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APSTRACX

Synthesis of Polysubstituted Fatty Acids via Thlophene Int.eraeAlfttes

A QledfrUl,

This thesis is an investigation into the possibility of preparing
polysubstituted fatty acids - seco-acids - via Raney nickel
desulphurisation of polysubstituted thlophene intermediates.

A variety of hydroxythiophene carboxylates were prepared. A number
of these were O-methylated, saponified and either decarboxylated or
converted to acid chlorides. Two examples were O-glycosidated.

Acetoxy - and aryloxy - derivatives of several hydroxythiophene
carboxylates were prepared and subjected to Fries rearrangement. The
reaction failed in the majority of cases, with cleavage of the ester
occurring without subsequent rearrangement. Five esters were

successfully Fries rearranged to give thienyl and dithienyl ketones.

A number of polysubstituted thienyl and dithienyl ketones were
prepared using Friedel-Crafts acylation,

Raney nickel desulphurisation of thienyl and dithienyl ketones gave
seco acids, with only moderate success. The products obtained were
found to be impure in the majority of cases. However, one model seco
acid was prepared.

A study of the stereoselectivity of the Raney nickel desulphurisation
process with respect to hydroxy groups attached directly to a
thiophene ring proved inconclusive.

An investigation into the Raney nickel desulphurisation of thiophenes

containing optically active side-chains demonstrated that no
racemisation of chiral centres occurs.

<q1>
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INSTRUMENTATION

The following information applies to all experimental sections:

Melting points were determined wusing open capillary tubes in an

electrically heated Gallenkamp melting point apparatus and are uncorrected.

Microanalysis and mass spectroscopy were carried out by the analysis

sections of Shell Research Ltd., Sittingbourne.

IH nmr spectra were recorded on a Hitachi Perkin-Elmer R-24B 60 M
spectrometer with tetramethylsilane as internal standard in the solvents

indicated.

Infra-red spectra were recorded on a Perkin-Elmer 157 G Grating Infra-red

spectrophotometer.

S3C nmr spectra were recorded on a JEOL 5NM-C-60Q 60 MHz spectrometer with

tetramethylsilane as internal standard in deuterated chloroform.

Column chromatography was carried out using silica gel, 60-120 mesh.

Aluminium, tin and titanium chlorides were all anhydrous.



INTRODUCTION

1* The Macrolide Antibiotics.

1% le Introduction.

The macrolide antibiotics are of great interest due to their
antibacterial activity, especially against gram-positive bacteria

(including anaerobes), gram-negative cocci, and mycoplasmas.

The first macrolide antibiotic to be isolated was obtained from a
strain of streptomyces, by Brockraann and Henkel in 19501. They named
it pikromycin due to its bitter taste. Soon afterwards streptomyces
organisms Yyielded several other antibiotics which appeared to be
chemically and antimicrobially related to pikromycin. Chemical
characterization of these antibiotics led to the disclosure of the
structures of methymycin 2, erythromycin A3 and B* and carbomycin A
(magnamycin) 6 e, all showing a common feature - a macrocyclic

lactone. Woodward B proposed the term "macrolide" to describe this

class of compounds.

The macrolide antibiotics are classified according to the size of the
macrocyclic ring as either 12-, 14- or 16- membered macrolides,
Their overall constitutional structures include a wealth of
stereochemical features, 1involving numerous asymmetric centres and

conformational possibilities among lactone rings containing an array



of substituents. The structures (1 (a> and 1 <b>> illustrate this

point: -

OH

Figure 1(a) R = OH; eythronoln»de R
(b) R=H; eythronolide B

It should be pointed out that the macrolide antibiotics are glycosides
and that the sugar moiety is essential for antibiotic activity. This
means the synthesis of a macrolide antibiotic is not completewithout
glycosidation. For example, the macrolides (O (a)andl <b>> must
both have the sugars D-desosamine and L-cladinose in theC-5 and C-3
positions respectively (2 (a) and 2 (b>> in order to be classed as

macrolide antibiotics:-

OMe

a) R = OH, erythromycin ft
(b) R =H; erythromycin B



A total of sixteen sugars have been identified with the macrolide
antibiotics: five of these are amino, and eleven are neutral sugars.
The majority of macrolide antibiotics contain at least one sugar
moiety and glycosidation is still a major synthetic problem. By 1984
9 only four macrolide antibiotics, methymycin 10, erythromycin All,
carbomycin B12, and tylosin 13 had been synthesised, with moderate

Success.

1%2. The Total gynths sd§ g5 the Aglycones of the Macrolide

Antibiotics.

The macrolide antibiotics, with their multiple asymmetric centres and
complex array of functional groups present a challenge that has been
the focus of intense synthetic interest. Two fundamental problems
have been identified in association with macrolide synthesis. One of
these, the construction of a medium or large-size lactone, was solved
in the first total synthesis of methymycin in 1975 10, 1A and later of
pyrenophorin B, vermiculine and nonactin 17, 1G, These lactones
were constructed from their corresponding seco acids. This was
achieved despite the view' which prevailed at the time (based on
earlier work by Stoll 19> which indicated that such intramolecular
cycllsations were not favoured. With the establishment of the
viability of the "seco acid" approach, a variety of methods for this
macrolactonisation are now available 1A, ao. An approach which is
now often employed, Corey's "double activation method" ,“2-invol ves
prolonged refluxing of a dilute solution of the thiol ester <3 in a
high-boiling, inert solvent to complete lactonisation (4-6), as shown

4,



below in scheme 1, where formation of the doubly-activated
intermediate (4) leads to a collapse to the tetrahedral carbonyl

adduct (5) from which the lactone (6) is formed by elimination:-

3) N q +N ap
(CH,> .-t
I - |
HQ— CHj 0— CHt
A— <CH2)n.,
0  CHt <5)
H H
(6)
0— CH
Scheme 1

It has since been discovered by Gerlach 23 that silver perchlorate
considerably accelerates this reaction, enabling completion within an

hour at room temperature.

The second fundamental problem associated with macrolide synthesis,
the introduction of chiral centres into a straight-chain aliphatic
acid still has no satisfactory solution. The synthetic methodology
needed to overcome this problem has developed primarily along four

general pathways which will now be discussed.



1e3- Ring-Cleavage Methods.

Here, the clearly defined cls/trans relationship of substituents on a
cyclic system is employed as a means of generating acyclic systems
with the required stereochemistry vie ring-cleavage. An excellent
example of this method of macrolide synthesis is seen in Grieco's

synthesis of the seco acid (7), which upon lactonisation gives

methylonide (8), as shown in equation 1:-

COjH
TBSO
(?)

(8)

Equation 1



The Grieco seco acid synthesis is based upon the coupling of the

recemic, nucleophilic C-1 >C-7 fragment (10>, as in equation 2: -

steps
OTBS
9) (10)

Equation 2

Fragment (9) was prepared from the cyclohexenone in 12 steps via the

route shown in scheme 2:-

Scheme 2



Fragment (10) was prepared from (11), obtained from norbornodiene,

using the following, multi-stage synthetic route (scheme 3):-

MeO,C
severali (1 1 )
steps steps
0
steps
steps
TBSO TBSO
7 steps
(10)
Scheme 3

Coupling of the two fragments (9> and (10), followed by a further four
steps, gave a 1: 1 mixture of racemic (7) and an unwanted diastereomer.
In all the synthesis comprises of a total of 32 major steps starting

from norbornadiene and gives an overall yield of 0.07% from (11).



4. The Sugar Approach,

This method of  macrolide synthesis utilizes the built-in
stereochemistry of monosaccharides such as glucose, transferring it
into that of segments of macrolides through appropriate chemical
operations. Thus, readily available monosaccharides serve as a
"chiral pool" of available starting materials. This method,
originally proposed by Miljkovic , was used in the elegant synthesis
of an erythronolide A seco acid derivative by Hanessian and co-workers
A reported in 1978. This synthesis is based upon the coupling of
the carbohydrate-derived C-I >C-7 and C-8-—->C-13 fragments, (12)

and (13) respectively, giving (14) (the stereocentres at C-6 and C-8

are undefined). Equation 3 shows this coupling:-

MeO
CHO

OBn OMe

(12) OBn
(13)
MeO

<IH)

OBn OMe OBn

OMe
Equation 3
These two enantiomerically-correct fragments were prepared from a

common precursor, (15) (which has the correct stereochemistry)

9.



obtained from manipulation of D-glucose using the conformational bias

of the pyranose ring system. The stereocontrolled synthesis of C'*)

was accomplished in five stages from D-glucose, involving a total of

fourteen reactions. These syntheses' are summarised in scheme
Ph
steps
Me
Ph Ph
OIr
0 OIr
MeO
MeO (15)
Scheme H

10.



(15) 1is then converted in five further stages to the C-9---—->013

segment (13) as in scheme 5:-

OTr
<15)
steps MeO
steps
. MeO
MeO steps MeO
steps
CHO
(13)
OBn OVe
OBn
Scheme 5

The other fragment, (12), was synthesised in four stages from <I15),

using a total of six steps as follows in scheme 6:-

MeO
Olr CHO

<15) 2

steps

<12> «-

Scheme 6

ii.



Z1
The two fractions were combined via a Horner-Emmons reaction to

give (14). Introduction of the C-6 and C-8 methyl bearing chirel-
centres was then carried out without significant stereocontrol, and
the mixture of diastereomers produced was converted into the seco acid
derivative (16) as in equation 4. The total synthesis of this seco
acid using this route consisted of 31-steps from D-glucose and gave an

overall yield of 2%

C1H)
7
steps
MeO
OBn OBn OMVe OVe
(16)

Equati on H

2/\
1%5. Acyclic Method

Here, chiral chain segments of a macrolide are stereoselectively
constructed from acyclic precursors. The advantage of this approach
is that repetition of such a synthetic operation, if executed with
high diastereoselection (and enantioselection) at each operation,
would simplify the synthetic design for, and minimise the number of
steps to, a seco acid. Problems associated with this acyclic
stereoselection have been investigated intensely in recent years.
2<A

Masarnune synthesised 6-deoxyerythronolide B (17) using a series

12.



of four syn-type aldol condensations to build up the O >013
carbon skeleton with the simultaneous control of eight new chiral
centres (i.e. two new chiral centres set up for each aldol step).
This synthesis was the first to use only acyclic stereocontrol by the
aldol reaction (using chiral enolates), to construct a complete

macrolide seco acid.

(17) 6-deoxseMthronolide B

The synthesis of the seco-acid derivative (18), the precursor to (17),
is based on the aldol coupling of the enantiomerically correct
C-1 >C-10 and C-11 >013 fragments, (19) and (20), respectively -

see equation 5:-

steps <20)

13.



(18)

« COCHCI1

Fragment (20) was synthesised from the appropriate Prelog-Djerassi
lactonic acid’ , C21), which was prepared by reaction of the S-boron
enolate (22) and pure aldehyde (23). This stage is shown in

equation 6:-

MeOf C CHO

OTBS (23)

(21)

Eq.uation 6

14.



The same boron enolate (22) was then condensed with the aldehyde (24)

derived from the lactonic acid <21> - equation 7, to give the acid
(25) with the correct stereochemistry at C-2—>C-3, with 937.

stereoselectivity. This was then converted, via seven further steps,

to fragment (20), as in equation 8:-

<20 (24)
steps

Equation 2

(22) + (24) - (25)

?
steps

(20)

Equati on 8

Fragment (19), containing the C-12-—>C13 asymmetric carbons, was

prepared with 99% stereoselectivity by the enantioselective aldol

addition of R-enolate (26) to propanal, followed by a series of six

steps. The final, and roost remarkable, aldol condensation was the

addition of the lithium 2-enolate of ketone (20) to aldehyde (19),

15.



which gave the edduct stereoisomer (27) with control of the C-10----- >C-

11 chiral centres in 94% stereoselectivity as in scheme 7:-

L9-BBN| "CHO
I
QTBS ?
steps
U
(19)
<20)
v
0
(2?)
Scheme ?
This was then converted into the seco-acid derivative (18), by

reduction of the C-9 ketone, followed by protection and desilylation,
Macrolactonisation of (18) by the Masamune activated thioester method

, using  CuOTf{, followed by oxidation at C-9, gave 6-
deoxyerythronolodide B (17). This synthesis involved a total of 27

steps from starting materials, giving the macrolide in 4.5% overall

yield.



1+6. Macrocyclic Approach.

In this approach, new asymmetric centres are stereoselectlvely
introduced into an intact macrolide, or other large ring using the
conformational bias of the large ring. An illustration of the
potential of this method as a means of macrocyclic stereocontrol in
macrolide work is the Still and Novak synthesis of racemic 3-

deoxyrosaronolide, (28):-

5
H
3

3-deoxsrosaranolide (28)



In thiB synthesis the simple macrocycle (29> was prepared using the

21
Horner-Emmons procedure from (30) and <31> - scheme 8&: ~

<EtO)t P
+
Horner-Emnons
Scheme 8

18.



The synthesis of (28) makes use of the stereocentres at C-14 and CHS5,
present in the simple macrocycle (29), to control the configurations
of the six new chiral centres spanning

deprotonation of (29) giving an enolate at C-8 which, following
methylation and deprotection, gave (32) with Dbetter than 95%
stereoselectivity. Regio- and sterecoselective introduction of a C-6
side-chain was carried out by alkylation of the kinetically-generated
lithium-enolate of (32) to give (33) with 95% regloselectivity and 85%
stereoselectivity. Compound (33) was then converted (via hydroxy
methylation of the C-4 lithium enolate followd by elimination), into

the methylene ketone (34). These stages are summarised in scheme 9:-



The 4-methyl derivative (35) was then prepared by conjugate addition
of thiophenol followed by Raney nickel desulphurisation, with greater
than 95% stereoselectivity. Ester hydrolysis and borohydride
reduction of the derived mixed-anhydride then gave the required C-5
alcohol <36) with 63% stereoselectivity. Oxidation at C-9, followed
by epoxidation at C-12-—>C-13, then gave <37) with 93% selectivity,
which on selective oxidation of the primary hydroxyl group gave 3-

deoxyrosaranolide <28) in a total of 16 steps giving an overall yield

of 0.9%. These reactions are all summarised in scheme 10:-
0
<3 '~ C0,Bu*
3
steps
OH

Scheme 10



L. 7. Summary of the Methods Employed In Macrolide Synthesis.

It can be seen that, with the exception of the macrocyclic method, an
essential part of the synthesis of the aglycones of macrolide
antibiotics is the construction of long-chein hydroxy acids i.e. seco
acids. However, the effectiveness of these standard seco acid
approaches to macrolide synthesis is dependant upon having a seco acid
derivative which can adopt a low-energy conformation, resembling the
preferred diamond-lattice of the macrolide ring, in order to
facilitate efficient lactonisation 11,"4- As shown previously,
several general approaches have been developed for the
stereocontrolled synthesis of the unique chiral sequences found in the
macrolide antibiotics. These have all been applied to the synthesis
of Individual macrolide structures. Several new purpose designed
reagents and reactions for the control of acyclic stereochemistry have
been developed for this purpose; the aldol condensation reactions of
boron enolates are an excellent example of this. An up to date

review in this area has been published by Hoffman

It should be pointed out that all the synthetic procedures utilized in
the preparation of these compounds are multi-step, and although the
individual steps may be efficient, overall yields are necessarily very
low. As it 1is possible that simpler versions of the macrocyclic
aglycones, i. e those lacking some substituents, may also show
biological activity, the work presented in this thesis intends to
explore a novel route for the synthesis of simpler seco acids, with
some of the stereochemistry secured and which may facilitate the

21.



synthesis of larger quantities of seco acid products. The method
explored involves preparation and Raney nickel desulphurisation of
polysubtituted thiophene rings. If this were to be successful, the
simpler macrocycles so formed might then be further elaborated, as in
the case of the macrocyclic approach to macrolide synthesis. The
remainder of the introduction will thus provide an examination into

the feasibility of this suggested method.

2- Reductive Desulphurisation of Thiophene with Ranev Nickel.

2.1. Background.

In 1925 a novel method for the preparation of nickel catalyst was
patented by Murray Raney . A pulverised silicon alloy was reacted
with aqueous sodium hydroxide to produce a pyrophoric, brownish nickel
residue with excellent catalytic properties. Further investigation
of other nickel alloys and alkali-soluble metals showed that nickel-
aluminium alloy could be readily prepared and easily pulverised.
The catalyst prepared by this method is known as Raney nickel.
*23

Bougault, Cattelain apd Chabrier demonstrated that organosulphur
compounds could be desulphurised by Raney nickel and also provided
preliminary evidence for the desulphurisatlon of thiophenes by
describing the preparation of thiophene-free benzene and toluene
Soon after this the first important application of the reaction was

reported by du Vigneaud and co-workers in their elucidation of the

22.



structure of biotin. The reaction has since found wide application

in organic synthesis.

2. 2. The Raney Nickel Desulphurisation of Thiophene Carboxylic

Acids.

Raney nickel desulphurisation of thiophenes was first used by Blicke

and Sheets\w,lﬂ' in their preparation of aliphatic and aryl aliphatic
carboxylic acids. An important development was made by Papa, Schwenk
and Ginsberg when they prepared Raney nickel 'in situ' by adding

nickel-aluminium alloy to a solution of the carboxylic acid in an
excess of aqueous alkali. They used this method to prepare a series
of long-chain aliphatic carboxylic acids from the appropriate

substituted thiophene carboxylic acids, examples of which are shown in

scheme 11: —
X. C0*H
O
NftOK
1
Scheme 11
This method was then further developed by Hansen who used it as a

means of extending the chain-length of aliphatic carboxylic acids.
At approximately the same time, papers by Badger, Buu-Hoi, Gol'dfarb,

23.



Wynberg and their groups were published, in which it was demonstrated

that Raney nickel desulphurisation of thiophenes could be applied to a

H-5
wide variety of compounds. For example, Badger, Rodda and Sasse

employed the route illustrated in scheme 12 to make a branched-chain

carboxylic acid:-

COtH

CO*H
CQtH

Scheme 12

These workers also synthesised substituted aliphatic dicarboxylic
acids via reductive desulphurisation of 2, V - bis <5-carboxy-2-thienyl)

propane J . with yields of between 51-93% - ex'aw” W

I<| equation 9: -

Co0,H

Equation 9

24.



Other groups who hove contributed in the synthesis of brenched-chain,
aliphatic carboxylic acids include Spaeth and Germain , Wynberg and
un u.q S O-54-
Logothetis ,  McGhie et al and Buu-Hoi et al The
synthesis by Buu-Hoi et alb<*, of 1l-methylieuric acid (scheme 13) is
another example of the route os a means of preparing branched-chain

aliphatic carboxylic acids which may otherwise be difficult to

obtain: -

RtMi aicktl

V

Scheme 13

25,



Since these early papers, a great deal of work has abeen carried out
BS-'£5$

in this field, Gol'dfarb and his colleagues, who have published

widely in this area, performed a number of desulphurisations of 2,2%*-

dithienylmethanes and 2,2*¥ and 2,3*-bithienyl carboxylic acids

(equations 10 and 11), thereby providing a method of chain extension

of 9 and 8 carbon atoms respectively:-

§ "<CHjCO,H tle(CH,)MCO0,H

Equation 10

Equation 11

2. 3. Synthesis of Oxo-. Hydroxy- and Alkoxycarboxylic Acids via

Raney Nickel Desulphurisation.

The successful synthesis of aliphatic carboxylic acids with additional
oxygen-containing functions from thiophene derivatives is possible,
being limited only by the availability of the appropriately

26.



substituted thiophene and the choice of reaction conditions. The
following discussion refers to compounds with oxygen-functions present
inside chains and to thiophenes containing hydroxy* or alkoxy- groups

attached directly to the ring.

Reductive desulphurisation of thiophenic precursors containing an
hydroxy or alkoxy group in the side-chaln proceeds smoothly, without
adversely affecting the substituents, Gol *dfarb and Kirmalova ,
for example, described the synthesis of 12-hydroxydodecanoic acid,

(39), in 94% vyield by desulphurisation of the 2,6 2'-dithienylmethane,

(38), as in equation 12:-

*  HO<CH,>u COjH

(3*1
Equation 12
Miller, Haymaker and Gilman suggested a scheme for the synthesis of
long-chain hydroxy carboxylic acids, (scheme 14). This scheme

involves the synthesis via Friedel-Crafts acylatlon (where R=n-alkyl
for C-2—>017) followed by Wolff-Kishner reduction of n-alkyl
thiophenes - figure (40). Further Fried£l-Crafts acyclation using
the half-ester acid chlorides (where n ranges from 2 to 8) shown, gave
the keto-esters (41) which, following borohydride reduction to the
hydroxy-esters (42), were then hydrolysed followed by Raney nickel

217.



desulphurisation to give the required hydroxy acids (43) in 65-80%

yield.
i . ftCOCUSbHCI,
gy, L © RH " ru
(40)
RCCH.~CHCCH,). COtH e CH<CH#>. COHEt
m.
(Ki)  OH o
Yiilli tS-1U (42)
Scheme 14

Other groups who have made significant contributions in the area of
desulphurisation of thiophenes containing side-chain hydroxy groups

. ) 43 44"
include Papa, Schwenk and Ginsberg , Badger, Rodda and Sasse
Sl

B

co
Stetter and Rajh and Grey, McGhie and Ross

28.



p ot 02
The preparation of S5~methoxy-and 3-methoxy-valeric acids by ic&k

and Gronowltz , was accomplished by Raney nickel desulphurisation of

5- and 3-methoxythiophene carboxylic acids respectively, as in

equation 13; ~

ittMk *UM\
aC0SH
MeO COt H

Equation 13

29.



The method of preparation and the quantity of the catalyst used has an
influence upon the course of desulphurisation. Grey, McGhie and Ross

studied the factors affecting formation of aliphatic hydroxy- and
keto acids during hydrogenolysis of various thiophene keto acids. In
this, as in an earlier paper , they demonstrated that keto acids
such as (44) are obtained in yields varying between 20-80% when

desulphurisations are performed using either Raney nickel or Raney

nickel formed 'in situ' wusing the Papa-Schwenk method. However, with
nickel prepared using the method of Brown , hydroxy acids such as
(45) are formed. An example of these alternative products is shown

in scheme 15: -

CO*H

CO0*H

Scheme 15



In their own investigations into the Influence of the method of Raney

nickel preparation and quantity of catalyst employed, Badger, Rodda
H-6

and Sasse found that p-(5- bromothenoyl) propionic acid (46) gave

only low yields of 4-keto caprylic acid due to the formation of the

dimerisation product (47), as in equation 34:-

Equation 14

Papa, Schwenk and Ginsberg obtained 30-hydroxymyristic acid by Raney
nickel desulphurisation of 9-(2-thenoyl)--pelargonic acid (48). When
the reaction was applied to p-(2-thenoyl)-propionic acid (49) they
discovered that wupon increasing the amount of Raney nickel the sole
product obtained was the lactone (50), These reactions are shown in
equations 15 and 16 respectively.

0 <o WY

COotH

Equation 15

(49) (50)

Equation 16
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The synthesis of more complex products in the form of bicyclic (51)
end tricyclic (52) prostenoic acids via Raney nickel desulphurisation
of the thiophene-containing prostaglandin endoperoxide analogues (53)
and (54), was undertaken by Larock, Leach and BJorgeb& . The

desulphurisation, performed under 60 p.s.i. of hydrogen with W/ Raney

nickel, proceeded in good yields. This work is summarised in scheme
16: -
CO,Me A
40 Mi H
(51) (53)
COM Him COorMe
-ve 40 Mi N,
(52)
Scheme 16



The synthesis of more complex products in the form of bicyclic (51)
and tricyclic (52) prostanoic acids via Raney nickel desulphurisation
of the thiophene-containing prostaglandin endoperoxide analogues (53)
and (54), was undertaken by Larock, Leach and Bjorge€6 . The

desulphurisation, performed under 60 p.s.i. of hydrogen with W/ Raney

nickel, proceeded in good yields. This work is summarised in scheme
16: -

CO,Me

OH

(51) (53)

CO, Ve
(32)

Scheme 16



2. 4 Stereochemical Outcome of the Desulphuri satIon Process”,

That the desulphurisation process doe6 not cause racemisation of
chiral centres to occur was demonstrated by Fredga o and Petterson

They desulphurised optically active acids such as (55) in order
to elucidate the configurations of the desulphurisation products by

correlation with the appropriate optically active aliphatic and

aromatic acids (equation 17):-

(CH,), -CHCOjH ... Me <CHt ), «3 -(|?HCO,H
CH, CQ,H CHt C0,H
(55)

Equation 1?

Wynberg also demonstrated that racemisation does not appear to
occur in his synthesis of optically active hydrocarbons containing

asymmetric quaternary carbon atoms (equation 18);-

UM Co,H

co

Equation 18 (+>

33.



2. 4 Stereochemical Outcome of the Desulphurisation Process.

That the desulphurisation process does not cause racemisation of
chiral centres to occur was demonstrated by Fredga and Petterson

They desulphurised optically active acids such as (55) in order
to elucidate the configurations of the desulphurisation products by
correlation with the appropriate optically active aliphatic and

aromatic acids (equation 17):-

OS'"ACCH,>,-CHCO,H t1e<CH,).,,-CHCO,H
CH, C0,H CH,C0,H
(55)

Equation 17

Wynberg also demonstrated that racemisation does not appear to
occur in his synthesis of optically active hydrocarbons containing

asymmetric quaternary carbon atoms (equation 18> —

ftiektl

C0,H

(+)
Equation 18



70
Dann and Hauck obtained meso-3, 4-diphenyladipate C57) from

dimethyl-3, 4-diphenylthiophene -2,5-dicarboxylic acid(Se), indicating
that there is, in this case, sterecospecificity in the desulphurisation
process with respect to substituents attached directly to a thiophene

ring, as shown in equation 19:-

Ph
IttM1 nitM1
<57>

CH,CO,fte
<56) CH,CO,MC

Equali on 19

Thus there are precedents in thiophene desulphurisation to suggest
that chirality 1is preserved and that reductions can be carried out
which yield only certain stereochemical features.
3. Synthesis of Polysubstitued Pithienylketones.

3. 1 Introduction.

There are two principal methods used in this thesis for preparing

substituted dithienylketones, namely the Friedel-Crafts acylation



process and the Fries rearrangement. The general background of

these reactions is discussed in this section.

3 2. Synthesis using Friedel-Crofts Acyletlon.

The essential reaction in this process is between an acylating agent
(such as an acid chloride) and an aromatic substrate, in the presence

of a catalyst, to yield an aromatic ketone, i.e.:-

Catalyst
RCOX + ArH > ArCOR, Cat., + HX

Where X is usually a halogen
Equation 2 0

3.3. Catalysts.

The reaction is very dependant upon the choice of catalyst, the ratio
of catalyst: substrate and the choice of solvent. Metallic halides
which have been wused with acyl halides include aluminium (III)
chloride, aluminium (III) bromide, iron (III) chloride and titanium

(IV) chloride.

The high catalytic activity of aluminium (III) chloride, 1i.e. its high
. : “71  in* . . . .
Lewis acid strength - can also bring with it certain
disadvantages. The catalyst cannot be used, for example, with a

number of heterocyclic systems which it decomposes even in the

presence of moderating solvents.

35.



