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PREFACE




SUMMARY

The opening section of this thesis describes the
first reported preparation of potentially biologically-
interesting alkoxy l-benzyl-3(2H)-isoquinolone derivat-
ives incorporating dissimilarly-substituted aryl rings.

Treatment of alkyl 2-arylacetylarylacetates ("keto-
esters") with strongly bvasic amines gave only 2-aryl-3-
hydroxy-1l,4-naphthaquinones. Reaction with hydrazine
hydrate however afforded colourless labile infermediates
which were readily converted into W-amino-l-benzyl-3(2H)-
isoquinolones. Similarly resction with hydroxylamine
hydrochloride in pyridine gave derivatives of N-hydroxy-
l-benzyl-3(2H)-isoquinolone. *

Members of the series which could not be obtained
from the keto-ester by these methods were available
following selective reduction of the ketone function,
conversion to the corresponding hydroxy-dimethylamide
and re-oxidation to the keto-smide. Treatment of the
latter with amines or amine acetates in hot acetic acid
gave good yields of 3(2H)-iscquinolone derivatives.

A somewhat unstable N-methyl 3(2H)-isoquinolone
prepared in this way was also available via an alter-
nétive method, namely reaction of the keto-amide with
methylamine hydrochloride in pyridine.

The chemical and spectroscopic properties of the
1~beﬁzyl derivatives appear closely to parallel those
of 1-H analogues. In particular the o- quinonoid
lactam tautomer appears to predominate over hypothetical
stilbenoid-lactam, lactim and acyl-imine tautomers
(where appropriate).

An application of an earlier synthesis of alkoxy
1-H 3(2H)-isoquinolones to the preparation of the
tetrahydroprotoberberine alkaloid (%) -norcoralydine
has been completed in the present work.

The second major part of the thesis constitutes
an investigation into the influence of variously-
oriented hydroxyl and methoxyl groupings in the Hof-
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mann degradation of the tetrahydrobenzvlisoquinoline
alkaloids, following reports that certain combinations
of these substituents appeared to facilitate the
elimination process.

Examination of the relative rates of stilbene
formation from gquaternzry hydroxides derived from sz
series of 1-N,N-dimethylamino-1,2-diarylethanes suge-
ested that methoxyl substituents in the l-aryl ring
did not appear to have a significent effect (at least
under the conditions wused). This weas in.sharp con-
trast to the effect of hydroxyl groups in positions
2 or 4 of the l-aryl ring, decomposition of even the
quaternary methicdides proceeding rapidly to stilbenes.

Evidence is presented that 3-hydroxy substituents
in the l-aryl ring of 1-N,W-dimethylamino-l,2-diaryleth-
anes and 5- or T-hydroxy substituents in tetrahydro-
benzylisoquinoline derivatives retard Hofmann elimin-
ation in the derived gquaternary hydroxides by removel
of hydroxide ion with formetion cf relatively stable
phenolate zwitterions (hydroxide ion being normally
respensible for initiating the decomposition of quater-
nised non-phenolic amines via removal of a methylene
protonwﬁ to the amino moiety). In contrast, quaternised
phenolic amines with hydroxyl groups in the 2 or 4 pcsit-
ions (aminodiarylethanes) and 6 or 8 positions (benzyl-
isoquinolines) are themselves capable of facile decom-
position, presumebly via uncharged "quinone-methide"
intermediates.

The structure of an orange-red crystalline by-pro-
duct formed in the course of the above work during the
preparation of 1-(3%,4-dimethoxy)-1-keto-2-phenvlethane
from veratrole and phenylacetyl chloride is shown by
spectroscopic and other evidence to be l-benzylidene-
5,6-dimethoxy-2-yhenyl-3-veratryl indene.

The final section of the thesis deals with syn-
thetic approaches to the pentacyclic antineoplastic
alkeloid camptothecin, a constituent of the Chinese tree

Camptotheca acuminata.




A study of the reduction of gquinoline-2,3%-
dicarboxylic acid derivatives as a source of
potential synthetic intermedistes gave mixtures of
hydroxy-~amides and lactones in which the heterocyclic
ring was partly or wholly reduced. No ZH-pyrrolo
(%3,4-b) quinoline was detected and the low yields of
individual products obtained made this approach less
attractive than recently published syntheses.
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TECHINIQUES

For reactions requiring prolonged periods at
elevated temperatvres baths containing liguid paraffin
(< 200°) or Wood's metal (>75°) heated by electrical hot
plates were generally preferred to electrical heating
mantles, affording closer control of temperature and (in
the former case) allowing the use of magnetic stirrers.
Reaction temperatures quoted are those of the'heating
bath vnless otherwise stated.

Nitrogen for reactions requiring an inert atmos-
phere was dried by passage through concentrated sulphuric
acid. Blue silicagel was generally emgloyed as a dry-
ing agent in dessicators and in drying tubes attached to
the outlet of reaction flasks. |

Organic extracts from agueous media were dried by
washing several times with saturated aqueous sodium
chloride soclution followed by standing over anhydrous
magnesium sulphate. Evaporation of solvents was achiev-
ed by means of a rotary film evaporator employing a water
or liquid paraffin bath for heating the distillation
flask and ice-salt or acetone-solid carbon dioxide for
cooling the receiving flask as necessary.

Solutions were decolowurised by addition of animal
charcoal prior to crystallisation. Compounds which dicd
not drystallise readily were purified for microanalysis
by sublimetion in narrow-bore glass tubes (~lcm diameter)
under high vacuum. A1l enalytical samples (solid or
ligquid) were evacuated for several hours (normally at
30-100°) over poctassium hydroxide pellets to remove
traces of solvent and water vapour. Melting points
were determined on a Fofler hot-stage apparatus and are
uwncorrected. Temperatures are given in degrees(kﬂsius.

Thin layer chromatography was carried out on 0.25mn

layers of Merck Yieselgel G, H or RR 254. In preparative

i i ckne 1 Ox20
TLC layers of up to 1.C0mm thickness were used on 20x2C

or 20x100 cm plates. Spots were most commonly detected

X1



by charring with ceric ammonium nitrate-sulphuric acid
reagent although icdine vapour, ferric chloride reagenty
and dinitrophenylhydrazine reagent were also used where
appropriate. Colours shown in parentheses immediately
following the Rf values of compounds described in the
various experimental sections are those produced by the
former method. Woelm neutral alumina was used for column
chromatography.

Ultraviolet spectra were measured on a Unicam SPEOO
automatic recording instrwnent (with provision for repeat
scanning) emploving 957 aqueous ethanol ("EtOH") as sol-
vent unless otherwise stated. Routine infrared spectra
(Nujol mulls and liquid films) were obtained on TUnican
SP 200 or SP 1000 spectrometers, while spectra of higher
resolution (K Br discs and solutions) were measured on
Perkin Elmer PE 225 or Tnicam SP 100 instruments. Mass
spectra were recorded on AEI M3 9 or MS 12 machines.
Nuclear magnetic resonance spectra at 60IHz were measured

on a Perkin Elmer R10 or on a Varian T60 instrument, while
spectra at 100 MHz were obtained on a Varian HA 100
spectrometer (using tetramethylsilane as internal standard).

The tern "light petroleun" refers to the fraction of
boiling point 40-60° vnless otherwise stated. Reaction
yields are normally quoted to the nearest 5% (erring on

- the low side).
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PART I (1)

Synthesis of 1- Benzyl- 3(2H)-isogquinolones
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Chapter 1.1 Introduction

The 3(2H)-isoquinolone gystem has received litilc
attention in the past, probably because of its relative
inacoesibility.1 A recent upsurge of interest in com-
pounds of this type has taken place however, mainly cen-
tred around the problem of the correct tautomeric forms
existing uvnder varying conditions of solvent, pH, etc.l—4

One of these studies followed the developmentvgg 2
new synthesis of alkoxy-3(2H)~-isoquinolones (1) from 2-
hydroxymethylarylacetic acid lactones via 2-formimino-W,
N-dinethyl arylacetamides (Figure 1.1-—01).1 The route
is claimed by McCorkindale and McCulloch to be fairly
general. The key step, involving acid-catalysed cyciis-
ation of an intermediate imino-amide, is reported to be
dependent on the basicity of the primary amine (R/NH?)
used for initial imine formation, the time required for
reaction varying from lmin (e.g. for R” = Me) to 20-30
min (e.g. for R” =IH,).

This efficient synthesis seemed capable of extension
to other more complex structures containing the 3(21)-iso-
quinolone system, and was obviously of great potential
value in the field of benzylisoquinoline-derived alka-
1oids.,5 0f special interest in this connection was the
reduction of the 3(2H)-isoquinolones, catalytic hydro-
genation or sodium borohydride treatment yielding 1,4-di-
hydro derivatives (2) which could be further reduced by
lithium aluminium hydride to tetrahydro derivatives (3).

Thus, McCulloch outlined several hypothetical routes
leading to various alkaloidsl systems in which the 3{2H)-
isoquinolone fragment prepared by the method already des-
cribed (Figure 1.1-01) was to be further reduced either
before or after addition of other substituent groups.5 A
foundation was thereby established for the construction
of the elusive benzophenanthridine skeleton (Figure 1.1~
02),5 and a synthesis of the tetrahydroberberine alka-

1

loid norcoralydine (4) initiateds (which has been com-
pleted in the present work : see Chapter 2).
0f more direct relevance to the major part of thne

10
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present work however 1is I"eCulloch's proposed synthesis
of the simple tetrahydro@enzylisoquinoline svatem illus-~
trated in Figure 1.1-0%.°  For this route %o be success-
ful several assumptions would have 1o be made + (a) that
it would be possible to prepare keto-arides of type (5);
(b) that these would readily form imines with primary
amines; and (c) that the required cyclisation would take
place (e.g. with acid). No difficulty was envisaged dur-
ing the final reduction, although it was considered that
the l-benzyl-3(2H)-isoquinolones (6) would prove to be of
sufficient interest to merit their preparation alone.

It was hoped for example that these 3(2H)-isoquin-
olones might possess some degree of biological activity
on account of their close similarity in structure to the
benzylisoquinoline alkaloids, e.g. papaverine (7) (anti-
spasmodic, anaesthetic)6 and laudancsine (8) (convulsive,
paralytic),7 In addition the previously mentioned taut-
omeric equilibria could possibly creste or enhance such
activity: e.g. the production of spontaneous cell mut-
ations has been attributed to the presence in DA of
nucleotide bases in abnormal tautomeric forms at the time
of replicé‘tion.8

More specifically, the N-H species (9,10) should be a
potential bifunctional catalyst by analogy with 2-pyridone
(11, 12).5 The latter was shown to effect first-order
catalysis of the mutarotation of tetramethyl glucose in
benzene solution, the rate of reaction being considerably
greater than when mixtures of phencl and pyridine were em-
ploved and in which third-order kinetics prevailed.

It has been suggested that polyfunctional catalysis
of this type in which nuclecphilic and electrophilic
groups are present in the same molecule may be the basis
of enzyme action,9 ILike the enzymic systems, 2-pyridone
functions more efficiently in near neutral conditions,at
low temperature and in high dilution, and high catalyst-
substrate specificity is demonstrated. Catalyst-sub-
strate complexes are also formed prior to reaction in
both cases, the probadle mode of action of 2-pyridone in

s 9
the examole cited avove veing as shown in ¥igure 1.1-04.

%/2%
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The properties of l-benzvl-3(29)-isoqguinolones incor-
porating potential bifunctional catzlytic activity
into a benzylisoquinoline framework should therefore
be of considerable interest. '

The following chapter describes the preparation
of a number of such compounds by various synthetic
routes, after which a discussion of spectral and other
properties of l-benzyl-3(2H)-isoquinolones is given.

— |3 —



Figoee 1.2 —oi

MeO (/\ NCORNMe,

MeO O Cio MQQ@ACONW:. MO O A CONMe,

—_— O
™M SBr ) >~

mo@é MQO@ . meo

Figuge .2-02

M0 O ~cocdl C Meo) CONDe,
MO MO N@/O\/\CO&M92

C\oc 'L MQO
—>

M eO /J MQO
MO MO

- _Fhaues V203

Ae)

MeO

MQO@ ’
N o N o Poct, meol L o
——3s
O
%&

Figure 1.2 —04

O ) . koo O .
\N/UO N O —— N N/ i MO
H U M I

— i —

+,




— 2

Chapter 1.2 Preparation of 3(2H)-isoquinolones

With a view to developing the route devised by
McCorkindale and lcCulloch for the synthesis of alkoxy-
3(2H)-isoquinolones along the lines shown in Pigure 1.1~
03, Plood made some preliminary attempts to prepare keto
amides of type (5) by two routes (Figuresl.2-01 and 1.2-
02). Iiittle progress was made however, and it was

1 .
conc luded 0 that the dimethylamido group was in some way

responsible for the failure of the essentiagl Grignardgi'll
and acylation reactions (Figures 1.2-01 and 1.2-02 respéct~
ively).

In the present work the dimethylamide (13) was again
prepared, and fully characterised. Acylation was attempted
using (a) 3,4-dimethoxyphenylacetonitrile (14) with stannic
chloride or aluminium chloride and (b) 3,4~dimethoxy-
phenylacetic acid (15) with trifluorocacetic anhydride.

In the first reaction mixtures of products much more polar
than the initial amide resulted (probably phenols arising
from demethylation) whereas in the second a gquantity of
the trifluworcacetyl derivative (16) was obtained. 1In no
case however was there evidence that the required reaction
had occurred and no further attempts were made to acylate

dimethylamides.
Reports of "Bischler-Napieralski" cyclisation of
imides (cf. e.g. Pigures 1.2-03 and 1.2-04) 12,15 suggest-

ed that a rather different approach might be more profit-
able. Thus it wss hoped that treatment of an imide such
as (17) with phosphorus oxychloride or phosphorus pent-
oxide would result either in direct formation of the iso-
quinolone (18) or, by direct analogy with Figures 1.2-03
and 1.2-04 afford the stilbenoid structure (19) which it
was thought might be capable of transformation into (18)
(if the latter was not in fact the preferred tautomeric
fornm).

To obtain the N-H imide (20) recourse was made to a
reported method for the preparation of "bisphenylacet-
imide" (21) from 2 moles of phenylacetyl chloride and
1 mole of benzamide, the latter acting merely as &a
14 However, microanalysis of the product

— 5 —
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obtained using 3,4-dilicthoxyphenylacetyl chloride in
place of phenylacetyl chloride showed that lmole of hen-
zanide had condensed with 1 mole of the =2cid chloride to
form the imide (22), 017H17NO4, instead of the desired
p?oduct (20), 020H25NO6.

In view of the availability of this imide (22) it
was decided to test itls possible cyclisaticn to a 3(2H)-
isoquinolone in spite of the lack of a methylene group
adjacent to the carbonyl group potentially involved in
cyclisation. However, slthough phOSphorué okychloride
treatment appeared to give rise to a single product less
polar than starting materisl (possibly a chloro compound),
no evidence could be obtained for 3(2H)-isoquinolone
f ormation.

It seemed that & closer analogy to the imide cyclis-
ations previously cited (Figures 1.2-03% znd 1.2-04)
would be cyclisation of the N-Me imicde (23). Treatment
of %,4-dimethoxyphenylacetyl chloride with methylamine in
ethanol-benzene or ether yielded the monomethyl amide (24).
Although reaction of this with 3;4-dimethoxyphenylacetic
acid and trifluoroacetic anhydride afforded a complex
mixture of products, a reasonable yield of the tetrameth-
oxy-N-methyl imide (23) was obtained on treatment of (24)
with excess 3,4-dimethoxyphenylacetyl chlorice. However
in view of the.success achieved in the alternative approach-
es to 3(2H)-isoquinolones described later cyclisation of
this imide was not in fact studied, although it is con-
sidered that this reaction holds considerable promise.

In 1952, Bentley, Dawson and Spring sousght a new syn-
thesis of papaverine (7) via +the benzylisoguinolone der-
ivative (25) which, incidentally, they believed would
exist as the 3-hydroxyisoquinoline tautomer (26).15 They
were unsuccessful in their attempts to prepare this inter -
mediate as keto esters of type (27) were found to afford
bright red naphthaguinones (2&) on treatment with for
example aqueous ammonia, rather than the intermediate
keto amide (29) or indeed the Z(21)-iscquinolone ("3-hy-
drxyisogquincline™) which had been hoped for. The

mechanism of naphthaguinone fcrmation was

/6
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proved to involve initial condensation to give & 1,%-
dihydroxynaphthalenz (3%0) which was re eadily oxidised in
alkxaline solution %o the final hishlv coloured proguct
on exposure to air, and agueous sodium hydroxide was
also found to effect this transformation in good yvield.
The project was apparently abandoned at this stage, al-
though "Z-hydroxyisoquinolines'" were obtained (for only
the second time, according to the chemical literature)
cf.16 by ammonis treatment of esters of 2-acetyl- and 2-
benzoyl-4,5-dimethoxyphenylacetic acids, phenolic char-
acter being supposedly indicated by solubility in sodium
hydroxide and & violet colour test with ferric chloride.

