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The previously known, 8-oxo=(13-»17)-pentanorlabda-12,19-dioic acid
19-methyl ester 36, was synthesised via two routes following the extensive
investigation of the dehydrobromination of bromo-ketone 48, and also partial
ozonolysis of the phenolic ring of podocarpic acid. |

This keto-coid 36 has been fransformed to the corresponding 8-methylene
compound in high yield. Application of the latter intermediate to diterpene
synthesis has been demonstrated by the synthesis of 12-hydroxylabd~8(17)~en-19~oic
acid 37 and methyl 12-ketolambertianate 61.
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agent for carboxylic esters in the presence of the carboxylic acid function - sodium

trimethoxyborohydride, has been discovered.
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GENERAL INTRODUCTION

Until the beginning of the nineteenth century, it was generally believed
that organic compounds could only be produced in living organisms. A special
power inherent in the living cell, the vital force, was thought to be essential for
the formation of the complex substances occurring in the qnir-nal and vegetable
kingdoms. However, following Friedrich Wéhler's success in transforming the
inorganic compound ammonium cyanate into a well known organic compound urea,
the science of modern organic chemistry can be considered to have been born.

There have been two definitions of organic chemistry. The first due to
Berzelius, was == "the chemistry of substances found in living matter", the second
by Gmelin simply as -~ "the chemistry of the carbon compounds".: Both of these
definitions is inadequate in itself. A ver)'/. large number of the carbon compounds
known to-day are of purely synthetic origin and do not, as far as we are aware,
occur in living matter.  But it is undoubtedly true that the study of substances
which are found in living organisms has provided most of the major stimulus to the
advance of organic chemistry throughout its history. The direct study of substances
from living matter or, more briefly, of natural products is as old as chemistry itself.
Its particular rise to prominence during the present century has been as a resuli of
the many ways industry and medicine have been able to put its products to good use.

The rise of the organic chemical industry and the growing outlets for new materials

- b



encouraged work on natural materials, with the aim of producfng synthetic analogues
which might at once have their virtues, and be free of their defects, - as had
been the case with the products of the dye industry. Finally, the steady
development of medicine and the access to tropical colonial territories provided
a major stimulus to the search for new natural drugs and their synthetic relations.
Of the many classes of natural products which arose from these
investigations it was soon apparent that a certain group of substances was widely
distributed throughout the plant and animal kingdom in exceptionally diversified
forms, known collectively as terpenes. These were descriptively and precisely
defined by Haagen=Smit as == "all compounds which have a distinct architectural
and chemical relation to the simple C5‘H8' isoprene molecule™ i.  The word
terpene has become associated with fragrant, steam volatile substances from
higher plants (essential oils) which contain the mono—(CIOH]O) and sesqui—(C]5H24)
terpenes based on multiples of two and three isoprene units respectively. Terpenes
as we now know them may be based on eight or more such units, containing any
number of different functional groups, and based on structural requirements may
not exactly contain multiples of five carbon atoms.
Since the diterpenes consist of four isopentane units combined, the
possibilities for structural complexity become quite large.  These are reflected in
the carbon skeletons shown in Figure 1 which represent nine of the basic cyclic

hydrocarbons (apaﬁ from the rare monocyclic compounds) which have so far been

found in nature. The cyclic diterpenes have presented a particularly challenging
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field for research. Their occurrence in nature is limited to the plant kingdom,
where some of them in the form of the gibberellins xii have already assumed great
economic and scientific importance because of their apparent role in the stimulation
of plant growth. The present basic concept of diterpene biogenesis stems from the
suggestion of Ruzicka, and its important extension by Wenkert, involving cyclisation
- of an initial isoprenoid tetramer, geranylgeraniol ii (or geranyllinalool iii), fo the
bicyclic labdane alcohol |_\_/, from which all of the known diférpenes subsequently
develop by methyl migrations, characteristic of the terpene series. The general
validity of the rule has been strikingly proven by numerous isotopic labelling
studies.

It is fascinating to speculate on the function of all these structural types
in the plant. If one accepts the biosynthetic prodigality of plants as an example
of evolution in progress then one may see merging at least one function for each
main group of ferpenoids. In the present case when, during evolution, the
gibberellins emerged as essential plant hormones, the enzymes which evolved at
the same time to convert the basic diterpenoid érecursor, geranylgerany! pyro-
phospate into the gibberellins, were either rather unspecific so that they also
catalysed other slightly different reactions leading to related diterpenes, or they
were one of a series of enzymes produced in a non-selective manner, which
catalysed similar but different reactions. Possibly in the distant future plants
may have 'settled down', evolutionary speaking, and will shovx; far less biosynthetic

individuality than they do to~day.



The objects of natural product synthesis in the laboratory are multifarious.
The classical aims were mostly centred on confirmation of the structure of the
product obtained from natural sources, since alternative physical and chemical
. means of determining molecular constitution were not well developed. AHHough
this still remains an ihporfcnf goal of synthesis, many additional results have
become apparent. In the course of a synthesis, unexpected intermediates or
by-products may arise, shedding new light on mechanisms, and thus allowing the
extension of synthetic methods to other systems. Addifionolly the increasing
demand for, and hence development of, physical and/or spectroscopic forms of
data on new and existing compoun'ds, has accelerated the efficacy with which
the results of a synthetic step can be characterised in further reactions. The
increasing complexity of function and steric requirement of multi-functional
molecules has led to a great expansion in the number of specifically directed
and 'mild' reagents available for a given conversion.

Two other, incidental but often dominant reasons for a synthesis emerge..
The desired product or its progenitors may have a well known or possible, medical
and economic‘ufﬂify and hence the need for an alternative supply to natural
resources may be paramount where the latter are costly or uncertain.  As many
natural products have a complex and highly specific stereochemistry, and it has
only been through an understanding of the stereoelectronic principles of reactions
that their synthesis have been successfully planned and executed, the exercise of

this understanding and its continuous development presents a considerable



motivation for intellectual challenge and satisfaction to the organic chemist.
Briefly, the aim of a good synthesis is to produce the desired material,
either from another readily available natural product of known structure, or from a
-cheap, simple precursor using the minimum of steps, each with the highest possible
yield.  The actual scheme may depend on the construction of the desired carbon
skeleton and the placing of functional groups at the proper positions, or more
usually two fairly complete, simpler units are combined by a key carbon-carbon
bond forming reaction. The object of the present ;Nork was to devise practical
partial syntheses of diterpenoids possessing the labdane skeleton iv, from the

readily available podocarpic acid xiii as a starting material .




Several high yield, total syntheses of podocarpic acid xiii have been revcorded,
and thus such synthetic schemes would constitute formal total syntheses.

In the event a high yield, five step synthesis to the intermediate xiv_
has been achieved, which should be of general utility in the synthesis of several
labdane type diterpenoids. Thus the synthesis of 12-hydroxy-labd-8(17)-en~19-oic
acid xv has been completed. This 12-hydroxy compound - as a mixture of

dextrorotatory, erythro-threo isomers ot C-13, - has allegedly been isolated from

Juniperus Phoenicea L. However we have found that the physical data described

for the natural product do not agree with those obtained for the synthesised

compound, and thus the structure bf the natural material is in doubt. In addition

the alcohol xvi (R = OH) has been obtained which is potentially convertable to
methy| lambertianate xvi (R=H), the methyl ester of another natural product.

The latter work has led to an improved procedure for 3-furyllithium useful for the
synthesis of other, 3-furan- confoininé natural products. Finally, incidental

studies have demonstrated the potential of sodium trimethoxyborohydride as a selective

reagent for the reduction of esters in the presence of the carboxylic acid function.



HISTORICAL INTRODUCTION

Bicyclic Diterpenoid Synthesis

The vast majority of the synthetic approaches to bicyclic diterpenes in
the past have utilised the construction of the A, B and C rings of a tricyclic entity,
followed by degradation of ring C to an A/B bicyclic with suitable functionalisation
for further reaction. In many cases the tricyclic intermediate itself has been
primarily intended as a precursor to a tricyclic or tetracyclic diterpenoid. The
main problem which arises is that of achieving the correct configuration at the
minimum, of four asymmetric centres which occur in these molecules. Thus one
attempt has been recorded] to elaborate decalins of the type 1 from 2,2, 6-trimethyl-

cyclohexanone through an acetylenic intermediate, but without conspicuous success.

—
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The utilization therefore of a tricyclic compound, with the co'rr_ecf
stereochemistry at the C-4, C~5, C-8, C-9 and C-10 cenires (see bicyclic
LABDANE skeleton 2), is obviously a major factor in the successful synthesis of
such molecules. A full review of the methods used in the past to build up such
tricyclic intermediates, is beyond the scope of this introduction, but several
major examples of the types of technique used will become apparent from the
bicyclic diterpenoid syntheses to be discussed below.

Before reviewing these previou§ syntheses however, mention should be
made of an alternative, and entirely different approach to the multicarbocyclic
ring systems of the terpene (and sferoid) series. The biosynthesis of these molecules
takes place (as we have seen in the General Introduction) by enzyme catalysed
cyclisations of poly-olefin type species in the plant. The most impressive aspeéf
of these cyclisations is that a substrate such as squalene 2, 3-oxide 3, with one
asymmetric centre, is thus converted info a product dammaradienol 4, with no less

than eight asymmetric centres, in a completely stereoselective manner™.

[
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It is obvious that study of such processes to determine the feasibility of non-enzymic
cyclisations in the laboratory would be of fundamental practical and theoretical
importance, and accordingly the field has already achieved considerable attention.
There were originally, good a priori reasons for supposing that all = trans, squalene =
like, polyolefins should cyclise stereoselectively to products with the "natural ™

' 'configurofionS, and in the ensuing years from 1955, considerable success was
achieved with strong acid catalysed systems. Thus trans-desmethylfarnesic ester 5

"gave the product 6 in 60 - 70% yield4, with sulphuric/formic acids at 20°.

OH OH

n

3

O

However these early studies were soon found to involve stepwise, mono-
cyclic intermediates, and further, not to be of ufilify for polyenes containing more
than three double-bonds (cyclising to tricyclic and higher materials). Subsequent
work in this field has led to other more satisfactory methods which have been lucidly
outlined by Johnsonz. Early cyclisations involving acid solvolysis of sulphonate

esters gave the desired stereochemical results but suffered from low yields and



1.

products, without functionalisation in ring A. Later, cyclisation of olefinic
acetals showed considerable promise. The trans dienic acetal 7, on treatment at
2502 with stannic chloride in benzene, underwent a very rapid reaction with
the formation of trans-bicyclic material in 90% yield, which consisted of five

isomers 8.

7 . 8 ?

Nitromethane as a polar solvent gave 80% of the product as the isomer 9, as
opposed to 60% in benzene. Further, the corresponding cis acetal gave the
appropriate cis A/B ring junction products, also in high yield. The potential
of the method for bicyclisation in high yield, with high selectivity as originally
predicted was thus confirmed. |

Additional work has also shown considerable success in the cyclisation
to tri and tetracyclic materials, both by this method and by use of allylic cation

promoted cyclisations. Thus on shaking 10 with formic acid for 11 min at room
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temperature, essentially quantitative conversion to tricyclic material took plo;:ez,
consisting of four isomeric hydrocarbons, 11, and an alcohol 12. Thesé were all
subsequently converted to dl-fichfelife, a natural resin acid, hydrocarbon. There
is no doubt therefore that polyolefinic cyclisations will become of increasing

importance in polycarbocyclic synthesis in the future.

10 S 12

Previous syntheses of bicyclic diterpenes have used either synthetic
tricyclic material or another natural product itself, also usually tricyclic, as
basic starting material in the synthesis. The technique is well illustrated by
Rogers and Ba.rlfrop et al's synthesis5 of the diterpenes from the labdane group;
sclareol 13, methyl lobdanolate 14, and isomanool 15, from podocarp-8(14)-en-7-
one 16.  Compound 16 was ozonised to keto acid 17, (16 having been obtained
from the corresponding phenol ether which was prepared by classical cyclisation
procedures) - and treatment of this keto acid wif'h methyl [ithium followed by

dehydration led through the hydroxy-ketone 18 to the unsaturated ketone 19 (R = Ac).
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The ketone on hypoiodite oxidation gave the corresponding unsaturated acid 19
(R=COOH), which was cyclised under acidic conditions fo (+)-ambreinolide 20.
This compound, itself a natural product, served as a relay for further synthesis.
(+)-Ambreinolide was hydrolysed to the lithium salt of the related hydroxy acid
which with methyl-lithium gave the ketone 21. This ketone was converted to a

d mixture of epimeric acetoxyethynyl carbinols 22 (R] =Ac Ry = ~C = CH), which
on being separated, and reduced with lithium aluminium hydride gave rise to

~ sclareol 13 and 13-episclareol. Dehydration of 13 gave isomanool 15. Ketone
21 was also converted to methyl labdanolate 14 and its 13-epimer by reaction with
ethoxyacetylene, acid-catalysed rearrangement of the ethoxyethynylcarbinol 22

(R2 = C=C~ OFt, R] = H) to the ol#~unsaturated ester and hydrogenation.

W

20 21 22

o — —— Pt

More recently, two partial syntheses have been achieved using
degradation producfs from natural diterpenoids of known configurations. The

problem of fixing configuration of at least three asymmetric centres was thus
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eliminated. In their synthesis of anfipodal(-r)-bolyalthic acid 23 (R=H),
Pelletier et a|6 started from the keto-acid 24, obtained by ozonolysis of

7,8

methyl laevopimarate 25" "~

OOH

23 24 ) | . 25
The acid 24 was coupled by the Kolbé electrolytic method with 3-furylaceffc
acid in low yield fo give the intermediate 26.  The exocyclic methylene group
required was then elaborated by the Stork procedure. Condensation with lithium
ethoxyacetylide and rearrangement in acidified methanol gave an O{B-unsaturated
ester 27, which on hydrolysis and decarboxylation with copper chromite in
quinoline gave methyl antipodal polyalthate 23 (R = CH3). Potassium t-butoxide
in dimethyl sulphoxide served to yield the parent acid 23 (R = H).

In their synthesis of mcmool9 28, Wenkert et al utilised sclareol 13 as

a relay compound to a formal total synthesis of 28. The sclareol was synthesised
by modifications to the unsaturated ketone 29 obtained as an ozonolysis product

of neoabietic acid.
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~ Protection of the carbonyl group, lithium aluminium hydride reduction and Saratt
oxidation with CrO3 in pyridine converted the C-4 ester to aldehyde. Huang-
Minlon reduction and treatment with acid yielded the ketone 16 (previously obtained
both by synthesis and degradation of sclareol itself). Their route then followed the

same pathway as used above to the keto-alcohol 18 but the enol-lactone 30 was also



17,

isolated with the present conditions. Dehydration of the enol-lactone gave a
g : s 8,9 . ' ; :
mixture of olefins 31, of which the A™"" isomer was a major constituent, and

which had been previdusly converted to 13 and hence to manool 28.  The overall

conversion was not notable for its yield.

The only other recent bicyclic diterpene syntheses consist of one and two
step conversions from other natural products. Cis-biformene 32 was obfcined]
by the dehydrc’ri.on of abienol 33 in pyridine at 0° with POCI3 in 90% yield.
Use of the same reagent on manool 28 gave three products including trans-biformene
and sclarene. 13-Epimanool §iwas synthesised in a Russian sfudy” from
]3;episc|o|'eo| by acetylation with acetyl chloride in dimethyl aniline and
subsequent distillation of the diacetate at 175°. A mixture of sclaranes plus
13-epimanool acetate was obtained, the latter being subsequently hydrolysed to

34 with potassium hydroxide in ethanol.
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i’odocarpic Acid as Starting Material in Synthesis

Podocarpic acid 35 occurs widely in certain trees of the southern

hemisphere, notably in Podocarpus Dacrydium cupressinum Lamb. ("rimu") whence

it was first isolated and. in larger amounts in Podocarpus dacrydioides A Rich

("kahikatea™), where it frequently occurs in the heartshakes from which it can
be collected in high purity without exfrac’rionlz. The compound is not strictly
a diterpenoid but is usually considered along with them because of its close
biogenetic relationship and chemical importance. Total syntheses have been
numerousw, and will not be considered in detail here except to note that the
main problem has been associated with the elaboration of the correct stereo-

chemistry at C-4 (see for instance references 13g and 13i).
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The compound is thus reddily available naturally as well as synthetically
“and is of undisputed structure. It is therefore an ideal substrate for further
synthetic manipulation, not least for the fact that its aromatic ring C leads to
ready f-uncfionalisa’rion of the molecule.  That this point hmslnoiL escaped the
attention of other workers is demonsfrafe;d by the numerous conversions which have
been performed, particularly on ring C. The moré recent ones are listed under
reference 14. | Ring A has also received attention, eith . at the C-4 carboxy|]5,

or also in conjunction with oxygenation at C~7 in ring B .

Proposed Synthetic Objectives
In planning the present work it was hoped that a basic intermediate, such
as the keto-acid 36 could be produced (see Original Synthetic .Plan, below), which

would then be suitably modified at C~12 to produce a desired diterpene intermediate
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by condensation with a suitable carbon-carbon bond forming reagent. Two diterpenes

in particular seemed potentially easily derivable by this approach; 12-hydroxy

labd-8(17)~en=19-oic acid 37 obtained from Juniperus phoenicea L. KF and

lambertianic acid ((+)-daniellic acid) 38, obtained from Pinus lambertiana Dougl.

("sugar pine")]8 and also from Pinus sibirica]9 together with its C-19 methyl ester.

o
—
——
—
-
-
Lty
—

COOH
37 : 38
In general this scheme obviously required use of a sec-butyl lithium or
similar reagent for synthesis of 37, and a similar 3-furyl reagent for 38.  The
configuration at IC—-]3 in 37 was not specified, except that both configurations were
present in the natural product so no problems were anticipated in obtaining the
correct ﬁroduct, using commercially available fé_c_-bufyl lithium. The use of a
3-substituted furyl derivative for synthesis of 38 was less clear-cut however.
Although the 3-substituted furan ring occurs quite widely in nature,

particularly in the terpenes, very few syntheses have been recorded of natural

products containing this moiety. Prior to 1958, the three reportedzo, utilised
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3-furoic acid as starting material as typified by the synthesis of (+)-ipomeamarone

Ob

_319_20(:, and ipomeanine fi_(_)_z . Both 40 and 3-furoic acid occur in block-réﬂed

sweet potatoes where the final product 39 is also found.

37 - 40

Since Gronowitz and Sorlin's work2] in 1962 on a reasonably efficient
route to 3-chloromercury furan, and hence to 3~furyl lithium, incorporation of a
preformed 3~furyl carbon unit into a synthetic scheme has been feasible as an
efficient one-step route for this structure. This work rr.\ade 3~furyl lithium
available by synthesis in reasonable quantity. Since that time two groups of
- workers have utilised it in synthesis. Bohlmann et 0122 obtained the sesquiterpene=
alkaloid, dl-castoramin i]_, which had been previously isolated from the glands of
the Canadian beaver, by reaction of 3-furyl lithium with the precursor 42,
followed by hydrolysis, dehydration and reduction with palladium/barium sulphate.

The natural product 41 was obtained together with its epimers.
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Working on the closely related nupharidine alkaloid systems, Wrobel et a|23
in the same year (1965), obtained dl~deoxynupharidine 43, by reaction of the

amide 44 with 3-furyl lithium and reduction of the product with palladium/charcoal.

43 44

Finally, the synthesis of antipodal (+)-polyalthic acid 23 (R =H) (see above) was
reported during the course of the present work. Since this study had utilised a

rather inefficient route fo the 3~furyl moiety by converting 3-furyl lithium to



FIGURE 2

: Intermediates from Podocarpic Acid24
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3-furyl acetic acid, via 3-furoic acid, and then coupling the latter compound in
low yield to the keto-acid 24, it was concluded that the route to be explored here
was also of value. However fhé utilisation of the keto-acid 24 by the other
workers, had demonstrated the basic correctness of our original plans for use of
the corresponding isomer _I_S_é_ in the present epimeric series as a key intermediate.

Original Synthetic Plan

Following Bible and Burtner's sfudyQ4 on the reduction of ring C of
podacorpic acid and derivation of various intermediates, it was decided to attempt
to irﬁprove yields in those conversions, and to then progress from the 0pf-unsaturated
ketone 49.  The reactions which they had performed which were of interest are
recorded in Figure 2. It was félf that reduction of the aromatic ring by rhodium
or ruthenium catalysts should markedly re;{uce the amount of hydrogenolysis found
by Bible and Burtner. In acidifion, the yield of bromo-ketone 48 was thought fo
be improvable, as also was the yield of the ®#-unsaturated ketone 49 which was
formed by an apparent 1,4-elimination mechanism.

The originally proposed route to the diterpenes 37 and 38 from 49 is shown
in Figure 3. Enol acetylation of 49 was assumed to give 50 as the moiorify product
under thermodynamically controlled condifionszs.'- It was then hoped that
ozonolysis of 50 with oxidative work-up would lead to the keto-acid 36.
Elaboration of the exocyclic double bond, or the side-chain moiety first, would

then be possible, and as illustrated it was hoped to attach the side-chain via



FIGURE 3 : Proposed Synthetic Route to Diterpenes 37 and 38
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alkylcadmium attack on the acid-chloride 51, ofter ketal formation af C-8. It
was hoped to be possible to prepare these cadmium derivm‘ives26 from the
corresponding lithium compounds. Removal of the keto group at C-12 in 52 by
. Huang-Minlon or similar reduction and elaboration of the double bond by the
Wittig method was presumed would lead to methyl lamberﬁanute 38 whilst hydride
reduction of the ketone 53 would lead to the alcohol(s) 37. In the event, studies
took a very different course before final products had been reached, although the
keto-acid 36 did in fact prove to be a key infermédidfe in the syntheses. lis
subsequent conversion to the corresponding exocyclic double~bond compound 58,
shown in Figure 4, gave a basic precursor for generation of a number of bicyclic
diterpenes by attachment of a suitable carbon fragment at C-12, as had been
originally hoped for. The subsequent routes taken to 12-hydroxylabd-8(17)-en-19-oic
acid 37 and methyl 12-ketolambertianate 61 are also shown in Figure 4. Unfortunately
we have not as yet been able to remove the C-12 keto group in the latter compound.
The general significance of this problem and the general synthetic potential of the.
method are discussed in the main body of this thesis.

in t‘he naming of compounds in the experimental section, the system of
nomenclature proposed27 by Dr. J.W. Rowe, now under consideration by an ad hoc
committee of diterpene chemists for IUPAC, has been used. The need for a
unifying systematic nomenclature for diterpenes has been evident for some time,

since various independent previous attempts have led to further confusion.
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The proposed27 skeletons for the structures in this thesis are those of
PODOCARPANE 62 and LABDANE 63 both hypothetical hydrocarbons, but

biogenetically consistent and which have been found convenient to use.




DISCUSSION AND RESULTS

l. Dégradoﬁon of Podocarpic Acid (via Reduction-Oxidation Sequence) to the
Keto-Acid 36

Reduction of the aromatic ring of podocarpic acid 35, using platinum
oxide in acetic acid, and medium pressure hydrogen as reported by Bible and
Burfner24, gave substantial quantities of desoxypodocarpic acid (see Figure 2) as
a result of hydrogenolysis of the 12-;hydroxy| function. In order to improve the
procedure for reduction of the aromatic ring we thus turned to consideration of
other catalyst systems. Rhodium metal on alumina as substrate, had been shown
by Gcrcia-—Munoz28 in a study on hydroxy-naphthalenes, to give very little

(< 3%) hydrogenolysis of carbon-oxygen bonds. Other examples have also been
well documented receni‘ly29

Use of this catalyst (5% Rhodium on Aluming; Englehard Industries Inc.)
in the solvent found to be most effective previously28 (namely one per cent acetic
acid in ethanol) gave at most, two per cent hydrogenolysis when used on the .
podocarpic acid system, with one to three atmospheres hydrogen pressure. ‘V\./hen
one part catalyst to three parts substrate wos used, reduction was complete after
some forty-eight hours. Use of smaller or larger quantities of catalyst did not
alter the proportion of trans=reduction of the B/C ring junction, which was

consistently 15% of the product, but simply resulted in variation of the time to

-29-~
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completion.

It was found that the catalyst could be used a second time, without
change in product character and using twice the previous amount to achieve
. reduction in the same time. Further, reactivation of the cgfclysfzs by Soxhlet
extraction with methanol for 24 h, acetic acid washing, and drying at 400° in a
muffle furnace for 36 h, gave a product which was good for at least one further
reduction at the 1:3 ratio. Second-time use and regeneration, répresenfs a
considerable economy on the use of this catalyst in view of its high initial cost.

When hydrogenations were performed with acetic acid in ethanol as
above, but the pressure bottle used was heated to ca 50°, or when a few drops of
concentrated perchloric acid were present in addition as a strong acid catalyst, the
reduction rate was very slow or negligible. These results are interpreted as being
due to ethyl acetate formoﬁor‘u which had previously been found to give no
reduction with this cqfolystzs when used alone as solvent. The reason for the
apparent catalyst poisoning by this compound remains obscure.

The proton magnetic resonance (pmr) spectrum of the crude reaction
product showea that the B/C cis ring=junction product was present in 85% yield,
but as a mixture (5:3) of the 12ct-hydroxy 45, (R] = OH, R2 = H) and 12B~hydroxy
45 (R] =H, R2 = OH), compounds respectively (see Figure 5). The product
composition was further confirmed by pmr analysis of the mixture of the acetates
derived from the crude hydrogenation product30, and also by pmr analysis of the

mixture of the ester~ketones, 65 and 66, obtained by direct oxidation and
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methylation of the crude hydrogenation product. The predominance of the B/C-cis
ring juncture is expected on simple steric grounds, the ®-face of the molecule being
less sterically congested -fhon the ﬁ—face. The minor formation of the B/C~trans
ring juncture is also explicable if it is assumed that part or whole of the hydrogenation
of the aromatic ring is a step-wise process and that the most difficult bond to saturate
i‘s the 8(9)-double bond. A number of other 8(9)-olefinic diterpenoids have been
noted to yield B/C~-trans products either predominan’rlym or exclusively on catalytic
hydrogenc‘l‘ion32

| Methylation of the crude hydrogenation product 45, or of the pure, (mp 230
- 233%) cis hydroxy acid gave the hydroxy-methyl ester 64 as a near-colourless glass,
which could not be obtained crystalline, as already noted by Bib|e24. This is most
probably beéduse the 'pure' compound is still a mixture of 12- /3 isomers and also
that air oxidation of the 12-/8compound to the ketone is exfrerﬁely facile. Thus
recrystallization of the original hydroxy-acids 45 must be performed under nitrogen
to avoid oxidation. The extreme ease of this oxidation is apparently due to the
large amount of steric relief obtained on going from an sp3 to an sp2 carbon at the
12-position, arising from interaction with the C-20 methyl group.

Subsequent oxidation of the crude me’rhyléted hydroxy esters with Jones

recgenf33 (8N chromic acid in acetone) proceeded well at 15-25°, to give a
mixture of ke.’ro—esfer‘s, 9_5_ and 66, which was freed from traces of desoxy,

phenolic and highly-coloured material by washing through alumina. A mixture of
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85% 66 and 15% 65 was obtained in this way.

Successful separation of high yields (70%) of the desired cis isomer 66
were finally achieved By fractional crystallisation from ethyl acetate~hexane,
although previously, some success had been obtained by utilizing the selective
reaction of the cis isomer 66 with Girard's 'T' reagent (Trimethylaminoaceto-
hydrazide chloride).  The reason for this selectivity remains obscure since on
sferic grounds the trans isomer 65 would be expected to possess the least hindered
carbonyl group. It was thought at one point that the difference in re.acﬁvities
was due to a subtle pH dependence of the condensation reactions. The reagent
initially found to exhibit the selectivity was a sample from Fisher Chemical Co. Lid.
Refluxing with 1.5 = 2.0 moles of reagent in efhonol-cceﬁcuacid for 1 =2 h in the
usual manner gave ca 80% yield of the cis isomer 66 on acidification of the
aqueous extract. However subsequent trials with reagents from Ma'fheson, Coleman
and Bell, and British Drug Houses Limited gave somewhat lower amounts of reaction
and absolutely no selectivity between isomers. Investigation of the pH of these
reagents alone in water revealed significant differences (ranging from pH 4.5 - 6.8)
and it appeared that a correlation could be drawn between extent of reaction and
pH of reagent (and hence perhaps of reaction medium). It thus seemed possible
that the trans isomer 65 derivative, once formed, might be more sensitive to

subsequent hydrolysis by acid back to starting material; but initial trials with

additions of small quantities of hydrochloric acid ‘proved fruitless and the problem



remains at present unresolved. |t seems possible that specific catalysis by some
unknown contaminant in the Fisher material cannot be ruled out.

