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Stewart K Richardson

ABSTRACT

The use of vinylphosphonium salts in the
construction of acyclic and cyclic systems by both
ourselves and others is reviewed.

The alkylthio and arylthio vinylphosphonium
salts are used in an unsuccessful approach to the synthesis
of the tetrahydroguinoline natural product virantmycin.
The use of this approach in the early stages of a synthesis
of carbaprostacyclin and analogues is also examined.

_ The synthesis of virantmycin was also investigated
using a regioselective Dieckmann reaction. Two procedures

have been developed for the synthesis of the mixed O,S-

- diester required to study the cyclisation. The first of

these has as the key step a one carbon homologation reaction

of a benzaldehyde to a phenylacetic acid derivative. The

second relies on a pericyclic rearrangement reaction. The

latter route has proved more successful and the Dieckmann

product has been made using this procedure. Applications

of this to the synthesis of virantmycin are discussed.

The use of methyl methylsulphinylmethyl sulphide
~in the one carbon homologation for the synthesis of the
Dieckmann precursor has been extended. Thus a set of
conditions has been developed for the synthesis of
chloroketenedithiocacetals from ketenedithioacetal S-oxides
which complements the only other known set of conditions
for this transformation. Under our conditions the ketene
dithiocacetal S-oxide derived from 2-aminobenzaldehyde
cyclises to give two indoles. A modified set of conditions
are presented which give rise to anomalous products. In
the light of this a mechanism is proposed.

Finally the use of this strategy is extended to
a synthesis of benzofurans and further discussion shows
how this might be used in a general preparation of thiol
esters and in the synthesis of other heterocyclic systems
or natural products.
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CHAPTER 1

The development and use of vinyl phosphonium salts
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1.1 The use of the vinyl phosphonium salts 1 in
synthesis has been of significant interest over the past
20 yearsl. The main reason for this has been their dual
role as Michael accepters and/or Wittig reagents for both

intermolecular and intramolecular processes.

1a Y=H
Y -
CH,=C - 4 1b Y=0C,H,
2 Ppn
, 3 Lc Y=SCH,
1. 14 Y=SC4H,

The simplest analogue of 1, namely vinyltriphenyl
phosphonium bromide lé, was first prepared independently by

two groupsza’zb'

using a 1,2 elimination sequence (Scheme 1).
In both of these early reports the pbtential use of la, as a
Michael accepter was recognised. Seyferths group2a performed

an intermolecular conjugate addition/

+ - + -
Ph PCH,CH,X Br [>> PhPCH=CH, Br
X=Br2a . 1_8.
2b |

X=0Ph
‘ Scheme 1

Wittig trapping reaction using phenyl lithium and acetone

to give 2-methyl-4-phenyl-2-butene in low

i) PhLi '
1a ’ E:> :>___
- 32%
: ii) acetone --\\——-Ph
Scheme 2

yield (Scheme 2). Schweizer's group2b extended this using

heteroatoms as nucleophilés to give the adducts 2 (Scheme 3).



+
ia + PhSH [:> PhSCHyCH,PPh; Br

Jo

Scheme 3
Thus ;glhas'been shown (Scheme 2 and ref 3) to

give low to moderate yields'of chain extended compounds, but
the vast majbrity of work in this area has involved the

construction of cyclic systems. This relies on both Michael
donor and carbonyl group beiﬁg part of the same molecule

(Scheme 4).

\
\

COR COR
Y
nuc + nu
-~ - PPh, S
(CHy) > (CHy)y
COR Y

nuc=C,N,S,0

Scheme 4

A large variety of carbocyclic and heterocyclic

compoundé have been assembled using this Strategy. For

' 5

example chromenes from salicylaldehyde4 ; dihydrofurans

6, pyrrolizines from

from o hydroxy aldehydes or ketones
2—formylpyrroles7, cycloalkenes from ketoesterss,
“dihydroquinolines from 2-amino benzaldehydes9 and pyrroles

from o ketcoximeslo. Some of these transformations are

outlined in Scheme 5. An isolated use of la in a non
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ia ' ’/;//////X;7
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| \V/

X0

Scheme 5

OH
N

11,12

Wittig reaction has also been reported (Scheme 6) .

oM

Scheme 6
/

Because of these useful reactions it is perhaps

surprising that more use has not been made of la in natural
product synthesis.‘ This points to the fact that thereAis a
major obstacle to the widespread use of la and that is that
the product obtained is an alkene (Scheme 4, Y=H). Whilst
isolated carbon-cérbon double konds can be useful functional
groupslB, for example via their hydroboration to alcohols,

oxidation to oxiranes or ketones and halogenation, the often
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non chemoselective or regioselective conditions associated
with these transformations may preclude the use of la in the
synthesis of complex organic molecules. Thus a substituted
alkene (or vinyl derivative) was required which could be
converted under mild conditions to a more useful functional

group.

Both vinylethers (Scheme 4, Y=OR) and vinylthioethers
(vinylsulphides, Scheme 4, Y=SR) are reédily converted to
_cérbonyl groups. Because of the importance of the carbonyl
group in general organic chemistry any method for the
introduction of this functionality is extremely useful. Thus
a corresponding route to vinylethers or vinylsulphides would
be equally important. In order to synthesise these latter
compounds using the stfategy outlined earlier (Scheme 4)
the corresponding phosphonium salts lb, lc and ld were
required. A number of research groups concerned themselvesl
with this problem. McIntosh, at the University of Windsor,
reported the synthesis of l-ethoxy vinyltriphenyl
phosphonium bromide l§l4 (for other examples of ethoxy
substituted phosphonium salts or phophonates see ref 15 and

16) and noted its ability to function as a Michael accepterl4.