I'rom these resunlts, then, it seemed that keto est-
ers of type (27) would yvield naphthaquinones on treat-
ment with any base strong enough to cause carbanion form-
ation by removal of a protonwx to the ketone. In order
to study this situation in greater detail the preparation
of keto ester (31) was undertaken, and its properties
examined with a view to obtaining imino or amide deriv-
atives which might act as intermediates in 3(2¥)-iso-
guinolone formation.

Conversion to the naphthaquinone (32) was found to
occur not only with ammonia but also with sodium hydrogen
carbonate and even to a small degree with scdium acetate.
On testing the keto ester (31) with a series of amines
in ethanol solution (taking as evidence of naphthaquinone
formation the development of colour, the anion appearing
deep red in dilute.alkaline solution), the following
results were obtained: methylamine caused rapid colour
formation on shaking in air at room temperature, benzyl-
amine reacted more slowly to give a red solution, and
hydrazine hydrate and pyridine produced no colouration at

all. (Incidentally these results are in keeping with
the order of basicities, values of‘Pk for these amines
17

being shown in Figure 1.2-05)
Since hydrazine did not appear sufficiently basic
to cause rapid self-condensation of the keto ester, it

was hoped that a reaction under carefully controlled
either the F-amino-3(2H)-iso-~

N S Terc)
1v U T viaT 4L

conditions might prod
guinolone (%3) or at least an intermediate suitable for

3
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further conversion : e.£. hydrazone (34), hydrazide (35),
or even hydrazonehydrazide (3%6). Accordingly a methanolic
solution of keto ester (31) was treated with aquecus
hydrazine hydrate in the dark at room temperature under
nitrogen atmosphere. PLC of a chloroform extract of
the yellow reaction mixture afforded a very smail vield
of a yellow crystalline solid, m.p. 183~185°, and a some-
what grester quantity of a colourless crystalline soligd
of indefinite melting point. The latter was found to
be completely converted to the former on heating or on
treatment with mineral acid followed by basification.
(Even gentle warming in solution prior to recrystall-
isation caused slight conversion to the yellow préduct).
A study of spectral data and comparison with

1,5 (see.

spectra of authentic 3(249)~isoguinolones
Chapter 1.3) indicated that the yellow compound indeed
appeared to be the required l-benzyl-6,7-dimethoxy-N-
amino~3(2H)-isoquinolone (33), C18g18N203' It thus
seemed that the colourless conmpound was an intermediate,
readily convertible to the %(2H)~iscquinolone (for
discussion of its structure see Chapter 1.4). Evidence
from parallel experiments suggests that this colourless
material is indeed the first product formed when extreme-
ly mild conditions are used, the 3(2H)-isoquinolone
only being produced during work-up (poegsibly due to
catalysis by a trace of hydrochloric acid present in
the chloroform used for extraction and/or by the chrom-
atographic media employed for final separation - see
Chapter 1.4).

To test the generality of this reaction and also
to approach more closely towards sn "authentic alkal-
oidal structure"(in particular with regard to the sub-
stitution pattern of aromatic methoxyl groups) , the
trimethoxy keto ester (37) was prepared, Friedel-
Crafts reaction of methyl homoveratrate (38) with
homoanisoyl chloride (39) in the presence of aluminium
chloride in carbon disulphide affording a good yield of
the required product, m.p. 118-121° . Treatment with

hydrazine hydrate under conditions enelogous to those

.
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described above Ffollowed by chloroform extraction
furnished a correspondingly labile colourless compound
as main product. This was smootnly converted to the
bright yellow 1~ ~p-methoxybenzyl~6, T-dimethoxy -~N-amino-
3(2H)-isoquinolone (40) on heating or acid- -base treat-
ment, thus suggesting that keto esters (31) and (37) do
indeed undergo the same type of reaction with hydrezine
hydrate (see Chapter 1.4).

The weakly basic nature of hydroxylamine(pr8.04)l7
suggested that this species would react analogously to
hydrazine with the keto esters (31) and (37), yielding
the corresponding W-hydroxy-3(2H)=-isoquinolones (41) and
(42). However the lability of this reagent is well
known as is the difficulty incurred in its preparation,léma
McCulloch had by-passed this problem in a synthesfs of
the N-hydroxy-3(2H)~-isoquinolone (43) by use of hydroxyl-
amine hydrochloride, the initial prcduct being the 3(2H)-
isoquinolone hydrochloride.l

In the hope of achieving a similar result a methan-
olic solution of keto ester (37) was treated initially
with hydroxylamine hydrochloride and then, as very iittle
reaction appeared to be taking place, refluxed with the
addition of a small quantity of pyridine. PLC of the
reaction mixture (following a work-up involving the
addition of acid prior to basifying and extracting with
chloroform) afforded a small yield of a yellow flunor-
escent compound with ultraviolet absorption spectiral data
in accord with that expected for a 3(2H)~isoquinolone,
and it thus seemed likely that this product was at least
a derivative of l-(g-methoxybenzyl)~6,7—dimethoxy~N—
hydroxy-3(2H)-isoquinolone (42). A fuller discussion
of its spectral properties is given in the next chapther,
where it is shown that its structure is likely to be
(56).

Although the amide aldehyde (44) had failed to re-
act with ethylamine hydrochloride (in contrast to hiydroxy-
lamine hydrochloride), > the keto ester (37) was treated

at room temperature with methylamine Lydrochloride (a)

in methancl, (b) in methanol containing scdium ecetate
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and (c¢) in methanol containing pvridiné {all T™TC
scale). In no case did a rezction occur, but in the
light of later experiments conducted with keto amide
(45) and methylamine hydrochloride (see racelf), re-
actions of type (b) and (c¢) wouvld appear to be worthy
of further study with a view to achieving a prep-
aration of the N-methyl 3(2W)-isoguinolones (46) ana
(47). -

In order to arrive at a more general l-benzyl-~
3(2H)=-isoquinolone synthesis from 2-arylacetylaryl-
acetates it now seemed necessary in view of the above
results either: (a) to deactivate the arylacetyl
methylene group (potentially carable of carbanion
formation); (b) to activate the ketone towards imine
formation; or (c¢) to deactivate the ester towards con-
densation reactions. It was thought that the latter
approach would lend itself most readily to implement-
ation since replacement of the ester function by either
a carboxyvlate salt or an amide grouping should prevent
naphthaquinone formation in the presence of even strong-
ly basic amines. '

However, althourh W,N-dimethyl-o~formyl arylacet-
amides hawe been smoothly converted to 3(2H)-isoquin-
olones (Figure 1.1—01)1 it was evident from the fore-
going that direct formation of a dimethylamide from
keto esters (31) or (37) by the action of dimethylamine
would be unlikely. To overcome this problem it was
considered that an indirect preparation of the desired
keto amide (45) could be achieved from (37) by select-
ive reductionl9 of the ketone function to the corresp-
onding alcohol followed by amide formation and reoxid-
ation.

with sodium borohydride in methanol solution the
keto ester was found to give a mixture of the lactone
(48)E£'2O and diol (49), cf.21 the relative proport-
ions varying considerably with scale, concentration
of reactants and reaction time. The lactone presumably
arose from base-catalysed elimination of methanol from
the initially formed hydroxy ester (50).19 Cases in
which borchvdride has reduced esters to alcohols are

- D) —
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certainly not unknown, 19 especially where the
possibility exists of internal reduction by an inter-
nediate substituted borohvdride of the type postulated
in Figure 1.2-06. It wos extremely difficult (but not
impossible) to obtain a reasonable yield of the lactone
at the expense of the diol from this reaction.

With diborane in tetrahydrofuran solution the main
product was the expected hydroxy ester (50) along with
minor quantities of lactone (48) and diol (49). cf.19
The hydroxy ester was found to be rapidly converted to
the lactone on attempted crystallisation 6r sublimation,
and more slowly on standing at room temperature.

Hydrogenation of the keto ester (37) under a variety
of conditions of solvent, catalyst and reaction time 22
failed to give isolable yields of lactone or hydroxy
ester, mixtures of products generally being obtained
where indeed reaction took place at all (see Chapter 1.6).

Treatment of either the hydroxy ester or lactone
with dimethylamine in ethanol solution afforded the
required hydroxy amide (51) in 2lmost quantitative yield.
(Whether or not the hydr oxy ester was first converted
to the lactone under these conditions was not established:
a complicating factor in a study of this reaction would
he the fact that the hydroxy amide seemed capable of
losing dimethylamine with regeneration of the lactone on
prolonged heating in solution or extended contact with
chromatographic media).

Manganese dioxide treatment of the hydroxy amide
(51) for several days gave a very small yield of impure
material the infrared spectrum of which (V ___ at 1645
and 16800m"1) suggested that it may contain the keto
amide (45), but the latter was more readily prepared
in good yield by oxidation of (51) with ruth;gium
tetroxide in carbon tetrachloride solution. 7  As this
was apparently a very clean reaction, it might have been
possible to achieve an even better yield (cf. Chapter 1.6)
but for the low solubility of the hydroxy amide (51) in

carbontetrachloride. (Although chloroform has been used
be urnsuitable in

in such oxidations, it was found to ©e
the present case).
— 23—
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Treatment of the keto amide (45) with methylamine
in refluxing ethenol failed to vield the iwmine (52), the
interrediate required for the synthesis of the 3(27)~isco~-
quinolone (47) as proposed by MeCorkindale and MeCulloch. ™
Due to the known difficulty in forming imines from aromatic
ketones 24 this result was not altogether unexpected, and
thus reaction of the keto amide with ammonia or other less
nucleophilic amines was not attempted.

As proton and lewis acids have been used successfully
to catalyse the formation of imines from aromatic ke'tones,25
and since it was believed that imines of type (52) once
formed would be smoothly converted to 3(2H)-isoquinolones
on acid treatment, 1 the keto amide (45) was now heated
in acetic acid solution containing ethanolic methylamine.
Ultraviolet absorption spectral data of the yellow flvor-
escent product suggested that the desired N-methyl-3(2H)-
isoguinolone (47) had indeecd been formed in gcod yield
(TLC), but the product proved difficult to isolate in
a pure condition, which was partly due to its apparent
susceptibility to aerial coxidation. cf.l This compouvnd
was also produced on treatment of the keto amide with
methylamine hydrochloride in pyridine, but again attempted
isolation of a pure product was unsuccessful, as were
attempts to prepare a crystalline hydrochloride.

The N-d-3(2H)-isoguinolone (53) was satisfactorily
prepared in a high state of purity from the keto amide
(45) . by means of ammonium acetate in acetic acig.cf-?

This compound was practically unaffected by overnight
exposure to the atmosphere : cf. the great susceptib-
ility to oxidation exhibited by 6,7-dimethoxy-N-methyl-
3(2H)-isoquinolone (54) with the comparative stability
of 6,7-dinethoxy-N-H=3(2H)~isoquinolone (55).

The N-amino-3(2H)-isoquinclone (40) was formed in
good yield on treatment of the keto amide (45) with
aqueous hydrazine hydrate in acetic acid. (Reaction
of (45) with methanolic hydrazine hydrate in the
absence of acetic acid (cf. reactions with keto esters
(31) and (37))wes not attempted.)  Both the N-H and

ied ,1VES OY T t wi i e hydro-
the N-amino derivatives on treatment with dilut v

— 24 —
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chloric acid readily formed colourless hydrochlorides,
from which the 3(2H)-isoquinolones were recoverable by
treatment with ammonia and extraction with chlorofornm.
On heating, both hydrochlorides became yellow, perhaps
suggesting facile loss of hydrogen chloride. Eifs
Spectral properties of all 3(2F)-isoquinolones

prepared are discussed in the following chapter.

25
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Chapter 1.3 S“GCLIdl _Properties

Nuclear magnetic resonsnce svecira

Details of NMR spectra of four of the 3(2H)-iso-
quinolones synthesised are listed in Tigure 1.3-01. The
tentative assignments indicated for protons H4, H5 and
H8 and methoxyl groups at C6 and 07 are based on con-
sideration of the relative electron densities at the
various positions, taking into account the probable
direction of electron flow and the somewhatl greater
overall "aromaticity™ of the non-heterocyclic ring
system (Figure 1.3-02). >

In both of the N-NH, derivatives (33) and (40)
integration suggests that only one of the two NH2 pPro~
tons resonates at positive T (between 4 and 5 v ), the
other presumably occurring at very low field due to
strong hydrogen bonding, possibly intermolecular (cf.
values of 2.9 and-3.8 7 exhibited by the two aminc pro-
tons in N-amino-6,7-methylenedioxy-3(2H)-isoquinolone
CYIIED I > As with 6,7-methylenedioxy-3(2H)- iso-
quinolone (58) or 6,7-dimethoxy-3(2H)-isoquinolone (55 )
a resonance was not observed corresponding to N-H in
(53). However, although it has been reported that the
N-OH proton in N-hydroxy-6,7-methylenedioxy-3(2H)-iso-
quinolone (43) 'appears at 4.167, 1 1o similar reson-
ance could be detected corresponding to the hydroxyl
proton in (56). (It now seems possible that this px roton
actually occurs at very low field).

The NIMR spectra of the benzylisoquinolones suggest-
ed predominance of the n3(29)-isogquinolone" tautomeric
form (16&) over stilbenoid (19) =nd other proposed taut-
omers (such as the lactim (59) and acylimine (60) for

N-H derivatives). 1-4, 26 while it is known that a

carbon~-carbon double bond connected to an aromatic
nueleus deshields the ortho protons (cf. e.g. values of

