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SUMVARY
Following the publication of a report on the anodic oxidation of
6-hydroxy-7-methoxy-1,2,3,4tetrahydroisoquinoline-1-carboxylic acids
a range of such compounds with differing alkyl substituents at the C-1
position was synthesised and incubated with enzymes known to oxidise
phenolic molecules. It was found that oxidative decarboxylation to
the corresponding 3>4—dihydroisoquinoline occurred, the reactions being
followed spectrophotometrically”and although a competing reaction was
also observed an estimate of the enzyme kinetics (Km and V) was made.
This reaction is additional evidence in favour of the Hahn postulate
implicating isoquinoline-1-carboxylic acids in the biogenesis of iso-
quinoline alkaloids, and also illustrates the similarities between

enzymatic and electrochemical oxidations.

As a consequence of the reported oxidative decarboxylation of phenolic
N-protected acids to quinonoidal species, two N -trifluoroacetyl-6-
hydroxy-7-methoxy-1,2,3,4—tetrahydroisoquinoline-1-carboxylic acids,
having nucleophilic benzyl substituents were synthesised and oxidised

by electrochemical, enzymatic and chemical means, in order to study

their possible intramolecular coupling to aporphine and cularine
alkaloids. Synthesis of the target alkaloids by conventional methods

was also undertaken. Similarly the possibility of intermolecular coupling
of an external nucleophile to the oxidised form of N -trifluoroacetyl-1-
methyl-6-hydroxy-7-methoxy-1,2,3,4—+tetrahydroisoquinoline~1-carboxylic

acid was investigated, both electrochemically and enzymically.

An unsuccessful synthesis of P>P—dimethy1—3,4—>5—trimethoxyphenylpyruvic
acid was undertaken in an attempt to prepare the appropriately substituted

<V, o0*-dimethyl isoquinoline-1-carboxylic acid.



Reaction of 1-(3*4*5~trimethoxybenzyl)-6-hydroxy-7-methoxy-1,2,3,4-
tetrahydroisoquinoline-1l-carboxylic acid with trifluoroacetic anhydride
in pyridine gave rise to an anomalous product, which was identified as

a fluorine containing dihydroprotoberberine.

The enzymatic oxidation of corypalline was investigated using fungal
laccase and horseradish peroxidase; both enzymes were found to be
capable of effecting phenol oxidative coupling to give the carbon-

carbon linked dimer.
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ABBREVIATIONS

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DMF N, N-dimethylfor mamide

DVSO dimethylsulphoxide

Et ethyl

Me methyl

n.m.r. nuclear magnetic resonance spectroscopy
Ph phenyl

TFA trifluoroacetic acid ’
TFAA trifluoroacetic anhydride

THF tetrahydrofuran >
t.l.c. thin-layer chromatography

n.v. ultra-violet spectrophotometry

Novel compounds
Compounds, the names of which are underlined in both text and
experimental sections, have not (to the best of the author’s knowledge)

been described in the literature. ' ! /
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CHAPTER ONE

INTRODUCTION ' 7
In a recent paperl, Bobbitt reported that 1,2,3,4-tetrahydro- 7
isoquinoline-1-carboxylic acids 1 possessing either a 6- or 7-hydroxy*"'*
function on the isoquinoline nuclieus can be decarboxylategl by anodic
oxidation at low potentials, to produce the corresponding 3,4-dihydro-
isoquinolines 2 in high yields. Such findings lend support to the
proposal made by Hahn2 that isoquinoline-1-carboxylic acids are
involved in the biosynthesis of isoquinoline alkaloids. Based upon
the experimental conditions, it was considered likely that certain
electrochemical oxidations give results similar to-'those occurring
in vivo. It was further postulated1 that such a decarboxylation
induces a "push-pull” effect across the phenolic isoquinoline system,
generating in the case of the 6-hydroxy-acids, intermediate quinone-
type compounds 'which can subsequently rearomatise by involving
the nitrogen lone pair electrons to give the 3,4-dihydro products.
-The possibility would therefore seem to exist that if these lone*pair
electrons are prevented from taking part in the aromatis”tion reaction,
e.g. by N-acylation, the generated quinone can either be isolated, or
can react with some nucleophilic species. Indeed Bobbitt, isolated
a quinonoidal compound in low yield from the elebtrochemical oxidation
of an N-acetylated isoquinoline-1-carboxylic acid, and suggested that
such quinones may be involved in the formation of isoquinoline
..alkaloids by .either intra-or intermolecular nucleophilic addition,
without the necessity of further oxidation. Such a process would be

an example of what Hamilton® has termed non-oxidative coupling (NOC).



In view of the importance of these proposals, a study was undertaken

to investigate:-

a) the relationship between anode- and enzyme-induced
oxidative decarboxylations of phenolic'isoquinoline-1- t
carboxylic acids;

b) the possible synthesis of intra-and intermolecularly
coupled products from the decarboxylation of N-acylated
acidd by electrochemical, chemical and enzymic oxidations.

The remainder of this introduction will discuss the role of phenol

oxidative coupling and isoquinoline-l-carboxylic acids in the context

of the biosynthesis of isoquinoline alkaloids.

1.1 Phenol Oxidative Coupling >
1.1.1 Mechanistic Considerations
Of the many ring systems that are present in naturally occurring systems,

phenols are one of the most easily oxidised. The products from such

oxidations are often complex mixtures of dimers, polymers and quinon-
oidal compounds, depending upon the type of oxidant and the reaction
.conditions used. The importance of this oxidative coupling process
has long been recognised and, as a consequence, many biosynthetic path-
ways involving such reactions have been proposed, along with attempts
to produce this natural process in Vitro./_l/

Some fifty years ago, Robinson15 related t}'lg phenol oxidative coupling
process to the biosynthesis of morphine alkaloids from phenolic
I-benzylisoquinolines. Similarly, Pummerer16 proposed that a process
of this type occurred in the chemical oxidation of 4.-cresol to give
dimeric products. However, until the influential paper by Barton and

Cohen”, the significance of phenol coupling in natural product chemistry



was not widely appreciated. In this publication, the coupling process
was rationalised in terms of phenoxy radicals, in which, the distri-
bution of the unpaired electron can'be represented by"the canonical
f°rms 4-a-de The application of ortho, para coupling rules enables
only carbon-carbon or carbon-oxygen-carbon .coupled products 5-1A 1

linked at the ortho or para positions to be formed.

In general, phenol coupling has been assumed to operate by a radical
dimerisation mechanism probably because most of the early investigsations
involved known one-electron oxidants, e.g. alkaline ferricyanide, ferric
chloride, silver oxide and manganese dioxide. Nevertheless, in spite
of what appeared to be an abundance of evidence in favour'of a radical

17 suggested that alternative mechanisms

dimerisation mechanism, Barton
may also be involved under certain conditions and should therefore be

considered as possible pathways. The following mechanisms were

proposed:-
1 ArO £ ArQ—— —— > Dimer
2  AOH - ArQ - >  Dimer +
3 ArOH + ArOH «—> Dimer +2H"
A  AOH + AI(S’E> — > Dimer + H© /
5 ArOO T ArO — > Dimer '
6 ArO + ArOH — > Dimer + H¥ '
7  ArO + kvO H® —>Dimer + H*
8 A0 + ArO©+ é® —" Dimer. )

Reactions t-3 correspond to simple coupling reactions of phenoxy
radicals in various stages of protonation, with reaction 1 being the
most commonly occurring. Reactions 6-8 are phenoxy radical substit-
utions, still involving a two-electron transfer process as with coupling
reactions. Reactions of type 6 were considered improbable. 10 Reaction

7 was not dismissed outright in view of the evidence presented for its



0*

V s# 5
4a

R COoH

AN

I I \ I
\ A
4b 4c Ad
,O0H
Ir=K /= r\
10
HO
,OH
/A f Y 0

13

AN AN  AN"(I,



occurrence,18 whereas reaction 8 was considered extremely unlikely,
involving the collision of "two improbable particles". Phenoxy
cations are involved in both reaction A and 5 and it is towards the
identification of such a species that much work has been recently
focused. In addition, the species involved in mechanism'3, i.e. a
phenoxy cation radical, has received increasing attention with the

dramatic growth of electrochemical methods in organic synthesis.

0
A recent review divides the more common external oxidations into two
.V
mechanistic groups which are further subdivided into several general
. types.
Type 1s- mechanisms involving free radical intermediates;
a) direct coupling of two phenoxy radicals,
b) homolytie aromatic substitution,
°c) heterolytic coupling preceeded by two successive
one-electron oxidations.
Type 2;- mechanisms which do not involve radicals;
a) heterolytic coupling preceeded by a single
two-electron transfer,
b) concerted coupling and electron transfer.
The following sections discuss in some detail the evidence for and
against the involvement of radical coupling, homolytie substitution,

\

and phenoxy cations in phenol oxidative coupling reactions.

1.1.2 Mechanisms Involving Initial Phenoxy Radical Formation

Para coupling of the phenoxy radical from 2,6-dialkylphenol 15
illustrates the above three mechanisms involving radical intermediates
(Scheme I). The same final product 20 can arise from the radical 16
by any of the pathways illustrated. The dicyclohexadienone 17. is
formed by homolytie coupling (Type la), followed by rapid tautomer-

isation in protic media to give 20. Homolytie substitution (Type 1b)
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into another phenol molecule generates the dimeric radical which
either gives 17 by loss of a proton and an electron, or it may
disproportionate to 17 'and the dihydro compound 1j?. Compounds of

type 19 are analogous to products observed in free radical aromatic
substitutions,19 but such species have never been identified in phenol m
coupling reactions, for which the most probable explanation is the
greater stabilisation afforded by rearomatisation. Absence of any
evidence for such species does not necessarily,mean that dihydro
intermediates are not involved. The final free radical interm\ediate
pathway (Type 1c) may occur after further oxida«tion of the phenoxy

radical 16? generating a phenoxy cation 21. capable of initiating

electrophilic substitution with a phenol molecule to produce 17.

It has been suggested20 that carbon-carbon coupled products arise as

aresult of electrophilic substitution by phenoxy cations (such species

probably existing in the mesomeric carbonium ion form), and are formed

by the acid—induoced disproportionation of the corresponding radical:
2ArO* Hj,_O n ArO + ArOH + H&O

mwhereas carbon-oxygen-carbon products are more likely to involve

phenoxy radical couplﬂflg since more of the unpaired electron density

resides> at the oxygen atom. A recent detailed study21 of the oxidation
» %

of 4-cresol to its carbon-carbon dimer has shown that the reaction

pathway is not dependent on either redox potential or pH, casting some

doubt on the earlier proposal of an ionic mechanism being involved in

the formation of carbon-carbon coupled products.

Evidence for phenoxy radical formation
There would appear to be indisputable evidence that the first step of

the majority of phenol oxidations involves the removal of one electron



by an external oxidant to give a phenoxy radical. Due to the reactive
nature of such species it has, with a few exceptions, only been possible
to identify phenoxy radicals by physical means, utilising the properties
of the unpaired electron. Esr spectroscopy ha's proved the most

9
informative method,z' 23

and by this technique It has been possible to
assign spin densities to the phenoxy radicals under investigation. Such
radicals are deeply coloured in contrast to the parent phenols which
are usually colourless, and it has thus been possible to study such
species from their electronic spectra.zL Indirect evidence\ for- the
-e-formation of phenoxy radicals is also obtained from redox titration
curves and from polarograms of phenols, with a single electron transfer
being observed in both cases. Stable phenoxy radicals are known,25926
and in most cases are substituted in the 2,L and 6 positions by groups
able to exert steric interference or capable of increasing the
delocalisatilon of the unpaired electron. Such radicals can be isolated
and their physical properties easily studied. The existence of

radicals derived from phenols has therefore been well established by

physical and chemical techniques.

Phenoxy radical dimerisation
v There can also be little doubt that in many phenol oxidations the
direct radical pairing mechanism (Type la) is responsible for the
dimeric products observed. Evidence from flash photolysis experiment5279pg
has demonstrated the disappearance of phenoxy radicals by a process
.following second-order kinetics, attributable to the rapid and
irreversible rate determining radical dimerisation process. A recent
study29 has suggested that radicals from highly substituted phenols

disproportionate to quinone methides and the parent phenols rather than



dimerising, in agreement with the earlier observations of Cook.and

30,31 Results from the mechanistic studies on ’

his co-workers.
relatively simple phenolic systems by Waters 32 and Littler, 33 were
consistent with the dimerisation process having occurred. Additional
evidence for this pairing mechanism comes from potential cross-coupled
product experiments. Ferricyanide oxidation of a mixture of 2,6-
dimethyl- and 2, 6-dimethoxyphenols afforded only the symmetrical
tetramethyl- and tetramethoxydiphenoquinones 22 and 2J3. Similarly
the ferricyanide oxidation of A-cresol in the presence of excess 1,2-.
dimethoxybenzene produced*no coupled product in which the dimethoxy"
compound had been incorporated. 10 Oxidation of the monoether 2% with
ferricyanide gave only dimeric products, whereas the diphenol 2j5

producedlu the intramolecularly linked bis-spirodienone 26.

i
Homolytie substitution

In contrast to the wealth of information implicating the radical
dimerisation process, only one piece of evidence has been reported
claiming involvement of a homolytie substitution mechanism. Ferri-
-cyanide oxidation of 27 produced predominantly the substituted

xanthone 28 according to the mechanism proposed in Scheme II.

Heterolytic coupling

Further oxidation of phenoxy radicals to the corresponding cations -
requires additional energy. Such a process is therefore the least
favourable of the radical initiated mechanisms. However evidence is
available for the implication of this species in certain types of
reaction, i.e. those in strongly acidic media and in anodic oxidations.
The formation of phenoxy cations or their equivalent has been shown to

35-39

occur in several electrochemical investigations. Ronlan and
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parker®*”~ have studied the anodic oxidation of a'series of mono-
phenolic diphenylpropanes to the appropriate spirodienones. Their
findings .suggest that a phenoxy cation is an intermediate in the
oxidation of several of the compounds investigated. Furthermore, the
formation of these ionic intermediates was considered to take place
either directly from the phenol by a direct two-electron loss, or from
a phenol ether cation radical by an intramolecular charge transfer
process. Electrophilic attack by -the resultant cation then takes
Plaee upon the ynoxidised part of the molecule,, The same authors lt*
demonstra‘[ed/2 that -the yield of products derived .by a phenoxy cation
increased when an electrode capable of adaorblng the initially formed
phenoxy radicals was used, thus preventing radical dimerlsation ahd
enhancing further oxidation to cationic Intermediates, .Similar
oxidation” of "-tocopherol 2g resulted in a cation JO of remarkable
stability .and the intermediacy of this same ionic species -was
considered” likely in the ferricyanide oxidation of 29. to its dimer
31, fiewitt,” although not actually demonstrating the involvement of
a phenoxy cation in the coupling process of two phenolic nuclei,
considered that for some substrate-reagent combinations, an ionic
mechanism more adequately explained the findings, Trapping of cations
pf this type has .also been achieved. The tetrafluoroborate and the
hexachloroantimonate salts were isolated” as a result pf -the dis-
proportlonation of phenoxy radicals in the corresponding anhydrous
_streng acid, Similarly, such cationic species have been captured by

39 til

3

nucleophiles present in the reaction media

Cation radical mechanisms

Cation radicals have been implicated in many chemical reactions and

11
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‘have been recently reviewed.Electrochemical oxidation 'of phenol
ethers to the corresponding intra or intermolecularly coupled products
. has been carried out by several groups of workers, -3 who have
proposed mechanisms generally involving either' cation radicals or
diradicals. More recently, a mechanism involving an intramolecular
coupling reaction between a phenol ether cation' radical and a phenoxy
radical derived from a diarylpropane was considered to occur under
certain conditions. A similar mechanism inyolving cyclisation of

an ether cation radical with the unoxidised phenolic part of the

-molecule was thought unlikely when the nature of the products was

considered.

1.1.3 Mechanisms Not Involving Phenoxy liadlcals
The mechanistic processes involved in non-radical coupling are
illustrated in Scheme III. Although the external oxidant is shown
as a tripositive species, other metals in different oxidation states
or organic compounds can also be involved. The initial oxidant-phenol
complex either decomposes to give a formally charged phenoxy cation
(Type 2a) with its subsequent electrophilic type reactions, as
previously discussed, or as seems more likely on energetic grounds,
it can break down by a concerted two-electron transfer pathway (Type 2b).
Intramolecular coupling of phioretic acid £2 and of N-carbomethoxy-

X tyrosine "2 to the respective spirolactones and were both
considered to occur by a non-radical process.5"?55 Several metals,
e.g. Pb (IV), V (IV), V (V), T1 (IIl) and Mi (ill), are known to complex
with the hydroxy function of a phenol5 the complex may decompose to
give a phenoxy cation or to induce a concerted electron transfer

process. The earlier findings from lead tetraacetate oxidations of

13



phenols have been reviewed.56 Results from a study57 of the lead f

tetraacetate oxidation of 2,4~ 6-tri-tert-butylphenol lend strong r

support to the involvement of a metal-phenol compound, which heteroly- €
t

tically breaks down either by a Type 2a or a Type 2b route, with ).

concurrent phenol oxidation, s

The mechanism for the oxidation of phenols by vanadium compounds is

seemingly more complex than for .lead tetraacetate, and as yet it is

N

not absolutely clear whether vanadium (IV) and vanadium (V) act as -
one-- or two-electron oxidising agents, although :it has been established g
-that a-phenol-metal complex is involved,58 Garrick and his, 'collaborators 59
have suggested that phenol coupling occurs by rearrangement of electrons
within a complex containing at least two phenol residues and at least

one vanadium atom. In a recent paper,” Schwartz proposed that >«
coupling of diphenolic 1,3~diarylpropane.s with vanadium oxychloride

takes place by diradical dimerisation, in contrast to monophenolic "

compounds of this same system, which he considered to involve two successive’

one-electron oxidations with coupling occurring by a cation radical 1
dimerisation process, ' 4 /|
Phenoxy cations have been postulated61 to arise from the use of . S
thallium trifluor©acetate, although other workers implicate a I

-
concerted (Type 2b) process. It has also been suggested62 that "

thallium (ill) salts operate by ipso-thallatlon of the aromatic ring,

followed by nucleophilic displacement of the thallium, b

Quinones are known to abstract hydride ions from hydr©aromatic ]
compounds, resulting in cationic intermediates. By analogy, it should

be possible to generate phenoxy cations directly by a two-electron



process. Thus the cyclisation of 2-hydroxy-y~methoxyben2ophenones
to the corresponding xanthones by DDQ was considered " to proceed via
a phenoxy cation intermediate, i.e. a Type 2a mechanism. Similarly
the oxidation of 6-hydrcxytetralin to 6~hydroxy~l-tetralone was
interpreted in this way./t It has also been suggested/ that DDQ
oxidises phenols to the corresponding quinone methide-type inter-
mediates. Both pterocarpan and chromene compounds were considered

to be formed through the intermediacy of such compounds, with subsequent

Intramolecular, non-oxidative coupling reactions.

In a recent significant paper,” Abramovitch proposes the intermediacy
of the free phenoxy cation ~6 in several reactions. This cation was'
considered to be produced from the thermolysis of various H-aryloxy-
pyridinium salts J7 and from dis”otj sa-tion of A-nitrophenoxyamine 38.
.Subsequent attack of J36 on solvent molecules showed no difference in
the isomer ratios of the products, irrespective of the source of ~6
-and the nature of the pyridinium ring substituent, arguing against a

concerted mechanism.

1.1.4 Non-Qxidatiye Coupling Reactions (NQC)

Strictly speaking, reactions characterised as non-oxidative coupling
are further examples of phenol coupling by non-radical-*means, and such
a process is of particular interest in the biosynthesis of natural
products. As mentioned earlier (see page I) the formation of a
quinone type structure leads by a Michael type addition either to
intra- or intermolecularly coupled products, in which the quinone
structure acts as an internal oxidant, e.g. the oxidation of laudan-

osoline methiodide by ferric chloride-(Scheme IV), Although ferric



chloride is illustrated as the external oxidant required to produce
the quinone intermediate, the possibility exists that a suitable
enzyme could equally well function as the oxidant. A mechanism
therefore seems possible in which coupling of aryl units would be
achieved without the involvement of either formally charged or odd
electron intermediates, or unnatural oxidants. Furthermore, the only
requirement for an NOC process is that one of the comfonents is
capable of being reduced by a reasonable mechanism, and quinones are
not essential for such coupling. A hypothetical example is the

coupling of benzyl alcohol and phenol to give the biphenyl 39.

1.2 Phenol Oxidative Coupling In The Biogenesis Of Isoquinoline Alkaloids
Phenol oxidative coupling reactions either of the inter- or intramolecular
have been postulated in the biogenesis of many naturally occurring
compounds. Since the work involved in this thesis is primarily concerned
with intramolecular coupling reactions in isoquinoline molecules, it is
intended to restrict the following discussion to topics related to this

subject.

The isoquinoline alkaloids are a group of secondary metabolites which
have been extensively studied by many groups, both because of their
pharmaceutical utility and because of the intrinsic interest of the
chemistry of such complex structures possessed by many of the members
of this group. Increasing attention has been paid in recent years to
the biogenesis of the alkaloids, i.e. to how they arise in plant forms

from simple or complex precursors by natural processes.

As early as 1917, Robinson suggested that 1-benzyl-1,2,3,A -tetra-

hydroisoquinoline compounds could be synthesised in the laboratory
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under so called "physiological" conditions, i.e. with reactant
concentration, acidity and temperature similar to those found in
plants. This hypothesis was later shown to be correct by Schopf,ASfJAQ
who synthesised the 1-benzylisoquinoline ~0 by condensing dopamine 4J
with the aldehyde 42 at 25° and pH6. Robinson15 also conceived the
idea that phenol coupling of appropriately substituted 1-benzyliso-
quinoline compounds could lead to alkaloids of the morphine group.

This theory has not only been shown to be correct but has been expanded
upon, until it is.now generally accepted that phenol oxidative coupling
is responsible for many of the alkaloids,'and particularly the iso-
quinoline alkaloids found naturally, e.g. aporphines, homoaporphines,
cularines, bisbenzylisoquinolines and the erythrina alkaloids, in

70

addition to the morphine family. A recent review of the biosynthesis

of alkaloids derived from I-benzylisoquinolines supplements the carlier

excellent review by Battersby.71

1.2.1 The Aporphinoids
The aporphinoids consist of the aporphine, proaporphine, neoproaporphine,
oxoaporphine and homoaporphine alkaloids. Aporphine alkaloids have
the skeletal structure 43 and are the largest single group of naturally
occurring alkaloids. Synthetic routes to such compounds will be
discussed in Chapter 3. Extensive research using tracers has enabled
the biogenesis of aporphine alkaloids to be classified into three
distinct modes of phenol oxidative coupling.

a) Direct coupling, in which the relevant phenolic precursor
possesses the correct substitution pattern to allow either ortho-ortho.

ortho-para or (less commonly) para-para oxidative coupling to occur. *

Thus for example a compound having structure 4A can by ortho-ortho

18



41

42

43

11
10

45

19

HO.
H
40
c"N©6
7
NR



linkage produce or by ortho .-para coupling give £6,
b) Coupling to proaporphines, which have the skeletal structure

/m

47, occurs when the phenolic moiety on ring Dis of a different ,
substitution type to that mentioned above, and consequently is unable
to take part in direct coupling. Barton and Cohen” realised that
alkaloids having this "wrong" substitution arrangement could, via
the formation of dienone intermediates (later termed proaporphine
alkaloids72), and subsequent rearrangement give the naturally occurring
aporphines, which could not be explained in terms of a direct coupling
reaction.
Two kinds of rearrangement can take place, viz, dienone—phenol7§< or
-dienol-benzene, Both are acid catalysed carbonium ion transformations,
with the former involving retention of the oxygen atom and the latter
resulting in loss of this same function. Using the 2-subst.itinted
'cyclohexa-2,5-dienone "8 as an example, dienone-phenol rearrangement
can lead to four possible products 49a-d, The precise product formed
cannot be predicted with certainty although the steric effect of a
2-substituent would direct rearrangement towards C-5 rather than C-2,
as would an electronegative substituent. It has been demonstratedT4
that usually a more substituted alkyl group migrates more readily than
a less substituted one, and that aryl groups migrate in preference to
alkyl groups. In all cases a carbon bond migrates more easily
than a heteroatom bond,

c¢) Coupling to give the neoproaporphine structure 50 is similar
to the previous mode of coupling, with the exception that the dienone

function is formed on ring A rather than ring D, Similar rearrange-

ments lead to aporphines having "unnatural” substitution patterns.
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1.2.2 Direct Coupling; to Give Aporphines
The first indication of such a coupling pathway came from the finding79?%0
that labelled reticuline 5.1 when introduced into Corydalis cava gave the
appropriately labelled bulbocapnine- 52, via the diphenol corytuberine
as would be predicted by direct ortho-ortho coupling. Reticuline -
has been isolated from this plant species by feeding and dilution
experiments.31 In order to eliminate an alternative pathway involving
initial C~6/hydroxy1ation of reticuline £1, followed by dienone formation
and subsequent rearrangement as shown in Scheme V, C-2*and C-6/ tritium
labelled reticuline was fed to C. cava. The resulting bulbocapnine 52
W&s fppnd to have retained the necessary amount of activity at the
Position corresponding to C-"/and to have lost the C-2/activity,
consistent with ortho-ortho coupling. A study82 of the biosynthesis
of boldine £4 in Litsea glutinosa showed that (++) reticuline was stereo-
Speciflcally incorporated whereas other possible phenolic precursors
capable of operating via a dienone mechanism were not, demonstrating
that direct ortho-para coupling is the preferred pathway to this
alkaloid; initially isoboldine is produced followed by methylation -
daffiatbylation stages tp achieve the correct substitution pattern.
Eaticaline has also been implicated83J8/ in the biosynthesis of iso-
bpldine in Papaver somniferum, whereas neither orientaline 56 nor N-
nprprotosinomenine 57 were found to be incorporated; once again the
inference is that direct coupling rather than formation of either
proaporphine or nepprpaporphine is the preferred route. In the
Aqulleg-ia species biosynthesis of the quaternary aporphine, magnoflorine
J8 has boon demonstrated85 to involve ortho-ortho coupling of reticuline,
in contrast to the findings from P. somniferum in which reticuline .was

not incorporated into 58 to any significant extent. 83
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1.2.3 Coupling to Give Proaporphines

The involvement of proaporphines as intermediates in the biogenesis
of aporphine alkaloids was postulated/ prior to actual isolation of g
such compounds in plants. This postulate has been proved by both the
isolation of such dienone compounds and their conversion into the t
predicted aporphines. Barton and his co-workers demonstrated that

w N-methylcoclaurine j|9 is sterecospecifically inco\rporated into .
roemerine 60 in Papaver dubium Neither (-) N-methylcoclaurine nor
isococlaurine 61 which lacks the appropriately situated phenolic

function, were incorporated. The final product, i.e. 60, had therefore,
lost the hydroxy group on ring D; this was explained .in terms of

initial formation of the dienone 62 followed by reduction to a dienol

63 with subsequent rearrangement. In other experiments it was established
that coclaurine 64 was converted into (-) anonaine 6£ in Anona retie-
ulata,86987 and into (w) mecambrinol 66 in Meconopsis cambrica,'S3 both
via proaporphine intermediates with the former being produced by the
dienol-benzene rearrangement of 63, and the latter by the dienone-phenol
transformation of 67, (*) Qrientaline £6 has been demonstratedplgpo’“ to
be a precursor in Papaver orientals of (%) isothebaine 68, which is
formed via the intermediates orientalinone and orientalinol 70,
accompanied by the appropriate rearrangement of the latter 5 of the

two epimeric structuresfor 70 only one was found to be efficiently
incorporated. More recent Work91 has shown coclaurine 64, but not
isococlaurine 61, to be a precursor in the biogenesis of the proaporphine
..and..aporphine alkaloids, croto®parine 71, crotosparinine 72, and
sparsiflorine 73 found in Croton sparsiflorus. An interesting

feature of these alkaloids is that 72 has the opposite configuration

at the C-1 position to the other two, suggesting that its biogenesis

occurs by utilisation of the opposite enantiomer of coclaurine, in
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addition, trapping experiments have shown coclaurine to be present in
-C,jspgrsiflorus. Similarly crotonosine V+ has been shown to be derived
from /{—#%coclaurine in Croton linearis plants.92993\
1,2,.4 Coupling To Give Neoproaporphines ‘
Battersby and his collaboratorsg“1 have studied the biosynthésis of the
.Picentra eximia aporphine alkaloids, corydine 75, glaucine 76 and
dicentrine 77, Their findings implicate norprotosinomenine 57 as a °
key intermediate, even though the methylation pattern of 75 would
strongly infer the involvement of either reticuline or Qrient.ali.ne '
56, {neither of -which were incorporated in feeding studies). The
finding that £7 was an efficient precursor gave rise to the theory
that a dienone-’phenol rearrangement of a neoproaporphine type inter-

mediate was involved in the formation -of 75., 76 and 77 as illustrated

in icheme fj,

mUnlike the proaporphine series, no neoproaporphine has as yet been
isolated and -assuming that these compounds do exist it would seem,
likely that they can be reduced to the appropriate dienol compound, to
give after rearrangement an aporphine having an unsubstituted 0-2
position, Tp date no naturally occurring aporphine alkaloids are

known which possess this hydroxylation pattern in ring A

1»2»5 Homoaporphines

homoaperphines have the skeleton structure 78, Alkaloids of this type,
§#g, floramuitine 79, multifloramine 80 and kreysigine 81 have been
isolated from the species Kreysigia multiflora. Labelling studies

have shown95 that autumnaline 82 was well incorporated into these
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alkaloids in contrast to its isomer &3 which did not become involved
to any significant extent, pointing to a direct phenol coupling process
for such alkaloids, even though kreysiginone 84 has been found in

QA

K. multiflora.

The phenylethylisoquinoline autumnaline 82 has also been postulated97
as being a precursor of colchicine 8£, which although not an alkaloid
by strict definition, since it has a non-basic nitrogen, is generally
regarded as such. Direct para-para coupling of autumnaline produces
the dienone intermediate 86, followed by methylation to give another
dienone, O0-methylandrocymbine 87 which has been incorporated into

13

colchicine to a remarkably high degree. More recently C nmr work

has confirmed this pathway,98

1.2.6 Cularine Alkaloids

There are just four naturally occurring members of the cularine alkaloid
family based upon the structure 88. The alkaloids of this group are
unique in that they possess the rare 7,8-oxygenation pattern in
addition to a dihydro oxepin ring system. The synthetic methods for
preparing cularine based alkaloids are discussed in Chapter 4. To date
no work on the biosynthesis of this class of alkaloids has been reported;
however three routes appear possible as illustrated in Schemes VII,
VIII and IX. Because of this unusual 7,8-substitution pattern it was
not until the finding of peteQjne 8g in Leontice leontopetalum99 that a
suitable naturally occurring precursor was apparent, although many
workers4999f100 had postulated the involvement of such a compound. A4n

in vitro studylo1 of the isomeric dienone intermediates 90 and 91" failed

to give the appropriate cularine compounds by rearrangement, in contrast
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to the ferricyanide oxidation of 92 which gave low yields of.an
unnatural cularine alkaloid via acid catalysed rearrangement of the

appropriate d i e n 0 n e

1.2.7 Morphine Type Alkaloids

This class of alkaloids can be subdivided into two groups which bear
an enantiomeric relationship to one another, e.g. sinoacutine 93 and
salutaridine 9. In addition to the coupling modes of reticuline
previously discussed in connection with the aporphine alkaloids, other
linking schemes for the aryl units are possible, as shown in Scheme X,

leading to a variety of products.

1.2.8 Morphine Alkaloids
It has been established that only reticuline of the four possible

-dihydroxy-dimethoxy-1-benzylisoquinolines derived from laudanosoline

. . . . . *103 "106
2£-is incorporated into the opium alkaloids by Papaver somniferum.

An interesting feature of this work, using resolved (+) and (-)

reticuline labelled with tritium and 14C atoms, was the incorporation

14C

10X

of both into morphine to almost the same extent with respect to
activity. This is surprising since (-) reticuline has been shown
to correspond in absolute configuration with the morphine group.~7.108
However it was observed that with the (+) enantiomer almost complete

loss of C-1 tritium activity occurred, as opposed to approximately 4%
loss with the (-) form. This difference was explained104 in terms of

an interchange between the two enantiomeric forms via a 1,2-dehydro-
reticuline 96, with the (-) form being incorporated directly into thebaine

27 while the (+) form was transformed into the (-) enantiomer through\
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96 with subsequent loss of tritium activity. This theory 'was confir-

"10/ 9"106

med by the high and specific incorporation of labelled 1,2-

t
dehydroreticuline 96 into morphine by P. somnlferum plants. Reticuline;
has also been incorporated into thebaine in P. orientale, in addition

t
to which 2./ has. along with salutaridine 91, been detected in small

amounts in opium arid in adult poppy plants 1099110

The product from phenol oxidative coupling of reticuline leading to the
morphine alkaloids involves initial ortho-para linking to give the
morphinandienone, salutaridine 94-. which itself has been efficiently
introduced into thebaine 97. codeine and morphine. 106 The biogenesis
-of 22 involves the reduction of 24 salutaridinol-I 98, and it has
been demonstrated that this particular epimer, with the hydroxy group
of the dienol cis to the ethylamine bridge, is incorporated to a much
mgreater extent than the alternative salutaridinol-II. Dehydration of

-the dienol produces thebaine via nucleophilic attack of the phenol

—grouping on the dienol -system.

Para-para coupling of reticuline leads to another morphinandi'enor;e-type
alkaloid, flavinantine 22. through the intermediacy of isosalutaridine
100 with subsequent demethylation-remethylation. Studies using Croton
flavens111 have demonstrated that reticuline is indeed a precursor of
this particular morphinandienone 29.. Furthermore it was observed that
although coupling of reticuline is the probable major pathway to 29,

a minor route involving para-para coupling of orientaline 56 to the -
~bisdienone 101 followed by rearrangement also contributes to the

biosynthesis of this alkaloid. 12



1.2.9 Sinomenine., Protostephanine and Hasubanonine

The alkaloid sinomenine 102 bears an antipodal relationship to

morphine, with () reticuline being identified as tfie biological

precursor113’11/f and not protosinomenine 103 as earlier'proposed by

Robinson. 1S Feeding experiments with Sinomenium acuturﬂil have shown

sincorporation of both reticuline and sinoacutine 93. the enantiomer
11/

of salutaridine, into 102. Thus para-ortho coupling of ()

reticuline is the preferred pathway to sinomenine.