The use of aluminium (III) chloride can also give rise to side-
reactions such as intra- or inter-molecular migration of alkyl groups
75_77, removal of alkyl groups (especially tertiary) preceding or
accompanying acylation /%-"*» , Splitting of ortho-alkoxyl groups,
both within the acyl halide -87 and, more often, on the substrate
A - "a, also occurs. These effects, largely due to aluminium (III)
chloride, are minimised by use of a solvent such as nitrobenzene in
which the catalyst is complexed. Tin (IV) chloride, first employed
by Stadnikoff ¢* , is especially valuable for highly reactive
substrates such as oxygen or sulphur heterocycles, which may be
unstable in the presence of aluminium (III) chloride. Dertoer “"'v - #

found that the relative activities of halide Lewis acid catalysts for

the acylation of toluene are in the following order:-

AlCI3 >SbCl& >FeCl3 >TeCl* >SnCl* >TiCl,, >TeCl* >BiCl3 >ZnCl<

In certain cases mineral acids have been employed with marked success.
Phosphoric acid has been shown to be a very effective catalyst for use
with anhydrides, especially in the thiophene series and
polyphosphoric acid, first wused for cyclisations, has found use in
intermolecular acylations. Boron trifluoride and its complexes with
ether, methanol and acetic acid are pre-eminent among non-metallic

halides capable of catalysing acylations(0".
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Boron trifluoride and phosphorus pentachloride have also been used as
acylation catalysts - °n% In almost all cases the optimum amount
of catalyst employed is found to be up to, or just over, the

calculated stoichiometric amount.

3.3. Choice of Solvent.

A variety of solvents have been employed in Friedel-Crafts aromatic
ketone synthesis. Nitrobenzene and-carbon disulphide are the most
commonly used solvents which at the same time govern thetypes of
acylation reactions: essentially homogeneous, and essentially
heterogeneous acylations, respectively. Polar solvents such as
nitrobenzene dissolve (and solvate) both aluminium (III) chloride and
the acyl chloride-aluminium chloride complex, and usually also the
aluminium chloride complex of the resulting ketone ~o In non-
polar solvents such as carbon disulphide, light petroleumor carbon
tetrachloride, mneither aluminium (III) chloride nor its complex with
acyl halides is appreciabl soluble; the reaction is largely
heterogeneous throughout its course. Intermediate to these are
chlorinated solvents such as dlchloroethao»€ or dichloromethane. which
do not appreciably dissolve aluminium (III) chloride * but are
excellent solvents for the final complex. The main influence of the
solvent in acylations of benzenoid or heterocyclic systems is on the
yield of ketone obtained. There are also less significant
differences between solvents with respect to acylation rates ‘00, \c\

and also in orientation of substitution
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3. 4. The Friedel-Crafts Acylation of Thiophenes.

Acylation of thiophene leads almost exclusively to monosubstltution.
It can be effected by a variety of catalysts. Anhydrous aluminium
(IIT) chloride and to a lesser extent tin (IV) chloride react with
thiophene to yield intractable tars. However, this undesirable
resinification is largely avoided by adding the catalyst gradually to
a mixture of the thiophene and the acylating agent, when the catalyst
reacts preferentially with the acylating agent to give the
electrophile. In the presence of tin (IV) chloride or titanium (IV)
chloride benzene can be wused as solvent, since these inorganic
chlorides do not initiate reaction between benzene and the acid

chloride.

It has been found that acylation of thiophene with acetic anhydride or
benzoyl chloride 1is promoted by catalytic amounts of iodine and
hydriodic acid or boron trifluoride complexes '°7. Thiophene, 3-
methyl-, and 2,5-dichlorothiophene react with acid anhydrides or acid
chlorides, in the presence of orthophosphoric acid, to form acyl
derivatives in very good yields '0*3. Thiophene can also be acylated

with an aliphatic or aromatic acid and phosphorus pentoxide

Friedel-Crafts acylation can be successful with deactivated thiophene
rings, although yields are often poor. Ethyl thiophene-2-carboxylate
gives the 5-acetyl derivative with acetic anhydride and zinc chloride
u<? j esters of thiophene-3-carboxylic acid are also acylated at C-5
vu jn a reversal of this approach, a thiophene dicarboxylic
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acid anhydride can be used as a monoacylating agent. The reactions
of thiophene-3,4-dicarboxylic acid anhydride with benzene-aluminium
(ITIT) chloride "3, and with dimethyl cadmium "S , (which gave 4-
benzoyl- and 4-acetyl thiophene-3-carboxylic acids in 66% and 32%
yields respectively), illustrates the possibilities, as in equation

21: -

PhH
RIC13

Equation 21

Thiophenecarboxylic acid chlorides derived from all types of acids
behave quite normally as Friedel-Crafts acylating agents. Reactions
have been carried out with a very large number of benzene derivatives;
biphenyl end fluorene , 2- and 3-methoxy benzo (b) thiophenes and a
wide range of other heterocyclic systems have been substrates for
thenoylation. Aluminium (III) chloride catalysed the bis acylation
of 2,5-dichl-orothiophene by thiophene-3,4-dicarboxylic acid chloride
leading to an excellent yield of the quinone "T , shown in figure

(58); -

c <58)

Cl 0
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3e4, The Fries Rearrangement.

Introduction;

The Fries rearrangement 1is essentially an intramolecular Friedel-
Crafts reaction whereby an ester of a phenol rearranges to give a
hydroxy-ketone, usually in the presence of aluminium (III) chloride.
The reaction was first studied in the benzene series and was first
observed in 1908 . A typical rearrangement of the benzene series

is shown in equation 22;-

0COR
OR
CR = alkql COR
Equation 22
c
In general, low temperatures C60 C or less), favour

rearrangement to the p-isomer whereas higher temperatures (above 160
degrees) favour the o-isomer. The rearrangement 1is a useful
synthetic route to ketones in 6pite of the fact that it involves two
steps -preparation of the ester and then the rearrangement- as
compared to the single step Friedel-Crafts synthesis. The yields are
usually better and the experimental procedure does not have to be
modified greatly to be adapted to a variety of esters.
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3.5. Choice of Catalyst.

The commonest catalyst employed in the Fries rearrangement is
aluminium (III) chloride although other Lewis acids such as tin (IV)
chloride, titanium (IV) chloride and zirconium (I V'Jchloride have also
been used. An equimolar ratio of the catalyst: ester substrate is the
standard reaction procedure. However, the nature of substituents may
affect the quantity of catalyst required. In the rearrangement of
guaicol acetate " , two moles of aluminium (III) chloride are

required, and it has been suggested that the extra mole is necessary

because a complex is formed with the methoxy group

The guaicol acetate rearrangement " is of interest because three
products are obtained, the wusual two and some arising from meta
attack. The letter is rare in Fries rearrangements. Equation 23

shows an example of rearrangement of this type: -

0COMe OH oH
PUCI, H«Os*\*-COIle M40
2 eq
COMe
26 3% 1 OX

Equati on 23
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The Friedel-Crafts reaction of guaicol and acetyl chloride furnishes
the same products, making it evident that the formation of the
m-product is related to the o-methoxy group and not a peculiarity of
the Fries rearrangement. It has also been found that the proportion
of p-hydroxyketone produced by phenyl coprylate in the presence of two
moles of aluminium chloride is higher (63% para.* 30%) ortho) than that
in experiments in which only one mole of aluminium chloride is wused
(45% para: 33% ortho) . It should be noted that the increase in
yield of the pare product is at the expense of the ortho-product.
The influence of catalyst concentration upon product distribution can
also be illustrated by results obtained with aluminium (III) chloride
and phenyl acetate . At the molar ratio of catalyst to ester
shown in parentheses, the ratios of para- to ortho- yields were
2.93(0.5), 2.41(1.0) and 10.1(2.0), the second mole of catalyst

causing a large increase in the yield of para- product,

3- 6. Structure of the Acyl Radical.

The acyl radical may be either aliphatic or aromatic. Fosenmund and
Schnurr studied the relative rates at which Fries rearrangement
takes place with different esters of thymol. Their results are

summarised below, the acyl groups being arranged in order of

decreasing rate of reaction:-

CnH*n CO(n-1 to 5) >PhCH2C0 >Ph(CH2)2C0 >PhCH=CHCO >PhCO



An example of the magnitude of the differences in rate is that after
five hours in nitrobenzene at 20 degrees C the rearrangement of thymol
acetate was 60% complete, whereas that of thymol benzoate was only 4%

complete.

3.7 Structure of the Phenoxy Group.

The structure of the phenoxy portion of the ester is the factor of
greatest importance in determining whether the Fries rearrangment will
take place or not and whether the products will consist principally of
the o- or p- hydroxyketone. The presence of a meta-directing group
on the aromatic ring usually interferes with the rearrangement. For
example, the Fries rearrangement does mnot occur if the phenolic
residue carries a nitro or benzoyl group in either an ortho- or para-
position; the presence of an acetyl or carboxyl group in the ortho-
position hinders the rearrangement and in the para-position prevents
\Z$s —\Z6
it If the phenyl esters contain a single alkyl group in
the phenolic ring the position of this substituent has a profound
Influence on the nature of the product. This is demonstrated by the
fact that esters of o-cresol yield predominantly p-hydroxyketones,
whilst the m-isomer yields chiefly the o-product, and the p-derivative

gives exclusively the latter.



3. 8. Choice of Solvent.

The Fries rearrangement can be carried out in the absence of solvent
but the temperature at which the reaction proceeds at a useful rate is
lzo f1%23

lowered by solvents such as nitrobenzene . A large solvent

effect on the product distribution can be seen by comparing the

rearrangement of phenyl acetate in nitrobenzene and light

\ZG
petroleum ", as in scheme 17:-
OH OCOMe

corie . 1 1ght pet Im PhNO
+ 1] 20° C
COMe COMe

81% 87

Scheme \?
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3-9. Fries Rearrangement in Heterocyclic Phenols.

The Fries rearrangement has been observed in many heterocyclic

systems, For example, the rearrangement proceeds normally in esters
Vil —\3o

of hydroxycoumarins as in Equation 24.

Equat ion 24
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\3\
Chapman et al observed the rearrangement in the benzo (bHhiophene

series, 7-acetoxy-3-methyl benzo(b)thiophene, on treatment with

aluminium (III) chloride in dry benzene, gave 2-acetyl-7-hydroxy-3-

methyl benzo(b)thiophene in 78% yield. This result was in accord
with an earlier report “in which the 5-acetoxy-3-methyl isomer was
rearranged to give the 2-acetyl isomer. These reactions are

summarised in scheme 18;-

Me pyci
MeOCO
tleO C O v~ r\ RICI
3>
Scheme 18

The rearrangement of 2-acetyloxyfurans and thiophenes with boron

trifluoride etherate, studied by Kraus and Roth is shown in
scheme 19; -
BF3 EtjO r /COMe
Me- OCOfle PT X odive  Me—
BF 3.Et"0
M* 0r~0COMe MeCO
SrhAmA 19
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Banks investigated the Fries rearrangement of ten  3-
alkanoyloxythiophenes, using dichloromethane as solvent and aluminium
(IIT) chloride as catalyst, to give 3-hydroxy-2-alkanoyl thiophenes in
good yields. It was found that the structure of both the acyl and 3-
thiophenoxy moieties exert an influence on the rearrangment. For

example, acetyl esters rearrange at a faster rate than propionyl

esters. The presence of an ester or cyano group in the 4-positlon
did not interfere with rearrangement, whereas .an acetyl group
prevented it; the presence of a second ester group in the thiophene

ring also prevents rearrangement, the final product simply being that

of deacylation of the hydroxy function.

Since the publication of this work in 1986 no further work in this

area has appeared in the literature.

4.0. The Synthesis of Hvdroxvthiophene Carboxylic Acids and their

Derivatives.

4. 1. Introduction.

The synthesis of the various hydroxythiophene carboxylic acids almost
always incorporates <cyclisation reactions, usually utilising an
appropriate thioester. A summary of some of the more general methods
employed for the synthesis of hydroxythiophene carboxylic acids used
in this thesis is now given, these being amongst the more readily
accessible compounds. However, it should be pointed out that other
hydroxythiophene carboxylic acids are known.
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4. 2

These are readily

3-keto esters and thioglycolates.

(60) 1+' are then synthesised

good yield as depicted in scheme 20:-

synthesised via the thioketals

Synthesis of 3-Hydroxythiophene-2-carboxylic Acids.

formed from

(59),

3-Hydroxythiophene-2-carboxylates

by base induced cylisation, in

R §HC0,R HCl R (HCO,R
: HSCH.CO.R'
R @O R C<SCH, CO,R X
<59)
R30,c” ~“OH R*v “OH
H + u H
R'" 7~ 8 R’ S '~ CO.R'
(61; uhere R *= H) (60)
Scheme 20
When R2-H, 4-hydroxythiophene-3-carboxylate (61) is formed as an
alternative product, When RI1 is either isopropyl or t-butyl it

is formed in approximately 40% yield,

in other cases.

but is not a significant product



In a related synthesis, Dieckmann cyclisation of the mixed ketals

\74 w

I
(62a) and (62b) yielded S5-methyl-3-hydroxythiophene-2-

carboxylate (63), as shown in equation 25: —

X
tleCIICH*CO*Rl N n—
SCH,CO*R* Me'"'S'™'C O tR
(62); a, X = OH <63>

b, X = SEt

Equation 25

Immediate precyclisation intermediates of the type (64) are implied in

the preparation of 3-hydroxythiophene-2~carboxylates from
thioglycolates and propiolic esters <
ACO.R”’
If <64)

R A SCH.CO.R'

Such intermediates are readily synthesised by the combination of a
halogeno acetate and an enethiolate'"" - Wt, A mixture of the cis
(80%) and the trans (20%) forms of (64), CRH R"=R2=Et] can be
cyclised normally with potassium hydroxide-methanol. However, when
the proportions of stereoisomers are reversed, the reaction fails with

49.



this base, although with potassium-t-butoxide cyclisation takes an

alternative course to give ethyl 4-hydroxy-2--methylthiophene-3-

\i*r
carboxylate (65), shown in equation 26:—
<64) t-BuOK HO CO*Et
20" ois Me (65)
QOK trans

Equation 26

Dehydrogenation of oxotetrahydrothiophenecarboxylates such as (66) and
their enol ethers and acetates, all prepared via Dieckmann

cyclisations, yields hydroxy thiophene carboxylic acid derivatives.

Fiesselman and Pfeiffer obtained (60) [RI=Me, R2=H  R5=Et3 from
bromination of the oxotetrahydrothiophene followed by
dehydrobromination. In a more recent method, the cyclic ketone, or

one of its enol derivatives, 1is reacted with sulphuryl chloride in

dichloromethane at ¢cP C f giving excellent results with (66)

[R=H, RI=Me3 and with the acetate and mesylate of the same
vt+S

substance

B
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The Fiesselmann synthesis, in which an a, J3~dihalogeno ester , or a-
"Ir'l

chloroacrylate is reacted with an alkyl thioglycolate in the

presence of base, as in scheme 21, provides a simple and attractive

route to 3-hydroxy thiophene-2-carboxylates (67):-

Soheme 21

43, Synthesis of 4-Hydroxythiophene-3-Carboxvlle Acids.

The most commonly used method of preparation of these acids and their
derivatives is through the aromatization of 4-oxotetrahydrothiophene-
3-carboxylates. The method has proved extremely versatile and
enabled the preparation of numerous 4-hydroxy, -methoxy and -acetoxy
compounds in this class _VS'2.> The use of hydrogen peroxide has
also been shown to give good yields from several ethyl 5-aryl-4-

oxctetrahydrothiophene carboxylates , The starting

materials are made via cylisation as shown in scheme 22:-

COtR

Scheme 22



Synthesis of 3-Hydroxythiophene-2. 5-Picarboxvllc Acids.

Fiesselmann and his co-workers have shown that some interesting

variations are possible in the reactions of acetylene dicarboxylates and

thioglycolates. In the presence of piperidine the thioketals (68)

are obtained* Or- tfeatment with potrwesiumi hydreside- methanyl y
mthese give dialkyl 3-hydroxythiophene-2, 5~dicarboxylates (69);

vigorous hydrolysis with aqueous sodium hydroxide then gives 4-

hydroxythiophene-2-carboxylic acid (71) by way of the diacid (70)\£7 *

Condensation of the acetylenic ester and glycolate, induced by sodium

ethoxide-benzene leads directly to (69) but with aqueous sodium
x& ~ \
hydroxide the half ester (72) is produced . These reactions
are summarised in scheme 23:-
R'0LLC=C CO R
’ NaOH / O
. 20 rrT
HSCH4cO R' HO.C-~&- "~ QO|R*
NaOEt <*2>
iperidine a
P1P PhH
“ <69>
McOH R 0,CJTTC COsR'
R°*C» ~(SCHjCOjR2)
68> HM NaOH
reflux
_OH -C0. OH

HOtCJ 0 :CO,H

<2Q>
Fiesselmann’s synthesis of thiophenes from appropriate 1,2-dihalogeno

Scheme 23

compounds is also applicable here. Dimethyl 2, 3-dibromosuccinate and



methyl thioglycolate form (69), <R2s;Me), when treated with potassium

hydroxide in methanol

4. 5. Elhydroxythlophene Carboxylic Acitfs.

The Hinsberg synthesis of 3,4-dihydroxy thiophene-2, 5-dicarboxylates
from thiodiacetates and dialkyl oxalates is still the best available.
le0
It has been used to prepare the dimethyl and diethyl esters
VW1 - V63 VoM
and a patent gives an account of the results of
variations in the solvent, in the thiodiacetate, and in the condensing

agents used.

4. 6. Amronwxry.

It can be seen Vfcat it is possible to synthesise a wide variety of
hydroxythiophene carboxylic acids, readily and in good yields. It is
the aim of this thesis to utilise this in order to prepare a wide
range of polysubstituted dithienyl ketones via Friedel-Crafts
reactions and Fries rearrangement. These will then form precursors
to a large number of seco acids, which may be obtained via the
desulphurisation process. This thesis makes an initial investigation
into the potential of this route as a means of synthesising various
seco acids in good yield from readily available starting materials in

a small number of steps.
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RESULTS AND DISCUSSION

5. 0. Preparation of Starting Materlalg,

Introduction.

Almost all the starting materials employed in the work described in
this thesis were obtained wusing published methods. The general
methodology involved Michael-type conjugate addition of  the
thioglycolate anion to a substrate of the form CSC-X (X being an
electron withdrawing group, in this case usually an ester), followed
by a Dieckmann condensation (generally brought about by alkoxide).
Where this condensation gave the tetrahydrothiophentf, oxidation with

hydrogen peroxide in methanol was employed.

5. 1. Synthesis of Hydroxythlophenecarboxylates,

Formation of the thioketal (73) using the acid catalysed addition of 2
molecules of methyl thioglycolate to methyl acetoacetate was followed

by base-catalysed cyclisation to give methyl 3-hydrCVo"~"-

methylthiophene-2-carboxylate (74) thus avoiding any oxidation
stage: -
SCH.CO, Me OKOU OH
2 x HSCH,CO0, Me
k Hc A Me CSCH.CO, Me (73) ]
-10° C fie SANCO, Me
IVECO (H’CO,Me CH,CO,Me <7350
Scheme 24 (74)
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RESULTS AND DISCUSSION
5-0* Preparation of Starting Materials,
Introduction.

Almost all the starting materials employed in the work described in
this thesis were obtained wusing published methods. The general
methodology involved  Michael-type conjugate addition of  the
thioglycolate anion to a substrate of the form OC-X (X being an
electron withdrawing group, in this case usually an ester), followed
by a Dieckmann condensation 165 (generally brought about by alkoxide).
Where this condensation gave the tetrahydrothiophen” oxidation with

vss
hydrogen peroxide in methanol was employed.
5.1. Synthesis of Hydroxythlophenecarboxylates.

Formation of the thioketal (73) using the acid catalysed addition of 2

molecules of methylthioglycolate to methyl acetoacetate was followed

by base-catalysed cyclisation to give methyl 3-hydfOxoy-"~~
methylthiophene-2-carboxylate (74) thus avoiding any oxidation
stage: -
SCH.CO.Me 0 KOW /OH
2 x HSCH He (73)" £ 1 T T
" -10° ¢ H§ €§€ﬁJ€9 nde (3) > r Me
MeCO (.00, Me 72

ok CH CO. Me ( (731c>

Scheme 24 (74)
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The need for an oxidation stage is also avoided in the synthesis of
methyl 3-hydroxythiophene-2-carboxylate <75), as the cyclisation of
the Michael adduct is followed by elimination of hydrogen chloride to

yield the thiophene

HSCHt COt Me NaOMe /OH
+ > C?5>
CHt=C<C1)C 02Me COt ne

Equat ion 2?

The preparation of dimethyl 3-hydroxythiophene-2, 5-dicarboxylate (76)
may be brought about by a "one-pot" method in which dimethyl acetylene
dicarboxylate is treated with methyl thioglycolate and sodium
methoxide . However, for reasons of economy, this compound was
prepared using the method developed by Huddleston which involved
the esterificaion of the readily available 2,3-dibromosuccinic acid
using thionyl <chloride in methanol, followed be elimination of
hydrogen bromide in the presence of triethylamine in ether to yield
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dimethyl bromomaleate. The product <76) was obtained in excellent
yield by treatment of the bromomaleate with methyl thioglycolate and
sodium methoxide. Hydrolysis with sodium hydroxide followed by

decarboxylation then yields the 4-hydroxythiophene-2-carboxylic acid

Iw)
(71), as described by Fiesselmann . These reactions are
summarised in scheme 25: -
BrCHCOj H MeOH BrCHC02Me Et,N Br H
soct ! g
BrCHCO,. H BrCHCO02 Me MeO,C
(88/.) C0*Me
(98X) :
HSCH2C 0 2Me
NaOMe
OH /OH
. -
I JTTT
HOtC * S MeQIC '~ S ~ x COi Me
(71) (765 75%)
Scheme 25

Methyl 3-hydroxythiophene-4-*carboxylate (77) and methyl 3-hydroxy-4-
raethyl”thiophene--2-carboxylate (78)  were synthesised from the
intermediates prepared by Woodward and Eastman * again utilizing

56.



the Michael addition of methyl thioglycolate to a methyl acrylate
followed by methoxide ring closure . Aromatisation  was

accomplished using hydrogen peroxide in methanol

HSCH,COtMe piperidine . § "CHtCOJMe

CH,=C(R>C0/1e \
CHtCH(R)CO02Me
R
NaOMe
MeO C 0 Me
C0,Me
H202 / MeOH
R \%
MeONC 'OH Me OH
<41* ST*
S ) ( ) S"~C 0, Me
(77) (78)
Scheme 86
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4-Hydroxy-3-methylthiophene-2-carboxylic acid (80) was prepared using
the method of Paranjpe . This involved alkoxide-catalysed
condensation of methyl pyruvate with dimethylthiodiacetate to give
dimethyl 4-hydroxy-3-methyl thiophene-2,5-dicarboxylat&, (79), again
via Dieckmann condensation. Saponification by refluxing with 10%

aqueous sodium hydroxide then gave (80) :-

Me Me
MeCO CO, Me t_BulK X od NaOH-aq
-+

$< CHjCO, Me Me02c CO, Me HO.C T 'S "
<?9> <80)

Scheme 27



Preparation of methyl 4-hydroxy-2,2*-bithienyl-5-carboxylate (81) was
accomplished using a method devised by Cummins\eA . This involved
formation of 3-<2-thienyl> acrylic acid using the Perkin reaction of
malonic acid with thiophene-2-carboxaldehyde. Formation of the
methyl ester wusing thionyl chloride in methanol was followed by
bromination. Elimination of hydrogen bromide followed by a one step

Michael addition and Dieckmann condensation then leads to <81) in

excellent yield.

CH2(CO02H)2
> (84Kk)
s'"~CH O C5HS5N ' C 5S5H 10N G:S’\ A CH = CHCO, H
S0CI12/ MeOH
Br;
(96k)
CHBrCHBrCOgfle — CHCO, Me
(8?k)
Et N / Et, 0
HSCH2CQ2Me oH
NaOMe
s CH — CBrCOjMe S'™" ACOtfle
(??Kk) (81)

Scheme 28



3- Methylthlophene-2-carboxylic acid (82) was prepared by Friedel-
Crafts acylation of 3-methylthiophene followed by hypobromite

oxidation to give the required product in 66% yield:-

Me Mecoc NaOBr Me

SnCl, COtle cot H

<82

Scheme 29

5. 2 O-Methylation. Saponification and Decarboxylation of Thiophene

Units.

In order to convert the hydroxythiophene carboxylates described
previously <5. 1. > into acid chlorides, or to use them as a means of
obtaining different methoxythiophenes for Friedel-Crafts acylation, it
was necessary to O-methylate, saponify and, in the case of compounds
used as substitutes for acylation, decarboxylate them. O-methylation
was carried out wusing dimethyl sulphate with potassium carbonate,
giving excellent yields in all cases. The wusual saponification
procedure of heating in 10% aqueous sodium hydroxide also gave
excellent yields and decarboxylation was accomplished by heating with

60,



copper bronze under vacuum,

the product

distilling out.

shows some of the key intermediates that were
compounds that led to them:-
Key Intermediates: -
R = COtMe
. R = COtH
wX 1L .
R = CO0*H
R=H
OVe
R = C04Me
R R = COtH
Me OVe
Si R = COtMe
R R = COtH
Scheme 30

6\.

prepared

(83)
(84)
(85)

(88)
(89)
(90)

(86)
(8?)

91)
(92)

Scheme 30

and the



Decarboxylation of (84) to (85) was accomplished in 70% yield whilst
conversion of <89) into (90) proceeded in 62% yield. Decarboxylation
of (92) was not attempted as it would have given the same product as

that obtained from (89).

Methyl 4-methoxythiophene-2-carbo*”tate <93) was prepared in 71% yield
by refluxing two equivalents of  dimethyl sulphate.
Saponification was then carried out in the usual way to give 4-

methoxythiophene-2-carboxylic acid (94):~

°
o Q O GWNaOH one
tA 0, ot B s

<?! > W ; 7IV)

Scheme 31



6*0- O-CIycodisatlpn of Hydroxythiophene Carboxylates.

le Introduction.

It was mentioned in the introduction to this thesis (Section 1. 1. >
that in order to show antibiotic activity macrolide antibiotics must
possess the appropriate sugar moiety (s). To this end it was decided
to see if it was possibe to attach sugar residues to hydroxythiophene
carboxylates. As the majority of sugar residues found in macrollde
antibiotics are rare, and therefore expensive, it was decided to
attach a pyranosyl ring to a hydroxythiophene carboxylate. The fact
that this proved possible means that it may be possible to attach the
appropriate sugars to hydroxythiophene carboxylates and from these
prepare seco-acids containing sugar residues. It may even be
possible that such seco-acid segments (with appropriate sugar (s)>
exhibit biological activity, but it is not within the realms of this

thesis to investigate this.

68$.



6% 2. Preparation of Hydroxythiophene-O-glvcosldes.

2, 3,4, 6-Tetra-O-acetyl-oc-D-glucopyranosyl bromide was prepared by
treatment of 1,2, 3, 4, 6-penta-O-acetyl-D-glucopyranose with hydrogen
bromide in glacia] acetic acid as described in Hickinbottom . The

bromo compound was then refluxed with methyl 3-hydroxythiophene-2-

carboxylate (75) in the presence of potassium carbonate using
acetone as solvent to give methyl 3-(tetre-0-acetyl)-£-D-
glucopyranoxy)thiophene-2-carboxylate (95) in 38% yield. Similarly,

reaction of the bromo compound with methyl 3-hydroxy-5-methyl
thiophene-2- carboxylate (74) gave methyl 5-methyl-3-(tetra-O-acetyl-

p-D-glucopyranoxy)-2-carboxylate (9G) in 43% vyield: -

6. 3. Discussion.