2.55 v for the corresponding protons in petaline methine,

Figure 1.3-03), 27 in the four compounds under discuss-
~~~~~ tc between ahout 2.7

jon the prO‘tOl’lS HZ/ and H6/ resonave =341
to 2.9, values close to those found in many alkylated

— 2 -



C O w bou«‘\d

Ref.

Meo o2 )
T SINGENG NNH2
0)

@J/O‘\q&

Me O

MO (NAC
MeQ N M
o .
MQOlO
Q

Me Q> l//\”
Me O ANH

_NQOO

oA NN,

MeO ANAYC
Me. O

N O

MO =~ 20
MeOAI N Me

MO o NH
CMe
)
10X

MO
Me O NMe,
OMe
O OMe

(23)
(40)
58

47)

(53)

@ﬂ
(98)
&4
(5%)

@n

Max or infl., nm(lcﬁ e’_-) * (‘\',o.c\.)
2733 257 288 306 38— 395
(4.03) B-43)(330) 3:34) (3 35) — (3.39)
229 257 282 30§ 3T — - 398
G 13) G 53) (34D 42)(342) — (3-47)
228 A57 —— 305 JT7  RES 402

(o0) (-70) — (@) (o) @) © 1)

X ang 257 292 2302 36

403

(o0) (194 63D 1) @15) — ©-\7)

A7

A56 A82 302 D3 335§ 399

@ 26) (4-6\) (355) (3 31) 3 29) (3-24) B 55)

250 293 307 318 — 400

G48) 359k NG — (3.7
251 — 305 3BA 290
G — @oeNGD — (3-4%)
249 290 306 b — 399
(4-70) 34D BE-50) (355 — (3-63)
247 388 301 313 354 3%

4 70)@-59)(353) B-5D) G35 3-59

339
(3-506)

A96  RA09g 330
@15) (317) (4-23)
29 —— |

&



35— 06

!
i
c
3
{
[V

(6) MeO \/Y\\‘\ MeO AN e =

M ax (103 €), am: 396(3-54) 354-(3 -35)

mo@f/\fo Meo A oH
\!
Me O >~ ONH Mgo ~ /N E3qq

&3) = 224
N sy
Meo O MQO(

(1038) am s 399 (3-55) 355(3.20)

m(\ %

Figure 1.3-07

4 < . N -1 i
' . 1662,1648,1618
0©;/NY"\3 \)M'\ax (Nd«lol), [V S \(4(92, A

(©5)

O . ‘
MeO N
mo@i\/\‘NH ' Vnax (Kdl), e + 656,133, 1614

(55)

30




YA g—

benzene derivatives. 28 Ioreover, witlh the exception
of the solitary methine proton of (56) which aprears at
somewhat lower field, the methylene protons all rescnate
between 5 and 6 %, rather lower then would be expecied
for H4 methylene protons in hypothetical stilbenoid —
lactam structures (19) by analogy with the value (usually
about 6.57) found for the corresponding protons in 1,4~
dihydro-3(2H)=-isoquinolones (sce e.8. Figure 1.3~04). 1
Ultraviolet spectra

Figure 1.3-05 illustrates ultraviolet spectra of
all 3 (2H)~isoquinolones prepared in the preseht work
along with 1=-H analogues, 1 Bmmethoxyisoquinoline (61)3
and an example of a polymethoxy stilbene (62)5 for com-
parison purposes. It is evident that spectra of all
compounds believed to be 3(2H)-isoquinolones show strik-
ing similarities, and it would appear that the possible
stilbenoid tautonmeric form 2 is not present to any
noticeable extent under these solvent conditions (95%
aqueous ethanol). Slight changes occurred on addition
of acid or base which in general parslleled those ob-
served for the 1-H derivatives, and tended to confirm
protonation on oxygen under acid conditions 1 (again
with no evidence for tautomerisation to stilbenoid
forms).

In the case of N~-H 3(2H)-isogquinolones the intensit-
ies of absorption at around %50nm and 400nm have been
quoted as being indicative of the relative proportions
of lactim and lactam tautomer, reSpectively.l’3 Com=-
parison of the ratio cof these intensities for (55) and
(53) suggests that there is less of the lactin tautomer
present in the l-anisyl derivative than in the 1-H anal-
ogue (Figure 1.3-~06), and this is in keeping with the
finding that l-methyl-3(2H)-isoquinolone (63) favours
the lactam tautomer even more than (64).

Other spectral properties

In the infrared spectra the l-benzyl and l-anisyl
%(2H)~-isoquinolone derivatives all exhibited solid-
state absorption in the 1610-1615, 1630-16%5 and 1645~
16600m'1 regions,values roughly comparable 1o corres-
ponding data for e.gz. (65) and (55) (Pigure 1.3=07) .7
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At least in the case of the H-NH, 3(21)-isoquinolones,
the carbonyl absorption tends 1o confirn predominance of
"isoquinolone" over possible stilbenoid forms in the
solid phase, since in the stilbenoid tautomer amide C=0
absorption might be expected to appear at lower wave-
length then in its &, B - unsaturated snalogues, <2120
(A rouvgh illustration of this effect is provided by com~
parison of carbonyl absorption of 3(2H)-isoquinolones
(57) and (65) with their 1,4-dihydro derivatives (66)
and (67) (Pigure 1.3-08) ;3 however, N-H 3(20)-isoquin-
olone derivatives do not appear to follow this trend).l
In the N-H derivative (53) a broad band at 2600-
2700cn -1 is present,; and this has been taken as evid-
ence of the presence of a strongly hydrogen-bonded reson-
ance-stabilised dimer (Pigure 1.3-09). 2’21  mhis ‘seems
to preclude the existence of the hypothetical acyl-imine
form of type (60)2’26 and also lends support to the
belief that the stilbenoid tautomer2 (in which resonance-
stabilised dimerisation of this type - though possibly
not simple intermolecular hydrogen-bonding - is impossible)
does not make an importent contribution to the structure.
The greatest value of mass spectroscopy in the pre-
sent work has been in the structural elucidation of the
N-hydroxy derivative, believed to have structure (56)
(NMR spectroscopy having shown that not three but four
methoxyl groups were probably present in the molecule-
see Figure 1.3-01). The mass spectrum showed a base
peak at m/e 151 with an abundant ion at m/e 135.  This
is most readily explained in terms of the species (68&)
and (69), arising from breakdown of a parent molecule with
structure (56).
. No parent ion was evident in the spe ctrum, the
jon of highest mass occurring at m/e 355 (50%) suggest-
ing a loss of 16 mass units. This can be accounted for
as a loss of oxygen from the W-oxide tautomer (70)32 (a

loss characteristic of such N-—oxides).33 it is inter-

esting to note that the breakdown pattern of the anealogous

compound (43%) is reported to be virtually identical to

" that of (58) under normal conditions, the parent ion

being observed only if a direcs insertion probe is used

— 33—
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in the mass spectrometer.
mention here is the appearance in the ultraviolet
spectrum of (56) of fairly weak absorption at 355nm,
which may be due to the presence of a small percentage

of the N-oxide form in ethanolic solution).
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Chapter 1.4 Modes of Tormation

Two distinct mechanisms have been postulated to
explain the cyclisation of o~acyl arylacetic acid der-
ivatives with amines or ﬂlnx salts to 3(2¢)- ~isoquin-
olones (see Figure 1. 4»07) Factors which may in-
fluence the course of the reaction (i.e. whether it
corresponds to Type A or Type B) include the nature of
R (W or alkyl), R (¥, alkyl, ¥H,, OW, etc.) and COX
(acid, ester, or amide), and possibly also other var-
iables such as solvent, pH and reaction temperature.

In the present work it would seem that reaction of
keto amide (45) with (a) amine acetates in acetic acid
or (b) amine hydrochlorides in pyridine or methanolic
sodium acetate would be more likely to take a Tvpe X
course (i.e. initial imine formation rather than trans-
amidation) from consideration of relative reactivities
of ketones and amides to nucleophilic attack (even
under acid-base catalysis).

In cases where keto esters (31) or (37) were treat-
ed with hydrazine hydrate a type B mechanism would appear
to be more probable becavse of the greater reactivity to
nucleophilic attack of esters over aromatic ketones. In
support of this theory is the evidence to be drawn from
a study of the colourless products isolated in each case
along with the bright yellow 3(2H)-isoquinolones (33)
and (40). These were convertible into the latter slowly

on treatment with base and rapidly on heating or on acid-
base treatment (and also on mass spectral fragmentation);
and this considerable sensitivity made purification and
recording of satisfacitory spectra difficult.

However, on one occasion analytical figures were
obtained for the "N- ”H? -1- benzvl” intermediate which
suggested a molecular formula of 018 22h20c, correspond-
ing to the formrula of the eventual 3(2H)-isoquinolone
(35),018H18N205, plus 2 molecules of water. The fact
that the only evidence of absorption in the infrared
spectrum over the range léOO-l&OOcm“l was a fairly

- -1
strong band at 1610cm seemed tc peint to the loss
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of the ester and ketone froupings frog the origins)d
keto ester (31), but sugrested that if a carvonvl
function was in fact present (perhaps s hyvdrazids) QL. o4
it must be very sirongly hydro@en«bonded.ag The ultra-
violet spectrum (Amax at 214, 259, 262 and 287 nm) raled
out any possibility of a stilbenoid structure, 35 and
the presence of two methylene g roups with magnetically
nonmequlvalenu protons was suggested by 1H doublets in
the NMR spectrum at 5.63 and 6.62~ (J= 134z) and at

6.63 and 7.55 v (J= 217z). 28 :

Consideration of structures for this intermediate
in the light of the above data led eventually to (71)
which it was believed might crystallise with one moie-~
cule of water, perhaps in a hydrated form such as (72).
It is assumed here that the keto hydrazide (35) is first
formed, and that this forms its ring tautomer under mild
conditions. The extreme lability of such a species
(71) to heat or acid-base treatment then hecomes readily
apparent, l,4-elimination of water iummediately forming
the 3(2H)-isoquinolone (33%). |

The “N—Nﬁzml—aniSyl” intermediate exhibited
spectral properties which followed very closely those.
of the lbenzyl derivative described above, and would thus
appear to exist as (73) or (74). (However it must be
stated that the alternative though perhaps less likely
structures (75), (76) and (77), (78) cannot be ruled
out for these compounds on the sbove evidence).

The mode of formation of the tetramethoxy-N-
hydroxy-3(2H)-isoquinolone (56) is more obscure, but it
seens most likely that this would follow a Type B mech-
anism at least as far as the initial step is concerned
in which hydroxamic acid formation probably predominates
over oxime formation. Introduction of the fourth meth~
oxyl group may follow oxidation (presumably aerlal) at
the anisyl methylene position @ £.£. it is envisaged
that methanol could perhaps react with the radical

species (79) or (80) ef.27 or a hypothetical "quinone

methide" derivative such as (8l). cL.>7 A colourless

product was also isolated from this reaction but nov



in a sufficiently pure state for meaningful spectral
data to be recorded (see Chapter 1.6) and no attempt
was made to discover whether it was convertible to
the yellow 3(2¥)~isoquinolone (56). However,
repetition of the reaction under more carefully con-
trolled conditions would be of interest. '
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Chapter 1.5 Further studies

Controlled oxidation of l-«henzylw3(2}-{)«isoquin~
olones is of interest as their structure does not permit
the formation of products directly analegous to the
phthalonimides (62) previously obtained on oxidation of
1-H~3(2H)~-isoquinolones. 1,0£.38 Although neither oxid-
ation nor reduction were studied in detail in the present
work, some attention was paid to a synthetic route which
would offer independent syntheses of possible oxidation
Oor reduction products (e.g. for comparison purposes) and
which (it was originally hoped) might be capable of mod-
ification in such a way as to yield an alternative syn-
thesis of l-benzyl-3(2H)-isoquinolones.

The scheme constitutes a development of Sto11€' s
synthesis of substituted isatins (83)39 and appears
capable of considerable generality (see Figure 1.5-01).
Due to the ready availabilitly of the dimethoxy ketone
{84) (previously required for work described in Part I1
of this thesis) some preliminary attenpts were made to
form imines of type (85) for subsequent reduction to
(86), but perhaps not surprisingly little progress was
made. 2> However, a recent publication describes the
conversion of an analegous ketone (87) to a primary
amine (88) via the oxime and oxime acetate, and
this route could perhaps be adapted towards a general
synthesis of substituted amines of type (86).

Besides yielding 1,4~dihydro derivatives (89) by
two-stage treatment with e.g. chloroacetyl chloride,9£'4o
it seems likely that the amine (&86) could readily be
converted on reaction with oxalyl chloride to the per-
haps more interesting structure (90), the tautomeric
properties of which should be worthy of study. To
apply the route to a direct synthesis of 3(2H)-isoquin-
clones would however reguire the use of a two-carbon
wnit of the same oxidation level as glyoxylic acid (°1)
in a suitably protected and/or activeted form, and this
night prove rather more troublesome.,

As stated in Chapter 1.2 it is believed that de-
hydrative cyclisation of imides of the type shown in
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Figure 1.5-02 under the prover conditions nay afford a
useful route to l-benzyl-3(27)~isoquinolones, the re-
action perhaps proceeding via a stilbenoid-lactam inter-
mediate of the type described bv Hlliott.2 By analogy,
and in view of the latter's successful conversion of the
benzylidene-3-isochromanone derivative (92) to the
corresponding W-methvl 3(2H)~isoduinolone,2 it would
be of some interest to attempt an alternative preparation
of species such as (92) by means of a carefully con-
trolled dehydrative cyclisation of the anhydride (93%).
(Added note: 1in a publication appearing after
completion of this section of the present thesis, Elliott
revises his original stilbencid-lactam and acyl-imine
structural assignments for 1~behzyl—3(2”)-isoquinolone
derivatives in favour of the o-quinonoid tautomers;
however the benzylidene-3-isochromanone (or "stilbenoid-
lactone'") form is still preferred for the analogous
oxygen derivative (92) rather than the o-quinonoid form

A
(94) ).

(Further note: in an even later publication, it is
stated that pharmacological investigation of certain
l-benzyl-3(2H)-isoquinolone derivatives reveals peri-
pheral vasodilator activity in the dog.).45
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Chapter 1.6 Experimental

N, NmDimethylmBg4mdimethoxvphenylacetamide (13) and its
attempted acylation

A chilled solution of dimethylamine (170ml) in ben-
zene (E0ml) was added dropwise with stirring to a solution
in benzene (10ml) of 3,4~dimethoxyphenylacetyl chlorice,
prepared from 3,4-dimethoxyphenylzscetic acid (15) (1log)
and oxalyl chloride (2g) in benzene (20ml). After re-
fluxing for 3 hr the solution was cooled, decanted from
dimethylamine hydrochloride and washed with dilute aqueous
sodium hydrogen carbonate. Addition df ether broke up
the resultant emulsion, and separation of the organié
layer fellowed by removal of solvents afforded the amide
(13) as a reddish-brown oil (6.5g, S55%). The product
was purified by passage through a columm of neutral
alumina (Grade 1, 30 ¢ 1, elution with benzene) followed
by sublimation at 100°-0.02 mm, yielding a colourless oil
.erystallising in large prisms on cooling in ice but re-
melting on attaining room temperature.

TLC Rf (6% MeOH»CHCl3) : (1).6 (brown) .

IR Qmax (liquid film ), cm : 2950, 1640, 1590,
1510,
ANAT, Found, % : C, 64.51; H, 7.69; ¥,6.14; M™ at m/e
223. |
i 553 NYE
012H17N03 requires C, 64.55; H,T7.67;

N, 6.27; MW223.

Attempted acylation of the amide (13) with 3,4~
dimethoxyphenylacetic acid in trifluoroacetic acid an-
hydride-benzene~ether for 14 days at room temperature
gave a smell yield of N, Nedimethyl=3,4~dimethoxy-
phenyltrifluoroacetylacetamide (16), purified by re-
peated chromatography on silicagel. This crystallised
from ether-light petroleum in small plaques of colour-

(8]
less needles, m.p. 95-100 .
TIC REf (29 NeOH-CHCl3) ¢ 0.6 {brown),

IRV (% Br), em¥ ¢ 1620, 1511, 1370, 1340.
—— maex
W A pax (BOH), nm (log€) : 2% (3.91), 279 (3.47),

S S
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UV (contad.) 2e4 (3.42, infl.),
MMR lQOMHz (CDClBZT’ 3.1 (37, n, AvH), 5.64 (1H, s, CH),
6.13 (67, s, OCU}),
6.0 (34, s, YC?B),
7.02 (34, s, NCHz) .
MS Found, m/e : W' at 310.1019.
Cl4H16NO4F5 requires My 319,1031.

Attempted acylation of (13) with 3y4-dimethoxy~
phenylscetonitrile (14) in methylene chloride with
stannous chloride or aluminium chloride as catalyst
afforded mainly unchanged amide along with hydrolysis
