish brown viscous 0il which began to crystallise. 25%

Ethylacetate/pet ether (20 ml.) was added and a white solid

preclpltated whlch was filtered and washed with the same solvent.

The flltrate was retreated‘assabove until 550 mg. white SOlld

Were obtained (44%). Flash column chromatography using Kieselgel

60 (Art. 9385, 230-400 mesh) (Ratio 20:1) and elutlng with 10%,

15 ether/pet ether and ether ‘gave "the products (93) and (S4)

~and thelr mlrror 1mages UL SO o

O 97 (s,3H)," 1.07 (S 3H), 1. 25 (s,3H), 1.29 (s,3H),

”‘“tl;ggv(s,3H),52.71—3.l1‘(m,2H), and‘4.91—5.20_(m,lH).

(94), § = 1.02 (s,3H), 1.057(s,3H), 1.35 (s,3H), 1.46 (s,3H),
' 2.05 (s,3H), 2.76-2.98 (m,2H), and 4.88-5.2 (m,1H).

i

Deoxygenatlon of | the humuhﬂwitrans 1, 2 8 9-diepoxy-l- acetates
(93), (94) and their mirror images

U51ng the dlepoxy 4~ acetate mlxture (1. 9g 6. 41 mmols. ),

‘tungsten hexachlorlde (6 39g., 16.11 mmol ) n—butyl lithium

(1 6M in hexane; 21 03 ml N 33 65 mmols ) and dry tetrahydrofuran
(HOOJnl ), the same procedure as that descrlbed for the deoxygena—'
tion of humulene trlsepox1de (ll) was followed Purlflcatlon of
the crude product by hlgh pressure column chromatography u51ng
Kleselgel HFZSH Type 60 (Ratlo 20: l) and eluting w1th 2% ether/

pet.ether gave humulene H-acetate (91) (1.20g, 71%), Re O. ua

5= 0. 88 (s,3H), 0. 96 (s 3H), 1.49 (s,3H), 1.69 (s,3H),

1 96 (s,3H), 4. 50 <m lH>, and 4.90 (m,2H).

17772872
It should be noted that in this. partlcular reaction,

ms:

M+ (found) - 254 21055 M (calculated for C),H,00,) = 264.20%0.

AAAAA



R avsecond compound was isolated‘from the’column, a white solid

)iAnalytlcal tlc showed only one spot Rf 0. 35 The solid was

'recrystalllsed from n- heyane to glve whlte needles,l"

or (99) _ « L _ ‘ . S

zﬁé (CHCl ) ; 1725 1380 1370 1105 1ou5 and 1015 em -1,

‘5Jg o 99 (s 3H), 1.05 (s SH), 1. 21 (s 3H) 1. 50 (s 3H),

f ( 2. oo (s 3H), and 3.65. (bd J 1o Hz : lH) o f o :
’ﬁég (found) = 316 l8l7 ‘Mf (calculated for C17H29010 )a 316&806.tl
Founa‘ fc;“eu.e; H"gf§ €1, 11.3.° CyH C103‘rqulred“'v |

Reductionfof humulene-—Ll“-acetate‘(Ql)u

H‘ln anhydrous ether then llthlum alumlnlum hydrlde (100 mg. »

yield. “w“ RO = ‘ | | | -
Y ; ‘ P
T 33u5, 1380 1365, and 1050 em™L |
max , ‘ :
0.98 (5,3H), 1. 08 (s, 3H), 1 us (bs,3H), 1. 61 (bs 3H), R
*

189.

t

yleld 468 mg » On elutlng the column with 5% ether/pet. ether

pt ll3 5 114 C The structure is proposed as either (98)

, “17M29
f‘c;?su.7; H, 9.2; Cly 11.2%.

v ° - - . o ‘ . d

The‘acetate (91), (85 mg. , O 32 mmols.) was dlssolved

2 53 mmols ) was, added the mlxture belng stlrred magnetlcally ‘TJ

at room temperature for 20 mlnutes The flask was then cooled

ln an ice- bath, cold brlne (MO ml ) cautlously added and the

ed w1th ether The ether layer was drled over

mlxture extract

anhydrous sodlum sulphate, flltered and the solvent removed

under vacuum to glve a v1scous clear 011 (50) in quantltatlve o

§ =
’ 3.40-3. 60 (m lH), ‘and 4.90 (m 2H)

0) = 222 1983.