The cis keto-ester 66, obtainable by fractional crystallisation in
considerably improved24 overall yield from podc;carpic acid, was next subjected
to bromination with N-bromosuccinimide in carbon tetrachloride solution. The
initial procedure of Bib|e24 was modified by the use of more dilute solutions and
initiation by a drop of hydrobromic acid instead of by uliraviolet light. When
i’he;, reaction was thus performed, controlled=-low bromine conceritratisn =
bromination took place to give a crude product containing some 90% of a single
component.

This component was isolated and characterised as the bromo-ketone
48, by Bible and Burfner24. The 11&{~-configuration assigned to the bromine
atom in this bromo-ketone was based on the long wavelength Gbso'rpﬁon at 310 m
(€, 130) in the ultraviolet spectrum, whiclh is indicative of an axial bromine34,
and the strong positive Cotton effect observed in the Optical Rotatory Dispersion
(ORD) curve. However, the inspection of a molecular model and application of
the Octant Rule35 to projections of the model (see Figure 6) shows that these
spectroscopic properties can be satisfied by an ilﬁ(-bromine substituent with
ring C in a chair conformation, (Figure 6a) as previously postulated, or, by a
13-bromine with ring C in a twist conformation (Figure éb). Since the subsequent

Al3,14

dehydrobromination of this compound24 gave more than 60% of the
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unsaturated ketone 49, ie the 1,4-elimination p.roduct - (and the highest recorded
example of 1,4-, ver-sus the more usucl; 1,2-elimination, was 40%36) - it was
decided to disﬁnguish' unequivocally between the two possibilities by use of the

" nuclear Overhauser Effect (NOE).

The NOE properties of the proton adjacent to thelbromine atom and
carbonyl group (C-11 or C~13, = signal at 4.37 ppm) were examined. The basis
for the effect lies in the contributions which neighbouring protons make to the
- longitudinal relaxation time T] of the proton of interest. As a general, qualitative
ru|e37, if the nearest neighbouring protons are within 3.6 R of a carbon atom of
a methyl group for example, then saturation of the methyl (or all) protons with a
second rf field will result in an area increase for this profonr. |

Thus the o~proton of the bromo-ketone showed a 7% area increase (see

Table 1) when the C-20 methyl group was saturated.

Protons Proton .
Saturated FEt Observed ppm % Area Increase

C-20, CH, 0.675 H-11- 4.37 7

H-1, a 1.12 n " .

H-1, e 2,17 N " 17

H-9 2.27 " n 18

H~1, &* 2.17

H-9, * 2.97 " " 37

- * Triple resonance experiment

TABLE 1 .

Nuclear Overhauser Effects in ii?_
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This clearly implies that the o{~proton and the C-20 methyl carbon must be within
3.60° of one another. Measurement of this distance with the aid of a molecular
modél for an 11 &« ~bromine substituent showed a ;separafion of 3.36 X i"'or the
ol=(118)~proton, whilst measurement of the equivalent distance for a 138-bromine
subs;ﬁtuenf, placed the 0{~(13x)-proton and the C~20 carbon 4.0 A apart. It must
therefore be concluded that the bromo-ketone possesses the 110{~configuration
as in 48 and the original assignment of Bible and Burtner is correct.

On the basis of the structure 48 f0|; the brom~ketone, other information
on the chemical shifts of the neighbouring protons of the 118 -proton can be
assigned from the Overhauser effect data. Thus it is possible to distinguish between

the H=1 and H=9 protons by virtue of the coupling (J A 1 Hz) which exists

9,11
between H-9 and H-11. When an rf field was applied which was sufficient to
saturate H=9 then this was also sufficient to decoup|e38 H=9 from H=11; the signal
from H-11 accordingly not only increased in area but also deéreased in line widfh39.
The coupling constant, J] 1,13 =1.0 Hz, was now also clearly visible by the
splitting of the H~11 signal into a closely spaced doublet. The numerical values

for the NOE's observed for the axial and equatorial protons at C-1 are subject to
some doubt since the strong coupling between these two protons means that saturation

of the transitions of the other occurs,40 although this has been dispufed37. However,

it is possible to assign accurate chemical shifts in spite of this.
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Having unequivocally established the stereochemistry of the bromo-
ketone 48 our attention was next turned to its somewhat unusual behaviour on
dehydrobromination in boiling dimethylacetamide (DMA) containing calcium-
carbonate. Dehydrobromination of 48 for 30 minutes, (Table II) gave as the
pr?ncipal product the AB-unsaturated ketone 49 which re!sulfed from the
elimination of hydrogen bromide in a 1,4-manner. Whilst such 1,4~eliminations
have ample precedenf“ in the dehydrobromination of many bromo-ketones there
are, as mentioned above, relatively few exqmp!es.where the 1,4~elimination
product is the principal product3é, except in those trivial cases where 1,2-elimination
is rendered impossible by complete substitution at the B=-carbon. The predominance
of a 1,4-elimination pathway over the normal 1,2-pathway is usually a simple
consequence of the 1,2-elimination being a high energy process because of steric
or stereoelectronic reasons. In this respect the bromo-ketone 48 is no exception,
for inspection of a molecular model (see Figure 6a) shows that the dihedral angle
between the C-9 H bond and the C-11 Br bond is approximately 60 - 90° and
ring C cannot achieve coplanarity of these two bonds without undergoing severe
distortion. Th;s, the activation barrier for a 1,2-elimination will be high42 and
the alternative 1,4~elimination pathway will be open to the molecule. An
analogous situation is *o be found in Reichsfein's43 work on 11~ and 118 -
bromo-12-keto steroids. Dehydrobromination of 118-bromo~ketones (a trans

elimination with the C-9 « proton) was dramatically more facile than dehydro-
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bromination of the 11¢{~bromo-ketones. In these examples of course only
1,2-elimination is possible.

Since the unsaturated ketone 49 possesses a trans B/C ring juncture,
49 cannot be the primary product of a 1,4~elimination process. In an attempt to
find the B/C cis-fused ketone 72 (Figure 8), which would be the presumed initial

for various periods of time.

“product, 48 was exposed to refluxing DMA/CGC0344
The appearance of a highly shielded C~20 methyl group at 0.55 ppm in the pmr
spectra of the products was observed as the reaction period decreased. This
compound was the predominant product (60% , see Table 11) after a reaction
period of 10 minutes. Shorter reaction times down to a period of 5 minutes resulted
in the recovery of unreacted bromo~ketone and no distinguishable change in the
composition of the dehydrobromination products. When the principal product
from the 10-minute reaction was isolated via silica gel or Florisil chromatography
and its spectral properties examined, it \;vas clear that it was not the cis-fused
ketone 72, but the non-conjugated ketone 67.

Thus'_6_7 showed only one vinylic proton at 5.44 ppm in its pmr spectrum,
and only weak absorption at 282 mu (¢, 100) in its ultra violet spectrum,
characteristic of the 'borrowed" intensity of the n-n* absorption of a B -unsaturated
kefone45. Moreover, on treatment with alumina or dilute acid, 67 was transformed
info a mixture consisting of 95% of 49 and 5% of 67.  This equilibrium composition

indicates that 49 is thermodynamically more stable than 67, although it should be

noted that the equilibrium composition of 4-alkylcyclohexenones favours the
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P¥-form as the size of the alkyl substituent increases

A mechanism for the formation of 49 and 67 is shown in Figure 8.
Although a number of mechanisms may be written for the initial steps of the
1,4—e|iminoﬁon36c, the most straightforward is shown since this dehydrobromination
offers no new information on this aspect of the process. The enol 70, can therefore,
be considered to furnish the unsaturated enol 71 by 1,4~elimination. Pfotoﬁ transfer
to C-11 of 71 via the enolate then leads to the elusive B/C _c_ii-kefone 72.
However the severe steric interaction between the C~20 methyl grou;; and the
C-14 carbon provides a strong driving force for base abstraction of the C~8 proton
to give the conjugated enolate 73, where this steric interaction is completely
removed. In addition the C~8 hydrogen of 72 is pseudo-ax‘ial with respect to
ring C and therefore its removal by base should be further facilitated for stereo-
electronic reasons47. Because of these two factors the C-8 hydr’ogen appears to
be more acidic than normal, and even a weak bose48 such as DMA can rapidly
abstract it although of course it is not necessary, or even likely, that DMA should
be the only basic species involved in this proton removal. In other decalin systems,
where excessive steric interactions are absent, the removal of a § ~hydrogen by
DMA or other bases present qp-peqrs to be a comparatively slow process and little
or no isomerisaﬁon of the ring junction is observed49.

The enolate 73 can undergo protonation at either C~13 or C-8. Under

conditions of kinetic control, protonation will take place preferentially at the



FIGURE 8 : Mechanism for the Formation of De’hydrdbrominaﬁon Products (1)
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site of highest electron densifyso, that is ot C-13 (with the second order rate
constant k] P4 k2) and the non-conjugated ketone 67 will be formed. Under
conditions of thermodynamic control, that is if there is an equilibrium between

67 and 49 the more stable ketone 49 will be formed. The predominant formation
of 67 during the short reaction period shows that the reaction is largely kinetically
confroll.ed over this period. The longer, 30 minute reaction period results in.
principally thermodynamic control. Since the product ratio of 49 and 67 did not
change appreciably for more extended reaction per‘iods, the observed ratio of
60:14 for 49 to 67 probably represents the ratio of their stabilities in refluxing
DMA.

Although the rate of the 1,2-elimination process is s;low, c:;, is noted above,
it still occurs to the extent of 20% and, as in the case of 1,4~elimination, the
intermediate 9(11)~-conjugated ketone 74 possesses only a fleeting existence and is
rapidly transformed by enolisation and protonation into the 9(11)-conjugated ketone
69, and the non-conjugated ketone 68.  The ratio of 69 and 68 showed only a slight
change with increasing reaction period (see Table I1) and this is indicative of a
situation which }s approaching thermodynamic control very quickly. To achieve
this, either the ketones 69 and 68 must be in equilibrium or the rate of protonation
at C~11, must be comparable with the rate of protonation at C-8. The latter is
considered more reasonable here, for despite the high electron density at C-11,

* the 11=position suffers steric interactions from both the C-20 methyl group and the



Reaction time, (min)

Froduct (%)

Bromo-ketone 48

A-13(14)-ketone 49

A-8(14)-ketone 67
A-8(9)-ketone 68

| A-9(11)~ketone 69

' Mefhyl podocarpate 54

60

30

TABLE Il

10

14
60

16

20

40
33

16

30

60

14

16

Dehydrobromination of 45 in DMA/CC:CO3 for various

periods

50

60
14

14

10

44.



FIGURE 9 : Mechanism for the Formation of Dehydrobromination Products (I1)
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C-1 hydrogens, whilst the 8-position suffers only.an interaction from the C-20
methyl. It is inferesffng to note that in contrast to the ratio of about 5:1 for 69 :
68 in refluxing DMA, the equilibrium in either acidic or basic media at room
‘temperature is overwhelmingly in fc:tvourz4 of 69.

The only other product aside from the ketones 49, 67, 68 and 69
obtainable from the dehydrobromination of 48 was methyl podocarpate 54. It
appeared to have its origin in the air-oxidation of the unsaturated ketones, since
experiments performed with the reaction mixture open to the air resulted in greatly
increased yields of 54 as well as polymeric materials. A consistent 3 - 4% yield ‘
of 54 appeared to be a lower limit and is probably a consequence of the experimental
technique employed (see Experimental). All the products cited above had clearly
resolved C-20 methyl resonance absorptions at 60MHz in their pmr spectra.  The
values observed are listed below in Table 111 (see also Table VI).  ldentification
of the various assignments was achieved by isolation or by éxamina’rioﬁ of samples
from external sources as indicated.

As an additional study to determine optimum conditions for the prepcrcﬁo\n
of the ﬁx—uns;furofed ketone 67, and‘also to possibly shed light on the proton
abstracting basic species in DMA, various other anions and solvent systems were
investigated.

Dehydrohalogenation by high-boiling apretic solvents was first introduced

in 1953 by Holyszsl , and since that time the reaction has };roved to be remarkably
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Compound _ C-20 _Cl—l3 ppm*
Bromo-ketone 48 0.68
A -13(14)-ketone 49 0.71
A-8(14)-ketone 67 0.55
A=9(11)-ketone 69 0.94°
A-8(9)-ketone 68 0.770
Methyl podocarpate 54 0.97
TABLE 111

Chemical Shifts of some C-20 methyl resdndnices

*  TMS as internal standard, deuteriochloroform solutions.

a  Pmr spectrum of an authentic sample from Dr. O.E. Edwards,
National Research Council of Canada

b  Sample from Dr. Goldsmith, Emory University

! Holysz's original findings showed that certain

useful in organic synthesis4
covalent halides such as lithium chloride and bromide promoted dehydrohalogenation
in hot dimethyl formamide (DMF). He proposed that in the 4 2 -bromo-3-keto
steroid which he was studying the chloride anion attacked the C4- of position;

whilst the small lithium cation, co-ordinated with the nucleophilic centre and

served to pull off the departing bromine atom. After this halide inversion, trans

E2 elimination was then facile with the @ -C-5 proton. Joly and Wc:rncm’rs3
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further observed that addition of lithium carbonate, (particularly with lithium
bromide), further improved the reaction and reduced the extent of 1,4: over
1,2-elimination. In c; later study on the kinetics of the lithium bromide reaction,
other workers showed54 that the rate determining step was attack of bromide ion
on the hydrogen in the /B-position to the carbonyl group.

The use of calcium carbonate in the related aprotic solvent DMA, was
introduced by Green and Long44, and this system has been the subject of séme
study, including patent work on the crystalline form of the calcium carbonate
used55.

Thus in the present work it seemed of interest fo fry other anion-solvent
combinations, besides the lithium chloride = lithium carbonc;fe - dimethyl formamide
combination used previously on this system. The results of using calcium carbonate
- dimethyl acetamide have been covered extensively above. FSurprisingly, however,
the other two main combinations, CGICiL:lm carbonate - dimethyl formamide and
lithium carbonate~dimethylacetamide, both left iHe bromo-ketone totally
unaffected aff;er 10-15 minutes at reflux temperature. Plainly the reaction
proceeds only as a result of a subtle balance between solvent, reflux temperature
and nature of co-ordinating cation, since addition of lithium chloride to the
lithium carbonate~dimethylacetamide combination which was normally unreactive,

did promote dehydrobromination, although not as fast as for calcium carbonate-

dimethylacetamide. The latter system apparently does not require- added halide




49.

ion for reaction, since addition of calcium chloride did not appreciably affect
previous results. It is quite probable in the latter case that a small quantity of
bromide ion is presenflin the bromo-ketone itself.

Because of the selective and rather unreactive behaviour of the bromo-
ketone in aprotic solvents above, it was also of interest to determine the behaviour
with certain substituted hydrazine reagents which bring about dehydrobromination,
(after dérivative formation with the carbonyl group) with most D(—bromo—ke.'toness6
With these reagents 1,2-elimination is reportedly almost exclusive, with
1,4-elimination reduced to 0.1 = 0.7% in some cases. Fairly strong steric
hindrance, as for certain (C~12 and C-20) keto positions in the steroids for
~instance, however limits the use of the me’rhod56. “

Thus on heating the bromo-ketone with semicarbazide free base in
tetrahydrofuran/t-butyl alcohol and a trace of HCI, also 2,4;dinitroplmeny| hydrazine
and Girard's Reagent 'T' in acetic acid'buffered systems, three different but not
unexpected results were obtained. The first rquehiL yielded unchanged starting
material; in Hr;e second case a complex mixture was obtained from which no
well-defined products resulted. In the third case a pure crystalline compound was
isolated in 60 = 70% yield. Analysis and spectral examination left no doubt that
the compound was the acetoxy-ketone 76.  The pmr spectrum showed a clear
triplet for the C~13B-proton as a result of an AB coupling with the C~14 protons.

This product is apparently the result of a direct displacement by acetate anion as

shown.
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Finally, the inactivity of this bromo-ketone to 'normal’, i.e. 1,2-elimination
(or 1,4~elimination) was demonstrated by its behaviour wifh. the tertiary amine,
dehydrohalogenating agent, 1,5—Diazcbicyc|o[4,3,0] non=-5-ene (DBN) which
has been shown to be a potent reagent for ldehydrohdlogenaﬁonsi After heating
in xylene solui;ion at reflux temperature for 30 mins however, only 25% 1,4-elimination
had taken place together with 25% aromatisation. It is of interest in this respect
that Bible and Burtner obtained the conjugated ketone 49 in low yield24 by
heating for 6 h with the conventional, dehydrohqlogendﬁng amine, icollidine.

Having thus obminea the /93 —unscfurcﬁed ketone 67 in good overall
yield from the keto-ester 66 by bromination, dehydrobromination for 10 minutes dna |
careful chromatography on silica gel, this/8g-unsaturated ketone was examined

as a possible source of the desired key synthetic intermediate 36. It seemed
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probable that oxidative degradation, by fission of the 8(14)~double bond would

give an intermediate /B ~keto-aldehyde which would further cleave to the desired

keto~acid §_§_

~

OOH
i (llHO
¥ rO CHO
36

FIGURE 10 : Oxidative Cleavage of the B3-Unsaturated Ketone 67
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This conversion was initially accomplished using the periodate-permanganate
reagent of Lemieux and von Rudloff58. This reagent is presumed to oxidize olefins
by vic-glycol formation by the permanganate at pH 7-8, followed by cleavage of
the diol by the periodate. The periodate present also serves to regenerate the
permanganate ion which is present in considerably less than molar amount. Although
the original reactant concentrations and type of organic co—solvenf59, used with
the method have been altered considerably since its innovation, it has remained a
good procedure for a wide range of oxidations. Since two initial, tri.al ozonolyses
of the ﬂg-ke’rone in ethyl acetate had proven unsatisfactory, our attention was
turned to the Lemieux - von Rudloff reagent and a satisfactory procedure was
devised whereby the keto-acid 36 was obtained in 70-80% yield. The reaction
presumably proceeded by the route shown in Figure 10. This is the most straight-
forward mechanism to be drawn, although it is also pos_sible to con’sider the
cleavage of carbons 13, and 14 occurring as a stepwise process, involving two
enolisations after the initial 8(14)~cleavage.

After sohe success with this reaction however, non-reproducibility and
poor product quality/yield resulted. Similar difficulties have been no‘fed7 in the
related system, laevopimaric acid, which was sub.sequenfly successfully converted
to the appropriate products in a reproducible manner and good yield, by

ozonolysis in ethyl acetate and oxidation of the product with Jones' reagent. In

the present example a fresh successful procedure was worked-out, involving
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ozonolysis in methanol as a participating solvent, followed by work=up with basic
hydrogen peroxide. This new procedure consistently gave the keto-acid 36 in -
yie.lds of 80% (crude product). - The path- of this reaction probably proceeds
by hydroperoxide attack on the initially formed B~ketomethoxyhydroperoxide 77
(Figure 11; see Section Il for further comment) folloWed by a 1,2 shift and

hydrolysis of the resultant ester.

36

e

Hydrolysis 0
OH

H—~OO0H

OCH25

"

FIGURE 11 : Ozonolysis of the B8-Unsaturated Ketone _6_7_
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Attempts in the present case to use ethyl acetate as ozonolysis solvent and
subsequent Jgﬁn“és' é,en‘f oxidation, did not give as consistently good results
as found for the Iaevopimaric acid system” .

The keto-acid 36 which resulted from these degradations was identical,
~as judged by melting-point and infra-red characteristics, with the material
previously obfainedéo in 1961 as a degradation product of communic acid 78,

and prior to that by Ruzickaél g

The methyl ester 79, which previouslyéo'él had only been obtained as
an oil has now been characterised as a solid, mp 96 - 97°.  The compound forms
a 2,4—dinitropheny|hydrczone as yellow needles mp 161 - 163°, in excellent
agreement with the literature valueéo. The mass spectrum of the keto-acid 36

is interesting in that the parent fon at 278 is apparently due to the enol-lactone 80
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Il.  Degradation of Podocarpic Acid (via Oxidation=Reduction Sequence) to the
Keto-Acid 36

During investigation of the ozonolysis of the ﬁg ~unsaturated ketone 67
above, in trial reactions where the total crude reaction mixture from the dehydro-
bromination of 48 was directly ozonised - rather than the pure compound, it was
noticed that the small proportion of methyl podocarpate 54 present in the crude
mixture (see Table I1), disappeared during the ozonolysis reaction. It therefore
seemed of interest to determine in a separate study, what products were being
formed from this material.

Ozonolysis of phenols and phenoxy ethers seems in general to be a
neglected field. The only examp|e62 of its synthetic use for selective degradation
of a phenolic substrate is that recorded by Woodward et al in their synthesis of
strychnine. | So.me studies have been made however on the behaviour of phenolic
‘(naphthalene in particular) systems, where partial or total degradation of one
ring fo two carboxylic fragments has been achieved . Normally phenol, and
the simpler poly-hydroxy phenols are completely cleaved by ozone at room
temperature to carbon dioxide; water, glyoxal, énd similar fragmenf564. However
as the temperature is lowered and the structure of the substrate becomes more

sterically demanding the reactivity of the phenolic ring is reduced. Thus

numerous examples are available in the literature where other reactive sites

56~
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(double=-bonds) in @ molecule have been cleaved in ozonolyses, with little or no
attack on a phenol or phenolic ether present65. Indeed in some cases, investigators
seem fo have been more concerned with oxidation at the benzylic position of an
aromatic ring, than attack on the ring itself .

Thus in general the unsubstituted aromatic ring is considered as fairly
inert fo ozone except where one of the aromatic 'double bonds' is effectively
localised - as for example in phenanfhrene67. The hydroxyl group in a phenol |
apparently also has the same effect in making the 'double bond' on which it is
attached, more susceptible to electrophilic attack, and hence the first bond to
react with ozone. This is born out by studies on the naphthalene phenols noted
obove63c, where controlled reaction with one mole of ozone was used.

In the c;:se of the present substrate methyl podocarpate 54, this also
appears to be the coursé of reaction, although subsequent attack on the second
'double bond' of the ring is apparently also fast under the conditions investigated.
Attempts to stop the reaction after one mole of ozone had been absorbed resulted
only in produqfs resulting from oftaqk of two moles of ozone and unchanged
starting material .

"In the present section, only the results of the main synfheﬁ;: sequence,
that is ozonolysis of methyl podocarpate 54, and isolation of the stable hydro-
peroxide §§qs the initial product will be discussed. In a later part = Section V -
the results of direct reductive and oxidative work-ups of the ozonolysis reaction

mixture will be considered, when a number of other products were obtained.
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Because of the relatively poor solubilify of methyl podocarpate in methanol
alone at -700, varioﬁs co-solvents were screened which combined inertness with
high solvent power. In a 1945 sfudy68, carbon tetrachloride, chloroform, fluoro-
trichloromethane (Freon-11), and methylene chloride were rated as the most inert
§o|venfs to ozone in the ~20-0° temperature range. Of these and other solvents
used in admixture with methanol as solvent system for methyl podocarpate, methylene
chloride af 1:1 ratio with methanol proved most satisfactory. Although Freon-11
is probably more chemically inert, its lower solv;anf ‘power proved deleterious.

This finding was a direct result of the observation that a certain minimum
concentration of substrate in solution was necessary to react with all the ozone
as it entered the solution. The use of too high an ozone céncenfrc;tion in the
air stream also had the same effect of 'over-oxidising' the system. It seems in
short that benzylic attack occurs if the rate of ozone flow is greater than that
required for reaction with the two reactive bonds of the aromatic ring.

It is probable that the unique selectivity of ozone for the 12(13) and
14(15) bonds of the ring, leaving the 9(11) bond untouched, is due to considéroble
steric hindran‘ce to the latter bond provided by the C=20 methyl group. The
absorption of two moles of ozone only was quite clearly discernable when the
contents of the reaction vessel started to turn pale blue due to excess ozone at

the end of the reaction. It is ho_fable that even continued passing of ozone into

the system after this point, so that some considerable excess is present, did not



cause further reaction of the product, so that the general reproducibility, using
standard voltage and gas flow settings on the ozonizer (see Experimental), was
very good.

On removing excess ozone with nitrogen, and then solvent removal, an

off-white, crystalline product was directly obtained. A considerable body of

" spectral and chemical information leads to the assigned hydroperoxide structure 55.

—_—

The infrared shows conjugated five~membered lactone, 1765 and 1640 cm—] , and
hydroperoxide, 3500 and 927 (870) cm-] , absorptions. Conjugation is confirmed |
by the 218 mp, (€, 11,000) 7-77* transition in the ultraviolet and by the single
unsplit vinylic proton in the pmr spectrum at 5.79 ppm. The pmr spectrum also
clearly indicates one hydroperoxide proton at 9.08 ppm which is exchangeable
but does not react with diaczomethane. The chemical shift agrees well with the
few examples on record69 for this type of proton. The compound analysed for
98% active oxygen, by iodine determination.

Finally, nuclear Overhauser measurements show no area increase of the
C-11 vinylic proton on irradiation of the C-20 methyl group. Inspection of a
molecular model clearly shows that the C~11 proton and the C-20 sarbin aes
3.88 Z apart when ring-C is down, and the hydroperoxide groupﬁ to ring-B
so that no NOE is expected (cf. discussion above) if this is the configuration.
The dis’rahcé s 3.2 ?\ if the hydroperoxide group were down, which would give

a definite positive effect.
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The mechanism of the formation of the hydroperoxide 55 can be
rationalized by reference to the mechanism of Criegée 70, a refined version of
whichﬂ is still considered the most successful for the interpretation of the more
subtle stereochemical results of ozonolysis72. With most carbon=-carbon double
bonds, at least in protic solvents, the predominant initial ozone attack seems to
be to give a T-complex 81 (Figure 12), followed by electron shifts to produce the
five-membered, 1,2,3~trioxolane ring _8_2infermediafe73. The direction of
clgavage of this ring is appo;'enfly controlled mainly by the inductive effects of

the substituents on the ring 6%a, 73

although the most recent work suggests that
mesomeric effects may also have a part to play72. It seems clear that the .
zwitterion which is preferentially formed (83 or %_) is the one whose environment
is better able to stabilise the positive change by increasing the electron density
in the vicinity of the carbon cation, via inductive aﬁd mesomeric effects.

In the present example (Figure 12) the zwitterion from cleavage path b,
ﬁr is probably favoured over that from path a, 83 since, although both can exist
in tautomeric forms (96_ and §_8_), the intermediate 83 also has the destabilizing
influence of the electron wifhdrdwing 12-hydroxy group. The argument against
resonance stabilisation of the producfsé%1 is seen from a consideration of the highly
exothermic nature of these decompositions (ie. ozonides from cis olefins are extremely

unstable) so that the transition state would be expected to be very reactant-like

by the Hammond posfulcﬂ'e74. Hence

60.
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FIGURE 12 : Mechanism for the Formation of Hydroperoxide 55 (1)
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6%a

relative resonance stabilities of the products should be almost irrelevant™ " .
It is also possible that methanol itself, by participation in the ring opening
process and circumvention of the Criegée zwitterion, thus influences the direction

a,

of cleavage. However available evidence6 2 suggests that the highly
exothermic decomposition of the primary ozonide 82, precedes any possible
“interaction with methanol to 92, although the actual trapping of the zwitterion
itself is very rapid.

Assuming that 89 is the primary stable product, a further mechanism for the
mode of attack of the second mole of ozone must be deduced. Makir?g the
reasonable assumption that attack on the 8(14)-bond is from the much less
sterically hindered, o{ ~face of the molecule, 90 should be H;e initial ozonide
formed. If as expected, decomposition to a zwitterion is fast, two possible pofhs;
a and b,are again open.  Presumably here the polarisation of the unsaturated
acid system provides greater inductive stabilisation of 21, than occurs with the
electron donating oxygens in the alternative two-carbon fragment from pathway
a, and thus pc%h b is preferred. It appears that subsequent internal quenching of
the cationic centre by the carboxylate group to the final hydroperoxide 55, takes
precedence over methanol participation since other products which would be
expected by the latter process (as yet unidentified) make up only 15% or less of
the reaction mixture.

