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Swamery

Two syrthetic routes towerds 3,6-dimethyl-8-oxo-J-oxa-
ticyclol4,3,0]non-2-ene, a crucial intermediate in the
synthesis of the sesquiterpenoid nould metabolite
trichodermin, are discussed.

The strategy end uvltinate approach towards the most
widely distributed sesquiterpenoid component of the tricho-
thecanes, verrucarol, vie 3-methyl-6-hydroxymethyl-8-oxo-

9~oxabicyclo[4,3,0lnon-2-enc,are fully described.
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INTRODUCTION

The trichothecanes are a relatively new group of sesqui-
terpenoid mould metabolites which have come into chemical
prominence over the last decade primarily due to the efforts
of Tamm and Grove and their coworkers. Vork hes meinly been
concentrated upon the isolation and structural determination
of members of this class of natural products. Studies on
.their chemical reactivity and biogenesis have been investi-
gated in a more limited fashion and the subject of their syn-

thesis in witro has been comparatively neglected.

The object of this introduction is to collate the avai-
lable literature on this group of sesquiter@enoids and thus
place the ensuing discussion in a more comprehensible envi-
ronment.

Antagonistic activity to other fungi by Trichothecium

roseun Link (syn. Cephalothecium roseum Cerda) had been re-

ported as early as 1909 by Whetzell. It was not wuntil 1948,
however, that Freeman2 was able to isolate the substance di-
rectly responsible for this activity and suggest the name
trichothecin for the biologically active,'crystalline conm-
pound. Since then it has been found that the naturally occu-
ring esters of this novel class of sesquiterpenoid alcohols
containing the tetracyclic 12,13 epoxy-trichothec-9-ene

mucleus [1, R'= R®= R®= R*'= H] are produced by a fairly wide
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renge of soil fungi. Trichodermin {1, R = R*= R'= I, R%= 0Otc]

3

hes been isolated from Trichoderma viride ~. Diacetoxy-

verrucarol4 L1, R'= R'= H, R®*= R®= OAc] and the verrucarins

and roridins, of which the macrolide verrucarin A.(Z)b’b is
the principal member, are produced by a number of strains of

Myrothecium verrucaria and lMyrothecium roridum. Diacetoxy-

scirpentriol7’8 [1, R'= H, R®= R®= Okc, R*= HJ has been ob-

tained from a number of related Fusarium species, notably

F. equiseti, . sambucium, F. scirpi and F. trincinctiumg’lo’11

Trichothecin (3), as already mentioned, is obteined from

Trichothecium roseum ® and crotocin (4) from Cevhalosporium

13

crotocingenwn -,

Chemical and physical investigations have shown that all
the above mentioned products possess one and the same, novel,
tricyclic ring skeleton (5). The only difference in their
structufe manifests itself in the different funetional group-
ings attached to the carbon atom periphery. DPractical reasons
deém it desirable to introduce a nomenclature and numbering
system for the basic carbon skeleton in order to allow the
naturally occuring trichothecanes and their derivatives to
be named in a systematic manner. The basic ring system (5),
for historical reasons, has been called TRICHOTHECANE and
numbered in the indicated mammer'*. The angular C;; methyl

group is taken as a point of reference as regards the confi-

guration of the various asymmetric centres contained in the






molecule end is considered to be below the plane of the paver.
This representetion also corresponds to the absolute configu-
ration of the trichothecenes as established by X-ray snaly-

15 and chemical corrclation of verrucarin A (2)5. The

sis
suffixes « and £ have their normal steroidsl mearing. The

sesquiterpenoid alcohols which constitute the basic building
blocks of the naturally occurring trichothecane ester antibio-

tics, by this nomenclature, assume the following names.

~ ' 910
Trichothecolone (6) 4P—hydroxy—l2,13—epoxy—[ﬁ—trlchothecen—

8--one.

Trichodermol (7) 4ﬂ-hydroxy—12,13—epoxy—[iTtrichothecene.

Verrucarol (8) 4p,15—dihydroxy—12,13—epoxy—[§gtriohon
thecene. (

Scirpentriol (9) 3¢,4p,15—trihydroxy—12,l3-epoxy—£§?tri—
chothecene.

34,4814 ,15-tetra~- 33 4By Ty 15-tetrahydroxy-12,13-epoxy-

- 9,10
hydroxy-scirp-9-en- A\ -trichothecen-8-one.
8-one (10)
Crotocol (11) 4ﬁ—hydroxy—zﬁ,&6,12,13-diepoxy—[§9tri—

chothecene.
The ring system (12), corresponding to the structures encoun-
tered in the majority of trichothecane derivatives is called
APOTRICHOTHECANE14. The numbering system, though strange

at first sight, has the advantage of maintaining the numbers
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originally assigned to the trichothecane skeleton, thus
Simplifying chemical and spectral comparisons.

As already mentioned, the isolation of the first member
of the trichothecane group, the mould metabolite trichothecin,
was achieved by Freemen from culture filtrates of Trichothe--

cium roseule. ‘The antifungal compound, after fractional

precipitation and chromatographic purification on alumina,
was obteined as long fibrous needles. airly extensive work,
over a period in excess of ten yeers, showed the compound to
Be an isocrotonic ester, furnishing on methanolic base hyd-

rolysis an.ﬁqﬁ-unsaturated keto alcohol, trichothecolonele,

to which structure (13) was assigned17’l8. A remarkzsble
feature of this proposed structure and one not commented upon
by the authors, was the presence of an oxetane moiety, a
functional grouping'not encountered previously in natural
product chemistry. |

In 1962 Tamm and coworkers found that culture fluids of

Myrothecium verrucaria and Kyrothecium roridium showed high

cytostatic activity; this, coupled with the antibiotic pro-
perties of the fluids prompted them to investigate the sub-
stances responsible for these prominent biological characte~
ristics. Their labours were rewarded with the isolation of
a group of chemically related, crystalline compounds which
were shown to be the carriers of the antibiotic and anti-

mitotic properties of the organisms6. In a2ll fourteen new
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compounds were obtained which, depending on their original
> EnJ 1 K| ~—6
scurce, are called verrucarin 4, B, C, D, B, F, G, H and J

end roridin 4, B, C, D° and BYY. 411, with the exception of

verrucarin E2O’21’22

, are di- and triester antibiotics which
on base hydrolysis give rise to verrucar0123, the sesquiter-
penoid component of their structures. The chellenge presen—
ted by this new compound was taken up actively and the tetrz-

-
24,25 suggested as being best suited 1o

cyclic structure (14)
explain the wealth of chemical and spectroscopic data accu-

- mulated for the sesquiterpenoid. Thus, verrucarol, on treei-
ment with Jones reagent, gave a keto-aldehyde (15) demonstra-
ting the presence of both primecry and secondary hydroxyl
groupings. The former, in view of nuclear magnetic resonsnce
(n.m.r.) data, was believed to exist as a hydroxymethyl group;
ing. The 1atfer, from infra-red (itr.) evidence of the oxi-
dation product (15), showed its presence in a five membered
ring24. Ah epoxide group, initislly thought to be a struc-
tural feature of verrucarol, remained unconfirmed; instead

the presence of aen oxetane was proposed.

The various rearrengements which verrucarol was capable
of undergoing were explained on the basis of oxetane ring
fission. Thus hydrochloric acid treatment was believed to
give rise to the chlorohydrin (16), aqueous sulphuric acid

to the tetrol (17) and lithium aluminium hydride to the di-

hydro derivative (18). Since (17) remained unaffected on
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treatment with lead tetraszcetate, the newly formed hycdroxyls

were postulated to exist in a 1,3 relationship to one znother.
The tertiary nature of one of the hydroxyls in (18) was de-~
monstrated convincingly by oxidation of this conmpound to

a keto-aldehyde (19), which still showed & hydroxyl'band in
the i.r. This evidence was certainly compatible with an oxze-
tane grouping, as were the strong C-0-C stretching frequencies
in the i.r. at 970 and 960 Cm.—l,present in all simple
verrucarol derivetives and which were absent on fission of

the oxetane moiety24. These spectroscopic data, however,
could hardly be cited as concrete evidence for the proposed
ring system for, as Toemm noted, oxetanes had only been inves-
tigated very superficially and the C-0-C stretching frequen-
cies could equally well have been assigned to an epoxide.
However, on the basis of the evidence presented above and the
n.m.r. data of a large number of verrucarol derivatives, the
authors were prompted to assign structure (14) to verrucarol®?,
This structural assignment perhaps reflects a slight degree

of bias which may be excused in the light of the extensive
circumstantial evidence presented. Thus the authors, although
not convinced of the correctness of their own structural
assignment, no doubt were reassured by the chemical and spec-

17 and, accepting

troscopic similarity with trichothecolone
the validity of its structural zssignment, proposed the same

ring skeleton for verrucarol. In fairness it should be poin-
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ted out that their structurel proposal did, indeed, avpear
to account for the chemicel end physical data recorded.
Although their evidence did ndt allow an unambiguous preclu-
sion of an oxirane, they incorporated an oxetane moiety intlo
the ring system; indeed, an epoxide was initially prop&sed
to account for the lithium aluminium hydride reduction which
verrucarol underwent25, only to be discarded for no apparent
reason at a later stage24.

Katters, of course, were immensely complicated by the A
molecular acrobatics which verrucarol and the trichothecanes
generally were capable of undergoing and which confused the
early structural elucidations. However, incorrect structural
assignments are not a novel feature of the chemical literature
and corrections to earlier proposals abound. So too with
verrucarol and trichothecin, where a revision of their struc-

tures was the direct consequence of the discovery of a new

member of this group of sesguiterpenoids.

Prom the culture filtrates of Trichoderma viride, obtained
from a New Guinea soil sample, a further antibiotid in the
trichothecane series was isolated. This mould metabolite,
trichodermin, showed activity against a variety of pathogenic
fungi and inhibited in low concentrations the growth of vari-

ous cell typesz6’27. It was shown to be the acetate of a

sesquiterpenoid alcohol, trichoderm0127.'

A study of the n.m.r. spectra of trichodermin, tricho-
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dermol and its oxidation product trichodermone, proved in-
valuable in shedding light on these structures. fTwo singlets
at % 9.23 and 7 5.18 in trichodermol indicated the presence
of two gquaternsry methyl groups and a signal at 7 8,30 was
attributed tc an olefinic methyl. An AB quartet at 27.21
and 7 6.93 (J,5,4Hz.) was characteristic of an oxirane methy-
lene but could, conceivebly, arise from the methylene protons
of an oxetane grouping. The magnitude of the coupling con-
stant favoured the former, however. Three ethereal methine
protons were observed at 6.5, ¥6.19 and ©5.66. Of these,
the quartet at ¥ 5.66 was attributed to a proton on a carbon
bearing a hydroxyl group. In trichodermin, for instance, it
is shifted to lower field (¥4.22) and is completely lacking
in trichodermone. The presence of only one vinylic proton
suggested a trisubstituted double bond. Spin-spin decoupling
experiments showed the complex olefinic pattern to arise as
a result of long range methyl to vinyl coupling, since irra-
diation at the methyl caused it to collapse into a doublet.
The proton neighbouring it was assumed to be the one at¥ 6.5.
This suggested (20) as a pbssible structural fragment for
trichodermin. A combination of spectroscopic and chemical
data consequently implied that trichodermin comprised the
structural fragments (21). From this it became obvious to

22

the authors that a relationship might, indeed exist between

trichodermin and trichothecin (22). It should be noted that
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(22) contained 211 the cherscteristics deduced for tricho-
dermol, the difference only manifesting itself in theo 8~
unsaturated ketone and the crotonic ester grouping. Since
the empirical formula showed that trichothecolone possessed
one oxygen more and two hydrogers less than trichodermol and
since the chemical reactions of these two alcohcls proceeded
in a reasdnably analogous manner, the authors were tempted
to scek a chemical correlation between suitable derivatives
of these two compounds.

This was readily achieved. Trichodermin, on vigorous
oxidation with chromium trioxide, furnished a smzll quantity
of trichothecolone acetate correlating these.two conpounds.

As a direct consequence of this, assuming temporarily the
validity of the initially prosed structure for trichothecolone
(13) and the absence of any rearrangements within trichodermin,
structures (23) and (24) could be proposed for trichodermin
and trichodermol respectively., That these structures accoun-
ted for most of the chemical and spectroscopic evidence avail-
able was unchallenged; at the same time the fact that they

did not explain all the observed data satisfactorily was
equally obvious. The major difficulty in accepting the pro-
posed structures was the outcome of lithium aluminium hyd-
ride reduction of trichodermol. A diol (Cl5H24O3) was ob-
tained, the n.m.r. spectrum of which showed one more quater-

nary methyl than starting material. The AB spectrum attri-
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buted to the oxetene methylene protons had disappeared and
structure (25) should ohviously have been acsigned to the
reduced material., Acylation of (25) only gave a monoacetzte,

however, and oxidation 2 hydroxy ketone, indicating the new-

ly formed hydroxyl to tertiery in nature. This data weas incon-

sistent with the postulated structure (23) for trichodermin;

if anything 1t pointed to the presence of an oxirene moiety.

Beczuse of this discrepancy the p-bromobenzoate of trichoder-
nol wes subjected to X-ray anslysis by Abrahmsson and Nilsson
The crystallographic study confirmed therpresence of an epc-

xide and established the correct structure and relative con-

figuration of trichodermol as (26).

In view of the chemicsl correlation between trichodermim
(26a) and trichothecolone acetate, the structures of trichc-
thecolone and trichothecin were revised to (27) and (28)27.
The diol, obtained by lithium aluminium hydride reduction of
trichodermol, must be represented by (29). |

The relationship between Trichodermol and Verfucarol

The identity of trichodermol and roridin C, a minor metabolite

produced by MYrothecium roridium, prompted Godtfredsen and

Vangedal to suggest that verrucarol, the sesquiterpenoid
moiety of the verrucarins and roridins, possessed the same
basic ring skeleton encountered in trichodermol (26)26.
Chemical evidence inconsistent with the initially proposed

structure for verrucarol (14) and gentle prompting by the

28
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above mentioned authors stimulated Temm and coworlers to re-
investigate verrucarolgB. The aforementioned chemical and
physical similarity between trichodermol and verrucarol led
them to attempt a correlation between these sesquiterpenoids.
Treatment of the di-mesylate derivative of verrucsrol (30)
vith sodium iodide in acetone allowed a selective nucleophi-
lic substitution at the primeary function to furnmish the iodo-
mesylate (31). Reductive dehalogenation gave mono-mesyl-
deoxy-verrucarol (32). Since hydrolysis of this compound,
even unde? severe conditions proved unsuccessful, trichoder-
mol and roridin C (26) were mesylated and shown to be identi-
cal in all respects with (32). The above reaction sequence,
which did not involve any asymmetric centres, thus correlated
verrucarol and trichodermol, but did not allow an unambiguous
positional agsignment to the pfimary hydroxyl in the former.
With this objective in mind, vefrucarol was rearranged under
mild acid conditions to the apotrichothecane derivative

(33, X=C1). Chromic oxide oxidation and subsequent esterifi-
cation gave the keto-ester (34) which, on selénium dioxide

in acetic acid oxidation and catalytic hydrogenation furnished
(35)., Base-induced cleavage of 1,5-diketones is well estab-
lished and thus the diketone (35) underwent the anticipated
retro-Michael reaction in the expected manner, as indicated
in Scheme 1.

An excellent yield of (36) was obtained, the other major
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product, on esterification, being the aromatic compound (37).
This structural degradation sequence allowed an vnambiguous
positional assignment of the hitherto elusive hydroxyl to
015, thus revising the structure of verrucarol to (38).
Attachment of the hydroxyl to the other possible site at Cl4
would have led to (39) and (40) as reaction products in the
degradative sequence. |

With the structure of verrucarol (38), the sesquiterpe-
noid component of the verrucarins and roridins, fully eluci-
dated, the problem of full structural clarification of this
group of compounds became one of unravelling the iﬁtricaeies
of the macrocyclic side chain linking the two oxygenated
sites of verrucarol at 015 and C4.

Simple, yet very elegent work by Tamm and cowofkers sol—'
ved the problem associated'with some of the structures in a
relatively short period of time. The elucidative approach,
relying mainly upon spectroscopic data and the isolation and
characterisation of the hydrolysis products of this group of
antibiotics, will be described for verrucarin A6, the prin-
cipal metabolite of the verrucarins. Structure (41)5 has
been ascribed to the molecule. U.v. and i.r. data indicated
the presence of an4ﬁ,p,8,f—unsaturated ester as well as the
Presence of a hydroxylic moiety. The secondary nature of the
hydroxyl was established by chromium trioxide oxidation of

(41), which gave rise to a neutral dehydroverrucarin A (42),
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whose n.m.r. spectrum precluded the presence of an eldchyde
group and vhose i.r. spectrum showed no further hydroxyl
bands. The n.nm.r. spectrum of verrucarin A indicated three
different methyls; a tertiary one et ¢ 9.13, a secondary methyl
ety 9.11 (J,7Hz.) as well as an olefinic methyl at ¢ §.24.

A complex vinylic region was in evidence and will be discussed
at a later stage. atelytic hydrogenation of the metabolite
produced hexshydroverrucarol (43) no longer showing sny selec-—
tive uw.v. absorption. Spedtroscopic data revealed a carbonyl

1 and the absence of vihylio protons.

streteh at 1725 cnm,
Treatment of verrucarin A with aqueous, methanolic potassiunm

carbonate, at room temperature, quantitatively produced three

fragments:icis, trans muconic acid (44), verrucarinolactone
(45), the lactone of the novel dihydroﬁyqﬂ—methyl valeric
acid (46) and verrucarol (38). |

Gf the three possible geometric isomers of muconic acid,
the 211 trans form is known to be the thermodynamically most

stable. It may be obtained from the cis, cis or cis, trans

isomers by heating in agqueous solution, or by u.v. irradiation.
Indeed, when verrucarin A was hydrolysed by refluxing with
aqueous potassium hydroxide, all trans muconic acid was iso-
lated. Whereas the three isomers of the acid show little or
no difference in their u.v. or i.r. spectra, they may be
differentiated by n.m.r. and their melting points. Thus the

n.m.r. spectrum of the isolated muconic acid showed eleven
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asymmetric signals in the olefinic region, distinguishing
it quite clearly from the symnetric A?Xz systems of the c¢is,

cis and trans, trens forms. Since verrucarin A shows an

n.m.r. spectral pattern quite similer to that encountered in

the cis, trans forms of muconic acid, one can postulate its

. presence in the antibiotic with & high degree of certainty.
The i.r. spectrum of verrucarinolactone suggested acr—lactone
and & hydroxylic moiety. The molecule was readily converted
into the écetate (47) and on lithium aluminium hydride treat-
ment furnished a triol (48), which consumed-one mole of per-
iodic acid, suggesting the presence of a 1,2 glycolic linkage.
The lactone was convertible into a crystalline benzhydrylamide
(49) a2nd phenylhydrazide (50) both of which were inert +to
periodic acid, precluding the positioning of the hydroxyl in
the 04 position and establishing it at C2. The n.m.r. spec-
trum of (45) showed a secondary methyl at® 8.74(J,6Hz.)

fixing the methyl to C An alternate positioning of the sub-

3¢
stituent, at 04 was excluded on the basis of the 02 methine
proton which appeared as a doublet at? 6.13 (J,10Hz.) and
the 03 mnethine proton which exhibitzd a triplet at¥ 5.56
(J,5.5Hz.). The high vicinal coupling of the C,~C, protons
(J,10Hz.) pointed to a dihedral angle of 180°, suggesting a
diaxial configuration of these hydrogens and‘the existence
of the molecule in the therﬁodynamically-more stable chair

conformation (51). The relative configuration of the ring
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substituents was thus estevlished.

Oxidative degradation oif verrucarinolactone with aqueous
potassium permenganate gave (+) methyl succinic acid (52)
characterised as the (+) diamide (53). Since dextrarotary
methyl succinic acid has the (R) configuration, verrucaric
acid must have the absolute configuration of 2(s), 3(R) 2,5-
dihydroxy-3-methyl valeric acid (54).

The outstanding problem for a complete structural assign—‘
nent of verrucarin A was the relationship of the three com-
ponents of base hydrolysis with one another;

Three carboxyls and four hydroxyls had to be utilised
in such a menner as to give rise to 3 neutral triester posse-
ssing & secondary hydroxyl. Iiore fundamentally, however, it
was necessary to establish the exact form in which the iso-
lated verrucafinolactone was present in the antibiotic, for
it might merely have been a secondary product obtained during
wofkmup of the hydrolysis products of verrucarin A. On the
assumption that verrucarinolactone (51) was, indeed, a dis-
creet structural entity of verrucarin A, there were two possi-
ble structures (55) and (56) for the antibiotic in question.
Both of these could be discounted, however, since Jones oxi-
dation of verrucarin A, followed by hydrolysis, gave verruca-

rol and cis, trans muconic acid but no verrucarinolactone.

The anticipated dehydroverrucarol (57) was not in evidence,

thus precluding the possibility of either of the above men-
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tioned structures (55) and (56), suggesting the presence of
the secondery hydroxylic moiety in a macrocyclic gide clhizin
of the metebolite and +thus pointing to verrucaric acid (46)
as being a true building block of the molecule.

Statistically there remeined four possible structures
for verrucerin A, (58), (59), (60) and (61), depending upon
the orientation and site of esterification of the muconic
acid with respect to verrucarol. 'Attempts to shed light on
this problem, by means of a partial hydrolysis of verrucarin
A, were uniformly unsuccessful. It wes, hoWever, possible
- to achieve a partial cleavage of verrucarin J (62), a com-
panion metabolite of verrucarin A, possessing, instead of
verrucaric acid, anhydroverrucaric acid (63) as a structural
component. The acid (63) was shown to be bonded to the pri-
mery hydroxyl of verrucarol. In view of the close structural
and possibly biogenetic relationship between verrucearin A
and verrucarin J, Tamm19’29 thought it conceivable that an
analogous structural assembly was present in the former,
suggesting either (60) or (61) as the structure for verruca-
rin A. Of these (61) was preferred by analogy with foridin A

(64)30 for which the cis, trans grouping of the conjugated
9

double bonds though not rigorously established, nonetheless
appeared very likely. Confirmation of this proposed structure
and the establishment of the absolute configuration of the

molecule (41) was the outcome of X-ray analysis- of the p-iodo-
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benzene sulphonaste of verrucarin A )’51. Chemical substui—

tiation of this structure hes recently'been publishedsg.

To date the structures of several members of this ccries
of closely related compounds heve been elucidated. They may
be divided into two broad categories - the verruvcarins and
the roridins - macrocyclic tri - and diester derivatives of
verrucarol.

Structure (65) has been suggested for verrucarin B33¢
The relative configuration of the oxirene moiety embedded in
the macrocyclic side chain has not been established as yet.

Verrucarin C and D66

have only been isolated in trace
guentities with no structural work having been reported.

Verrucarin E has been shown to be 3 acetyl-4-hydroxy-
methyl pyrroleZl and need be of no concern to us here.

Whereas no structural assignment has been made to verru-
carin ng, verrucarin J has been fully elucidated and shown
o have structure (66)27.

2LDehydroverrucarin has been assigned structure (67)34.
Furthermore the structures of roridins A, C, D, E and H have
been fully clarified, structures (68)3°, (26)2°, (69)3°,
(70)36 and‘(7l)37 being assigned for them. There is somevam—A
biguity about the relative configuration of the five-membered

37

acetal in roridin and to date the stereochemical problem

has not been solved;
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Diacetoxyccirpenol (72) iz the mzjor metabolic product iso-
lated from several sitroins of Fussrian., It was initially detec-

ted by Brian, Grove and coworkers in Fussrium scirniver,

9

Tusarium equiceti end Gibberella intricens” and wes leter

found to occur also in the culture filtrates of Fusariunm som—-

bucinum and IFusarivm diversisvporum hy Sigg and coworkers8.

The structural assignment of this compound was carried out
independently by the above-mentioned groups of workers, who
arrived at a common structure (72) for the natural product7’8’
10’39. Chemical and spectroscopic evidence-for scirpentriol
(73), the hydrolysis product of diacetoxyscirpenol (72), poin-
ted very strongly to the existence of a new trichothecane and
suggested a close structursl similarity with verrucarol (38).
This suspected relationship was confirmed in the sense thav
when diacetoxy-mesyloxy-scirpene (74) was reduced with lithi-
um aluminium hydride, a triol (75) was obtained which, on
acetylation, gave rise to the diacetoxy alcohol (76). An
identical product (76) was also the outcome of lithium alumi-
nium hydride reduction and acetylation of>verrucarol (38).
Scirpentriol is thus a hydroxy-verrucarol whose complete struc-
ral enalysis necessitated the establishment of the site and
relative stereochemistry of the additional hydroxyl group.
N.n.r. data suggested the presence of a 1,2 glycolic linkage
and the correlation of verrucarol (38) with scirpentriol (73)

Aallowed the positioning of one of these hydroxyls at 04,
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which, in turn, quite unambiguously, placed the other hydro-
xylic moiety at 03.
In accord with this essignment, chromic oxide in acetic
acid oxidation of (72), followed by zinc and hydrogen reduc-~
tion, gave 2 small quontity of zn acetoxy-ketone (77), isome-
ric with the material (78) furnished by C, g monoacetylation
and oxidation of verrucarol. With the relative configuration
of six of the seven asymmetric centres in scirpentriol (73)
established, there only remained the problem of the relative
configuration of the 03 hydroxyl. The C3 aﬁd C4 vicinal pro- -
tons of triacetoxyscirpene (79) showed a coupling constant
of 3.5 Hz., the corresponding couplihg constant between the
C, and 03 methine protons being 5 Hz. From the Karplus equ-
ation thisvsuggested dihedral angles of 115° and 40° respec-
tively. An inspection of models indicated that a cis group-
ing of the protons at 02 and 03 and a corresponding trans
arrangement of the hydrogens at 03 and C4 would, indeed, be
in accord with the magnitude of the dihedral angles cited.
This inference of a trans 1,2-diol was also compatible with
the fzct that scirpentriol (73) and 15-acetoxy-scirpen-34,48-
diol (80) were inert to periodic acid and lead fetraacetate
in acetic acid. Since it was known that the secondary alco-

was B, it followed that the substituent at C, had

hol at C 3

4
40 be in the dconfiguration.