products from the agueous work-up. An attempted self-
acylation of 3,4~dimethoxyphenylacetonitrile (14) with
phosphorus oxychloride similarly yielded starting
material and hydrolysis products. .

N-meth vl-3%3,4-dimethoxyphenvlacetamide (24)

Prepared from the acid chloride and methylamine-ethanol-
benzene or (better) methylamine-ether, the monomethyl-
amide (24) was obtained using a similar work-up to that
for the dimethylamide (13) and crystallised from benzene-
petroleum ether (b.p. 60-80° ) in small colourless
needles, m.p. 91-95 ° .

TLC Rf (6% MeOH~CHC1,) 0.5 (browm).

IRV, (Nujol), em "t : 3300, 1640, 1520, 1235, 1030.
ANAL Found, % : C,63.39; H,7.17; N, 6.60; M' at m/e 209.
CyqH N0, requires C, 63.14; H, 7.23; N, 6.69;

MW 209.

se

N-methyl-3i=(3,4~dimethoxyphenylacetyl) imide (23)

3, 4-Dimethoxyphenylacetyl chloride (440 mg) end
N-methyl-3,4-dimethoxyphenylacetamnide (24) (209ng) were
mixed together and heated at 100—120o for 72hr. Water

and excess sodium hydrogen carbonate were added after

allowing to cool slightly, and the mizture thoroughly
extracted with chloroform. Evaporation yielded a

‘reddish-brown oil (43%3mg) which was purified by chroma-
tography on silicagel to give a slightly yellowish oil

—
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belicved to consist of the iwide (23) (250mg, 75%).
Although pure .according to T3,C, this failed to crystoll-’
ise znd decomposed on aitempied sublimation at 1500 -
O0.05mm yielding a nitrogen-free sublinmate. cf.4e (An
attempted preparation of (23) via acylation of the anide
(24) with 3,4-dimethoxyphenylacetic acid (1%5) andbtriw
fluoroacetic acid anhydride resulted in a complex mixture
of procducts).
TLC Rf (1% VeOB=CHC15) ¢ 0.8 (brownish-black).
IR (liquid film), em™ : 3 000, 1740, 1695, 1520,
1260, 1235, 1030.
(Cf. IR spectrum of the imide (22), below).
Insufficient sample was available for an NMR spectrum.

‘Jmax

N-Benzoyl-3,4-dimethoxyphenylacetamide (22) and its

attempted cyclisation

Benzanmide (0.25g) was stirred with 3,4~dimethoxy-
phenylacetyl chloride (prepared from the corresponding
acid (1lg) and oxalyl chloride (2g) in benzene (20ml) )
and heated at £0~95° for 24hr. cf.14 After cooling,
water and sodium hydrogen carbonate were édded and chloro-
form extraction carried out to yield on evaporation a
yellowish partly crystalline oily solid (1.32g). 1In
order to remove coloured oily impurities the product
was allowed to stand for 3 weeks in contact with a large
volume of ether at 0° . Decantation and further washing
with ice-cold ether afforded fairly pure imide (22) (0.4lg,
65%), crystallising from chloroform-ether or (better)
from benzene-light petroleum in small colourless plates,
m.p. 129-131°.

TLC RE (2%MeOH—CHCl3) «+ 0.7 (brownish-black).

IR 9, (KBr), om ~* : 3260, 1735, 1690, 1510, 1265,
1145, 1025, T720.

NIMR 100VHz (CDCl3),?f: 1.20 .(1H, s, DQO—exchangeable.

NH), 2.2 (2d, m, Ax¥ o to €=0), 2.5 (3H, m, AsH ),

3.1& (%1, bs, ArH), 5.80 (2H, s, CHQ), 6.19 (6H, s,

OCHB).

— {5 —
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AN AL Found, % : C,66.25; H, 5.65; N,4.75; M* a2t n/e
299.
Cl7Hl7NO4 requires C, 6&.22; H, 5.72; N, 4.68;
Iy 299.

Treatment of the imide with phosphorus oxychloride
at 115° for 24 nr vielded one main product shown by TILC
to be less polar than the imide (22), but having spectral
properties different from those expected for the desired
3(2H)-isoquinolone (95).l

TLC Rf (2%Me0H~CH013) : 0.8 (brown).
IR V. (liguid film ), em 1 : 3400, 1700, 1510, 1250,
1075.
uv )Lmax (EtO0H), nm (absorbance) :208 (1.6), 231 (1.4),
250 (0.6, infl.), 280 (0.4), 286 (0.35,infl.),
310 (0.15).
This compound was not studied further.

Attempted preparation of 1l-W-methylamino-1-{3,4-dimethoxy-
phenyl)-2-phenylethane (96)

Hydrogenation of 1- (3,4-dimethoxyphenyl)-l-keto-2-
phenylethane (84) in ethanolic methylamine solution over
palladium on Charcoal, or hydrogenation after previously
refluxing the ketone with ethanolic methylamine for 24hr,
yvielded a mixture of products from which quantities of
starting material and 143,4—dimethoxyphenyl)-l-hydroxy—2-
phenYlethane (97) were isolated. This crystallised from
ether in rosettes of colourless needles,; m.p. 58m600.
PLC Rf (CHClz) = 0.5 (reddish-brown) .

IR Y, (liquid film), em™ : 3500, 1255, 1225, 1130,

‘ 1030.

NMR 60 MHz(CDClz),%: 2.77 (5, bs, ArH), 3%.16 (3H, s,
ArH), 5.18 (1H, t, J= THz, CH), 6.14 (%4, s, OCHB),
6.16 (3H, s, OCH3), 7.04 (24, 4, J= THz, CH2),

7.90 (1H, s, Dzo-exchangeablé, 0H).

Ms M' at m/e 2585 CqgH,g0, MV258.
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Mot Pwrhe Ry
Methyl 2 phenylaceiylucmoveraﬁratev(31) and its basi

[

Iy

corndensation -~ oxidation vrodyuet (%
G 'D,A,b.._o.t.l. OXl1oaswion F,]_"L)dﬁ,ﬂ;llgt (32) +~

Prepared by the method of bBentley, Dawson and
Spring, the keto ester (%1) was purified by crystall-
isation fr%m ethanol to give slightly reddish needles
m.p. 89-98 " (cf. 1it. m.p. 94° for material obtained
as colourless need%es from chloroform-light petroleun
(bep. 60-80°) ).l) Crystsllisation from chloroform-—
light petroleum or benzene-light petroleum afforded
material nearly always contaminated by a yeliow cil of
red solid.

TLC Rf (CHClB) : 0.3 (black).

IR 'omax (Nujol), et 1735 (ester), 1665 (aryl

ketone). . .

NNR  60MHz (CDCl), ¥ : 2.64 (1H, s, ArH o to C=0),
2.72 (5H, s, ArH), 3.29 (1H, s,AcH), 5.80 (2H, s,
CH, ® to C = 0), 6.10 (6H, s, OCHB), 6.17 (21, s,
CH, ¢ to COZMe), 6.34 (ZH, s, CO2 CHB)'

A sample of the keto ester (31) was shaken for
48 hr with concentrated agveous ammonia (s.g. 0.88).
Acidification,filtration and drying of the resultant
precipitate, and crystellisation from methanol-chloro-
form and methanol-ether afforded 2-hydroxy-3-phenyl-6,7-
dimethoxy~l,B-naphthaQuinone (%32) as red needles, m.p.
249-250° (cf. 1it. m.p. 255° for material obtained as
long red needles from methanol~chloroform). 15
TLC Rf (5% MeOH-CHClg) : 0.7 (brown).

IR .omax (Nujol), en” T 3375 (phenolic hydroxyl group),
1650 (quinone).

Using the development of colour (slightly pink to
deep red ) as evidence that a basic condensation -oxid=-
ation reaction was taking place, the following recagents
were shown to be capable of initiating naphthagquinone
(32) formation (all reactions freely exposed to the atmos-
phere) :

(a) aqueous sodi
dium hydrogen carbonate, agqueous amnonia,

“diz 1ay

um hydroxide, agueous gsodium carbonate,

agueous SO

methanolic methylamine - almost immediate dcevelop-

"ment of deep redness on shaking;

7
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(b) methanolic benzylanine - rednecs developed more
slowly (15 - 20 min) but did not appear to reach
the same intensity as in (a) ;

(¢) methanolic sodium acetate - slightly pink after
12 hr, no further change after 12 days.

Neither methanolic pyridine nor methanolic hydrazine
hydrate caused naphthaquinone formation.

(In the reaction of (31) with benzylamine (above) it
was interesting to note that the colour changed to yellow
on standing for 1 week, a transformation identical to
that produced on acidifying a besic solution of the
naphthaguinone (32). Although this phenomenon was not
studied further it would appear that consumption of ben-
zylamine was taking place, either by aerial oxidation to
benzoic acid or by absorption of atmospheric carbon diow-
xide (forming benzylamine carbonate ), thereby causing
protonation of the naphthaguinone anion. A colourless
solid which crystallised from the reaction mixture during
the week was found to be almost insoluble in methanol or

ethanol but was not examined furtherJ

1-Benzyl=6,7-dimethoxy-N=amino~-3(28)-isoguinolone (33)

Aqueous hydrazine hvdraste (85%, 5ml) was added drop-
wise with stiriing over 1% min to & solution of keto
ester (3%1) (1.00g) in methanol (anhydrous, 50ml) under
nitrogen atmosphere. The solution was allowed to stand
in the dark at room temperature for 20hr after which
most of the methanol was evaporated at low temperature
(£ 40°). Tce-water was added and the slightly vellow
mixture thoroughly extracted with chloroform. Evapor-
ation yielded a yellow-brown oil (513%mg) mainly consist-
ing of one colourless product more polar than (31) (TLC).

PLC of the mixture in 5% methanol-chloroform afford-
ed’a red band corresponding to the main component, and a
slightly less polar yellow band. Blution of the red

band with warm ethyl acetate furnished a yellow-brown
0il (199mg) which partly solidified on standing. By
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dissolving in cold ethyl acctate and adding ether the
1soqu1vu70ﬂﬂ intermediate (71) or (72) precipitated in
slightly vellowish needles (70mg) becoming colourles

on further washing with ice-cold ethvl acetate-cther.
The compound crystallised from methyl acetate-light
petroleum or methanol-ether-light petroleum (1: 2"2) in
long fine colourless needles, m.p. 85-110° to 145- 150
depending on rate of heating (turning vellow).
TL.C Rf (5¢MeQV- CHClB) : 0.5 (olive-brown).
IR (¥Br or Wujol), en™b : 3410, 2920, 1612, 1511,
1259, 1120, 758, 700.
o (i) A, (FtOF), nm(logg) : 214 (3.94),
259 (2.8&¢,infl.),
282 (3.47),
287 (3.42, infl.).
(ii) A maX(EtOH+H01aq), nm{absorbance) : 206(0.92),
~250 (»2), 290 (0.22), 307 (0.42), 316 (0.46),
370 (0.31), 395 (0.25, infl.); turns yellow
instantaneously.
(iii);tmax (Ft0H+HC1lag+XS NaOHaq), nm (absorbance):
~250 (>2), 291 (0.76), 305 (0.80), 316 (0.79),
388 (0.66), 395 (0.65, infl.).
(iv) A-max(EtOHﬂhOHaq) : as (iii) above (yellow-
ness also develops, but more slowly than in
(ii) ).
NITR 100MHz (Pyridine—DS),T: 2.30 (1¥, s),
2.7-2.9 (4-59, m), 3%.52 (1¥, s), 4.83% (6-E¥, bs,
- D,0-exchangeable), 5.63 (1, d, J=1382), 6.14(31,
s, 06-OCH3), 6.32 (34, s, C7~OCH3), 6.62 (1%, 4,
J= 1%4z), 6.63 (1H, 4, J= 214z), 7.55 (1H, d, J=21Yz),
MS MY at m/e 310 : corresponds to the 3(2¥)-isoguinolone
(33)9018H16H203, My 310.
ANAL, Found, % : C, 62.52; ¥, 6.20; M, 7.30 (7.75 in

\

\)max

+

separate analysis),
NZOS requ ires C, 62.42; H, 6.40; N, 8.09;
Iy 346,
Careful elution of the yellow band gave l-benzyl-
6,7-dimethoxy-N-amino-3(2H)-isoquinolone (33) (24mg, 29)

Ciehon

as a yellow oil, crvstallising on trituration with ether

in small yellow needles, m.p. 183—185o (softening from

— f9—-
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173 °
i3 . This compound was
quantitative yield) on he
described above at 750

also yproduced (in almost
ating the colourless material
breating o o overnignt wnder vacuum or on

. with dilute miners] acid followed by basific
ation (cf. avove ultraviolet spectra), T
TLC Rf (BGJJT\TeOH“\JH(J.] ) 0.6 (reawbrown )

IR N 1 P -
Vpax (Frjol), on t 3350, 3240, 1660, 1645, 1635,
1610, 1510, 1500, 1280, 123%0,

) 870.

= (1).kfmax (B¥0H), nm (log €): 205 (4.00), 233 (4.00
in l‘)! 257 (4‘.4.‘)), 288 (3t30)1 306 (3-34),
318 (3.35), 395 (3.39).

(i1) A (BtOH+HClaq), nm (absorbance): 204 (0.60),
254 (>2), 311 (0.31,infl.), 318 (0.33),
(iil) ﬁ‘max (EtOH+HClaq+XSNalHag), nm (ebsorbance)

210 (1.52), ~ 255 (> 2), 288 (0.51), 318 (0.50),
390 (0.43).

NMR See Chapter 1.3,(100MHz Cne BL

MS Found, m/e : M at 310.1295.
ClBHlBNZOB quuiI‘eS 1“'}“!? 31001317.

Methvl 2-homoanisoylhomoveratrate (37)

A mixture of homoanisic acid (30g) and oxalyl chler-
ide (45ml) in benzene (10Cml) was stirred overnight at
room temperature and refluxed for lhr. Following removal
of solvent and excess reagent the p?oduct distilled at
143° ~12mm (1it. b.p. 143° -10mm) 7 yielding homoanisoyl

chloride (39) as a slightly yellowish oil (1&.3g, 607:).

IRV, (liquid film), en™t ¢ 1790(C=0).

Aluminium chloride (1l4g) was well stirred for 10min
at 30-40° with carbon disulphide (redistilled, 175ml),
and to this was added dropwise.over 5min a seclution of
homoanisoyl chloride (39) (1g. BE) and methyl homover-
atrate (38) (redistilled at 170°~ 12mm, 19.3g) in car-
pon disulphide (redistilled, 25ml). The resultant

dark complex was broken up (spatula) and the mixture

refluxed for lhr 30min. Turing this period consicer-

— 50—
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able evolution of hydroeen chloride took place. The
mixture was now stirred for 3hr at room temperature
and kept at 0° for 12hr.

Pollowing rewoval of carbon disulphide by decant-
ation the dark gummny solid was washed with light petrol-
eun and then triturated witnh ice-water. Extraction
with chloroform and washing with sodium hyvdrogen carbvon-
ate afforded upon evaporation a reddish-brown oil (22.8g),
about 20% of which was shown by TIC to consist of unre-
acted methyl homoveratrate (38). Treatment of the oil
with ice-cold methanol (anhydrous, 20ml) and further
cooling at 0° afforded solid keto ester (37) (7.52g, 30%),
crystallising with increasing purity from ether-light pet-
roleum, ethyl acetate-light petroleum and finally from
methanol in colourless needles, m.p. 118-121".

TLC Rf (CHCIB) ¢ 0.3 (reddish brown).

IR v, (Wujol), eu™t : 1730, 1675, 1520, 1255, 1135.

NMR 60 NHz (CDClg), % : 2.63 (1H, s, AcH o to C=0),
2.8% (2H, 4, J=8Hz, collapsing to s upon irr at
3.18, ArH o to CH20=O), 3.18 (24, 4, J=8Hz, coll-
apsing to s upon irr at 2.63, ATH o to single Olle),
3,29 (1H, s, ATH 6 to CH,CO,Ne), 5.87 (2H, s,CH,C=0),
6.09 (6H, s, OCHz), 6.11 (2H, s, CH,CO,Ne),
6.22 (3H, s, OCH,), 6.32 (3H, s, CO,CHz) «

AHAT TFound,% : C, 67.23; H, 6.05; " at m/e 358.

T " requires C, 67.03; H, 6.19; MA358.

Coot22%
1-(p-Methoxybenzy1)-6,7—dimethoxy~N-amino—3(ZH)—isoquin—
olone (40)

To a solution of keto ester (37) (500mg) in meth-

i S
anol (50ml) under nitrogen atmosphere was added agueou

hydrazine hydrate (85%, 15ml) dropwise over 5 min with
ice~-cooling. within 4hr all keto este? had rea?teé )
(TLC), affording a slightly yellow solution. Stirring
was continued at roonm temperature for a further 1%§?t. )
after which partial evaporation was followed by additio

of ice-water and extraction of the resultant yellowish

i i hil form.
suspen sion with chlorolo

4 —
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Bvaporation of the exiract yiclded a yellow-brown
0il (290mg) which was subjected to TPLC in &% methanol-
chloroform following charcozl treatment. Blution of
the main band with cold ethyl acetate followed by roon
temperature evaporation yielded the isocuinolone inter-
mediate (73) or (74) (98mg) which crystallised from
ether-ethylacetate in small rlagues of colourless needles,
m.p. 1%2-135° (turning yellow).

ILC  REf (57 MeOH~CHC1,) : 0.3 (browa).
IR V., ®3r), en  “Y: 3400, 3330, 2930, 1610, 1510,
, 1250, 1120, 1030, 870, 760.
Uv (i)'lmax BEtOH), nn (absorbance) : 237 (1.89),
28l (l.45, infl.), 284 (1.60), 290 (1.18, infl.).

(i1)A,, (BtOH+HClag), no (absorbance) : 232(1.61),

~ 250 (>2), 310 (0.53), 318 (0.57), 376 (0.39),
396 (0.20, infl.).

mai (BEtOH+HClag+XSNa0Haq), nm (absorbance):

~ 250 (>2), 307 (0.75), 3218 (0.74), 400 (0.71).

MMR  100MHz (Pyridine-Dg), %': 2.20 (1H, s), 2.61(2H,s),
5.01(2H, d, J=10Hz, ArH o to CH2),
3.22 (2@, 4, J=10¥z, ArH o to single OlMe),
5.48 (1H, s), 4.2-4.4(2-3", bs, Dy, O-exchange-
able), 5.0-5.3 (2, bs, D2O— exchangeable),

( 133))

5.67 (14, 4, J=13"z), 6.64 (1H, 4, J=13Hz),
6.13 (3H, s, C6~OCH3),6.26 (34, s, C7mOCH3?)
6.37 (28, s, C,r0CHZ), 6.59(1H, d, J= 22Hz),
: 7.40 (1H, 4, J=22Hz),
MS Mt at m/e 340 : corresponds to the 3(2H)~isoquin-
olone (40), 019H20N2O4, M7340. )
ANAT, Fouad, % : C,61.33; H, 6.00; MW, 7.45.
i > . ’ 6e 53 N 7044‘.
019H24N206 requires C, 6C.63; H, 4%; N, 3
My 376.
(Although still outwith the normally accepted
limits of experimental error, etc.,the above set of
figures was the closest to Cqy H24N206 obtained in any

one analysis).

Complete conversion to the bright yellow 3(2H)-

isoquinolone (40) took place on heating the above inter-
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mediate at 55“ for 6 hr under vacvum, the crude product
obtained in this way melting at 210-—~-22Oo (cf. pure -
sample prepared later (see pase 64) . mepjf218m2190)a
This material exhiiuated the strong blue-green fluor-
escence on exposure to ultraviolet light (350nm) known
to be characteristic of the 3(2H)~isoquinolone system
(in solugion or after adsorption on chromatographic