It is interesting to note that the presence of the 9(11)-double bond is

apparently the main factor stabilizing the cationic centre at C-8 leading to path



OH

(possible concerted
mechanism)

FIGURE 13 :  Mechanism for the Formation of Hydroperoxide 55 (1)
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b, since in the similar case without this unsaturation (see Section |, Figure 11)
pathway a is preferred leading to a keto group at C-8. Significantly the final
stereochemistry of 'rhe. product requires underside attack by carboxylate anion
leading to a B-hydroperoxide, and this would be impossible if such attack was

a concerted mechanism on the (X-ring ozonide itself (Figure 13) by the carboxylate
group, without the intermediary of a zwitterion.  An interesting example of a
similar iﬁtramolecular alhkoxy-hydroperoxide formation during ozonolysis, but in
an 'inert' solvent - ethyl acetate, has been rece?’rly nofed75. In the present
case an experiment using ethyl acetate as solQém‘ led to an unidentifiable mixture
of products. This was probably due to the reactivity of the hydroperoxide itself
together with decomposition products of the solvent.

The results of reaction of various reducing agents on the hydroperoxide are
discussed elsewhere (Section V), however the catalytic reduction used to convert
the hydroperox.ide to the keto-acid will be discussed here in connection with the
main synthetic goal.

Catalytic reduction as a means of conversion of hydroperoxides and
ozonides to useful products has been used exfen;ive|y76. Accordingly we
elected to try palladium-on—c'harcoal reduction M’rh hydrogen at low (1-3
atmospheres) pressure. Hydrogen was expected to cleave the peroxide bond,
whereupon the lacto-hemiacetal 93 formed would open up in a protic solvent
such as ethanol to give the keto compound 94 as Aifs more stable isomer. Simple

cis addition to the {-face by catalyst was presumed would lead to the desired



keto-acid 36. On performing the experiment we were therefore gratified to find
that the keto-acid .3_6;/vas indeed produced in greater than 90% yield. This new
sequence (ozonolysis ar-\d catalytic reduction) therefore achieved in two, high-
'yield steps, the synthesis of the desired synthetic intermediate 36, which

previously (see Section 1) had required six steps.

N OOH )

= 94

An ir;feresfing point arises concerning the mechanism of the above
reaction however. Subsequent studies (see Section V) have shown that the
lactone~hemiketal 2'?1.- which has been isolated by sulphite reduction of 55,
is quite stable itself, in the solid state or in aprotic solutions. Further, when the
above catalytic reduction is carried out in methano! as solvent, the methyl ester

79 is produced albeit incompletely, rather than the acid. Since some examples

65.
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of esterification of isolated carboxyl groups by methanol/catalyst systems are
known" ", it is assumed that solvent is probably not involved in the ring opening

itself, and that the latter process occurs after reduction of the 9(11)-double bond.

That is, the proposed mechanism above is incorrect, and the saturated lactone-
hemiketal analogue of 93, ring-opens spontaneously to the keto~acid 36 (see

Section V for further discussion on this point).



lill.  Conversion of the Keto-Acid 36 to l2—Hydroxy|abd-8(]7)—en-19—oic.acid 37
and Methyl 12-Ketolambertianate 61

In the two previous sections the work performed to obtain the key
intermediate, keto-acid 36 was described. It was shown that this compound may
now be obfoinea in three steps, conveniently and quickly in 50-60% yield from
podocarpic acid. As reported in the Historical Introduction, the initial synthetic
plans consisted of protection of the C~8 carbonyl éroUp of 36 as its ketal and
elaboration of the required side chain at C-12, followed by final conversion of

_the carbonyl group, to the exocyclic methylene group of the appropriate diterpene.
The difference between the projected sequence and the final, successful synthetic
plan, bears eloquent testimony to the still primative state of the science of
predicting organic reactions in structurally 'complex' molecules.

The initially projected step of ketalisation was approached in the uvsual
way, by refluxing in toluene with excess ethylene glycol and p-toluenesulphonic
acid as catalyst. Inspection of aliquots however revealed a very slow reaction
rate and the re.acﬁons which had proceeded gave at least two compounds. Work-up
and full examination after fwenfy—four hours reaction revealed 30% starting
material and approximately equal quantities of the two major products which pmr
and mass spectral analysis clearly indicated contained the toluenesulphonate

moiety, and to be probably 95 and 96, although the evidence is not conclusive.

-
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Further when the methyl ester 79 was reacted in a similar way a single
product was obtained which pmr and mass spectral analysis showed could be the
structure 97, although again this is not clear. The ease with which this system
forms a five-membered lactone is noted elsewhere, but what was also apparent
was the futility of ’rryiné to prepare a ketal of C=8. Hence consideration was

next given to elaboration of the exocyclic methylene group before attachment

of the side chain to the molecule.

The most obvious reagent to try first seemed to be the methylenetri- .
phenylphosphorane ylid reagent of Wittig.  The reagent is generated by
addition of a strong base such as an alkyl lithium or potassium tertiary-butoxide
. y ., 78 . i
to triphenylmethylphosphonium bromide’ ~. Using a procedure” * utilizing
potassium tertiary-butoxide as base the keto~acid was reacted in tetrahydrofuran/

tertiary butanol. Completely unchanged starting material was obtained. Failure
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also resulted from reactions where heating was employed or where the ylid was
Qenerated with n=butyl lithium or methyl sulphinyl carbanion in dimethyl sulphoxide.
This latter method of generation has been reporfed80 to give much faster reaction
with Wittig reagents, often with superior yields. However we again failed to
obtain any reaction with the keto-acid 36. Also these conditions allow selective
reaction with the ketonic function of kefo-esfersso. Accordingly the ester 79
was reacted but again to no avail. ‘

It seems probable that the keto-acid 36 is behaving in a very similar
fashion to the compound 17 which was Founds, even under forcing conditions of

various refluxing solvents, to be completely inert.

When the corresponding methyl ester was reacfeds the organophosphorous compound
81 .
98 was obtained rather than ketone reaction. Stork has also noted™ the failure

of the Wittig reaction with the onocerin precursor 99.
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This failure of a 8-ketone to react even under forcing conditions may
perhaps be attributed to the presence of the anion _1_(:)_(_)_,‘ enolate formation by the
ketone, or simply to the large steric requirement of the Wittig ylid, with its
three phenyl groups.

A recently repori‘ecl82 simple method for generation of exocyclic methylene
groups, utilizing gem-organometallic derivatives such as methylene magnesium
iodide CH2(MgI)2, generated from methylene iodide and magnesium analgram,
was also attempted on the keto-acid 36 and its ester 79. However again pure |

starting material resulted. At this point, there seemed little hope of success -
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with the two major types of condensation reactions involving carbanions - left
3
and the

to try; namely the phosphoric acid bis-amide reaction of Corey
formylolefination' method of Nagata We were thus resigned to the Stork
involving treatment with lithium ethoxyacetylide at -20° to give an

procedure

81
acetylenic carbinol 101, hydration to an ajg-unsaturated ester 102, base hydrolysis
"and decarboxylation. This procedure had been used previously in the synthesis

of the C4-epimer to lambertianic acid 38, - antipodal polyalthic acid 23.

£ LoOMe
- 102

101
Before attempting the above conversion however it was decided fo try

a Reformatsky reaction as a more straightforward and cheaper route to the
We were surprised and gratified therefore in view of

B -unsaturated ester 102.
the above evidence to find that the reaction proceeded readily, in benzene or

toluene under reflux, with ethyl or methyl bromoacetate and activated zinc

The product from the reaction was the five-membered lactone-ester 56 (R= CH3)
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The configuration at the C-8 carbon is not certain but it seems probable that the

ester group is down (&) from a consideration of the mechanism of its formation.

The production of this lactone rather than the 'normal® hydroxy-ester 103, is

easily rationalized by the mechanism shown below. Attack by the organometallic
derivative is probably from the less hindered A~face of the molecule to give the anion
complex, 105 which then undergoes anionic attack at the C=12 carbonyl with
expulsion of OHg ion, probably in its complexed form with zinc bromide as shown.
The zinc bromide would be present in the reaction mixture from the Beginning due

to reaction between the metal and the bromo-ester.

103 ' 56 104

+  2ZnBrOH

”’/fCHzcoore

56




73.

The results obtained using different solvents and esters are recorded in
Table IV. A side-reaction is also apparently competing with the main reaction,
which gives rise to the unsaturated lactone 104. The formation of the lactone
104 can be rationalized by attack of zinc bromide on the keto group of starting
material followed by carboxylate participation to close the ring, ],2—e|.iminaﬁon
with expulsion of =0ZnBr and isomerisation to the conjugated product. It seems
that the activation energy for this latter reaction overall is less than that for the
main reaction since the proportion of lactone 104 increases on going.fo the higher
boiling solvent toluene, from benzene (Experiments 4 and 3 respectively). Also,
for the same reason, the side-reaction is favoured over the main reaction as the
steric bulk of the attacking ester increases. It is inferesﬁn:'g‘fo note that the

introduction of dimethoxyethane (DME) as co-solvent reduces lactone 104

~ formation to zero.

ZnBr2 @)
g e 7 —ZnBr —>
: /OeB n

6,

104

T



Product (%)

Efo\:l’t‘em ocA-bromoester Solvent
lactone=-ester 56  unsat.lactone 104 st. material 36
1 BrCH,COOCH, Benzene 75-80 ' 5 .10
2 " Bnzane/DME 1) 90-95 0 5
3 BrCH2C00C2H5 Benzeﬁe 70 5 | 20-25
4 n Toluene 10 50 40
5 BrCH 2coo*au Benzene 20 - 40 20
TABLE 1V

Results of Reformatsky Reactions on the Keto-Acid 36

VL
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This is taken as confirming the fact that ZnBr, or a similar Lewis acid species is

2
involved. Here DME is an excellent co-ordinating solvent and would be expected
to effectively isolate Lewis acid species from co-ordinating reactions such as

that shown above.

Since fhe keto acid 36 could now be converted in high yield to the
lactone-ester 56 (R= CH3), this new, two carbon chain extended intermediate,
was of great interest as a potential source of the O(ﬂ-unsqfurofed ester 102 (R = CH3) A
previously planned via the lithium ethoxyacetyline route. Accordingly both the
methyl and ethyl esters were treated in their respective dry alcohols with sodium
metal for two hours at reflux. Spectral analysis and thin-layer chromatography,
which revealed formation of the desired product in high yierl-d, also indicated that
the 8(17) double-bond isomer distribution was at least 95% in the direction indicated

below 102, although the melting-point range of the analyﬁcdl sample showed that

a little of the double bond isomer was present.

12
cao®
H

Z~COOR
2

106 | - 102
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The éliminaﬁon is thus apparently highly stereospecific resulting from proton
removal by gOR when the ester side~chain is in the configuration shown as 106,
when steric interactions between the ester and lactone ring are at a minimum.

The parent diacid 57, of acid-ester 102 was obtained easily by base
hydrolysis of either the lactone-ester 56 directly or of the acid-—gsfer 102. Again,
elimination with the lactone-ester §_§_by hydroxide ion, as with alkoxide, led to at
least 95% of the double bond isomer shown as 57, as detectable by pmr analysis.
Hydrolyses of both compounds gave .as 5% of the reaction mixture an unknown
compound which had no vinylic protons and C-20 methyl absorption at 0.80 ppm
which suggested an 8(9)-double bond (see Section VI). That the compound was
the isomeric By -unsaturated acid 107, later became clear when if.was found to be

an intermediate in the decarboxylation of 57.

COOH COOH
— — | H
o T WSS IR rc ¥4
57 107 58

The decarboxylation of the diacid 57 was successfully carried out on a
scale of 20 mg ~ 2.0 g, (using a procedure similar to Sfork'sSI) ~ which utilized
copper chromite catalyst in quinoline near the boiling point (2380). There seems

no a priori reason why the scale of this reaction cannot be considerably increased
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further without loss of yield or purity. The reaction was found to proceed with the
best overall yield of f)roduct 58, when the temperature was at 230°, with a
minimum of catalyst (2.5%) and reaction time was for approximately 1.25 hours.
- Examination of the reaction mixture after shorter periods of time at this temperature,
revealed substantial quantities of f-he intermediate acid 107 mentioned above.
That this acid was indeed the principal intermediate of the reaction, was
demonstrated by its disappearance as the reaction proceeded.

The above observation is in accord wifh.fhe' likely mechanism for the
reaction. OB -Unsaturated acids are known86 to decarboxylate thermally,
via their By-unsaturated isomers. Thus in the onocerin precursor of Storkgl 108,
the most stable Ay -isomer (of the two possib-ilifies) is the 8(9) somer 109.  On
decarboxylation, stereospecific introduction of the carboxyl proton at C~9 in the
axial (X) position allows continuous overlap of the developing sp3 orbital at
C-9 with the p-orbitals of the incipient C~17 methylene group (116), and this
process is therefore thought to be favouredm , leading to clear formation of one
isomer only. The same considerations apparently hold in the present example 111,
and in anofhe.r reported related sysfemé. It will be noted that in the present
example, the other C-12 carboxyl group is also in aBg-position for elimination
when fhé double bond is at the 8(9)~ring juncture. The apparently overwhelming

preference for C-17 over C~12 decarboxylation, may be explained on steric

grounds. With the C-12 carboxy! group in the best conformation for proton

7

o
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108 - 109




7%,

addition at C-8, from above (axial) or below (equatorial), - a seve're interaction
(within the van der Waal's radii) between the C-1 equatorial aﬁd C-11 protons
takes place. Further if the argument above for axial proton froﬁsfer is valid -
(which has to take place from the top B-face a’r'C-8) - then an additional steric
interaction between the C~20 methyl group and the incoming carboxyl must occur.
The net effect of these inferccfions is thus to reduce the rate of this reaction
pathway to negligible proportions.

| Experimentally, under the conditions cited above, some\ 10 - 20%
hydrolysis of the C-19 methyl ester occurs; this is not a serious drawback however

since the product 58 is most easiiy purified and isolated as its methyl ester 112.

ey

OOH OOMe Cl

M, ~LH ~—~H,

58 12 60
Thus treatment of the crude acid product with diazomethane and chromatography on
Florisil served to give a 61% yield of pure crystalline ester 112, which could be
quantitatively rehydrolysed to the olefinic-acid intermediate 58. The 40 - 50%
overall yield thus obtained from the keto-acid 36, compared more than favourably
with the ca. 30% yield obtained for the exocyclic double bond synthesis by

Pelletier's groupé, with the antipodal polyalthic system 24 using the lithium

ethoxyacetylide route.



The first and principle aim of fhg work had thus been achieved with
formulation of a high yield five step synthesis of the olefin-acid 58 from meiHyI
podocarpate 54. It now remained to demonstrate the potential of 58 as a
precursor to labdane diterpenoids by elaboration of the C-12 side chain. As
intimated in the Historical Introduction the first example chosen for synthesis was
12-hydroxylabd-8(1 7)—en—19-oic cucid]7 37, in view of the simplicity of the side
chain in this molecule. The natural product was r.eported]7 isolated as a mixture
of two, erythro and threo, alcohols and was charucfer.ised as a mixture of C-19
mefhylv esters. It was envisaged that use of sec-butyl lithium (Alpha Inorganics,
Inc.) should yield a ketone mixture enantiomeric at C~13, §_I_3_ Reduction of the
ketone with a suitable complex hydride reducing agent was then planned to yield
the methyl ester of the natural product 113 as a major or minor part of a mixture of

alcohols.
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Two methods were first considered possible for elaboration of the ketones
53 from 58. Principally, reaction of the acid chloride 60 with sec-butyl cadmium,
derivable in principle87 from sec-butyl lithium by exchange with anhydrous
cadmium chloride should yield the appropriate ketone 53 with no further attack
at the ketonic func’rion87. More simply, certain ketones have been prepared by
* direct reaction between carboxﬂic acids and alky! lithiums. This simple and
facile reaction seems to have met with very little exploitation since its initial
observation in the 1930'588. Ina study89 with methyl lithium, Tegner found
that reaction with cinnamic acid or its preformed lithium salt gave equal (70%)
yields of ketone in ether at reflux, and demonstrated the general utility of the
method for many although not all types of carboxylic acids \;vifh methyl lithium.

It seemed appropriate therefore to attempt this straightforward reocﬁ‘on
first of all. Accordingly a sample of 58 was stirred with four moles excess sec-butyl
lithium in ether for one hour at 0° plus.a further hour at roém temperature. Pmr
inspection of the acidified product showed 80% of the starting material together
with 20% of a‘ new component.  Further experimentation showed that an optimum
of 60% of the product was obtained after reaction with one addition of excess
reagent overnight at room temperature. In one experiment utilising several
repeated additions of fresh reagent, a small amount of side reaction to unknown
products took place and no improvement in yield resulted. Bicarbonate extraction

of the product in order to remove starting material met with difficulty however,
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even when the crude product was stirred for some thirty minutes in an aqueous,
ethanolic solution. The use of bicarbonate only for this extraction was necessary
since the C-19 ester in both components had beel? totally hydrolysed to acid by
excess sec-butyl lithium in the course of the reaction, and this acid function is
soluble at pH above ca 9. The latter somewhat unexpected process apparently
proceeds by displacement at carbon in analogy to the behaviour of hindered esters
with other strong bases in aprotic sys’rems90, although precedent in the case of
alkyl lithiums is not readily available.

The apparently low acidity of the C-12 carboxyl function in the
starting material 58, as evidenced by incomplete extraction by bicarbonate, had
been previously experienced also in preliminary work-up of crude decarboxylation
products from 57. Accordingly in the present case the crude reaction product

containing 58 and ketone-acid 114 was esterified with diazomethane and chromato-

graphed on 'Florisil" to give 50-60% of the ketones 53 as an oil. This mixture of
13R and S - ketones had identical C-20 methyl chemical shifts in the pmr spectrum.
The mass specfrum. gave good evidence for the assigned structure, showing a molecular
ion at 334 and peaks corresponding to loss of methyl, carbomethoxy, butyl (C4H9+)
arising from C-12, C-13 cleavdge and a base peak at m/e 235 which éorresponds to
the stable ion 115. Further prominant peaks at m/e 175/177 were visible due to loss
of the C-19 carbomethoxy group from 115.

Having established the structure of 53 we- undertook to reduce it to the

natural product 37. In an attempt to produce a preponderance of one alcoholic
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isomer (ie. that arising from attack of reagent from the direction of least steric
hindrance) = in the hope of identifying the alcohols in the natural product, the
"highly sterically demanding, lithium tritertiarybutoxyaluminium hydride was used first.
O@

v, |
L -57 Y
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0

53

On reduction in dimethoxyethane, overnight at room temperature, using two moles
excess reagent only, some 30% reduction had taken place as judged by pmr
inspection. The reduction was more conveniently carried out with excess sodium
boronhydride at 50°.

The product showed two distinct sets of exocycl‘ic methylene absorptions
in the ratio of 7:3, a proton o{to the C~12 hydroxyl group at 3.6 ppm (and very
broad), presumably due to multiple coupling, and the OH peak under the methylene
envelope, detected by exchange with DZO' The C-20 methyl peak was
indistinguishable from that of a pure compound with a half~height width of 1.5Hz
at 60 MHz.

However the spectrum of the methylated sample was markedly different
from that in our possessionﬂ , obtained for the mefl‘1y| ester of the natural product.

In particular, the exocyclic methylene absorption exhibited different chemical
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shifts and also more markedly, the proton absorption & to the hydroxyll function

was totally different. In the natural product this absorption oceurs ‘CIS a doublet
J=7Hz, 4.14 ppm for one isomer together wifh. a broad singlet at 3.71 ppm for the
other. The two isomers were present in a 65:35 ratio respectively. The rest of the
spectra for the natural and synthesised products were very similar but not
'guperimposoble.

| Unfortunately at the time of writing, further detailed spectral data or a
sample for comparison of the natural product were not available. Thus until such data
are available definite conclusions cannot be drawn; at this time however it appears
that the isolafed]7 natural product is not 12-hydroxylabd-8(17)-en-19-oic acid 37
«and that the hydroxyl function is elsewhere in the molecule. The detailed spectral
results obtained for the synthetic methyl ester of 37 (113) are recorded in the
Experimental section, but it is relevant to point out here the mass spectral evidence
for the assigned structure, which must in any case follow from the structure of the
precursors. The spectrum showed a molecular jon 336 (at 200°), M—H2O, M-methyl
and a prominant peak of M—C4H9 showing facile C-12, C~13, & -cleavage to the
alcoholic function. In addition to peaks showing simultaneous loss of water, C4H9
and carbomethoxy, and & C~11, C-12 cleavage, o base peak at m/e 235, the ion
115, was observed as found in the case of the kefone 53. In this case dehydration is
followed by facile allylic cleavage of the C-9, C-11 bond to ion m/e 235.
Before |ect§ing these two alcohols consideration of their relative

configurations at C-12 and C~13 is in order and the question of their relative
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abundance as a result of hydride reduction of the ketone 53. A detailed

~ consideration of the conformations available to the side chain in 53 and 113

leaves no doubt that the 11(12) bond is orientated towards the right (as drawn in
conventional two dimensional diagram 113) where the 11 protons are in axial and
equatorial positions in the same manner as if the side chain were part of a normal
six membered (chair) ring.

| This conformation gives rise to the minimum of interactions with C~1
pro.fons and the C-~20 methyl group. It then leads to two basic conformations only
for the ketone 116 and 117, and the alcohols 118 and 119. Hydride attack on 116
can only occur from the right giving rise to threo (12R) (13S) or erytho (12R) (13R)
isomers 118.  Since there is no obvious reason for a preferred butyl configuration
an equal mixture should result. Similarly hydride attack on 117 can only be from
the underside giving a (125) threo or erythro alcohol 119.  The essential difference

then lies in hydride attack of rotamer 116 or 117.
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Since 116 leads to a gauche C-9€>C-13 interaction compared to rotamer 117
v (which has the butyl side chain between the C~11 hydrogens, rotamer 117
should be favoured by some 0.8 - 0.9 Kcals. Both transition states force the
developing hydroxyl against the C=17 vinylic proton (H'I7A) and this factor
should therefore approximately cancel. This energy difference at 70-80° leads
to a predicted isomer distribution of ca 70:30 in favour of 119.

It will be recalled that ex.perimenfqlly, an isomer distribution of
7:3 is precisely what was observed! = the alco.hol‘ in preponderance showed a
marked deshi'elding of the C-]7HA— vinylic proton. This effect is directly
attributable to the close proximity of the C-O bond (and the oxygen atom)
in isomer 119 and therefore this is considered to be the majority product. Alcohol
l_l_f_i_ will have the preferred conformation shown where the OH is down, since the

controlling factor in both structures is avoidance of a gauche 1,3 interaction

between the H9 hydrogen and the side chain butyl group.



87.

After the successful demonstration of the utility of the synthetic
scheme for labdane type structures as shown by the synthesis of 37 above (and the
general utility of synfh‘esis for confirmation - or otherwise = of natural structures)
the synthesis of methyl lambertianate 38 was attempted.

The immediate synthetic plan was firstly to convert the C-12 carboxylate
of 102 into its acid chloride 120 by the exchange reaction with oxalyl chloride.
Thi§ éould be achieved without rearrangement and attack on esfer92, using
either, the free acid itself or its sodium sah‘93. This acid chloride W;JS then to
be reacted with 3-furyl cadmium to give the ketone 121. The furyl cadmium
was theoretically derivable by exchange with cadmium chloride87, from 3-furyl
lithium, which had been previously preparedm . The rather iqborious preparation
of 3-furyl lithium is described below and in the Experimental section. When it
had been obtained and mixed with cadmium chloride at -700, wcrr'ned to room
temperature, and the freshly-prepared ocidl chloride added however, the result
of work-up revealed only unreacted starting acid 102 (R = CH3).

Subséquenf investigation revealed that no appreciable cadmium
derivative formation takes place at -70°, and that on warming-up the lithium
derivative decomposed before the cadmium chlo'r‘i‘de reacted. The only synthetic
possibility therefore was to use the lithium derivative directly and experimental

trials were made w_i'rh the acid-ester 102 and the acid chloride~ester 120. A

suspected the C-21 ester group (R = CH3) was more reactive than the C-12
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carboxylic acid in 102, and an alcoholic product with two furan rings at C-21 was
obtained. The acid chloride 120 showed more promise, in that with one mole of
lithium reagent to one mole of sbustrate, the product obtained showed partial
reaction at the acid chloride position with apparently only one furan ring being
attached. That is, the ketone formed after reaction with one molecule was
apparently not very reactive to further attack. This was in contrast to the ketone
produced at C-21 (see above). However in the present case, some reaction still
occurred at the latter C~21 ester position, so further investigation was needed.
The above results suggested two other initial approaches. Firstly to
use the corresponding acid-tertiarybutyl ester 102 (R = tBu)’ which might be more
hindered to lithium alkyl attack at C-21, and give the acid Ehloride reaction an
opportunity to go to completion. However as we have seen above, synthetic |
studies towards preparing this particular ester were not encouraging, and the
proposition has not been explored. Secc‘mdly though, the possibility that the
C-12 acid chloride 60 might react specifically wifh one mole of reagent in the
presence of prz;_—formed exocyclic 8(17) double bond, seemed reasonable in view
of the above evidence.  Two basic fragments were therefore required. Firstly,
the acid chloride 60, was easily and efficiently prepared by hydrolysis of the ester

112, solution in sodium bicarbonate 9-10%excess) and treatment of the sodium salt

with oxalyl chloride. We were reasonably certain that no acid: catalysed migration

of the exocyclic double bond would occur under these conditions from previous

4,95

94,
examples
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The second reactant, 3-furyllithium has been alluded to above. Its
efficient preparation constitutes something of a thesis in itself, and 6n|y certain
aspects of the problem can be discussed here. The compound was first prepared in
1962 from 3-iodofurnn2] , and was shown to have considerable potential for the
synthesis of 3-substituted furans in general and of 3-substituted furan-containing
natural products in pc:rﬁc;ulcr (for examples see Historical Introduction). The
preparation of the lithium derivative is simply accomplished by exchange with an
cxlk.yl lithium and 3-iodofuran at =70° followed by insitu reaction.

The prime intermediate is therefore 3-iodofuran. Very few such
3=-substituted furans have been prepared. For the few early examples involving
partial decarboxylation of polycarboxyfurans and other tedious procedures,
Gronowitz and Sorlin's paper2] should be consulted. Other more recent, but
- usually non-general types .of reaction are, cyclisations of enol efh'ers96,
rearrangement of epoxy-acefcls97’98 and a very recent interesting method of value99,
involving acetylenic epoxides cyclising through diols to 3-substituted furans. Under
normal conditions, electrophilic substitution of furans is always in the 2-position.
Use of 2-carbonyl substituted furans and blockage by complex formation with
aluminium chloride has been one method of obfdihing 3—orienfaﬁonloo, but this
is of little value in the present case.

3-lodofuran itself was originally prep'ared by Gilman and Wrigh’r]m

by selective aluminium amalgam reduction of tetraiodofi.  n. However Gilman
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also prepared the compound by iodine oxidation of 3~chloromercuryfuran in better
yield, by an analogous method to the process by which the tetraiodo compound had

102,103

been formed This procedure for 3-chloromercuryfuran itself and subsequent
iodine oxidation, is the technique improved by Gronowitz and Sorlinzl , and
Wrobe|23. The method was repori‘edlo3 asvfhe best to daté in 1966, for these
intermediates, and used in the pre‘senf study, where it has been improved still
further.

The preparation consists of precipitation of the mixed 2-(acetoxy-
mercuric)-furoate salt 122 from rrluercuric acetate and 2-furoic acid, followed
by pyrolysis of the (dry) powdered salt. The product of this pyrolysis is then

treated with glacial acetic acid and sodium chloride solution which on work-up

gives the 3~chloromercuryfuran 123 in low yield.

HgCl
COOHg OAc

122 123

~Gilman's early ideas on the mechanism]m are hardly correct although some useful
observations were made, including the fact that some furan and carbon dioxide were
evolved during the reaction,but that no acetic acid was formed. His proposed]
mechanism is outlined in Figure 14, the key intermediate being the bicyclic 125,

formed after disproportionation. Even if this species can form the rest of the



mechanism is distinctly dubious.
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FIGURE 14 : Mechanism for the Formation of 3- Chloromercuryfuran 123 (Gilman
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A more plausible route is suggested below in Figure 15, although no
| direct evidence exists for this. There is some precedent for the ortho~mercurial
rearrangement observed in this system. Kharasch showed in very early work!
that certain substituted benzoic acid mercury salts which do not lose carbon
dioxide readily, undergo ortho substitution by mercury, in an analogous manner to

give the corresponding biphenyl. The initial disproportionation seems reasonable
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FIGURE 15 : Proposed Mechanism for the Formation of 3=Chloromercuryfuran ]23
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particularly as the crude product seems to be at least 50% mercuric acetate, and
a cyclic electrophilic substitution reaction can then be drawn for the furoic

salt 124. The zwitterion 126 can be considered to undergo a 1,2-hydride shift
to the mercury atom stabilized cation 127, or its ring closed form 128. The
formal separation of cationic charges is not nec;essorily correct of course.