PThe evidence for the above stereochemical assignments
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rested heavily on spectral data and, consequently, 3igg snd
coworkers were motiveted to confirm the stercochenmistry cs-
tablished for scirpentriol, and in perticular the spstial
arrangement of the glycolic moiety, in a more rigorous man-
nerlo. This was achieved in the manner indicated in Scheme 2.
Potassium tert. butoxide treatment of the hydroxy-mesylate
(82) brought about a smooth elimination of methane sulphonic
acid to give the dioxirene (83). This relative ease of for-
nation of the new epoxide argued well for the existence of
the glycol in question in the trans configufation. Since (38)
represented the absolute configuration of verrucarol, struc-
tures (73) and (72) correspond to the absolute configuraticns
of scirpentriol and diacetoxyscirpenol respectively.

It is noteworthy to observe the mushrooming effect which
the structural clarification of trichodermin (26a) has had
upon the entire <field of trichothecane chemistry. Tricho-
dermin (26a) has served as a stepping-stone to all subseguent
attenps to unravel the intricacies of newly isolated tricho-
thecanes all of which, directly or indirectly, have been che-
mically correlated with this simplest member of the trichothe-
cane family.

This was strikihgly in evidence in the structural assig-

nments to two further metabolites isolated from Fusarium

scirpi9

diacetate mainly on the strengh of n.m.r. data7’39; it was

. PFormula (84) was initially attributed to a 019H2909
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substantiated, however, by its chemicel correlation with d¢i-
zcetoxyscirpenol (72) of knowm sbeolute configuration4o’41.
The stereochemical assignment'of the 07 hydroxyl hss been
cited to be in accord with chemical evidence. Thus when the
diacetete (84) was treated with dilute, . aqueous ammoni-
wn hydroxide, celective hydrolysis of the 015 acetate residue
occurred, the enhanced rate of hydrolysis of the primary ace-
tate being attributed to the participation of the neighbouring
Td-hydroxy substituent. The favourable proximity of the 07
and Ci
dels which also show that an intramolecularly assisted hydro-

5 functional groups is clearly seen from molecular mo-

lysis of the 015 acetate would be sterically impossible with
the C, hydroxyl in the 8B configuration (85).

A third phytotoxin, a triscetate C,yHpg0p, (86)%%, con-
stitutes an additional member of this group of compounds with
high memmalian toxicity. Its structure was based upon che~
mical correlation with the enone (84) and was in full accord
with spectral data.

The occurence of corn toxicosis and fescue foot desease
in cattle, in Japan?3 and the Unitea States®*, led to an in-
vestigation into the organisms responsible for the intoxica-
tion of the animals. The most toxic fungi isolated from po-

1luted corn were Fusarium trincinctum and Fusarium nivale.

The toxic principles obtained from the former strain are di-

acetoxyscirpenol (72) and its 84-(3, methyl butyryloxy)-deri-
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vative (8 . PFusarium nivele furnished two metebolites,

8)46

nivalenol (88 and fusarenone (89)43. The structure of the

47 and Grove4o.

latter was arrived at independently by Tatsuno
The latter has suggested thst the lengthy procedure snd the
relatively severe conditions used for the isoletion of niva-
lenol (88) &nd its monocacetate (89), in conjunction with the
lability of the ester groups in the previously isolzted enone
(84), pointed to the possibility of both (88) and (89) being
artifacts of the work-up procedureao. A recent communication
by Tatsuno48, however, has suggested that the conditions of
isolation of fusarenone and nivalenol were unlikely to bring
about hydrolysis of the diacetéte (84) snd that they are true
metabolites of the microorganisms,

The last member of the trichothecane family to be menti-

oned is crotocin (90) isolated from Cephelesporium crotocin-

genuml3 .

The isolation and characterisation of these metabolites

illustrates the remarkable facility of some Fusaria species
fo oxidise the trichothecane nucleus. It is hard to imagine
- that the hitherto isolated compounds have exhausted Naturgs
ingenuity for functionalising the trichothecane skeleton and

the futufe will, no doubt, expose many more of these intrigu-

ing products.
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Chenmical reactivity of the trichothecanes

The close structural similarity between the different men-
bers of the trichothecsne family is menifestly reflected in
the parallels of their chemical reactivity. For molecules &as
complex in their cerboxyclic ring system and as variegated

in their functionality as the trichothecane group of sesgui-
terponqids, they displey a disappointing degree of diversity
in their chemical behaviour.

One should, however, qualify the zbove statement by
adding that most of the reactions recorded in this introduc-
tion have been culled from a hitherto young and consequently
narrow field of chemistry, where most of the investigators
were only concerned with elucidating the structures of this
novel group of sesquiterpenoids. As a result of this the
chenmistry has.beenconfinedto those standard reactions which
the organic chemist has found to be of maximum use to him

in his century-long battle with biologiceally active and in-

tellectually challenging organic molecules. One is referring,

of course, to acid-base type reaction conditions and the
effects of oxidising and reducing sagent upon the trichothe-
canes. It is the interaction of the trichothecanes with
these reaction media which will now be illustrated and dis-
cussed. |
The chemistry ot the trichothecanes is essentially the

chemistry of the spiro epoxide grouping. It is this strained
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three ncnmbered oxide ring which serves as the fulcrun for
most of the activity encountered in the trichothecane ring
skeleton. Ilore often then not its rupture appears to be the
driving force for most chemical rearrangements to occur with-
in the molecules and yet, at the same time, it provides a
controlling influence upon the course of those chemical chan-
ges, for it is a remarkable coincidence that the vest majority

of the profound rearrcngements encountered, under fundementally .
i

different experimental conditions, should &ll lead to one &nd
the same APOTRICHOTHECANE ring skeleton.

Reaction with acids

The oxirane moiety, in & number of circumstances, is suscep-
tible to undergo intramolecular nucleophilic attack with
accompanying skeletal rearrangement. Inspection of a model

of a trichothecane reveals that the epoxide is stericelly
inaccessible to rearside nucleophilic attack by external an-
ions. This shielding is reflected in the fact that tricho-
dermin (2651)2'7 and verrucarol (38)23 for instance, are unaffec-
ted by hot aqueous base. Protonation of the epoxide ring in

acidic medium, however, normally results in the formation of

 the apotrichothecane ring system (12). The notable exception

to this is crotocol (91)13 which will be discussed separately. %
It should be pointed out that this facile formation of

the apotrichothecane skeleton was not recognised during early

structural elucidations of the trichothecanes and as such an
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oxetene moiety, annelafed with a cyclopentene ring, wes nro-
poced as a partial feature of the trichothecanes.

Hydrochloric or hydrobromic acids bring about the above
mentioned skeletal reorgenisetion in the trichothecanes, re-
sulting in the formation of.chloro —.or bromohydrins. Thus
trichothecolone (27), verrucarol (38), trichodermin (26a)
and diaceﬁoxyscirpénol (72) all rearrange to furnish the halo-
nyarins (92)7, (93)%3, (94)°% ana (95)19 respectively.
Treztment of the trichothecanes with dilute sulphurig acid
nornally results in the formaetion of glycols, as exemplified
by the reaction of verrucarol (38) which affords (96)23.

An @nalogous transformation is achieved by subjecting tricho-
thecin (28) to hot 1N hydrochloric acid and subsequent hydro-
- lysis of the product to give the triol (97)17.

These acid-catalysed rearrangeménts occur by initial pro-

tonetion of the epoxide ring with accompanying 1,2 migration

of the 01—02

bond resulting in a net inversion of configura-
tion at 012 and synchronous capture of the 02 cation by an
external nucleophile27. The steric requirements of this ske-
letal change are fully satisfied in as much as the Ol-'-C2 and
012—0 bonds are antiperiplanar to each other. This postula-
ted mechanism dictates the steric course of the rearrangement
and allowes a full stereochemical assignment to the final pro-
duct.

It should be pointed out that whereas most trichothecanes
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are acid-labile, diacetoxyscirpenol (72) remaines unaffected
by cold, dilute hydrochloric acid ovér & period of fourteen
days cnd shows no tendency to resrrange on refluxing with
acid resin for one hour. With zinc in scetic acid (72) is
converted into the tetrascetoxy-alcohol (98)38.

Reerrsngements to the apotrichothecane ring system are
not confined to the parent trichothecanes. Their simple
transformation products, wishing to rid themselves of the
strain inherent in their carboxyclic skeleton, are readily
transformed'into apotrichothecane derivatives.

Thus diacetoxy-dihydroverrucarol (76) with trifluoroace-
tic ecid is converted into (99). An interesting by-product
of this rearrangement is the tetracyclic apotrichothecane de-
rivative (100). This reaction has been postulated to proceed
via the secondary carbonium ion (101) which is trapped either
by external or internal nucleophile23.

Treatment of verrucarol (38) with thionyl chloride in
pyridine gave a sulphite to which no structure has been assig-
ned, but which, according to molecular weight measurements,
is dimericZ. Discetoxy-dihydroverrucarol (76), on the other
hand, reacted in an entirely different manner. None of the
anticipated dehydration product was encpuntered, instead the
formation of the diacetoxy-chloride (102) was observed.

The mechenism indicated in Scheme 3 has been postulated to
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accounnt for its fornation’ . Derivatives of trichodermin (262)
show & parallel behaviour with thionyl chloride in pyridine.
When the ketone (1C3), obtained by chromium trioxide oxida-
tion of dihydrotrichodermin (29), was treated with thionyl
chloride in pyridine a chloro-ketone (104) was obtained, which
readily eliminated hydrochloric acid to yield the o ,f-unsa-
turated ketone (105). The rearrangement hes been rationalised
by zssumning an internal nucleophilic altack on an intermediate
chlorosulphite ester by the tetrahydropyran oxygen27,

Crotocol (106) appears to be the most acid-labiie menber
of the trichothecaﬁes. 0.02N Sulphuric acid or 0.5N acetic
acid, at room temperature, readily give rise to isocrotocol A
(107)13. Whereas the protonated terminal epoxide is attacked
by the tetrahydropyran oxygen in the other trichothecanes,
in the case of crotocol (106) and crotocin (90), the oxirene
ring mentioned above is more readily attacked by the hetero-
atom of the C7,8 epoxide. This deviation from the normal

trend is almost certainly due to a sterically favourable dis-

position of the diepoxide array.

Reaction with bases

The pronounced lability of the trichothecanes in acidic me-
dium is severely curtailed by working under basic conditionms.
Only trichothecolone has been reported to undergo rearrange-

ments in base. Isotrichothecolone (108) is formed by treating
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trichothecolone (27) with hot, agueous sodium hydroxidel7’18,
vhereas treatment of (27) with zinc in base brings about its
reduction to allodihydrotrichéthecolone (110). Vhereas the
majority of reactions of trichothecolone, described by Free-
man17 and Jonesl8, can be interpreted readily in terms of
both the 0ld (13) and the revised formulae for this sesquiter-
penoid alcohol, neither of the above mentioned authors was
able to assign unequivocel structures to the two rezction
products (108) and (110) on the basis of the evidence availa-
ble to them. This unsatisfactory state of affairs prompted
Tamm and coworkers to re-investigate fhese compounds49,
allowing themn, on_fhe basis of n.m.r. data, to postulate struc-
ture (108) for isotrichothecolone.

Since neither verrucarol (38) nor diacetoxyscirpenol (72)
showed the same type of tranformatidn, the keto group at Cg
was assumed to be responsible for the observed reaction via
the mechanism depicted in Scheme 4. Isotrichothecolone for-
mation was thus interpreted as an attack of base at the acti-
vated 7B hydrogen atom, followed by attack of the carbanion
et ¢p,*, |

Struecture (110) has been assigned to allodihydrotricho-
thecolone49. The first step in its formation is assumed to
be the well authenticated reductive cleavage of the« ,p unsa-

turated ¥ -alkoxy system50 to give the intermediate (109),

whose subsequent transformations are as shown in the appended
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Scheme 5. This mechanistic interpretation explains product
Tormation, but does not offer eny reason as to why the nuclso-
philic attack of the 09 carbanion on the oxirane moiety should
occur in an cbrormal nmenner. Ihdeed, an inspection of models
would imply that nucleophilic substitution could occur with
eguel. facility at 02 and 03, the secondary carbon atom, if
anything, bveing the sterically favoured site.

The susceptibility of the terminal epoxide to intremole-
cular nucleophilic attacks is perhaps best reflected in the
fact that diacetoxyverrucarol (111), in boiling watér, readi-
ly formé the hydrate (112) with participation of the ring A
Jielectron823. Anslogously, triascetoxyscirpenol (79) rearren-
ges to the triacetoxydiol (113)1°.

Quite similar to these reactions is the interaction of .
crotocol (106) with base. Agueous 5% sodium hydroxide brings
about a smooth rearrangement to the di-tetrahydropyran (114)13.}
Although the authors do not assign any definite stereochemis-
try to the hydroxyl at Cg, it is reasonable to attach the
ol configuration to it if one assumes a synchronous reaction
mechanism initiated by 07,8 epoxide ring opening with hydro-
Xxjide anion.

Rearrangement to the apotrichothecane skeleton, a domi-
nant feature of the chemistry of the trichothecanes in acidic
medium, is also encountered when some transformation products

of this group of sesquiterpenoids are treated with base.
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Thus trichodermone (115,R=2I), the oxidation product of tri-
chodernol, isomerises readily, on treatment with agqucous so-
dium cerbonate, to ands,p unsaturated ketone27. This behavi-
our is gquite analogous to the formation of neotrichotlecodione
from trichothecodione (116,R=0) undef similar conditions. On
the basis of extensive experimentation neotrichothecodione

0)17’18 and neotrichoder-

has been assigned structure (116,R=
mone should accordingly be represented by (116,R=2H), see
Scheme 6., A plausible mechanism fér the conversion of tri-
chodermone (115,R=2H) into neotrichodermone (116,R=2H) hss
been suggested to involve initial opening of the tetrahydro-
pyrane ring, facilitated through enolisation of the ketone,
followed by internal epoxide ring opening. The direction of
the epoxide opening in this reaction is abnormel and since

no satisfactory steric explanation of this phenomenon is offe-
red ﬁy sn inspection of models, the reason must be that for-
mation of the tetrahydrofurane in (116,R=2H) proceeds with a
much greater velocity than the formation of the tetrahydropy-
rane moiety in the alternate product (117)27.

The keto-aldehyde (118), an oxidation product of verru-
.carol (38), similarly is converted to the apotrichothecane
(119)23, |

An intriguing reaction is given by 15-acetoxyscirpen-3d,
4p-mesylate (120). Quite unexpectedly, treatment with sodium

methoxide furnished the acetoxy-ketone (77). In order to
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account for the reaction product, the authorslo hove sugges-—
ted elimination of methane sulphonic acid and subsequent
hydrolysis of the enol—mesylafe under work-up conditions. The
ease‘with vhich methane sulphonic acid is eliminafed would
appear to throw doubt on the 3,4 trens hydroxyl configuration
in scirpentriol (73), since one normaliy requires a trans
arrengenent of the departing substituents for an elimination §
to occur as smoothly as it does in this cese. However, it ?

IS |
171 end Hine?? thet in certain rigid |

has been shovn by Cristo
carbocyclic systems cis elimination can.and does occur more
readily than trans elimination, thus rationalising the appa-

rent anomaly.

Reaction with reducing agents

The trichothecanes readily hydrogenate under standard condi-
tions , taking up one mole of hydrogen with saturation of the
49,10
AN

crotocol (106), the sole exception to the above generalisation,:

doubie bond. A degree of variation is introduced by

vhich in the presence of palladium/carbon absorbs one mole of
hydrogen to give rise to a mixture of dihydroisocrotocql A

(121) snd aihydroisocrotocol B (122)13. The olefinic bond is

only saturated after a period of 1-2 hours.

The more forcing conditions of lithium aluminium hydride
wniformly yield dihydrotrichothecanes as a result of reductive

epoxide cleavage. Crotocol affords (122)13, j
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Reaction with oxidising agents

An oxo grouping nay be introduced into the C8 secondary ally-
lic position of the trichothecanes, in some instances, but only
with difficulty. Thus trichodermone (123), in the medium
chronmic oxide/acetic acid, furnishes trichothecodione (124)
in only 5% yie1d27. An analogous transformation is achieved
with selenium dioxide in dioxan. Similarly triacetoxyscirpenol,
with tert.butyl chromate, gives rise to the‘w,punsaturated
xetone (125)10.

The directing influence of a suitably disposed hydroxyl,
in epoxidation reactions with peracid, is strikingly illus- |
trated by the oxygenations of verrucarol and its derivatives32.
Discetoxyverrucarol (72), ontreatment with perbenzoic acid
gives rise to B epoxy-diacetoxyverrucarol (126). The o¢ iso-
mer is generated in only small quantities. The almost exclu-
sive top-side attack of the double bond has been rationalised
on steric grounds, the 015 acetoxy substituent presumably pre-
venting an easy access to the peracid on the & side.

Verrucarol (38), when subjected to such oxidising con-
ditions, was converted to an approximate l:1 mixture of !
o epoxyverrucarol (127) and the diol (128).

The rate enhancing effect of hydroxyls upon epoxidations
of double bonds is a well authenticated phenomenon53. The

interaction of peracid end primery hydroxyl function in verru-

carol (38) presumably gives rise to a complex, the overall
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- rate of attack upon the double bond then becoming comparable
to the speed of epoxidation of the unsaturated linkage, by
perazcid, from the less crowded face of the molecule, The
diol (12/8) is the result of intramolecular nucleophilic ring

opening of B -epoxyverrucarol (126) by the 015 hydroxyl.
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DBiolegical activity

The trichothecenes show a merked selectivity snd svecificity
of biological ectivity. ©Selective toxicity is an outstanding
property oi this group of sesguiterpenoids.

ill’the naturelly-occurring esters inhibit, in féirly
small concentrations , growth of various cells in tissue cul-
ture, whilst displeying weak antibacterial activity.

Learly all trichothecanes show antifungal activity, the
excepiion being diacetoxyséirpenol (72) which, together with
trichothecin (28), is menifestly phytotoxic. |

High mammalian toxicity, coupled with powerful local
irritant action has been reported for trichothecin (28) and
verrucarin A (61) in mice and for the former also in rats’t,

Verrucarin A is somewhat exceptional in this class of

55

sesquiterpenoids, showing insecticidal properties””.

High antifungal activity against Trichophyton zsteroides
)56

is exhibited by diacetoxyscirpenol (72 . ©Specificity of

antifungal activity is also shown by trichothecin (28) which

57

shows strong antagonism to Fenicillium dicitatum”’ and to

a lesser degree to Fungi imperfecti, Zygomycetes and Ascomy-

ceteslz.

)ll )46

Diacetoxyscirpenol (72)~~, nivalenol (88 and fusare-

none (89)43 have been implicated in mouldy corn toxicosis

and foot desease in cattle.



Scheme 7



Scheme 8




Biogenesis of the trickothecsenes

The biogencsis of the trichothecznes is as open-erded todey
as 1t was when Jones and coworkers caerried out their initial
trecer experiments more than s decade ago. The early work,
using [1%140] acetate and [2—140] mevalonete suggested the
cationic intermediate (129) as the precursor of this group

of sesquiterpenoids, the proposed genesis involving ¥ -bisa-
bolene. Jones, in his formulation of & possible biosynthetic
pathway, did not specify which of the four possible farnesyl
pyrophosphates would serve as a pregenitor for the trichothe-
canes, merely indicating two possible modes by which the
isoprene units of the farnesyl chain could undergo cyclisa-
tion in order to form a bisabolene (Scheme 7)58. These +wo
different modes of cyclisation, (b) and (2), have been inter-

preted as involving cis, trans and cis, cis farmesyl pyro-
59

phosphate respectively

Elegant experimentation allowed Jones and coworkers to
show that only mode (2), involving cis,cis farnesyl pyrophos-
phate, would allow activity to be incorporated into the'tri—
chothecin molecule in a manher consistent with experimental
evidence58. On the basis of this Ruzcika proposed a possible
biosynthetic pathway to trichothecin and the trichothecanes
generally (Scheme 8)59.

Since this early work chenical and X-ray evidence hes

revised the structure of trichothecin to (28)28,27,26
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The revision of the formula does not, however, invslidate
the early biogenetic conclusions and it seems reasoncble o
assume that the activity distribution, in the light of the
new structure, is as shown in (130). A boat-type folding
of the side-chain in ¥ -bisabolene has been postulated to
accomnmodate both the labelling pattern and stereochemistry
in the revised trichothecin structure (Scheme 9)27.

After & ten year 1ull new biogenetic evidencelhas appea—
red which has thfown serious doubt upon the above-formulated
biosynthetic pathway to the trichothecanes. |

Whereas earlier work suggested that the gig—l§6—farnesyl
pyrophosphate gave rise to the trichothecane skeleton, Han-
son and coworkers6o, in an initial communication, obtained
evidence supporting the involvement of trans—él6—farnesyl
pyrophosphate; The two ways of folding the farnesyl unit'may
be distinguished by the labelling pattern encountered in ring

14

A of +the trichothecanés. Both C and tritium labelled me-

valonic acid was fed to Trichoderma spa. and the tritium la-

belling pattern investigated. A direct piece of evidence
was derived from [(4R), 4 3Hl] mevalonic acid derived tricho-
dermol (26). The isotopic ratio corresponded to the reten-—
tion of two tritium atoms and it was shown by direct degra-
dation that one of these resided at ClO’

The two possible farnesyl pyrophosphates may also be

differentiated by the number of (1—3Hl) and (2—3H1) hydrogens
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which are retained in the isolated trichothecane. Trans-
136—farnesyl pyrophosphate would lead to labels ot ClO and
Cll’ as shown in Scheme 10, invoking the intermediacy of a
bisebolene intermediate. The gig—l§6—farnesyl isomer, in
an analogous manner, would carry sctivity at C7 end 08.
VVhen [1—3Hl, 2—140] farnesyl pyrophosphate was fed to

Trichothecium roseum, the isolated trichothecolone (27)
2_14

showed the loss of one tritium label. [2—3H C] Farne-

1
syl pyrophosphate, on the other hand, showed no 1ossrof
lebel in the final product, lending further credence to a
trans folding of the central farnesyl bondGO. This evidence,
scriously conflicting with Jonegs earlier findings, was soon
thrown into further disarray, however.

In order to establish which prenyl fragment of the far-
nesyl pyrophdsphate contributed to thé 02 label, Hanson and

coworkers fed [2-3H 2—140] geranyl pyrophosphete to Tri-

1’ :
. . ... 61 i
chothecium roseum, Trichoderma polysporum and T. svorulosium |

Both trichothecin (28) and the isolated trichodermol (26)
retained the [2-3H1] geranyl label, showing that the 02 labei
is derived from the second [(4R)-4 3H1] mevalonoid hydrogen.
These results clearly preclude the possibility of a bisabolene
intermediate since such a biogenetic pathway, as Scheme 10
clearly shows, would‘involve the loss of the central mevalo-

61

nate label. The authors have suggested an alternate route !

involving a concerted cyclisation sequence (Scheme 11), in
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vhich a 1,5 hydrogen trensfer occurs in the enzyme éisplece-
ment step, the resulting cation then serving es an initiator
for the subcequent methyl migrstions leading to a trichothe-
cane intermediate (129).

The stereochemistry of the hydroxylation step, at 04,

in verrucarol was determined using the tritiated rreperations
obteired after feeding (3R)—[(28—2—3HJ/(3S)-[23—2—3HJ and
(38)—[(28)—2—3HJ/(3R)—[(2R)—2—3HJ éodium mevalonate to Hyro-
thecium in separate experiments62. From incorporation of
(3R)-[5-1%C) mevalonate it was anticipated that onlyrthe (3Rr)
mevalonagte would be incorporated into the sesquiterpenoid
moiety, assuming the compounds to be farnesol derived.
The hydroxylation at 04 was found to proceed in a stereospe-
cific menner with retention of configuration. The stereo-
chemistry corresponded to the pro¥2R hydrogen atom of mevalo-
nate. These conclusions were in agreement with those for
trichothecin (28) and trichodermol (26)63.

The isolation of trichodiene (131)64 and trichodiol

(132)65 from Trichothecium roseum Link pointed strongly to

the existence of the postulated intermediate (129) along the
suggested biogenetic route to the trichothecanes. Specifi—
cally tritiated trichodiene (131) has, in fact, been Shown

to be incorporated into trichothecolone in a recent communi-

Cation66.
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Synthetic anprocches to the trichothacones

Despite the growing interest in the trichothecane fiecld
little hes hitherto been reported on synthetic ventures di-
rected towards eny member of this expanding group of biolo-
gically acfive mnould metabolites. Their novel struciural
framework appears to have served both as a source of interest
and, at the same time, a deterrent to the synthetic orgenic
chenist.

Two approaches towards itrichodermin (26a) have been re-

corded in the literature. Thus Stills and coworkers
scribed the synthesis of a methylated chromen-3-one (133) a
potential yet remote precursor to trichodermin. This com-
pound (133) is rezdily available by hydroboration-oxidation
of 4,7 dimethyl coumarin (134), the reaction being of a fair-
1y general nature. The similarity between (133) and tricho-
dermin (26a) is a perfunctory one indeed and no further
commmication concerning the elaboration of the intermediate
(133) has been forthcoming. While an approach of this nature
readily gives rise to ring B of trichodermin, it carries

with it considerable stereochemical difficulties and in the
presence of the aromatic ring possibly its own seeds of de-
struction. An elaboration of the aromatic ring to the struc-
tural moiety encountered in trichodermin is conceivable but

not without many complications. Thus Birch reduction should

give rise to the dihydro-derivative (135) which would have to
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be isomerised to the enone (i36). Isomerisations of such
tetrasubstituted enol ethers are difficult, nor is there any
guarantee about the migration of the trisubstituted double
bond into its desired position. In the event of the success-
ful eccomplishment of all the described transformations, (137)
may be vigwed es an important building block towardé the to-
tal synthesis of trichodermin.

in szlternate approach has been described by Helmes68!
The crux of this method hiﬂged upon the successful eddition
of ethyl lithio acetate to the pyrylium salt (138). With
the obtention of (139) the molecule was readily modified to
the keto-ester (140). No further advances have been communi-
cated. A third synthetic study in the trichothecane field,

under R.A.Raphael at Glasgow69

, culminated in the total syn-
thesis of (&) trichodermin (26a). The methodology and de-
tailed strategy employed in this synthesis will not be elabo-
rated upon at this stage, but will be discussed fully at a

later stage.