media).

Apart from the conversion of the colourless inter-
mediate to (40) upon addition of a trace of mineral acid
to its ethanol solution at 20° (of. above ultraviolet
spectra), the 3(2H)}-isoquinolone was also produced on add-
ition of a trace of metallic sodium and deuterium oxide
to a solution of the intermediate in deuterated pyridine-
deuterated methyl cyanide at 35° (during observation of
the NMR spectrum), In the latter case evaporation yield-
ed a crude product of m.p. 203-215 ° with chromatographic
behaviour identical to that of an authentic sample of
(40) (see pageéd, on which full spectral data are listed).

Treatment of keto ester (%7) with hydroxylamine hydro-
chloride~pyridine : formation of a derivative (56) of
1-(p-methoxybenzyl) =-6,7-dimethoxy-N~-hydroxy-3(2H)-iso~-
quinolone (42)

A solution (pH4-5) of the keto ester (37) (361lmg)
in methanol (anhydrous, 40ml) containing hydroxylamine
hydrochloride (425ng) was refluxed under nitrogen atmos-
phere for 3hr. TLC of the light brown reaction mixture
showed thet most of the keto ester was unreacted and re-
fluxing was continued for a further hour with the addit-
ion of pyridine (anhydrous, 2ml). The solution (pHT7-8)
was partially evaporated and dilute hydrochloric acid
(6N, 5ml) added. After gentle warming for 15 min, basif-
ication with asmmonium hydroxide was followed by extract-
jon with chloroform to yield a light yellow-brown oil

403 mg). \
PLC in 7% methanol-chloroform (twice) afforded 3

main components, the least polar of which was shown to
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consist of unveactied keto ester (37) (I abserption

Spectrum, RI and staining characteristics Similar to

anthentic somple; mup. of crude product 95-115° , mep.

of pure keto ester 118-121° ).

The second compenent isolated (of slightly great-
er polarity) consisted of a light brown gum (60ng), ren-
dered colourless (38mg) on treatment with charcoal in
ethyl acetate-chloroform solution. This compound was
not obtained in crystalline condition and was not stud-
ied further (cf. paged?).

TLC Rf (5%1e0H-CHCL1, ) : 0.5 (brown),

IR v, (Mujol), oL, 5500, 3300, 1735, 1715,

x 1700, 1640, 1610, 1580,

NMR GOMHZ(CDCIB),T : 2.93 (20, d, J=9Hz, ATH nm to single
OMe), 3.16 (1H, s), 3.23 (2H, d, J=9Hz, AYH o to
single OMe), 3%.82 (1H, s), 6.13 (3H, s, OCH ),

6.26 (34, s, OCHz), 6.35 (3H, s, OCH 3) 6./5 (2~ BH,

S), 6.0=6.6 (2-3H, w), 6.61 (2, s).
¥S m/e (abundance, ¢) : 373(10), 355 (15), 325 (20),

324 (15), 310 (10), 296 (20), 283 (15), 235 (15),

223 (25), 205 (20), 176 (30), 151 (35), 150 (30),

149 (100), 121 (35), 78 (85), 57 (55), 55 (50),

43 (55), 41 (60).

The most polar produvct isolated was a bright yellow
0ily semi~-solid (26mg) exhibiting blue~green fluorescence
on TLC under ultraviolet light (350nm), and staining blue-
red on spraying with ferric chloride reagent (cf. action
of ferric chloride on hydroxamic acids ). 44 This compound
is believed to have structure (56) (see Chapters 1.3 and

104)0
TLC R (5%MeOH-CHClz) : 0.3 (dark reddish brown).
Uy (1) A (EtOH), nu (absorbance) : 208 (0.50),

max
228 (0.95), 257 (1.62), 305(0.17), 317 (0.16),

355 (0.10), 402 (0.18). ,
(11)‘k (FtOH+WClaq), nm (absorbance ) :225-250(22),
289 (0.51), 309 (0.83), 318 (0.86), 373 (0.63).
(iii)l (WtOH+UClaq+xSNa(”au), nm (absorbance) :
225 250 (> 2), 276 (1.36, infl.), 267 (1.06infl. ),
< 373 (0.76).
MR See Chapter 1.3, (6OWHz,CDULL),

— 5 —



—— /& —-

5!

n/e (abundance, %): 355 (50), 240 (25), 325 (50),
324 (20), 323 (15), 310 (15),
308 (25), 151 (10C), 135 (30).
Doubly-charged ions : 177.5 (with 355),
162.5 (with 325),
161.5 (with 323),
75.5 (with 151).

=

Reduction of methyl 2-homoanisovlhomoveratrate (37) with
sodium borohydride ‘

In a typical experiment, sodium borohydride (6g)
was added in portions over 75 min to a well-stirred sus-
pension of keto ester (37) (4.00g) in methanol (2%30ml)
kept at 5-10° by periodical cooling in ice. The reaction
was followed throughout by T4 in chloroform and 27 meth-
anol-chloroform and the amount of borohydride necessary
to reduce all keto ester determined from these results.
Acid alumina (Gradel, 15g) was added to the clear sol-
ution which was then evaporated to dryness. The result-
ant solid was extracted overnight with benzene in a Soxh-
let apparatus. (A violet colouration sppeared in the
solution during thé latter stages of the reaction and
during transfer of the solution containing alumina to
the rotary eveporator. It was observed that this could
be temporarily dispersed by addition of small amounts
of sodium borohydride).

Removal of solvent from the benzene extract afford-
ed an oil (4.15g), shown by TIC to contain two main pro-
ducts, one more polar than keto ester (37), the other
slightly less polar. PLC of the mixture (about 4g) on
six lmetre x lmm silicagel HF254 plates run in 4% meth-
anol-chloroform afforded the lactone (48) (0.36g, 10%)
and the more polar diol (49) (2.64g, 657).

It was possible to obtain mach better vields of
the lactone at the expense of the diol in small-scale
experiments studied by TILC, but these could not be re-
produced when the reaction was scaled up.

The lactone (48) crystallised from ethyl acetate-

55



ll;}ﬁ p - it L -1 (e p DD . p °
l L ]_ RS 4 ] ))

137 ©.
TLC Rf (CHClB) : 0.4 (greyish brown).
IR Vi (001, em™ ¢ 2950, 1750, 1612, 1514, 1250.
MR 60rHz (CDOlB), T : 5.2 (4H, m, mono-OMe ATH),
3.49 (21, &, di-OFe ATH),
4.40 (1¥, %, J= 4uz, cellapsing
to s upon irr at 6.79, cH),
6.1-6.2 (9H, 3s, OCHz),
6.79 (21, 4, J= 4Hz, collapsing
to s upon irr at 4.40, p-OMe-Ph-
0%,),
6.6 and 7.2 (2H, 24, J= 204z,
| CH,C=0) . :
MS  TFound, m/e : M+ at 328.1322,
019H2005 requires MW %28.1%11.

The diol (49) crystallised from ethyl acetate-light
petroleun in small colourless needles, m.p. 108-110° .
ILC  Rf (5/MeOH-CHClz) : 0.4 (brownish-black with

yellow halo).
Qmax (liquid film, pre-crystallisation), en™t .

3500, 30C0, 1610, 1520, 1250, 1050.

NMR 60VHz (CDClB),‘? : 2,8-3%.4 (6H, m, ATH),
5.00 (18, t, J= 6Hz, CH), 6.09 (6H, s, OCH3),

_6.20 (3H, s, OCHB), 6.29 (24, t, J= THz, g@on),

6.98 (2H, d, d= 6Hz, p-ONe-Ph~CH,), 7.20 (2H, bt,
J= THz, CH,=CH,OH).
ANAT, ¥ound, ¢ : C, 68.49; H, 7.30.
01932405 requires C, 68.66; H, 7.23.
Reduction of methyl 2-homoaniccyvlhomoveratrate (37) with
diborane~tetrahydrofuran and with zinc dust-acetic acid

=

To @ stirred solution of the keto ester (37) (2.22g)
in tetrahydrofuran (anhydrous, 100ml) at ¢ under nivrogen

atmosphere was added a solution of diborane in tetrahydro-
orticns cver 2hr (by injection

118 W

furan (iM anﬁﬁ, 1iml) in p
through a rubber septum cap). The course of the reaction
was followed throughout by TLC in chloroform and in 56

— 55—
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methanol~chloroform, and the auentity of diborane and
reaction time required decided accordingly. It wes
observed that a trace of diol (49) was beginning to
form before all keto ester (37) had reaotéd. “

The mixture was stirred for a further 20min (in
ice) and excess diborane decomposed by addition of
ethanol (anhydrous, 4ml). After a further 1Omin ice-
cold water (50ml) was added, followed 10min later by
extraction with chloroform. Bvaporation of solvent
from the organic extract at 40-50°¢ afforded the hydroxy
ester (50) as a red viscous oil (2.,32g), shown by TLC
to be at least 90-95% pure, and containing traces of
keto ester (37) and diol (49). (Probable yield of (50)
from (37) would be ~ 85-95¢).

A spall-scale reaction with diborane prepared in
situ frow sodium borohydride and acetic acid furnished
a product with similar Rf to the hydroxy ester (50), but
this was not pursued further. A small-gcale reaction
with zinc dust in acetic acid also yielded a product
with similar Rf to (50), but in very low yield.

Attempted purification of the hydroxy ester (50) by
sublimation or crystallisstion invariably resulted in
almost total conversion to the lactone. Similar decom-
position took place in the mass spectrometer.

TLC Rf (S%MeOH—CHCIB) : 0.7 (grevish-brown with lighter
' halo).
IR V,,, (liquid film), om ~* ¢ 3500 (hydroxyl), 3 0CO,
17%0 (ester) , 1610,
1515, 1245, 770.

22
Hydrogenation of methyl 2-homoanisoylhomoveratrate (37)

Several small-scale reactions were carried out at
‘room temperature and atmospheric pressure, the products
being examined by TIC and compared with keto ester (37),
lactone (48), diol (49) and hydroxy ester (50). In no

case was a promising reaction observed despite the var-

. ) ' .
iety of reaction conditions emnployed. The results are

3 - W1 i- - am e 2
snhown below (the third column referring to the quanti
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0L catalyst used, expressed as a percentagse of the
[ B . A- B . : ‘
quantity of (37) used).

Reference Catalyet Qua?tity Solvent Reaction
(/_;) Time
(hr)
(}? | S%HP GG 10-20  95¢mtoH 7
(%?? " " 957 Et0H+HClag "
(?11) " 100-150 959K t0H 12
(iv ) " i 95%Et0H+HClag "
(v) " 50 EtAc 4
( Vi) " " 1" 18
(vii) 14pd~C " 50ZEt0H-EtAc 13
(viii) " 100 L "
(ix) " " 959Et0H 16
(x) 104pd-C " EtAc "
(x1i) Pt02 50 AcOH 2
(xii) " o 95%EtOH+FeSO4aq "
(xiii) " " I 16

Remarks  No reaction appeared to take place in the case
of (i), (ii), (v), (vii), (viii) and (ix), and very little
. reaction occurred in (vi). In (xi), (xii) and (xiii)
complex mixtures were formed, (xi) containing at least

7 products, (xii) at least 4, and (xiii) was even more
complex than (xi) with possibly a trace of lactone (48).
Reaction (x) appeared to give a single product less polar
than (48). In the case of (iii), 2 new products diff-
erent from (37), (48), (49) and (50) were formed, one of
which was also produced in reaction (iv) alcng with one
further product. No attempt was made to isolate any

of these new products.

N, N-Dimethylamino~2»anisylhydroxymethylhomoveratramide

(51)

(i). From 2-anisylhydroxymethylhomoveratric acid lactone
(48)
A solution of the lactone (230mg) in ethanclic
(%27 50ml) was heated for 12 hr under nit-

dimethyleamine Ty
The mixture was then stirred

rogen atmosphere at 70°.

’,..

<
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for 30 min at room temperature with a further quantity
of ethanolic dimethylanine (20m1) =2d solvent removed
at é'BOO‘ The alcchol amide (51) was obtained as a
very slightly vellowish oil (371mg, 95¢) shown by TI.C
to be fairly pure.

(ii) From methyl 2-anisylhydroxymethylhomoveratrate
(50)

A solution of the hydroxy ester (2.3%2g, from dibor-
ane reduction of (37) without further purification) in
ethanolic dimethylamine (%3%%, 1%0ml) was refluxed for
12hr under nitrogen eimosphere. Fvaporation as under
(i) above yielded a reddish oil (2.41lg). This was pur-
ified by PLC on five 1 metre x lum silicagel HF254
plates run in 5% methanol-chloroform and 1% methanvl-
chloroform (once each), eluting the bands with warm ethyl
acetate (not boiling, in case elimination of dimethyl-
amine sesulted). The slcohol amide (51) was obtained
as an almost colourless oil (2.35g, 90%), solidifying
overnight at 0° and crystallising from chlcroform-ethyl-
acetate-ether (5: 25: 70) in long colourless needles;,

m.p. 105-106 ° .
 TLC RE (57Me0N-CHC1lz) : 0.6 (brown with purple—?alo).
IR ~0max (liquid film, pre-crystellisation), cm = :
3500, 2950, 1630 (broad), 1580, 1520, 1250, 1040.
NMR 60MHZ (CD013),'? : 2.7-3.5 (6H, m, ATH),
5,20 (1H, t, J= 6Hz, collapsing
to & upon irr at 7.0, CH), 6.1-6.2 (9H, 3s, OCHB),
6.48 (20, s, CH,CONe,), 6.95 (3H, s, WCHz),
7.0 (24, bd, J= 6Hz, collapsing to s uron irr at
5.20, p-OMe~Ph-CH,),7.02 (3, s, NCHs),
7.1 (1H, bs, Dzomexchangeable, OH).
MS m/e : %55 (corresponds to loss of Hy0) 3
o 308 (corresponds to.loss of HNNez).
ANAT, TFound, % : C, 67.82; H, 7.21; N, 3.54.

requires C, 67 .54;5 H, 7.293 N, 32.75;

C21H27N05
MN 375.
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fanganease dlovide ox- data P el oo :
] gl,f. aroxide oxidation of aleohol =mide (51)

The elcohol amide (124rz) wac shoken for 4 davs
with manganese dioxide (5g) in chloroform (20ml) . VTIC
showed the product to consist of about 709 of the unre-
acted starting material (51) together with 3 compounds
less polar than (51). One of these after isolation by
PLC in 5% methanol-chloroform was & semi-solid (12nmg,
10%) which crvstallised on evaporation of its solution
in chloroform-light petroleuvm. This compound was later
shown to have similar infrared and TI.C behaviour to the
keto amide (45), which was prepared in much better yield
by ruthenium tetroxide oxidation of (51) as described
below. .

z

Ruthenium tetroxide oxidation 23 of alcohol amide (51)

To a well-stirred suspension of the alcohol amide
(1,96g) in carbvon tetrachloride (200ml) under nitrogen
atmosphere and with partizl ice-cooling, was added por-
tionwise over 2hr 45min a solution of ruthenium tetrox-
ide in carbon tetrachloride (250ml) prepared by treat-
ment of ruthenium dioxide (2g) in carbon tetrachloride
(350ml total, including final washings) with sodium meta-
periodate (16g) in water (250ml).

The reaction was kept at 0-10° and followed closely
throughout by TLC in 2¢ methanol-chloroform, the amount
of ruthenium tetroxide being regulated accordingly. On
completion of the oxidation a few ml of methanol and
ether were added to destroy excess reagent and the mix-
ture filtered through glass paper, the black residue be-
ing thoroughly washed with chloroform. Treatment of
the filtrate with charcoal and remcvel of solvents aff-
orded semi-solid material (2.56g). This was triturated
with & little ice~cold chlorcfeorm—carbon tetrachloride
to yield the keto amide (45) which, after filtering and
ice-cold ether, was obtaired as a yellow

washing with
crystalline solid (€84mg). A further quantity was isol-
ated along with some alcohol amide (51) (2lémg, 159) by

e 8O e
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PLC of tihce filtrate in 2! vethenol-chloroform, affori-
ing a total yield of (45) of 1.05g, 50¢. (It is probvavle
that hizher yields could have heen obrained by further
oxidation, as the unreacted slcohol amide in suspension
in carbon tetrachloride together with ruthenium diozide
was not detected until work-up of the reaction). The
product crystallised frowm methanol in colourless prisms,
mp. 159~160 °. Difficulty was experienced in preperirg
& pure sauple for microanalysis as solutions of (45) agp-
eared to decompouse somewhst (turning yellow) shortly
~after heating to effect complete dissolution prior to
crystallisation.
TLC  Rf (B%MGOHnCHClB) : 0.6 (brownish-black),
IR Y, (mjol), en™l: 1680, 1650, 1245, 1130,
NMR 601z (CDCIB),’X: 2.70-3.26 (6H, m, ArH),
5.85 (20, s, CH20=O), 6.0% (27, s, CH2CONM92),
5.17-3.20 (9%, 3s, OCHy), 6.94 (3E, s, NCH;),
7.02 (34, s, NCHB).
M3  Found, m/e : M at 371.1733,
021H25N05 requires My 371.1733.
Attempted preparation of the trimethoxy dimethylamide
imine (52)

The keto amide (45) (5mg) was treated with ethan-
olic methylamine (2ml, added in portions) in refluxing
benzene (2ml) for 15hr under nitrogen atmosphere, employ-
ing a Dean-Stark apparatus for removal of water. Evap-
oration yielded a semi-crystalline golid with m.p. 125-
155°, shown by TLC to consist of unreacted keto amide

(45) (m.p. 157-159°).

Apparent vreparation of 1~(p-methoxybenzyl)=-6,7-dimeth-
oxy-N-rmethyl-3(2H)-isoquinolone (47) from the keto

amide (45)

(i) Using ethanolic methylamine in acetic acid
The keto amide (45) (5mg) was heated with ethanolic
. 2 /. - /‘\o EaPN
nethylamine (0.5ml) in acetic acid (iwml) at 90 for 14

hr under nitrogen atmosphere. ®ollowing partial evap-

6/
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oration and addition of water, the resction mixture
was extracted with chloroform snd the extract washed
with ailute sodium hydrogen carbonate. mvaporation
yielded a yellow gum, apparently pure (TIC under nitro-
gen atmosphere), exhibiting blue-green fluorescence
under ultraviolet light (350 nm), and believed to be
the N-methyl-3(29)-~isoguinolone (47).
TT.C £ (5%Me0ﬁ-09013) : 0.5 (brown).
uv (i) jkmax(EtOH)’ nn(absorbance) : 203(0.92),
225 (0.95), 257 (1.84), 282 (0.%0, infl),
302 (0.15), %16 (0.14), 403 (0.16).