15 26

e M+ (found) = 222.1968,kM+ (calculated for C
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Preparatlon of humulene- 4 tosylate (92)

Humulen u ol (50), (UO mg., 0.18 mmol ) was

Vdissolved in dry pyridine (1 ml.), cooled to O °C in an

‘_icefbath and[recrystallised p-toluene sulphonyl*ohloride

(45‘mg“‘0 25 mmol‘) added, the solid dissolving. The
solutlon was placed 1n the frldge overnlght and checked by
analytlcal tlc, some unchanged startlng material still belng
observed g The flask was. flushed w1th a nitrogen blanket and

allowed to, stand at room temperature for 1.5 days. The‘reactlon

_was worked upﬂln the‘usual manner, care belng taken to ensure’

that thewwashes:Were kept cold . +The ether extract was dried,

flltered and the solvent removed under vacuum to give a yellow

‘011, yleld 25 mg. whlch by nmr: proved to be humulene with

traces of startlng alcohol (50) .and. another mlnor product.

, Attempted preparatlon of humulen 5-one ketal (105)

The ketone (79),_(50 mg ,0.23 mmols.) was dlssolved
in drv benzene (6 ml ) | Ethylene glycol (3 ml.) was added then
toluenesulphonlc acid (catalytlc) and the mlxture refluxed for
7 days using:a. Dean and Stark apparatus, the side- arm belng
fllled w1th 81llca gel (self- 1ndlcat1ng) ,The reaction mlxture

was. poured into ether and water,‘the ether layer washed well

w1th water, with saturated sodlum carbonate solution, drled

over anhyd1ous sodlum sulphate, filtered and the solvent removed

under vacuum The product,,a‘yellow 011, yleld HO mg., was

*

d in the crude state by spectral methods.
-1

examlne

= . 1380, 1360, 1110, and 1080 cm’
max’ - :

s - 0.95 (5,6H), 1.59 (bs,3H), and 3.81 (bs,4H).



W

R ‘1702, and 1080 cm

191.

Hydroly51s of crude product from attempted ketalisation
of humulen 5-one (79)

The crude product (MO mg. ) was dlssolved in ethanol

v(lO ml ), w1th magnetlc stlrrlng, then concentrated sulphurlc

ac1d (O 5 ml ) was. added The’ mixture was stlrred at room
temperature for 24 hours then ether and saturated sodlum
blcarbonate solutlon were added. The,ether layer was washed
w1th water, drled flltered and the solvent removed under‘
yacuum.' The product, a yellow 011, yleld 35 mg. was obtained.

-1 ‘ ' e
max N : : ‘

6 = 1.08 (s,6H), 1.1u (s 3H), and 1.63 (bs,3H).

il

Ox1dat10n of humulen u ol (50)

: Pyrldlnlum chlorochromate (150 mg 5> 0.81 mmols.)

twas suspended, w1th magnetlc stlrrlng, in dlchloromethane (20 ml.)

at room temperature Humulen 4~ol (50), (70 mg., 0.31. mmols ),
dlSSOlVed in dlchloromethane (1 ml ) was added to the suspension
and the mlxture stirred- at room temperature for 1 hour. A five
times volume,of ether was added and the mixture flltered‘thrOugh
a Florisil column, the solid residue in the flask being well

washed Qith‘ether. Removalyof the solvent under vacuum gave a

pale yellow oil’ (80) in quantltatlve yield Wthh slowly

‘crystalllsed to give a solid m. pt 32~ 33%c.

v (CHCl ) = 1702, 1369, and 1350 cm "1

Vmax

§ = 1.13 (s,SH), 1.42 (bs 3H), 1.65 (bs,3H), 2.41 (bs,2H),
s 85 (bs, 2H>, and 4.72- ~5.20 (m,2H). |

+
ms: M+ (found)‘;‘220.1819, M (calculated‘for CycH 2L+O)..22OJ_827

¥

‘ at



’“p—toluenesulphonic,acidﬁwas_added. Ethylene glycol (2 ml.)

‘reactiondwas‘worked up by adding‘saturated sodium bicarbonate‘
‘solution and ether, - The ether layer was. washed well with water,
vdrled flltered and the solvent ‘removed to give a yellow oil,
‘1y1eld-70 mg . ‘Column chromatography could,not,separate the : tW
'startinéhketone (80) from the product. .

s = Appearance of peak at 3.86 (s uH)

Attempted preparatlon of humulen-4-one ketal (115) &

flltered and the solvent removed to glve a yellow oil. Flash

-8 = 2.98—3.63.(AB.system,uH),

192.