Vhile this introduction was in preparation a review

of the trichothecanes was published70.
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.

The overall objective described in this thesis is en appro-
ach towards the synthesis of two members of the trichothecane
group of sesquiterpenoids. At the outset ettention was fo-
cused on trichodermin (1)1, since this compound embodies the
complex carbocyclic skeleton common to 211l members of this
group of natural products but is less gencrously endowed with
the multifarious functionality associated with the other,
more highly-oxygenated trichothecanes. Although the comple-
xities were thus reduced, the synthetic problem still remeined
a formidable one.

The trichothecane nucleus may be considered as either
e derivative of 2-oxa-bicyclol[3,2,1]octan-8-one (2) or a re-
duced chroman-3-one (3). Since neither of these structural
vnits is well-documented in the literature a projected syn-
thesis along these lines can not take advantage of well-foun-
ded analogies. Thus any approach modelled upon the above
two systems necessitates the synthesis of a new structural
framework containing functional appendages capable of'ulti-
mate transformation to the synthetic objective.

Stereochemically the trichothecanes present & far from
trivial problem with the presence of no less than six conti-
guous chiral centres. A4 potential source of further diffi-
culty is the presence of the thermodynamically less favourable
¢is ring A/B junction.

An efficient method for the construction of a synthetic
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strategy is to reduce the conplex nolecular pattern into
synthons2 - suitably activsted molecular fragments capzble

of assembly to the parent molecule. The logical pursuit in
delineating the course of a synthesis towards trichodermin
(1), or any trichothecane for that matter, is therefore to
pinpoint both structural moieties which are capable of trans-
formation to easily recognisable pregenitors and carbon-
carbon bonds sufficiently activated to allow rupture and,
necessarily, reassembly in accord with the principles of
synthetic organic chemistry.

In a retro-synthetic sense trichodermin (1) is capable
of two trivial functional group manipulations which allow
its transformation into the ketol (4). This ketol (1), in
- turn, by retro-aldolisation is seen to be derivable from
the tetrahydrochroman-3-one (5). These three simplifica—
tions have already defined a clear synthetic goal and a cru-
cial intermediate in the synthesis of trichodermin. The
molecule (5), however, graciously lends itself +to further
simplifications. It is easily recognised as a possible
product of an intramolecular Ilichael reaction of the cross-
conjugated keto-aldehyde (6). A simple tautomeric change,
in turn, transforms the keto-aldehyde (6) into the ketal
(7) and allows immediate speculation as to a potential syn-
theéis of this latter compound. It is not unreasonable to

propose for this the addition and modification of a suit-
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ebly mesked three-corbon unit to the cis 5—1actone (8).

The initizl problem, as a result of this series of
clearly defined trensformations, has thus been reduced to
that of the synthesis of the ¥ -lactone (8), or its nor-
methyl derivative (9). Indeed, all hopes»were pinned upon
the successful znd synthetically viable formation of the
relatively simple orgenic molecule (9). This compourd was
germane to all further chemical elaborations and was consi-
dered to be the crucial building block for trichodermin (1);
not only does it embody the structural features of ring A,
but it also contains the potential cis A/B ring fusion of
trichodermin within its structural framework. It was hoped
to utilise the thermodynamically more stable cis ring fusion
of the §-lactone (9) and to preserve its stereochemical
integrity =t the ring junction in all subsequent eiabora—
tions of the molecule along the lines discussed above.

With the overall synthetic strategy clearly delineated
8 large scale synthesis of the § -lactone became the prime
objective. While a number of approaches towards simple

3

§-lactones have been recorded in the literature’, there are
few instances of stereospecific synthesis of butyrolactone
moieties cis fused to cyclohexane rings. The available me-
thods resolve themselves into two categories: those invol-
ving the synthesis of hydroxy-acids of type (10) with spon-

taneous lactonisation4, and the approaches utilising the
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greater thermodynamic stebility and ease of formstion of
formetion of cis fused X—laotones, enploying a pendent car-
boxylic moiety to create an aéymmétric centre at & neigh-
bouring §-carbon atom in a totally specific menner, as
illustrated in Schemes 1 and 25’6.

The former method of approach haé been investigated in
these laboratories'. Thus pulegone (11), by a series of
relatively simple steps, has been converted into the enone-
acid (12) in the anticipation of bringing about its reduc-
tion to the hydroxy-acid (13) and subsequent ring closure
t0 the desired ¥-lactone (8). EIExtensive experimentation,
however, showed the carbonyl of the enone moiety to be se-
verely hindered and 1,4 reduction %o be a major competing
process,

An important pointer to a potentially viable synthesis
came from the work of Meinwald and Frauenglass8 who found
that peracid oxidation of bicyclol2,2,2]oct-2-en-5-one (14)
allowed isolation of the §-lactone (15). The resemblance
between (15) and the desired lactone (9) was striking. If
two methyl substituents could be incorporated into the bi-
cyclic nucleus at the bridgehead positions there was no ob-
‘vious hindrance to the conversion of (16) into the ¥-lactone
(9). More fundamental, however, were the mechanistic im-
Plications of the observed rearrangement. The immediate

Baeyer-Villiger product (17) presumably underwent lactone
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ring opening to the hydroxy-scid (18), which furnictred the
lactore (15) by intramoleculsr cation capture via the =lly-
lic cation (19). The implied intermediacy of the hydroxy-
acid (18) hed its immediate remifications; it suggested
that the 4,4-disubstituted cyclohexenone (20), after selec-
tive Grignerd addition, hydrolysis and acidification might
yield the sought-after lectone. It was, a&s a consequence
of this reasoning, that the enone (20) assumed a position
of considerable importance in all synthetic plans.
Initially, however, attempts were directed towerds the
obtention of the bicyclic ketone (21). By analogy with pre-
viously described work this mey have provided an economical
route to the methylated lactone (8). . Such en approach de-
manded the synthesis of the diene (22). All efforts, how-
ever, were thwarted at the embryonic stage, since attempts
to reproduce Alders originel synthesis of (22)9 proved to
be futile. The problem found a partial solution in the de-
hydrztion of the carbinol (23). A mixture of dienes was
obtained, with the requisite one (22) predominating. How-
ever, all attempts to induce the molecule to undergo a
Diels-Alder reaction with nitropropene met with failure.
The synthesis of a number of 4-substituted cyclohex-2-
enones has been reported by Birchlo’ll. The method rests
upon the Diels-Alder addition between the dienes (24, R=H,

Me) and a suitable dienophile. The carbinols (26, R=R,=lle;
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R=R=H) derived from the bridgehecd substituted bicyclo-~
[2,2,2]octenes (25, R=lle, Ry=0Olle; R=II, Rl=me) undergo acid-
induced fregmentation to furnish the enone-olefins (27, R=lie,
' Rlzme; R;Rle). Their case of formation appears to be a
function of the stabilisation of the positive charge at the
exocyclic tertiary position. In order to maximise stabili-
sation of the develdping cationic charge at this site, it
was decided to employ phenyl substituents and prepare the
enone (28), a promisingApreéursor of the desired keto-ester
(20).

Piels-Alder addition of methyl acrylate to dihydro-4-
nmethyl anisole (24, R=I’-Jle)12 gave the biecyclic ester (29) as
a mixture of epimers, the reaction proceeding only at ele-
vated pressure and in a totally regiospecific manner.

This finding is in accord with Birch% work on analogous sys-—

temslo’ll

and, no doubt, is a direct consequence of the more
favourable‘alignmént of the reacting components in the tran-
sition state. Phenyl magnesium bromide addition to the
ester (29) gave the diphenyl carbinol (30) which, on treat-
ment with a mixture of perchloric and acetic acids, smoothly
and in 65% yield afforded the enone-olefin (28).

The phenyl substituents were intended to serve & second
function. It was plenned, at this stage, to oxidise the

olefinjic side chain in (28) to the corresponding cerboxylic

acid reéidue and thence to the desired enone-ester (20).
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All hopes rested on the selective oxidation of the trisub-
stituted olefinic moiety contained in (285). It was fel:
thet the requisite degree of selectivity could be achieved

. . .o 1 . .
with osmium tetroxide 3; it was dubious whether the more

electrophilic and powerful oxidising conditions of ozone14
could zchieve the same objective. In the event, osmylation
of the olefinic-enone (28) did not allow the isoclation of
the anticipated diol (31); the bicyclic ketone (32) being
obtained instead as the oufcome of an intramoleculer iichael
addition; this product was also isolated by acid treatment
of the epoxy-enone (33). Failure at this juncture necessi-
tated a deviation from the initially-conceived plan towards
the lactone (9) and the tetrahydrofuranyl carbinol (34)
served as an important guide in this connectidn.

ﬁillsl5, working on tetracyclic triterpenoids, has de-
scribed an interesting oxidative cleavage of a three-carbon
unit in dammarenodiol (35). Thus (35), on treatment with
chromic oxide in sulphuric acid, furnished acetone and the
E-lzctone (36). This result has been rationalised by de

16, who has postulated the mechanism shown in Scheme 3.

Mayo
The implication of a tetrahydrofuranyl carbinol was vindica-
ted by the findings of Morisaki et. al.>!, who derived the
lactone (38) from the diol (37) under similar oxidising con-
ditioms. It was, therefore, conceivable that the diphenyl

carbinol (39), under conditions akin to those described
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ebove, would afford the rcquisife § -lzctone (9). witn this
end in view three distinet, successive transformations of
the enone (28) had to be achieved, viz., selective epoxi-
dation of the trisubstituted double bond, selective Grignard

addition to the ketonic moiety and acid-catalised transfor-

mation of the epoxy-carbinol (40) to the tetrahydrofuran (39).

Ho difficulty was anticipated in the epoxidation step
nor, indeed, was any encountered. The electron-rich ethyle—
nic linkage furnished the epoxy-enone (33) readily end in
high yield on treatment with m-chloroperbenzoic acid in
methylene chloride. Selective addition of Grignard reagents

to the ketonic function of keto-epoxides has been recordedlg.

19 was able to convert the epoxy-ketone (41)

Thus Grignard
to the epoxy-alcohol (42) in good yield. Analogously, using
equimolar quantities of methyl megnesium chloride and the
epoxy-ketone (33) and working rapidly at 0°, the epoxy-
carbinol (40) was obtained smoothly and in high yield. When
(40) was treated with aqueous 60% perchloric acid in ether
three products were isolated by preparative t.i.c. Two of
these were the epimeric carbinols (39), whose presence, al-
though anticipated, was seriously questioned for a period

of time. The difficulty arose as a result of the chemical

shift of the C, methine proton in (39), being about 14 below

2
the value normally associated with protons in similar chemi-

cal environmentsgo Unless one postulated restricted rota-
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tioa of the C(Ph)QOH Tragment, and a subsegquent deshielding
by the aromatic rings, it was difficult to rationalise the
observed spectral anomaly. AApotential sourcé of such hin-
dered rotation was the nosgibility of strong intrsmolecular
hydfégen bonding between the tert. hydroxyl group and the
ethereal oxygen as shown in structure (43). ™The molecule
did, indeed, show & strong intramolecular hydrogen bond in
the i.r. spectrum at 3570 cmfl. In order to dismiss sany
ambiguity associated with the structural scssignment to the
compound (43), it was decided to investigate the spéctral
properties of a simple model system - the tetrahydrofuran
(44). PFortuitously, its preparation had been recorded in
the literature; furoic acid (45) on catalytic hydrogenation,
esterification and treatment with phenyl magnesium bromide,
readily ellowed the isolation of cryétalline alcohol (44).
It was gratifying to observe that the methine proton at 02
did, indeed, show an unusually low chemical shift aty 5.11
in the n.m.r. spectrum. Furthermore, its solution i.r.
spectrum clearly demonstrated strong intramolecular hydrogen

1, unaffected by dilution) lending

bonding Cﬂggi§ 3567 cm.,
credence to the concept of restricted rotation of the di-
Phenyl carbinol moiety and its subsequent effect upon the
n.m.r, spectrunm. |
The third, unexpected product arising from the acid

rearrangement of the carbinol (40) wes the enol ether (46).
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It wes initially assumed to arise by simple dehydration of
the bicyclic carbinol (39). That this was erroneous was
estaeblished very readily; not only did the alcohol (39) prove
to be stable under the conditions employed in the acid re-
arrangement, but it also proved to be remerkably inert to
nornal dehydrating conditions. Thus thionyl chloride -
pyridine, phosphorus oxychloride - pyridine and acetic acid-
acefic anhydride were ineffective and only the more forcing
conditions of magnesivm sulphete, high tenmperature and re-
duced pressure resulted in loss of water leading to the
obtention of the enol ether (46). lMechanisticeally this im-
plied that the carbinols (39) did not arise by a concerted
nucleophilic epoxide ring opening follqwed by an intramole-
culerly-induced aniontropic rearrangement ofAthe tertiary
allylic carbinol (Scheme 4). The préducts may be accounted
for by invoking the capture of an allylic carbonium ion by
the oxirene heterostom (Scheme 5), the resulting tertiary
carbonium ion (47) then either losing a proton to furnish
the enol ether (46), or else undergoing intermolecular cap-
ture by wéter to yield the epimeric carbinols (39).
Irrespective of their mode of formation, however, both the
enol ether (46) and the carbinols (39) were considered to
be of synthetic utility in the final step towards the
$-lactone (9).

Huffman and coworker823 have been able to effect
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oxidative cleavege of the enol ether (48) with peracid to
furnish.g—butyrolactone. The close struectural sinilaruity
between (48) and the bicyclic enol ether (46) prompted en
immediate extrapolation of their reported reaction.
n-Chloroperbenzoic acid did bring about oxidative cleavage
of the enol ether moiety in (46); however, wﬁereas benzo-
pnenone could be isolated by preparative t.l.c., the other
reection products were devoid of the high carbonyl stretch-

. . . ‘ 2
ing frequency associated w1th.5—1actones 4

and their complex
n.n.r. spectra did not permit structural assignments. It
wvas clear that no X—lactone vas in evidence and verying re-
action conditions failed to remedy this synthetic stale-
nate, ‘
Attention was therefore focused upon the carbinols (39)
in the hope of achieving oxidation of the diphenyl carbinol

17 915 were Striklngly

fragment. Whereas literature analogieés
good, success was by no means_guaranteed,kas the enol ether
oxidation had forcibly demonstrated.

Initial attempts'to oxidatively cleave the-02~C; carbon
bond in (39) resulted in the isolation of starting material
only. Thus two molar equivalents of 8N Jones reaéent for
short but varying periods of time failed to induce the desi—‘
red transformation. Eventually it was found that an excess

of oxidising agent, for a period of 72 hours, resulted in

the formation of the K—lactone (9) ‘in a poor yield of 15%,
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spectral and analyticel date being completely in accord
wwith the assigned structure.

While this epprozch, finally, efforded the desired ma-
terial, the yields over the least two stages were disappoin-
ting, thus relegating this construction of the ¥ -lactone (9)
'from a possihle synthetically viable route to 2 mere mode
of formation. It was important, however, to achieve a high
yield synthesis of the §¥-lectone (9) and consequently a
different approach was adopted.

Conceptually the second method did not differ signifi-
cantly from the one described zbove. It modelled itself
closely on the work of lMeinwald and Frauehglass8, the initizl
aim being the synthesis of the bicyclic ketone (49). In the
event of a successful synthesis of (49) it was hoped to
effect an oxidative cleavage of the C,-C, bond and thus ob-
tain a 4,4-disubstituted cyclohexenone capable of further
trensformations to the X—laotone along previously discussed
lines. Since the rezction of ketenes with 1,3-dienes leads
to cyclobutanone formation25 rather then Diels-Alder addif
tion, other approaches were required for the synthesis of
structures corresponding to the 1,4 cycloaddition of é
—-CH,CO- unit to 1,3 dienes. The utilisation of &k -acetoxy-

28,29

acrylonitrile26’27, 2~chloroacrylonitrile , Vinyl

acetate3o’3l and, more recently, 2-chloroacryl chloride32

have been described for both cyclopentadienes and cyclohexa-
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30

dienes. Nislow had employed vinyl acetate and cyclohexe--
1,3-diene in the synthesis of the bicyclic acetate (5G).
The yields for the cycloaddition were poor, but since the
starting materials for the projected route towards the bi-
cyclic ke+tone (49), viz. the diene (24, RzMé) and vinyl
acetate, are readily available in large quantities, an
attempt was mede to effect the desired Diels-Alder addition
.in the hope of isolating the acetate (51). Varying reagent
quantities and both temperature znd pressure failed to pro-
duce the required transformation. The presence of 1,4-sub-
stituents in the diene component, coupled with the poor
electrophilicity of vinyl acetate, no doubt contributed to
the reluctance of the molecules to combine. ZEqually un-
successful were the attempts to bring about 4+27n cycloaddi-
tions between the diene (24, R=lMe) and nitropropene or
2-acetoxy-l-butenonitrile in an effort to synthesise the
bicyclie compounds (52) and (53) respectively. Intractible
mixtures of products were invariably isolated.

Eventually the successful route utilised 2-chloroacrylo-
nitrilé as the dienophilic component.‘ Initial runs were
conducted employing neat reagents and hydroquinone as stabi-
liser at 135°., This did, indeed, furnish.the desired bicyc-
lic chloro-nitrile (54), albeitin only 1l4% yield. A secon-
dary product of the Diels-Alder addition was the bicyelol 3,2,1.

octenone (55). Experiments under thermodynamic conditions
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have confirmed the generally-held belief that derivatives
of type (56) are more stable than (57); en approximate free
energy of isomerisation of 0.5 kczl./mole having been esti-
mated by Goering and Sloan33. Schleyer and coworkers34,
investigating the isomerisation of bicyclo [2,2,2] octane
and bicyclo [3,2,1] octazne found the latter to be thermo-
dynamically more stable and ascribed its stability entirely
to its more favourable entropy content, a consequence of the
greater symmetry associated with the bicyclol2,2,2]octane
skeleton. Rogers et. al.35, conducting similar investigations
of the bicyclic ketones (58) and (59) found the equilibrium
to lie én the side of the bicyclo[2,2,2]octenone (58).
Entropy factors have no doubt ceased to play a significant
role and the thermodjnamic equilibrium reflects the fine
balance of enthalpy content between the bicyclic ketones
(58) and (59). Isolation of the bicyclo[3,2,1]octenone (55)
demonstrates the relative instability of the bieyeclol[2,2,2]
octene (54) and its 2bility to rearrange under thermal con-
ditions. The appnended mechenism (60) is proposed to account
for its formation.

Hydrolysis of the chloro-nitrile (54) to the ketone
(49) proved to be an unexpected stumbling block for a con-
siderable period of time. Two analogous transformations
have been recorded; Freeman et. al?g, using aqueous potassi-

um hydroxide in methanol/tetrahydrofuran, have been sble to
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convert (61) into the ketone (14), Corey et. g;J36, em-
ploying agueous notassium hydroxide in dimethylsulrphoxide,
hes achieved a similer transformation in the synthesis of
the bicyclol2,2,1]heptanone (62). Neither of these experi-
mental conditions, however, achieved the desired effect
with the chloro-nitrile (54); invariably starting material
was recovered. Fortuitously, an alternate method of trans-
forming geminal chloro-nitriles to the corresponding ketones
was described by Evans and coworkers37. The chloro-nitrile
(54), on heating with sodium sulphide in ethanol, readily
furnished the ketone (49). Furthermore, the authors found
equinolar quantities of 2-chloroacrylonitrile and the diene
(24,R=lle), on refluxing in benzene and utilising phenothia-
zine as stebiliser, not only circumvented the occurrence

of the synthetically useless bicyclo[3,2,1]octenone (55),
“but also resulted in considerably improved yields of the
bicyclic chloro-nitrile (54). Using this method (54) was
obtained in a high state of purity in 60% yield.

A poinf not commented upon, and perhaps deserving
explanation, is the high regioselectivity of the Diels-
Alder addition. This problem has.received considerable
attention for a number of years38, but even now has conside-
rable vagueness associated with it; As ever, steric and

electronic factors have been cited with varying degrees of

emphasis. Electronic effects, manifesting themselves in the
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polarisetion of the diene and dienophile components, no
doubt play o pivotsl role in the formation of (54). The
involvenent of dipolar cheracter associated with the diene
(24,R=lie) *ties in with the present-dey concepts of electron-
releasing abilities of methyl and methoxyl substituentng.
Thus the methoxy moiety, in view of its superior electron
releasing power, polarises the molecule in the indicated
menner (63) eand aligns itself with 2-chloroacrylonitrile
with a minimum of repulsions in the transition state.

A number of ways of rupturing the C-Cg bond in the
ketone (49) were considered, the initial approach simply

40 oxidation to the lactone (64).

involving Beeyer-Villiger
The presence of the olefinic moiety in the molebule did not
detract from the merit of this scheme since a number of
workers have achieved the required selectivity in related
oxidative transformation88’36. However, the result of
treatment of the ketone (49) with m-chloroperbenzoic or tri-
fluroperacetic acids did not accord with previous experimen-
tal findings end the product isolated was the epoxy-ketone
(65). This result was a clear reflection of the relative
rates of the two reactions which the molecule could undergo
and suggested that the introduction of a bridgehead methoxyl
substituent severely retarded the rate of peracid attack

upon the ketonic moiety.

As has been previously mentioned, the bicyclic ketone
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(14) readily and selectively undervent Baeyer-Villizer

. . .8 X . . . .
oxidation~. The gquestion of relative migratory eptitudes
of substituents in Baeyer-Villiger oxidation has been exten-

sively investigated, the order of preference being tert.>

. 1 . . .
sec,.> pr1m.4 furthermore, the effect of npera substitution

o

upon phenyl migration has suggested the preferred order of
migration CHBO > CH3 > H 41. It may therefore be concluded
from these findings that the group which migrates preferen-
tially is the one best able to sustain a positive charge

in the transition state. .

This paradox between experimental result and theoreti-
cal prediction is more apparent than recl. Firstly one
must evaluate the true electronic role of the bridgehead
methoxyl group. The pronounced mesomeric phenomenon common

42

to methoxyl substituted aromatic systems nay be of secon-

dary importance in comparison with the -I effect of the
substituent in aliphatic systems43. Its function may there-
fore be one of destabilising the transition state. Further-

44 made the interesting observation

more, Sauers.and Ahearn
thet nor-camphor (66) and epi-camphor (67) are oxidized
considerably more readily to the corresponding lactones than
either camphor (68), fenchone (69) or l-methyl nor-camphor
(70). These reosults suggest thet a methyl bridgehead sub-

stituent introduces a substantial amount of steric hindrance

about the carbonyl group of bicyclic ketones and that the
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decreases in rates are caused by z decrezsed concentration
of adducts dvue to pseudo-cclipsing of addend with the metrnyl
group. This retionale may be extended to the bieyclic ketone
(49), steric and conceivably electronic factors working hand
in hand to render Baeyer-Villiger oxidation sufficiently
unfavourable for the epoxy-ketone (65) to become the kineti-
cally-favoured procduct.

An alternative to the Baeyer-Villiger oxidation which

45 of the

had been envisaged was a Beckmenn transformation
ketone (49) to the bicyclic amide (71). The conceptual
motivation for this reaction did not differ significantly
from that described for the unsuccessful Baeyer-Villiger
oxidetion. |

Refluxing the bicyclic ketone (49) with sodium acetate
and hydroxylamine hydrochloride in aqueous ethanol afforded
the oxime (72) as a crystalline, sharply melting compound.
Methods of effecting the Beckmann transformation are mani-
fold46; the method of choice involved the initial formaticn
of the toluehe—p—sulphonate derivative (73). Kuhara and
coworkers47 have demonstrated the ease of rearrangement of
such esters and since then the method has been extensively
employed46. Treatment of the oxime.(72) Qith sodium hydride
in ether and subsequent addition of toluene-p-sulphonyl

chloride at -78° did not permit isolation of the anticipated

tosylate (73); instead the enone-nitrile (74) was obtained
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. o . . 48
in 80% yield. The isolation of an cbnormel Beckmenn' o DT o—

duct was not surprising. Werner et. gl?g found benzoin
oxime (75) to undergo a fragmentation under similsr condi-
tions to yield benzonitrile and benzaldehyde, the reaction
being a fairly general one for &-keto - and of-hydroxy-oximes.
The abnormal Beckmann rearrangement of «-amino oximes has
also been extensively investigated by Grob50, who found both
8yn and anti isomers capable of affording nitriles, the
rates of fragmentation of the latter isomer being consider-

50

ably greater than those of the former as a consequence of
the more favourable disposition of electrons in the transi-
tion state (Scheme 6) of the anti compound. It was not easy
to assess the stereochemistry of the oxime (72). Solution
i.r. data showed & hydroxyl band at 3600 cmT' et high dilu-
51

tion, suggesting a free hydroxylic moiety and the existence
- of the molecule in the anti configuration (76). The pre-
sence of one isomer was also consistent with the n.m.r.
spectrum and the sharp melting point of the compound. It
seems likely that a concerted mechanism of elimination is
operational during the transformation (Scheme 7).