The biosynthesis of the alkaloids protostephanine 104- and hasubanonine
105. found in Stephania .japonica plants, has been studied by Battersby
and his co—workers.Vl*H)Q'l;i7 Feeding with likely phenolic 1-benzyliso-
quinoline and N,N-bisphenylethylamine precursors has established that
only those compounds having the general structure 106 ane efficiently
.incorporatediby S. .japonica into 104 and 1Q5. In view of this
evidence a biosynthetic pathway to these alkaloids was propovsed, and
is illustrated in Scheme XI. Both protostephanine and hasubanonine
are therefore "disguised” members of the 1-benzylisoquinoline group

and appear to be unique in requiring two phenolic hydroxy groups in

one of the rings involved in phenol oxidative coupling.

1.2.10 Erythrina Alkaloids

The proposed pathway to the erythrina alkaloids, typified by

erythraline 107. is illustrated in Scheme XII. Para-para phenol
coupling of the 1-benzylisoquinoline N-norprotosinomenine j57 gives

the neoproaporphine-type compound 108 followed by ring cleavage and
reduction to the symmetrical biphenyl 109. Biogenesis of erythrina
alkaloids is therefore yet another variation on the T-benzylisoquinoline-

phenol oxidative coupling theme. Two groupslngllgy have demonstrated
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by feeding labelled (+) and (~) N-norprotosinomenine 7 to Erythrina
crista galli that only the (4) enantiomer is significantly incorporated
into erythraline 107 and erythratine 110. Similarly dibenzazonine 109
also gave good incorporation into the same compounds. The involvement
of 109 was further indicated when {/--methoxy-C*"3-N-norprotosinomenine
was fed to E. crista galli. the isolated erythraline havingaan equal
distribution of activity between the methoxy- and methylenedioxy-
groups, clearly implicating a symmetrical intermediate along the pathway.
It has recently been demonstratedlzo that although N-nororﬂ;ér‘ltaline 111
is present in Erythrina species, neither it nor N-norreticuline 112
was incorporated into erythraline 107 under conditions in which N~
norprotosinomenine was an efficient precursor. It therefore seems
from the available evidence that 57 is an exclusive precursor for this
group of alkaloids. (-) Erysodienone 113 has also been demonstrated as
a precursor of erythraline. 121 Two alternative pathways to the so
called "abnormal'l erythrina alkaloids, i.e. those having a single
oxygen function at C-15 as opposed to the "normal" type which are
oxygenated at both C-15 and C-16, both involving a dibenzazonine

intermediate have been suggested.70

1.3 The Significance of Isoquinoline-1-Carboxylic Acids In Isoquinoline
Alkaloid Biogenesis

It Is now generally acceptedu? 123 that the in vivo condensation of a
A-phenylethylamine derived from either tyrosine or dopa, with the
appropriate carbonyl compound is a key step in the formation of the
isoquinoline alkaloids. The exact nature of this carbonyl moiety has
long been the subject of much argument, resulting in three different

mechanisms being proposed for this condensation reaction; these

mechanisms are shown in Scheme XIII.
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In 1911 Pictet and Spengler124 found that condensation of formaldehyde
with fi-phenylethylamines gave, under physiological conditions, alkaloid
of the anhalamine-type,l 14jsuggesting that the source of the C-1 atom

of tetrahydroisoquinolines was a simple aldehyde. Other workers 12591
found that acetaldehyde gave rise to salsolidine-type alkaloids 115

and that substituted phenylacetaldehydes gave 1-benzylisoquinolines
under similar conditions. This route, utilising the carbonyl function
of an aldehyde, is represented by path I, i.e. 116 to 117 in Scheme XIII.
Little evidence Is available for the involvement of such a mechanism

in nature, since aldehydes are generally regarded as being too reactive
to be readily available in plants. An exception, however, appears to

be the synthesis of the indole alkaloids of Vinca rosea,- in which the
formyl function of secologanin 121 has been shown127 by tracer studies
to be the participating carbonyl group,, Both tyrosine and dopa have been
demonstrated to be the main building molecules for several l-benzyl-
isoquinoline alkaloids, with dopa only being incorporated into the
phenylethylamine half of such molecules.lzg'm“O It would seem reasonable
to expect, that if the necessary phenylacetaldehyde was derived from

dopa via dopamine and a deamination reaction, incorporation into the

bottom half of the molecule should also occur.

A second mechanism (path II) involves131 initial acylation of a
-phenylethylamine 116 (e.g. by acetylcoenzyme A in the case of the
salsolidine alkaloids), followed by cyclisation of the resulting amide

118 to give 119* The incorporation of N-acetyltryptamine into the
indole alkaloid harman 122 has been offered as evidence for this
mechanism.132 However, other Workersl33913A have found that N-acetyl
phenylethylamine was initially deacetylated prior to being incorporated

135

into the peyote alkaloids. Similarly it was found that N-acetyl-3-
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hyaroxy~4-~met hoxyphenylethylamine was not incorporated into the
alkaloid salsolidine m . The validity of this mechanism is therefore

in doubt.

An alternative proposal put forward by Hahn2 involved the intermediacy
of an isoquinoline-1-carboxylic acid 120 (path III-) which Was formed
by condensation of the amine 116 with an oC-keto acid. Subsequent
decarboxylation of 120 resulted in the formation of'either a di- or
tetrahydroisoquinoline depending upon the nature of such a
decarboxylation step. A mechanism based upon this sequence was
initially rejected following the failure of both Hahn2 and Whalley
and Govindacharilg’6 to decarbcxylate acids of this type under mild
conditions in vitro. More recently this mechanism had received
considerable support from both feeding and isolation experiments in
various plants. Pyruvate has been demonstrated to be an efficient

131?13L

precursor of both the peyote alkaloid anhalonidine 123 and the

-carboline alkaloid1<7 harmine 124-. whilst the isoquinol.ine-1- }y

. . . . 1"i~138
carboxylic acids 125 and 126 have been detected in peyote cacti.
"-"The most significant findings involve the incorporation-of isoquinoline-

33 found

l1-carboxylic acids into several groups of alkaloid, Kapadia1
on feeding labelled peyoxylic and peyoruvic acid (125 and 126) to
peyote cacti, that radioactive anhalonidine 123 and anhalamine 11A
were produced, thus inferring that these acids are true intermediates
along the biosynthetic pathway to such alkaloids. In addition it was
observed that when fresh slices of the same cacti were used in place
of the living plant, the 3,4--dihydroisoquinoline 127 was obtained from

acid 126, leading to the proposal that an oxidative decarboxylation is

involved. The more commonly found tetrahydroisoquinoline compounds
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may be formed by subsequent reduction of the 3,4—_*—d:Lhydro species, e.g.

by MADPH. Similarly acid 128 has been identified as a precursor of

salsoiidine 113 in Echinocereus merkeri.139 Other workers have studied

. . ) 1A0 ' ) 1/
the role of the I-benzyl acid 129 in Papaver orientate, P; sonmiferum *
and hitsea glutinosa.130 In all cases this acid was found to be

incorporated into the appropriate alkaloid, i.e. norlaudan'osoline,
morphine and reticulnne respectively. It was also found>that the
1/1

dihydroisoquinoline V30 was efficiently incorporated into' morphine
and reticuline”” by P. somniferum and L. glutinosai but that neither

. . . 130 . . . . 1/61 .
the triphenolic acid 131 nor dihydroisoquinoline 132 were, using
either of these plants. The importance of isoquinoline-1-carboxylic
acids in the biosynthesis of certain isoquinoline alkaloids has therefore

been adequately demonstrated; the decarboxylation 'stage must now be

considered.

1.3.1 Decarboxylation
1.3.2 Pyridoxal Mediated Reactions

The significance of the decarboxylation of amino acids in biological
processes has long been appreciated and has been adequately reviewed, 142
as have the amino acid decarboxylases. 1A3. Enzymic decarboxylation of
oC-amino acids is known to be an important process in the biosynthesis
of alkaloids, especially the tetrahydroisoquinolines. 1A The detection
of amines in media known to contain the corresponding Of£-amino acids
impliedlA3 that enzymes capable of decarboxylating such acids were'
present in certain living tissues and micro-organisms. It was
established"”"~*that for almost all such enzymes a cofactor,

1AS,1/9

identified as a phosphorylated derivative of pyridoxal (later shown T

to be the S'phosphate 133) was essentialin order for decarboxylation
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to take place. A mechanism for the reaction, involving the jLnitial
formation of an aldimine structure V34> was suggested by Metzler 150
and is shown in Scheme XIV. The formation of this aldimine was
considered to be both catalysed and stabilised by the presence of
certain metal ions capable of generating a metal-substrate complex pf.
type 135. Such a structure'as 134 possesses a highly conjugated system
capable of delocalising the increased electron density which builds up
at the carbon atom adjacent to the decarboxylation site, during the
loss of the carboxy group. The nonenzymic pyridoxal-catalysed decarboxy-
lation of oC-aminoisobutyric acid resulted in the occurrence of both
decarboxylation and a decarboxylation-dependent transamination
suggesting that one function of the protein part of the enzyme is to

eliminate this side reaction.

Electrochemical Reactions
EXectrochendcally induced decarboxylations have long beejr known and
the applications of this reaction to organic synthesis (the Kolbe

reactionlgz‘j has been extensively reviewed,1§1'15'5

The scope of the ,
Kolb” reaction has been widened, to incorporate two related types,

the classical Kolbe and the so-called "pseudo” Kolbe reactions,
represented by the following equations: ,

TR dimers

The classical reaction involves dimerlcation of two free radical

species, whereas a "pseudo" Kolbe reaction involves the further

A6
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oxidation of the initially formed radical to a carbonium ion. It

has been shown 156

that the predominance of one or other of these
mechanisms depends (assuming the same experimental conditions are

used) upon the ionisation potential of the intermediate radical.

The electrochemical decarboxylation of -amino acids has, in the
majority of cases, been accompanied by oxidative degradation of the '
ensuing amine) e.g, tyrosine anodically decarboxylated at a lead
dioxide electrode, gave a complex mixture of products including

157

ammonia, acetic acid, benzoquinone and hydroquinone. Quinuclidine-
2-carboxylic acid 136 was considered 158 to be anodically oxidised via
a "pseudo” Kolbe pathway, as were the oxidations in methanol of a

59 An investi-

series of -acyl-amino acids, studied by Weedon.1
gation into the anodic decarboxylation of various para-substituted
'phenylacetic acids, including the para-hydroxy compound, showed160 that
the more electron donating the substituent the greater the extent of
carbonium ion formation and the lower the'potential required to bring
about decarboxylation; e.g, a para-methoxy substituent led to complete
"pseudo" Kolbe involvement. The work on anodic oxidation of phenolic
isoquinoline-1-carboxylic acids reported by Bobbitt, and discussed
earlier (see page 1 ) could, in one interpretation, be classed as a
"pseudo" Kolbe decarboxylation. The very electron-rich aromatic ring
undergoes a one-clectron oxidation. This is followed by loss of
carbon dioxide and an additional one-electron oxidation with subsequent
..attack by the nitrogen lone pair electrons on the resultant benzyl
carbonium ion, i.e. an ECE process, similar to that proposed by

161

Eberson for "pseudo" Kolbéﬁreactions. This and other possible

mechanisms for the oxidative decarboxylation of isoquinoline-1-



carboxylic acids are shown in Scheme XV. Path A represents the /
sequence discussed above, Path Cis a concerted tvo."electron oxidation

of a phenol but only applies with a 6-hydroxy function; the significance
of this pathway was discussed earlier. The remaining route, path B)'is
also a concerted tyo~clectron process in which the electrons are taken
from the ring at the same time as carbon dioxide is lost. Since thelre

was little difference between the 6- and 7~hydroxyacids in the ease

of decarboxylation, path C alone is insufficient to account for the
reaction and another mechanism (path A or B), or possibly a combination

pf g&Oh mechanisms, mast operate, Decarboxylation of [*benzylisoquinoliner-
I"pgrbpxylic acids hgs als%) been fpundl6~2 to occur -in alkaline media
UUdP? the influence of aerigl oxygen, the reaction being more complex
than the anodic method, respiting in more than one product being formed.
ftffiilg-rly Wilson and Cpscial\/m obgeryed that chemical decarboxylation

pf 129 ga-ye -the 3,A*difeydroispquinoline 130 to the extent of at least

",U gelee-tlon of Suitable 'Bnsym.es

Hinee the int@it.ipn ©f part pf tM@ project was te study the effect

Of ©Ongymes upon phenolic ispquinpline=1~caj’bpxylic acids it wag, necessary
tp gelset suitable engymatic systems, In this respect the phenol
Oxidgsesj laeease and tyegsingse, and the peroxidases meet the experi*-
ffl-§ntal requirements in that all three catalyse the oxidation of
mpupphenpls, lyrpsinages (EG » SPS known to operate by
hydrp-xylation of manophenols to diphenpls-, 161 The USP pf-thege

Sugyme§ was th@r§fpre judged undesirable in au investigation in

which the role of the hydroxylation pattern of the isoquinoline system
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was to be studied. Although peroxidases have also been known to

4
introduce hydroxyl groups into aromatic systems it was decided to use
one of these enzymes (from horseradish root), because of its ready

13

availability in a water-soluble crystalline form.

The following sections discuss the physical and chemical characteristics
of both fungal laccase and horseradish peroxidase, and their use in

VN *
organic synthesis. . .

-1,4.1 Fungal Laccase

'Laccase is a member of a group of enzymes known as the blue oxidases. 165
;§pch copper”-containing glycoproteins owe their blue colouration to an
iftten.se absorbance near 600nm, identified as an electronic transition

of a gysteine sulphur-Cu(ll) complex. 1661167 The geometry of this

................. M

and

g-ther workers, "

Tree lagghse is obtained from the Japanese lac tree (Rhus Vernicifera170

W hilst fynga'l laccase occurs in several fungi mainly Ascomycetes 17 and
gggidioijiyeetes, 172 Fungal laccases are produced extracellularly and

it Jl&s feeen suggested that their role is a digestive one, producing
ftfttftients from the rotting wood on which the fungi grow. Most of the
Work on fungal laccase has involved the enzymes from either Polyporus
yersicolor17§ or Podospora anserina.174 The enzyme from P. versicolor,
gOWft ift liquid culture, is secreted into the medium and when a suitable

inducing agent (e.g. 2,5-dimethylaniline””) is added, high yields are

p©ggifei§f

The egrly literature contains contradictory reports on the substrate
Specificity of laccase and much work was done to establish whether o-,

gr? and £=diphenols and o-, m- and “-substituted monophenols, were or



*]A%_431] :
~ More recent work has been concerned with

were not oxidised.
the mode of action of the enzyme and especially the function and 'type
of copper atoms involved*.. Fungal laccase contains four copper atoms

of which two give EPR signals consistent with Cu(l.l) ions, 187, one of
which has been designated Type 1 and is responsible for the blue

colour, R f} the other being designated Type 2 the characteristi.c. of which
is the relative ease with which it binds with anionic inhibitors” 1L
The two copper atoms, not detectable by EPR are termed Type 3 and

were originally thought to be Cu(l) ions to account for their ’la\ck of
paramagnetism; however more recently it has been suggested185 that

they exist as a pair of linked .Gu(JI) tons capable of functioning as

a two-electron acceptor.

187

Fungal laccase can accept as many electrolns as it has copper atoms, -
but it has as yet not been established whether more than one electron
>can be taken at any one time from each substrate molecule. Laccase
~Gatalysed oxidations have been shewn”—38 to produce free radicals,
-although there is a possibility that such species may arise from side
reactions, as demonstrated with tyrosinase.A Ilthough the available
evidence tends to favour a ©nO~-elOotron oxidation an alternative
mechanism in which laccase could effect a two-electron transfer has\
been proposed, 191 as, for example, in the earbon”carbon coupling of
phenols via the intermediacy of a single Cu(ll) atom (Scheme XVI),

The copper hydroperoxide produced reacts with two additional molecules
of phenol, the transfer of the four electrons necessary to reduce an
oxygen molecule to two molecules of water being carried out in two

two-electron steps. 192

The uses of fungal laccase j,n organic synthesis are relatively scarce.

193 19/
Bocks and her co-workers /" have used this engyme to induce coupling
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of 2,6-dimethyl- and 2.,6-dimethoxyphenol to the corresponding
diphenoquinones in 30 and 90% yields respectively. Similarly., enzymic
oxidation of pyrogal.lol gave a quantitative yield of purpurogallin, totarol

137 furnished 20% of podototarin 138 and griseophenone 139 afforded

dehyd rogriseofulvin 140 in 37% yield,. * o/
I

'1.4-..2 Horseradish Peroxidase

Peroxidases195 (EC 1.11.1.7) are proteins having the iron”-based proto-*-

porphyrin IX 141 as the prosthetic group,. Peroxidases., found in several
animal cells and in virtually all plants, have molecular weights ranging
-—-sfrom 30*000 to 100,000.. Horseradish peroxidase is the most widely u.sed

and studied, being commercially available as a crystalline protein,.

The reaction of the free enzyme with hydrogen peroxide and the nature
pf -the products formed have been extensively investigated.. Early work""*
pihpwad that the initial green product (designated MP~I) could* 'by a
-Subsequent one electron reduction, yield a red product (HBP*il), which
after a further one.”electron -reduction reformed the free enzyme, The
©ature pf gnd 11 waa originally thought to be that of-enzyme-
aubatrate .completes, until it was found that M M was not in equili~
ferium with the free engyme, furthermore MJUI could be produced bly

the action of other oxidants (e,g, meiybdieyanide'"), The enzyme
therefore reacts with hydrogen perp-xide to give genuine compounds and
additional work : has characterised two more :intern:ediates, HRPAMII
and ferrpperppd4a.se, In horseradish peroxidase the iron atom is in

the feiili) oxidation state while in ferrpperoxidase it exists as an
Fe(il) atom, The relationship”” between these compounds i§ illustrated

in Scheme XVII5 the numbers in parentheses refer to the "oxidising
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equivalentll and not necessarily to the oxidation state of the ir({/n atf);gn,
Similar compounds can be -formed between the enzyme and the.simple alkyl

hydroperoxides. . .

The iron atom bound in the porphyrin ring has six co-ordination sites,
one being to the protein residue and four with the pyrrole nitrogens.
It has been suggestedzo0 that in HRP--I an oxygen anion is positioned

at the remaining co-ordination site with the iron atom being in the
Fe(V) state, and when it is reduced to HRP-JI the iron is in the ferryl
state (FeO”).~"" Another theory, proposes”""* that the porphyrin
ring is oxidised by peroxide in HRPVI and that reduction to HRP-II
econverts the iron from the ferric to ferrous state. No substantial
evidence for either of the above two theories has been produced,

on/
The reaction of HRP compounds with hydrogen donors is thought™  to

1
involve the generation of free radicals as followsf*>—

HRP + H202 —» HEM _

hrp-i *%ah2 — >hrp~xi * m*
HRP-II + AH2 —» HRP + M*
2AH» —y produsts

The important consequence of this mechanism is that -if the HRP
compounds do not bind to the hydrogen donor, then -the reaction will be
bi-molecular and will not .show saturation kinetics characteristic of
enzyme reactions. Such kinetics were found '- to apply with the
reaction of HRP-II and ferroeytochrome q, A more recent investigation
—studied the reaction of HRP«l and HRP-II with iodide, ferrocyanide,
A~cresol and A-aminobengoic acid} the results suggest that neither
iodide nor ferrocyanide formed enzyme=-substrate complexes, whereas the

latter two almost certainly involved the formation of such species,
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The biological role of peroxidase is uncertainzo7 although it is known
that a wide range of compounds, including aromatic amines, phenols,
enediols, leuco dyes and amino acids, can act as hydrogen donors to
horseradish peroxidase. The many suggestions which have been made as
to the function of peroxidase include the catalysis of phenol oxidative
coupling (e,g, in the biosynthesis of lignin”0%*).,, the removal of

07 the hydroxylation of aromatic

211

hydrogen peroxide from the cell,2

Compoundszlo and the decarboxylation of amino acids,

Xn contrast to laccase, pero-xida.se has been widely used in the field
organic synthesis and therefore only those reactions applicable to
isoquinoline alkaloids will be discussed, The oxidation of laudanosoline

$e-thpbromide 142by the enzymes, mushroom tyrosinase, Rhus laccase and

212 chromatographic and

'horseradish peroxidase has been investigated?
Spectral evidence for the formation of the quaternary aporphine 143
wa§ obtained, Kamotani and Ms eo”workers have used M xturas of crude
plant homogenates and hydrogen perpxide as oxidants, Oxidation of the
phouylot'hylispquino'line 144 with potato peel and peroxide gave”” the
h§ad-to«tail dimer 1AS5 in ipw yield and a Wasabia japonica homogenate
affordedzlL the head-to-head dimer 146 in %% yield. The authors
proposed that different engymeg, specific for each type of coupling
were present in the plants. Oxidation of N”methylcoclaurine by the
potato peel gyutem was reportedn:\ to give very small yields pf the

s dimer 147 and a similar trimer, but only mass spectroscopic evidence
was adduced for the structures of the products, 4n attempt216~ to bring
about coupling of reticuline 51 to sslutaridine 94 with an homogenate
©Of Paoayer rhoeas (a plant which does not contain morphine alkaloids)

and peroxide, led only to hydroxylation of reticuline at the. .-position.

The attempted oxidation of N”me-thyleoclaurine and its 7«Q®*hengyl ether
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with pure horseradish peroxidase and peroxide resultedl217 in cleavage
of the molecule with loss of the h-hydroxy-benzyl grouping to give the
corypallines 148 and 149 respectively. Similarly reticuline gave the
cleaved product thalifoline 1j50. Peroxidase oxidation218 of armepavine
1151 produced 0O--methyl corypalline 152, while N-norarmepavine yielded,
-the dihydroisoquinoline 153 and the 1 2-“dibenzylisoquinoline 154
(formed by addition of the 1 4”-benzoquinone methide, produced in the
pxidative cleavage, to the parent isoquinoline). Oxidative cleavage
pf this type was also observed when /J-*hydroxybenzylisoquinolines were
Oxidised anodically,zlo N~ me-thylisosalsolidine was converted218 by
horseradish peroxidase and peroxide into a mixture of the carbon-carbon
gnd oarbo.n"xygendearbon dimers '155 and 1-56, while lophocerine 157
afforded the dimer 158 in leu yield. .Similar treatment*%f N-methyl-
.Poolaur-in.e gave the diphenyl ether 159, along with two dihydroisoquinoline
J>r©duete, The horseradish pero%Ldase«perpxidS oxidation of the aporphine
.alkaloid boldine, produced'zzq both the carbon”carbon and carbon-oxygen-
©arbon dimers 160 and 161 in small amounts# .Similar oxidations of
<t&Oterngry is ©quinolines has been found to give substantially better
yields of coupled products. LoudanoSpline hydrpbromide afforded221 in
yield the dibenzopyrrocoline 162, whilst the methobromide analogue
gavezzo the aporphine 143 in 60% yield, supporting the preliminary

212

re§ulte of hemming, The improvement in the reaction obtained by

qué&ter.hi§ation of the nitrogen is in gcgprd with the observations, of
fTPgnck and Ms collaborators,222 most likely explanation is that

romoval of the lone pair electrons prevents cleavage of the I-benzyl

group.
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CHAPTER TWO

THE ENZYME-CATALYSED DECARBOXYLATION OF ISOQUINOLINE-
~ ~ T.-CARBOXYLIC ACIDS

Bobbitt1 has recently reported that a series of I-benzyl isoquinolin)é-
l-carboxylic acids possessing either a 6- or 7-hydroxy function in the
isoquinoline nucleus, can readily be oxidatively decarboxylated to the
corresponding 3,A-dihydroisoquinolines on a graphite electrode at low
potentials. As a result of this reaction, it was proposed that in
certain cases electrochemical reactions could mimic in vivo reactions,
A study was therefore undertaken into the effect of enzymic oxidants on
phenolic isoquinoline-l-earboxylic acids. The enzymes selected for
this purpose were fungal laccase and horseradish peroxide for the

reasons discussed in Section 1,4,

2,1 . Preparation, of
The Basidiomycete, Polyporus versicolor was grown in static cultures
of the liquid medium described by Fahreus and Reinhammer, 17%/. The formation
of the extracellular enzyme was induced after seven days growth of the
fungus by the introduction of 2,5-dimethylaniline, The cultures were
harvested after an additional seven days growth and were stored at -20°

%
until required, Assay of the crude enzyme preparation was conducted
according to the method of Pickard and Westlake,223 using catechol as
substrate. The activity of the crude enzyme solution was in general
between 1 and Aunits/cm0 (for definition of the unit, see Experimental),
Attempts to purify the laccase preparation by an ammonium sulphate

precipitation technique led to the loss of so much activity that it was

decided to use the crude culture filtrate,

Horseradish peroxidase is commercially available as the water soluble

crystalline solidj its activity was determined according to the method
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22/
described by Devlin.

2.2 Preparation of Substrates
"For -the enzymie decarboxylation studies it was necessary to prepare °
three different types of 1,2,3,4-~tetrahydroisoquinoline-1 -carboxylic
acids, having different substitution patterns in the isoquinoline
nucleus, viz. 6=-hydroxy~7.methoxy, 6=methoxy.-7--hydroxy and 6,7-dimethoxy.
In addition, it was also desired to prepare acids having various groups
at the Crl position; hydrogen, methyl, benzyl and 3,4, 5-trimethoxy-
bengyl were chosen as substituents, sufficiently different,.to enable
guy trends within each series to be examined, Synthesis of the 3,-4"
Ahydrpisoquinolines, expected to arise from the decarboxylations,
Was also necessary for assay purposes,. \
-Ihe-3=benzylo3"=-"metho”=r, S*methoxy.-r*-benzyloxy-, and 3-hydroxy~4-
th-9/*-phenylethylamines, required for the synthesis of the
phpnolie acids and 3,4=dihydrqispquinolines, were prepared by well

§§t& feii§h§4.P?7Q@ §toesf

| 24"M ffl§thp~="=phenyleth-ylg.mine (hprno-yeratrylamne) is commercially
&¥&il&Dbi§ W@ u§e,d Without purification, 6.~Hydroxyacids were
/g--_phﬁ_l’.lylared by Fictet==§p§ngler condensationsq}g of the 3-hydroxy-4-"methoxy~

fk =phenylethylamine hydrochloride with the appropriate. O”-keto acids

ffee neyel jghydrogen acid 16j was synthesised in Ul% yield according to
sthe ffiethod ef Harvey et al'fe >using glyoxylic acid in 0.05M sulphuric
-#@44, Whepes-g the-toswn acid 1j?4.2'*/\10 the novel acids 165 and166
Wa@ prepared fey condensation of the amine and. pyruvic acid under
physiological conditions (i,e, 23° and pH 4-5«6), With the exception

@f 3,4, rimethpsyphenylpyruvic acid 167, the ©C-keto acids were
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commercially available. Preparation,of 167 "was achieved in 56% yield
overall from the substituted ben.zaldehyde, by base hydrolysis2'31 22 of
the derived azlactone 168. The isoquinoline-1-carboxylic acids were

converted into their hydrochloride salts to aid their solubility in

water.

The 3,4--dihydroisoquinolines 169, 170. 171 and 172 were obtained in
moderate yields from Bischler.-Napieralski cyclisations228 of the
corresponding N7 acyl-1"benzyloxy”"methoxy.""-phenylethylamines using
phosphorus oxychloride, followed by O”debenzylation with 1:1 ethanol-
-conp, hydrochloric acid, 3,%,5~Trimetho.xyphenylacetic acid, required

for -the preparation of 17.2 -was obtained from the corresponding pyruvic
g.cid 167 according to the method described by Snyder et 31.233 Similarly
the 6.7-dimethoxy 173. 17% end 175. and the 6”methoxy-7-hydroxy~3.A-
dibydroisoquinolines 1.6, 177, 178 were made from homoveratrylamine

gpd 6-Inefhoxy=>7=bengylo x| -phenylefhylamine respectively, via the

appropriate h fprmyl, If*ace-tyl and h=rbengipyl derivatives.

NP-tfeesis of the 5,7=rdimethpxy acids .180 and 181 involved the initial
preparation of the dihyd.rP»Reqsser% §pmppund523% 182, 183 and 18%.
fh§ ppw widely employed two phase method for making Reissert compounds,
dpyeloped by Ropp,2§§ was used to prepare 182 in 506 yield. Subsequent
glkyl&tion, using sodium hydride to generate the Reissert anion, followed
&y electrpphilic addition of the required alkyl halide, gave the 1-alkyl
heissert compounds 1 8 gnd 18%. .An attempt to make 183 directly froniI
-1“ff1§thyl=3.»h-dihydP9iepquiU9l.ipe |7% according to the above method,
f@§Uit§d in only 8% pf the desired product being obtained. The major

product was the compound 185. presumably arising from hydrolysis of



the acylated Schiff‘s base. Its identity was confirmed by comparison with
an authentic sample, prepared by the method of Forbes at al,
Reaction of Reissert compounds with strong acids has long been known
to cause hydrolysis of the amide and nitrile functions; treatment of
the dihydro.-'Reisserts 183 and 184 with 85% phosphoric acid23L gave the
dimethoxy acids 180 and 181 in 51% and 748 respectively, ' The 1-
hydrogen acid 179°was synthesised in an identical manner by'Dr M,R,
Hamblin of this laboratory. The planned route to the 7-hydroxy acids
also involved preparation and hydrolysis of dihydro”Reissert products,
Reissert compound 186 was prepared in 46% yield from -the 3,4--dihydro.-
is-oauiJjelioe 189 by the J;vo..phase .method* ..4 M sar prodnet from the
reaction was assigned the structure 191 from spectral data and by
analogy with the formation of 185, although elemental analyses were
not in gopd agreement* Methylatipn of the dlhydrorrReissert anion .from
186 afforded H.-oenzoyl*l=-c-yano~1 "inethy3..”6"-niethoxy”7--"benzvloxy”l .2. 3,4--
tetrahydpolsoquinoline 187 in 80% yield* It was also found that the
attempted synthesis pf 187 direetly from the 1H»athyi~3>A**dihydro~
isotulnoline 190 gave the ring cleaved compound jMbenzo-yl=( ce-byl
bengylo-xv=5"methoxy”phenyl)-ethylamine /92, as the §pl@ prpduet*
Similar reaction §f the anion from 186 with benzyl chloride gave t}r1e
noypl l.-=benzyl Relsser-t compound 188 in 67% yield* It has been
reported that as well as modifying the IWbenzoyl and nitrile functions,
hydrolysis with phosphoric anid removes Q~bengyl groups, affording
phenolic products, Unfortunately numerous attempted hydrolyses, by
the authpr and also by Dr mr Hamblin, of the t-bengylexy Reasserts
186f 187 and 188 with 85% phosphoric acid failed to giye any of the
expected 7--hydroxy acids as did attempted hydrolyses with hydrochloric

acid and with less strong solutions of phosphoric acid. Other possible
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S
routes -to such acids involving -partial hydrolysis of the Reissert
nitrile group with sodium hydroxide solutionOOg or Amberlite IR*-4R-~(0H)
ion exchange resin were, also unsuccessful,as was reduction with
lithium aluminium triethoxyhydride.2A0 "’Fhe attempted p'artial
demethylation of dimethoxy acid 180 at the C-7 position using hydro-
bromic acidp/i was also unsuccessful giving 193 as the sole product.

A sample of 1=dlenzyl.rr6-met;hoxy-74'i;ydro>ry-1,2,3, 4tetrahydroisoquinoline-

l-carboxylic acid 19A 'was obtained from Prof, J;M, Bobbitt,

2.3 The Sizyme~Catalysed Pecarboxylation

Since JL&ggkse a.cts primarily- on phenolic systems, if was not expected
that the 6,7=4imethoxyaeids 179, 180. and 181 would undergo decarboxy-
lation, and they -were employed simply -to check fpr the presence of any
other d§ boxylating or hydrpxylating engymes in the crude lacss@e
prepapgtipn, Jnitial siudi§§ were parried out fn gpllnbprafi.on W}th
Dr MS Hamfel-in and fnyolyed df§spaying the ggrbpxylie acids in pfeosphate
buffer (pff 4#0) with ingubntien for fer. Additional amounts of
enzyme we?§ IntrodpGOd after £A and A3 W, The reaction mixtures were
made alkaline by tjaec addition of ammonia solution, and continuously
extracted with chloroform, Recovery of the reaction products was poor;
e.g. fhe ".--hydroxy acid 16A afforded after incubation and extraction
only 1§fP §f a brown product, ghown by its t,l,e, behaviour and pierate
derivativeg/2 t$> ba identical with the dibydfoi§puuinoiilnefil70, The
dimethpxy acids, after incubation with lagcgse and gubgequenf
basificgfipn, did not giye §ny ghlorpform soluble material, neither did
the reaction mixtures exhibit the characteristic blue fluorescence of

dihydroigotuinoline solutions,

When the dihydroisouuinoline 170 was dissolved in the same buffer



system, basified and continuously extracted with chloroform, the
recovery was only 30% suggesting that isolation of the water-soluble
products by extraction into organic solvent was not an ideal way of

following the decarboxylation reactions.

The possibility of following the reaction by u.v. spectrophotometry
was then investigated. phenolic-3,/+-dihydroisoquinolines are reported2]3
to show strong absorption maxima above 340 nm, and this was-found to

be the case with all the isoquinolines studied. These maxima occur

in a region in which the isoquinoline-1-carboxylic acids do not absorb-,
and are thus a convenient method of assaying the formation of dihydro-
isoquinoline compounds. The absorption maxima for the 3j4-dihydro~

isoquinoline compounds along with their extinction coefficients are

presented in Table I.

