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epimer of PGD1). Inversion of the stereochemistry at C~9 was
achieved by an SNZ displacement reaction tc give the 9 @ ~alcohol in
52% yield from its epimer. The resultant product was deprotected to

afford PGD, methyl ester accompanied by its ent-1S5-epimer.

1
A total synthesis of (+) dihydrojasmololene is cutlined
incorporating a similar synthetic strategy and some suggestiocns for

extension of the project are proposed.

Full experimental details are given,



Caonventions.

A broken line: -—-- denotes an & -configuration.
A solid tapered line: == denotes a p ~configuration.

A wavy line: ~~ denotes either an unknown or unspecified

configuration,
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CHAPTER 1

An Introduction to Prostaglandins and Their Synthesis
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1.1 Historical background

A major area of interest in synthetic organic chemistry over
the past 20 years has been the production of prostaglandins and their
analogues.,

| Goldblatt (1933) and Von Euler’ (1936) independently noted
that extracts of seminal vesicles possessed the properties of
lowering blood pressure in mammals and stimulating smooth muscle
preparations; Von Euler named the active component 'prostaglandin'
believing it to originate from the prostate gland. The post-war
studies on these extracts were pioneered by Bergstr#m and Von Euler
and Chécgpculminated in the isolation of two active crystalline
compounds which they labelled PEF13 and PGE14’5. The structures of
these compounds were elucidateds’7 and, soon after, two groups
independently discovered that incubation of unsaturated fatty acids
with preparations of seminal vesicles afforded mixtures of prostaglandinse’%

Improvements in biosynthetic methods (as a result of
elucidation of the biosynthetic pathway) and the discovery of a rich
natural source10 led to an exponential growth in prostaglandin
research, The major pharmaceutical companies took an increasing
interest once the wide spectrum of prostaglandin activities became
apparent and several chemical syntheses were soon developed.

One of the last series of prostaglandins to be discovered
was the 'D series'11; this group exhibits a potent inhibition of
blood platelet aggregation amongst other effects but at the
commencement of this project very few chemical syntheses were available

due to susceptibility of the'D—series'to dehydration. Our interest

in the synthetic challenge of these compounds and Glaxc's pharmacological
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precursors were prepared and cyclized, usually via intramolecular aldol
or Claisen condensation reactions. The resultant cyclopentanone was
then elaborated and deprotected.

To illustrate this approach scheme(1.4.2.1) shows Corey's
24
1
to the enone system (10) afforded the aldehyde (11) and the lower

second synthesis of PGE Michael addition of the nitronate anian (9)
side chain was then elaborated by use of the phosphonate maodification

of the Wittig reactionzs. Protection yielded the nitro-bis-dioxolane

(12) which was cyclized by treatment with stannic chloride., Equilibration
and hydrolysis afforded the nitroenone (13) which was reduced to yield

an equimolar mixture of C-15 epimers. Reduction of the desired

epimer (14) at C-9 generated the amine (15) (which could be resolved)

and bromination followed by dehydrobromination and hydrolysis

of the bis-protected amide afforded PGE1.

NO,
o CH,)(CN NO2 )
+ H i «:P12)6(:hj 1
MeO
O

MeO OMe e CHO
(9) (10) (1)

NO, NO,
(CH2)eCN it

MeO sH1q 0
oM O
: O l\/ CsMHig
O O
_/

(12)

CH,)CN
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groups, one as an acid, one as an alcohol, led him to consider the
acid (25) which is equivalent to the lactone (26). The allylic alcchol
(27) would provide a suitable precursor to this lactone. Retrolactionisation
afforded the lactone (28) which he reasoned might be prepared by
Baeyer-Villiger oxidation of the bicycloheptencne (29). In this
approach the stereochemistry of the ring substituents is 'locked in!
by the use of cyclic intermediates.
The synthesis was developed practically to the scheme 0.4.2.594.

The hydroxy acid (30) was resolved via its amphetamine salt and
carried through to optically active PGFZU.

Improvements upon Corey's initial sequence followed, most
concerned with the preparation of the 'Corey lactone! (31) which in

turn has been used to synthesize D, E and F series prostaglandins.
CO,H

HO™ CH,0Bz
(30)

RO” CHO
(31)
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The most elegant recent synthesis of a prostaglandin is that of
the Glaxo-Salford group of Newton and Roberts first published in
1978. Use of the cyclic intermediates again plays a crucial role in
setting up the stereochemistry of the ring substituents.