It should be stressed that no attempt has been made to Investigate the
stereochemistry of this reaction and the configurations given are

6%.



based upon the following rationale; in the presence of bromide ions
anomerisation occurs in tetra-O-acetyl-D-glucopyranosyl bromide to
give an equilibrium mixture containing at least 93% of the oc-anomer
«“ ($v7or-e If ). As these compounds have 6trong electronegative C-I
substituents the anomeric effect 1is particularly significant and,
consequently, there is a marked preference for those anomers which
possess conformationally stable rings to which are attached axial
bromide. Since the preparation conditions employed allow
equilibrium, the more stable anomers are obtained in high vyields.

Thus bromination of 1,2,3,4,6-penta-O-acetyl-D-glucopyranose gives

predominantly 2, 3, 4, 6-tetra-0-acetyl-cc-D-glucopyranosyl bromide.

ORo

Br

oC 93*

Figure H

Reaction of 2,3, 4,6-tetro-0-acetyl-o«-D-glucopyranosyl bromide with a
phenol proceeds via displacement of halide. Although this is
reported to be a unimolecular mechanism, products formed by Walden

68S.



inversion predominate because the halide ions shield the sides of the
pyranoid rings from which they depart. In reactions involving 1,2
cis-acylglycosyl halides such as 2, 3,4, 6-tetra-O-acetyl-«-D-
glucopyranosyl bromide, the halide 1is displacedwith inversion of
configuration at C-l. Thus it is suggested bythepresent author
that the likely configurations of the two glycosides synthesised in

the present work will be the (3-anomers,

6%*.



7.0. Preparation of Polysubstituted Thienyl and DIthienyl Ketones

via Fries Rearrangement.

7. 1. Introduction.

The main aim of the present work was to prepare a series of
polysubstituted thienyl and dithienyl ketones containing a variety of
hydroxyl functions and methyl groups, which, upon desulphurisation,
would yield seco acids similar to those used in the synthesis of the

macrolide antibiotics.

The Fries rearrangement of appropriate acylated hydroxy compounds,

0COR

Equation 28

has the advantage of leaving a free hydroxyl group and gives a wide
choice of ketonic products which would otherwise be difficult to
obtain The disadvantage of this method 1is that sometimes

deacylation can occur, with no subsequent substitution.



In order to effect Fries rearrangement it was first necessary to
prepare a series of esters by acylating the hydroxythiophene
carboxylates described in Section 5. 1. Acylation was carried out by
treatment of the hydroxythiophene with acetic anhydride, or with the
appropriate acid chloride in  anhydrous pyridine. Where
methoxythiophene acid chlorides were employed, they were prepared by
refluxing the acid with thionyl chloride, followed by distillation.

In some cases the acid chlorides were used without distillation.

The standard reaction conditions used for Fries rearrangement in this
study were those employed by Banks for the Fries rearrangement of
acetoxythiophenes, i.e. treatment of the ester ( part by weight) with
anhydrous al uminium(w)chloride (3 parts) in dlchloromethane at room
temperature for 12 hours (see Experimental Section for details).
Where Fries rearrangement was unsuccessful and ester cleavage was the
result, the component hydroxy thiophene carboxylates and carboxylic
acids were recovered and identified by their melting points and proton

nmr' s.

6?.



7. 2. EsterlflcatlIon and Fries Rearrangement/Attempted Fries

Rearrangement ofMethyl 3~hydroxy-S5~»ethylthlophene®“g-

c,orhQxylates<74>T

The esters prepared in this series can be divided into three groups;
group A comprised of alkanoyl esters; group B, thenoyl esters; and
group C benzoyl esters. The synthesis of these three groups was to
enable a thorough study of the Fries reaction of the title esters to
be accomplished. The products obtained from successful Fries
rearrangement were O-methylated and saponified to provide additional
compounds for desulphurisation studies. Scheme 32 summarises the

reaction pathways; the results are given in Tables la), 1b) and lc> —

RCOC OCOR OCH
Path R
Me Cot Me Me Me CO, Me
X) (V) (Iww; R= Me
<\V1>J R = EI
<7H) 4 RCO0,H
DMS, K,C03
Me,C0
\Y%
GOR  /OMe
NaOH-aq
J T T l <b . ] X/ une
Me J
(HO; R =M (H7)j R=Me
(Itq); R = Et. 0\6); R = Et

Path B is followed uhen R = 2-thienm, pher”l, and variously substituted
derivatives of these systems

S5cheme 32



Table la

Preparation and Fries rearrangement of alkanoyl esters of methyl 3-

hydroxy-5-methylthiophene--2-carboxylate; -

No R %(X) No. %Y> 24 74>+%RC0s H
(97) Me 82 a 4> 93

(98) Et 69 (117) 91

(99) cyclohexyl 78 0 72; not recovered
(100)  CH~-2-thienyl 53 0 76; 58

(101) CHa-Ph 91 - 0 68; 66
(102)  CH2-(4-methoxyphenyl> 50 0 82,74
Table 1(b)

Preparation and attempted Fries rearrangement of 2'-thenoyl esters of

methyl 3-hydroxy-5-methylthiophene-2~carboxylate: -



No R %(X) %(74 >%RC0a H

(103) RI=R==R3=K 85 95; 63
(104) RI=R2=H; R3=0Me 98 73; 16
(105) RI“R2=H; R3=Me 98 92; 87
(106) R1-H; R2-0Me; RE=sMe 64 65; 33
(107) Rls=Me; R2=H; R*=0Me 60 72,46
(108) RISH R2=0Me; R2=H 54 69; 44
Table 1 (c)

Preparation and attempted Fries rearrangement of benzoyl esters of

methyl 3-hydraxy--5-methylthiophene-2-*cerboxylate: -

n-TR
u u
Me * COpMe
No R %(X) %(74)%RC02H
(109)  RI=R3=H 60 80; 50
(110)  RI=Mg; R2=H 63 63; 53
(131)  RI=NOIi; R2=K 55 71; 62
(112)  Ri-H; R2=0Me 75 88; 73
(113)  -Rv*Hi R2=N02 79 65; 66

Fries rearrangement of these series of esters was successfully
accomplished for only the acetoxy and propionoxy esters (97) and (98).
In all the other <cases cleavage of the esters occurred without
subsequent substitution, the constituent hydroxythiophene carboxylate

and carboxylic acid moieties being recovered in the majority of cases.



The two products obtained from the successful Fries rearrangement,
methyl 4-acetyl-3-hydroxy-5-methylthiophene-2-carboxylate (IIM-), and
methyl 3-hydroxy-5-roethyl*-4-propionylthiophene~2-carboxylate (117)
were O-methylated using dimethyl sulphate and potassium carbonate
followed by saponification with 10% sodium hydroxide to provide a

variety of compounds for desulpurisation studies.

7. 3. Esterification and Attempted Fries Rearrangement of Methyl 3-

hydroxvthiophene-2-carboxylate <75).

Four esters were prepared in this series, two alkanoyl esters (acetyl
and propionyl) and the thenoyl and benzoyl esters. Fries
rearrangement failed in all cases, including the two alkanoyl esters
which had been successfully rearranged in the previous series (Section
7.2.). Cleavage of the esters was observed, with recovery of the
resulting methyl 3-hydroxythiophene~2-carboxylate and, where

appropriate, the aromatic carboxylic acids, in good yields.

Due to lack of success in the Fries rearrangement of this series of
esters, no further work was undertaken in preparing esters of methyl
3-hydroxythiophene-2-carboxylate (75). The results obtained are

summarised in Table 2;



Table 2.

Preparation and attempted Fries rearrangement of esters of methyl 3-

hydroxythiophene-2-carboxylate: -

OH RCOCI /OCOR RI C1
0O f "> <?5> + RCOH

m(0, fie
(75) (X)
No %<X) 2475) +YRCOH
(120) M 80 78
(121) Et 72 82
(122) Ph 91 79 56
(123) 2*-thienyl 80 67 63
7.4. Esterification and Fries Rearrangement/Attempted Fries

Rearrangement of Methyl 3-hydroxythiophene-4-carboxylote (77).

A representative range of esters of the title compound were prepared,
and Fries rearrangement of these gave similar results to those
described in Section 7.2., with successful Fries rearrangement of the
acetoxy ester (85) but failure of any of the benzoyl esters and most

of the thenoyl esters to rearrange, cleavage again occuring in all

72.



these cases. However, in this series Fries rearrangement of the 2'-

thenoyl ester was successfully accomplished to give methyl 3-hydroxy-

2- (2'-thienyl>oxythiophene-4~carboxylate (131) in 55% yield, the only

aromatic moiety  to be successfully Fries rearranged on a

hydroxythiophene carboxylate under these conditions. These results

are summarised in Table 3;



Table 3.

Preparation and Fries rearrangement/attempted Fries rearrangement of

esters of methyl 3-hydroxy thiophene-4-carboxylate: -

H Drw, MeO.CxX AOCOR RI1Clu Y ST O AT YOH
KLULI1
> t o — -» 0 r
S-n SAMCOR
<??) x> <y>

Cor (??) + RCO2H>

No R %6<X) No %Y) %(77)+%RCO*H
(124) M 85 (130) 100

(125)  cyclohexyl 70 - 84;not recovered
(126) Ph 77 91;95

(127)  2'-thienyl 67 (131) 55

(128)  3'-methyl-2'thienyl 90 - 68; 45

(129) 3'-methoxy-2'-thienyl 85 - - 71; 42

7. 3. Esterifloation and Fries Rearrangement of Methyl 4~hydroxv-2. 2*-

blthlenvl-5-carboxylate (81).

The esters prepared in thisseries were found to wundergo Fries
rearrangement readily inall cases. No benzoyl esters were prepared
as the aim of thisproject was to prepare thienyl ketones for

desulphurisation to seco acids. It would be interesting, however, to



study the Fries rearrangement upon a range of benzoyl esters of the

title compound, but this was not within the scope of the present work.

It should be noted that although the esters prepared in this series
all underwent successful Fries rearrangement in good yields, compounds
of this type were of limited use for the present work due to their
lack of methyl and hydroxy functions. However, this present study
did serve the purpose of demonstrating that both the idea and the
method employed for the Fries rearrangement of hydroxythiophene
carboxylates were sound. The results obtained in the blthienyl

series are summarised in Table 4;

Table 4.

Preparation and Fries rearrangement of esters of methyl 4-hydroxy-

2, 2'-bithienyl-5-carboxylate: -

RCOC

IV L

<81

V)

7e>



R %X)  No  %Y)  No

Me 86 (132) 75 (137)
2"-thienyl 84 (133) 92 (138)
3"-methyl-2"-thienyl 80 (134) 90 (139)
3,)-methoxy-2"-thienyl 84 (135) 62 (140)
5,)-methyl-3"-methoxy-2"-thienyl 76 (136) 70 (141)

7. 4. plscussion pf Fries.J earrflilge.pentg .

The results show clearly that the majority of aroyl esters fall to
rearrange (both th.enoo® and benzoyl). One reason for this failure
may be the effect of the electron-withdrawing carboxylate substituents
present in hydroxythiophene substrates. This deactivates the
thiophene nucleus towards electrophilic attack* especially when in the
2-position, as it is in most cases in the present work. When this is
combined with the reduced reactivity of aromatic acylium ions towards
electrophilic substitution (due to the increased stability of the ion
caused by delocalisation of the positive charge around the aromatic
ring), it may explain, at least in part, the reluctance of aroyl
esters of hydroxythiophene carboxylates to undergo Fries
rearrangement. Compounds of this type are merely cleaved into the
constituent hydroxythiophene carboxylate and the aromatic carboxylic

acid.

In the case of methyl 3-acyloxythiophene-2-carboxylates Fries

rearrangement failed in all cases, including the acetoxy compound.

77.



The expected product in the rearrangement of the acetate would be
methyl 5-acetyl-3-hydroxythiophene-2-carboxylate, but this was not
found, presumably due to the deactivation of the S5-position by the
carboxylate function in the 2-position as mentioned earlier. This
may be explained in part the stabilisation of the oxygen anion through
delocalisation of the negative charge onto the adjacent ester, which
can only occur when the ester 1is 1in the 2-position, This is

demonstrated in the canonical structures shown in Scheme 33: —

OfilClj . v'ORICIj

‘" 0ne * AsA ¢ -Ove

Scheme 33

Methyl 3-hydroxy-5-methylthiophene-2-carboxylate (74) is more
activated, especially in the free 4-position, due to the activating
and o-directing influence of the methyl group in the 5-position.
Also, both the hydroxy and carboxylate functions direct to this
position (although as the hydroxyl function is probably an oxygen-
aluminium chloride complex, it may actually deactivate this position!)

T*.



It was found therefore, that methyl 3-hydroxy-5-methylthiophene 2-
carboxylate (74) was more reactive towards electrophilic attack than
methyl 3-hydroxythiophene-2-carboxylate (75). This was demonstrated
by the fact that both the acetoxy- and propionoxy esters underwent
rearrangement in excellent yield for the former compound, whereas no
rearrangement occured with the latter. However, the less
electrophilic aromatic acyllum ions (see Section 3.6.) still failed to
rearrange, suggesting that the methyl group has only a moderate
effect upon activating the compound towards electrophilic

substitution.

Fries rearrangement of the esters of methyl 3-hydroxythiophene-4-
carboxylate (77) was more successful, again  supporting the
e'deactivation postulate" mentioned above. In this case the 2'-
thenoyl ester was rearranged in 55% yield, although no further
aromatic esters underwent rearrangement. This is interesting as it
suggests the 2'-thenoyl acylium ion is actually more electropositive
than either the benzoyl radical or the 3'-methoxy-2'-thenoyl acylium
ions, both of which would have been expected to rearrange more readily
than the 2'-thenoyl acylium ion. No explanation can be given for

this observation.



\

A plausible mechanism for the Fries rearrangement is suggested in

Scheme 34. This involves an intermediate pathway, with the adjacent
site (for the rearrangement) being activated by the oxygen-aluminium

chloride comples:-

COtle
JCONe flIC  MeOCy roU RICX MeOt C =Co RICI:
Jj} COME
H Ho ne08C OftICl, tleO"C
COhe cone "HC

Scheme 34



Fries rearrangement of methyl 4-acyloxy-2, 2'-bithienyl-5-carboxylates
was showri to lead exclusively to methyl 5'-acyl-4-hydroxy-2,2'-
bithienyl-5-carboxylates (142) in ell cases, with no evidence of
formation of any methyl 3-acyl-4-hydroxy-2, 2*-bithienyl-5-carboxylates

(143).

-oH ROC. OH
OWD

ROC SA~'CO, Me tL SArC O, Me

Scheme 35

This demonstrates that although there may be directing influences to
the free 3-position, the electron rich free S5l-position is far more
reactive towards electrophilic substitution. This position 1is so
much more reactive towards electrophilic substitution that even
aromatic acylium ions rearrange readily. It would be interesting to
continue this work to see 1if benzoyl esters would rearrange as

readily.

One other explanation for this exclusive rearrangement to the 5'-
position may be blocking of the 3-position due to steric hinderance,
i.e. ;-

8\ ”



Oftc

0 H togn

Ou-">

fvjore ”>

(142) is very crowded, whereas (142) has no other groups near to the
free 5'-position to hinder substitution. It would be interesting to
prepare methyl 4-acyloxy-5'-methyl-2,2'-bithienyl-5-carboxylate (144)
to discover in which position, if any, rearrangement takes place when
the 5'-position is blocked. Time did not allow the present author to

pursue this enquiry.



7. 5. Attempted Fries Rearrangement of Methyl 5-aethyl-3-(2'-thenovl)

oxythlophene-2-carboxvlate (103).

As it became apparent that the normal reaction conditions described
above, were not suitable for effecting Fries rearrangement of methyl
3-aryloxythiophene-2-carboxylates, it was decided to undertake a study
to see if suitable reaction conditions could be found to enable the
reaction to take place in reasonable yields. The title compound was
chosen as successful Fries rearrangement had been accomplished for the
acetoxy- and propioncvoy- esters and because this ester lacks any
substituents upon the acyl group which would complicate the
investigation (Fries rearrangement often leads to removal and/or
rearrangement of other substituent groups). Also, the results
recorded in Section 5.5. suggest that the 2*-thenoyl acylium ion may
undergo Fries rearrangement more readily than the other aromatic
acylium ions, also making this compound a suitable model to study.

The results obtained from this study are summarised in Table 5:-



Table 5.

Attempted Fries rearrangement of methyl S5-methyl-3-
<2'thenoyl)oxythiophene-2-carboxylate <103) wunder various reaction

conditions:-

OH
;!]: Mj n ¢ + OS-LACOZH
oot~rng
74 <Q
x <74) V)
M- _S'A'CoO2Me
(103) S-A-CO

JT T f (1HS)

tlev/\vS/\vCOOM

No  Catalyst Solvent Rxn time Rxn T(°C) %(74> %(Y) %<145>

a AlCls CH2C12 12 hr 25 95 63

b AIC13 cs2 12 hr 25 86 79

C AlCla Cl<CH2)2Cl 12 hr 25 76 68

d AlCla PhNO2 12 hr 25 81 73

e AlCla CH3ON 12 hr 25 77 69

f ZnCI2/K10 CI (CH2)2Cl1 36 hr 25 95% (103) recovered
1 mmol/g

g AlBr3 CH2C12 12 hr 25 98 100

h T1C1* CH2CI2 12 hr 25 82 79

i AlCla CH2CI2 12 hr 40 87 64

j AlCla Cl(CH2)2C1 4 hr 83 - 64

k AlCls benzene 8 hr 80 74 22

1 AlCIa Ph-NO2 5 hr 210 Intractable tar

m AlClIa CH3 N 4 hr 82 Intractable tar

n TICI* none 0.5 hr 100 60 58

0 AlCIa THF 12 hr 67 95% (103) recovered



Anhydrous aluminium chloride is the catalyst most commonly employed
for Fries rearrangement, and this is reflected in this study. The
use of chloroalkanes and carbon disulphide as solvents is also common
practice due to their inertness in the reaction, and the usual
reaction temperature of 25°C was chosen to reduce undesirable side

reactions. In all these cases cleavage of the ester occured.

Nitrobenzene was tried as solvent as it has the advantage that the
aluminium  chloride complex formed is soluble in this solvent 17%
No improvement was achieved in the results however, with cleavage of
the ester again occuring. Similar results were obtained with
acetonitrile as solvent. An attempt to effect rearrangement using
zinc chloride with KI0 montmorillonite clay (in a ratio of Immol/g of
clay), Dbased upon a method described by Dr. A Kybett et aln:3 for
Friedel-Crafts acylation, led to almost total recovery of starting
material, and changing the catalyst to aluminium bromide or titanium
n*

chloride (used by Martin and Demerseman in their preparation of

2'-hydroxypropiophenones) again led to cleavage of the ester.

At this point it was decided more vigorous conditions were required,
at the risk of cracking or auto-destructive alkylation

Aluminium chloride was again used as catalyst in a number of refluxing
solvents. Use of dichloromethane and benzeneofsolvents both led to
ester cleavage whilst the use of nitrobenzene and acetonitrile led to
the formation of intractable tars; tetrahydrofuran gave almost total
recovery of starting material. Heating with titanium chloride at
100°C  with no solvent again led to ester cleavage. The only

65.



successful system found during this study involved treating the ester
with aluminium chloride in 1,2-dichloroethane under reflux, which led
to the required ketone, methyl 3-hydroxy-5-methyl-4-C2' -

thenoyl)thiophene-2-carboxylate (145) in 64% yield.

7. 6. Attempted Fries Rearrangement of Methyl S-aethvl-S-Q1-pethyl-

2* -thenoyl Joxythiophene-2~corboxylate <106).,

Following the successful rearrangement of methyl S5-methyl-3-(2'-

thenoyl>oxythiophene-2-carboxylate (103) a brief study was undertaken

to effect Fries rearrangement of the title compound. The results are
given in Table 6; it can be seen that the result in all cases was
cleavage of the ester into the <constituent hydroxythiophene

carboxylate and 3-methylthiophene-2-carboxylic acid (82>
Table 6.

Attempted Fries rearrangement of Methyl S5-methyl-3-3*methyl-2'-

thenoyl)oxythiophene-2-carboxylate:-

Me
in, T %0 Lo

(74) (82)



No Catalyst Solvent Rxn time Rxn (°C> %<74) 7,(82)

a AICLV. Cl-ucCr* 18 hr 25 96 91
b AICI0 Cl (CH"Cl1 100 hr 25 76 81
c AlIC13 CS2 IS hr 25 86 65
d AlICT* CI(CH2>*C1 18 hr 83 &9 71
e AlcCi? Ph-NO* 12 hr 100 92 76

Studies Of Fries rearrangements of esters prepared from methyl 3-
hydroxy-5-methylthiophene-2-C8rboxylate (74) were concluded with an
attempt to rearrange the benzoyl ester <109) prepared in this series.
The conditions employed for the successful rearrangement of methyl 5-
methyl-3-(2'-thenoyl)oxythiophene-2-carboxylate (103) were used, but,
in this case, the rearrangement was again unsuccessful, cleavage of

the ester again occouacy

The results obtained in the study of the attempted Fries rearrangement
of methyl 5-methyl-3-<3' -methyl-24-thenoyl)oxythiophene-2-carboxylate
(105) probably demonstrate the decrease in electrophilic nature of the
3'-methyl-2'-thenoyl acylium ion due to the -VI effect of the methyl
group. It is also possible that eterlc effects prevent successful
rearrangement as the possible rearrangement product; methyl 3-hydroxy-
5-methyl-4-C3' -methyl-24-thenoyl)-thiophene-2-carboxylate (146) 1is a
more crowded molecule then the product obtained in the successful
Fries rearrangement of methyl 5-methyl-3-(2*-thenoyl)oxythiophene-2-

carboxylate (145).



Me » poss ibl e
sterio hindrance

MGJ O C C02fle

(145) (146)

7.7. Attempted Fries Rearrangement of  Methvl  3-(3* -methvl-2% -

thenoyl)oxvthiophene-4-carboxylate (128).

The final investigation of Fries rearrangement of esters of
hydroxythiophene carboxylates was carried out upon the title compound
to see if suitable conditions could be found to effect rearrangement.
Methyl  3-(3' -methyl-2' -thenoyl>xythiophene-4-carboxylate  <I2£> was
chosen because both the 3-acetoxy- and 3-(2*thenoyl>oxy-esters ((124)
ar.d <227)) undergo rearrangement at room temperature. It was hoped
that more vigorous reaction conditions would lead to rearrangement of

further esters in this series.

The 3'-methyl-2'-thenoyl ester <128) was again chosen as potential
migrant group; the 3'-methoxy-2'-thenoyl (129) could possibly lead to
complications due to side reactions at the elevated temperatures

employed. The results are summarised in Table 7:-



Table 7,

Attempted Fries rearrangement of methyl 4-(3'-methyl-2"'-

thenoyl>oxythiopene-2-carboxylate: -

(7?) (82)
R * en»jl
Ne¢  Catalyst Solvent Rxn time  Rxn T(°C) %<I7> Y%<<52)
C AlCI = CH*CI12 12 hr 25 91 76
b AlICI . CH"CI* 12 hr 40 89 78
c AlCI1 * CI<CH2 ,*Cl1 6 hr 83 90 89
d AICI a Ph-NOa. 12 hr 100 87 62
e TICI* None 2 hr 100 76 68

Again, under all the conditions employed the result was cleavage of
the ester to the constituent methyl hydroxythiophene carboxylate and
3-methyl thiophene-2-carboxylic acid ((77) and (82)), Whilst these
results probably reflect the decrease in electrophilic nature of the
3'-methyl-2'-thenoyl acylium ion due to the-VI nature of the methyl
group it is surprising that no ketone could be obtained, especially as
the 2'-thenyol ester undergoes rearrangement readily in this 3,4-
disubstituted thiophene to give the expected products. It is
possible, again, that steric effects influence the outcome of this

react ion.



? 6. Conclusions.

The various studies of Fries rearrangements just described have shown
that the approach is of only very limited value for the preparation of
compounds of the required type. Accordingly, the alternative route

employing Friedel-Crafts acylation was explored.

Preparation of Polysubstituted Thlenvland DIthienyl Keiones yja,

Friedel-Crafts Acylation.

8. 1. Introduction,

The alternative approach to producing polysubstituted thienyl and

dilhlenyl ketones was using Friedel-Crafts acylation, 1i.e.

RCOCI

Equation 29

Although it is well documented that simple thiophenes readily undergo
Friedel-Crafts acylation (see Section 3.4.), the more complex, highly
substituted thiophenes it was intended to acylate in this study had
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not been previously investigated. It was therefore decided to
initiate this work with a brief study of the synthesis of some simple

ketones i1n order to establish suitable reaction conditions.

8 2. Preliminary Investigaton.

It has already been mentioned (Section 2.1., Scheme 30> that 2-acetyl-
3-methylthiophene was formed in excellent yield using tinfajchlorlde as
catalyst and 1,2-dichloroethane as solvent. Application of this
method to the preparation of  2-cyclohexanoyl-, 3-methyl-2-
cyclohexanoylthiophene and 2-benzoylthiophene gave excellent yields.
Di-2-thienyl ketone was prepared using titaniumfwjchloride as catalyst

and dichloromethane as solvent, again in excellent yield.



8. 3 Preparation of PolVBubstituted thienvl and Dlthienyl Ketones.

It was now decided to attempt the synthesis of 6ome of the more
complex polysubstituted thienyl and dlthienyl ketones. Acylation of
5-methyl-3-methoxy  thiophene (85) using acetic anhydride and
orthophosphoric acid gave only low yields (15%) of the required

product, 2-acetyl-3-methoxy-5-methyl thiophene (147).

,QJ1e AQOMe
R or B~

Me S tied 0 SC ACOMe
(85) 0%7)

ft; fte,0/H3PO, (15*/.); B; SnCl, / Cl <CHt)* Cl1 C23f.)

Scheme 36

Repeal of this synthesis using tinfwjchloride in 1,2-dichloroethane
with acetyl chloride as the acylating agent gave only slightly better
results. In both cases tarry by-products were recovered in fairly
large amounts. It is thought that the activating influences of the
5-methyl- and 3-methoxy- groups upon the 2-position may make this such
a reactive species as to cause extensive polymerisation and

decomposition of 5-methyl-3-methoxythiophene (85).



Acylatjon of 3-niethoxy-4-methylthiophene (90) wusing acetic anhydride
and orthophosphoric acid was much more successful, giving 2-acetyl-3-

mefhoxy-4-methyl thiophene <148) in 64% yield; -

Me V. /OMe

H3P0 COtle

90) (6HV.)