The enone-nitrile (74), on treatment with an eguimolar
quentity of methyl magnesium chloride at 0° readily and
selectively furnished the allylic alcohol (77), which on

treatment with concentrated hydrochloric acid in methanol

afforded the desired ¥-lactone (9) in 60% yield.
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The mode of lectone formation presunebly involves the
intermediacy of the species (78), intramolecular capture

of the secondary allylic carbonium ion by oxygen occurring
in tre menner shown in Scheme 8. The absence of any lactan
no doubt reflects the greater nucleophilicity of the oxy-
gen atom in the amide group, a feature illustrated by the
ready conversion of amides to imino esters by trialkyl-
oxoniumnm fluoroboratessg.

While this work was in‘progress an alternate and
efficient route to the ¥y-lactone (9) had been explored in
these laboratories. The considerable amount of effort de-
voted to the synthesis of the lactone (9) found ample
justification in the total synthesis of trichodermin (1)53.

Recently yet another synthesis of (9) has been commni-
cated54. The keto—-ester (79) on selective reduction of

the ketone moiety and subsequent acidification afforded

the ¥-lactone (9).
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Aoorosch tovardés Verrucsrol

With the gynthecis of trichodermin (1) entering on
anticipatory phase of development &t the hands of Lr. Col-

vin, e rationalisation of synthetic resecrch wes reg

uired.
Verruczrol (80C), the basic scsquiternenoid component
of a large number of the trichothecane group of mould

metabolite357

y was concidered a worthy target of synthetic
enterprise. Its moleculer architecture besrs a close
similsarity to trichodermiﬁ (1), the difference residing
in an innocuously appended hydroxylic function at 015.
However, time and egein apparently trivial structursl
modifications have belied the ultinate efforts recuired
to bring about their incorporation into a synfhetic route
and the approach towards verrucarcl (80) is a case in
point, strikingly illustrating the penalties and rewszrds
of working by analogy. .
The general synthetic strategy towards the tricho-
thecenes persevered. Indeed, there was no reason to doubt
the synthetic utility of a cis-fused X—lactone intermediate,
the requisite precursor, in an extrapolated synthesis to-
wards verrucarol (80), becoming the hydroxy-lactone (81).
The angular hydroxymethyl group was initially conceived in.
the form of a tertiary carboxylic moiety which, at an opp-

ortune stage, could be transformed into the desired primery

alcohol. Consequently, the initial approaches were directed
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tovards .obtention of the cis-fused ¥-lectone acid (82).

The originally-conceived route had a pleasing simpliéiﬁy,
but suffered rather prematurély from its impracticability.
The synthetic spproach necessitated a Diels-Alder =ddition
between itaconic acid (83) and l-zcetoxy-3-methylbuta-1, 3~
diene (84). The first operation consisted of the synthesis
of the diene component. Price gj_gl?B have paved the way
towards the synthesis of a number of simple crotonsldehyde
derivatives. Thus, methyl magﬁesium iodide addition to
the keto-acetal (85) afforded the tertiary alcohol (86),
which on treatment with agueous sulphuric acid and subsequ-
ent steam-distillation of the resction mixture allowed the
isolation of 3,3-dimethylcrotonaldehyde (87). The o¢,B-uns-
aturated aldehyde, on heating with potéssium acetate-ccetic
anhydride at 140° for 6 hours, gave rise to0 a mixture of
the isomeric scetoxydienes (84) and (84a) as indicated by
n.m.r, spectroscopy. The stereochemical composition of the
diene mixture was of no consequence to the subsequent Diels-
Alder reaction. The only stereochemical control which was
felt necessary was in the orientation of the reacting com-
ponents with respect to each other. In the event of this
prerequisite being met, a mixture of the diastereoisomeric
cyclohexene derivatives (88) was anticipated, with the
Possibility of both cis and trans lectones being produced

in the subsequent hydrolysis and acidification of the Diels-
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Alder sdducts. X—Hydroxy—acids, of course, undergo cyclis-
ation to cis-fused lectones very readilyA, in contrast to
the sluggish mode of trans ring closure. The isolation
of.igggg—fused materisl was nct anticipated to be = nmajor
problem. The Diels-Alder addition, however, failed to mat-
erialise. Itaconic acid (83) and the dienes (84) znd (842)
were subjected to a variety of reaction conditions without
eny adduct ever being in evidence. In hindsight, it is
felt that justice was not done to the resction, and that
dimethyl itzconete (89) or itaconic enhydride (90) mey have
afforded the necessary degree of electrophilieity in the
dienophilic component to bring ebout the desired cycloadd-
ition.

Often in the course of synthetic work one or two key
ideas provide the stimulus for further investigation. The
ideas in question pertain to the mode of synthesis of the
¥-lactone (9), thus elevating the enone diester (91) to a
role of primary importance. The methodology of the subse-
guent transformative steps of this compound needs no re-
appraisal, having been discussed in the context of the enone
ester (20).

Fortunately, the synthesis of the enone diester (91)
had been recorded in the literaturesg. Thus, formylation
of diethyl succinate with ethyl formate gave the formyl

diester (91z), wvhich on trestment with potassium tert. but-
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oxide in tert. butenol and benzene, followed by addition of
nethyl vinyl ketone, aiforded the Lichezel adduct (93).

This keto-cster (93) readily underwent intramolecular sldol
condensation, allowing the isoletion of the derived enone
diester (91). It wes the ususl przctice, at this juncture,
to effect purification of the enone (91) via its semicarb-
ezone derivative. These transformetions are outlined in
Scheme 9.

Exposure of the enone diester (91) to an eguimolar
enount of methyl magnesium iodide at 0° over a short period
proceeded in the anticipitated manner, the greater electro-
philicity of the ketone carbonyl over the ester group en-
suring a high yield conversion of (91) to thebcorresponding
carbinol (92). The alcohol (92) proved to be a rather un-
stable compound znd as a rule Was.employed in subsequent
transformations without purification. The remaining tasks,
in theory, were trivial; base hydrolysis followed by acidi-
fication was expected to yield the ¥-lactone acid (82). A
degree of caution was initially exercised: this erose from
the recognition that the intermediate dizcid (94) was ﬂ;(—
unsaturated and, from general experience, vias capable of
decarboxylating in acidic media (Scheme 10)60. In an
ettenpt to circumvent this potential difficulty, studies

‘were initiated to achieve a selective hydrolysis of the

primary ester linkage in (92). While aqueous methanolic






votassium cerbonate in verying degrees of concentrztion

H
H

11led to achieve this objective, aqueous 1N sodiuwn hydrox-—
ide proved successful, end on acidification, the ¥-lsctone
ester (95) was obtained. The seme product was also the out-
ooﬁe of 6Qﬁ sagueous perchloric acid-ethenol treatnent of

the alcohol ester (92).

This circumspect procedure, in the end, proved unnecesc-
ary. Vigorous hydrolysis of (92) with en excess of 4N
sodium hydroxide and subsequent acidification afforded a
brown mass, from which the ¥ ~lactone acid (82) could be
isolated as a colourless solid by crystsllisation. The over-
2ll yield from the enone (91) was 40%, and allowed the lzc-
tone (82) %o be procured in batches of 10 g. and more.

A point of considerable importance wes the stereochem-
ical composifion of the isolated ¥-lsctone. The cis-fused
nature of the previously synthesised lactone (9) has been
alluded to in earlier discussions, without resorting to any
justification for this assignment. It is true that the
ultimate conversion of (9) into trichodermin (1)53 renoved
- all stereochemical dubiety. At the time in question, how-
ever, there was no rigorous viay of establishing the perti-~
nent stereochemistry in (9). The optimism associated with
the assignment of a cis ring fusion was founded upon two
pertinent facts. The ¥ -lactone acid (82) readily undervient

base hydrolysis, and on acidification at 0° was almos?
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spontzneously regenerated. This observetion vpoinited 1o =2
cis disposition of hydroxzylic cnd cerboxylic moieties, in
acco=d with previous experience. This deduction was rein-
forcéd bx & consideration of the mechenism of lactonisation.
It ie of no consequence whether one assumnes the ¥ lzctone
to erise from the cationic intermediate (96), or == & res-
ult of an SN2' process6l, as shovn in Scheme 11, A con-
sideration of the two.possible transition states, shown

in Schemes 12 znd 13, 2nd ﬁanipulation of Dreiding models
rapicdly leads to the overwhelming conclusion thet cis lac-
tone formation should be the kinetically favoured pathway.
The trans lactone (97) could of course be constructed fron
models, zlbeit with considerabl& more strain than was in-
volved in the case of the gig isomer, and since an energy
difference of only z few Kcal./mole suffices for specific
product formation in kinetically competing reactions, it
was fTelt fhat lactonisation had been accomplished affording
the.gig—fusedé’-lactone (82), with complete exclusion of
the trans isomer. UN.m.r. data confirmed the homogeneity

of the lzctone acid (82) and subsequentiy g.l.c., spectral
and wltinmately X-ray evidence of its derivatives rigorously
confirmed this contention. The incorporstion of a carboxyl-
ic moiety into the moleculer structure of (82) started to |
pay €éividends in the subsequent reaction step.

A primary hydroxyl group hzd to be introduced at the
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A/B ring junction in = sufficiently selective manner to

A
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e
(0]

into account the highly electrophilic cnd stericelly
less congestedJX—lactone carbonyl moiety. The method of
choice utilised the acid chloride (98), vhich was readily
evaileble, as & highly hygroscopic solid, by exzposure of

of the ¥-lectone acid (82) to oxalyl chloride in methylene
chloride end dimethylformemide. Parenthetically, it mey
be noted that thionyl chloride proved o less effective
reagent, even after prolonged reaction times. Reduction of
acid chlorides with sodiwnm borohydride is well-zuthenticat-
ed62, énd generally has been found to proceed both rapidly
and cleenly. Furthermore, sodium borohydride is not notably
subject to ordinary steric effects, thus allaying any nis-
givings associated with the relative acceesibility of the
two reducible sites in the molecule (98). However, select-
ive reduction proved to be decidedly troublesome. A large
excess of reducing agent, in dry dioxan, over a period of

50 hours &t room tempersture resulted in over-reduction;
i.r. deta showed the ebsence of the ¥-loctone carbonyl
stretching frequency in the isolated product. On the other
hand, the reaction of the acid chloride (98) with an equi-
molar quantity of sodium borohydride was extremely sluggish.
It is superfluous to discuss the various reaction conditions
employed in an attempt to achieve the requisite degree of

selectivity; ¥ -1octone alcohol (99) was isolable in a number
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of runs, the yields never exceceding 305%. Optimum conditions
vere eventually hit uvpon. Thus, the scid chloride (98)

was treated with a five-fold molar excess of sodium boro-
hydride in dry dioxan for three hours at room temperature
and then for a further 0.5 hour zat &5°. ork-up afforded
the ¥-lactone alcohol (99) as a highly crystalline compound
in sn overall yield of 73% from the scid (82). This process
was temperamental in neture, however, and was only consist-
ently reproducible by adherence to rigorously forrmulated
experimental conditions, and furthermore, it was only avp-
licable on the 1-2 g. scale, since increeses in resgent and
reactent quantities resulted in correspondingly diminished
yields. This result made a large scale synthesis of the
alcohol (99) a tedious task, but since runs could be condu-
cted simultaneously on several batches of the‘acid chloride
(98), the speed of formation of (99) was not severely aff-
ected.

At this juncture, and in order to establish the stereo-
chenistry of the ¥ -lactone alcohol (99) unequivocelly, &
direct method threce-dimensional X-rey enalysis was carried
out on the molecule63. The results of this effort, showm
in the appended diegrams (100) and (101), establish beyond
any doubt the cis-fused nature of the ring skeleton, and
confirm the earlier stereochemical speculations.

The satisfzctory solution of the synthetic problem ass-
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ociated with the alcohol (99) heralded & new phese in the
approzch towarés verrucarol (80). The time hed come o
test thie concepts 2lluded to in the initizl appraisal of the
overzll synthetic strategy. Fundamental was the w»roblem
of ¥ -1lactone ring expansion to o suitably functionalised
oxadeczlin derivative. The exploratory and encoursging
viork on the prototype, trichodermin (1), concurrently nur-
sued in these 1aboratories, led to the rezsonable belief
that the x—lactone alcohel (99) should be cavable of anal-
ogous transformations. |

The first task was the introduction of a methyl group
adjacent to the ¥ -lactone cazrbonyl function in (99). An -
anclogous elkylztion hed been achieved in the éese of the

corresponding lactone (9) in the trichodermin ceries’s.

The method of choice utilised lithium di—isoprOpylamide64
end methyl iodide. Before proceeding with the methylation
- however, it was desireble to immunise the primsry hydroxyl
from the reaction conditions less it should, in eny way,
interfere with the alkylation procedure.. Consequently,
treatment of (99) with dihydrepyran in benzene and vhosph-
orus oxychloride, over & period of 1.5 hours, allowed the
isolation of the tetrahydropyranyl ether (102). 'Monoalkyl—
ation proceeded without difficulty. Thus, treatment of
(102) with 1.1 equivalents of lithium di-isopropylamide in
ether, followed by methyl iodide, afforded the methylated
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¥-lzctone (103), after column chronztogrrnhic vurification,
in sn overzll yield of 50% from (99). The alkylaction
werrants discussion from two standpoints. It vwas non-ster-
eospecific and as such deviated from the znalogous methyla-
tion in the trichodermin series. “hereas this in itself
vies of no conseguence to the overall synthetic pursuit-
the esymmetric centre‘was destined-to be destiroyed at a
later stage- it had its remifications in the t.l.c. behev-
iour of the compound. The materizl ran as a number of
overlapping bands cnd gave prior warning that indiscriminate
introduction of further asymmetry into the the molecule
might present problems in the monitoring and isolation of
reaction products. The use of a tetrahydropyranyl protect-
ing group in the case at haﬁd had two distipct drawbacks.
It both created a new chiral centre and obscured e diagnost-
ic region of the n.m.r. spectrum. These reservations appea-
red of ninor significance with the realisation fhat the
stage was set for a crucizsl elaboration of the lactone (103).
At the outset, it was intended to effect mono-zddition
of 1lithio 3,3-diethoxypropyne (105)®% to the lectone (103)
and subsequently elaborate the resulting heﬁi-acetal (106)
to an oxadecalin systen. |
Lithio and magnesio salts of the zcetylenic derivative
(104) nave, in the past, been employed in nucleophilic

additions to both aldehyde and ketone functional groups.
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Thue ierd et. al, 7 achieved a 60% conversion of pronio-

naldehyde to the corresponding seccondary slcohol (107).
liauge and coworkers68 similarly converted ethyl methyl
ketone into the carbinol (108) =nd Corey et. a1.65 have
employed this reagent in the synthesis of caryophyllene.
Ko additions to lactones, however, have been recorded.

The choice of s x-lactone as & synthetic intermediate
was & discriminate one, however, arising from the knovi-
ledge that five-membered lactones tend to spproximate to
cyclohexanones in the behaviour of their carbonyl grouning
towards some orgaﬁometallic reagents. Grignard addition
to the lactones (109) and (110) for ihstance; results in
the incorvoration of only one mole of reagent, affording
the hemi-acetals (111)69 and (112)70 respectively. ILiore
reassuring was the knowledge that the lactone (8), on
treatment with two molar equivalents of the lithio salt
(105) furnished, in high yields, the hemi-zcetal (113)°3.

In the event, the X—lactone-tetrahydropyranyl ether
(103),.under identical conditions, did not behave in the
anticipated manmner. T.l.c. and i.r. analysis of the
reaction mixture pointed to the presence of both starting
materizal and product (106) and preparative t.l.c., despite
sacrificial cuts in the isolation of the newly-formed
material, faziled to remove the lactone contaminant (103).

N.m.r. dota was by no means unequivocal in a structural
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cssignuent of the isolated materisl but, nonethelecs, had
features compratible with thie presence of tie heni-zcetzl
(166}. An exirapolation of the rezction sequence was
czlled for with the crude materiel in hend, in the hope
of achieving a catisfactory charecterisation of the reac-
tion products at.a later stage.

Sodium borohydride reduction of (106) introduced =
anotiecr degree of complexity. This time the only tengible
evidence which the reactidn products offered as to their
identity, was the high intensity hydroxyl bands in the i.r.
In the forlorn hope that the crude mixture, nontheless,
contzined the desired diol (114), two further reactions
were carried out; sodium-liguid emmonia reduction of the
acetylenic bond end subseaquent acid catalysed rearrange-—
nent of any olefinic-diol to the chromenol (115) (Scheme 14).
An examinstion of the multitude of products obtained at
the end of this reaction sequence showed that this
portmenteau approach héd not been successful; no chromenol
wes in evidence. _

A considerable amount of both time‘and effort was
devoted to circumventing what was considered to be the
prime—cause of =211 subsequent difficulties - the addition
of the lithio sa2lt (105) to the lzctone (103). However,
varying reagent quantities, reaction times and the utili-

sation of Grignard derivatives of the acetylene (104)
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offered no solution to the problemn.

A reappraisal of the verruczrol synthesis wes czlled
for in terms of overconing the destructive influence of
the tetrﬁhydropyranyl protecting group. ‘herein l&y the
inability of the lactone (103) to undergo complete conver-
sion to the hemi-acetal? The evidence zssembled in a
large number of runs strongly suggested that the lithio-
acetylide addition was capable of undergoing reversal,
as was evidenced by the complete inebility to isolate a
reasoncbly pure sample of the hemi-acetzl (106). This
contention found justification in the work of Heilbron

al.71

et. who failed to obtain a pure samvle of the alco-

hol (107) and whose results have been rationalised by

67

Ward and coworkers ', suggesting decomposition of the com-

68

pound (107) into its parent components. Mauge et. al.’

in fact, have demonstrated the instebility of (107),
showing it to be converted.into propionaldehyde and
1,1—diethoxy—prop—2—yne‘(104) on heating to 140°.

The function of the tetrahydropyranyl linkage can be
but one therefore - to encourage the equilibrium to the
side of the'addends and thus render hemi-acetal formation
a thermodynamically unfavourable process. It mey well be
that the steric bulk associated with the protecting group
in (103) is such as to congest the proximity of the X—lac—

tone carbonyl group. This congestion then reflects itself
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in a corresponding increase in the ground-state energy

of the hemi-ecetal (106) and its subsequent Ffecility to
extrude any nucleophilic eddend in order to revert to its
former state of épz hybridisation (3cheme 15).

A different protecting group for the primery hydro-
xyl in (99) was required and the trimethylsilyl derivative
(116) wes readily cvailable by treatment of the lactone-
alcohol (99) with trimethylsilyl diethylamide in acetone.

Alkylation of (116) with lithio di-isopropylemide/
methyl iodide again afforded a mixture (4:1) of epimeric
lactones (117), as evidenced by n.m.r. and g.l.c. a2nalysis.
The trimethylsilyl group, however, did not engender the
requisite degree of protection demanded by reaction con-
ditions and on treatment with the lithio salt (105) under-
went cleavage of the 0-Si bond to afford the lactone (118).
Stork and coworkers72 have employed the addition of methyl
lithium to trimethylsilyl enolates in their investigations
of specific enolate formations of ketones and the above
observation serves to demonstrate the high degree of
nucleophilicity associated with the lithio-acetylide (105).

Equally unsuitable was the use of the lactone-ester
(119). It had been obtained by alkylation , with lithio
di-isopropylamide/methyl iodide, of the lactone acid (82)
and subsequent esterification with ethereal diazomethane.

Once more a mixture of epimeric lactones was isolated
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which on trestment with (105) led to a gamut of products
resulting in the abandconrent of the reaction.

If storio reasons were germene to tle difficulties
observed in the previous discussion it was logicel to
concentrate on the use of a protecting group which closely
approximated to the inoffensive, angular nmethyl group of
the lactone (9). As a result studies were directed to-
wards the obtention of the methyl ether (120).

Of late there have been a number of sufficiéntly mild
methods developed for the cleavage of methyl ethers in
aliphatic systems. Thus treatment of optically active
ether (121) vith carbon tetrachloride/iodine/sodium boro-
hydride had allowed the isolation of the alcohol (122)

73 and Corey et. a1.36 have employed

without racemisation
boron tribroﬁide in their conversion of the ether (123)
into (124). 1In the event of a successful synthesis of
(120) and subsequent elaboration of the molecule, it wes
anticipated that the use of either reagent would have
alloved the methylated primary hydroxyl to be regenerated.
Unfortunately methylation of (99) wes not easily
achieved and; in the end, in 30% yield at best. The
methods employed were menifold and made use of the many
standard procedures recorded in the litersture for achie-
T4

ving such objectives' . The reagents employed are recor-

ded briefly in the experimental section and mostly were
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without effect, starting meteriesl inverizbly being re-
covered.. However, when the ¢ -lactone zlcohol (99) vias
treated with an excess of sodium hydride in dimethyl-
formemide for 2 hrs. at 80v, followed by addition of
methyl iodide and further heating for 15 hrs., the methyl
ether (120) could be isolzted by preparative t.l.c. in
a depresgingly low yield of &%. The primary product of
this reaction was & 2:1 mixture of the isomeric spiro-
lactones (125) and (126) és indicated by n.m.r. This
unexpected transformation may be explicable on the grounds
of base induced equilibration of the lactone alkoxides
(127) ana (128), either of which is capable of being
trapped by methyl iodide. The secondary allylic ether
(129) then thermolyticzlly extruding methanol with the
formation of the dienes (125) and (126) (Scheme 16).
Pormation of these spiro-lactones was not confined
to the above-mentioned reaction, but was also observed on
exposure of the §-lactone alcohol (99) to methyl fluoro-

sulphonate76

end triethyloxonium fluoroborate, in methylene
chloride, at ambident temperature. Mechanistically the
spiro-lactones may be considered to arise by fragmenta-
tion of the lsctone ring to afford the esters (130) and
(131), intramolecular esterification then leading to (126)

and (125) respectively (Scheme 17).

By reducing the contact time tetween sodium hydride
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end the lzctone (99) to 0.5 hr. end then proceeding in
the »nreviously described nonner, yields of the nethyl
ester (12C) were raiszed to 30%. This in itself, however,
was far from satisfactory in e projected synthetic schene
necessitating a large number of complex transformaticns.
Because of this end in view of the fect thaet work chennel-
led zlong nerginelly different lines was showing the first
signs of real success, the methyl ether (120) was discoun-
ted from being of further utility. |

Chlcrodimethyl ether has been employéd in the protec-
tion of hydroxylic substituents; its use, however, hes

17

been lergely confined to phenols and has not been ex-
tended to aliphatic systems in any large degree. Its
synthetic utility is twofold: it does not introduce any
additional asymmetry into the moleculear structure and its
effect upon the n.n.r. spectrun is minimel, normally con-
sisting of two singlets at¥ 6.6 and? 5.4.

At the outset attenpts were made to effect conversion
of the ¥ -lzctone alcohol (99) into its methoxymethyl
derivative (132) by treatment of (99) with pyridine and
chlorodinethyl ether in methylene chloride. These efiorts
vroved singulerly unsuccessful, invariably affording
starting material. However, on dispensing with methylene

chloride as cosolvent, and working with neat reagents,

(132) could be isolated in 53% yield after'chrqmatographic






~83—-

purification. The method involved zddition of chloro-
dimethyl ether to o solution of the lectome (99) in dry
pyridine, work-up &nd threefdld recycling then furnishing
the desired methoxymethyl-lectone (132). By reversing
this procedure, viz. adding the pyridine to a solution
of the lzctone (99) in chlorodiméthyl ether, the yields
are merkedly reduced, & by-product of the reaction being
the spiro-lactones (125) and (126). This, in view of the
results with methyl fluorosulphonate, hinted that forma-
tion of (132) involved heterolysis of chlorodimethyl
ether and capture of the methoxymethyl carbonium ion by
the lactone primary hydroxyl group.

The method was tedious and alternative experinental
conditions were sought in an effort_to improve yields
and shorten the reaction times. ‘/hen the ¥-lactone (99)
was treated with avtwenty—fold excess of sodium hydride
for a few minutes at 65° and the mixture then cooled and
treated with chlorodimethyl ether, the lactone ether (132)
was agsin obtained in 52% yield. In view of the simplici-
ty of the procedure this became the method of choice in
all subsequent runs.

When the lactone (132) was treated with lithio di;
isopropylamide64 and methyl iodide, the methylated lactone
(133) was isolated in quantitative yield. Furthermore,

the alkylation proved to be stereospecific, the compound
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apprearing &s a single sherp pezk on g.l.c. with its n.m.r.
spectrum exhibiting a2 clean doublet for the C7 nethyl
group.

It may be useful to recen that of the five lactones
alkylated in these investigetions, under essentially
identical conditions, only (9) and (132) showéd total
specificity in their incorporation of the methyl group.

78 it may be argued that

By analogy with cis-fused decalins
alkylation, under conditions of kinetic control, ﬁould be
expected to proceed from the sterically more accessible
convex side of the molecule., It seems likely, however,
that the methylated lactones correspond to products arising
as a result of thermodynamic control snd the results for
each methylation will have to be rationalised in terms of
the energy inherent in the individuel diastereomers.

The lactones (8) and (133) differ in one important
aspect from (lo3) and (117). This difference lies in the
steric bulk of the angular substituent in the laiter group
of compounds. The interaction between an o disposed 07
methyl and the anguler grouping being sufficiently signi-
ficant to give rise to some of thé B isomer. With the
lactones (8) and (133) the reduced 06—07 substituent in-
teraction has to be tempered with a corresponding 05—07
nonbonded repulsion, the latter assuming sufficient im-

portance for the reaction products to become exclusively
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theti—c7 nethyl isomers (Disgram 1).

Arguments of this nature ere tenuous in the extrenec
ond in the absence of further evidence the o assignment of
the C, substituent in (133) has to be treated with the
caution wvhich it warrants.