: Expulsion of carbon dioxide and a repeat of the process leads to the B -bifuryl
mercury analogue 129 of the biphenyls mentioned above. Work-up with acetic
acid and sodium chloride then gives product 123. 1t is probable that in experiments
such as Gilman's where no precaution fo remove all acetic acid was taken, the
latter step could also occur initially during the pyrolysis. Gronowitz and Sorlin's
procedure2] produced the 3~chloromercury derivative in 15% yield from 2-furoic
acid. Their infrared analysis showed the material to contain 5% of the 2-isomer
after one recrystallization, however, material of this purity was adequate since the
3-iodofuran obtained from it was found to contain considerably less 2-isomer.

In the present procedure one modification was performed based on Wrobel's work23.
The pyrolysis ifself was performed in xylene ra’rl';er than as a dry powder, giving a
more reproducible and safer procedure. The acetic acid work-up of the product

in the present case however was reduced to a minimum time of three hours, from

Al o2 This reduction seemed to have the effect

twenty-four in the other studies
of lessening further product degradation or rearrangement, since the overall yield

obtained of final pr.oduciL was considerably higher than before. Extraction of

the crude mixture of mercuri-chlorides and mercuric acetate from the pyrolysis and



work-up, showed that the proportion of 2-isomer increased as extraction was
prolonged. By this procedure it was possible to obtain some 31% overall yield
of 3-chloromercuryfuran containing only 6% 2-isomer, and therefore suitable for
further reaction without recrystallisation. |

Having thus obtained 3-iodofuran in synthetically useful quantities,
the coupling reaction between the acid chloride 60 and 3-furyllithium was
attempted. The alkyl lithium was prepared by reaction between methyl lithium
and 3-iodofuran at =70° for one hour. The solution of the acid ch|o.ride, which
had been freshly prepared was then syringed into the alkyl lithium solution as
quickly as possible to achieve maximum possible reaction between the two, before
the incipient carbonyl group could react further. Contrary to pessimistic
expectations, the reocﬁor? proceeded welll Even use of a 50% molar excess
of the alkyl lithium, led to no further observable reaction of the r;ewly formed C-12

ketone in _6_]_ '

7.
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The ketone 61 comprised 80% of the crude produc.’r. Starting material (as the free acid)
consisted of 10% of thé product and eruild s base extracted and recycled. The
remaining 10% consisted of minor materials none of which seemed to contain

furanoid absorption in their pmr spectra. The keto-furan was obtained pure as

an oil from chromatography on Florisil, but has not to date been obtained crystalline.
However a high resolution mass spectrum confirms the assigned structure. Methyl
lambertiaonate is also an oi|]8, and therefore the non—crystd”ine nature of the
keto-furan is not unexpected in view of the probable similarity of 'close packing'

of the two molecules.

The pmr spectrum of 61 was consistent with the 3-substituted furan
structure. In addition to the two vinylic C=17 protons ot 4.31 and /1;.66 ppm,
essentially unchanged from starting material, the three furan proton chemical shifis,
had altered from their values in 3-iodofuran. Where previously the two ¢o{-protons
next to the ether oxygen were deshielded and downfield at an approximately
comrﬁon chemical shift, the X{~proton (C~16) to the ether oxygen which was now
also /B to the KB -unsaturated ketone at C-12, was further deshielded and appeared
at considerably lower field. The que-s’rion as to why the C~12 carbonyl is so
apparently inert to further attack by reagent is not straightforwardly answered. The
initially formed adduct 130 almost certainly eliminates chloride ion as shown, fairly
soon after it is formed, so ketone would be present from the c¢:ly stages of the

reaction. It is probable that formation of the unreactive enolate of the ketone
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prevents further reaction and that this is the main competing process although the
steric bulk of the furyllithium may simply prevent further attack at the hindered
12-ketone (see condensation results below). It is known that low temperatures
suppress the reaction of Grignard reagents with ketones more than their reactions
with acyl chlorides, and also that steric hindrancelos can be very significant

' .wh‘h the organomagnesium reagents. Alkyl lithiums however_are usually rather
reactive despite steric hindrance.

That the 12-keto group in 61 was indeed inert to further attack, became
evident when attempts were made to form derivatives suitable for conversion 1o
the hydrocarbon, methyl lamberticnate 38. It had been originally broadly
planned to remove the ketone function in 61 by base catalysed reactions such as
the Wolf-Kishner reaction. However an initial reaction with this method using
lower than normal 1‘em|oerc1fures]06 on the supposedly reucﬁvem7 A ~furyl ketone
produced extensive degradation including reduction of the furan ring.

The same unfortunate story was repeated with all the types of substituted
hydrazine derivatives tried, including p-folueﬁe sulphonyl hydrazine108, semicarba-
zonem9, and hydroxylamine hydrochloride] ]0. When conditions were mild no
“ reaction resulted, but if forcing conditions were attempted further degradation of
the molecule took place with still no evidence for carbonyl reaction. Thus in
attempts to piepare the tosyl hydrazene for elimination by sodium borohydride]OS,
under the temperoﬁ;re of refluxing ethanol, the reagent apparently partially breaks

down to diimide”] and reduction of the exocyclic double bond took place. For



full details of these reactions, the Experimental section must be consulted.

As an alternative approach we then attempted preparation of fh.e C-12
fhiokefull ]2, to be reductively removed by deac’rivafed] e Raney nickel. Boron
trifluoride catalysed addition gave a fairly pure compound, the pmr spectrum and
identity of which have not been interpreted. Preliminary experiments with
deactivated Raney nickel did not lead to desulfurisation however and some double
bond reduction took place. It is probable that the product from the original
ke;talisaﬁon is a rearrangement product arising from cation formation at C~12.

At the time of writing all further efforts to remove the oxygen function
via the alcohol have fuiled. Sodium borohydride reduction of the ketone 61 yields
a mixture of two epimeric alcohols in the approximate ratio of 6:4, which are
separable by 'Florisil' chromatography, the major isomer being crystalline. By
analogy to the arguments .applied to the labdane alcohols 118 and 119 above

this latter alcohol is assumed to be the 12(S)-epimer 131 corresponding to 119.

Foran B H uran
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Reaction of these alcohols with tosyl or brosyl chloride in pyridine at 0° or room

temperature leads only to starting material. Formation of the lithium salis with

methyl lithium and subsequent quenching with brosyl chloride also had no effect.

Removal of this oxygen function remains therefore unaccomplished, but it is felt
that there may still be scope for further investigation, possibly via the C-12
halide 114 which in principal, is removable by tri-n-butyltin hydride in a free-

radical process.
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IV. Derivation of Other Synthetic Intermediates from the o ~Unsaturated Ketone 49

In the original synthetic plan, the keto-acid 36, which has since been
obtained by two alternative routes as elaborated in Sections | and II; was to have
been prepared, by ozonolysis of the enol acetate 50, which was predicted to be
the major product from thermodynamically controlled enol acetylation of the
Ofﬂ-unsa’rurafed ketone 49. By an appropriate choice of reaction conditions, it is
possible to convert an unsymmetrical ketone (eg 49) predominantly to either

[y

the more highly substituted 50 or the less highly substituted 133 enol acetate.

OCOCH, OCOCH,
- =
= . = / » -
' 50

133

nid =

Thus the more highly substituted enol acetate 50 was expected to be formed by

using acetic anhydride and p-toluene sulphonic acid as reagent, undgr which

conditions "thermodynamic control" is expected to take place "7, and the less

highly substituted isomer 133 should be produced by the action of isopropenyl

acetate with a trace of acid catalyst which was known to produce conditions of
115

"kinetic control™ .
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Before discussing the outcome of: initial experiments on these lines it
is worth considering the postulated mechanisms for these reactions, in view of
the confusion (even until recenﬂy] ]6) which still prevailed on the subject. It

_was proposed by Satchell et cl] I that the active species in enol acylation of
ketones with jsopropenyl acetate and acids were mixed anhydrides, formed from
the fwo reagents. |t wos suggested that these mixed anhydrides then reacted with
the enol form of the ketone. However in two recent interesting papers, Libman
and Mazur] i have produced compelling evidencé that the mixed anhydrides
attack the ketone and not the enol form, leading to a gem-diester. The latter
would subsequently eliminate one molecule of acid resulting in enol acetates.

Thus their scheme is as shown below.

A0 M Ac
\/C::CH2+ HX = e> A e Me—g—Me
Me Me X 4

AcX
R | £
AN ))c\ \\
' =0 .-+ AcX = ; s —QA
//C G R/\X e C—O0Ac

/

R W+ HX
Accordingly different acid catalysts with isopropenyl acetate will resuli in
different gem disubstituted intermediates. It was found that as acid strength
increased the "kinetic ratio" of products turned fo the "thermodynamic ratio”,

the ratio of the isomeric enol acetotes being dependent on the nature of the
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transition states involved in the elimination of the acid molecules from these
gem~-diester intermediates.
- Further additional work using acetic anhydride with sulphuric and

perchloric acids as catalysts showed that although the stronger acid gave much

~ quicker conversion to enol acetates, the ratio of isomeric‘ccefafes formed was
constant at any given percentage conversion and equilibrated on further treatment
with the reagent in favour of the "thermodynamic ratio". This évidence was
interpreted to mean that the reactive species here was protonated acetic anhydride;
ie. the same reagent for any ccfd but present in differing amounts according to
acid sfréngfh. The protonated acetic anhydride was envisaged to add to ketone
and the resulting geminal diacetate to eliminate acetic acid to give the enol
écefofe. A six-centred transition state l_g{_which may assume chair geometry is

possible in this addition.
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We may thus tentatively apply the above interpretations to results obtained with
the off-unsaturated ketone 49. Refluxing the ketone 49 with oceﬁc.anhydride and
p-toluene sulphonic acfd for three to four hours with concomitant slow distillation,
led to a product containing the enol acetates 50 and 133 in a 3:2 ratio, together
with some starting material, methyl podocarpate 54 and 5% of an initially
unidentified compound (see below). Despite considerable adjustment of conditions,
no improvement in the yield of the desired isomer 50 could be obtained. Thus,
increased reaction time led only to increased amounts of the aromaﬁséd product
54, use of sulphuric acid as catalyst gave almost identical results and perchloric
acid, using several suggested mefhods] ]8, gave considerable charring of the
producf”Q. Chromatographic purification was of limited su;:cess and although

the enol acetate 50 could ultimately be obtained pure by crystallization, it was
only in 28% yield.

In order to throw further light on the above reaction mixture which
apparently represented the relative thermodynamic stabilities of the two isomers
50 and 133, the alternative reaction conditions using isopropenyl acetate were
tried. The use of p~toluene sulphonic acid as catalyst yielded as expected,

some 90% of the kinetic isomer 133 alone, together with 10% starting material

after four to five hours reaction. When the pure compound, isolated by
crystallisation, was reheated in acetic anhydride with o trace of acid catalyst,
the same mixture of 3:2,50 to 133 was obtained as previously. House and

-

Kramar in a sfudy25 on direction of enolisation of unsymmetrical ketones were
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able to prepare mixtures of enolates, representing the true thermodynamic ratio
of their stabilities, by dissolution of ketones in the strong base triphenylmethyl.
potassium in dimethoxyethane, followed by quenching as enol acetates in acetic
anhydride. It was hoped to obtain additional information in the present system
using the same technique but a trial experiment led only to base catalysed
'.condenscﬁon products possibly due to Michael addition, and the desired
information of possible effect of cation size and solven’rz5 on the equilibrium was
not obtainable.

Djerassi has ssuggesi“ed]20 that two main factors operate in determining
the direction of enol acetylation and (probably) enolisation, in 3-oxo-5-steroids.
The first is steric, arising from angular methyl interactions while the second is
hyperconjugative. House demonstrated in the above mentioned sfudy25 that small
energy differences of 1-2 Kcal/mole due to K{-substituents etc., were sufficient
to explain all observed equilibria, and finally Lisfon] 1 has demonstrated using
calculations of non-bonded interactions in 3~oxo-50~steroids that the direction
of enolisation is also governed by steric forces in the absence of any hyperconjugative
effect.

In order to ascertain the actual conformation of the diene rings in the
present two enol acetates with a view to explaining the observed equilibrium
between the two in terms of such non-bonded interactions, we 9xqmined the
optical rotatory dispersion spectra (ORD) of the two compounds. A fundamental

onolysisu] of the Cotton effect associated with 1,3-cyclohexadienes has
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revealed that the skewness (helicity) imposéd on such dienes by structural factors
constitutes the major element of asymmetry responsible for the Cotton effeg.‘f.

The helicity of the diene makes a contribution to optical activity far outweighing

_ that of adjacent asymmetric centres. |t has been shown theoretically and confirmed
experimem‘a”ylz] that the sign of the Cotton effect of skewed cisoid dienes depends
u;:)on the sense of helicity of the diene system. A right-handed helix 135 produces

a positive Cotton effect associated with the j71* absorption bond; a leﬁ-hundéd

helix 136 produces a negative effect.

&//@ ~LH

135 | 136

An examination of the ORD spectra of the two compounds 50 and 133
in methanol gave results of considerable interest. A strong negative Cotton
effect (molecular amplitude = 443) was produced for the 8(14),12(13)-diene 50.
Ring C can reside in two conformations in this molecule represented as the
folded form 137, and the extended form 138. It thus appears that the situation
is totally analogous to the very similar compound, laevopimaric acid, where
precisely the same effect is observed]22. Considerable steric repulsion between
the C~12 and C-11 (B protons is relieved by folding the rin'g up as shown 137

leaving the C~1 ]p’ proton down and away from C~1 and the diene system with a
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left-handed skew.

AcO

o

COOMe

137 138

A somewhat unexpected result was obtained for the 11(12), 13(14)-diene
133, viz. o plain positive curve with no Cotton effect, showing that the diene
system is at, or very near, planarity. Examination of a model shows that o
achieve planarity, distortion of the C~11 carbon atom up (8), does in fact:
remove o quite severe interaction between the C-1/ proton and H"\e C-11 vinylic
proton, and so this conformation is therefore very reasonable. This particular
distortion also has the effect of relieving interactions between the C~20 methyl
group and the axial B ~proton on C-8. The combination of these two steric
reliefs may well therefore explain the unexpectedly high proportion of this
'kinetic' isomer in the equilib‘rium mixture. AI‘rBough the stabilizing influence
(in reducing overall energy) of the trisubstituted double bond in the other isomer
50, is obviously predominant, it is now obvious that the rather subtle relief
of steric strain = not obvious a priori from models - in the kinetic isomer, leads

to its relatively favourable proportion in the mixture.
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The mechanism for the formation of these two enol acetates may readily

be rationalised using the mechanism of Libman and Mazur”

above. Presumably

the reason that no further equilibration takes place in mechanism (ii) is that all the

~acid catalyst is taken up as mixed anhydride and is thus not available for protonation.

(ii)

OAc

/ Ac Ols

133



When later in the work the /BY-ketone 67 (see Section ) was obtained

it was expected that this ketone on treatment in kinetic conditions should produce

the enol acetate 133 as the initial product. Surprisingly however, on heating 67
with isopropenyl acetate and p~toluene sulphoni.c acid, a new compound was
obtained, as 60% of a mixture containing also methyl podocarpate 54, 15% and
enol acetate 50, 20%. Unfortunately despite 'Florisil' chromatography, thin
layer chromatography and repeated crystallisation, we have not been able to
obtain better than a 83%/17% 50 mixture (by pmr). It has been possible to
tentatively assign the structure 139, on the evidence to hand however. Analysis
shows the mixture to be isomeric with enol acetate 50.  The ultraviolet was
featureless except for the characteristic peaks due to 50, wi/i'h extinction
coefficient corresponding to 17% concentration. The infrared also showed no
conjugation but CO obso.rpﬁon at 1760 cm>-] , and finally the pmr showed an
acetoxy group at 2.05 ppm plus two viny”c protons centred at 5.35 ppm as
overlapping multiplets, with a multiplet at 2.5 = 2.8 ppm, due to two protons,

suggestive of allylic absorption.

Be '
{ QAc OTs Ac
ACOZTS H//f‘q i

> —

67 140 o
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The apparent stability of this non-conjugated 1,4-diene is somewhat surprising,
particularly to 'Florisil' and silica gel. - It is possible though that the failure to

achieve good purification on crystallization is due to a slow conversion of 139

e

to 50. The original formation presumably proceeds through a gem-diester

infermediate 140 as shown above, where surprisingly C-11 proton removal is

favoured (to the extent of 4:1)- over a proton from C-13.
A final note is in order concerning the pmr spectra of these enol acetates.

The 8(14),12(13)-diene 50, shows an AB quartet at 5.40 ppm due to its two (13

and 14) vinylic protons with J, .=6.3Hz and SAB=3'9HZ (ot 60 MHz). This

123

is as expected for such a system. However in a related steroid ring - A diene "~ ,

AB

the analogous two protons are stated to be 'magnetically eqﬁiyalenf' = (which
they almost certainly are not) and to give a broadened singlet (Wh/2 = 2Hz at
60 MHz), which is at disf%nc’r variance to the present results. The 11(12),13(14)-
diene 133, shows an unresolved multiplet (Wh/2 = 5Hz at 60 MHz) at 5.70 ppm
due to the C~13 and C~14 vinylic hydrogens and a sharp doublet at 5.87 ppm,

J =1.0Hz presumably due to homo-allylic coupling with the C~13 vinylic proton.
Approximately zero coupling with the axiél C-9 proton is expected sincé they are

]25. Finally the proposed 8(1 4),11(] 2)-diene shows a semi-

at, or near, 90°
triplet character to part of its vinylic multiplet, perhaps due to the C~14, C-13
proton pair, which are apparently equivalent since the ring is quite flexible.

The absorption of the C~11 proton is too 'buried' under the signals to allow proper

analysis however. Garbisch has recently cr.)mmen’red]z6 on the magnitude of

124
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allylic-allylic coupling in 1,4~cyclohexadienes. Further comment on the relative
shielding of the C-20 methyl group in these compounds is made in Section VI.
Following the initial studies on the enol acetates, other possible intermediates
_were sought from the O(ﬁ ~unsaturated ketone i?.' since the previously desired enol
acetate 50 was not available in synthetically useful amounts as a potential source
of the keto-acid 36, otherwise unavailable at the time. The alternative synthetic
route thus plonned involved use of intermediates still containing the C=14 fragment
as a potential precursor to the exocyclic 8(]7)—doﬁble- bond. Such intermediates
seemed theoretically derivable from the 0/13 ~unsaturated ketone 49 by direct oxidative
fission at the 13(14)~double bond. The results of such preliminary studies and the
unexpected general chemical information thus obtained are recorded below.

The o((?-unsa’rurated ketone 49 was found to be successfully cleaved by
ozonolysis to the diacid 142. The general procedure adopted was that of Engel and
Rokhh‘]27 using dry ethyl acetate alone at 0° (rather than with acetic acid as
co-solvent at =10° which appeared to reduce product purity slightly). Similarly
the one reaction using methanol as participating solvent at -30°, which was
attempted, led to some precipitation during reaction and an inferior product. It
is probable that use of methanol:methylene chloride mixtures at =70 might well
improve the overall ﬁeld. The ozonide 141 which is presumably formed in ethyl
acetate as a non-participating solvem‘67, was cleaved to diacid 142 by the method

of W.S. Johnson]28, utilizing acidified hydrogen peroxide 'in acetic acid. The

overall mechanism can be written in a straightforward manner.  The direction of
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6
opening is expected to be as shown 9, although this does not alter the structure of

the intermediate ozonide ]_1_1_]_

L. 1

The diacid 142 on treatment with ethereal diazomethane smoothly gave
the corresponding diester ]_lfg.' The pmr specfrl;vfn of this compound showed the
three methyl ester absorptions at 3.53, 3.50 and 3.48 ppm respectively for the
tertiary, secondary and primary groups (assignments based on subsequent hydrolysis)‘.
The selective hydrolysis of the diester was hoped.fo yield a reasonable proportion

of the acid-ester 144, where only the primary ester had been attacked. It was



known from previous examples & that with one equivalent of sodium hydroxide at
‘less than 1N concentration, that this was possible in good yield. In the event,
refluxing 143 in aqueous methanol with 1 mole of 0.05N sodium hydroxide for
_four hours, produced 90% of an acid fraction which pmr analysis showed to contain
295% of the desired compound 144. The product showed clearly two 'clean' ester
a.bsorpﬁons in the pmr at 3.57 and 3.54 ppm.

The final aim of the initial studies was now to convert the acid-ester 144
to the hydroxy~-acid 145, by selective reduction of the C~17 ester. The best
reagent to use for this purpose was not immediately obvious. Sodium borohydride
in large excess (10 =~ 20 moles) in mefhanolmo reduces aromatic carboxylic esters
to alcohols in good yields, but results with aliphatic and alicyclic esters were
less satisfactory. Lithium borohydride on the other hand reduces esters well, but
also attacks carboxylic acids to varying exfenfsm] i so that selective reduction
of esters in the presence of acids is rarely possibly in synthetically good yields.
Also lithium aluminium hydride, at the other exireme from sodium borohydride,
rapidly reduces practically all functional groups]33. Introduction of alkoxy
gréups onto the aluminium atom considerably diminishes the reducing power of
this hydride, so that the tri-t-butoxy derivofive]34 has activity approaching only
that of sodium borohydride. Lithium trimethoxyaluminohydride however is nearer
lithium aluminium hydride in its activity since it reduces esters, acids and other
135

groups easily

On the other hand infroduction of alkoxy substituents onto the borohydrides
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increases their reacﬁvi’rylsé. The differing effects of alkoxy substitution on the
reactivities of these two reducing agents have been attributed to a combination of
, prrs ot 137 .
resonance interaction and inductive effects’ ~ .t thus seemed possible that
-sodium trimethoxyborohydride would be of sufficient reactivity to reduce the
secondary ester in 144, without affecting the primary carboxyl function. To our
satisfaction this rational was born out in practice, using a commercial sample of
. 138 ; ; o
reagent which was on hand ™. Refluxing the acid-ester 144 in dimethoxyethane
(DME) as solvent, together with a three mole~equivalent excess of sodium
trimethoxyborohydride produced the ester-acid-alcohol 145 in  95% yield, either

as the free alcohol or more usually in the form of its &~lactone 146.  Careful

examination of the crude reaction product by pmr showed that the C=19 carbomethoxy

group had suffered no observable reduction. The carboxyl function at C~12 was

likewise completely unaffected as demonstrated by quantitative lactone formation.

" —y
0OMe ~_COOH OOH
~ —t——
OOMe A OOMe - HOH 2
= - = 2 J -
143 e 145 146

139 .
In Brown's early report it was observed, that this reagent reacted

only slowly with esters in ethyl or n-butyl ethers at reflux, and we suspected

113.
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a specific catalytic effect in the present substrate 144. To examine the general
utility of sodium trimethoxyborohydride in dimethoxyethane as a reagent for ester
reductions, the rates of reaction of the esters, methyl 3—pheqylpropioane, methyl
cyclohexylcarboxylate, and methyl abietate 147 were measured using the same
procedure as above with three mole~equivalents excess of reagent. Reduction

' .ﬁmes and products are summarised in Table V. The expected alcohols were all
produced in essentially quantitative yield and were characterised by their pmr

spectra and as their 3, 5~dinitrobenzoate derivatives.

Time for 50% Time for 100%

Ester reduction (min)  reduction (min) Product

Methy| 3-phenyl- 17 40 3-phenylpropanol

propionate '
Methyl cyclohexyl- 27 60 Cyclohexylcarbinol

carboxylate
Acid-ester 144 32 75 Acid-alcohol 145
Methyl abietate 147 255 . 600 Abietenol

TABLE V

Reduction of Esters with Sodium ‘Trimefhoxyborohyd.ride

Since sodium trimethoxyborohydride does not react with the carboxyl group
131,139 .y '
oup (except to form the carboxylate anion) it would seem that the

selective reduction of esters in the presence of carboxylic acids is readily achieved

with this reagenf]4o. The relative rates of reduction of the primary and secondary



118,

esters, methyl 3~phenylpropionate and methyl cyclohexanecarboxylate (1.6:1
respectively for 50% reduction) show that some selectivity (ca. 60%) may be
achieved between fhem’hﬂ . This selectivity could be improved considerably by
operating at lower temperatures, for example 0°. | The very slow rate found for

the tertiary ester, methyl abietate 147, indicates that excellent selectivity can be
achieved between primary and secondary esters in the presence of tertiary esters and
that the reagent should also be of synthetic use in these areas. The total non-reaction
of tF‘ne axial C-19 ester, in the ester-acid ll_l‘/_l_ (l_@) arises because of the severe

1, 3-diaxial interaction with the C~20 methyl group.  This may be compared with

the more normal behaviour of the tertiary, equatorial methyl ester in 147, which

although slow, does undergo reduction.

147 148
In view of Brown's report’ ~~ of none - or very slow reduction, using other

mono ethers it is possible that dimethoxyethane is giving a specific solvent effect

with this reagent. The investigation of this possibility and the effect of different

alcohol moieties in the ester group must await further experimentation.




V. = Derivation of Other Synthetic Intermediates from the Hydroperoxide 55

The rationale leading up to the ozonolysis of m.efhyl podocarpate, and
the subsequent isolation, by direct removal of solvent, of the hydroperoxide 54
have been recorded in Section II. The results of direct reduction of the crude
ozonolysis reaction mixtures by sodium borohydride, direct oxidative work=-up
with basic hydrogen peroxide, and further examination of the hydroperokide 55,
are now considered.

Initial examination of the effect of mild reducing agents such as
dimethyl sulphide and triphenylphosphine on the isolated, crude hydroperoxide
gave superficially surprising resulis. Examination of the pmr spech'a.of the products
from these reactions revealed apparently no change at all - except that the
hydroperoxide proton absorption had moved and the vinylic absorption at 5.79 ppm
had moved upfield to 5.63 ppm. Subsequently, when a pure sample of the
hydroperoxide was obtained and reduced with aqueous methanolic sodium sulphite
- a similar mild reducing agent for the hydroperoxide bond = the same product was
obtained as before, but on this occasion as a crystalline solid. lts infrared was
identical to that of 55. Analysis and other spectral data leave no do?;bf that
the compound isolated is the unusually stable lactone hemi-ketal 93. When this
lactone hemi-ketal was reduced catalytically over palladium, the keto-acid 36

was produced in high yield.
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An interesting point of comparison between the saturated keto-acid 36
and the unsaturated keto~acid 94 is the observation that 94 exists entirely in the
lactone-hemiketal form 93, whereas 36 exists only in the keto-acid form. The
factors causing this unusual change in equilibrium between the two keto~acids are
most reasonably a combination of bond angle changes introduced by the 9(11)~double
bond, and steric interactions between the C~11 hydrogen and the hydrogens at C-1 ]42.
In _:_3_9_ rotation about the 9,11-bond can endble the side chain to adopt suitable
conformations which minimise the C~1, C-11 hydrogen interactions. However,
keto-acid 94 has no such possibilities open to it and inspection of a molecular
model places the C-11 hydrogen only 1.9,(2\ away from the C-1 equatorial

o

: )
hydrogen (sum of the van der Waal's radii of two hydrogens 2.4 A) ond 2.3 A from

the axial hydrogen. This interaction with the C-1 equatorial hydrogen is removed
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FIGURE 16 : Sodium Borohydride Reduction of the Ozonolysis Product from Methyl Podocarpate 54
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in the lactone~hemiketal form 93 and examination of a molecular model places the
C-11 hydrogen midway.befween the C-1 axial and equatorial protons and af
distances of 2.3 and 2.5 Z respectively. It seems certain .fhaf the lactone~hemiketal
93 is the direct intermediate in cofdlyﬁc reduction of the hydro-peroxide 55, and
that 93 suffers further reduction itself before ring opening.

The results of sodium borohydride reduction of the crude ozonolysis
mixture or of the pure hydroperoxide lead fo a considerable diversity of products,
\depending upon the exact conditions used. The results are summarised in Figure 16.
The origin of the five products obtained in variable amounts is most reasonably
rationalised on the basis of hydroperoxide 55 being the sole precursor. The low
temperature experiment is of significance in this respect, where fhe’ unsaturated
lactone 104 was obtained in yields of as high as 85% when borohydride was added
directly to the reaction mixture af -78°, followed by warming to room temperature
and isolation. It thus seems that the lactone 104 is formed by reduction of the keto
function of 94, obtained directly from the hydroperoxide structure, already in solution
at ~78°, via the lactone~hemiketal 93.