Equation 30



The next target was bis (3-methoxy-5-methyl-2-thienyl)ketone CI50>.
This was formed in good yield (72%) by acylation of S5-roethyl-3-
methoxythiophene (35) with 5-methyl-3-methoxythi'ophene-2-carbonyl chloride

(149), wusing tin (\"* chloride as catalyst and 1,2-dichloroethane as

solvents -

ON* 073 SnCl,

CHCH2)2Cl
Me CoCl co

<85> 050>

Equation 31

This increased yield compared to that obtained with 5-methyl-3-
methoxy-2-acetylthiophene (147), may demonstrate the lower
eleetropositivity of the methyl-3-methoxy-2-thenoyl acylium ion vis a
vis the acetyl acylium ion due to delocalisation and hence

stabilisation of the positive charge around the thiophene ring in the

former.

The same conditions were employed for the synthesis of 2-(3'-methoxy-
5'-methyl-2*-thenoyl)-3-methoxy thiophene (152) from 5-methyl-3-

methoxy-thiophene (85) and 3-roethoxy thiophene-2-carbonyl chloride



(151). The product was obtained in 65% yield, some resinification

occuring during the reaction:-

OMe SnCl,

'cocl Ct(CH2)2Cl M

05\ > 05 7>

Equation 32

Under the same conditions 2- (3* -methoxy-5'-roethyl-21-thenoyl >-3-
methoxy-4-methyl thiophene  (153) was prepared (46%) from the

appropriate starting materials, (90) and (149):-

bhCIH TOMe y
<90) + (I'w CKCH ),CI * JTTL J1
(60
058; 469s)

Equation 33

NS



In this case 5-methoxy-3-methyl- thiophene-2-carbonyl chloride <149>
was chosen as the acylating agent in the hope of avoiding the
resinification which was found to occur during acylation of 5-methyl-
3-roethoxy thiophene (85), but without success. A further complex bis
2-thienyl ketone, methyl 4-methoxy~3-methyl-2-(3*-methoxy-5'-methyl-
2'-thenoyl)thiophene-2-carboxylate (154) was obtained (48%) from the
ester (88) and acid chloride (149); once more some resinous by-

product was observed:-

QMe Me SnCl, We OMe Me

)+ CI(CH ) CI M
22 Me

CO,Me ACOtMe

(88)

Equation 34

This last result is interesting as it suggests that deactivation of
the free 5 “position by the ester group in the 2-position is
significantly reduced, possibly due to the activating effect of the
methoxy group in the 4-position. In this case it would have been
interesting to study the Fries rearrangement of some of the 4-acyloxy-
esters of this compound in order to see if more successful results
could be obtained. Unfortunately time did not allow a further study
along these lines.
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Attempts to synthesise S-raethyl-S-methoxy-'Z'-thenoyl-thiophene <156)
from 5-raethyl-3-methoxy thiophene <85) end 2-thenoyl chloride (155)
(using tin (w” chloride in 1,2-dichloroethane) proved unsuccessful,
large amounts of polymeric products being formed. The alternative
approach using 5-methyl-3“methoxy-thiophene-2-carbonyl chloride (151)

and thiophene also resulted in polymerisation.

Sl‘lCl, /OMe SnCl,

(85) pce <Ht (SPA)
DCE

coql M]HC I tll]

Scheme 37
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The synthesis of methyl 3-hydroxy-4--propionyl-thiophene-2-carboxylate
(157) was achieved by acylation of methyl 3-methoxy--thiophene-2-
carboxylate (86) with propionyl chloride, wusing aluminium”hloride as

catalyst;-

COEt  /OH
n n 0ye+ Etcoci rici3 /DA * Tj T

S'-'A'CO.Me 100 h' RT SAACO,Me
(86)

Equation 35

This result is interesting when it is considered that 3-acyloxy esters
of this hydroxy-thiophene carboxylate completely failed to rearrange
under Fries conditions. Similar attempts to effect acylation of
methyl 3-methoxy — thiophene-2-car boxylate (86) using  3-methoxy
thiophene-2-carbonyl chloride (151) as the acylating agent failed
completely with almost complete recovery of starting materials.
Furthei attempts to achieve this acylation using methyl 5-methyl-3-
methoxy - thiophene-2-carboxylate (83) as substrate and propionyl
chloride as acylating agent also resulted in complete recovery of
starting materials, This 1is again interesting, since methyl 5-

m«thyl-3-propionoxythiophene-2-carboxylale (98) undergoes Fries



rearrangement readily, whereas methyl 3~propionoxy — thiophene-2-

carboxylete (123) fails to rearrange at all.

0.4. Direct Acylation with Carboxylle acids and Ph<?6ph<?.rms

Pentoxlde.
Hartough and Kosak reported the acylation of thiophene, in
moderate to good yields, by a number of carboxylic acids with
phosphorous pentoxide as catalyst in refluxing benzene. Attempts by

the present author to repeat this work, with thiophene as substrate

and both benzoic and m-nitrobenzoic acids, proved only moderately

successful; the yields reported by the earlier authors o=, were not

observed. 2-Benzoyl-thiophene (158) was obtained in only 22%
*

\o*\
(compared to 66%-lit. 0 ) and 2-(m-nitrobenzoyl> thiophene (159) in

17% ylel.de, this compound had not been prepared by Hartough;-

t\.(SvaCm NO,
<V58> (xsn'")



An attempt to effect acylation of thiophene using 4-methoxy-3-methyl
thiophene-2-carboxylic acid (89) by the method' Just described was
completely unsuccessful, with <89) being recovered in 100% yield. In
view of these disappointing results this synthetic approach was

discontinued.

3. 5. Summary and Conclusions.

Although Friedel~Craft6 acylation gives excellent results when simple
thiophenes and mono-substituted thiophenes are used as substrate in
the presence of simple acylating agents, the more complex,

polysubstituted thiophenes required for the present work gave varied

results. In some cases high yields were obtained whilst in others
reaction failed to occur. There appeared to be no obvious system to
account for this. The Friedel-Crafts acylation method, did, however,

provide a number of polysubstituted dlthienyl ketones which could not
be obtained via the Fries method. In this respect, this
investigation was at least partially successful in that it provides a
limited alternative to the Fries rearrangement for the preparation of

compounds of this nature.

The attempt at preparing dithienyl ketones using the direct acylation

method proved initially unsuccessful and was not persisted with.



9.0. Raney Nickel Desulphurlsatlon ofPolvsubstituted Thiophenes
and Dithlenyl Ketones.

9.1. Introduction.

Two well known methods of Raney nickel desulphurlsatlon have been
employed In this work; that of Papa, S”Vuyj&“and Ginsberg (adding
Raney alloy to the substrate in aqueous base), commonly called the
' Papa-Schwenk' method of desulphurlsatlon, and the method employed by
Brown , where freshly prepared Raneynickel is added to an alcoholic
solution of the substrate. The former method has the advantage of
avoiding the laborious and hazardous preparation of Raney nickel,
while the latter has the advantage of milder reaction conditions,
reducing the risk of side reactions and decomposition during the
desulphurlsatlon process, An added benefit of both processes for the
present work is that Raneynickel desulphurlsatlon often leads to

. if™> ¢ VI'S )\
reduction of ketone to hydroxy groups

9. 2. Preliminary Investigation.

An initial investigation was undertaken to discover which process was
preferable for the present work, i.e. desulphurlsatlon of the
polysubstituted thienyl and dlthienyl ketones described earlier in
this thesis. Methyl 3-methoxy-5-methylthiophene-2-carboxylate (83)
gave only 39% of recovered product, 3-methoxyhexanoic acid (160) using
the 'Papa-Schwenk' method, as compared to the corresponding ester
(161), which was produced more efficiently (69%) by the alternative

process. (Scheme 38),
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<160~; R = H (Papa~Sohwenk)
(161); R = Me (Broun)

Scheme 38

Desulphurisation of 1-(5-acetyl-2-thienyl)-I1-<5%methoxycarbonyl-2'-
%

thlenyl>ethane, (162) again showed no clear advantage to either

method, the yields of the acid (163) and the ester (164) being 912 and

87% from the 'Papa-Schwenk' and Brown procedures, respectively:-

(fc£3); R = H (Papa-Schuenk)
(V6~>; R Me (Br own)

Scheme 39



An equally good result was obtained from 1-(5-acetyl-2-thlenyl>-1-<5'-
methoxycarbonyl-2' -thienyl)methane (165) *,  using Browns method,
giving methyl 11-hydroxydodecanoate (166). There was insufficient

sample available to study desulphurisation of this substrate using the

1Papa-Schwenk' method: -

TL

fleCCr
Br oun
co2Me ()
Equation 36
All desulphurlsatlon products prepared in this preliminary

investigation were identified by their proton nmr and IR spectra and

(where available), by comparison with mp./b. p. ¥s recorded in the

literature.

t A sample of which was kindly supplied by Dr. G Khandelwal of

Nottingham Polytechnic.
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9-3* Desulphurlsatlon of Polysubstituted Thiophenes.

The next stage in this study was to examine the desulphurlsatlon of
compounds containing a heavily substituted single thiophene ring.
The preliminary investigation had shown that no advantage was to be
gained wusing either of the methods of reductive desulphurlsatlon
described, with respect to yields and purity of products. It was
decided, however, to desulphurise the more complex polysubstituted
thiophenes by Brown's method . This was because this method
eliminates the wuse of concentrated base, simplifying the work-up
procedure and avoiding complications which this might cause. Methyl
4-ethyl-3,5-dihydroxyhexanoate (167), methyl  4-ethyl-5-hydroxy~3-
methoxyhexanoate (168), methyl 4-ethyl-3,5-dihydroxyheptanoate (169)
and methyl, 3, 5-dihydroxy-4-methylheptanoate (170), were prepared by
desulphurlsatlon of the appropriate thiophene precursor, as summarised

in Table 8: -

Table 8. Desulphurlsatlon of Polysubstituted Thiophenes.

10V.



No % yield of crude products

(167) CH, CH3 H 78
(168) CHS CH3 CH3 78
(169) cH3 CH2CH3 H 67
(170) H CH2CH3 H 71

All  products were identified by their proton nmr and infra-red
spectra. No attempt was made to purify the recovered products which
contained a number of other substances as well as the desired
products. However, TLC indicated that no starting materials were
present. It seems likely that the impurities are due to incomplete
hydrogenation resulting in the formation of alkenes and ketones, or to

full hydrogenation reducing the ketone to an alkane.
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9.4, Reductive Desulphurlsatlon of Polysubsltituted Dithienvl

Ketones.

Reductive desulphurisation of the polysubetltuted dIthienyl ketones
prepared from the Friedel-Crafts acylatbn was now examined; methyl 6-
methoxy-6-hydroxy-4-methoxy-3-methylundecanoate (171) was prepared in
67% yield from methyl 4-methoxy-3-methyl-5-<3'-methotfy-5'-methyl-2'-

thenoyl)thiophene-2-carboxylate (154) (Equation 37): ~

/tie

WL LR (O

Cn\)
OMe OH OMe Me

COoMe

Equation 37

This product was a white wax and was identified by its proton and
carbon-13 nmr, infra-red and mass spectrometry and microanalytlcal
data. The successful synthesis of this compound was of major
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importance to this present work as it demonstrated that it is possible
to construct a polyhydroxysubstituted 6eco acid of C—1 chain length,
similar to those found in the macrolide antibiotics, §-Methoxy-6-
hydroxy-4-methoxydecane (172) and 9-methyl-8-methoxy-6-hydroxy-4-
methoxydecane (173), were similarly formed from 2-(3*-methoxy-5'-
methyl-2' -thenoyl))-3-methoxy thiophene (152) and 2-(3*-methoxy 5'-

methyl-2'-thenoyl)-3-methoxy-4-methylthiophene ((153), respectively;

one
/DMe \ one OH  OMe

"IX J o i

ne” -

(152) (ni)
one
mone \ “ne one
He
S'~CO Me
ne
(157)
Scheme 40

Both products were again identified by their proton nmr and infra-red
spectra. Impurities were detected in both products, especially the
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latter, which could not be removed. It again seems likely that the
impurities are arising from a combination of inefficient and excessive

hydrogenation.

9. 5. Summary,

With one exception these desulphurisations gave quite complex mixtures
of products, not the single one hoped for. No serious attempt was
made to either separate or identify the minor components in these
mixtures. However, if this was required it should be possible to
determine the number and nature of components present using HPLC
techniques. As the intention of the present work was to produce

materials in synthetically useful quantities, no further work was

carried out in this area. Any future work would have to investigate
a  means of  producing essentially only one product from
desulphurisation. This may be possible by using different types of
Raney nickel. For example, de-gassed Raney nickel would leave
carbonyl groups intact. It might then be possible to selectively
reduce these at a later stage. It is apparent however, that further

investigation is needed if desulphurisation of polysubstituted
dlthienyl ketones 1is to provide a viable alternative route to the

synthesis of seco acids.



10.0. Investigation to Discover Whether Raney Nickel Desulphurlsatlon
is Stereoselective with Respect to Hydroxy Groups Attached

Directly to the Thiophene Ring.
10.1. Introduction.

It was successfully demonstrated by Dann and Hauck io that Raney
nickel desulphurlsatlon of dimethyl 3,4-diphenylthiophene-2,5-
dicarboxylate leads exclusively to meso dimethyl 3,4-diphenyl adipate
(see Section 2.4.). However, this stereoselectivity may be due to
steric hindrance caused by the bulk of the phenyl rings. Replacement
of the phenyl groups by  hydroxyl, as in dimethyl 3, 4-
dihydroxythiophene-2, 5-dicarboxylate (174), might lead to a mixture of
stereoisomers. If the desulphurisation were found to be
stereoselective, it would add a considerable element of interest to
the seco-acld synthesis under study. Accordingly, it was decided to
prepare (174) and compare the product(s) obtained from its

desulphurisation with prepared reference samples.

Dimethyl 3, 4-dihydroxythiophene-2,5-dicarboxylate (174) was prepared

) ) vec . . . .
via a Hinsberg reaction , summarised in equation 37: —

NaOMe

(nt)

Equation 38
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The product <174) was then desulphurised using Raney nickel according
to the method of Brown to give dimethyl P,P'-dihydroxyadipate (175)
in 467 yield, mp. 86-88°C. The identity of the product was
confirmed by 1its proton and carbon-13 nmr and infra-red spectra.
Synthesis of the required reference compounds, meso and <& dimethyl
P, pJ-dihydroxyadipate was now attempted. E-hex-3-ene-1,6-dioic acid
(176) was esterified using methanol and concentrated sulphuric acid to
give dimethyl 6-hex-3-ene-1, 6-dioate (177) in 54% yield.

using osmium tetraoxide/t-butyl hydroperoxide according to the method
of Legrandm gave (i) dimethyl P,p'-dihydroxyadipate (178), as

summarised in scheme 41 below:-

Hx/CH”"COpH H'S /CH2C02Me
MeOH
HO2CCH2? X H H,S0, MeOZCCHZ/A \ H
0s0H/H202
CH2 C02 Me CH2 C02 Me
H- OH HO- H
HO- H H- -OH
CH2 €02 Me CH2 C02 Me
(\*B)
Scheme 41

no.



The product was identified by its melting point (77°-78°C),  which
agreed with that quoted by Legrandm , and by proton and carbon-13
nmr and infra-red spectra,Lactonisation using hydrochloric acid
gave the Y, Y-dilactone of (-3, fS-dihydroxyadipic acid, <179), again
confirmed by comparison of its melting point (129°-130°C) with that of
the dilactone obtained by Linstead\nq' etal (127°-128°C>. This
confirmed that the product obtained was the <¢) isomer, (178), since

the meso isomer, <180), is known to form only the mono-lactone <I181)

<H9)
HCI HCl
C CH2CO— j
Oy
' H
(i I
0
ch2co— 1 sCOCH'
CH2C02Me CH2CO
38 OH HCI H N
> h
H- OH H 0
CH2C02 Me CH2C02Me
(170) (1<3V>
Scheme 42
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The first attempt to prepare the meso compound (180), followed the
method of Legrand - , using osmium tetraoxide with three times the
amount of hydrogen peroxide used in the preparation of the (£) Isomer
(178), and at the elevated temperature of 25°C. However, the melting
point indicated that the product was again the racemete, (178). The
process was repeated several times, the same result being obtained on
each occasion. Attempted synthesis of meso dimethyl 8. 8'¢
dihydroxyadipate (180) from E-hex-3-ene-1, 6-dioic acid, (176), by
treatment with hydrogen peroxide/formic acid at 45°C n= led to
complete recovery of starting material, whilst a further approach to
anti-hydroxylation using tungstic oxide/hydrogen peroxide at 70°

gave the Y,Y-dilactone (179). A method in the literature due to
Linstead " similar to that just described also gave this result.

At this stage synthesis of meso dimethyl-p, (3 -dihydroxy adipate (180)

was abandoned due to insufficient time.

Comparison of pure (£) dimethyl 8,0'-dihydroxy adipate (178) with
dimethyl 8.8'-dihydroxyadipate obtained by Raney nickel
desulphurisation of (175) suggests that the desulphurisation product
consists of a mixture of the (£) and meso isomers. The melting point
(86°-88°C) of the desulphurised product falls between that of the pure
racemate (78°C) and the meso from (98°C) m . While this 1is in
itself inconclusive, spectroscopic evidence also adds weight to the
formation of both (£) and meso forms upon desulphurisation of (174).
In Table 9 are summarised the peaks identified by high resolution
proton nmr (kindly carried out by Dr. R Davies, of Shell Research,
Sittingbourne), in CDCI3 solution wusing a Bruker 300 ME nmr

m .



spectrometer) of a sample of dimethyl P,3'-dihydroxy adipate obtained
via Raney nickel desulphurisation (175) along with those of <&
dimethyl P,p'-dihydroxyadipate prepared using osmium tetraoxide/t-
butyl hydroperoxide <I178). Whilst the desulphurisation product is
not pure, the presence of peaks such as the multiplet at 62.47-2. 70,
the triplet at 63.73-3.75 and the multiple peaks at 54,10-4.18 all
correspond to peaks and chemical shifts assigned to pure (178) appears
to indicate the presence of <i) dimethyl P, p'-dihydroxy-adipate <I178)

in the desulphurisation product.

Again, however, no definite conclusions can be drawn as to the
stereochemical outcome of the desulphurisation process as, although
the splitting pattern may be due to the presence of the meso compound
(180), it could also Dbe caused by incomplete hydrogenation (as
mentioned in Section 9.3.) or other impurities. Thus, this
experiment remained inconclusive, although the present author
suggests that desulphurisation of dimethyl 3,4-dihydroxy thiophene-
2,5-dicarboxylate (174) results in a mixture of (%) and meso-dimethyl

P,P1-dihydroxyadipate (178) and (180),



Table 9 Comparison of High Resolution Proton ruar Spectra of (A)
Dimethyl B.B*-dihydroxyadipate Prepared via Ranev Nickel
Desulphurisation (175) and Osmium tetraoxide/t-

butylhydroperoxide Hydroxylatlon (176).

Raney Nickel

Desulphurisation Product Osmium tetraoxide/t-butyl hydroperoxide
(175) product <178>
Chemical Peak Interpretation Chemical Peak Interpretation
Shift Type Shift Type
2.47-2.70 m -CH~- 2.35-2.43 m -CH*-
3. 66-3. 75 m impurity No peak — —
3.73-3. 75t -OH 3.71-3. 74  + -OH
<J=10Hz) <J=10HaO
4. 10-4. 16 m -CH- 4. 15 d -CH-
4. 12-4. 18 d C02Me 4. 15 s Co2Me

The inability to prepare meso dimethyl p, P'-dihydroxyadipate <180)
means this investigation has not been completed and any future work in
this area would have to involve the formation of this compound. This
could be accomplished by preparing: dimethyl Z-hex-3-ene-1, 6-dloate
and attempting cis hydroxylation of this compound again using osmium
tetraoxide/t-butyl hydroperoxide. This would then provide the
required meso dimethyl P, (3-dihydroxyadipate (180) as a reference
compound for comparison with the desulphurisation product <I175). It
is suggested that any future work in this area begins along these

lines.
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11.0. B&dycU ve Reg.ulphqrtgftUgn fif Optically Active Thlophene

Derivatives.

11. 1.  InlcgfluciliBn.

It was intended to complete the present work with an Investigation
into the desulphurisation of an optically active model thiophene, in
order to determine whether chirality is preserved during
desulphurisation. This would add a useful dimension to the synthetic
approach because, as mentioned previously (Section 1.2.), macrolide
antibiotics contain a multitude of asymmetric centres. If no
racemisation occurs during the desulphurisation process it should be
possible to produce stereochemically pure cerbinols (either by
resolution with optically active agents or by use of sterecospecific
reducing agents) which, when desulphurised, would yield seco acids
with fixed stereochemistry in at least one centre. The precedents

Qi t? ) ) . .
, ( in their work with optically

61
were good, Fredga and
active thiophene aliphatic and aromatic acids having found that
desulphurisation with Raney nickel does not cause racemisation of

chiral centres (see Section 2.4.).

11.2. Preparation and Desulphurisation of flC-Hydroxv-2-f3-aminobenzvlV

thiophene

Vi
In the present work cc-Viydroxy-2-(3-aminobenzyl)thiophene | (183),
was chosen as the model compound for the desulphurisation study. It

has several advantageous points, possessing a simple, monosubstituted

US.



thiophene ring for facile desulphurisation, a hydroxy group at the
chiral centre (as in many seco acids) and an amino function as a

"handle" for optical resolution of the compound.

The model compound was readily synthesised using the route summarised

in Scheme 43: -

il 4
Na2S . 9H20 / EtOH
\’
NH
NaBH NH
7 V ’
EtOH
(60)
OH
Scheme 43
Friedel-Crafts acylation of thiophene in dichloromethane, using

aluminium(lujchloride as catalyst and 3>-nitrobenzoyl chloride as
acylatlng agent, gave 2-(j?-nitrobenzoyl) thiophene (159), (%%).
Reduction  with sodium  sulphide in ethanol led to 2- 3~
aminobenzoyl)thiophene (182), (67%)). The required carbinol (183)
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was then obtained (£6%) following sodium borohydride reduction. Upon
Raney nickel desulphurisation of <c-hydroxy-2-(3-aminobenzyl)thiophene

the required <a?-\\ydroxy-n-pentyl )aniline 064), was obtained, i.e. i-

(183) n-CqH"

Equation 3\

Thus it was necessary to prepare a reference O6ample of (184) which
could be resolved and compared with the sample of (184) obtained via

desulphurisation of optically pure (183).

Valerophenone (185) was nitrated wusing a 50:50 mixture of nitric and

sulphuric acids at -20°C to give 3-nitrovalerophenone (186), (6S#&
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Reduction with eodium Gulphide gave 3-aminovalerophenone (187), (45%).
The required reference compound (184) was then obtained in 90% yield

following sodium borohydride reduction of (187), These reactions are

summarised in Scheme 44: —

NO
HNO.
PhC0-n-CuHgq M> <\96)
4 v HXS0, CO-n-CijHA
Na.S. 9H,0 / EtOH
v
NH
NH2
Ranes
hCqin < NaBHL
EtOH
OH
(18*7)
Scheme 44

With the model and reference compounds in hand, the next step was to
resolve them into the separate (4) and (-> enantiomers. To this end
the <4) tartrates of both compounds were prepared by heating equlmolar
quantities of the amine with (+ tartaric acid in ethanol. The
racemic tartrate of -hydroxy-2-(3-aminobenzyl)thiophene j <183>,
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formed a solid with mp.52-54°C 1In 92% field. However, problems
were encountered in the preparation of the <t tartrate of <164>,

which was syrupy and could not be crystallised.

11. 3. gtere<rcheaigai,siadls&.

The (+) tartrate salt of <183) was repeatedly recrystalli6ed from
acetone to a constant melting point of 82fiC The free base was then
obtained and found to have a melting point of 94°C (the melting point
of the racemate was measured as 89°C). High resolution proton
nmr* using chiral shift reagent showed there to be an enantiomeric
excess in the ratio of 1:2.6 (from observation of the carbonyl
proton), i.e. there was an excess of 72% Polarimetry for ethanol
solutions showed a rotation of -36.0° for the (+) tartrate of
<c-Hydroxy-2-(3-aminobenzyl)thiophene,( ond -1.4° for the free base (183).
Raney nickel desulphurisation of carbinol (183) gave the expected
product (<&**H;droxy-n-penty\l/)aniline in good yield; the product
was shown by proton nmr to have an enantiomeric excess of 1:2.2 (68%).
It had an optical rotation of -8.3°. Thus the present work supports
the findings of Fredga and Petterson, showing that Raney nickel

desulphurisation of thiophenes does not lead to racemisation of chiral

centres of side-chains.

t Courtesy of B Taylor of Shell Research, Sittingbourne.



It should be pointed out that the original intention had been to
prepare <t) and (-)"4iydroxy-2-(3-aminobenzyl)thiophene~desulphurise
the separate enantiomers and compare the resulting products with (£
and <> 3-(<x~Wydroxy-n-pentyl)aniline (184)* This would have shown
without doubt that racemisation had not occurred. However, in view
of the findings just discussed and the difficulties encountered in
preparing the tartrate of the reference compound (184) it was decided

not to pursue this line of enquiry further.

12.0  Overall Summary and Conclusions.

The stated aim of this thesis was to investigate the potential of
Raney nickel desulphurisation of polysubstituted dithienyl ketones as
a means of preparing seco acids similar to those forming the macrolide
antibiotics. The successful synthesis and desulphurisation of methyl
4-methoxy-3“methyl-5-(3' -methoxy-5*“methyl-21-thenoyl>thiophene-2-

carboxylate, (154), to give methyl 8-methoxy-6-hydroxy-4-methoxy-3-
methyl undecanoate <I171> demonstrates the feasibility of this method.
However, the failure of substituted thienyl esters to Fries rearrange
limits the number of long-chain seco acids that can be formed using
this method. Whilst Friedel-Crafts acylation proved moderately
successful, this method lacks the versatility to provide a range of
polysubstituted dithienyl ketones for desulphurisation to the
appropriate seco-acids. It appears, therefore, that the possibility

of providing a wide range of seco acids via the suggested process is

unlikely.
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Raney nickel desulphurisation did not proceed as well as expected,
leading, in most cases, to impure products. However, it may be
possible to overcome this problem by varying the conditions of
desulphurisation, and this would not prove a critical factor to this

method.

The disadvantage of this method 1is the apparent lack of any
stereochemical control of the products. For example, ,the seco acid

derivative (16), (Section 1.4.):-

1 1 i i COt Me
OBn OMe OBn OVte 0~ 2

<16)
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prepared in 31 steps and 2% yield is almost completely

stereochemically pure, whereas the seco acid segment (171):-

(171)

is obtained in 10 steps with an overall yield of 7.7% and no

stereochemical purity.

Although investigations into the stercoselectivity of desulphurisation
were inconclusive, it appears that this reaction proceeded without
stereoselectivity. A further investigation into establishing and/or
controlling the stereochemical outcome of this reaction would go some
way towards overcoming this problem. Finally, the present work
supports the previous findings of Fredga67 and Petterson€2 that
racemisation of optically pure side-chains does not occur in Raney
nickel desulphurisation. Therefore it may be possible to prepare
compounds of the type <I185) and desulphurise these to seco acid (V£~h
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with some stereochemistry intact (Equation H-0), This may well be

worth attempting in the future:-

Et C0?H
Me
desulphur ise
Et, CO2H <m>
OH OH 'H Me "H

Equation M-0

It is suggested that any future work in this area concentrates on the

points mentioned in this summary.
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13.0 EXPERIMENTAL SECTION

13.1 GENERAL METHODS

1. O-Methylation.

To a solution of the hydroxy compound in acetone was added a slight
excess of potassium carbonate, then the mixture was stirred for 10
min. An equivalent excess of dimethyl sulphate was introduced, the
mixture was stirred and boiled under reflux until tic indicated
that the starting material had been consumed (2-5 hours). The
cooled mixture was filtered, the solids were washed with acetone,
and combined filtrate and washings were evaporated to dryness. The

crude residue was crystalised from an appropriate solvent.