TABLE 1
Isoquinoline Wavelength £
nm
169 389 12870
* 170 375 7883
171 389 10947
172 392 17212
173 354 6263
174 34-6 8528
173 352 8299
178 355 6550

Solutions of all the isoquinoline-1-carboxylic acids in phosphate buffer

(pH 6.0) were found to be remarkably stable, u.v. measurements showing
0 J

less than 3% dihydroisoquinoline content after standing for 24 hr.

Similarly no decarboxylation occurred on standing with either peroxidase

solution or peroxide solution.
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Next, the rates of the laccase- and horseradish peroxidase-induced
decarboxilations of the prepared isoquinoline-l-carboxylic acids were
studied. The reaction was carried out using calibrated amounts of
acid, enzyme (peroxide also in the case of the peroxidase studies),
and buffer in a lcm silica cell, 'Any increase in absorbance with time
at a specific wavelength was electronically recorded, and by drawing
tangents to the resulting curves from a number of different substrate
-concentrations, the initial velocity of the reaction was calculated.
The selected wavelengths were those presented in Table 1. The actual
fflgthpd used tp carry out each run is ‘described in the Experimental
sectipn. None of the 6,7*-dimethoxyacids 179. 180 .or 181 showed any
-tnprP9-se in absorbance when incubated with either laccase or horseradish

perpxidase”-peroxide for up to 2 hr,

L , . 0)JQ
Jn general the initial -velocity of an enzyme reaction is given by

the MIChaeliS~Menten equation,

T * J -
I« s/s

—Where y is the initial velocity, Vis the maximum velocity, found when
th§ §»0yme is saturated with substrate, Ks is the equillibrium constant
£o>r the reaction Eg E+S, i.e. the dissociation constant of the
engynie”aubstrafe complex, and s is the substrate concentration. When
g i§ pqua'l to Ks, the initial velocity is half of the maximum velocity,

and this value of s is termed Kn? the Michaelis constant. The above

gqustipn can alse be expressed as: rl

i1 p Kmx i1.4 11

vV Vv s VvV
thus a plot of é»against %will give a straight line which will intercept

the substrate concentration axis at a point giving - /K and the
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velocity axis at a point giving rr. This is the Lineweaver-Burk

method of determining K and V, and is probably the one most widely used.
The above treatment holds for the vast majority of enzymes, but there

is doubt about its applicability to peroxidase, which is reported not

to form substrate-enzyme complexes (see Section 1.4-v2))% - Nevertheless,
runs carried out with peroxidase did show saturation kinetics and-
reproducible values of and V were obtained. The data given in
Appendix I were used to prepare Lineweaver-Burk plots and the constants
Km and V-were determined for each reaction: the calculated values are

presented in Table II.

TABLE 11
*Acid Km(Run 1) Km(Run 2) V(Run 1) - V(Run
" i r_ -7 17
[10""] y0 mol man J
Laccase
163 0.4- 0.4- 0.2 0.2
164 1.3 1.2 0.5 0.6
165 14.0 10.0 10.0 6.7
166 2.0 3.0 3.3 4.0
14- 3.7 0.2
Peroxidase
163 1.1 1.2 0.6 0.5
164- 2.5 1.7 2.5 1.7
*165 20.0 20.0 17.0 - 20.0
165 20.0 - 50.0 -
166 12.5 10.0 U.o "10.0
14- 0.9 0.04 -

#These two runs were conducted using exactly half the quantity of enzyme

employed in the other peroxidase experiments. ]

It is apparent that the value of is independent of the enzyme
concentration, whilst the value of Vis directly proportional to it;
all of the laccase runs were carried out with identical amounts of the
same enzyme solution, and the values of V are therefore directly
comparable. The same applies to peroxidase except as mentioned in the

footnote to Table II.

72



The determination of Km and V provides information about both parts of
an enzyme reaction, i.e. the formation of the enzyme-substrate complex
and the subsequent breakdown of this complex to give the reaction
products. The magnitude of K 1is inversely proportional to the affinity
of the enzyme for the substrate, while the value of Vis a measure'of
the speed at which the complex breaks down.”*73 Prolonged incubation

of the 6-hydroxy acids with laccase and peroxidase showed an increase

in absorption at the selected wavelength, which after reaching a maximum

then decreased. . n

The inference is that the initial product, i.e. the 3,4--dihydroisoquinoline,
mwas being further oxidised. This was confirmed by incubating with both
enzymes, the phenolic 3,4-dihydroisoquinolines 169, 170, 171 and 172,

all of which exhibited a decrease in absorbance at the appropriate
*"wavelength. The occurrence of a competing reaction renders the inter-
pretation of the kinetic data more debatable. However, since the
experimental readings were taken during the initial stages of each
reaction, i.e. when the concentration of dihydroisoquinoline was.small

and therefore the effect of the competing reaction was at a minimum, it

\

was considered that the results presented in Table Il were a rea}sonable
reflection of the actual kinetics. None of the 6,7-dimethoxy-3,k-
dihydroisoquinolines was affected by either enzyme. With the reservation
that there is a competing reaction, the following trends are evident
from the results of the kinetic study:- A

(1) both laccase and horseradish peroxidase are able to catalyse
the oxidative decarboxylation of both 6- and 7-hydroxyisoquinolihe-1-

carboxylic acids, albeit to differing extents, whereas neither was

effective on the 6,7-dimethoxy analoguesj
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(i1) with laccase, the 1-benzyl'-6-hydroxy acid 165 produces
significantly larger values of and V, i.e., the
subsequent break-down of the enzyme-acid complex 1S substantially
faster than for other 6-hydroxy acids;

(ii1) peroxidase shows a similar specificity for the two 6-hydroxy
acids 16ft and 166 possessing a l-benzyl residue, resulting in K& and V
values at least an order of magnitude higher than for the other two
6-hydroxy acids;

(iv) a marked difference is apparent in both the formation
of the acid-enzyme complex and the rate at which it is broken down,
between the l-benzyl-6- and 7-hydroxy acids 165 and 194- using laccase

compound
and peroxidase, with the former/being the faster;

(v) although with laccase it was found that 194- gave and V

results comparable to those from 6-hydroxyacids (except the 1-benzyl),

it would appear that with peroxidase the acid-enzyme complex is signifi-

cantly slower in breaking down*

The greater degree of specificity shown by peroxidase is surprising,
considering the reported non-formation of enzyme-substrate complexes,

and free-radical mechanism (see Section 1%4.2).

It has, then, been established that phenolic tetrahydroisoqiuinoline—
l-carboxylic acids are oxidatively decarboxylated by enzymes which occur
in plant cells, with the results being broadly parallel to those found
in the anodic decarboxylation study, except for the marked'difference

»
...between the 1-benzyl acids. In.order for more accurate kinetic parameters
to be derived from such enzyme-catalysed decarboxylation ren/actions,

further work is necessary to identify and assess the extent to which

the competing reaction occurs.
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CHAPTER THREE
Attempted Synthesis of an Aporphine Alkaloid by Oxidative
Decarboxylation of an Isoguinoline-1-Carboxylic Acid
Of potential importance in the area of isoquinoline alkaloid biosynthesis
is the isolation of the quinonoidal compound 195 and its tautomer 196
in 15/6 and 9% yield respectively, from the anodic decarboxylation of
the N-acetylated isoquinoline-1-carboxylic acid 197. The generation
of such quinone methide compounds with subsequent non-Pxidative coupling
by either intra- or intermolecular processes could possibly give rise to
a range of tetracyclic and bisbenzylisoquinoline alkaloids. To the
former category belongs the aporphine class of alkaloids, and the aim of
the work described in this chapter was to investigate the possible
synthesis of an aporphine alkaloid by the electrochemical, chemical and
enzymatic oxidation of N-protected isoquinoline-1-carboxylic acids.
The N-acyl-1 -(374* 5-trimethoxybenzyl)-6-hydroxy~7-methoxy~1,2,3*4-
tetrahydroisoquinoline-1-carboxylic acid 198 was selected as the system
to be studied since the polymethoxylated 1-benzyl residue was considered
to be sufficiently nucleophilic to bring about intramolecular attack on
the postulated quinone methide part of the oxidised molecule, and being
symmetrical, would in such an event, give rise to only one product,

irrespective of whether coupling took place at the C~2*or Opposition.

A possible mechanism for the formation of the appropriately substituted
aporphine-type compound by oxidative decarboxylation of the phenolic
acid 198. via a quinone intermediate and intramolecular cyclisation is
shown in Scheme XVIII. The expected product from such a route is the

6a, 7-dehydroaporphine 199. It was thought necessary, in anticipation
of low yields, to synthesise a substituted dehydroaporphine (either 199

or 200) to facilitate the identification of such a product from
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oxidations of 198,

3.1 Synthesis of Aporphine Alkaloids
Aporphine alkaloids constitute one of the largest sub-groups of naturally

0/( 0)%4 *

occurring alkaloids and consequently a variety of synthetic

methods for preparing such compounds has been developed. The field of
aporphine afkaloid synﬂiesis Ras Been extensively reviewed 1 22,248-250
and it is therefore intended to restrict this discussion to a brief cut-

line of the main synthetic methods, and to cover in greater detail the

more promising recent developments which have beeh published..

The utilisation of four major synthetic routes, viz, the Pschorr reaction,
oxidative coupling of bisphenolic benzylisoquinolines, photbchemical- -
and benzyne-mediated cyclisations, has allowed a wide variety of natural
aporphine alkaloids and analogues to be prepared. Although these

reactions are still used they generally suffer from poor yields.

The Pschorr ring closure reaction, the original route to aporphines,
depends upon the formation of a carbonium ion by the copper-catalysed
decomposition of 2-diazotised benzylisoquinolines. The required
aminated isoquinolines were at first prepared by direct nitration and
reduction of preformed isoquinolines, but more elegant methods have
been developed, Bischler-Napieralski cyclisation of appropriately
substituted nitro-amides (produced from fz ~phenylethylamih.es arid 2-
nitrophenylacetic acid derivatives) gives the corresponding .2-nitro-
benzylisoquinolines, which can be converted into aporphines by suitable
reduction and Pschorr cyclisation.251 The Bischler-Napieralski route

is generally unsatisfactory if the amide lacks an activating substituent

on the aromatic ring of the N-phenylethyl moiety.228 An alternative



approach utilises the base-catalysed condensation between di- or
tetrahydroispquinoliniurn salts and 2«nitrotoluenes, e,,g/252 201 from

202 and 203,

Another variation in preparing thelS”-nitrobenzyl precursors, involves
the intermediacy of Reissert compounds. 253 Addition of a suitablgl ;
substituted itrobenzyl halide to Reissert anions of. type

formed in the presence of strong base, produces nit-ro Reissert compounds
205, which on base hydrolysis results in the corresponding 11b fenzyl.-

25.-49255 ‘

isoquinolines, ,Such a procedure has been -used by Neuneyer in

particular, as well as other workers, - ' : to prepare unusually
substituted aporphine alkaloid.?) (the role gf Reissert compounds in

isoquinoline alkaloid synthesis has been reviewedzsg), In general,

yields of aporphine alkaloid.? via Pschorr ring closure are 1ow,2§9
sother products are possible depending upon the point of ring closure
(e.g. 206 76, 207 er 208), and decrease with Increasing oxygenation
.of the isoquinoline. Higher yields are obtained when a 'bulky substituent

is present m the nitrogen atom,260 261 qr when a hydroxy function is

present at the S-7 position of the 1»bengyl precursor»262

Heating of th§ diagpnium salts formed fnorn 2«aminobengylisoquinoiin@ §,
in the absence of a metal catalyst has also been reported ' to give-
aporphine compounds, The quinoneidal aporphine 209 has been obtained
in 55% yield by Pschorr ring closure'1 and probably results from -the
aerial oxidation of the corresponding phenolic analogue, A modified
‘Pschorr cyclisation with -the-amino function- -situated -on-ring A.rather
than on ring D has also been used for aporphine alkaloid synthesis*
Irradiation of a diazonium salt in dilute acid, i,e, a photo~Pschorr

reaction, has been used to prepare gush alkaloids, although only a 2%
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265

yield of aporphine was obtained.

The production of benzyne intermediates from 2- or 3”-halogenobenzyliso-
quinolines by the action of a strong base (e.g. alkali metal amides in
ammonia, or potassium tert-butoxide) also leads to aporphine alkaloid
formation. Ring closure proceeds efficiently only if the aromatic ring
is rendered strongly nucleophilic by anionic activation towards the
formed benzyne. Kessar and his co-workers266 have established that a
benzyne mechanism operates in potassamide-ammonia, rather than alternative
mechanisms involving either intramolecular halogen displacement by the
activated C-8 atom, or radical nucleophilic substitution. This view

is supported by the finding that both phenolic 2- and 3-halogenated
substrates furnish aporphines in similar yields.267 In the absence of
an activating phenolic moiety starting material and the dehalogenated
product were recovered.2 ~ Gibson2” has shown, using 2-bromolaudanosine
in metal amide-ammonia, that Ziaminolaudanosine is formed in small
amounts along with the major indole-type products. Such an aminated
product is presumably formed by nucleophilic attack of the amide anion
on the initially formed benzyne intermediate. Pschorr ring closure of
this amino product led to the required aporphine alkaloid. Formation
of other structurally different products e.g. morphinandienones2” and
dibenzopyrrocoline-type ~ compounds, via a benzyne route has been
demonstrated, and consequently yields of aporphine products by this
method are often low. Syntheses of 6a,7-dehydroaporphines through the
intermediacy of benzyne intermediates, using sodium methylsulphinvl-

methanide as the base, have also been reported.271 9272

Phenol oxidative coupling by chemical oxidants, e.g. KyFe(ON)(), FeCl3

and MnO" to give directly aporphine alkaloids has long been known, but
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unfortunately -usually give poor yields. Other oxidants such as

. L 274 . . 07/
vanadium oxychloride and thallic trifluoroacetate have recently
come into prominence in this field, and yields considerably better
than most of the former set of reagents have been recorded. Recent

i

studies by Kametani have demonstrated that a mixture of cuprous
chloride and oxygen in pyridine can oxidise (4-) reticuline both by
ortho-ortho and ortho-para modes to give (4% corytuberine and (%)
isoboldine in 28 and &% yield respectively. This process has been
likened to the oxidation of phenolic isoquinolines by copper—eontaining

enzymes, e.g. laccase. Scheme XIX represents the possible interaction

between the copper atom, the phenolic substrate and an oxygen molecule.

The application of phenol oxidative coupling to the synthesis of
aporphine alkaloids (i.e. by direct coupling, by proaporphine and neo-
proapoxqphihe formation), has previously been dealt with (see Section 1-.2)
It is only recently that acid-catalysed rearrangement of neoproaporphine
systems to aporphine structures has been achieved; Kupchan277 has
succeeded in rearranging the borane complexes of the dienones 210. 211
and 212 to aporphine alkaloids in good yields. Acid catalysed
rearrangement of the procularine compounds 91 gaveZ78 an aporphine
product rather than the expected cularine compound. Transformation of
the dienol 213 to the aporphine alkaloid 214- has been achieved%79 using
methyl fluorosulphonate, although the yield was less than 1 Similarly,
acid-induced rearrangement of a mixture of the epimeric dienols 215

gave 1,10-dimethoxy-9-hydroxyaporphine in 85% yield.280

Photochemical cyclisations have over the past decade, played an
important role in aporphine alkaloid synthesis281 and of particular
importance is the modified version of the stilbene-phenanthrene

transformation, developed by Cava,282~ involving the non-oxidative
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irradiation of halogenostilbenes of type 216, in the presence of
potassium tert.-butoxide., Yields of 6a., 7--dehydroaporphines by such

a process are high67?*”~ (over 70% in certain cases'”). The subject
of enamide photolysis has been reviewed285. Synthesis of aporphine
alkaloids by photolysis of either halogenated or non-halogenated tetra-

hydroisoquinoline precursors has also been reported.

Non_-roxidative photolysis of the N”acetyl.-2.-chlorobenzylidene
dsoquinoline 217 was found289 to be a more rewarding route to the
aporphine alkaloid elmerrillicine via a ,6a,7-dehydroaporphine than
Nitfepr Ppghorr - sg-tion p£ ;the .appropriate 2tamino compound, or
jphptplysis of the N7 acetyl*2idodo-1,.2,3,A*tetrahydroisoquinoline 218.
Japanese porkers290 have succ.essfully prepared the aporphine domesticine
in yield, by irradiation of & phenolic bromoisoquinoline in the
presence of sodamide and DMF although the authors implicate phenyl
p&diegi attack on the apbivafqd -ring, a benzyne.”mediated mechanism could
§1§9 ppepate, bhamma has reported'z—91 the preparation of de-N-methyl-
tfealphenine 219 phish jaay result frp& th-p gpnyersion of the phenolic
@.perpb.in@ 220. tbrppgh the quinone metMde 221, to the aporphine ether

gl19 via rapid bend t §o&ertsatien,

Heeently the use of certain pne” and bvp."electron chemical oxidants
has enabled non”phenolic and mono-phenolic isoquinolines to be converted
effigien-tly to aporphine alkaloids, Lead tetraacetate oxidations have
bgen particularly effective in aporphine synthesiszg2 and have been
AeyieAez%S,In order tp activate the Dring of benzylisoquinolines
*t§V/ard.§ cyclisation it was found nepesgary to have an oxygen function
para to the reacting site, Oxidation of 7"hydroxybenzylisoquinolines
by laad tetraacetate initially produces p=quinol acetates having the

gen@rg.l gtructure 222 which upon gcidifigation rearrange to the corres-
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ponding aporphine alkaloids by the mechanism shown, i.e. 222 — 223,
Yields by this-route are in general good, compared with some other
chemical methods. Preparation of aporphines by the action of vanadium
oxytrifluoride on monophenolic isoquinolines in trifluoroacetic 'acid
have also been successful, .giving high yields of aporphine alkaloids.29L
Lower yields were obtained when the nitrogen lone pair electrons were
unblocked. Conversely, it was found that vanadium oxytrifluoride
oxidation of non-phenolic isoquinolines gave better yields when the

lone pair electrons were available,295 e.g. 22j gave 43% of the
appropriate aporphine, whereas only 6% of aporphine product was obtained
from the N~formyl analogue 225. the major product in this case being

the spirodienone 226. An investigationp/l/ into the oxidation of 227

by various chemical reagents has demonstrated the efficiency with which
*vanadium oxytrifluoride - and molybdenum oxytetrachloride are able to

.bring about intramolecular cyclisations, furnishing the quinonoidal

-oxoaporphine 209 in 59 and 62% yield respectively.

Thallium tris(trifluoroacetate), has been used by'Taylor and his
collaborators296 to prepare thalicmine 228 in 46% yield by a one-step
non-phenolic coupling reaction of an appropriate precursor. The same
compound was prepared in only 11%yield by a Pschorr ring closure.29V
An interesting observation from this same work was the formation of
an acetoxylated aporphine 229 by treatment of the same precursor with

thallium III acetate. This was the first reported formal phenolic

'"Tunctionalisation of the D'ring in an aporphine alkaloid.

The use of enzymes for the synthesis of aporphines and other Isoquinoline
alkaloids has been discussed (see Section 1.4.2), and has recently been

reviewed.298 Other miscellaneous routes to aporphine alkaloids have
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also been reported. The cyclohexadiene derivative 230 has been
converted into the aporphine 231 by the action of phosphoric acid;299
similarly the Grewe cyclisation of the oxalate of 1-(4-hydroxybenzyl)~
2-methyl-1,2,3,4*5*8-hexahydroisoquinoline 232, in 85$ phosphoric acid
gave*”  both 233 and 234- in approximately equal proportions* possibly
via disproportionation of the initially formed octahydro—aporphine

235. Electrochemical oxidation of laudanosine was found to produce

the morphinandienone 236 quantitatively and this in turn was converted”
in 90% yield to the hydroxy aporphine 237c 'Similarly the isomeric
dienone 2”8 gave the expected aporphine 75. in 31$ yield. Anodic
oxidation of laudanosine in trifluoroacetic acid afforded glaucine 76

in 17$ yield.301 A novel approach?)o2 to aporphine compounds involves
the cathodic cyclisation of an iodobenzylisoquinolinium salt (prepared
via Reissert alkylation) in acetonitrile, to give an 86§ yield of the

4,5,6a,7-tetra~dehyd.roaporphine 239. The dimethoxy analogue 24-0 was

prepared in a similar manner in 74-§ yield.

The oxidation of non-phenolic aporphine alkaloids to their corresponding
6a*7-dehydroaporphines has been achieved by -a variety of oxidising

agents, including potassium permanganate,”* DDQ,mercuric chloride"”
and iodine, ! the last of which has been shown to give better yields

of the dehydrogenated product. More recently, very high-yield conversions
of aporphines to dehydroaporphines have been achieved using 10§
palladised charcoal in refluxing acetonitrile. 307 It was also observed
that noraporphines and phenolic aporphines gave oxoaporphines by aecrial
oxidation. Low yields of dehydrogldUcine 241 have also been obtained

from glaucine by lead tetraacetate oxidation.308 Similarly the

formation of the oxoaporphine 242 by u.v. irradiation was assumed””
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to involve the initial formation of a 6a,7-dehydroaporphine 24-3 -
followed by loss of the N-methyl group (possibly as carbon dioxide),
and double bond migration to the 6a- -dehydroaporphine 244 with

subsequent oxidation.

3.2 Synthesis of Substrates
3.2.1 N-Trifluoroacetyl-1 - (3;4(5-trimethoxybenzyl)-6-hydroxy--7-
methoxy-1,2,3,4,-tetrahydro Isoquinoline-1 -carboxyllc acid 245
Attempts to prepare N-acylated derivatives of the <X-ami.noacid 166 using
1
acetyl chloride, ethyl chioroformate or freshly prepared acetic-formic

'anhydride, 310

proved unsatisfactory, giving low yields of unidentifiable
products. Results using trifluoroacetic anhydride were considerably
better, high yields of the novel h-trifluoroacetylated acid 243 being
obtained on stirring acid 166 with a small excess of the anhydride at s
room temperature in the presence of triethylamine. In view of this

finding the trifluoroacetyl moiety was chosen as the protecting group

for the nitrogen atom throughout this study.

The attempted preparation of 275 using trifluoroacetic anhydride in
refluxing pyridine gave high yields of a neutral compound. This

anomalous reaction will be discussed in Chapter 5 (Section 5.3)

3.2.2 6a,7-Dehydroaporphine and Aporphine Compounds Corresponding
to 245 ~

In consideration of the high yields of 6a,7-dehydroaporphines obtained
via the irradiation of bromostilbenes in the presence of potassium tert-

282 5283

butoxide and tert-butanol, the preparation of the required

pentamethoxy-6a,7-dehydroaporphine 24-6 was attempted by such a route.
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Broraination of S-trimethoxyphenylacetic acid according to the
~ae-thod of Kametani,311 gave g"bro“moa-j,4-,5-trtmethoxyphenylacetic acid

247 in 91% yield. Earlier attempts to make the same product using
mundistilled chloroform as the solvent resulted in the formation of the
ethyl ester 248, presumably by hydrogen bromide catalysed esterification
Between the brominated acid and the ethanol present in chloroform.
Preparation of the corresponding amide 249 from 247 and homoveratrylamine
susing ;N,;N~dicyclohexylcarbodiimide to promote coupling proved unsuccesful,
giving instead a mixture of the mono and dibrominated adducts 250 and

M s the letter was the minor component, probably arising from 2,6-'
dibfpm o”*phpd-~tpimethoxyphenylacetiec acid present as a trace impurity

in 247, These -two ureas,showed distinctive i,r, spectra, each having
two G0 and one N=H absorptions5 their nmr spectra exhibited a high

field multipietdue -to the cyclohexyl groups. Amide 249 was successfully
§ynth§§isedey heating at IBOO the salt obtained from homoveratrylamine

and aeid 247,

fting slpsyre of the a-M-de using phosphorus Py;xychloride according to the
isethed described by 6& ya,” gay©O a lew yield of 1~(2-bromo-3',4"'5-
t-rimethoxybengyl)=?6,7-dimethoxy”3,4=-dlhydroisoqulnoline 252, but it

was obtained in 61% when cyclisation with phosphorus pentachloride312

Was used, N=rTrifluoroacetylation of 252 with trifluoroacetic anhydride
ip chloroform produced the required enamide 253, Although compound

is illustrated in the cig”stilbene form, an equal mixture of the
§1§ §nd t?§ns isomens was produced, exhibiting two distinct singlet

19

absofptiong in the nRWf ariging from the deshielded cis and shielded

trgng structuresj (a similar deduction was made by PCMU, based upon the
1§G nmr spectrum for this compound), * Trifluoroacetylation carried out

in pyridine gave a mixture of both 253 and a pale yellow compound which
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gave no 19F nmr signal and had an'infrared spectrum showing a carbonyl
band at 1660 cmﬁ.l, rather than the band at approx. 1700 cm-1 character-
istic of a trifluoroacetamide. Based upon this and mass spectral and
nmr data the compound was identified as 1-(2-bromo-344'5-trimethoxy-

benzoyl)-6.,7-dimethoxy-3,4-dihydroisoquinoline 254-*
%

When the N-trifluoroacetyled product 253 was dissolved in benzene
containing potassium tert-butoxide and tert-butanol a yellow solution

Was immediately obtained,.l T,l,c, showed the absence of 253 and the
presence of a spot which was coincident with the keto-iinine 254.

Isolation of the product confirmed that 254- was indeed formed by the
immediate deaoylation and oxidation of 253. Irradiation of 254 was
attempted in the hope that cyclisqtion of an cx'-oxoisoquinoline would

giye an pxpapprphine, similar to the results reported by Kametani'*.- u I
However np such product was formed, with only starting, material being
recovered* Irradiation of £5” in non-basic media using either methanol

@? b@ngene as solvent and calcium carbonate as the required hydrogen

~*halide scavenger produced'intractable mixtures.

In vIiOW of the ease with which the trifluoroacetyl function is removed
in basic media, it was next decided to employ the N-ethoxycarbonyl

83 and his co-workers. The corresponding

blocking group, as used by Gava2
ftf~sthoxycarbonyl aminostilbene 255 was prepared in 35% yield from 252
and ethyl chloroformutej the nmr spectrum of the product indicated that
a preponderance of the brans isomer was present. Photolysis of 255 for
14 hr, was carried out according to the literature method283 and resulted
in only unreacted starting material being recovered. This apparent

non-reaction was probably a result.of the lower output (90 watt) from

the photochemical reactor used, compared with that employed by Cava et al
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(4-50 w att). However when this same solutionjwas irradiated for a
further 10 days it gave in addition to unreacted starting material a
small amount of a yellow oil which could not be made to crystallise;
this could have been the required dehydroaporphine in view of an
absorption band at 260-270 nm in its u.v. spectrum (characteristic of
dehydroaporphine.'12~2) This product wqgs not examined further because

of the success of other synthetic methods (see later). -

Electrochemical reductio*n of a compound structurally similart to 253

has been reported.to give a 6a,7-dehyaroaporphine. 302 An attempt’ to
reproduce such a reaction at a carbon felt cathode, with 253 as substrate
was made. Unfortunately difficulties were experienced in maintaining a

sufficiently high working current, presumably as a result of electrode

coating. This approach was not continued.

The use of lead tetr.alacetatez92 and vanadium oxytrifluorid6294' have
recently been reported to effect the ring closure of 7-hydroxy~1-
benzylisoquinolines to the appropriate 1-hydroxyaporphines'. It was
therefore considered that cyclisation of the N-trifluoroacetyl-1-
benzylideneisoquinoline 256 with either lead tetraacetate or vanadium
oxytrifluoride and subsequent methylation represented a reasonable
approach to the 6a,7-dehydroaporphine 246. The known amide292 257
and 3,4—dihydr0isoquinoline292 256 were prepared by heating the
appropriate phenylethylamine salt and cyclisation with phosphorus
oxychloride respectively. Treatment of 256 with trifluoroacetic
anhydride in the usual manner gave the novel N -trifluoroacetyl-1-
S6trimethoxybenzylidene)-6-methoxy-7-benzyloxy-1,2,3*4 -tetra-
hydroisoquinoline 259. Catalytic hydrogenolysis of this benzyl ether

then furnished the required phenolic precursor 256. An alternative
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route to the same compound was to debenzylate 258"and to react the
resultant 1 .- ( 5-trimethoxybenzyl)-6-methoxy~7-hydroxy-3.A-
dihydroisoquinoline 260 Wi\th trifluoroacetic anhydride. The major
product given by this method was almost certainly the O,N-bistrifluoro-
acetyl compound 261, showing two distinctive carbonyl absorptions at
1800 and 1685 cle, indicative of -0COCFo and -NCOCF" respectively.-
Attempts to obtain 261 in a pure state by both column and thick layer
chromatography resulted in cleavage of the depside bond, furnishing
desired phenolic compound 256. Hydrolysis of 261 in 10% soidium
donate ..solution gave two products, the phenolic benzylidene 256 and
1-(3"Af5~rimethoxybenzoyl)-6-methoxy-7-hydroxy-3,A-dihydroisoquinoline
262 in equal amounts, The attempted cyclisation of 256 using lead
tetraacetate and vanadium oxytrifluoride according to the reported
methods, gave the same product in both cases, identified as the keto-
iffldjne 262# \It WOWId therefore seem that both of these reagents interact
in some ¥§y with the pnsaturated function of 256. inducing the molecule

to doaoylate and to ho oxidised to the keto-imine structure, although

tho §§pten§e of these two reactions is not known.
t

Tho eyolisation of N -trifluoroacetyl-1-(3* AC5-trimethoxybenzyl)-6-
methoxy-7-hydroxy”1.2.3.A-tetrahydroisoquinoline 26.3 .was next attempted.
Boduetion of the dihydro compound 258 to the tetrahydroisoquinoline 264.
was found to he unsatisfactory using sodium borohydride and so was
achieved hy a refluxing zinc-glacial acetic acid mixture. Reaction of
-264- with trifluoroacetic anhydride gave N-trifluoroacetyl-1-(3%*4-'5-
jrimethoxybenzyl)g-6"methoxy-7-benzyloxy-1,2.3, A -tetrahydroisoquinoline
265 in ATo yield which upon catalytic hydrogenolysis furnished the

required phenolic compound 263.
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The novel aporphine 266 was prepared in 35% and 10% yields using lead

) |
tetraacetate and vanadium oxytrifluoride respectively. The base peak
in the high resolution mass spectrum of 266 had an m/e value of 327; ?

1A Of the fragment ion 267, a retro Diels-Alder type

indicativelzz}
species, characteristic of aporphine structures. The lower yield

obtained from vanadium oxytrifluoride was disappointing} since

Kupchan29L had reported a 70% yield of N-trifluoroacetylwil>s>0nirine

268 from the appropriate N-trifluoroacetyl precursor by this method and -
a yield at least comparable to this was anticipated since 263 differed A
from Kupchan*s starting material only by an additional methoxy group.

However the difficulties in handling this extremely hygrbscopic reagent

could have caused the lower yield. The yield of aporphine alkaloid

from the lead tetraacetate cyclisation was in agreement with those

recorded by Umezawa. 29
I

-Methylation of 266 could not be carried out using diazomethane, iodo-
methane-potassium carbonate or dimethylsulphate-potassium carbonate,
presumably because of steric hinderance of the 1-hydroxy group by the
surrounding methoxy groups, but was effected using a mixture of sodium
hydride and iodomethane in DMF, affording N -trifluoroacetyl-1,2,9,10,11-pen—
tamethoxy-noraporphine 269 in 65% yield. Several attempts to oxidise this
pentamethoxy aporphine using iodine in dioxan failed to produce the

expected 6a,7-dehydroaporphine 24-6.

It was also considered possible that the 2-hydroxy-6a,7-dehydroaporphine
270 could be prepared from N -trifluoroacetyl-1-(31"f5-trimethoxybenz~/i~
idene)-6-hydroxy-7-methoxy-1,2,3,4--tetrahydroisoquinoline 271 by treatment
with DDQ, with the reaction proceeding by the mechanism shown in Scheme

XX. This route appeared more attractive than the use of the 7-hydroxy
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precursors because it would give directly the correctly substituted
6a,7-dehydroaporphine postulated in the oxidative decarboxylation of
amido-acid 24-5. Compound 271 was prepared by the same route as its
7-hydroxy analogue through the novel amide 272, 3,4-~dihydroisoquinoline
hydrochloride 273 and N—trifluoroall?le—t’}\]é.4/5—trimethoxybenzylidene)—6—
benzyloxy-7-methoxy-1,2, 3,4--tetrahydroisoquinoline 274-. It was also
found as with the 7-hydroxy series that attempts to prepare 271 from

the phenolic dihydroisoquinoline 275 gave a compound which exhibited
carbonyl absorptions at 1810 and 1700 cm_1 in the i.r. spectrum, inferring
an 0,N-ditrifluoroacetylated product. Reaction of 271 with an equimolar
amount of DDQ in benzene gave an intractable gum as the product and

was not pursued further. A similar attempted cyclisation of N -trifluoro-
acetyl-1-(3%4-f5S-trimethoxybenzyl)-6-hydroxy-7-methoxy-1.2,3.4--tetrahydrc-
Ispquinoline 276 prepared in the previously described manner via

-catalytic hydrogenolysis of the benzyloxy precursor 277 also 'failed to

give any aporphine product.

ff.3. Oxidation Studies on the Q<-Amido~Acid 245

The object of this section of the work was to investigate the possible
formation of the 6a,7-dehydroaporphine 270 by the action of a variety
of oxidants on the amido-acid 24-5; an alternative aporphine compound
278 could also possibly arise via the same coupling reaction and a
subsequent reductive stage. Unfortunately failure to synthesise either
the 2-hydroxy aporphine or the corresponding 6a,7-dehydroaporphine
meant that it was necessary in all the following oxidation studies on
245 to methylate and reduce the crude reaction product mixture, thus
enabling aporphine-type products to be identified by comparison with

the prepared N -trifluoroacetyl-1,2,9,10,11-pentamethoxyaporphine 269.
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3.3,1 Anodic Oxidation

The selection of suitable solvent systems for the electrochemical
oxidations of 245 was important in view of the sensitivity of the N- -
blocking group towards basic media. The two systems chosen were -«
solutions of sodium bicarbonate in either methanol-waterlor acetonitrile
water, both of which were sufficiently basic to generate the required
carboxylate anion, yet would not remove the N -trifluoroacetyl function.
Preliminary experiments with these solvents showed that 245 was
sufficiently soluble in both solvent systems and could be recovered
unchanged by acidification and chloroform extraction, even after
--standing for 24 hr., thus demonstrating the suitability of these two
media for the following electrochemical studies. Anodic oxidations of
245 using the methanol and acetonitrile-solvent systems were carried
out on carbon felt anodes at applied potentials of 360 and 270 mV
respectivel};‘, against a standard calomel electrode, until no starting
material was detectable by t.l.c. The product mixtures from both
reactions were shown to be virtually identical by t.l.c., with the
keto-imine 279 identifiable by its characteristic orange colouration
on silica-gel as the major component. Confirmation of the identity of
this compound was obtained by an independent synthesis in which 279
was obtained in 60% yield by the.electrochemical oxidation of the
unblocked acid 166, according to the method of Bobbitt.1 Subsequent
methylation by diazomethane and catalytic reduction (PtO”) of the
oxidation medium failed to demonstrate the presence of a component
having the same value as the pentamethoxyaporphine 269 using several
different chromatographic solvent systems. Although these findings
suggest that aporphine-type products are not formed via oxidation of

245. it is possible that either the methylation or reductive stages or
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possibly both may have been ineffective.