Attempted preparation of'humulen-h—one ketal (106)

Humulen—u—one,(80), (67 mg:, 0.30 ' mmols.) was

dissolved in dry benzene (25 ml.) and a catalytic amount of-

was then added and the mixture refluxed for 8 hours. The

Dlmlnutlon of peaks at 2.41 and 2.85.

[l ™ ' ' ' R Rt

Humulen -4-one (80), (50 mg ) O 23 mmols.) was
dlssolved in dry benzene (25 ml.). p Toluenesulphonlc acld
(catalytlc) and 25 2- dlmethyl propan -1,3-diol (40 mg., 0.38 mmols.j
were - added and the mlxture was refluxed in a Dean and Stark
apparatus, the,81de arm of which was filled w1th self 1nd1cating
8111ca gel After 18 hours, saturated sodium bicarbonate
solutlon and ether were added, the ether extract belng dried,

column chromatography u81ng Kleselgel 60 (Art. 9385, 230-400

‘mesh) (Ratlo 20:1),‘w1th pet.ether and 2% ether/pet.ether as

eluant, gave a yellow Oll yield 49 mg. The‘nmr‘spéctrum showed

no olefinic protons, but ketal formation was observed. g {‘



Vﬁaxg(nuiol)'?,338Oa~30u0,g1055, 1038, 1020 and 1005 em

5 = 0.96 (d,3H), 0.99 (bs,9H), and 3.16 (d,J=7Hz, 1H).

193,

Alcohol (118) . " oy

Alcohol (35) was hydrogenated (lO° Pd/C, petroleum‘

efher,'RT, atmospherlc pressure) for 6 hours to. give (116),

w‘m.pt 67 C (from petroleum ether (40-60 °C) .after a number of

recrystalllsatlons).: Re O, 58 on a 81lver nitrate plate

;(uOo ethyl acetate/petroleum ether)

‘Found,‘C, 80.7; H, 11. 8. CigHyg0 requlres C, 81’O5~H’l1118%5‘

-1

Ketone (117)

4

. Alcohol (29), on - ox1datlon w1th pyrldlnlum

chlorochromate 1n;d19h;9romethanegﬂgave a gOlourless mobile

0il, Rf 0. 35 BEREEE R R
Found: C 81 4,_H, lO 8 | C15H220 requires C, 82.5; H, 10.2%.

T = 1695, 1660, 1088, and 925 cm -1
max

s = 0. 99 (s,3H) 1.01 (s, 3H), 1.22 (s, 3H), and 1.66 (bs, 3H) .

"

a/e = 218 060,

Alcohol (118) o e e
" Ketone (ll7) was reduced w1th sodlum borohydrlde in

methanol at O °c for 1 hour .The reactlon mlxture was allowed to

warm to .room temperature, was poured into aqueous ammonium

8 i

hlorlde and extracted 1nto ether to glve (118) as a colourless

oil. elutlng in 2 So ether/petroleum ether (40-60 C) from a

short column. f‘0.35. |

Found: C, 82.43 H, 11-5. Cpgfly)0 requires C, 81.8; H, 11.0%.

v - 3430, 10u48,:1008, and 902 cm } ~

amfxo 4-0.7 (m,3H), 0.92 (bs,6H), 1. lO (s 3H), 1.63 (s,3H),
and 3.86 (d,J= 2Hz ,1H) . _ L ’ .

m/e = 220 (M%),



‘analytlcal th
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“‘.

o Preparatlon of bis- cyclopropyl t- butyl carblnol (121)

A lOO ml three necked flask fltted with reflux‘

rcondenser, dropplng funnel and nltrogen 1nlet and contalnlng

magne51um turnlngs (200 mg ' 8 3 mg. atoms) was flame drled and

_allowed to cool under a flow of nltrogen A solutlon of t- butyl
.bromlde (lg 7 3 mmol ) 1n dry tetrahydrofuran (10 ml ) was
‘slowly added via the dropplng funnel whlle the reactlon mlxture