2. Saponification of Esters.

The compound was heated with an excess of 10Z aqueous sodium

hydroxide until the mixture became homogencous, then for a further

10 min. Acidification (conc. hydrochloric acid) gave the product,

which was filtered off, washed with water, and crystalised.
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Decarboxylation of Acids.

The acid was intimately mixed with an equal volume of copper bronze
and the whole was heated under vacuum as in vacuum distillation.

The product distilled out and (if necessary), it was redistilled.

4. Acid Chlorides.

The acid was boiled under reflux with an excess of thionyl chloride
for 1 h; the excess of reagent was removed in vacuo and the acid
chlorides either wused without further purification or, in some

cases, were purified by distillation.

5. Preparation of Acetoxy Esters of Hydroxythiophenes.

The appropriate hydroxythiophene was boiled under reflux in an
excess of acetic anhydride for 2 hours. After cooling, the
solution was poured into water and the product was extracted into
ether, the ethettu\solution was washed with water, saturated sodium
hydrogen carbonate and again with water, dried over magnesium
sulphate and the solvent was removed on the rotary evaporator.

Distillation of the residue furnished the pure acetoxy compound.
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6. Preparation of Acyloxythiophenes.

The following procedure, illustrated for the preparation of methyl
5-methyl-3-(2*-thenoyl)oxythiophene-2-carboxylate, 1is typical. A
solution of methyl 3-hydroxy-5-methyl-thiophene-2-carboxylate
(3.5g, 0.02M) in dry pyridine (20ml) was stirred at 0°C while 2-
chlorocarbonyl thiophene (3g, 0.02M) was added dropwise. When the
addition was complete the mixture was stirred at room temperature
for 1 hour then heated on the steam bath for a further 30 min.
Upon cooling the reaction mixture was poured into ice/water and the
product was extracted into dichioromethane (3x20ml), the combined
extracts were washed with water (1x25ml), saturated sodium
hydrogen carbonate (2x25ml) and water (1x25ml), dried over
magnesium sulphate and the solvent was removed on the rotary
evaporator. The residue was crystalised from ethanol to give the
methyl 5-methyl-3-(2*-thenoyl)oxythiophene-2-carboxylate in 852

yield.

7. Fries Rearrangement of Esters Prepared from Methyl

Hydroxythiophene carboxylates.

A stirred solution of the ester in dichloromethane was treated with
5 equivalents of anhydrous aluminium chloride at ambient
temperature and left to stir for 24 hours. After addition of the
mixture to ice-cold 2M hydrochloric acid the organic layer was
separated and combined with a further dichloromethane extract of
the aqueous phase. The extracts were washed successively with

water, saturated sodium hydrogen carbonate solution, water, dried
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(MgSO") and evaporated to yield the product(s). "Where cleavage of
the ester occurred to give the constituent hydroxy-thiophene
carboxylate and carboxylic acid, the acid was recovered, in most
cases, by acidification of the sodium hydrogen carbonate layer and

extraction into dichloromethane followed by the usual work-up.

8. Papa-Schwenk Method of ’'in situ* Desulphurisation.

The thiophene compound (lg) to be desulphurised was dissolved in
102 sodium hydroxide solution (50ml) ethanol (10ml). The solution
was heated to 90°C on the steam-bath, and nickel-aluminium alloy
(10g) was added in portions, the temperature being kept Dbetween
80°-90°C throughout. The reaction was heated at this temperature
for 2 hours, then allowed to cool to 40°C and acidified carefully
with concentrated hydrochloric acid. The mixture was then allowed
to cool and extracted with ether, the product being obtained by

removal of the solvent.

9. Preparation of Raney-Nickel (Brown’s Method).

The freshly prepared catalyst employed throughout the present work
was prepared after the method of Brown.Nickel-aluminium alloy
(100g) was suspended in water (270ml) and the suspension was
stirred while a solution of sodium hydroxide (3009) in water
(600ml) was added slowly. When ca 40ml had been added a vigorous
reaction ensued, and ice/water (cel 700ml) was added to prevent
frothing over. After 15 min., when the reaction had abated, the

remainder of the sodium hydroxide solution was added and the
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suspension was stirred for a further 15 min. The beaker was
transferred to a steam-bath and heated for 2 h with frequent hand-
stirring. 'When cool, the clear 1liquid was decanted, and the
residue was washed by repeated decantation with 1L portions of
distilled water until the washings were neutral to litmus. The
catalyst was then washed with 96X ethanol (3x150ml) and absolute
ethanol (3x150ml) and stored in a refrigerator in a screw-capped

jar filled to the brim with absolute ethanol.

13.2 Preparation of Starting Materials.

Methyl 3-Hydroxy-5-methylthiophene-2-carboxylate.

(a) 13.fi>-Bis-fCarbomethylmercaptolbutyric acid methyl ester (73).

Methyl acetoacetate (140g, 1.2M) was mixed thoroughly with
methyl thioglycolate (255g, 2.2M) under anhydrous conditions.
The mixture was cooled to 0°C and a stream of hydrogen
chloride was ©passed through for a period of 1 h. The
reaction mixture was then stirred at room temperature for 120
h, then poured into 500g of crushed ice, the oily product
being obtained by separation. The remaining aqueous layer
was extracted with dichloromethane and the organic fraction
was combined with the o0il, washed with water @2x100ml), dried
(MgS0O”) and the solvent was removed on the rotary evaporator
to yield 267g (72Z) of colourless o0il, identified by its nmr
spectrum. nmr <f(CDClg) 3,70 (9H, s, CO02Me,, 3.43 (4H, s,

-CH2-), 2.80(2H,s,-CH2-), 1.74 (3H, s, Me).
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®) Methyl 3-Hydroxy-5-methylthiophene-2-carboxylate (74).

To 2M potassium hydroxide (11) in methanol was added
thioketal (73) (155g, 0.5M). The mixture was stirred for 3 h
at room temperature after, which time 1 litre of ice/water
was added; stirring was then continued for a further hour.
Acidification with concentration hydrochlorc acid caused
precipitation of the product which was obtained by
filtration. The crude yield was 63g (732). The product was
recrystallised from ethanol to give white needles, m.p. 53°C
(1it. 135, 53°C), kH nmr cT(CDC13) 6.43 (1H s, 4-H, 3.83 (3H,
s, OMe), 2.40 (3H, s, Ar Me) and 9.45 (br, 3-0OH). Vmax
(Nujol) 3300 (br,0H) and 1685 (C=0) cm"1l. 13C nmr (£(CDC13)
101.4 (Cc-2), 1le64.6 (C-3), 117.8 (C-4), 147.1 (C-5), 166.5

(C-0), 51.6 (C02Me) and 16.5 (Me).

Methyl 3-Hydroxythio-phene-2-carboxylate (75)

A stirred solution of methyl thioglycoiate (110g, 1.04M) in
2M sodium methoxide (11) was cooled in a water bath. To this
was added methyl-a-chloroacrylate (1259, 1.04M) drop-wise,
over 20 min at such a rate that the temperature remained
below 35°C at all times. "When the addition was complete, the
reaction was stirred atroom temperature for 1 h, then the
solvent was removed on the rotary evaporator. The residue
was acidified with 4M hydrochloric acid and the product was

obtained by steam distillation. The solvent was removed and
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the residue was distilled to give the hydroxy ester as an oil
which rapidly solidified to give 131g (802) a white solid
(131g, 802), m.p. 43°C 1lit. 181 43°C), *H nmr <f(CDC13) 8.65
(14, s, OH elim. D20), 7.85 (1H, d, 4Hz, 3-H) , 6.35 (1H, d
4Hz, 4-H) and 3.90, s, CC"Me), Vmax (Nujol) 3,500-2,600 (br,

CH), 1690 (C=0), and 1660 (00) cm"1,

4-Hydroxythiophene-2-carboxylic acid.

Meso Dimethyl 2, 3-dibromosuccinate.

2,3-Dibromosuccinic acid (138qg, 0.5M) was dissolved in
methanol (500ml). To this was added thionyl chloride (100ml)
over a period of 30 min. The reaction mixture was then

stirred at room temperature for 12 h after which time the
thionyl chloride and methanol were removed by distillation.
The product was obtained as an off white solid in 98% yield.
It had m.p. 49°C (lit. 147 48-50°C) 1H nmr <f(CDC1l3) 2.23

(2H, s, CH) and 3.92 (6H, s, CO02Me).
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o)

Dimethylbromomaleate.

Meso Dimethyl 2,3-dibromosuccinate (140g) was dissolved in

ether (500ml) . To the stirred solution was added
triethylamine (70ml) in one portion, causing immediate
precipitation to occur. The mixture was stirred for 2 h at
room temperature then filtered at the pump. The filtrate was

washed with water, dried (Na2S0”) and the solvent was removed
by rotary evaporation to leave a yellow oil (90.6g, 882)
which was used in the following stage without further stage

treatment.

Dimethyl 3-Hydroxythiophene-2,5-dicarboxylate (76).

To a stirred solution of 1M sodium methoxide (500ml) was
added methyl thioglycolate (65g, 0.6M). To this was added
dimethylbromomaleate (136g, 0.6M) dropwise; the temperature
was maintained at Dbelow 35°C. After the addition was
completed the reaction was left to stir at room temperature
for 12 h then poured into ice-water (11). Upon acidification
with conc. hydrochloric acid a precipitate formed which was
collected by filtering at the pump to give the required
product (98.2g, 752) as a white powder, m.p. 108-111°C, (lit.

159 11i°C).
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4-Hydroxythiophene-2-carboxylic acid (71).

Dimethyl 3-hydroxythiophene-2 ,5-dicarboxylate (98g 0.45M) was
heated under reflux for 1 h with 2M sodium hydroxide. After
acidification of the cooled and filtered solution the title
compound (43.1g, 652) was obtained as a white powder, m.p.
202-203°C (lit. 141 197-199°C). % nmr <f(CDC1l3) 6.65 (1H, s,
Ar), 7.35 (1H, s, Ar) and 10.30 (1H, br, CO02H, D20ex). Vmax
(Nujol) 3,700 (br, CO2H), 3,300-2,500 (br, OH) and 1710 (C=0)

-1
cm .

Methyl 3-Hydroxythiophene-4-carboxylate.

1 ,2 *~Dicarbomethoxymethylethylsulphide¢

To a stirred mixture of methyl thioglycolate (2129, 2H) and
piperidine (2ml) was added methyl acrylate (180g), dropwise,
over 45 min. During this time a further 2ml of piperidine
were added and the reaction temperature was maintained at
40°C by external cooling. When addition was complete the
reaction mixture was heated to 50°C for 5 min, cooled, poured
into water (500ml) and separated (the aqueous layer being
extracted with dichloromethane and the latter being combined
with the organic layer). The dichloromethane solution was
then dried (Na2S0”) and the solvent was removed on the rotary
evaporator to give a clear oil (286g, 752) b.p. 1150C C/0.9mm

Hg (lit. 152 111-112°C/2mm Hg) 1H nmr <£(CDC13) 3.70 (3H, s,
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Me), 3.65 (3H, s, Me) 3.15 (2H, s, -CH2-) and 2.40-3.00 (4H,

m, -CH2CH2-).

Methyl 3-Oxotetrahydrothiophene-4-carboxylate.

To a refluxing methanolic solution of 6M sodium methoxide

(500ml) was added thioether (a) (192g, 1.0M). The mixture

was refluxed for 30 min, cooled, poured into 300g ice/water

and stirred for 30 min. The solution was acidified with
concentrated hydrochloric acid, extracted with
dichloromethane, the extracts were washed with water

(2%x200ml), saturated sodium hydrogen carbonate (4x100ml) and
water (2%x100ml), then dried (MgSO”) and the solvent was
removed on the rotary evaporator. The resulting oil was
purified by wvacuum distillation to give a white crystalline
solid (64.5g, 40zZ) b.p. 94°C/1.7mm Hg (lit. 152 109°C/4mm
Hg), m.p. 41°C (lit. 152 38°C, XH nmr <f(CDC1l3) 3.72 (7H, s, -
CH2-S-, -CH2-S-, CO2Me), Vmax (Nujol) 3,500-3,000 (br, OH),

1,740 (0=0) and 1,670 (0=0), cm’1.

Methyl 3-Hydroxythiophene-4-carboxylate (77).

Methyl 3-oxotetrahydrothiophene-4-carboxylate (20g, 0.12M)

was dissolved in methanol (200ml) and the solution was heated

to reflux. To the refluxing solution was added 35£ hydrogen

peroxide (40ml). The mixture was allowed to cool then poured
into water (250ml) . The product was obtained by steam
distillation, followed by rotary evaporation (to  remove
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methanol) . Recrystallisation from methanol yielded 8.2g
(41%) of a white crystalline solid (8.2g, 41%) m.p. 48°C
(1it. 182 49°cC. 1H nmr <T(CDC13) 8.75 (1H, s, OH, D20 ex),
7.90 (H, d, J, 4.5Hz, 2-H), 6.4 (1H, d, J, 4.5Hz, 5-H) and
3.90 (3H, s, CO02Me), IR, Vmax (Nujol) 3,000 (br, O©OH) and

1,700 (00) cm"1l.

Methyl-3-hydroxy-4-methylthiophene-2-carboxylate.

(@) 1,2 *-Dicarbomethoxymethyl- (2 *~methyl)-2-isopropyl sulphide+¢

To a mixture of methyl thioglycolate (21g, 0.2M) and
piperidine (Im1) heated under reflux was added methyl
methacrylate (18g, 0.2M), dropwise over 45 min. The mixture

was then boiled under reflux for a further 6 h, allowed to
cool, and poured into water (50ml). The aqueous mixture was
extracted with dichloromethane, the extracts were washed with
1M hydrochloric acid (1x25ml), water (2x25ml), dried (Na2S0")
and the solvent was removed on the rotary evaporator to give
a clear oil. Distillation of the o0il gave the pure product
(31g, 80%) b.p. 96°C/0.ImmHg, which gave only a single peak
upon GC analysis (Alizeon column, oven T 250°C, F.I.D.). 1H
nmr c¢T(CDC13) 3.70 (3H s, CO02Me), 3.65 (3H s , CO02Me) 3.25
2H, s, -CH2-), 2.83 (1H, gd, -CH-), 2.83 (2H, d, -CH2) and
1.23 (3H, s, Me); Vmax (liquid film) 2,920 (CH3 stretch) and
1,650 (C-0); 13C nmr <£f(CDC13) 175.12 (C02) 170.64 (C02),
52.27 (-CH-), 51.75 (-CH2-), 39.93 (CH3), 36.10 (CH3), 34.02

(CH2) and 16.82 (CH3).
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Methyl 3-Hydroxy~4-methylthiophene-2-carboxylate (78).

Thioether (a) (35g, 0.175M) was added dropwise to refluxing
S5M-methanolic sodium methoxide (100ml) . The mixture was
refluxed for a further hour then allowed to cool and poured
into ice/water (100ml) . The mixture was treated with

concentrated hydrochloric acid wuntil it became acid to

litmus. The product was extracted into dichloromethane, the
extracts were washed with water (2x50ml), then dried
(Na2s0™) . Removal of the solvent on the rotary evaporator
yielded an orange o0il which, after distillation, (b.p.

97°C/0.1lmm Hg) gave a mixture (22g, 722) of the title
compound and an isomeric product. The mixture was dissolved
in methanol (400ml) without further purification, the
solution was brought to reflux, and 100 volume hydrogen
peroxide (50ml) was added dropwise over 1.5 h. The solution
was allowed to reflux for a further 2 h until there was no
trace of starting material by TLC (502 MeOH: 502 of 12 AcOH)
after which heating was ceased. The cool solution was poured
into cold water (200ml), the methanol was removed on the

rotary evaporator, and the aqueous solution was extracted,

with dichloromethane. The organic layer was dried (Na-"S0")
and the solvent was removed to give 12.6g (572) of an
orange/brown  oil (12.69, 572) which was purified Dby

distillation to give the title compound (8.9g, 402 from crude
methyl 4-methyl-3-oxo-tetrahydrothiophene-2-carboxylate) as a
clear oil, b.p. 80°C/0.2mmHg (lit. 60°C/0.05mmHg).

nmr f(CDC13) 2.10 (3H, s, 4-Me), 3.86 (3H, s, C02Me), 6.98
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(14, s, 5-H) and 9.56 (1H, s, -OH, D20ex). Vmax (film) 3.300

(br, OH) and 1.695 (C=0) cm"1.

4-Hydroxy-3-methylthiophene-2-carboxylic Acid.

(a)

Dimethyl 4-Hydroxy-3-methylthiophene-2.5-dicarboxylate (79).

To 1M potassium t-butoxide (200ml) was added a mixture of
methyl pyruvate (11.4g, 0.11M) and dimethyl thiodiacetate
(27g, 0.15M) and the mixture was stirred for 45 min. The
reaction mixture was acidified with cold conc. hydrochloric
acid and the t-butanol was removed under reduced pressure.
The residue was extracted with ether, the extracts were

washed with sodium carbonate solution followed by brine, then

dried (MgSO™). After removal of the ether on the rotary
evaporator theresidue was crystalised fromag.methanol to
give the title compound (6.1g, 26.5%).It had m.p. 85-862
(from methanol). (lit. 168 87°C).

4-Hydroxy-3-methylthiophene-2-carboxylic Acid (80).

Diester (79) was saponified by refluxing with 102 sodium
hydroxide solution for 6 h. Acidification gave the title
compound in 957 yield, m.p. 184°C (lit. 168 184°C). “H nmr

dgf(cpbcri3) 2.15 (3H, s, 3-Me), 7.85 (1H, s, 5-H), 8.7 (1H, s,
OH, D20ex) and 11.50 (1H, br, CO2H, D20ex). Vmax (Nujol)

3.500-2.900 (br, CO2H and OH) and 1,660 (0=0) cm"1.
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Methyl 4-Hydroxy-2,2f-bithienyl-5-carboxylates

3-(2-Thienyl)acrylic acid.

Thiophene-2-carboxaldehyde (11.2g, 0.1M) and malonic acid
(10.4qg, 0.1M) were slurried with pyridine (50ml) . The
mixture was heated to 50°C, piperidine (2ml) was added, the
temperature was raised to 100°C for 1 h, then the solution
was boiled under reflux for 3 h. After 18 h at ambient
temperature the mixture was poured into 150ml of ice/water
(150ml), acidified with concentrated hydrochloric acid (25ml)
and filtered. The crude precipitate was dissolved in 4M
sodium hydroxide, the solution was filtered and the filtrate
was diluted with water (100ml). Following acidification with
concentrated hydrochloric acid the mixture was extracted with
dichloromethane and the organic phase was dried (MgSO").
Removal of the solvent gave the crude product (12.9g, 84%f)
which was purified by recrystallisation from ethanol to give
white plates m.p. 147°C (lit. 145-148°C 183). «T(CDC13) 6.15
1H, d, J=16Hz, CH) 6.88-7.38 (3H, m, Ar H’s), 7.70 (1H, d,

J=16Hz, CH) and 9.98 (1H, br, OH, D20ex).

Methyl 3-(2-thienyl)acrylate.

3-(2-Thienyl)acrylic acid (11.2g, 0.075M) was dissolved in

methanol (25ml). To this was added thionyl chloride (5ml)

and the mixture allowed to come to reflux. The reaction

mixture was allowed to stand for 20 h, when the bulk of the
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methanol was removed by distillation. The Dbrown oil

remaining was diluted

with dichloromethane, washed with water

(2x25ml) Na2C03 (2x25ml) and again with water (2x25ml), dried

(MgS0O”) and the solvent was removed to give the product in

96% yield. It had
(lit. 184 40-42°C).
6.15 (1H, d, J=1l6Hz,

(14, d, J-16z, CH).

m.p. 48-49°C (from 60-80°C petroleum)
1H nmr <f(CDC13) 3.73 (3H, s, C02Me),

CH), 6.95-7.42 (3H, m, Ar H*s) and 7.83

Methyl 3-(2-Thienyl)-1,2-dibromopropionate.

Methyl 3-(2-thienyl)

acrylate (8.4g, 0.05M) was dissolved in CHJCILJ.

(50ml) . To the stirred solution was added bromine (4g,

0.05M), dropwise, over 10 min. The mixture was stirred for 4

h then poured into water (50ml), separated, the organic layer

was washed with sodium metabisulphite solution, water and

brine, dried (MgSO")

title compound as a y

and the solvent was removed to give the

ellow powder in 87% yield. It had m.p.

87-88°C (from 40-60°C petroleum), 1lit. 169 88°C). 1H nmr

tf(CDC13) 3.90 (3H,
CHBr) , 5.62-581 (1H,
Ar H*s). Vmax (KBr)

(C=0) cm-1.

Methyl E,Z-2-Bromo-3-

s, C02Me), 4.74-4.92 (1H, d, J=10Hz,
d, J=10Hz, CHBr) and 6.92-7.50 (3H, m,

3,100 (COf£Me), 1,750 (CH-Br) and 1,710

(2-thienyl)acrylate+

Methyl 3-(2-thienyl)-1,2-dibromopropionate (8.2g, 25mM) was

dissolved in diethyl

ether (100ml) . To this was added
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triethylamine (7ml) . The mixture was refluxed for 6 h,
filtered to remove triethylamine hydrobromide; A further
portion of triethylamine (7ml) was added, and refluxing was
continued for 4 h. When cool the organic layer was
separated, washed with water (2x25ml) and dried (MgSO™).
Removal of the solvent gave the title compound as a pale
yellow oil (5.8g, 942). The IH nmr spectrum indicated that
the required product had been formed. cf(CDC13), 3,78-3.82
(3H, 2xs, E and Z CO02Me), 6.90-7.10 (l1H, m, E and Z ArH) ,
7.20- and 7.50 (2H, He and Z Ar Hls) and 7.40-7.60 (1H, s, E

and Z CH). Vmax (film) 3,100 (C02Me), 1705 CH-Br) and 1,600

(C=0)cm-1.

Methyl 4-Hydroxy-2,2*-bithienyl-5-carboxylate (81).

To a stirred solution of freshly prepared 2M sodium methoxide
(50ml) was added methylthioglycolate (5.5g, 0.05M) followed
by methyl E,Z-2-bromo-3-(2-thienyl)acrylate (13.3g, 0.05M).
The mixture was stirred for 12 h at room temperature then
poured into water  (100ml). Following acidification with
concentrated hydrochloric acid (25ml) the product was
extracted into dichloromethane (50ml), the extract was washed
with water (2x25ml), dried (MgS0O™) and the solvent was
removed to give an off-white power powder (9.8g, 82Z) which
was recrystallised from ethanol as white needles. It had
m.p. 71°C (lit. 169 71°C). 1H nmr <f(CDCl3) 9.60 (1H, s, br,
-H, D20 ex), 7.30 (2H, m, ArHls), 7.10 (1H, d, Ar H) , 6.72

(14, s, Ar 4-H) , and 3.88 (3H, s, CO02Me). Vmax (Nujol) ,

139



3,500-3,300 (br, OH) and 1,690 (00) cml, 13C <f£(CDCl1l3) 102.0
(C-8), 119.2 (Cc-6), 125.4 (C-3), 1l26.6 (C-1),, 128.1 (C-2),
136.0 (C-4), 141.0 (C-5) and 169.1 (C-7).

3-Methylthiophene-2-carboxylic Acid.

(a) 2-Acetyl-3-methylthiophene.
3-Methylthiophene (159, 0.15M) was dissolved in 1,2-
dichloroethane (50m1) then added to a solution of acetyl
chloride (l6g, 0.12M) and of tin (IV) chloride (30g, 0.11M)
in 1,2-dichloroethane (50ml) at O0°C. The mixture was stirred
for 1 h then poured into ice/HCl, the organic layer was
separated and washed with water (2x25ml), dried (MgSO") and
the solvent was removed to leave the title ketone (17.5qg,
852) b.p. 111°C/6mmHg (lit. 186 98-99°C/14mmHg) . 1H nmr
cf(CbC13) 2.10 (3H, s, CH3), 2.17 (3H, s, CH3), 6.60 (1H, d,
Ar H, J=8Hz, and 7.20 (1H, d, Ar H, J=8Hz). Vmax (film 2,950

(-CH3 and 1,660 (C=)) cnTl.

3-Methylthiophene-2-earboxylic Acid

The title compound was obtained by hypobromite

(82) .

acetyl-3-methyl-thiophene in 66Z vyield.

(1it. 183 147-148°C)

6.90 (1H, d, J=6Hz, 4-H), 7.45 (1H, d, J=6H 5-H)

OH, D20 ex). 13C<f(CDC13) ppm 16.1

132.0 (C-5), 147.8 (C-3) and 168.6
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(CH3),

(CO2H) .

1H nmr cf(CDCl3+DMS0O-ds) 2.56

oxidation of 2-

It had m.p. 147-148°C
(3H, s, He),

and 12.10 (1H, s,
(C-2), 131.7 (C-4),

126.3



13.3 O-Methylation, Saponification and Decarboxylation of

Thiophene Units.

Methyl 3-methoxy-5-methylthiophene-2-carboxylate (83).

The title compound was obtained in 902 yield by methylation of
methyl 3-hydroxy-5-methylthiophene-2-carboxylate (74) using general
method 1, m.p. 69°C (lit. 187, 69°C). % nmr <f£(CDCl1l3) 2.36 (3H, s,
ArMe), 3.71 (3H, s, ArOMe), 3.85 (3H, s, COfMe), 6.48 (1H, s, 4-H).
Vmax (Nujol) 1721 (C=0) cm-1. 1T (fnmr CDC13 16.6 (ArMe), 52.4
(CO2Me), 59.0 (-OMe), 106.7 (C-2), 115.1 (C-4),148.8 (C-5), 161.7

(C-3) and 162.1 (C=0).

3-Methoxy-3-methylthiophene-2-carboxylic Acid (84).

The acid was obtained (802) by saponification of the foregoing
ester, as given in general method 2. It had m.p. 168-171°C, (lit.
188 175-177°C). 1H nmr cf(CDC13)+ (CD3)2S0) 6.70 (1H, s, 4-H, 3.88
(3H, s, ArOMe), 2.42 (3H, s, ArMe) and 10.55 (br, OH), Vmax (Nujol)
3500-2000 (br, OH) and 1660 (C=0) cm-1,18nmr <T(CDC13), ppm 105.2
(C-2), 163.2 (C-3), 114.2 (C-4), 147.9 (C-5),16.7 (CH3), 59.3

(OCH3) 160.6 (CO2H), M/e 173 (1002, M+H) and 155 (952, M-OH).
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3-Methoxy-5-methylthiophene (85).

The title compound was prepared (702) by decarboxylation of the
foregoing acid using general method 3. The ether had Db.p.
120°C/30mm Hg (lit. 187 60°C/12mm Hg). XH nmr <f(CDCl3) 6.35 (1H,
d, J=2Hz, 4-H), 5.90 (1H, d, J 2Hz, 2-H), 3.60 (3H s, Ar OMe), and
2.30 (3H, d, ArMe), Vmax (film 1575 cm-1, 13C nmr cf(CDCl1l3) 93.9 (C-
2), 157.8 (Cc-3), 117.8 (C-4), 138.9 (C-5), 56.9 (-OMe) and 15.8

(He) .