3.3.2 Enzymatic Oxidation

Reaction of 245 with both laccase and horseradish peroxidase-peroxide
was carried out in a solution of phosphate buffer (pH6) containing just
sufficient ethanol to dissolve the acid substrate. Repeated additions
of the enzyme solutions were made at hourly intervals for six hours,
after which the reaction mixture was extracted with chloroform. The
major product from both enzyme-catalysed reactions was again the keto-
imine 279* It was also observed that the' product mixture from the
laccase-mediated reaction contained a small amount of the 3,4--dihydro-
isoquinoline 172 and significantly less polymeric material than the
peroxidase induced reaction. No starting material was evident in either
reaction mixture. Methylation and reduction failed to show any of the
hoped for aporphine 269. A reaction blank containing only substrate in
a buffer-ethanol mixture showed only unreacted starting material after

standing overnight.

3.3.3 Chemical Oxidations

Compound 279 was found to be the sole product from the oxidation of

245 by active manganese dioxide. Similarly 279 was also the major
product from a two phase (chloroform-bicarbonate solution) potassium
ferricyanide oxidation, and from oxidation using DDQ. Two minor products
from this latter reaction having very similar Rf valueSto 279 were also
detected but could not be separated in sufficiently pure form to be
identified. Amido-acid 245 was unaffected by a freshly prepared

cuprammonium species.

Although the hydrochloride salt of the 3>4--dihydroisoquinoline 172 was

quite stable, the free base form was rapidly converted into the keto-

103



imirie 279 by aerial oxidation. It is therefore not possible to say
with any degree of certainty whether 279 arose directly as a result of
the anodic, enzymic and chemical oxidations or whether it was formed by
aerial oxidation of the initially formed 3?4-dihydroisoquinoline.

The overall indications from these various oxidations of acid 24-5. are
that nucleophilic attack of the 1-benzyl residue on a possible quinone
methide intermediate structure does not take place, ar},d that the
predominant reaction, after or concurrent with decarboxylation, Is the
removal of the N-blocking group accompanied by oxidation at the

benzylic position,,

The attempts to prepare an amido-acid analogous to 245, in which the
benzylic position is substituted with two methyl groups, thereby
preventing oxidation at this susceptible position, is discussed In

Chapter 5 (Section 5P2)*
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CHAPTER FOUR

Attempted Synthesis of a Cu.larine-T.y~pe Alkaloid by Oxidative
Decarboxylation of an Isoquinoline-1-Carboxylic Acid

Based upon similar arguments to those discussed in the introduction

to the previous Chapter (see page 75), oxidative decarboxylation of e
acid 280 could give rise to the dienone compound 281. Subsequent
intramolecular Michael addition of the 2.-hydroxy moiety upon this

dienone ought therefore to generate the cularine-type alkaloid 282 by

a completely novel approach. The work described in this Chapter was
therefore aimed at preparing such a compound both by conventional methods

and -via this decarboxylation-addition pathway,

4,1 .Synthesis of Cularine Alkaloids
To d&tc only four naturally occurring members of this class of alkaloids
h&YP been isblated, vig cularine 283, cul&rtmine 284-, cularidine 285 and
OUlaricine 286, These four tetracyclic bases are only found in the
genera Picentra and Corydaiis, and are unusual in that they possess an
ring system, bridging the benzyl and isequinoline moieties of
the molecule, f>uoh a system in considered to be derived from a 7,8-
©OS5cygenated precursor e,g, petaline 89, The biosynthetic pathway to such
alkaloids has as yet not been elucidated, although several possible

routes have been postulated (gee Schemes VII-1X),

In comparison with other glasses of isoquinoline alkaloids, relatively
few in_yitro syntheses of cularine alkaloids have been reported. The
first synthesis of cularine 283 involved as the initial step, linking
of two appropriately substituted aryl units by an Ullmann condensation,
to give a diphenyl ether, This approach has been utilised by Kametani

and his go.-workers, who have synthesised the cularine ring system, both

by a Pomerantz.-Ei’itsch cyclisation of the appropriate acetal™” and
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Oi
-by dehydration of the diacid 287 and subsequent reaction with ammonia.

Similarly the preparation of cularicine 286 has been achieved318-thr0ugh
the intermediacy of the tricyclic 'oxepinone 288 with subsequent Schiffs
base formation and a modified Pomerantz-Pritschmyclisation. The
Ullmann ether synthesis has also been used as the final step in the
preparation of cularine-type products by cyclising 1-(Z-hydroxybenzyl)-

,8-bromo-1,2,3,4-tetrahydroisoquinolines. 319,320

An alternative approach
involving Ullmann condensation of an isoquinoline having a 2-brominated
Dring and the hydroxy function at C-8 on ring A has also been success-

fully applied to the synthesis of cularine compounds. 21-35

One of the proposed schemes for the biosynthesis of these alkaloids
involves direct carbon-oxygen coupling of a diphenol benzylisoquinoline
-.(-Scheme VII). Such a reaction using potassium ferricyanide has proved
successful in the laboratory, giving the appropriate cularine compounds,
albeit in low yields. The work performed by Kametani in this respect
has been summarised*”*’~6. Coptine has been prepared in 7% yield

by direct phenol oxidative coupling of 289 using ferricyanide as the

327,328 the substrate 289 being prepared via a modified

oxidant,
Pomerantz-Eritsch cyclisation with subsequent Reissert alkylation, to

give the required substitution pattern on ring D.

An alternative approach involving acid catalysed rearrangement of
spirodienone intermediates derived from 4-hydroxybenzyl isoquinolines

-has also been successfully applied to the synthesis of certain cularine-

102,329

type compounds. However, cularine itself could not be prepared

by such a route, the appropriate dienone giving either phenolic

QQH 00* On%)

l1-benzylisoquinolines™” ~’ or aporphine products, depending upon

the nature of the acidic media used for rearrangement.
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4.2 Synthesis of Substrates

4.2.1 N-Trifluoroacetyl-1 -(2-Hydroxybenzyl)-6-Hydroxy-7-Methoxy-
1.2.3,4-Tetrahydroisoquinoline-1-Carboxylic Acid 260

Two independent approaches to the N-acylated acid 280 were investigated.

The first involved the preparation and acid hydrolysis of the appropriately

substituted Reissert compound 290. whereas the second route required a
Pictet-Spengler condensation between the appropriate phenylethylamine

and substituted pyruvic acid.

The novel dihydro-Reissert compound N-benzoyl-1-cyano-6-benzyloxy-7-
methoxy-1,2,3,4—tetrahydroisoquinoline 291 was prepared in 60% yield
from the 3,4-dihydroisoquinoline 292 using the two.phase method similar
to that used for the isomeric compound 186. Addition of 291 into a
suspension of sodium hydride in DWF produced the expected red colouration
of the Reissert anion, which disappeared upon the introduction of a
solution of crude 2-benzyloxybenzyl chloride 293 (prepared from the
'mappropriate benzaldehyde 294- and primary alcohol 295). The product,
from this reaction could not be sufficiently purified for identification
and coupled with other failures to hydrolyse 7-benzyloxy-Reissert
compounds to their respective phenolic amino-acids (see page 67)/, this

approach was not continued.

A more successful pathway to the required isoquinoline-1-carboxylic
acid involved the Pictet-Spengler condensation between 3-hydroxy-4-
methoxy-/A-phenylethylamine hydrochloride and 2-benzyloxyphenylpyruvic
acid 296, giving the desired novel acid 297 in 90% yield. Preparation
of the necessary pyruvic acid 296 was achieved in 57% yield by alkaline
hydrolysis of 5-(2-benz.yloxybenzylidene)-2-thioxizolid-4-one 298.

Higher yields of this same acid were obtained from hydrolysis of the
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azlactone 299 and purification through the formation of the barium salt.
Due to its instability to light and air this product was stored under’

nitrogen at 4° until required. Although the spectral data for 297 were
consistent with this structure, elemental carbon analysis of the hydro-

chloride salt did not agree with the expected values.

N-Trifluoroacetylation of 297 using trifluoroacetic anhydride in

chloroform at room temperature gave the 2t-benzyloxy acid 300 in J7%%

yield. Earlier attempts to prepare either the N*-formyl, N-"acetyl and
0+ 1 Q

N-ethoxycarbonyl analogues of 300 using aeeticformic anhydride,

1
acetyl chloride or ethyl chloroformate respectively, were unsuccessful,

Similarly, attempts to acetylate on nitrogen using O~7dicyanoethyl
acetate 333 were also fruitless. However -reaction of aeetic formic
anhydride with the novel debenzylated acid gave a small amount of

*the S-lactone 302. Spectral data and elemental analysis confirmed the

lactone structure rather than the 2-hydroxy=acid alternative.

In view of the relative ecase of use and p>ed yields obtained with
-trifluoroacetic anhydride, the N-trifineroacetylated system was chosen
in preference to N~formyl analogues. Several attempts to prepare the
2-hydroxy compound 280 by catalytic hydrpgenolygis of 300 with 5%
palladised charcoal failed to produce the ejected results, for which
the most likely explanation was contamination of the palladium catalyst,
Unfortunately lack of time prevented an alternative synthesis of 280, /

involving N -trifluoro acetylation of the dihydroxy acid JQ1, from being

investigated.

4-.2.2 Attempted Synthesis of the Dehydrocularine Compound 303

Several different synthetic routes to the required dehydrocularine
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structure 303 were followed, all involving at some stage, a Bisclilgr—
Napieralski reaction, to generate the isoquinoline ring system. To
effect the final ring closure of a suitably substituted l-benzylisoquinoline
to the corresponding oxepin system, it was intended.to use pentafluoro-

n fc (nill u

phenyl copper, which has been used’ to bring about intermolecular

Ullmann condensation in relatively high yields.

The first proposed synthesis required the formation of 3,4-dihydro-
isoquinoline 304- followed by monobromination at the C-8 position,335
with subsequent debenzylation and cyclisation. The major product from

the reaction of 2-hydroxyphenylacetic acid and benzyl chloride was

found to be the benzyl ester 305. which gave the desired 2-benzyloxy

acid 306 in 62% yield upon alkaline hydrolysis. The attempted condensation
of this acid with 3-methoxy-4-hydroxy-~-phenylethylainintj 307 according

to the method reported by Casagrande288 failedto give the required
phenolic amide, giving only an intractable gum. Using the same
experimental conditions, condensation of 2-benzyloxyphenylacetic acid

and 3-methoxy-4-hydroxy-5~bromo-jB -phenylethylamine 30S (prepared by
bromination™” of 307) furnished 3*1% of the brominated amide 309.

Unfortunately attempts to cyclise this amide using phosphorus oxychloride

) .. 027
in acetonitrile were unsuccessful.

An alternative approach to the requireddehydrocularine alkaloid via
the dihydroisoquinoline 310 was next investigated. This route involved
the synthesis of 3-benzyloxy-4,5-dimethoxy-y”-phenylethylamine from
gallic acid according to Scheme XXI. Preparation of the phenolic acid
311 according to Battersby"‘ss;i7 method gave only 76 of the expected

compound, the major product being 3,4,5-trimethoxybenzoic acid.

Benzylation of 311 was achieved using benzyl chloride in alkaline
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ethanol, to give 3“benzyloxy-4-,5-dimethoxybenzoic acid 312 in only 22%
yield. In view of low yields achieved in these two steps this route was

not pursued further.

4.2.3 Ogxidation of Acid 300

In spite of the failure to produce acid 280 from its benzyloxy precursor
300. it was hoped that useful information could be gained by oxidising
this precursor both electrochemically and enzymicall®. Anodic oxidation
of 300 on a carbon felt electrode in an aqueous methanolic solution of
.sodium bicarbonate was carried out at an applied potential of 280 mV
--(with respect to the standard calomel electrode). The product obtained
from this reaction was identified as the keto-imine 1-(2-benzyloxybenzoyl)-
6”hydroxy-7-methoxy-3.4--dlhydroisoquinoline 313. This same compound was
shown to be the only product formed by the oxidation of 300 using both
horseradish Iperoxidase and fungal laccase. The possibility also exists,
$.§ with the 3,4-,5-trimethoxy-analogue 279 that 313 could be formed by
initial deacylation and oxidative decarboxylation to give the 3,4--
dihycjlroi soqufnoline 314- which undergoes rapid aerial oxidation at the

g& gceptible benzylic position.



CHAPTER FIVE

Discussion
This chapter ineludes several sections of related work which were
investigated during the course of this thesis, but which do not

warrant individual chapters.

5.1 Oxidative Studies on N-Trifluoroacetyl-1-Methyl-6-Hydroxy-7-
Methoxy~1,2,3 .A-Tetrahydroisoquinoline-1-Carboxylic Acid 315

The work described in Chapters 3 and U was concerned with the oxidative
decarboxylation of phenolic isoquinoline-1-carboxylic acids to a dienone
intermediate which,it was considered,could in the presence of a suitably
activated 1-benzyl residue undergo intramolecular attack to give tetra-
cyclic products. In addition to this intramolecular coupling mode, the
possibility also exists that in the presence of an external nucleophilic
species, any dienone produced could be involved in intermolecular coupling.
The object of this section of work was therefore to investigate the
possible occurrence of such an intermolecular reaction between N -trifluoro-
acetyl-1 -methyl-6-hydroxy-7-methoxy-1,2,3 ,A-tetrahydroisoquinollne-1-
carboxylic acid 315 and a suitable nucleophile. N -trifluoroacetylation

of acid 164 was carried out in the previously reported manner using
trifluoroacetic anhydride in chloroform and triethylamine to give 315

in $2% yield.

The nucleophile chosen was 4--tert-butylphenol because it was thought

that should any intermolecularly linked product be formed, then it oughtI
to be easily identifiable by the distinctive nmr signal of the tert-

butyl group. Since phenols themselves readily undergo oxidation it was
also decided to prepare the carbon-carbon dimer 316 of A-tert-butylphenol,

so that this particular product could’be identified in the oxidation
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mixtures. D im e r 316 was synthesised by the electrochemical oxidation
of 4-tert-butylphenol in its sodium salt form, using a carbon felt '
electrode and an applied potential of 300mV in acetonitrile. In order
to confirm that it was in fact tlie carbon-carbon rather than the carbon-
oxygen-carbon dimer, the product from the anodic oxidation was tosylated]j
the nmr showing the correct ratio of methyl to tert-butyl protons,

consistent with the ditosyl product 317.

Oxidation of acid 315 was performed electrochemically and enzymically,
both on its own and in the presence of A-tert-butylphenol. Anodic
oxidation in aqueous methanolic sodium bicarbonate solution at 320mV
showed the same results irrespective of whether the phenol was present
or not, the only product being identified as the 3,A-dibydroisoquinoline
170. Similarly, enzymatic oxidations of 315 with fungal laccase and
horseradish peroxidase showed 170 as the major component, both with and
swithout adde(% 4--tert-butylphenol, in addition to which some polymeric
base line mateﬁial was observed. In general the horseradish peroxidase
\%
reaction media contained substantially more base line material than
their laccase counterparts, probably a consequence of the free-radical
pathway associated with peroxidase-peroxide combinations. None of the

phenolic dimer 316 was apparent in either anodic or enzymic reaction

mixtures containing 4--tert-butylphenol.

The indications from this experiment are that the N-protected acid 315
is both deacylated and oxidatively decarboxylated, although in wl;ich >
order it is not possible to say. Furthermore, intermolecular coupling
"between the decarboxylated intermediate and some external nucleophile

does not take place, under the reaction conditions employed.
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5.2 Attempted Synthesis o /3-Pimethyl-3.4-.5-Trimethoxyphenylpyruvic
-Acid 318 ' e e

In -view of the susceptibility of the-benzylic position of N-trifluoroacetyl
1€ / S5-“rimetlioxybenzyl).-6-hydroxy*-7«meth oxy~1,2,3 ,4—tetr ahydroiso-
quinoline*-1-carboxylic acid 245 to undergo oxidation, giving the
corresponding keto compound 279, the possibility of replacing both of

the labile benzylic hydrogen atoms by less easily removed alkyl groups was
investigated. The use of methyl groups for this purpose was decided
upon, since such groups would minimise the increase in steric strain in

an already crowded environment; it was thus necessary to prepare the
spproprlately substituted n”-keto acid gIB. having two (3>-methyl
substituents. Condensation of this pyruvic acid with 3-hydroxy~4—
fflethcxy-f8>--phenylethylamine hydrochipride, would it was hoped, give an
ispquinoline.-ri “carboxylic acid having a benzylic position reasonably
resistant to oxidation, enabling the true products from the anodic,
enzymic and chemical oxidation studies to be identified, without the *

complication of subsequent aerial oxidation,

The proposed synthetic pathway to the  “protected ©t-keto acid 31B is
shown in icheme Mil# The final stage of this sequence involves
oxidation of a ketone to an ©<-~keto acid by selenium dioxide; a similar
reaction has been carried out in very high yield by Hallmann and
Hagele,—"3§9 gf, ig"*"Dimethyl /3. 4, 5ytr 1meth oxybenzyl alcohol gl19 was best
prepared by the reaction of the methyl ester 320 with methyl lithium in
dry ether, giving 319 in $5% yield. The molarity of the lithium reagent
was determined before each reaction according -to the method of hofron,Q/Q
other methods of preparing g)19 were found to be less successful. Only

51% of tertiary alcohol was obtained from 3,4-,5~trimethoxyacetcphenone

321 using an identical procedure to the above; -this result was



disappointing since the first step of the reaction of methyl lithium

with ester 320 involves the preparation of this same ketone,34—1

followed
by the addition of a further mole of methyl lithium to give alcohol 319.
The yield of 319 by this method was therefore ejected to be at least
the same as that from the ester, at the same time using less alkyl
lithium reagent. Reaction of ester 320 or the acid chloride 322 with
methyl magnesium iodide gave the tertiary alcohol in unacceptably low

yields and often associated with other components; this is similar to

37
results reported by Bogert and Isham.

Attempts to convert 319 into its chloro- or bromo- analogue by using
phosphorus tribromide, hydrochloric acid, triphenylphosphine in carbon
tetrachloride3L'3 or a mixture of methyl sulphide and N-chlorosuccinimide3//
gave only 3”‘4—,5—trimethoxy-oc—methylstyrene34—2 J32J3.  An alternative
approach involved the synthesis of methyl oc,oc.-dimethyl-374-? 5-*trimethoxy-
benzylsulphonate 324-. Nucleophilic displacement of the mesyl group by

a halogen species ought to produce the required benzyl halide; however,
although the methyl sulphonate 324- was prepared, albeit in low yield from
alcohol 319 and mesyl chloride in dry pyridine, all subsequent attempts

to prepare this compound resulted in the formation of the elimination

product 323.

The overlying trend from the observations made in this section of the
work is that although the oc-dimethyl alcohol 319 is stable and
can be prepared in high yield, elimination of water to give the corres-

ponding styrene 323 takes place under very mild conditions.
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5,3 Anomalous Product from the Reaction of Amino-Acid 166 and Tri-
fluoroacetic Anhydride In Pyridine

Initial attempts to prepare the N-trifluoroacetylated acid 24-5 were
carried out in refluxing dry pyridine. However, immediately upon
boiling, the solution turned intensely yellow, from which homogencous
bright yellow crystals were obtained on a weight for weight basis. The
product did not react with saturated bicarbonate solution indicating
that the carboxyl grouping had either been removed completely or had
been modified into a non-acidic function. Refluxing acid .166 in pyridine
gave only unreacted acid, confirming that trifluoroacetic anhydride was
essential for the occurrence of this anomalous reaction. High resolution
mass spectral data indicated a molecular formula for the product of

0~ 4 ~ 2 1 wkich ™s confirmed by elemental analysis, The infrared
spectrum of this anomalous product showed a broad absorption, centred

at 32OOcm_1 , indicating that the hydroxyl group was still present in the
molecule; this fact was confirmed by the bathochromic shift in the u.v.
in basic media, and from nmr data. No other absorptions were apparent
in the infrared above 16OOcm-1, from which it was thought that a tri-
fluoroacetyl grouping was absent in the molecule. Proton nmr data showed
thr.ee singlets corresponding to one proton apiece in the aromatic region,
a broad singlet exchangeable with deuterium oxide at 3.72'T, indicative
of a phenolic function, a quartet at 4.50Thaving a coupling constant

of 7.5Hz, integrating for a single proton and four distinct singlets

around 6~ corresponding to the four methoxy substituents.

Several conclusions can be made from the above nmr information; firstly,
the aromatic substitution pattern appeared to be unchanged, having one
hydroxyl and four methoxy groups; secondly, since only three protons

were observed in the aromatic region then either aromatic substitution
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had occurred, or as seems more likely, ring closure had taken place;
finally, the occurrence of the low field quartet can only be due to
coupling between a single proton and three other magnetically active,
equivalent nuclei, the most probable explanation being coupling with a
trifluoromethyl group, i.e. a CH-CF" unit. The presence of this
particular arrangement was confirmed by the 19F nmr, which exhibited

a doublet at 75.4-7ppm (w .r.t. CFClD standard) having a coupling constant
virtually identical to that observed in the proton nmr. In addition,

an absorption corresponding to three fluorine atoms was also observed
at 70.74- ppm, indicating that another trifluoromethyl group was present

in an entirely different environment.

Attempts to acylate the nitrogen atom with trifluoroacetic anhydride
in chloroform using either triethylamine or 1,8-bis-(dimethylamino)
naphthalene as base were unsuccessful, suggesting that the nitrogen
was of a non-nucleophilic nature. However, t.l.c. of the reaction
mixture showed the presence of a new component, the infrared spectrum
of which had a sharp absorption at 1810cm™’ and another at 16/4+5cm™
Isolation of this compound by chromatographic methods was not possible,
giving only the unknown starting material. In view of previous
experiences with this sort of phenomenon,e.g. 261 (see page 96 ), this
unobtainable compound was identified as an O-trifluoroacetate formed
between the anhydride and the phenolic moiety. The attempted reduction
of the yellow compound with either sodium borohydride or catalytically
with palladised charcoal had no effect, whereas bromination with excess

bromine gave a complex mixture of products.

Methylation of the phenolic unknown compound v/as achieved' both with

diazomethane and with dimethyl sulphate, although the latter was less
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efficient. The methylated product showed similar spectroscopic features
to those of its precursor, having a molecular formula of C*H"F"NO".
Monomethylation had therefore taken place and since the hydroxy stretch
in the infrared, bathochromic shift..with base in the u.v. and the
exchangeable proton in the nmr spectrum, were no longer apparent, it was
obvious that the phenolic group had been converted into a methyl ether.
An extra methoxy signal in the nmr and an absorption at 1633cm  in the
infrared were also observed. Efforts to-quarternise the nitrogen atom
of this fully methylated analogue with methyl iodide were unsuccessful,
as was the attempted reduction of the molecule with tin and hydrochloric

acid, only intractable products being obtained.

It was initially postulated that the unknown product might be a 6a,7-
dehydroaporphine, since molecules of this type are known to be yellow, 122
and would have two aromatic protons and one vinylic proton, in agreement
with the observed nmr spectrum. However such a structure could not
account for the tertiary nature of the nitrogen atom and the incorp-
oration of six fluorine atoms. Another possible explanation was a
structure similar to the munchnones reported by Hershenson,w5 who
proposed that the reaction of N-acetyl~6,7-dimethoxy~T,2,3,4.~tetrahydro-
iso quinoline-1-carboxylic acid with acetic anhydride in pyridine
involved the formation of the mesoionic compound 325 (a munchnone).
Similarly Steglich and his co-workers have employed trifluoroacetic
anhydride to convert -amino acids into oxazolin-5-ones containing a

CH-CF* unit. Neither of these two structures Is capable of explaining all

of the experimental, information.

Identification of the unknown product and its methyl ether was;achieved

in collaboration with Drs. Boyle, Greenbanks and Taylor of I.C.I.
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Pharmaceuticals Division, Alderley Park, for which the author wishes

to express his gratitude. The initial product was thought to be 2,9,10,11-
tetramethoxy-3-hydroxy-8-trifluoromethyl-13-trifluoroacetyl-7,8-dihydro-
protoberberine 326, which on methylation results in the formation of the
novel methyl ether analogue 327. Compounds possessing the N*-C=C-C=0
arrangement have been termed enaminones3/7 and the unusual spectroscopic
characteristics of such compounds have recently been investigated.
Taylor3”,349 “oun(j that both the carbonyl and double bond infrared
absorption frequencies of enaminones (also called vinylogous amides)
occurred at much lower wavenumbers than for identical functions in
isolated environments. This effect was found to be more pronounced when
the heteroatom and keto group were trans to each other, and in general it
was found that the C*0 frequency was lowered by 65crn_1 whereas the C=C
was usually 850m-1 lower than typical values. Application of these
findings to compound 327 shows good agreement between the predicted

and found \)C=0 and "C~C, (i.e. found 1633cm and 1585cm” , calculated
16350m_} and 1575cm4, assuming isolated absorption values of 17000m_}
for N-trifluoroacetyl and 1660cm for carbon-carbon double bond). In
the case of 326 the phenolic function is in extended conjugation with
the enaminone system, resulting in a further lowering of absorption
frequencies to 15950m-1 and 15500m-1. In polar solvents trans enaminones
have been observed 017 to give u.v. maxima between 285-305nm, compared

to maxima between 300-320nm when in the cis configuration. Both 326

and 327 gave u.v. absorption maxima in agreement with a trans arrangement.

Although a mechanism caii at this stage only be pure conjecture, a
possible route to 326 is shown in Scheme XXIII. Additional work is
therefore necessary to establish this or any other possible mechanism.

In view of the novelty of this reaction, several variations are worthy
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of further investigation to'establish the extent to which such a reaction
can be extended, e.g. by changing the methoxylation pattern on ring Dj
replacing the methoxy substituents on this same ring by other oxygenated
groups (e.g. methylenedioxy)j establishing the requirement for a
phenolic function at C-6; investigating the effect of other anhydrides

(e.g. acetic and trichloroacetic anhydride).
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5.4- Enzymic Oxidation of Corypalline 328

Corypalline (N-methyl-6-methoxy-7-hydroxy-1,2,3,4--tetrahydroisoquinoline)
328 is a naturally occurring simple isoquinoline alkaloid, first
identified by Manske350 and shown to contain the C-6, C-7 oxygenation

pattern found in more complex alkaloids.

Several workers have studied the oxidation of 328 by various methods.
Bobbitt, in an extensive study351”§‘53 has shown that ‘the electrochemical
oxidation of corypalline produces N,Nf—dimethyl—6,6—/dimethoxy~7,7/~
dihydroxy—l,l/,2,2,/3,3,2—,4/——octahydro—8,8/—diisoquinoline 329 as the

major product, in yields up to 85%, depending upon the nature of the
electrodes, electrolyte, cell design, pH, reaction time and the state
of the substrate. Oxidation of the sodium salt was achieved at much
lower potentials than its free phenolic form and subsequently resulted
in less polymeric material as a result of over-oxidation. Small amounts
(2.7-5%) of the carbon-oxygen-carbon dimer 330 have also been reported
via anodic oxidations. In contrast5 the catalytic oxygenation of
corypalline using platinum oxide gave rise to other products, viz, the
polycyclic ether 331, the 3,4-dihydroisoquinolinium and isoquinolinium
salts 332 aad 333, in addition to those products derived electro-
chemically; however, the yields of these other compounds were low (2-4-%).

Chemical oxidation of 328 using potassium ferricyanide354""355

gave 329
in moderate yields, whilst photochemical oxidation of'corypalline

produced 329 in 33% yield.

The carbon-carbon dimer is the expected product, based upon steric

. . . 352
considerations and it has been demonstrated that the larger the C-1
substituent the greater the extent of the carbon-oxygen-carbon product,

resulting from an increased steric hindrance about the C-8, C-8“bond.
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At the time of writing, no investigation into the effect of oxidising
enzymes on 328 had been reported. A study was therefore carried out
using the phenol oxidising enzymes, fungal laccase and horseradish
peroxidase under physiological conditions. A sample of corypalline
was obtained from Dr. I. Coutts. Electrochemical oxidation of 328 as
its sodium salt at OOmV (w.r.t. the standard calomel electrode) in
methanol using a carbon felt electrode furnished 22% of dimer 329.
This dimeric product was used as a t.l.c. marker spot throughout the

enzyme study.

Incubation of corypalline with both fungal laccase and peroxidase-
peroxide in pH6 aqueous media showed the formation of 329 after 21 hr.
No other components other than unreacted starting material were
observed. It was therefore concluded that both enzymes used are able

to induce ortho-ortho phenol oxidative coupling in corypalline.
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EXPERIMENTAL SECTION
General
Infrared spectra were recorded using either a Perkin Elmer 137 NaGl,
or a Perkin ELmer 137G grating spectrophotometer both calibrated with
polystyrene film. U ltra-violet absorption spectra and absorbance
measurements were determined using a Perkin Elmer 4-02 UV -visible

spectrophotometer.

Proton magnetic resonance spectra were recorded on a JEOL JNM C-60 HL
60MHz spectrophotometer with tetramethylsilane as the internal standard
in the solvent indicated. 19F Nuclear magnetic resonance spectra were
carried out in the Department of Chemistry, University of Nottingham.
13

C and 220MHz proton, nuclear magnetic resonance spectra were recorded

by the Physico-Chemical Measurements Unit, Harwell.

Melting points were determined using open capillary tubes in an

electrically heated Gallenkamp melting point apparatus and are corrected.

Micro analyses for C,H,N and Br were determined by the micro analysis
unit, University of Nottingham, by Butterworths Microanalytical
Consultancy Ltd., Teddington, Middlesex and by the analytical section

of Imperial Chemical Industries Ltd., Alderley Edge, Macclesfield.
Analyses for F were carried out at the Department of Chemistry, University

of Durham.

High and low resolution mass spectrometry determinations were carried
out by the Boots Co. Ltd., Nottingham. Hydrogenations were performed
using the medium pressure apparatus of Chas. W. Cook and Sons,
Birmingham, while a Hanovia 1L(90watt) photochemical reactor was

employed for the photolytic work. Electrochemical experiments were
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performed on a Wenking potentiostat model 70TS1 using a specified

reference electrode.

Thin-layer chromatography was carried out using pre-spread plates

(5 x 20cm; Polygram SIL G/UV~” and Polygram ALOX N/ U fr o m Camlab,
Cambridge). Preparative t.l.c. (thick layer) was performed on pre-
spread plates (20 x 20cm; Anachem Uniplate, silica-gel G.F.). Column
chromatography.was carried out using Fison silica-gel MFC (80-200 mesh)

and Fison alumina (100-250 mesh).

All solvents for chromatographic and photolytic work were redistilled.
Ether, THF and benzene were dried over sodium, methanol was dried using
magnesium, and chlorinated solvents were dried over calcium chloride.

Other solvents were dried using type 5A molecular sieves.

General anodic oxidation procedure

All anodic oxidations were carried out on a carbon felt electrode

(6 x 16cm), separated from a platinum cathode (1.5 x 1.5cm) by a porous
glass frit. The reactions were performed under nitrogen at room
temperature. A standard calomel reference electrode was positioned

as close as possible to the anode and the potential controlled electron
ically. Substrates were added to a stirred pre-equilibrated, pre-
electrolysed deoxygenated solvent. The anode potential was adjusted

so that 20-50mA of current passed, reactions being continued until
either the current dropped back to the residual background level or

until t.1.c. indicated no starting material remained.
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WORK DESCRIBED IN CHAPTER TWO

Preparation of Fungal Laccase

Growth of Fungus

J

A culture of Polyporus versicolor, strain 28A, growing on an agar slant

was obtained from the Building Research Establishment, Princes Risborough,

Aylesbury, Bucks. The organism was sub-cultured on to agar plates and

grown at 30°. 'The’liquid growing medium' "’

following A.R. grade chemicals

glucose
L-asparagine
DL-phenylalanine
adenine

..thiamine hydrochloride

potassium dihydrogen phosphate

disodium hydrogen phosphate
magnesium sulphate

calcium chloride

ferrous sulphate VHpO
manganous sulphate 4EUO
zinc sulphate 7Hp0  *
copper sulphate 570

dissolved in distilled water (ldm").

was prepared from the

20g
2.8¢g
0.15¢g
0.0275¢
0.00005¢g
1.0g
0.1g
0.5¢g
0.01g
0.01g
0.001g
0.001g
0.002¢g

The medium was equally distributed into five conical flasks (250cm?)

-—-swhich were sterilised by autoclaving (120° for 30 mins.). A single

plate of freshly grown fungus was sub-divided into five sections of

approximately equal areas, one piece being added to each conical flask

under sterile conditions. The flasks were incubated at 25° for 7 days

at which point a solution of 2,5-dimethylaniline in 50% aqueous ethanol

{0,/i.cm? of 0.2M solution) was added to each flask to give a final

concentration of the aniline in each flask of Ax 10 A fter an

madditional 7 days incubation at 25° the cultures were harvested.