“was slowly heated ‘ The reactlon began at about 45 C and when all

the reagent had been added (% 15 mins. ), the mlxture was heated

to reflux temperature and held for 3 hours. After the reflux

lperlod dlcyclopropylketone (800 mg s 7.3 mmol ) 1n dry tetra-

hydrofuran was added via the dropplng funnel and then the

reactlon mlxture refluxed for 18 hours The resultant dark

‘brown solutlon was hydrohjsed by addlng crushed 1ce, stlrrlng

then addlng 3- u ml ‘of 4M hydrochlorlc acld, a llttle ether and
extractlng The ether layer was separated,‘washed with
saturated sodlum blcarbonate solutlon, dried, flltered and the
ether removed under vacuum to glve a yellow brown 11qu1d, yleld
500 mg Chromatography of the crude product on lOg of |

Hl Florlsll—Ag 20% u51ng 10% ethyl acetate/pet ether as- eluant

gave a fractlon Wthh was . further purlfled using preparatlve

tle w1th 5, ethyl acetate/pet ether as eluant The edges of

the plate were sprayed w1th cerlc ammonlum sulphate and a band

scraped off whlch, on elutlon w1th chloroform, gave a pale

yellow 011 yleld 126 mg (121) shOW1ng one spot, Rf 0.38 by

The. 011 was dlstllled at 50-55 C/O 3 mm.

3 - 3600, 3080, and 1030 em~L
max '

s = 1. 01 (s,9H)
Found: C, 78.13 H, 12. 0. ' Cq1H,,0 required C, 78.5; H, 12.0%.



o Preparatlon of Cycloheptanone 2= phenylthloether (126)

195,

Into a dry 2- necked flask was added dllsopropylamlne

(6.06 ml.,~53.58 mmols.) in dry tetrahydrofuran (30'ml.). Under

_a nitrogen flow, the solution was cooled, with magnetic stirring,

to'¥789Clusing an acetone/Drikold bath. 'n-Butyl lithium‘- . 'Eﬁ

" (1.6M in hexane, 33.48 ml., 0:05mols.) was added using a syringe.

and the mixture stirred for 30 minutee. Cycloheptanone  (125),
'(6 10 ml.,'51.88~mmols;)‘was disSolved in'dry tetrahydrofuran - Eﬁ
“and added slowly to the reactlon mlxture, malntalnlng the

utemperature below -70 C. After addltlon was complete, the

mlxture was stlrred at —78 C for 30 minutes then, using a:

flex1—needle, was. blown under nltrogen pressure into a round

e
e

,lbottom flask contalnlng dlphenyldlsulphlde (13.44g., 61. 62 mmols.)
‘1n dry tetrahydrofuran (50 ml ),-stlrred magnetlcally at room f&
:;temperature. 'When the mlxture was all blown’ over, "the flask » bt
contents were stlrred for 1 hour, water added and the mixture
allowed to stand overnlght Ether extractlon, drying of the’
ether layer, flltratlon and removal.of the ether under vacuum
gave a yellow moblle lquld, yleld 16. ug An allquot (6g.) | ,?ﬂ
was purlfled by flash column chromatography using Kleselgel 60“ Cy
(Art. 9835, 230~ HOO mesh) (Ratlo 25:1) and ethyl acetate as

eluant to 81Ve a yellow 1qu1d’ Yleld 3.25g . (77%). (It should
ted that the bulk of the product was used crude for the

"be no

-next stage ‘on the . assumptlon that the ratlo of thloether

starting Ketone —%2.1). S
5 = 2.30-2.90 (m,2H), 3.78 (dd,J=4Hz and 2Hz,1H), and 7.30 (m,5H)

. &

AN ' + . o
ne: M (found) = 220.0910; M (calculated for CH 16OS)s 220.0922 mr
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Preparatlon of (127)

| : Vi

Sodlum hydrlde (lOO°) (39 mg 1.61 mmols.) was

‘qulckly welghed 1nto a dry, 2—neoked 50 ml. flask‘unden a

‘nltrogen flow., Cycloheptanone 2 phenyl thloether (126)

(lOO mg., 0.46 mmol ) was dlSSOlVed in dry tetrahydrofuran‘

(5 ml ) and added to the flask u51ng a syrlnge via a Subaseal

‘stopper Immedlately an effervescence was noted and w1th

magnetlc stlrrlng the reactlon mlxture was cautlously heated to

“60 C and held for 30 mlnutes durlng whlch tlme the solutlon

‘became brlght orange in colour. The flask ‘was cooled to O ¢’

and methyl 1od1de (58 ul > O 92 mmols ) was slowly added u51ng

a mlcrosyrlnge after whlch the solutlon was stlrred at 0 C for :

wer

-l hour Water was added carefully and the crude product
_ "extracted w1th ether, ‘the ether layer belng drled flltered