A larpre smount of time had been invested in erriving
at a molecular structure (133) which now had to be subjec-
ted to the very conditions which had proven to be abortive
in the case of the f-lactone-tetrahydropyranyl ether (103).
The stereochemical complexities of (103)- four diastereomers
had been present —had been circumvented and the steric size
of the tetrahydropyranyl grouping reduced to that of an unbr-
anched array of carbon and oxygen atoms. The question of
how the recelcitrant cerbonyl moiety woﬁld behave towards
nucleophilié attack was quickly resolved. Lithio 3,3-di-
ethoxy provyne and (133) were allowed to react at -78°
and the nmixture warmed to room temperature over one hour.
The i.r. spectrum of the crude meterial pointed to the
vresence of o week lactone band at 1770 cmfl also exhibi-
‘ting an intense hydroxyl stretching frequency. The pre-
sence of a little starting material was also evidenced by
t.l.c. Preparative t.l.c. furnished & reasonably pure
sample of the hemi-scetal (134) exhibiting, nevertheless,

a weak ¥-lactone band in its i.r. spectrum. It wés clear,

however, that the reaction had been a success,



Scheme 18



It may be mentioned that the nor metiyl lactone (132),

on treatment with the lithio acetylide (21.05) nad seffordcd -
the heni-ccetal (135) in near quentitative yield, lending
crecence to the concept of steric interaciions sos a major
ceuce for the retro-scetylene reaction.

Treatment of the hemi-scetal (134) with an excess of
sodium borohydride in aqueous ethanol proceeded snoothly
and the diol (136) was isolable as a tightly running bend,
after preparative t.l.c., in en overall yield of 50% from
the lactone (132).

It was then required to effect a partial reduction
of the acetylenic bond in (136) to give the olefinic-diol

(137). In the trichodermin series a selective reduction
had been achieved employing Lindler catalyst79. \Whereas
the reduction of the diol (138) had proceeded without
difficulty to afford the cis olefinic-diol (139); subse-
quent attempts to bring about hydrolysis of the scetal
linkage, however, had resulted in the obtention of the
vfuran (1392), see Scheme 18. In order tp circumvent this
problem it was decided to use sodium-liquid ammonia53’ 67
and prepare the trans olefinic-diol (137). Such an
approach, however, was tempered with a considerable degree
of cavtion, since it is a well established fact that |
benzylic and allylic ethers and alcohols are capable of

undergoing hydrogenolysis with cleavege of the C-0 bondgo.
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The fission of =2llylic alcohols in this manner is often
encountered in terpene chemistry, viz. the conversion of
sebinol (14C) intod/—thujene (141)81; similarly (142)
gives rise to (143)82 and the acetylenic carbinol (144)
is converted into the olefin (145)81.

The diol (136) is richly e¢ndowdd with reducible sites ,
no less than two allylic alcohols and.a similar number
of allylic ethers being in evidence. The frail nature of
this array of functionslity wos immediately obvious, since
only prolonged experimentation involving variations in _
rcagent quantities and reaction times, afforded acceptable
yields of the olefinic-diol (137). The course of the
reduction was easily ﬁonitored by t.l.c., the olefinic-
diol (137) staining with a characteristic cherry-red
colour on development with Ceric (III) spray.

It was thén intended to hydrolyse the diethyl-acetal
linkage to the corresponding o,p unsaturated aldehyde (146)
and subsequently bring about an intramolecular Iichael
addition to the chromanol (147). Special mention, however,
should be made of the simple fact that the molecule
possessed two hydroxyl functions,.the primary grouping
protected ss an acetal moiety. It was with trepidation
that fhe hydrolysis was approached, since it was abundant-
ly clear that only a selective cleavage of the diethyl-

‘acetal could be tolerated at this juncture. Freeing the
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primery hydroxyl of its protection could result in its
competition for the o, B unsaturated aldehyde linksage
leading to the spiro oompoun& (148), as shovm in Schenme 19.

In the event, treatment of (137) with buffered ace-
tic acid at room temperature for 18 hours allowed the
chromanol (147) to be isolated in an overall yield of
24% from the & -1zactone (132). None of the alternate
lMichael product (148) was observed. The molecule (137)
had behaved admirably; not only did acetel hydrolysis
occur in a selective manner, but the desired Ilicheel
addition had proceeded concurrently. In view of all the
aforementioned difficulties the obtention of (147) was
viewed with immense satisfaction, since it vindicated
all the earlier speculetions pertaining to an overall
synthetic approach towasrds verrucarol (80). From a prac-
tical point of wview it should 5e mentioned that the trens-
formations depicted in Scheme 20 were best carried out
by deleting purification »rocedures at the individual
stages. This resulted in an overall inmproved yield for
the chromenol (147).

It was then required to bring about a ring closure
between carbon atoms 4 and 5 resulting in the formation
of a trichothecane skeleton. It was originally antici-
pated that this objective could be realised by an inter-

nal aldol condensation of the keto-zaldehyde (149) utili-
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sing the suitebly disposed carbenion ot C5 end the zlde-
hyde group (Scheme 21), Tormel aldol conditions, as work
in the trickodermin synthesis had forcibly demonstrated53,
were to no avail in as much as the aldol product (150)

wes never isolated. As e result an alternative route was
emvloyed.

It hes been shown that enol lactones of type (151)
are capeble of undergoing redﬁctive cyclisation to yiecld
bicyclol 3,3,1]nonane derivatives (152)83 with lithium
hydridotri-t—butoxyaluminate84. The two most striking
features of the rearréngement, the necessity for a double
bond to be exécyclic to the lactone ring in the substrate,
end the stereospecificity of the process leading to the
bicyclic ketol, heve been accommodated in a proposed
nechanisnm for this transformatidn83. Efforts were thus
channelled towerds a synthesis of the enol lactone (153).

Oxidation of the hydroxy-aldehyde (147) with Corn-
forth’s reagent85 afforded, apart from considerable quan-
tities of polymeric material, an acid fraction which, on
treatmeht with ethereal dizzomethene,and preparstive t.l.c.
furnished two crystalline compounds. The less polar one,
iéolable in 8% yield, was shown to be the keto-ester (154)
by n.m.r., i.r. and analytical data. The more polar

compound was the hydroxy-ester (155) obtained in 30% yield.

The relative inaccessibility of the secondary hydroxyl
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groun to the oxidising cgent is reflected in the rztio of
the isolated products, since it is a well-suthenticoted
fTact that oxidation of alcohéls normally proceeds at é
fester rete thoan that of aldehydes86. The neutral frac-
tioﬁ afforded a small cgusntity of a product exhibiting

a strong ¥-lsctone band in the i.r. G.l.c. showed it to
be 2 nixture of two components to which structures (156)
and (157) were tentatively assigned.

The small amount of lactonic material obtained in
the oxidation raises an interesting point as to the stereo-
chemical meke-up of the hydroxy-ester (155). It may be
anticipated that any Elﬁ orientated hydroxy—acid (158),
as a consequence of the Cornforth work-up procedure,
involving‘acidification of the rezction mixture, would
have undergone cyclisation to afford the lactones (156)
and (157). Isolation of the hydroxy-acid (158) implies

that the 02~C substituents are in a trarns relation to

12
one another end that the hydroxy-ester (155) corresponds
to a mixture of diastereoisomers with the relative con-
figurations (155a) and (155b).

The next stage in the drive towards the enol lactone
(153) was the oxidation of the hydroxy-ester (155) to the
corresponding keto-ester (154). This was readily achieved,
in 85% yield, employing dicyclohexylcarbodiimide -

dimethyl sulphoxide87. In an attempt to eliminate two



A=B=C=Carbon, vinyl sulphonium ylid rearrangement;

A=B=0Cxygen, C=Carbon, Pummerer rearangement;

*

A=0Oxygen, B=C=Carbon, Stevens rearrangementgo

Scheme 23



Scheme 22
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recction steps from the overall conversion of the
hydroxy-aldehyde (147) into the keto-acid (159), it wes
a2t one stage decided to atteﬁpt oxidetion of the hydroxy-
acid (158) under the zbove-mentioned conditions. Indeed,
a small quantitity of (159) was obtained, the prinsry
product of the reaction, however, being the thiocester (160).
To account for its formation one has to invoke a dicyclo-
hexylcarbodiimnide induced condensation between dimethyl
sulphoxide and the hydroxy-azcid (158), a [2,3]-signmatro-
pic rearrangement of the ylid (161) and subsequent oxida-—
tion as shown in Scheme (22). Obtention of the thioester
(160) may be likened mechanistically to the transforma-

88

tions observed in the Pummerer rearrangement and the

conversion of vinyl sulphonium ylids to thioethers89
(Scheme 23)

Subsequently it was discovered that Jones oxidetion’?
of the hydroxy-aldehyde (147), followed by esterification
and preparative t.l.c. also afforded the keto-ester (154)
in 30% yield. This simplification of the reaction'
procedure had been initially discounted in view of the
suspected acid lability of the acetal linkage in (147).
That these fears were inconsequential was forcibly illus-
trated by the great difficulty with which the acetal
moiety lends ifself to hydrolytic cleavage.

With the obtention of the keto-ester (154) the
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apvrocch towards verrucarol (80) entered its finel phese.
In order to convert (154) into the enol laoctone (153),

the keto-ester was hydrolyséd with dilute sodium hy-
droxide in methanol to the keto-scid (159) and the latter
compound refluxed with three equivalents of sodiun acetate

in acetic anhydride91

over a period of 3 hours. This
gave rise to two compounds as indicated by both t.l.c.
and g.l.c. Careful and not always reproducible prevara-
tive t.1l.c. allowed 2 separation of the mixture into two
viscous oils. I.r. snd high resolution meass spectral
data were indicative of enol lactones with a molecular
formula of 016H2205 and structures (153z) and (153b)
were assigned on the basis of n.m.r. evidence without
being able to differentiate between the two compounds.

The possibility of the presence of the enol lactone
(162) wzs discounted, the structure being incompatible
with the n.m.r. deta at hand. Thus both enol lactones
exhibited an eight line AB part of an ABX system, the
coupling constants JAK and Jg. being 11.81 Hz., 9.5 Hz;
and 7.19 Hz. and 11.5 Hz. respectively. The presence
of (162) would necessitate one to postulate an ABX system
comprising the protons at C3 and CS' Theoretical predic-
tions of homoallylic coupling constants, based on valence-

bond formalisms, predict a maximum coupling of 4.99 Hz.92

and experimental evidence tends to surport this93,
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It would be vnrezsoncble to ascribe & twofold increase

in the magnitude of the homosllylic couplings in order
to cccommodete structure (162). On the basis of this
evidence, as well as the chemical shift which one would
have to zscribe to the allylic Cs methine proton, ¥ 5.4

in the case in point, the enol lzctone. (162) was discoun-
ted from being a reaction product.

Of the two epimeric enol lactones (153a) and (153b)
only the ﬁ epimer was capable of giving rise to a tricho-
thecane-1like skeleton on reductive cyclisation. It was
argued g priori that the trensition state leading to the
trichothecane carbocyclic ring system would, in any event,
be the energetically more favourable one (Scheme 24).

The unfavourable disposition of rings A and C in the alter-
nate pathway (Scheme 25), involving (153b), was clearly
seen from molecular models. VWork in the trichodermin
series had vindicated this belief in the sense that only
the ketol (150) was the only tricyclic material isolated
from a mixture of the epimeric lactones (163)53.

However, the enol lactones (153a) and (153b) failed
to undergo cyclisation on treatment with lithium hydrido-
tri-t-butoxyaluminate in ether. The reaction products

were investigated for any high carbonyl stretching frequen-

94

cies, associated with bicyclo[3,2,1]octan-8-ones”’”, but

t0 no avail. Starting material was usually recovered



Scheme 26
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together with two compounds to which structures (164)
and (165) were tentatively essigned, without being
extensively investigated.

It is premesture to draw any definite conclusions
from the limited experimentation devotéd to this »erticu-
lar reaction. It may well transpire, and the long road.
to the enol lactone (153a) bears =ample witness to this,
that minor alterations in substrate or reaction conditions
will bring about the desired transformation. One could,
however, speculate and ascribe absence of any ketol (166)
to its readiness to undergo a retro-azldol reaction,
initiated intramolecularly by the oxygen of the methoxy-
methyl protecting group (Scheme 26). Consequently it may
be beneficisl to trap any.ketol as its trimethylsilyl
derivetive (167) by quenching the reaction mixture with
trimethylsilyl chloride.

Another possibility'is the utilisation of a photo~-
chemically induced [1,3]-sigmatropic rearrangement of the
enol lactone (153e) which could afford the diketone (168).
This reaction has been employed in the synthesis of
bicyclo[},3,l]nonadione895. A

Irrespective of +the approach adopted, it is felt
that the synthesis of verrucarol (80) has only been tempo-

rarily halted and that the near future will see the remai-

ning é¢ifficulties successfully circumvented.
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General Dxnerinentcl znd Abbrevietions

llelting points sre uncorrected and vere determined on 2

Kofler hot-stege avparetus. llicrosnalysis were obtained
by ¥r. J.i.L. Cemeron, liss I, Cowen end their staff.

lless snectre were recorded by Ilr. A. Ritchie on A.BE.I.-
G.8.C./1i8 i? and A.8.1.-G.%.C./155 9025 maes specirometers.
Infre-red snectra were recorded by lirs. F. Lawrie and her
staff on & Unicam SP 100 Mark II snectrometer. Routine
infra-red spectra were recorded on a Unicam SP 1000
instrument aad were liquid-film unless otherwise stated.
Ultra-violet spectra were recorded for ethanol solutions
on & Unicam SP 800 spectrophotometer.

HNuclear megnetic resonence spectras were recorded by
r. A. Heetzmon or ilr. J. Gall on a Varian T-60 or a
Varien HA 100 spectrometer using tetramethylsilane as an
internal standard.

Kieselgel G (Merck) was uced for preparative thin
layer chromatography. Light petroleum refers to the fraction
of b.p. 40°-60°, Analyticél t.l.c. plates were stained
with iodine vapour and/or ceric ammonium sulphate followed
by heating to approximately 150°.

A11 dilute mineral acids were 6 unless otherwise
stated. Methyl magnesium chloride was a 3M solution in
ether.

All organic solutions, unless otherwise indicated,
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vere dried over anhydrous megnesiuwm sulrhate.

Dihydropyraen was dried by refluxing with metzllic
sodium and subsequent distillation. Tetrzhydrofuren
wes heated under reflux with lithium eluminium hydride
and distilled prior to uce. Dioxen and t-butanol were
were heated under reflux with calcium hydride and distilled.
Methylene chloride was dried by passing it through a
colum of besic alumina (grade 1).

The following abbreviations and symbols heve been
employed primarily in the experinental section:-

t.l.c. thin layer chromatography

i.r. infra-red

V.V, ultra-violet

n.m.r. nuclear magnetic resonance

S. singlet:

d. doublet:

t. triplet::

Qe quartet: (in n.m.r. spectra)
n. multiplet:

b. broad:

d.d. doublet of doublets:
g.l.c. gas liquid chromatography
r.t, retention time

(1] molecular ion
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1-llethoxy-4-nethyl-6-carbonethoxry-bicyclol 2,2,2]loct-2-ene

(29)

Fréshly distilled met£y1 acrylate (20 ml.), l-methoxy-

4-methyl-cyclohexa-1,4-diene (10 g., 80 m.moles) znd hydro-

quinone (250 mg.) were heated in a sealed tube, under

nitrogen, for 24 hrs. The température of the reaction

vessel was maintained at 160-170°, The pale-yellow reaction

mixture was taken up in ether and washed with aqueous

sodium hydroxide (2%, 5 ml.), water and brine. After dry-

ing the solvent was removed in vacuo and the residual pale-

yellow oil fractionally distilled. The ester (29) was

obtained as a fragrant oil (9.85 g., 60%), b.p. 76-80°/

0.25 mm. Preparative t.l.c. (20% ethyl acetate-light

petroleum) allowed a separatién of the epimeric mixture

into:

i) the endo ester (29), as a pale-yellow oil (rf 0.27, T0%);
max. 1735, 1670, 1383, 1188 and 705 omi';

r(ccl,) 8.87 (3H; CH,-C, s.), 8.43 (6H; m.), 7.37 (1H;

CH-CO,CH,, m.), 6.67 (3H; CH,-0-C, s.), 6.37

3 3
(3H; —0020331 S.), 3091(2H; C_Pl:CE’ AB Qe

J=9 Hz.),

ii) the exo epimer (29), a pale-yellow oil (r, 0.33, 30%);

Vmex. 1725, 1670, 1382, 1190 end 705 emT s

z(ccl,) 8.85 (3H; s.), 8.57 (6H; m.), 7.2 (1H; CH-
CO,CH;, m.), 6.72 (3H; s.), 4.05 (2H; AB q.,



J=9 Hz.);

mass spectral ion at m/e 210 [it], 012H18O3 requires
n/e 210. (Pound: C, 68.32; H, 8.51; CyoH 05 Tequires
C, 68.543; H, 8.63%).

1-liethoxy-4-methyl-6-diphenylhydroxymethyl-bicycloi2,2,2]-

oct-2-cne (30).

An ethereal solution of phenyl magnesium bromide
(7.8 g., 50 m.moles) was prepared from rﬁgorously purified
bromobenzene (1.2 g.; 50 m.moles) and magnesium turnings
(1.32 g., 55 m.moles) in dry ether ( 50 ml.). The ester
(29) (3.07 g., 14.51 m.moles) was added, via a pressure
equilibrated fumnel, to a stirred solution of the Grignard
reagent in an atmosphere of nitrogen. Vhen addition was
complete the mixture was heated under reflux for o period
of 4 hfs., by which time the heterogeneous mass had assumed
a pink colouration. After cooling, saturated ammonium
chloride solution was added, the granular precipitate
formed was filtered off, washed with ether and the washings
combined with the filtrate. Evaporastion of solvent, under
reduced pressure, gave the alcohol (30) as a pale-yellow
solid (4.8 g.) in nearly quantitative yield. A small
portion was recrystallised from ethyl acetate-light petro-
leum (1:1) to furnish colourless plates, m.p. 105—1070;

v Mol 3430, 1600, 1150, 795 and 720 em7l;
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Y (CbCly)  8.97 (313 CH,y-C, s.), 8.53 (6H; m.), 6.93

3

and 6.82 (3H; CH,0-C, s.), 6.7 (1H;

3
CH-C(Ph),0H, m.), 4.38 and 3.88 (2H; CH=CH,
AB q., J,;5 10 Hz. and 9 Hz. respectively);

mass spectral ion at m/e 334 [M+], Cy3Hpg0, requires n/e 334.

(Found: ¢, 82.59; H, 7.77; 023H26O2 requires C, 62.59;

H, 7.84%).

4-lethyl-4-[3,3-diphenyl-prop-2-enyl]-cyclohex-2-cnone (28),

The alcohol (30) (36.5 mg., 0.11 m.moles) was added
to a mixture of glacial acetic acid (2 ml.) and agueous
perchloric acid (60%, 0.05 ml.). Almost immediately a
deep blue colouration was observed which persisted for
‘about 1 minute. The mixture was stirred for a further 5 min.
and then neutralised with dilute potassium carbonate solu-
tion and extracted with ether. The ethereal layer was
washed with water and brine and dried. Removal of solvent
under reduced pressure gave the enone (28) as a pale—_
yellow, sweet smelling oil (21.3 mg.);

A (Et0H) 224 (€&, 21450) and 248 (&, 14660) ma;

maxe.
Ve, 3040, 1674, 1594, 774 end 714 cmi
v (cc1,) 8.85 (3H; CH,y~C, s.), 8.13 (2H; CH,~CH,,

m.), T.77 (2H; C_I:I_z"co—7 m°)1 T.73 (2H;
CH,-CH=C, d., J 7 Hz.), 3.96 (1H; CE=C,
t., J 7 Hz.), 4.25 (1H; CO-CH=C, d.,
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J 10 Hz.), 2.35 (10H; n.).

(Found: C, 87.37; H, 7.33; C H22O requires C, &7.42;

2z
H, 7.44%).

Repetition of this resction on & larger scale invariably
resulted in the obtention of impure enone (28). Thus the
crude aleohol (30) (4.1 g.) furnished the enone (28)
(3.67 g.), the t.l.c. of which (20% ethyl acetate-light
retroleun) showed it to be contaminated with two minor
components., Purification Was effected by colurm chroma-
tography on silica gel (120 g.). ¥lution with ethyl
acetate-light petroleum (2%-20%) furnished the enone (28)

(2.4 g., 65%).

Attemvted osmium tetroxide oxidation of the enone (23).

Osmium tetroxide (100 mg., 0.394 m.moles) in ether
(1 mi.) wes added dropwise to a stirred solution of the
enone (28) (119 mg., 0.394 m.moles) in ether (4 ml.) and
dry pyridine (0.06 ml.) . The solution assumed a yellow
coloration after a short period of time and a brown pre-
cipitate deposited on the sides of the flask. The mixt-
ure weas stirred overnight. Agueous sodium sulphite (180
mg. in 3 ml. of water) and pyridine were added, and stir;
ring continued for a further 3 hours. The mixture was
extracted with ether, and the ethereal extract washéd

with dilute hydrochloric acid, saturated sodium carbonate,
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water, brine and dried. Evaporation of the ether in
vacvo gave a viscous oil (80 mg.). PFPreperative t.l.c.
(50% ethyl acetate-light petroleum) allowed the isolation
of a nearly colourless oil (39 mg.), ro 0.45

Y 3538, 3138, 1715, 1675, 1115, 777, and T15

-1
cm,

maXx.

'X(CD013)8.82 (3H; CH4-C, b.s.), 7.23 (1H; OH, s.),
6.0 (1H; CH-O-, m.), 5.08 (1H; O-CH-C-OH,
b.m.), 2.8 (10H, b.m.).
The same product was obtained by acid treatment of the en-
one epoxide (33), and structure (32) was tentatively assi-

gned to it.

4-lethyl-4-(3,3-diphenyl-2, 3—epoxypronyl)cyclohex-2-enone

(33).

m-Chloroperbenzoic acid (46 mg., 0.24 m.moles) was added

to & solution of the enone (28) (60 mg., 0.2 m.moles) in
dry methylene chloride (5 ml.). The mixture was stirred
for 6 hours, when t.l.c. showed absence of starting mate-
rial snd the presence of a new compound (rf 0.65, 50%
ethyl acetate-light petroleum). Aqueous sodium sulphite
(305%, 5 ml.) was added to the reaction mixture, and stir-
ring continued for a further 2 hours. The mixture was
extracted with ether and the organic layer washed thorou-

ghly with saturated sodium bicarbonate, water, brine and
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dried. Removal of solvent under reduced pressure zfforded
the enone—époxide (33) as o viscous, nale yellow oil (68.1
ng.), contaminated with a trace of peracid reagent. An
enalytical sample wes obtained by preparative t.l.c. (505
ethyl acetate-light petroleum) and short-path distillation.
Viex.
¥(ccl,) 8.83 (3H; b.s.), 8.30 (4Ii; m.), 7.81 (2H;
m.), 6.67 (1H; CH~C, X part of ABZ system,

3090, 1680, 1603, 1128, 770 and 720 cmilj

J,x 8 Hz., Jggx 4 Hz.), 4.27 (1H; COCH=CH,
d.d., A part of AB quartet, JAB 10 Hz. and
small splitting of J 2 Hz.), 3.42 (1H;

COCH=CH, d., B part of AB quartet, J 10

: BA
Hz.), 2.65 (10H; m.);

mass spectrzl ion at m/e 318 [M'], Cooll, 50, Tequires m/e

318.

(Found: ¢, 82.76; H, 6.78; C,,H,5,0, Tequires C, §2.98;

H, 6.96%).

1-Ilethyl-1l-hydroxy-4-methyl-4-(3,3-diphenyl-2,3-epoxy—

propyl)-cyclohex—2-ene (40).

An etherecl solution of methyl magnesium chloride
(0.34 ml., 3WM , 1.02 m.moles) was added dropwise, via a
syringe, to a vigorously stirred solution of the epoxy-
enone (33) (315 mg., 0.99 m.noles) in dry ether (25 ml.)

in an atmosphere of nitrogen. The temperature of the
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reaction vessel wes maintained at epproximately 5°C
throughout the addition. After compnletion of the addition

of the Grignerd reagent the creamy, heterogeneous nmass

-

ves allowed to stir for a further 10 min., then decomposed

by addition of aqueous, saturated sodium sulphate. The

granuler precipitate formed was filtered and washed with

ether. The organic extracts were combined and concentra~

ted in vacuo. The epoxy-alcohol (40) was obtained as a

viscous, sharp-smelling 0il (287 mg., 87%).

YV ooy 3445, 1603, 1124, 792 and 720 cm.®

7(cc1,) 8.93 (6H; m.), 7.66 (1H; OH, b.m.), 6.65

(1#; CH-C, b.m.), 4.57 (2H; b.s.), 2.75
(10H; m.);

mass spectral ion at m/e 316 (corresponding to [111]-18),

023H2602 reéuires m/e 334.

No purificetion of the epoxy-alcohol (40) was attempted at

this juncture, and the crude material was employed in the

subsequent reactions.

Acid-catalysed rearrangement of the epoxy-alcohol (40).

Aqueous perchloric acid (60%, 8 drops) was added to
2 stirred solution of the epoxy-alcohol (40) (160 mg.,
0.48 m.moles) in ether (10 ml.). Aliguots of the reaction
mixture were withdrawn at regular intervals, and the

progress of the reaction mopitored by t.l.c. (5% ether-
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lirht petroleun). After 0.5 hr., en invariant recction
nixture and the sbsence of starting meterial indicated the
completion of .the reaction. The mixture was poured into
seturated sodium bicarbonate solution and extracted with
ether. The organic leyer was washed with water, Dbrine and
dried. Dvaporation of solvent under reduced pressure yiel-
ded a viscous, yellow oil (110 mg.). Prepcorative t.l.c.