Glass beads (I00g) were added to each flask which was shaken manually

for 10 mins. to break-up the mycelial growth.

13A

The resulting suspension



swas filtered through Whatman No, 1 filter paper and the filtrate stored

at -20° in clean polythene bottles.

Assay of Laccase A ctivity

Assays were carried out using the method of Pickard and Westlake*;zs.
Assay mixtures contained catechol (I x 10:6m01), acetate buffer (pH4-.0,
5x 10 £mol) and enzyme solution (0.lcm0) in a total volume of 3cm .
The mixtures were incubated at 37° for 15 mins., after which the
absorptions at 400mm in Icm silica cells were determined against a
catechol-buffer blank. One unit of laccase activity is defined as
that amount of enzyme which will cause the optical density to increase

by 1.0 unit after incubation for 15 mins.

Assay of Horseradish Peroxidase

The enzyme was purchased from Sigma Chemical Co., as a salt-free powder,
and was assayed for activity according to the method of Devlin.zz/
Reaction mixtures contained guaiacol solution (3.3 x 10 0.05cm*™),
hydrogen peroxide solution (1.3 x 10*"", 0.04-cm”), peroxidase solution
(0.1g/dnf* in pH6.0 bufferj 0.0lcm”) and phosphate buffer (0.01M, pH6.0,
2.9cm ). The absorbance of the mixture was determined after 5 nuns,

at 470 nm in lcm silica cells against a blank containing guaiacol,

peroxide and buffer. An activity of 1 unit is defined as the amount

of enzyme causing an increase in optical density of 1.0 unit in 5 mins.

1. Preparation of Compounds in the 6-Hydroxy-7-Methoxy Series
Benzylisovanillin 334-

Isovanillin (125g, O.52mol), dissolved in meths (2500mo) was added to
a stirred mixture of benzyl chloride (&3g, 0.66mol), and potassium

carbonate (72g) in meths (200cm%. The mixture was refluxed for 10 hr.



with stirring, followed by addition of activated charcoal (5g) and
further reflux for 30 mins. The ;reaction mixture was filtered hot
and allowed to cool. The resulting pale yellow crystals were filtered
off, washed with petrol (b.p. 40-60°) and recrystallised (ethanol)
affording 224: 81%), m.p. 63-4° (lit 63°

T(CDC13): 0.23 (1H, s, CHO); 2.50-3.18 (8H, m,aromatics); 4.90 (2H,

s, PhCH20); 6.13 (3H, s, CHO0).

3-Benz.yloxy-4- methoxy-cl-n.itrostyrene 335

Benzyl!sovanillin (87.5g, O0.36mol), ammonium acetate (29g), and
nitromethane (113g? 1.85mol) were refluxed in acetic acid (250cm )
for 1.5 hr. and allowed to cool overnight. The crystalline product
swas filtered off, washed thoroughly with ether (SOOcmO) and recrystal-
lised (ethanol), giving bright yellow needles of 335 (81g, 79%), m.p.
127.5-8° (1lit 125-7°)?58 max: 1625 *T (AC13): 1-93-3.15
(10151, m, aromatics and vinylics); 4.85 (2H, s, PhCH&O); 6.08 (3H, s,

CH30).

3-Benzyloxy~4-methoxy-" -phenylethylamine hydrochloride 336

The above nitrostyrene 335 (60g, 0.21mol) dissolved in dry THF (500cm”)
was added dropwise to a mechanically stirred suspension of lithium
aluminium hydride (25g) in THF (SOOcmO) under nitrogen. When the
addition was complete the mixture was stirred for 1hr., following which
portions of aqueous THF (50cm” of 20% aq.THF, followed by 50cm” of

50% aq.THF) were cautiously added. Addition of 4M sodium hydroxide
solution gave a granular precipitate of inorganic salts and a clear
organic layer which was decanted off. The inorganic precipitate was

washed with THF (3 x 200cm ) and the washings combined with the
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original THF solution. Removal of the organic solvent under reduced
pressure gave a brown oil which was dissolved in ether and dried (K"CO").
Filtration was followed by the addition of small portions of ethanolic
hydrogen chloride, the resulting white fluffy precipitate being collected
and washed with ether to give 44.5g (71%) of 336. Recrystallisation of
the hydrochloride (ethanol-ether) gave white crystals, m.p. 162-5° (lit

166°).11" 2600cm-1, 2400cm-1 (salt bands).
max

*

3-Hydroxy-4-methoxy~>#-phenylethylamine hydrochloride 337

The hydrochloride 336 (22g, 0.075mol) was placed in a 500cm"* hydrogenation
bottle and dissolved in meths (200cm ) containing 5% palladised charcoal
(2g),, The system was pressurised with hydrogen and shaken until uptake
of gas had ceased. Catalyst was removed by filtration and the solvent
removed to give the hydrochloride 337 (l4g, 92%), as white crystals,

m.p. 203-5° (lit 204-6°)*”~ from ethanol-ether. 3150cm-1

(H bonded 0-H); 2640, 2560, 2450cm”1 (salt bands). T~D 0): 3.11

(3H, s, aromatics); 6.12 (3H, s, CHO0); 6.55-7.21 (4H, m, AR~CH2).

1.1  1-Alkyl-6-Hydroxy-7-Methoxy-3.4-Dihydroisoquinoline Hydrochlorides
6-Hydroxy~7~methoxy-3,4-dihydroisoquinoline hydrochloride 169

Ethyl formate (60cmo, 0.74mol) and 3-benzyloxy~4~raetboxy~"~phenyl-
ethylamine 336 (15g, 0.058mol) were refluxed together for 15 hr. Excess
ethyl formate was removed by distillation under reduced pressure, leaving
a brown gum which was triturated with ether-petrol (b.p. 40-600) giving
the N-formyl compound 333 (16.3g, 98%). The crude product recrystal-
lised from benzene-petrol (b.p. 60-80°) as a fawn solid, m.p. 98.5-
100.5° (lit 101°).358 KEr: 3380cm-1 (N-H)j 1660cnfl(C=0). V(CDC&J:
2.00 (1H, s, CHO); 2.62-3.26 (8H, m, aromatics); 4.23 (1H, broad s, NH);

4.90 (2H, s, PhCH20); 6.18 (3H, s, C(H 0); 6.64, 7.35 (4H, 2t, CH2~CHO).
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The above formamide (10g, 0.036mol) -was dissolved in toluene (IOOCmO)
and cooled whilst phosphorus oxychloride (300m0) was added cautiously.
The mixture was refluxed for 1.5hr., cooled, and pouredinto a large
excess of petrol (b.p.60-80°; 600cm”) which was decanted off leaving

a dark brown gum. After an additional wash with petrol (4—OOcm0), M
hydrochloric acid (250cm”) was added to the residue and heated at 50°
for 30 mins. This procedure was repeated twice more,'the combined acid
washings then being cooled, basified with 2M sodium hydroxide solution
and extracted with ether (3 x I50cnr*), dried (Kgl.COé)) and evaporated.
Trituration with petrol (b.p. 60-80°) gave 6-benzyloxy-7-methoxy-3,4--
dihydroisoquinoline 292, (5.3g, 51%) as colourless crystals, m.p. 102-3°
(lit 105°)?58 1635cm”1 (C-N). ~(CDCI1”; 1.94- (1H, s, CH=N)
2.59-3.26 (7H, m, aromatics); 4-9B (2H, s, PhC~0O); 6,05 (3H, s, (HO0);

6.28, 7.31 (4H, 2t, AR~CH2).

Compound 292 (0.5g, 1.8 mmol) was refluxed with a 1:1 mixture of
ethanol and cone, hydrochloric acid (4-Ocm”) for 30 mins., followed
by removal of solvent to afford 6-hydroxy~7-methoxy-3,4--dihydroiso-
quinoline hydrochloride 169 (0.34-g, &% as pale yellow crystals
(ethanol), m.p. 206-9 (lit 207-8°).*~ 1~(nujol): 3200cm"~ (0-H);
164-Ocm*' 1 (C=N). T (b90): 1.20 (1H, s, CH=N); 2.67, 3.20-(2H, 2s,

aromatics); 6.07 (3H, s, Ci*0O); 5.99, 6.90 (4H, 2t, CH2-CH2).

1-Methyl-6-hydroxy-7-methoxy-3,4--dihydroisoquinoline hydrochloride 170
Acetic acid was added dropwise to an ethereal solution of the phenyl-
ethylamine 336 (5«5g, 0.02mol) giving a white precipitate which was
filtered and air dried. Heating of this salt at 180° on an oil bath

for 1.5 hr. followed by dissolving the tan oil in dichloromethane (50cm?”),

washing with 2M hydrochloric acid (3 x 50cm”), HgO (3 x 50cm”), 2M sodium
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hydroxide solution (3 x SOcm% and drying over MgSO", afforded after
recrystallisation from ethyl acetate 2.6g of acetamide 339 (43%),
m.p. 123-5° (lit 128-8.5°).360 V*I®I* 3308°cm(N-H); 1644cm"1(C-0).
Y (CDCl ): 2.58-3.25 (8H, m, aromatics); 4-55 (1H, broad s, NH); 6.16

(3H, s, (H0); 6.65, 7.34- (4H, 2t, CR-CH2); 8.17 (3H, s, CH).

The acetamide 339 (2.6g, s.7umo1) was cyclised with phosphorus oxy-
chloride (100m3) as for compound 292. Methanol (5cm3) was added to

the resultant brown gum followed by trituration with ether to give the
hydrochloride of 1-methyl-6-benzyloxy-7~methoxy-3,4-"dihydroisoquinoline
340 (2.2g, 80%)f m.p. 183-4*5° (lit 2 02 -4 °),as colourless crystals
(ethanol-ether). 1650cm"1 (C*N). T(CDC13)s 2.46-3-43 (7H,
m, aromatics); 4-95 (2H, s, PhCH20); 6.10 (3H, s, CH 0); 6.25, 7.40

(4H, 2t, ffl2-CH2); 7.84 (3H, s, CH ).

Debenzylation of 340 (2,1g, 6.6mmol) with ethanolic conc. hydrochloric
acid (1:1, 15cm ), as for 169 furnished after crystallisation from
ethanol-ether 1.4g (9356) of 170, m.p. 260-2° (lit 261-3°)." V (nujol):
3420cm" 1 (0-H); 1650cm"1 (C=N). T(D20): 2.73, 3-28 (2H, 2s, aromatics);

6.07 (3H, s, CEr0); 6.23, 7.00 (4H, 2t, CHR-CH2); 7.20 (3H, s, Q).

1-Benzyl-6-hydroxy-7-methoxy-3,4-dihydroisoquinoline hydrochloride 171
The above experimental procedure was again adopted to prepare the
following compounds. Phenylacetic acid and 336 (10g, 0..039mol) gave

the phenylacetamide 341 (8.7g, 6356), m.p. 117-8° (lit 115-7°),3"1 as
colourless crystals (ethyl acetate). 3300cm"1 (N-H); 1645cm"1
(0=0). ~(CDCI": 2.63-3.36 (13H, m, aromatics); 4.64 (1H, broad s,

NH); 4.95 (2H, s, PhCH20); 6.15 (3H, a, (HO0); 6.54 (2H, s, PhCH2);

6.68, 7.41 (4H, 2t, (H2-CH2). The crude amide 341 (7.5g, 0.02mol) was

cyclised to give l-benzyl-6-benzyloxy-7-methoxy-3,4-dihydroisoquinoline
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hydrochloride 312 (5.2g, 66%), m.p. 186-91' (lit 201-5°)?"~ after
crystallisation from ethanol-ether. V\(nuj 0i)! 16150111_} (0=N). 'TCCDCI")
as free base: 2.61-3-32 (12H, Is, aromatics); 1.87 (2H, s, PhCH"O);
597 (2H, s, PhCH2); 6.28 (3H, s, (HO0); 6.31, 7-11 (1H, 2t, GR-CH2).
The hydroxy compound 171 (1-3g, 51%), m.p. 81-6° was obtained from 3.1g
(7.8mmol) of 312 using ethanol-cone. hydrochloric acid as the debenzyl-

ating medium. 3390cm (0-H); 1610cm~" (C=N). *"r(D?tO); 2.50

max
(6H, s, aromatics); 5-81 (2H, s, PhCH2); 6.08 (3H, s, (HO0); 6.10, 7.01
(IH, 2t, CR-CH2).

1-(3'l( 5-Trimethoxybenzyl)-6-hydro xy-7-methoxy-3,l-dihydroisoquinoline
hydrochloride 172

3,1,5-Trimethoxyphenylpyruvic acid 167 was prepared by the following
procedure: 3,1,5-trimethoxybenzaldehyde (50g, O.255mol), hippuric acid
(75g, 0.12mol) and sodium acetate (23g) were heated with acetic anhydride
(137cm ) on a steam bath for 30 mins. The dark orange solution was
cooled overnight at 1°, the precipitated yellow needles were filtered
off, washed with water, meths, and water again to give the desired
azlactone 168 (71.7g, 86%), m.p. 163-5° (lit 165-6)."" max 1780cm~"

(00). T(CDC13): 1.70-2.51 (7H, m, aromatics); 2.90 (1H, s, OCH);

6.05 (9H, s,3CH30).

Azlactone 168 (30g, 0.088mol) was refluxed for 1lhr. in IM sodium
hydroxide solution (150cm ), after which water (100cm ) was added and
the solution saturated with sulphur dioxide. The precipitated benzoic
acid was filtered off giving a pale yellow filtrate which afforded
crystals of 3,1,5-trimethoxyphenylpyruvic acid 167 on heating with excess
IM hydrochloric acid. Recrystallisation from aqueous ethanol gave 11.7g

(65%) of product as colourless needles, m.p. 166-7° (lit 167-8°).A*~
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“max: 3460cm"l (0-H as enol); 1705cm 1 (COgH). 'X(IMSO): 0.63 (1H,
broad s, CO™H), 2.77 (2H, s, aromatics); 3*50 (1H, s, CH=C-OH); 6.15,

6.25 (9H, 2s,3CH 0).

Conversion of 167 to 3,4,5-trimethoxyphenylacetic acid 343 was
achieved by adding dropwise a mixture of hydrogen peroxide (30%, 14cm%
and water (l4cm ) to a solution of 3,4,S—trimethoxyphiznylpyruvic acid
167 (11.8g, 0.046mol) in 10M sodium hydroxide solution and cooled to
10° in an ice-salt bath; the peroxide solution was added at such a
rate that the temperature of the reaction mixture kept below 15°. The
solution was stirred overnight at room-temperature before being
acidified with conc. hydrochloric acid. The white precipitate obtained
was filtered off, washed with water (500cm ) and air dried, affording
9.4g (90%) of 3,4,5--trimethoxyphenylacetic acid 343, m.p. 116-8° (lit
118-20°).362 1700cm”1 (COgH). Y (CDC13): ~1-24 (1H, broad s,
exchanges with D*0, OO"H); 3.53 (2H, s, aromatics); 6.18 (9H, s, 30170);

6.44 (2H, s, PhCH2).

The title compound was prepared by the same route as the previous
dihydroisoquinoline. Heating the salt obtained from 3,4-?5-trimethoxy-
phenylacetic acid 343 (4.3g, 0.019mol) and amine 336 (5»0g, 0.019mol)
at 180° for 1 hr. gave the substituted phenylacetamide 272 which
recrystallised (ethyl acetate) as buff needles (7.1g, 79%), m.p.
124-6.5°. (Found: C, 69*4; H, 6.7; N, 3.0. C" H”NO” requires C, 69.7;
H, 6.7; N, 3.0%). maz 3320cm"1 (N-H); 1635cm"1 (C=0). T(ODCIJ(J))
2.68-3.69 (10H, m, aromatics);4*57 (1H, broad s, MH); 4.95 (2H, s,
PhCH20); 6.17, 6.23 (12H, 2s, 4070); 6.63 (2H, s, PhCH2); 6.68, 7.40
(4H, 2t, (H2~CH2). Cyclisation of the crude amide gave 5.3g (72%) of

the 3,4-dihydroisoquinoline hydrochloride 273, m.p. 184-6° (ethanol-
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ether)* (Found; C, 66.4-; H, 6.0; N, 2.8. Cp"H”"NO*.HCI requires

0, 67.0; H, 6.2; N, 2.98). )} ~: 2690cnfl (salt band); 1655cm"1 (CrN),
'Y(CDCIM): 2.58-3.26 (9H} m, aromatics); 4-83 (2H, s, PhCHpO); 5-42
(2H, s, PhCHp); 6.13, 6.22, 6.28 (12H, 3s, 4Ho); 7.10 (2H, |; AR~

ch”n),

JDebenzylation of 273 (1g, 2.1 mmol) afforded upon trituration with
ethanolrrether a fawn solid of the title compound 172 (0,8g, 98%), m.p.
225-8°, An analytical sample from ethanol*-ether melted at 233-6°.
(Found; 0, 60.9; H, 6.1, N, 3.2. Cp Hp"NOMHCI requires C, 61.0;

N, 3i%), Am X1 MSOcm" *(0.~H)s 2750cm"1 (sa
_.((>If), TIPpO); 2.80, 3/1B, 3,43 (4H, 3§, aromatics); 6,25 (12H, s,

APH"Q); 7,15 (2H, t, QH”CH~"N),

1.2 '1"/"y1"6"Hydrojxy»7«jletho !xg«>1,2, ~ A'TTei:rah7dl!° 5° 9Pin°lin
OCafbP "1if _Acids

-methoxy 1,2, 3,A-letrahydroisoquinoline “l~carboxylic acid 163
A solution of glypjcylic acid mpnohydrate (I00cm™ of a 1$ solution) was
eadded tO phenylethyl,amine ~|7 (2g, 0,01 mol) dissolved in 0.05M sulphuric
&pid solution (IOOCH%, The mixture was heated on a steam bath for A hr;
the gplution was adjusted to pB7 with ammonia solution, reduced to half
volume and kept at 4° overnight. The crystalline product was filtered
off, dissolved in boiling methsnol*conc, hydrochloric acid (i1po;1) and
pooled. Addition of ether gave colourless needles of the lhydrotgen acid
163 (1»2g, 4-7%) as the hydrochloride, m.p, 209-12°, (Found; 0, 4-7.8; m
If, 3,7; N, A9, C"H"CINO"H"O requires Q A7.6; H, 5,8; N, 5,0%),

W O0m "N0-B)f 2790, 2630, 253Qenrl (salt bande); I738gm"1 (OOgH)

yCPg0); 2,68, 3,09 (2H, 2s, aromatics); 6,02 (3H, s,'(H 0);m6.,66 (1H, s,

0,-H); 6,29, 6,9 (AB, 2t, Cllg-GHg),
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1-Methyl-6"hydroxy-7-methoxy--1,2,3,4~t etr ahydrolsoqulnoline-1 -carboxylic
acid 164

3-Hydroxy~4~methoxy-/3-phenylethylamine hydrochloride (11g, 0.046mol) and
pyruvic acid (6.2g, 0.07mol) were dissolved in water (IZOCmO) and the
pH adjusted to 4-.5-5.0 with ammonia solution. After standing at 25° for
5 days under the resulting crystals were collected and recrystallised
from methanol-cone.hydrochloric acid-ether to afford the hydrochloride
of the title compound 164 (8.2g, 64%) as colourless needles, m.p. 254-6°
(d) (lit 254°).23° 1) 5‘%{ 3340cm-1 (0-H); 2790, 2560cm-1 (salt bands);
mocm-1 (CO2H). Y(D20): 2.83, 3.27 (2H, 2s, aromatics); 6.07 (3H, s,
H0);, 637, 697 (4H, 2t, CEj-CH.,); 7.96 (3H, s, CS.J.
1-Benzyl-6-hydroxy-7-methoxy-1,2,3,4-tetrahydroisoquinoline-1-carboxylic
acid 165
Phenylpyruvic acid (1.6g, 0.01mol) dissolved in the minimum amount of
IM sodium hydroxide solution and 3-hydroxy-4-methoxy-/#-phenylethylamine
hydrochloride (2g, 0.01 mol) in water (3Ocm0) were allowed to stand under
for 24 hr., the pH having been adjusted to 6.5-7.0 with 2M hydro-
chloric acid. White crystalline material was filtered off, and recry-
stallised (methanol-conc. hydrochloric acid-ether) to give the
hydrochloride of 165 (1.7g, 55%) as off-white crystals, m.p. 245-9°(d).
(Found: C, 61.4; H, 5.8; N, 3*8. C"gH"NO"HCI requires C, 61.8;
H, 5.7; N, 4.0%). \)%aBXr: 3480cm-1-(0-H); 3170cm-1(NHO); 2730, 2520,
2400cm-1 (salt bands); 1710cm-1 (CO02H). T(D20): 2.93-3.5M7H, m,
aromatics), 6.10 (3H, s, CH"O).
1- (3(4.5-Trimethoxybenzyl)-6-hydroxy-7-methoxy-1.2.3,4-tetrahydro-
isoquinoline-1-carbox.ylic acid 166
The title acid was prepared in an identical manner to the preceeding

l-benzyl analogue from phenylethylamine 337 (6.1g, 0.03mol) dissolved
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in water (30cm% and 3,4,5-trimethoxyphenylpyruvic acid 167 (7.6g,
0.03mol). The crystalline product was collected after 5-6 days, recry-
stallised from methanol, conc. hydrochloric acid and ether to afford

the hydrochloride of title compound 166 (6.7g, 56%) as colourless
needles, m.p. 252-4°(d). (Found: C, 56.9; H, 6.1; N, 2.7. C HANC”.HCI1
requires C, 57.3; H, 5.9; N, 3.2%). r%g(r; 3320cm" 1 (O-H)j 3160cm"1
(WHg); 2665, 2530, 24.30cm"1 (salt bands); 1710cm"1 (CO”"H). 'Y(D"O):

2.48, 3.10, 3.39 (4H, 3s, aromatics); 5-93 (2H, s, PhCH2); 6.02, 6.15

(12H, 2s, 4CH70); 6.40, 7.03 (4H, 2t,- CHA-CHg),

2. Preparation of Compounds in the 6.7-Dimethoxy Series

2.1 1-Alkyl-6,7-Dimethoxy-3.4-Dihydroisoquinoline Hydrochlorides
6v7-Pimethoxy-3,/-dihydroi nnqinnoline hydrochloride 173

. The title compound 173 was prepared in an analogous fashion to compound
170. The salt produced from 3>4-dimethoxy-"3-phenylethylamine
(homovertrylamine) and formic acid gave the' N-formyl derivative 344.
m.p. 38-40° .(lit 40-2°).362 .0ly- 3330cm"1 (N-H); 1655cm"1 (C«O0).
T(CDC13): 1.94 (1H, s, CHO0);2.65-3.31 (3H, 3s, aromatics); 4.46 (1H,
broad s, NH)5 6.10,6.14 (6H, 2s, 2CH 0)j 6.51, 7.32 (4H, 2t,CH2-CH2).
Cyclisation of this amide with phosphorus oxychloride afforded 173 as
pale yellow crystals, m.p. 110-2°, picrate, m.p. 200-1° (lit 201-3°),3"2
from methanol-ether. * 1630cm"1 (C=W). TfCDd ): 1.98 (1H, s,
CH=N); 2.86, 3.20 (2H, 2s, aromatics); 6.08 (3H, s, CH"O); 6.28, 7.24

(4H, 2t, CHg-Olg).

1-Methyl-6.7-dimethoxy-3,4-dihydroisoquinoline hydrochloride 174
The N-acetyl derivative 345 was prepared via the salt of homoveratrylamine

with glacial acetic acid as a fawn coloured solid (ethyl acetate), m.p.
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94-6° (lit 94-5°).362 %)ICBr: 3270cm"1(N-H); 1640cm 1(C~0). Y (CDCJJ:
3.18-3.21 (3H, 2s, aromatics); 6.12 (6H, s, 2CH 0); 6.$6, 7.25 (4H, 2t,
CH”-CH"); 8.06 (3H, s, CH”). The acetamide 345 was cyclised with
phosphorus oxychloride in toluene to give 1-methyl-6,7-dimethoxy~3,4-
dihydroisoquinoline hydrochloride 174 as pale yellow needles, m.p. 195—
6° (lit 200°).363 V ~Br: 1635t (C-N). ~(CDCI1J: 2.95, 3.25 (2H, 2s,
aromatics); 6.07 (6H, s, 2CH 0); 6.33, 7.38 (4H, 2t, (R~CH2); 7.62

(3H, s, (B).

1-Benzyl-6,7-dimethoxy-3.4—dihydroisoquinoline hydrochloride 175
Heating of the salt from phenylacetic acid and homoveratrylamine (10g,
0.055mol) at 180° for 1.5 hr. produced 16.1g (91%) of the phenylacetamide
346 as a beige solid, m.p. 109-110° (lit 111°)~" from ethyl acetate.
A(nujol): 3325¢cm”1 (N-H); 1630cm"l (0=0). fT(CDC1"): 2.68-3.34 (8H,
m, aromatics); 4.48 (1H, broad s, NH), 6.12, 6.16 (6H, 2s, 2C“H3”0);
6.46 (2H, s, PhCH2); 6.59, 7.32 (4H, 2t, CH2-CH2). The amide was
cyclised by the phosphorus oxychloride-toluene method to afford 68% of
title compound 175 as colourless needles (ethanol-ether), m.p. 175-6°
(lit 175°).364" " (nujol): 2650cm"1 (salt band); 1642cm"1 (C-N).
YACDCI") as free base: 2.76, 3.07, 3*38 (7H, 3s, aromatics); 5%*98

(2H, s, PhCHg); 6.18, 6.32 (6H, 2s, 2CH 0); 6.28, 7.45 (4H, 2t, C(HR2-CH2).

2.2 1-Alkyl-6.7-Dimethoxy-1,2,3.4-Tetrahydroisoquinoline-1-Carboxylic
Acids

N-Benzoyl-1-cyano-6,7-dimethoxy-1,2,3.4-tetrahydroisoquinoline 182
The hydrochloride 173 (8.3g, 0.037mol) was dissolved in water (60cm3)
which was made basic with 4M sodium hydroxide solution and extracted
with dichloromethane (3x25cml1). The combined organic extracts were

dried (MgSO,) and filtered before being mixed with a solution of
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potassium cyanide (12.0g dissolved in the minimum amount of water)

and stirred magnetically whilst benzoyl chloride (16g) was added drop-
wise. After stirring for 3hr. the organic layer was washed with 2M
sodium hydroxide (2 x SOCmQ), 2M hydrochloric acid (2 x SOCmQ), water
(3 x 50cm ) and dried (MgSO,). Removal of solvent and trituration

with methanol gave a solid which was recrystallised from methanol to
furnish N-benzoyl-1 -cyano-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline
182 (6.3g, 54%), m.p. 215-7° (lit 215-6° as colourless crystals.

v E,E}r( 1655cm™*1 (C=0). T(CDCI1J: 2.52, 3.22, 3-35 (7H, 3s, aromatics);
3.77 (1H, broad s, C-1H); 6.14 (6H, s, 20170); 6.4-1, 7.15 (4H, 2t, CHO-

d2).

N-Eenzoyl-1-cyano-1-methyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline
183 * ~ ~ e~ ~ *

The Reissert compound 182 (2.0g, 6.2mmol) and a dispersion of sodium
hydride in oil (0.35g, 0.012mol) were stirred together in dry DWMF (20cm ).
lodomethane (1.4g, O.0Imol) was added dropwise to the magnetically
stirred deep red solution of the Reissert anion, stirring being continued
for a further hour; -the mixture was poured on to crushed ice (I0Og)
and extracted/with chloroform (3 x 100cm' ). The combined extracts

were washed with 2M hydrochloric acid (2 x IOOCIII%, 2M sodium hydroxide
(2 x IOOcms), water (3 x 100cm—3), dried over MgSO" and evaporated.
Trituration with, and recrystallisation from methanol, gave the title
compound 183 as colourless needles, (1.4g, 67%), m.p. 204-6° (lit
205-6°).2Lr2 2220cm"1 (CsN); 1650cm™1 (C=0). 'YCCDCI ):'2.50,
2.96, 3.38 (7H, 3s, aromatics); 6.06 (6H, s, 2331 0); 6.38, 7.17 (4H,

2t, GR-CH2); 7.85 (3H, s, C*).

Attempts to prepare 183 from 1-methyl-6,7-dimethoxy-3,4-dihydro-

isoquinoline 174 (lg, S5Smmol), potassium cyanide (1.5g) and benzoyl
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chloride (2.0g) by the normal Reissert method produced a white solid
(0.73g) which t.l.c. (benzene-ether, 2:1) showed to contain two components
The major component had an R” value of 0.30 and the minor an R* of 0.10.
Separation was achieved by chromatography on a silica-gel column (28$g)
with benzene-ether (2:1) as eluant. The minor component was identified
as /32 (0.13g, &%), m.p. 198-200°, by comparison with'an authentic sample.
The major fraction gave a buff coloured solid which after recrystal-
lisation (benzene) afforded 0.58g of colourless crystals, m.p. 147-9°.
_— 3320cm”1 (N-H); 1670cm"1 (CO); 1630cm”1 (CO). 'Sq'fCDleJ 2.01-
2.74 (7H, m, aromatics); 6.08 (6H, s, 2CH 0); 6.26, 6.87 (4H, 2t, CHg-CHg)
7.37 (3H, s, (H). These spectral data suggested that the product was
N-benzoyl-/£~2-acetyl-4-,5-dimethoxyphenyl)-ethylamine 185. and this
was confirmed by comparison with an authentic sample prepared according

to the method of Forbes et al.236

1-Methyl-6.7-dimethoxy-1.2,3 .4-tetrahydroisoquinoline-1-carboxylic

acid 180

The 1-methyl Reissert compound 183 (0.6g, 2 mmol) was heated on an oil
bath at 100° with 85% phosphoric acid(7cm”) for 1hr. under a stream of
Ng. The precipitated benzoic acid produced on addition of the reaction
mixture to ice-water, was filtered off and the pH of the filtrate care-
fully adjusted to 7.0 with conc. ammonia solution. A white crystalline
precipitate was formed which was filtered off, giving colourless crystals
of title compound 180 (0.23g, 51%), m.p. 308-310°(d) (lit 298-300°),2*2
Recrystallisation from methanol-conc. hydrochloric acid-ether gave the
hydrochloride salt, m.p. 258-60°(d). ul%l%er 2840, 2780cm”1 (salt bands);
1742cm 1 (CO”H). HT(D90): 2.68, 2.96 (2H, 2s, aromatics); 5.94, 6.02

(6H, 2s, 2CHyO); 6.20, 6.77 (4H, 2t, C(R-GH2): 7.84' (3H, s, CH ).
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N-Benzoyl-1 -benzyl-1-cyano-6,7-dimethoxy-1,2, 3.4-tetrahydroisoquinoline 184-4
The 1-benzyl Reissert compound 184 was prepared by the method described

for compound 183. Reaction of the isoquinoline 173 (1.0g, 3mmol), sodium .4
hydride (0.5g, O.Olmol) and benzyl chloride (0.7g, 5.5mnol) produced

0.5g (39%) of 184 after recrystallisation from methanol, m.p, 18,4-7° (lit
185-6°). mgx?Lr22000m_1 (CSN); 1640cm-1 (C=0). ’T(CDCJL—): 3.07-

3.87 (12H, m, aromatics)| 5.68 (2H, d, PhCH2); 6.16 (6H, s, 2CHA0).

1-Benzyl-6,7-dimethoxy-1,2,3.4-tetrahydroisoquinoline~1-carboxylic %
acid 181

The amino-acid hydrochloride 181 was prepared in an analogous fashion
to 180 by hydrolysis of the l-benzyl Reissert 184- (0.75g, 1.8mmol) with

6 phosphoric acid (8cnrQ) to afford 0.44g (7%6% of title compound 181,
m.p. 281-6 (d), which upon recrystallisation (ethanol-conc. hydrochloric
acid-ether) gave the hydrochloride salt,m.p. 238-4-0°(d). NXo: f
2700cm"1l (salt bands); 1725cm"1 (CO2H). T(D20): 2.76-3.21 (7H, m,
aromatics); 6.04, 6.07 (6li, 2s, 2CH 0)$ 6.23 (2H, s, PhCH2); 6.26, 6.83

(4H, 2t, (DR-CH2).

3. Preparation of Compounds in the 6-Methoxy-7-Hydroxy Series
3-Methoxy-4-benzyloxy-/3-phenylethylamine 347

A solution of vanillin (125g, 0.82mol) in ethanol (500cm”) was added to

a solution of potassium hydroxide (46g) in ethanol (125cm ) followedby >

benzyl chloride (113g> 0.89mol). The mixture was refluxed for 4.5 hr.

and cooledat4 8vernight. The resultantcrystals were filtered, ?
0 0

washed withwater (1dm ),0.1Msodium hydroxide solution (500cm) and -

(0] -

petrol (b.p. 40-60 ) before being air dried, affording I64g (82%) of 4

benzylvanillin 348 as pale yellow crystals (ethanol), m.p. 61.5-63°



(lit 64-5°).365 V j~x: 1680cm* (c=°) * T(CDCI13): 0.34- (1H, s, CHO);
2.58-3.12 (8H, m, aromatics); 4-95 (2H, s, PhCH20); 6.12 (3H, s, (H0).
3-Methoxy~4-benzyloxy-cJ-nitrostyrene 349 was prepared by refluxing
benzylvanillin 348 (100g, 0.4-Omol), nitromethane (120cm ), ammonium
acetate (4-Og) and acetic acid (4000m% for 1.5hr. The dark orange
solution was cooled overnight, yielding 91g (77%) of nitrostyrene 349
as yellow platelets (ethanol), m.p. 121-2.5° (lit 121)0)0366 '*)%aBXr:
1635om ~ (C=C)» "~(CDCI1"); 1088-3.16 (10H, m, aromatics and vinylics);

4.82 (2H, s, PhCH90); 6.10 (3H, s, CH"O).