He subsequently used it in the formation of dihydrothiophenes17

(Scheme 7). Unfortunately the yield of the expected

o | . ~ OEt OEt

Scheme 7 S



4

vinylether 3 was low (even allowing for the presence of the
isomeric compound 5). The presence of 2-ethyl-4-ethoxy
‘thiophene 4 was expléined not in terms of atmospheric
oxidation of 3 or.é'as both of these compounds were stable
17,18

to air. Instead a different mechanism was proposed

(Scheme 8). | | \

Et+ . -
H 0 Et3N He _0 PPh
1 .\I - >
R SH o~ R : s g

) -+
E4N H C

0  OEt OEt

R 7 > = /S\

L

Scheme 8
This competition between reaction pathways was
explainedl7 in terms of the relatively unstable ylid 3

’which can, subsequently, undergo a 1,2 elimination sequence

as well as Wittig cyclisation. With this explanation of the

low yields in mind (the total yield of cyclic products was

only 31%) a search was made for species which could increase

" QEt+
H 0 OEt H 0 | peh,
\:/(J/ ' \Ik
N R S o~ R S H

A
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the stability of the intermediate ylid and hopefully also

the yields of desired Wittig products!®’?°.

The ability of sulphur to stabilise adjacent
anions meant that the alkylthio or arylthio substituted'
vinylphosphonium salts lc and 1d should give ylids of
enhanced stability over the ylid derived from lb. Since
their initial synthesis in these laboratories in 197821 lc
and 1d have shown themselves to be the most useful of all
the salts 1l. Where direct comparisoh is possible (vide
infra) better yields of Wittig products have been obtained

with both lc and 1ld than either la or 1lb.

Both lc and 1d can be prepared in a similar manner??

(Scheme 9) (although a slight modification for

’ : 1) + -
RSCHpX  +  Ph,P | [:> RSCH,PPh; X
7 .
ii) »
—{> tcorid
+ -
i) CHBCN/reflux. ii) CH2==N(CH3) Cl/CHBCN/reflux.
Scheme 9

the preparation of a related salt has recently been reported23)

and have been used in a number of total and partial natural
22,24

product syntheses. For example cyclopentanones (Scheme
10), prostaglandins25 (Scheme 11) and bicyclo (3.3.0.)
octanes?® (Scheme . 12) . These syntheses have been discussed

in greater detail in the relevant references. However in
each case the key points are the useful transformations that

can be effected using vinylsulphides as intermediates.

The following chapters describe the use of the

salts lc and 1d in one approach to the synthesis of
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0
S>__§2‘CH3 ' i) {> _ ::S>§;]:SCH3
: S 0 » ; S TCH,
0

HO CH

3
i) NaH,lc dihydrojasmolone
Scheme 10
0o
Cs (CH2) COOH i) {> <:s SCH;
S

0 S (CH2)6COOH

‘ 0
[:> [:> PGD1 methyl ester

i) NaH,lc

Scheme 11
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virantmycin (chapter 2) and in the initial stages of an
approach to prostacyclin (chapter 4). Also included are
descriptions of a regioselective Dieckmann reaction towards
‘a synthesis of virantmycin and some observations on the
éhemistry of methyl methylsulphinylmethyl sulphide

(chapters 2 and 3 respectively).

0 0 COOCH3

COOCH, [>>
. SR

CH

e
\Jl
W

i) NaH,1c or'1d

Scheme 12
og
~,

1573 [:> 0 an intermediate to
chrysomelidial

8

COOCH3

153 ' [:> OCOCH; an intermediate
‘ to logénin
9
CHO
CHO HO T

10

chrysomelidial
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CHAPTER 2

Approaches to the synthesis of virontmycin
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2.1 Introduction

The synthetic'formation or natural occurrence of
.compounds bearing a quinoline nucleus (I)27 is perhaps less

common than those containing an isoquinoline one (II).

I : ' II

‘Shown in figure two are an example of each, namely oxamniguine

a tetrahydroquinoline showing anti blood fluke activity28 and

- papaverine a smooth muscle relaxant and vasodilatorzg.

‘H300
HOCH2
OCH.,
0,N g CHoNHCH(CH) o 5
OCH3
oxamniquine papaverine
figure 2

Another example of a tetrahydroquinoline was
récently reported30 and given the name virantmycin. This
compound was isolated from the fermentation broth of
streptomyces nitrosporeus and shown to have biologidal
potential as an antiviral antibiotic. Structural
illucidation soon followed, and, using a combination of
- spectral techniques and chemical degradation virantmycin was

23L,

assigned the structure



HOOC
16

Ip vifantmycin both Cé and C3 (virantmycin numbering
used tﬁroughout)~are chiral. In the original communicatioh
-noievidence was given ﬁo suggest the relative“or absolute
configuratibn of the natural»prodﬁct, nor were other isomers
reported; So far as we are aware no further stereochemical
details are available in the literature nor have any total
or partial syntheses been reported; Thus it seemed -to be
of interest to develop a synthesis of virantmycin which
would allow the determination of the absdlute structure of
the natural product and the biological activity of all the
other isomers. The route devéldped should also show
sufficient flexibility in order to allow the synthesis of a

series of compounds of slightly different structures.
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