(5% ether-light petroleum) zllowed a separation of the

" nmixture into:

i) the enol ether (46) as a colourless viscous oil (17.6
mg., 11.6%, rp 0.75), b.p. 200-205°/0.7 mm.;
Y x 3113, 1643, 1595, 1498, 1008, 790 and
713 emtl
¥(CC1,) 8.98 (3H; CHy-C, s.), 8.12 (3H; cClH,-C=C,
" b.s.), 8.04 (2H; CH,-C(CH;)=C, m.), 7.55
(2H; CH,-C=CPh,, s.), 5.73 (1H; CH-0, b.d.)
4.40 (1H; CH=C, m.), 2.78 (10H; m.);
A oy, (E3OH) 274 mu(€, 10920).
(FPound: ¢, 87.33; H, 7.87; 023H24O requires C, 87.30; H,
7.655);
ii) the less polar epimeric alcohol (39), as colourless

plates (27.5 mg., 17.2%, e 0.68), m.p. 39-43°%;

Vo 3593, 3100, 1673, 1498, 1023, 765 and 713
em=t '

?(ccL,)  8.93 (3H; CHy-C, s.), 8.29 (3H; CH,-C=C,
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b.s.), 6.97 (1H; OH, s.), 6.02 (1H; CH=C-CI-0,
n.), 4.94 (1H; 0-CH-CH,, X part of 4BX systen,
Jax 9 Hz.y Jpo 7.5 Hz.), 4.76 (1H; CH=C, m.),
2.65 (10H; b.m.);
mass spectral ion at 316 (corresponding to [11¥]-18),
Co3Hp60, requires m/e 334;
iii) the more polar epimeric alcohol (39) as a colourless
gum which crystellised on_étanding. Recrystallisation |
from light petroleum furnished colourless plates (32.8 ng.,
20,55, T, 0.62), m.p. 104-105.5 ;
| V_ .. 3590, 1673, 1020, 767 and 710 cm: ;
t‘(0014) 9.03 (3H; CH5-C, s.), 8.26 (3H; 053-c=c,
b.s.), 6.96 (1H; OH, s.), 6.10 (1H; C=C-CH-O,
b.d.), 4.90 (1H; 0-CH-CH,, X part of ABX
system, J,« 9 Hz. and Jgy 7.5 Hz.), 4.48
(1H; CH=C, m.), 2.70 (1OH; b.m.).
(Found: C, 82.44; H, 8.01; 023H2602 requires C, 82.59;

H, 7.84%).

Conversion of the alcohol (39) into the enol ether (46).

a) The slcohol (39) (5 mg.) was added to a cooled

mixture of phosphorus oxychloride/pyridine (0.5 ml.,

2:5, v./v.) and then, with stirring,the reaction vessel
was allowed to warm up to room temperature. Prolonged

stirring and monitoring of the reaction mixture by t.l.c.
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indicated only the presence of sterting materisal,

b) Repetition of the azbove reaction with thionyl
chloride/pyridine gave the séme result.

¢) The alcohol (39) (16 mg., 0.05 m.moles) was dis-
solved in acetic acid/acetic anhydride (1.5 ml., 1:2,
v./v.) and the mixture refluxed. T.l.c. monitoring, over
a period of several hours again indicated only the pre-
sence of starting material.

d) Anhydrous magnesium sulphate (20 mg.) was mixed
with the alcohol (39) (10 mg., 0.03 m.moles). The mix-
ture was introduced into a sublimation tube and heated at
150° and 0,01 mm., for 2 hrs. The blacﬁ mass was extracted
with ether, washed with brine and dried. Removal of
solvent in vacuo gave a yellow oil (7 mg.) which on prepa-
rative t.l.c. (5% ether-light petroleum) furnished a

colourless gum (4 mg.) identical by i.r. and t.l.c. with
the enol ether (46).

2-Cerbomethoxy-tetrahydrofuran

2-Carbomethoxy-tetrahydrofuran was prepared by a
modification of the procedure employed by Adams et. al.Zl
Furoic acid (45) (1 g., 8.92 m.moles) was dissolved in
ethyl acetate (25 ml.) end the solution hydrogenated in
the presence of palladium/charcoal (10%, 25 mg.). After

4 nhrs. the theoretical amount of hydrogen (800 ml.) had
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been token up. OStandard isolation procedures gave tetra—
hydrofuroic ascid (960 mg., 955%), shown to be pure by
t{l.c. Treatment of the aocid with ethereal diazometheane

furnished 2-carbomethoxy-tetrahydrofuran (905 mg.).

2-[ Diphenyl-hydroxymethyl]-tetrahydrofuran (44).

This was prepared by the method of Dounce et. a1.22,

(¢] (o}
m.p. 73-75 (1lit. m.p., 79-80 );
v . 3590, 1498, 765 and T11 enTLs
'5(0014) 8.23 (4H; C-CH,-CH,-C, b.m.), 7.0 (1H;
OH, s.)_, 6.09 (2H; CH,~0, m.), 5.11 (1H;
CH-0, m.), 3.0-2.15 (10H; b.m.).

Peracid oxidation of the enol ether (46).

Q—Chloroperbenzoic acid (24 mg., 0.14 m.moles) was
added to a solution of the enol ether (46) (40 mg.,
0.127 m.moles) in methylene chloride (5 ml.). The mix-
ture was allowed to stand for 1 hr. at room temperature
end then diluted with ether. The organic layer was washed
with saturated sodium bicarbonate solution, water, brine
and dried. The solvent was evaporated in vacuo and the
viscous, residusl oil subjected to t.l.c. (5% ether-
light petroleum). This separated the reaction mixture
into three components:

i) & colourless oil (7.5 mg., re 0.54);
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Vooy. 3600, 1725, 1660, 1500, 770 and T18 o ;
the n.m.r. spectrum exhibited arometic signals and &
highly comnlex pattern of signals between 4-9., The
compound was not further investigated.
ii) A colourless oil (5.5 mg., Te 0.4) vihose i.r. and
n.n.r, spectra were similar to those of (ii).
iii). A crystelline solid (6.5 mg.) whose spectral and
t.1.c. properties were similar to those of benzophenone.
Repetition of this oxidation procedure with varying guanti-

ties of oxidising egent, reaction time and temperature

did not lead to the isolation of the desired §-lactone (9).

3,6-Dimethyl-8-oxo0-9-oxabicyclol4,3,0]non-2-ene (9).

Jones' reagent (1 ml., 8N) was added dropwise to an
ice-cold solution of the carbinol (39) (60 mg., 0.18 m.-
moles) in scetone (2 ml., AnalaR). The reaction flask
was stoppered and allowed to stand at room temperature.

A green precipitate had formed at the end of this timé.
Addition of the reaction mixture to water, extraction with
ether and successive washing of the organic layer with
dilute sodium bicarbonate solution, water and brine,
followed by drying and removal of solvent in vacuo, affor-
ded a viscous oil (52 mg.). T.l.c. examination shbwed a
highly complex mixture of products. Preparative t.l.c.

(40% ethyl acetate-light petroleum) allowed the isolation
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of the §-lactone (9) (4.5 mg., 15%) as fine needles,
m.p. 47-48.5°; |
Vo 1775, 1675, 1240, 1170 and 965 cm=l;
¥(coely)  8.86 (31 CHy-C, s.), 8.6-7.8 (4H; b.m.),
8.23 (3H; CHy-C=C, b,s.), 7.73 (24; CH,-CO,
s.), 5.73 (1H; CH-0, b.m.), 4.47 (1H;

CH,-C=CH, m.);

3
mass spectral ion at m/e 166 [1t], CqoH140, Tequires

m/e 166; an analytical sample was prepared by recrystalli-
sation from benzene.

(Found: C, 72.07; H, 8.76; Cqofl140o requires C, 72.26;
H, 8.49%). .

Attemjted preperation of l-methoxy-4-methyl-6-acetoxy-

bicyelol[2,2,2]oct-2-ene (51).

A mixture of l-methoxy-4-methyl-cyclohexa-1l,4-diene
(2.48 g., 0,02 moles), vinyl acetate (8.6 g., 0.1 moles)
end hydroquinone (100 mg.) was heated in a sealed tube at
180°, under nitrogen, for 18 hrs. The volatile materials
were removed in vacuo and the resulting viscous, dark-
brown o0il was distilled. Three fractions were collected.
Fractions 1 and 2 (418 mg.), b.p. 45-60° and 60-70°/0.3 mm.
respectively were combined in view of their similar i.r.
and t.l.c. properties and shown to be 4-methyl anisole.

Fraction 3 (102 mg.), b.p. 70-100°/0,3 mm. was a complex
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mixture of products showing no saturated carbonyl stretch-
ing frequency in the i.r. and was discarded.
Verying reaction conditions did not result in the obten-

tion of the desired product and this approach was abandoned.

Attempted preparation of l-methoxy-4,5-dimethyl-6-nitro-

bicyclo[2L212]oct—2—ene (52).

A mixture of the diene (24, R=lle) (1.24 g., 0.01 mo-
les), nitropropene (1.54 g., 0.02 moles) and hydroquinone
(50 mg.) were heated in a sealed tube, in an atmosphere
of nitrogén, for 15 hrs. A viscous, tlack oil was obtain-~
ed which, on t.1l.c. examination, -appeared to be polymeric
material and starting dienc (24, R=Me). This reaction

was not further investigated.

2-Acetoxy-l-butenonitrile.

The compound vias prepared according to the method of
Finch Jr. et. a1.56 Propionyl bromide was obtained as a
colourless oil, b.p. 99-108° (1lit. b.p. 99-110°). Ethyl
cyanoketone was a colourless, viscous oil, b.p. 106-110°
(1it. b.p. 108-110°), 2-Acetoxy-l-butenonitrile was a
colourless, mobile oil, b.p. 101-104°/25 mm. (lit. b.p.

95-101°/33 mm. ).
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Attemoted nrevaretion of lnmethoxy—ﬁj5—dimethyl—6—cvano—

6-scetoxy-bicvelol2,2,2]oct-2-ene (53).

2-Acetoxy-l-butenonitrile (700 mg., 4.96 m.moles),
l-methoxy—-4-methyl-cyclohexa-1,4-diene (1.4 g., 9.92
m.moles) and hydroouinone (25 mg.) were heated in a sealed
tube, under nitrogen, for 44 hrs. at 170°. Velatile
materials were removed in vacuo at 100° and the viscous,
dark-brovn residue was thoroughly extracted with light
petroleum. Evaporation of solvent under reduced pressure
gave a brovn, mobile oil. T.l.c. examination of this
did not indicate the presence of any major product and
only one discrete spot was discernable which was isolated
by vreparative t.l.c. (25% ethyl acetate-light petroleum).
N.m.r. 2nd i.r. data showed it to be incompatible with
the anticipated product and the reaction was not further

investigeoted.

1-lMethoxy—-4-methyl-6-cyano-6-chloro-bicyclo[2,2,2]oct-2-ene

(54).

1-llethoxy-4-methyl-cyclohexa-1,4-diene (3.72 g., 0.03

moles) and 2—chlbroacrylonitrile (1.75 g., 0.02 moles)
were heated under reflux, with hydroquinone (50 mg.), for
24 hrs. under nitrogen. The dark-brovn reaction mixture
was zllowed to cool snd the resulting viscous oil diluted

with ether. A brown, curdy precipitate formed which was



-112-

filtered off and washed with ether. The etheresl extrects
were combined end the solvent removed in vecuo. The
residual material was distilled to afford a pleasent
smelling oil (1.52 g.), b.p. 152-162°/18 nn., which was
absorbed on silica gel (45 g.) from light petroleum. The
Tractions eluted with 2% ethyl acetate-light petrocleun
were combined on the basis of t.l.c. behaviour to give

the chloro-nitrile (54) 2s a gum (622 mz., 14%) which
crystallised on standing. Recrystallisetion from light
petrolewn furnished (54) as fine needles, m.p. 63-640;

Voo 2370, 1118, 760 and 705 cm. 1;

'K(CD013) 8.78 (3H; CHy=C, s.), 8.6-7.8 (6H; methylene
envelope), 8.23 (1H; CH-CCICN, d., A part
of AB q., J,n 14 Hz.), 7.45 (1H; CH-CCILCK,
d., B part of AB q., Jg, 14 Hz.), 6.67
( 3H; C§3—O, s.), 3.9 (1H; CH=CH, d., A part
of AB q., J,5 9 Hz.), 3.71 (1H; CH=CH, d.,
B part of AB q., Jg, 9 Hz.).

(Found: C, 62.49; H, 6.55; N, 6.49; 011H14N 0 Cl requires
C, 62.52; H, 6.67; N, 6.64%). |

Combination of the fractions eluted with ethyl acetete-
light petroleum (20-50%) furnished aAcrystalline compound
(350 mg.) which on recrystallisation from light petroleum
gave fine needles, m.p. 95-98°. Structure (55) was assig-

ned to it.on the basis of spectroscopic and analytical data.
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2340 snd 1720 cnit;

A part of AB q., d., J,5 5 Hz.), 3.86

(1H; CH=CI, B pert of 4B g., d., Jy, 5 Hz.);
mess spectral ion et m/e 161 [117], CioHy1M O requires )
m/e 161. ' |
(Found: C, 74.72; H, 6.62; N, 8.88; CoHy1N O requires
¢, 74.5; H, 6.88; N, 8.69%).

A superior method37

of preparing the chloro-nitrile
(54) involved refluxing equimolar gquantities of 2-chloro-
acrylonitrile and the dieme (24, R=HMe) for 9 hrs. in ben-

zene., Yield 60%.

Attemnted vreperation of l-methoxy-4-methyl-bicyeclo[2,2,2]-

oct-5-ene-2-one (49).

a) The chloro-nitrile (54) (503 mg., 2.38 m.moles)
was added to a mixture of aqueous potassium hydroxide

(2 m1., 28%), tetrahydrofuran (7.5 ml.) and methanol (2 ml.)
The mixture, initially inhomogeneous, was stirred at 40°

for 19 hrs. VWater was added and the mixture thoroughly
extracted with ether. The organic layer was washed with
water until neutral, then a little brine and dried.
Evaporation of solvent in vacuo gave a crystalline materizal
(456 mg.) which by t.l.c. (20% ethyl acetate-light petro-

leum) and i.r. was identical with starting material.
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b) Agueous yotassium hydroxide (0.09 ml., &5%, w./v.)
wvas injected into a mixture of the chloro-nitrile (54)
(250 mg., 1.18 m.moles) in dimethyl sulphoxide (2 ml.).
The mixture wes stirred for 17 hrs. at 25° and then poured
on to crushed ice (5 g.). The slurry was extracted with
ether, washed with water, brine end dried. Removal of
solvent under reduced pressure afforded sterting material

(210 mg.), as evidenced by t.l.c. and i.r.

1-llethoxy-4-nethyl-bicvelo[2,2,2]oct-2~ene-5-one (49).

The compound was prepared according to the method
of Evans et. al.>! The chloro-nitrile (54) (20 g.,
95 m.moles) wés refluxed with sodium sulphide (30 g.,
125 m.moles) in ethanol (150 ml.). A yellow precipitate
formed during the course of the reaction. The mixture
was poured on to ice and water (300 g.) and thoroughly
extracted with ether. The organic phase was washed with
brine end dried. Removal of solvent in vacuo afforded a
mobile, yellow oil (10.5 g.). Fractional distillation
furnished the ketone (49) as a colourless oil (8.5 g.),.
b.p. 130-135°/14 nm.
Voo 3050, 1730, 705 and 670 cmst;
f(CDCl3) 8.71 (3H; CH3-C, s.), 8.52-7.7 (6H; methy-
lene envelope), 6.45 (3H; CH;-0, S.),
4,78 (2H; t., J 8 Hz.).
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Perecid oxidotion of the ketone (49).

yiith m—-chloroperbenzoic ccid

The ketone (49) (130 mg;, 0.794 m.moles) was dis-—
solved in dry methylene chloride (5 ml.) and m-chloro-
verbenzoic acid (161 mg., 0.794 m.moles) added with exter-
nal cooling. The reaction flask was stoppered and set
aside for 24 hrs. Then 30% aqueous sodium sulphite
solution was added and the mixture stirred for 1.5 hrs.

The mixture was extracted with ether and the organic phase
washed with saturated sodium bicarbonate solution, brine |
and dried. Evaporation of solvent in vacuo afforded a
viscous oil (122 mg.). T.l.c. (20% ethyl scetate-light
petroleum) showed the presence of two compounds. The
less polar one by virtue of its Te value and staining
properties was starting material. The more polar compo-—
nent was isolated by preparative t.l.c. (20% ethyl acetate-
light petroleum) as a viscous; pale-yellow oil (90 mg.)
vhose spectral and analyticel data are consistent with
the epoxide (65).
Voo 1740, 1097, 905, 880, 830 end 693 cm:’;
f(CD013) 8.73 (3#; CH;-C, s.), 8.45-7.8 (6H; metly-
lene envelope), 6.69 and 6.46 (2H; AB q.,
J,p 5 Hz.), 6.63 (3H; CH;-0, s.).
An analytical sample was prepared by short-path distilla-

tion, b.p. 90-95°/0.25 mm.
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(Found: C, 65.84; H, 7.66; ClOH14O3 requires C, 65.91;
Hy, 7.74%).

With trifluoronerecetic acid

Trifluoroascetic anhydride (0.74 ml., 5.24 m.moles)
ves added to an ice cold solution of hydrogen peroxide
(90%, 0.12 ml,, 4.36 m.moles) in dry methylene chloride
via a syringe, in an atmosphere of nitrogen. The nixture
was stirred at 5° for 0.5 hr. end then trensferred, via
8 syringe, into a 2-necked flask containing a suspension
of anhydrous sodium hydrogen phosphate (1.16 g.) in dry
methylene chloride (5 ml.) contzining the ketone (49)
(419 mg., 2.9 m.moles). After 4.5 hrs. the mixture was
worked up,in a manner similer to that described for the
previous experiment, to yield a viscous o0il (405 mg.).
T.1l.c. indicated a reaction composition quite analogous

to that described for the m-chloroperbenzoic acid oxidation.

Oxime of l-methoxy-4-methyl-bicyclo[2,2,2]oct-2-ene-5-one

(72).

Hydroxylemine hydrochloride (8.4 g., 0.12 moles) and

sodium escetate (9.7 g., 0.12 moles) were added to a solu-
tion of the ketone (49) (10.5 g., 63.3 m.moles) in ethanol/
water (100 ml., 1:2, v./v.) and the mixture was refluxed
for 4 hrs. The hot reaction mixture was then poured on

t0 crushed ice (150 g.) and thoroughly extracted with
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ethier. The ethereal layer wss washed with weter, brine
and dried. IZveporation of solvent in vacuo furnished the
crude, crystalline hydroxylamine (72) (10.67 g.).
Recrystallisation from chloroform-light petroleum fur-—
nished colourless plates (7.31 g.), m.n. 127-128.5°,
wiggi4 3600, 3280 (zbsent on high dilwtion), 1160

and 690 cmfl;

¥ (cpcl,) 8.75 (3H; s.), 8.7-8.0 (4H; methylene enve-

3)
lope), 7.76 (2H; CH,-C=N-OH, b.s.), 6.48
(3H; CH,-0, s.), 3.97 and 3.67 (2H; CH=CH,
AB g., J,5 8.5 Hz.);

mess spectral ion at m/e 181 [M*], C1o 15N O requires

m/e 181.

(Found: ¢, 66.27; H, 8.34; N, T.73; ClOHlSLO2 requiresb

C, 66.39; H, 8.24; N, 7.66%).

4-Hethyl-4-cvanomethyl-cyclohex—2-enone (74).

A 605% dispersion of sodium hydride in mineral oil
(1.425 g., 35.7 m.moles) was washed three times with
light petroleum in an atmosphere of nitrogen. A 2-necked
flask (500 ml.,) was then charged with dry ether (290 ml. )
and the oxime (72) (4.31 g., 23.8 m.moles) was added in
small portions over a period of 10 min. Iffervescence
| ceased after approximately 0.5 hr. After further stirring

for 3.5 hrs. a grey slurry was obtained. The regction
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mixture was cooled to -78° and freshly crystallised
toluene-p-sulphonyl chloride (6.5 g., 33.4 m.moles) zdded
in small portions. The reaction vessel as alloYed to
werm slowly to room temperature and then left for 24 hrs.
Seturated potassium carbonate solution (30 ml.) snd etha-
nol (30 ml.) were then added znd the inhomogeneous mixture
stirred for 6 hrs., when a clear solution was obtained.
The mixture was extracted with ether, the organic phase
washed with water, brine aﬁd dried. IEvaporation of sol-
vent under reduced pressure furnished the enone (74)
(2.78 g., 79%) as 2 pale-yellow oil;

Vv 2240, 1670 and 8§00 cmiy;

T (0DC15) 8.62 (3H; CHy-C, s.), 8.2-7.3 (415 umethy-

lene envelope), 7.48 (2H; CH,-CN, s.),

2

4.03 and 3.31 (2il; AB q., J,n 11 Hz.);

AB
A oy (ESOH) 223 mm (€, 9900);

mass spectral ion at m/e 149 [IF], CqHy 10 requires n/e
m/e 149. The enone (74) was characterised as its 2,4-
dinitrophenylhydrazone, fine orange needles, m.p. 142-143°,
(Found: C, 54.87; H, 4.54; W, 21.08; C4H,1NO requires

c, 54.713 H, 4.59; N, 21.27%).

1-Evdroxy-l,4-dimethyl-4-cyanomethyl-crclohex-2-ene (77).

liethyl magnesium chloride (0.18 ml., 3i, 0.53 m.moles)

vwas added rapidly to a vigoroucly stirred solution of
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the enone-nitrile (74) (69 mg., 0.46 m.moles) in dry
ether in an atmosphere of nitrogen. The temperature of
the reaction vessel was maintained at approximately 5°
throughout the addition. The mixture was then stirred
for & further 2C min. and.decomposed by a dropwiée addi-
tion of aqueous, saturated sodium sulphate solution.

The granular precipitete formed was filtered and‘waéhed
with ether. The orgenic extracts were combined and con-
centrated in vecuo. The alcohol (77) wes obtained as

a viscous, colourless oil (68 mg., 89%).

ey, 3450, 2235 and 1100 entl

The alcohol was employed immediately in the next reaction

step.

Acid-catalyced resrrangsement of the clcohol (77) to the

¥-1actone (9).

e) Dilute hydrochloric acid (1 ml.) and perchloric
acid ( 1 ml., 60%) was added to the alcohol (77) (68 mg.,
0.425 m.moles) in methanol (2 ml.) and the mixture heated
at 85° for 12 hrs, The mixture was extracted with ether
and the organic layer washed with agueous, saturated
sodium bicerbonate solution, water, brine and dried.
Removal of solvent in vacuo gave a yellow oil. Preparative
t.1l.c. (40% ethyl acetate-light petroleum) allowed the

isolation of the §-lactone (9) (7 mg., 10%).
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b) The alconol (77) (350 mg., 2.13 m.moles) in
methanol (5 ml.) con’cainin.g concentrated hydrochloric
zcid (6.5 ml.) was refluxed for 12 hrs. The ¥-lactone
(9) (212 mg., 61%) was isolated in the monner described

in (a).
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J-Hycdroxy-3-nethyl-butyraldehyde-dinethylocetal (86),

pf -Ketobutyraldehyde-dimethylacetal (85) (1llg.,
0.1 moles) wzs added dropwise to a stirred, etherezl
solution of nethyl mzgnesium iodide (0.15 moles) in an
atmosphere of nitrogen. Stirring wes continued for a
furtker 2 hrs. a2t room temperature. Saturated sodium
sulphete solution was added end the cthereal solution
vas decanted. The residuzl, grenuler precipitate wes
washed cseveral times with ether, the orgenic extrects
were combined and concentrated in vacuo. A pale-yellow
oil weas obtained which, on distillation,furnished two
fractions, b.p. 60-88°/19-20 mm. (3.5 g.) and 90-93°/
19-20 mm. (5.2 g.), which were combined in view of their
similer spectroscopic vroperties;
V... 3600 end 1200-1100 cmi;
%(0014) 8.83 (6H; (CH3)2-—C, s.), 8.30 (2H; CH,-CH,
d., J 6 Hz.), 7.37 (1H; OH, m.), 6.7
(6H; (0230)20, s.)y 5.42 (1H; CE(OMe)Q, tey

J 6 Hz.).

3,3-Dimethyl-crotonaldehyde (87).

The hydroxy-acetzl (86) (8.0 g., 63 m.moles) was
shaken vigorously with ice-cold, dilute sulphuric acid
(50 ml., 10% v./v.) for 20 min.; the mixture was steam-

distilled, the distillate extracted with ether, washed
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with cgueous sodium bicarbonzte solution, vater, brine
end dried. DRemovel of solvent in vacuo furnished =z
yellow o0il (3.0 g.) which wos fractionelly distilled.
The aldehyde (87) was obtained as & pale-yellow, pungent
0il (1.5 g.), b.p. 132-138°,

vmax.
'V(0014) 8.0 (3H; d., J 2 Hz.), 7.77 (3H; d&., J 1.5

1682, 1634 and 850 cmit;

Hz.), 4.18 (1H; b.d.), 0.07 (1H; CLO, d.,
J 8 Hz.).

1-Acetoxy-3-methyl-buta-1,3-diene (84) =nd (84a).

A mixture of the aldehyde (87) (1.5 g., 14.4 n.mcles),
acetic anhydride (4.2 ml., 41.1 m.moles) and fused potas-
siwa acetate (120 mg., 1.23 m.moles) wes heated, with
stirring, at 140° for 6 hrs. The black reaction product
was cooled and saturated potaséium carbonete solution
added. Solid potassium carbonate was introduced into the
reaction vessel at 5 min. intervals until all efferves-
cence ceased (0.5 hr.) and the solution wes alkaline to
litmus., The mixture was extracted with ether, the etherezl
extract‘washed with water, brine and dried. The solvent
was carefully removed under reduced pressure and the
residual, yellow oil fractionally distilled. A stereo-
isomeric mixture of dienes (84) and (842) was obtained

(1.10 g., 47%), b.p. 132-138°;
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Vv 1755, 1655, 1220 ond 1110 cmtl;

7(CD013) .16 (3H; m.), 7.9€ snd 7.88 (3I; CE5~COy,

Se)y 5.17-4.66 (2H; CH,=C, b.m.), 4.20 and

nax.