;and the solvent removed under vacuum. The crude product,‘a

yellow 011 yleld 91 mg ‘was purlfled u51ng preparatlve tlc,

6% ethyl acetate/pet ether belng used as eluant To give a

pale yellow 011 yleld 70 mg. (66 ),‘Rf O 30 on analytlcal tlc,
visible under U V llght (254 nm.): It should be noted that

larger scale preparatlons gave con81derably lower ylelds

w

(40-45% ). o
v = 3o7o, 1695, 1075, and 1060 o™t
max

5 ; 1 22 (s,SH), 2 50 (m, 2H), and 7. 30 (s, 5H) .

| +
ms: M (fOund) 234 1088 i (calculated for clu 1803>_ 2a+1o79
Found: C, 72.0; H:w7-95‘33 13-9-< Clqu8OS requires.

¢, 71.8; H, 7.835 S. 13.7%.
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" Preparation of‘2,2—dimethylcycloheptanone (128)8l

‘Liquid ammonia (400 ml.) was distilled into a flask

- from a‘cylinder, was dried by adding a piece of sodium and then

: was dlstllled 1nto a 3-necked flask fltted with a st1rrer bar

and a pressure equlllbratlng dropplng funnel fitted w1th a
calclum chlorlde guard tube. Strlps of lithium metal (l.53g.,

216 9 mg atoms i lOnml eq ) were added to the ammonla Wthh

1mmed1ately turned blue and the mlxture was stlrred for lS
,mlnutes The thloether (127), (5g., 21 69 mmols ) was qulckly
‘dlssolved in ether (50 ml ), prev1ously drled by reflux1ng

hover llthlum alumlnlum hydrlde, and the solutlon added dropw1se

O i

over lO mlnutes to the reactlon mlxture v1a the dropplng funnel

After stlrrlng for 15 mlnutes, methyl 1od1de (20 ml. 320 mmol =

ﬂ‘15 mol eq ), prev1ously drled by pass1ng down an alumlna column,'

was added to the reactlon mlxture dropw1se via the dropplng
funnel The blue colouratlon dlsappeared after about one- thlrd
of the methyl 1od1de had been added The reactlon mlxture was
stlrred for 20 mlnutes after addltlon of the methyl iodide then
ammonlum chlorlde was added untll any unreacted llthlum was
destroyed. The flask was allowed to stand at room temperature

untll all ammonla had evaporated, water was added and the ether

1ayer separated after extractlon | After drylng and fllterlng,

‘ the ether was remOVed under vacuum to give a brown 011, yleld

A

”3,7g5 The crude product was purlfled by flash column chroma—

tography u51ng Kleselgel 60 (Art 9835, 230-400 mesh) gradlent

elution belng employed - pet ether, 2° ethyl acetate, 5% ethyl

acetate/pet.ether. A pale yellow 011, yleld 1. 47g (49%),

1



R

ms: M

”Preparation of (129)82
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¢ 0.32 by analytical tlc, was obtained.

v = 1702, 1382, 1372, 1122, and 1060 em™1
S max

§ = 1.08 (s,6H), l 58 (bs 6H), and 2.48 (m,2H). .

+
9

To a solutlon of the ketone (128), (lg., 7.14 mmol. )

in dry tetrahydrofuran (5 ml ) at 0°c was9cautiously'added‘

brom1ne_(0.36 ml.,-7.1u mmol.) in dichloromethane (5 ml.). -«

After~the addition, the solution was stirred for 5 minutes at

hO C: then heated to’ reflux and held for 1.5 hours, after which:
,the solutlon was- dlluted w1th 10% aqueous ‘sodium blcarbonate
solutlon (lO ml ) 'and then poured ‘into col# water (10 ml. )

- The. solutlon was extracted w1th dlchloromethane and the- extract

washed. with water'and‘drled : Concentratlon gave a brown oil
yleld 1.3g. whlch was dlssolved in dlmethylformamlde (10 ml. ),
added to a stlrred suspens1on of magnes1um oxide. (0.5g.