The structure of ’rhevunsafurai‘ed lacfoﬁe 104 follows from fHe several
results. It shows a single olefinic absorption at 6.20 ppm in its pmr spectrum
(Figure 17) a h/-lacfone band at 1755 cm_] in its infrared spectrum, and is reduced

with excess sodium borohydride in hot ethanol to the diol 151.  The absolute

configuraﬁ'on of the C~8 proton in 104 was determined by pmr and nuclear Overhauser



FIGURE 17 :  Pmr Spectrum of Lactone 104
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effect data. Examination of the pmr speéfrum of 104 at 100 MHz revealed,
(Figure 17) absorption due to the 88-proton (a) at 4.86 consisting of two quartets

~Jao=11.5Hz, J, .=7.5Hz, and JAD=] .5Hz. The coupling constants J, . and

AB AC AB

. . . 4
are consistent with the dihedral angles] o between the geminal C~7,

Iac

ol - and 3 ~protons respectively and the 8B-proton. Also the coupling constant of

1.5Hz between the latter proton and the vinylic C=11 proton (d) is that expected
o 143b |

for an allylic 4~bond coupling at 90™. Finally closer examination of the

apparent doublet J, (~1.5Hz due to the vinylic proton (d) at 5.53 ppm, revealed

AD
at 100 Hz sweep width that the absorption was in fact a quartet with further

splitting, J.,=0.6Hz. This homo-allylic coupling probably arises from 'W=plan'

DB
interaction with the C-78 proton (c) which is most favourably placed for such
143¢c, 144 ‘

coupling These coupling constants were confirmed by appropriate
spin-decoupling experiments.

Since it appeared more reasonable, on inspection of a molecular model,
to_explain these results with the C-8 proton in the 8 configuration, rather than
the expected ({~configuration, we undertook to measure any observable nuclear
Overhauser effect between the C-8 proton at 5.53 ppm and the C=20 methyl
group. In the @& -configuration the distance between these two nuclei is 3.16 ?\
so that an observable effect would be expected. Alternatively in the expected

o{~configuration no observable NOE would be possible as the C-20 methyl

)
and the C~8 proton are then 4.5 A apart. The experimental result was a
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substantial NOE of some 18%. The fB-configuration of the C~8 proton as
represented in 104 is therefore taken to be correct.

Since this unsaturated lactone 104 was also formed as a side~product in
the Reformatsky reaction discussed in Section Il it appears that the enol~lactone
80 is the intermediate to 104 and that 104 is formed preferentially in a protonation~
’ .coni ugation equilibrium from 80 in that process. It is certainly true that the
lactone, and ring B in 104 are less strained than is the case in the altern«'” e
structure with C-8 proton=¢{. This therefore apparently results in the structure
of greatest stability when a 9(11)-double bond is present which has the effect of
tilting the C-9 and C-8 carbons away from the C-20 methyl group. The latter
observation explains the preferred mode of 2 -attack by hydl;ide on 94 to give
104 whereas in the saume reaction on the saturated structure 36, o —attack is
preferred yielding the known60 saturated lactone 150.

When crude ozonolysis mixtures were reductively treated with
boro-hydride direct, the two lactones 104 and 150 were produced by the above
compefing 1,2 and 1,4 reductions of Zl_l_and 93, but were also sometimes
accompanied by another product 149. This minor component was obtained from
reductions of the crude ozonolysis product over a wide temperature range (~60
to 480°) in yields of 15-35%, which from its high resolution mass spectrum and
analysis had nolecular formula C, (H, O The proposed lactone-alcohol

18 2675

structure 149 is com‘paﬂble with the recorded spectroscopic data. Thus 149

e e

showed in its pmr spectrum the vinylic C=11 proton at 6.07 ppm, the C~17 proton



FIGURE 18 : Cleavage of Lactone Alcohol 149 in the Mass Spectrum
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as a triplet (J =5.5Hz) at 4.68 ppm, and the hydroxymethylene protons as a
doublet (J =5.5Hz) at 3.82 ppm. The coupling of the C~17 proton and the
hydroxymethylene profons were conclusively established by spin decoupling
experiments. The infrared spectrum of 149 showed the hYdroxyl absorption at 3610
and 3500 cm_] , the C-19 ester and (12-217)-lactone carbonyl stretching at 1730 crn-]
and the ultraviolet spectrum showed a maximum of 214 mu ( €&, 10,000) suggestive of
a ?(H)—unsa'rurafed lactone system (cf the maximum of 214 mu (¢, 10,400) for the
lactone-acid 152). The high resolution mass spectrum was also consi;fenf with

the proposed structure of 149 (see Figure 18) and the molecular ion (infensi’ry
temperature dependent) showed an M-18 peak which corresponded with the ion

et 04, indicating the loss of a molecule of water. This ion gave rise to

18 24

an M-46 (base peak) which corresponded to the ion 151 C17 H24O3. This stable

aromatic ion 151 results from the loss of a hydrogen atom and carbon monoxide from
150 and is a reasonable fragmentation for o. cyclic lactone 9

The stereochemistry at C~8 and C~17 of 149 is uncertain although the
very small coupliﬁg (J= [ Hz) between the C~-8 and C-17 protons implie; a
dihedral angle of approximately 90°. The equatorial nature of the 8,17-bond
with respect to ring B is substantiated by the obsérva’rion that 149, although
soluble in dilute base, ir~nmediafe|y relactonised on mild acidification and this
behaviour is paralleled by the saturated lactone 145 obtained previously (see

Section 1V).

The actual structure of 149 remains uncertain in view of our inability
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to derive a mechanism for its formation from g|yo>;y|ic or other fragments, and
hydroperoxide 55, as a result of base catalysed reactions.  Since the potential

of a structure such as _]:‘_,2 is obvious, in synthesis of the present type of diterpenes,
further investigation should be worthwhile.

We can now consider the product of oxidative work=-up of the crude
hydroperoxide containing ozonolysis mixture, namely the seven~membered lactone~
acid 152, which was obtained in high yield (90%), by treatment of pure (or crude)
hydroperoxide with basic hydrogen peroxide in mef.hcm'ol at reflux for thirty minutes.
The structure of 152 follows from its infrared spectrum which showed absorption for
a carboxyl group at 1720 cm_] anda & -lactone at 1730 cm'-.l , and ifs pmr
spectrum which showed the C~11 proton as a single sharp singlet, af.6.22 ppm and
the two protons at C-7 as a multiplet at 4.20 ppm. This multiplet showed a variable
line shape pattern in the temperature range 30-70°, and was thus assumed to be
present in a flexible ring system. In addition the ultraviolet spectrum of 152
showed maxima at 214 mu (€, 10,400) and 280 mu (&€, 190) consistent with the
conjugation of the sysfeni proposed.

The or‘igin of 152 was disclosed by the results of further experiment.

Since it is possible to derive a mechanism for formation of the Iacfone 152,
without involving hydroperoxide ion, but simp!'y base alone, it was deemed of
interest to determine the effect of base alone on the hydroperoxide 55 and the

lactone-hemiketal 93. Refluxing of these two substances in aqueous/ethanolic

sodium hydroxide for four to six hours led to yields of from 50-70%
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FIGURE 19 : Mechanism of Formation of (a) Lactone=Acid 152 and (b) of Decalone 153
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of the substituted 6-decalone 153.  The resulis of these experiments together with
that of hydrogen peroxide attack can be explained by the presence of the common
intermediate 94, the open-chain acid form of the lactone~hemiketal 93, which
is presumably present in significant amount in strongly basic solution Attack on
this species can follow two paths, nemely pathway (é:), by hydroperoxide ion
addition to the lactone 152, or pathway (b), by hydroxide ion addition to the
9(11)-double bond leading to the decalone 153.

Hydroperoxide attack is fast at the C—é carbonyl (a) (reaction over in
30 minutes or less), giving the anionic intermediate 154 which undergoés a 1,2-shift
onto oxygen of the C-7, C-8 bond leading to product. The slower (reversible)
attach at C-11 of 94 by hydroxide ion, gives the hydroxy—kefone _]ié, which can
undergo reverse oldol condensation eliminating the C~11, C=12 carbon unit to
give the decalone 153. It is also possible that some hydroxide attack can occur'

of, at C-9 giving an K~diketone 156 which would undergo benzylic acid type of

rearrangement to the acid 157.

©y

156 157
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This could account for one or more of the acidic components also produced in the
base reactions.

The formation of the decalone 153 in good yiéld, is of considerable
interest in view of the effort which has been expended in total synthesis of its
5, and 7-ketonic isomersMé. These compounds, containing the same or
. ‘antipodal stereochemistry at C-1 (C-4 diterpenoid numbering), have been of

146,147. It is

considerable value in synthesis of certain tricyclic resin acids
thus possible that decalone 153 could be a valuable synthetic intermediate, if
base catalysed condensations can be effected at C=5 without retro-aldol

condensations. The compound has not apparently been described before in the

literature.



VI. = C-20 Methyl Chemical Shifts of Diterpenoids

It has been noted by a large number of authors that the resonance
frequencies of the tertiary methyl groups of steroids and terpenes in their pmr
spectra, constitute a sensitive method for structure determination because of their
easily discernable noture in otherwise complex spectra. A large number of steroids
have been examined and as a result of consideration of some 260 examples of known
structure, it has been possible to derive with few exceptions, self-consistent
chemical shifts for C=18 and C=19 methyl groups, caused by specific functional

: . 148 ;
groups at the various skeletal locations” . The results allow, on the assumption
of the additivity of chemical shifts, an immediate check of any proposed structure,
using the four saturated, androstane hydrocarbons, as reference compounds in
these cases.

Several approaches have since been made to derive, and collate

- " 149 :
data, for a similar set of values for diterpenes . Such attempts have so far
only met with limited success, even though such studies have been restricted to
certain groups of diterpenes such as the resin acids. In many diterpene acids it is

| 150 :
well established that methyl groups attached to a carbon atom which also bears
a carboxyl group resonate at a lower field than do isolated methyl groups. Thus
in the present examples, the C~20 methyl group is consistently more than 0.15 ppm

up-field of the C~18 methyl group at C-4 to which the /3 C~19 carboxyl is attached.
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In addition to this inductive effect, fransam:nular shielding of the C~20 methyl by
the C-19 carboxyl occUrs]5] . This effect is most marked when the acid is esterified
(methyl ester in recorded examples), and resulis in an up-field shift of 0.20 ppm
in podocarpic acid 35, for instance. |

Recent calculations by ApSimon et ql]52 on the anisotropies of carbon-
ca.rbon single, and double bonds, and ’rhe carbon~oxygen double bond]53 however,
have led to satisfactory agreement with calculated and observed shift values for the
resin acids and their hydrogenated derivatives. Although no such cf’renﬁpi has been
made in the present study, to correlate C~20 methyl chemical shifts, nonetheless
some interesting and regular trends have been noted, particularly WHH regard to
the influence of the carbon double bond and carbony! group in ring C. In Table VI
the majority of the compounds encountered directly or indirectly in this thesis have
been listed in order of decreasing shielding of the C-20 methyl group.

Several generalisations may be made on a superficial examination of the

data. The strong shielding influence of a 8(14) - or 8(17)~ double bond or 8~carbonyl

group, is easily seen by comparing early entries in the table with the desoxy~hydro-
carbon 158. Further that this influence is virtually independent of other structural
modifications emphasizes its powerful influence.  Likewise the strong, deshielding
influence of a 9(11)-double bond is apparent from several examples. On the other
hand a 8(9)-double bond between the B/C rings has only o mild shielding influence.
Table VI reveals some initial, semi-quantitative predictions of the effect at C-20

methyl of variously placed functional groups, but emphasis should be made at this

o
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TABLE VI

Chemical Shifts of C-20 Methyl Resonances Correlated

with Structure (B, C-19 Methyl Esters in all cases)
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stage that these observations are inductive rc;fher than decisive.

Several illustrations of how such information may be of use in the.
structural identification of new intermediates can be briefly given.
(@)  As was pointed out in Section I, the early evidence for the structure of bromo-
ketone 48 was not unequivocal. The possibility existed that the X-bromine atom
wa; 11-¢l, or lB—ﬁ with ring C in a twist form. Consideration of the close
similarity of the chemical shifts of the bromo~ketone 48 and the parent keto-ester
66 in Table V, reveals that the strong deshielding influence expected for a bromine-
carbon bond at C--13]54 is not present, and therefore this structure is unlikely.
(b)  The chemical shift of the C~20 methyl group in the enol acetate 50 is
unusually deshielded. As this compound has an 8(14)~double bond and as fime
12(13)-double bond's effect is weak (see Table VI), for effect of double bond at

11(12), and 13(14) positions, a fairly strong shielding effect would be expected.

Since none is observed and the compound on balance is dgshielded some other effect
is obviously in operation. Just such an effect was alluded to above in Section IV,
with regard fo the ORD spectra of enol acetate 50 and laevopimaric acid; i.e.

the suggestion that there may be a specific interaction between the conjugated
diene system and the C-20 methyl group in 50, causing a net downfield shift in the
pmr spectrum, and also éfabilising the somewhat unusual conformation, used to
explain the ORD Cotton Effect in 50, and in laevopimaric acid. This point is
obviously purely speculative and in analogy to Burgsiahler et cl's] 'IIO argument

for laevopimaric acid.



GENERAL CONCLUSIONS AND POTENTIAL SYNTHETIC SCOPE

The synthesis of 12-hydroxylabd=8(17)~en~-1 9-oic acid 37 outlined above

was derived from two key intermediates, keto-acid 36 and fl:ne olefinic acid 58.
In addition, condensation of 3~furyl lithium with the acid chloride 60, derived
from 58, led fo the ketone precursor 59, of methyl lambertianate ?ﬁ (R= CH3).

| It may be recalled from the General Introduction that cyclisation of
geranyl geraniol ii or geranyl linalool iii (as phosphate esters by enzymes in plants)
leads to the bicyclic alcohol (s) iv, with the labdane skeleton, from which all
diterpenoids are postulated to be derived. Over the last decade a striking number
of oxygenated diterpenoids have been isolated from various plant sources, which

may be considered derived from the initial alcohol(s) iv. Those which contain an

oxidised C-19 carbon atom, including the derivatives corresponding to iv,

=C0OC0H, R

H = CHzOH),

cupressic 159 (R] = COOH) and isocupressic 160 acids (R]

are shown in Figure 20.
Utilising the synthetic intermediates 36 and 58, a number of straight-
forward conversions to many of these substances is now possible. A few examples

must suffice here.

(a) Cupressic 159 (R] = COOH), isocupressic 160 (R] = COOH, R2 = CHZOH),
agatholic 160 (R] =CHO, R2 = COOH), agathic 160 (R] = R2 = COOH),

communic 161, elliotinoic 162, ihbricofol 163, sciadopic 164 - acids, and
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FIGURE 20 :

165

Some - ,@,’ C=19 Oxygencted Diterpenes with the Lobdane Skeleton

9¢1



torulosol 159 (R] = CHZOH) should all in principle be derivable from analogues of
the acid chloride 60 by condensation of the appropriate lithium derivative (or
cadmium analogue where stable and necessary). Products would then result by
reduction, elimination or reductive elimination of the C~12 carbonyl so formed.
(b) Photochemical functionalisation of the C~20 methyl group, and similar
‘treatment with the furan sequence above, followed by Iacfonnigafibn could lead to
the sciadin structure 165. Thus it seems reasonable fo expect further sym‘héﬁc
application by the routes indicated.

Finally, sodium trimethoxyborohydride in preliminary investigations, has
been shown to be a good selective reducing agent for.the carboxylic ester function,

particularly in the presence of carboxylic acids which are not attacked.

137.



EXPERIMENTAL

Apparatus, Methods and Materials

Melting points were determined on a Kofler micro hot-stage apparatus
and are uncorrected unless otherwise stated.

Infrared spectra were obtained on Beckmann 1R~5 and Perkin-Elmer 337
infrared spectrophotometers in chloroform solution or as nujol mulls.

Proton magnetic resonance (pmr) spectra were recorded on Varian
Associates HA=100, A-60 and T-60 spectrometers in deuterochloroform solution,
using tetramethylsilane as internal standard. Unless otherwise stated the svpecfra
refer to 60 MHz. The Nuclear Overhauser Effect (NOE) experiments were
kindly performed by Mr. J. Saunders of this department. The symbols s =singlet,
d = doublet, t = tripléi', q = quartet and m = multiplet are used below in the
recording of spectra.

Optical Rotatory Dispersion (ORD) measurements were performed in
methanol or cyc]ohexane solution on a JASCO ORD - UV = 5 instrument at the
University of Toronto by kind permission of Dr. J.B. Jones.

Mass spectra were determined on an Hitachi Perkin-Elmer RMU-6A
spectrometer and also on a C.E.C. 21-110 high resoluticn mass spectrometer.
'Mass matching' measurements on the latter instrument were kindly performed by

Drs. G.E.F. Gracey and L. Baczynsj of this department. Ultraviolet spectra
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were obtained in methanol solution using a Carey=14 spectrophotometer.
Carbon, hydrogen, and oxygen microanalyses were performed by Spang
Microanalytical Laboratories, P.O. Box 1111, Ann Arbor, Michigan, 48106, USA.

Yemm worked-up

In the experimental descriptions to follow, the phrase
in the usual way--=" refers to the following procedure. = The organic extract
. (in the specified solvent) was washed once with water, once with saturated brine
and dried by filtration through granular anhydrous soc'l‘ium sulphate. Solvent was
then removed in vacuo from the resultant extract, on a Buchi-Rotavapor 'R' -
rotary evaporator, using a water bath at 50 - 70°. - Any modification or
addition to this procedure is so stated where appropriate.

Analysis of product compositions in all cases was by examination of
their pmr spectra ~ in particular the C-20 methy! absorption region. The numberv
of components present were usually readily estimated and their relative proportions
obtained by direct integration. In the numerous experiments where diazomethane
was used in small or large quantities, the proceduré of Th. J. de Boer and
H. J. Bctckerls6 was used, utilizing Diazald (Aldrich) (N=methyl=N=-nitroso-p~
toluenesulphonamide). Small quantities of ethereal-alcoholic diazomethane so

obtained could be stored at =20° in the dark for up to a week without serious

deterioration.

B e e el



A - Conversion of Podocarpic Acid to the Keto~acid 36, Via Reduction and
Subsequent Ring Fission

1. 128-Hydroxy-8d-podocarpan-19-oic acid 45 (R, = OH; R, =H)

2

The general procedure of Meyers et a|28 was used. Fifty grams
(0.182 mol) of podocarpic acid, (obtained from Timber Processing Cpy. Ltd.,
Auckland, New Zealand - recrystallized from 10% aq. methanol to mp 192-193°
and dried in vacuo at 80° for 24 h to remove methanol of crysfollizc.ﬁpn) - was
added to a mixture of 12.5 g of 5% rhodium-on-alumina, (Engelhard Industries
Inc.) and 200 ml of 95% ethanol containing 1% acetic acid, and the mixture
shaken under hydrogen (40 = 50 psi) at RT in a Parr oppcroﬂ;s. Uptake of hydrogen
effectively ceased after 48 h. |

The reaction mixture was filtered under reduced pressuré, the filter pad
being washed well with methanol, and the filtrate evaporated to dryness in vacuo
to give 50.5 g of crude hydroxy=-acid as a colourless solid. Becoﬁse of the
insolubility of fhé compound and its susceptibility to air oxidation, dissolution
in ethyl acetate for crystallization was performed under nitrogen at reflux
temperature.  One further crystallization in a similar manner gave 25.0 g
(50%) of the cis(p)-hydroxy acid 45 (R, = OH; R, = H), mp 230-234°, lit. **
mp 234.5-236°, pmr (60 MHz, pyridine/CS,) & 0.97 (s, 3H, C-20 CH),
3.68 (s, broad, 2H, C-19 COOH and C~12 OH) ppm.

The crude hydroxy-acid obtained in this reduction has been shownSO,

1.26 (s, 3H, C-18 CHy),

~140-~
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by methylation and acetylation in pyridine and pmr examination, to consist of the
cis-120¢{- and cis-128~alcohols in an approximate ratio of 3:5 respectively. These
acetates were identified by an independent synfhesi530

In addition to the cis B/C ring iunc’ri'on alcohols which compose some
82% of the reaction mixture, there is 15% of trans B/C ring junction alcohols
present, and approximately 3% of deoxygenated material.  This analysis was

derived from the direct oxidation-methylation sequence described below.

2. 12-Oxo-8%-podocarpan=19-oic acid 46

The crude cis~12  ~hydroxy acids 45, mp 225-230°, 25 g, were
dissolved in 1.2 | acetone, the ;olui‘ion cooled to 10° and Jones'23 reagent
added dropwise until excess reagent was present as evidenced b\/ an orange
colouration. After destruction of excess reagent with isopropanol, the majority
of solvent was removed in vacuo at 400, fhe residue diluted with water and
benzene extracted (3 x 100 ml). Usual work-up gave 25.1 g crude crystalline
keto~acid which on recrystallisation from hexane : ether (50:50) yielded 18.3 g
(73%), keto-acid 46, mp ]70—1730, (> 98% pure, |if.24 168-1740; pmr (60 MHz)

$0.79 (s, 3H, C-20 CH,), 1.25 (s, 3H, C-18 CH3), 10-11 (s, broad, C-19

s
COOH) ppm; mass spectrum, m/e 278, 260, 234, 232, 217, (mol wt.278).

The keto-acid could also be recovered in good yield by crystallization

from the mother liquors of 45 above; formed by air oxidation.

3. Methyl 123-Hydroxy-8ok-podocarpan-19-oate 64

Five grams of twice crystallized hydroxy~-acid 45 mp 230-234° were
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dissolved in (R) methanol and ethereal diazomethane added dropwise until excess
was present. The ether~methanol was then removed in vacuo to give 5.24 g of «
near-colourless gum, pmr (60 MHz)&0.75 (s, 3H, C~-20 CH3), 1.15 (s, 3H, C-18
CH3), 3.56 (s, 3H, C-19 CH3) ppm. The sample contained 5% of 12¢{~hydroxy

B/C-~cis isomer plus 15% keto-ester 64 resulting from air oxidation in handling.

4. Methyl 12-Oxo-8X~podocarpan-19~oate 66

A slurry of 50.5 g of the crude hydroxy-acid 45, direct from reduction,
was treated with portions of ethereal diazomethane o RT until the yellow colour
of excess reagent had been present for 15 min. The solvent was then removed in
vacuo to give 53.0 g of the crude hydroxy~ester 64 +47, as a pale yellow gum.
The gum was dissolved in 500 ml of (R) acetone and Jones' reagent added dropwise
to the well stirred solution maintained at 10-25° with an ice-bath. When excess
reagent was visible as a permanent orange colouration, the reaction was arrested
by the addition of isopropanol and the bulk of the acetone removed in vacuo at
30-40°. The residue was diluted with 500 m! water and exfractecj with ether
(2 x ZOQ ml) and benzene (1 x 100 ml). The combined oréanic extracts wére
worked~up as usual to give 52.0 g (98%) of pale yellow~green crystals. The
pmr spectrum showed the product to consist mainly of the desired cis~keto-ester
66, together with some trans-keto-ester 65, and traces of other components.

The mixture was washed through 300 g alumina in benzene, when the
majority of the colour and non-oxidized and aromatic material was removed, giving

50 g (95%) of a crystalline mixture of 66 and 65. Integration of the 100 MHz
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pmr spectrum of the C-19 COOCH3 absorptions, at 3.63 and 3.66 ppm respectively,
showed that this mixture consisted of 85% 66 and 15% 65.

Separation of the ketones 66 and 65

a) Direct fractional crystallization. The above mixture of keto-esters (50 g)
was dissolved in 200 ml of boiling ethyl acetate: hexane (1:3) and the solution
seeded with pure cis-keto-ester 66 and cooled slowly fo room temperature. After
standing for 48 h at room temperature, 33 g (62% from podocarpic acid) of the
cis-keto-ester 66 was obtained as colourless slabs, mp 120-122°%; pmr‘ (60 MHz) &
0.69 (s, 3H, C-20 CH

1.17 (s, 3H, C-18 CH,), 3.63 s, 3H, C-19 COOCH,))

3)’ 3)'

ppm; |if.24, mp 120-121 .5°.  The mother liquors, after evaporaﬁonvond
dissolution in 50 ml ether = 5 ml ethyl acetate = 15 ml hexané at the boiling
point, seeding, and standing at room temperature, yielded a further 4.2 g of
cis-keto-ester 66, (8% from podocarpic acid) mp 118-120° (purif); 95% by pmr).
b) Girard's Reagent 'T' Extraction. For some time, several separations
were achieved as detailed in a specimen run below, using reagent 'T' (trimethyl
aminoacefylhydrc.zide chloride) obtained from Fisher Chemical Company. However
using reagent 'T' from Matheson Coleman and Bell Company, and British Drug
Houses Limited gave totally different resulis. The trans-keto-ester reacted as
fast as the cis~keto-ester so that no effective separation resulted. See 'Resulis
and Discussion' for further comments on this problem.

A typical procedure was: = Crude ke’ro-;esfers mixture 25.0 g, was

dissolved in 200 ml of 95% ethanol containing 20 ml acetic acid and refluxed
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(stirring under N2) - with 20 g Girard's reolgenf "T' for 1.5 h. After cooling the
reaction mixture was poured into 600 ml water containing 220 ml TN sodium
hydroxide, and extracted with ether (3 x 150 ml). The aqueous layer was then

. treated with 80 ml conc. hydrochloric acid and stood at room temperature for 1 h.
Work-up via benzene gave 18.25 g (69% from podocarpic acid) of pure cis-keto-
ester 66 mp ]2]—]220; mass spectrum (80 ev) m/e 292, 260, 233, 218 and 215;
(mol. wt. 292).

5. Methyl 12-Oxo~podocarpan~19-oate 65

The mother liquors from the above crystaliizations contained approximately
60% of the trans~keto-ester 65. In one experiment, careful seeding with a sample
of pure 65 (obtained by hydrogenation of the trans ¢ -unsaturated ketone 49,
using 5% Pd/C24) gave 65 as colourless crystals, mp 110-1 15° (290% pure by

pmr spectroscopy); pmr $0.715 (s, 3H, C~20 CH,), 1.17 (s, 3H, C-18 CH

N o

3.65 (s, 3H, C~19 COOCH,) ppm. i, 2 o 176-10,.59,

6.  Methyl 11~Bromo~-12-ox0-8%-podocarpan-19-oate 48

To a solution of 39.3 g (0.135 mol) of cis-keto-ester 66, mp 120-124°,
in 1500 ml of dry carbon tetrachloride (molecular sieves) was added 25.5 g
(0.140 mol) of N=bromosuccinimide and one drop of 48% hydrobromic acid.
An immediate liberation of bromine as an orange colouration vanished after
30 sec. and after stirring at RT for 2~4 h the reaction was complete as evidenced
by the supernatant succinimide present and the absence of any N-bromosuccinimide.

The solution was washed free of succinimide and hydrogen bromide by shaking with
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water (3 x 300 ml), filtered through anhydrous sodium sulphate and evaporated in
vacuo at 40°. Drying at 0.5 mm overnight gave ca 50 g (100%) of crude bromo-
ketone. The pmr spectrum of the crude reaction product showed the presence of
85-90% of the desired compound together with 5% unreqcféd starting material and
5-10% other stereoisomeric bromo-ketones (mainly mono~brominated). Crystallization
- from hexane—efﬁer at 0° yielded 35.0 g (70%) of bromo-ketone 48 as colourless
crystals, mp 145-150°. A second crystallization gave 30 g of 48 mp 151-152°%;

pmr $0.68 (s, 3H, C-20 CH3), 1.17 (s, 3H, C-18 CH.)), 3.1 (m, 1H, C~13 axial

3)/
H), 3.57 (s, 3H, C~-19 COOCH3), 4.37 (s, broad Wh/2 =4Hz, 1H, C~11 equatorial
B bt 11627 fp: 152-180°,

Nuclear Overhauser Effect measurements were obtained on a carefully

degassed 0.16 M-~solution of 48 in deuterioacetone. The experiments were
performed at 100 MHz in frequency~sweep mode. The second saturating rf field

37 , and area integrations were

applied was of the order of 0.75 = 1.0 milligauss
repeated at least 25 times for each signal. We have found area increases down to as
low as 3% to be quite reproducible with current instrumentation. Many such

. " . 3
small area increases have been noted in compounds on unequivocal structure

giving increased confidence in the application of the method in the present study.