3.96 (1H; CH=CH-OAc, b.d. end d., & nart

of AB q., JAB“8 Hz, and 12 Hz. resp.), 2.80
and 2,70 (1H; CH=CH-OAc, d. and d., B part
of 4B q., Jy, 8 Hz. and 12 Hz. resv.);

mass spectral ion at m/e 126 [M+], C7H1002 requires 126,

Attenpted Diels-Alder recction between the dienes (84)

and (84c) snd itaconic scid (83).

Itaconic acid (83) (1.0 g., 6.67 m.moles), the dienes
(84), (84a) and hyroquinone (25 mg.) were heated at 160-
165¢, for 11.5 hrs., under nitrogen. On cooling the
dark-brovmn melt was diluted with ether, washed with cold,
saturated sodium bicarbonate sblution, water, brine end
dried. The solvent was removed in vacuo to yield a viscous,
brown oil (800 mg.). T.l.c. (20% ethyl acetate-light
petroleum) showed a stresk of products, the i.r. and n.m.r.
data of the crude material being totally uninformative
zs to the nature of the reaction mixture, but nonetheless
suggesting extensive decompositioni Reretition, employ-
ing shorter reaction times, sealed tubes and acetonitrile

as cosolvent did not result in the isolation of the de-

sire@ azdduct (88) and this approach was abandoned.
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4-Cerbethoxy-4-cerbethorynethyl—-creclohex—-2-enone (9J1)

The compound was trepered by the nsthod of rlieninger
et. £1.27, b.p. 130-137°/06.02 ma. (1it. b.p. 125-130°/C.Clma ).
Turification of the enone (91) wes effected vie its semi-
cerbazone derivetive which was washed with ice-cold ether

prior to regeneration.

1-lethvl-1-hydroxv—-4-carbethoxy-4-carbethoxymethyl-

cvelohex—2—ene (92).

The enone (91) (20 g., 79 m.moles) in dry ether (20 ml.)
"was added over one ninute to a vigorously stirred, ice-

cold solution of methyl magnesium iodide (87 m.moles) in

dry ether (200 ml.) in an atmosphere of nitrogen. The
creemy, heterogeneous reaction mixture was stirred for

a further 10 min., then quenched with saturated sodium
sulphate solution. The suvernatant ethereal layer vas
decented and the residual precipitate thoroughly extrac-

ted with ether. The orgenic extracts were combined and
concentrzted in vecvo. A nale-yellow, viscous oil (92)

(21 g.) was obtained, re 0.5 (60% ethyl acetate-light
petroleum);

ey, 3509, 1730, 1205 and 1040 em7t

No purification was attempted at this stage; the alcohol

(92) was immediately employed in the subsequent reaction.
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3-llethyl-6-carborzy-8-oxo-9-oxabicyclol4,3,0]non-2-ene (52),

Agueous sodium hydroxide (10C ml., 417) and the
crude zlcohol (92) (20.5 g.)-were stirred vigorously, at
80° for 13 hrs., when the reaction mixture had becone
homogeneous and had acquired a brown colouration. The
mixture wes cooled in an ice-salt bath and carefully acid-
ified with dilute sulphuric acid. Stirring was continued
for a further 1.5 hrs., during which time a yellow preci-
pitate wes deposited. The solution was saturated with
salt and extracted with ethyl acetate (3 150 ml.). The
combined organic extracts were washed with saturcted
brine (50 ml.) and dried. -Evaporation of solvent in va-
cuo gave a browvn gum which, on trituration with cold ether,
furnished a solid (12 g.); recrystallisation from ethyl

acetate gave the Y-lactone acid (82) as a white,amorphous

vowder, m.p. 146-148°, Overall yield from the enone (91)
44505
vludol  3420-24c0, 1740, 1705, 1230 end 970 em7 L
7(03013) 8.2 (3H; CH,-C=C, b.s.), 7.38 and 6.87

(2H; CH,-CO, 4B q., J,5 18 Hz.), 4.9 (LH;

2
CH-0, m.), 4.4 (1H; CH=C, m.), 2.1 (1H;
COH, m.).

The acid was charaotefised as its methyl ester, m.p. 85-87°,

from benzene;
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. N -+ - .
mess spectrel ion at m/e 210 [i7], 011“1404 requires
m/e 210.

(Found: C, 62.71; H, 6.63; C11Hy40, requires C, 62.84;
H, 6.71%).

Acid chloride (98) from the ¥ -lactone scia (82).

a) Vith thionyl chloride

The ¥-lzctone acid (18.5 mg., 0.95 m.moles) was heated
under reflux wifh frechly distilled thionyl chloride

(150 mg., 1.38 m.moles) in dry methylene chloride (2.5 nl.)
for 13 hrs. The solvent was removed in vacuo and ex-

cess thionyl chloride azeotropically distilled with
benzene. The acid chloride (98) was obtained as a vis-
c@us, dark-brovn oil (20 mg.), which solidified on stan-
ding. I.r. showed residual contaminetion by starting
naterial. |

b) VWith oxalyl chloride

The ¥ -lactone acid (82) (1 g., 5.12 m.moles) was parti-
ally dissolved in dry methylene chloride (50 ml.) in

a 100 ml, flask fitted with a calcium chloride érying
tube. Oxalyl chloride (0.7 ml., 8,33 m.moles), and a
drop of dimethylformamide was then added to the stirred
mixture. Vigorous effervescence occurred and the rezction
became homogeneous (1 hr.). Stirring was continued for

a further 12 hrs. Methylene chloride was then removed
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under reduced pressufe and exdess_oxalyl chlorice
azeotronicelly distilled with benzene. The acid chloride
(98) wzs obtained zs z pale-brovm solid (1.12 g.);

V... 1777, 1673, 1190, 1000 and 808 cm: ™
The eecid ehloride (98) was employed immediately in the

subseguent reaction stenp.

Sodium borohvdride reduction of the scid chloride (98).

&) The acid chloride (98) (30 mg., 0.14 m.moles)
was teken up in dry dioxan (2 ml.), sodium borohydride
(100 mg., 2.63 m.moles) was added and the reaction
mixture was stirred for 50 hrs. It was then poured on
to water, extracted with ethyl acetate and the organic
extract washed with brine and dried. Removal of solvent
in vacuo gave a viscous oil (20 mg.), t.l.c. of which
(505 ethyl acetate-light petroleum) showed the presence
of one major component with Te 0.1;

V___ 3450, 1670 and 1145 cmTt
The intensity of the hydroxyl stretching frequency and
the zbsence of the §-lactone carbonyl band suggested
that over—reduction had occurred.

b) A mixture of the acid chloride (98) (42 ng.,
0.242 m.moles), sodium borohydride (42 mg., 1.1l m.moles)

and éry dioxan (10 ml.) was stirred at room temperature

for 1 hr. and then for 3.5 hrs. at 85°, Vork-up, &s
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deseribed in (a), and prevarative t;l.c. (50% ethyl
acetate-light petroleum) furnished the ¥-lactone elco-
hol (99) (14 mg., 30%).

¢) An analogous procedure to (b), employing equi-
molar amounts of the zcid chloride (98) =znd sodium
borchydride allowed the isolation of the desired alco-
hol (99) in 28% yield.

d) The following experimental procedure was rigorous-
ly adhered to in all éubséquent conversions of the zcid
chloride (98) to the corresponding alcohol (99).

The azcid chloride (98) obtained from the lactone acid
(82) (1 g., 5.12 m.moles) by the procedure described, was
teken up in dry dioxen (25 ml.) and sodium borohydride
(1 g., 26.3 m.moles) added to the solution. -The hetero-
geneous mixture was stirred for 3 hrs. at 20° and for
0.5 hr. at 85°. The pale-yellow mixture wés poured on to
crushed ice (100 g.) and extracted with ethyl acetate
(2x150 ml.). The combined organic extracts were washed
| with water, brine and dried. Removal of solvent under
reduced pressure furnished a colourless gum (675 ng.),
which solidified on trituration with cold ether. One
recrystallisction from benzene afforded an analytical
sample of the ¥-lactone zlcohol (99) as colourless cubes,
m.p. 71.5-78°; g.l.c., 1% OV-17, 175°, flow-rate 48 ml./

min., r.t. 3.75 min.;
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V oz, 3500, 1745, 1665, 1205 =nd 905 cril;

¢(0D013) 8.2 (3H; Cd,-C=C, b.d.), 8.0 (4H; n.),

3
7.58 (1H; OH, b.m.), 7.70 and 7.35 (2H;

CH,-CO, AB q., J,5 17 Hz.), 6.44 (2H; CH,-0,

2
s.), 5.33 (1H; ci-0, m.), 4.46 (1H; CH=C,
m.);

mass spectral ion at m/e 182 [11V], ClOH14O3 requires

m/e 182,

(Found: C, 65.79; H, 7.68; ClOH14O3 requires C, 65.91;

H, 7.74%).

¥-lactone tetrahydronyrenyl ether (102),

The ¥ -lactone alcohol (99) (76.2 mg., 0.42 m.moles)
was dissolved in dry benzene (5 ml.) and purified dihydro-
pyran (67.2 mg., 0.8 m.moles) together with a drop of
phosphorus oxychloride added. The mixture was stirred
at room temperature and the progress of the reaction -
monitored by t.l.c. (20% ethyl acetate-light petroleunm).
After 1.5 hrs. absence of all starting material and the
presence of a less polar compound with Te Of5 indicated
the completion of the reaction. The mixture was poured
on to saturated sodium bicarbonate solution and throughly
extracted with ether. The ethereal layer was washed
successively with water, brine and dried over anhydrous

sodiunm sulphate. ZEvaporation of solvent in vacuo furnished
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the tetrahydronyrenyl ether (102) as a colourless, vis-
cous o0il (94 mg., 85%); g.l.c., 1% OV-17, 175°, flow-rete
48 ml./min., r.t. 15 min. An enalytical semple wes pre-
pered by short-path distilletion, b.p. 148-152°/0.2 mm.;
V s 1780, 1675, 1150, 1080, 980 and 760 cmol;
'Z‘(C'DC13) 7.5 (2H; CH,~C=C, m.), 6.77 and 6.3 (2H;
CH,-CO, 4B q., J,5 9.5 Hz.), 6.57-6.0
(2H; CH,~CH-O, b.m.), 5.38 (2H; C=C-CH-0,
and o-cg-o,' m.), 4.46 (1H; CH=C, m.);
mess spectral ion at m/e 266 (1], C5H550, requires
n/e 266.
(Found: C, 67.55; H, 8.51; C,5Hy00, Tequires C, 67.64;

H, 8.33%).

Methylation of the lactone tetrahydropyranyl ether (102),

Di-isopropylamine (296 mg., 2.95 m.moles) in dry
ether (5 ml.) was stirred in an atmosphere of nitrogen.
To this was added butyl lithium (1.6 ml., 2.1l:in hexane,
2.96 m.moles) via a syringe. Addition was complete in
30 seconds and the solution aguired a faint milkyness.
A further 15 min. were allowed before the ¥-lactone tetra-
hydropyranyl ether (102) (718 mg., 2.69 m.moles) was
added in dry ether (5 ml.). After 0.5 hr. methyl iodide
(1 mi.) was added to the reaction mixture and stirring

continued for 25 min. at a gentle reflux temperature.



~-131-

The mixture was cooled and acidified with dilute sulohuric
acid. The solution wes poured on to satursted sodium
bicarbonate solution and extracted with ether. The
orgenic layer, after successive washings with water and
brine, drying over anhydrous sodium suvulphate and concen-
tration in vecuo, furnished a viscous, yellow oil (650 mg.),
The oil was absorbed on basic alumina (grade 1, 15 g.)
from 1light petroleum; elution with ethyl eacetate-light
petroleum (5% and 10%) furnished the methylated ¥-lactone
(103) [422 ng., 50% overall from (99)] as a colourless,
sweet smelling oil; g.l.c., 1% OV-17, 175°, flow-rzte
48 ml./min., r.t. 16.7, 17.6 and 18.4 min.;
Voox. 1775, 1675 1134, 1030, 990, 920 and 885 cm>l;
¢(CD013) 8.87 and 8.83 (3H; C§3—C, overlapping d.,
8.6-7.7 (10H; methylene envelope), 7.43
(1H; 0§-0H3, b.qg., J 7.5 Hz.), 6.94-6.17
(4H; CH,-0, b.m.), 5.4 (1H; C=C-CH-0, m.),
5.2 (1H; 0-CH-0, m.), 4.6-4.23 (1H; CH=C,
b.m.);
mass spectral ion at m/e 280 (1], 016H24O4 requires
m/e 28C.
(Found: ¢, 68.36; H, 8.47; C,6Ho404 Tequires C, 66.54;
H, 8.63%).
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Attennted zddition of lithio 3,3-diethoxv-yronyne (10%)

to the lsctone (103).

a) Butyl lithium (0.86 ml., 2.1 in hexane, 1.8
m.moles) wes injected into a stirred solution of 3,3-
diethoxy-propyne in dry ether (5 ml.) in &n stmosphere
of nitrogen. The reaction vessel was meintained at -78¢
for 0.5 hr. The ¥-lactone (103) (250 mg., 0.89 m.ﬁoles)
in dry ether (5 ml.) was then added znd stirring con-
tinued for a further 3 hrs. The mixture was then zllowed
to warm to room temperature (2 hrs.).

Saturated sodium sulphate solution was added and
the resulting dark-brown solution extracted with ether.
The ethereal layer wes weashed with water, brine end dried
over anhydrous sodium sulphate. Evaporstion of solvent
at reduced pressure gave a yellow oil (400 mg.). T.l.c.
(205 ethyl acetate-light petroleum) showed two closely
running, major components, the more polar one correspon-
ding to the ¥-lscton:z (103). Prepsrative t.l.c. (20%
ethyl acetate-light petroleum) allowed the isolation of
the less polar band as a viscous oil (250 mg.);

V ox. 3445, 1765, 1675 end 1100 cm:’;

7(013013) 8.75 (6H; CHyCHy-0, t., J 7 Hz.), 8.67-

7.84 (10H; b.m.), 5.43 (2H; 0-CH-O end
C=C-CH-0, b.m.), 4.7 (1H; CH-C=C, s.),
4.45 (1H; nm.).
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Spectral and t.l.c. data pointed to the nrescence of
both starting materiazl (103) end hemi-scetal (106).
Reveated t.l.c. did not effect purification of the desi-
red hemi-acetal (106), decomposition invariably occurring.
It wes cecided to proceed to the next stage with the
crude maeterial,

The experimental details for the following reaction
sequence are fully incorporated in the analogous and
subsequently éuccessful series of reactions with the

the ¥ -lactone (133).

Attempted socdium borohydride reduction of the hemi-zcetal

(106).

b) The crude mixture from (a) (220 mg.) was treated
with sodium borohydride (1 g.) in ethanol/water (10 ml.,
1:1, v./v.). After 3 hrs. an oil was isolated (200 ng.),
t.l.é. of which showed two major components with re 0.54
and 0.61 (40% ethyl acetate-light petroleum).

Preparative t.l.c. (50% ethyl acetate-light petro-
leum) afforded a yellow oil (108 mg.);
V... 3500, 1743, 1675 and 1100 enTL
The n.m.r. spectrum of the isolated material was totally
uninformative. The intense hydroxyl stretching frequency

in the i.r. prompted an extrapolation of the reaction

sequence to the next stege.
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Attempted sodium-liocuvid cmmonia reduction of the »roduct

from (b).

¢) The ecrude product from (b) (10C mg.) was treated
with sodium (19 mg.) in ligquid ammonia (30 ml.) for 4 min.
end the mixture quenched with ethanol. & yellow, viscous
0il (100 mz.) was obtained on work-up. T.l.c. (40% ethyl
scetate-light petroleum) showed extensive cdecomposition
of the rezction mixture, but also indiceted the precsence
of two components at Te 0.5 and 0.42. ©Since spectral
data in no way allowed & clarification of the product
conmposition, an attempt was made to induce any olefinic
diol (114) present to undergo cyclisation to the desired

chromanol (115).

Attempted cyclisation of the nroducts from (c) to the

chromanol (115).

d) The reaction mixture from (c¢) (100 mg.) after
being stirred with buffered acetic acid (sodium acefate/
ecetic acid/vater, 2.1 g., 1.5 g. and 10 ml. respective-
l1y) for 12 hrs., showed a plethora of products on t.l.c.
One compound predominated with T 0.3 (40% ethyl acetate-
light petroleum). Preparative t.l.c. (40% ethyl acetate-
light petroleum) furnished the compound as a colourless
0il (7 mg.);

Vv .. 3400, 1030, 903, 867 and 810 cm7?
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The ghsence of any saturated carbonyl stretching frequen-
cy from the i.r. of the isolated compound prompited an

chendonnent of the reaction sequence.

¥Y-Lectone trimethylsilyl ether (116).

The ¥-lactone alcohol (99) (172 mg., 0.95 m.moles)
was Qdissolved in scetone (5 ml., AnalaR) =nd trimethyl-
silyl diethylamide (0.4 ml., 3,92 m.moles) added. The
reaction flask was stoppered and allowed to stand for
4 hrs., when t.1l.c. (20% ethyl acetate-light petroleum)
indicated absence of all starting material. The solvent
end excess reagent were removed in vecuo to furnish the
trimethylsilyl ether (116) as a yellow oil (240 mg.)
vhich crystallised on standing. Recrystallisation from

chloroform gave cubes, m.p. 50-81°;

Voax. 1780, 1675, 1255, 980, 860, 755 and 697 cmi;
¢(0D013) 8.23 (3, 0§3—c=c, b.s.), 8.0 (2H;
CH,~C=C, m.), 7.7 and 7.35 (2H; CH,CO,

AB a., J,5 18 Hz.), 6.43 (2H; CH,-0, s.),
5.3 (1H; CH-0, m.), 4.47 (1H; CH=C, n.);
mass spectral ion at r/e 182 L1Y] (loss of C3H881),
CllH22038i requires m/e 254.
(Found: C, 61.60; H, 8.064; C11H22O3Si requires C, 61.39;
H, 8.72%).
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Dethyleotion of the trinethylsilyl ether (116).

The rrocedure for this methylation wos enzlogous
to that described for the Y—iactone tetrehydrooyrenyl
ether (102). The trimethylsilyl ether (116) (231 ng.,
0.96 m.noles) was trested with lithio di-isopropylemide
(1.05 m.moles) in ether and then methyl iodide (1 ml.).
Stendard isolation procedures furnished the methylated
lactone (117) as a yellow oil (186 ng.); e.l.c.,

1% OV-17, 175°, flow-rate 48 ml./min., r.t. 3.3 min.
(80%) end 4.85 min. (20%);

-vmax. 1775, 1675, 1255, 1200-11C0, 980 and
- 865 cm?l; |
‘f(CDClB) 9,01 and 8.98-(3H; C§3—CH, overlapping

d., d 7.5 Hz.), 7.55 (1H; CH-CHy, b.g.,
7 7.5 Hz.), 6.75 and 6.55 (2H; CH,-0,

AB q., J, 10 Hz.), 5.63-5.16 (1H;

AB
C=C-CH-0, b.m.), 4.73-4.37 (1H; Cl=C, b.m.).

Addition of 1lithio 3,3-diethoxy pronyme (105) to the

trimethylsilvl ether (117).

The lithio salt (105) (0.6 m.moles) was prepared in
the nmanner preViously described. The methylated lactone

(117) (100 mg., 0.37 m.moles) was added to a stirred,
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ethereal solution of the lithio selt (105) at -78¢, in

an atnosphere of nitrogen, and the reaction vessel main-
tained at this temperatvre for 3 hrs. The acetone/Drikold
bath was then removed znd stirring continued for a fur-
ther 12 hrs. VWork-up procedure, in the manner vrevious-
ly described, furnished & yellow oil (137 mg.) which on
preparative t.l.c. (20% ethyl acetate-light petroléum)
yielded the lactone alcohol (118) (50 mg.) and four minor
components (16 mg.) which were not investigated any
further., The approach beased on the lactone trinethyl-

silyl ether (117) was discontinued.

lMethylation of the ¥-lactone ccid (82).

The lactone acid (82) (107 mg., 0.546 m.moles) in
dry tetrahydrofuran (2 ml.) was added to a stirred solu-
tioﬂiof lithio di-isopropylamide (1.2 m.moles) in dry
tetrahydrofuran, in an atmosphere of nitrogen. A gela-
tinous precipitate formed almost immediately. The
mixture was stirred for a further 10 min. and methyl
jodide (0.5 ml,) added. On gentle warming the solution
became homogeneous. After 0.5 hr. the mixture was cooled,
acidified with dilute hydrochloric acid and extracted
with ether. The organié layer was washed with dilute
sodium bicarbonate solutioh, water, brine and driéd.

Removal of solvent in vacuo furnished a pale-yellow oil
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(16 mg.) which renidly derkened on exposure to air ond
corresponded to an intracteble nmixture of products.
The agqueous washings were acidified with dilute hydro-
chloric acid, saturated with sodium chloride and eﬁtracted
with ether. The ethercal layer was washed with brine ond
dried. Removal of solvent in vacuo afforded a viscous
0il which was esterified with ethereal diszometheone.
- Prevnarative t.l.c. of this colourless gum (96 mg.)
(205 ethyl acetate-light pétroleum) and isolation of the
bend with re 0.55-0.45 furnished the methylated ¥-lactone
ester (119) as a viscous oil (80 mg.);

Y ox. 1775, 1735, 1190 and 975 cm?l; |
7(CD013) 8.80 and 8.76 (3H; C§3—CH, overlapoing d.,

J 7 Hz.), 8.23 (3H; CH,-C=C, b.s.), 8.07-

3
7.63 (4H; methylene envelove), 7.3 and

7.05 (1H; CH-CH.,, overlavnping q., J 7 Hz.),
6.23 (3H; -CO

CE ) So)’ 5.1-408 (lH; CE_O,

27=3
b.m.), 4.37 (1H; CH=C, m.).
(Found: C, 64.09; H, 7.38; CqpM¢0, Tequires C, 64.27;

H; 7.19%).

Addition of lithio 3,3-diethoxy »ronyne (105) to the

Y-lactone ester (119).

The experimental technigue was identical to that

.described for the lactone tetrahydropyranyl ether (103).



This epproach resulted in the isolation of sterting
naterial and a gamut of products too comnlex to warrent

further investigation.

Approaches to the synthesis of the ¥-lactone methyl ether

(120).

a) Potassium t.-butoxide/t.-butenol/methyl iodide

The lactone alcohol (99) (98 mg., 0.54 m.moles) was
treated with vpotassium t.-butoxide (70 mg., 0.61 m.molese)
in t.-buteznol (10 ml.) for 1.15 hrs. under nitrogen.
Ilethyl iodide (0.5 ml.) was added and the solution stirred
for a further 8 hrs. The mixture was acidified with
dilute sulphuric acid, extracted with ether, washed with
satvrated sodium bicarbonate solution, water, brine and
dried. Evaporation of solvent in vacuo furnished an oil
(65 mg.) whose t.l.c. and i.r. data was compatible with
starting meterial.

b) Diazomethane/boron trifluoride etherate

Diazonethene wes bubbled into an ice-cold solution of the
lactone zlcohol (99) (138 mg., 0.76 m.moles) and boron tri-
fluoride etherate (11 mg., 0.08 m.moles) in ether (50 ml.)
until the solution hadacquired a permanent yellow colou-
ration. The solution was stirred for 12 hrs., washed withv
satureted sodium bicarbonafe solution, brine and dried.

Removal of solvent at reduced pressure furnished a crys-
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talline compound (120 mg.) identicel by t.l.c. end i.r.
with sterting metericel.

Treatment of the ¥ -lzctone 2lcchol (99) with the
recgents (c¢)-(f) did not 2l1low isolation of the desired
lactone ether (12C). The lactone alcohol was generslly
exposed to 1.1-1.2 equivalents of base and treated with
an cxcess of methyl iodide. The work-upn procedure vas
enzlogous to that described in (a).

¢) Sodium/ether.

d) Sodiuwm hydride/ tetrahydrofuren.

e) Lithio di-isopropylamide/tetrahydrofuran.

f) Sodium methoxide/methanol.

h) Sodium hydride/dinethyl formamide/methyl iodide

Sodium hydride (96 mg., 2.2 m.moles) was added to a stirred
solution of the lactone alcohol (99) (368 mg., 2.02 m.moles)
in dimethyl formemide (10 ml.), at 80°, in an atmosvhere

of nitrogen. The nixture was stirred for 2 hrs., methyl
iodide (1 ml.) was =2dded, and stirring continued for a
further 15 hrs. The nixture was cooled and extracted

with ether. The organic extract was ﬁashed with water,
brine and dried. Removal of solvent in vacuo afforded a
mobile o0il (413 mg.). T.l.c. (30% ethyl scetate-light
petroleﬁm) showed three components with Te 0.5, 0.35 and

0.1. Preparative t.l.c. allowed a separation of the
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rezsction nmixture into:
i) the spiro-lactones (125) =znd (126), as a colourless
0oil (171 ng.);

Y pox. 1780, 1180, 1025, 850 end 750 et

)me'(EtOH) 232 end 264 1m;

7(CDCl,) 8.23 (31f; CH;3-C=C, m.), 7.8-T.4 (obscured)

(4H; CH,-C=C, m.), 7.53 (4H; CH,~CO,-,

t., J 18 Hz.), 5.9, 5.8 and 6.01 (4E;
CH,-0-CO, s. and AB gq. resp.y J,n 9 Hz.),

5.07 (2H; CH,=C, b.s.), 4.53 (1H; CH=CCH,,

m.), 4.37 and 4.05 (2H; CH=CH, AB q.,
Jyg 11 Hz.), 4.07 and 3.75 (2H; CH=CH,

AB q., 10 Hz.);

JAB
_mass spectral ion at m/e 164 [177], C,oHy 50, requires
m/e 1643
ii) the ¥-lactone methyl ether (120) (30 mg., 8%) as a
colourless oil; | |

Y max. 1775, 1675, 1200 and 980 cm?l;

¢(CD013) 8.2 (3H; CH,-C=C, b,s.), 8.0 (2H; CH,-C=C,

2
AB q.,

3

m.), 7.67 and 7.3 (2H; CH,-CO,,
J 18 Hz.), 6.7 (2u; ng—O, s.), 6.6 (3H;
CH,-0, s.), 5.3 (1H; CH-0, m.), 4.41 (1H;
CH=C, m.);

mass spectral ion at m/e 196 [M'], CllH16O3 requires

" m/e 196;
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iii) the ¥-lactone alcohol (99).