Methyl 3-methoxythiophene-2-carboxylate (86).

The title compound was obtained in 662 yield by methylation of
methyl 3-hydroxythiophene-2-carboxylate (75) using general method
1. It had m.p. 61-62°C (lit. 63 62°C) cT(CDC13) 3.85 (3H, s, Ar
OMe), 3.90 (3H, s, CO02Me), 6.65 (1H, s, J=6Hz, ArH) and 7.35 (1H,

d, J=6Hz, ArH). Vmax (Nujol) 1,710 (CO2Me) cirf"'.

3-Methoxythiophene-2-carboxylic Acid (87).

The title compound was prepared in 922 yield by saponification of
methyl 3-methoxythiophene-2-carboxylate (86) using general method
2. It had m.p. 184°C (lit. 63 178.5-179.5). 1H nmr cf(CDC13+DMSO-
Dg)3.97 (3H, s, OMe), 6.90 (1H, d, 6Hz, 4-H), 7.48 (1H, d, J=6Hz,
5-H) and 8.70 (1H, br, s, -0OH, D20ex). Vmax (Nujol) 3,300 (br,

CO02H) and 1,660 (br, C=0) cm"".
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Methyl 4-Methoxy-3-methylthiophene-2-carboxylate (88).

Methylation of methyl 4-hydroxy-3-methylthiophene-2-carboxylate by
general method 1 gave the title compound (951), m.p. 65-66°C.
(Found; C, 51.6; H, 5.0. CgH1003S requires, 51.6; H, 5.4%). nmr
cf(CcbC13) 7.05 (1H, s, 5-H), 3.95 (3H, s, CO02 Me), 3.80 (3H, s,
ArOMe, and 2.10 (3H, s, Ar Me), Vmax (Nujol) 1710cm-1. M/e 187
(100%, M+H) and 155 (M-OMe), 13C cf(CDC13) 115.7 (C-2) 161.3),
133.2 (Cc-4), 125.8 (C-5), 161.71 (C=0), 61.8 (-OMe), 51.6 (C02Me)

and 12.8 (ArMe).

4-Methoxy-3-methylthiophene-2-carboxylic Acid (89).

Saponification of the foregoing ester by general method 2 gave the
title acid (95%), m.p. 187-189°C. (Found: C 49.2; H, 4.9. C?H803S
requires C, 48.4; H,4.65%). 1H nmr cf(CDC13+(CD3)2S0) 6.40 (1H, s,
5-H), 3.80 (3-H, s, Ar OMe), 2.35 (3H, s, Ar Me) and 9.45 (s, OH),
Vmax (Nujol) 3300-2200 (br, CH) and 1665 (C=0) cm-1. M/e 173
(100%, M-H) and 155 (M=CH) 13C nmr <f(CDC1l3) 11.9 (Me), 51.7 (CO02
Me), 57.1 (OMe), 101.4 (C-5, 126.9 (C-2), 135.7 (C-3), 156.9 (C-4)

and 164.4 (C«0).

3-Methoxy-4-methylthiophene (90).

The title compound was obtained (66%) by decarboxylation of 4-

methoxy-3-methyl thiophene (89) wusing general method 3. It had

b.p. 80°/15mm Hg. 1H nmr <f(CDC1l3) 2.08 (3H, s, ArOMe), 3,78 (3H,
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s, ArOMe), ©6.15 (1H, d, J=5 Hz, 2-H, and 6.80 (l1H, d, J=5Hz, 5-H).
m/e 129 (1002, M+H). 13C nmr ¢ (CDCl3) 12.5 (Me), 57.2 (OMe), 95.8

(C-5), 120.0 (C-2), 128.9 (C-3) and 157.1 (C-4).

Methyl 3-Methoxy-4-methylthiophene-2-carboxylate (91).

Methylation of methyl 3-hydroxy-4-methylthiophene-2-carboxylate
(78) by the general procedure 1 gave the titlemethoxy compound
(852), Db.p. 110°C/13mm Hg. 1Hmr <£(CDC13) 7.05 (1H, s, 5-H),3.95
(3H, s, CO02Me, 3.80 (3H, s, ArOMe) and 2.10 (3H, s, ArMe), Vmax
(film) 1720 (C=0) cm-1, M/e 187 (1002, M+H) and 155 (402), M-OMe),
13C nmr d(CDC13) 115.7 (C-2), 161.3 (C-3), 133.2 (C-4), 125.8 (C-

5), 161.7 (C-0), 61.8 (OMe), 51.6 (C02Me) and 12.8 (Me).

3-Methoxy-4-methylthiophene-2-carboxylic Acid (92).

Saponification of the above ester (91) gave the title acid (912),
m.p. 121-122°C. (lit. 188 119-121°C.) 1 H nmr <f (CDC13) 7.15 (1H,
s, 5-H, 3.95 (3H, s, OMe), 2.15 (3H, s, ArMe) and11.55 (11.55 (1H,
s, CO02H) Vmax (nujol) 3,400-2,000 (br, OH) and 1,660 (br, C=0) cm-
1, 13C nmr d (CDC1311l6.1 (C-2), 161.5 (C-3), 132.2 (C-4), 127.8

(C-5), 62.0 (OMe), and 13.0 (Me), no signal was observed for CO2H.

144



Methyl 4 Methoxythiophene-2-carboxylate (93).

Hydroxythiophene-2-carboxylic acid (71) (14.4g, 0.1M) was treated
according to general method 1 with the exception that in this case
two equivalents of dimethyl sulphate were used. This gave the
title compound in 712 yield. It had m.p. 38°C (lit. 189 38-39°C).
XH nmr cf(CDC13) 7.35 1H, d, ArH, J=4Hz), 6.45 (l1H, d, ArH, J=4Hz),
3.90 (3H, s, -OMe) and 3.80 (3H, s, -0OMe). Vmax (Nujol) 1710 C=0)

ml .

4-Methoxythiophene-2-carboxylic Acid (94).

Saponification of methyl 4-methoxythiophene-2-carboxylate (93),
using general method 2 gave the title compound in 922 yield. It
had m.p. 168-170°C (lit. 189, 170-171QC. 1H nmr <£f(CDC13 7.35 (1H,
s, ArH), 6.55 (l1H, s, ArH), 3.80 (3H, s, OMe). Vmax (Nujol) 3,500)
3,500 (br, CO2H) and 1,660 cm-1. 13C cf(CDC13) 57.3 (OMe), 104,5

(C-5), 123.7 (C-3), 133.2 (C-2), 157.8 (C-4) and 163 (163.3 (CO2H).
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14.0 Glycosidation of Methyl Hydroxythiophene-carboxylates.

2:3:4;6-Tetraacetyl-a-D-glucosyl Bromide+¢

A solution of 33Z hydrogen bromide in glacial acetic acid (100ml)
was cooled to 0°C in an ice bath. To this was added a-
D-glucose penta-acetate (159,0.038m) with stirring. Stirring was
continued for a further 2 h at room temperature then the reaction
mixture was diluted with <chloroform (60m1) and poured into
ice/water (200ml). The organic layer was separated and the aqueous
layer was extracted with a further portion of chloroform (30ml).
The chloroform solutions were combined and washed with water then
shaken with anhydrous calcium chloride until clear. The solvent
was then removed on the rotary evaporator and the residue treated
with light petroleum, bp 40-60°C which caused precipitation of long
white needles, (13.4g (86Z)), Dbeing obtained at the pump, having

m.p. 86-87°C (lit. 170 88°C).

Methyl 3-(Tetra-O-acetyl-B-D-glucopyranoxy) thiophene-2-carboxylate

(95) .
Methyl-3-hydroxythiophene-2-carboxylate (75) (2g,0.01lm), 2:3:4:6-
tetra-O-acetyl-a-D-glucopyranosyl bromide (5.1qg, 0.0125m) and

potassium carbonate (3g, 0.02m) were refluxed in acetone (50ml) for
2 h, the solution was allowed to cool, and filtered. The liquor
was added to water (1x20ml), extracted with ether (2x50ml), washed
with carbonate solution (1x20ml), water (I1x20ml), dried (Na2Ss04)

and the solvent was removed on the rotary evaporator. The product
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was crystallised from methanol to give a white powder (1.95g, 387),
m.p. 164-165°C (Found: C, 49.1; H, 5.1. 720724°12S relutres C,
49.2; H, 4.9Z), 1H nmr (f£(CDC13) 7.45 (l1H,d, 6Hz 5-H),7.05 (1H, 4,
6Hz, 4-H, 5.30 (1H, d, 3Hz, glucose 1-H) 4.25 (l1H, m, unassigned
glucose H), 3.85 (3H, s, OMe), 3.50 (1H, m, unassigned glucose H),
2.12 (12H s, COCH3) and 2.10 (4H, complex, glucose CH2+2 unassigned
glucose protons), M/e 331 (30Z; m-tetra-O-acetyl-a-D-glucopyranose)
and 159 (M+H; methyl 3-hydroxythiophene-2-carboxylate), Vmax

(Nujol), 1710 (00) and 1265 (C=0) cml.

Methyl b5-Methyl-3-(tetra-O-acetyl-B-D-glucopyrananoxy)-thiophene-2-

carboxylate (96).

Methyl 3-hydroxy-5-methylthiophene-2-carboxylate (74), (29, 0.01lm),
2:3:4:6-tetra-0O~acetyl-a-D-glucopyranosyl bromide (5g, 0.012m) and
potassium carbonate (13g, 0.02m) were refluxed in acetone (50ml)
for 1 h then the solution was allowed to cool and filtered at the
pump . The filtrate was treated as in the previous glycosidation
(above) to give an off-white powder (2.5g, 437) 149-150°C; (Found:
Cc, 49.1; H,5.3, C21H26°12S recluires c» 50.2; H, 5.32) 1H nmr
cf (CDC13) 6.70 (1H, s, Ar, 4-H), 5.30 (1H,d, glucose anomeric
proton), 4.25 (1H, d, unassigned glucose ring proton), 3.82 (3H, s,
c02Me), 2.68 (1H, m, unassigned glucose ring proton), 2.50 (3H, s,
ArMe), 2.15 (6H, s, 2xOAc), 2.10 and 2.05 (8H, complex, 2xOAc and -
CH20-) and 1.60 1H, m, glucose ring proton unassigned), M/e 503
(52; M+H), 331 (20Z; M+H tetra-O-acetyl-S:-D-glucopyranose). 173
(25Z; M+H methyl 3 hydroxy-5-methyl-thiophene-2-carboxylate). Vmax

(Nujol) 1715 (C=0) and 1265 (C-0) cm-1.
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15.0 Esterification and Fries Rearrangement of Hydroxythiophene

Carboxylates.

Esterification of Methyl 3-hydroxy-5-methylthiophene-2-carboxylate

(74) .

These esters were prepared using the synthetic procedures described

in general method 5 for the acetoxy esters and general method 6 for

all other esters. The vyields and the physical properties are
collected 1in the following tables. Table 10 gives vyields,
melting/boiling points and microanalytical data; Table 11 shows
the H nmr signals of the esters (for CDC13 solutions); Table 12

contains infra-red and mass-spectroscopic data (the latter were
obtained under C.I. conditions with CH"). Finally the 13C nmr data
(for CDCI3 solutions) are shown in Tables 13 (ring carbon wvalues)

and 14 (substituent values).
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Structures of

&

97 RM

B Rit

9  R=cyclohexyl
100 RE*2-thieTiyl
101; R(2h

Prepared Esters.

JCs v

103; Ri-R2-"H

104, RERSHRFH
156 R=R=HR'He
106 REER-0HRFW
107 RsHeRIsHRIs(ke

12 RpHeOphenacetyl 108, RidHIR“OHR=H

109, RsR=H

110; 15V RisH
111; RENR;RH
12; RSEHER-0Ne
113, REHR-NR



4. 2. Table 10.

Yields,

N/ Yiedd Hp,/b,p»C

AO) &
©8) &
@) P
100) 3
(101) 9
102 2

B (103) &
(104) B
(105) 8
(106) 64
107) &
(108) 54

C 103) &
110) &

aim %

) s

13 ®

m p. /b, p,

180/0,5

17530

60-61

106-107
147-148

109-111

9798

136-137

140

Cryst, Solv, Fonula

CH.OB
Requires
A0H: Q8
Requires
d. He(4$
Requires

and microanalytical data:

Nicroanalysis

C50.4; H4,7
G50,5; H4,7
G52,2;H51
C52,6;H,5,3
C59, ;K 4
C 599 § ;H" 95
C51,4; H4,1
G527 H4,0
C62, AH4,5
G62,1JH41
GS8,1; H51
Gaeo, 6 H5,0
C514; H3,5
C51,1;H3.5
49,5; 3,9
CG50,01H3 .
G52,2;H4,1
C,52.7;H4,0
G51,0; H4,2
G51,5, H4,3
G51,4; H4,4
G515 H4,3
CS), 1;H,3,9
c.so.siH”".e
C60,9; H4.3
G60, % H4,3
G62 G H4,
0,62. ITH.4,8
C52,31H3,4
N4,7
C52,21H3,4
N4,7

G57,0; H4,3
C58,8; H4 .
C51, 4H3 .
N3.7

G52,3; H34
N.4,3



d-Values for *H nir,

N 4H 2H 3H 4H SH 6H 5k

A(07) 632
%) 6,60

2,42
2,42

3,75 GUOM2,25
386 (L2,65%q
39 6,63

244 377 GHO,1-3b

(100) 6,70
(101) 6,56
(102) 6,65

B.(103) 6,68
(104 6,45
(105) 6,70
(106) 6/79

107) 6,74

(108) 6,45
G109) 6,93
(110) 6,87
111) 6,82
(112) 6,85
(113) 6,80

8,40b
811

9,%

8,23)
8,38

7,5 to 6,9 (n)
725 17,25
6,95 —W

7,5b 7,05

6,92f
mmm

WV 6 6i
685 —
7,65, 7,65b
7,5%h
8,50b
7,08 —
8,38

7,25
6,95d

7,95b
7,35d
7,40f
6,55

7,62
7,65b
7,52h
7,70i
7,05J
8,38

7,25
7,40c

8,40b
8 11h
9,02b
8,23J
8,38

2,47
2,40
2,49

2,46
2,12
2,42
2,48%

2,45

2,45
2,50
2,50
251
2,50
2,50

3,80
3,70
3,82%

3,65
3,66
3,68
3,76°

3,74

3,70
3,80
3,78
375
3,78
375

3 -OVE3,52
3'-0Ne,2,32
3¢-0He(2,45-
3'-QVE3 85*
5'-Ne,2,45
3'-QVE3,92
4'-OVE3,

o J=8Hz; " multiplet; ¢ doublet; J=9Hz; d doublet; J=6Hz

may be interchanged; [ doublet; J=5Hz; Broad singlet; 1 triplet



Table 12.

N Hd

A ()
*8)
®9)
(100)
101)
(102)

B (103
(104
(105)
(106)
(107)
(108)

C (109
(110)
(111)
(112)
113)

o6 6606060666606 660T 600D

a, liquid film;

G0 cH HH %
o .R
178 1R 215(85)
1718 12 22982
1718 170 283(72)
1712 179 297(15)
174 1780 291(23)
74 170 3252
1710 140 283(75)
1715 1725 313(25)
M9 1728 297(22)
1m0 1730 327(25)
M8 1730 327(22)
1716 1730 31342)
18 1748 277(55)
1715 R 291(36)
1 175 322(63)
1m0 178 307(15)
0 14 322(100)
b, KBr disc;

1005 »/e Other

BEHECGR  251255,H0He

RICTHQY)

IBACR ) 251(2351 HOEE
14140

XA

15A)

155AC0)

141(AC0)

US(HOHE)

119ACO)

150(A 0 290(71X, H-0He)

13¥Ar(D)
151(65«ArCD)

nujol mull.



Tables 13 and 14.

£ 13 Data for Ring Carbon Atoms.

N G G3 C4 CS c-r CG21 C-31 41 GS1 (&

A ) 162 1506 1220 1449 mam
98 1162 1508 1221 49 - - _ _
99 161 1506 1221 48 43,0 288 254 25,4 28,4

(100) 1164 1500 12,8 145,0 - 134,0 1252 126,9 127,3 -
(101) Not obtained
(102) 1164 1504 1219 145,0 125,2 130,6 1141 1589 1141 130,6
B (103) 116,22 1499 1221 144,9 - 1325 1351 128,0 1338 -
(104 1163 101 1224 144,6 - 1082 1584 116,3 1322 -
105) 1168 1492 1223 144,9 - 1254 1483 131,6 131,8 -
(106) 116,7 1498 1223 144,5 - 1242 1387 157,0 103,6 -
(107) 116,2 10,2 1224 1444 1054 181 115,2 147,6 ===
(108) Not obtained

C (19) 1160 1506 1221 449 1293 1304 1286 1336 1286 1304
110) 1162 1505 1221 450 1290 130,8 1384 1344 1285 1275
ai 166 1497 1216 454 1310 1299 1178 1253 1280 1359
(1) 1164 1508 123 449 1217 1326 1140 1637 1140 1326
a3 16l 15,0 1215 454 1298 1315 1237 1349 137 1315

153,



13C Data for Substituent Carbon Atoms.

No 2-CO 080 CO*Me 5-Me Other
A (97 160. 9 168. 2 51.6 16. 2 OCOME, 20. 6
(98) 160. 9 171. 7 51. 6 16. 2 CHe, 27. 2; CH3, 8. 8
(99) 160. 9 173. 2 51.7 16. 2
(100) 160. 8 168. 0 51.7 16. 2 CHz, 35. 0
(101) Not obtained
(102) 160. 9 169. 3 51.7 16. 2 CH2, 40. 1; 4'-OMe, 55. 3
B (103) 161. 0 159. 3 51. 7 16. 3
(104) 161. 0 164. 0 51.7 16. 3 3' -OMe, 59. 2
(105) 161. 0 159. 9 51.7 16. 2 3' -Me, 16. 0
(106) 160. 9 159. 8 51.7 16. 3 3' -Me, 16. 6; 4' -OMe, 57. 4
(107) 161. 0 163. 7 51. 6 16. 2 5' -Me, 16. 6; 3' -OMe, 59. 0
(108) Not obtained
C (109 161. 0 164. 1 51.7 16. 3
(110) 161. 0 164. 2 51.7 16. 4 3" -Me, 21.3
(111) 160. 7 162. 0 51. 9 16. 4
(112) 161. 1 164. 2 51.7 16. 4 4" -OMe, 55. 5
(113) 160. 7 162. 3 51.9 16. 4

Fries Rearrangement Products of Methyl 3-fcyloxy-5-methyl-thiophene-2-

carboxylates.

Methyl 4-Acetvl-3-hydroxy-5-methylthiophene-2-carboxylate (1.14),.

The title compound was prepared from (97) using the general method 7,
in 93% yield. It had m.p. 111-112°C. (Found:C 49.9; H 43.
9,H,0S0A requires C 50. 2; H 4. 6%, IH nmr b(CDCI3> 3.92 (3H, s,
CO*Me>, 2.70 and 2.60 (6H, s, Me and 4-COCH3> and 10.45 (1H, s, OH

D20ex>. Vmax (nujol)3260 (OH),  1680-1650 (br, C=0) cm-1. Me 215

154*



(901 M+H) and 183 (100Z M-OMe) . 13C nmr (CDC13) ppm 18.05 (5-Me)
31.10 (CH3 C=0), 51.94 (C02Me), 100.32 (C-2), 127.13 (C-4), 155.25

(C-3), 163.63 (C02) 166.09 (C-5) and 184.27 (CH2CO).

Methyl 5-Methyl-3-hydroxy-4-propionylthiophene-2-carboxylate (117).

The title ketone was prepared from (98), using the above procedure,
in 917 yield, m.p. 80-81°C. (Found: C, 51.8; H, 5.3. Cl0H12504
requires C,52.6; H,5.37). 1H nmr cf(CDC13) 3.86 (3H, s, CO02Me),
2.95 (2H, q, 7Hz, -CH2-CH3) and 10.48 (1H, s, OH D20 ex). Vmax
(Nujol) 3,600-2,500 (OH), 1670 (br) (C-0). M/e 229 (251 M+H) and
197 (1005, M-OMe). 13C nmr <f(CDC13) 8.8 (CH3CH2), 10.05 (5-Me),
36.2 <CH2), 51.9 (C02Me, 100.2 (C-2), 127.0 (C-4, 154.9 (C-3) 163.5

(C02Me), 166.2 (C-5), 197.5 (Et C=0).

Methyl 5-Methyl-3-methoxy-4-acetylthiophene-2-carboxylate (115)+¢

Methylation of (114) using general method 1 gave the title compound
in quantitative yield. It had m.p. 66-67°C (from aqueous ethanol).
(Found: ¢C, 52.6; H, 5.1. Cl0H1204S requires C,52.6; H,5.32). 1H
nmr <f(CDC1l3) 4.05 (3H, s, 3-OMe), 3.86 (3H, s, COfMe), 2.60 and
2.52 (6H, both s, 5-Me and MeCO). Vmax (Nujol) 1,721 (ester C=0)
and 1,685 (MeC=0) cm-1. M/e 229 (100zZ, M+H) and 197 (90Z, M-OMe).
13C cf(CDC13) 17.3 (5-Me), 30.6 (OMe), 51.9(C02Me), 63.0 (CH3CO),

112.3 (Cc-2), 132.0 (C-4), 151.9 (C-5) 161.4 (C-3) and192.2 (MeCO).
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4-Acetyl-3-methoxy-5-methylthiophene-2-carboxylic acid (116).

The title compound was prepared from (115) using general method 2
in 93% yield. It had m.p. 163-164°C (from ethanol). (Found: C,

50.2; H, 4.7%; CgH100"S requires C, 50.5; H, 4.7

oe

nmr
<f(CcDC13) 3.97 (3H, s, -OMe), 2.55 (34, s, Me), 2.45 (3H, s, COCH3)
and 5.40 (1H, br, OH, D20 ex). Vmax (KBr) 3,500-2,000 (OH), 1.720
(C-0) [OH] and 1645 (CH3 C=0), m/e 215 (85%, M+H) and 197 (100%, M-
OH). 13C (f(CDCI3), 17.1 (5-Me), 30.6 (3-ONe), 62.8 (CH3CO) 113.8
(c-2) 131.9 (C-4), 150.9 (C-5), 160.6 (CO2H), 162.0 (C-3) and 194.9

(CH3CO).

Methyl 3-methoxy-5-methyl-4-propionylthiophene-2-carboxylate (118)+¢

The title compound was prepared from (119) using general method 1
in 66% yield. It had m.p. 54-55°C (from ethanol). (Found: C,
54.0; H, 5.6%. C"H”"O"” requires CC, 54.5 H, 5.8%) . 1H nmr
(£(CDC13) 3.86 (3H, s, COfMe), 2.90 (2H, qd, J=7Hz, CH2CH3) and 4.0
(3H, s, 3-OMe). Vmax (Nujol) 1720 and 1685 cm”1. M/e 243 (100%,
M+H) and 211 (65% M-OMe). 13C cf(CDCl13) 7.90 (CH3-CH1l), 17.1 (5-
Me), 35.9 (-OMe), 51.9 (COfMe), 151.0 (C-5), 16l1.1 (C-3) and 198.8

(EtCO) .

3-Methoxy-5-methyl-4-propionylthiophene-2-carboxylic Acid (119).

The title compound was prepared from (118) using general method 2

in 91% yield. It had m.p. 152-153°C (from ethanol). (Found: C,

52.5; H, 4.9. CHIOHI204S requires C, 52.6; H, 5.26%). % nmr
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(f(cbC13) 1.15 (3H, t, CH2-CH3), 2.55 (3H, s, 5-Me), 2.90 (2H, q,
CH3), 4.00 (3H, s, -OMe) and 10.50 (1H, br, OH, D£0 ex). Vmax
(Nujol), 3.500-2,200 (OH), 1,685 (00 [OH], and 1,660 (Et 00).
M/e 229 (M+H; 100%), 211 (65%); M-H20). 13C <£(CDC13) 8.0 (CH2CH3)
17.3 (5-Me), 36.04 (-OMe), 63.4 (CH3CH2CO), 112.3 (C-2), 132.5 (C-

4), 152.5 (C-5), 162.0 (CO£H), 164.9 (C-3) and 198.7 (COEt).

Fries Rearrangement of Esters (99) - (113).

Fries rearrangement of the remaining esters in this series using

general method 7 resulted in cleavage to the component methyl 3-

hydroxy-5-methylthiophene-2-carboxylate (74) and the respective

carboxylic acids.

Esterification of Methyl 3~Hydroxythiophene-2-carboxylate (75).

These esters were prepared using the general methods 5 and 6. The
results are summarised in the following series of tables. Table 15
contains the yields, melting points/boiling points and

microanalytical data; Table 16 shows the proton nmr spectra of the
esters (tf CDC13); Table 17 gives IR and mass spectroscopic data and
10

finally in Tables 18 and 19 are the C nmr values for ring carbon

atoms and substituent carbon atoms, respectively.
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Structures of Prepared Esters.

(120): R=Me
(121): R=Et
(122): R=Ph
(123): R=Th
15.

Yields, mp. /b. p,

N Yield Mp/Bp, Gryst Solv,

()8 140009
@y 2 13008
()9 8384
13) 8  959%

OCOR

C02Me

and microanalytical data:

B
EH

Fornula

(H]IOXX4
CoHoS0
CHS 0.

Mcroanalysi s
Found Requires

Lit—=83-8500/0,03 m Hp
GSO2;H4,9; (S0,5H(4,7
G599 H3,9; CS9.5H,3 .
C43.7;H3.2; ({49,2;H(3,0



iH VR Data,

N tH H2 (€173

(1200 7,4 (d 6 684 (d 6k) 3,00
(121 7,50 @ 6ty 685 d GH 375
(122) 825 @d 6 7,12 @ Gb 380

23) 755 <4 6 712 d GB 3,80

lab.1ft.JL

IR and Miss Spectra Data,

N Md Cs0ori HIK
@M @R

) a Im 1 m

@) a I 175 21530)

122 ¢ M2 1m0 263(100)

13) ¢ 15 1718 269000)

a, liquid fila; ¢, Nujol rUII

Acyl Goup Protons

2,30 ((VdB)

2,60, d 10H (((R-)
820, i, 7,55, i, 750, R
benzene ring

7,20, R 7,25, 8,05 R

thiophene ring

100% a/e Other
19(GHSB) —

— 231-(vp
— 237V

158*



Thi1€5 Ti.anl] M .Oala,

Ring Cubon Values,

il R &8 A4 G 1 2 & 4 8 ce

(1200 1186 15L1 1235 1295 R
(121) 187 152 136 1295 - — — @— — @ —
(122) 1188 1510 1236 1297 1297 1304 1286 1337 1286 1304
(123) 1190 1504 1235 1297 — 1320 1352 1280 1339 —

Substituent Carbon Values,

N 0 2QQ Q2he Others

(120) 1683 160,9 51,9 20, (C0IB)

(121) 171,7 160,9 51,8 27,6(-CK3-)18((Hh)
(122) 164,0 161,0 51,9 -

(1) 159,2 160,9 52,0

Fries Rearrangement of Esters (120) - (123).