7.  Dehydrobromination Experiments

a) Dimethyl acetamide (DMA) - Calcium Carbonate. = The general

procedure of Green and Long44 was used. To determine the change in product

composition with the time of the reaction, a number of small scale runs were
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carried out. Two grams of bromo-ketone f@_, mb 15]-—]520, were added portionwise
over 2 min fo 40 ml of refluxing dimefhylacefqmide (dried over calcium hydride)
containing 4 g of precipitated calcium carbonate. The additions were made through
. a vertical side-arm in the flask connected to a wide-neck powder funnel, and the
bpiling solution was protected from atmospheric oxygen by a positive pressure of
dry nitrogen. Further reflux was continued under nitrogen for 3, 8, 18, 28, and
48 min in five successive runs. Each run was quenched by cooling rapidly in an
ice-bath, filtering under pressure with the filter—bad'being well washed with

ether, the filirate diluted with twice its volume of water and the whole extracted
with ether. The dried and evaporated extracts yielded pale yellow oily or
crystalline products which were examined by pmr spectroscopy. Thé components
were identified by the chemical shifts of their C-20 methyl absorptions. The
assignments of these absorptions were made from the pmr spectra of authentic
samples of each compound and are recorded in Toble Ill.(see Discussion).

The individual compounds were either prepared and isolated as given
below or obtained from separate sources. The differences between the chemical
shifts of the C;2O methyl groups were sufficient to permit the determination of
the product composition either by direct integration or simple triangulation and
weighing. The relative intensities of the bromo~ketone C~11 proton, and the
various vinylic absorptions were also helpful. The product composition results
were found to be reproducible to within + 3% and are shown in Table 11 (see

Discussion).



b) Other Dehydrobromination Reagent Trials. -

(i) Calcium carbonate-dimethyl formamide (DMF). Dry dimethyl

formamide 40 ml, and 4 g calcium carbonate (precipitated) were brought to

reflux under N2 and 2.0 g of 48 added in ’rhe‘vwﬂi manner over 3 min and the

whole refluxed with stirring for further 7 min X
. B: s

£

Cooling and usual work-up gave 1o 98°g white crystalline solid, which

pmr analysis showed to be unchanged starting material.

(i) = Lithium carbonate~dimethylacetamide.  The same procedure as in

(i), with 2.0 g of 48, 2 g lithium carbonate, and 50 m! DMA was used. The
product on work=up was unreacted starting material.

(iii)  Lithium carbonate-lithium chloride~dimethyl acetamide.  The same

procedure as for (ii) was used and in addition 2.0 g of dried (I 100) lithium

chloride was added. Refluxing was continued for 15 min.  Pmr analysis showed

5% unreacted starting material, 10% d"‘}-unsofurofed ketone é_?_, 15% ¢ ~unsaturated
ketone 69, 7% /@g-unsqfurafed ketone 68, 55%/90’—Uhsqfur0fed ketone 67, and

ca 3% methyl podocarpate 54. |

(iv)  Calcium carbonate~calcium chloride~dimethyl acetamide.  Bromo-

ketone 48, 2 g, calcium carbonate 2g, and calcium chloride (anhydrous-powdered)
2 g were used in 40 ml DMA, refluxing for 3 min (addition time 3 min). Usual
work~-up and -pmr showed, 65% unreacted starting material , ap;oroximoi'ely 10%
each of ketones _6_9_", and 49, 10% of 67 and less than 5% of 8.

(v) Dimethyl acetamide alone =~ No added base.  Two grams of bromo-

ketone 48 were added to 50 ml refluxing DMA in the usual way (2'min) and


http:carbonate-dimethylacetami.de
http:rpann.er
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refluxed for 15 min. Usual work-up and pmr analysis showed, 14% methyl podo-

carpate _5_1_1_, 16% 69, 5% each of 68, and 67, 15% unreacted 48 and 45% 49.

(vi) 1,5-Diazobicyclo 4.3.0 non-5-ene (DBN). The bromo-ketone 48
2.0 g (5.38 mmol) was dissolved in 20 ml of dry benzene and brought to reflux
under nitrogen. 0.73 g (5.9 mmol) DBN57 in 7 ml dry benzene was added dropwise
over 2 min. After 1 h of refluxing under N2, the reaction mixfure was cooled,
washed three times with 5% NGH2 PO4 solution and worked-up in the usual way.
The product ;howed some 20% 67, and 80% starting material. Repetition of the
experiment using xylene rather than benzene gave after 30 min reflux, 50%
starting material, 25% 67, and 25% methyl podocarpate 54.

(vii)  Substituted hydrazine derivatives.  Atiempted elimination of bromine

using these reagents in acetic acid gave mainly the C=13 acetoxy substituted
ketone 76, by displdcemex.ﬂ. Thus Girard's reagent 'T' gave a 70% yield of this
compound (see below), 2,4~dinitrophenylhydrazine gave some starting material,
possibly some 76, and several other products which were unidentified. = Semi-
carbazide (free base) gave a mixture of products including 76, but no olefinic
material.

Typically, 2.0 g of bromo-ketone _l':fi, was refluxed in 20 ml ethanol
containing 2 ml acetic acid and 2 g of Girard's reagent 'T' for 45 min under N2.
The cooled mixture was poured into water and ether extracted. The aqueous
extract was acidified with 10 ml concentrated hydrochloric acid and stood at
room temperature for 30 min, and then isolated via benzene to give 1.53 g

yellow oil which pmr analysis indicated to be new compound (90% purity). Two
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crystallizations from 5% ethyl acetate ~hexane methyl 13pf-acetoxy-12-oxo-

8-podocarpan-19-oate 76 as off-white needle-clusters mp 115-1 16° ir Vmax

2950, 1745, 1725, 1370, 1210(), 1158 cm'; pmr 80.72(5, 3H, C-20 CH,),
11.15 (s, 3H, C=18 CH,), 2.05 (s, 3H, ~OCOCHy), 3.60 (5, 3H, C-19 COOCHy),

4?95 (t, Jap f=3.5Hz, 1H, C-138 H) ppm. Anal. Calcd for C20H3005:

paren
C, 68.54; H, 8.63; O. 228.83. Found: C, 68.50; H, 8.55; O. 22.98.

When the reaction with semicarbazidc-; was conducted in tetrahydrofuran:
butanol with a trace of HCI, no reaction occurred.in 3 h at reflux temperature.
Similarly attempted preparation of the Girard 'T' derivative using Amberlite IRC

'50' acid exchange resin'63in t-butyl alcohol gave completely unchanged starting

material.

8.  Methyl 12-Oxopodocarp-8(14)-en-19-oate 67

Ten grams (27.0 mmol) of the bromo-ketone 48, mp 147—1520, were
added portionwise over a period of two minutes to a mixture of 200 ml of dry,
refluxing DMA and 20 g precipitated calcium carbonate, and the whole refluxed
for a further 8 min under nitrogen. The products were isolated via ether extraction
as described above and yielded 7.72 g (99%) of a pale yellow oil the composition
of which is recorded in Table Il (10 min reaction). The material was transferred
onto a column of 400 g of Silica Gel (11-200 mesh, Davidson Chemical Company)
in 1:1 benzene-petroleum ether (30-—600).

The chromatogram was developed with 500 ml of the same solvent and

11 of benzene. Elution with 1% ethyl acetate in benzene afforded 50 mg of
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unreacted bromo-ketone and elution with 2% ethyl acetate yielded 4.6 g (60%)
of the B§-unsaturated ketone 67 as a colourless crystalline solid (purity 90%).
Two recrystallizations from 10% ethyl acetate in hexane gave the analytical
samp!e as colourless prisms, mp 99-1000; ir r.nax 2940, 2850, 1712 cm-];

vw >‘max 282 (100) myy; pmr &0.55 (s, 3H, C=20 CH,), 1.14 (s, 3H, C-18 CH,),

3)'

2.32 (m, Wh/2 = 4Hz, 2H, C~11 CH2), 2.70 (m, Wh/2 =7Hz, 2H, C-13 CH2),

3.56 (s, 3H, C~19 COOCH,), 5.44 (t, J =7Hz, C~14 H) ppm.

3)’ apparent
Anal. Calcd. for C18H2603 : C, 74.44, H, 9.03. Found : C, 74.42; H, 8.99.

Crude bromo-ketone could be used in this preparation v ! a
corresponding considerable improvement in overall yield from the original cis-
keto-ester 66. In such cases unreacted 64, >cmd minor brominated components
were eluted first. The major impurity in the crude bromo-ketone, a compound
with C~20 methyl obsorpf.ion at 0.64 ppm, is apparently the equatorial C~11
bromo isomer or the O{'B-C—l3 mono-bromo compound, since it is substantially

dehydrobrominated to the same products under the above conditions.

9. Methyl-12-Oxopodocarp-13-en-19-oate 49

The crude dehydrobromination product obtained by refluxing 10.0 g
of 48 in a mixture of 200 ml o.f' DMA and 20 g of calcium carbonate for 30 min
and isolation in the same manner as above, was dissolved in 250 ml of acetone
containing 25 ml of 3N hydrochloric acid and refluxed under nitrogen for 2 h.
The majority of the acetone was removed in vacu.o, the residue diluted with

water and isolated with ether to g.ive 7.7 g of a pale yellow crystalline solid,



151,

containing 70% 49, 6% 67, 15% 69, 2% 68 and 7% methyl podocarpate 54.
Chromatography on Sili-ca-Gel in 1:1 benzene-petroleum ether (30-60°) and elution
with 2% ethyl acetate in benzene gave the majority of 67, 68 and some of 54.
Furfh‘er elution with 5% ethyl acetate in benzene gave crystalline 49, 4.5 g (58%)
mp 120-123°. Recrystallization from methanol gave the conjugated ketone as

. glistening plates, mp 127-130.5% uwX 230 (10,500) mys; pmr & 0.715

(s, 3H, C-20 CH,), 1.15 (s, 3H, C-18 CH3), 3.64 (s, 3H, C-19 COOCH3),

3)’

585 (ar Jy3,94710M2, Jyy 45 13,14

_ e, 24 _170%.
=1.6Hz C~14 H) ppm; lit.%* mp 126.5-129%; Aqu 230 (8,710) mu.

=2.6Hz, C~13 H), 6.65 (q, J = 10Hz,

J] 1,13
A9' 11
The WB-unsaturated ketone 69 present was unusually polar and
although part of the material was found in the late 49 fractions, the majority of
the compound was eluted last in pure ethyl acetate and ethyl acetate~acetone, |

giving 1.14 g (90% pure by pmr). Recrystallization from 1:4 ethyl acetate~hexane

gave 0.80 g of methyl 12-oxo-podocarp-9(11)-en-19-oate 69 as needle~-clusters

mp 110-112°% pmr & 0.94 (s, 3H, C-20 CH,), 1.17 (s, 3H, C-18 CH),

8

3.70 (s, 3H, C~19 COOCH,)), 5.73 (d, J=2Hz, 1H, C~11 vinylic) ppm; Iif.24

3)
mp 111-112°.

10.  Oxidative degradation of methyl 12-oxopodocarp-8(14)-en-19-oate 67,
to 8-oxo-(13%17)~pentanorlabdan-12,19~dioic acid 19-methyl ester 36

Two methods, ozonolysis and potassium permanganate-sodium periodate
oxidation, were employed to degrade 67, to the keto-acid 36. Both methods

gave yields of 36 of the same order of magnifude, but the permanganate-periodate
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reagent gave surprisingly inconsistent results whereas ozone gave reosonably
reproducible yields.

Permanganate~Periodate Oxidation

Five grams (17.2 mmol) of @f-unsaturated ketone 67, mp 97-100°
(purity 98%) were dissolved in 375 ml of t-butyl alcohol. A further 375 ml
t-butyl alcoho! was stirred with 1250 ml of stock oxidant ontaining 23.7 g

NalO, and 0.74 g KMnO, in litre of water; for 1 mmol 67, this contains

4
8 mmol (1.718 g) NalO

4
and 0.34 mmol (0.0537 g) KMnO,) together with 5 g

4
anhydrous potassium carbonate. After 10 min, the pH of the mixture was 8.0
and some solid had precipitated. This mixture was then added to the stirred
organic phase over 5 min, washing in the precipitated solid with ca 150 ml
water. The pH of the final solution after addition was 8.2 and the colour, a
deep burgandy-red. Affe.r a few minutes the pH had dropped to 7.7 and after
stirring for 2 h had finally stabilized at 74 The colour of the solution was then
orange-red.

Sélid sodium carbonate and sodium metabisulphite (N02$205 or NaZSOB)
were added portionwise until the solution was colourless, (l2 and KMnO4 free)_
and alkaline. If sufficiently alkaline the mqiorffy of the t=butyl alcohol separated
and could be drawn off and evaporated. The residue was taken up in the main
aqueous fraction, washed twice with ether and acidified with 2N sulphuric acid.

Benzene exiraction (3 x 200 ml) and usual work-up gave 4.30 g (85%) of a near

colourless oil which crystallised on standing. Pmr analysis showed 90-95% of
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keto-acid 36. Recrystallisation from 1:3 ethyl dcetate~hexane gave the keto-acid

0 s 171-172°,

as needles mp 170-172%; lit.

Early success with this procedure gave way to varying pH valuesmqnd
. poor quality product in later runs. Numerous variations in oxidant sirength, pH
adjustment and solvent balance did not give consistent improvement so the method
v;/as abandoned in favour of the ozonolysis procedure below.

Ozonolysis

A solution of 1.60 g of ﬁz{-unsafurqfed‘ ketone 67, mp 95-98° (purity
90-95%) in 80 ml of dry methano! (molecular sieves) was treated with ozone (from
a Welsbach 'T-408" ozonizer settings := 0.55 LPM, 115 v, 7-8 psi, at ~65 ~ 75°
until the solution assumed a pale blue colour. Nitrogen was bubbled through to
remove excess ozone and the solution transferred to a 500 ml flask in a total
volume of 200 ml of methanol. This solution was then refluxed with 20 ml of
30% hydrogen peroxide and 50 ml of 10% sodium hydroxide for 30 min under
nifrogen.

The mdiorify of the methanol was then removed in vacuo and the
residue diluted with 300 ml of water and ether extracted. The ethereal extracts
were counter~washed once with water and the combined aqueous phases acidified
to pH 1 with 2N sulphuric acid. The liberated acidic product was extracted
with benzene (3 x 100 ml) and the exiracts wocjfked—wub in the usual way to give
1.40 g of 36, as an oil which crystallized on standing. The pmr spectrum

indicated that the desired product was present in about 80% yield. Recrystallization

from 10% ethyl acetate~hexane gave 0.84 g (52%) of 8~oxo~(13-%17)-pentan-
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norlabdan-12, 19-dioic acid 19-methyl ester 36 as colourless needles, mp 168-170%;

pmr 90.55 (s, 3H, C-20 CH,), 1.25 (s, 3H, C-18 CH,), 3.70 (5, 3H, C-19

)
COOCH3), 10.6 (s, broad Wh/2 = 15Hz, 1H C~12 COOH) ppm; mass spectrum
(80 ev) m/e 296 (very small), 278 (enol-lactone-parent}, 219, 263, 202 (mol. wt.

296.40); 1it.°0 mp 171-172°.

11.  Dimethyl 8=-Oxo=(13-17)-pentanorlabdan-12, 19-dioate 79

Crude (90%) AY-unsaturated ketone 67, 1.6 g, direct from chromc’rograph);
was ozonized as above and the crude product és’rerified with ethereal diazomethane.
After removal of solvent the product was chromatographed on 50 g éf 'Florisil" in
1:1 benzene~-petroleum ether and elution with benzene yielded 1.25 g (73%) of
the keto-ester 79, (purity 95% by pmr) which was crystallized from 5% ethyl a _
acetate~hexane to give 0.95 g (56%) of 79 as colourless prisms, mp 96-97°%
prr $0.54 (s, 3H, C-20 CH

1.27 (s, 3H, C-18 CH,), 3.60 (s, 6H Wh/2

3)’ 3)’
=1.0Hz C~19 and C-12 COOCHB'S superimposed) ppm; mass spectrum (80 ev)

m/e 310 (mol ion); Iit.éo compound reported as oil only.

The 2,4~dinitrophenylhydrazone of the ester-ketone crystallized

60

from aqueous ethanol as yellow needles mp 161-163%; lit. mp 161-163°.
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B =~ Conversion of Podocarpic Acid to the Keto~acid 36, Via the Ozonolysis Route

1. Methy! Podocarpate 54

Recrystallized podocarpic acid 35, mp 192-1930, 65 g, was dissolved
in approximately 400 ml (R) methanol, and stirred at room temperature whilst
ethereal diazomethane (prepared from 85 g 'Diazald’, 90 ml of 95% ethanol, 20 g
potassium hydroxide and 30 ml water) was added dropwise. After excess diazomethane
_(detected by a yellow-green colouration) was present for 15 min, solvent wos removed
in vacuo to give ca 400-500 ml of a white crystalline slurry which was stood over=
night at 0°. Filtration under pressure, reduction of volume of the mother liquors,.

and further cooling gave a total of 58-60 g of pure white needles of methyl

podocarpate 54: m 207-2]00; lif.24 205-2080; mr & 1.05 (s, 3H, C-20 CH,),
24 mp P o

1.30 (5, 3H, C-18 CH,), 2.84 (m, 2H, c-7 CH,), 3.70 s, 3H, C-19 COOCHy),

4.5 -5.5 (s broad, 1H, C~12 OH), 6.80 (m, 3H, C-11 C-14 aromatic) ppm.

2.  8B-Hydroperoxy-8a~hydroxy=(l 3~ 7)~pentanorlabd-9(11)-ene-12,19-dioic
acid 19-methyl ester 8x+12-lactone 55 _

Methyl podocarpate 54, mp 208-210°, 10.0 g (34.8 mmole) was
dissolved by warming in 100 ml‘ (R) methylene chloride plus 100 ml (R) methanol
- both dried over molecular sieves = in a 250 ml gas absorption vessel fitted with
a fritted-glass gas bubbler. After cooling to -70° ina 'Dry lce'~acetone bath,
ozonised dry air containing 2 mg Osﬂh‘er gas = (£ 10% = determined by I2

liberation and titration with standard thiosulphate) =~ was passed through the

~-155-
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solution at a rate of 0.5 liters/min. The ;azone‘ was generated from a Welsbach -
'T408' ozonizer run at 7-8 psi gas pressure, and 80 volts primary potential.

“Excess ozone was present, - as indicated by a pale blue colour in the
solution, - after 6 h of gas flow. At this time nitrogen was passed through the
solution for 15 min at ~70°, and a further 15 min with the cold bath removed. The
;olufion was then transferred to a flask with the aid of methanol, and solvent
removed in vacuo at 30-40° to give a white crystalline slurry of crude hydro-
peroxide 55.

The slurry was dissolved in 200 ml chloroform and washed with 500 ml
water, 200 ml brine, filtered through N<:|2SO4 and evaporated in vacuo at ca 40°
to give after vacuum drying, 10.75 g (100%) off-white crystalline hydroperoxide
55, of 80-90% purity by pmr analysis. Solution of the solid in chloroform,
reduction of volume to 50 ml at the boiling point and addition of 100 ml hexane
initiated spontaneous crystallisation which after 24 h at 0° gave 7.30 g (68%)
of white micro~crystalline solid of purity 95%; mp 183-187°d. One further
crystallization from the same solvent gave the analytical sample as colourless
prisms, mp 185-187°d; ir  max 3500, 3250, 2950,vl765, 1725, 1640, 1235,
1210, 1160,V1097, 1085, 1040, 1008, 978, 927, 870 cm—]; ur A max 218

(11,000) mu, (no n-n* visible); pmr S1.135 (s, 3H, C-20 CH,)), 1.22 (s, 3H,

o

C-18 CH.)), 3.72 (s, 3H, C~19 COOCHS), 5.79 (s, TH, C=11 vinylic H),

).
9.08 (s, Wh/2 =2.0Hz, 1H, C-8 OOH) ppm; mass spectrum (80 ev) m/e 308/306,

16 2276

291, 275, 247. Mol.wt. 310. Anal. Calcql forC. ,H,,O, : C, 61.92; H, 7.15;
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O, 30.93. Found: C, 61.86, H, 7.14; ), 30.86.
' 157

lodometric Determination of Peroxidic Oxygen

Three 50 mg (0.161 mmol) samples of twice crystallized hydroperoxide
mp 185-187°d were dissolved each, in 10 ml (R) isopropanol containing 0.5 ml
acetic acid, 0.2 ml acetic anhydride, and 3 ml of a safurafeoi solution of sodium
‘jodide in (R) isopropanol added. After heating to bp for 5 mins the samples were
titrated with standard sodium thiosulphate solution. The mean titre was £0.0200 g
I

But 0.161 mmol hydroperoxide liberates 0.161 mmol I, =0.0204 g.

2z 2
Therefore compound 55 has 0.0200/0.204 = 98% (+ 2%) active oxygen. |t was
found that reaction was essentially quantitative in two min. Since cyclic peroxides

react much more slowly under these conditions, 55 is likely to be a hydroperoxide

as formulated.

3.  8-Oxo-(13->17)-pentanorlabda-12,19~dioic acid ]9—mefhyl ester 36

The hydroperoxide 55 mp ]83-;]870, 7.3 g, was added in 75 ml 95%
ethanol to a pressure bottle containing a suspension. of 0.7 g 5% Pd/C catalyst
in 75 ml 95% e.fhanol, which had been prehydrogenated for 15 min. The mixture
was shaken under 1-3 atm of hydrogen overnight. Filtration through 'Celite’
efficient sthing of the filter pad with methanol, and evaporation in vacuo gave
6.8 g (98%) of colourless crystalline keto-acid 36 which was 90~95% pure by pmr
analysis. Relcrysfollizafion from 1:2 ethyl acetate:hexane gave 36 as colourless

60

needles, mp 171-172% 1it.°° 171-172°.  See above, A-10, for further

characterisation.
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C - Synthesis of Labdane Structures from the Keto-acid Intermediate 36

1. 17-Carbomethoxy~8£-hydroxy=-(13-»16)-tetranorlabda~12,19~dioic acid
19-methyl ester 881 2-lactone 56 (R = CH3)

(i) Method using benzene as solvent:~ Granulated zinc (20 mesh) was
oc.:ﬁvoted by the procedure of W.S. Johnson and L.F. Fieser?s. After the metal
had been heated in concentrated sulphuric acid containing a few drops of nitric
acid at 100° for about 10 min, the majority of the acid was decanted off, and
water added. After vigorous H2 evolution for a few min, all traces of acid were
removed by repeated washing with water, followed by acetone; ether and then
drying at 110°.

The keto-acid 36, mp 171-172°, 5.00 g (16.9 mmol) was dissolved in
250 ml anhydrous benzene in a dry 500 ml three-necked flask fitted with o
mechanical stirrer and reflux condenser (a magnetic stirrer bar gave adequate
agitation in smaller scale runs). Then 5.20 g (34 mmol) of methylbromoacetate
(R) (Ecssﬁnan), 5 g activated zinc and 50 mg iodine were added, and the stirred
mixture broughiL rapidly to reflux under nitrogen. Two further additions of, 2.60 g
methyl bromo~acetate, 5 g zinc and a crystal of iodine, were made after 6 and 12 h
reflux.

After 24 h total reflux, the reaction mixture was cooled, the zinc
complex destroyed in 2N sulphuric acid and the acidified mixture extracted with
benzene (2 x 100 ml) after removal of the initial benzene layer. The combined

benzene extracts on usual work-up gave 6.25 g dark yellow oil. Pmr analysis
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_ indicated some 5% of non~-diterpenoid reagent condensation products, 75-80%

lactone-ester 56 (R = CH,,), 10% starting material, 5% of unsaturated lactone 104,

2
and a few per cent of ‘an unknown compound with a C~20 methy| absorption at
. 38Hz (60 MHz).

Extraction of an ethereal solution of the product with saturated
NaHCO3 s;oluﬁon served to remove starting material and the unknown component.
Two crystallizations of a portion from 2:1, hexane : ethyl acetate gave the
analytical sample as colourless needles mp ]04.5-;1050; ir qux 3025, 3000,

2955, 2855, 1775, 1735, 1720, 1440, 1220(b), 1142, 985, 940, 925 cm_];

pmr ©0.74 (s, 3H, C~20 CH,), 1.22 s, 3H, C-18 CH,), 3.65 and 3.72 (s and 3H
each, C-19 and C-21 COOCH3'5) ppm; Anal. Calcd for C19H2806 : C, 64.75

H, 8.01. Found: C, 64.71; H, 8.01.
(ii)  Method using benzene and dimethoxyethane as co-solvent:~

The keto-acid 36, 3.50 g (12.5 mmol, ca 95% pure) was dissolved in
160 ml dry benzene and 40 ml dry dimethoxyethane (distilled from calcium hydride)
and 3.8.0 g (25 mmol) of methylbromoacetate, 3 g zinc and a crystal of iodine
added. The m.ixfure was mechanically stirred under reflux and a nitrogen
atmosphere for 12 h and then a further 3.0 g (20 mmol) methylbromoacetate, 3g
zince and crystal of iodine added. After a further 6 h reflux the reaction mixture
was cooled and worked up in similar manner to (i), to give 3.97 g yellow oil.
The pmr spectrum revealed no discernable unsaturated lactone 104, 90-95%

pure lactone-ester 56 (R = CH3) and some 5% storting material.
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The oil was chromatographed on 160 g 'Florosil' in 50:50 benzene-
petroleum ether (30-60°) and the chromatogram developed with benzene and 5%
ethyl acefcfe/benzene which yielded ca 100 mg of yellow oil which by odour
and pmr analysis appeared to be methyl phenylacetate. Further elution with 10%
ethyl acetate-benzene gave a total of 2.98 g (75%) of pure (>98%) lactone-ester
56, mp 103-105°.

2.  17-Carboethoxy-84-hydroxy=(13 16)-tetranolabda-12,19-dioic acid
19-methyl ester 8g-»12-lactone 56 (R = Et)

Precisely the same procedure was followed as above 1(i) for the
carbomethoxy ester, utilising 5.70 g (2 mol equivcnleﬁts) ethyl bromo~acetate
initially and two subsequent additions of 2.85 g (1 mole equi\)aleni'). However
the extent of conversion was poorer than in 1(i) and pmr analysis ir;dicaf.ed some 70%

product, 20-25% starting material, and a 5% of unsaturated lactone 104.

Sodium bicarbonate extraction and two crystallizations gave an
analytical sample of 56 (R = Et), mp 74—750; ir v I 3025, 3000, 2955, 2855,
1778, 1732, 1722, 1455, 1230(b), 1142, 985, 940, 925 cm-]; pmr & 0.76

(s, 3H, C-20 CH 1.22 (s, 3H, C~18 CH3), 1.28 (t, J=7.0Hz, 3H, ester —CH2.
3); 4.20 (q, J=7.0Hz, 2H, ester -CH2.CH3)

ppm; é_r_r&l_ Calcd for C20H3006 :+ C, 65.55; H, 8.25. Found : C, 65.72;

2
CH3), 3.65 (s, 3H, C-19 COOCH

H, 8.09.

t-Butylbromoacetate 158

To a solution of 139 g (1 mol) BrCH,COOH (BDH) in 100 ml ether

2

and 7.5 ml concentrated sulphuric acid was added 112 g (2 mol) of isobutylene
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condensed in a 500 ml pressure bottle and cooled in 'Dry Ice”. The bottle was
sealed and kept at room temperature for 24 h.
After recooling, the bottle was opened and the contents poured into

400 ml ice-water containing 100 g sodium hydroxide. After swirling, the layers
were separated, and the aqueous portion washed twice with efher. The combined
* ethereal extracts were dried over K2CO3 and filtered into Cl.] | flask. Ether and
isobutylene were removed by rotary evaporator at 20-30°. The residue of ca.
120 ml was poured into a 250 ml flask (prewashed with concentrated ammonium
hydroxide and dried) and distilled in vacuo from magnesia, bp 50—600/1 0-20 mm.
Yield, 120 g (60%); 99% pure by poe enclysts

3. Attempted preparation of 17-carbotert-butoxy~82-hydroxy-(13 16)-
tetranorlabda-12, 19~dioic acid 19-methyl ester 88-»1 2~lactone 56 (R= t~Bu).

The same procedure as before was used utilising two mole equivalents
reagent ini’rialily and two subsequent additions of 1 mole equivalent each.
However after 18 h reaction, and work-up, the pmr spectrum showed some 40%
unsaturated la‘cféne 104, 40% starting material and 20% of (presumably) the
desired compound with C~20 methyl absorption at 51.0 Hz (60 MHz).

It had been found in the preparation of the methyl and ethyl ester
analogues, that use of the higher bp solvent, toluene led to substantially greater
quantities (up to 50%) of the elimination product 104. Consequently it seemed
possible in the present case, that use of a lower bp solvent such as benzene: ether
and the more reactive metal magnesium might lead to more extensive reaction.