Reduction of 349 to 3-methoxy-4-benzyloxy-ft-phenylethylamine 347 was
performed in an identical manner to the previously described reduction
of 335, giving a 74% yield of the hydrochloride, m.p. 175-8° (lit 176-

8°).367 A*)rKngxr: 2500~2750cnfl (salt bands)..

3.1 1-Alkyl-6-Methoxy-7-Hydroxy-3.4-Dihydroisoquinoline Hydro-
chlorides

6-Methoxy-7-hydroxy-3,4-dihydroisoquinoline hydrochloride 176
N-Formyl-3-meuhoxy-4-benzyloxy-/9-phenylethylamine 350 was prepared

in quantitative yield from the phenylethylamine 347 and ethyl formate,
using the method described for its isomer 338. Recrystallisation from
benzene-petrol (b.p. 80-100°) afforded 350 as a beige solid, m.p. 54.5-
7.5° (lit 57-63°).368 9 3300cm“1 (N-H); 1640cm"1 (C=0). ,Y(CDCl1,)
1.91 (IH, s, CHO);, 2.60-3.28 (8H, m, aromatics); 4*03 (IH, broad s, MH);
491 (2H, s, PhCH90); 6.16 (3H, s, CH0); 6.51, 7.28 (4H, 2t, CH2-CH?).
Cyclisation of the amide (15.7g, 0.055mol) was carried out using
phosphorus pentachloride (20g) in chloroform (200cm3), the mixture being
allowed to stand at room temperature for 24 hr. Removal of the solvent
and trituration with methanol-ether gave a brown solid which was

crystallised immediately from ethanol-ether to yield the 3,4-dihydro-
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isoquinoline hydrochloride 189 (11-7g, 70%) as colourless crystals,
m.p. 178-80° (lit 191-1.5°) max 28 free base: 1650cm“1 (C=N).

(CDCI™): 1.88 (1H, s, CH-N); 2.54-3-37 (7H, m, aromatics); 4-93

(2H, s, 7hCH20); 6.15 (3H, s, C(HO0); 6.32, 7.40 (4H, 2t, (H2-CH2).

6-Methoxy-7-hydroxy-3,4-dihydroisoquinoline hydrochloride 176 was made
in 87% yield by refluxing the benzyloxy compound 189 in 1:1 ethanol-
conc. hydrochloric acid for 30 mins., to give pale yellow crystals
after recrystallisation (ethanol), m.p. 237-242° (lit 239-41°)." 1
A(nujoi)l 1"50em*"l (C=N). (Dg0O): 1.25 (1H, s, CH=N); 2.88, 3-01

(2H, 2s, aromatics); 5-96 (3H, s, CH"O); 5-98, 6.83 (4H, 2t, CH2-CH2).

1-Methyl-6-methoxy-7-hydroxy-3.4-dihydroisoquinoline hydrochloride 177
The N-acetyl compound 351 was prepared by heating the appropriate
phenylethylamine acetate to give a fawn coloured solid (31%), m.p. 110-3°
(lit 116-~°).369 max 3310cm-1 (N-H); 1645cm-1 (C=0). q—(CDClT):
2.58-3.27 (8H, m, aromatics); 4.35 (1H, broad s, M); 4.90 (2H, s,
PhCH20); 6.15 (3H, s, CHO); 6.61, 7.30 (4H, t, CH2-CH2); 8.13 (3H, s,
CH”). Cyclisation of the crude acetamide with phosphorus oxychloride gave
l-methyl-6-methoxy-7-benzyloxy-3,4-dihydroisoquinoline 190 in 40% yield,
as lemon coloured needles, m.p. 88-89° (lit 87-88°),370 from petrol
(b.p. 60-80°). 1635cm-1 (C=N). -r(CDCl ): 2.45-3.27 (7H, m,
aromatics); 4.85 (2H, s, PhCH20); 6.09 (3H, s, (HO0); 6.37, 7.43 (4H,
2t, (R-CH2); 7.77 (3H, s, CH”). Debenzylation with ethanol-conc.
hydrochloric acid yielded 93% of hydrochloride 177. m.p. 220-2° (lit
224—50) ’ as pale yellow needles from ethanol-ether. \\/;X;Z;: 27309
2660, 2580cm"l (salt bands); 1645cm"*1 (C=N). ~(~0): 2.77, 3.38 (2H,
2s, aromatics); 6.10 (3H, s, (HO0); 6.34, 7.10 (4H, 2t, CH2-CH2); 7.14

(3H, 5. CB).
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1-Benzyl-6-methoxy-7-hydroxy-3,4-dihydroisoquinoline hydrochloride 178

In a similar fashion was prepared the appropriately substituted phenyl-
acetamide 352 as a fawn solid (ethyl acetate), m.p. 97-8° (lit 106-7°).
V(nujol)! 3310cm-1 (N-H); 1645em-1 (C=0). <Y(CDCl ):2.49-3-61 (I13H, m,
aromatics)5 4.36 (1H, broad s, NH); 4*92 (2H, s, PhCH"O); 6.22 (3H, s,

CH™O); 6.53 (2H, s, PhCH2); 6.66, 7.37 (4H, 2t, CH2-CH2). The 7-benzyloxy
hydrochloride 353 was prepared in 70$ yield by cyclisa}ktion using f
phosphorus oxychloride of amide 352; m.p. 204-6° (lit 210-11°).'~r ~(nujol)**
1642cm ~ (C=N). ~(CDCI1") as free base: 2.64-3*34 (12H, m, aromatics);

5.02 (2H, s, PhCHgO): 6.09 (2H, s, PhCH2); 6.15 (3H, s, CH0)$ 6.28, 7.42 If
(4H, 2t, (H2-CH2). Refluxing the dihydroisoquinoline 353 with ethanol-

conc hydrochloric acid gave the title compound 178 (69%) as a fawn -
coloured solid (ethanol-ether); m.p. 112-5° (lit 204-5° ) . >Ar%§)££ p8507
2740cm ~ (salt bands); 1640cm ~ (CsN). ~(D ~): 2.49-3*04 (7H, 2s, aromatics)

5.96 (3H, s, CH"0); 5*98 (2H, s, PhGH2); 6.00, 6.90 (4H, 2t, CHg-C").

3.2 1-Alkyl-6-Methoxy-7-Hydroxy-1.2.3.4-Tetrahydroisoquinoline-1 - 't
Carboxylic Acids

N-Benzoyl-1 -cyano-6-methoxy-7-benzyloxy-1 ,2. 3 ,4-tetrahydroisoquinoline t
186

The Reissert compound 186 was synthesised by the method used for 182.
Reaction of potassium cyanide and benzoyl chloride with dihydroiso- i
quinoline 189 (4*2g, 0.016mol) gave 3*6g of a pale yellow solid, m.p.
157-60°, which after two recrystallisations from benzene was shown by

t.l.c. (benzene-ether, 2:1) to contain two spots, a major spot of R"

0.52 and a minor contaminant having an R" of 0.16. Column chromatography
(silica) using benzene-ether (2:1) as eluant gave good separation of

these two components. The fast running material was shown to be the

title compound 186 (2.9g, 46%), m.p. 182-3° (lit 178-800)1 crystallising
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as colourless needles from methanol, : 2220cm 1 (CHN)j 164-5cra~1

P mix
(00). 'T(CDCI-):: 3,00-3.70 (12H, m, aromatics); 4.11 (1H, broad s,
C-1H); 5,05 (2H, s, PhCI*O); 6.18 (3H, s, (HO0); 6.59, 7.15 (4H, 2t,

(H -CHg). The minor product was recrystallised from ethyl acetate to
furnish yellow crystals of N-benzoyl-2-formyl-4-benzyloxy-5-methoxy-yff~
phenylethylamine 191 (0,5g, 8%), m.p. 165-6.5°. (Found: C, 72.8; H,

6.1; N, 3 C"HANO” requires C, 74,1; H, 5.9; N, 3,6%).

3320cm' 1 (N-H); 1695Gin"1 (C=0); 16%.0enfl (C*0), ~(CDCI1J: -0.15

(1H, s, CHO); 2,27-3,16 (12H, m,arom atics); /+,76 (2;H, s, P.hCH"O); 6.01
(3H, s, CH"p); 6,25, 6,62 (4H, 2t, QH"-CH"),

N-Benzoyl-1 -cyano-*"methyl-6-methoxy-7-ben_zylo-xy-1,2. 3.4-tetyahydro-
isoquinoline 187

Reissert compound '186 (1,7g, "»3fli®ol) was suspended in dry DMF (8cm?™).
The suspension was stirred magnetically during the addition of sodium
hydride (Q,26g of an 60% dispersion) oyer 15 fflins producing a deep red
coloured solution, typical of Reissert anions. The red colouration
disappeared on adding a solution of ipdemethane (1g, 7mmol) in PMF
(2cm”), stirring being continued for Uhr, ThePMF solution was poured
on to crushod ice (5Qg) followed by extraction with chloroform (3 x SOCmo),
which was washed with 2M hydrochloric acid (2 x SQ(:m%), 2M sodium
hydroxide (2 x 5Qcm”), water (3 x 50cm”) and dried (MgSO4) to give on
removal of solvent the -title compound 187 (1,Ag, 80%) as colourless
needles (methanol), m,p, 179,5-181°, (Found; 0, 75,5; H, 5,7; N, 6,9.
Q6H24M°3 0 ?5'U 5.8; H 6,8%), 2220cjn'l (CBN);
1665cm"1 (S«0), O”ODSls g,02-J,08 (12B, m aromatics); 4,85 (2H, s,
PhCH20); 6,06 (8B, S, (H0); 6,2.5, 6,88 (AH, 2t, CHg-CHg); 7,53 (3H, s,
cs3)-

The reaction of l-methyl=6-methoxy-7-ben!2yloxy-3#(4-dihydroisoquinoline
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190 (3g, 0.011lmol) in dichloromethane (SOcm% with potassium cyanide
(3>5g) dissolved in the minimum volume of water and benzoyl chloride
(4.8g, 0,034mol) by the method previously described gave colourless
crystals of N-benzoyl--2r~acetyl-4-benzyloxy-5-methoxy-0 -phenylethylamdne
192 (2,75g, 64%), m-P» 1577-9° (ethyl acetate), as the sole product.
(Found: C, 74.3; H, 6,4; N, 3,4.. C~H”NO" requires C, 74-4; H, 6.2;

». 3.5%), 9 eta 3325om" 1 (N-H); '16750m'l (CO); 1635cm"1 (C=0).

'T(CDC1 ){ 2,06-3.12 (12H, m, aromatics); 4,83 (2H, s, PhCiy}); 6.09 (3H,
P, CH"O); 6,29, 6,91 (AH, 2t, CHg-CHg); 7,53 (3H, s, -CHp.

N=-Benzoyl=1 =benzyl='l =cyanq=6=methoxy=7=benzyloxy-1 ,2,3.4-tetrahydro-
isocplnolLine 188

The 1-bengyl analogue of 1B7 was prepared from 186 by the previously described
§37eiimenfel. procedure, affording 67% of N=benzoyl-1-benzyl-1 -cyano-6-
methoxy=7=t>enzyloxy=1 .2 .3 ,"tetrsjiydroisoquinoline 188. m.p. 178.5-180.5°
gg & golpurlegs gplid (methanol), (Fpundf C, 79.2; H, 5.9; N, 5.7.
S?gHgegNg03 requires QO 78,7} H, 5,7} tj, 5,7%), 9 /muJ-ol)i 2220cm"1
(0*8)} 16A9e»=1 (0«0), 'T(e»SIJi 3,03=3.87 (17H, m, aromatics); 4.97

18H, g, Pb(FRO)} 5,66 H, 4, PhHE); 6,15 (JH, s, fil 0).

Att§ffipt§ to prepare H=mpthyl=6=methoxy</hydroxy-1,2,3,4-letrahydro~
igpquinoline=rl=carbpxylic g.cid by heating acid 180 (1.2g, 4.9mmol)

With 47% hydrobrpmic acidzﬁll (12en3f) for 5 hr, on a steam bath'afforded
pppn rpmoyal of solvent and trituration pf the residue with ethanol,

1,18g (BZ%) pf & cplpurlegg product, m,p, 234=6°(d). \)erl?Xr: 3575cnfl
(9=H); 2160, 1780cm"1 (salt bands); 1730cm"1 (CO"H). /Y (I2°): 2.69,

3,06 (2H, g§, &rpmatiQg§); 6,/0, 6,93 (AH, 2t, CH2-CH2); 7.96 (3H, s, CH).
This product wag identified, by comparison with an authentic sample, as
I1=#ethyl=6,7-dihydroxy=l f%3,4=tetrahydroisoquinoline-1 -carboxylic acid

hydrpbromide 193.
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Reactions for Spectroscopic Assay

(i) Fungal Laccase

The reaction mixture consisted of the isoquinoline-1-carboxylic acid
(0,05-1 ,.Ocm3 of an approximately 0.0005M solution), laccase solution
(0,1 cur!) and phosphate buffer (0.1M, pH6.0) to a final volume of 3»0cm”.
The increase in absorbance at the relevant wavelength was measured

against a blank containing the acid and buffer, but no enzyme.

(1-1) Horseradish Peroxidase

*Reaction mixtures contained the isoquinoline-1-carboxylic acid (0.05-
1,0cffl of an approximately 0.0005M solution), hydrogen peroxide solution
(Q,00087M, l,Ocma), peroxidase solution (O.Ig/dm3 in pH6.0 phosphate
buffer, 1,00m3) and phosphate buffer (0.1M, pH6.0) to a final volume

3
pf "f0Gn , The increase in absorbance was measured at the appropriate

W Wplpngth against an acid, peroxide, buffer blank.



WORK DESCRIBED IN CHAPTER THREE

2~Bromo~3,4m5-"rimethoxyphenylacetic Acid 247

Bromine (5.6g) was added dropwise over 30 mins to a stirred solution of
3.4.5-trimethoxyphenylacetic acid (8g, 0.026mol) in acetic acid (20cm”)
cooled to 10-15°. Additional stirring for 2 hr., followed by pouring on
to crushed ice (50g) afforded a white precipitate which was filtered

off, washed with water and recrystallised from chloroform to give 9.8g
(91%) of 2~bromo-3,4,5-trimethoxyphenylacetic acid 247, m.p. 150-2°, as
colourless crystals. (Found: C, 42.9; H, 4*2; Br, 26.9* C" H"BrO*
requires C, 43.3; H, 4.3; Br, 26.2%). 0 I%@E& 1710cm"*1 (COfotH). ’YD(CDCI-)
-0.4 (1H, broad s, exchanges with DO, CO"H); 3.41 (1H, s, aromatic);

6.17, 6.20 (9H, 2s, 3~0); 6.25 (2H, s, PhCH2).

The attempted preparation of title compound 247 using bromine (5g) and
3.4.5-trimethoxyphenylacetic acid (7g, 0.03lmol) in undistilled
-chloroform (100cm ), gave after stirring for 2 hr. .and removal of the
solvent, a yellow oil (5*%7g) which was shown by t.l.c. (chloroform-
methanol, 50:1) to contain two spots of approximately equal proportions
having R**s of 0.61 and 0.36. Separation on a silica-gel column (I50g)
with chloroform as eluant gave pure material (3-2g) of higher Rf x“rhich
after recrystallisation from petrol(fcp40-60°) was identified as ethyl
2—brom0—3,4,5—trimethoxyphenylacetatej 248, m.p. 58.5-60°. (Found:

C 47.1; H, 5.1; Br, 24.0. C"H"BrO” requires C, 46.9; H, 5.1 ;;Br,

24.09%). 1735cm"1 (COﬁEt). 'T(CDC)I}J: 3-37 (1H, s, aromatic);

max
5.86 (2H, q, ABAR); 6.15, 6.17 (9H, 2s, 3CH 0); 6.28 (2H, s, PhCH2);
8.74 (3H, t, CH”CH2), The sloxjer running material was identified as

the brominated acid 247, m.p. 150-1°.
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N-(3,4-Dimethoxy-/3-phenylethyl)-2%bromo-3/4-(5-trimethoxyphenyl-
acetamide 249

The bromo acid 247 (12.1g, 0.04-mol) was dissolved in ether (SOOCmO)
with homoveratrylamine being added dropwise until precipitation of. the
white salt was complete. The salt was filtered off, air dried, heated
at 180° for 1 hr. to produce a tan oil, which was dissolved in dichloro-
methane (150cm%, washed with water (3 x 100cm0) and dried (MgSO"™).
Recrystallisation from benzene-petrol (b.p. 80-100°) gave colourless
crystals of 24-9, (16.7g, 90%8), m»P« 107-110°. An analytical sample had
m.p. 110.5-112°. (Found: C, 53-6; H, 5*6; N,34-5 Br, 17.0. (Q1H26BrN06
requires C, 53.8; H, 5.6; N, 3.0; Br, 17.0%). 3260cm"1 (N-H);
164.5cm"1 (0=0). '~Y(CDC1 ): 3.20-3.52 (4-H, m, aromatics); 4-44 (1H,
broad s, NH); 6.14.-6.20 (15H, 4-s, 5CH 0). 6.38 (2H, s, PhCH2); 6.58-

731 (4H, 2t, CGDR-CH2).

In an alternative route to the above substituted phenylacetamide,
solutions of homoveratrylamine (4-.8g, 0.026mol) and compound 24-7 (8.0g,
0.026mol) in dichloromethane (4—Och) were added slowly to a stirred
solution of dicyclohexylcarbodiimide (9.0g, 0.0% m\dL)in dichloromethane
(4-Ocm3) at 0°. The mixture was stirred for an additional 12 hr. at
room temperature before acetic acid (2cm ) was added to destroy excess
diimide. Removal of the precipitated N,N-dicyclohexylurea, followed
by washing of the organic phase with 2M hydrochloric acid (3 x 50cm”),
dilute ammonia solution (3 x 50cm ), water (3 x 50cm ) and drying
(MgS%) afforded upon removal of the dichloromethane-a cream solid
(7.9g), m.p. 158-60°, when triturated with ether. The solid- contained
two components (t.l.c., chloroform, silica-gel), which were separated
by preparative t.l.c. using chloroform. Both fractions crystallised

from aqueous ethanol as colourless crystals. The slower running, major
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component was identified as N-(2-bromo-3,A.5-trimethoxyphenylacetyl)-
N,N~dlcyclohexylurea 250, m.p. 161-2°. (.Found: Br, 16.3. "'
requires Br, 15.7#)* (Found m/e: 512.1637, 510.1675 (calc for
O),H,,"BrNoOj, 512.1712, 510.1732)). 1-1%335: 3300cm'l (N-H); 1705cm"1
(C=0); 1660cm"1 (C=0). ~(CDCI*): 3*38 (1H, s, aromatic); 6.12, 6.15 (9H,
2s, V3J;,EH§)O); 6.18 (2H, s, PhCI/@j; 7.87-9.03 (22H, m, cyclohexyl«s). A
faster running minor constituent was identified as the dibromo analogue
251 of the above compound, m.p. 189-90°. (Found: Br, 27.7. 024H§14{BrA2N20,5
requires Br, 27.1%). V r%z]i)’xr: 3280cm"1 (N-H); 1700cm"1 (C=0); 1660cm"l1
(0=0). (CDC13): 5.78 (2H, s, PhOHQ); 6.12, 6.16 (9H, 2s, 3CH£O);
7.86-9.03 (22H, m, cyclohexyl's).
1~(2-Bromo-3'4%5-trimethoxybenzyl)-6,7-dimethoxy-3.4-dihydroisoquinoline
hydrochloride 252
The title dihydroisoquinoline 252 was synthesised from the brominated
amide 249 (0.95g, 2mmol) dissolved in dry chloroform (10cnr*) with
phosphorus pentachloride (1.3g) being added to the cooled solution. The
reaction mixture was left overnight, and the solvent was removed under
reduced pressure to afford a brown gum, which on trituration with ether
gave a fawn solid. Immediate recrystallisation from ethanol-ether
afforded 1-(2-bromo-3 (5 -trimethoxybenzyl)-6,7-dimethoxy-3.A-dihydro-
isoquinoline hydrochloride 252 (0.60g, 61%) as cream coloured crystals,
m.p. 207-9°. An analytical sample of 252 as the free base had a melting
point of 107-9°, (petrol (b.p. 60-80°)). (Found: C, 56.1;'h, 5.2; N,
3.1; Br, 1 7 . C*H”BrNO” requires C, 56.0; H, 5.3; N, 3-1; Br, 17.8%).
max5 1625cm"1 (C=N)- 'Y(CDCI13): 3.05-3-32 (3H, 3s, aromatics); 5.85
(2H, s, PhCHg); 6.10-6.26 (17H, m, SCHO and CH2-CH2-N); 7.36 (2H, t,

CH2- CH2-N).
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N-Tri fluoroacetyl-1-(2-bromo-3'415-tr imethoxybenzylidene)-6,7 -dimethoxy-
1,2,3,4-tetrahydroisoquinoline 253

The dihydroisoquinoline hydrochloride 252 (7.2g, 0.015mol) was dissolved
in dry chloroform (70ch). Triethylamine (3g) was added and the solution
cooled in an ice-water bath for 15 mins. with stirring. Trifluoroacetic
anhydride (24g, 0.114mol) was added cautiously over 15 mins. followed by
additional stirring for 4 hr. under nitrogen at room temperature. The
reaction mixture was washed with water.(3 x 30cm”), 2M hydrochloric acid
3 x 250m3) and dried over MgS(A)‘,. Removal of the chloroform afforded a
pale yellow solid, m.p. 128.5-140°, which after recrystallisation from
ethanol gave colourless crystals of the title compound 253 (3.8g, 47%),
m.p. 154-5°. (Founds C, 50.2; H, 4.3; N, 2.4s Br, 14.4. Q@ H2 BrF N06
requires C, 50.5? H, 4.2; N, 2.6; Br, 14.6%). Found m/e = 547.0657,
545.0688 (calculated for @ HABrF~0~"547.0643, 545.0662).

1695cm"1 (COCFz); 1645cm"1 (OC). *Y(CDClg)): 2.78-3.39 (4H, m, aromatics
and vinylic); 6.04, 6.10, 6.20 (15H, 3s, 5CH 0); 6.98 (2H, t, CH2~CH2~N).
19F n.m.r. showed two singlets at 70.19 and 70.87 ppm respectively to

high field of the fluorinated chloroform standard.

Using pyridine (either in the cold or under reflux) as the solvent,
instead of chloroform in the above reaction gave after work-up by pouring
into chloroform and the same procedure, a two spot system (t.l.c.,
chloroform, silica-gel); the major substance had an R*= 0.38 and the
minor one an R* == 0.17. Preparative t.l.c. (chloroform -silica-gel)
showed the top spot to be the desired product, i.e. 253. m.p, 151-3°.

The yellow slower running spot was, on the basis of the spectroscopic
evidence identified as 1-(2-bromo-314'5-trimethoxybenzoyi)~6,7-dimethoxy-
3,4-dihydroisoquinoline 254, m.p. 137.5-139°, from ether. (Found: C,

52.8; H, 4.6; N, 2.7. C"H”BrNO” requires C, 54.3? H, 4.7; N, 3.0%).
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Found m/e (Chemical Ionisation) a 464. Major fragments from high
resolution mass spectrometry were 384,1457 (100%); 272.9755 (calculated

for CBLIHBSN%f 384.1-448 and for C 6Br(hf 272.9822). \,)rKng(r: 1660cm" 1

IGH’I
(C~0), O*¥CDCI1")2,80, 2,97, 3.28 (3H, 3a, aromatics); 6.07-6.29 (17H,

m, -5CH0 and CH"CH"-N); 7,29 (2H, t, CH”CH~”N). 19F n.m.r. gave no
absorptions over the usual range.

N.~Ethoxycarbonyl-1 -(2~bromo-3,44 5-trimethoxybenzylidene)-6,7-dimethoxy-

172" 2. 4-tetrahydroisoquinoline 255

Tp a stirred solution of the dihydroisoquinoline hydrochloride 252 (2.0g,
4mmol) in chloroform (30cmr ) and 10§ sodium carbonate solution (30cm )

Wae added ethyl chloroformate (1,81g, 0,017mol) dissolved in chloroform
(8cm ) over 20 mins, starring was continued for a further 3 hr. at room
tCfflper&ture, after which the organic layer was washed with water (3 x 2SCmO)
2M hydrochloric acid (3 % 25cm9), and dried (MgS%), Removal of the

gpfyent and trituration of the resulting oil with ice cold ethanol gave
0,75g (35%) of the title compound 255. ffl,p, 9779°, as colourless crystals
(ethanol), (Found? 0, 55,2? H, 5,4? H, 2,7? Br, 15.3). (Q”"H28BrNO
requires 0, 55*%0? H, 5,4? J?, 2,6? Br, 15,3%), J2x: 1690cm~1 (c~o0).
Y(GDGIMt 2,68, 3,02, 3*08, 8»35 (4H, 4s, aromatics and vinylic); 6.03-
6,38 (1?H, m, 5Sg 0, (R«GH3 and CH”"CH”N)? 7,10 (2H, t, C(HR-CH2-N);

9,17 (3H, t, AR=GB),

photolysis of the trifluoroacetamide 253

To a solution of 253 (1,0g, 1,8mmol) dissolved in dry benzene (950cm0)
was added a solution of potassium tertiary butoxide (0.8g) in tert-
butanol (50cmo’)j the colour pf the solution immediately turned yellow.
1,1,C, (chlorofprm”petrol, alumina) showed a complete absence of starting

m aterial, The bengene phage was washed With water (3 x 500cm9), dried
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(MgSO4) and evaporated to dryness, affording O.Bg of a yellow gum.
Trituration with ether gave pale yellow crystals, m.p. 134.-8° which were
identical both by t.1.c. (chloroform-petrol (b.p. 60-80°), alumina) and
by infrared spectroscopy with 1-(2-bromo-3j4-j5-trimethoxybenzoyl)-6,7-
dimethoxy-3j4-dihydroisoquinoline 254-. By adding potassium tert-
butoxide (0.15g) to a solution of the N-trifluoroacetyl compound 253
(0.2g) in benzene (75cm% and tert-butanol (ISCmO), it'was demonstrated
that complete conversion to the keto-imine 254- occurred almost immed-

iately.

Photolysis of 253 (0.8g, 1.5mmol) in dry methanol (SSOcm% containing
calcium carbonate (1.0g) was carried out for 5«5 In*. after which time
t.l.c. showed the absence of any starting material. The calcium

carbonate was filtered off and methanol removed by distillation under

reduced pressure to give 0.50g of an intractable brown gum.

Irradiation of 253 (0.60g, 0.0011mol) in benzene (ldm”) containing
calcium carbonate (0.5g) for 12 hr. followed by the previously described
work-up procedure gave 0.55g of a dark brown solid from which 0.15g of
crystalline material, m.p. 130-5°, identical to compound 254- was
obtained on recrystallisation from ethyl acetate. Evaporation of the
solvent gave 0.4-Og of brown solid which t.l.c. (ethyl acetate-petrol

(b.p. 60-80°), 3:1) showed to be a multi-component mixture.

Photolysis of carbonate 255

The N-ethoxycarbonyl compound 255 (0.8g, 1.5mmol) dissolved in benzene
(900cm ) containing potassium tertiary butoxide'(0.75g) and tert-butanol
(100cm ) was irradiated under nitrogen for 10 days. The benzene was

washed with water (3 x 500cm ) and dried (MgSO,). Removal of solvent
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gave a brown gum (0.70g) which was shown by t.l.c. to contain two
components of R 0.53 and R™ 0.-42 (ethyl acetate-petrol (b.p. 60-80°),
2:1, silica-gel). Separation was achieved by column chromatography

on alumina (21g) with petrol (b.p. 60-80°)—ethyl acetate (2:1) as
eluant, giving 0.32g of starting material after trituration with ethanol,
m.p. 95-7°, and 0.30g of a yellow oil which could not be made to
crystallise. T.l.c. showed this oil to contain some base line material,
removal of which was achieved by preparative t.l.c. furnishing 0.13g

of a pale yellow oil, which would not solidify. V (nujol)s "85cm~"

(C=0), UV (ethanol)i265nmj 296nm.
N~(3-Methoxy-4-benzyloxy-~-phenylethyl)-314(5-tr Imethoxyphenyl-

acetamide 257

An ethereal solution of 3,4,5-trimethoxyphenylacetic acid was added
dropwise to an ethereal solution of amine 347 (6.1g, 0.024mol) until
precipitation of the salt was complete. Heating of the salt at 180°

for 1 hr. gave a tan coloured oil which was dissolved in dichloromethane
(1000m3), washed with water (3 x 50cm3) and dried over MgSO,, to afford
on removal of the dichloromethane, 9.7g (88%) of amide 257, m.p. 91-2°
(lit 93-4°),292 as buff crystals (ethyl acetate). max 3300cm~"

(N-H)? 1645cm~1 (C=0). ~(CDCI1"): 2.69-3.70 (10H, m, aromatics)? 4,60
(1H, broad s, exchanges with D"O, NH)? 4*95 (2H, s, PhCH"0)? 6.22, 6.27
(12H, 2s, 4CH”"0)? 6.59 (2H, s, PhCH2); 6.65, 7-38 (4H, 2t, (H2-CH2).
1-(3%4-{5-Trimethoxybenzyl)-6-methoxy-7-benzyloxy-3,4-dihydroisoquinoline
hydrochloride 258

Title compound 258 (7.3g> 96%) was obtained from the phosphorus oxychloride
cyclisation of amide 257 (7-3g, 0.016mol) in dichloromethane. Recrystal-
lisation from methanol gave pale yellow crystals, m.p. 198-9° (lit 203-
4°).292 1660cm~1 (°=N). "Y(CDCI13) as free base: 2.61-3-48 (9H,m,

aromatics)? 4-97 (2H, s, PhCH20); 6.04-6.35 (16H, m, 4CH 0, PhCH2, and
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(R2--CH2-N); 7.23 (2H, t, CH"-CH”-N).

1~(3*4C5--Tri methoxybenzyl)~6~methoxy-7--hydroxy-3 -4-dlhydre.i soquinoline

liydroc.hiorid e 260

Bebenzylation of 258 (3»lg, 6mmol) in 1:1 ethanol-conc, hydrochloric acid

(5pcm ) gave after removal of solvent under reduced pressure and tri-

turation with ether, 2,4g (95%) of phenolic dihydroiscquinoline 260,

m,p, 85-93°, as colourless needles (ethanol), (Found.: C, 60.3? H, 6,27

N 3.-A- PMHg"QINOM-J-HgO requires C, 60.3? H, 6.2? N, 3-5%)- gf{,—

28.40, 2800, 2740cm-1 (salt bands)? 1640cm™1 (GsN). ~(D g0); 2,.5.3-3,21

(AH, 3s, aromatics)? 5,98, 6,04, 6,17 (1.4H, m, . ACH 0 and PhCH")? 6,86

im, t, "fiH"N),

H Trifluoroacetyl-1 -(3f 4% 5-tr lmethoxybenzylldene) -6.-metho xy-7- benzyloxy -

'1,2/3"A~tetrahydrbrsoqiiinolihe '259 ... ... . — - -

To a solution of -the dihydroisoquinoline hydrochloride .258 (.2,8g, 5,8.mmol)

in dry Ohtprpfprm {jJQ.ejr3) stirred and pooled to IPO, was cautiously added

tripthylamdne (2>9w ) and trifluqrpappti.c anhydride (5®® )j the solution
stirred for an additional. A hr, it rppm temperature, washed with

.m$r$¥ (3 % m i 2Mhydrochloric acid (3 x 15cm”) tp gi-ye utter

¥smvs§3r of splyent, & brown oil which on trituration with ice sold ethanol

yi§34ed title compound 259 (1,Ag, A5%) US colourless crystals (ethanol),

»,p, 178-9°, (FPiUidi C, 63,5; B, 5,3; if, 2,5, NO™ -requires

6. 6AP: 8. :5.2: if, 2.6%), ))N2 1700m~ (COCFJ, 'YiOPCi ); 2.55-

3,4-5 (108, fil, arom§.tigg gntj -yinyli?); £,81 (gH, s, phSHgO); 6,15 (12H,

§, AOHjQ); 6,58, 6,f? {AH, gt, £Sg-e|g),

ggggjfluoroacetylr-1 3"475*trimethoxyben zylid eneV6-metho-xy*7 hydroxy-

T.2/3.4gtetrahydr0Ol'soquinoline 256 ~ "

To a solution of 259 (2.0g, 3*7ramol) in ethyl acetate (250cm”) was added

3% pall&dised charcoal (1,5g)r The reaction mixture was shaken in a



hydrogenator until uptake of hydrogen had ceased. Removal of the
catalyst by filtration followed by evaporation of the solvent gave a
colourless glass which was triturated with ice-cold ethanol, to afford
colourless crystals of debenzylated material 256 (1,3g, 78%), m.p. 161-
3°, (ethyl acetate-petrol (b.p. 60-80°)). (Found; C, 57.9; H, 4.9

N, 2.9. Q@2H22F3N06 requires C, 58.2; H, 4.9; N, 3.1%). 3390cm"1
(0-H); 1705cm-1 (COCFj; 1635cm-1 (0=0). 'YtCDCU: 2.70-3-50 (5H, m,

aromatics and vinylic); 4.23 (1H, s, exchanges with 20, OH); 6.15 (12H,

s, 4CHO0); 6.65, 7.00 (4H, 2t, (R-CH2)c .