Fries rearrangement of the esters prepared in this series using
general method 7 resulted in cleavage in all cases. Methyl 3-
hydroxythiophene-2-carboxylate (75) was recovered in all cases and
with esters (122) and (123) the respective carboxylic acids were also

recovered.
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Esterification of Methvl 3-Uvdroxvthiophene-4-carboxylate (77).

This series of compounds was prepared using the general methods 5 and

6. The yields and the physical properties of the products are
collected in the following Tables. Table 20 gives the yields,
melting/boiling points and microanalytical dates; Table 21 shows the

proton nmr signals of the esters 6<CDCI3> in Table 22 are collected
the ir and mass spectroscopic data and 13C nmr values (for CDCI3
solutions) are shown in Tables 23 (ring carbon values) and 24

(substituent values).

Structures of Prepared Esters.

0COR

(124) R=aMe

(125) R=Cyclohexyl

(126) R=Ph

(127) R=2-Thienyl

(128) R=3-Methyl-2-thienyl
(129) R=3-Methoxy-2-thienyl



Table 20.

Yields, mp. /b/p. and microanalytical data:

N Yidd ip,/b,p, Cryst
*

Solv,
1249 .S 10501
125 M 68M RH
ae 7 . RH
127 8 104 RBH
18 9 7677 RH
129 .. 14445 EAH
WitJL.

JHpx data (DA > o

(124) 6,98(d, 4H) 8,03(d,
(125) 7,00(d, 4H) 8,08(d,
(126) 7.8<d, 4H) 8.03(d

(27 7200 49 8,07(d

(128) 7916<da ﬁ) §910 (d)

(129) 7,05d, 4H) 7,954

Foriula

Hicroanalysis

Fomd  Required

GHSx  (4B,5;M,2:  G48,0;H4,0
GsHs) CSSIHBY: G582 H6,0
G HoS0 C59.2H39: G595 H3.
IO G4,5H30; G438 H30
AzHOSIG CSL2'H3,7:  CS5L0; H3,5
G486; H3,S5;  (483; H3,3

CZ Hﬂ S 05
e

ay 377
a4y 38
4¥ 3,71
a 375
) 3,78
My 3,78

Acyl < roup Protons

2.27-0C0he)
1.0-3, d, CHO)
8,2(i,2xH)
7,51, C6H6)
7,1<d,4HE)

., I(d,4FE)
7.75,C KQ)
6,98(d,6Hz) Th
7,50(d,6Hz) Th
2.63(ATE)
6,78(d,8Hz) Th
742(d,8Hz) Th
3,92(vp

162.



Table 22.

Infra-red and mass spectral data.

(124)
(125
(126)
(127)
(128)
(129)

hed.

e e 606606

0-0 ci-i

ar @R

1720
1710
1710
1705
1720
1715

¢ = Nujol mull

1760
170
1720
1715
1740
1730

201(50)
26%(10)
263(93)
269(100)
283(45)
299(25)

100X i/e

E8 REE

163.

Ocher

(CTBS03)

<TH2Q)
(CTHH02)

(GHB
(GHBY)



Tables 23 and 24.

13C data <CDCL

Table 23.

Values for ring carbon atoms.

(124

(126)
(127)
123
(129

Table

G2

114.0
113,7
1139
114,0
1143
114,0

24.

G3

1466
1465
1463
146,0
1459
1459

solutions).

4 G5 c-r

1250 1329
1252 1327 43,1
1252 1328 1292
1255 1326
1254 1327
1254 1325

G2

MVM

28,8

1303
1349
1315
1322

G

254

128,6
1349
1483
1459

Values for substituent carbon atoms.

(1249
125
(126)
(127)
(128)
129

19,1
1739
14,7
Unassigned
1615
Unassigned

1614
161,4
161,4
Unassigned
160,5
163,8

aeee

51,7
51,7
51,7
51,7
51,7
51,7

4 G5 G

2577 254 288

1336 1286 1303
1335 1279 ---
B4 13,7 —
1160 1321 —

Gther

30,7(0)(]413)

15,9CAREB)
59, 1C0HY)



Fries Rearrangement Products of Methyl 3-Acyloxythiophene-4-

carboxylates:

Methyl 2-Acetyl-3-hydroxythiophene-4-carboxylate

The title compound was prepared in quantitative yield using general

method 7, from the ester (124). It had m.p. 118°C (lit. 13z* 120-
121°C). 1H nmr cf(CDC13) 2.53 (3H, s, COCH3) 3.94 (3H, s, -OMe),

8.23 (1H, s, 5-H) and 10.74 (1H, hr, OH, D20ex). Vmax (KBr) 3250
(OH), 1685 (C02Me) and 1640 (0=0 cm-1. 13C (E©00013) and 28.50

(CH3), 52.3 (C02Me), 122.0 (C-2), 138.3 (C-4), C-5), 163.0 (C-3 and

182.0 (CH3CO) .

Methyl 3-Hydroxy-2-(2*-thenoyl) thiophene-4-carboxylate (131).

The title ketone was prepared in 552 yield using general method 7

from ester (127). It had m.p. 153°C (from methanol). (Found: C,
49.3; H, 2.92. cn H8°4s2 requires ¢> 49.3; H, 2.92). 1H nmr
(cpci3) 3.90 (3H, s, CO2Me), 7.20 (1H, m, ArH) and 8.80 (1H, s,
ArH) . Vmax (Nujol) 3,300 (OH), 1680 (C02Me) and 1640 (0=0) cm"1.

M/e 269 )M+H; 1002) and 237 (302, M-OMe).

Fries Rearrangement of Esters (125)-(126) and (128)-(129):

Fries rearrangement of the above esters using general method 7

resulted in cleavage to the component methyl 3-hydroxy thiophene-4-

carboxylate and the respective carboxylic acids.
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Esterlflcation of Methyl 4-Vfydroxy-2. 2*-blthienyl-5-carboxylate (81).

These esters were prepared using the general methods 5 and 6 as

appropriate. The yields obtained, melting points and microanalyticai
data are all summarised in Table 25; Table 26 shows the proton nmr
signals of the esters (for CDC13 solutions); in Table 27 the infra-

red and mass-spectroscopic data are collected and finally in Tables 28
and 29 are shown the JSC nmr values for bithienyl ring carbon atom and

acyl group and substituent carbon atom values, respectively.

/0COR

(132) = Me

( ) = 2,~Thienyl

(134) = 3"-Methyl-2"-thienyl

( ) = 3M-Methoxy-2M-thienyl

( ) = 5"-Methyl-3"-methoxy-2"-thlenyl



Table 25.

p. and microanalytical data:

Yields, m p. /b.
\') Yield «P Gyst,
I () Sdv,
a3 . Eton
133 12 RH
34 8 %97 HRMH
a3 o 47 ROXx
136) 76 JR% RMH
Table 26,
iH MR Data,
N Hl H2
132 7,15 7,30(1)
(133)  7,05(d,6Hz) 7.25(i)
(134) 7,08d6Hz) 7.28(a)
(135 7,05(d,6Hz) 7.25(a)
(136) 7,00(di6Hz) 7.20(a)

Formla Hicromalysis
Found Required
C.H.SQ G(C533;H43: CS5Li;H3.6
CioH108304 G51,7;H39; G SI,4;H(2,9
C 12830« G3251H3.7; 0,52.7:8,3.3
CisH*SaQ* GCS5L4,H33; (C50,5;H3,2
CITH148304  G5L0;H3..: C51.8:H3.6
H3 H4 aeM Acyl Gop
7,30a) 7,0C 385 235-COVP)

7.25(b) 7,1C 3,75 8,0(d,s HoAH)
7.65(BArH)

7.28(b) 7,05 3,80 7,52(d,6Hz,4-H)
6.98<d,6HZ5-H)
2.50(s,3-trlVe)

7.25(a) 7,00 4,00 3,80(s,3-OVE)
7,55(d,6Hz,4-H)
6,90(d,6Hz,5-H)

7.20(B) 6,60 3,90 7,20(5,4-H)
3.80G,-OVE)
2,40(5,-He)
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Table 11

IR and Hiss Spectra Data,

(k7))
(133)
(139
(135
(136)

e 6666

¢ =Nujol null,

OOciH
((§1: 1 &R
12 1780
1708 1718
178 1720
178 172
178 1715

HH (I)

283(55)
351(100)

381(45)
395(40)

i6a

100) i/e  Other

UT-QOP)
319(0HE)

141(-C6HS0Z)
155(-CTHSI2)



Tables 28 and 29.

13C Data for Ring Carbon Atoms.

N 03* v C3V C2X G2 C5 CGly C-5

(134 1267 1281 1254 1358 141,0 1133 1682

(135 1267 1281 1254 1360 14,0 1193 170,0

(136) 1266 1281 1254 1352 1405 119,6 .Not 1025
identified

137 1265 1281 1253 1253 1407 1197 1641 1074

(138 1265 1281 1252 1252 1406 1197 1641 104,6

13C pata for Acyl Group and Substituent Carbon Atoms.

i) ¢t-x G5 C4 G5 @O 8 dee Gher

(134) 1608 1509 519 COQR20,7

135 1340 1353 1218 1340 1608 191 520 —

(136 1254 1486 1315 1319 1601 1598 519 3%Hel55

(137 1082 1504 1160 1325 1609 1582 519 3%O»e, M1

(138) 1046 1506 1149 1482 1609 1580 519 S'-Hel67:
S*Oie, 39.1

Fries Rearrangement of Methyl 4-ftcyloxy-2. 2"-bithienyl~5-carboxylates.

The esters described in the previous section were Fries rearranged
using general method 7. The results are summarised in the following
Tables. In Table 30 are the yields, melting points and

mlcroanalytical data; Table 31 contains proton nmr signals of the



ketones (for CDCl; solutions); in Table 32 are collected the infra
red and mass spectroscopic details, whilst Tables 33 and 34 contain
the 13C nmr data (for CDCI3 solutions), Table 33 showing the values
for bithienyl ring carbon atoms, and Table 34 the values for the

rearranged acyl groups and substituent carbon atoms.

OH

(138): 2-Thienyl

(139): 3-Methyl~2-thienyl

(140): 3-Methoxy-2-thienyl

(141): 5-Methyl-3-methoxy-2~thienyl



Table 30,

Yield, mp. /b. p.

* All OH groups underwent D20 exchange.

N Yield P Cryst,
1 (O Sol v.
a37n s 10 RCOH
(138 92 176-178 HMH
139 %P 164 R
(140 & 197 B
(14 MV 188189 HMEH
Table 31.
nmr Data.
N H H2
(137)  7,62(d,6Hz)  7.20(d)
138) 7,70(1) 7.25(a)
(139) 7,45(d, H) 7.35(a)
(140) 7,30(1) 7,10(8)
141 7,30(1) 7,15(8)

Foriuia

G HSO
GsHioSaO*
Gghi. S O
Gg'SaGs

G? H4 838 $
H3 aF
6,98 9,6
6,95 9,7
6,90 9,5
6,85 ‘o
6,85 9,6

and microanalytlcal data:

flicroanalysis
Found Required
as2,0;H4.2:  0,51,1;H3,6
0,51.9; H2,8; 0,51,3; H2:
CS3.2;H3(%  G52,9H3,3
G505 H32; G491 H3,2
C52,3;H2.8; C518; H3.,

Q@ fle COther

390 2,53QaB)

390 ., (,AHs)

390 7.75(H*,dteH, A
6,95(Hb, d,c Hy)
2,55(3-MVe)

3a85 7,45(1‘1*,(1,& I{a AI‘l
6,90(Hb,d,6Hz, ArH)
3,80(s,3-OHe)

38 7,.(G,hAD
3,80(6,3-0he)
2,50(5,51e)
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Table 32.

N fled (€] Qlc*-i  HHit)

@M RO

3) ¢ 176 160 300  283(100)
13 ¢ 12 165 3700  351(100)
(139) ¢ 12 1660 3600  36520)
(140) a 178 160 3200 381(63)
(141) ¢ IM8 1660 3300  395(12)

a K disc; ¢ Nujol >ul 1

172..

QX rft Other

25k

25GHYR2)
142(CoHN02))
151(CTHS(02)



Tables 33 and 34.
Table 33.

13C Data for Bithienyl Ring Carbon Atoms.

N o= ¢ Cs' C2Vv G2 G'3 G~ ¢Cc5 @

(137 1430 1328 1257 1500 1475 1165 1642 1050 1662
(138) 1452 1325 1256 1499 1469 1165 1643 1039 1662
(139) 1454 1373 1257 1496 1466 1165 1645 1037 1663
(40) 1452 1325 1256 1493 1465 1169 1644 1035 1663
(141) 1451 130 1254 1455 1458 1170 1644 1035 1664

Table 34.

13C Data for Rearranged Acyl Groups and Substituent Carbon Atoms.

N c3yv Giv' oe-s" Qi Qther

137 1901 521 26,6C00H)
(138 1412 1362 1291 1338 1804 521 —
(139 1408 1435 1301 139 14 521 16603
(140) 191 1589 11202 1330 Nt

faomd 520  59,1(3’-OM
(141) 1148 1644 1280 1342 Not

fomd 518  141,15"-FB)

i7a.



Methyl 3-Hydroxy-5-methyl-4- (2*-thenoyl)-thiophene-2-

carboxylate (145).

To one gram (3.85x 10%“3M) of methyl 5-methyl-3-(2'-
thenoyl) oxythiophene-2-carboxylate (103) was added anhydrous
aluminium (111) chloride (3g) and 1,2-dichloroethane (10ml). The

mixture was heated at reflux for 3 h and the allowed to cool before
being poured into ice/HC1 (25ml) . Theproduct wasextracted into
dichloromethane (25ml) and washed once with water (20ml), dried

(MgS04) and the solvent was removed on the rotary evaporator to

give the title compound (0.64g, 64%). It had m.p. 140-141°C (from
ethanol) . (Found: C, 50.9; H, 4.2% (C12%0°4S2 retluires C,51.5;
H,3.6%). 1H nmr <T(CDC13) 7,90 (1H, m,5’'-H), 7.55 (1H, m, 4'-H),
9.80 (1H, s, -OH, D20ex), 3.75 (3H, s,C02Me)and 2.35 (3H, s, 5-
Me) . Vmax (Nujol) 3,500-3,000 (br, -OH), 1660 (C02Me) and 1630

(C-0) cm”l. M/e 283 (M+H, 100%), 251 85%, M-OMe) and 199 (72% M-
C4H39). 13C (f(CcpCl3) 15.8 (5-Me), 51.2 (CO2Me), 101.0 (C-2¢(, 128.0
(C-4"), 134.9 (C-2%*), 134.9 (C-5»), 135.1 (C-3"), 144.2 (C-4),

150.7 (C-5) and 166.2 (C-3).
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16.0 Synthesis of Polysubstituted Dithienyl Ketones using the

Friedel-Crafts Acylation Reaction.

Preliminary Investigation;

2-Cyclohexanoylthiophene+

Cyclohexane carbonyl chloride (15gf 0.15M) and tin (IV) chloride
(leg, 0.06M) were dissolved in anhydrous 1,2-dichloroethane (50ml)
then added to a stirred solution of thiophene (8.4g, 0.1M) in 1,2-
dichloroethane (50ml), dropwise at 0°C. The reaction mixture was
stirred for 1 h at this temperature then poured into ice/HCl, the
organic layer was separated, washed, and dried, and the solvent was
removed to give the title compound (l6g, 77Z) as a white solid.
Recrystallisation from ethanol yielded white plates, m.p. 49°C
(Found: C, 68.1; H, 7.1. cn Hi40S requires C,68.0; H,7.22), nmr
d(ChC13) 0.8-1.8 (1H, m, cyclohexyl ring protons), 2.90 (1H, m,
cyclohexyl ring proton), 6.85 (1H, m, thiophene ring proton) and
7.45 (1H, m, thiophene ring protons) . Vmax (Nujol) 1,665 (C=0) cm”
1. M/e 195 (M+H, 1002), 13C J(CDC13) 25.84 (cyclohexyl ring
carbons), 29.61 (cyclohexyl ring carbons),41.53 (cyclohexyl ring
carbons), 127.91 (C-4), 131.29 (C-3), 133.17 (C-5, 143.95 (c-2) and

196.61 (C=0).

3-Methyl-2-cyclohexanoylthiophene.

This was prepared from 3-methylthiophene as for 2-cyclohexanoyl

thiophene, in 901 yield. The product was obtained using vacuum
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distillation to give a clear oil b.p. 112-114°C, 0.4mm Hg. (Found:
c, 68.8; H, 7.5, C-"H-"q0S requires C.69.2; H,7.72). nmr
d(CbCl3) 1.00-1.90 (10H, m, cyclohexyl ring protons), 2.50 (3H, s,
3-Me), 2.90 (1H, m, cyclohexyl ring protons), 6.90 (1H, d, J=8Hz,
thiophene ring proton), and 7.40 (1H, d, J=8Hz, thiophene ring
proton) . Vmax (£ilm) 2,950 (CH3) and 1.665 (C=0) cm—-1. ~3C
cf (CDC13) 16.82 (-CH3), 25.78 (cyclohexylring carbons, 29.01
(cyclohexyl ring carbons), 49.93 (cyclohexyl ring carbons), 128.82

(C-4), 132.28 (C-5), 134.60 (C-2), 145.38 (C-3, and 197.45 (C=0).

2-Benzoylthiophene.

This was prepared using the method described for 2-cyclohexanoyl
thiophene in 802 yield. The pure product was obtained by
recrystallisation from ethanol as off-white needles, m.p. 582°C
(1it. 109 56.5-57°C). 1H nmr d(CDC13) 7.15 (1H, m, thiophene ring
proton) and 7.30-7.90 (7H, m, benzene and thiophene ring protons).
Vmax (Nujol) 1625 (C»0) cm-1. 13C cf(CDC13) 127.91 (C-2), 128.37
(c-2"), ¢C-5"), 129.14 (Cc-3', C-5') 132.20 (C-3), 134.15 (C-5),

134.80 (C-47), 138.17 (C-6'"), 143.69 (C-2) and 188.16 (C-0).

Di-2-thienyl Ketone.

Thiophene (4.2g, 0.05M) and thenoyl chloride (8g) were dissolved in
anhydrous dichloromethane (2.5ml) containing titanium (IV) chloride
(9.4qg, 0.05M) . The reaction mixture was stirred at room
temperature for 1 h then worked up in the usual way to give the

required ketone as an off-white powder in 902 yield. It has m.p.
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89-91°C (lit. 190 90-90.5°C). 1H nmr <£(CDC1l3) 7.35 (2H, m,
thiophene ring protons). Vmax (Nujol) 1615 (C-0) cm’1. 13C

<f(CDC13) 127.91 (C-4), 133.04 (C-3), 133.37 (C-5) and 142.91 (C-2).

Polysubstituted Dithienyl Ketones.

2-Acetyl-3-methoxy-5-methylthiophene (147).

Method A:

A mixture of 3-methoxy-5-methylthiophene and acetic anhydride
(8ml) (85) (5g, 0.05M) was heated to 55°C then orthophosphoric acid
(0.3ml) was added; the temperature rose spontaneously to 80°C. The
temperature was then maintained at 70°C for 1 h, the mixture was
cooled then added to a stirred mixture of dilute hydrochloric acid
and ice. After 1 h the organic material was isolated by extraction
into dichloromethane, washed with water, 101 sodium carbonate and
water, dried (MgsO”) and the solvent was removed on the rotary
evaporator. Distillation of the residue gave the wunreacted 3-

methoxy-5-methylthiophene (85Z) (2g), followed by the title ketone

(1.0g, 15¢), Db.p. 150°C/10mm Hg. The product solidified on
standing. it had m.p. 94-95°C (from light petroleum). (Found: C,
56.7; H, 6.0. CgHI002S requires C, 56.9; H, 5.92). nmr cf (CDC13)

2.44 (6H, s, Th-5-methyl+MeCO), 3.90 (3H, s, -OMe) and 6.50 (1H, s,
4-H). Vmax (Nujol) 1625 (C=0) cm-1. 13C cf(CDC13) 16.8 (Th-5-
methyl), 29.0 (MeCO), 58.7 (-OMe), 114.9 (C-4), 121.3 (C-2), 148.0

(C-5), 160.2 (C-3) and 189 (MeCO).
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Method B:

3-Methoxy-5-methylthiophene (85), (59, 0.06M) was dissolved in 1,2-
dichloroethane (50ml). To this was added tin (IV) chloride (15.6qg,
0.06M) and the mixture was cooled to 0°C. A solution of acetyl
chloride (4.15g, 0.06M) in 1,2-dichloroethane (25ml) was then added
over 30 min being poured and the mixture was stirred at 0°C for a
further 1 h before being poured into ice-hydrochloric acid (100ml).
The mixture was separated and the organic layer was washed with
water, dried (MgSO”®) and the solvent was removed on the rotary
evaporator to give the title compound in 18% yield. Purification

was then carried out as for Method A.

2-Acetyl-3-methoxy-4-methylthiophene (148).

Reaction of 3-methoxy-4-methylthiophene, (90) (3g, 0.023M) and
acetic anhydride (15g) in the presence of orthophosphoric acid
(0.5ml), as described in Method A above, gave the title compound
(2.5g, 64%) as an oil, b.p. 80°C/5mm Hg. 1H nmr <f£f(CDCl3) 2.12 (3H,
s, -OMe), 2.50 (3H, s, 4-Me), 28.4 (MeCO), 101.8 (C-2), 125.8 (C-
4), 127.8 (C-5) and 159.6 (C-3), COMe) . The 2,4-
dinitrophenylhydrazone formed red needles from ethanol and had m.p.
204-205°C. (Found: C, 47.8; H, 4.0; N, 16.1. requires

C, 48.0; H, 4.0; N, 16.0%).
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Bis (3-methoxy-5-methyl-2-thienyl) Ketone (150).

A solution of 3-methoxy-5-methyl thiophene (85), (3g, 0.023M) and
5-methyl-3-methoxy Bl thiophene-2-carbonyl chloride (149), (39,
0.024M) in 1,2-dichloroethane (20ml) was stirred and cooled to 0°C
while tin (IV) chloride (2ml) in 1,2-dichloroethane (10ml) was
added over 10 min. The mixture was allowed to warm to room
temperature and stirred for 2 h, then water (50ml) was added to
quench the reaction. The organic layer was separated, combined
with an additional 1 ,2-dichloroethane extract, washed (water,
saturated sodium hydrogen carbonate solution), dried (MgSO”) and
the solvent was removed on the rotary evaporator. The residue,

which crystallised upon trituration with ether, was recrystallised

form ethanol to give the title ketone (4.1g, 72%), m.p.224-254°C.
(Found: C, 55.5; H, 5.0%. ci3”~i473S requires C, 55.3; H, 5.0%).

1H nmr cf(CF3C02H) 2.70 (6H, s, 2x5-Me), 4.30 (6H, s, 2x-0Me) and
6.95 (2H, s, 3- and 3'-H). Vmax (Nujol) 1570 (C-0) cml, m/e 283

(100%, M+H) and 155 (50%, ArCO).

3-(3 *~Methoxy-5 *-methyl-2 *~thenoyl)-3-methoxythiophene (152).

Application of the ©procedure used to ©prepare (150) to 3-
methoxythiophene-2-carbonyl chloride (151), (2.89, 0.01M) and 3-
methoxy-5-methyl thiophene (85), (2g, 0.015M) in 1,2-dichloroethane
(20ml) with tin (IV) chloride (1.5ml) in 1,2-dichloroethane (10ml)
gave the title ketone (2.65g, 65%), m.p. 166-167°C (from ethanol).
(Found: C, 53.9; H, 4.5. C12H120332 requires C, 53.7; H, 4.4%).

1H nmr cf(CDCl3) 2.40 (3H, s, 5-Me), 3.75 and 3.85 (6H, both s,
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OMe), 6.45 (1H, s, 4-H), 6.70 (1H, d, J=6Hz, 4*-H) and 7.30 (1H, d,
J=6Hz, 5’'-H). Vmax (KBr) 1570 (C=0) cml, m/e 3269 (100%, M+H), 155

(15%, (C6H705) CO), and 141 (11% (C5H50S) CO).

2-(3 *~Methoxy-5'-methyl-2 *~thenoyl)-3-methoxy-4-methylthiophene

(153).,.

3-Methoxy-4-methyl thiophene, (90), (2.2g9, 0.02M) and 3-methoxy-5-
methyl thiophene-2-carbonyl chloride, (149), (4.59g, 0.02M), were
stirred at room temperature in 1,2-dichloroethatie (30ml) in the
presence of tin (IV) chloride (4.0ml) for a period of 1 h before
being poured into ice/water. The solution was acidified with 4M
hydrochloric acid (25ml) and stirred for 0.5 h at room temperature
before being separated and worked up as previously to give a solid
which upon trituration with ether gave the title compound (2 .6g,
36%), m.p. 106-108°C (from ethanol). (Found: C, 54.8; H, 4.9.
C13H14°3S2 recluires c* 55.3; H, 5.0%). nmr<T (CDC13) 2.06 (3H, s,
4-Me), 2.40 (3H, s, 5*-Me), 3.79 (6H, s, 2x-0Me), 6.58 (lH, s, 4*-
H) and 6.95 (1H, s, 5-H) . Vmax (KBr) 1595 (C-0) cm"1l, m/e 283
(100%, M+H) and 155 (83%, (CgHyOS) CO). 13C cf(CDC13) 13.05 (4v-
OMe), 16.75 (5-Me), 58.83 (3-OMe), 61.68 (3'-0Me) 115.24 (C-2, C-
2"). 123.82 (C-4, C-5*), 131.81 (C-4*), 147.72 (C-5) 158.40 (C-3)

and 160.83 (C-3*) (C=0) not identified.
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Methyl 4-Hethoxy-3-methyl-5-(3 *-methoxy-5*-methyl-2*-thenoyl)

thiophene-2-carboxylate (154).

Methyl 4-methoxy-3-methyl thiophene-2-carboxylate (88), (3.99,
0.02M) and 3-methoxy-5-methyl thiophene-2-carbonyl chloride (149),
(3.9g, 0.02M) were dissolved in 1,2-dichloroethane (25m1) and
cooled to 0°C with stirring. To this was added tin (IV) chloride
(3ml) in 1,2-dichloroethane (10ml) and the mixture was stirred at
0°C for 4 h. The reaction mixture was added to ice/water and the
organic layer was separated and combined with a further 1 ,2-
dichloroethane extract, followed by the usual work-up. Trituration
of the residoewith ether afforded a solidwhich was dried to give
the title compound (2.9g, 482), m.p. 105°C (from ethanol). (Found:

Cc, 53.0; H, 4.8. C15H16°5S82 recluires C, 52.9; H, 4.82). nmr
cf (CFgCC™H) 2.38 and 2.45 (6H, both s , 2xArMe), 3.80 and 3.82
(6H+3H, all s, 3x-0Me) and 6.56 (1H, d, 4'-H). Vmax (KBr) 1725
(C02Me) and 1560 (ArCOAr) cm-1. M/e 341 (1002, M+H), 213 (52
(CgH9S) CO) and 155 (192 (CgHyOS) CO), 13C o (CDC13) 12.40 (3-Me),
17.01 (5'-Me), 52.00 (CO2Me), 58.96 (3'-OMe), 61.94 (4-OMe), 115.2
(C-2", Cc-47, C-5) 138.5 (C-3), 148.6 (C-5"), 149.1 (C-2, 166.2 (C-

37) and 161.81 (OCO); no signal was observed /a»C-4.