However initial trials with these reagents led purely to starting material, and
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~ ester self-condensation, so further investigation was abandoned.

4. 17-Carbomethoxy=(13-316)-tetranorlabd-8(17)E~ene-12,19~dioic acid
19-methyl ester 102 (R = CH3)

The lactone-ester 56 (R = CHg), 3.00.g (8.5 mmol, 95% pure -
obtained by direct bicarbonate washing and one crystallization from ethyl acetate~
1
hexane (1:3, af ~20°) was dissolved in 50 ml of methanol (dried over Mg (OCH3)2),

and added to a solution of 0.50 g clean sodium metal (22 mmol = 2.5 equivalents) in

50 ml of Mg(OCH3)2- dried methanol under N,,. The solution was heated at

9
reflux under N2 for 2 h, cooled and poured into 1 | of 0.5 N sulphuric acid,
and extracted with benzene (3 x 150 ml). The exiracts on usual work-up gave
2.90 g pale yellow 'foam' (96.5%). The pmr spectrum indicated a product of
90-95% purity with traces of a component with C-20 methyl absorption at 40 Hz
(60 MHz).  Recrystallisation from methyl acetate-hexane (1:2) gave 2.63 g of
off-white needles, mp 150-160°. A second recrystallisation gave the analytical
sample of 102 ias colourless needles, mp 152-160°; ir Vmax 3600 - 2400, 2950,
1725, 1715, 1705, 1640, 1425, 1250, 1170 cm_l; uv >\mc1x 227 (16,000)
(Calcd. 224(+ 5)) my; pmr $0.507 (s, 3H, C-20 CH3), 1.22 (s, 3H, C-18 CH3),

2), 3.64 and 3.69 (s and 3H each,

2.51 (s, broad, Wh/2 = 3Hz, 2H, C-11 CH
C-19 cna C-21 COOCHs's), 4.08 (m, 1H?, C-7 H?), 5.55 (s, broéd, Wh/2 =
2.5Hz, 1H, C-17 vinylic), 9-11 (s, broad, Wh/2 =10-60Hz, C~12 COOH)
ppm; Anal. Caled for C]9H2806 : C, 64.75; H, 8.01. Found : C, 64.58;

H, 8.11. (The mp range is apparently due to small quantities = ca 5% of the

z -A8’]7 double bond stereoisomer which is not resolvable by pmr analysis or

162.
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tlc at this concentration.

5.  17-Carboethoxy=(13-»16)-tetranorlobd=-8(17)E~ene~12,19-dioic acid
19-methyl ester 102 (R = Ef)

A similar procedure to the above was followed, utilizing 300 mg

’ (0.82 mmol) 95% pure lactone 56 (R = Et), 38 mg (1 '. 64 mmol) sodium metal,

and 10 ml ethanol. The ethanol used was dried by freatment of 800 ml absolute
ethanol with 6 g sodium and 24 g dibutylphthalate, refluxing for 1 h, and distilling.
The product obtained (290 mg 95% yield) of ca 95% purity was recrystallised

from ethyl acetate~hexane (1:2), giving off-white needles (250 mg). A second

crystallisation gave the analytical sample, mp 75-82° (about 5% of Z, S0,

double bond isomer present); ir vmcx 3000 - 2400, 1720, 1710, 1640, 1440,
1260, 1170 cm™ s uyr %max 226 (12,800) ny; pmr © 0.53 (s, 3H, C-20 CHy),

120 (s, 3H, C-18 CH,)), 1.25 (t, J=7.0Hz, 3H, ester -CH,.CH,), 2.46

y g gl
(s, broad, Wh/2 =3Hz, 2H, C-11, CH,), 3.64 (s, 3H, C-19 COOCHj)

4.10 (m, 1H?, C~7 H?), 4.18 (g, J=7.0Hz, 2H, ester ~CH .CH3), 5.50 (s,

2
broad, Wh/2 = 3Hz, 1H, C-17 vinylic) 9~11 (s, broad, Wh/2 = 10-60 Hz) ppm;

the analytical data for this compound were unsatisfactory.

6. 17-Carboxy=(13-»16)-tetranorlabd-8(17)E~ene=12,19-dioic acid 19-methyl
ester 57

(i) By hydrolysis of o{8-unsaturated ester 102 (R = CH

3) . The GBunsaturated

ester 102 (R = CH3) 2.00 g (5.65 mmol) mp 150-160° (containing a minimum of

90% of the 'E' double bond isomer) was dissolved in 150 ml (R) methanol together

with 50 ml of TN sodium hydroxide solution and refluxed under nitrogen for 2 h.



. The majority of the methanol was removed in vacuo and the residue poured into
250 ml of 1N sulphuric acid. The liberated acid was extracted with benzene
(3 x 75 ml) and the extracts worked up in the usual way to give 1.94 g (100%)
of an off-white crystalline solid. The pmr spectrum showed at least 90% 'E' |
double bond isomer, unsaturated diacid 57, with 5% 107 (see below).

(i1) By hydrolysis of lactone-ester 56 (R = CH3). The lactone ester,

2.98 g (mp 103-105°, 98% pure = direct from chromatography of the obove
reaction product (C.1(ii))) was dissolved in 225 ml (R) methnol and 75 ml 1N
sodium hydrogide added. The whole was refluxed under N2 for 2 h. The
maforify of the methanol was removed in vacuo and the residue diluted with
water, washed twice with ether and the aqueous extracts acidified with 2N
sulphuric acid. The acidified solution was extracted with benzene (3 x 100 ml)
which on usual work-up gave 2.85 g (99%) of a near colourless 'foam'. The
pmr spectrum indicated some 95% of unsaturated diacid 57, plus 5% of the
Bg-unsaturated isomer 107.  This latter compound was also present as a
decarbo‘xylcﬁ'on intermediate and the crude reéucﬁon mixture could thus be used

directly for decarboxyl ation (see below). Two crystallizations of a portion from

ethyl acetate~hexane (1:2) gave the analytical sample as colourless crystalline

clusters mp 216-220° (d. at 205°); ir Y . 3500 - 2500(), 3010, 1705, 1690,

1640, 1250, 1240(), 1155, 930 cm™'; vv- N 220 (12,800) my; pror b

0.54 (s, 3H, C-20 CH.), 1.22 (s, 3H, C~18 CH

o
4.05 (m, 1H, C~=7 H),

2

2H, C-11 CH2), 3.60(s, 3H, C-19 COOCH3),

2.52 (s, broad Wh/2 = 4Hz,

164.
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5.52 (s, broad Wh/2 = 3Hz, 1H, C~17 vinylic), 9-11 (s, broad (15Hz), 2H, C~12
and C-21 COOH's) ppm. Anal. Caled for C]8H2606 : C, 63.88, H, 7.74.
Found : C, 63.60; H, 7.81.

7. (13-916)~Tetranorlabd-8(17)-ene-12,19-dioic acid 19-methyl ester 58

The o(’g-unsafurafed diacid 57 (containing 5% f§-isomer 107) 2.00 g
(5.90 mmol) was dissolved in 20 ml quinoline (distilled and degassed under nitrogen)
together with 50 mg of copper chromite catalyst (see below) in a dry 50 ml flask
con’rainiﬁg a magnetic stirring bar. The flask was sealed with a refiux (air)
condenser and a three=way trap to nitrogen and a water pump. The flask was
evacuated with stirring at room temperature flushing the contents twice with
nitrogen, and then finally evacuated while the temperature was raised to 100°.
It was then filled with nitrogen and the temperature raised to 230° (silicone oil
bath). The mixture was stirred under nitrogen at 230° (% 20) for‘ 1.25 h and -
then wifhdrav;/n from the bath and allowed to cool to room temperature. After
diluting the contents of the flask with 200 ml of 1:4 benzene~ether, the whole
was extracted with 10% sodium hydroxide solution (4 x 25 ml) and 25 ml water.
The extracts were poured onfo crushed ice, acidified with 80 ml of 2N sulphuric
acid and benzene extracted (3 x 100 ml). Usual work-up of the extracts gave
l’. 54 g (88%) of a pale yellow oil. The pmr spectrum indicated 80% rﬁefhylene

vinylic absorption at 4.45 and 4.80 ppm due fo 58 (C-20 CH,, absorption at

3
0.53 ppm), and also the corresponding C~19 demethylated compound (C~20

CH3 absorption at 0.63 ppm). In addition there was 10% of unreacted inter-
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~ mediate 107, and 10% of other minor components. In the main synthetic

sequence the product was purified and fully characterized as the methyl ester

112, (see below). However material from one run was isolated by fwo
crystallizations from (1:3) ethyl acetate~hexane, giving off-white flakes mp 153-
155° (»98% pure); ir Qmax 3500 -2400(b), 2940, 2855, 17]5, 1645, 1460, 1150,
7890, 680 cm™; pmr $0.53 (s, 3H, C-20,CH,), 1.20 (5, 3H, C-18 CH,),

3.60 (s, 3H, C-19 COOCH3), 4.45 and 4.80 (s, and 1H each both Wh/2 = 3Hz,
C-17 vinylic CH2), 9-11 (s, broad Wh/2 =10Hz, 1H, C—-lZ COOH) ppm.

Preparation of Copper Chromite Catalyst

Thé method of Sherrill and Mellocklél was essentially used. Concentrated
ammonium hydroxide was added to a solution of 63 g (0.25 mol) of ammonium
dichromate in 250 ml water until the solution was yellow (chromate). A solution
of 120.8 g (0.5 mol) of cupric nitrate dihydrate in 150 m! water was then cddekd
in a slow stream to the well stirred chromate solution. The orange~brown precipitate
was filtered off under pressuré and dried overnight at 110°.

Affer pulverising to a fine powder i’r‘ was then heated slowly in a
porcelain basin over a small flame. After spontaneous decrepitation had ceased
it was then roasted strongly so that a fine black powder was finally produced.” The
powder was suspended in 10% acetic acid in water, filtered and the process
repeated three times in water. The product was finally dried at 110° to give

65 g of 'CuCrO," as a fine black powder.

4
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. B Dimethyl (13 -#16)~Tetranorlabd-8(17)ene-12, 19-dioate 112

The crude unsaturated acid 58 (from the decarboxylation of 2g of diacid
57) 1.54g was esterified with ethereal diazomethane, to give 1.60 g (87% from
57) of crude methyl ester 112, containing some 80% of the desired compound, as
a dark yellow oil. The oil was chromatographed on 64 g of Florosil in 50:50
benzene-petroleum ether (30-600) and the chromatogram developed with the same
solvent. Elution with benzene yielded a total of 1.12 g (61% from 57) of pure
(> 98%) ﬁrysfqlline unsaturated ester _1_1_% The sample for analysis \;vas crystallized
from 1:9 ethyl acetate~hexane giving colourless prisms, mp 109-1 10% ir Dmax
3020, 2950, 2850, 1735, 1720, 1645, 1440, 1225(), 1160, 910, 710 cm—];

pmr © 0.53 (s, 3H, C=20 CH.)), 1.19 (s, 3H, C-18 CH.), 2.40 (s, 2H, C~11

3)/ 3)
CH2), 3.60 and 3.625 (s, and 3H each C-19 and C-12 COOCHs's), 4.46 and

4.75 (s, and 1H each, both broad Wh/2 = 3Hz, C-17 vinylic CH2) ppm; mass

spectrum (high resolution) m/e Calcd. for C]8H28O4’ 308.198747; Found : 308.

200294 (mol ion), 249 (M~59). Anal. Calcd for C]8H2804 + C, 70:10: H, 2.15.

Found: C, 70.28; H, 9.24.

9. Methyl 12-Ketolabd-8(17)~en~19-oate 53

Olefin-acid 58, 114 mg (0.39 mmol) was dissolved in 5 ml of anhydrous
ether in a flask under nitrogen sealed with a septum inlet. Two millilitres of |
sec-butyl lithium (2.4 mmol) in hexane were added to the stirred solution cooled
to 0° in an ice-bath, and after sﬁrring for 6 h at 0° a further 1 m! of reagent

was added, and the stirred solution allowed fo warm to room temperature overnight.



168.

The product was quenched in 5% NaH2PO4 solution, extracted with
benzene and worked-ﬁp in fhe usual way to give 130 mg colourless oil. Pmr
analysis showed some 60% of the desired ketone 53 and 40% starting material
- accompanied by some quantity of butyl telomeric material. Since prolonged
b?carbondfe extraction failed to remove all starting material, the oil was
esterified with diazomethane and chromatographed on 'Florisil'.  Elution with
50% petroleum ether (30/600) : benzene gave unwanted telomer, and benzene
elution yielded 65 mg (50%) of the ketone(s) 53 (e;pimeric at C-13) as a colourless
oil; ir ¥ o 3015, 2940, 2880, 2855, 1720, 1650, 1470, 1220, 1165, 878

s N 265 (40); pmr $0.54 (s, 3H, C-20 CHy), 1.20 (5, 3H, C-18

3)[

CH3), 3.60 (s, 3H, C-19 COOCH,), 4.30 and 4.73 (s and TH eaci'm, both broad

i
Wh/2 = 3Hz, C-17 vinylic H's) ppm; mass spectrum m/e 334 (mol. ion), 319 (M-15),

302 (M-32), 275 and 277 (M~59/57) (COOCH, and sec~C,Hy), 235 (M-57-42),

3
175/177 (M~57-42-59).

10.  Methyl 12-Hydoxylabd-8(17)~en-19-ocate 37 (R=CH3)(1_]_1-3_)

Ketone 53 30 mg (0.09 mmol) was dissolved in 2 ml dry dimethoxyethane,
cooled to 0° mjd 75 mg (0.3 mmol) lithium tritertiarybutoxyaluminium hydride
added. The mixture was stirred at 0° for 2 h and allowed to warm to room temperature
overnight. On acidification with N(JHZPO4 solution and benzene extraction the
product showed only ca 30% reduction.

Reduction of the ketone 53 with excess sodium borohydride in refluxing
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ethanol for thirty minutes and then working-up in the above fashion gave 31 mg
colourless oil. . The pmr spectrum revealed a clean mixture of two alcohols 37.
Triangulation of ’rhe. vinylic absorptions of the two alcohols showed them to be
present in a ratio of 7:3. The alcohols showed, ir P v 3670, 3500, 3010,
2950, 2925, 2875, 2850, 1720, 1645, 1470, 1208, 1160, 1035, 895 cm-];

uv (featureless); pmr 6 0.515 (s, 3H, C-20 CH3), 3),

3.58 (m, 1H, broad Wh/2 =30 Hz, C-12 Hetto OH), 3.60 (s, 3H, C-19 COOCH

1.18 (s, 3H, C-18 CH
3)s
4.40 (HA)' and 4.80 (Hy) (s and 0.15 H each, broad Wh/2=4Hz, C~17 vinylic H's
(12(R)-118 epimer), 4.70(H ) and 4.87 (Hy) (s and 0.35 H each, broad Wh/2 = 3Hz,
C-17 vinylic H's, 12(5)-119 epimer) ppm; mass spectrum (200°) m/e 336 (mol . ion),
321 (M-15), 318 (M-18), 279 (M-57), 277 (M-59), 261 (M~18-57), 259 (M-18-59),
235 (M-18-101) (allylic 9(11) bond cleavage).

11.  12-Hydroxylabd-8(1 7)-en—l 9-oic acid 37 (R=H)

A 20 mg sample of 37 (R=CH3) c-19 easfer-;olochols 113 (1 18/119) from
above was treated with 2 ml of sec~butyl lithium in anhydrous ether at 0° for two
hours (as in 9.) in order to hydrolyse the ester. On quenching the product with
water and work-up as before, 18 mg colourless oil was obtained. The prﬁr spectrum
revealed complete demethylation of the 19-methyl ester. The acids showed, ir Y "

3600-2800, 3550, 2960, 2870, 1720, 1690, 1640, 1460, 1230, 1160, 900 cm_l;

ax

3), 1.18 (s, 3H, C-18 CH3)

3.56 (m 1H, broad Wh/2 =30Hz, C-12 H o to OH), 4.40 and 4.80 (s and

vv (featureless); pmr £ 0.565 (s, 3H, C-20 CH

0.15 H each, broad Wh/2 = 4Hz, each, C-17 vinylic H's - ]<2(R)-—epimer, 4.70 and
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4.87 (s and 0.35 H each, broad Wh/2 (HB) =3.5Hz, (H 4.5Hz, C-17 vinylic

A=
H's = 12(S) epimer) ppm. The COOH/OH peak was at 1.5-1.7 ppm under the

methylene envelope.

12.  Preparation of 3-lodofuran

The basic procedure of Gronowitz and Sorlinm was used, with further
modifications due to the work of Wrobel23 and as a result of present investigations.

2-Furoic acid, 224 g (2 mol) was dissolved in 31 of warm (350) water and
added dropwisé over 1 h to a well stirred solution o% 320 g (1 mol) mercuric acetate
in 5 | water at room temperature. The precipitated solid resulting was filtered
under pressure and dried at 0.1 mm/room temperature for two days to give

316 g (0.81 mol) of 2-(acetoxymercuric)-furoate 122 as a buff powdér (81%). This

material was pyrolysed following an adaption of Wroioel'sz3 procedure.
2-(Acetoxymercuric)~-furoate, 200 g (0.512 mol) was suspended in 350 ml

xylene in a 1| three-necked flask, fitted with a Herschberg stirrer, thermometer and

a Dean-Stark trap with reflux condenser. The mixture was stirred and heated over

30 min to reflux temperature (ca. 140°), and kept at reflux for 1 h, when the trap

contained water, xylene/water azeotrope and acetic acid. The temperature was

then reduced to 135° and heating and stirring continued for 23 h.  After cooling

in an ice~bath, 250 ml of 95% acetic acid was added and stirring continued at

room temperature for 3 h only (see Discussion). By this time nearly all solid

matter had dissolved to a dark brown solution which was then poured into 1.7 1

170.
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- water and sodium chloride added until no further precipitation took place. After
stirring overnight the mixture was filtered under pressure to give a tan solid which
was washed well with water and dried at 0.1 mm/foom temperature for 36 h, to
give 133 g of a tan solid (crude 3-(chloromercuric)=furan, plus a litile 2-isomer
and mercuric acetate).

The crude material was extracted with ether in a Soxhlet apporql;us. The
results of tvhe extraction were examined in lots. Thus after 48 h, 34 g of 3~(chloro-
mercuric)—fura’n were obtained, the pmr spectrum of which showed the presence of
5-6% of the 2-isomer. Another 24 h gave 7.5 g material containing 7-8% 2~isomer.
Another 36 h gave 7 g material containing 8~9% of 2-isomer. Further prolonged
extraction gave only 3 g containing 30-40% 2-isomer. Bcfches one to three,

combined thus gave 48.5 g of 3-(chloromercuric)~furan 123, containing ca. 6% of

the 2-isomer, pmr (DMF, ppm rel . to centre of DMF doublef)f) 3.8 (1H, d, A~H),
4.7 (1H, d, tH) 5.0 (IH, m, o ~H tob and Hg). This was of a purity comparable
to that p.reviously obtained by crystallization of the extracted producfm , ond is

of adequate pL;rify for final reaction by iodine oxidation. The overall yield from
2-(acetoxymercuric)-furan is thus 51% (assuming initial disproportionation to
mercuric acetate and mercuric difuroate (see Discussion), and 31% from starting

material. This represents twice the yield previously obtained?! .
3-(éh|oromercuric)—furan 33.5 g (0.11 mol) from the above was suspended
in 400 ml water and a solution of 28.0 g (0.11 mol) iodine (|2), in 36.5 g potassium

jodide and 400 m! water was added dropwise to the stirred suspension at room
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temperature.  After the addition was complete, excess iodine was destroyed with
sodium thiosulphate and the 3-iodofuran present steam distilled from the reaction
mixture by boiling for ca. 2 h, (500 ml distillate). The distillate was extracted
with ethanol-free ether (3 x 100 ml), and the exfrc'tcfs washed twice with brine,
filtered through anhydrous sodium sulphate and evaporated in vacuo at 35°

(maximum temperature) to give 16.16 g (75%) of 3-iodofuran as a pale yellow oil.

The pmr spectrum indicated 5% of the 2-isomer2] . The substance can be
redistilled in vacuo but was sufficiently pure for purposes of the preserﬁ synthesis.
1t is stable indefinitely ot -20° in the dark, pmr (see also ref. 21), 8 6.55 (m, TH,

B-H), 7.3 - 7.6 (7.45 centre) (2H, m, &{~H's).

13.  Methyl 15,16-Epoxy-12-ketolabda-8(17),13(16), 14~trien-19~oate 61

() Preparation of the-acid chloride 60:~ The crystalline unsaturated ester
'_1_1_2_, 565 mg (1.83 mmol, » 98% pure) was refluxed in 90 ml methanol together

with 30 ml TN sédium hydroxide solution for 3 h under nitrogen. The methanol

was removed in vacuo, the residue diluted with 300 ml water, washed once with
20% benzene in ether and then acidified with cold 2N sulphuric acid. Benzene
extraction and usual work-up gave 530 mg (98%) of 98% pure unsaturated acid 38.
A portion ‘of the product 235 mé (0.80 mmol) was aissolved in 3 ml mefhonol ina

10 ml flask and 74 mg (0.88 mmol) (R) sodium bicarbonate added, together with

2 ml of water. After stirring at room temperature for 2h, when all carbon dioxicie
evolution had ceased, solvent was removed in vacuo on the rotary evaporator and

the residue finally dried overnight at 0.1 mm/room temperature.



173.

The producf (255 mg sodium salt (0.80 mol, plus ca 8 mg sodium
bicarbonate) was covered with 5 ml benzene containing 1% pyridine in the same
10 ml flask, cooled to partial freezing in an ice-bath, and treated dropwise with
340 mg (2.6 mmol) oxalyl chloride (Eastman) in 3 ml dry benzene. The mixture
was stirred at the same temperature for 15 min and then allowed to warm to room
: temperature wiih stirring for a further 1.5 h. The solvent and the bulk of the
oxalyl chloride was removed in vacuo at 300, the ;esidue flushed with a further
5 ml benzene and this too removed in the same way. Finally the residue was dried
at 0.1 mm room temperature for 15 min, and taken up in 2 ml anhydrous benzene
= 3 ml anhydrous ether, for addition to the furyl lithium solution prepared below:-

() Preparation of 3-furyl lithium:  Methyl lithium (2.40 M in ether),

0.50 ml (1.20 mmol), was syringed into a dry 20 ml flask equipped with septum
inlet, under an atmosphere of nitrogen. Anhydrous ether 2 ml, was also syringed
in, and the flask cooled to ~70° in a "lDry lce" - acetone bath. 3-lodofuran,
235 mg (1.22 mmql) was then added dropwise by syringe in 5 ml of anhydrous ether
and fheAsoluﬁ'on stirred at =70° for 1 h, by which time 3-furyl lithium formation
was complete. (n=Butyl lithium can also be used2], when the formation time is
faster, but the reagent is more difficult to keep at stable concentration).

At this time the acid chloride 60 solution (from A, above) was taken
up in a 10 ml syringe (size 19 needle fo prevent possible bloackage by precipitated
sodium chloride présem‘) and introduced into the 3-furyl lithium solution in a fast

' . . o
stream over one to three seconds. The resultant mixture was then stirred at =70
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for a further 30 min and allowed to warm to room temperature over 1-2 h by
removal of the cold bath. The product was quenched in 5% sodium dihydrogen
phosphate solution, benzene extracted (3 x 75 ml) and worked-up in the usual
manner to give 260 mg (95%) of a dark yellow oil. The pmr spectrum showed
80% of the desired keto-furan 61, (furanoid and C-20 methyl absorption) 10%
starting material 58, and 10% of minor components (the priqcipal contaminant
has a C-20 methyl absorption at 0.50 ppm).

The product was eluted onto 10.5 g 'Florosil' in 50:50 benzene-
petroleum ether (30—600) and developed with the same solvent, finally eluting
with pure benzene giving a fotal of 182 mg (66%), of 97% pure keto-furan 61
as a near-colourless oil. (The oil has so far resisted all attempts at crystallization
which is not unexpected since methyl lambertianate 38 (R=CH3) itself is an oil).
ir 'vmax 2970, 2940, 2875, 1720, 1680, ‘1645, 1560, 1500, 1210 (broad), 1156,

888, 872 cm—]; uv >\mcx 251 (245) ( ﬁ—ﬂ*, B); 210 (7200) (end absorption,

3)’
3.65 (s, 3H, C-19 COOCH,), 4.31 and 4.66 (s, and TH

r—r*, K); n-r*, R, band too small to measure; pmr  0.59 (s, 3H, C-20 CH

1.18 (s, 3H, C-18 CH3),

each, broad Wh/2 = 3Hz, C-17 vinylic CH2), 6.66 (m, 1H, C-14 B -furanoid H),
7.29 (m, 1H, C-15 & ~furanoid H), 7.98 (m, ].H, c-16 £ ~furanoid H) ppm;

High resolution mass spectrum m/e: Calcd. for C2]H2804 1 344.198747;

Observed: 344.199064 (mol ion), 249 (M-95, B -ketone cleavage).
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14.  Attempts to Form C-12 Ketone Derivatives of 61 -
(a) p-Toluene sulphonyl hydrazone. —The ketone 61 was kept with excess

p-toluene sulphonyl h);drczone in solutions of dry dimethoxyethane : ethanol at
“room temperature, 50° and 80°.  Even when these mixtures were left for up to
ten days at room temperature no reaction occurred, as evidenced by direct insitu
reaction of the products wi th sodium borohydride which gave only the alcohols
Mﬁ_’@_ resuiting from reduction of the starting material. At ethanol reflux
temperature extensive reduction of the 8(17)-double bond took place apparently
due to diimide producﬁon] L
Use of p~toluene sulphonic acid as a catalyst and isolation of the

product revealed two components as judged by pmr inspecfioﬁ, one of which
showed fresh (31.0Hz) C~20 methyl absorption. However, sodium borohydride at
60° failed to produce any effect on the mixture. Prolonged refluxing with

sodium borohydride in isopropanol overnight gave a complex mixture probably as

a result qf Bc:mi"cxrd-Si“evens]62 reaction via the diazo compound.

(b) Semicarbazone . — Heating the ketone at 45° with semicarbazide
hydrochloride in methanol : DMF with sufficient sodium bicarbonate to provide the
right pH]09 produced an ill-defined product resulting from apparent degradation
of the furan ring. No reaction occurred overnight at room temperature with this
reagent.

(c) Oxime. —— Boiling hydroxylamine hydrochloridelin aqueous pyridine at 110°

for twenty hours (conditions shown to give reaction with very hindered 11-keto
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sferoids.I ]O) gave an essentially homogeneous product which may be a mixture of
two oximes although it has not been fully characterised. This derivative (if
formed) maybe of future utility by reduction to amine and hydrogenolysis of the
trimethyl derivative. Also the conditions of formation(?) may give better
results with other reagents.
. (d) Thioketal, ——  The ketone 61, 20 mg (0.058 mmol) was placed in5ml
'pear’ = tube and 5 drops (116 mg, 1.12 mmol) ethndiol added together with
two drops (20 mg) of boron trifluoride ethereate. The solution was held at room
temperature overnight. The product was diluted with benzene, washed with 5%
sodium hydroxide solution, water, brine and evaporated to give a dark-pink oil,
22 mg. Pmr showed essenﬁql.ly one compound containing mixed furanoid absorption,
and the vinylic protons had shifted downfield each showing a 4Hz splitting!

When the product was added to 400 mg W-2 Raney nickel (deactivated
by refluxing for one hour in acetone) and stirred af room temperature for 30 min,

the final result showed some sulfur removal but considerable double bond reduction.

15.  Methyl 15,16~Epoxy~12-hydroxylabda-8(17),13(16), 14-trien~19~oate
(12(S)-131 and 12(R)-132)

Ketone 61 50 mg, was stirred with excess sodium borohydride in aqueous
ethanol overnight at room temperature. The solution was then poured into 5%

NaH, PO , solution and benzene exiracted. Usual work-up gave 49 mg colourless

2 74

oil which pmr inspécﬁon showed to a mixture of the two alcohols 131 and 132

Sy

in the approximate ratio of 6:4 .  (This same mixiure was obtained from borohydride
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reaction in the abortive tosylations above) ir v 'mox 3620, 3400, 2920, 2850,
1720 (1730 sh), 1640, 1470, 1230, 1160, 1025, 895 and 875 cmm‘l .