12.50 mmols.) in dlmethylformamlde (10 ml1.) at 140 C and held
at that temperature for 4 hours.‘ The mixture was cooled. in an’
ice- bath as: dllute hydrochlorlc a01d (200 'ml.) was added. After
all the magne81um oxide had dlssolved the mlxture was dlluted

w1th 1ce—water (200 ml.), extracted several times w1th ether,

the ethernextracts washed with aqueous sodium chloride solution,

saturated sodlum blcarbonate solution and brlne, dried, filtered

and the solvent removed under vacuum. A brown o0il, yield 800 mg.,

Mwas obtained Wthh was purified by flash column chromatography

using Kieselgel 60 (Art. 9385, 2u40- -400 mesh) and eluting w;th

0.5% ethyl acetate/pet;ether.‘*A pale yellow oil, yield 220 mg.

. -

(found) = 140.11955»M, (calculated for C HlBO) = 140.1201
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“(22%)fwas obtained, Rf’dt34’by analytical tlec. ,

v = 1658 cn’t | | | o

- ‘max T o ‘ : j
8 '= 1.05 (s,6H), and 5.91 (m,2H). - . ]
ms: M’ (found) = 138.1033; M®'(calculated for CgHy,0) = 138.10u4

&k " .
. . ¥

'.Cyclopropanatlon of (129)
n ‘Sodium hYdrlde (50% suspen31on in oil, 100mé ,

¢2 25 mmols > was quCkly weighed into a 3- necked flask equipped
with a- magnetlc stlrrer and under a gentle flow of nltrogen.~
'Pet ether (40-60° ) was added sufflclent to cover the sodlum
chydrlde and ‘the contents of ‘the flask were stirred for a short
dtlme v The excess pet.ether was then carefully remoVed by '
Pasteur plpette and the process repeated another tw1ce Finally
:the pet ether was blown off by 1ncrea51ng the nltrogen flow
Dlmethylsulphoxonlum 1od1de (270 mg., '2.25 mmols.) was added
I’as a fine‘powder, then‘dlmethylsulphoxlde‘(3 ml.), distilled
fnomrceicium'hydride, Was‘SIOle edded;using a syringe.
Instantaneous effervescence was noted whlch continued for

15 minutes, leav1ng a cloudy suspen51on " The enone”(lzg), ‘
(103 mg.;’0;75 mmols.) was dissolved’ 1n'd1methylsulphoxide (1 ml.)u
" and added to the reaction mixture using a syringe. The mixture
turned very,dark and on‘conpietion of addition‘was sttrréd for
2 hours at,room temperature then 1 hour at 50°C. After the
'h61dlng perlod the mixture was poured into cold water (25 ml.)
and extracted W1th ether, the ether extract belng washed three
times w1th water, dried, filtered and the ether removed under
VacUHM-f A yellow 0il, yield 45 mg. (40%) was obtained, but

attempts to purlfy this were completely unsuccessful The yield

is calculated on a crude basis. Crude nmr infers structure (130).

§ = 0.3-0.9 (m,4H) and 1.04 (s,6H). X \ “
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' MICROBIAL CONVERSION PROCEDURE

1. Shake‘flasks

(a) 100 ml. flask with 19 ml. medium.
(b) 500 ml. flask.with 200 ml. medium. These were

incubated “at 25°C on a rotary shaker for 3 days after

"inoculation.
2. Fermenter

This consisted of.a 10 litre'glass vessel with a

' paddle'stirrer‘(7l2 rpm) and an - aeration rate of 2.5 litres

per minute.

5 litres of medium were added and incubated at_ZSOC'for

@

3 days after inoculation.

3. InchlatiOn‘ | ' | . .

A suspens1on of fungal:.spores from each culture was
prepared u81ng‘ster11edwater and O.l_ml. of the relevant culture‘
suspension added to each shake flask.

4. Substrate

. The standard dosage of substrate for this type of
experiment is 200 ug. substrate per 1 ml. medium and the
follow1ng stock solutlons of humulene in acetone were used:-"
(a) 400 mg. humulene = 100 ml. w1th acetone such that 1 ml.

solution 2 4 mg. humulene. This was used for the 100 ml.

shake flasks, bringing the total volume up to 20 ml.

(b) Ulg. humulene + 100 ml. with acetone such that 1 ml.

solution = Lo mg humulene This was used for the .500 ml.
shake flasks brlnglng the total volume up to 201 ml.
(c) 1g.fhumalene~+25 ml. with acetone. This was used for the

§ litre batches.
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In the case of the humuiene—u;s—epoxide (8) detection
experiment, this was carried out using 100 mil. shake flasks

and WOrking from a stock solution made up as follows:

8.6 mg. u4,5- epox1de (8) in 5 ml. acetone The sheke;flasks were

made up as shown in Table 6.