(ii) lﬁBX(EtOH+H01aq)y nm (absorbance) : 203(0.99),
226 (0.99), 253 (1.€1l), 270 (0.38, infl.),
307 (0.30), 318 (0.31), 366 (0.20). .
(iii)AmaX(EtOH+HCIaq+XSNaOH) , nm (absorbance) :
200=225 (»2), 255 (»2), 280 (0.62, infl.),
302 (0.46), 316 (0.41), 401 (0.33).

The compound appeared to decompose rapidly on

exposure to the atmosphere, and a sample stored under
nitrogen for 2 weeks also exhibited some decomposition
(rrcy. SE-1s5 )

In a parallel experiment invelving heating the
keto amide (45) (100mg) at 105o for 1llhr, attempted
purification of 1t he crude product (133mg) by PLC in

4% metharnol-chloroform resulted in further decomposition
(TLC) despite efforts to keep all operations under nitro-
gen atmosphere as much as possible. Attempts to form

a crystalline hydrochloride by treatment of partially
purified material with hydrochloric acid also failed,
even more complex mixtures apparently being formed

(TLC) .

(ii) TUsing methylamine hydrochloride in pyridine

A solution of th e keto amide (45) (5mg) in pyrid-
ine (enhydrous, 2ml) containing methylamine hydrochlor-
ide (30mg) was heated for 1l5hr at 110 ° under nitrogen
atmosyphere. Rxamination of the bright yellow reaction
mixture by TIC indicated the presence of one main pro-
duct, identical in Rf and staining characteristics to

3V
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the product Fformed in method (- ] < .

D cormed in method (i) above, and exhidaating
the same blue-green flvorescerce under vultraviolet lisht
(350nn) . ’

(iii) Using methylamine hydrochloride and sodium
acetate in methanol

Bxamination of the yellow reaction mixture produced
on heating the keto amide (45) (7mg) with methylamine
hydrochloride (3mg) and sodium acetate (anhydrous, 3mg)
in methanol (anhvdrous, 1lml) for 15min on the'steam bath
suggested that this method may also be suitable for prep-
aration of the N~-methyl-3(2H)-isoguinolone (47), aithough
several other products were also apparent (TIC). |
1-(p-Methoxybenzyl) =6,T7-dinethoxyv-N-~49=-3(2H)=-isoguinolone

(53)

A solution of the keto amide (45) (99mg) in acetic
acid (2ml) containing ammonium acetate (185mg) was heat-
ed at 100-110° for 20hr under nitrogen atmosphere. On
cooling the reaction mixture solidified and the 3(2F)-
isogquinolone (53) was obtained as small feathery pale
lemon-yellow needles (68mg, 80%) after washing with water,
filtering and drying under vacuum.

A sanple crystallised from methanol-chloroform in
small needles (as above). On heating to 200~210° con-
version to long fine needles took place, these turning
brown at 232 ° and finally melting at 237-240° .

The 3(2H)~isoguinolone (53%) exhilkited intense blue-

green fluorescence under ultraviolet 1light (350nm) in

solution or when adsorbed on chromatograzphic mecdia and,

in contrast to the N-methyl analogue (47),appeared to

be unaffected by overnight exposure to the atmosphere

(m.p. and TLC behaviour unchanged).

TLC  RE (5{11e0H~CHC1) : 0.3 (brown),

IR 9., (¥Br), om T i 3400 (broad), 2590, 2950,
2820, 2650 (broad), 1650, 1635, 1610, 1565, 1510,
1490, 1425, 1245, 1210, 1160, 1025, 830, 7€0, TT70.

v (:'L)km,ﬁX (B+0v), nm (log€&) : 206 (4.02), 227 (4.?6),
256 (4.61), 262 (3.55, infl.), 302 (3.31), 313(3.29),

355(3.24,infl), 599 (3.55).
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(ii) l’max BtOH+HClaq), nm (absorbance) : 203 (0.67),
227 (0.91), 252 (>2), 306 (0.32), 315 (0.33),
370 (0.26),
(iii)Xmmm(EtOH+Hc1aq+xswaoﬁaq), nm (absorbance)
200-250 (>2), 276 (0.86, infl.), 284 (0.76,infl.)
366 (0.46), 398 (0.29, infl.).
NMR  See Chapter 1.3, (1GODHg, CDOL,),
S Found, m/e : M' st 325.1305 s
jilie] s 1 2 2UD,
ACl9H19NO4 regquires Y 325.131%.

’

Addition of dilute hydrochloric acid (6N) to the
3(2H)-isoquinolone (53) (either with or without 2 trace
of methanol) resulted in crystallisation of the 3(2H)-
isoquinolone hydrochloride in colourless needlesj.wwbn
heating to 138~l45° these melted and turned yellow, re-
crystallising at 148-165° in a "flower-petal" pattern.
At 185-210° the crystal structure changed again, forming

plagues of fine needles which partially decomposed at
224° and melted at 238-246° .

The 3(2H)-isoquinolone was recoverable from the
hydrochloride on treatment with ammonium hydroxide foll-
owed by extraction with chloroform.

1-(p~VMethoxybenzyl)-6,7~dimethoxy-N-amino-3(2H)~isoquin-
olone (40)
(Cf. . alternative preparation on page S1)

A solution (pHT7-£) of keto amide (45) (10Cmg) in
acetic acid (4ml) containing hydrazine hydrate (agueous,
85%; 3ml, added in portions) was heated at 100-110° for
22hr, After cooling the reaction mixture was poured
into ice-water and extracted with chloroform . Evap-
oration yielded a yellow gﬁm (66mg) from which the 3(2H)-
isoquinolone (40) was isolated by PLC in 4. methanol-
chloroform, crystallising from ethyl acetate or ether-
ethyl acetate in small yellow needles (46mg, 509), m.p.
216-219° . The product exhikited blue-green fluor-
1ight (350nm) both in solution

escence under ultraviolet

6F
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and when adsorhed on chromatographic media.
TLC  Rf (5%Me0ﬁ~cv013) : 0.8 (brown).
¥, "‘l
9, (¥, cn : 3400 (broad), 3270, 3150,
2990, 2950, 2920, 2620, 1650, 1630, 1615, 1550,
1510, 1490, 1270, 1245, 1225, 1175, 1030, ©40,
820, 760.
W (i)
A Lax (B, nm (log€) = 203 (3.61), 229 (4.13),
257 (4.53), 305 (3.42), 317 (3.42), %98 (3.47).
(i1) '
A»maX(EtOH+HClaq), nm (absorbance) : 202 (0.65),
228 (0.90), 255 (1.93), 308 (0.28), %65 (0.1l&).
(iii) _
7Lmax(EtOH+HClaq+XSNaOHaq), nm (absorbance) :
~ 255 (22), 303 (0.60), 317 (0.56) 387 (0.40).
NJR  See Chapter 1.3. ('};Qom]{‘aﬁﬁpglg
MS Found, m/e : M' at 340.1415. °
Cl9H20N204 requires I 340.1416.

Conversion to the 3(2H)-isoguinolone hydrochloride

was effected with dilute hydrochloric acid (cf. prep-
aration of the hydrochloride of the W-¥ analcgue), the
product crystallising in long colourless needles. These
melted on heating at 132—1380 (the melt becoming yellow)
and recrystallised at 148-175° in & solid flaky mass,
finally melting at 207-214° .

" The 3(2H)-isoquinolone (40) was regenerated from
its hydrochloride on treatment with ammonium hydroxide
and isolable by extraction with chloroforme

— 85—
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Synthesis of (¥) - Worcoralydine
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As mentioned previously, the 3 (2H) - isoguinolone

system and its dcrivatives gre potentislly useful as

internediates in alkalcid synthesis. The example
presented here illustrastes such arn application in a

new rouie to the protoberberine alkaloid (%) - norcoraly-

N

. e 1
dine (1) m.p. 157 , the laevorotatory form of which,

(-) - xylopinine Mol 1820, is foun@ in Xylopia discreta
Sprague ard Hutching (Anonaceae). 23 An early "hHio-

geneticaelly - orientated" synthesis of (%) - norcoralydine
from tetrahycdropapaverine (2) was achieved by formaldehyde-

1, 4

hydrochloric acid treatment, and the racemic material

is also obtainable from (-) - coreximine (3) (ex Dicentra
eximia) 5,6 on nmethylation, oxidation to a quaternary
derivative (4) and reduction by (e.s.) zinc dust, as
well as by later independent syntheses. 6

The greater part of the experimental work in this

9

section was carried cut by A. W. McCulloch, and the

reaction sequences employed are shown in Figure 2.1- (1.

in imporiant step is the iwmine cyclisation with hot

dilute hydrochloric acid to form an W ~homoveratryl -3 (2%)-
isoguinolone hydrochloride, exploiting the 3(2¥)- iscquin-
olone synthesis developed earlier. of. 10 Treatment with
ammonia liberated the 3(271) - isoquinolone (5) in good
overall yield. Cyclisation of tne corresponding 1,4 -
dihydro derivative (86) to the tetracyclic product (7

was satisfactorily acnieved using phosphorus oxychloride,
recovery of unreacted meterial having been made afier pro-
longed refluxing with phosphorus pentoxide in berzene.
Tmmediate reduction of (7) with methanolic sodium borohy-
dride afforded a good yield of crude (¥) -norcoralydine (1),

purified by crystallisation from ether.

—_—T2
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miemertal analysis and wass snectral ezawination

were in keeping with the moleculsr formula C.. H

.
2L 25 h049

and convinciag proof of structure (1) was afforded by

four distinct singlet aryl-proton resonances in the 'R

spectrum at 3.19, 5.26, 3.21 and 3.35%. The possible
alternative siructure (&) for the product of cyclisation,
in which spin-spin coupling of the ortho aryl protons
would be expected (J usually 5-10 Hz), was thus ruled
out.

The product readily formed a picrate of m.p. 136~
1390, in keeping wiith the reported melting point of
(H) - norcoralydine picrate, 1390. 1 The cyclisation
product itself had w.p. 146~149°, and although this is
rather lower than the most widely reported m.p. for (fy -
norcoralydine of 157°, melting points of 151.5 - 152.5° !
and 147—1480 4 have also been quoted for samples proved
to be identical with (¥) - norcoralydine on the basis of

mixed m.p. and other evidence.
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+ T A y
(%) - Norcoralydine (1) 9

Treatment of the dihydro isoquinolone (6) (520ng),
obtained from hydrogeration of T,8- dimethoxy - N-homo-
veratryl-3 (2H) - isoquinolone (5), <£30 with refluxing
phosphorus oxychloride (12ml) for 4hr follcwed by standing
overnignht under nitrogen at room temperature and pouring on
to ice, yielded a yellow solid cyclisation product (503mg) .
A methanolic solution of this material (100 mg) was treated
with sodium borohydride (200mg) for 15 min at room,tcmperature
followed by refluxing under nitrogen for 3¢ min. Addition
of water and extractivn with chloroform afforded a yellowish
gunny solid shown by“TIC to consist of one major product.
Purification by PLC in 5% methanol- chloroform yielded (%)
norcoralydine (1) as a slightly yellow sclid (97me, 95%)
which crystallised from ether in small colourless neeales,
m.p. 146- 149°(1it. m.p. 147, 151, 157°). *r4s7
TLC Rf (2% MeOH-CHC1 ) : 0.3 (greyish brown).

IR v max (Nujol), cm _l: 1610, 1520.
o A max (EtOH), wm (r.0.d.) : 226(1.00), 283 (0.53),
286 (0.53).
NKR  60FH= (CDClg), 7 : 3.18 (1H,s), 3.27 (IH, #),3.31(1%, ),
‘ 3,%5(1H, g), 6.12 (12H,g), 5.5-6.0
and 6. 1-7.4(9%,m) .
NS m/e ( abundance, % ) : 355 (25), 190 (20), 165 (30),
164 (100), 149 (15), 121 (25),
91 (10).
ANAL, Found, % : G, 70. 90 ; H, 7.23;N3.90; M' at m/e355.

Vi .

Calc. for CoqHyg NC, : C70.96;5 H, T.09; N, 3.94;
My 355.

Treatment with ethanolic picric acid solution gave

tne picrate, Cryutalllolﬂ? in C]usters oflyellou—OIan
needles, m.p. 136-129 °(1it. m.p. 139°).

S As that of (1), plus w/e 229 (100%, picric acid) and
n/e 199 (50%, P-30).

T
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Hofmann Degradation of Renzylisoquinoline Alkaloids
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Since there seemed a strong lix elihood however that
ctually exist as the

gn

I*he phenolic quateranary salt would
from the allegedly antiepileplic Eastern Iediterrsanca;
p%?nb Leontice leontoretalum Tinn has revealed the pre-
sdrom the allegedly eantiepileptic Eastern Iediterreaneay g
p@lanL LeunilgcieontorthWUW Iidnn _has reveasled the pret
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and producing tonic convulsions.1 On passage of an

ethanolic solution of the reinecltate, chloride or iodide
through Amberlite IRA 400 (0U) enion exchange resin (there-
by producing the guaternary hydroxide) followed by evap-
oration to dryness under reduced pressure, petaline under-
went Hofmann elimination yielding the methine (2). The
latter was also isolated from L.leontopetalum and given

the name "leonticine," but whether it is normally present
in the plant or constitvtes an artefact produced during
extraction procedures does not seem to have been estab-
lished.2

Since such facile Hofmann degradations are apparently
not well known, McCulloch carried out a preliminary study
of a number of quaternised benzylisoguinoline alkalcoids
under identical conditions, in an effort to discover the
factors governing the elimination process and the mechan-
isms operating,2 Thus the methiodides of laudanosine
(3), Y ~-laudanine (4) and O-methyl-¥ ~ petaline (5) were
all found %o furnish stilbenes in an analogous manner to
petaline. Bvaporation of the corresponding solution ob-
tained following passage of W -petaline (6) methicdide
through the resin yielded a stable guaternary hydroxide
-~ however, which was not converted to the methine even on
fairly strong heating.

Tt eppeared from this that facile decomposition of
the quaternary hydroxide occurred where there was in the
6- or 8- position a hydroxyl group, OTr & methoxyl group
which was not ortho to a hydroxyl group. It was suge-
ested that electron release from a methox xyl group hydrog-
en honded to an ortho group might pe significantly less.

gince there seemed a strong like lihood however that
ctually exist as the

P
C‘o

+the phenolic quatlernary salt would

L
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phenolate zvritterion (ams - . )
P : witterion (see later discussion) it was

;Ziii?i;tﬁztef?:fiizijzuf?“of théhféct?rs goyerning the
N Baii n was requirved, involving more pre-
cise definitior of cornditions. q

Re-exeamination of the ultraviolet spectra obtained
by McCulloch from ethanclic solutions of petaline, Y-pet-
aline ana VY -laudanine methohydroxides confirmed the
existence of phenclate zwitterions (7), (&) and (9)
respectively, with A 300-305 am.  Assuming the
quaternary hycdroxides (10) and (11) of laudanosine and
O-methyl-Y - petaline (respectively) to behave normally,
FKeCulloch's results were thus seen to relate more pre-
cisely to the effect of evaporation to dryness under re-
duced pressure upon ethanolic solutions containing the
species (7), (8), (9), (10) and (11), all but (8) afford-
ing the corresponding sitilbenoid methine.

At first oxygenated benzylamines were considered
as possible models which were readily accessible, since
these included a nurber of the features of benzvltetra-
hydroisoquinolines which appeared to be involved in these
eliminations. 3,4=-Dimethoxy~(12) and 3-hydroxy-4-meth-
oxybenzyltrimethylammonium iodide (13) were prepared and
the behaviour of the corresponding quaternary hydroxides
compared. 1t was hoped that the dimethoxy derivative
might yield 3%,4-dimethoxybenzyl alcohol (14)7by displace-
ment of the amino function by hydroxyl ion, ’ under
conditions which would allow the corresponding phenolic
compbund to be recovered unchanged. However the dimeth-
oxy quatsrnary hydroxide was found to be unaffected even
by refluxing in agqueous solution, and on discovery that
aqueous benzyltrimethylammonium hydroxide (15) requires
a minimum temperature of 145° for decomposition, 4 this
approach was discontinued.

As & closer analogy to the slkaloidal systems with

the structural features necessary for potential stilbene
of 1,2—diaryl—1wdimethylamincethanes

formation, & series
was now prepared (Figure %,1-01). Anmines (16) and (17)
were comparable to laundanosine (3) (m,p ~ OMe) and Y -

line 4 : ; ines (18
petaline (&) {(u-0OH, p-Ole) respectively, aud amine (18),

(19) and (20) were included 10 erable a thorough study to

&4




G
be made of the effect of the phenolic grevyp in disol-
ation frem cvther functionsl groups (i.c. Ole). Amine
(21) wes considered to be of vital imporitance as a
standard against which to compare the observed react-
ivities of the others.

In order to obtain a more complete range of oxy-
genated benzyltetrahydroisoqguinolines than had been
available, (¥)- codamine (22) and 1-(3,4-dimethoxy-
benzyl) = ¥ - methyl - 1,2,3%,4-tetrahydroisoquinoline
(22) were also synthesised. However laudanine (24),
an example of an alkaloid with a hydroxyvl grouping in
the aromatic ring apparently less directly involved in
controlling the ease of Hofmann elimination, could not
be obtained. '

The behaviour of these various amines on attempted
Hofmann degradation will be discussed in Chapter 3.3,
following the description of their preparation in Chapter

3.2,
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The first two anmines studied, W,¥- dimethvl-%,4-