The mixture was chromatographed at 100:1 on 'Florisil® in 50:50 petroleum
.ether (30/600) - benzene. Elution with benzene gave 15 mg of the 12(R) - 132
3), 1.18 (s, 3H, C-18
4.48 (HA) and 4.86 (H

alcohol as a colourless oil, pmr $ 0.515 (s, 3H, C-20 CH

CH3), 3.58 (s, 3H, C-19 COOCH (s and TH each,

) )
broad Wh/2 = 3Hz, C=17 vinylic H's), 4.71 (d, J=7Hz, C~12 H, % to OH),

6.37 (m, 1H, C-14 furanoid H), 7.3 (m, 2H, C-1‘5/]6 furanoid) ppm. 5% ethyl
acetate-benzene gave 20 mg of crystalline soilid, 12(S) = 131 alcohol, pmr 6

0.530 (s, 3H, C-20 CH3), 1.13 (s, 3H, C-18 CHS)’ 3.55 (s, 3H, C~19 COOCH3)

4.72 (H and 4.88 (HB) (s and 1H each, Wh/2 = 3Hz (HB) or 4.5Hz (HA), C-17

A)I
vinylic H's), 4.78 (d, J=14Hz, T1H, 12-H K to OH), 6.37 (m, 1H, C-14 furanoid

H), 7.3 (m, 2H, C-15/16 furanoid) ppm.



D. = Additional Synthetic Intermediates

1s Methy! 12-Acetoxypodocarpa-8(14),12(13)-dien~19-oate 50

p-Toluene sulphonic acid monohydrate 80 mg, was refluxed in 15 ml
_acetic anhydride in a flask fitted with a Dean=Stark trap until 5 ml of distillate

was obtained. Then 240 mg (0.83 mmol) of of~unsaturated kefone 49 (mp ]26“1300)
was added in 10 ml acetic anhydride and distillation continued for 3.5 h in such a
manner that some 10 ml of distillate was collected. The reflux ratio was controlled |
by a positive pressure of nitrogen.

After cooling, the reaction mixture was diluted with hexane and washed
with saturated sodium bicarbonate soluﬁ&n, saturated brine, and filtered through
qnhyd.rous sodium sulphate. Evaporation of the solvents in vacuo gave 280 mg
(98%) of a light brown oil. Pmr analysis showed 10% unreacted starting material,
50% enol acetate 50, 30% enol acetate 133, 5% enol acetate 139, and 5% methyl
podocarpate 54

Attempted chromatography on Silica Gel was of limited success and led
only to removal of aromatic material and starting ketone, on eluﬁon_ with 2% ethyl
acetate~benzene. The resulting (3:2) mixture of enol acetates 50 : 133, represents
the thermodynamic distribution of the two (see below). Solution in methanol and
cooling at 20" yielded 80 mg (28%) of almost pure enol acetate 50. The
analytical sample obfaiqed by a second cyrstallization from the same solvent, as

clusters of needles, mp 96—970; ir ¢ —_— 2940, 2850, 1755, 1730, 1680, 1630,

~178-
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1215; 1140'cm 5. 0v N, 257 (shoulder) (5200), 273.5 (7700), 282.5 (7800),

' o A0
295 (shoulder)(5000) my; ord (concn. 0.10 mg/ml, CH3OH), 22°; [é/ 650 0-,

[#]555-155°, [ f/290-21,300°; /{5]232+23,000°, (85 . [Bloo155°,

[$$]290 - 21,300°, [¢]232+ 23,000°, [15]2]0 +15,600°, mol.amplitude a = 443;

pmr © 0.78 (s, 3H, C-20 CH.), 1.19 (s, 3H, C-18 CHy), 2.08 (5, 3H, C-12

ppm; mass spectrum m/e 332, 314, 290, 288, 230, (metastable at 254). Mol. wt.332.

3)’

-OCOCH,,), 3.58 (s, 3H, C-19 COOCH =6.3Hz, &, =3.9Hz)

Anal. Cal;d for C20H2804 :C, 72.26; H, 8.49. Found : C,; 72.23; H, 8.44.

2. Methyl 12-Acetoxypodocarpa-11(12), 13(14)-dien-19-oate 133

p-Toluene sulphonic acid monohydrate 300 mg, was refluxed with 1.00 g
dﬁ—unsaturated kéfone 49, (mp 126~130°) in 30 ml of isopropenyl acetate (R grade,
Eastman) for 4.5 h, using the same apparatus and technique as in 1. above. Some
20 ml of distillate (acetone and reogent) were oBfoined in this manner. The product
was taken up in hexane, washed with saturated sodium bicarbonate solution, brine
and filtered through anhydrous sodium sulphate to give on evaporation in vacuo,
1.13 g, (95%) of a yellow oil. The pmr spectrum showed the product to consist
of 90% of the desired enol acetate 133, together with 10% of the starting ketone.
Crystallization from dry hexane at 0° gave 0.80 g (70%) crystalline material
mp 75-78° . A further crystallization of a portion in cyclohexane gave the
analytical sample of _]_3_3: as colourless needles, mp 78—800; ir ¥ —_ 2960, 2850,

1760, 1730, 1650, 1600, 1210, 1170 iy N )\max 262 (3400 my); ord (conen.
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0.1 mg/ml. CHyOH), 22°,[ﬂ50 +1000°, [45]589 +1500°, /§/ 10075000
[55]250 +7000°, [9?']220 +12,600°, (positive plain curve); pmr S 0.69
(s, 3H, C-20 CH,), 1.22 (5, 3H, C-18 CH,), 2.18 (5, 3H, C~12 OCOCH,),

3.77 (s, 3H, C—19,' COE)CH3), 5.70 (m, Wh/2 = 4Hz (unresolved at 100 MHz),
2H, C-13 and C=14 vinylic H's), 5.87 (d, J =1.0Hz, 1H, C-11 vinylic H) ppm;

Anal. Calcd. for C20H2804 : C, 72.26; H, 8.49, Found: C, 72.40,H, 8.38.

3. Additional Studies on the Enol Acetates

When the kinetically fqrméd enol acetate 133 was refluxed in acetic
anhydride for 1-2 h in the presence of a crystal of p-toluene sulphonic acid,
cooled and worked up in the sume manner as 1. above, the fhermodynqu‘c mixture
of 62% 50and 38% 133 was obtained. This mixture was identical to that obtained
by chromatography of the reaction mixture from the 0f#-unsaturated ketone.

In another exéeﬁment, in an attempt to prepare enol acetate 50, directly
from the By -unsaturated ketone without equilibration, a third isomeric enol
acetate was produced. The ﬂg -unsaturated ketone 67, 100 mg (purity > 95%)
was refluxed with 25 mg p-toluene sulphonic acid monohydrate, and 5 ml of
isopropeny| acetate in the same apparatus as previously until 3.0 ml of disfiliate
were obtained in 3 h. The product was cooled, diluted with hexane and washed
with saturated sodium bicarbonate solution and worked-up in the usual way to give
108 mg of a semi-crystalline oil. The.-pmr spectrum showed the presence of 15%
methy| podocarpate, 25% enol acefcfév 50 and 60% of an unknown compound with

vinylic absorption in the same region as 133 and a C-20 methyl absorption at 0.60 ppm.
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Chromatography on 'Florosil' served to remove methyl podocarpate but did not
achieve spearation of the two main components.  Tlc on silica gel was similarly
unsuccessful . Crysfqllizcﬁon of the mixture led to enrichment of the unknown
compound, but after four crystallizations from hexane the compound still contained
.] 7% of enol acetate §9 ir "max 2950, 2850, 1760, 1730, 1222, 865 cm-]

uv (featureless except for absorption due to enol acetate $2at 17% of €) pmr

0.60 (s, 1H, C-20 CH3), 1.15 (s, 1H, C-18 CH,}), 2.05 (s, 3H, C-12 OCOCH3);

*A
2.5 -2.85 (m, 2H, C-14 allylic); 3.58 (s, 34, C-19 COOCH,), 5.35 (m, 2H,

C-11 and C-14 vinylic) ppm. Anal. Calcd. for C20H2804 : C, 72.26, H, 8.49.

Found: C, 72.12; H, 8.67. The overall evidence thus suggests that the compound

is methyl 12-acetoxy-podocarpa-11(12),8(14)-dien-19-oate 139.

4, '(13 ~»16)-Tetranor-8~labda~12,17,19~tricic acid l9-mefhy| ester lﬁi_?_

The O/ﬁ—unsaturq’red ketone 49, 1.00 g (3.45 mmol) mp 124-126° was
dissolved in 25 ml dry (R) ethyl acetate, cooled to 0° in an ice-bath and ozonized
oxygen (ca 2% from a 'Welsboch T~408 Ozonizer' run at 0.5 SLPM, 115 v, 7-8 psi)
was passed through the solution via a fritted-glass gas dispersion tube for 30 mins.
After removal of excess ozone with a nitrogen stream, solvent was r¢moved in
vacuo at 40°. Then 30 ml acetic acid, 20 ml of 30% hydrogen peroxide and
ten drops of concentrated hydrochloric acid were added and the mixture stirred
at room temperature overnight, and finally for 1.5 h on the steam bath. The product
was faken up in benzene, washed thoroughly with water, three 40 ml portions of

saturated sodium carbonate solution and finally once with 50 ml of water. The
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combined alkaline washings were acidified with 2N sulphuric acid and extracted

with benzene. Usual work-up gave 0.90 g (80%) of the diacid 142 as an oil

which crystallized slowly on standing. Recrystallization from hexane-ethyl acetate
(4:1) gave the diacid as colourless needles, mp 182—]840;‘ Cir P . 3500 - 2500

(broad), 2950, 1730-1700, 1440, 1225 (broad), 1165 cm™'; pmr & 0.66 (s, 3H,

C-20 CH3), 1.20 (s, 3H, C-18 CH3), 3.66 (s, 3H, C~19 COOCH3), 10.5 ~
11.5 (s, broad, 2H, C-12 and C-17 COOH's) ppm. Anal. Calcd. for C]7H2606:

C, 62.56, H, 8.03. Found: C, 62.64; H, 8.11.

\

5. Trimethyl (13-216)-Tetranor-8@-labda~12,17,19-trioate 143

Ethereal diazomethane was added dropwise to a stirred solution at room
temperature of 0.650 g (2 mmol) of diacid _]_i?_ in ether-methanol.  Evaporation
of the solvent in vacuo afforded 0.705 g (99-100%) of the crystalline triester 143.
Recrystallization of a portion from hexane—éfhyl acetate (9:1) yielded 143 as

colourless prisms, mp 91.5-92.50; ir v ax 2950, 1740, 1735, 1725, 1220 (broad)

1165 cm™'; pmr & 0.59 (s, 3H, C=20 CH.), 1.16 (s, 3H, C~18 CH.), 3.60 (s,

3)’ 3)’
9H, C-12,17, and 19 esters), 3.53, 3.50 and 3.48 (s, and 3H each, C~19, C~17

and C~12, COOCH,,'s respectively in CC|4 solution) ppm; mass spectrum m/e

3

354, 322, 294. -Anal. Calcd. for CI9H3006 : C, 64.38; H, 8.53. Found:

C, 64.44; H, 8.11.

6. (13 —=»16)~Tetranor-8B8=labda=12,17,19=trioic acid 17,19-dimethy! ester 144

Triester 143, 1.00 g (2.83 mmol) mp 89-91°, was dissolved in 32 ml of
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methanol, and 2.85 ml of 1N sodium hydroxide and 57.0 ml water added (making
the total solution 0.05 N in sodium hydroxide).  The mixture was refluxed for

3.5 h under nitrogen with stirring. After removal of the majority of the methanol
in vacuo, the aqueous residue was washed with ef.her (3 x 50 ml) and the ethereal
washings counterwashed once with 50 ml of water. The aqueous phases were then

combined and acidified with 2N sulphuric acid and extracted with benzene.

Usual work-up of the extracts ga\)e 875 mg (91%) of acid-ester 144, as an oil
which crystallized on standing. Pmr analysis showed it to be  95% pﬁre.
Crystallization of a portion from hexane-ethyl acetate (9:1) gave 144 as colourless
plates, mp 138-139% ir - 3600 - 2600 (broad), 2950, 2870, 1735, 1717

1165, 1220 cm™'; pmr  0.63 (s, 3H, C-20 CH3), 1.16 (s, 3H, C-18 CHyJ,

3.57 and 3.54 (s and 3H, each C~19, and C-17 COOCH3'5) ca 11.3 (s, broad

Wh/2 = 3Hz, 1H, C-12 COOH) ppm. Anal. Calcd. for C18H2806: C,; 63.51,;

H. 8.29, Found: C, 63.54; H, 8.21.

7 Methyl (13=»16)-Tetranor-88~labda-19~oate~12,17-olide 146

A solution of 0.500 g (1.47 mmol) of acid-ester in 50 ml dimethoxyethane
(freshly distilled from calcium hydride) was added dropwise to 2.25 g (5.85 mmol)
of sodium trimethoxyborohydride (Alpha Inorganics Inc.) in a 200 ml f‘lcsk under «
nitrogen atmosphere. After a short period of frothing and hydrogen evolution, the
mixture was stirred and brought to reflux for 75 min. After cooling, the reaction
mixture was poured info cold water, acidified with 2N sulphuric acid and the

liberated product extracted with benzne. The benzene extracts after washing
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with water and usual work-up gave 0.45 g (98%) <I>f crystalline hydroxy acid 145

or lactone 146. The presence of the hydréxy—acid was never fully established since
lactonisation to 146, o;curred on or before subsequent crystallisation. However
the sample from one run on evaporation at RT showed ir ) — 3600 - 2550, 1730,
1720 cm™, pmr & 8.70 (s, 2H, broad C-12 COOH and C-17 OH) ppm. On
crystallization from hexane-ethyl acetate, colourless plates of the lactone 146
were obtained, mp 136-137%; ir Y o 2945, 2850, 1730, 1725, 1240, 1195,
1160 cm-]; pmr § 0.675 (s, 3H, C-20 CH3), 1.16 (s, 3H, C-18 CH3), 3.72

(s, 3H, C-19 COOCHB) 3.66 and 4.20 (m, 2H, AB part of an ABX, J, ,=11Hz,

AB

JAX=5H2, and JBX=||HZ, C-17 CH2) ppm; mass spectrum m/e 294, .262, 235, 220.
Anal. Calcd. for C]7H2604: C, 69.36; H, 8.90. Found; C, 69.38, H, B.83.
8. Investigation of Reducing Ability of Sodium Trimethoxyborohydride on other

Methyl Esters

Three esters were selected as typical primary, secondary and tertiary
examples with suitable pmr absorptions so that they could be measured for extent
of reduction easily. They were methyl 3-phenylpropionate, methly cyclohexyl-
carboxylate an.d methyl abietate 147. The same general procedure as used above
was followed.  To a solution of 5 mmoles of ester in 50 ml dimethoxyethane was
added 20 mmol of sodium trimethoxyborohydride and the mixture stirred under
reflux under a nitrogen atmosphere. Five millilitre aliquots were withdrawn at
appropriate times, quenched in dilute acid and examined by pmr spectroscopy for

the extent of reduction. In all three cases it was possible to observe the rate of
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disappearance of the ester group by integrating the area under the ester-methyl
absorption and comparing it with the area under absorptions common to starting
material and product. ‘The results are shown in Table V (Section 1V). The
3,5~dinitrobenzoates of the alcoholic products were prepared in pyridine and
gave satisfactory melting points. The pmr spectra of the alcohols were also

* consistent with the expected products.

2. 8-Dihydroxy=(13 =*17)-pentanorlabd=9(11)-ene-12,19~dioic acid
19-methyl ester -80» 12-lactone 93

Hydroperoxide 55, mp 203-207° (>95%) 0.50 g was stirred in 50 ml of
95% ethanol and 0.5 g sodium §ulphife added in 20 ml water. The mixture was
stirred at room temperature and then poured into 500 ml water and extracted with b
benzene (3x 100 ml) in the usual way to éive 465 mg (98%) of crystalline lactone
hemi-;kefal 93, which pmr analysis showed to be 95% pure. Recrystallisation

from chloroform~hexane (1:1) gave colourless plates mp 198—20]o(d); ir Y -

3570, 3350(b), 2955, 1760, 1725, 1640, 1240, 1168, 1110, 1095, 1038,
1018, 978, 960, 930, 870 em™ ; u N . 220 (11,200), 280 sh (19) my; prr b3

1.125 (s, 3H, C-20 CH,)), 1.22 (s, 3H, C-18, CH,)), 3.71 (s, 3H, C-19 COOCH3),

3)’ 3),
4.1 -4.9 (s, broad Wh/2 =5Hz, 1H C-8 OH), 5.63 (s, 1H, C-11 vinylic) ppm;

Anal.  Caled. for C]6H22O5 + C, 65,29 H, 7.53; O, 27.15. Found; C, 65.38;

H, 7.47; ). 27.15.

10. 8 o(-Hydro'X)./-’(] 3 —»17)-pentanorlabd=9(11)ene~12, 19-dioic acid
19-methyl ester 8~1 2~|acfone'-_l_%

Methyl podocarpate 2.00 g (6.9 mmol) was dissolved in 40 ml of (1:1)
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methanol-methylene chloride cooled to —780, and ozonised air (80 v, 7-8 psi,
0.5 SLPM) passed through (as described above) the solution until it was pale
blue (55 minutes). The still cold (-780) solution was then treated with 1.5 g
sodium borohydride in 20 ml of 50% aqueous ethanol stirred (magnetic stirrer bar),
and allowed to warm to room temperature. After further stirring at room femperaﬁ;re
g for 30 min the reaction mixture was poured into 200 ml water, filtered and the
filtrate and sodium borate residue extracted with ether~-benzene (3:1) (3 x 75 ml).
Usual work-up gave 1.70 g (90%) of the unsaturated lactone 104 as a crystalline
solid, which pmr analysis indicated to be ca 90% pure.
| The aqueous residues from the above extraction were acidified with 2N
sulphuric acid and extracted with benzene. Work-up gave 0.25 g (11%) of the

6 -lactone-alcohol 149 (see below). |

The unsaturated lactone 104 was crystallised from ef‘hyl acetate-hexane

(1:3) to give colourless slabs mp ]44-1450, ir 9 ax 3014, 2950, 1750, 1720,
1635, 1220, 1000 cm—]; TP _— 218 (18,0QO)>, 280 (40) my; pmr (100 MHz)

(see Figure 17) © 0.99 (s, 3H, C-19 CH_), 1.22 (5, 3H, C-18 CHy), 3.66

3)[

=11.5Hz, =7.5Hz,

"B Iac IAD
=0.6Hz, 1H, C-11 vinylic) ppm,

(s, 3H, C~19 COOCH3), 4.86 (two quartets, =1.5Hz,

TH, C-8B-H), 5.53 (q, J, - 1.5Hz, s

mass spectrum (80 ev) m/e 278, 263 (M-15), 248 (M~30), 234 (M-45), 219 (M-59).

_A_rlg‘l_. Calcd. for C16H2204 : C, 69.04; H, 7.97; Found: C, 68.88; H, 8.22.
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11. 17X ~Hydroxymethylene=17-hydroxy=(13—17)~tetranorlabd-9(11)-ene-
12,19-dioic acid 19-methyl ester 12-#17-lactone 149

In an identical manner to the above preparation (10) 1.0 g (3.45 mmol)
methy| podocarpate was ozonised at -78° and after nitrogen had been bubbled
through the solution for five minutes, 1.05 g sodium borohydride (27.6 mmol) was
added in 10 ml of 50% aqueous ethanol to the still cold (~50 -y -20°) solution.
After stirring until the solution warmed to room temperature c;nd then for 30 min,
the whole was heated on the steam bath for a further 30 min. After solvent had
been removed in vacuo the product was acidified with 5% NaH2PO4 solution

and extracted with benzene. Usual work-up yielded 0.80 g oil. Pmr analysis
showed essentially two components. These were the keto-acid 36, ca 55% and
the & -lactone-alcohol 149. After esterification with diazomethane the mixture
wvcus chromatographed on Florosil. Elution with 5% ethyl acetate-benzene gave
the keto-ester 79 400 mg, and then with 15% ethyl acetate-benzene gave 300 mg
of 149. Crystallisation of the latter from 1:9 ethyl acetate~hexane gave a white
micro-crystalline solid, mp 119-120% ir P _ 3590, 3410, 2950, 2850, 1730,
1570, 1470, 1238, 1068, 1036 cm ' uv N 227 (8,300), 280 (40) myy;
3), 1.23 (s, 3H, C-~18 CH3), 3.64
(s, 3H, C-19 COOCH3), 3.82 (d, J=5.5Hz, 2H, C-21 CHzO), 3.5 - 5.5 (variable)

pmr (100 MHz) & 0.92 (s, 3H, C-20 CH

(broad s, 1H, OH), 4.68 (t, J=5.5Hz, 1H, C~17 H), 6.07 (s, 1H, C=11 vinylic)
ppm; mass spectrum (high resolution) m/e 322.1780, CI8H2605 (mol.ion),

304.1674 C]8H24O4 (M—HZO), 291.1596 C]7H23(')4 (M—CH30. or CH2OH),
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275.1647 C]7H23O3 (M-H2O—HCO) (see Discussion), 263.1647 C](5H2303

(M-COOCH,), 229.128 C O, (M-COOCH, +H,O +H +CH,); mol.wt. 322

15H17 3

Anal. Calcd. for C18H2605 + C, 67.06; H, 8.13. Found: C, 67.10; H, 8.31.

‘N.B. Although the above data are consistent with the proposed structure 149, its
genesis is in doubt (see Discussion).

12.  8B-Hydroxy=(13 —17)-pentanorlabdan-12, 19-dioic acid 19-methyl ester
12— 8-lactonedV 150

The lactone 150 was obtained on two separate occasions:

(a) By reduction of Keto-Ester 79.  Treatment of 250 mg of keto-ester 79

in 25 nﬂ dry dimethoxyethane with sodium frimefhoxyborohydride (824 mg) at room
temperature, gave the following results (on withdrawal and acidification of aliquots):
30 min, 38% 150, 62% 79; 1.5 h, 60% 150, 40% 79, 4 h 90% 150, 0% 79 and
minor products.

(b) By reduction of crude ozonolysis mixture.  The product from ozonolysis

of 1.0 g methyl podocarpate (see above) was treated with sxcess sodium borohydride
added in 20 ml of 50% aqueous ethanol. After stirring for 30 minutes at room
temperature and then refluxing for 1.0 h, the reaction mixture was cooled, poured
into water, benzene extracted and the aqueous phase acidified with 2N sulphuric
acid and benzene extracted. Usual work-up gave 540 mg neutral fraction and 430 mg
of acid fraction. The neutal fraction contained, as judged by pmr, a mixture of 104,
150 and 151 in the ratio 4:4:2 reépecfively. Chromatography on 'Florisil' gave the

lactone 104 in benzene, followed by 200 mg of 150, using 5% ethyl acetate-benzene
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as an oil which crystallised spontaneously. Crys"rollisafion from hexane-ethyl

acetate (9:1) gave a sdmple mp 160-161° (lif.éo

163-164°) ir ¥ 3050,
max

2950, 2850, 1775, 1725, 947, 910 cm-]; pmr S 0.77 (s, 3H, C-20 CH3),

-1.23 (s, 3H, C-18 CH3), 2.5 (m, 2H, C-11 CH2), 3.66 (s, 3H, C-19 COOCH3),

4.5 (m, 1H, C-8 H) ppm; mass spectrum (80 ev) m/e 280, 262 (M-18), 248 (M-32)

234 (M-46), 221 (M=59). mol.wt. 280.

13.  8%,12-Dihydroxy~(13-217)-pentanorlabdan=19-cic acid 19-methyl ester 151

The third component from the above chromaf.ogro.phy, eluting with 10%
ethyl-acetate~benzene was the diol 151, 110 mg as an oil. The same compound
was ob.fained in a separate experiment where 100 mg of 104 wére reduced with
sodium borohydride in aqueous ethanol at reflux for 30 min. In both cases
crystallisation from hexane-ethyl acetate (4:1) gave the analytical sample as
glistening needles, mp 112-1]30; ir- Qmox 3615, 3420(b), 300, 2950, 1725,
1240-1210(b), 1155, 1035, 1000 cm-]; pmr & 0.83 (s, 3.H, C-20 CH3), 1.18

(s, 3H, C-18 CH,), 3.65 s, 3H, C-19 COOCH,), 3.75 (m, 2H, C-12 CH,0),

Ll
4.03 (m, 1H, C-8( ) CHO), 1.75 ~ 4.25 (concentration dependent, s, broad

Wh/2 = 5Hz, 2H, C~12 and C-8 OH's) ppm, mass spectrum (80 ev) m/e no mol.ion,
292, 275, 266 (not interpreted). éﬂf_l_' Calced. for C]6H2804 s C, 87.57; H, 9.93.
Found: C, 67.35; H, 10.25.

14. 1 B-Carbomethoxy-1X,10 B -dimethyldecal ~6-one. 153

The hydroperoxide 55, mp 203-207° ( 95%), 200 mg, was dissolved in
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10 ml of ethanol and heated with 10 ml of 1N sodium hydroxide solution on the
steam bath, under nitrogen, for 4h. The cooled reaction mixture was diluted with
200 ml water and extracted with benzene (8 x 50 ml) and usual work-up gave

106 mg colourless oil (70%) which pmr analysis showed to be a single component
essentially analytically pure. Crystallisation of the sample from hexane at -20°
gave 60 mg of colourless plates of the bicyclic ketone 153, mp 62-63° (so%fening
at 54°+), ir P . 3110, 2950, 2850, 1720, 1705, 1460, 1240(b), 1160,
1150, 1095, 985 cm—]; uv A o (featureless except for low n~ 77 * C=O at

290 mw); pmr & 0.715 (s, 3H, C-10 CH

1.23 (s, 3H, C~4 CH.), 3.55 (s, 3H,

3)’ 3)’
C-4 COOCH3) ppm; mass spectrum m/e 238 (mol.ion), 223 (M-15), 179 (M-59)

mol . wi 238; épﬂl. Caled. for C]4H22O3 s+ C, 70.55; H, 9.31. Found: H, 70.61,

H, 9.46.

The base soluble fraction from the above reaction was aci;iified and
extracted with benzene to give 42 mg colourless oil. Pmr analysis showed it to be
a mixture of 45% lactone~hemiketal 93, 25% of an unknown component (C-20

CH,, absorption at 1.03 ppm), and 30% of an acid at 0.85 ppm (C-20 CH

3 3)

(see Discussion). Similar treatment of the lactone~hemiketal 93 in aqueous ethanolic

base at reflux gave 5% (of fofail) of the above acid after 1.3 h and after 6 h,

30% of the acid and 60% of lS_l_’z_

15. 7-Hydroxy=-(13 ~>17)-pentanor-7,8-secolabd~9(11)~ene-8,12, 19-tricic
‘acid 12, 19-dimethyl ester 7,8-lactone 152 (R:CH?)

The hydroperoxide 55, mp 203-207° (295%) 0.50 g, was dissolved in



25 ml methanol foée’rher with 10 ml of 30% hydrogen peroxide, and 25 ml of 10%
“sodium hydroxide solution. After heating at reflux under nitrogen for 30 min the
reaction mixture was cooled and poured into 2N sulphuric acid and the liberated
organic material was extracted with benzene (3 x 50 ml). Usual work-up gave
0.50 g (95%) of colourless crystalline solid which pmr analysis showed to be 95%

pure lactone-acid 152 (R=H). The compound absorbed 1 mole of hydrogen
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(catalytic hydrogenation with Pd L) to give a colourless oil, and diazomethane gave

a mc'>no--esfer 152 (R=CH3), mp 95-96°. The compound was characterised as its
methyl ester 152 (R¢CH3) originally since it had been obtained directly, crude
(80%) from methyl podocarpate, and methylation and chromatography were
necessary for purification. ir Y o 3040, 3004, 2960, 1742, 1730, 1720,
1640, 1175 e 5 we X, . 214 (10,400), 280 (190, shoulder) mu; pmr (100 MHz)

1.20 (s, 3H, C-18 CH,), 3.65 and 3.70 (s, and 3H

3)r 3),
each, C-19 and C-12 COOCH3's), 4.14 (m, 2H, C-7 CH

® 0.97 (s, 3H, C-20 CH

O unresolved at 300;

2
at other temperatures: 40° t, J=5Hz, 50° m-4 lines; 70° m-6 lines), 5.85 (s, 1H,

C-11 vinylic) ppm; mass spectrum (80 ev) m/e - no apparent mol. ion, 280 (M~44),

253 (m-71), 211 (M~113); mol. wt. 324. Anal. Caled. for C17H2406 s, 62.95;

H, 7.46; 0, 29.60.  Found: C, 63.09; H, 7.28; 0,29.39.
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