The reaction scheme (1.4.2.6) represents one of the shortest
sequences to PEFZ(I devisedas. Starting from cyclopentadiene a(2 + 2)
cycloaddition reaction with dichloroketene afforded the dichlorobicyclo
[3.2.D]hepten0ne (32) which was dechlorinated. The bromohydrin (33)
was the sole product upon treatment of the bicycloheptenone with
N-bromoacetamide. Intramolecular nucleophilic displacement afforded
the stable tricycle (34) which in turn was susceptible to nucleophilic
cleavage specifically at the 7- position., Thus treatment with an
organocuprate reagent afforded the bicyclo[3.2.1] heptancne (3§).
Baeyer-Villiger oxidation gave both of the twc possible lactones but the
desired ane (36)predominated at low temperatures. Reduction to the

lactol and treatment with the appropriate Wittig reagent introduced the

upper side chain, Deprotection afforded PGFZG“
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In this approach the stereochemistry at all fcur ring positions
is locked in the tricycle (34); use of optically active cuprate reagent
dictates the stereochemistry at C-15., A review36 of this approach to
prostanoids has recently been published describing modifications to the
above synthesis allowing preparation of all the primary prostaglandins

(A—F).

1.4.3. Synthesis of 'D' series prostaglandins.

The 'D' series prostaglandins (Fig. 1.4.3.1) were one of the
last natural prostaroid families to be isolated. Their discovery,
reported in 196811, arcused great interest because as well as stimulating
smooth muscle preparations37 and possessing moderate anti-inflammatory
properties they exhibited a potent ability to inhibit the aggregation

of blocd plateletsaa.
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OH

4
[)

’WCOQH

O :
OH

Fig. 1.4.3.1 PGD2 an example of a 'D' series prostaglandin

The biosynthesis of PGD, was reported by Sih39 in 1972 and was

1

soon followed by the first chemical synthesisAD. With one exception

all the synthetic routes to PGD, or D2 have involved the use of

1
protection-oxidation-deprotection sequences upon an 'F!' series
prostaglandin., The major prcblem associated with this approach is

caoncomitant dehydration of the p -ketol system in the product to afford

an isoPGA derivative, (Fig. 1.4.3.2.).

v

i H30@. or B

Fig., 1.4.3.2 Facile dehvdration of PGD,| to isn:IPGA,I

Other synthetic problems include protecting group 'scrambling'! to afford
PGE derivatives and isomerization of the 13,14-double bond into conjugation.

Hayashi41 has oxidized 15-tetrahydrapyranyl PGFZG with chromium

trioxide to yield, after hydrolysis, a mixture containing PGD2

(Fig. 1.4.3.3).



- 31 -

Fig., 1.4.3.3. Havashi's synthesis of PGDZ’

Jenny42 has prepared PGD. in a similar manner oxidising the

2

9,15~bistetrahydrgopyranyl PGF Deprotection affords a mixture of

2a’

PGD, and PGE, (Fig. 1.4.3.4).

i. CxO ii. H,O,CH_CD

3 5 3 2H,THF.

Fig., 1.4.3.4 Jennvé svnthesis of PGD

2.

Probably the best of these protection-oxidation methods is that
published by Scheinmann43 in 1979, Selective hydrolysis of the
9,11-triethylsilyloxy-1S-tbutyldimethylsilyloxy PGF1amethyl ester

yielded the 11~deprotected PGF which was oxidized with Jones' reagent

1a

or pyridinium chlorochromate. Mild acid catalysed hydrolysis of the silyl
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protecting groups afforded PGD, methyl ester (Fig. 1.4.3.5).

1

N
/
O ;
OH
i CHBCD H,THF,H20, 1 hr.
ii py-Cx0,.
iii CH3C02 ,THF,HZD.

Fig. 1.4.3.5 Scheinmann's selective hydrolysis/oxidation synthesis

of F’GD1 Methyl Ester.

The Glaxo grocup have recently published the best synthesis of

PGD2 to dat644’45

afforded @a bis silyl PGF

(Fig. 1.4.3.6). Modification of their F’GFZG synthesi535

sa which was oxidized with pyridinium

dichromate to yield the protected PGD Deprotection was achieved by

2.
the use of aqueous hydrofluoric acid in acetonitrile to give a 70% yield

of PGD2 methyl ester and its C-15 epimer. The use of the latter

reagent is essential to the success of the synthesis. Unlike previous

systems mentioned it possesses both low acidity and high silicophilicity
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thus effecting smooth deprotection without dehydration.

/
OSi OSi

-
L\ W
- \\<:::::f/~\\v/’”\\(:()2§:y{3 - A\‘C:::7//\\\///\\(:()gﬂ:F{3

g > >
HO OSi o&j—

\ 4

OH

. 2- ..
i py-Cz,0.° il HF,H,0,CH.CN.

Fig. 1.4.3.6 Glaxo synthesis of PGD. Methvl ester.

2

1.5 Proposed Synthetic route to PGD,l Methyl Ester.

At the commencement of this project no good direct synthesis was
available for 'D' series prostaglandins. This reason: prompted us to
utilise some of our earlier work as a basis for a novel direct synthesis

of PGD, methyl ester (37).
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A high yielding synthesis of the novel substituted vinylphosphonium
salt (3B8a) had recently been developed in our laboratories and its use

in the synthesis of cyclopentanones demonstrated46 (Fig. 1.5.1).