Methyl 3-Hydroxy-4-propionylthiophene.

Propionyl chloride (4g, 0.02M) and aluminium chloride (9g, 0.07H)

were dissolved in dry 1,2-dichloroethane (25ml) and cooled to 0°C.

To the stirred solution was added 3.3g (0.02M) of methyl 3-methoxy

thiophene-2-carboxylate (86) (3.3g, 0.02M) in 1,2-dichloroethane
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(10ml) . The reaction mixture was allowed to come to room

temperature then stirred for 100 h. The usual work-up gave the
title compound (1.3g, 30%), m.p. 141-142°C (from ethanol). (Found:
c, 50.4; H, 4.8. CM"H"QO0"S requires C, 50.5; H, 3.7%). nmr

cf(CcpC!3) 1.20 (3H, t, J=10Hz, CH2CH3), 2.35 (1H, br, -OH, D20 ex),
2.90 (2H, qd, J"10OHz, CH2 CH3), 3.95 (3H, s, C02Me) and 1620
(C02Me) cm"1 m/e 215 (M+H, 75%) and 183 (100%, M+H -OMe). 13C
(f(cpcr)  7.80, 33.83 (CH3CH2), 52.07 (CO2Me), 102.20 (C-2), 137.8
(c-4), C-5), 161.54 (C-3), 163.50 (C02Me) and 197.20 (EtCO). The
2 ,4-dinitrophenylhydrazone was prepared and gave red needles, m.p.

128-129°C (from ethanol).

Direct .Acylation,...using,, Phosphorus Pentoxide.

2-Benzoylthiophene (158).

Thiophene (9g, 0.11M) was added to benzene (100ml) followed by
phosphorus pentoxide (14.2g, 0.1M). To the vigorously stirred
mixture was then added benzoic acid (12.6g, 0.1M) and the mixture
was boiled under reflux for 6 h. The benzene layer was decanted
and the remaining sludge was stirred with a further portion of
benzene (50ml) which was then also decanted and combined with the
first decantate. The organic solution was then washed with 10%
sodium hydroxide solution (2x25ml), water (4x50ml), dried (MgSO")
and the Dbenzene was removed on the rotary evaporator to give the

crude product (4.1qg, 22%) .
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Recrystallisation from ethanol gave the product as white crystals,
m.p. 56°C. (Lit. 109 56.5-57°C), <f(CDC13) 7.15 (1H, m, thiophene
ring proton) and 7.30-7.90 (7H, m, benzene and thiophene ring

protons). Vmax (Nujol) 1625 (C=0) cml.

2- (3,-Nitrobenzoyl)thiophene (159).

The aboveprocedure was repeated using 3 -nitrobenzoic acid (16.7g,
0.1M) to give the title ketone (4.0g, 17Z), m.p. 105-106°C (from
ethanol) . 1H nmr df (CDC13) 7.23 (1H, m, thiophene ring proton),
7.70 (3H, m, aromatic ring protons) 8.33 (2H, m, aromatic ring
protons) and 8.72 (1H, m, benzene ring proton). Vmax (Nujol) 1630

(00) and 1350 (NO2) cm”1.

17.0 Desulphurisation of Polysubstituted Thiophenes and Dithienyl

Ketones.

3-Methoxythexanoic acid (160).

Methyl 3-methoxy-5-methyl thiophene-2-carboxylate (83) (4g, 0.02M)
was desulphurised using general method 8 to give 1.2g (39Z) of the
title compound (1.2g, 392). It had b.p. 81°C/w/p (lit. 191
74.6°C/25mm Hg), % nmr <f(CDC13) 0.80-1.10 (3H, s, CH3), 1.15-1.65
(3H, m, CH and CH2), 2.10-2.62 (4H, m, 2xCH2), 3.38 (3H, s, OMe)

and 8.65 (1H, br, CO2H, D2 0 ex). Vmax (film) 3,600-3,100 br

(CO2H) and 1710 (00) cm"1.
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Methyl 3-Methoxyhexanoate (161).

Methyl 3-methoxy-5-methyl thiophene-2-carboxylate (83) (2g, 0.01M)
was desulphurised using general method 9 to give 1l.lg (692) of the
title ester (l.1lg, 692). It had 1H nmr cf(CDC13) 0.85-1.10 (3H, s,
CH3), 1.15-1.65 (3H, m, CH and CH2), 1.12-2.65 (4H, m, 2xCH2), 3.38
(3H, s, OMe) and 3.65 (3H, s, CO02Me). Vmax (film) 2,995 (OMe) and

1695 (C=0) cm”1.

l11-Hydroxy-6-methyldodecanoic Acid (163).

1-(5-Acetyl-2-thienyl)-1(5-methoxycarbonyl-2-thienyl)ethane (162)
(3g, 0.1M) was desulphurised using general method 8 to give the
title acid (2.1g, 912) as a pale yellow oil, b.p. 150°C/0.5mmHg
(lit. 185 - 140-145°C/0.11lmmHg). 1H nmr cf(CDC13) 0.85 (3H, br, d,
J=5 Hz, CH-Me), 1.00-2.55 (20H, br, m, 8xCH2; CH-Me), 3.86 (1H, m,
J=6Hz, CH-OH) , and 6.38 (2H, Dbr, s, D20 ex OH and COgH). Vmax

(film) 3,650-2,300 (OH and CO02H) and 1410 (C=0) cml.

Methyl 1ll-hydroxy-6-methyldodecanoate (164).

1-(5-Acetyl-2-thienyl)-1-(5-methoxycarboxyl-2-thienyl)ethane (162)

(3g, 0.01M) was desulphurised using general method 9. The wusual

work-up gave a pale yellow oil (2g, 872) which was purified by

distillation. It had Db.p. 121°C/0.2mm Hg (lit. 186 100-
110°C/0.09mm Hg) . XH nmr <f(CDC13) 0.85 (3H, br, d, J=5Hz, CH-Me
and Me CH [OH]> and 3.45-5.00 (4H, m, CH [OH] and CO02Me) . Vmax

(film) 3,600-3,100 (br, OH) and 1,740 (C02Me) cm"1.
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Methyl 1l1-Hydroxydodecanoate (166).

1-(5-Acetyl-2-thienyl)-1-(5-methoxycarbonyl-2-thienyl)methane (165)
(0.79, 2.5mM) was desulphurised using general method 9 to give a
yellow oil (0.5g, 91%) which solidified wupon standing overnight.
Recrystallisation from ethanol gave the pure title compound, m.p.
37-39°C. (Found: C, 67.5; H11.0. Cl13H2603 requires ¢, 67.7; H,
11.32). % nmr (£(CDC13) 0.87-1.05 (1H, br, OH, d20 ex), 1.10-1.68
(21H, m, 1xCH31 9xCH2), 2.06-2.48 (1H, m, CHOH), and 3.67 (3H, s,
C02Me). Vmax (film) 3,600-3,100 br (OH) and 1,740 (C02Me) cm”1.

M/e 231 (M+H, 10%) and 100% m/e 213 (M+H-H20).

Methyl 4-Ethyl-3,5-dihydroxyhexanocate (167).

Methyl 4-acetyl-3-hydroxy-5-methylthiophene-2-carboxylate (114)
(lg; 4.5irM) was desulphurised using general method 9 to give the
title compound as an oil in 78% yield. “H nmr (£(CDC13 0.95-1.68
(9H, m, br, 2xCH3 and 3xCH), 2.20-2.40 (4H, m, 2xCH2), 3.65 (3H, s,
1xC02Me) and 6.55 (2H, br, OH, D20 ex). Vmax (film) 3,500-3,100

(br, OH) and 1680 (C-0) cm”1.
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Methyl 4-Ethyl-5-hydroxy-3-methoxyhexanoate (168).

Methyl 5-methyl-3-methoxy-4-acetyl thiophene-2-carboxylate (115)
(0.5g, 2.2mM) was desulphurised using general method 9 to give the
title compound as an oil in 78% yield. nmr cf(CDC13) 0.90-1 (9H,
m, br, 2XCH3 and 3xCH) , 2.20-2.40 (44, m, 2xCH2), 3.60 (3H, s,
1xCOxMe) and 4.05 (3H, s, -OMe). Vmax (film) 3,500-3,100 (br, OH)

and 1680 (00) cm"1.

Methyl 4-Ethyl-3,5-dihydroxyheptanoate (169).

Methyl 5-methyl-3-hydroxy-4-propionyl thiophene-2-carboxylate (117)
(0.8g, 3.7mM) was desulphurised as described in general method 9 to
give the title compound as pale yellow oil (0.3g, 67%). H nmr
<f(CDC13) 1.05 (9H, m, 2xCH3, 1xXCH2 and 1xCH(, 2.42 (5H, m, 2xCH2
and 1xCH), 3.68 (3H, s, -0CH3) 4.22 (l1H, br, OH, D20 ex), and 6.10
(14, br, OH, d20 ex). Vmax (film) 3,600-3,200 (br, OH), 2950 (CH3
stretch) and 1705 (00) cm"1. M/e 185 (38% [M+H-H20] -2H), 127

(100%; [M+H-H20)-2H]-[C02Me]+H) .

Methyl 3,5-Dihydroxy-4-methylheptanocate (170).

Methyl 3-hydroxy-4-propionyl thiophene-2-carboxylate (0.8g, 2.7mM)
was desulphurised using general method 9 to give 0.5g (71%) a brown
oil (0.5g, 71%). % nmr <f(CDC13) 0.95-1.50 (10H, m, 2xCH, 1xCH2
and 2xCH3), 2.65 (3, m, I1xCH2 1xCH), 3.75 (3H, s, CO02Me), 4.35
(1H, br, OH, D20 ex) and 6.00 (1H, br, OH D20 ex). Vmax (film

3,500-3,200 (br, OH) and 1710 (00) cm"1l.
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Methyl 6-Hydroxy-4,8-dimethoxy-3-methylundecanocate (171).

Methyl 4-methoxy-3-methyl-5-(3 *methoxy-5’'-methyl-2 *~thenoyl)

thiophene-2-carboxylate (154) (0.3g, 0.88mM) was desulphurised
according to general method 9 to give 0.18g (672) the title
compound (0.18g, 672) as a white wax, m.p. 31-33°C (from ethanol).
(Found: C, 61.1; H, 10.4. cib5Hi6S2°5 reQuires c> 59.6; H, 9.92).
1H nmr <f(CDC1l3) 0.70-1.75 (13H, m, 5xCHf, 1xCH3), 2.03-2.70 (4H, m,
4xCH(, 3.30 (3H, s, C02Me), 3.65 (3H, s, OMe), 3.85 (3H, s, Me) and
6.40 (1H, br, OH, D20 ex). Vmax (film 3,600-3,10.0 (br, OH) and
1742 (C02Me) cm”1 . M/e 285 (452, M+H-H20) and 129 (1002;

[ (CH3 [CH2 ]2CH[OMe]CHO) .

5-Hydroxy-3,7-dimethoxydecane (172).

2-(3'"-Methoxy-5'-methyl-2 *~thenoyl)-3-methoxythiophene (152) (lg,
3.7mM) was desulphurised using general method 9 to give the title
compound (0.6g, 762) as a yellow oil. 1H nmr cf(CDC13) 0.90-1.05
(9H, br, 2xCH3 ,1xCH2,1xCH), 1.20-1.60 (9H, m, br, 4xCH2, 1xCH) 2.55
(l1H, m, 1xCH) 2.82 (l1H, br, OH, D20 ex), 3.65 (3H, s, OMe), and
3.80 (3H, s, OMe). Vmax (film) 3,500-3,200 (br, OH) and 2,950

(sharp, -CH3 stretch) cm
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5-Hydroxy-3,7-dimethoxv-2-methyldecane (173).

2-(3’-Methoxy-5 *-methyl-2’-thenoyl)-3-methoxy-4-methylthiophene

(153) (0.8g, 2.8mM) was desulphurised using general method 9 to
give the title compound (0.4g, 61Z) as a yellow oil. nmr
cf(ChCI3) 0.85-1.00 (9, m, br, 3xCH3)), 1,20-1.65 (10H, m, br,
4xCH2 and 2xCH(, 2.45 (3H, m, br, IxOH, 2xCH), and 3.30 (6H, s, br,
2x0Me) . Vmax (film) 3,600-3,200 (br, OH) and 2,950 (sharp, -CH3

stretch) cm"

18.0 Stereochemistry of Desulphurisation.

Dimethyl 3,4-Dihydroxythiophene-2,5-dicarboxylate (174).

To one litre of 1M sodium methoxide was added dimethylthiodiacetate
(509, 0.25M) and dimethyl oxalate (60g, 0.50M). The mixture was
stirred for 12 hours then poured into ice/water (1L) .
Acidification with concentrated hydrochloric acid gave a white

precipitate, which was obtained by filtration, giving the title

compound (79g, 67Z) . It had m.p. 182°C (lit. 177°C) . nmr
<f(CDC13) 3.90 (6H, s, 2xCO0xMe) and 5.35 (2H, br 2xOH, D20ex) . Vmax
(Nujol) 3,500, 2,300 (br, OH) and 1,690 (C-0) cm"1. 13C nmr

df (cpc13) 57.0 (Cc02Me), 112.6 (C-2,C-5), 155.4 (C-3, C-4) and 168.6

(C02).
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Raney Nickel Desulnhurisation of (174) to give Dimethyl fi.6*-

dihydrox ryadipate (175) ¢

Dimethyl 3,4-dihydroxythiophene-2,5~dicarboxylate (174) (2.39,
0.01M) was desulphurised using general method 9 to give a yellow
powder (0.94g, 462), m.p. 86-88°C (from EtOAc) (lit. 177 80°C). 1H
nmr cT(CDC13) 2.58 (4H, d, 2x-CH2-, 3.75 (2H, br, 2x-0H, D20ex) ,
3.80 (6H, s, 2xC02Me), and 4.15 (2H, m, 2x-CH). Vmax  (Nujol)
3,300-3,000 (br, OH) and 1705 (C«0) cm"1. 13C nmr <f(CDC1l3) 38.8

(CH2), 51.9 (CO02Me), 69.9 (CH) and 172.9 (C02).

Dimethyl E-Hex-3-ene-1,6-diocate (177).

E-Hex-3-ene-1,6-dioic acid (14.4g, 0.1M) (176) was esterified using
methanol (25ml) and concentrated sulphuric acid (5g) to give the
title compound (10 .6g, 542) as a clear oil following purification
by distillation. It had b.p. 70°C/0.07mm Hg (lit. 178 82°C/0.2mm
Hg) . 1H nmr tf(CDC13) 3.12 (4H, d, 2xCHf, J=14Hz), 3.65 (6H, s,
2xC02Me) and 5.70 (2H, m, 2x-CH=). 13C <f(CpCl13) 37.7 (CH2), 51.8

(C02Me), 125.9 (CH) , and 171.8 (CO). Vmax (film) 1710 (00) cm”1.

Dimethyl (£) -I3.fi*-Dihydroxyadipate (178).

t-Butyl alcohol (100ml) and 302 hydrogen peroxide (25ml) were dried
[(a) Naf SO* Db) MgSO™ an(j c) CaSO")] to give a dry solution of 62
t-butyl hydroperoxide. To this was added dimethyl E-hex-3-ene-1,6-
dioate (177)) (8g, 0.046M) followed by 152 osmium tetraoxide in t-

butanol (15ml). The stirred reaction mixture was then cooled to
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0°C and maintained at this temperature for 24 h. The solvent was
removed under reduced pressure, the residue triturated with diethyl
ether, the ether removed and the residue cooled in ice and left to
stand for 12 h. The total compound (0.8g, 8.5£) was obtained as
off-white crystals by filtration at the pump. It had m.p. 77-78°C
(from EtOAc) (lit. 177 80°C). 1H nmr <f(CDC13) 2.58 (4H, d, 2x-CH2-
), 3.75 (2H, br, 2x-0H, D£f£0 ex), 3.80 (6H, s, 2xC02Me) and 4.15
(2H, m, 2x-CH). 13Cnmr <f(CDC13) 37.8 (CH2), 51.9 (C02Me) 69.7

(CH(, and 172.8 (C02). Vmax (Nujol) 3,350, 3,000 (br, OHO and 1705

(C=0) cm"1.

V,V-Dilactone of ci)-fl,fi*-Dihydroxyadipic acid (179).

A solution of dimethyl (;*)-B,B’-dihydroxyadipate (60mg) in 1M
hydrochloric acid (10ml) was evaporated over 1 h on the steam bath.
The residue was crystallised from ethyl acetate to give the

dilactone (25mg, 42X) as white crystals, m.p. 129-130°C (lit. 178

127~128°C).

Reductive Desulphurisation of Optically Active Thiophene

Derivatives+

2-(3-Nitrobenzoyl)thiophene (159)¢

3-Nitrobenzoyl chloride (18.5g, 0.1M) was added to 1,2-
dichloroethane (75ml) . To this was added aluminium chloride
(18.5g) then the mixture was cooled to 0°C. To this thiophene

(10g, 0.12ml) was added, dropwise and the reaction was stirred for
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1 h at 0°C then quenched by addition to ice-hydrochloric acid
(100ml), followed by stirring for a further 0.5 h. Extraction into
dichloromethane, drying (MgSO”) and removal of the solvent under
reduced pressure gave the title compound (22.5g, 462) as a pale
yellow solid. It had m.p. 106°C (from ethanol), 1H nmr cf(CDC13)
7.24 (1H, m, thiophene ring proton), 7.70 (3H, m, aromatic ring
protons), 8.33 (2H, m, aromatic ring protons, 8.72 (lH, m, benzene

ring proton). Vmax (Nujol) 1630 (C=0), 1530 and 1350 (NO2) cm"1.

2-(3-Aminobenzoyl)thiophene (182).

2-(3-Nitrobenzoyl)thiophene (11g* 0.05M) was added to absolute

ethanol (200ml). To this was added a solution of sodium sulphide
nonahydrate (24g, 0.15M) in water (50ml) [(to which had been added
sodium hydrogen carbonate (10g)]. The solution was then boiled
under reflux for 3 h, then allowed to cool. The solvent was

removed under reduced pressure and the residue was taken up into
dichloromethane, the solution was filtered, washed with water,
dried (MgSO”®) and the solvent was removed to give an off-white
powder (6 .8g, 672), m.p. 115-116°C (from ethanol). (Found: C,
04.5; H, 4.4; N, 6.9. Ci;1HINOS requires C, 65.0; H, 4.4; N, 6.92).

nmr (£(CDC13) 7.95 (1H, d, ArH), 7.60 (1H, d, ArH), 7.25 (1H, s,
Ar-H), 7.20 (3H, m, ArH’'s), 6.75 (1H, d, ArH), and 5.35 (2H, br,
NH2, D20 ex). Vmax (Nujol) 3,500 (br, tr, NH2) and 1670 (C=0) cm"

X. M/e 204 (M+H, 1002).
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cC-Hydroxy-2- (3—aminobenzyl) thiophene (183)+4

2-(3-Aminobenzoyl)thiophene (5g, 0.025M) was dissolved in absolute
ethanol (50m1) and to this stirred solution was added sodium
borohydride (1.5g) in 2M sodium hydroxide (5ml). The mixture was
stirred for 12 hours at room temperature, the solvent was removed
and the residue dissolved in dichloromethane, the solution was
washed with water, dried (MgS04) and the solvent was removed to
leave pale yellow powder (4.4g, 861), m.p. 89°C (from ethanol).
Found: C, 64.1; H5.3; N6.9. C-"H-3j”"NOS requires C, 64.4; H, 5.4; N,
6 .8%). nmr cftCDClg) 7.35-6.58 (7H, m, aromatic ring protons)
5.85 (1H, s, CH), 3.64 (2H, br, NH2 D20 ex), 2.90 (1H, br, OH, D20
ex). Vmax (Nujol 3,500-3,300 (br, OHO, 3,400-3,100 (tr, NH2). M/e

206 (M+H, 65%), 100% m/e 188 (M-H20+H).

3r-Nitrovalerophenone (186).

Valerophenone (16.2g, 0.1M) was dissolved in cold (-10°C)
concentrated sulphuric acid (25ml). To this was added, very
slowly, dropwise, over a period of 3 h, an ice-cold (0°C) mixture
of concentrated sulphuric acid (9ml) and concentrated nitric acid
(9ml), the temperature being kept below 5°C at all times. After
the addition was complete the mixture was stirred at 0°C for a
further h, then allowed to come to room temperature over a period
of 1 h then poured into ice-water with vigorous stirring. The
product was extracted into dichloromethane and washed with water
(50ml), saturated sodium hydrogen carbonate solution (25ml) and

again with water (50ml), dried (MgS04) and the solvent was removed
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to give 1l4g (682) a pale vyellow oil (14g, 682), b.p. 115-
121°C/0.3mm Hg. (Founds C, 63.8; H, 6.3; N, 6.9. cn Hi3NO03
requires C, 63.8; H, 6.3; N, 6.82). nmr <f(CDCl3) 8.70 (1H, s,
2-ArH’s), 8.30-7.50 (3H, m, ArH’s), 3.00 (2H, m, COCH2)t 1.65 (4H,
m, 2x -CH2-), and 1.05 (34, 1d, -CH3). Vmax (£ilm) 3,000
([CH2]13CH3), 1,700 (c=0), 1,535 and 1,350 (NO£) cm"1. M/e 208

(1002) M+H), 163 (452 M+H-NO2) .

3- (aC-Hydroxy-n-pentyl)aniline (184)-reference compound.

3-Aminovalerophenone (5.4qg, 0.03M) was treated with sodium
borohydride (1.2g) as described in the preparation of compound
(183) to give a pale yellow oil (4.8g, 902) which was purified by
distillation. It had b.p. 180°C/0.5mm Hg. (Found: C, 74.6; H,
9.7; N, 7.9, C13H17NO requires C, 73.7; H, 9.5; N, 7.82). 1H nmr
cf(CbCl3) 7.30-7.20 (1H, m, ArHO, 7.10-7.00 (1H, m, ArH), 6.75-6.60
(2H, m, 2xArH) 4.50 (2H, tr, NH2), 3.45 (1H, br, -0OH, D20 ex), and
2.10-0.90 (10H, m, CH-[CH2]3). Vmax (film 3,500-3,300 (br, -OH)
and 2,900 ([CH2]3CH3) cm"1l. M/e 180 (452 M+H) and 162 (1002, [M-

H20) +H) .

Preparation and Resolution of (+) (=) cc-Hydroxy-2- (3-

aminobenzyl)thiophene.

OC-Hydroxy-2- (3-aminobenzyl)thiophene (183) (49, 0.02M) was
dissolved in ethanol (20ml). To this was added (+) tartaric acid
(3.1g, 0.02M) in ethanol (5ml). The mixture was boiled for 5min

then allowed to stand for 60 h. The precipitate which formed was
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obtained by filtration, and was found to have m.p. 52-54°C and was

obtained in 922 yield. (Found:0, 49.8; H, 5.1; N, 4.1, C15H17NO7S
requires C, 50.7; H, 4.8; N, 3.97). H/e 356 (35Z M+H), 188 (100%z,
Ciihiin®S-H20>, and 151 (551 [CHOHCC>2H 12). Repeated

recrystallisation from acetone gave a constant m.p. of 62°C, and

this material showed an optical rotation of [«] -36.0° (for ethanol
solution).

Attempted Preparation of (+) (-) 3- (cC-Hydroxy-n-pentyl)aniline
salt.

Application of the above procedure to 3- (<f£-hydroxy-n-pentylaniline
(184) led to the formation of a syrup which could not be
crystallised. Attempts using acetone, ether, ethanol, ethyl
acetate and light petroleum, (b.p. 60-80°C) all failed, leaving the
same clear, viscous oil. An attempt to measure the optical
rotation of the o0il showed no rotation and microanalysis indicated

the product was impure.

Preparation of 3- (cc-Hydroxy-n-pentyl)aniline (184) via Raney Nickel

De sulphurisation of "Resolved” cc-Hydroxy-2- (3-aminobenzyl)
thiophene.
(+) (=) oC-Hydroxy~2- (3-aminobenzyl) thiophene (3.69, 0.01M) was

converted to the free base by treatment with 4M sodium hydroxide
solution followed by extraction into dichloromethane and removal of
the solvent to give <X-Hydroxy-2-(3-aminobenzyl)thiophene (183),

m.p. 94°C. The optical rotation of the free-base was measured at
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%] -1.4°. High resolution nmr wusing a chiral shift reagent
indicated an enantiomeric excess of 1:2.6. The "resolved" free-
base (2.1g, 0.01M) (183) was then desulphurised with Raney nickel
using general method 9 to give 3- (<sc-Hydroxy-n-pentyl)aniline (184)
(l.1g, 62%). (Found: C, 74.2; H, 9.6; N, 8.0. C"H-"NO requires C,
73.7; H, 9.5; N, 7.8%). 1H nmr df(CDC13) 7.30-7.20 (1H, m, ArH),
7.10-7.00 (1H, m, ArH), 6.75-6.60 (2H, m, 2xArH's), 4.45 (2H, tr,
NH2), 3.45 (1H, br, -OH, D£0 ex), and 2.10-0.90 (10H, m, CH-
[CH2 ]3CH3). Vmax (film) 3,500-3,300 (br, OH) and 2,900 (CCH2)3CH3)
cm"1l. M/e 180 (45% M+H) and 162 (100%), ([M~H201) . The optical
rotation was measured at [od], —8.3(3 , and high resolution nmr using
the chiral shift reagent indicated an enantiomeric excess of 1:2.2

(68%).

Determination of Enantiomeric Purity Using 360 MHz nmr*

Ten milligrams of each sample was weighed into an nmr tube and
dissolved in deutero chloroform (0.5ml). The chiral shift reagent
used was europium D-JJ-hepta fluorobutyryl camphorate in CDC13 at
1.9}(10_5 molar. Sequential wvolumes of 20ml, up to a total of
120ml, were added to the substrate and the proton nmr was acquired
on a Bruker AM 360 instrument. From observations of the carbinyl

/proton the enantiomeric purities were determined.

*Courtesy of B. Taylor of Shell, Sittingbourne
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Determination of Optical Rotations Using a Perkin-Elmer Digital

Polarimeter *

The optical rotations were measured using the sodium-D-line in
ethanol solution at 20°C. The volume of the cell 2 as 2.5ml and
the path-length 10cm. The readings were taken and [djzos

calculated using the following formula:

nl

where

v volume (ml) of solution
n = grammes of active substance
1
r

path length (1dm)
measured rotation

* Courtesy of B. Taylor of Shell, Sittingbourne
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Results:-

(a) (+) (=) -flC-Hydroxy-2- (3-aminobenzyl) thiophene- (+) -tartrate
salt;
Weight of sample = 0.421g
r = -0.302

J*. [fit] 20d = -36.0°

(b) "Resolved" cJC-Hydroxy-2- (3-aminobenzyl) thiophene- (+)-tartrate
(183) ;
Weight of sample = 0.0396g
r =0.022
LVLRR] 204 = -1.4°
(c) 3-(fit-Hydroxy-n-pentyl)aniline (184) was prepared via Raney

Nickel Desulphurisation of "Resolved” (183);

Weight of sample = 0.0859g
r = -0.77

Y. [ 20d = 4.5°

* Courtesy of B. Taylor of Shell, Sittingbourne
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