g 1
dimethoxybenzylamine (25) and N, N=-dinethyl-3-hydroxy-4—
methoxybenzylamine (26), were prepared in good yield

from the corresponding aldehydes (27) and (28) by hydro-
genation over palladium on charcoal in ethanolic dimethyl-
amine.” A method initially attempted for obtaining (25)
involving sodium borohydride reduction of a veratraldehyde-
dimethylammonium chloride-sodium acetate mixture in agueous
ethanol 6 gave 3,4-dimethoxybenzyl alcohol (14) as the
main product. Other routes explored for (25), namely
reduction of veratraldehyde W-methyl imine with sodium
borohydride and formaldehyde or treatment of this imine
with methyl iodide followed by sodiwm borohydride,7 both
led to complex mixtures of products.

It was hoped that it wmight be possible to effect a
similar reductive amination of 1,2-disryl-l-ketoethanes,
although these cculd be expected to be less reactive than
aldehydes. 8 Suitable ketones (29) and (30) were pre-
pared by Friedel-Crafts acylation of veratrole (31) and
O-tosyl guaiscol (32) respectively with phenylacetyl
chloride, but when (29) was submitted to the reductive
amination procedure described above the required amine
(16) coculd not be detected, the main product being the
corresponding alcohol (33). Since it was found that
the desired amines could conveniently he prepared as de-
scribed below, however, further work with this type of
aryl benzyl ketone was discontinued. (Such ketones may
also have been formed in a Fries rearrangement of guaia-
col pnenylacetate (34) (see Chapter 3.4),9but this was
not further invecstigated).

An interesting discovery incidental to the above
work was the production of an orange crystalline by-pro-
duet during the preparation of the ketoue (29). The

structure of this compound and that of a colourless hy-

drogenation product will be discussed in Chapter 4.1.
ation of 1- dialkylamino-1,2-diarylethanes

Prepar
nsively studied vy Goodson and

has previously been exte

__..._.86..__
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Chris*&opher,lO Treatment of sppropriate primarv and
secondery amines with alkyvl helides had sfforded only
limited success : for ingtance, Neethyl-1l,2- iphenyl;
ethvlenine (35) geve a 707 vield of tertiary amine on
treatment with ethvl bromide at 120w140° , whereas only
a 107 yield of tertiary amine resulted from the reaction
thyl bromide (3%6), stil-

(This sugeested that
conversion of the alcohol (33) to a satisfactory yield
of the corresponding amire (16) via a hallde would have
little chance of success).

of piperidine ang 1,2—diphenv et
10

D o

bene being the major product.

An efficient synthesis wes however developed using
the reaction of Grignard reagents (RIg{) with & -amino
nitriles of the type Ar CH (NRE) CN.lO This was known to
take one of three different pathways depending on the
nature of the substituent groups : (a) replacement of the
cyano group, vielding Ar CH(NRE) R; (b)) addition to the
cyano group to form Ar CH(NR;) COR; and (c) removal of
cyano groups from 2 molecules of the amino nitrile, giving
rise to the coupled product AT H(NRE) CH(NR%) Ar. Whern
&% -~ (N,N-dimethylanino)=-phenylacetonitrile (37) was treat-
ed with an ethereal solution of benzylmegnesium chloride
it was found following an acid work-up that the hydrochlor-
ide of the required amine, W deimethyl-l 2-diphenylethyl-~
amine (21) was formed in over 80% yield, and by this means
Goodson and Christopher were able to prepare a serles of
1,2~ dlphenvlethvlaml es (cf. pathway (a) above )

In the present work a similar procedure was applied
to the synthesis of the amines (16) to (20) (as well as
(21) ) (YPigure 3.1-01), variations in e.g. the period
of heating being made where necessary. In three cases
purification of the product was particularly simple since
the hydrochloride crystallised out of the reaction mixture
in a high state of purlty.Cf -10 The preparation of amine
(18), 1~(N,N—d1methylam1no)-lw(2mhydroxyphenyl)~2~pheny1~
ethane, proved more troublesome however, since the approp-
riate amino nitrile (38) failed to react with benzylmag-

nesiunm chloride.
focused on the influence of the ortho

T s i T

Attention was
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hydroxyl group in this compound (28} when it was noted
that methyl iodide treatment of the extract expected to
contain the required g-hydroxy diphenylethylamine (18)
following normal Grignard work-up afforded a considersbhle
yield of tetramethylammonium iodide, m.p. » BOOO(correct
analysis obtained for C4H12NI). In a later experiment
the corresponding extract (before such methyl iodide
treatment) was found to consist almost entirely of un-
changed amino nitrile (38), It scems possible (although
not further studied for confirmation purposes) -that a re-
action of the type shown in Pigure 3.2-01 could have taken
place, the hypothetical cyano-quinonoiad species being the
initial product formed on decomposition of the iodide salt.

The presence of the ortho hydroxyl group in (38)
could also account for another remarkable property, namely
the production of a deep red solution upon heating (3E€) in
light petroleum on the steam bvath. This could perhaps
result from formation of the dimethylamino-quinonoid
species shown in Figure 3.2-02 in which elimination of
HCN rather than HNMe2 is proyposed (gﬁ. above Grignard
reactions). The solubility of the amino nitrile (3&) in
light petroleum showed the very high degree of hydrogen
bonding in the moleoule(gﬁ. insolubility of corresponding
m- and p-hydroxy compounds). This was corroborated by
its Rf in chloroform of C.4 (cf. m - and p - hydroxy anal-
ogues with Rf 0.1) and the reson%éce of the phenolic pro-
ton in its NMR spectrum at 0.80 7 (cf. m-hydroxyl at 3.597
and p-hydroxyl at 3.087).

Since no difficulty had been experienced with the
Grignard reaction in the case of the m - and p- hydroxy-
phenyldimethylaminoacetonitriles in which there is no
possibility of intramolecular hydrogen bonding, the poss-
ible effects of thne latter were considered in the light
of the failure of the ortho isomer %o react in the Grig-
nard reacutioii.

A rigid structure containing the seemingly fairly
strong 0-H-N bond shown in Figure 3,2-0% would presum-
ably preclude free rotation about the bond connecting

14 ] aminoacetonitri substit-
the aromatic nucleus with the aminoacetonitrile subs

i king an sibility of baci-
uent, thus effectively blooglng any poss y
R— 9______
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siae attack vy the Grisgnsrd reagent at the methine

position.  Wowever it is probeble that the excess of
Grignard reagent used woula first of all react with
the phenolic hydrogen atom despite hydrogen tonding,
forming toluene and Ar Ol'g c1.1e The most 1ikelyv
explanation for failure thus seems to be that the
neighbouring -0Mg Cl moiety, if formed, simply provides
sufficient steric interference to cancel any further
approach made by a bulky benzyl group towards the methine
position. (Any theory based on possible insolupility of
the intermediate Ar OMg C1 species appears to be unten-
able, as there is no reason to supvose that the o =hyvdroxy
analogue should hehave any differently from the corresp-
onding m- and p- intermediates in this respect).

It was therefore decided to protect the phenolic
group in question, and in such a way that the steric
factor would be minimized. TFor this purpose the prep-
araticn of the methoxyvmethyl ether (39) was undertaken,
this possessing the added advantages of stability to
base and (hopefully) facile acid-catalysed remcval dur-
ing normal Grignard work—up.l3

Accordingly the sodium salt of salicylaldehyde was
treated with chloromethyl methyl ether to give the meth-
oxymethyléted aldehyde (40), showing 2 new singlets in
the NIMR spectrum at 4.687 (2H, methylene) and 6.47 7 (34,
methyl). Tventual conversion to the amino nitrile (39)
was reflected by the disappearance in the infrared spect-
rum of the aldehydic stretching frequency it 1680cm
and development of a weak band at 2250cu T~ corresponding
to nitrile absorption. In addition to the methoxymethy-
lene proton resonances, the NIR spectrum now exhibited
singlets at 4.92% (1H, methine) and 7.63% (6H, W-methyls),

the previously apparent aldehydic proton at -0.537 having

completely disappeared. ,
An attempt to convert a quantity of o-hydroxyphenyl-

3 T PR 4 . - <+ S lr\ —
dimethylaminoacetonitrile (38) to this methoxymethyl der

ivative (3%9) resulted in hydrolysis of the cyano and amino
------ aldehyde (40) being obtained

instead.

o cow yns now carried out on (39
The Grignard reaction was now carried ou 3G)

_— QCL_.;
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end cxomination of the wixture by 110 followine norusi
acid work-up showed that a fairly complex mixture was
rresent. Treatment of the crude rrocuct with gaseous
hydrogen chloride in benzene failed to effect formation
of a crystalline hydrochloride, hut it is known that
difficulty can sometimes Dbe experienced in the formation
of salts of amines which are strongly hydrogen-bonded to
an adjacent hydroxyl group (as exemplified by the reluct-
ance of chelidonine (41) to form a methiodide under nor-
mal conditions).l4

Following neufralisation, TLC indicated that one
main product was now present, and it was evident that
the extra treatment with bydrogen chloride had prokably
been necessary to remove all of the methoxymethyl pro-
tecting group. Sublimation of the prcduct yielded.a
colourless oil shown by TLC to be of high purity and
analysing correctly for C16H19NO, the required amine
(1g). Conclusive evidence for this structure was pro-
vided by the NMR spectrum which exhibited sharp singlets
at -0.157 (1H, hydrogen-bonded phenolic) . and 7.587
(6H, N-methyls), and a broad singlet at 2.99 ¥ (5H,ben-~
zyl group aromatics).

That the preferred conformation of the amine was
probably as shown in Figure 3.2-04 was indicated by a
broad multiplet at about 3.7« integrating for at least
1 proton and presumably brought about by shielding of
the l-aryl group's C, proton (and POSSib%g also Cg proton)
by the phenyl ring of the benzyl group.

Two of the desired three remaining amines of the
tetrahydrobenzylisoquinoline type were rnow obtained by
methods involving the Bischler-Napieralski synthesis. A

sample of the first of these, (¥) - codamine (22) (as the

picrate), was available following phosphorus oxychloride-
n of N—(B—methoxy—4-benzyloxyphenylethyl)—

conversion of the resultant imine

hydrochloride to the methiodide (43), reduction of this
with sodium borohydride, and acid-catalysed removal of tne

benzyl protecting group.
A similar route was &

induced cyclisatio
homoveratramide (42),

ttempted in the preparation of

— 02—



the relatively less zccessible Wemethyl-l-veratryl - 1,
2, 3, 4-tetranydroisoguinoline (23). Since no activet-
ing group was present in the rnenyl ring of the inter-
meaiate Vephenylethylhomoveratramige (44) to assist cy-
cllsatlon, 1t was decided to employ phosphorus pent-
oxide rather than the milder phcsphorus oxychloride for
this step. The cyclisation product (45) was then imuaed-
iately reduced with sodiun borohydride sin ce it was
known that 1—benzv1-3,4~dihydroisoquinolines readily
oxidise in air to give l-benzoyl derivatives. 17 Cat-
alytic reduction of a mixture of the resultanf_secondary
amine (46) (V . at BSOOcm-l, N-H-stretch) and formal-
dehyde followed by treatment with excess methyl iodide
yielded a very crude sample of the required methiodide
(47). el This exhibited an ion of m/e 311 in the mass
spectrum , corresponding to the stilbene (48) which was
lated isclated and characterised as the product of Hof-
mann degradation.

Two synthetic approaches were made towards obtain-
ing laudanine (24), the last of the amines required.
The first method examined was that of Schopf and Thier-
felder in 1939, involving treatment of racemic laudan-
osine (3) with aluminium chloride in nitrobenzene.18 A
complex mixture of products was obtained, however, and
no attempt was made at separation. An older method in
which laudanosine was heated with concentrated hydro-
chloric acid in a sealed tube (Spath and Burger, 1926)
was now attempted, but the only compound to be isolated
in pure condition from the reaction mixture appeared
most likely to be ¥~ codamine (49) with m.p. 129- 131°

(1it. m.p. d“u-oodamlne, 129-1%0° ; 20 cf. 1it m.p. of

laudanine, 166-167° ). 2l Due to the absence of a con-

19

venient route to 3-hydroxyphenylacetic acid derivatives,
a total synthesis involving the Rischler-Ngpieralski

method was not considered, and although lavdanine was

at one time aveilable commercially (at prohibitive cost)

this was no longer the case.

—— X —
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Por the purposes of the Tfollowings discussion the
amines studied are grouped as in Pigure 33-01. Group A
consists of those W, N~-dimethylamino-1,2-diarylethanes
which formed stable, readily isolable methiodides; Group
B contains two phenolic amines which reacted rather aiff-
erently with methyl iodide (see below); Group C comprises
the two "alkaloidal" systems which were prepared in order
to widen the scope of the preliminary survey undertaken
by McCulloch; and, for completeness, the amines studied
by the latter are listed in Group D.2

Conversion of all stable amine methiodides to quater-
nary hydroxides was achieved by passage of their ethanolic
solutions over Amberlite IRA 40C (0OH) ion exchange resin
(see Chapter 3‘5).2 These solutions were evaporated
under fairly uniform conditions and the products of re-
action studied by ultraviolet spectroscopy. Stilbenes
were isoclated and identified wnere appropriate, and guat-
ernary hvdroxides found to be stable up to this point were
then g enerally subjected to mcre drastic measures to dis-
cover conditions under which thev also would yield stil-
benes.

Since there are certain difficulties inherent in the
control of temperature and concentration during evapor-
ation of ethanolic solutions to dryness in a rotary evap-
orator however, it was felt that this method of monitor-
ing the Hofmann elimination was not sufficiently discrim-
inating to enable a proper comparison of reaction rates to
'be made. A method was therefore sought in which temper-
ature and concentration covld be kept reasonably constant
for a range of gquaternary hydroxides. As it was anticip-
ated that there would probably be some difference in re-
activity between comparably substituted ”alkaloidgl” and
N, N-dimethylamino -1,72-diarylethane derivatives "7 1t

"
was decided to

amines of Group A.

It was eventuallyv found on observing the decompcs-
H H T 37 e B | . ~ 7 4-
ition ir n-butancl soluticn in a U vV cell neld at 74 = 1

S5
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(see Chapter %.5) that the quaternary hvdroxide of the
dimethoxy derivative (16) prepared from a 1%10 -2 ¥ socl-
ution of the methiodide was completely converted to the
corresponcing stilbene in less than 50 minutes, and these
conditions were therefore employed for the reactions of
the 7 remaining amines.

The results obtained both from experiments conducted
in ethanol and in n-butanol sclution will now be discussed
group by group.

Group A

Ultraviolet abscrptions (i) of the methiodides in
ethanol solution, (ii) of the solutions obtained directly
from the ion exchange column, and (iii) of the products
obtained upon evaporation (in ethanol) are listed in'
Figure 3.3-02. An indication of the species present at
stages (ii) and (iii) could be obtained from these values:
see Pigure 3.3-03.

Corresponding data for the experiments conducted in
n-butancl are listed in Figures 3.3-04 and 3.3-05. Column
(ii) in Pigure 3.%-04 refers to the first TV absorption
specvrum obtained after placing the sample in the instru-
ment cell-hclder (i.e. after about 30 seconds at 74il°),
while column (iii) refers to the spectrunm observed after
completion of any reaction, the absorption pattern remain-
ing constant for at least a further 30 minutes.

Amines (16) and (21)
Quaternary hydroxides of these amines were smoothly