¥-Toctone methoxymethyl ether (132).

a) Chlorodinethyl ether/vyridine

The lectone zlcohol (99) (2.59 g., 1.42 m.moles) was

taken up in dry pyridine (3.3 ml., 42 m.moles) and chloro-
dimethyl ether (2.3 ml., 24.4 m.moles) caréfully added

to the solution. A vigorous, exothermic reaction

occurred immediately and a viscous, yellow oil was formed
vhich solidified on cooling. The mass was broken up by
addition of ice/water and the mixture extrected with

ethyl acetate. The orgenic layer wass washed with aqueous
copper sulphate solution, to remove pyridine, water, brine
and dried. Removal of solvent in vacuo furnished a pale-
yellow oil whose t,l.c. indicated bothvstarting meterial
and a less »poler component. The crude mixture was recyc-
led three times, in the menner indicated above, until
t.1l.c. showed the presence of only a small quantity of the
¥-lactone alcohol (99). TFinal isolation gave an oil

(2.87 g.) which was adsorbed on to basic alumina (grade 1,
90 g.) from light vetroleum. Successive elution with
ethyl zcetate-light petroleum (15-50%) furnished the
lactone ether (132) as a faint-yellow, mobile o0il (1.52 g.,
53%); further elution with acetone gave the iactone

alcohol (99) (678 mg.). G.l.c., 1% OV-17, 175°, flow-
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rate 30 ml./min., r.t. 6.2 ming

Voon 1780, 1680, 1160, 1055 and 990 cmit;

¢(CD013) 3.22 (5H; m.), 8.0 (2H; CH=C-CH,, m.),
7.69 and T7.31 (2H; CH,~CG.,, AB q., J.q

17.5 }IZo), 6.61 (3}1; CE —'O, So), 6.53

3
(23 C-CH,-0, s.), 5.37 (2i; 0-CH,-0, s.),
5.3 (1H; CH-0, m.), 4.43 (1H; CH=C, n.);

mass spectral ion at n/e 226 L17], Cl2H18O4 requires

n/e 226, |

(Found: C, 63.64; H, 8.08; CqoHy50,4 requires C, 63.70;

H, 8.02%).

b) Chlorodimethyl ether/sodium hydride

Sodium hydride (750 mg., 18.8 m.moles) was added rapidly,
with stirring, to the lactone alcohol (99) (1.5 g., 0.83
m.moles) in dimethyl formamide (20 ml.) &t 65°. Stirring
of the cream—éoloured, vigorously effervescing mixture
was continued for a further 3 min; The reaction vessel
was then cooled in en ice/salt bath (5 min.) and chloro-
dimethyl ether (0.9 ml., 9.5 m,moles) added over a period
of 1 min. After 10 min. a further addition of chlorodi-
methyl ether (0.9 ml.) was made; the reaction mixture was
2lloved to reach ambient tenverature (20 min.), then
guenched by careful addition of crushed ice and dilute

hydrochloric acid (1N). ZExtraction with ethyl acetcte,
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successive washings of tiie orgonic phese with dilute
sodium bicarbonate solution, wveter, brine end drying over
enhydrous sodiunm sulnhate, followed by renmovael of solvent
in vzeuo, furnished e yellow oil (1.5 g.). The o0il was
edcorbed on basic elumine (grade 1, 45 g.) fom light ?et—
roleum; the frazctions eluted with ethyl ecetate-light pet-
roleum (10-504) were combined to afford the 1éét0ne ether
(132) as a nale-yellow oil (655 mg.). Further elution
furnished slightly conteminated lactone ether (132)

(500 mg.) from which (132) could be isolated by preperative
t.1.c. (30% ethyl acetate-light petroleum) (300 ng.).
Overall yield 52%.

This procedure was employed in all subseguent resction

sequences,

Methylation of the ¥-lactone ether (132),

To a stirred solution of di-isopropylamine (645 mg.,
6.36 m.moles) in dry ether (25 ml.), under an atmosphere
of nitrogen, was added n-butyl lithium (3,16 ml., 2.1u
solution in hexene, 6.65 m.moles) at such a rate as to
ca.ée gentle refluxing; stirring was continued for a fur-
ther 10 min. A solution of the lactone (132) (1.3 g.,
5.75 m.moles) in dry ether (10 ml.) was added and stirring
continued for 15 min. Methyl iodide (4 ml.) was added

and the mixture s%irred,with heating, for 30 min.
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It wes then cooled, woter added, ond the nixture cecidi-
fied with dilute, acueous sulrphuric acid. The zoueous
leyer was extracted with ether, the etherezl extreacts
washed with szaturated sodium bicarbcnete solution, water,
brine and dried. Removsl of solvent under reduced »nres-
sure afforded the methylated lzctone (133) as a yellow
0il (1.40 g.) in quentitative yield; g.l.c., 1% OV-17,
175°, flow-rate 30 ml./min., r.t. 7.3 nin.;

vmax.
1(CDCl3) 8.83 (3H; CH

1778, 1675, 1050 and 990 cml;

B—CH, d., J 8 Hz.), 8.27 (5H;

m.), 8.0 (2H; CH,-C=C, m.), T.41 (1H;

2

CH-CH,, q., J 8 Hz.), 6.63 (3H; CH,-0, s.),

3? 3
6.58 (2H; C-CH,-0, m. obscured), 5.4
(2H; 0-CH,-0, s.), 5.23 (1H; CH-0, m.),
4.55 (1H; CH=C, m.);

mass spectral ion at m/e 240 [I1'], 013H2004 reguires

m/e 240.

(Found: ¢, 64.93; H, 8.38; Cl3H2004 requires C, 64.98;

H, 8.39%). -

Addition of lithio 3,3-diethoxy provyne (105) to the

¥-lactone (133).

n-Butyl lithium (4.25 ml., 2.1 solution in hexane,
8.9 m.molés) vas added to a stirred solution of 3,3~

diethoxy propyne (1.14 g., 8.9 m.moles) in dry ether
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( 25 ml.),in an atmosvohere of nitrogen, &t -78°. The
pale~-yellow solution wus then stirred for a further C.5 ar.
A solution of the lactone (133) (1.29 g., 5.94 m.moles)
in dry ether (10 ml.) wzs added znd stirring continued
for 1.5 hrs. The reaction mixture was allowed to warn
to0 room temperature (1 hr.), then quenched by addition
of seturated sodium sulphate solution until a fine, gra-
nular precivpitate wes obtained. The etherecal leyer was
decented and the precipitate thoroughly wvashed with ether;
The etherecl extracts were combined and solvent removed
in vecuvo. A yellow oil was obtained which was eveporated
several times with carbon tetrachloride to furnish a gum
(2.25 g.). The i.r. spectrum exhibited 2 strong hydroxyl
stretching frequency at 3440 cmTl and a weak carbonyl
band at 1770 cmfl, svggesting the presence of both star-
ting material and produet (134). T.l.c. showed two
components with Tp 0.55 and 0.46. Preverative t.l.c.
(205% ethyl acetate-light petroleum) did not allow isolation
of en anelytically pure sample of the less nolar hemi-
acetal (134), the lactone (133) invarisbly being a minor
contaminant. The nateriel,however, was sufficiently pure
to 2llow a spectral characterisation of (134);
R4 mex.
z(cpc1l,y) 8.92 (3H; CHy
CH —CHQ-O, t., J 6 Hz.), 8.28 (3H;

3440, 1770 (week), 1670 and 1100-1000 cml;

-CH, d., J 7 Hz.), 8.8 (6H;
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CH,-C=C, b.s.), 6.6 (3H; CH.-C, s.), 6.7-

=3
6.0 (6H; cH 3=CH

3
f,-0 ond C-CH,-0-CH,, b.n.),

5.57 (1H; CH-0, m.), 5.43-5.07 (3I; b.n.),
4.7 (1H; CH-C=C, Db.s.), 4.47 (1¥; CH=C, m.);

high recolution mess srectroscony shoved an ion 2% n/e

350.2106 (loss of HQO), o0t 1,005 Tequires 350.2093.

Secdium borohydride reduction of the hemi-zcetal (134).

Sodium borohydride (2 g., 52.6 m.moles) was cdded to
e stirred, ice-cold solution of the zcetal (134) (2.1 g.)
in ethanol/wafer (10 m1., 1:1, v./v.) and stirring con-
tinved at room temperature for 2 hrs., The solution was
extracted with ethyl acetate and the organic phase washed
with water, brine and dried over magnesium sulnhete-
potessium carbonate. Removal of solvent in vacuo afforded
the diol (136) as 2 colourless oil (2.07 g.). T.l.c.
(60% ethyl acetate-light petroleum) showed one major
produét, re 0.47, staining black with Ceric (IIT) svpray.
Preparative t.l.c. of a sample 2llowed isolation of the
diol (136); the overall yield from the lactone (132) was
5053

Voo 3360, 1674 and 1200-1050 cmit;

¢(03013) 8.81 (3H; CH,-CH, d., J 7.5 Hz.), 8.78

(6H; CHy-CHy=0, t., J 6.5 Hz.), 8.3 (3H;

CH,-C=C, b.s.), 8.5-7.54 (5H; b.nm.), 6.63

3
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(3H; CH,-0, s.), 6.8-5.9 (7i; b.n.), 5.43
(2, 0-CH,-0, s.), 5.08 (1¥; CU-C, b.z.), .
4.68 (1H; CH-C C, b.s.), 4.41 (1¥; CH=C, n.);
high resclution mass speétroscopy showed an ion ot
m/e 307.19622 (loss of C2H7O2), CygHy70, requires n/e
307.190C92,

Sodivn/1lisvid emmonic. reduction of the acetylenic diol (136).

A 500 ml. flask, fitted with an acetone-Drikold
condenser end a mechanical stirrer was charged with liquid
smmonia (250 ml., distilled from sodium). Sodiun meteal
(644 mg., 28 m.moles) was then added in portions and the
resulting derk-blue solution stirred for 5 min. The
crude acetylenic diol (136) (2.58 g.) in dry ether (10 ml.)
was added rapid1y and the mixture stirred for 10 min.

The reactién wes guenched by dropwise addition of absolute
ethanol. Ammonia was allowed to evanorate and ice-water
was added to the residuel, yellow slurry. The squeous
mixture was saturated with salt, then thoroughly extrac-
ted with ethyl acetate. The organic extracts were com-
bined, washed with brine/water (1:1) and dried over anhyd-
rous magnesium sulrhate-potassium carbonate., ZIZvaporation
of solvent in vacuo afforded a yellow gum (1.9 g.). T.l.c.
(60% ethyl zcetate-light petroleum) showed the olefinic
diol (137) as a chracteristic cherry-red spot with rp 0.35

[developed with Ceric (ITII) sprayl]. A purified sample of
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(137) was obtained after prepesrative t.l.c.;

- 3400, 1675 znd 1200-11G0 et

4(03013) 9.15 (3H; CI
(3H; CH

3—_CH’ d" J 705 Hzo), 8.89

37CHy, e, J 7 Hz.), 8.39 (3H;
CH,-C=C, b.s.), 6.73 (3H; OCH,, s.), 5.5
(2H; 0-CH,-0, s.), 5.13 (1H; CH(03t),, 4.,
J 3 Hz.), 4.1 (1H; C=CH-CH(CEt),, d.d.,

J 16 Hz. end 3Hz.).

High resolution mass spectroscopy did not allow a charac-—

terisation of (137).

Acid catelysed rearrangement of the olefinic diol (137)

The crude olefinic diol (137) (1.9 g.) was added %o
a solution of buffered acetlc a01d (sodium acetate/acetic
a01d/mater—4 1 g./4 g./20 ml,) and the mixture stirred
vigorously for 18 hrs. The solution was extracted with
ether and the orgenic l@Jer weshed with saturated sodium
bicarbonate solution, water, brine and dried. Removal of
solvent in vacuo efforded a viscous, yellow oil (1.4 g.)
which wes purified by prepsrative t.l.c. (60% ethyl acetate-
light petroleum). ZExtraction of the band with re 0.35-
0.5 furnished the hydroxy-aldehyde (147) as a pale-yellow
oil (467 ng.);

v 3440, 2740, 1720, 1674 and 1150-1100 cmll;

max., .
r(CDClB) 9.0 (3H; CE3—CH, d., § 7.5 Hz.), 7.27
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(2H; CH,-Ci0, m.), 6.63 (3H; CH,0, s.),

3
5.5 (1lI; C=C-CH-G, m.), 5.38 (21; 0-CH,-C,

=2
s.), 4.67 (1H; CH=C, m.),-C.7 (1H; CHO,
-to’ J 205 I"IZQ);
high resolution mass spectroscopy showed en ion at
n/e 266.15143 (loss of CH3CHO), Cy5Hy50, Tequires n/e
266.15180. |

85

Cornforth oxidction ° of the hydroxy-zldehyde (147).

A solution of chromium trioxide (2.57 g., 25.7
n.moles) in water (2.9 ml.) wes zdded, with external
cooling =nd stirring, to oyridine (29 ml.). The hydroxy-
zldehyde (147) (530 mg., 1.71 m.molee) in »nyridine (5.4
ml.) was then added to the mixture end the dark-brovm
solution stirred vigorously for 18 hrs. The reaction
vessel was cooled in an ice-bath for a few minutes, the
viscous mixture ecidified with aqueous, dilute hydrochlo-
ric acid (1) and filtered through a pad of celite.

The agueous solution was saturated with so&ium chloride
end extracted with ethyl acetate. The organic phaese was
veshed with brine and dried. Removal of solvent in vacuo
afforded an intense-yellow gum (510 mg.). The gum was
tekenr up in ether and extracted with aqueous, saturated
sodium'carbonate solution. The aqueous leyer was reaci-

dified with dilute hydrochloric acid (1I1), saturated with
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sodiuvm chloride end extrected with ethyl zcetate., The
orgenic phase was washed with brine, dried and =olvent
renoved undcr reduced pressure. Thne vale-yellow sum
(275 mg. ) thus obtained wes immedis tely ecsterified with
ethereal dieczometheane 3nd subjected to nreparative t.l.c.
(754 ether-light petroleum) to furnish two comvonents:

i) the keto-ester (154) (48 ng., 8.3%) as

Y]

crystelline
compound, m.p. 52-55°; g.l.c., 5% QFl, 175°, flow-rate
69 ml./min., r.t. 12.94 min.;

p Fujol o35 1700, 1670, 1150 and 925 cmi<;

o~

maxe

7 (CDCl 3) 9,0 (3M; qg3—CH, d., J 7 Hz.), 8.27 (3I;

Cli;-C=C, b.s.), 8.12-7.9 (2H; CH,-C=C,
b.m.), 7.51 (1H; CH-COyile, A pert of ABX
system, J,5 17 Hz.y I, 7 Hz.), 7.11

(1H; CH-CO,lle, B part of ABX system, J,p

17 Hz., Jpy T Hz. )y 7.29 (1H; COCH-CI 5,

q., J 7 Hz.), 6.73 end 6.66 (2H; C-CH,-0,
AB q_o, JQ_B 9 HZ.), 6.72 (3H; CE3—O—CH2’ s.),

5.53 (2H; COCH-CH,, b.t.,.C=C-CH-0, obscu-

Hsy
red), 5.5 (2H; 0-CH,-0, s.), 4.52 (1H; m.);

high resolution mass spectral ion &t m/e 326.172124 [H+],

017H26O6 requires m/e 326.172934;

ii) the hydroxy-ester (155) (173 mg., 30%) as a crystal-

line compound. Recrystallisation-from chloroform-benzene

gave fine needles, m.p. 89.5-95°; g.l.c., 5% QFl, 160°,



flov-rate 40 ml./min., r.t. 6.8 min. (brozd pezk);

~ Hujol
e,

¥ (CDC14) 9.02 (31 CH

3490, 1740, 1672, 1160 end 1050 cm.';

3;CH, d., J 7 Hz.), 7.63

(1H; CH-CH, m.), 7.45 (1il; CH-CO lle, 4

pert of ABX system, J 5 16 Hz., J.y 55 Iiz.),

7.23 (1H; Cg—COzhe, B pert of ABI system,

Jpy 16 Hz., Jpe 6 Hz.), 6.69 (3H; COCE,,
s.), 6.4-6.08 (213 m.), 6.32 (3H; CO,le,
s.), 5.54 (1H; C=C-CH-0, m.), 5.42 (2H;
0-CH,-0, s.), 4.67 (1H; CH=C, m.);

mass spectral ion at m/e 328, Cy7Hyg0g Tequires n/e 328,

(Found: C, 62.34; H, 8.55; 017H28O6 requires C, 62.18;

H, 8.59%).

Thé nevtral fraction (105 mg.) derived from the oxidation

showed a germt of products on t.l.c. and a ¥ -lactone

stretching frequency in the i.r. spectrum. The major

component (13 mg.) was isoleted by preparative t.l.c.

(205 ethyl acetate-light petroleum);

4 1765, 1665, 1150, 1110, 1050 end 970 emT s

g.l.c., 5% QFl, 175°, flow-rate 58 ml.,/min., r.t. 8.55

eand 9.34 min.

No definite structursl assignment was made; it is possible

+that the material corresponds to the tricyclic lactones

(156) =na (157).
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Dicyclohexylcorbodiinide~dimethyl sulzhoxide cxicction

of the hydroxy-ester (155).

Pyridiniun trifluoroccetate (44.6 ng., 0.23 n.moles)
and dicyclohexylcarbodiinide (268 mg., 1.3 m.moles)
were dissolved in dimethyl sulphoxide-benzene (3.6 m=l.,
1:1, v./v.). The hydroxy-ester (155) (159 nmg., 0.49
m.moles) was added to the stirred solution. Almost
immedietely a fine, silvery precipitate of dicyclohexyl-
urea was deposited. \After 4 hrs. the mixture was taken
up in ethyl zcetate (5 ml.) and filtered. The filtrate
was concentrated in vacuvo and subjected to preparstive
t.l.c. (75% ether-light petroleun). The keto-ester (154)
(110 mg., 85%) was isolated together with a little |
starting material (155) (29.6 mg.).

87

Dicyclohexylcarbodiinide-dimethyl sulvnhoxide oxicdation

of the hydroxy-acid (158).

The crude acidic fraction obtained from the Cornforth
oxidation procedure (470 mg.) was oxidised in the manner
described above. After removel of dicyclohexyl-urea
by filtration,‘the filtrate was taken up in ether and
extracted with agueous, dilute sodium carbonate. The
aqueous layer was acidified with dilute hydrochloric acid
(1N), saturated with sodiun chloride and extracted with

ethyl acetate. The organic phase was washed with brine
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end dried. Removel of solvent at reduced »nressure
furnished the keto-aciad (159) (12 mg.). The neutral
extract, after drying and removel of solvent zt reduced
nrecsure, afforded a viscous oil with & shsrp, suvlphurous
odour. Irepcrative t.l.c. 2llowed the isolation of the
thioester (160) as a pale-yellow oil (97 mg.);
Vo 1742, 1720, 1160, 1120 =nd 1050 cmit;
’5(‘CDCJ.3) 8.95 (3H; CH,CE, d., J T Hz.), 7.75 (3H;
CHy-S, s.), 7.57-6.93 (3H; CH,-CO,-, and
C_Ill—C}I3, n.), 6.66 (3H; ch—o, S.)y, 5.47
(2H; 0-CHy-0, s.), 4.82 (2H; 0-CE,-5, s.),
4.47 (1H; CH=C, m.);
mess spectral ion at m/e 372.160075 [1V], C,gHog0,8

requires 372.160657.

Jones. oxidation’? of the hvdroxy-zldehyde (147).

Jones' receent (8N) was added to a solution of the
hydroxy-aldehyde (147) (75 ng., 0.24 m.moles) in acetone
(10 ml., AnaleR) at 0° until the solution became perma;
nently orenge coloured. The mixture was allowed to stend
for 1 hr. and then poured on to saturated sodium bicer-
bonate solution. The solution was extracted with ether
and the aqueous layer acidified with dilute hydrochloric
acid (1K) and saturated with sodium chloride. The agueous

solution wzs extracted with ethyl acetate, the orgenic
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vhase weshed with brine end dried. Renovel of solvent
in vezcuo efforded a gum which wes esterified with diezo-
methane. Prepasrative t.l.c. (75 ether-light petroleun)

furnished the keto-ester (154) (25 mg., 30%).

Hydrolysis of the keto—esfer (154).,

The keto-ester (154) (150 mg., 0.46 m.moles) was
heated with aqueous sodium hydroxide (5 ml., 4N) and
methanol (5 ml.) for 1.5 Hrs. at 40°, The aqueous solution
was cooled and extracted vith ether. The agueous layer
was acidified with dilute hydrochloric acid (lE), satu-
rated with sodium chloride and thoroughly extracted with
ethyl acetate. The orgenic layer weas vashed with brine
end dried. Removal of solvent in vacuo affordedbthe

keto—-acid (159) (138 mg., 96%) as a viscous oil;

1

mex. 3600-2450, 1720, 1155, 1115 and 1050 cm,

Trecitment of the keto-zcid (159) with sodium acetate-

acetic asnhyvdride.

A nmixture of the keto-zcid (159) (138 ng., 0.45
n.moles), fused sodiun acetate (110 mg., 1.34 m.moles)
and acetic anhydride (3.3 ml.) wes refluxed for 1.5 hrs.
The black reaction reaction product was cooled and satu-
rated potassium carbonate solution added. Solid potassi-

um carbonate was introduced into the reection flask at
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5 nin. intervels until 211 effervescence had ceansed
end the solution wes «lkaline to litrmus. The mizture
wes extracted with ether, the orgenic leyer wes wzshed
with wvater, brine end dried. Removel of solvent fur-
nicked a deark-brovn oil (120 mg.). T.l.c. (50% ethyl
acetete-light petroleum) showed tvo products with Ty
0.58 and 0.53. Prepsretive t.l.c. (25% ethyl scetste-

light petroleun) allowed the mixture to be separated

D

into:
i) the less polar emol lactone (153), as a colourless
0oil (23.4 mg.); g.l.c., 5% QFl, 175°, flow-rate 58 ml./

min., r.t. 12.47 min.;

V ex 1810, 1725, 1670, 1250-1000, 970 =nd 860 cmil;
'Y(CD013) 8.30 (3H; 0§3—c=c-o, d., J‘2 Hz.), 8.23
(3H; CH,-C=C, b.s.), 7.39 (1H; 0-CH-CI,,

A pert of_ABX systemn, JAB 16 Hz., JAX

11.81 Hz.), 7.27 (1H; O-CH-CH,, 3 pzrt of

ABX system, Jp, 16 Hz., Jpyx 7.19 Hz.),

6.68 (3H; CH;-0, s.), 6.58 and 6.50 (2H;

C-CH,=0, 4B q., J,5 9 Hz.), 5.44 (2H;

0-CH,-0, s.), 4.75 (1H; CH=C, m.);
mass spectral ion at n/e 294.146476 (1771, 016H2205
requires n/e 294.146472;

ii) the more polar enol lactone (153), as a colourless

0il (43 ng.); g.l.c., 5% QFl, 175°, flow-rate 58 ml./



nin., r.t. 14.5 ninj

V nex. 1810, 1730, 1675, 1130, 1050, 960 and
1

870 em. " ;
¥(01m13) 7.43 (11; 0-CH~CH,, A port of ABX systen,

3,5 17.5 Hz., I, 9.5

7.33 (1113 B part of 4BX system, Joy 7.5

Hz., Jgy 11.5 Hz.), 6.74 (3H; CH,-0, s.),

3

6.62 and 6.48 (2H; C-CH,-0, AB q., 5

10 Hz., 5.94 (1H; C=C-CH-C, b.d.), 5.48

(2H; 0-CH,-0, s.), 5.54-5,16 (1H; O-CH-CH,,
m.), 4.50 (1H; CH=C, b.d.);

mass spectral ion at m/e 294,146568 [1it], Cq gHoo0x

2

requires m/e 294.146472.

Attemnted reductive cyelisation of the enol lactone (153).

Dry t-butanol (17.7 mg., 0.24 m.moles) in dry ether
(1 m1.) was added to a stirred dispertion of lithium
aluminiun hydride (3.3 mg., 0.086 m.moles) in dry ether
(2 ml.) in an stmosphere of nitrogen. The mixture was
then cooled to -76° and a solution of éhe less polar
enol lactdne (153) (18 mg., 0.061 m.moles) in dry ether
(1 ml.) added. The mixture was allowed to warm to room
temperature and then stirred for 45 min. Saturated

sodium sulphate solution was added until a fine, grey

precipitate was obtained. The mixture was filtered and
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the filtrete concentrated in vecvo. A viscous oil weae
obtainecd, vhose i.r. spectrum did not show the high
carbonyl stretcning frequency normally associated with
bicyclol3,2,1]octan-8-ones, and whose t.l.c. (90: ethyl
ecetate-light petroleum) showed the presence of +wo
major products with Te 0.55 and 0.47 together with star-
ting material. The more nolar compound was isolated by
preperative t.l.c. a2s a gum (4 mg.); |
v .

This compound was not further investigeted but was »ro-

ox 3470, 1720, 1200-1000 end 920 cm.+
bebly the hydroxy-ketone (165).
The less polar component was also obtained as & gum (4 mg.);
' -1
'Vmax. 1720, 1150, 1050 and 930 cn.
It is conceiveble thet the compound in question is the
keto-aldehyde (164).

Subsequent attempts to induce the enol lactone
- mixture (153a) and (153b) to undergo cyclisation to the

ketol (166), under similar conditions, were unsuccessful.
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