TABLE 6 ‘
20% conversion: 10% conversion % conversion
simulation simulation - simulation
_ Vol. of medium (ml) 13 - 19 19
" Vol. of stockf ' ’ ' ‘
4, 5-epoxide soln. (ml) 6.6.. . 025 0.125
Vol. of stock humulene o - ,
soln. (4 mg./ml.) (ml) 0.5 0.5 0.5
. ! : B .» o a .
Vol. of acetone (ml) - | 0.25 oo 0.375

5. Media | |
e The two media used throughout were glucose tartrate

based NPTl and NPT2, buffered to pH 5 5 for fungl. Table 7

shows the comp051tlon of each medlum

TABLE 7

NTP1 NTP?
Cereiose %; ‘ 3.0 1.0
Ammonium tartrate % 0.75 0.2
Potassium di-hydrogen phosphate % 0.2 0.1
Magnesium sulphate (7 H,0) % 0.05 0:05
Minor elements - B ‘ 0.1 0.1

0

Yeast extract .1 O'lu
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6.  Extraction. B . B o | ik

-In the caae of.the 100 ml. shake flasks, 10 ml. of E
ethyi acetate was added when the incubation period was complete.
.~ The flask was then returned to the shaker for a further 1 hour;
removed, allowed to settle,‘S‘ml. of the ethyl acetate.layer
drawn off by pipette, vacuumed down on the rotary evaporator, - “‘W
v,the»residue rediseolved in 0.1 ml.; ethyl acetate and each |
extract run on analytlcal tlc.

In the case of the 500 ml. shake .flasks, 50 ml. of
. ethyl acetate was added, the flask shaken for 1 hour, the- *
ethyl acetate/culture mlxture centrlfuged the organic layer
decanted 1nto tubes, 20 ml. of the extract sampled concentrated,
taken up. 1n 0.1 ml. ethyl acetate and 2run on analytlcal tlc

Many cases arose where emulslons were formed and this
“was combatted by fllterlng the culture + ethyl acetate thrcugh
H1f1051l and then plpettlng a sample from the organic. layer

In the case of the 5 lltre fermentatlon,‘l litre of ethyl
acetate was added, stlrred for 10 minutes, and then the organic i

layer separated u81ng a combination of Hiflosil flltratlon and

The extract was dried, filtered, and the .

. '
. )

separating funnel.
solventwremoved under vacuum. The extract was then dlssolved
in ether, filtered through Cellte to remove some of the SOlld

rubblsh and the solvent removed under vacuum to glve approx1mately

1 gram of“extract.

Experimental details

Humulene conversion | .

The cultures 1346, 1868, 1870, 2548 and 5065, as

seen in Table 5, were run during the first week in 100 ml. flasks.
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After the addition of tue substrate, the flasks were extracted
after 1, 2, 3, and 4 days by tﬁe procedure previously described.
Control flasks containing (a) medium and culture and (b) medium,
;‘culfure and acetone, were also run such that tﬁe total volume
of the solution was always 20 ml. In subsequent weeks, after it
~ had been‘shown that acetone did not have a toxic effeet upon the ;,
~cultures, (b) was omitted and the flasks were only extracted
after'éuand 4 days respectively. )

In.the case of the 500 ml. shake flask fefmentations,
. contpois (a) and (b) were both used, extraction being carried |
out onfdays 2 and 4,

- The 5 litfe.fermentations were run for 6 days.

Humulene=-4,5- epox1de (8) detectlon

&

The experlment was carrled out in 50 mi shake p
flasks, the two media belng used and the flasks extracted after
30 mlnutes, 1 hour and 2 hours respectlvely on the shaker,
comparison belng made with culture controls run for a 51mllar

perlod.

Gle df 5 litre fermentation extract

A.Sample of the extract was compared with an authentic
samplevof humulene -1,2~epoxide (10) using a Pye Series 104 Gas
Chromatograph fltted with a 59 Carbowax 20M on Gas Chrom Q
column, %qrrler gas flow (Nz) 60 ml./min, temperature 180° C,

VVA retention time’of by minuteS’was'observed for both samples.
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'p-Bromobenzoate of alcohol (29)
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