converted to the stilbenes both in ethanol and in n-but-
There appeared to be no significant difference in

anol.
rates of reaction in n-butanol, the time taken for stil-

bene zbsorption to reach half of its final value being

approximately three minutes. in both cases (see Chapter

3.5) . This suggests that an electron-releasing group

ortho or para to the potential amino leaving group is
ce either under

unnecessary for elimination to take pla
McCulloch's conditions (e ) or on heating in n- but-

anol.
Heating the methiodides thenselves in n-butanol cn

e 07—
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~the stean bath vefore corverts ‘
1 bath vefore converting to the guaternary

hydroxides did not result in foruation of stilbenes. t:22

Hence it would appear that +the hyféroxyl enion is necsssnry
for elimination to take vlace, presvaanly involving
rermoval of & methvlene proton (see Wigure 3.3-06).23 In
this mechenism it does sszen likely that electron releas-
ing groups in the 2 or 4 positions would facilitate loss
of trig;thylamine thereby speeding up the overall reaction
rate, and it is possible that this effect could be
observed by using even more tightly controlled conditions:
e.£. lower temperatures and/or more dilute sclutions (with
consequently somewhat longer reaction times).

Amine (19)

In ethanol, partial conversion to the phenolate
zwitterion tcok place on passage through the coluwm, the
ratio of phenolate to phenolic quaternary hydroxide arpear-
ing to increase on evaporation. Since an effort was made
to ensure that uliraviolet spectra were obtained from sol-
utions of approximately equal concentration both before
and after evaporation, this appeared to suggest that
attainment of an equilibrium slighitly in favour of the
phenolate was being hastened by the effect of heating and
concentrating during evaporation to dryness.

In n- butanol, however, no absorption due to the nor-
mal phenolic quaternary hvdroxide was observed, suggest-
ing that in this soclvent at least the equilibrium is
strongly in favour of the phenolate (which, incidentally,
appeared to be unchanged even after 45 min at 70-75° ).

In neither case was conversion to the stilbene de-

tected, although evaporation of the ethanolic quater-

nary hydroxide at atmospheric pressure followed by streng

heating for an hour on the steam bath did result in some

stilbene formation.

Amine (17)

There was very little evidence of phenolate in the
et
vuv

nined directly from the column,
apparent after evaporation (cf.
In the case of the

ethanolic soluvion ©

but a proportion became

Ay

previous phenolic amnine discussed) .
_____99___
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n-butanol solution the first scan after placing the
sample in the UV cell susgpested that the guantity of
phenclate zwitterion present probably exceeded that of
the phenolic quatermary hydroxide. Ev the time the
second scan was run however (2 minutes later) a hypso-
chromic shift (25-30nm) of the main absorption band
(previously due to phenolate) had taken place, and this
absorption pattern remained constant during the next 30
minutes of the experiment. After this period of time
a drop of aqueous hydrochloric acid was added, producing
no change in the observed spectrun. |
Since it seems unlikely for the phenclate zwitterion
to have reverted to the normal phenolic quaternary
hydroxide (cf. above experiments), it is possible that
intermolecular methylation may have taken place as illus-
trated in ®igure %.%-07 (although no further evidence for
this was sought). Analogies for this tvpe of behaviour
are well known, £.2. 24, 25 as is also the fact that
rhenolate anions preferentially attack carbon atoms
rather than hydrogen atoms;26 consequently, where these
have been used as bases in "destructive'" Hofmenn degrad-
ations (i.e. usually employing strong heating) they tend
to give less olefin than does hydroxide ion.26
That in no case was conversion to the stilbene ob-
served lends support to the suggestion put forward earlier
that hydroxide ion is reguired to initiate the elimination
process.
(The question arises as to why, if the intermclecular
methylation theory is correct, this does not occur on
heating the quaternary hydroxide of the meta-hydroxy amine
(19) in n-butanol. A plausible explanation is that the
presence of an ortho electron-releasing methoxyl group as
in amine (17) will increase the nucleorhilicity of the
derived phenolate anion, thus presumably facilitating re-
actions such as O-methylation. That this tvre of re-
action was not observed with (17) in ethanol sclution nor
(apparently) by !"cCulloch in the case of'W-petaline(6)
may in part be due to the lower temperatures used for
the ethanolic degradations, and also perhaps in the
latter case because cf the grecater rigidity of
JOf
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the alkaleidal syvsten).
Treatment of thre quaternary hyd roxide of (17)
with sodium ethoxide in rerluxing ethancl yielded a mix-
ture consisting mainly of the ethyl ether (50) together
with some stilbene (51).  Formation of products of the
former type (50) is also well-known in Hofmamm degrad-

I . 26 o
ation reactions, arising from direct replacement of
the amino group by ethoxide ion.

Group B

In the case of the two amines of this groﬁp,it
appeared that mere treatment with methyl iodide in acet-
one solution was sufficient to cause some degree of stil-
bene formation. This suggested a level of reactivity
quite different from that of the amines of Group A.

Anine (20)
During attempted methiodide formation at o°, a

crystalline solid was isolated, consisting wainlyof tetra—
methylammonium iodide. The uvltraviolet spectrum of the
residue obtained on evaporation at low temperature of the
decanted sclution indicated the presence of the stilbene
(52) ( l—nmm:ai 284, 304 and 318 nm), which was later ex-
tracted and characterised. At no stage was the presumed
methiodide intermediate (53) deiected, suvggesting that
this species is immediately converted to the stilbene on
its formation.

To explain this behaviour the effect of the para
hydroxyl group must be taken into account, and a plaus-~
ible mechanism is outlined in Figure 3.5-08. This is
very much related to MeCulloch's original theory about
electron-releasing groups,2 but the point now made is
that a hydroxyl group in a poeition para (or ortho, see
below) to the amino moiety would seen to be much more
effective as an "electron-relcaser' than & similarly
. 29 Although quaternised
could possibly give
these would presumably

1 fahle T Lhe unchars inone methide (54)
be less stable than ae unbhmlgeg guinon h 5

7
postulated in Figure 3,%-08.
— /O3 —

2
positioned methoxyl group.
amines containing methoxyl groups

rise to species such as (55),

15,



T4 wou . s o v s . .
1% would e eupected that sore vrimethylanine hydricdide

would form if the sugeested mechanism is correct, 22
but probably in nuch smaller quantities than tetra-

methylammonium iodide due to the large excess of methvyl

iodide emgloyed. Although no absorption between 2,200-
1,800 cm (M3Y) was detected in the infrared spectruu,

the presence of a trace of this hydriodide in the isol-
ated crystalline so0lid camnmnot be discounted.

An apparent ancmaly associated with this particular
amine is the comparative stability of its hydrochloride.
It seems remarkable that it should be possible to re-
crystallise this unchanged when only decomposition pro-
ducts of the alleged methiodide can be detected from re-
actions conducted at 0°. One factor involved may be
the greater release of steric crowding arising from loss
of a nitrogen atom substituted with three methyl groups
(as in the methiodide) compared to that substituted with
only twc methyl groups and one hydrogen atom (as in the
hydrochloride).

Amine (18&)

Although this amine reacted much more slowly with
methyl iodide (TLC) than did the para-hydroxy derivative
(presumably due to fairly strong intramolecular hydrogen
bonding; cf. chelidonine (41»,14 tetramethylammonium
iodide was again the first product crystallising from a
reaction conducted at 0° . The corresponding stilbene
(56) was detected in the decanted solution by TLC com-
parison with an authentic sample isolated later (char-
acteristic green stain after svraying with ceric ammon-
jum nitrate solution following iodine treatment).

However, on treatment of this residual solution with
a further quantity of methyl iodide a second batch of
crystalline solid was obtained. Analysis figures on
this material (without further purification) were reas-
onably close to those expected for the reguired amine
methiodide (57), and a positive Reilstein flame test for
lent support to this structural

T~
il v

the preseace of halogen
assignment.

In tne wmass spectrum the ion of highest mass was

—— [0 —
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at w/e 196 being that req vired for the ortho-hydrosxy
stilbene (56), and the latier wes also ideniified am;ng
the several products to which the above nmaterial anﬁea;ed
to decompose on dissolving in methenol at room teméér—
ature and subjecting to examination by TIC in 5% wethanol-
chloroform.

The stilbene itself (56) was later isolated by ex-
traction and crystallisation, and the main ultraviolet
absorption band exhibited a reversible bathochromic base
shift similar to that shown by—the correspending meta-~
hydroxy and para-hydroxy stilbenes (58) and (52) ;;;;ect—
ively.

The apparent greater stability of the ortho~hydroxy
amine methiodide (57) to that of the hypothetical para-
hydroxy analogue (53) may be related to the possibility
in the former case of electrostatic stabilisation of the
positively~charged nitrogen atom by the lone pair of
electrons belonging to the oxygen atom of the ortho hy-
droxyl group. 28 Nevertheless, decomposition of this
methiodide would presumably occur eventually by a mech-
anism analogous to that proposed for the para-hydroxy

compound (as shown in Pigure 3.3-08).

Group C

Details of ultraviolet spectra and species present
at the various stages of react ion in ethanol are listed

in Pigures 3.3%-09 and 3.3-10.

Anine (23)

Exanination of the residue obtained after evapor-
ation of the ethanolic quaternary hydroxide revealed
ultraviolet absorption due to the stilbene (48), which
was later isolated and identified. This result agrees
findings from Group A, indicating
“system the presence of an

with the corresponding

electron-raleasing substituent in a position ortho or

para to the votential amino leaving group &ppears un-
- 03 b ) - -
necessary for smooth Jofmann eliminstion under the con

ditions specified.

(06—
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Codamine (22)

Evayoration of the ethanclic solution from the
column resulted in a mixture of vhenolic quaternary hy-
droxide and phenolats zwitterion, bul no stilbene. The
experiment was also conducted in n- butanol (Pigure %.3-
11) and in this case a somewhat greater prorortion of
phenolate zwitterion was sveggested, but still no indic-
ation of either stilbene formatiocn or of the hypothetical
intermolecular O-methylation discussed in conriection with
the corresponding amine (17) of group A (even after 2
hours at 74 £ 1°), |

Group D
Ultraviolet absorption data obtained by McCulloch

for solutions directly from the column, including tent-

2

ative assignments for species present at this stage,are
~shown in TFigure 3.3-12.

Laudanosine (3) and O-methyl-4 - petaline(5)

The suggested mechanism for Hofmann elimination in
these cases is analogous to that prorosed for the two
comparably substituted amines of Group A, inv olving
initial removal of a methylene proton by hydroxide ion

(cf. Figure 3.3-06).

VY- TLaudenine (4)

A plausiblé mode of decomposition of the phenolate
zwittericon is shown in ®igure 3.3-13. Excess base is
unnecessary here, due to the powerful electron-releasing
effect of the phenolate function which induces loss of
trimethylamine and eventual stilbene formation via the

. N 2
hypothetical "quinone methide" intermediate (59). 7

Petaline (1)
Two different mechanisms are possible in this

instance: the first is analogous to that pronosed

above for Y -lauden ine, and the second (Figure 3.%3-14)
ef30 ,11ows for removal of a methylene proton by the
phenolate anion (the proximity of these groupings being
considered vital for a reaction of this type). In view

— /O ——



1

pd

o
[}

of the behaviour of W-laudanine, ihe foruer mode nay he
" . N . 2 ~
more liﬁgly, but this cannct be stateqd with any certoein-

ty .

VY- Petalire (6)

(< Tm 3 . s

olnce this phenolate zwitterion cannot decompose by
any of the mechanisms described above, it seems reasonable
that evaporation of its ethanolic solution should not
result in  Hofwern elimination.

Conclusion

The mechanistic pathways proposed above underline the
importance in Hofmann elimination reactions of the presence
and location of phenclic groupings. By comparison, meth-
oxyl substituents in the aromatic ring closest to tht amino
function appear to have a minimal effect under the con-
ditions uused. The hypothesis put forward to account for
the inability of meta-hydroxyl quaternary hydroxides to
undergo elimination under conditions in which other quat-
ernary hydroxides readily decompose is that only in the
former case does no suitable mechanism exist for reaction
to occur.

In view of these results the following experiments
should be of interest (using amnines of the same basic
structural type as in the preceeding work) :

(i) addition of base to t he solution of a gg}é—hydroxy
phenolate zwitterion;

(ii) addition of a phenol (e.g. guiacol) to the solution
of a non-ph enolic guaternary hydroxide;

(iii) utilisation of amines incorporating a hydroxyl sub-

. stituent in an aromatic ring not directly involved

in the potential elimination (for example the amine
(60), the alkaloid laudanine (24), or perhaps even

/ non-phenolic amines guaternised with m-hydroxy-
benzyl iodide, e.g. (61) ).

If the proposed hypothesis is correct it might bve
predicted that Hofmenn elimination would take place in
the case of (i) but not in cases (ii) and (iii).

A study of the Yofmann desradation of polyrhenolic

__.____/09.__.__



33—

and bisbenzylisoquincline alkaloids under controlled
conditions should also be worthwhile.
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Chapter 7.4 Fxperinental (with 3.2)

(Mote: to sinmplify the descriviion of many of the
N II R spectra recorded in this and the following cheapter
the reference systems illustrated in Figure 3.4-01 have
been employed)

J,4-Dimethoxybenzyltrimethyvlammonium iodide (12)

Veratraldehyde (27) (10g) was hydrogenated over
palladium on charcoal (109, 2g) in ethanolic solution
containing dimethylamine (33¢, 10ml) for 22 hr at room
temperature and atmospheric pressure. FPiltration through
glass paper and removal of sclvents gave an oil which was
dissolved in ether and extracted with dilute aqueous
hydrochloric acid (2¥). Basification, ether extracticn
and evaporation yielded N,N-dimethyl-3,4-dimethoxybenzyl-
amine (25) as a yellowish oil (7.3g, 60%).

TLC Rf (lO%.MeOH-C?CIB) : 0.5 (brownish-blue).

(liquid film), cm ~% : 2800, 1590, 1515, 1260,

| 1230, 1030.

NIR 60Nz (CDC1y),¥: 3.15(1H, bs, ATH), 3.21(2H,bs,ArH),
6.12(3H,S,OCH3), 6.13(3H,S,OCH5),
6.65(2H,5,CE,), 7.79 (67,s,N0Hz).

— ‘)max

(Alternative preparations of the benzylamine which
were attempted included (i) sodium borohydride reduction
of & veratraldehyde-dimethylammonium chloride-sodium-
acetate mixture in aqueous ethanol, affording mainly 3,4-
dimethoxybenzyl alcohol(14); (ii) methvl iodide treatment
of veratraldehyde N-methyl imine followed by sodium borc-
hydride reduction in pyridine or ethanol, leading to a
complex mixture of products; and (iii) treatment of
veratraldehvde ¥-methyl imine with sodium borohydride
and formaldehvde in aqueous ethanol followed by extract-
ion with hvdrochloric acid, giving a mixture of amines
which decomposed during attempted column separation on
silicagel).

The methicdide (12)
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