An alternative route to 256 involved the reaction of 1-(3*4>5-trimethoxy-
benzyl)-6-methoxy-7-hydroxy-3,4-dihydroisoquinoline hydrochloride 260
(1.0g, 2.5mmol) with trifluoroacetic anhydride (6.0g, 0.028mol)in
chloroform (25cm ) and triethylamine (lem ). The mixture was le ft
overnight, washed with water (2 x 10cm”), 2M hydrochloric acid (3 x 10cm”)
and dried (MgSO”). Removal of the solvent, and trituration of the
resulting oil with ether, followed by crystallisation from chloroform-
petrol, gave 0.6g of a tan solid, m.p. 196-9°. \jﬁlarx; 1800cm-1 (0-
COCF3); 1685cm-1 (N-COCF3); 1640cm"1 (C=C). T .l.c. (ethyl acetate-
petrol (b.p. 60-80°) 3:1, silica-gel) showed the product to contain

two components (R* 0.59 and 0.49). The slower running material had

the same R as genuine 7-hydroxy material 256. The major, faster
running component was considered to be the 7-trifluoroacetate 261 on

the basis of the infrared evidence. Attempts to obtain pure 261 by
preparative t.l.c. resulted in its decomposition to give pure 256, m.p.
160.5-2°. Conversion of the crude trifluoroacetate (1.5g) into the
desired phenolic form was carried out by heating with 10% aqueous sodium

3
carbonate (150cm ) on a steam bath for 15 mins. A cidification of the
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reaction mixture followed by extraction with chloroform (3 x 50cnr*) gave
after drying (MgSO”") and removal of solvent, O.SOg of pale yellow
material, m.p. 152-7° shown by t.l.c.(ethyl acetate-petrol, 3:1) to
contain an approximately 1:1 mixture of 256 and a new slower running
compound (R 0.25). Separation by thick layer chromatography enabled
pure unknown material to be obtained and identified as 1-(3*.4.5-tri~
methoxybenzoyl)-6-m.ethoxy-7-hydroxy-3,4---dihydroisoquiholine 262. m.p.
176-8°(ethyl'acetate-petrol). (Found: C, 63*9; H, 5*9; N, 3.6.
~"2072176 recluires 64-.7; H, 5.7; N, 3,8%). Found m/e is371 (calc for
C2QH21N06, 371). 2742, 2660, 2617cm™I (salt bands); 1665cm"1
(C-0); 1623cm"l (CteN). T(CDC13): 2.63, 3*00, 3*20 (4-H, 3s, aromatics);
4-.15 (1H, broad s, exchanges with DgO, OH); 6.03, 6.10 (12H, 2s, 4CE§0);
6.07, 7.22 (4-H, 2t, (R-CH2). Compound 262 also gave a positive 2,4-

dinitrophenylhydrazine test.

Lead tetraacetate oxidation of 256

To a stirred solution of the N -trifluoroaeetyl compound 256 (0.18g,
0.39mmol) in glacial acetic acid (3cm% was added lead tetraacetate
(0.21g, 0.47mmol). Stirring was continued for 30 mins, water (lOcmAO)
was added and the solution carefully basified with solid sodium
bicarbonate. Extraction with chloroform (3 x ZSCmO), drying (MgSO4,)
and removal of solvent afforded 0.16g of an oil. V Thin film: 1750cm 1
(OCOCH"); 1675, 1645, 1630cm 1 (dienone). The oil was dissolved in
dichloromethane (ISCmO) to which was added trifluoroacetic acid
(0.75cm ) followed by stirring at room temperature for 2 hr. Washing
of the organic solvent with saturated sodium bicarbonate solution

(3 x 200m3), water (3 x 20cm0) and drying (MgS(Z‘.) gave 80mg of a

tan solid, which was chromatographed (preparative t.l.c., ethyl acetate
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petrol, 1:1) yielding 55mg of a fawn solid, imp. 183-6° (ethyl acetate-
petrol). This product was shown to be identical to 262 (infrared

spectrum, R”, nmr and mixed m.p.).

Vanadium oxytrifluoride oxidation of 256

To a solution of 256 in dichloromethane (16cm”) at -10° was added a
20:1 wwmixture of trifluoroacetic acid and trifluoroacetic anhydride
(4cm3). The solution was stirred during the addition of vanadium
oxytrifluoride (0.31g) dissolved in the minimum volume of a 1:1
solution of ethyl acetate and trifluoroacetic acid-anhydride (20:1 Ww).
After 10 mins the mixture was poured into water (250mO) and the organic
phase washed with water (3 x 200m%, sodium bicarbonate solution (3 x
200m3) and dried over MgS(Zi. A fter removal of the solvent the residual
oil was triturated with ether giving a fawn solid, m.p. 175-6°,
identified as the keto-imine 262.
1-(3(4(5-Trimethoxybenzyl)-6-methoxy-7-benzyloxy-1,2.3.4-tetrahydro-
isoquinoline 264

The dihydroisoquinoline hydrochloride 258 (3»9g? Smmol) was dissolved
in & 1;1 mixture of glacial acetic acid-water (40cm-'), Zinc metal (20g)
WSs added and the solution refluxed for 3kr, 9 cooled and made strongly
’.alkaline with 4M sodium hydroxide producing a white emulsion which was
extracted with chloroform (3 x 100Ocrn”). Washing the organic solvent
With water (3 x SOcmg) and drying (KpCO”") gave after removal of the
ghloroform, 3.5g (97%) of the reduced product 264 as an oil which
gopld not be crystallised and was therefore used crude in the following
reaction,

NA-Tr.ifluoroacetyl-1 - (3! SAtrimethoxybenzyl)-6~methoxy-7~benzyloxy-
1,2,3.4-tetrahydroisoquinoline 265

Trifluoroacetic anhydride (7.4g> 0.035mol) was added dropwise to a
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cooled and stirred solution of crude 264 (3*5g, 8mmol) containing
triethylamine (2cm3) in dry chloroform (3Ocm3). Stirring was continued
for 4 hr., the chloroform was washed with water (2 x 25cm”), 2M hydro-
chloric acid (3 x 25cmls) and dried (MgS(R,). A brown oil remained after
stripping off the solvent under reduced pressure, which when triturated
with cold ethanol furnished 2.0g (47%) of N -trifluoroacetyf~1-(3*415-
trimethoxybenzyl)-6-methoxy-7--benzyloxy-1.2.3 .4 -tetrahydroisoquinoline
265, m.p. 155.5-6.5°, as colourless needles (ethanol). (Found: C, 64.1;
H, 5-5; N, 2.2. QgH30F3N06 requires C, 63.9; H, 5.5; N,

1685cm"1 (0=0). T(CDCL ): 2.60 (5H, s, PhCH.,0); 3.35, 3-56, 3.76 UH,
3s, aromatics); 5.00 (2H, s, PhCHg)O); 6.10, 6.14, 6.23 (13H, 3s, 4CH§)0
and C-1H); 6.68, 7.35 (4H, 2t, (R~CH2); 6.96 (2H, d, PhCH2).
N-Trifluoroacetyl-1-(3"4%5-trimethoxybenzyl)-6-methoxy~7-hydroxy-1,2,3,4-
tetrahydroisoquinoline 263

A solution of the above benzylated material 265 (1.8g, 3nmiol) in ethyl
acetate (200cm ) was hydrogenated in the usual manner with 5% palladised
charcoal (1.5g), affording O.Sg (53%) of the title compound 263, m.p.
126-7°, as colourless crystals (ethyl acetate-petrol (b.p. 60-80°)).
(Found: C, 57.3; H, 5.4; N, 2.8. C" H"F~NO” requires C, 58.0; H, 5.3;

N, 3.1%). 3400em*1 (0-H); 1693em~1 (0=0). T(CDCJI: 2.93-3.26

max
(4H, 3s, aromatics); 4.25 (1H, broad s, exchanges with D20, OH); 6.03,

6.14, 6.16 (12H, 3s, 4CH"0); 7.14 (2H, t, CL2-CH2~W).

Lead tetraacetate oxidation of 263

The lead tetraacetate oxidation of compound 263 (1.0g, 2.2mmol) was
carried out according to the method described for 256. A brown oil
(1.15g) was obtained!, max - 1745cm~" (OCOCH3); 1690cm- (NCOCFg)); 1678,

-1
1655, 1630cm (dienone)}which was stirred for 2 hr. in dichloromethane

166



(SSCmQ) and trifluoroacetic acid (A.ZCmQ’) followed by washing with
saturated sodium bicarbonate (3 x 500m3), water (3 x 500m3) and dried
over MgSO4. Trituration of the residual brown oil with ice-cold

ethanol gave N-trifluoroacetyl-1 -hydroxy-2,9.10.11 -tetramethoxyaporphine
266 (0.35g, 35%) as colourless needles (ethanol), m.p. 238-9-5°. (Found:
C, 58.05H, 4-8; N, 3.0. Q2H22F3N06 requires C, 58.3; H, 4-9; N, 3.1%).
Found m/e =453.1411, 327.1238 (100%). (Calc, for (22H22F3N06 453.1400,
327.1233). " KBr: 3220cm-1 (0-H); 1680cm-1 (N-COCFJ(J)). A(CDleJ: 1.12
(IH, s, OH); 3-28, 3*34 (2H, 2s, aromatics); 6.10, 6.13, 6.23 (12H, s,
4(H O)* 7.16 (2H, t, (R-CH2-W); 8.38 (1H, s, C-6aH). UV (ethanol):

222nm (32,576); 280.(11,320); 303 (6,792).

Vanadium oxytrifluoride oxidation of 263

The oxidation was carried out using the same method and the same
quantities of reagent and substrate as described for compound 256, to
afford the hydroxy aporphine 266 (0.046g, 10%) as colourless crystals,

m.p. 235-8°.

N -Trifluoroacetyl-1,2,9.10.11-pentamethoxyaporphine 269

Sodium hydride (0.6g, 80% dispersion in oil) was added to a solution of
the hydroxyaporphine 266 (0.30g, 0O.66mmol) in anhydrous DMF (I5cm”) and
stirred for 30 mins, Ilodomethane (lg, 7.0mmol) was introduced dropwise
over 5 mins followed by additional stirring for 1 hr. The reaction
mixture was poured into water (SOcmO), and extracted with chloroform

3 x 250m3), the organic phase was washed with water (3 x SOcm3), dried
(MgSO4) and evaporated to dryness, furnishing colourless crystals of

N -trifluoroacetyl-1 ,2.9.10.11 -pentamethoxyaporphine 269 (0.2g, 65%)y

m.p. 179-80° (ethanol). (Found: C, 59.5; H, 5.3; N, 2.8. O;ngO.FsNO(3
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requires C, 59.1; H, 5.1; N, 3.036). \>I!nZ.)](:) 1685cm"1 (NCOCF$). T(CDClj,):
3,37, 3,43 (2H, 2s, aromatics); 6.15, 6,24, 6,40 (15H, s, 5070); 7.29
(2H, t, (R-CH2--N). UV (ethanol): 226nm; 284nm.

N.-Trifluor oacetyl--1 -(3"' 4; 5-trlmethoxybenzylidene)-6-benzyloxy~7-methoxy~
1,2, 3,4-tetrahydroisoquinotine 274

The tltle  compound 274 (2.0g, 56%) was prepared from the dihydroisoquinolin
273 (3.2g, 7mmol), triethylamine (3cm)., trifluoroacetic anhydride (9.0g,
0,0.43mol) in chloroform (30cm”) using the same method as that described
for 259, Crystallisation from ethanol gave colourless needles, m.p. 186™
7°, (Found? C, 64,0;; ;H 5,2; N 2,2, C~H”FANO” requires C, 64.0;

B, M Z M ) , (NQPSiy, T(CPa ); 2,72.-3,45 (10H,
fil, aromatics and yinylie); 4,9-5 (2H, sp PhCL%O); 6,12, 6,2.3 (12H, s,
4-CHy); 7,00 (2H, t, CH”CH"N),

N-Trifluoroacetyl.-1 -(3* S~trimethoxybenzylidene)-T-6-hydroxy-7--methoxy~
T2»3.4-tetr ahydroisoquinolihe 27f"'

Jn § similar fashion to 256 -was prepared the tjt.le compound 271 in 48%

;P-§24; ffi,P, 187-8°, gs pplpprless crystals (ethyl &cetgite«petrol).

-(Fppndf 6, 57,7i H, 5,0; h, 3,0, requires 0, 58,2; H, 4.9;
M %,%), &058*"1 (M )1 1701s®"1 (SSOCF,), 7'(0PC13)! 2.84-
~.35 m, aromatics and vinylic); 4,1£ (1H; s, OH); 6,07, 6,17 (12H,

§, 4-CHMO); 7,03 (2H, t, CH”QH"), Preparation of 271 directly by
trifluorpacetylation of the 6=hydroxy”-3,4-dihydroisoquinoline 275 (2.55g,
6fflnic'l) gave 1,0g of & fawn coloured product, m.p, '198-9,5°, having
tpfrgred absorptions at 1810cm"4 and '17OOcm'r'_-1 similar to -the isomeric
£61, indicating the formation of 0.,JM itrifluoroacetyl compound.
Attempts tp purify this material by chrOmatographie methods resulted in

only 271 being obtained.



Oxidation of 2?1 by 2,3-dichloro-5.6-dlcyano-1,4-benzoqulnone (DDQ)
An equimolar mixture of 271 (0.5g, 1.1mmol) and DDQ in dry benzene wa:
refluxed for 4 hr. Filtration of the cooled reaction mixture and
removal of the benzene gave a black intractable mixture which was not

pursued further. *

1 -(3*5-Trlmethoxybenzyl)-6-benzyloxy-7-methoxy-1,2,3,4-tetrahydro- *
isoquinoline 354

= Je

Reduction of thedihydroisoquinolinehydrochloride273 (5g, 0.01 mol)

S

with zinc metal (35g) in refluxing 1:1 glacialacetic acid-water (70cm )3
afforded, after basification (4M sodium hydroxide), extraction with
-chloroform (3 x 1500m4), drying (KACO”") and removal of solvent, 4.6g

%) of 354 as a beige oil which could not be made to crystallise and
was used directly in the following reaction.
N -Trifluoroacetyl-1-(3 .4/,5/-trim ethoxybenzyl)-6-benzyloxy-7-methoxy-
°1,2.3.4-tetrahydroisoquinoline 277
To the above crude tetrahydroisoquinoline 354 (4.6g, 0.01mol) dissolved
in dry chloroform (30cm”) was added with cooling, triethylamine (3cm”)
and trifluoroacetic anhydride (8.9g, 0.042mol). The mixture was stirred
for 4 hr., washed with water (2 x 25cm3), 2M hydrochloric acid (3 x 250m3 )g
and dried with MgSO" Removal of the chloroform under reduced pressure
and trituration with ice cold ethanol furnished 3*0g (54%) of N -trifluoro- #Ei
acetyl-1-(3* 4C5-trimethoxybenzyl)-6-ben zyloxy-7-methoxy-1,2,3,4-tetra- X
hydro!soqulnoline 277, m.p, 150.5-51.5° as colourless needles (ethanol).
(Found: C, 63.5; H, 5.6; N, 2.6. C”H F NO&requires C, 63.8; H, 5-5; !
N, 2.6%). 1685cm"1 (NCOCF*). 'rf(CDCI1*): 2.40-3.72 (9H, m,
aromatics); 4*90 (2H, s, PhCHQ‘O); 6.18, 6.25, 6.29 (12H, s, 4CH§)0); I

7.36 (2H, t, CH2-CH2-N).
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N -Trifluoroacetyl-1-( S5-trimethoxybenzyl)-6-hydroxy-7-methoxy-
1'2,3,j-1etrahydroisoquinoline 276

Debenylation of 277 was achieved in 92% yield using 7% Pd on charcoal with
ethyl acetate as solvent, according to the procedure described for 263*
g-i-ving colourless crystals of title compound 276, m.p. 181-3° (ethyl,
acetate.-petrol’(b.p, 60.-80°)). (Found: C, 77.8; H, 7*45 N,3*0.
522H23F3N06 re9uires c> 53,0; H, 5.3; N, 3.1%). 9™ x: 3420cm"l (0-H);
,1685cm"1 (NCOC%’,). 'YtCDC}.): 2,89-3,37 (AH, 3s, aromatics); A.10 (IH,
broad s, exchanges with [30, OH); 6.08, 6,13, 6,17 (12PI, 3s, 4-CH30);

7,00 (2H, t, CHg"CHg-N),

Oxidation of 276 by 2, 3.~dichloro.-*3 ! 6.”dlcyano.”1,4--benzoquinone (DDQ)

The phenolic 1.-*benzylisoquinoline 276 (1,0g, 2,2mmol) was refluxed in
bpnge.ne (13cm”) with DDQ (0,3g, 2,2mmol) for 1 hr. The dark brown
pplutipn was decanted from the black solid coating the reaction vessel,
and §yaporated to dryness giving § dark brown gum which gave 130mg of
starting material on trituration with gold ethanol, The remaining
lipwprp were chrpmatpgrg.pb.ed (silica gel, 30g) using ethyl acetate-
wefrol (2?1) as eluant, but ppp.14 not-be sufficiently purified to enable
identification,

1 Aw3=Trimeth°xybenzQy 1)-6.~hydroxy”7"methoxy.”3,A-dihydroisoquinoline

m~~
Anpdi? oxidation of the amino-UCid 166 was performed according to the
method pf Bobbitt, A solution of the acid (Q,Ag, lmmol) in 0.1M sodium
M sarbpnate gplutipn in methanol=water (20Qcm- ) was oxidised at 280mV
---fpr hr, The graphite felt anode was washed with methanol (3 x 100cm)
gnd the combined Solutions evaporated tp near dryness, Addition of
water (200cm ) followed by extraction with chloroform (3 x 100cm0) and

drying (Mg5Q") afforded tj-tle compound 279 (0,22g, 60%), m.p. 133-6.3°,

after trituration and recrygtallisatipn from ether, (Found: ¢, 63.35
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H, 5.6; N, 3-5 QOH2IN064H20 requires C, 63.2; H, 5.8; N, 3.1%).
n . _k : .
\)%gxr. 1670cm"1 (00). T(CDCljg). 2.78-3*27 (4H, 3s, aroinatlcs), 6.11,

6.U, 621 (12H, 3s, 4—CHJO); 7.26 (2H, t, CI-%—Ch%—,N). )

N-Trlfluoroacet.yl-1 -(3;,41 5-trimethoxybenzyl)-6-hydroxy-7-methoxy-1,2,3,4-
tetrahydroisoquinoline-1 -carboxylic acid 245

The hydrochloride salt of amino acid 166 (1.5g, 3»4-mmol) suspended in dry
chloroform (250m3) containing triethylamine (2cmg) was cooled and stirred
during the dropwise addition of just sufficient trifluoroacetic anhydride
(approx. 2cm”) to dissolve the suspended material. Stirring was continued
for a further 3 hr., after which the chloroform layer was washed with
water (3 x 200m3), 2M hydrochloric acid (3 x 200m3), dried over MgSO4 and
solvent taken off under reduced pressure, leaving a brown gum.

Trituration with ether-petrol (b.p. 40-60°) resulted in a fawn coloured
solid which after crystallisation from aqueous ethanol gave 1.2g (71%)

of the carboxylic acid 245. m.p. 191-2.5°, as colourless needles, (Found:
C, 55.2; H, 5.0; N, 2.9. Q@ H"F NOg requires C, 55.3; H, 4.8; N, 2.8%).
Found m/e s 499.1479 (calc, for C "H”FyJOg 499.1455). 3370cm"1
_(0-H); 1715cm"1 (CO02H); 1685cm"l1 (NCOCF»). 'T'fCDd ): 2.86, 3*3K9 4.12
(4H, 3s, aromatics); 6.05 (2H, s, PhCI;Ij; 6.21, 6.40 (12H, 2s, 4C‘I;1§)0);

7.18 (2H, t, QGR-CH2-N).

Initial attempts to prepare the acid 245 using refluxing pyridine as
the solvent gave an unexpected product, the experimental and spectro-

scopic details of which are presented later.

Oxidation Experiments on Acid 245

(i) Anodic Oxidation

The amido-acid 245 (0.5g, [.Ommol) was dissolved in 0.1M sodium bicarbonate
solution in 3:2 methanol-water (2000m0), and oxidised at a graphite felt

anode at 360mV for 3.7 hr. The anode was washed with methanol (3 x. 100cm”) |
1
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and the combined reaction mixture and washings reduced to low volume
before dilution with water (100cm ). Neutralisation of the aqueous
phase with IM hydrochloric acid was followed by extraction with chloro-
form (3 x IOOCmO), drying (MgSO.) and removal of solvent, giving 0.17g
of a brown gum. T .l.c. showed this gum to be a multicompontent mixture
in which the keto-imine 279 was shown by comparison with authentic
material to be the major component. Neither starting ..material nor the
expected unsaturated molecule 271 were apparent in the electrolysed
medium. The gum was dissolved in methanol (10cm ) and stirred overnight
with a freshly prepared ethereal solution of diazomethane. The solution
was evaporated to dryness, dissolved in ethanol and hydrogenated using
platinum oxide (50mg) for 6 hr. T.l.c. of this reaction mixture in
three different solvent systems, viz., chloroform-methanol (50:1), ethyl
acetate-petrol (2:1) and benzene-acetone (25:1) exhibited no spot

corresponding to the aporphine 269.

The above procedure was repeated using as the solvent for electrolysis,
a 9:1 mixture of acetonitrilelwater (ZOOCmO) containing sodium bicarb-
onate (4g) and tetracthylammonium perchlorate (4g). Oxidation at 270mV
for 2.75 hr. gave 0.3g of brown oil which was shown by t.l.c. both

before and after methylation-reduction to be identical with the previous

anodic oxidation.

(i1) Ehzymic Oxidation

Prior to use both laccase and horseradish peroxidase solutions were

assayed by the methods previously described. To a solution of the

carboxylic acid 245 (0.5g>/ 1.Q"ol) in phosphate buffer (pH6, 100cm”)
N

was added just sufficient ethanol to dissolve the solid material. To

half of this solution was added laccase (six additions of S5cm”™ over



3hr,,). The mixture was left overnight, extracted with chloroform

3 x 100011?’), dried (MgS%) and evaporated to dryness affording a brown
gum (0.18g). To the remaining half of the acid solution was added
peroxidase solution (0.1g in 100cm0pH6 phosphate buffer, Zcmo) and

% hydrogen peroxide (2cm ). The mixture was allowed to stand overnight

and worked up as for the laccase test solution.

Comparative t.l.c. (ethyl acetate-petrol (2:1)) showed a substantial
amount of 279 in both laccase- and peroxidase-induced reactions, the
former also showed the presence of the 3,4-dihydroisoquinoline 172. as
well as having much less polyneric base line material. No significant
amounts of material were evident in the aqueous residues from either
enzyme reaction. Methylation (diazomethane) and catalytic reduction
(platinum oxide) of the fraction soluble in organic solvent gave a residue
which failed to show the presence of any N -trifluoroacetyl-1,2,9,10,11 -
pentamethoxyaporphine 269. An experimental blank containing only acid
and buffer showed only unreacted starting material when allowed to

stand for the same period under identical conditions.

(ii1) Chemical Oxidations

(a) Potassium ferricyanide

Isoquinoline-1-carboxylic acid 245 (0.5g, 1.Ommol) and potassium ferri-

cyanide (0.33g> Immol) were stirred together for 5Shr. in a two phase 5%
sodium bicarbonate-chloroform mixture (1:1, 20cm%. Neutralisation with
IM hydrochloric acid followed by extraction into chloroform (3 x 25cm”),
drying (MgSO”") and removal of solvent gave 0.32g of a'dark brown product.
T.l.c. (ethyl acetate-petrol, 2:1) showed the presence of a small amount
of starting acid and base line material as well as the major product

identified by subsequent preparative t.l.c. as the keto-imine 279.
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(b) Cuprammonium complex

The attempted oxidation of 245 (0.1g, 0.2mmol) by an aqueous cuprammonium
species (formed from equal volumes of Fehling’s A and B solutions, 10enr)
and chloroform (10cm") gave upon work up in the previously described manner,
only unreacted starting material.

(¢c) Manganese dioxide

Active manganese dioxide (0.2g) and acid 245 (0.1g, 0.2mmol) in dry
benzene were refluxed for 4 hr. Filtration of the hot suspension
followed by removal of the solvent gave 70mg of product having the same
R” and infrared spectrum as 272, as “he sole product.

.(d) D.D.Q.

Bquimolar amounts of acid 245 (0.25g, 0.5mmol) and DDQ (0.11g, 0.5mmol)
were rcfluxed in dry toluene for 5 hr., after which the solution was
cooled and filfered. Removal of the toluene gave a dark brown product
(0.17g) shown by t.l.c. (ethyl acetate-petrol, 2:1) to contain a
significant amount of 279 and residual reagent. Two minor products
having very similar R"1ls to 279 were also observed, but attempts to

isolate either by preparative t.l.c. proved unsuccessful.



WORK DESCRIBED IN CHAPTER FOUR
2-Benzyloxybenzaldehyde 294-
To a stirred solution of sodium (20g) in ethanol (6000m% was added
salicylaldehyde (100g, 0.82mol) and benzyl chloride (130g, 1.03mol).
This mixture was refluxed for 6 hr, after which it was filtered hot,
cooled and reduced in volume to approximately 2000m3 affording on
further cooling colourless crystals of title compound 294- (122g, 70%),
m.p. 4-4-.5-4-6.5 (lit 4-6°)332 from ethanol. 0,,nll(£(r: 1685cm"1 (0*0).
"r(GDCI3): -0.4B (1H, s, CHO, 2.12-3.16 (9H, m, aromatics); 4--90 (2H,

s, PhCH"O),

2-Phenyl-4--(2-benzyloxybenzylidene)-2-oxazolin-5-one 299

The above benzaldehyde (50g, 0.236mol), hippuric acid (50g)? anhydrous
sodium acetate (25g) and acetic anhydride (IOOcm% were heated together
on a steam bath for 2.5 hr. The mixture was stirred frequently and upon
cooling' overnight at 4-° gave yellow needles which were filtered off,
washed with ethanol and ether, and air dried to give 299 (77.1g, 92%),
m.p. 164-5° (lit 164-5°).332 9Tlrwnag<: 1800cnfl (C=0); 1650cirfl (C=C).
nr(CDCI3): 1.72-3.10 (14-H, m, aromatics); 2.05 (1H, s, vinylic); 4.84-

(2H, s, PhCH20).

2-Thio-oxazolid-4--one 355

Potassium cyanide (65g) and potassium thiocyanate (97g) were mixed
together in water (20cm3). Formaldehyde solution (31cmq, 38%) was

added to the resultant slurry, followed by the dropwise addition of
conc. hydrochloric acid (750m0) over 30 mins, the mixture was allowed

to stand overnight and was filtered. The filtrate was refluxed for 2hr.,
cooled, extracted with ether (3 x 50cm ), dried (MgSO") and evaporated

to dryness, furnishing after recrystallisation (benzene) and charcoal
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treatment, colourless crystals of 2-thio-oxazolid-4--one 35J5, m.p.

107-8° (lit 113°).372 V*KBr: 1720 (CO, lactam); 1655cnfl (0=C).

5~(2/-Benzyloxybenzylidene)-Z-thio-oxazolid-4-~0ne 298

A mixture of 2-thio-oxazolid-4--one 355 (2.5g, 0.021 mol), 2-benzyl-
oxybenzaldehyde 294- (5.2g, 0.025mol), sodium acetate (2.5g) and glacial
acetic acid (12.5cm ) were brought to reflux over 1 hr. Title compound
298 (3.7g, 48%) crystallised out on cooling, and was recrystallised
from glacial acetic acid to afford yellow crystals, m.p. 209-10°.
(Found: C, 65.6; H, 4-.6; N, 4-.5. C~H”NO"S requires C, 65.6; H, 4-.2;
N, 4-.5%). 'T(CDC13): 1.76-3.04- (10H, m, aromatics and vinylic); 4.83

(2H, s, PhCH20).

2-Benzyloxyphenylpyruvic Acid 296

The azlactone 299 (50g, 0.14-1mol) was refluxed for 5 hr. in 4M sodium
hydroxide solution (300cm ) and poured into barium chloride solution

(84-g, BaCl2.2H20 in 600cm3 water). The resulting barium salt was
filtered off and heated at 4-0-50° in 2M hydrochloric acid (500cnX) for

30 mins. to give white crystals of the pyruvic acid 296 (14-.8g, 78%),

m.p. 123~123.50 (lit 1250)337 from benzene-petrol (b.p. 80-100°).

Vo 34.50em ' (0-H, Enol); 1700cm  (COgH); 1660cm ' (C=C). rT(CDCJJ:
0.95 (1H, broad s, exchanges with D20, COgH); 2.53-3.03 (9H, m, aromatics)
4-91 (2H, s, PhCH20); 5.73 (2H, s, PhCEDbj")) 2-Benzyloxy phenylpyruvic

acid was found to be air sensitive and was therefore kept in a sealed

tube at 4-°.

Preparation of this same o”-lceto acid from compound 298 (lg, 3*0mmol)
was achieved by refluxing in IM sodium hydroxide solution (25cnX) for
2 hr., acidifying with 2M hydrochloric acid and extraction with ether

(2 x 25cm3). Drying (MgSO") and removal of the ether gave 0.5g (57%)
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of 2-benzyloxyphenylpyruvic acid 296, m.p, 114--5-118°, which had the

same R" (ethanol-chloroform-ammonia, 5:3:1.5) as that prepared by the
previous method.

1-(2-Benzyloxybenzyl)-6-hydroxy-7-methoxy-1.2.3 .4-tetrahydroisoquinoline-
l-carboxylic acid 297

2-Benzyloxyphenylpyruvic acid 296 (3*8g, 0.014-mol) was dissolved in 4M
sodium hydroxide solution (50cm ) and saturated with qarbon dioxide.

To this was added 3-bydroxy-4--methoxy-/"-phenylethylamine hydrochloride
337 (3.2g, 0.016mol) dissolved in water (20cm ) and the mixture heated
on a steam bath for lhr. The resulting solid was filtered off, washed
with water (SOOcm%, meths (IOOCm% and air dried to give the title

amdno add 227 (5.3g, 90%), which was recrystallised immediately from
methanol-cone. hydrochloric acid-ether to give the hydrochloride salt,
m.p. 239-4-0°, as colourless crystals. (Found: C, 62.3; H, 5.7; N, 2.7.
Q5H26N05C1 requires C, 65.9; H, 5-7; N, 3.1%$). 9™*= 3450cm-1 (0-H);
1725cm"  (CO2H). 'T'(D20): 2.82-3-51 (11H, m, aromatics); A.95 (2H, s,
PhCHZO); 6.13 (3H, s, CH3O); 7.04- (2H, t, CH%—CHZ—N).

N -Trifluoroacetyl-1-(2-benzyloxybenzyl)-6-hydroxy-7-methoxy-1,2,3,4--
tetrahydroisoquinoline-1-carboxylic acid 300

A suspension of amino acid hydrochloride 297 (1.9g, 4-Ommol) in chloroform
(25cm ) containing triethylamine (2cm ) was stirred and cooled during
the addition of trifluoroacetic anhydride (2.7g, 0.013mol). After stirring
for 3 hr. the solution was washed with water (3 x 200m%, 2M hydrochloric
acid (3 x 2OCmQ), dried (MgSCz.) and evaporated to dryness. Trituration
of the resulting oil with ice cold ethanol gave title compound 300 (1.Og,
4-7%), m.p. 168-70°, as colourless needles (aqueous ethanol). (Found:

C, 63.3; H, 5.0; N, 2.5. C~" H"F.» requires C, 62.9; H, 7; N, 2.7%).

Found m/e 515.1588 (Calc. (8/H2—4F3N0(/) requires 515.1557. max 1715cm"1
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(CO2H); 1705cm 1 (NCOCF”. TCDMSO): 0.6(1H, broad s, CO02H); 2.66-
3.50 (11H, m, aromatics); 5.05 (2H, s, PhCH/(\)O); 6.27 (3H, s, CH3_O).
1-(2-Hydroxybenzyl)-6-hydroxy~7-methoxy~1,2,3,4-tetrahydroisoquinoline-
lI-carboxylic acid hydrochloride 301

The hydrochloride of amino acid 297 (1.9g, 4.0mmol) was O-debenzylated
by refluxing for 2 hr. in a 1:1 mixture of cone, hydrochloric acid-
acetic acid (50crr? ). The solvents were distilled off under reduced
pressure to give a brown oil which on trituration with acetone furnished
a colourless solid. Crystallisation (aqueous ethanol) afforded the
hydrochloride of 1-(2”hydroxybenzyl)-6-hydroxy-7-methoxy-1,2,3,4-tetra-
hydroisoquinoline-1-carboxylic acid 301 (1.4g, 92%) as colourless crystals,
m.p. 262-4° (d). (Found: C, 58.6;H, 5.6; N, 3.8. C" H~ANO"CI requires
C, 59.1; H, 5-5; H, 3.8%). 3180cm“1 (0-H); 1710cm"1 (COoH).
T(D20): 2.83-3*54 (6H, m, aromatics); 6.16 (3H, s, CH"O).

Lactone of N-formyl-1-(2-hydroxybenzyl)-6-hydroxy-7-methoxy-1,2,3,4-
tetr.ahydroisoquinoline-1 -carboxylic acid 302

The amino acid 301 (2.0g, 6.1 mmol) was dissolved in freshly prepared
acetic-formic anhydride (15¢nX) made according to the method of Sheehan.
The solution was diluted with ether (50cm ) and stirred at room temp-
erature overnight. Evaporation to dryness, followed by trituration
with benzene-petrol (b.p. 80-100°) gave 0.4g of a white amorphous solid,
shown by t.l.c. (benzene-acetone, 3:1; silica gel) to contain at least
three constituents. Preparative t.l.c, (benzene-acetone, 5:1, silica gel)
on 150mg of this solid produced the cT-lactone 302 (65mg), m.p. 105-8°,
as a colourless solid (aqueous ethanol). (Found: C, 66.8; H, 5.1;

N, 4.1. CI9HI?NO3 requires C, 67.3; H, 5.0; N, 4.1%).

3350cm"1 (0-H); 1755¢cm"1 (lactone); 1655c¢cm"1 (NCHO). ~(CDCI ): 2.13

(IH, s, CHO); 2.88-3.75 (6H, m, aromatics); 4.15 (IH, broad s, exchanges



with D0, OH);, 6.61 (3H, s, G10); 6.97 (H t, CHMCHAN).