PhS ' 0O s ~CO,Et
_® 2 \
Ph4P
(38h)

i. CF3C02H.

Fig. 1.5.1 Use of the vinylphosphonium salt in cvclopentanone synthesis

It was known that a synthesis of the diketodithiane (39) was
availab1847 and furthermore that it afforded cyclopentenones upon

treatment with simple unsubstituted vinylphosphonium salts.

R\r&s
O H S

(39)
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It occurred to us that the combination of the diketone (39) with our
vinylphosphonium salt would afford the highly functionalized

cyclopentenone (40).

(40)

This cyclopentenone is a sulphur analogue of an intermediate used by

Vanderwalle48 in his synthesis of PGF From this work and that

Sih26’27

1T

of it was thought that the enone (41) could be prepared via the

intermediate [}-hydroxyvinylthioether.

O
Ra

-

L&

(41)

The cyclopentenone (41) would be a substrate for the cuprate
reagents of Sih and Fried, thus the lower prostaglandin side chain
could be introduced. Reduction and deprotection of the conjugate

addition product (42) wculd yield the target molecule.



S-- _—% _——% PGD»]

A less attractive alternative to the above scheme was also
considered. This involved treatment of the ketone (40) with the
Wittig reagent49 (43), mild hydrolysis of the product would afford
the aldehyde (44) from which thé lower side chain could be elaborated
via Corey's Wittig reagentzs. Selective deprotection of the
vinylthiocether, reducticn and hydrolysis of the dithiaketal weould

afford PED1.

SPh
Ra
(49) + PhgPCHOCH; ——> ¢~ . CHO
(43)
(44)
i H DT
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Origin and proposed synthetic route.

Preparation and alkylation of alkyl dialkoxyacetates.

Dithanylation of @ , d -dialkoxyesters.

Ketal hydrolysis af fording the diketone fragment.

39

42

46

48
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2.1 Origin and proposed synthetic route

The diketone (39) represents a major part of the target molecule;
it not only provides C-8, 11 and 12 of the cyclopentanone nucleus but
also bears the complete @ -~side chain and the C-11 carbonyl functionality

masked as its dithiane = (Fig. 2.1.1).

Q. R = CH3 C. R = C5H11

b, R = EZHS d. R = (CH2)6CDZH

Fig., 2.1.1 Components of the tarcet molecule provided by the

diketone fragment (dashed lines)

The only reference to compounds of this type originate from the

7,50

Sankyo group4 in connection with their work on jasmone and Tethrol-
one synthesis. In their communications the diketones (3%a .. c) were

prepared by treating the appropriate @, @ -dialkoxynitrile (45)

with dithiane anion. Hydrolysis of the resultant imide afforded the
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desired diketone (39) in good yield (Fig. 2.1.2).

MeO R MeO R

N mMeo C=N-Lj

> (39)
i. 2-lithio-1,3-dithiane. ii, HCl(aq)

MeO C

p—)
—

Fig. 2.1.2 Kawamoto's synthysis of diketodithianes

The nitriles (45) were prepared according to the method of
Erickson51. This involved treatment of an ortho ester with hydrogen
cyanide gas. We were not attracted to this route, primarily because of
the toxicity and handling problems of the latter but also the lack of
flexibility imposed by the former., A new method for preparation of

@, @ -dialkoxynitriles has recently appeared in the li'tera’cure52
but is not amenable to large scale (for economic reasons). We therefore
set out to design a safer, more flexible synthesis of the diketodithianes
(39).

Examination of the above preparation suggested that we need anly
replace the nitrile functionality with some group X that upon
treatment with dithiane anion affords a carbonyl functionality (Fig.
2.1.3). A literature search showed that the ester group (X = CO_R')

2
would fulfil this purposesa’54.



MeO R

NV
O

MeO X S

i, 2-lithio-1,3-dithane. ii, HO

Fig. 2.1.3 Alternative strateqy to compounds (39)

Accepting this proposition a synthesis of substituted

a , a -dialkoxyesters was required and the recent work of Schlessinger5
came to mind. In his isoavenaciolide synthesis he utilized the énian of
ethyl?,2-diethoxyacetate (46b). A further search revealed that the anion
of methyl-2,2~ dimethoxyacetate (46a) would react at the carbonyl

group of aldehydes and ketones without appreciable self—condensation56.
Although no examples of reactions involving alkylation of these anions
could be found it was deemed a feasible synthetic route to substituted

a,a -dialkoxyesters (47). The following sequence was thus devised

(Fig. 2.1.4).

R'O OR' RO OR'
i iii ;
H CO,R' R CO5R'

A\

(46) (47)
1 !
2. R = CH, 2. R-CHaR - O
1
b, R' =cC.p | b. R = C,fg,R'=CH,
s c. R = (CH)) COHY
: 2602

1
= CH3
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