N-Benzoyl-1 -cyano-6-benzyloxy-7-methoxy-1.2,3 ,4-tetrahydroisoquinoline 291
Benzoyl chloride (4.8g, 0.035mol) was added dropwise over 30 mins. to- a
stirred two phase mixture of dihydroisoquinoline 292 (3*0g, 0.011mol)
dissolved in dichloromethane (25cmo) and potassium cyanide (3*5g, 0.054
mol) dissolved in water (IOcmO). Stirring was continued for 3 hr.,
followed by washing of the dichloromethane layer with 2M sodium hydroxide
(3 x 250m0), ZMhytlrochloric acid (3 x 250m0) and water (3 x ZSCmO).
Drying (MgSO") and removal of solvent afforded a brown oil which upon
trituration with methanol gave colourless needles of N-benzoyl~1-cyano-
6-benzyloxy-7-methoxy~1,2T3,4-tetrahydroisoquinoline 291 (2.7g, 60%),
m.p. 139-4-1° (methanol), (Found: C, 75.2; H, 5.6; N, 7.0. 7"25"22/2"3
requires C, 75.4; H, 5.5; N, 7,0%). V TR 1655em ; (C»0). Af{'CdczA):
2.13-3.25 (12H, m, aromatics); 4.82 (2H, B, PbC~"0); 6.05 (3H, s, CH"O);

7.22 (2H, t, Qgg-CHg-N).

2-Benzyloxybenzyl alcohol 295

Sodium borohydride (5g) was added in small portions to a stirred solution
of 2-benzyloxybenzaldehyde 29A (10g, 0.0A7mol) in ethanol and stirred
overnight at room temperature. The residue obtained on removal of the
ethanol was dissolved in water (lOOch), extracted with ether (3 x SOcmﬂ),
dried (MgSO,) and evaporated to dryness affording a yellow oil which

was distilled (b.p, 160-2° at 0.5mm Hg) to give 295 (0.75g, 74%), m.p.
36-7° (lit 37° )~ as colourless crystals. 3400cm™1 (0-H).
T(CDC13): 2.68-3,2.7 (9H, m, aromatics); 5.10 (2H, s, PhCH”O); 5-35

(2H, s, CH'OH);, 6.91 (IH, s, CROH).

2-Benzyloxybenzyl chloride 293

A mixture of thionyi chloride (20cra ), benzene (50cm ) and 2-benzyloxy-
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benzyl alcohol 295 (10g, 0,047mol) x"as refluxed for 5 hr. The benzene

and excess thionyl chloride were distilled off at atmospheric pressure
leaving a pale green oil (9.9g, 91%) which was used crude in the following
reaction.
N-Benzoyl-1-cyano-1-(2-benzyloxybenzyl)-6-benzyloxy-7-methoxy-1.2,3,4-

t etrahydroi soquinoline 290

The Reissert compound 291 (2.7g, 6.8mmol) was dissolved in dry DMF (25cm"))
and to this stirred solution was added sodium hydride (0.3-Sg, 50% dispersion
in oil), producing the expected deep red colour of the Reissert anion.

The dropwise addition of crude 2-benzyloxybenzyl chloride 293 (3*3g,
0.014mol) dissolved in DW (1OCmQ) gradually removed the red colouration
to give a pale yellow solution which after a further 15 hr. stirring at
room temperature was poured on to ice-water (200cm ) and extracted with
chloroform (3 x 50cm”). The organic phase was washed with 2M hydrochloric
acid (2 x 50cm%, water (3 x 50cm9), 2M sodium hydroxide (2 x SOcm% and
dried (MgSO”). A brown solid (0.9g, m.p. 158-167°) was obtained after
removing the chloroform and trituration with ether, which could not be

purified sufficiently for identification.

3-Methoxy~4-hydroxy-/3 -phenylethylamine hydrochloride 307

Catalytic hydrogenation of the benzyloxy-amine 347 using 5% palladium
on charcoal in ethanol gave the title compound 307, m.p. 209-10° (lit
212-3°) in 92% yield. V>II§I£1%(r: 3150cm“1 (0-H); 2640, 2560, 2450cnfl (salt

bands).

2-Benzyloxyphenylacetic acid 306
Potassium hydroxide (12g) dissolved in water (200m% was added to a
stirred solution of 2-hydroxyphenylacetic acid (I5g, 0.099mol) and benzyl

9
chloride (26.4g, 0.2Imol) in ethanol (150cm ). The mixture was refluxed
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for 4 hr., evaporated to near dryness and the residue *was partitioned
between chloroform (100cmo) and water (50cm ). The chloroform layer

was washed twice more with water (50cm ) and dried over MgS(?r Removal
of solvent gave a yellow solid (12g) m.p. 69-72° which t.l.c. (chloroform-
silica gel) showed to contain two components, a major product of 0.68
and a minor component of R 0.10. Column chromatography using chloro-
form as eluant gave both compounds in a pure state. The major

constituent (7.5g)> m.p. 75-6° (petrol (b.p. 60-80°)) did not react

with saturated sodium bicarbonate solution and was identified as benzyl
2-benzyloxyphenylacetate 305« (Found: C, 79.8; H, 6.2. (Q2H20°3 reluires
C, 79*%5; H, 6.0%). TuX 1735cm-1 (C=0, ester). T(CDCIlJ: 2.72-3.20
(14H, m, aromatics); 4.96 (2H, s, PhCH20); 5.01 (2H, s, PhCIhOCO); 6.29
(2H, s, PhCH”CO”). The minor product did react with saturated sodium
bicarbonate solution and was found to be the desired acid 306 (4*1g,
17%), m.p. 92.5-5.5° (lit 92-4°).37» —V)XKQ%{: 1710cm" 1 (CO%)H). T(CDdJ:
-1.84 (1H, broad s, exchanges with CO02H); 2.75-3.28 (9H, m,

aromatics); 5.04 (2H, s, PhCH20); 6.37 (2H, s, phCH”CO").

Hydrolysis of the benzyl ester 305 (8.4g, 0.025mol) with refluxing 4M
sodium hydroxide solution (150cm ) for 6 hr. afforded after cooling and
acidification with conc. hydrochloric acid, 2-benzyloxyphenylacetic

acid 306 (3.Sg, 62%), m.p. 93-5°? as colourless crystals.

3-Methoxy-4-hydroxy-5-bromo- ft-phenylethylamlne hydrochloride 308

A solution of bromine (7.6g, 0.047mol) in 1,4-dioxan (30cmB) was added
over 20 mins. to a suspension of 3-methoxy-4-hydroxy-/*-phenylethylamine
hydrochloride 307 (6.2g, 0.030mol) in glacial acetic acid (40cmB)
maintained at a temperature of 70°. After stirring for 1.5 hr., the

solvents were distilled off under reduced pressure to give an orange oil
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which upon trituration with ether gave the title compound 306 (6.3g,

73%), m.p. 207-12° (lit 215~7°)'BB as colourless crystals (ethanol-
ether). —>>§laBXr: 3430enT1 (0-H); 2750, 2600, 2550, 2420cm"1 (salt bands)
N-(3-Methoxy-4-hydroxy-5-bromo-ffi phe.nylethy!)-2-benzyloxyphenylac etamid”
309

The bromo-amine 308 (2.9g, 0.012mol) was dissolved in water and the '
solution made basic with ammonia solution. A white solid of the resultant
free base was formed which was filtered off and air dried. This free base
(2.4g, 0.011 mol) and 2-benzyloxyphenylacetic acid 306 (2.6g, 0.010mol)
were heated together at 180 for 1 hr. in decalin (30cm ) under nitrogen.
After decanting off the decalin the residue was washed with petrol {3 x
50cm ), dissolved in chloroform (100cm ), washed with water (2 x 75cm ),
2M hydrochloric acid (3 x 75cm3), 2M sodium bicarbonate solution (3 x
75cm ) and dried (MgSO,). The solvent was removed under reduced pressure
affording a i)lack gum which was passed d;)wn a silica-gel column (150g)
using chloroform as eluant, to give the title amide 309 (1.4g, 31%),

m.p. 124-6° as a fawn coloured solid. (Found: C, 61.5; H, 5.0; N, 2.9.
C&flgﬁﬁrNO, requires C, 61.3; H, 5.1; N, 3.0%). \) J%gxr: 3350cm~1 (N-H);
1650cm™1 (0=0). T(CDCI13): 2.66-3.49 (11H, m, aromatics); 4.09 (1H,
broad s, NH); 5.05 (2H, s, PhCHgO); 6.32 (3H, s, CﬂgO); 6.42 (2H, s,

PhCHoCO); 6.61, 7.16 (4H,2t, CHO~CHY).

3-Hydroxy-A,5-dimethoxybenzoic acid 311

The synthetic method used to prepare 311 was that reported by Battersby
ilk>l<337 3,4,5-Trihydroxybenzoic acid monohydrate (50g, 0.266mol) gave

as the major product from this reaction, 3,4>5-trimethoxybenzoic acid

(16.0g), m.p. 158-60° (lit 157-60°).In addition, compound 311 (4.1g),

m.p. 187-90° (lit 188-90°)BB" was obtained as colourless crystals (water)

from the acidified aqueous washings. Found m/e - 198.0530. ChELIUOgl
y
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. V't — 1
requires 198.0529. V,,)m.a;: 3520cm (0-H); 1695cm"  (COoH). 'Y(DMSO):

8%, 2.90 (2H, 2s. aromatics); 6.18, 6.24 (6H, 2s, 2CH_ 0).
J

3-Benzyloxy~4,5-dimethoxybenzoic acid 312

A mixture of 3-hydroxy-4,5-dimethoxybenzoic acid 311 (2«5g, 0.013-mol),
benzyl chloride (5»5g, 0.043mol) and potassium hydroxide (2g in 5cmB
water) dissolved in ethanol (50cm ) was refluxed for 4 hr. The solvent
was'removed leaving a brown oil which was dissolved in chloroform (50cm ),

0)
washed with water (3 x 50cm ) and dried (MgSC4),). Evaporation of the

chloroform gave on trituration with petrol (b.p. 60-80°) and crystallisation

from aqueous ethanol, colourless crystals of 3-henzyloxy-4,5-dimethoxy- '

benzoic acid 312 (0.8g, 22%), m.p. 169-73° (lit 1 7 6 ° anx 1685cm 1
(COpH). ~(CDCI1 ): 1.60 (1H, broad s, exchanges with DpO, COpH); 2.66

(7H, s, aromatics); 4.90 (2H, s, PhCELO); 6.12 (6H, s, 2CH 0).

Oxidation experiments on acid 300

(i) Anodic oxidation

Electrochemical oxidation of 300(0.25g, 0.5nnnol) was carried out at
280mV (against S.C.E.) for 2 hr. ina 0.IM sodium bicarbonate solution

in aqueous methanol (200cm ). The organic solvent was removed under
reduced pressure and the residual aqueous solution neutralised with 2M
hydrochloric acid. Extraction with chloroform (3 x 100cm3'), drying
(MgS0O.) and removal of the solvent gave a brown oil which upon trituration
with ether gave 1—(’Zfbenzyloxybenzoyl)—6—hydroxy—7—methoxy~3.4—d.ihydro—
isoquinoline 313, m.p. 113.5-4.5° as pale yellow crystals, (ether-petrol
(b.p. 40-60°)). (Found: C, 74.7; H, 5.9; N, 3-3. (Q"H2INO" requires

C, 74.4; H, 54; N, 3.6%). V ~x: 1665’1 (0=0). T(CDCI13): 2.79-
3.45 (11H, m, aromatics); 5.09 (2H, s, PhCHpO); 6.27 (3H, s, CH"O),

6.40, 7.61 (4H, 2t, CH2-CH2).
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(i1) Enzymic oxidation

The enzyme-induced oxidations of acid 300 (0.14-g, 0.3mmol) with laccase
and horseradish peroxidase were performed in an identical manner to '
those described for acid 2U5 (see page 172). Both enzyme reactions

gave as the sole product the keto-imine compound 313< identified by

comparison of its R and infrared spectrum, with authentic material.
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WORK DESCRIBED IN CHAPTER FIVE
5.1 Oxidation Studies on Acid 315

5.1-.1 N-Trifluoroacetyl-1 -methyl-6-hydroxy-7-methoxy~1,2,3,4-tetrahydro-
isoquinoline-1-carboxylic acid 315

Trifluoroacetic anhydride (10.4-g, 0.05mol) was added dropwise to a cooled
suspension of 1-methyl-6-hydroxy-7-methoxy-1,2,3,4-tetrahydroisoquinoline-1
carboxylic acid 164. (3.0g, 0.013mol) in chloroform (40cmo) containing
triethylaraine (3cm3). The resulting solution was stir;ked at room temp-
erature for 3 hr., after which it was washed with water (3 x 50cm”), 2M
hydrochloric acid (3 x 50cm ) and dried (MgS%.). Removal of the
chloroform and trituration with ice cold ethanol furnished N -trifluoro-
acetyl-1 -methyl-6-hydroxy-7-methoxy-1.2,3.4-tetrahydroisoquinoline-1 -
carboxylic acid 315 (2.2g, 52%), m.p. 170-3° as colourless crystals
(aqueous ethanol). (Found: C, 50.5; H, 4*4; N, 4.2. C/ H”F~NO£ requires
C, 50.4; H, 4.2; N, 4.2%). Found m/e = 333.0813 (Calec, for C"H"FANO"
1333.0824). V111<13]§xr: 3200cm“1 (0-H); I730cm“1 (COgH); 1685cm™1 (COC%:j.
AMCDCI17M): 3*16, 3*35 (2H, 2s, aromatics); 4*32 (1H, broad s, exchanges

with Do0, OH); 6.17 (3H, s, GL,0); 8.18 (H. s, GHj.

2.2-Dihydroxy-5,5-di-tert-butylbiphenyl 316

4,-Tert-butylphenol (lg, 6.7mmol) was dissolved in methanol (50cm ) in
which sodium metal (0.3g, 0.013mol) had previously been dissolved. This
solution was evaporated to dryness and the residue taken up in water
(20cm ), and added to a solution of tetraecthylammonium perchlorate (6g)
in acetonitrile (4000m%. Electrochemical oxidation of this solution
with a carbon felt anode and a platinum cathode was carried out at 300mV
for 4 hr., after which time the current passing was virtually zero. The

electrolysed solution was acidified and the carbon electrode washed with
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methanol (3 x 100cm ). The combined solutions were then evaporated

to dryness, and the residue dissolved in a 1:1 chloroform-v/ater mixture
(100cm3). The organic solvent was washed with water (3 x 500m3), dried
(MgSQl.) and evaporated, leaving a brown oil, which upon trituration
with petrol (b.p, 4-0-60°) gave the title compound 316 (0.3g, 30%), m.p.
207-9° (lit 207-8°)"~ as colourless crystals (isooctane).

3250cm"  (0-H). ~(CDCI1"): 3-18-3.49 (6H, m,”aromatics); 8.65 (18H,

s, 2C(CH3)3).

The bis-toluene-4-sulphonyl derivative 317 was prepared by refluxing
316 (0.1g, 0.3Mi01) with toluene-4-sulphonyl chloride (0.13g? 0.7mmol)
in acetone (2cm ) containi;g triethylamine (0.2cm ) for 50 mins.
Pouring the reaction mixture into 2M hydrochloric acid (1Ocnr5 gave a
beige solid, which after recrystallisation from meths, afforded 317,
m.p. 159-61°. (Found: C, 67.2; H, 6.3. C~ H”O"S” requires G, 67.3;
H, 6.3%). T(CDC13): 2.98-3.36 (14H, m, aromatics); 7.64 (6H, s, 2CH3);

8.71 (18H, s, 2C(CH ) ).

5.1.2. Oxidation of 315

(a) Anodic oxidation

Acid 315 (0.3g, 0.9mmol) was anodicaliy oxidised in 0.1M sodium bicar-
bonate solution in methanol-water (3:2, 250cm”) at 320mV for 2 hr. The
pH of the reaction mixture was then adjusted to pH7 using 2M hydrochloric
acid and the volatile components removed under reduced pressure. The
residue was dissolved in a 1:1 mixture of chloroform and water (50cm"5),
the aqueous phase was extracted with chloroform (3 x 25cm%, the
combined extracts dried (MgSO4.) and reduced to low volume. T.l.c.

(chloroform-methanol, 5:1, silica gel) showed a complete absence of
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many products. The-aqueous phase was evaporated to dryness under reduced
pressure and the residue triturated with chloroform. T.l.c. of this
solution showed a single product which had the same blue fluorescence

and infrared spectrum as the 3>4-~dihydroisoquinoline 170.

Repetition of this electrolysis in the presence of A-'tert-butylphenol
(0.6g, A.Ommol) gave identical results,’ with the initial chloroform

extract showing only the unreacted phenol.

(b) Enzymic oxidation

A stock solution of acid 315 (0.Bg, 0.024mol) in pH6 phosphate buffer

(200cm ) containing just sufficient ethanol to dissolve the suspended

acid (approx 20cm”), was prepared. This solution was divided into

four equal portions, and to the aliquots were added the following:-*
(1) laccase solution (ISCm%

(i1) laccase solution (ISCInQ) and A -tertiary-butylphenol
(0.2g, 1.3mmol)

(ii1) horseradish peroxidase solution (50mg in 50enr water,
lem ) and % hydrogen peroxide (lem )

(iv) as (iii) plus A-tertiary-butylphenol (0.2g).
mAll four solutions were left at room temperature for 24 hr., extracted
with chloroform and dried (MgS(X.). The remaining aqueous phase was
evaporated to dryness and the resulting residue dissolved in methanol.

Each solution was examined by t.l.c. (chloroform-methanol, 10:1, silica

gel)-

The chloroform extracts from (i) and (iii) failed to show any material
detectable by iodine vapour or under u.v. light. The only chloroform
soluble product from (ii) was unreacted 4~tertiary-butylphenol.

Similarly (iv) showed a preponderance of this same phenol in addition

to some base-line material.



The methanol solutions from (i)~(iv) all showed the presence of a
component having the same R and characteristic blue fluorescence
the 3,A-dihydroisoquinoline 170. Solutions derived from peroxidas
media exhibited far more polymeric base line material than their

laccase counterparts.



Synthesis of /?, /ff-Dimethyl-3,A. 5-Trtmethoxyphen:Alpyruvic
Acid 318

3,A,5-Trimethoxybenzoic acid 356

Gallic acid (100g, 0O.59mol) was dissolved in AMsodium hydroxide -
solution (1dm”") and stirred during the addition of dimethyl sulphate
(17Sg) over 20 mins., the temperature being kept between 30-35°. Addit-
ional dimethyl sulphate (I78g) was introduced and the mixture refluxed
for 2 hr., followed by the addition of 10M sodium hydroxide solution
(100cm”) and reflux was continued for a further 2 hr. The reaction
mixture was cooled and made acidic with conc. hydrochloric acid resulting
in the precipitation of a light brown solid, which was filtered off and
recrystallised from aqueous ethanol affording acid 356 (I101g, 81%) as

white platelets, m.p. 158-61° (lit 157-60°).""" 1685¢cm (C/(C)OH).

HI3X
T(CDCI1*): -2.A3 (1H, s, exchanges with DO, CO"H); 2.66 (2H, s,

aromatics); 6.10 (9H, s, 3CH"0).

3.A.5-Trimethoxybenzoyl chloride 322
The carboxylic acid 356 (I0g, 0.0A7mol) was refluxed with thionyl
chloride (100cm ) containing 5 drops of pyridine for A hr,, following

which the excess thionyl chloride was distilled off to leave a brown

..0il, giving upon trituration with petrol (b.p. A0-60°) the acid

chloride (8.1g, 7A%), m.p. 75.5-79.0° (lit 77-8°),376 as colourless
crystals from chloroform-petrol (b.p. 60-80°). Y ~ax1l "Ocm ~ (CO).

'T(CD%J: 2.67 (2H, s, aromatics); 6.06, 6.09 (9H, 2s, 3Ck&0).

.Methyl 3,A,5-trimethoxybenzoate 320

A solution of 3,A,5-trimethoxybenzoie acid 356 (A9g, 0.23mol) in
methanol (300cm ) containing conc. hydrochloric acid (100m% was
refluxed for 6 hr. T.l.c. (chloroform, silica gel) showed only a

small amount of starting material in the reaction mixture, which on.
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cooling furnished white needles of title compound 320 (39.Bg, 76%),
m.p. 83-4° (lit 82-4°).377 \)rll(n%(r: 1720cm”1 (C=0). T(CDCIjﬁ): 2.76 (2H,

s, aromatics); 6.13 (12H, s, 3CH™0 and CO"CH"),

oc, -Pimethyl-3.4.5-trimethoxybenzyl alcohol 319

Methyl lithium (1,3M solution in ether) was assayed according to the
method of Kofron,31+O and added in portions (4 x 500m3) by syringe under
nitrogen to a stirred solution of ester 320 (16.8g, 0.074mol) in dry
ether (200cm”). The mixture was stirred for 1 hr., poured on to crushed
ice (100g), extracted with ether (3 x 100ch) and the combined extracts
dried over MgS(%,. Evaporation of the ether left a colourless oil which
eventually crystallised from petrol (b.p. 4-0-60°) giving QCc>d-dimethyl-
3.4 .5-trimethoxybenzyl alcohol 319 (14»3g, 85%), m.p. 54-6° as colourless
needles. (Found: C, 63.5; H, 8.0. C"H"gO” requires C, 63.7; H, 8.0%).
\)}glgxr: 3500cm”1 (0-H). /T(CDC1_): 3-33 (2H, s, aromatics); 6.18, 6.20 (9H

2s, 3CH30); 7.22 (IH, s, OH); 8.46 (6H, s, 2CH ).

The use of 3,4,5-trimethoxyacetophenone (10g, 0.04-8mol) instead of
the ester, with methyl lithium (1.3M solution in ether (60cm?)), gave

by the same experimental procedure, 5.5g (51%) of alcohol 319. m.p.50.5-3

Originally the above alcohol was prepared in inferior yields using methyl
magnesium iodide, according to the following method. Magnesium turnings
(3.6g, 0.15mol) were added to dry ether (750m% to which iodomethane
(20.9g, 0.I15mol) was introduced dropwise with stirring at such a rate

as to bring about a steady rate of reflux. To the freshly prepared
methyl magnesium iodide was added methyl 3,4 ,5-trimethoxybenzoate 320
(15»0g, 0.066mol) dissolved in dry tetrahydrofuran (50cm ). Stirring

of the green coloured semi-solid mixture was continued for 12 hr.,
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followed by pouring into 1M ammonium chloride solution (100cm ) and
extraction with ether (3 x 75cm0). A fter drying (K*CO") and removing
the solvent, 12.2g of a yellow oil was obtained which t.l1.c. (chloroform,
silica gel) showed to contain two components. The major product (R"0.27)
and minor constituent (R*=0.63) were separated by column chromatography
(300g, silica gel) using chloroform as eluant. The major component
(10.6g) was identified as starting material, whereas the slower running
compound (1.05g, 1%) had an infrared spectrum identical to that of the
genuine ,oi-dimethyl alcohol 319 prepared via the methyl lithium route.
Variations on this grignard reaction were attempted using either wholly
tetrahydrofuran as the solvent or using acid chloride 322 in place of
ester 320; in each case low yields of the required alcohol (8 and 228

respectively) were obtained.

Attempted synthesis of -dimethyl-3,A .5-trim ethoxybenzyl halide
Attempts to prepare the corresponding halide (either bromide or chloride)
from alcohol 319 were carried out by the following methods.

(a) oc,c<-Dimethyl~3,4,5~trimethoxybenzyl alcohol 319 (3.6g, 0.016mol)
dissolved in dry benzene (50cm ) was added dropwise to a cooled solution
of phosphorus tribromide (1.5g) in 5:1 benzene-pyridine (24cm3). The
mixture was stirred at 0° for 30 mins., followed by removal of the
volatile material to give a yellow oil which was taken up in ether
(250m3), washed with 2M hydrochloric acid (3 x 1501’1%) and dried (MgS(L)l,).
Evaporation of the ether left 1.0g of a yellow oil which could not be
made to crystallise and was identified as -methyl-3,4,5-trimethoxysty-
rene376 AN(CDCI™: 3-33 (2H, s, aromatics); 4.73, 4-95 (2H, 2s,

vinylics); 6.12, 6.14 (9H, 2s, 3CH30); 7.87 (3H, s, C}%.).

(b) The tertiary alcohol 319 (0.5g, 2mmol) was dissolved in dry



tetrahydrofuran (100rn3) containing conc. hydrochloric acid (1 cm3).

The solution was left standing for 24 hr. after which time the' tetra-
hydrofuran was washed with IM sodium carbonate solution (3 x 25c¢cm3) and
dried over MgSO” The volume was reduced to ZCm3 and passed down a
silica column (15g) using chloroform as eluant, to give the "6-methyl

styrene J32I. (0.45g, 98%).

(¢) An equimolar mixture of the alcohol 319 (0.5g, 2mmol) and triphenyl-
phosphine (0.58g)in carbon tetrachloride (SCm% was heated on a steam
bath for 1 hr. and after column chromatography afforded a quantitative

yield of 323.

0)
(d) Methyl sulphide (0.35¢cm ) was added dropwise to a stirred solution
\

(0.58¢g) in anhydrous dichlorome\thane (20ch)

Q/ J
of N-chlorosuecinimide

at 0°, The mixture was cooled to between -20° and -25° followed by
introduction of alcohol ~19(0.90g. 4mmol) dissolved in ~dichloromethane
(2cm3). Stirring was continued for 3 hr. at 0° after which the
solution was poured into ice-cold brine (20cm ) and =extracted.with
ether (2 x SCH%. The organic phase was washed with brine (3 x SOcmn),
dried (MgSO") and evaporated to dryness giving 0.76g of a pale yellow

oil identified as styrene 323.

<V -Pimethyl-3,4. 5-trimethoxybenzylmethylsulphonate 324

To a solution of alcohol 319 (1.0g, 4mmol) in dry pyridine cooled to 10°
was added methanesulphonyl chloride (0.6g, Smmol) dropwise, with
vigorous stirring. Standing for 12 hr. followed by pouring onto crushed
ice (25g) failed to give the expected solid. The aqueous phase was
extracted with chloroform (3 x 20cm ) which in turn was washed with 2M

3
hydrochloric acid (3 x 25cm ), dried (MgSO.) and the chloroform removed



-under reduced pressure to give 0,3g of a brown oil. Trituration with
ether-petrol (b.p. .40.-60°) produced 0,25g (198) of <\,"<.-dimethyl-3i4, 5~
-t-rimethoxybenzylmethylsulphonate 324, m.p. 145-6°, as a colourless solid
m'(cpcl ); 3,15 (2H, s, aromatics); 5,88 (3H, s, CH"~S0?); 6.12 (9H, s,
.3CE{3O); 8.08 (6H, s, ZC'I'{3). Attempts to duplicate the above experiment
were unsuccessful giving instead the elimination product -methyl-3,4,5
—tr-imethoxystyrene 323 in almost quantitative amounts. A lternative
solvents, collidine or chloroform with triethylamine also produced only'

elimination product 323,



5.3 Anomalous Product from the Reaction of Amino-Acid 166 and Triflucro-
acetic Anhydride in Pyridine

A refluxing mixture of amino-acid 166 (3.0g, 7.4mmol) and trifluoroacetic
acid (11.0g, O.53mmol) in dry pyridine (1500m9) gave almost immediately
upon boiling an intensely yellow coloured solution. Refluxing was contin-
ued for a further 30 mins, followed by pouring into chloroform (300cm?”),
washing with 2M hydrochloric acid (5 x 2000m'3), water* 3 x 1500m0) and
drying of the solvent over MgS%. The solvent was removed under reduced
pressure, leaving a dark brown residue, which afforded after trituration
with ether 3-0g of an homogenous yellow crystalline product, m.p. 197-8°
(meths). (Found: C, 53-95 H, 3*9; N, 2.4; F, 21.7. Cp"TIp"F*HO" requires
C, 54.0; H, 3.9; N, 2.6; F, 21.4%8). Found m/e = 533.1275, 464.1187 (1008%),
(Calc for (Q7H21F6NO06 533.1274 and for C "H ~"F .~ 464.1321). *)(gDCl1 ):
3200cm ! (O-I)* 115950m” (COCF*, 15500m”11 (C*C). T(CBC1 )i 2.01, 3.00,
3.13 (3H, 3s, aromatics); 3.72 (1H, broad s, exchanges with DpO, OH),

4.50 (IH, q, J= 7.5Hz, CHCE,): 5.98, 6.02, 6.12, 6.14 (I12H, 45, 4CHg0).

19F n.m.r. showed a singlet at 70.74 ppm/(BF, COCF3) and a doublet at

*75.47 ppm (3F, J= 7.1Hz, CHCF”"), both signals being observed upfield of

the CFOlg standard signal.

UV (ethanol); neutral and pHI1: 226, 259, 295, 322 and 430nm; pH 14: 229,
278, 304, 376 and 453nm. Based upontheabove information the unknown
compound was identified as 2,9,10,11-tetramethoxy-3-hydroxy-8-trifluoro-

methyl-13-trifluoroacetyl-7,8-dihydroprotoberberine 326

*The phenolic compound (0.2g, 3.7mmol) was dissolved in ether (500m9) and
an ethereal solution of diazomethane added with stirring. After standing
at room temperature for 3 hr. excess diazomethane was destroyed by the
addition of glacial acetic acid (ZCI’OI’I). The ethereal layer was washed
with saturated sodium bicarbonate solution (3 x 50cm3), water (3 x 50cm3)

and dried (MgSO”). Evaporation of the solvent gave yellow platelets
194



(aqueous meths) of 2,3,9,10,11-pentamethoxy-8-trifluoromethyl-13~tri~
fluoroacetyl- 7. 8 -dihydroprotoberberine 327, m.p. 205-6°. (Found:

C, 54.6; H, 4.4; N, 2.7; F, 21.6. Cp*Hp"F*NO" requires C, 54.8; H, 4.2;
N, 2.6; F, 20.88). Found m/e a 547.1388, 478.1497 (100$). (Calc for
C25H23F6N06 54.7.1430 and for C "RANC”™ 478.1478). ) (£DC ): 1633cm-1
(COCF3); 1585cm-1 (C=C). 'T(CDOL ): 2.02, 2.95, 3.20 (3H, 3s, aromatics)
A.AS (1H, q, J= 7.5Hz, CHCF3); 5-98, 6.02, 6.04-, 6.13, 6.15 (I15H, S5s,
5CH"0). 19F nmr showed a doublet centred at 75»47ppm (J =7.5Hz) and

a singlet at 70.74ppm« UV (ethanol) showed absorption maxima at 225, 255
293, 322 and 430nm, no change being observed in either acidic or basic

media.



544  Enzymic Oxidative Studies on Corypalline JM

Corypalline 328 (0.5g, 2,6mraol) was dissolved in 0.05M sodium metlioxide
in methanol (50cm ). The methanol was removed to leave the corresponding
sodium salt which was dissolved in water (10cm% and added to a ;olution
of tetraethylammonium perchlorate (3*5g) in acetonitrile (150cm”). This
solution was oxidised anodically according to the method of Bobbitt,

gt 0,0mV with respect to the standard calomel electrode. The electrolysis
Was stopped after 65 mins, due to coating of -the electrodes. The reaction
mixture was filtered, made aeid.ie (2M hydrochloric acid)., then basic
(ammonia solution) and evaporated to dryness, followed,by trituration

of the residue with ethanol, to give the dimeric product (0,11g, 22%),
m,p,228-34° (lit 235-7q).& 2 TCIMSO)* 3-50 (2JJ, s, aroBaties); 6,24

(Mt 9, 2CH 0); 8,00 (6H, s, 2KCE£-).

ISngymis o-xidation of corypalline (Q,1g) using a crude laoease preparation
was carried out in a solution of phosphate buffer (pH6, I0cm”™) containing
ethanol {2em”), The laccase solution (2,”"m”) was added every 30 mins,
-over 3 -hr, and the mixture left for 2/ hr,, followed by extraction with
chloroform (3 % IQ®w?) and drying (Mg3Q"), T,l,c, (methanol-ammonia,
97t39 silica gel) showed the presence of dimeric compound 329 as well

as a substantial amount of unreacted starting material,

A similar oxidation using horseradish peroxidase solution (50mg in 5Qcm*
water, 3cm®) and hydrogen peroxide (Q$7mM, 3em®) also exhibited the
presence of 329 by t,l,e, also after 21 hr, A corypalline blank
solution, when allowed to stand for the same period of time under the

same conditions showed only unreacted corypalline.
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"APPENDIX 1

Calculated Velocities of the Enzyme Induced Decarboxylations of
Isoquinoline-1--Carboxylic Acids

LACCASE PEROXIDASE
acid substrate initial velocities initial velocities
eonc.
[10 " 5M] [10-9,mol.min [10-9m 01, min" 1]
Run 1 Run 2 Run 1 Run. 2
163 0.8 “ 3.3 5.1
1.7 5.1 5.7 1 6.9 6.9
3.3 6.9 6.9 14.0 11.0
6.7 9.3 10.0 23.0 14.0
10.0 - 28.0.
13.0 14.0 14.0 33.0 21.0
17.0 15.0 15.0 39.0 26.0
164 0.8 3.6 7.5 7.5
1.6 5.7 6.3 15.0 15.0
3.2 12.0 11.0 30¢0 26.-0
6.3 18.0 16.0 57.0 45.0
9.7 - 69.0 —
13.0 25.0 27.0 87.0 72.0
- 16.0 29.0 33.0 100.0 ' 84.0
165% 0.7 5.4 9.0 11.0
(Peroxidase runs 1.3 8.1 - 7.5 23.0 22.
carried out using 2.7 19.0 15.0 45.0 45.0
evolume of enzyme) 5.3 39.0 30.0 96.0 93.0
8.0 - 160.0
11.0 69.0 51.0 200.0 180.0
13.0 * 72.0 420.0 -
165 0.7 17.0 19.0
1.3 48.0 39.0
2.7 100.0 84.0
5-3 170.0
166 0.5 0.9 4.2 4.2
1.0 1.7 2.1 10.0 9.3
2.0 4.2 3.9 22.0 19.0
4.0 8.7 7.2 48.0 45.0
6.0 — — 72.0 —
8.0 16.0 16.0 96.0 87.0
10.0 20.0 21.0 120.0 110.0
194 1.3 0.6 0.6
2.7 1.1 0.8
5.3 2.2 1.3
11.0 3.9 3.0
13.0 « 4.5 3.6



